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ST10F252M

16-bit MCU with 256 Kbyte Flash memory and 16 Kbyte RAM

Features

m 16-bit CPU with DSP functions

— 50.0 ns instruction cycle time at 40 MHz
(maximum) CPU clock

— Multiply/accumulate unit (MAC)16 x 16-bit
multiplication, 40-bit accumulator, repeat
unit

— Enhanced boolean bit manipulations

— Additional instructions to support HLL and

LQFP192

operating systems

— Single-cycle context switching support

m Memory organization

— 256 Kbyte on-chip IFlash memory
(single voltage with program/erase Ta
controller, full performance, 32-bit fetch)

— 100K erasing/programming cycles

— Up to 16 Mbytes linear address spa<ze for
code and data (5 Mbyte with CAN)

— 2 Kbyte on-chip internal RAIA (IAM) .
— 14 Kbyte extension RA:A (XRAM).
m Fast and flexible bus -
— Programmalt'e exaarnal bus characteristics
for differei* aadress ranges (when 6 ADC
added charninels are not selected)
— Enrcgiammable chip-select signals "
- 1iould-acknowledge bus arbitration support. m
A Interrupt
— 8-channel peripheral event controller for
single cycle, interrupt driven data transfer u
— 16-priority-level interrupt system with 56 |
sources, sample-rate down to 25.0 ns.
m Two multi-functional general purpose timer
units with 5 timers. [ |

m Two 16-channel capture/compare units(18
used).

m 16-channel A/D converter [ |
— 10-channel 10-bit (accuracy + 2L.SB)
— 6-channel (lower accuracy)

February 2008 Rev 1

— 4.85yps rv‘.inim'dm conversion time.
4-chanric! PvwM unit and 4-Channel XPWM.
X-pevipherals clock gating feature.

Sevial channels

— Two synch./asynch. serial channels

— Two high-speed synchronous channels
— One I?C standard interface.

Fail-safe protection

— Programmable watchdog timer

— Oscillator watchdog.

Two CAN 2.0B interfaces operating on 1 or 2
CAN buses (64 or 2x32 message, C-CAN
version)

On-chip bootstrap loader.

Clock generation

— On-chip PLL with 4 to 8 MHz oscillator
— Direct or pre-scaled clock input.

Real time clock.

Up to 76 general purpose I/O lines individually
programmable as input, output or special
function.

Idle, power down and stand-by modes.

m Voltage supply for 5V + 10% (embedded

regulator for 1.8 V core supply).
Temperature range: -40 to +125 °C.
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Introduction

Description

The ST10F252M is a new derivative of the STMicroelectronics ST10 family of 16-bit single-
chip CMOS microcontrollers.

The ST10F252M combines high CPU performance (up to 24 million instructions per second)
with high peripheral functionality and enhanced I/O capabilities. It also provides on-chip
high-speed single voltage Flash memory, on-chip high-speed RAM, and clock generation
via PLL.

The ST10F252M is processed in 0.18 pym CMOSMS8 technology. The MCU core and the
logic is supplied with a 5 V to 1.8 V on-chip voltage regulator. The part is supplied with 2
single 5 V supply and 1/0Os work at 5 V.

The ST10F252M is an optimized version of ST10F252E device, upwarca con . natdble with the
following set of differences.

® The AC and DC parameters are modified due to a differezice in e maximum CPU
frequency. Refer to Section 27.5 and Section 27.8 for dev-uled description.

XASC, XSSC, XPWM and I2C have been changed'. Je‘er to Chapter 13.

No external bus is available when all 16 ADC -l arnels are selected.

Pin T3EUD is added for encoder interface es alternate function of P1H.0.

A/D Converter has 16 channels, *C a-e i standard Port5, 6 channels on PortO.
XPERCON register bit mapping 1hoxified according to new peripherals implementation.
External bus NO ARBITR.ATION and READY, hold and ready pins not available
On-chip low power occiia.ol, 32 KHz, is no longer available.

Figure1. Lecgic symbol

Vig Vpp Vss
) Port 0
| XTALT —» 16-bit
XTAL? ¢——
_____ Port 1
RSTIN —» 16-bit
RSTOUT «—
Port 2
VAREF 14-bit
VaGND

NMI »| ST10F252M

EA/Vstgy—» Z’Obl‘i 4 (high)
-bi
RPD —»
Port 5
AL_E D E— 10-bit
RD «—
WR/WRL < E-cl))r|1t 7 or Port 4 (low)
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Pin data

2

Pin data

Figure 2.  Pin configuration (top view)
ST @ s TE - peER
388858253 <.553333
O O OO0 n = S 00 X x4 a o o
\\\\\\ = E »w »w o X X X X v jj Q
L ) K b < o4 -0 OO0
Tz x< R I I I I
02d 082 I2YEE 08I gsssEEl
P SFTrzrasasaaffrazraaaaceesr
O rar]r
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
rRsTN [| ' O 75 [] POH.4/AD12/AN15
RsTOUT []2 74 [] POH.3/AD11/AN14
M]3 73 [] POH.2/AD10/AN13
p22/cc2i0 [|4 72[] POH.1/AD9/AN12
p2.3/ccslo [|5 71 [] POH.0/AD8/AN11
p2.4/ccalo []6 70 [] POL.7/AD7/AN10
p25/ccslo [|7 69 [1 POL.6/AD6
p2.6/ccelo [ @ 68 [] POL.5/AD5
p27/cc7io []° 67 [] POL.4/AD4
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vss [] e ST10F252M s [ PoL.u/ADO
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P5.3/AN3 [] 24 52 [1 P4.5/A21/CAN1_RxD/ CAN2_RxD
P5.4/AN4 []25 51 [] P4.4/A20/CAN2_RxD
26 27 28 29 30 31 3 37 44 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
S s s s s S S S |
L Aow ©on £ 9 " a o o 9O 9 S E © - o
b S22 5223228855883 ES5555¢
SSowenr o0 5B 90g SESs5-@m®23c2c?
BESIEES S8 PaacslEelscss
e EEftaggaaty
o L o ~ © =
* =g
FE8g
Table 1. Pin description
svikol Pin | Type Function
| Reset Input with Schmitt-trigger characteristics. A low level at this pin for a
specified duration while the oscillator is running resets the ST10F252M. An internal
RSTIN 1 | pull-up resistor permits power-on reset using only a capacitor connected to Vgg.
In bidirectional reset mode (enabled by setting bit BDRSTEN in SYSCON register),
the RSTIN line is pulled low for the duration of the internal reset sequence.
Internal reset indication output. This pin is set to a low level when the device is
RSTOUT 2 O | executing either a hardware, a software or a watchdog timer reset. RSTOUT
remains low until the EINIT (end of initialization) instruction is executed.
Non-maskable interrupt input. A high to low transition at this pin causes the CPU to
vector to the NMI trap routine. If bit PWDCFG = ‘0’ in SYSCON register, when the
NV 3 | PWRDN (power-down) instruction is executed, the NMI pin must be low in order to
force the ST10F252M to go into power-down mode. If NMI is high and PWDCFG
=’0’, when PWRDN is executed, the part will continue to run in normal mode.
If not used, pin NMI should be pulled high externally.
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Pin data ST10F252M
Table 1. Pin description (continued)
Symbol Pin | Type Function
PORT2 is a 14-bit bidirectional I/O port. It is bitwise programmable for input or
output via direction bit. Programming an I/O pin as input forces the corresponding
4-11 /o output driver to high impedance state. PORT2 outputs can be configured as
15-20 push/pull or open drain drivers. The input threshold of PORT2 is selectable (TTL or
CMOS).
The following PORT2 pins have alternate functions:
4 /0 |P2.2 CC210 CAPCOMT1: CC2 capture input / compare output
9 /10 |P2.7 CC710 CAPCOM1: CC7 capture input / compare output
10 /10 P g CcCslo CAPCOM1: CC8 capture input / compare outort
P2.2-P2.15 I ' EXOIN Fast external interrupt 0 input
I/0 b CC9olo CAPCOM1: CC9 capture-in/compai -2t
11 2.9 N
| EX1IN Fast external interrupt 1innut
/10 b CC1010 CAPCOM1: CC10 captu. e-in/compare-out
15 2.10 -
| EX2IN Fast external inte:runt 2 input
/0 CC1510 CARCON: CC15 capture-in/compare-out
20 | P2.15 EX7IN TF; 1S external interrupt 7 input
| T7IN ‘ CAPCOM?2 timer T7 count input
21-25 I |PORTS5 is a 13-9ii input-only port with Schmitt-trigger characteristics. The pins of
P5.0-P5.9 PORTE car. he the analog input channels (up to 10) for the A/D converter where
28-32 | P5.x enivals ANXx (analog input channel x).
| PORT3 is a 12-bit (P3.3:5, P3.14 are missing) bidirectional 1/O port, bitwise
33-35 | ;D | programmabile for input or output via direction bit. Programming an I/O pin as input
36, /O |forces the corresponding output driver to high impedance state. PORT3 outputs
32-45 | 1/O |can be configured as push/pull or open drain drivers. The input threshold of
) PORTS is selectable (TTL or CMOS).
The following PORT3 pins have alternate functions:
33 I |[P3.0 TOIN CAPCOM:1 timer TO count input
l 34 O |P3.1 TEOUT GPT2: timer T6 toggle latch output
PS-g‘PP’-Z’ 35 I [P32 [caPIN GPT2: register CAPREL capture input
3.6
P3.7-P3.13 36 | |P3.6 T3IN GPT1: timer T3 count / gate input
P3.15 39 | P3.7 T2IN GPT1: timer T2 input for count / gate / reload / capture
40 /10 | P3.8 MRSTO SSCO0 master-receiver / slave-transmitter 1/0
41 /0 |P3.9 MTSRO SSCO0 master-transmitter / slave-receiver O/l
42 O ([P3.10 TxDO ASCO: clock / data output (asynchronous / synchronous)
43 /0 |P3.11 RxDO ASCO: data input (asynchronous) or I/O (synchronous)
(0] BHE External memory high byte enable signal
44 P3.12
(0] WRH External memory high byte write strobe
20/328 17
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Pin data

Table 1. Pin description (continued)
Symbol Pin | Type Function
P3.0-P3.2, 45 /0 |P3.13 SCLKO SSCO0: master clock output / slave clock input
P3.6
P3.7-P3.13 46 o |ps.is CLKOUT System clock output (programmable divider on CPU
clock)
P3.15
PORT7 is a 4-bit bidirectional I/O port, bitwise programmable for input or output via
direction bit (this port is connected to pins 47-50 only if bit P7EN of XMISC register
is set.). Programming an I/O pin as input forces the corresponding output driver to
47-50 | /0O |high impedance state. PORT7 outputs can be configured as push/pull or open
drain drivers. The input threshold of PORT7 is selectable (TTL or CMOS).
P7.0—-P7.3 Thg follgwing PORT7 pins have alternate functions: (only if bit P7EN of XMiCC
register is set)
47 O |P7.0 POUTO PWMO: channel 0 output
PWMO: channel 1 output
50 O |P73 POUTS PWMO: channel 3 output
PORT4 is an 8-bit bidirectional I/O port. P4.0-P4.: are connected to pins 47-50
only if PZEN of XMISC is not set (default efter eset).
It is bit-wise programmable for input or o .pu? via direction bits. For a pin
47-54 | 1/O | configured as input, the output driva: is put into high-impedance state.
In case of an external bus confiairetion, PORT4 can be used to output the
segment address lines (A1¢ .. 15 output only if bit PZEN of XMISC register is not
set):
47 O |[P4.0 Ale Segment address line
48 O |[P41 A7 Segment address line
49 O |P42 A3 Segment address line
50 O |14n A19 Segment address line
P4.0-P4.7 Q A20 Segment address line
57 [——P44
| CAN2_RxD |CAN2: receive data input
' o] A21 Segment address line
52 | P4.5 CAN1_RxD | CANT1: receive data input
| CAN2_RxD | CAN2: receive data input
o A22 Segment address line
53 O |P46 CAN1_TxD |CANT{1 transmit data output
(0] CAN2_TxD | CAN2 transmit data output
(0] A23 Segment address line
54 P4.7
(0] CAN2_TxD | CAN2 transmit data output
RPD 55 _ | Timing pin for the return from interruptible power-down and synchronous /
asynchronous reset selection.
BD 56 o External memory read strobe. RD is activated for every external instruction or data
read access.
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Table 1. Pin description (continued)

Symbol Pin

Type

Function

WR/WRL 57

External memory write strobe. In WR-mode this pin is activated for every external
data write access. In WRL-mode this pin is activated for low byte data write
accesses on a 16-bit bus, and for every data write access on an 8-bit bus. See
WRCFG in SYSCON register for mode selection.

ALE 58

Address latch enable output. In case of use of external addressing or of
multiplexed mode, this signal is the latch command pf the address lines.

External access enable pin.

A low level applied to this pin during and after Reset forces the ST10F252M to start
the program from the external memory space. A high level forces ST10F252M to
start in the internal memory space. This pin is also used (when Stand-by mode is
entered, that is ST10F252M under reset and main VDD turned off) to proiuz «
reference voltage for the low-power embedded voltage regulator whkici ¢=nerates
the internal 1.8V supply for the RTC module (when not disabled) or.d io retain data
inside the Stand-by portion of the XRAM (16 Kbyte).

It can range from 4.5 to 5.5V. In running mode, this pin c1n Y tied low during reset
RTC and XRAM activities, since the presence of = siavle VDD guarantees the
proper biasing of all those modules.

POL.0-POL.7, | 63-70
POH.0-POH.7 | 71-78

i 2Ll —-POL.7: DO - D7 DO - D7

PORTO is a two 8-bit bidirectional 1/0O ports F ). and POH, bitwise programmable
for input or output via direction bit. Programming an 1/O pin as input forces the
corresponding output driver to hial in pa2dance state. The input threshold of
PORTO is selectable (TTL or ©..2C5).

In case of an external bus ~unfiguration, PORTO serves as the address (A) and as
the address / data (AD, bus in multiplexed bus modes and as the data (D) bus in
demultiplexed bus mades.

Demultiplexea bus modes

Data vati> width 8-bit 16-bit

rOH.0 — POH.7: I/0 D8 - D15

Multiplexed bus modes

Data path width 8-bit 16-bit
POL.0 — POL.7: ADO - AD7 ADO - AD7
POH.0 — POH.7: A8 — A15 ADS8 - AD15

The pins of POL / POH also serve as the additional (up to six) analog input channels
for the A/D converter, where POL.7 equals to AN10 and POH.x equals ANy (Analog
input channel y, where y = x + 11). This additional function has a higher priority on
demultiplexed bus function.

79-86
PILO-PIL7, | gg.06
P1H.0-P1H.7

1/0

PORT1 is a two 8-bit bidirectional 1/0O ports P1L and P1H, bitwise programmable
for input or output via direction bit. Programming an 1/O pin as input forces the
corresponding output driver to high impedance state. PORT1 is used as the 16-bit
address bus (A) in demultiplexed bus modes: If at least BUSCONX is configured
such that the demultiplexed mode is selected, the pins of PORT1 are not available
for general purpose 1/O function. The input threshold of PORT1 is selectable (TTL
or CMOS).

The following PORT1 pins have alternate functions:

79

P1L.0 XPOUT XPWM: channel 0 output
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Table 1. Pin description (continued)
Symbol Pin | Type Function
80 O |P1LA XPOUT XPWM: channel 1 output
81 O |PiL.2 XPOUT XPWM: channel 2 output
82 O |PIL3 XPOUT XPWM: channel 3 output
83 O |P1L4 TxD1 ASC1: data input (asynchronous / synchronous)
84 /10 |P1L.5 RxD1 ASC1: data input (asynchronous) or I/O (synchronous)
85 I/O |P1L.6  |SCL I°C interface serial clock
86 /10 |P1L.7 SDA I°C interface serial data
P1L.0-P1L.7 I/O |P1H.0 | General purpose input
' - 89 e\ —|
P1H.0-P1H.7 | |P3.4 T3EUD GPTS3: external up / down
90 /10 |P1H.1 MRST1 SSC1: master-receiver / slave-trans n.itte.* 1/0
91 /0 |P1H.2 MTSR1 SSC1: master-transmitter / s'a re--eceiver O/l
92 /0 |P1H.3 |SCLK1 SSC1: master clock outy.c/ siave clock input
93 I |P1H.4 |CC24l CAPCOM2: CCZ + ~arture input
94 | P1H.5 CC2sl CAPCOM?2: ©,7:25 capture input
95 | P1H.6 CC26l CAPCCMZ2. CC26 capture input
96 | P1H.7 CC271 Ji, APCOM2: CC27 capture input
XTAL2 98 O |XTAL2 |Output of the oscillator amplifier circuit.
To clock the device from an external source, drive XTAL1, while leaving XTAL2
unconncstod. linimum and maximum high/low and rise/fall times specified in the
AC -t aracienistics must be observed.
XTALA1 99 I IRTAL Main oscillator amplifier circuit and/or external clock input.
VAREF 26 A/D converter reference voltage and analog supply.
VaGND 27 - | A/D converter reference and analog ground.
' 1.8 V decoupling pin.
Vo 14, 62 O | A decoupling capacitor (typical value of 10 nF, max. 100 nF) must be connected
between this pin and nearest Vgg pin.
12, 38, Digital supply voltage = +5 V during normal operation, idle mode and power-down
Vbp 60, 87, - modes.
97 It can be turned off when Stand-by RAM mode is selected.
13, 37,
Vss 61, 88, - Digital ground.
100
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3 Functional description

The architecture of the ST10F252M combines advantages of both RISC and CISC
processors and an advanced peripheral subsystem. The block diagram gives an overview of

the different on-chip components and the high bandwidth internal bus structure of the
ST10F252M.

Figure 3. Block diagram
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Memory organization

The memory space of the ST10F252M is configured in a unified memory architecture. Code
memory, data memory, registers and I/O ports are organized within the same linear address
space of 16 Mbytes. The entire memory space can be accessed bytewise or wordwise.
Particular portions of the on-chip memory have additionally been made directly bit
addressable.

IFlash: 256 Kbytes of on-chip Flash memory. It is divided in eight blocks (BOFO...BOF7) that
constitute the Bank 0. When bootstrap mode is selected, the Test-Flash Block BOTF

(4 Kbytes) appears at address 00°0000h: refer to Chapter 8: Internal Flash memory for more
details on memory mapping in boot mode. The summary of address range for IFlash is the
following Table 2:

Table 2. IFlash addresses
Blocks User Mode S'ze
BOTF Not visible o 4K
BOFO 00'0000h - 00'1FFFh VAY 8K
BOF1 00'2000h - 00'3FFFI | 8K
BOF2 00'4000h - 00’5 =F, 8K
BOF3 00'6000h - 2G7FFFh 8K
BOF4 01’8090k - 01'FFFFh 32K
BOF5 02'0000h - 02’FFFFh 64K
BOF6 |~ 030000h - 03FFFFh 64K
BOF7 | 0#0000h - 04FFFFh 64K
Reservec a'en 05'0000h - 07'FFFFh 192K
Fl. sh Fegs 08'0000h - 08'FFFFh 64K

Whan bt ROMEN in SYSCON register is set, the address 05°0000h - 07°FFFFh is
co.1s'dered as reserved (no external memory access is enabled). Trying to read in this
aadress area outputs dummy data (software trap 009Bh).

IRAM: 2 Kbytes of on-chip internal RAM (dual-port) is provided as a storage for data,
system stack, general purpose register banks and code. A register bank is 16 Wordwide (RO
to R15) and/or Bytewide (RLO, RHO, ..., RL7, RH7) general purpose registers group. Base
address is 00’F600h, upper address is 00'’FDFFh.

XRAM: 14Kbytes of on-chip extension RAM (single port XRAM) is provided as a storage for
data, user stack and code.

The XRAM is divided into two areas, the first 2 Kbytes named XRAM1 and the second

12 Kbyte named XRAM2, connected to the internal XBUS and are accessed like an external
memory in 16-bit demultiplexed bus-mode without wait state or read/write delay (50 ns
access at 40 MHz CPU clock). Byte and Word accesses are possible.

The XRAM1 address range is 00’EO00h - 00’E7FFh if XPEN (bit 2 of SYSCON register),
and XRAM1EN (bit 2 of XPERCON register) are set. If bit XRAM1EN or XPEN is cleared,
then any access in the address range 00’EOQ00h - 00’'E7FFh will be directed to external
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memory interface, using the BUSCONX register corresponding to address matching
ADDRSELX register.

The XRAM2 address range is the one selected programming XADDRS3 register, if XPEN (bit
2 in SYSCON register), and XRAM2EN (bit 3 of XPERCON register) are set. If bit XPEN is
cleared, then any access in the address range programmed for XRAM2 will be directed to
external memory interface, using the BUSCONX register corresponding to address
matching ADDRSELXx register.

After reset, the XRAM2 address range is 09°0000h-09’3FFFh and is mirrored every

16 Kbyte boundary until OF FFFFh.

XRAM2 also represents the Stand-by RAM, which can be maintained biased through
EA/Ng7gy pin when the main supply Vpp is turned off.

As the XRAM appears like external memory, it cannot be used as system stack or =3
register banks. The XRAM is not provided for single bit storage and therefore ic r.ot kit
addressable.

SFR/ESFR: 1024 bytes (2 x 512 bytes) of address space is reserved fcr \he special function
register areas. SFRs are Wordwide registers which are used to ccr.trc! and to monitor the
function of the different on-chip units.

CANT1: Address range 00’EF00h - O0’EFFFh is reserved fc, the CAN1 module access. The
CANT1 is enabled by setting XPEN bit 2 of the SYSC/:{ 2gister and by setting CAN1EN bit
0 of the XPERCON register. Accesses to the CAiN1 niwodule use demultiplexed addresses
and a 16-bit data bus (only word accesses ate ncssible). Two wait states give an access
time of 100 ns at 40 MHz CPU clock. MNc¢ visiae waitstate is used.

CAN2: Address range 00’EEQOOh - 00’CErFh is reserved for the CAN2 module access. The
CAN2 is enabled by setting XF=N bit 2 of the SYSCON register and by setting CAN2EN bit
1 of the XPERCON regist 3r. Acc2sses to the CAN2 module use demultiplexed addresses
and a 16-bit data bus (or.ly word accesses are possible). Two wait states give an access
time of 100.0 ns at 40 M4z CPU clock. No tristate waitstate is used.

If one or the e C AN modules are used, Port 4 cannot be programmed to output all eight
segmerii alarzss lines. Thus, only four segment address lines can be used, reducing the
externz” memory space to 5 Mbytes (1 Mbyte per CS line).

S/KTLC: Address range 00’EDOOh - 00’EDFFh is reserved for the XRTC module access. The
XRTC is enabled by setting XPEN bit 2 of the SYSCON register and bit 4 of the XPERCON
register. Accesses to the XRTC module use demultiplexed addresses and a 16-bit data bus
(only word accesses are possible). Two wait states give an access time of 100.0 ns at

40 MHz CPU clock. No tristate waitstate is used.

XPWM: Address range 00’ECO0h - O0’ECFFh is reserved for the XPWM module access.
The XPWM is enabled by setting XPEN bit 2 of the SYSCON register and bit 6 of the
XPERCON register. Accesses to the XPWM module use demultiplexed addresses and a 16-
bit data bus (only word accesses are possible). Two waitstates give an access time of

100.0 ns at 40 MHz CPU clock. No tristate waitstate is used. Only word access is allowed.

XASC: Address range 00’EQ00h - 00’E9FFh is reserved for the XASC module access. The
XASC is enabled by setting XPEN bit 2 of the SYSCON register and bit 7 of the XPERCON
register. Accesses to the XASC module use demultiplexed addresses and a 16-bit data bus
(only word accesses are possible). Two waitstates give an access time of 100.0 ns at

40 MHz CPU clock. No tristate waitstate is used.
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XSSC: Address range 00’E800h - 00’E8FFh is reserved for the XSSC module access. The
XSSC is enabled by setting XPEN bit 2 of the SYSCON register and bit 8 of the XPERCON
register. Accesses to the XSSC module use demultiplexed addresses and a 16-bit data bus
(only word accesses are possible). Two waitstates give an access time of 100.0 ns at

40 MHz CPU clock. No tristate waitstate is used.

XI?C: Address range 00’'EAOOh - 00’EAFFh is reserved for the XI°C module access. The
XI2C is enabled by setting XPEN bit 2 of the SYSCON register and bit 9 of the XPERCON
register. Accesses to the XI°C module use demultiplexed addresses and a 16-bit data bus
(only word accesses are possible). Two waitstates give an access time of 100.0 ns at

40 MHz CPU clock. No tristate waitstate is used.

X-Miscellaneous: Address range 00'EBOOh - 00’EBFFh is reserved for the access to a set
of XBUS additional features. They are enabled by setting XPEN bit 2 of the SYSCON
register and bit10 of the XPERCON register. Accesses to these additional featurss use
demultiplexed addresses and a 16-bit data bus (only word accesses are possit'e). Tvo
waitstates give an access time of 100.0 ns at 40 MHz CPU clock. No tristate waistate is
used. The following set of features are provided:

CLKOUT programmable divider

XBUS interrupt management registers

CAN2 multiplexing on P4.5/P4.6

CAN1-2 main clock prescaler

main voltage regulator disable for power-dcwi» mode

TTL / CMOS threshold selection for Puitu. Port1, and Port5
Flash temporary unprotection

® Port4/Port7 selection for bins /47-50

In order to keep the need:: ¢f devigns where more memory is required than is provided on
the chip, up to 16 Mby*as of external memory can be connected to the microcontroller.

When P7EN bit 1= cei in XMISC register, the Port7 low nibble is available on the pins 47 to
50 and Port4 i\avv is not available. Therefore the relative address lines are not available and
the extziel imemory space is reduced to 64 Kbytes."

Vis:oility of XBUS peripherals

In order to keep the ST10F252M compatible with ST10F168 / ST10F269, the XBUS
peripherals can be selected to be visible on the external address / data bus. Different bits for
X-peripheral enabling in XPERCON register must be set. If these bits are cleared before the
global enabling with XPEN bit in SYSCON register, the corresponding address space, port
pins and interrupts are not occupied by the peripherals, thus the peripheral is not visible and
not available. Refer to Chapter 26: Register set on page 254

XPERCON and XPEREMU clock gating

As already mentioned, the XPERCON register has to be programmed to enable the single
X-BUS modules separately. The XPERCON is a read/write ESFR register.

The new feature of clock gating has been implemented by mean of this register. Once the
EINIT instruction has been executed, all the peripherals (except RAMs and XMISC), not
enabled in the XPERCON register are not be clocked. The clock gating can reduce power
consumption and improve EMI when the user doesn’t use all the X-Peripherals

When the clock has been gated in the disabled Peripherals, no Reset will be raised once the
EINIT instruction has been executed.
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4.1 XPERCON and XPEREMU registers

Once the XPEN bit of the SYSCON register is set and at least one of the X-peripherals
(except memories) is activated, the register XPEREMU must be written with the same
content of XPERCON: this is mandatory to allow correct emulation of the features on the
X-BUS for the new ST10 generation.

XPEREMU must be programmed after XPERCON and after SYSCON so that the final
configuration for X-peripherals is stored in XPEREMU and used for the emulation hardware

setup.
XPERCON
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A Cm
o |z || & | =3 |z |8 |8, 3|z
reserved 2 EJ) 9 9 = % o % E % z
= £ ]/¢ 2 % &8 E|E E 5§ B
RW RW RW RW  RW RW  rW RW RW  RwW
Table 3. XPERCON register functions
Bit Name Function
15:11 Reserved -
XBUS additiuiai fee tures enable bit
‘0’: Access ‘o th 2 additional miscellaneous features is disabled. The
10 XMISCEN address range 00’EBOOh-O0’EBFFh is directed to external memory
orly if CAN1EN, CAN2EN, XRTCEN, XASCEN, XSSCEN, XPWMEN
a1a Xi2CEN are ‘0’ also.
| '+ The Additional Features are enabled and can be accessed.
XI2C enable bit
‘0’: Accesses to the on-chip XI2C are disabled, external access is
9 | XI2CEN performed. The address range 00’EA00h-O0’EAFFh is directed to
external memory only if CANT1EN, CAN2EN, XRTCEN, XASCEN,
) XSSCEN, XPWMEN and XMISCEN are ‘0’ also.
; ‘1’: The on-chip XI2C is enabled and can be accessed.
XSSC enable bit
‘0’: Accesses to the on-chip XSSC are disabled, external access is
8 XSSCEN performed. The address range 00'E800h-00’E8FFh is directed to
external memory only if CANT1EN, CAN2EN, XRTCEN, XASCEN,
XI2CEN, XPWMEN and XMISCEN are ‘0’ also.
“1’: The on-chip XSSC is enabled and can be accessed.
XASC enable bit
‘0’: Accesses to the on-chip XASC are disabled, external access is
7 XASCEN performed. The address range 00’EQ00h-00’E9FFh is directed to
external memory only if CANT1EN, CAN2EN, XRTCEN, XASCEN,
XI2CEN, XPWMEN and XMISCEN are ‘0’ also.
‘1”: The on-chip XASC is enabled and can be accessed.
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XPERCON register functions (continued)

Bit

Name

Function

XPWMEN

XPWM enable

‘0’: Accesses to the on-chip XPWM module are disabled, external
access is performed. The address range 00’EC0O0h-00’'ECFF is
directed to external memory only if CAN1EN, CAN2EN, XASCEN,
XSSCEN, XI2CEN, XRTCEN and XMISCEN are ‘0’ also.

‘1’: The on-chip XPWM module is enabled and can be accessed.

Reserved

XRTCEN

XRTC enable

‘0’: Accesses to the on-chip XRTC module are disabled, external
access is performed. The address range 00'EDOOh-0O0’EDFF is
directed to external memory only if CAN1EN, CAN2EN, ¥ ASCEN,
XSSCEN, XI2CEN, XPWMEN and XMISCEN are ‘0’ also.

‘1’ The on-chip XRTC module is enabled and car® i.e « ccessed.

XRAMZ2EN

XRAM2 enable bit \

‘0’: Accesses to the on-chip 16 Kbyte XRAIA are disabled, external
access is performed.

“1’: The on-chip 16 Kbyte XRA.1 i« enabled and can be accessed.

XRAM1EN

XRAM1 enable bit \<

‘0’: Accesses to the on-chip 2 Kbyte XRAM are disabled. The address
range 00'EONNh 00'E7FFh is directed to external memory.

‘1’: The on-=hip 2 Kbyte XRAM is enabled and can be accessed.

CAN2EM

CAN2 eiiable bit

“r- Acsesses to the on-chip CAN2 X=peripheral and its functions are
disabled (P4.4 and P4.7 pins can be used as general purpose I/Os, but
the address range 00’EC0O0h-00’EFFFh is directed to external memory
only if CAN1EN, XRTCEN, XASCEN, XSSCEN, XI2CEN, XPWMEN
and XMISCEN are ‘0’ also).

‘1’: The on-chip CAN2 X-peripheral is enabled and can be accessed.

CAN1EN

CAN1 enable bit

‘0’: Accesses to the on-chip CAN1 X-peripheral and its functions are
disabled (P4.5 and P4.6 pins can be used as general purpose 1/Os, but
the address range 00'EC00h-00’EFFFh is directed to external memory
only if CAN2EN, XRTCEN, XASCEN, XSSCEN, XI2CEN, XPWMEN an
XMISCEN are ‘0’ also).

‘1”: The on-chip CAN1 X-peripheral is enabled and can be accessed.

Note: When CAN1, CAN2, XRTC, XASC, XSSC, XPC, XPWM and the XBUS additional features
are all disabled via XPERCON setting, any access in the address range 00’E800h -
OO’EFFFh is directed to external memory interface, using the BUSCONX register
corresponding to address matching ADDRSELX register. All pins involved with
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X-peripherals, can be used as general purpose I/O whenever the related module is not
enabled.

When one or more of the peripherals XASC, XI°C, XSSC, and XPWM are enabled, port P1
cannot be used for external memory addressing, that is, the external bus controller in
demultiplexed mode is not available.

The default XPER selection after reset is identical to XBUS configuration of
ST10F168/ST10F269: CAN1 is enabled, CANZ2 is disabled, XRAM1 (2 Kbyte XRAM) is
enabled, XRAMZ (16 Kbyte XRAM) is disabled; all the other X-peripherals are disabled after
reset.

The register XPERCON cannot be changed after the global enabling of X-peripherals, that
is, after setting of bit XPEN in SYSCON register.

In Emulation mode, all the X-peripherals are enabled (XPERCON bits are all set). It ic up to
the bondout chip (ST10R201) whether of not to redirect an access to external menorv or to
XBUS.

Reserved bits of XPERCON register are always written to ‘0.

XPEREMU

—
(6]
-
~
-
w
—
)
~
=
—
o
©
©
~
~
I
N
~
o

reserved

XMISC
XI2CEN
»'SSCEN

XA SCr

XRAM1 EN|
CAN2EN
CAN1EN

reserved
XRTCEN
XRAM2 EN | w

T
s
3
T
=3
T
=3
T
=3
T
=3

W RN Rw RW RW

The bit meaning is exactly the same as XPERCON.

Emulation dedicated registers

A set of four au4itional registers are for emulation purpose only. Similarly to XPEREMU, they
are write only registers.

Zilation register 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w w w w w w w w w w w w w w w w
Emulation register 2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Emulation register 3

15 14 13 12 11

10 9 8 7 6 5 4 3 2 1 0

s s W W W

Emulation register 4

15 14 13 12 11

w W w w w W w w w w w
RegTitle

10 9 8 7 6 5 4 3 2 1 0

XRAM2 memory range

XRAM2 memory range is addressed by an internal XBUS chip se'ect. 1iiis internal chip
select is enabled when XPEN bit of the SYSCON register is et ar.d XRAM2EN bit of the
XPERCOM register is set. Although this address range is accessed as external memory, it

does not occupy the BUSC
dedicated XBCON/XADRS

ONx or ADDRSELX registei s 1! is selected via additional
registers. The XADRS re%e* value is mask-programmed but the

XADRSS3 register used for flash control registers ana XRAM2 memory range can be

accessed and modified.

XRAM2 memory range

15 14 13 12 1

10 9 8 7 6 5 4 3 2 1 0

[

RGSAD RGSzZ

RW RW RW W RW

RW RW RW RW RW RW RW RW RW RW RW

Table +. XRAM2 memory range functions
! B¢ Name Function
-
| Range Start Address
15:4 RGSAD Defines the upper bits (A8...A19) of the start address of the respective
' address area. Bits A23...A20 of the resulting address are set to 0. See
Table 5.
Range Size Selection
3:0 RGSz Defines the size of the address area controlled by XBCON3 and
XADRSS register pair. See Table 5.

The register functionality is

the same as the one of ADDRSELX registers use for external

address range selection. However, the XADRSS3 register is protected and it can only be
written before the EINIT instruction execution. The range start address can be only on
boundaries specified by the selected range size. Table 5 gives a definition of Range Size

Selection and Range Start

Address.

Upon Reset, the XADRS3 register is programmed so that address range 08’0000h-

OF’FFFFh is accessed with

the internal XBUS chip select. The range 08°'0000h-08'FFFFh is
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overlapped by IFlash memory space (flash control register), which has higher priority on
XBUS space.

The address range defined by XADRSS3 can be reduced by reprogramming it before EINIT
execution; the area which is no longer inside the new address range becomes external
memory space (apart from range 08’0000h-08’'FFFFh, which is dedicated to IFlash as long
as ROMEN bit in SYSCON register is set).

The address range defined by XADRSS3 has priority over any external address range
defined through ADDRSELX (x=1...4) registers.

Table 5. Definition of address areas
Bit-field RGSZ | Resulting Window Size Relevant bit (R) of Start Address (A19...A8)
A19 A8
0000 256 bytes R R RRRRRRRRR R
0001 512 bytes R R RR RRRRBIRBRRR x
0010 1 Kbyte R R RRRRRRBIRP x x
0011 2 Kbytes R R RR RRRREFE x x x
0100 4 Kbytes R R RRRRRZP X x x x
0101 8 Kbytes R R R R R RPRPR x x x x X
0110 16 Kbytes R R RR RS x x x x x X
0111 32 Kbytes R R RR R X x x x X X X
1000 64 Kbytes R R R 7T 4 x X X X X X X
1001 128 Kbytes R R F x x x X X X X X X
1010 256 Kbytes R R x X X X X X X X X
1011 512 Kbytes P . x x x X X X X X X X
11xx Reserved |
_

XRAM2 can be remapped on a1y 16 Kbyte Boundary within 00°8000h-00’'BFFF address
area and within 09’0000h- 0i-’" F\-FF address area.

For example, to map {ne 3Kbyte XRAM2 in page 60 (starting address OF’0000h,
compatible with >71(=276), XADRS3 must be initialized with the value FO06y. To map the
16Kbyte XRALAL i, page 2 (starting address 00’8000h, compatible with ST10F280),
XADREZ rauct oe initialized with the value 0806.

If YADR'S3 is not reprogrammed after reset, the XRAMZ2 address window overlaps the one
Jedicated to IFlash. So Segment 8 address range mapping depends on bits ROMEN and
XPEN of SYSCON register, and XRAM2EN of XPERCON register programming as
summarized in Table 6.

Table 6. XRAM2EN of XPERCON register programming

ROMEN XPEN XRAM2EN Segment 8
0 0 X External memory
0 1 0 External memory
0 1 1 Reserved
1 X X IFlash registers
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Figure 4. ST10F252M memory mapping (user mode: flash read operations or XADRS = F006h)
Code Data Code Data
Segment Page Segment Page
FF FFFF 1023 11 FFFF “o
255 17 e
_® 00 FFFF SFR
64 '
1389 - o1z
o 100 FDFF
16 65 '
1209 o
! 22 I-RAM 2K
15 o
\ OF o000 | Standby FAN |~ eo X-Peripherals (2Kbyte)
“ OE FFFF _:z 8822?: .
' 14 s 00 FO00
' OE 0000 56 Reserved 1K -00 EFFF N ®l
0D FFFF v 1
i i3 e R
C 18 3 o ESFR  |s12- S0 Er e — —
5 |Q
[ |8 00 EFFF [ XCANA 256 XCAN2 256
, 12 :50 o XCAN2 256 00 ZE00
' R XRTC 256 o EDFF
' 0C0000 _®|g _XPWM 256 XRTC 256
| OBFFFF _47|3 XMiscellaneous | 256 00 EDOO
! 11 _. % X12C oo 00 ECFF
e I e
;o ol L I BRERR?
. 10 _a " XMiscellaneous | 256
' 0A 0000 _%
N - XRAM1 | 2K 00 EAFF
. 9 o XI2C 256
) 09 0000 _® 00 EA0O
I' 08 FFFF Flash Registers % 00 E000 00 E9FF
! 8 FPEC H:‘\M/HOM " 00 DFFF XASC 256
' % v 00 E900
, gg E(IJ:('J:% & + 00 E8FF
' 7| eeme | J R XSSC 256
oo - B
! B B
! (&) reserved |-
! 06 0000 :
05 FFFF -
l 5 reserved
' 05 0000
. 04 FFFF
! 4 BOF7
! (IFtash) Ext. Memory
o uEe
. 3 &5
,’ 03 0000
) 02 FFFF
! 2 (n%g:ssh)
! 02 0000
' 01 FFFF BOF4
" 1 (IFlash)
' Ext. Memory
' 01 0000
00 FFFF
0 o O =5 .
ooooooL I ____. 00 0000 R " 00 C000
16 MB Flash + XRAM - 1Mbyte Data Page 3 (Segment 0) - 16Kbyte
- r
* XRAM2 (Stand-by RAM) can be located on any 16K boundary within memory space marked |
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Figure 5. ST10F252M memory mapping (user mode: flash write operations or ROMS1=1)
Code Data Code Data
Segment Page Segment Page
FFZI;FSFF 1023 11 FFFF “e
17 _:: 00 FFFF
Tea ' SFR 512
18R e 100 FE0Q
_65 ,’
16 e !
64 1
g n , N
! Te2 ! -
15 et ! _
II OF 0000 “stand-by ram |~ 6o X-Peripherals (2Kbyte)
. OE FFFF :59 00 F600
! 58 00 F5FF
! 14 87 00 FO00 A _l
' 0E 0000 _56 , Reserved 1K , -O0 EFFF
, 0D FFFF| _55 ' 00 F200 XCANI 256
54 1
! - 00 F1FF ’ 2
.13 = D e ESFR  |[s12- BEa—
1 52
. RRR “a|¥ ! COEFFF| T YEANT 256 | XCAN2 256
! 12 _s0|'s . XCAN2 256 2 <E00
, _a9|3 ! XRTC 256 00 EDFF
. g o I Xiiscelangars | 5. b
.' e ' iscellaneous | 25+
! 11 “el . X2C__|.5¢ 06 Eorr
. 080000 e é) ) | XASC 4256 XPWM 256
| OAFFFF " S ' 00 E800 DAY 256
! X 00 E7FF | . 00 EC00
1 1 O _42 " N 00 EBFF
' "4 ) N XMiscellaneous | 256
' 0A0000 _40 . N 00 800
. %F - ! XRAM1 2K . 00 EAFF
! 9 T : XI2C 256
! 09 0000 % . 00 EA0O
' 08 FFFF Flash Registers |- 25 g 00 E000 00 B9FF
: 8 + - | ! 00 DFFF : XASC 256
! FPEC RAWROM 3 ‘ ,’ ' 00 E900
e A it " S0
! 7 Re. arve ! 30 ,’ \ XSSC 256
-2 ' 00 E800
0700%u \ _ _ 8 ! 00 E7FF
0€ FI FF o7 !
Reserved 26 !
6 I
06 0000 _a '
05 FFFF 23 |
R d 22 '
5 leserve :2‘ ,
05 0000 _2 |
I 04 FFFF T
! 4 BOF7 B
X (Flash) 1747 Ext. Memory | 8K
[ 04 0000 e !
, 03 FFFF RO
. 3 (|%?an?1) ::: !
. 03 0000 e
, 02 FFFF "ot
! 2 s |- v
! 02 0000 _8
' 01 FFFF BOF4 7,
! _1 (IFlash) 61
1 BOF% _ 5:
' 01 0000 F—BR——_ «,
00 FFFF Ta
2 T~
0 0 0 Ext. Memory 1 RN -~
oooooo L1 7 __. 00 0000 -° " 00000
16 MB Flash + XRAM - 1Mbyte Data Page 3 (Segment 0) - 16Kbyte
- r
* XRAM2 (Stand-by RAM) can be located on any 16K boundary within memory space marked | |
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Central processing unit

The central processing unit (CPU) includes a four-stage instruction pipeline, a 16-bit
arithmetic and logic unit (ALU) and dedicated SFRs. Additional hardware provides for a
separate multiply and divide unit, a bit-mask generator and a barrel shifter.

Most of the ST10F252M’s instructions can be executed in one instruction cycle which
requires 50 ns at 40 MHz CPU clock. For example, shift and rotate instructions are
processed in one instruction cycle independent of the number of bits to be shifted. Multiple-
cycle instructions have been optimized; branches are carried out in two cycles, 16 x 16 bit
multiplication in five cycles and a 32/16 bit division in ten cycles. The jump cache reduces
the execution time of repeatedly performed jumps in a loop, from two cycles to one cycle.

Figure 6. CPU block diagram (MAC unit not included) -\
~ 6
CPU }N 2K Byte
— Internal
SP MDH R15
STKOV MDL - N\ RAM
STKUN Mul./Div-AW | — - N S
256 Kbyte : Bit-Mask Gen. | [ ~ — N ' Bank !
Flash Exec. Unit G f - General — \ : n :
memory Instr. Ptr .~ /| |~ Purpose — N\ e .
/ — . —
4-Stage ALU | Registers_| \
Pipeline \ / — ] AN
32 16-Bit - ]
PSW | . RO Bank
ﬁ? SYSCON Barée' Shift ~|< i
AL " kb ¥4 P — - 1
[CUSCONO |
| 'BUSCON 1 ADDRSEL 1 o
. BUSCON 2 ADDRSEL 2 I’ ’l
| [BUSCON3 | ADDRSEL 3 ' Bank !
[ BUSCON4 | ADDRSEL 4 16 . 0
| Data Pg. Ptrs || Code Seg. Ptr. | C_ .

’-n/

The CPU uses an actual register context consisting of up to 16 wordwide GPRs physically
allocated within the on-chip RAM area. A context pointer (CP) register determines the base
address of the active register bank to be accessed by the CPU. The number of register
banks is only restricted by the available internal RAM space. For easy parameter passing, a
register bank may overlap others.

A system stack of up to 1024 bytes is provided as a storage for temporary data. The system
stack is allocated in the on-chip RAM area, and it is accessed by the CPU via the stack
pointer (SP) register. Two separate SFRs, STKOV and STKUN, are implicitly compared
against the stack pointer value upon each stack access for the detection of a stack overflow
or underflow.
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The system configuration register SYSCON

This bit-addressable register provides general system configuration and control functions.
The RESET value for register SYSCON depends on the state of the Port 0 pins during

RESET.

System configuration register SYSCON

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
P4
e |E |3 6|3 | |52 ¢|¢g s |2 g |a| 8
o v | & | o | & o o | =z o 2 3 | 2 s 4
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Table 7. System configuration register SYSCON functions
Bit Name Function
15:14 Reserved
System stack size
13 STKSZ Selects the size of the system stu.cl\ (in the internal I-RAM) from 32 to
1024 words.
Internal memory mapp'ng
‘0’: Internal memsiv arza mapped to segment 0
12 ROMSH1 (00’0000h...00 7HFh).
“1’: Internal mernory area mapped to segment 1
(01°000Ci1...01’7FFFh).
Czymantation disable/enable control
11 SGTDIS | o Segmentation enabled (CSP is saved/restored during interrupt
entry/exit).
‘1’: Segmentation disabled (only IP is saved/restored).
' Internal memory enable (set according to pin EA during reset)
10 ROMEN ‘0’: Internal memory disabled: accesses to the I-Flash memory area
! use the external bus.
L “1’: Internal memory enabled.
Disable/enable control for pin BHE (set according to data bus width)
9 BYTDIS ‘0’: Pin BHE enabled.
‘1’ Pin BHE disabled, pin P3.12 may be used for general purpose I/O.
System clock output enable (CLKOUT)
‘0’: CLKOUT disabled, pin P3.15 may be used for general purpose 1/O.
8 CLKEN ‘1’: CLKOUT enabled, pin P3.15 outputs the system clock or a
prescaled value of system clock according to XCLKOUTDIV register
setting (see Section 15).
Write configuration control (inverted copy of WRC bit of RPOH)
7 WRCFG ‘0’: Pins WR and BHE retain their normal function.
“1’: Pin WR act as WRL, pin BHE acts as WRH.
6 Reserved
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Table 7. System configuration register SYSCON functions (continued)

Bit Name Function

Power down mode configuration control

‘0’: Power down mode can only be entered during PWRDN instruction
execution if NMI pin is low, otherwise the instruction has no effect. To
exit power down mode, an external reset must occurs by asserting the
5 PWDCFG RSTIN pin.

‘1’: Power down mode can only be entered during PWRDN instruction
execution if all enabled fast external interrupt EXxIN pins are in their
inactive level. Exiting this mode can be done by asserting one enabled
EXxIN pin or with external reset.

Oscillator watchdog disable control

‘0’: Oscillator watchdog (OWD) is enabled. If PLL is bypassac. the

OWD monitors XTAL1 activity. If there is no activity on XT.AL1 fci at
least 1 ps, the CPU clock is switched automatically tc F’LL's base

4 OWDDIS frequency (around 750 kHz-3 MHz).

‘1’: OWD is disabled. If the PLL is bypassed, *~e C:*U clock is always

driven by XTAL1 signal. The PLL is turr~c o1f te reduce power supply

current.

XBUS peripheral enable bit

‘0’: Accesses to the on-ctip X-peripherals and their functions are
disabled.

“1’: The on-chip X-pzrininerals are enabled and can be accessed.

3 XPEN

Bidirectioral 1 >x 2! enable

‘0’: RSTIN pinis an input pin only. SW Reset or WDT Reset have no
3 BDRSTEN effc~t ori this pin.

4+ ROTIN pin is a bidirectional pin. This pin is pulled low during 1024

lTCL during reset sequence.

Visible mode control

‘0’: Accesses to XBUS peripherals are internal.

‘1: XBUS peripherals accesses are visible externally on the external
| pins.

1 ‘I\SIELE
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Multiplier-accumulator unit

The multiplier-accumulator (MAC) unit is a specialized co-processor that improves the
performance of signal processing algorithms. It includes:

® a multiply-accumulate unit.

® an address generation unit, able to feed the MAC unit with two operands per cycle.
® arepeat unit, to execute a series of multiply-accumulate instructions.

The CPU can supply the MAC with up to two operands per instruction cycle. The MAC
instructions multiply, multiply-accumulate, 32-bit signed arithmetic operations and the

CoMOV transfer instruction are part of the standard instruction set. Full details are provided
in the ‘ST10 Family Programming Manual’.

MAC features

Enhanced addressing capabilities

The MAC has the following enhanced addressing capabi'it2s:
® double indirect addressing mode with pointer bos.-r.xodification

® parallel data move allows one operand move Juring multiply-accumulate instructions
without penalty

® CcoSTORE instruction (for fast acces: 15 the MAC SFRs) and CoMQV (for fast memory
to memory table transfer).

General

The MAC also has ti € fcllowing features:

® two-cycle exesution for all MAC operations

® 1f X 16 ciygned/unsigned parallel multiplier

® 40 bit signed arithmetic unit with automatic saturation mode
< 10-bit accumulator

8-bit left/right shifter

scaler (one-bit left shifter)

data limiter

full instruction set with multiply and multiply-accumulate, 32-bit signed arithmetic and
compare instructions

e three 16-bit status and control registers: MSW (MAC status word), MCW (MAC control
word), and MRW (MAC repeat word).

The working register of the MAC unit is a dedicated 40-bit wide accumulator register. A set
of consistent flags is automatically updated in the MSW register (see Section 6.3.2) after
each MAC operation. These flags allow branching on specific conditions. Unlike the PSW
flags, these flags are not preserved automatically by the CPU upon entry into an interrupt or
trap routine. All dedicated MAC registers must be saved on the stack if the MAC unit is
shared between different tasks and interrupts.

o & 0 ¢
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6.1.3 Program control

MAC program control features include:

® a repeat unit that allows some MAC co-processor instructions to be repeated up to
8192 times — repeated instructions may be interrupted

® MAC interrupt (class B trap) on MAC condition flags.

6.2 MAC operation

Figure 7. MAC unit architecture

Operand 1 Operand 2
r-—-=-=-=- A
16 16
GPR Pointers (" T
IDXO0 Pointer
IDX1 Pointer
QRO GPR Offset Register
QR1 GPR Offset Register . 16/x 16 ‘
v v S|g|*|_ed|-jn|\. grind
QX0 IDX Offset Register ‘ Concatenation ‘ ultilie

wW

QX1 IDX Offset Register
2N J@I
Mux

t

-

| Sign Extend
MRW Scaler
| Oh 08000h Oh
40 4of 40/ sf 4]
Repeat Unit Mux Mux
Interrupt
<4 J(
Controller | MCW 40 40
A B /
ST10 CPU —— ——Pp] 40-bit Signed Arithmetic Unit /
MSW a0}
Flags| MAE|  MAH | MAL
Control Unit
40
! Data 8-bit Left/Right
| Limiter Shifter

1. Shared with standard ALU.

6.2.1 Instruction pipelining

All MAC instructions use the four-stage pipeline. During each stage the following tasks are
performed.

1. FETCH: All new instructions are double-word instructions.

2. DECODE: If required, operand addresses are calculated and the resulting operands
are fetched. IDX and GPR pointers are post-modified if necessary.

3. EXECUTE: Performs the MAC operation. At the end of the cycle, the accumulator and
the MAC condition flags are updated if required. Modified GPR pointers are written-
back during this stage, if required.

4.  WRITEBACK: Operand write-back in the case of parallel data move.
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Particular pipeline effects with the MAC unit

Because the registers used by the MAC are shared with the standard ALU and because of
the MAC instructions pipelining, some care must be taken when switching from the
“standard instruction set” to the “MAC instruction set”.

Initialization of the pointers and offset registers

The MAC instructions which use IDXi pointer are mostly not capable of using a IDXi register
value, which is updated by an immediately preceding instruction. Thus, to make sure that
the IDXi register value is used, at least one instruction must be inserted between a IDXi-
changing instruction and one MAC instruction which explicitly uses IDXi in its addressing
mode as shown in the following example,

I,: MOV IDXO0, #0F200h update IDXO register
et ees must not be an CoXXX [IDX0®], [Rw.,®] inst-uction

first operand read at (IDX0) address to provide the MAC
function

parallel data move to (((IDXWM)-((QX1))) address (if
CoXXX is COMACM;

move (R2) cortam t (IDXO0) address (if CoXXX is
CoMOQV)
(ID\v) < (IDX0) + (QX1) post modification of the pointer

The requirements between the update oi one of the offset registers, QXi and QRIi, and their
next use are the same.

l,,,2:COXXX [IDX0+QX1], [R2]

Read access to MAL reaisters (CoReg)

At least one instr i tica which does not use the MAC must be inserted between two
instructions o1 read from a MAC register. This is because the accumulator and the status
of the i C arc modified during the execute stage.

Tahle 8. Example of MAC register read access

i Code MSW (before) MSW (after) Comment
MOV MSW, #0 - 0000h
MOV RO, #0 - -
CoADD RO, RO 0000h 0200h MSW.Z set at execute
BFLDL MSW, #FFh, #FFh 0200h 00FFh Error!

In this example, the BFLDL instruction performs a read access to the MSW during the
decode stage while the MSW.Z flag is only set at the end of the execute stage of the
CoADD.

Address generation

MAC instructions can use some standard ST10 addressing modes such as GPR direct or
#data4 for immediate shift value.
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Addressing modes have been added to supply the MAC with two new operands per
instruction cycle. These allow indirect addressing with address pointer post-modification.

Double indirect addressing requires two pointers. Any GPR can be used for one pointer, the
other pointer is provided by one of two specific SFRs IDX0 and IDX1. Two pairs of offset
registers QRO/QR1 and QX0/QX1 are associated with each pointer (GPR or IDX;). The GPR
pointer allows access to the entire memory space, but IDX; are limited to the internal dual-
port RAM, except for the CoMOQV instruction.

Table 9 shows the various combinations of pointer post-modification for each of these 2 new
addressing modes. In this document, the symbols “[Rw,®]” and “[IDX;®]” refer to these
addressing modes.

Table 9. Pointer post-modification combinations for IDXi and Rwn
Symbol Mnemonic Address pointer operation
[IDX] (IDX)) IDX,) (no-op) N
[IDX (IDX;) <{IDX;) +2 (i=0,1) )\
“IDX;®]" stands for [IDX; -] (IDX;) <{IDX;) -2 (i=0,1) \
[IDX; +QX]] (IDX) ~(IDX) + (QX;) 4, ] =0,1)
[IDX; - X (IDX;) (IDX;, - ‘@) (i, j =0,1)
[Rwn] (Rwn) «—F{;n',_(no-op)
[Rwnj (Rwr) «Rwn) +2 (n=0-15)
“[Rw,,®]" stands for [Rwn-] | \mwn) <(Rwn) -2 (k=0-15)
[RwnQR] | (Rwn) (Rwn) + (QR) (n=0-15; =0,1)
‘Rwn - QR (Rwn) «(Rwn) - (QR;) (n=0-15; j =0,1)

For the CoMACM clesx ¢ f instruction, a parallel data move mechanism is implemented. This
class of instruction s only available with double indirect addressing mode. Parallel data
move allows th: Sperand, pointed to by IDX;, to be moved to a new location in parallel with
the M/AC operation. The write-back address of parallel data move is calculated depending
on the past-modification of IDX;. It is obtained by the reverse operation than the one used to
ca'sulate the new value of IDX;. Table 10 shows these rules.

“able 10. Parallel data move addressing
Instruction Writeback address
CoMACM [IDX;+],... <IDX;-2>
CoMACM [IDX;],... <IDX;+2>
CoMACM [IDXi+QXj],... <IDXi-QXj>
CoMACM [IDXi-QXJ-],... <IDXi+QX]->
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The parallel data move shifts a table of operands in parallel with a computation on those
operands. Its specific use is for signal processing algorithms like filter computation. Figure 8
gives an example of parallel data move with CoMACM instruction.

Figure 8. Example of parallel data move

CoMACM [IDX0+], [R2+]
16-bit
n+2 n+2 <— IDX0
n X <— IDX0 n X
n-2 n-2 X Parallel Data Move
n-4 n-4
Before Execution After Execution

16 x 16 signed / unsigned parallel multiplier

The multiplier executes 16 x 16-bit parallel signed/unsigned fraci’cnai and integer multiplies.
The multiplier has two 16-bit input ports, and a 32-bit product vutput port. The input ports
can accept data from the MA-bus and from the MB-bus ""lie output is sign-extended and
feeds a scaler that shifts the multiplier output acco-d'ry tu the shift mode bit MP specified in
the co-processor control word (MCW). The prod'ic. can be shifted one bit left to compensate
for the extra sign bit gained in multiplying twe 1 C-uit signed (2’s complement) fractional
numbers if bit MP is set.

40-bit signed arithmetic unit

The arithmetic unit is ovzr 32 Lits wide to allow intermediate overflow in a series of
multiply/accumulate operaiions. The extension flag E, contained in the most significant byte
of MSW, is set wien “he accumulator has overflowed beyond the 32-bit boundary, that is,
when there @re Cignificant (non-sign) bits in the top eight (signed arithmetic) bits of the
accumuic tr.

Thz 40-vit arithmetic unit has two 40-bit input ports A and B. The A-input port accepts data
10 four possible sources: 00,0000,0000h, 00,0000,8000h (round), the sign-extended
nroduct, or the sign-extended data conveyed by the 32-bit bus resulting from the
concatenation of MA- and MB-buses. Product and concatenation can be shifted left by one
according to MP for the multiplier or to the instruction for the concatenation. The B-input port
is fed either by the 40-bit shifted/not shifted and inverted/not inverted accumulator or by
00,0000,0000h. A-input and B-input ports can receive 00,0000,0000h to allow direct
transfers from the B-source and A-source, respectively, to the accumulator (in the case of
multiplication or shift). The output of the arithmetic unit goes to the accumulator.

It is also possible to saturate the accumulator on a 32-bit value, automatically after every
accumulation. Automatic saturation is enabled by setting the saturation bit MS in the MCW
register. When the accumulator is in the saturation mode and an 32-bit overflow occurs, the
accumulator is loaded with either the most positive or the most negative value representable
in a 32-bit value, depending on the direction of the overflow. The value of the accumulator
upon saturation is 00, 7fff,ffffh (positive) or ff,8000,0000h (negative) in signed arithmetic.
Automatic saturation sets the SL flag MSW. This flag is a sticky flag which means it stays set
until it is explicitly reset.

40-bit overflow of the accumulator sets the SV flag in MSW. This flag is also a sticky flag.
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40-bit adder/subtracter

The 40-bit adder/subtracter allows intermediate overflows in a series of multiply/accumulate
operations. The adder/subtracter has two input ports. One input is the feedback of the 40-bit
signed accumulator output through the ACCU-shifter.The second input is the 32-bit operand
coming from the one-bit scaler. The 32-bit operands are sign-extended to 40-bit before the
addition/subtraction is performed.

The output of the adder/subtracter goes to the 40-bit signed accumulator. It is also possible
to round and to saturate the result to 32-bit automatically after every accumulation before to
be loaded into the accumulator. The round operation is performed by adding 00°00008000h
to the result. Automatic saturation is enabled by setting the MCW.MS saturation bit.

When the 40-bit signed accumulator is in the overflow saturation mode and an overflow
occurs, the accumulator is loaded with either the most positive or the most negative nossible
32-bit value, depending on the direction of the overflow as well as the arithmetic isco0. The
value of the accumulator upon saturation is 00’7FFF FFFFh (positive) or FF’5007°0200h
(negative).

Data limiter

Saturation arithmetic is also provided to selectively limit cvorflow, when reading the
accumulator by means of a CoOSTORE <destination> MAS instruction. Limiting is performed
on the MAC accumulator. If the contents of the arc.uaiziator can be represented in the
destination operand size without overflow, the deta limiter is disabled and the operand is not
modified. If the contents of the accumulay-r cernot be represented without overflow in the
destination operand size, the limiter subs.itutes a ‘limited’ data as explained in Table 17

Table 11.  Limiter output using CoSTORE instruction

ME-flag | wN flag MAS value (saturated MAH value)(")
0 T v X Unchanged®@
e\ 0 7FFFh®)
\J 1 8000h)

1. ' the ‘ata limiter is activated, a read with “CoSTORE <destination>, <MAH> instruction” or “CoSTORE
~dastination>, <MAS> instruction” gives different results.

2. When the data limiter is disabled, a reading with “CoSTORE <destination>, <MAH> instruction” or
“CoSTORE <destination>, <MAS> instruction” gives the same result.

3. If the data limiter is activated, a read with “CoSTORE <destination>, <MAH> instruction” or “CoSTORE
<destination>, <MAS> instruction” gives different results.

4. If the data limiter is activated, a read with “CoSTORE <destination>, <MAH> instruction” or “CoSTORE
<destination>, <MAS> instruction” gives different results.

The accumulator shifter

The accumulator shifter is a parallel shifter with a 40-bit input and a 40-bit output. The
source accumulator shifting operation are:

® no shift (unmodified)

® up to 8-bit arithmetic left shift

® up to 8-bit arithmetic right shift

MSW.ME, MSW.MSV and MSW.MSL bits (see the MSW register description) are affected

by left shifts. Therefore, if the saturation detection is enabled (MCW.MS bit is set), the
behavior is similar to the one of the adder/subtracter.
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Some precautions are required for left shift with enabled saturation. If the MSW.MAE
bit-field (the most significant byte of the 40-bit signed accumulator) contains significant bits,
the 32-bit value in the accumulator is generally saturated. However, it is possible that a left
shift may move some significant bits out of the accumulator. The 40-bit result will be
misinterpreted and will be either not be saturated or saturated incorrectly. There is a chance
that the result of a left shift may produce a result which can saturate an original positive
number to the minimum negative value, or vice versa.

Repeat unit

The MAC includes a repeat unit that allows the repetition of some co-processor instructions
up to 213 (8192) times. The repeat count may be specified either by an immediate value (up
to 31 times) or by the content of the repeat count (bits 12 to 0) in the MAC repeat word
(MRW). If the repeat count is “N” the instruction is executed “N+1” times. At each iteration of
a cumulative instruction, the repeat count is tested for zero. If it is zero the instiuction is
terminated, otherwise the repeat count is decremented and the instruction is retzaiad.
During such a repeat sequence, the repeat flag in MRW is set until the \act e.xecution of the
repeated instruction.

The syntax of repeated instructions is shown in the following ex:.n.nles:.

1 Repeat #24 times

COoMAC [IDX0+], [RO+] ; repeated 24 t.mos

In this example, the instruction is repeated aczoidilig to a 5-bit immediate value. The repeat
count in MRW is automatically loaded wii» ur1s value minus one (MRW=23).

1 MOV MRW, #00FFh ; Joad MRW
NOP ; instruction latency
Repeat MRW tim:s

COMACM [ID1-] [nr2+] ; repeated 256 times

In this example, t.< struction is repeated according to the repeat count in MRW. Due to the
pipeline processiig at least one instruction should be inserted between the write of MRW
and th2 rext repeated instruction.

Rercat sequences may be interrupted. When an interrupt occurs during a repeat sequence,
tl.e sequence is stopped and the interrupt routine is executed. The repeat sequence
resumes at the end of the interrupt routine. During the interrupt, MR remains set, indicating
that a repeated instruction has been interrupted and the repeat count holds the number
(minus 1) of repetition that remains to complete the sequence. If the repeat unit is used in
the interrupt routine, MBRW must be saved and restored before the end of the interrupt
routine.

The repeat count should be used with caution. In this case, MR should be written as 0. In
general, MR should not be set otherwise correct instruction processing can not be
guaranteed.

MAC interrupt

The MAC can generate an interrupt according to the value of the status flags C (carry), SV
(overflow), E (extension) or SL (limit) of the MSW. The MAC interrupt is globally enabled
when the MIE flag in MCW is set. When it is enabled the flags C, SV, E or SL can trigger a
MAC interrupt when they are set provided that the corresponding mask flag, CM, VM, EM or
LM in MCW, is also set. A MAC interrupt request sets the MIR flag in MSW; this flag must be
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6.3.1

reset during the interrupt routine otherwise the interrupt processing restarts when returning
from the interrupt routine.

The MAC interrupt is implemented as a class B hardware trap (trap number Ah - trap priority
I). The associated trap flag in the TFR register is MACTRP, bit #6 of the TFR (this flag must
also be reset in a MAC interrupt request).

As the MAC status flags are updated (or eventually written by software) during the execute
stage of the pipeline, the response time of a MAC interrupt request is three instruction
cycles (see Figure 9). It is the number of instruction cycles required between the time the
request is sent and the time the first instruction located at the interrupt vector location enters
the pipeline. The IP value stacked after a MAC interrupt does not point to the instruction that
triggers the interrupt.

Figure 9. Pipeline diagram for MAC interrupt response time

Response Time

y
v

FETCH N N+1 N+2 N+3 N-+4 1 2
DECODE N-1 N N-+1 N+2 TRAP (1) | TRAP(2) |11
EXECUTE N-2 N-1 N N+1 N«2  |TRAP(1) |TRAP ()
WRITEBACK | N-3 N-2 N-1 N i L ez TRAP (1)

T "AG 'ntzrrupt Request

Number representation and rvunding

The MAC supports the twy’s-coraplement representation of binary numbers. In this format,
the sign bit is the MSB ¢’ the binary word. This is set to zero for positive numbers and set to
one for negative numters. Unsigned numbers are supported only by multiply/multiply-
accumulate instruciions which specifies whether each operand is signed or unsigned.

In two’s ccinplement fractional format, the N-bit operand is represented using the 1.[N-1]
formau (7 siyned bit, N-1 fractional bits). Such a format can represent numbers between -1
ang +1-2 N1, This format is supported when MP of MCW is set.

Ti.e MAC implements ‘two’s complement rounding’. With this rounding type, one is added to
the bit to the right of the rounding point (bit 15 of MAL), before truncation (MAL is cleared).

MAC register set

Address registers

The addressing modes require (E)SFRs: two address pointers IDX0 / IDX1 and four offset
registers QX0 / QX1 and QRO / QR1.
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Address pointer

15 14 13 12 11 10 9 8 7 6 5 4 3

ID Xy

RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 12. Address pointer functions

RW RW RW

Bit Name Function

15.0 |IDXy 16-bit IDXy address

Offset register

15 14 13 12 11 10 9 8 7 6 5 4 3

QXz/QRz

RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 13.  Offset register functions

RW RW R

Bit Name Function

reqgis‘ers is hard-wired to ‘0’.

16-bit addr »ss « ftset for IDXy pointers (QXz) or GPR pointers (QRz).
15.0 |QRz/QXz As MAC ‘nstructions handle word operands, bit 0 of these offset

Accumulator ana control registers

The MAC unit SFRs include the 40-bit accumulator (MAL, MAH and the low byte of MSW)
and thrza control registers: the status word MSW, the control word MCW and the repeat

word M AW.

17 5 and MAL are located in the non bit-addressable SFR space.

MAH register

15 14 13 12 11 10 9 8 7 6 5 4 3

MAH

RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 14. MAH register functions

RW RW RW

Bit Name Function

15.0 |MAH MAC unit accumulator high (bits [31..16])
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Note:

MAL register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAL

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 15. MAL register functions

Bit Name Function

15.0 |[MAL MAC unit accumulator low (bits [15..0])

Status word register

15 14 13 12 11 10 9 8 7 6 5 4 3 Q 1 0
MIR | Res. SL E SV C 4 N VA=
R - RW RW RW RW RW RW RW RW RW_ EW RW RW RW RW

Table 16.  Status word register functions

Bit Name Function
15 MIR MAC interr.ipt r:quest

Set wher the MAC unit generates an interrupt request.
14 Reserved

| Cticky limit flag

13 o Set when the result of a MAC operation is automatically saturated. Also
used for CoMIN, CoMAX instructions to indicate that the accumulator
has changed. It remains set until it is explicitly reset by software.

in £ Extension flag
X / Set when MAE contains significant bits at the end of a MAC operation
| Sticky overflow flag
11 SV Set when a MAC operation produces a 40-bit arithmetic overflow. It
remains set until it is explicitly reset by software.
19 C Carry flag
Set when a MAC operation produces a carry or a borrow bit.
9 7 Zero flag
Set when the accumulator is zero at the end of a MAC operation.
8 N Negative flag
Set when the accumulator is negative at the end of a MAC operation.
7:0 MAE Accumulator extension (bits [39:32])

The MAC condition flags are evaluated (if required) by the instruction being executed. In
particular, they are not affected by any instruction of the regular instruction set. In
consequence, their values may not be consistent with the accumulator content. For
example, loading the accumulator with MOV instructions will not modify the condition flags
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Control register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MIE | LM | EM ‘ VM ‘ CcM ‘ MP | MS | reserved

RW RW RW RW RW RW RW

Table 17.  Control register functions

Bit Name Function
MAC Interrupt Enable
15 MIE ‘0’: MAC interrupt globally disabled,
‘1”: MAC interrupt globally enabled.
14 LM SL Mask
When set, the SL Flag can generate a MAC interrupt reacest.
13 EM E Mask .
When set, the E Flag can generate a MAC intar-ug ' request.
12 VM SV Mask
When set, the SV Flag can generate a VIAC interrupt request.
11 oM C Mask
When set, the C Flag can pencrate a MAC interrupt request.
Product Shift Mora
10 MP When set, :navles (he one-bit left shift of the multiplier output in case
of a signed- siovied multiplication
Saturation Mode
9 MS \Wvni2n set, enables automatic 32-bit saturation of the result of a MAC
| aneration
8:0 Rese-vad

Repeat reygister

g 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| MR | - | - ‘ Repeat Count
RW RW

Table 18. Repeat register functions

Bit Name Function

Repeat Flag

15 MR
Set when a repeated instruction is executed

13-bit unsigned integer value

12.0 Repeat Count Indicates the number of time minus one a repeated instruction must be
executed
Note: As for the CPU Core SFRs, any write operation with the regular instruction set to a single

byte of a MAC SFR clears the non-addressed complementary byte within the specified SFR.
Non-implemented SFR bits cannot be modified and will always supply a read value of 0’
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These registers are mapped in the SFR space and can addressed by the regular instruction
set like any SFR. They can also be addressed by the new instruction CoOSTORE. This
instruction allows the user to access the MAC registers without any pipeline side effect.
CoSTORE uses a specific 5-bit addressing mode called CoReg. The following table gives
the address of the MAC registers in this CoReg addressing mode.

Table 19. Register address in CoReg addressing mode

Registers Description Address
MSW MAC unit status word 00000b
MAH MAC unit accumulator high 00001b
MAS “limited” MAH /signed 00010b
MAL MAC unit accumulator low 00100b
MCW MAGC unit control word ootet |
MRW MAC unit repeat word 00?1;b
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External bus controller

All of the external memory accesses are performed by the on-chip external bus controller
(EBC), when no additional (6) ADC channels are selected. The EBC can be programmed to
single chip mode when no external memory is required, or to one of four different external
memory access modes:

® 16-/18-/20-/24-bit addresses and 16-bit data, demultiplexed
® 16-/18-/20-/24-bit addresses and 16-bit data, multiplexed

® 16-/18-/20-/24-bit addresses and 8-bit data, multiplexed

® 16-/18-/20-/24-bit addresses and 8-bit data, demultiplexed

In demultiplexed bus modes, addresses are output on PORT1 and data is input and output
on PORTO or POL, respectively. In the multiplexed bus modes, both addresses and va.a use
PORTO for input and output.

Timing characteristics of the external bus interface (memory cycle time;, marnory tri-state
time, length of ALE and read write delay) are programmable giving the choice of a wide
range of memories and external peripherals.

Up to four independent address windows may be defined (.sing register pairs ADDRSELx /
BUSCONKX) to access different resources and bus cha a~ieristics. These address windows
are arranged hierarchically where BUSCON4 ovz:rincs BUSCON3 and BUSCON2
overrides BUSCON/1. All accesses to locatior:s 1.~ covered by these four address windows
are controlled by BUSCONO. No chip s2le st signals are provided, if needed they must be
generated through external glue logic

Bus arbitration, to share exteinal resources with other bus masters, is not supported.
Connection of the slave conreller to more than one master controller needs the addition of
glue logic. For bus arbitiatian policy, the ST10F276 user manual, where the EBC
automatically handle Lus arbitration through dedicated pins, can be used as a reference.

For applicaticne which require less external memory space, the address space can be
restricted {5 ! Mbyte, 256 Kbyte or to 64 Kbyte. Port 4 outputs all eight address lines if an
addres= space of 16 Mbytes is used, otherwise four, two or no address lines.

controlling the external bus controller

A set of registers controls the function of EBC. General features like the use of pins (WR,
BHE), segmentation and internal memory mapping are controlled by the SYSCON register.
The properties of a bus cycle like length of ALE, external bus mode, read/write delay and
waitstates are controlled by BUSCON4...BUSCONO. This allows the use of memory
components or peripherals with different interfaces within the same system, while optimizing
access to each of them.

External bus controller registers

BUSCONO (FFOCh/86h) SFR Reset value: 0xx0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BUS | ALE MTT | RWD
ACT4 | CTL4 BTYP ca | ca McTC
RW RW RW RW - RW RW - RW RW RW RW RW RW RwW RW
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BUSCONT1 (FF14h/8Ah) SFR Reset value: 0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
] BUS | ALE MTT | RWD

ACT4 | CTL4 ca | ca

RW RW RW RW - |RW RW - | RW RW RW RW RW RW RW RW

BUSCON?2 (FF16h/8Bh) SFR Reset value: 0000
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
] BUS | ALE MTT | RWD

ACT4 | CTL4 ca | ca

RW RW RW RN - RW RW - RW RW RW RW RW RW RW RW

BUSCONS (FF18h/8Ch) SFR Reset value: 0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 . 0
] ] ] ] | Bus | ALE MTT | RWD 77

ACT4 | CTL4 ca | ca

RW RW RW RW - ' RW RW - RW RW RW RW RN 3W RW RW

BUSCON4 (FF1Ah/8Dh) SFR Reset value: 0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
] BUS | ALE | WTT | RWD

ACT4 | CTL4 | c4 | ca
RW RW RW RW - RW RW - P* Y RW RW RW RW RW RW

Table 20. External bus controller functions

Bit Name Function

. Bus not active

10 |BUSACTx - .
| 1°. Bus active

ALE lengthening control
9 ALECTLX ‘0’: Normal ALE signal
‘1”: Lengthened ALE signal

DA
External bus configuration

{ 0 O: 8-bit demultiplexed

| 67 |BTYP 0 1: 8-bit multiplexed

1 0: 16-bit Demultiplexed
1 1: 16-bit multiplexed
For BUSCONO BTYP is defined via PORTO during reset,

Memory Tristate Time Control
5 MTTCx ‘0’: 1 waitstates
‘1”: No waitstates

Read/write delay control for BUSCONXx
‘0’: With read/write delay: activate command 1 TCL after falling edge of

4 RWDCX ALE
‘1’ No read/write delay: activate command with falling edge of ALE
Memory cycle time control (number of memory cycle time wait states)
03 |McTC 0 0 0 0: 15 waitstates (number = 15 -<MCTC>)

111 1: no waitstates
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EA functionality

In ST10F252M, the EA pin is shared with Vggy supply pin. When main Vpp is on and
stable, Vgtgy can be temporary grounded: in stand-by mode, the logic that is powered by
Vgtgy (that is 12Kbyte portion of XRAM and stand-by voltage regulator), is powered by the
main Vpp. This means that the EA pin can be driven low during reset, if requested, to
configure the system to start from the external memory.

An appropriate external circuit must be provided to manage dynamically both the
functionalities associated with the pin: during reset and with stable Vpp, the pin can be tied
low, while after reset (or anyway before turning off the main Vpp to enter stand-by mode) the
Vstgy supply is applied. Refer to Section 21.3 for more details.

Figure 10. EA/Vgrgy external circuit

4 -5.5 Volt

EA/Vgray[] ’ ’\N\ — —— VstaY
L'n __
- EA function
X

v
!

ss Vss

In Figure 10, a possible externa! circuit is represented. When selecting the resistance for
current limitation, ensure taad trie resistance does not disturb the stand-by mode when some
current (in the order o' nunarads of uA) is provided to the device by Vgrgy; the voltage at the
pin of ST10F25ZV: ce niiot become lower than 4.5 V.

To reduce thz eticct of the current consumption transients on Vgrgy pin (refer to Iggs in the
Electri:a) Characteristics section), add an external capacitance which can filter any current
peaks, \vhich could create potential problems of voltage drops if a very low power external
vo‘afe regulator is used. The external hardware must limit current peaks due to the
presence of the capacitance (when EA is used and the external bipolar is turned on, see
Figure 10).




ST10F252M

Internal Flash memory

8

8.1

Internal Flash memory

Overview

The on-chip Flash has one matrix module 256 Kbyte wide. This Flash is accessed from the
ST10 internal bus, hence it is also known as IFlash.

Figure 11. Flash modules structure

IFlash Control Section
Flash Control HV and Ref.
Registers Generator

Bank 0: 256 Kbyte <:::>

Program Memory

+ Program/Erase |
8 Kbyte Test-Flash Contro!'~r |

& —Ak

I-BUS Iricrioce

The programming operations of the Flash are managed by an embedded Flash
program/erase controller (FPEC)\. The high voltages needed for program/erase operations
are internally generated

The data bus is 32-L'tc vide for fetch accesses to IFlash, whereas it is 16-bits wide for read
accesses to the ir“lash control registers. Write accesses are possible only in the IFlash
control regis-ers area.

vurictional description

Structure

Table 21 below shows the address space reserved to the IFlash module (that is, ROMEN
set to 1 in the SYSCON register).

Table 21. Address space reserved for the Flash module

Description Addresses Size
IFlash sectors 0x00 0000 to 0x04 FFFF 256 Kbyte
Reserved area 0x05 0000 to 0x07 FFFF Reserved
Registers and Flash internal reserved area 0x08 0000 to 0x08 FFFF 64 Kbyte
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Modules structure

The IFlash module is composed of a bank (BankO0) of 256 Kbyte of program memory divided
into eight sectors (BOFO0...BOF7). BankO contains a reserved sector named Test-Flash used
in bootstrap mode.

Addresses from 0x08 0000h to 0x08 FFFFh are reserved for the control register interface
and other internal service memory space used by the Flash program/erase controller.

The following tables shows the memory mapping of the Flash when it is accessed in read
mode (Table 22: Flash modules sectorization (read operations)), and when accessed in
write or erase mode (Table 23: Flash modules sectorization (write operations or with
ROMS 1="1’or Bootstrap mode)).

With this second mapping, the first four banks are remapped into code segment 1 (same as
obtained by setting bit ROMS1 in SYSCON register).

Table 22. Flash modules sectorization (read operations)

Bank Description Adzvessas (bs;tz:s)
Bank 0 Flash 0 (BOFO) 0x00C0 9000 - 0x0000 1FFF 8K
Bank O Flash 1 (BOF1) (~INUY 2000 - 0x0000 3FFF 8K
Bank 0 Flash 2 (BOF2) T 0x0000 4000 - 0x0000 5FFF 8K
Bank O Flash 3 (BOF5, | 0x0000 6000 - 0x0000 7FFF 8K
> Bank 0 Flash 4 (BOF-) 0x0001 8000 - 0x0001 FFFF 32K
Bank 0 Fizsh 5 (BOFS5) 0x0002 0000 - 0x0002 FFFF | 64K
Bark 0 Flash 6 (BOF6) 0x0003 0000 - 0x0003 FFFF 64 K
Bati O Flash 7 (BOF7) 0x0004 0000 - 0x0004 FFFF | 64K

Table 23.  Flush modules sectorization (write operations or with ROMS1="1"or
Bootstrap mode)

| Cank Description Addresses Size
| (bytes)
Bank 0 Test-Flash (BOTF) 0x0000 0000 - 0x0000 1FFF 8K
Bank 0 Flash 0 (BOFO) 0x0001 0000 - 0x0001 1FFF 8K
Bank 0 Flash 1 (BOF1) 0x0001 2000 - 0x0001 3FFF 8K
Bank 0 Flash 2 (BOF2) 0x0001 4000 - 0x0001 5FFF 8K
BO Bank 0 Flash 3 (BOF3) 0x0001 6000 - 0x0001 7FFF 8K
Bank 0 Flash 4 (BOF4) 0x0001 8000 - 0x0001 FFFF 32K
Bank 0 Flash 5 (BOF5) 0x0002 0000 - 0x0002 FFFF 64 K
Bank O Flash 6 (BOF6) 0x0003 0000 - 0x0003 FFFF 64 K
Bank 0 Flash 7 (BOF7) 0x0004 0000 - 0x0004 FFFF 64 K
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Note:

Table 23 above refers to the configuration when bit ROMS1 of SYSCON register is set.
Refer to Chapter 24 for more details on bootstrap mode memory mapping during Bootstrap
mode. In particular, when Bootstrap mode is entered:

® Test-Flash is seen and available for code fetches (address 00 0000h).

® user |-Flash is available for read and write accesses.

® write accesses must be made with addresses starting in segment 1 from 01 0000h,
whatever ROMS1 bit in SYSCON value.

® read accesses are made in segment 0 or in segment 1 depending on ROMS1 value.

In bootstrap mode, ROMS1 = 0 by default, so the first 32 Kbytes of IFlash are mapped in
segment O.

Example:

In default configuration, to program address 0, the user must put the value 01 0COC% in the
FARL and FARH registers but to verify the content of the address 0, a read te U0 ¢000h
must be performed.

The next Table 24 shows the control register interface composition: Wriv set of registers can
be addressed by the CPU.

Table 24. Control register interface
Name Description Addresses Size B'us
(bytes) | size
FCR1-0 Flash control registers 1-0 I 0x0008 0000 - 0x0008 0007 8
FAR Flash address registers 0x0008 0010 - 0x0008 0013 4
FER Flash error regicter 0x0008 0014 - 0x0008 0015 2
FNVWPIR Flash nog-{okgle protection | 0x0008 DFBO - 0x0008 DFB1 | 2
registe:
- W _ , ;
FNVWPIR a\: h non-volatile protection | 0x0008 DFB4 - 0x0008 DFB5 > 16-bit
Mirror “eqister
FNVAREY Flash non-volatile access 0x0008 DFBS8 - 0x0008 DFB9 | 2
protection register 0
| FNVAPR1 Flash non-volatile access 0x0008 DFBC - 0x0008 DFBF | 4
| protection register 1
FVTAUO Flash volatile temporary access | . 5,0 EB50 - 0x0000 EB51 | 2
unprotection register 0

Low power mode

The Flash module is automatically switched off when executing a PWRDN instruction. The
consumption is drastically reduced, but exiting this state can require a long time (tpp).

Recovery time from power-down mode for the Flash modules is anyway shorter than the
main oscillator start-up time. To avoid any problems in restarting to fetch code from the
Flash, it is important to size properly the external circuit on RPD pin.

PWRDN instruction must not be executed while a Flash program/erase operation is in
progress.
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8.3

Note:

Caution:

8.4

(RN |
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Write operation

The Flash module has one single register interface mapped in the memory space of the
IBus (08’0000h - 08’0015h). All the operations are enabled through four 16-bit control
registers: Flash Control Register 1-0 High/Low (FCR1H/L-FCROH/L). Eight other 16-bit
registers are used to store Flash address and data for program operations (FARH/L and
FDR1H/L-FDROH/L) and Write Operation Error flags (FERH/L). All registers are accessible
with 8- and 16-bit instructions (since the IBUS operates in 16-bit mode for read/write
accesses to data).

The register that controls the Temporary Unprotection of the Flash is located on the XBus at
address 00 EB50h in the XMiscellaneous Register area.

Before accessing the IFlash module (and consequently the Flash register to be used for
program/erasing operations), the ROMEN bit in SYSCON register must be set.

During a Flash write operation any attempt to read the Flash itself, that is und=)
modification, will output invalid data (software trap 009Bh). This means thai te Flash is not
fetchable when a programming operation is active. The write operaticn cc:nmands must
be executed from another memory (internal RAM or external m¢m»o.y), as in ST10F269
device. In fact, due to IBus characteristics, it is not possible t. p:zriorm a write operation on
IFlash, when fetching code from IFlash.

Direct addressing is not allowed for write accesses to Ii-le.sk. Control Registers.

Warning: During a Write operzticn, wwhen bit LOCK of FCRO is set, it is
forbidden to writ2 in'o ine Flash Control Registers.

Power supply drop

If during a write vrerction the internal low voltage supply drops below a certain internal
voltage thresha.d, any write operation running is suddenly interrupted and the module is
reset to Rcad riode. At following Power-on, the interrupted Flash write operation must be
repeatns.

Registers description

Flash control register 0 low (FCROL)

The Flash Control Register 0 Low (FCROL) together with the Flash Control Register 0 High
(FCROH) are used to enable and to monitor all the write operations on the IFlash. The user
has no access in write mode to the Test-Flash (BOTF). Moreover, the Test-Flash block is
seen by the user in Bootstrap mode only.

FCROL (0x08 0000) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved ‘LOCK‘ Reserved ‘BSYO‘ Res. ’
- RO - RO -
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Table 25. Flash control register 0 low

Bit Name Function

15:5 |Reserved These bits are left at their reset value (0).

Flash Registers Access Locked

When this bit is set, it means that the access to the Flash Control
Registers FCROH/-FCR1H/L, FDROH/L-FDR1H/L, FARH/L and FER is
locked by the FPEC: any read access to the registers will output invalid
data (software trap 009Bh) and any write access will be ineffective.

4 |LOCK LOCK bit is automatically set when the Flash bit WMS is set.

This is the only bit the user can always access to detect the status of
the Flash: once it is found low, the rest of FCROL and all the other
Flash registers are accessible by the user as well.

Note that FER content can be read when LOCK is low, but it: con.elt is
updated only when the BSYO bit is reset.

3.2 |Reserved These bits are left at their reset value (0).

Bank 0 Busy (IFlash)

This bit indicates that a write operatio. i< ruaning on Bank 0 (IFlash). It
is automatically set when bit WMCS s set. Setting Protection operation
sets bit BSYO (since protectiorn reqisters are in this Block). When this
1 |BSY bit is set, every read acce:s *o Bank 0 will output invalid data (software
trap 009Bh), while eve y \'rite access to the Bank will be ignored. At
the end of the writa gyaration or during a Program or Erase Suspend
this bit is arwiaetic ally reset and the Bank returns to read mode. After
a Program »r E ase Resume this bit is automatically set again.

0 Reserved Thie bit 1s left at its reset value (0).

8.4.2 Flash control register 3 high (FCROH)

The Flash Cont-or hegister 0 High (FCROH) together with the Flash Control Register 0 Low
(FCROL) is Lsed 10 enable and to monitor all the write operations on the IFlash. The user
has nc azcess in write mode to the Test-Flash (BOTF). Moreover, the Test-Flash block is
sezn by the user in Bootstrap mode only.

~CROH (0x08 0002) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WMS | SUSP | WPG |DWPG| SER | Reserved | SPR Reserved

RW RW RW RW RW - RW -
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Table 26.

Flash control register 0 high

Bit

Name

Function

15

WMS

Write Mode Start

This bit must be set to start every write operation in the Flash module. At the end
of the write operation or during a Suspend, this bit is automatically reset. To
resume a suspended operation, this bit must be set again. It is forbidden to set
this bit if bit ERR of FER is high (the operation is not accepted). It is also
forbidden to start a new write (program or erase) operation (by setting WMS
high) when bit SUSP of FCRO is high. Resetting this bit by software has no
effect.

14

SUSP

Suspend

This bit must be set to suspend the current Program (Word or Double Wora) or
Sector Erase operation in order to read data in one of the Sectors ~f the Par.k
under modification or to program data in another Bank. The Suspend operation
resets the Flash Bank to normal read mode (automatically rosetting bit BSY0).
When in Program Suspend, the Flash module accepts or ly *he following
operations: Read and Program Resume. When in Erase Suspend the module
accepts only the following operations: Read, Eias¢c. k2sume and Program (Word
or Double Word; Program operations cannet be cuspended during Erase
Suspend). To resume a suspended ope. ail. )n, the WMS bit must be set again,
together with the selection bit corre spciidiig to the operation to resume (WPG,
DWPG, SER).

Note: It is forbidden to start & iiow Write operation with bit SUSP already set.

13

WPG

| <uvwomatically reset at the end of the Word Program operation.

Word Program

This bit must be set to select the Word (32 bits) Program operation in the Flash
module. The \Word Program operation can be used to program Os in place of 1s.
The Flash Addiess to be programmed must be written in the FARH/L registers,
whil21he Flash Data to be programmed must be written in the FDROH/L
req.sters before starting the execution by setting bit WMS. WPG bit is

DWPG

Double Word Program

This bit must be set to select the Double Word (64 bits) Program operation in the
Flash module. The Double Word Program operation can be used to program 0s
in place of 1s. The Flash Address in which to program (aligned with even words)
must be written in the FARH/L registers, while the two Flash Data words to be
programmed must be written in the FDROH/L registers (even word) and
FDR1H/L registers (odd word) before starting the execution by setting bit WMS.
DWPG bit is automatically reset at the end of the Double Word Program
operation.

11

SER

Sector Erase

This bit must be set to select the Sector Erase operation in the Flash modules.
The Sector Erase operation can be used to erase all the Flash locations to value
O0xFF. From 1 to all the sectors of the same Bank (excluded Test-Flash for Bank
BO0) can be selected to be erased through bits BxFy of FCR1H/L registers before
starting the execution by setting bit WMS. It is not necessary to preprogram the
sectors to 0x00, because this is done automatically. SER bit is automatically
reset at the end of the Sector Erase operation.

10:9

Reserved

These bits are left at their reset value (0).
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Table 26. Flash control register 0 high (continued)

Bit Name Function

Set protection.

This bit is set to select the set protection operation. The set protection operation
programs Os in place of 1s in the Flash non volatile protection registers. The

8 SPR Flash address in which to program is written in the FARH/L registers, while the
Flash data to be programmed is written in the FDROH/L before starting the
execution by setting bit WMS. A sequence error is flagged by bit SEQER of FER
if the address written in FARH/L is not in the range 0x08DFB0-0x08DFBF. This
bit is automatically reset at the end of the set protection operation.

7:0 | Reserved |These bits are left at their reset value (0).

Flash control register 1 low (FCR1L)

The Flash Control Register 1 Low (FCR1L), together with Flash Control Reaster 1 High
(FCR1H), is used to select the Sectors to Erase, or during any write opziatioi to monitor the
status of each Sector and Bank.

FCR1L (0x08 0004) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 3 5 4 3 2 1 0

30F6 | BOF5 | BOF4|BOF3 | BOF2|BOF1|BOFO
- RS RS RS RS RS RS RS RS

Reserved ! B)IF/’

Table 27. Flash control register 1 :ow

Bit Name Function

15:8 | Reserved |Thesg ite are left at their reset value (0).

Bal_.k_o IFlash Sectors 7-0 Status

| hese bits must be set during a Sector Erase operation to select the sectors to
7:0 ROFT7:0] erase in Bank 0. Moreover, during any erase operation, these bits are

’ automatically set and give the status of the eight sectors of Bank 0 (BOF7-BOFO).
The meaning of BOFy bit for Sector y of Bank 0 is given in Table 29. These bits

iL are automatically reset at the end of a write operation if no errors are detected.

Flash control register 1 high (FCR1H)

The Flash Control Register 1 High (FCR1H), together with Flash Control Register 1 Low
(FCR1L), is used to select the Sectors to Erase, or during any write operation to monitor the
status of each Sector and Bank.

FCR1H (0x08 0006) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BOS Reserved
- RS -
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Table 28. Flash control register 1 high

Bit Name Function

7:0 | Reserved |These bits are left at their reset value (0).

Bank 0 Status (IFlash)

8 BOS During any erase operation, this bit is automatically modified and gives the status
of the Bank 0. The meaning of BOS bit is given in Table 29. This bit is
automatically reset at the end of an erase operation if no errors are detected.

15:9 | Reserved |These bits are left at their reset value (0).

During any erase operation, this bit is automatically set and gives the status of the Bank 0.
The meaning of BOFy bit for Sector y of Bank 0 is given by the next Table 4 Banks (BxS) and
Sectors (BxFy) Status bits meaning. These bits are automatically reset at the end of an
erase operation if no errors are detected.

Table 29. Banks (BxS) and sectors (BxFy) status bits meaning

ERR | SUSP B0OS = 1 meaning BOFy = ! 'neaning
1 - Erase Error in BankO Erase En 1: |; S_teétor y of BankO
0 1 Erase Suspended in BankO Ei~s= Suspended in Sector y of BankO
0 0 Don’t care | f-)r_n’t care

8.45 Flash data register 0 low (FDP.2L\

During program operations, the Flash Audress Registers (FARH/L) are used to store the
Flash address in which to progiam and the Flash Data Registers (FDR1H/L-FDROH/L) are
used to store the Flash deta o p ogram.

FDROL (0x08 000+ FCR Reset value: FFFFh
15 14 12 12 11 10 9 8 7 6 5 4 3 2 1 0

WA
DIN1ﬂﬂNI4|DIN13 DIN12|DIN11|DIN10| DIN9 | DIN8 [ DIN7 | DING | DIN5 | DIN4 | DIN3 | DIN2 | DIN1 | DINO
F'v. W RW RW RW RW RW RW RW RW RW RW RW RW RW RW

‘fable 30. Flash data register 0 low

Bit Name Function

Data Input 15:0

15:0 | DIN[15:0] These bits must be written with the Data to program the Flash with the following
' " | operations: Word Program (32-bit), Double Word Program (64-bit) and Set
Protection.
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8.4.6 Flash data register 0 high (FDROH)

FDROH (0x08 000A) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIN31|DIN30|DIN29|DIN28|DIN27|DIN26|DIN25|DIN24 DIN23|DIN22|DIN21|DIN20|DIN19|DIN18|DIN17|DIN16
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 31. Flash data register 0 high

Bit Name Function

Data Input 31:16

These bits must be written with the Data to program the Flash with the folloving
operations: Word Program (32-bit), Double Word Program (64-bit) and S>*
Protection.

15:0 | DIN[31:16]

8.4.7 Flash data register 1 low (FDR1L)

FDR1L (0x08 000C) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 N 4 3 2 1 0

DIN15|DIN14|DIN13|DIN12|DIN11|DIN10| DIN9 DINS‘D'?\';‘(L;!NG‘DINS DIN4 |DIN3 |DIN2 |DIN1|DINO
RW RW RW RW RW RW RW PN nw RW RW RW RW RW RW RW

Table 32. Flash data register 1 low

Bit Name Function

Data Inp.t '5:C

Thece bits must be written with the Data to program the Flash with the following
cperauons: Word Program (32-bit), Double Word Program (64-bit) and Set

| Protection.

15:0 | DIN[15:0]

8.4.8 Flzsh Jdata register 1 high (FDR1H)

~DR1H (0x08 000E) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIN31 DIN30 [DIN29 [DIN28 [DIN27 DIN26 [DIN25 DIN24 DIN23 DIN22 DIN21 DIN20 DIN19 DIN18 DIN17 DIN16
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 33. Flash data register 1 high

Bit Name Function

Data Input 31:16

These bits must be written with the Data to program the Flash with the following
operations: Word Program (32-bit), Double Word Program (64-bit) and Set
Protection.

15:0 | DIN[31:16]
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8.4.9 Flash address register low (FARL)

FARL (0x08 0010) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADD15ADD14ADD13ADD12ADD11ADD10 ADD9|ADD8|ADD7|ADD6 | ADD5 |ADD4 |ADD3 |ADD2| Reserved
RW RW RW RW RW RW RW RW RW RW RW RW RW RW -

Table 34. Flash address register low

Bit Name Function

Address 15:2

These bits must be written with the Address of the Flash location to program in the
following operations: Word Program (32-bit) and Double Word Progran (¢4 hit . In
Double Word Program bit ADD2 must be written to ‘0’.

15:2 | ADD[15:2]

1:0 | Reserved | These bits are left at their reset value (0).

8.4.10 Flash address register high (FARH)

FARH (0x08 0012) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 5 5 4 3 2 1 0
Reserved ADD20|ADD19|ADD18{ADD17|ADD16

- RW RW RW RW RW

Table 35. Flash addres_sgister high

Bit Name Function
15:5 | Reservec 4_1.‘(-,::‘ bits are left at their reset value (0).
Address 20:16

4:0 L ADLNZ2:16] | These bits must be written with the Address of the Flash location to program in
| the following operations: Word Program and Double Word Program.

8.4.11 Fiash error register (FER)

The Flash Error register, as well as all the other Flash registers, can be read only once the
LOCK bit of register FCROL is low. Nevertheless, the FER content is updated after
completion of the Flash operation, that is, when BSYO is reset. Therefore, the FER content
can only be read once the LOCK and BSYO bits are cleared.

FER (0x8 0014h) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved WPF |RESER|SEQER| Reserved | 10ER | PGER | ERER| ERR

- RC RC RC - RC RC RC RC
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Table 36. Flash error register

Bit Name Function

15:9 | Reserved |These bits are left at their reset value (0).

Write Protection Flag

This bit is automatically set when trying to program or erase in a sector write

8 WPF protected. In case of multiple Sector Erase, the not protected sectors are erased,
while the protected sectors are not erased and bit WPF is set. This bit has to be
software reset.

Resume Error

7 RESER This bit is automatically set when a suspended Program or Erase operation is not
resumed correctly due to a protocol error. In this case the suspended operation is
aborted. This bit has to be software reset.

Sequence Error

This bit is automatically set when the control registers (FCR1H/'L FCHOH/L,
6 SEQER | FARH/L, FDR1H/L-FDROH/L) are not correcitly filled to excc ne 21 valid Write
Operation. In this case no Write Operation is executec. i< bit has to be
software reset.

5:4 | Reserved |These bits are left at their reset value (0).

1 over O Error

This bit is automatically set wher i1y 10 program at 1 bits previously set at 0
3 10ER | (this does not happen when groni2raming the Protection bits). This error is not
due to a failure of the F'ash coli, out only flags that the desired data has not been
written. This bit has t> be suttware reset.

Program Errar

This bit 's autornatically set when a Program error occurs during a Flash write

2 PGER | operarior. This error is due to a real failure of a Flash cell, that can no more be
programined. The word where this error occurred must be discarded. This bit has
1 L e software reset.

ﬁ

Erase Error

This bit is automatically set when an Erase error occurs during a Flash write

1 ERER | operation. This error is due to a real failure of a Flash cell, that can no more be
erased. This kind of error is fatal and the sector where it occurred must be

| discarded. This bit has to be software reset.

Write Error

0 ERR This bit is automatically set when an error occurs during a Flash write operation
or when a bad write operation setup is done. Once the error has been discovered
and understood, ERR bit must be software reset.

8.5 Protection strategy

The protection bits are stored in Non-Volatile Flash cells inside IFlash module, that are read
once at reset and stored in four Volatile registers. Before they are read from the Non-
Volatile cells, all the available protections are forced active during reset.

The protections can be programmed using the Set Protection operation (see Flash Control
Registers paragraph), that can be executed from all the internal or external memories
except from the Flash itself.
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Two kind of protections are available: write protections to avoid unwanted writings and
access protections to avoid piracy. In next paragraphs all different level of protections are
shown, and architecture limitations are highlighted as well.

8.5.1 Protection registers

The four Non-Volatile Protection Registers are one time programmable for the user.

One register (FNVWPIR) is used to store the Write Protection fuses respectively for each
sector IFlash module. The other three registers (FNVAPRO and FNVAPR1L/H) are used to
store the Access Protection fuses.

8.5.2 Flash non-volatile write protection | register (FNVWPIR)

FNVWPIR (0x08 DFBO0) NVR Rese® valuz: FIFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-
Reserved WOP7W0P6WOP5WOP4$/\'OI- 3|VVOP2WOP1 WOPO

- RW RW RW RW RW RW RW RW

Table 37. Flash non-volatile write protection | recister

Bit Name S action

15:8 | Reserved |These bits are left at their recet aiue (F).

Write Protection Bar« 0,' £ zctors 7-0 (IFlash)

7:0 WOP[7:0] | These bits, if programied at 0, disable any write access to the sectors of Bank 0
(IFlash)

8.5.3 Flash non-volatil : accoss protection register 0 (FNVAPRO)

FNVAPRO (?x08 U-B8) NVR Delivery value: ACFFh
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
—
| Reserved DBGP | ACCP
- RW RW

Table 38. Flash non-volatile access protection register 0

Bit Name Function

15:2 | Reserved

Debug Protection

This bit, if erased at 1, can be used to by-pass all the protections using the Debug
1 DBGP features through the Test Interface. If programmed at 0, on the contrary, all the
debug features, the Test Interface and all the Flash Test modes are disabled. Even
STMicroelectronics will not be able to access the device to run any eventual failure
analysis.

Access Protection

0 ACCP This bit, if programmed at 0, disables any access (read/write) to data mapped
inside IFlash Module address space, unless the current instruction is fetched from
IFlash.
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8.54 Flash non-volatile access protection register 1 low (FNVAPR1L)

FNVAPR1L (0x08 DFBC) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PDS15PDS14/PDS13|PDS12|PDS11|PDS10| PDS9 | PDS8 | PDS7 | PDS6 | PDS5 | PDS4 | PDS3 | PDS2 | PDS1 | PDS0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 39. Flash non-volatile access protection register 1 low

Bit Name Function

Protections Disable 15-0

If bit PDSx is programmed at 0 and bit PENXx is erased at 1, the action of bit # CCP
15:0 | PDS[15:0] | is disabled. Bit PDSO0 can be programmed at 0 only if both bits DBGP ¢ nd ASCP
have already been programmed at 0. Bit PDSx can be programmed q! L only if bit
PENXx-1 has already been programmed at 0.

8.5.5 Flash non-volatile access protection register 1 biq'i (FNVAPR1H)

FNVAPR1H (0x08 DFBE) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 o 5 4 3 2 1 0

PEN15PEN14PEN13PEN12PEN11|PEN10 PEN9 PENR!PL"\F. PENG|PEN5|PEN4 |PEN3|PEN2|PEN1|PENO
AN

RW RW RW RW RW RW RWv KW RW RW RW RW RW RW RW RW

Table 40. Flash non-volatile access protection register 1 high

Bit Name Function

Pro*e~ticnis Enable 15-0

15:0 | PEN[15:0] | £ Lit "ENXx is programmed at 0 and bit PDSx+1 is erased at 1, the action of bit
ACCP is enabled again. Bit PENx can be programmed at 0 only if bit PDSx has

already been programmed at 0.

8.5.6 ks Flash volatile temporary access unprotection register (XFVTAURO)

XFVTAURO (0x00 EB50) NVR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TAUB
- RwW

Table 41. XBus Flash volatile temporary access unprotection register

Bit Name Function

15:1 | Reserved | These bits are left at their reset value (0).

Temporary Access Unprotection bit

If this bit is set to 1, the Access Protection is temporary disabled.

0 TAUB | The fact that this bit can be written only while executing from IFlash guarantees
that only a code executed in IFlash can unprotect the IFlash when it is Access
Protected.
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Access protection

The IFlash module has one level of access protection (access to data both in Reading and
Writing).

When bit ACCP of FNVAPRO is programmed at 0 and bit TAUB in XFVTAURQO is set at 0, the
IFlash module becomes access protected (data in the IFlash module can be read only if the
current execution is from the IFlash module itself).

Trying to read into the access protected Flash from internal RAM or external memories will
output a dummy data (software trap 009Bh).

When the Flash module is protected in access, data access through PEC transfers is also
forbidden. To read/write data through PEC in a protected Bank, first it is necessary to
temporarily unprotect the Flash module.

To enable Access Protection, the following sequence of operations is recommendeu:

® execution from external memory or internal Rams

® program TAUB bit at 1 in XFVTAURQO register

® program ACCP bit in FNVAPRO to 0 using Set Protection operation

® program TAUB bit at 0 in XFVTAURQO register

® Access Protection is active when both ACCP bit anc TAUB bit are set to 0.

Protection can be permanently disabled by prograini-ir.g bit PDSO of FNVAPR1H, in order
to analyze rejects. Protection can be permaneni'y :riabled again by programming bit PENO
of FNVAPR1L. The action to disable and <..aple again Access Protections in a permanent

way can be executed a maximum of 6 tinss. To execute the above described operations,
the Flash has to be temporarily unprowccied (see Section 8.5.9: Temporary unprotection).

Trying to write into the access protected Flash from internal RAM or external memories will
be unsuccessful. Trying *o re=4 into the access protected Flash from internal RAM or
external memories wi'l onput dummy data (software trap 0x009Bh).

When the Flast n odule is protected in access, data access through PEC of a peripheral is
also forbidcle n. Tu read/write data in PEC mode from/to a protected Bank, it is necessary to
first te mrorarily unprotect the Flash module.

Tt e iollowing table summarizes all possible Access Protection levels: In particular, it shows
what is possible and not possible to do when fetching from a memory (see fetch location
column) supposing all possible access protections are enabled.

Table 42. Summary of access protection level

Read XRAM or
External
Fetch location Read IFlash / Memory / Read Flash Write Flash
Jump to IFlash | Jump to XRAM Registers Registers
or External

Memory
Fetching from IFlash Yes / Yes Yes / Yes Yes No
Fetching from IRAM No / Yes No / Yes Yes / No No
Fetching from XRAM No / Yes No / Yes Yes / No No
Fetching from external No / Yes No / Yes Yes / No No
memory
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When the Access Protection is enabled, Flash registers can not be written, so no
program/erase operation can be run on IFlash. To enable the access to registers again, the
Temporary Access Unprotection procedure has to be followed (see Section 8.5.9).

8.5.8 Write protection

The Flash modules have one level of Write Protections: each Sector of each Bank of each
Flash Module can be Software Write Protected by programming at 0 the related bit WOPx in
FNVWPIRL register.

8.5.9 Temporary unprotection

Bits WOPx of FNVWPIRL can be temporarily unprotected by executing the Set Protection
operation and by writing 1 into these bits.

To restore the write protection bits it is necessary to reset the microcontroller or ‘0 2xecute a
Set Protection operation and write 0 into the desired bits.

In reality, when a temporary write unprotection operation is executer, \he corresponding
volatile register is written to 1, while the non-volatile registers kits a12v.ously written to 0 (for
a protection set operation), will continue to maintain the 0. Fo. this reason, the User
software must be in charge to track the current write prot:ciion status (for instance using a
specific RAM area), it is not possible to deduce it by reading the non-volatile register content
(a temporary unprotection cannot be detected).

To temporarily unprotect the Flash when *hc Acicess Protection is active, it is necessary to
set to ‘1’ the bit TAUB in XFVTAURQO. 1 hic vit can be set to ‘1’ only while executing from
Flash: In this way only an instruction e~ecuted from Flash can unprotect the Flash itself.

To restore the Access Protection, it is necessary to reset the microcontroller or to write at 0
the bit TAUB in XFVTAURJ.

8.6 Write opzralion examples

The fo.'cwing examples represent each kind of Flash write operation.

Note: T1.= write operation commands must be executed from another memory (internal RAM or
exiernal memory), as in ST10F269 device. In fact, due to I-bus characteristics, it is not
possible to perform write operation in IFlash while fetching code from IFlash.

Direct addressing is not allowed for write accesses to IFlash control registers. This means
that both address and data for a writing operation must be loaded in one ST10 GPR register
(RO...R15).

A write operation on the I-bus is 16 bits wide.

Example: indirect addressing mode:

MOV Ryn. #ADDRESS; /*Load Add in Ryy*/
MOV Ry, #DATA; /*Load Data in Ry,*/
MOV [Rynl: Ryni /*Indirect addressing*/

Word program example: 32-bit word program of data OXAAAAAAAA at address 0x015554.
FCROH |= 0x2000; /*Set WPG in FCROH*/

FARL = 0x5554; /*Load Add in FARL*/
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FARH = 0x0001; /*Load Add in FARH*/
FDROL = OxAAAA; /*Load Data in FDROL*/
FDROH = 0xXAAAA; /*Load Data in FDROH*/
FCROH |= 0x8000; /*Operation start*/

Double word program example: double word program (64-bit) of data OxX565AA55AA at
address 0x015558 and data 0xAA55AA55 at address 0x01555C.

FCROH |= 0x1000; /*Set DWPG*/

FARL = 0x5558; /*Load Add in FARL*/
FARH = 0x0001; /*Load Add in FARH*/
FDROL = 0x55AA; /*Load Data in FDROL*/
FDROH = O0x55AA; /*Load Data in FDROH*/
FDR1L = 0xAA55; /*Load Data in FDR1L*/
FDR1H = 0xAAS5; /*Load Data in FDR1H*/
FCROH |= 0x8000; /*Operation start*/

A double word program is always performed on the double wc d aligned on a even word —
bit ADD2 of FARL is ignored.

Sector erase example: sector erase of sectors BOF1 ard BOFO of BankO in IFlash module.

FCROH |= 0x0800; /*Set SER in FCRuUH:" /
FCR1H |= 0x0003; /*Set BOFL, EIF*/
FCROH |= 0x8000; /*Operaticm start*/

Suspend and resume examrie: vord program, double word program, and sector erase
operations can be suspended in ihe following way.

FCROH |= 0x4000; /*Set SUSP in FCROH*/

The operatior: ¢an be resumed in the following way.

FCROH &= XbIFF; /*Rst SUSP in FCROH*/

FCRNH = 0x8000; /*Operation resume*/

1he original set up of select operation bits in FCROH/L must be restored before the
operation resume, otherwise the operation is aborted and bit RESER of FER is set.

Erase suspend, program and resume examples: a sector erase operation can be
suspended to program (word or double word) another sector.

Sector erase of sector BOF1 of BankO in IFlash module.

FCROH |= 0x0800; /*Set SER in FCROH*/
FCR1H |= 0x0002; /*Set B3F1l*/
FCROH |= 0x8000; /*Operation start*/

Sector erase suspend.

FCROH |= 0x4000; /*Set SUSP in FCROH*/
do /*Loop to Wait WMS=0*/
{tmp = FCROH; /*Read FCROH*/

} while (tmp & 0x8000) ;
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FCROH

FARL

FARH

FDROL

FDROH

FCROH

word program of data 0x5555AAAA at address 0x015554 in IFlash module.

0x2000;
0x5554;
0x000C;
OxXAAAA;
0x5555;

0x8000;

/*Set WPG in FCROH*/
/*Load Add in FARL*/
/*Load Add in FARH*/
/*Load Data in FDROL*/
/*Load Data in FDROH*/

/*Operation start*/

Once the program operation is finished, the erase operation can be resumed in the following

way.

FCROH &= OxBFFF;

FCROH |= 0x8000;

/*Rst SUSP in FCROH*/

/*Operation resume*/

During the program operation in erase suspend, bits SER and SUSP remain *ugi. /A word or
double word program during erase suspend cannot be suspended.

Set protection example 1: enable write protection of sectors BOF3...’50%2 of Bank 0 in IFlash

module.

FCROH |= 0x0100;
FARL = 0xDFB4;
FARH = 0x0008;
FDROL = OXFFFO;
FCROH |= 0x8000;

/*Set SPR in FCROH*/

/*Load Add of register FiWMPlaL in FARL*/
/*Load Add of regis’e. TNVWPIRL in FARH*/
/*Load Data in JDRO.*/

/*Operatisn s:art*/

Set protection example 2: enavle access and debug protection.

FVTUR
FCROH
FARL
FARH

FDROL

Q

couE |

TVTUR

0x0001;
0x0100;
0xDFRS,
(x10(8;
0xFFFC;
0x8000;

0x0000;

/52t TAUB in FVTAURO*/

, "Set SPR in FCROH*/

/*Load Add of register FNVAPRO in FARL*/
/*Load Add of register FNVAPRO in FARH*/
/*Load Data in FDROL*/

/*Operation start*/

/*Set TAUB in FVTAURO*/

Set protection example 3: permanently disable access and debug protection.

FVTUR = 0x0001;
FCROH |= 0x0100;
FARL = O0xDFBC;
FARH = 0x000E;
FDROL = OxFFFE;
FCROH |= 0x8000;

/*Set TAUB in FVTAURO*/

/*Set SPR in FCROH*/

/*Load Add of register FNVAPRIL in FARL*/
/*Load Add of register FNVAPRIL in FARH*/
/*Load Data in FDROL for clearing PDS0*/

/*Operation start*/

Set protection example 4: permanently re-enable access and debug protection, after having
disabled them.

0x0001;

FVTUR =

FCROH |= 0x0100;

/*Set TAUB in FVTAURO*/

/*Set SPR in FCROH*/
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FARL

FARH

FDROH

FCROH

FVTUR

O0xDFBC;
0x0008;
OXFFFE;
0x8000;

0x0000;

/*Load Add register FNVAPRIH in FARL*/
/*Load Add register FNVAPRIH in FARH*/
/*Load Data in FDROH for clearing PENO*/
/*Operation start*/

/*Set TAUB in FVTAURO*/

Disable and re-enable of access and debug protection in a permanently (as shown by
examples 3 and 4) can be done for a maximum of 16 times.
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Write operation summary

In general, each write operation is started through a sequence of three steps:

1. The first instruction is used to select the desired operation by setting its corresponding
selection bit in the Flash Control Register 0.

2. The second step is the definition of the Address and Data for programming or the
Sectors or Banks to erase.

3. The last instruction is used to start the write operation, by setting the start bit WMS in
the FCRO.

Once selected, but not yet started, one operation can be canceled by resetting the operation
selection bit.

Available Flash Module Write Operations are summarized in the following Table 43.
Table 43. Flash write operations

Operation Select bit Address and data Start bit

. FARL/FARH
Word program (32-bit) WPG FDROL/™L 30K WMS
FARL/FRH
Double word program (64-bit) DWPG F-9,*0/FDROH WMS
+DR1L/FDR1H
Sector erase SER FCR1L/FCR1H WMS
Set protection SP™ | FDROL/FDROH WMS
Program/erase suspend SUSF None None

Figure 12 shows the complete flow needed for a Write operation.

Figure 12.  Write oyxration control flow

Start Write Operation

: v
| (FCROL.LOCK == 0?@
Yes
v
Write Operation finished?
(Check related busy bit)

Yes

| Check Error Status ‘

l_____A{\‘r———_‘l

No error: Error: |

| Proceed with application | | IFE‘rrortha:ndIer, t |
e-start operation

L - — — — 1
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Interrupt system

The interrupt response time for internal program execution is from 125 ns to 300 ns at
40 MHz CPU frequency.

The ST10F252M architecture supports several mechanisms for fast and flexible response to
service requests that can be generated from various sources internal or external to the
microcontroller. Any of these interrupt requests can be serviced by the interrupt controller or
by the peripheral event controller (PEC).

In contrast to a standard interrupt service where the current program execution is
suspended and a branch to the interrupt vector table is performed, just one cycle is ‘stolen’
from the current CPU activity to perform a PEC service. A PEC service implies a singi= byte
or word data transfer between any two memory locations with an additional incremant ¢ f
either the PEC source or the destination pointer. An individual PEC transfer cocniar is
implicitly decremented for each PEC service except when performing in the cortinuous
transfer mode. When this counter reaches zero, a standard interrupt is p21fcrmed to the
corresponding source related vector location. PEC services are very \ eii suited, for
example, for supporting the transmission or reception of bloc'ss ot data. The ST10F252M
has eight PEC channels each of which offers such fast interrup.t-driven data transfer
capabilities.

There is a separate control register, which contains an interrupt request flag, an interrupt
enable flag and an interrupt priority bit-field fci ec.~'1 of the possible interrupt sources. Via its
related register, each source can be proaran ried to one of sixteen interrupt priority levels.
Once having been accepted by the CPU, an interrupt service can only be interrupted by a
higher prioritized service request. For the standard interrupt processing, each of the
possible interrupt sources has « dedicated vector location.

Software interrupts are s:ipnorted by means of the “TRAP’ instruction in combination with an
individual trap (interiupt) number.

Fast exiernal interrupt

~ast »xternal interrupt inputs are provided to service external interrupts with high precision
requirements. These fast interrupt inputs feature programmable edge detection (rising edge,
falling edge or both edges).

External interrupt source selection register (EXISEL)

Fast external interrupts may also have interrupt sources selected from other peripherals; for
example the CANXx controller receive signal (CANx_RxD) can be used to interrupt the
system. The same is valid for I°C interface serial clock line (SCL), and for real time clock.
This function is controlled using the external interrupt source selection register (EXISEL),
and allows to wake-up the system from interruptible power down having to reset the device.
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External interrupt source selection register

External interrupt source selection register

(F1DA ED) EXISEL Reset value: 0000h
15 14 13 12 11 10 8 7 6 5 3 2 1 0
EXI7SS EXI6SS EXI5SS EXI4SS EXI3SS EXI2SS EXI1SS EXIOSS
RW RW RW RW RW RW
Table 44. External interrupt source selection register functions

Bit Name Function

15.0 |EXIXSS(7:0)

External interrupt x source selection (x=7...0)
‘00’: Input from associated port 2 pin.
‘01’: Input from “alternate source”.
“10’: Input from port 2 pin ORed with “alternate sourc>’
“11’: Input from port 2 pin ANDed with “alternate sourze”.

Table 45. EXIXSS interrupts
EXIxSS Port 2 pin Alternate Source
0 P2.8 CAN1_ D P4.5
1 P2.9 | CAN2_RXD P4.4
2 P2.10 " [RTC_secIT Internal MUX
3 P2.11 RTC_alarmIT Internal MUX
4 P2.17Z SCL P1.6
5.7 _J_'-_°'31_5 Not used (zero) -

CAN and I2C inte rury need some considerations, the following are general rules.
® When a mhuule is not enabled, even though the interrupt source is enabled (see for
e.-arap'e EXIxSS='01’), an event on the pin does not generate any request to the CPU.

® CAN parallel mode is enabled only when both CAN modules are enabled (on the
contrary it has no effect).

EXXIN inputs are normally sampled interrupt inputs. However, the power down mode
circuitry uses them as level-sensitive inputs. An EXxIN (x = 7...0) interrupt enable bit (bit
CCxIE in the respective CCxIC register) needs not to be set to bring the device out of power

down mode.

If the Interrupt was enabled (bit CCxIE="1" in the respective CCxIC register) before entering
power down mode, the device executes the interrupt service routine, and then resumes
execution after the PWRDN instruction. If the interrupt was disabled, the device executes
the instruction following PWRDN instruction, and the interrupt request flag (bit CCxIR in the
respective CCxIC register) remains set until it is cleared by software.

In Table 46, all the possible pin configurations are summarized for CAN parallel mode. In the
table, the bit of XPERCON register are shown (used to enable/disable each module) and the
bit CANPAR of XMISC register used to enable/disable the CAN parallel mode. The table
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Note:

9.1.2

Note:
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shows when the wake-up interrupt can be generated by the two modules (providing that the
EXISEL register is properly set).

Table 46. CAN parallel mode pin configurations

CANPAR CAN2EN CAN1EN Interrupt P4.5 Interrupt P4.4
X 0 0 No No
X 0 1 Yes (CAN1) No
X 1 0 No Yes (CAN2)
0 1 1 Yes (CAN1) Yes (CAN2)
1 1 1 Yes (CAN1/2) No

For CAN1 (and CAN2 when parallel mode is set) the related interrupt control regis*cr is
CC8IC; for CAN2 the register is CC9IC, for I12C is CC12IC
External interrupt control register (EXICON)

The Power Down mode can be entered if enabled Fast Exterrai interrupt pins (EXxIN pins,
Alternate Functions of Port 2 pins, with x = 7...0) are in their inc ctive level. This inactive level
is configured with the EXIXES bit field in the EXICON r=gicier.

External interrupt control register

External interrupt control register (F1CD EB) £ ICON Reset value: 0000h
15 14 13 12 11 10 (" S 7 6 5 4 3 2 1 0
EXIZES EXIBES EXISES EXI4ES EXI3ES EXI2ES EXHES EXIOES
RW RW |W N RW RW RW RW RW

Table 47. Ex‘einal interrupt control register functions

Bit | Name Function

External Interrupt x Edge Selection Field (x=7...0)

| ‘00’: Fast external interrupts disabled: standard mode. The EXxIN pin is
not taken into account for entering/exiting power down mode.

‘01’: Interrupt on positive edge (rising). Enter power down mode if
15.0 |EXIXES(7:0) EXIN = ‘0, exit if EXxIN = ‘1’ (referred as ‘high’ active level)

‘10’: Interrupt on negative edge (falling). Enter power down mode if
EXIN = “1’, exit if EXxIN = ‘0’ (referred as ‘low’ active level)

‘11’: Interrupt on any edge (rising or falling). Always enter power down
mode, exit if EXxIN level changes.

While for CAN and 12C the EXICON programming depends on the customer application
(even though inactive state of both CAN and 12c protocols is the high level, so a new activity
on the bus can be detected by a falling edge observed at the related pins), for RTC the
internal hardware circuitry is such that the interrupts are generated on the positive edge, so
the EXICON register must be programmed accordingly.

The IPC interface implements a input analog filter to avoid spurious spikes are assumed as
valid bus transitions. For this reason, a pulse on SCL line is long enough to be recognized
as valid pulse: this is in the range of 500 ns (minimum). All pulses shorter than 50 ns are
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certainly filtered: a pulse longer than 50 ns but shorter than 500 ns could either trigger or not
trigger the exit from power down mode.

X-Peripheral interrupt

The limited number of X-Bus interrupt lines of the present ST10 architecture, imposes some
constraints on the implementation of the new functionality. In particular, the additional X-
Peripherals SSC1, ASC1, I°C, PWM1 and RTC need some resources to implement interrupt
and PEC transfer capabilities. For this reason, a multiplexed structure for the interrupt
management is proposed. In the next Figure 13, the principle is explained through a simple
diagram, which shows the basic structure replicated for each of the four X-interrupt available
vectors (XPOINT, XP1INT, XP2INT and XP3INT).

It is based on a set of 16-bit registers XIRXSEL (x = 0,1,2,3), divided in two portions cach:
® Byte High XIRXSEL[15:8] Interrupt Enable bits
® Byte Low XIRXSEL[7:0] Interrupt Flag bits

When different sources submit an interrupt request, the enable bits (B /ic High of XIRXSEL
register) define a mask which controls which sources will be issociated with the unique
available vector. If more than one source is enabled to issi:= the request, the service routine
will have to take care to identify the real event to be se: rived. This can easily be done by
checking the flag bits (Byte Low of XIRXSEL regisia1}. Mote that the flag bits can also
provide information about events which are not cui-ently serviced by the interrupt controller
(since they are masked through the enabi= tits) allowing an effective software management
even if the related interrupt request cainnuot ©e served: A periodic polling of the flag bits may

be implemented inside the user application.

Figure 13. X-interruipt bacic structure

0
| | Fagzor | | | XIRXSEL[7:0] (x=0, 1,2, 3)

7
IT Source 7 I:I—<L

| IT Source 6

IT Source 5

IT Source 4

XPxIC.IR (x=0, 1,2, 3)
IT Source 3

IT Source 2

IT Source 1

IT Source 0

WW

[ | | enavleiziop | | | XIRXSEL[15:8] (x=0, 1, 2, 3)
15 8

Table 48 summarizes the mapping of the different interrupt sources, which share the four
X-interrupt vectors.
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Since the XIRxSEL registers are not bit addressable, another pair of registers (a pair for
each XIRxSEL) is provided to allow setting and clearing the bits of XIRXSEL without risking
overwriting requests arriving after reading the register and before writing it. These registers

Table 48.

are described in this section as well.

X-Interrupt detailed mapping

Interrupt

XPOINT

XP1INT

XP2INT

XP3INT

CANT1 Interrupt

X

CAN2 Interrupt

IC Receive

I2C Transmit

I2C Error

SSC1 Receive

SSC1 Transmit

SSC1 Error

ASC1 Receive

ASC1 Transmit

ASC1 Transmit Buffer

ASC1 Error

PLL Unlock / OWD

PWM1 Channel 3...0

9.3 Interrupt sources
Table 79 st.ows all of the possible ST10F252M interrupt sources and the corresponding
hardwa e-related interrupt flags, vectors, vector locations and trap (interrupt) numbers:
vantz 49, Interrupt sources
rSource of Interrupt or Request Enable Interrupt Vector Trap
PEC Service Request Flag Flag Vector Location Number
CAPCOM Register 0 CCOIR CCOIE CCOINT 00’0040h 10h
CAPCOM Register 1 CC1IR CCi1IE CC1INT 00°0044h 11h
CAPCOM Register 2 CC2IR CC2IE CC2INT 00°0048h 12h
CAPCOM Register 3 CC3IR CCSIE CC3INT 00’004Ch 13h
CAPCOM Register 4 CC4IR CC4IE CCA4INT 00’0050h 14h
CAPCOM Register 5 CC5IR CCs5IE CCSINT 00’0054h 15h
CAPCOM Register 6 CCsIR CCe6IE CCBINT 00’0058h 16h
CAPCOM Register 7 CC7IR CC7IE CCY7INT 00’005Ch 17h
CAPCOM Register 8 CC8IR CC8IE CCS8INT 00’0060h 18h
CAPCOM Register 9 CC9IR CCoIE CCOINT 00’°0064h 19h
76/328 Kﬁ
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Table 49. Interrupt sources (continued)
Source of Interrupt or Request Enable Interrupt Vector Trap
PEC Service Request Flag Flag Vector Location Number
CAPCOM Register 10 CC10IR CC10IE | CC10INT | 00'0068h 1Ah
CAPCOM Register 11 CC11IR CC11IE | CC11INT | 00°006Ch 1Bh
CAPCOM Register 12 CCi2IR CC12IE | CC12INT | 00'0070h 1Ch
CAPCOM Register 13 CC13IR CC13IE | CC13INT | 00'0074h 1Dh
CAPCOM Register 14 CC14IR CC14[E | CC14INT | 000078h 1Eh
CAPCOM Register 15 CC15IR CC15[E | CCi5INT | 00'007Ch 1Fh
CAPCOM Register 16 cci6iR CC16lE | CC16INT | 00°00COh 30n
CAPCOM Register 17 CC17IR | CC17IE | CC17INT | 0000C4h |  2ih |
CAPCOM Register 18 CC18IR CC18IE | CC18INT | 000C0Csn | 32h
CAPCOM Register 19 CC19IR CC19IE | CC19INT | £000CCh 33h
CAPCOM Register 20 CC20IR CC20lE | CC20INT | 0U'00DON 34h
CAPCOM Register 21 CC21IR CC21IE | CCZ!INT | 00'00D4h 35h
CAPCOM Register 22 CC22IR CC22IE | CC22INT | 00000D8h 36h
CAPCOM Register 23 CC23IR CC22I: | CC23INT | 00'00DCh 37h
CAPCOM Register 24 CC24IR | GC%E | CC24INT | 00°'00EOh 38h
CAPCOM Register 25 CC25IR CC25IE | CC25INT | O00'00E4h 39h
CAPCOM Register 26 CC26IR CC26IE | CC26INT | 00'00ESh 3Ah
CAPCOM Register 27 | CC27IR CC27IE | CC27INT | 00'00ECh 3Bh
CAPCOM Registor 28 " Ccc28IR CC28IE | CC28INT | 00'00EOh ach
CAPCOM Regizi>r 20 CC29IR CC29IE | CC29INT | 00'0110h 44h
CAPCOV. Rhagister 30 CC30IR CC30IE | CC30INT | 00'0114h 45h
| CAFCOM Register 31 CC31IR CC31IE | CC31INT | 00'0118h 46h
| CAPCOM Timer 0 TOIR TOIE TOINT 00'0080h 20h
CAPCOM Timer 1 T1IR T1IE T1INT 00'0084h 21h
CAPCOM Timer 7 T7IR T7IE T7INT 00'00F4h 3Dh
CAPCOM Timer 8 T8IR T8IE TSINT 00'00F8h 3Eh
GPT1 Timer 2 T2IR T2IE T2INT 00'0088h 22h
GPT1 Timer 3 T3IR T3IE T3INT 00'008Ch 23h
GPT1 Timer 4 T4IR T4IE T4INT 00'0090h 24h
GPT2 Timer 5 T5IR TSIE T5INT 00'0094h 25h
GPT2 Timer 6 T6IR T6IE T6INT 00'0098h 26h
GPT2 CAPREL Register CRIR CRIE CRINT | 00009Ch 27h
A/D Conversion Complete ADCIR ADCIE ADCINT 00’00A0h 28h
A/D Overrun Error ADEIR ADEIE ADEINT 00’00A4h 29h
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Table 49. Interrupt sources (continued)
Source of Interrupt or Request Enable Interrupt Vector Trap
PEC Service Request Flag Flag Vector Location Number
ASCO Transmit SOTIR SOTIE SOTINT 00’00A8h 2Ah
ASCO Transmit Buffer SOTBIR SOTBIE SOTBINT 00'011Ch 47h
ASCO Receive SORIR SORIE SORINT 00’00ACh 2Bh
ASCO Error SOEIR SOEIE SOEINT 00’00BOh 2Ch
SSC Transmit SCTIR SCTIE SCTINT 00°00B4h 2Dh
SSC Receive SCRIR SCRIE SCRINT 00°00B8h 2Eh
SSC Error SCEIR SCEIE SCEINT 00’00BCh 2Fn
PWM Channel 0...3 PWMIR | PWMIE | PWMINT | 0000FCh |  2rh |
XPOIR XPOIE XPOINT 00’0100 T . 40h
XP1IR XP1IE XP1INT | £07104h 41h
See Section 9.2 e L
XP2IR XP2IE XP2IN7 0U’0108h 42h
XP3IR XP3IE 00'010Ch 43h

XFo'NT

Hardware traps are exceptions or error conditions 1he r zrise during run-time. They cause an
immediate non-maskable system reaction similer t) a standard interrupt service (branching
to a dedicated vector table location).

The occurrence of a hardware trap is addiiionally signified by an individual bit in the trap flag
register (TFR). Except when anothzr higher prioritized trap service is in progress, a
hardware trap will interrupt 2iwv «ctual program execution. In turn, hardware trap services
can normally not be interuoted by standard or PEC interrupts.

Excepticn and traps list

Table £ shows all of the possible exceptions or error conditions that can arise during run-

tine.
‘fable 50. Trap priorities
Exception condition Trap Trap Vect_o r Trap _Tra_\p 1)
flag vector location number priority

Reset Functions:

Hardware Reset RESET 00’0000h 00h 1]
Software Reset RESET 00’0000h 00h 1]
Watchdog Timer Overflow RESET 00’0000h 00h Il
Class A Hardware Traps:

Non-Maskable Interrupt NMI NMITRAP 00’0008h 02h I
Stack Overflow STKOF | STOTRAP 00°0010h 04h I
Stack Underflow STKUF | STUTRAP 00’°0018h 06h I
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Table 50. Trap priorities (continued)

Exception condition Trap Trap Vect_o r Trap _Tra_ap 1)
flag vector location number priority
Class B Hardware Traps:
Undefined Opcode UNDOPC BTRAP 00’0028h 0Ah |
MAC Interruption MACTRP BTRAP 00'0028h 0Ah |
Protected Instruction Fault PRTFLT BTRAP 00’0028h O0Ah |
lllegal word Operand Access | ILLOPA BTRAP 00°0028h OAh |
lllegal Instruction Access ILLINA BTRAP 00'0028h 0Ah |
lllegal External Bus Access ILLBUS BTRAP 00'0028h 0Ah |
Reserved [002Ch-003Ch] | [0Bh - OFh]
Any Current
Software Traps _ Any -
TRAP Instruction 0000h — 01FCh [00h - 7Fh] A
in steps of 4h | Puority

1. - Allthe class B traps have the same trap number (and vector) and the same lower priority vo.mpared to the
class A traps and to the resets.
- Each class A trap has a dedicated trap number (and vector). They are prioritize< it. th- second priority
level.
- The resets have the highest priority level and the same trap number.
- The PSW.ILVL CPU priority is forced to the highest level (15) when the. < exceptions are serviced.
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10 Capture compare (CAPCOM) units

The ST10F252M has two 16 channel CAPCOM units. They support generation and control
of timing sequences on up to 32 channels with a maximum resolution of 200 ns at 40 MHz
CPU clock.

The CAPCOM units are typically used to handle high speed I/O tasks such as pulse and
waveform generation, pulse width modulation (PMW), digital to analog (D/A) conversion,
software timing, or time recording relative to external events.

These two CAPCOM units are identical to the ones of the ST10F269 and ST10F27x, but,
due to 100-pins limitation in the ST10F252, the 1/O capability is limited to 18 channels.

For CAPCOM1, 14 input-capture/output-compare channels with 4 only input-capture
channel for CAPCOM2.

The number of timer input lines has not changed, the TOIN input line is avallehl> for
CAPCOM1, T7IN input line timer for CAPCOM2.

All capture/compare registers and timers register are available, h.it co.ne of them are not
connected to external pins
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SFR and port pins associated with CAPCOM units

Figure 14.
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General purpose timer unit

The general purpose timer (GPT) unit is a flexible multifunctional timer/counter structure
which is used for time related tasks such as event timing and counting, pulse width and duty
cycle measurements, pulse generation, or pulse multiplication. The GPT unit contains five
16-bit timers organized into two separate modules GPT1 and GPT2. Each timer in each
module may operate independently in several different modes, or may be concatenated with
another timer of the same module.

GPT1

Each of the three timers T2, T3, T4 of the GPT1 module can be configured indiv'dually for
one of four basic modes of operation:

1. timer

2. gated timer

3. counter mode

4. incremental interface mode.

Although due to pins limitation in ST10F252 not all mcaas are available for each timer.

In timer mode, the input clock for a timer is derivec 1:om the CPU clock, divided by a
programmable prescaler, Each of the three tiviers T2, T3, T4 of the GPT1 module can be
configured in this mode.

In counter mode, the timer is clocked by reference to external events. Pulse width or duty
cycle measurement is supporte in gated timer mode where the operation of a timer is
controlled by the ‘gate’ level ur an external input pin. For these purposes, timers have one
associated port pin (TN, which serves as gate or clock input. Only T2 and T3 have such an
input pin associcted in ST10F252, so gated timer and counter mode are not available for
timer T4.

The crurt direction (up/down) for each timer is programmable only by software.
Functionality that dynamically changes direction by an external signal on a port pin is not
avadlable on ST10F252. For the same reason, incremental interface mode is not available
o, all the GPT1 timers (T2, T3, T4).

Timer T3 has output toggle latches (TxOTL) which changes state on each timer over-
flow/underflow. The state of this latch may be used internally to clock timers T2 and T4 for
measuring long time periods with high resolution.

In addition to their basic operating modes, timers T2 and T4 may be configured as reload or
capture registers for timer T3. When used as capture or reload registers, timers T2 and T4
are stopped. The contents of timer T3 is captured into T2 or T4 in response to a signal at
their associated input pins (TxIN). Timer T3 is reloaded with the contents of T2 or T4
triggered either by an external signal or by a selectable state transition of its toggle latch
T3OTL. When both T2 and T4 are configured to alternately reload T3 on opposite state
transitions of T3OTL with the low and high times of a PWM signal, this signal can be
constantly generated without software intervention.
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Figure 15. SFRs and port pins associated with timer block GPT1

Ports & Direction Control Alternate Functions Data Registers
15141312111098765432 10 15141312111098765432 10
ODP3E- - - - - - - - YY-Y---- T2IYYYYYYYYYYYYYYYY
DP3 |- - - - - - - - YY-Y---- T3YYYYYYYYYYYYYYYY
P8 |- - - - - - - YY-Y---- TAIYYYYYYYYYYYYYYYY
Control Registers Interrupt Control
15141312111098765432 10 15141312111098765432 10
T2CON|Y Y Y Y Y YYYYYYYYYYY Tac|- - - - - - - - YYYYYYY"I
TSCON|Y Y Y Y Y YYYYYYYYYYY T3IC|- - - - - - - YYYY :\'v_{
TACON|Y Y Y Y Y YYYYYYYYYYY T4C|- - - - - - Y.'_V_Y:(YYY

Y : Bitis lin ey to a function

T2IN/P3.7 - Bit ha. nc function or is not implemented

T3IN/P3.6 E . Faciste. is in ESFR internal memory space

T3EUD/P3.4

ODP3  Port3 Open Drain Control Regis*Z. T2 GPT1 Timer 2 Register

DP3 Port3 Direction Control Registe r T3 GPT1 Timer 3 Register

P3 Port3 Data Register T4 GPT1 Timer 4 Register

T2CON GPT1 Timer 2 Control Regi<ter T2IC GPT1 Timer 2 Interrupt Control Register

T3CON GPT1 Timer 3 Controi Register T3IC GPT1 Timer 3 Interrupt Control Register

T4CON GPT1 Timer 4 Ccatrnl F 2gister T4IC GPT1 Timer 4 Interrupt Control Register
11.2 GPT2

The GF T2 module provides precise event control and time measurement. It includes two
“ners (T5, T6) and a capture/reload register (CAPREL). Both timers can be clocked with an
input clock which is derived from the CPU clock via a programmable prescaler. The count
direction (up/down) for each timer is programmable by software. Concatenation of the timers
is supported via the output toggle latch (T6OTL) of timer T6 which changes its state on each
timer overflow/underflow.

The state of this latch may be used to clock timer T5, or it may be output on a port pin
(T6OUT). The overflow/underflow of timer T6 can additionally be used to clock the
CAPCOM timers TO or T1, and to cause a reload from the CAPREL register. The CAPREL
register may capture the contents of timer T5 based on an external signal transition on the
corresponding port pin (CAPIN), and timer T5 may optionally be cleared after the capture
procedure. This allows absolute time differences to be measured or pulse multiplication to
be performed without software overhead.

The capture trigger (timer T5 to CAPREL) may also be generated upon transitions of GPT1
timer T3’s inputs T3IN and/or T3EUD.

Note: In ST10F252, port pins to clock timers T5 and T6 with external signals and pins to control
counter direction are not available.
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Figure 16. SFRs and port pins associated with timer block GPT2

Ports & Direction Control Alternate Functions Data Registers
151413121110987 6543210 151413121110987 6543210
ODP3H- - - = = = = = = = = = = YY - T5 YYYYYYYYYYYYYYYY
DP3 e e e e e e oo YY - T6 YYYYYYYYYYYYYYYY
P3 e e e e e e YY - CAPRELY Y Y Y Y YYYYYYYYYYY

Interrupt Control

. 151413121110987 6543210
Control Registers

1514131211109876 543210 T5IC (- - - - - - - -YYYYYYYY

~

TSECON [Y Y Y Y Y YYYYYYYYYYY TeIC|- - - - - - - -YYYYYYYY
TECON [Y Y Y Y Y YYYYYYYYYYY CRIC|- - - - - - --YY /1 YYYY

CAPIN/P3.2 T6OUT/P3.1 Y : Bitis i ik d to & function

- @ Biti.as 10 .unction or is not implemented
E : sejis‘eris in ESFR internal memory space

ODP3  Port3 Open Drain Control Register T5 GPT2 Timer 5 Register

DP3 Port3 Direction Control Register re GPT2 Timer 6 Register

P3 Port3 Data Register C2”’REL GPT2 Capture/Reload Register

T5CON GPT2 Timer 5 Control Register T5IC GPT2 Timer 5 Interrupt Control Register
T6CON GPT2 Timer 6 Control Register T6IC GPT2 Timer 6 Interrupt Control Register

CRIC GPT2 CAPREL Interrupt Control Register
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PWM modules

Two pulse width modulation modules are available on ST10F252M: standard PWMO and
XBUS PWM1. They can generate up to four PWM output signals each, using edge-aligned
or center-aligned PWM. In addition, the PWM modules can generate PWM burst signals and
single shot outputs. Table 51 shows the PWM frequencies for different resolutions. The level
of the output signals is selectable and the PWM modules can generate interrupt requests.

Figure 17. Block diagram of PWM module

| PPx Period Register *

T

Match
| Comparator }7
1 ,
Clock 1—p Input 7 PTx * Up/Down/
Clock 2—p Control Rucn > 16-bit Up/Down Counter [~ Clear Control

v

Comparator

Enable

Match
}—>|Out, ut( on oI POUTx
Shadow Register J4 — — Vvrite Control

* User readable / writeable register |PWx Pulse Width req’ jstor

Table 51. PWM unit frequencies axu resolutions at 40 MHz CPU clock
Mode 0 Resolution 8 bit 10-bit 12-bit 14-bit 16-bit
CPU Clock/1 25ns | 156.25 kHz 39.1 kHz 9.77 kHz 2.44Hz 610Hz
CPU A
L eus 2.44 kHz 610Hz 152.6Hz 38.15Hz 9.54Hz
Clock/64 L
Mo.te . Resolution 8-bit 10-bit 12-bit 14-bit 16-bit
f‘:’u Clock/1 25ns 78.12 kHz 19.53 kHz 4.88 kHz 1.22 kHz 305.2Hz
I CPU 1.6pus 1.22 kHz 305.17Hz 76.29Hz 19.07Hz 4.77Hz
Clock/64 OH : : : : :
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Note:
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Parallel ports

Introduction

To accept or generate single external control signals or parallel data, the ST10F252
provides up to 76 parallel I/O lines, organized into one 14-bit I/O port (Port 2), five 8-bit I/O
ports (PORTO comprising POH and POL, PORT1 comprising P1H and P1L, and Port 4), one
12-bit 1/0 port (Port 3) and one 10-bit input port (Port 5).

These port lines may be used for general purpose input and output, controlled via software,
or may be used implicitly by ST10F252’s integrated peripherals or the external bus
controller.

All port lines are bit addressable and all input/output lines are individually (bit-wise’
programmable as inputs or outputs via direction registers (except for Port 5). T:.e V/C ports
are true bidirectional ports, which are switched to high impedance state whor. configured as
inputs. The output drivers of three I/O ports (2, 3, 4) can be configured {1 by pin) for
push/pull operation or open-drain operation via control registers.

The logic level of a pin is clocked into the input latch once per ctate iime, regardless whether
the port is configured for input or output.

A write operation to a port pin configured as an inpu zauses the value to be written into the
port output latch, while a read operation returns th: 'atched state of the pin itself. A read-
modify-write operation reads the value of th= gii, modifies it, and writes it back to the output
latch.

Writing to a pin configured as an outpuil (DPx.y="1") causes the output latch and the pin to
have the written value, since the output buffer is enabled. Reading this pin returns the value
of the output latch. A reaa-niocifi-write operation reads the value of the output latch,
modifies it, and writes it Laci< to the output latch, thus also modifying the level at the pin.

A set of registers, 112pped on XBUS, is implemented on ST10F252 to manage the data,
direction anci vpoi-drain mode for those pins where the XPWM, XASC and XSSC are
mapp~.d. 1.e standard port register bits for these pins are working when the X-peripherals
are not 2nabled (see XPERCON register); however, when the X-Peripherals are enabled,
¢ naw registers take the control of the pins and the content if the standard registers is
igiiored.
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I/0’s special features

Open drain mode

Some of the 1/O ports of ST10F252M support the open drain capability. This programmable
feature may be used with an external pull-up resistor, in order to provide an AND wired
logical function.

When open-drain mode is selected, the voltage on the pin must not exceed the Vpp value to
avoid injecting current through the diode, inherent in disabled upper transistor (turned off,
but still physically connected to the pin). This is taken into account especially during power-
on and power-off sequences (see stand-by mode entering procedure).

This feature is implemented for ports P2, P3, P4 (see Section 13.5, Section 13.6 anc
Section 13.7 respectively) and is controlled through the respective Open Drain Coritrnl
Registers ODPX, for port P1 it's implemented only when XSSC, XASC or XPW. 1 are
enabled. Open Drain Control Registers allow the individual bit-wise selecticn of tne open
drain mode for each port line. If the respective control bit ODPx.y is ‘0’ (Jefault after reset),
the output driver is in the push/pull mode. If ODPx.y is ‘1’, the open aiair configuration is
selected. Note that all ODPx registers are located in the ESF&X ¢ pace.

When XPWM, XASC and XSSC are used (enabled throvgr: XFERCON) the open-drain
mode of the related pins is controlled by a set of new rsaisiers (XPWMPORT, XS1PORT,
XSSCPORT).

When XI2C is enabled (through XPERCON), t52 jelated pins of Port1 are automatically set
to open-drain mode.

Figure 19. Output drivers in push/pull mode and in open drain mode
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Push-Pull Output Driver Open Drain Output Driver

Input threshold control

The standard inputs of the ST10F252M determine the status of input signals according to
TTL levels. In order to accept and recognize noisy signals, CMOS input thresholds can be
selected instead of the standard TTL thresholds for all the pins. These CMOS thresholds
are defined above the TTL thresholds and feature a higher hysteresis to prevent the inputs
from toggling while the respective input signal level is near the thresholds.

Two port input control registers (PICON and XPICON) are used to select these thresholds
for each byte of the indicated ports: the 8-bit ports P4 is controlled by one bit while ports PO,
P1, P2, P3 and P5 are controlled by two bits each.
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PICON (F1C4 / E2) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved P4LIN|P3HIN|P3LINP2HINP2LIN

- - - - - - - - - - - RW RW RW RW RW

Table 52.  Port input control register (PICON)

Bit Name Function

15:5 Reserved

Port x low byte input level selection
4:0 PxLIN '0’: Pins Px.7...Px.0 switch on standard TTL input levels.
’1’: Pins Px.7...Px.0 switch on standard CMOS input levels.

XPICON (EB26) XBUS Feset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

: )
Reserved P5HIN|?’5LII\T|[P1 HIN|P1LIN|POHIN/POLIN

- - - - - - - - - - FW RW RW RW RW RW

Table 53. Additional port input control reg st (XPICON)

Bit Name Function

15:6 Reserved

Pzrt .- high byte input level selection
5:0 PxHIN ‘0’ Pins Px.15...Px.8 switch on standard TTL input levels.
i ’1: Pins Px.15...Px.8 switch on standard CMOS input levels.

Note: PICON is an Z<F} register, while XPICON is an XBUS register. XPICON is accessible only
after bit ¥iMICCEN of XPERCON register and bit XPEN of SYSCON register have been set.

All 2otions for individual direction and output mode control are available for each pin,
incerendent of the selected input threshold. The input hysteresis (variable, according to TTL
or CMOS selection) provides stable inputs from noisy or slowly changing external signals.

Figure 20. Hysteresis concept
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13.2.3 Alternate port functions

Each port line has one (or more) associated programmable alternate input or output
functions. If an alternate output function of a pin is to be used, the direction of this pin must
be programmed for output (DPx.y="1"), except for some signals that are used directly after
reset and are configured automatically. Otherwise the pin remains in the high-impedance
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state and is not affected by the alternate output function. The respective port latch should
hold a “1’, because its output is ANDed with the alternate output data (except for PWM
output signals).

If an alternate input function of a pin is used, the direction of the pin must be programmed
for input (DPx.y="0") if an external device is driving the pin. The input direction is the default
after reset. If no external device is connected to the pin, however, the direction for this pin
can also be set to output. In this case, the pin reflects the state of the port output latch.
Thus, the alternate input function reads the value stored in the port output latch. This can be
used for testing purposes to allow a software trigger of an alternate input function by writing
to the port output latch.

On most of the port lines, user software is responsible for setting the proper direction when
using an alternate input or output function of a pin. This is done by setting or clearina the
direction control bit DPx.y of the pin before enabling the alternate function. There a:e port
lines, however, where the direction of the port line is switched automatically. Fo-ii'starice, in
the multiplexed external bus modes of PORTO, the direction must be switche 1 s=.eral times
for an instruction fetch to output the addresses and to input the data. Ovviau sly, this cannot
be done through instructions. In these cases, the direction of the pcit hne is switched
automatically by hardware if the alternate function of such a pi~ s 2ncbled. To determine the
appropriate level of the port output latches check how the alte. 1ate data output is combined
with the respective port latch output.

There is one basic structure for all port lines with onn- £n alternate input function. Port lines
with only an alternate output function, however, a e different structures due to the way the
direction of the pin is switched and depel.cing cn whether the pin is accessible by the user
software or not in the alternate function n ¢ 3e.

All port lines that are not used for these Alternate Functions may be used as general
purpose /O lines. When using port pins for general purpose output, the initial output value
should be written to the ncrt I2:ch prior to enabling the output drivers, to avoid undesired
transitions on the output Lins. This applies to single pins as well as to pin groups (see
examples below;

SINGLE_BIT: 3SET P4.7 ; Initial output level is “high”
BSET DP4.7 ; Switch on the output driver

BRI SROUP: BFLDH P4, #24H, #24H ; Initial output level is “high”
BFLDH DP4, #24H, #24H ; Switch on the output drivers

When using several BSET pairs to control more pins of one port, these pairs must be
separated by instructions, which do not reference the respective port.

PORTO

The two 8-bit ports POH and POL represent the higher and lower part of PORTO,
respectively. Both halves of PORTO can be written (for example, via a PEC transfer) without
affecting the other half.
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POL register

POL register (FF00/80) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ reserved | POL7 | POL.6 ‘ POL5 ‘ POL.4 | POL.3 ‘ POL.2 ‘ POL.1 | POL.O |

RW RW RW RW RW RW RW RW

POH register

POH register (FF02/81) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POH. | POH. | POH. | POH. | POH. | POH.
reserved 7 6 5 4 3 > POH.1 | POH.0

RW RW RW RW RW RW RW RW

Table 54. POL and POH registers functions

Bit Name Function
POL 7.0 . .
POH 7.0 POX.y Port data register POH or POL bit y

If this port is used for general purpose /O, the dircction of each line can be configured via
the corresponding direction registers DPOH and O ..

DPOL register

DPOL register (F100/80) ESFR Reset value: --00h
15 14 13 12 11 IN 9 8 7 6 5 4 3 2 1 0

DPOL | DPOL | DPOL | DPOL | DPOL | DPOL | DPOL. | DPOL.

RW RW RW RW RW RW RW RW

DPOP register

DF OF. register (F102/81) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

r

DPOH | DPOH | DPOH | DPOH | DPOH | DPOH | DPOH. | DPOH.

RW RW RW RW RW RW RW RW

Table 55. DPOL and DPOH registers functions

Bit Name Function

Port direction register DPOH or DPOL bit y
DPOX.y ‘0’: Port line POX.y is an input (high-impedance)
‘1’: Port line POX.y is an output

DPOL 7.0
DPOH 7.0

Alternate functions of PORTO

When an external bus is enabled, PORTO is used as a data bus or an address and data bus,
when no additional ADC Channels (6) are selected.
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An external 8-bit de-multiplexed bus only uses POL, while POH is free for I/O (provided that
no other bus mode is enabled).

PORTO is also used to select the system start-up configuration. During reset, PORTO is
configured to input and each line is held high through an internal pull-up device. Each line
can now be individually pulled to a low level (see the DC-level specifications in the
appropriate data sheets) through an external pull-down device. A default configuration is
selected when the respective PORTO lines are at a high level. Through pulling individual
lines to a low level, this default can be changed according to the needs of the application.
The internal pull-up devices are designed such that an external pull-down resistors (see
Data Sheet specification) can be used to apply a correct low level. These external pull-down
resistors can remain connected to the PORTO pins also during normal operation, however,
take care that they do not disturb the normal function of PORTO (this may be the case, for
example, if the external resistor is too strong).

At the end of reset, the selected bus configuration is written to the BUSCONO i2gistei. “'he
configuration of the high byte of PORTO, is copied into the special register RI°0h. 11is read-
only register holds the selection for the number of chip selects and seg! e nt addresses.
Software can read this register to react to the selected configuratior;, i reguired. When the
reset is terminated, the internal pull-up devices are switched =i, < nu PORTO is switched to
the appropriate operating mode.

During external accesses in multiplexed bus modes, PR T first outputs the 16-bit intra-
segment address as an alternate output function. PCR70 is then switched to high-
impedance input mode to read the incoming ins.ructon or data. In 8-bit data bus mode, two
memory cycles are required for word accasees. the first for the low byte and the second for
the high byte of the word. During writ : cy 3ics PORTO outputs the data byte or word after
outputting the address. During externa! accesses in de-multiplexed bus modes, PORTO
reads the incoming instruction or data word or outputs the data byte or word.

Figure 21. PORTO I/2 ar.1 alternate functions
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When an external bus mode is enabled, the direction of the port pin and the loading of data
into the port output latch are controlled by the bus controller hardware. The input of the port
output latch is disconnected from the internal bus and is switched to the line labeled
“Alternate Data Output” via a multiplexer. The alternate data can be the 16-bit intra-segment
address or the 8/16-bit data information. The incoming data on PORTO is read on the line
“Alternate Data Input”. While an external bus mode is enabled, the user software should not

574
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Figure 22 shows the structure of a PORTO pin.

Figure 22. Block diagram of a PORTO

write to the port output latch, otherwise unpredictable results may occur. When the external
bus modes are disabled, the contents of the direction register last written becomes active.
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Disturb prolection on analog inputs

A regis‘er is provided for additional disturb protection support on analog inputs for PORTO.
In particular, the register can disable both the digital input and output sections of the I/O
swucture. To access this register the bit XMISCEN of register XPERCON and bit XPEN of
register SYSCON must be set.
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Disturb protection register

Disturb protection register (EB36) XPODIDIS Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XP1DI | XP1DI | XP1DI | XP1DI | XP1DI | XP1DI

RW RW RW RW RW RW

Table 56.  Disturb protection register functions

Bit Name Function

Port 1 Digital Disable register bit y

‘0’: Port line PO.y digital input and output are not disabled: “h¢: Par pin
is defined through the corresponding bits of the standarc rejisicrs
POL/DPOL. General Purpose Input/Output functionalty is available, as
well as the external memory interface functional ».

‘1’: Port line PO.y digital input and output are a:sckled (necessary for
input leakage current reduction and tc a «cid uiidesired conflict
between output driver configuration ar.<i analog input signal). Once this
bit is set, POL/DPOL correspondi ¢ bits are no longer effective and the
external memory interface furciionality is masked on the single bit.

5.0 |XPODIDIS.y

Figure 23. Block diagram of input sectior: o PORTOL pin
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Figure 24. Block diagram of a PORTO pin
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The two 8-bit ports P1H and P IL represent the higher and lower part of PORT1,
respectively. Either helf o1 PORT1 can be written (for example, by a PEC transfer) without

effecting the oth=-ha ®.

P1L regicter

P1. . ~gister (FF04/82) SFR Reset value: --00h
10 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I
- P1L7 | P1L6 | P1L5 | P1L4 | P1L3 | P1L2 | P1L1 | P1LO
- RW RW RW RW RW RW RW RW
P1H register
P1H register (FF06/83) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- P1H7 | P1H6 | P1H5 | P1H4 | P1H3 | P1H2 | P1HT | P1HO
- RW RW RW RW RW RW RW RW
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Table 57. P1L and P1H registers functions
Pin Name Function
P1L 7.0 ) ,
P1R 7.0 P1X.y Port data register P1H or P1L bity

If PORT1 is used for general purpose I/O, the direction of each line can be configured via
the corresponding direction registers DP1H and DP1L.

DP1L register

DP1L register (F104/82) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DP1L.|DP1L.|DP1L. | DP1L.| DP1L. DF’1L.‘ JPIL. | CPIL.
7 6 5 4 3 2 1 0
RW RW RW RW RY W RW RW
DP1H register
DP1H register (F106/83) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 5 3 4 3 2 1 0
T-—
D1t | DP1H.|DP1H.|DP1H.|DP1H. |DP1H. | DP1H. | DP1H.
[ 6 5 4 3 2 1 0
aNl
RW RW RW RW RW RW RW RW
Table 58. DP1L and DP1H r-~gisters functions
Gy |
Bit Name | Function
DP1L 7.0 Port direction register DP1H or DP1L bit y
DP1H 7'0 DFiXv ‘0’: Port line P1X.y is an input (high-impedance)
“1’: Port line P1X.y is an output

If ”(SRT1 pins are used as alternate function for input/output of XPWM, XASC or XSSC
naripherals, the direction of each pins is configured by dedicated registers mapped in the X-
peripheral memory area, an open drain setting is also available for used port P1 pins.
Registers that are used for different alternate function are described in the following.

XSSCPORT

This register is enabled and visible only when bit XPEN of SYSCON is set, and bit XSSCEN
in XPERCON is also set. If not enabled, the standard P1H, DP1H registers are used to
configure pins P1H.1, P1H.2 and P1H.3; the open drain setting is not available.

XSSCPORT register

XSSCPORT register (E880) Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XOD | XP1 | XDP1 | XOD | XP1 | XDP1| XOD | XP1 | XDP1

P1H3 | H3 | H3.7 |P1H2| H2 | H26 |P1H.1| H.A HA

RW RW RW RW RW RW RW RW RW
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Table 59. XSSCPORT register functions

Bit Name Function

Port open drain control register bity (y = 1, 2, 3 only)
8,52 XODP1H.y ‘0’: Port line P1H.y output driver in push/pull mode
‘1’: Port line P1H.y output driver in open drain mode

7,4,1 XP1H.y Port data register bity (y =1, 2, 3 only)

Port direction register bity (y = 1, 2, 3 only)
6.3.0 XDP1H.y ‘0’: Port line P1H.y is an input (high-impedance)
‘1’: Port line P1H.y is an output

XS1PORT

This register is enabled and visible only when bit XPEN of SYSCON is set, and vit XASCEN
in XPERCON is also set. If not enabled, the standard P1L, DP1L registers a1~ used to
configure pins P1L.4 and P1L.5; the open drain setting is not available.

XS1PORT register
XS1PORT register (E980) Reset value: 0000h
15 14 13 12 11 10 9 8 7 Y 5 4 3 2 1 0

XOD | XP1 | XDP1 | XOD | XP1 | XDP1
P1L4| L4 | L47 |PIL5| L5 L5

RW RW RW RW RW RW

Reserved

Table 60. XS1PORT regisiwcr functions

T
|

Bit Name Function

Port open drain control register bity (y = 4, 5 only)
5,2 XOLP Ly ‘0’: Port line P1L.y output driver in push/pull mode
“1’: Port line P1L.y output driver in open drain mode

I
4.1 XP1L.y Port data register bity (y = 4, 5 only)

| Port direction register bit y (y = 4, 5 only)
I 3,0 XDP1L.y ‘0’: Port line P1L.y is an input (high-impedance)
“1’: Port line P1L.y is an output

XPWMPORT

This register is enabled and visible only when bit XPEN of SYSCON is set, and bit
XPWMEN in XPERCON is also set. If not enabled, the standard P1L, DP1L registers are
used to configure pins P1L.0, P1L.1, P1L.2 and P1L.3; the open drain setting is not
available.
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XPWPORT register

XPWNPORT register (EC80) Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XOD | XP1 | XDP1 | XOD | XP1 | XDP1 | XOD | XP1 | XDP1| XOD | XP1 | XDP1
P1L3| L.3 L3 |P1L2| L2 |L22 |PIL1| LA L1 |PILO| LO L.O

RW RW RW RW RW RW RW RW RW RW RW RW

Table 61. XPWPORT register functions

Bit Name Function

Port open drain control register bity (y =0, 1, 2, 3 only)

1513 XODP1L.y ‘0’: Port line P1L.y output driver in push/pull mode
’ ‘1’: Port line P1L.y output driver in open drain mode
12’ 17 XP1L.y Port data register bity (y =0, 1, 2, 3 only)
9.6 Port direction register bity (y=0, 1,2, o on_ly‘,_
3’ O, XDP1L.y ‘0’: Port line P1L.y is an input (high-impedance)

“1’: Port line P1L.y is an outpu:

13.4.1 Alternate functions of PORT1

When a de-multiplexed external bus is er.anled, PORT1 is used as address bus. De-
multiplexed bus modes use PORT1 as 2 16-bit port. Otherwise all 16 port lines can be used
for general purpose I/O.

Pins P1H.3...P1H.1 of POR 1 arz also used for receive/transmit and clock lines of SSC1.
Pins P1L.7 and P1L.5 of PORT1 are also used for input/output lines of 12C.

Pins P1L.5 and P L.4 of PORT1 are also used for receive, transmit lines of ASC1.

Pins F 1L 3. .P1L.0 of PORT1 are also used for output lines of PWM1.

Tk e upper four pins of PORT1 (P1H.7...P1H.4) also serve as capture input lines for the
CArCOM2 unit (CC271...CC24l). As all other capture inputs, the capture input function of
pins P1H.7...P1H.4 can also be used as external interrupt inputs (83.34 ns sample rate at
48 MHz CPU clock).

During external accesses in de-multiplexed bus modes, PORT1 outputs the 16-bit
intra-segment address as an alternate output function.

During external accesses in multiplexed bus modes, when no BUSCON register selects a
de-multiplexed bus mode, PORT1 is not used and is available for general purpose 1/O and
other alternate functions.
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Figure 25. PORT1 I/O and alternate functions

Alternate Function ——> a) b)
<—>» P1H.7 —» A15 =] ¢ cca7l
<—>» P1H.6 —» Al4 cc2sl
<> P1H5 Ly A13 < Pt
<> P1H.4 L3 A2 < Coal

P1H | ¢ 3 P1H3 L 3 Al1 ‘E SoLK
<—>» P1H2 —> A10 €<—> MTSR
<—>» P1H.1 —>» A9 MRST
<—> P1H.0 L » A8 <>

PORT1 ¢ 3 P1L7 L » A7 spA

<> PIL6 > A6 >

«<—> PIL5 — A5 oD

<> PiL4 L » A4 > TXD
P1L |€«<—» PIL3 —>» A3 » XPOUT3
<—>» PiL2 — > A2 L 3 XPOUT2
<—> P1L.1 > A1 > XPOUTY
€«—>» P1L.0 L——» A0 I » XPOUTO

General Purpose 8/16-bit CAPCOM2 Capt.In

Input/Output Demux bus /XPWM/XSSC/XASC/12C

When demultiplexed external bus mode is enabled, the direction of the port riin cnu the
loading of data into the port output latch are controlled by the bus contralier hardware. The
input of the port output latch is disconnected from the internal bus ard \s switched to the line
labeled “Demux Bus” via a multiplexer. The alternate data is th2 16-hi! intra-segment
address. While an external bus mode is enabled, the software zoes not write to the port
output latch, otherwise unpredictable results may occur. ‘v:ien external bus modes are
disabled, the contents of the direction register last written iuLecomes active.

If one or more peripherals from XASC, 12C, XSS 2, XPWM (bit XPEN of SYSCON is set, and
associated bit to peripheral in XPERCOM iz scu are enabled, alternate functions for
demultiplexed bus cannot be used.

Figure 26. Block diagram cf a FORT1 pin P1H.7...P1H.4
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Figure 27. Block diagram of pins P1H.3 ...P1H.1
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Figure 28. Block diagram of pin P1L.6, P1.7
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Figure 29. Block diagram of pins P1L.5
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Figure 30. Block diagram of pins P1L.4
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Figure 31. Block diagram of pins P1L.3...P1L.0
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PORT2

If this 14-bit port is used for general purpose 1/O, the direction of each line is configured by
the corresponding direction register DP2. Each port line can be switched into push/pull or

open drain mode by the open drain control register ODP2.
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PORT2 register

PORT2 register (FFC0/EO) SFR Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P2.15 | P2.14 | P2.13 | P2.12 | P2.11 | P2.10 | P29 | P28 | P27 | P26 | P25 | P24 | P23 | P2.2

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 62. PORT2 register functions

Bit Name Function

15.2 |P2y Port data register P2 bity

PORT2 direction register
PORT2 direction register (FFC2/E1) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 ) 2 1 0

DP52.1 DP42.1 DP32.1 DP22.1 DP12.1 DP02.1 DP2.9 | DP2.8 | DP2.7 DP2.6‘DP2.S\DP2.4

DP2.3 | DP2.2

RW RW RW RW RW RW RW RW RW RW W RW RW RW

Table 63. PORT2 direction register func«nt.c

Bit Name Function

Pcrt dircction register DP2 bit y
15.2 |DP2.y ‘0 Purt line P2.y is an input (high-impedance)
;17 Port line P2.y is an output

PORT2 ope: drzin control register

PORT2 «0e'i drcin control register (F1C2/E1) ESFR Reset value: 0000h

A} 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|
‘ OZP2 | ODP2 | ODP2 | ODP2 | ODP2 | ODP2 | ODP2. | ODP2. | ODP2 | ODP2 | ODP2 | ODP2 | ODP2 | ODP2 R
‘ .15 .14 13 .12 .11 .10 9 8 7 .6 5 4 .3 2

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 64. PORT2 open drain control register functions

Bit Name Function

Port 2 open drain control register bit y
15.2 ODP2.y ‘0’: Port line P2.y output driver in push/pull mode
‘1’: Port line P2.y output driver in open drain mode

Alternate functions of PORT2

All PORT2 lines (P2.15 to P2.2) serve as capture inputs or compare outputs (CC1510 to
CC2I0) for the CAPCOM1 unit.
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When a PORT2 line is used as a capture input, the state of the input latch, which represents
the state of the port pin, is directed to the CAPCOM unit via the line “Alternate Pin Data
Input”. If an external capture trigger signal is used, the direction of the respective pin is set
to input. If the direction is set to output, the state of the port output latch is read since the pin
represents the state of the output latch. This can be used to trigger a capture event through
software by setting or clearing the port latch. In the output configuration, no external device
may drive the pin, otherwise conflicts would occur.

When a PORT2 line is used as a compare output (compare modes 1 and 3), the compare
event (or the timer overflow in compare mode 3) directly effects the port output latch. In
compare mode 1, when a valid compare match occurs, the state of the port output latch is
read by the CAPCOM control hardware via the line “Alternate Latch Data Input”, inverted,
and written back to the latch via the line “Alternate Data Output”. The port output latch is
clocked by the signal “Compare Trigger” which is generated by the CAPCOM unit. In
compare mode 3, when a match occurs, the value '1' is written to the port output letzi> via
the line “Alternate Data Output”. When an overflow of the corresponding timer cc-urs, a '0' is
written to the port output latch. In both cases, the output latch is clocked hy ti:e signal
“Compare Trigger”. The direction of the pin is set to output by the user, otherwise the pin will
be in the high-impedance state and will not reflect the state of the cutput latch.

As can be seen from the port structure (Figure 33), the user s-itware always has free
access to the port pin even when it is used as a compare cutput. This is useful for setting up
the initial level of the pin when using compare moc'e 1 a1 the double-register mode. In these
modes, unlike in compare mode 3, the pin is not s= tu a specific value when a compare
match occurs but is toggled instead.

When the user software wants to writ2 to ti.c port pin at the same time a compare trigger
tries to clock the output latch, the write cperation of the user software has priority. Each time
a CPU write access to the pori autput latch occurs, the input multiplexer of the port output
latch is switched to the lin2 ¢zinnacted to the internal bus. The port output latch receives the
value from the interna! bus and the hardware-triggered change is lost.

As all other captire iouts, the capture input function of pins P2.15...P2.0 can also be used
as external intirugt inputs (83.34 ns sample rate at 48 MHz CPU clock).

The upper eight PORT2 lines (P2.15 to P2.8) also can serve as fast external Interrupt inputs
(EX7IN o EXOIN).

£2.15 also serves as the input for CAPCOM2 timer T7 (T7IN).

Table 65 summarizes the alternate functions of PORT2.
Table 65. PORT2 alternate functions

Pin | Alternate function a) Alternate function b) Alternate function c)
P2.2 Cccaio

P2.3 CCa3IO - -

P2.4 CC4lo - -

P2.5 CC5I0 - -

P2.6 Ccslo - -

P2.7 CC7I0 - -

P2.8 CcCslo EXOIN Fast Ext. Interrupt O Input | -

P2.9 CC9alo EX1IN Fast Ext. Interrupt 1 Input | -
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Table 65. PORT2 alternate functions (continued)
Pin | Alternate function a) Alternate function b) Alternate function c)
P2.10 CC10I0 EX2IN Fast Ext. Interrupt O Input |-
P2.11 CC1110 EXSIN Fast Ext. Interrupt 1 Input |-
P2.12 CC1210 EX4IN Fast Ext. Interrupt O Input | -
P2.13 CC13I0 EX5IN Fast Ext. Interrupt 1 Input | -
P2.14 CC14I0 EX6IN Fast Ext. Interrupt O Input |-
P2.15 CC15I0 EX7IN Fast Ext. Interrupt 1 Input | T7IN timer external count input

Figure 32. PORT2 I/O and alternate functions

Alternate Function

[ <—>» P2.15
[ <—> P2.14
[€<—>» P2.13
l€—>» P2.12
l€«—>» P2.11
[ <—>» P2.10
[€<—>» P2.9
Port 2 H() E§j§
[€<—>» P2.6
[ €<—>» P25
[€<—>» P24
[€<—>» P2.3
[€<—>» P2.2
No Pins

General Purpose
Input/Output

—_—> a) b)
l[€«—>» CC1510 [ €«——EX7IN
[€«<—>» CC1410 [€—— EX6IN
[<«—>» CC13I10 [ €«——EX5IN
[ €«—>» CC1210 [€—— EX4IN
[ <—>» CC1110 [ €«——EX3IN
j<—>» CC10I0 [€«—— EX2IN
j«—>» CC9I0 l«——EY N
j€«—>» CC8I0 [ €&——EX '™
[<—>» CC710
[€<—>» CC6l0
j€«—>» CC510
[€<—>» CC4I0 )
l€<—> CC3I0 |
[ <—>» CC2I10
C/\PCCO /1, Fast External
Capt.Inp.Corp.Output Interrupt Input

<)

_|<7 17N

CAPCOM2
Timer T7 Input

The pins of PORT2 combine intornal bus data with alternate data output before the port
latch input.
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Figure 33. Block diagram of a PORT2 pin
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PORT3

If this 12-bit port is used for general purpose I/O, the direction of each line can be configured
by the corresponding direction register DP3. Most port lines can be switched into push/pull
or open drain mode by the open drain control register ODP3 (pins P3.15 and P3.12 do not

support open drain mode). P3.4 function can be used if P34EN, bit 5 of XMISC register, is

set to 1, see Section 18.3.




ST10F252M Parallel ports

PORTS3 register

PORTS register (FFC4/E2) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P3.15 - P3.13 |P3.12|P3.11|P3. 10| P3.9 P3.8 | P3.7 | P3.6 - P3.4 - P3.2 | P3.1 P3.0
RW - RW RW RW RW RW RW RW  RW

RW RW RW

Table 66. PORT3 register functions

Bit Name Function
15.0 |P3y Port data register P3 bit y
PORTS3 direction register
PORTS direction register (FFC6/E3) SFR nieset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\ T
DRS.11 . |PP31|DF3T | DPS.1IDPS1| ppgg | DPa.g | DP3.7 |DP36 1'.)%.4 DP3.2 | DP3.1 | DP3.0
RW - RW RW RW RW RW RW RW RwW - - RW RW  RW
Table 67. PORT3 direction register func«nt.c
Bit Name Function
Pcrt direction register DP3 bit y
15.0 |DP3.y ‘0 Purt line P3.y is an input (high-impedance)
| ‘1" Portline P3.y is an output

PORT3 ope: drzin control register

PORTS3 voe:1 drein control register (F1C5/E3) ESFR Reset value: 0000h
15 1« 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ _ |opps. ODP3. | ODP3. | ODP3. | ODP3. | ODP3. | ODP3. ODP3. ODP3. | ODP3. | ODP3.
\ ‘ 13 11 10 9 8 7 6 4 2 1 0
RW - RW RW RW RW RW RW - - RW RW RW
Table 68. PORT3 open drain control register functions
Bit Name Function
Port 3 open drain control register bit y
13.0 |ODP3.y ‘0’: Port line P3.y output driver in push/pull mode
“1’: Port line P3.y output driver in open drain mode
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Alternate functions of PORT3

The pins of PORTS3 serve for various functions which include external timer control lines, two
serial interfaces ASCO0 and SSCO, the control lines BHE/WRH and CLKOUT.

Table 69. PORT3 alternative functions

PORT3
. Name
Pin
P3.0 TOIN CAPCOM1 Timer 0 Count Input
P3.1 T6OUT Timer 6 Toggle Output
P3.2 CAPIN GPT2 Capture Input
P3.3 No pin assigned!
P3.4 T3EUD Timer 3 External Up/Down Input
P3.5 No pin assigned!
P3.6 T3IN Timer 3 Count Input
P3.7 T2IN Timer 2 Count Input
P3.8 MRSTO SSCO0 Master Receive / Slave Transmit
P3.9 MTSRO SSCO Master Transmit / Slave Receive
P3.10 TxDO ASCO Transmit Data Output
P3.11 RxDO ASCO Receive Data Input
P3.12 BHE/WRH | Byte High Enable / Write Higt. Ouitput
P3.13 SCLKO SSCO Shift Clock Input/Cuty ut
P3.14 No pin assigned!
P3.15 CLKOUT | System Cloc!: Ou puit (either prescaled or not through register CLKDIV)
Figure 34. PORT3 I/O and alernate functions
Alternate Fur <tin - ——» a) b)
|4_ i~ |y cLkouT 1
No Pin ™ T SCLKO
“—)F)ﬁglg """ <3 BHE _—>WRH
l<—> P3.11 | [}€«—>» RxDo —
l<—> P3.10 |E TxDO —
l«<—>» P3.9 l«—>» MTSRO —
l«—> P38 - MRSTO —
Port 3 l<—>» P37 l€«—— T2IN —
! [<—>» P36 l¢—— T3IN [
| No Pins <—— T3EUD —
[€<—>» P3.2 l€«—— CAPIN -
[<—> P3.1 |—» TeOUT .
__€>»P30 ___[<—ToN _

General Purpose
Input/Output

The port structure of the PORTS3 pins depends on their alternate function (see Figure 35).

When the on-chip peripheral associated with a PORTS3 pin is configured to use the alternate
input function, it reads the input latch, which represents the state of the pin, via the line
labeled “Alternate Data Input”. PORT3 pins with alternate input functions are TOIN, T2IN,
T3IN_, T3EUD and CAPIN.

When the on-chip peripheral associated with a PORTS3 pin is configured to use the alternate
output function, its “Alternate Data Output” line is ANDed with the port output latch line.
When using these alternate functions, the user software must set the direction of the port
line to output (DP3.y=1) and set the port output latch (P3.y=1). Otherwise, the pin is in its
high-impedance state (when configured as input) or the pin is held at '0' (when the port

574
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output latch is cleared). When the alternate output functions are not used, the “Alternate
Data Output” line is in its inactive state, which is a high level ('1'). PORT3 pins with alternate
output functions are: T6OUT, TxD0 and CLKOUT.

When the on-chip peripheral associated with a PORTS3 pin is configured to use both the
alternate input and output function, the descriptions above apply to the respective current
operating mode. The direction must be set accordingly. PORTS3 pins with alternate input and
output functions are: MTSR0O, MRSTO, RxDO0, TxDO and SCLKO.

Enabling the CLKOUT function automatically enables the P3.15 output driver. Setting bit
DP3.15 = ‘1’ is not required.

Figure 35. Block diagram of PORT3 pin with alternate input or alternate output
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Pin P3.12 (BHE/WRH) is another pin with an alternate output function, however, its structure
is slightly different (see Figure 36). After reset, the BHE or WRH function must be used
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depending on the system start-up configuration. In either of these cases, it is not possible to
program port latches. Thus, the appropriate alternate function is selected automatically. If
BHE/WRH is not used in the system, this pin can be used for general purpose 1/0 by
disabling the alternate function (BYTDIS = ‘1’ / WRCFG="0").

Figure 36. Block diagram of pins P3.15 (CLKOUT) and P3.12 (BHE/WRH)
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Enabling the BH< cr \WRH function automatically enables the P3.12 output driver. Setting bit
DP3.12 = 1’ is no: required.

PORT4

Port 4 is 8-bit port, it can be used for general purpose 1/O, the direction of each line can be
configured via the corresponding direction register DP4.

PORT4 register

PORT4 register (FFC8/E4) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P47 | P4.6 | P45 | P44 | P43 | P42 | P41 | P40

RW RW RW RW RW RW RW RW

Table 70. PORT4 register functions

Bit Name Function

7.0 |P4y Port data register P4 bity
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PORT4 direction register

PORT4 direction register (FFCA/E5) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DP4.7 | DP4.6 | DP4.5 | DP4.4 | DP4.3 | DP4.2 | DP4.1 | DP4.0

RW RW RW RW RW RW RW RW

Table 71. PORT4 direction register functions

Bit Name Function

Port direction register DP4 bit y
7.0 |DP4y ‘0’: Port line P4.y is an input (high-impedance)
“1’: Port line P4.y is an output

For CAN configuration support (see Section 18), PORT4 has an open 2:ain junction,
controlled with the ODP4 register.

PORT4 open drain control register

PORT4 open drain control register (F1CA/E5) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ODP4
.6

ODP4
.5

ODP4

4

[

| QLP/
| .7
|

RW RW RW RW

Table 72. PORT4 open ciair. control register functions

)

Bit Name | Function

Port 4 open drain control register bit y
74 lopeaw ‘0’: Port line P4.y output driver in push/pull mode

| “1”: Port line P4.y output driver in open drain mode if P4.y is not a
| segment address line output

Ovly bits 4, 5, 6 and 7 are implemented, all other bits are read as “0”.

Port 4 pins 0,1, 2, and 3 are connected to external pins 47-50 only if bit P7EN of XMISC
register is zero, that is its default value (see Section 18.3 for XMISC description).

13.7.1 Alternate functions of PORT4

During external bus cycles that use segmentation (that is, an address space above

64 Kbyte), a number of PORT4 pins may output the segment address lines. The number of
pins that is used for segment address output determines the external address space which
is directly accessible. The other pins of PORT4 may be used for general purpose 1/O. If
segment address lines are selected, the alternate function of PORT4 may be necessary to
access, for example, external memory directly after reset. For this reason, PORT4 is
switched to this alternate function automatically.

The number of segment address lines is selected via PORTO during reset. The selected
value can be read from bitfield SALSEL in register RPOH (read only) to, for example, check
the configuration during run time.
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Devices with CAN interfaces use two pins of PORT4 to interface each CAN Module to an
external CAN transceiver. In this case, the number of possible segment address lines is
reduced.

Table 73 summarizes the alternate functions of PORT4 depending on the number of
selected segment address lines (coded via bitfield SALSEL).

Table 73.

PORT4 alternate functions

Pin

Standard function
SALSEL=01 64 Kb

Alternate function
SALSEL=11 256 Kb

Alternate function
SALSEL=00 1 Mb

Alternate function
SALSEL=10 6 Mb

P4.0
P4.1
P4.2
P4.3
P4.4
P4.5
P4.6
P4.7

GPIO

GPIO

GPIO

GPIO
GPIO/CAN2_RxD
GPIO/CAN1-2_RxD
GPIO/CAN1-2_TxD
GPIO/CAN2_TxD

Seg. Address A16
Seg. Address A17
GPIO

GPIO
GPIO/CAN2_RxD
GPIO/CAN1-2_RxD
GPIO/CAN1-2_TxD
GPIO/CAN2_TxD

Seg. Address A16
Seg. Address A17
Seg. Address A18
Seg. Address A19
GPIO/CAN2_RxD
GPIO/CAN1-2_RxD
GPIO/CAN1-2_TxD
GPIO/CAN2 Tx[)

Seg. Address A16
Seg. Address A17
Seg. Address A18
Seg. Addr3s> A1¢
Seg. Alarecs A20
Seg. Aduress A21
' Sing. Address A22
Seg. Address A23

When SALSEL="10’, CAN1 and CANZ2 cannot be used: it i,"eal:s that external memory has
higher priority on CAN alternate function. PORT4 I/O ara aiternate functions

Figure 37. PORT4 I/O and alternate funccug

Alternate Functon ———>» a)

Port 4 (_‘;4,

General Purpose
Input/Output

Ly A23
—» A21
|y A20
Ly A19
| —» A18
|——» A17
L » A16

E—> CAN2_TxD
|3 A22 L3 CAN1_TxD/CAN2_TxD
l&—— CAN1_RxD/ CAN2_RxD

€« CAN2_RxD
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Figure 38. Block diagram of pins P4.0 ... P4.3
Write DP4.y
i “qn N
/\ MUX
Direction 0
Latch
Read DP4.y
Alternate
i Function ——e
] Enable
[2}
>
m Write P4.y Alternate
g i Data — pf 1
9] Output
E utpu MUX D — |y4_).
Port Output N utpu
Latch 0 Buffer
Read P4.y
L Clo~k
1
<] MUX (=—
ole-—— Input
\/ Latch y=3..0
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Figure 39. Block diagram of pin P4.4

2\
Write ODP4.4

Open Drain
—> »o |
Latch MUX
0 —plq |

Read ODP4.4

4_|E|7

Write DP4.4

Direction .

Latch "o
o )
Read DP4.4
¢ Ext. Memory

I Function
Enable

|

n .

" erttip4-4 Ext. Memory

! Data Output —»]" { _D

r Port Output ‘|0MUX| AN D -
n Latch Buter

a

| Read P4.4 o

»w c @
<—
=
c |«
o X |
A A

Clock
\ Input
Latch
XPERCON.1
(CAN2EN)

A

CAN2 FxD
Tote Inpot &

A

=

c |

X o
A

| 1l¢—— P45

XPERCON.0 (R |
(CAN1EN) o
L XMISC.1
R (CANPAR)

1. When SALSEL="10, that is 8-bit segment address lines are selected, P4.4 is dedicated to output the
address; any attempt to use CAN2 on P4.4 is masked
When CAN parallel mode is selected, CAN2_RxD is remapped on P4.5; this occurs only if CAN1 is also
enabled. If CAN1 is disabled, no remapping occurs.
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Figure 40. Block diagram of pin P4.5

VAN

— D 5 -~ 0 ~ 5 —

cm

A
N

Write ODP4.5

Open Drain
Latch

Read ODP4.5

5

Write DP4.5

Direction
Latch

Read DP4.5

T

Write P4.5

Port Output
Latch

Read P4.5

Function
Enable

Ext. Memory
Data Output

Ext. Memory

N

<

T—!
MUX
of¢—

XPERCON.0
(CAN1EN)

CAN1_RxD
Data Input

CAN2_RxD

Data Irput

Xi ERCON.1
(CAN2EN)

XMISC.1
(CANPAR)

Output
Buffer

MUX
ole— P44

address; any attempt to use the CAN1 on P4.5 is masked.
V'hen CAN parallel mode is selected, CAN2_RxD is remapped on P4.5; this occurs only if CAN1 is also
ar.abled. If CAN1 is disabled, no remapping occurs.

Whoen SALSEL=10’, that is 8-bit segment address lines are selected, P4.5 is dedicated to output the
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Figure 41. Block diagram of pin P4.6

4\ Write ODP4.6
Open Drain »[o
Latch g MUX
Read ODP4.6 o 4>|1 -
Write DP4.6
Direction »o
Latch MUX
Read DP4.6 v ‘:|1
1 Ext. Memory
r Function
n Enable
t
e Write P4.6
rr] Ext. Memory v
Port Output Data Output { i
a [0 o
| Latch d MUX D 4746
1 G tpet |
B Read P4.6 v Yy Bu.’sr
u Tle—
s MUX
Ol€—
CAN1_TxD
Data Output 5
MUX |
CAN2_TxD 1 | |
Data Output |
XPERCON.0 A
(CAN1EN) [ — j
Al
XPERCON.1 I
(CAN2EN) —Hj_‘
xmisct |
N (CANP\R)

1. When SALSEL=1C’, t au1s 8-bit segment address lines are selected, P4.6 is dedicated to output the
address; any atter.o. 10 use the CAN1 on P4.6 is masked.
When CAN pa-a''ei mode is selected, CAN2_TxD is remapped on P4.6: this occurs only if CAN1 is also
enablz1. f CANT1 is disabled, no remapping occurs.
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Figure 42. Block diagram of pin P4.7

2™\ Write ODP4.7

Open Drain

Latch

Read ODP4.7

Write DP4.7

Direction

—]<q—

Latch

Read DP4.7

—]q}—

| Write P4.7
n

t

e Port Output
r Latch

n

a Read P4.7
|

c m
4_
=
c <
o x |

A

A

0
Ext. Memory
Function
Enable

Ext. Memory
Data Output 1

MUX

»|0

Clock

Input

Latch

CAN2_TxD
Data Output
XPERCON.1 — —
(CAN2EN)
O
AMISC.1
(CANPAR)
N
1. When SALSEL="10, that is 8-bit segment address lines are selected, P4.7 is dedicated to output the
address; any attempt to use the CAN2 on P4.7 is masked.
When CAN parallel mode is selected, CAN2_TxD is remapped on P4.6: this occurs only if CAN1 is also
enabled. If CAN1 is disabled, no remapping occurs.

PORT?7 is a 4-bit bidirectional I/O port. This port is connected to pins 47-50 only if bit P7EN
of the XMISC register is set (see Section 18.3 for XMISC description). If it is used for
general purpose /O, the direction of each line can be configured using the corresponding
direction register DP7. Each port line can be switched into push/pull or open drain mode by
the open drain control register ODP7.
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PORT?7 register

PORTY7 register (FFDO/E8) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved - - - - P73 | P72 | P71 P7.0

RW RW RW RW

Table 74. PORT?7 register functions

Bit Name Function

3.0 |P7y Port data register P7 bity

PORT?7 direction register

PORT?7 direction register (FFD2/E9) SFR Heset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I DB
Reserved ‘ - DP7.3 |DP7.2 | DP7.1 | DP7.0
|
1

RW RW RW RW

Table 75. PORT?7 direction register func«nt.c

Bit Name Function

Port direction register DP7 bit y
3.0 |DP7y 1 *0’: Port line P7.y is an input (high-impedance)
| 1’ Port line P7.y is an output

PORT?7 ope: drzin control register

PORT? ope a a:ain control register (F1D2/E9) ESFR Reset value: --00h
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved ) ) ) _ | ODP7 | ODP7 | ODP7. | ODP7.
\ 3 2 1 0

RW RW RW RW RW RW RW RW

Table 76. PORT7 open drain control register functions

Bit Name Function

Port 7 open drain control register bit y
3.0 |ODP7.y ‘0’: Port line P7.y output driver in push/pull mode
“1’: Port line P7.y output driver in open drain mode

13.8.1 Alternate functions of PORT7

The four lines of PORT7 (P7.3...P7.0) serve as outputs from the PWM module

(POUTS3...POUTO). At these pins, the value of the respective port output latch is XORed with
the value of the PWM output rather than ANDed, as the other pins do. This permits the use
of the alternate output value either as it is (port latch holds a ‘0’) or invert its level at the pin
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(port latch holds a ‘1’). The PWM outputs must be enabled via the respective PENXx bits in
PWMCONT.

Table 77 summarizes the alternate functions of PORT7.
Table 77. PORT7 alternate functions

Pin Name Alternate function

P7.0 POUTO |PWMO channel 0 output
P7.1 POUT1 | PWMO channel 1 output
P7.2 POUT2 | PWMO channel 2 output
P7.3 POUT3 | PWMO channel 3 output

Figure 43. PORT7 I/O and alternate functions

No Pins
)
I -
l<—> P7.3 —>» POUT3
Port7 |€—»P7.2 —>» POUT2
l<—>» P7.1 —» POUT1
[ €<—> —>» POUTO
General Purpose PWM
Input/Output

The port structures of PO37/ difer in the way the output latches are connected to the
internal bus and to the t'n driver (see Figure 44 and Figure 45).

Pins P7.3...P7.0 ‘(FO\173...POUTO0) XOR the alternate data output with the port latch output,
which permits the se of the alternate data directly or inverted at the pin driver.
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Figure 44. Block diagram of PORT?7 pins P7.3...P7.0

Write ODP7.y

N\ y

Open Drain
Latch

Read ODP7.y

!
<

Write DP7.y

!

Direction
Latch

Read DP7.y

< < Alternate
Data

Internal Bus

Output
Write DP7.y
L Por Date D @
Outy it P7.y/POUT!
> Port Output g Output y y
Latch Buffer
Read P7.v
[}
| Clock
—Y 1 i
« | <] MUX
< > L 0 Input ¢
7 Latch y=3..0

129 PORT5

This 10-bit input port can only read data. There is no output latch and no direction register.
Data written to P5 is lost.
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PORTS5 register

PORTS5 register (FFA2/D1) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P59 | P5.8 | P5.7 | P56 | P55 | P54 | P5.3 | P5.2 | P5.1 P5.0

Table 78. PORTS5 register functions

Bit Name Function

9.0 |P5y Port data register P5 bit y (Read only)

13.9.1 Alternate functions of PORT5

Each line of PORTS5 is also connected to one of the multiplexers of the anclog to digital
converter (ADC). All port lines (P5.9...P5.0) can accept analog signals (AN9...ANO) that can
be converted by the ADC. No special programming is require 1 fc r pins that shall be used as
analog inputs.

Table 79 summarizes the alternate functions of PORT.
Table 79. PORTS5 alternate functions

Port 5 Pin A'tcinate function

P5.0 Analog Input ANO
P5.1 Analog Input AN1
P5.2 Analog Input AN2
P5.3 Analog Input ANQ
P5.4 Anaing Irnnut AN4
P5.5 Ancloy Input ANS
P5.£ Aralog Input AN6
P5.7 Analog Input AN7
5.8 Analog Input AN8
| P5.9 Analog Input AN9

Figure 45. PORTS5 I/0 and alternate functions

Alternate Function ——>»
No Pins

<— P59 €« AN9
l«— P5.8 ANS

Port5 |g P57 < AN7
l«—— P5.6 ‘( ANG
[€<— P55 l¢«—— AN5
l«—— P5.4 ) AN4
l«—— P5.3 €« AN3
l€«—— P5.2 €« AN2
l«—— P5.1 €« AN
l€«—— P5.0 €« ANO
General Purpose A/D Converter

Input Input
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Note:
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PORTS5 pins have a special port structure (see Figure 46), first because it is an input only
port, and second because the analog input channels are directly connected to the pins
rather than to the input latches.

Disturb protection on analog inputs

A register is provided for additional disturb protection support on analog inputs for PORT5.

PORTS5 digital disable register

PORTS5 disturb protection register (FFA4/D2) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2 N o N b e @ ® N © © < @ o - | o
@ %] (] %] %] (7] @ 2] 2] 2] 2] 2] 2] 2] « 2]
o o o o o o =) Q =) a Q a a =) a a
a a a 3 a a =) =) =) =) =) o =) =) ~ o
o |2 2|2 |2 o |8 & |8 8 8| g 2 ¢
a o o o o o |

2
)
S

W

s
=
s
=
|
=
s
=
s
=
ks
=
s
=
s
2
ks
=
k|
=
s
2
b
2
s

Table 80. PORTS5 digital disable register functions

Bit Name Fun~tion

PORTS digital disable regis’er bity
‘0’: Port line P5.y digite( ir.nut is enabled (Schmitt trigger enabled)

‘1”: Port line PE y diyie! Input is disabled (Schmitt trigger disabled,
necessary for oL ut leakage current reduction)

15-0 |P5DIDIS.y

This feature is currently not stioporied by the emulator.

Figure 46. Block diag"am <1 & PORTS pin

\ Channel
/ Select

| Analog
to Sample + Hold Switch
Gt € OND ﬁﬁ 1 P5.y/ANy

Read Port P5.y Clock

O
i i Q/ P5DIDIS.y
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< Latch
Read
\/ Buffer y=15..0

Internal Bus
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14 Analog / digital converter

The ST10F252M provides an analog to digital converter (ADC) with 10-bit resolution and a
sample and hold circuit on-chip. A multiplexer selects between up to 10+6 analog input
channels (alternate functions of PORT5 and PORTO) either via software (fixed channel
modes) or automatically (auto scan modes works automatically among the 10 channels on
PORTS5, or among the 8 channels on PORTO0). An automatic self-calibration adjusts the
ADC module to process parameter variations at each reset event.

The accuracy is guaranteed with a total unadjusted error of + 2LSB on PORT5 and + 5 LSB
on PORTO (+ 7 LSB when overload condition is applied). Refer to Section 27.7 for detailed
characteristics. The sample time (for loading the capacitors) and the conversion time is
programmable and can be adjusted by external circuitry.

To fulfill most requirements of embedded control applications, the ADC suppor.: the
following conversion modes:

e fixed channel single conversion
produces just one result from the selected channel

e fixed channel continuous conversion
repeatedly converts the selected channel

@ auto scan single conversion
produces one result from each of a selecteu ¢roup of channels

® auto scan continuous conversion
repeatedly converts the selected grcu, of channels

e wait for ADDAT read mode
start a conversion automatically when the previous result is read

® channel injection m»nae
insert the conversior. o7 a specific channel into a group conversion (auto scan).

A set of SFRs el peit pins provide access to control functions and results of the ADC.
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Figure 47. SFRs, XBUS registers and port pins associated with the A/D converter

Ports & Direction Control Alternate Functions
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ADCON |[Y Y Y Y Y YYYY-YYYYYY

XMISC --YYYY

Y : Bitis linked to a function
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ADDAT
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P5
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DPOL
POL
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POH
ADDAT
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ADCON
XMISC
ADCIC
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Data Registers

15141312111098 76 543210

YYYY - -YYYYYYYYYY
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Interrupt Control

15141312111098 76 543210
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-------- YYYYYYYY

Port5 Data Register
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A/D Converter . e« 1t F.egister
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A Converter Interrupt Control Register

E.d of Conversion)

A/D Converter Interrupt Control Register
(Overrun Error / Channel Injection)

The external analog referen~z veltages Vager and Vagnp are fixed.

The sample time as well 5 ine conversion time, is programmable, so that the ADC can be
adjusted to the it te rnal resistances of the analog sources and/or the analog reference

voltage supp'y

Figure 48. Analog to digital converter block diagram
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14.1 Mode selection and operation

The analog input channels ANO to AN9 are alternate functions of PORTS5 which is a 10-bit
input-only port. The PORTS lines may either be used as analog or digital inputs. No special
action is required to configure the PORTS5 lines as analog inputs. The additional register
P5DIDIS can be used to further protect the ADC input analog section by disabling the digital
input section. Refer to Section 13.9.2 for details on register P5DIDIS.

The functions of the A/D converter are controlled by the bit-addressable A/D Converter
Control Register ADCON.

Its bit fields specify the analog channel to be acted upon, the conversion mode, and also
reflect the status of the converter.

ADCON (FFAOh / DOh) SFR Reset Value: GQ00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 * 0
AD | AD | AD | AD AD N
ADCTC | ADSTC CRQ| CIN | WR | BSY ADST OFF ADM ADCH
RW RW RW RW RW R RW RW RW RW
Table 81. ADCON functions
Bit Name Tu~ction
15:14 ADCTC | ADC Conversion Time Cznue! ()
13:12 ADSTC |ADC Sample Time Czuiror (V)
11 ADCRQ |ADC Chann2l Inj2ciion Request Flag
10 ADCIN ADC( Cherinel Injection Enable
9 ADWR ADZ Wait for Read Control
e
8 ADBRy |[ASCBusyFlag
1’: a conversion or calibration is active
7 . ADST ADC Start bit
ADC Disable
‘0’: Analog circuitry of A/D converter is on: it can be used properly

i 6 ADOFF “1’: Analog circuitry of A/D converter is turned off (no consumption): non

| conversion possible

ADC Mode Selection

’0 0’: Fixed Channel Single Conversion

5 ADM ’0 1’: Fixed Channel Continuous Conversion
’1 0’: Auto Scan Single Conversion

’1 1’: Auto Scan Continuous Conversion

4:0 ADCH ADC Analog Channel Input Selection

1. ADSTC and ADCTC control the conversion timing. Refer to Section 14.2 on page 134.

Bit field ADCH specifies the analog input channel which is to be converted (first channel of a
conversion sequence in auto scan modes). Bit field ADM selects the operating mode of the
ADC. A conversion (or a sequence) is started by setting bit ADST. Clearing ADST stops the
ADC after a specified operation which depends on the selected operating mode.

The busy flag (read-only) ADBSY is set, as long as a conversion is in progress. After reset,
this bit is set because the self-calibration is ongoing (duration of self-calibration depends on
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CPU clock: it takes up to 40.629 + 1 clock pulses). The user software can poll this bit to
determine when the first conversion can be launched.

The result of a conversion is stored in the result register ADDAT, or in ADDAT2 for an
injected conversion.

Bit field CHNR of register ADDAT is loaded by the ADC to indicate, which channel the result
refers to. Bit field CHNR of register ADDAT2 is loaded by the CPU to select the analog
channel, which is to be injected.

ADDAT register

ADDAT register (FEA0/50) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHNR - - ADRES
RW - - RW \

ADDAT2 register

ADDAT2 register (F9A0/50) SFR rieset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHNR - - ADRES
RW - - \J RW

Table 82. ADDAT and ADDAT2 reyi<cers functions

Bit Name Function
15.12 |CHNR | Channel number (4-bit, identifies the converted analog channel)
9.0 |ADRES Analog to digital conversion result (10-bit)

A conversior. is started by setting bit ADST to ‘1°. The busy flag ADBSY is set and the
conveit*e; selects and samples the input channel, which is specified by the channel selection
fielu ADCH in register ADCON. The sampled level is held internally during the conversion.
Viihen the conversion of this channel is complete, the 10-bit result together with the number
of the converted channel is transferred into the result register ADDAT and the interrupt
request flag ADCIR is set. Field ADCH represents the channel of PORT5 (Oh = channel 0,
1h = channel 1, ..., 9h = channel 9).

If bit ADST is reset via software while a conversion is in progress, the ADC stops after the
current conversion (fixed channel modes) or after the current conversion sequence (auto
scan modes).

Setting bit ADST, while a conversion is running, aborts this conversion and starts a new
conversion with the parameters specified in ADCON.

Abortion and restart (see above) are triggered by bit ADST changing from ‘0’ to ‘1’, that is,
ADST must be ‘0’ before being set.

While a conversion is in progress, the mode selection field ADM and the channel selection
field ADCH may be changed. ADM is evaluated after the current conversion. ADCH is
evaluated after the current conversion (fixed channel modes) or after the current conversion
sequence (auto scan modes).
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14.1.1

14.1.2

Fixed channel conversion modes

These modes are selected by programming the mode selection field ADM in register
ADCON to ‘00’ (single conversion) or to ‘01’ (continuous conversion). After starting the
converter through bit ADST, the busy flag ADBSY is set and the channel specified in bit field
ADCH is converted. After the conversion is complete, the interrupt request flag ADCIR (bit 7
of ADCIC register; Section 14.3) is set.

® In single conversion mode, the converter automatically stops and resets bits ADBSY
and ADST.

® In continuous conversion mode, the converter automatically starts a new conversion of
the channel specified in ADCH. ADCIR is set after each completed conversion.

When bit ADST is reset by software while a conversion is in progress, the converter
completes the current conversion and then stops and resets bit ADBSY.

Auto scan conversion modes

These modes are selected by programming the mode selection field ADK in register
ADCON to ‘10’ (single conversion) or to ‘11’ (continuous conversior.). Auto scan modes
automatically convert a sequence of analog channels, beginr.iry with the channel specified
in bit field ADCH and ending with channel 0, without requiiing software to change the
channel number. If the ADCH value is greater than 9k, \Ye sequence starts converting the
nonexistent channel; this corresponds to an unpracictaole result, since the input of ADC is
left floating.

After starting the converter through bit ADGT, the busy flag ADBSY is set and the channel
specified in bit field ADCH is converte. /\fter the conversion is complete, the interrupt
request flag ADCIR is set anc the converter automatically starts a new conversion of the
next lower channel. ADCIR %et cfter each completed conversion. After conversion of
channel 0 the current se jLence is complete.

® In single conveisiar mode the converter automatically stops and resets bits ADBSY
and ADST.

® In coniinucus conversion mode the converter automatically starts a new sequence
bocinning with the conversion of the channel specified in ADCH.

‘W-en bit ADST is reset by software while a conversion is in progress, the converter
cunpletes the current sequence (including conversion of channel 0) and then stops and
resets bit ADBSY.
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Figure 49. Auto scan conversion mode example

Conversion #3 #2 #1 #0 #3 #2
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Generate Interrupt
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ADDAT Full / NyE R YN LI .
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ADDAT Full;
Channel 0
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Read of ADDAT; e
Result of Channel: #x #3 #2 #1 #2

Overrun Error 'n.orrupt Request

14.1.3 Wait for ADDAT read mode

If, in the default mode of the ADC, a previous conversion esult has not been read out of
register ADDAT by the time a new conversion is colete, the previous result in register
ADDAT is lost because it is overwritten by the now value and the analog to digital overrun
error interrupt request flag ADEIR (bit 7 ¢f A'UE!C register; see Section 14.3) is set.

To avoid error interrupts and the loss »f conversion results, especially when using
continuous conversion modes. the ADC can be switched to “Wait for ADDAT read mode” by
setting bit ADWR in register ADCON.

If the value in ADDAT hac 1.9t been read by the time the current conversion is complete, the
new result is stored i1 2 .emporary buffer and the next conversion is suspended (ADST and
ADBSY remain set .\ the meantime but no end-of-conversion interrupt is generated). After
reading the pre nous value from ADDAT, the temporary buffer is copied into ADDAT
(gene.ating an ADCIR interrupt) and the suspended conversion is started. This mechanism
aprlies 0 both single and continuous conversion modes.

Note: While in standard mode, continuous conversions are executed at a fixed rate (determined by

the conversion time), in “Wait for ADDAT read mode” there may be delays due to suspended
conversions. However, this only affects the conversions, if the CPU (or PEC) cannot keep
track with the conversion rate.
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Figure 50. Wait for read mode example

Conversion #3 #2 #1 #0 #3
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Result of Channel: #X #3 #2 #1 #)

14.1.4 Channel injection mode

Channel injection mode allows the conversion of a specific anaiog channel (also while the
ADC is running in a continuous or auto scan mode) vitt.2ut changing the current operating
mode. After the conversion of this specific chanrzl, txe ADC continues with the original
operating mode.

Channel injection mode is enabled by se.'ina bit ADCIN in register ADCON and requires the
Wait for ADDAT read mode (ADWR="1") ‘The channel to be converted in this mode is
specified in bit field CHNR of r=gisier ADDAT2.

Note: These four bits in ADDAT.’ aie not modified by the ADC, but only the ADRES bit field. Since
the channel number for an injected conversion is not buffered, bitfield CHNR of ADDAT2 is
never modified ¢"1ing e sample phase of an injected conversion, otherwise the input
multiplexer switches to the new channel. It is recommended to only change the channel
number wi:h nc injected conversion running.

Figure 51. Chianei injection example

Cooversion #X #x-1 #x-2 #x-3 #x-4 #...

S ANDITN T

v v v J v v

Write ADDAT #x+1 #X #x-1 #x-2 #x-3 #x-4
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_______________ VA R VARV U AU A0 A0 I UL B
Read ADDAT T #x+1 T #x T #x-1 T#x-2 T#X-3 T#x-4
#y
Channel Injection

Injected Conversion Request by CC31 (L

of Channel #y Write ADDAT.

v

ADDAT?2 Full |

Interrupt Request
ADEINT
Read ADDAT2 i
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Note:

Note:
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A channel injection can be triggered by set the channel injection request bit ADCRQ via
software.

While an injected conversion is in progress, no further channel injection request can be
triggered. The channel injection request flag ADCRQ remains set until the result of the
injected conversion is written to the ADDATZ2 register.

If the converter was idle before the channel injection, and during the injected conversion the
converter is started by software for normal conversions, the channel injection is aborted,
and the converter starts in the selected mode (as described above). This can be avoided by
checking the busy bit ADBSY before starting a new operation.

After completing the current conversion (if any is in progress), the converter starts (injects)
the conversion of the specified channel. When the conversion of this channel is complete,
the result is placed into the alternate result register ADDAT2, and a channel injectior.
complete interrupt request is generated, which uses the interrupt request flag ADE (R (for
this reason the Wait for ADDAT read mode is required).

If the temporary data register used in Wait for ADDAT read mode is full. te espective next
conversion (standard or injected) is suspended. The temporary regicter can hold data for
ADDAT (from a standard conversion) or for ADDATZ2 (from an inie 2tod conversion).
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Figure 52. Channel injection example with wait for read
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14.1.5

ADC power down (ADOFF)

Setting bit ADOFF in ADCON register, turns off the ADC and zeroes the static power
consumption related with ADC analog circuitry. If this bit is set during a conversion, the
command is ignored (even though the ADOFF bit is immediately set); only at the end of the
conversion (or sequence of conversions if SCAN mode was selected), is the ADC switched
off (as soon as the ADBSY bit is cleared).

When ADC is off (ADOFF bit set), setting bit ADST automatically wakes up the ADC and a
conversion starts; the accuracy is unfortunately not yet granted, since the analog circuitry
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Note:
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needs at least 50 ps to complete the power-up transient phase. Clear the ADOFF bit first,
and start the first conversion only after 50 ps.

If bit ADOFF is set and when ADST is also set, at the end of the conversion (or cycle of
conversions if SCAN mode is selected), the ADC is switched off (as soon as ADBSY is
cleared).

Turning off ADC consumption (setting bit ADOFF) should be done once the calibration is
completed (starts after every reset occurrence); if not, the calibration is stopped by setting
bit ADOFF and not restarted/completed when bit ADOFF is cleared again.

Conversion timing control

When a conversion is started, first the capacitances of the converter are loaded via the
respective analog input pin to the current analog input voltage. The time to load the
capacitances is referred to as sample time. Next the sampled voltage is converted 10 a
digital value in several successive steps, which correspond to the 10-bii rosc.lution of the
ADC. During these steps the internal capacitances are repeatedly cha-qe:d and discharged
via the VAREF pin.

The current that has to be drawn from the sources for samnling and changing charges
depends on the time that each respective step takes, bocar'se the capacitors must reach
their final voltage level within the given time, at leact *vith a certain approximation. The
maximum current, however, that a source can d:liver, depends on its internal resistance.

The time that the two different actions 2:iring conversion take (sampling, and converting)
can be programmed within a certain iang 2 in the ST10F252M with respect to the CPU
clock. The absolute time that is corsumed by the different conversion steps is independent
of the general speed of the conuoller. This allows the ADC of the ST10F252M to be
adjusted to the properties ot the system.

@ Fast conversicr car be achieved by programming the respective times to their
absolute peesihli minimum. This is preferable for scanning high frequency signals.
However, ‘.2 internal resistance of analog source and analog supply must be
sumaenuy low.

® High internal resistance can be achieved by programming the respective times to a
higher value, or the possible maximum. This is preferable when using analog sources
and supply with a high internal resistance to keep the current as low as possible. The
conversion rate in this case may be considerably lower.

The ADC input bandwidth is limited by the achievable accuracy. For example, supposing a
maximum error of 0.5LSB (2 mV) impacting the global TUE (TUE also depends on other
causes), in the worst case of temperature and process, the maximum frequency for a sine
wave analog signal is around 7.5 kHz. To reduce the effect of the input signal variation on
the accuracy down to 0.05LSB, the maximum input frequency of the sine wave is reduced to
800 Hz.

If a static signal is applied during the sampling phase, the series resistance is not greater
than 20 kQ (this takes into account any possible input leakage). Do not connect any
capacitance on analog input pins to reduce the effect of charge partitioning (and consequent
voltage drop error) between the external and the internal capacitance. If an RC filter is
necessary, the external capacitance must be greater than 10 nF to minimize the accuracy
impact.
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The conversion times are programmed via the upper four bits of register ADCON. Bit fields
ADCTC and ADSTC are used to define the basic conversion time and, in particular, the
partition between sample phase and comparison phases. The table below lists the possible
combinations. The timings refer to the unit TCL, where fgpy = 1/2TCL.

Table 83. ADC programming

ADCTC | ADSTC Sample Comparison Extra Total conversion
00 00 TCL * 120 TCL * 240 TCL * 28 TCL * 388
00 01 TCL * 140 TCL * 280 TCL* 16 TCL * 436
00 10 TCL * 200 TCL * 280 TCL * 52 TCL * 532
00 11 TCL * 400 TCL * 280 TCL * 44 TCL * 724
11 00 TCL * 240 TCL * 480 TCL * 52 TCL* /72
11 01 TCL * 280 TCL * 560 TCL * 28 TCL*868 |
11 10 TCL * 400 TCL * 560 TCL*100 |  TCL*1060
11 11 TCL * 800 TCL * 560 TCL*52 | TCL*1444
10 00 TCL * 480 TCL * 960 TC.* 100 TCL * 1540
10 01 TCL * 560 TCL * 1120 - TCL* 52 TCL * 1732
10 10 TCL * 800 TCL*1120 | TCL*196 TCL * 2116
10 11 TCL * 1600 TCl " 1145 TCL * 164 TCL * 2884

The complete conversion time includes the conversion itself, the sample time and the time
required to transfer the digita! valuc to the result register.

Note: The total conversion time is compatible with the formula valid for ST10F269, while the
meaning of the bit fielzs ANI2CTC and ADSTC is no longer compatible: the minimum
conversion time is 3% TCL, which at 40 MHz CPU frequency corresponds to 4.85 us (see
ST10F269).

14.3 ATC interrupt control

At the end of each conversion, the interrupt request flag ADCIR in the interrupt control
register ADCIC is set. This end-of-conversion interrupt request may cause an interrupt to
vector ADCINT or it may trigger a PEC data transfer which reads the conversion result from
register ADDAT, for example, to store it in a table in the internal RAM for later evaluation.

The interrupt request flag ADEIR in the register ADEIC is set if either a conversion result
overwrites a previous value in register ADDAT (error interrupt in standard mode) or if the
result of an injected conversion has been stored in ADDAT2 (end-of-injected-conversion
interrupt). This interrupt request may be used to cause an interrupt to vector ADEINT or it
may trigger a PEC data transfer.
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ADC interrupt control

ADCIC register (FF98/CC) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC | ADC
R e ILVL GLVL
RW RwW RW RW
ADEIC register (FFOA/CD) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADE | ADE
R & ILVL GLVL
RW RW RW Rv'
Note: Refer to the general interrupt control register description (Section 9.1.2) for an xplanation

of the control fields.

144 Calibration

A full calibration sequence is performed after a reset. 17" full calibration lasts 40.629 + 1
CPU clock cycles. During this time, the busy flag ~CRZY is set to indicate the operation. It
compensates for any capacitance mismatch, so tha calibration procedure does not need
any update during normal operation.

No conversion can be performed during this time. The bit ADBSY can be polled to verify
when the calibration is over, and the module is able to start a conversion.

Since the calibration proc:ass writes repeatedly spurious conversion results to the ADDAT
register, at the end of thc calivration, both ADCIR and ADEIR flags are set. For this reason,
before starting a cor.varsion, the ADC initialization routine performs a dummy read of
ADDAT register aad ciears the two flags.

Note: If ADDAT is 1not read before starting the first conversion and, for example, “wait for read
mode’ i< eniered (ADWR bit set), the ADC is stack waiting for the ADDAT read, since the
rest.'t ot the current conversion cannot be immediately written to ADDAT, which contains the
rosuits of the calibration (meaningless data).
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15 Programmable output clock divider

15.1 Functionality

A specific register mapped on the XBUS allows to choose the division factor on the
CLKOUT signal (P3.15). This register is mapped on X-Miscellaneous memory address

range.
XCLKOUTDIV (EB02h) XBUS Reset Value: - - 00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5N I N N N N EN
RwW

Table 84. CLKOUTDIV functions

Bit Name Function

Clock Divider setting
‘00h™ foLkout = fepu
01h’: forkout = fepu / 2
7:0 DIV ‘02h’: fo kouT = fepu / 3
‘03h": forkout = fopu 7 4

‘FFh’: fCLKO~ IT= rCPU / 256

When the CLKOUT function is enabled by setting bit CLKEN of register SYSCON, by default
the CPU clock is output »r. F3..5. Setting bit XMISCEN of register XPERCON and bit XPEN
of register SYSCON rrog-ains the clock prescaling factor. In this way, a prescaled value of
the CPU clock is oitp.uion P3.15.

When the CI KOUT function is not enabled (bit CLKEN of register SYSCON cleared), P3.15
does r-ot output any clock signal, even though the XCLKOUTDIV register is programmed.
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16 Serial channels
Serial communication with other microcontrollers, microprocessors, terminals or external
peripheral components is provided by up to four serial interfaces: two asynchronous /
synchronous serial channels (ASC0 and ASC1) and two high-speed synchronous serial
channel (SSCO and SSC1). Dedicated baudrate generators set up all standard baudrates
without the requirement of oscillator tuning. For transmission, reception and erroneous
reception, separate interrupt vectors are provided for ASCO and SSCO serial channel. A
more complex mechanism of interrupt sources multiplexing is implemented for ASC1 and
SSC1 (XBUS mapped).
16.1 Asynchronous / synchronous serial interfaces
The asynchronous / synchronous serial interfaces (ASCO and ASC1) provides serial
communication between the ST10F252M and other microcontrollers, riicroniocessors or
external peripherals.
16.2 ASCx in asynchronous mode
In asynchronous mode, 8- or 9-bit data transfer, pcrity generation and the number of stop
bits can be selected. Parity framing and over. i, error detection is provided to increase the
reliability of data transfers. Transmissiun and reception of data is double-buffered. Full-
duplex communication up to 1.25 Mbeud (at 40 MHz of fopyy) is supported in this mode.
Table 85. ASC asynchronous baudraes by reload value and deviation errors (fcpy = 40 MHz)
SOBRS = ‘0", fcpy = 40 MKz SOBRS = ‘1’, fcpy = 40 MHz
Baudrate (baud) | Deviatini: e yor Reload value Baudrate (baud) | Deviation error Reload value
(hex) (hex)
1250 000 —0-.0% /0.0% 0000 / 0000 833 333 0.0% /0.0% 0000 / 0000
112 00C +1.5% / -7.0% 000A / 000B 112 000 +6.3% / -7.0% 0006 / 0007
{8 00 +1.5% /-3.0% 0015/0016 56 000 +6.3% / -0.8% 000D / 000E
06 400 +1.7% / -1.4% 001F / 0020 38 400 +3.3% / -1.4% 0014 /0015
19 200 +0.2% / -1.4% 0040/ 0041 19 200 +0.9% / -1.4% 002A /002B
9 600 +0.2% / -0.6% 0081 /0082 9 600 +0.9% / -0.2% 0055 / 0056
4 800 +0.2% / -0.2% 0103/0104 4 800 +0.4% / -0.2% 00AC / 00AD
2400 +0.2% / 0.0% 0207 / 0208 2400 +0.1% / -0.2% 015A/015B
1200 0.1%/0.0% 0410/ 0411 1200 +0.1% /-0.1% 02B5/ 02B6
600 0.0% /0.0% 0822 /0823 600 +0.1% / 0.0% 056B / 056C
300 0.0% / 0.0% 1045/ 1046 300 0.0% / 0.0% 0AD8 / 0AD9
153 0.0% /0.0% 1FE8/1FE9 102 0.0% /0.0% 1FE8/1FE9
Note: The deviation errors given in the Table 85 are rounded off. To avoid deviation errors use a
baudrate crystal (providing a multiple of the ASCO sampling frequency).
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16.3 ASCx in synchronous mode
In synchronous mode, data is transmitted or received synchronously to a shift clock which is
generated by the ST10F252M. Half-duplex communication up to 5 Mbaud (at 40 MHz of
fcpu) is possible in this mode.
Table 86. ASC synchronous baudrates by reload value and deviation errors (fcpy = 40 MHz)
SO0BRS = ‘0’, fcpy = 40 MHz SO0BRS = ‘1’, fcpy = 40 MHz
Baudrate (baud) | Deviation error Relo(.;:):/)alue Baudrate (baud) | Deviation error Relo(z:):/)alue
5000 000 0.0% /0.0% 0000 / 0000 3333 333 0.0% /0.0% 0000 / 0000
112 000 +1.5% / -0.8% 002B / 002C 112 000 +2.6% / -0.8% 001C /30.D
56 000 +0.3% / -0.8% 0058 / 0059 56 000 +0.9% / -0.8% O3k / OOEB
38 400 +0.2% / -0.6% 0081 /0082 38 400 +0.9% / -0.2% \ :055 / 0056
19 200 +0.2% / -0.2% 0103/0104 19 200 +0.4% /- 0.2“7., 00AC / 00AD
9 600 +0.2%/0.0% | 0207 /0208 9600 +C1%/-02% | O015A/015B
4 800 +0.1% / 0.0% 0410/ 0411 4 800 X! 40.1% /-0.1% 02B5 / 02B6
2400 0.0% /0.0% 0822 / 0823 2 400 +0.1% / 0.0% 056B / 056C
1200 0.0% /0.0% 1045/ 1046 1 ’/.E)_ 0.0% /0.0% 0AD8 / 0AD9
900 0.0%/ 0.0% 1682/1583 | 600 0.0% /0.0% 1582/ 15B3
612 0.0% / 0.0% 1FE8/1FE9 | 407 0.0% / 0.0% 1FFD / 1FFE
Note: The deviation errors giver. i u e Table 86 are rounded off. To avoid deviation errors use a
baudrate crystal (providir:a & multiple of the ASCO sampling frequency).
16.4 High sfreed synchronous serial interfaces

Thz Hign-Speed Synchronous Serial Interfaces (SSCO and SSC1) provides flexible high-
sneed serial communication between the ST10F252M and other microcontrollers,

rnicroprocessors or external peripherals.

The SSCx supports full-duplex and half-duplex synchronous communication. The serial
clock signal can be generated by the SSCx itself (master mode) or be received from an
external master (slave mode). Data width, shift direction, clock polarity and phase are

programmable.

This allows communication with SPI-compatible devices. Transmission and reception of data
is double-buffered. A 16-bit baudrate generator provides the SSCx with a separate serial
clock signal. The serial channel SSCx has its own dedicated 16-bit baudrate generator with
16-bit reload capability, allowing baudrate generation independent from the timers.

Table 87 lists some possible baudrates against the required reload values and the resulting
bit times for the 40 MHz CPU clock. The maximum is limited to 8 Mbaud.
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Table 87. Synchronous baudrate and reload values (fcpy = 40 MHz)

Baudrate Bit time Reload value
Reserved - 0000h
Can be used only with fcpy = 32 MHz (or lower) - 0001h
6.6 Mbaud 150ns 0002h
5 Mbaud 200ns 0003h
2.5 Mbaud 400ns 0007h
1 Mbaud 1ps 0013h
100 Kbaud 10us 00C7h
10 Kbaud 100ps 07CFH
1 Kbaud ims f.EFH ]
306 baud 3.26ms " FF4ER
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I2C interface

The integrated I°C Bus Module handles the transmission and reception of frames over the
two-line SDA/SCL in accordance with the 1°C Bus specification. The 1°C Module can
operate in slave mode, in master mode or in multi-master mode. It can receive and transmit
data using 7-bit or 10-bit addressing. Data can be transferred at speeds up to 400 Kbit/s
(both Standard and Fast I°C bus modes are supported).

The module can generate three different types of interrupt:

® requests related to bus events, such as start or stop events, or arbitration lost
® requests related to data transmission

® requests related to data reception

These requests are issued to the interrupt controller by three different lines, anc ‘a=ntiied as
Error, Transmit, and Receive interrupt lines.

When the 1°C module is enabled by setting bit XI2CEN in XPERCON regizter, pins P4.4 and
P4.7 (where SCL and SDA are respectively mapped as alternate ‘unc ions) are
automatically configured as bidirectional open-drain: the valu=> «f tie external pull-up
resistor depends on the application. P4, DP4 and ODP4 ~annc! influence the pin
configuration.

When the I2C cell is disabled (clearing bit XI2CFEiN), F4.4 and P4.7 pins are standard I/ O
controlled by P4, DP4 and ODPA4.

The speed of the 12C interface can be selcied between Standard mode (0 to 100 kHz) and
Fast 1°C mode (100 to 400 kHz).
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Note:
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Note:
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CAN modules

The two integrated CAN modules (CAN1 and CAN2) are identical and handle the
completely autonomous transmission and reception of CAN frames in accordance with the
CAN specification V2.0 part A and B (active).

These two CAN modules are different with respect to the ones implemented on ST10F269.

The new module is based on C-CAN module characteristics. The following system

resources are used to interface the module with the ST10 core:

® Interrupt of CAN1 and CAN2 are connected to the XBUS interrupt lines: refer to
Section 18.2 for details.

® Both CAN modules have to be selected, before the bit XPEN is set in SYSCON
register, by setting the proper bit in XPERCON register.

o After reset, CAN1 is enabled by default (see the reset value of the XPERTCN register).
The CAN2 is not enabled.

This peripheral uses the new clock gating feature.

When the clock is gated, no reset is raised once the EINIT inctruciion has been executed.

Memory and pin mapping

CAN1 mapping

Address range 00’EFO00h - 00’'EFFFh is reserved for the CAN1 module access. The CAN1 is
enabled by setting bit XPEN of t\he SYSCON register and bit 0 of XPERCON register.
Accesses to the CAN mncule 1.se: demultiplexed addresses and a 16-bit data bus (only word
accesses are possible:). 1v¢ wait states give an access time of 83.34 ns at 40 MHz CPU
clock. No tristate wali. siate is used.

After reset, CAN is enabled by default (see the reset value of the XPERCON register). It is
availatiie o pins P4.5 and P4.6.

UAN2 mapping

Address range 00’EEQOOh - O0’EEFFh is reserved for the CAN2 module access. The CAN2 is
enabled by setting bit XPEN of the SYSCON register and bit 1 of the XPERCON register.
Accesses to the CAN module use demultiplexed addresses and a 16-bit data bus (only word
accesses are possible). Two wait states give an access time of 83.34 ns at40 MHz CPU
clock. No tristate wait state is used.

After reset, CAN2 is disabled by default (see the reset value of the XPERCON register).
Once enabled, it is available on pins P4.4 and P4.7.

If one or both CAN modules are used, PORT4 cannot be programmed to output all 8
segment address lines. Thus, only 4 segment address lines can be used, reducing the
external memory space to 1 Mbyte.
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18.1.3 Register summary
Table 88 and Table 89 summarize the CAN modules register mapping
Table 88. CAN1 register mapping
Address Description Reset
00 EFOO | CANT1: CAN Control Register 0001
00 EF02 | CANT1: Status Register 0000
00 EFO4 | CANT1: Error Counter 0000
00 EF06 | CANT1: Bit Timing Register 2301
00 EFO8 | CANT: Interrupt Register 0000
00 EFOA | CAN1: Test Register onvo
00 EFOC | CAN1: BRP Extension Register IR L_ 2000
00 EF10 | CANT1: IF1 Command Request 0001
00 EF12 CAN1: IF1 Command Mask B 0000
00 EF14 CANT1: IF1 Mask 1 FFFF
00 EF16 CAN1: IF1 Mask 2 FFFF
00 EF18 CANT1: IF1 Arbitration 1 0000
00 EF1A | CANf1: IF1 Arbitration 2 0000
00 EF1C | CANT: IF1 Message Conrol 0000
00 EF1E |CANf1:IF1 Data A 1 0000
00 EF20 CANT1: IF1 Datc A 2 0000
00 EF22 CAN1: 1’1 L_:ta 81 0000
00EF24 |CA:lv* !IF1 Data B 2 0000
00 EFAC | CAN1: IF2 Command Request 0001
00E.-42 |CAN1: IF2 Command Mask 0000
i_ ?‘C EF44 CANT1: IF2 Mask 1 FFFF
7 00 EF46 CANT1: IF2 Mask 2 FFFF
00 EF48 CAN1: IF2 Arbitration 1 0000
00 EF4A | CANf1: IF2 Arbitration 2 0000
00 EF4C | CANT1: IF2 Message Control 0000
00 EF4E | CANf1:IF2 Data A 1 0000
00 EF50 CANT1: IF2 Data A 2 0000
00 EF52 CAN1: IF2 Data B 1 0000
00 EF54 CAN1: IF2 Data B 2 0000
00 EF80 | CANT1: Transmission Request 1 0000
00 EF82 | CANT1: Transmission Request 2 0000
00 EF90 |CANT1: New Data 1 0000
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Table 88. CAN1 register mapping (continued)
Address Description Reset
00 EF92 CANT1: New Data 2 0000
00 EFAO | CANT1: Interrupt Pending 1 0000
00 EFA2 | CANT1: Interrupt Pending 2 0000
00 EFBO | CAN1: Message Valid 1 0000
00 EFB2 | CAN1: Message Valid 2 0000
Table 89. CAN2 register mapping
Address Description Recet
00 EEO0 | CAN2: CAN Control Register _0“01
00 EE02 |CAN2: Status Register 1 o000
00 EE04 | CAN2: Error Counter » 0000
00 EE06 | CAN2: Bit Timing Register 2301
00 EE08 | CAN2: Interrupt Register 0000
00 EEOA | CAN2: Test Register 00x0
00 EEOC | CAN2: BRP Extension Register ) 0000
00EE10 |CAN2: IF1 Command Reouas. 0001
00EE12 |CAN2: IF1 Command Mas' 0000
00 EE14 CAN2: IF1 Mask 1 FFFF
00EE16 |CAN2: IF1MaskZ | FFFF
00 EE18 | CAN2: 'F'1 Arbitration 1 0000
00 EE1A l_f,‘ir\._z:_l F1 Arbitration 2 0000
00 CE1C | CAN2: IF1 Message Control 0000
| UXEEIE |CAN2:IF1 Data A1 0000
| 00EE20 |CAN2:IF1Data A2 0000
00 EE22 CAN2: IF1 Data B 1 0000
00 EE24 CAN2: IF1 Data B 2 0000
00 EE40 |CAN2: IF2 Command Request 0001
00 EE42 | CAN2: IF2 Command Mask 0000
00 EE44 CAN2: IF2 Mask 1 FFFF
00 EE46 CAN2: IF2 Mask 2 FFFF
00 EE48 CAN2: IF2 Arbitration 1 0000
00 EE4A | CAN2: IF2 Arbitration 2 0000
00 EE4C | CAN2: IF2 Message Control 0000
00 EE4E | CAN2: IF2 Data A 1 0000
00 EE50 CAN2: IF2 Data A 2 0000
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Table 89. CAN2 register mapping (continued)

Address Description Reset
00 EE52 CAN2: IF2 Data B 1 0000
00 EE54 |CAN2: IF2 Data B 2 0000
00 EE80 | CAN2: Transmission Request 1 0000
00 EE82 | CAN2: Transmission Request 2 0000
00 EE90 |CAN2: New Data 1 0000
00 EE92 |CAN2: New Data 2 0000
00 EEAO0 | CAN2: Interrupt Pending 1 0000
00 EEA2 | CAN2: Interrupt Pending 2 5000
00 EEBO | CAN2: Message Valid 1 "~ 0000 |
00 EEB2 |CAN2: Message Valid 2 A\ | 0000

18.2 Interrupt

Up to four interrupt control registers (XIRXSEL, x =- C, .. 2, 3) are provided to select the
source of the XBUS interrupt. One line for each inad'uie is provided and linked differently to
one of the XPxIC registers (x =0, 1, 2, 3). In ~z-ucular, two interrupt lines are available on
the following interrupt vectors:

e CAN1 XPOINT XPSINT

e CAN2 XP1INT XP3INT

Refer to Section 9.2 fcr clerails.

When interruntinle power down mode is entered, both CAN1 and CAN2 lines can be used to
wake-ur the device from low power mode without resetting it, restarting the application from
where it was stopped before the execution of PWRDN instruction.

Reter to Section 9.1.

Y
2
W)

Configuration support

It is possible that both CAN controllers are working on the same CAN bus, together
supporting up to 64 message objects. In this configuration, both receive signals and both
transmit signals are linked together when using the same CAN transceiver. This
configuration is supported by providing open drain outputs for the CAN1_TxD and
CAN2_TxD signals. The open drain function is controlled with the ODP4 register for PORT4.
In this way it is possible to connect together P4.4 with P4.5 (receive lines) and P4.6 with
P4.7 (transmit lines configured to be configured as open-drain).

The user software can also internally map both CAN modules on the same pins P4.5 and
P4.6. In this way, P4.4 and P4.7 may be used as general purpose input and output lines.
This is possible by setting bit CANPAR of XMISC register. To access this register, set bit
XMISCEN of XPERCON register and bit XPEN of SYSCON register.
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CAN parallel mode is possible only if both CAN1 and CANZ2 are enabled through the setting
of bits CAN1EN and CAN2EN in XPERCON register. If CAN1 is disabled, CAN2 remains on
P4.4/P4.7 even if bit CANPAR is set.

XMISC register

XMISC register (EB46h) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P34E VREG | CANC | CANP
N |P7EN| oFF | k2 | AR

RW RW RW RW RW

Table 90. XMISC register functions

Bit Name Function

Port pin P3.4 enable on Port pin P1H.0
5 P34EN ‘0’ pins 0 of Port1(P1H.0) is connected to ex’eino! pin 89
‘1’ pins 4 of Port3 (P3.4) is connectec (0 =xternal pin 89

Port 7[3:0] enable on Port4[3:0]
4 P7EN ‘0’ pins 3:0 of Port4 are conr.cc.au 10 external pins 47-50
‘1’ pins 3:0 of Port7 are conr2cted to external pins 47-50

Main Voltage Peqiicio- uisable in Power-Down mode

‘0’: On-chip Ma’n Regulator is held active when Power-Down mode is
3 VREGOFF entered

“1’: On-chip Main Regulator is turned off when Power-Down mode is
enterad

| CAN Clock divider by 2 disable

‘0’: Clock provided to CAN modules is CPU clock divided by 2
(mandatory when fgpy is higher than 40MHz)

1’: Clock provided to CAN modules is directly CPU clock

2 CANT2

CAN parallel mode selection

} ‘0’: CAN2 is mapped on P4.4/P4.7, while CAN1 is mapped on
; P4.5/P4.6

1 CANPAR ‘1 CAN1 and CAN2 are mapped in parallel on P4.5/P4.6. This is
effective only if both CAN1 and CAN2 are enabled through setting of
bits CAN1EN and CAN2EN in XPERCON register. If CAN1 is disabled,
CAN2 remains on P4.4/P4.7 even if bit CANPAR is set.

Configuration examples

Figure 53, Figure 54, Figure 55 and Figure 56 show different configuration examples, where
the two CAN controllers of the ST10F252M are working on the same CAN bus or on
different CAN busses.

Wired-OR connections to a CAN bus use open drain outputs as described above. A
wired-OR structure can be used for on-board data exchange between two or more controller
devices via one signal line. As no CAN transceiver is used in this case, the maximum wire
length is very limited (<< 1 m) and noise conditions must be considered.
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Finally, when only one bus is interfaced, the parallel mode for the two on-chip CAN modules
allows a doubling of the buffer capability and the saving two pins for other functionalities.
The receive lines are internally tied together, while the transmit lines from the two modules
are logically ANDed on the single pin. This assigns the active value to the pin as driven by
one of the two (for CAN protocol logic level ‘1’ is the inactive state, so the non-transmitting
CAN module, allows the other to drive the pin).

Figure 53. Connection to single CAN bus via separate CAN transceivers

XMISC.CANPAR =0

CAN1 CAN2
RX X RX TX

P4.5T TP4.6 P4.4T TP4.7

CAN CAN
Transceiver Transceiver
CAN_H L l
CAN bus
CAN_L o o -~

Figure 54. Connection to single CAN bus via ¢ne common transceiver

—_—_—— XMISC.CANPAR =0

1
CAN1 CAN2
RXx  TX RX  TX
+5V ; ali
AN
L P4.5T TP4.6 P4.4 P4.7
2.7 | oD oD
CAN
i Transceiver
| ]
CAN_H O
CAN_L o CAN bus OD = Open Drain Output
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Figure 55. Connection to two different CAN buses (for example, for gateway

application)
XMISC.CANPAR = 0
CAN1 CAN2
RX TX RX TX
P4.5"|" "|"P4.6 P4.4"|" "|"P4.7
CAN CAN
Transceiver Transceiver
CAN_H i —‘J: CAN_H
CAN_L o— O CAN_L
CAN bus 1 CAN bus 2

Figure 56. Connection to one CAN bus with internal parallel ric= enabled

XMISC.CANPAR = 1
Both CAN enabled
CAN1 CAN2 | ( )
RX X RX '.XJ
.I_[ N\ )~
l Al
_ -1 l—lf Il 1
Ta5 " TP4.6 P4.4— —P4.7
CAN
Transceiver
CAN_H L
CAN bus
CAN_L O

Clock prescaling

In the register XMISC, there is also a bit (CANCK2) to modify the clock frequency driving
both the CAN modules. For architectural limitations of the CAN module, when the CPU
frequency is higher than 40 MHz, it is recommended to divide the CPU clock by two to each
CAN module. 20 MHz is sufficient for CAN module to produce the maximum baud rate
defined by the protocol standard. If, on the other hand, the CPU frequency can be reduced
to 8 MHz, thus providing the CAN module directly with the CPU clock and disabling the
prescaler factor, it is still possible to obtain the maximum CAN speed (1 Mbaud).

After reset, the prescaler is enabled so the CPU clock is divided by two and provided to the
CAN modules. According to the system clock frequency, the application can disable the
prescaler to obtain the required baud rate.

Refer to Section 18.3.1 for the description of the register XMISC.
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18.5 CAN module: functional overview

The C-CAN consists of the components (see Figure 57):

® CAN core

® message RAM

® message handler

® control registers

® module interface.

The CAN core performs communication according to the CAN protocol version 2.0 parts A
and B. The bit rate can be programmed to values up to 1 MBit/s depending on the

technology used. For the connection to the physical layer, additional transceiver hardware is
required.

-

For communication on a CAN network, individual message objects are configu.ed. The
message objects and identifier masks for acceptance filtering of received messayes are
stored in the message RAM.

All functions concerning the handling of messages are implemented ir. the message
handler. Those functions are the acceptance filtering, the trarsfzr ¢f messages between the
CAN core and the message RAM, and the handling of trei.>mission requests as well as the
generation of the module interrupt.

The register set of the C-CAN can be accessed die sty by an external CPU via the module
interface. These registers are used to contrni/zcniigure the CAN core and the message
handler and to access the message PAn'.

The module interfaces delivered with trie C-CAN module can easily be replaced by a
customized module interface ac'apted to user requirements.

C-CAN implements the liowing features:

® CAN protocol verzicn 2.0 parts A and B

® bit rates 1 tc 1+ MBit/s

® 32 muss2ye objects

® eah message object has its own identifier mask

« programmable FIFO mode (concatenation of message objects)

2 maskable interrupt

® disabled automatic retransmission mode for time triggered CAN applications
® programmable loop-back mode for self-test operation.
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Block diagram

The design consists of the following functional blocks (see Figure 57):
e CAN core

CAN protocol controller and Rx/Tx shift register for serial/parallel conversion of
messages.

® Message RAM

Stores message objects and identifier masks.
® Registers

All registers used to control and to configure the C-CAN module.
® Message handler

State machine that controls the data transfer between the Rx/Tx shift register f tr e
CAN core and the message RAM as well as the generation of interrupts a<
programmed in the control and configuration registers.

Figure 57. Block diagram of the C-CAN
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Control [
DatalN [
DataOUT ¢

Address(7:0) [

Operating modes

Software initialisation

Software initialization is started by setting the Init bit in the CAN control register, either by
software or by a hardware reset, or by going Bus_Off.

While Init is set, all message transfer from and to the CAN bus is stopped, the status of the
CAN bus output CAN_TX is recessive (HIGH). The counters of the EML are unchanged.
Setting Init does not change any configuration register.
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To initialize the CAN controller, the CPU has to set up the bit timing register and each
message object. If a message object is not needed, it is sufficient to set it's MsgVal bit to not
valid. Otherwise, the whole message object has to be initialized.

Access to the bit timing register and to the BRP extension register for the configuration of
the bit timing is enabled when both bits Init and CCE in the CAN control register are set.

Resetting Init (by CPU only) finishes the software initialisation. Afterwards the bit stream
processor (BSP see Section 18.9.10) synchronizes itself to the data transfer on the CAN
bus by waiting for the occurrence of a sequence of 11 consecutive recessive bits (= Bus
Idle) before it can take part in bus activities and starts the message transfer.

The initialization of the message objects is independent of Init and can be done on the fly,
but the message objects should all be configured to particular identifiers or set to not valid
before the BSP starts the message transfer.

To change the configuration of a message object during normal operation, the CR.J starts by
setting MsgVal to not valid. When the configuration is completed, MsgVal is et tc valid
again.

18.7.2 CAN message transfer

Once the C-CAN is initialized and Init is reset to zero, the (_-CAN’s CAN core synchronizes
itself to the CAN bus and starts the message transfe..

Received messages are stored into their apprnf riate message objects if they pass the
message handler’s acceptance filtering. The wnhole message including all arbitration bits,
DLC and eight data bytes is stored in’o ti € ~iessage object. If the identifier mask is used,
the arbitration bits which are masked o “don’t care” may be overwritten in the message
object.

The CPU may read or writ2 eazh message any time via the interface registers, the message
handler guarantees dita consistency in case of concurrent accesses.

Messages to be 1asmitted are updated by the CPU. If a permanent message object
(arbitration zna cuntrol bits set up during configuration) exists for the message, only the data
bytes ire updated and then TxRgst bit with NewDat bit are set to start the transmission. If
sevaral rransmit messages are assigned to the same message object (when the number of
iMessage objects is not sufficient), the whole message object has to be configured before
the transmission of this message is requested.

The transmission of any number of message objects may be requested at the same time,
they are transmitted subsequently according to their internal priority. Messages may be
updated or set to not valid at any time, even when their requested transmission is still
pending. The old data is discarded when a message is updated before its pending
transmission has started.

Depending on the configuration of the message object, the transmission of a message may
be requested autonomously by the reception of a remote frame with a matching identifier.

18.7.3 Disabled automatic retransmission

According to the CAN specification (see ISO11898, 6.3.3 Recovery Management), the C-
CAN provides means for automatic retransmission of frames that have lost arbitration or that
have been disturbed by errors during transmission. The frame transmission service is
confirmed to the user before the transmission is successfully completed. By default, this
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means that automatic retransmission is enabled. It can be disabled to enable the C-CAN to
work within a time triggered CAN (TTCAN, see 1ISO11898-1) environment.

The disabled automatic retransmission mode is enabled by programming bit DAR in the
CAN Control Register to one. In this operation mode, a programmer must consider the
different behavior of bits TxRqgst and NewDat in the control registers of the message buffers:

® when a transmission starts bit TxRgst of the respective message buffer is reset, while
bit NewDat remains set

® when the transmission completed successfully bit NewDat is reset.

When a transmission fails (lost arbitration or error) bit NewDat remains set. To restart the
transmission the CPU has to set TxRqgst back to one.

Test mode

The test mode is entered by setting bit Test in the CAN control register to one. 12 \=st mode
the bits Tx1, Tx0, LBack, Silent and Basic in the test register are writable. Eiv Rx monitors
the state of pin CAN_RX and, therefore, is only readable. All test regisier 1.iictions are
disabled when bit test is reset to zero.

Silent mode

The CAN core can be set in silent mode by program iing the test register bit Silent to one.

In Silent mode, the C-CAN is able to receive valid uyata frames and valid remote frames, but
it sends only recessive bits on the CAM hus onu it cannot start a transmission. If the CAN
core is required to send a dominanttit (ACK bit, overload flag, active error flag), the bit is
rerouted internally so that the CAN core monitors this dominant bit, although the CAN bus
may remain in recessive state. The silent mode can be used to analyze the traffic on a CAN
bus without affecting it bv *he transmission of dominant bits (acknowledge bits, error
frames). Figure 58 shows the connection of signals CAN_TX and CAN_RX to the CAN Core
in Silent Mode.

Figure £9. “AN core in silent mode

CAN_TX CAN_RX

C-CAN

CAN Core

In ISO 11898-1, the silent mode is called the bus monitoring mode.

Loop back mode

The CAN core can be set in loop back mode by programming the test register bit LBack to
one. In loop back mode, the CAN core treats its own transmitted messages as received
messages and stores them (if they pass acceptance filtering) into a receive buffer. Figure 59
shows the connection of signals CAN_TX and CAN_RX to the CAN core in loop back mode.

574
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Figure 59. CAN core in loop back mode
CAN_TX CAN_RX

b

Y

Tx Rx
CAN Core

This mode is provided for self-test functions. To be independent from external stimulaiion,
the CAN core ignores acknowledge errors (recessive bit sampled in the acknowledje siot of a
data/remote frame) in loop back mode. In this mode the CAN core performs zn in.2rnal
feedback from its Tx output to its Rx input. The actual value of the CAN _RX 1 rut pin is
disregarded by the CAN core. The transmitted messages can be moni o012« at the CAN_TX

pin.

Loop back combined with silent mode

It is also possible to combine loop back mode and si'ent mode by programming bits LBack
and Silent to one at the same time. This mode can be used for a “hot self test”, meaning the
C-CAN can be tested without affecting a ruinninyg CAN system connected to the pins
CAN_TX and CAN_RX. In this mode, the CAN_RX pin is disconnected from the CAN core
and the CAN_TX pin is held recessive. Figure 60 shows the connection of signals CAN_TX
and CAN_RX to the CAN core in case of the combination of loop back mode with silent
mode.

Figure 60. CAN ccroia loop back combined with silent mode

CAN_TX CAN_RX

i S

Tx Rx
CAN Core

Basic mode

The CAN core can be set in basic mode by programming the test register bit Basic to one. In
this mode the C-CAN module runs without the message RAM.

The IF1 registers are used as transmit buffer. The transmission of the contents of the IF1
registers is requested by writing the Busy bit of the IF1 command request register to ‘1’. The
IF1 registers are locked while the Busy bit is set. The Busy bit indicates that the
transmission is pending.
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As soon the CAN bus is idle, the IF1 registers are loaded into the shift register of the CAN
core and the transmission is started. When the transmission has completed, the Busy bit is
reset and the locked IF1 registers are released.

A pending transmission can be aborted at any time by resetting the Busy bit in the IF1
command request register while the IF1 registers are locked. If the CPU has reset the Busy
bit, a possible retransmission in case of lost arbitration or in case of an error is disabled.

The IF2 registers are used as the receive buffer. After the reception of a message the
contents of the shift register is stored into the IF2 registers, without any acceptance filtering.

Additionally, the actual contents of the shift register can be monitored during the message
transfer. Each time a read message object is initiated by writing the Busy bit of the IF2
command request register to ‘1°, the contents of the shift register are stored into the IF2
registers.

In basic mode the evaluation of all message object related control and status bi*s an< of the
control bits of the IFx command mask registers is turned off. The message numrar of the
command request registers is not evaluated. The NewDat and MsgLst *.it: of the IF2
message control register retain their function, DLC3-0 shows the reccied DLC, the other
control bits are read as ‘0'.

In basic mode the ready output CAN_WAIT_B is disabled {alwcys ‘1°).

Software control of pin CAN_TX

Four output functions are available for the CAiN .ransmit pin CAN_TX. Additionally to its
default function — the serial data outpit, 1. ¢2i1 drive the CAN sample point signal to monitor
CAN_Core’s bit timing and it can drive 2onstant dominant or recessive values. The last two
functions, combined with the rcadable CAN receive pin CAN_RX, can be used to check the
CAN bus physical layer.

The output mode of bin C.AN_TX is selected by programming the Test Register bits Tx1 and
Tx0 as describet! in Cection 18.8.2.

The three t2 st 1unctions for pin CAN_TX interfere with all CAN protocol functions. CAN_TX
must te Izt in its default function when CAN message transfer or any of the test modes loop
bark mude, silent mode, or basic mode are selected.

Programmer’s model

The C-CAN module allocates an address space of 256 bytes. The registers are organized
as 16-bit registers, with the high byte at the odd address and the low byte at the even
address.

The two sets of interface registers (IF1 and IF2) control the CPU access to the message
RAM. They buffer the data to be transferred to and from the RAM, avoiding conflicts
between CPU accesses and message reception/transmission.

Table 91. C-CAN register summary

Address Name Reset Value Note
CAN Base + 0x00 CAN Control Register 0x0001
CAN Base + 0x02 Status Register 0x0000
CAN Base + 0x04 Error Counter 0x0000 read only
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Table 91. C-CAN register summary (continued)
Address Name Reset Value Note
CAN Base + 0x06 Bit Timing Register 0x2301 write enabled by CCE
CAN Base + 0x08 Interrupt Register 0x0000 read only
CAN Base + 0x0A Test Register 0x00 & 0br0000000 (V) | write enabled by Test
CAN Base + 0x0C BRP Extension Register | 0x0000 write enabled by CCE
CAN Base + 0xOE — reserved —@
CAN Base + 0x10 IF1 Command Request | 0x0001
CAN Base + 0x12 IF1 Command Mask 0x0000
CAN Base + 0x14 IF1 Mask 1 OxFFFF
CAN Base + 0x16 IF1 Mask 2 OXFFFF B
CAN Base + 0x18 IF1 Arbitration 1 0x0000 \
CAN Base + Ox1A IF1 Arbitration 2 0x0000 \J*
CAN Base + 0x1C IF1 Message Control | 0x0000 '\
CAN Base + Ox1E IF1 Data A 1 0x00C?
CAN Base + 0x20 IF1 Data A 2 0,500
CAN Base + 0x22 IF1 Data B 1 <0000
CAN Base + 0x24 IFiDataB2  |0x0000
CAN Base + 0x28 - OX3E | — reserved —@
CAN Base + 0x40 - 0x54 |I=2 ieqicters see note @ same as IF1 registers
CAN Base + 0x56 - 0xza_— reserved —®
CAN Base + 0x8(. Transmission Request 1 | 0x0000 read only
CAN Base + )sz_ Transmission Request 2 | 0x0000 read only
CAN E=se + 0x84 - OX8E | — reserved —@
i?‘.i\l Base + 0x90 New Data 1 0x0000 read only
|_CAN Base + 0x92 New Data 2 0x0000 read only
CAN Base + 0x94 - 0x9E | — reserved —@
CAN Base + 0xAO Interrupt Pending 1 0x0000 read only
CAN Base + 0xA2 Interrupt Pending 2 0x0000 read only
CAN Base + 0xA4 - OXAE | — reserved —@
CAN Base + 0xB0O Message Valid 1 0x0000 read only
CAN Base + 0xB2 Message Valid 2 0x0000 read only
CAN Base + 0xB4 - OXBE | — reserved —@

1. r signifies the actual value of the CAN_RX pin.

2. Reserved bits are read as ‘0’ except for IFx mask 2 register where they are read as ‘1’

3. The two sets of message interface registers - IF1 and IF2 - have identical functions.
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Hardware reset description

After hardware reset, the busoff state is reset and the output CAN_TX is set to recessive
(HIGH). The value 0x0001 (Init = “1’) in the CAN control register enables the software
initialisation. The C-CAN does not influence the CAN bus until the CPU resets Init to ‘0’.

The data stored in the message RAM is not affected by a hardware reset. After power-on,
the contents of the message RAM are undefined.

CAN protocol related registers

These registers are related to the CAN protocol controller in the CAN core. They control the
operating modes and the configuration of the CAN bit timing and provide status information.

CAN control register (addresses 0x01 and 0x00)

CAN control register SFR rRezer ralue: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
—— -
reserved Test | CCE | DAR |57 | zE | sE | E Init
R R R R R R R R RW RW RW R RW RW RW RW

Table 92. CAN control register (addresses 5.1 and 0x00) functions

Bit Name Function

Test mode vnakle
7 Test ‘1> Test inode
‘¥ Nlo'mal operation.

| Configuration change enable
6 |CCE ‘1’ The CPU has write access to the bit timing register (while Init=1)
‘0’ The CPU has no write access to the bit timing register.

| Disable automatic retransmission
5 DAR ‘1’ Automatic retransmission disabled
| ‘0’ Automatic retransmission of disturbed messages enabled.

Error interrupt enable
‘1’ Enabled - A change in the bits BOff or EWarn in the register

3 |EIE )
generates an interrupt
‘0’ Disabled - no error status interrupt is generated.
Status change interrupt enable
5 SIE ‘1’ Enabled - an interrupt is generated when a message transfer is

successfully completed or a CAN bus error is detected
‘0’ Disabled - no status change interrupt is generated.
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Table 92. CAN control register (addresses 0x01 and 0x00) functions (continued)

Bit Name Function

Module interrupt enable
‘1’ Enabled - interrupts set IRQ_B to LOW. IRQ_B remains LOW until

1 IE all pending interrupts are processed.
‘0’ Disabled - module interrupt IRQ_B is always HIGH.
Initialization

0 INIT ‘1’ Initialization is started.

‘0’ Normal operation.

The busoff recovery sequence (see CAN Specification Rev. 2.0) cannot be shortened by
setting or resetting Init. If the device goes busoff, it sets Init of its own accord, stopping all
bus activities. Once Init has been cleared by the CPU, the device waits for 129 occurr 2r.ces
of Bus Idle (129 * 11 consecutive recessive bits) before resuming normal opc:iaiions. At the
end of the busoff recovery sequence, the error management counters are reset.

During the waiting time after the resetting of Init, each time a sequencs ot 11 recessive bits
has been monitored, a BitOError code is written to the status iecister, enabling the CPU to
readily check up whether the CAN bus is stuck at dominant or continuously disturbed and to
monitor the proceeding of the busoff recovery sequenc =.

Status register (addresses 0x03 and 0x0%)

Status register L Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved BOff | EWarn | EPass | RxOk | TxOk LEC
R R R R ? R R R R R R R RW RW

Table 93. Siuts register (addresses 0x03 and 0x02) functions

Bit ! Name Function

Busoff status
|7 BOff ‘1’ The CAN module is in busoff state
‘0’ The CAN module is not busoff.

Warning status
‘1’ At least one of the error counters in the EML has reached the error

6 EWarn warning limit of 96

‘0’ Both error counters are below the error warning limit of 96.

Error passive

‘1’ The CAN core is in the error passive state as defined in the CAN
5 |EPass

specification
‘0’ The CAN core is error active.
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Table 93. Status register (addresses 0x03 and 0x02) functions (continued)

Bit Name

Function

4 | RxOk

Received a message successfully

‘1’ Since this bit was last reset (to zero) by the CPU, a message has
been successfully received (independently of the result of acceptance
filtering)

‘0’ Since this bit was last reset by the CPU, no message has been
successfully received. This bit is never reset by the CAN core.

3 | TxOk

Transmitted a message successfully

‘1’ Since this bit was last reset by the CPU, a message has been
successfully (error free and acknowledged by at least one other node)
transmitted.

‘0’ Since this bit was reset by the CPU, no message has beer.
successfully transmitted. This bit is never reset by the CAi l core.

2.0 |LEC

Last error code (type of the last error to occur on *h= CAN bus)
‘000’ No error

‘001’ Stuff error: more than five equal ki 1 a sequence have occurred
in a part of a received message where inis is not allowed

‘010’ Form error: a fixed forma* par of a received frame has the wrong
format

‘011’ AckError: the me‘seqa this CAN core transmitted was not
acknowledged by azither node

‘100’ Bit1Er.or. ¢iriag the transmission of a message (with the
exception ¢ the, arbitration field), the device wanted to send a
reressivz level (bit of logical value ‘1’), but the monitored bus value was
dzminant

‘107’ BitOError: during the transmission of a message (or acknowledge
bii, or active error flag, or overload flag), the device wanted to send a
dominant level (data or identifier bit logical value ‘0’), but the monitored
Bus value was recessive. During busoff recovery this status is set each
time a sequence of 11 recessive bits has been monitored. This enables
the CPU to monitor the proceeding of the busoff recovery sequence
(indicating the bus is not stuck at dominant or continuously disturbed)
‘110’ CRCError: the CRC check sum was incorrect in the message
received, the CRC received for an incoming message does not match
with the calculated CRC for the received data

‘111’ unused: when the LEC shows the value ‘111’, no CAN bus event
is detected since the CPU wrote this value to the LEC.

The LEC field holds a code which indicates the type of the last error to occur on the CAN
bus. This field will be cleared to ‘0’ when a message has been transferred (reception or
transmission) without error. The unused code ‘111’ may be written by the CPU to check for

updates.

Status interrupts

A status interrupt is generated by bits BOff and EWarn (error Interrupt) or by RxOk, TxOKk,
and LEC (status change interrupt) assuming that the corresponding enable bits in the CAN
control register are set. A change of bit EPass or a write to RxOk, TxOk, or LEC never
generates a status interrupt.
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Reading the status register clears the status interrupt value (8000h) in the interrupt register,
if it is pending.

Error counter (addresses 0x05 and 0x04)

Error counter register SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RP REC6-0 TEC7-0
R R R

Table 94. Error cou

nter (addresses 0x05 and 0x04) functions

Bit Name Function
Receive error passive

15 |RP ‘1’ The receive error counter has reached the error pesxiva level as
defined in the CAN specification.
‘0’ The receive error counter is below the ef1ar passive level.
Receive error counter

14.8 |REC6-0 .
Actual state of the receive errcr counter. Values between 0 and 127.
Transmit error counter

7.0 |TEC7-0 .
Actual state of the transm't arror counter. Values between 0 and 255.

Bit timing register (addresses 0x07 and 0x06)

Bit timing register SFR Reset value: xxxxh
15 14 13 12 1 ‘0 9 8 7 6 5 4 3 2 1 0
- X\~
2 I
5 TSeg2 TSeg1 SJW BRP
|
R TN\ RW RW RW

Takle 93.  Bit timing

register (addresses 0x07 and 0x06) functions

| 8it Name Function
Time segment after the sample point
Valid values for TSeg2 are [0 to 7]. The actual interpretation by the
14.12 | TSeg2 . .
hardware of this value is such that one more than the value
programmed here is used.
Time segment before the sample point
11.8 | TSegi Valid values for TSeg1 are [1 to15]. The actual interpretation by the

hardware of this value is such that one more than the value
programmed here is used.
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Table 95.

Bit timing register (addresses 0x07 and 0x06) functions (continued)

Bit

Name Function

7.6

SJW

(Re)synchronisation jump width

Valid programmed values are [0 to 3]. The actual interpretation by the
hardware of this value is such that one more than the value
programmed here is used.

5.0

BRP

Baud rate prescaler

The value by which the oscillator frequency is divided for generating
the bit time quantum. The bit time is built up from a multiple of this
quantum. Valid values for the baud rate prescaler are [0 to 63]. The
actual interpretation by the hardware of this value is such that one
more than the value programmed here is used.

Note: With a CAN module clock of 8 MHz, the reset value of 0x2301 configures the C-CAN for a
bit rate of 500 kBit/s. The registers are only writable if bits CCE and Init in tha CAN control
register are set.

Test register (addresses 0x0B and 0x0A)

Test register SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 S 5 4 3 2 1 0
o)\
reserved | X Tx1 Tx0 |LBack | Silent | Basic reserved

Table 96.

R R R R F 2 R RW RW RW RW RW R R

Test register (=da.esses 0x0B and 0x0A) functions

Bit

Name | Function

Rx

Monitors the actual value of the CAN_RX Pin
‘1’ The CAN bus is recessive (CAN_RX = 1’)
‘0’ The CAN bus is dominant (CAN_RX = ‘0’).

6.5

Tx1 and TxO0 ‘01’ Sample point can be monitored at CAN_TX pin

Control of CAN_TX pin
‘00’ Reset value, CAN_TX is controlled by the CAN core

‘10’ CAN_TX pin drives a dominant (‘0’) value
‘11" CAN_TX pin drives a recessive (‘1’) value.

LBack ‘1’ Loop back mode is enabled

Loop back mode

‘0’ Loop back mode is disabled.

Silent ‘1’ The module is in silent mode

Silent mode

‘0’ Normal operation.

Basic ‘1’ F1 registers used as Tx buffer, IF2 registers used as Rx buffer

Basic mode

‘0’ Basic mode disabled.

Write access to the test register is enabled by setting bit Test in the CAN control register.
The different test functions may be combined, but Tx1-0 # “00” disturbs message transfer.
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BRP extension register (addresses 0x0D and 0x0C)

BRP extension register SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved BRPE
R R R R R R R R R R R R RW
Table 97. BRP extension register (addresses 0x0D and 0x0C) functions
Bit Name Function
Baud rate prescaler extension
By program minc BRRPE
3.0 |BRPE the baud rate prescaler can be extended to values up to +923. The

actual interpretation by the hardware is that one mora ‘han ine value
programmed by BRPE (MSBs) and BRP (LSBs) > vse.d.

18.8.3 Message interface register sets

There are two sets of interface registers which are use~ i< control the CPU access to the
message RAM. The interface registers avoid confli~ts Lecween CPU access to the message
RAM and CAN message reception and transmissior. by buffering the data to be transferred.
A complete message object or parts of the m2scayge object may be transferred between the
message RAM and the IFx message uife: rgisters in one single transfer.

The function of the two interface reqiste: sets is identical (except for test mode Basic). They
can be used the way that one sat of registers is used for data transfer to the message RAM
while the other set of reqisters 's used for the data transfer from the message RAM, allowing
both processes to be iiiterrunted by each other. Table 98 gives an overview of the two
interface register cete.

Each set of iinoif2ce registers consists of message buffer registers controlled by their own
command veyisters. The command mask register specifies the direction of the data transfer
and wh.=h parts of a message object are transferred. The command request register is used
0 cclect a message object in the message RAM as target or source for the transfer and to
awart the action specified in the command mask register.

Table 98. IF1 and IF2 message interface register sets

Address

IF1 Register Set

Address

IF2 Register Set

CAN Base + 0x10

IF1 Command Request

CAN Base + 0x40

IF2 Command Request

CAN Base + 0x12

IF1 Command Mask

CAN Base + 0x42

IF2 Command Mask

CAN Base + 0x14

IF1 Mask 1

CAN Base + 0x44

IF2 Mask 1

CAN Base + 0x16

IF1 Mask 2

CAN Base + 0x46

IF2 Mask 2

CAN Base + 0x18

IF1 Arbitration 1

CAN Base + 0x48

IF2 Arbitration 1

CAN Base + Ox1A

IF1 Arbitration 2

CAN Base + 0x4A

IF2 Arbitration 2

CAN Base + 0x1C

IF1 Message Control

CAN Base + 0x4C

IF2 Message Control

CAN Base + Ox1E

IF1 Data A 1

CAN Base + 0x4E

IF2 Data A 1

CAN Base + 0x20

IF1 Data A 2

CAN Base + 0x50

IF2 Data A 2
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Table 98. IF1 and IF2 message interface register sets (continued)

Address IF1 Register Set Address IF2 Register Set
CAN Base + 0x22 |IF1 DataB 1 CAN Base + 0x52 |IF2 DataB 1
CAN Base + 0x24 |IF1 DataB 2 CAN Base + 0x54 |IF2 Data B 2

A message transfer is started as soon as the CPU has written the message number to the
command request register. With this write operation the Busy bit is automatically set to ‘1°.
After a wait time of 3 to 6 CAN clock periods, the transfer between the interface register and
the message RAM is completed and the Busy bit is set back to zero.

IFx command request registers

IF1 Command Request Register (addresses 0x11 & 0x10) SFR Reset value xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Busy reserved Message Numter
R R R R R R R R R R Toaw
IF2 Command Request Register (addresses 0x41 & 0x40) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 € 5 4 3 2 1 0
> N
Busy reserved Message Number
R R R R R R R R R R RW

Table 99. IFx command reque<t registers functions

Bit Name Function

Busy flag
15 |Busy ‘1’ Set when writing to the IFx command request register
‘0’ Read/write action has finished.

Message number
! ‘0x01-0x20°
: Valid message number, the message object in the message RAM is
I 50 |M Numb selected for data transfer
. essage Number 000’
Not a valid message number, interpreted as 0x20

‘0x21-0x3F’
Not a valid message number, interpreted as 0x01-0x1F.

Note: When a message number that is not valid is written info the command request register, the
message number is transformed into a valid value and that message object is transferred.

The control bits of the IFx command mask register specify the transfer direction and select
which of the IFx message buffer registers are source or target of the data transfer.
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IFx command mask registers

IF1 Command Mask Register (addresses 0x13

8 0x12) SFR Reset value: xxxxh
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
TxRags
WR/R Contr | Clrint t/
reserved D Mask | Arb ol Pnd | NewD Data A | Data B
at
R R R R R R R RW RW RW RW RW RW RW RW
IF2 Command Mask Register (addresses 0x43 SFR Reset value: xoxh
& 0x42)
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
TxRags
WR/R Contr | Clrint t/
reserved D Mask | Arb ol Pnd | NewL | Data A | Data B
it |
R R R R R R R RW RW RW RW RY "W RW RW
Table 100. IFx command mask registers functions
Bit Name Fun:.tion
Write/Read
‘1’ Write: transfer data ‘ro11 the selected message buffer registers to
7 WR/RD the message ohjcct aodressed by the command request register
‘0’ Read: transiar Zata from the message object addressed by the
command re~uest register into the selected message buffer registers.

The other bits of IFx comme:id 11ask register have different functions depending on the

transfer direction.
Table 101.

IFx cornnnand mask registers functions (direction - write)

Bit Yome

Function

o Mask

Access mask bits
‘1’ Transfer identifier mask + MDir + MXtd to message object
‘0’ Mask bits unchanged.

5 Arb

Access arbitration bits
‘1’ Transfer identifier + Dir + Xtd + MsgVal to message object
‘0’ Arbitration bits unchanged.

4 Control

Access control bits
‘1’ Transfer control bits to message object
‘0’ Control bits unchanged.

3 ClrIntPnd

Clear interrupt pending bit
When writing to a message object, this bit is ignored.

2 TxRgst/NewDat

Access transmission request bit
‘1’ Set TxRgst bit
‘0’ TxRgst bit unchanged

If a transmission is requested by programming bit TxRgst/NewDat in
the IFx command mask register, bit TxRgst in the IFx message control
register is ignored.
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Table 101. IFx command mask registers functions (direction - write) (continued)

Bit Name Function

Access data bytes 0-3
1 Data A ‘1’ Transfer data bytes 0-3 to message object
‘0’ Data bytes 0-3 unchanged.

Access data bytes 4-7
0 Data B ‘1’ Transfer data bytes 4-7 to message object
‘0’ Data bytes 4-7 unchanged.

Table 102. IFx command mask registers functions (direction - read)

Bit Name Function

Access mask bits
‘1’ Transfer identifier mask + MDir + MXtd to IFx messe ge Lufter

6 Mask .
register
‘0’ Mask bits unchanged.
Access arbitration bits
5 |Ab ‘1’ Transfer identifier + Dir + Xtd - i.1sgVal to IFx message buffer

register
‘0’ Arbitration bits unchange.t.

Access control bits
4 | Control ‘1’ Transfer Lot 0l bits to IFx message buffer register
‘0’ Control Lits unchanged.

Clear interrupt pending bit
3 ClrintPnd ‘1" Ulear IntPnd bit in the message object
|'2” IntPnd bit remains unchanged

Access new data bit
‘1’ Clear NewDat bit in the message object
| ‘0’ NewDat bit remains unchanged.

2 | [xRgst/NewDat A read access to a Message Object can be combined with the reset of
; the control bits IntPnd and NewDat. The values of these bits

| transferred to the IFx Message Control Register always reflect the
status before resetting these bits.

Access data bytes 0-3
1 Data A ‘1’ Transfer data bytes 0-3 to IFx message buffer register
‘0’ Data Bytes 0-3 unchanged.

Access data bytes 4-7
0 |DataB ‘1’ Transfer data bytes 4-7 to IFx message buffer register
‘0’ Data Bytes 4-7 unchanged

18.8.4 IFx message buffer registers

The bits of the message buffer registers mirror the message objects in the message RAM.
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IFXx mask register

IF1 Mask 1 Register (addresses 0x15 & 0x14) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Msk15-0
RW RW R RW RW RW RW RW RW RW RwW RW RW RW RW RW
IF1 Mask 2 Register (addresses 0x17 & 0x16) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Mxtd | MDir | "5 Msk28-16

RW RW R RW RN RW RW RW RW RW RW RW RW RW RW AW
IF1 Mask 1 Register (addresses 0x45 & 0x44) SFR Reset value: xxxxh

15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
Msk15-0
RW RW R RW RW RW RW RW RW o rwW RW RW RW RW RW
IF1 Mask 2 Register (addresses 0x47 & 0x46) STR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= -\
g
MXtd | MDir o Msk28-16
g

RW RW R RW R\/ EV RW RW RW RW RW RW RW RW RW RW
IFx arbitration reqisters
IF1 Arbitration 1 Roqicter ‘addresses 0x19 & SFR Reset value: x00h
0x18)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
; ID15-0
[

RW RW R RW RW RW RW RW RW RW RW RW RW RW RW RW
IF1 Arbitration 2 Register (addresses 0x1B & SFR Reset value: x00h
0x1A)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MZ?V Xtd | Dir ID28-16

RW RW R RW RW RW RW RW RW RW RW RW RW RW RW RW
IF2 Arbitration 1 Register (addresses 0x49 & SFR Reset value: xxxxh
0x48)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ID15-0
RW RW R RW RW RW RW RW RW RW RwW RW RW RwW RW RW
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IF2 Arbitration 2 Register (addresses 0x4B &

Ox4A) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MsgV'| yig | Dir ID28-16

al

RW RW R RW RW RW RW RW RW RW RW RW RW RW RW RW

IFx message control registers

IF1 Message Control Register (addresses .
0x1D & 0x1C) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NewD IMSGLS | |nipng | UMaS | 1yiE | RxiE |RmtEn |TxRqst| Eop |eSeV |reserv|reserv DLC3-0
at t k ed ed ed

RW RW R RW RW RW RW RW RW RW RW RW RW FW Rvv RW

IF2 Message Control Register (addresses .
0x4D & 0x4C) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|
NewD | MsgLs UMas rzoan ¢ | ieserv | reserv
at t IntPnd K TxIE | RxIE | RmtEn [TxRqgst| EoE od od od DLC3-0
|

RW RW R RW RW RW RW R™ 3w RW RW RW RW RW RW RW

IFx Data A and Data B Register¢

The data bytes of CAN messages are stored in the IFx Message Buffer Registers in the
order shown in Table 103.

Table 103. IFx Data A =nu Data B registers

[15:8] [7:0]
IF1 MP:oage?at‘a A1 (addresses Ox1F & Ox1E) Data(1) Data(0)
IF1 Me;:ge Data A2 (addresses 0x21 & 0x20) Data(3) Data(2)
iL-I_':?. ilessage Data B1 (addresses 0x23 & 0x22) Data(5) Data(4)
IF1 Message Data B2 (addresses 0x25 & 0x24) Data(7) Data(6)
IF2 Message Data A1 (addresses Ox4F & Ox4E) Data(1) Data(0)
IF2 Message Data A2 (addresses 0x51 & 0x50) Data(3) Data(2)
IF2 Message Data B1 (addresses 0x53 & 0x52) Data(5) Data(4)
IF2 Message Data B2 (addresses 0x55 & 0x54) Data(7) Data(6)

In a CAN data frame, Data(0) is the first, Data(7) is the last byte to be transmitted or
received. In CAN’s serial bit stream, the MSB of each byte is transmitted first.

Message object in the message memory

There are 32 message objects in the message RAM. To avoid conflicts between CPU
access to the message RAM and CAN message reception and transmission, the CPU
cannot directly access the message objects, these accesses are handled via the IFx
interface registers.
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Figure 61 gives an overview of the two structures of a message object.

Figure 61.

Structure of a message object in the message memory

Message Object

UMask | Msk28-0 | MXtd

MDir EoB NewDat MsgLst | RxIE TxIE | IntPnd | RmtEn | TxRgst

MsgVal 1D28-0 Xtd

Dir DLC3-0| Data 0 | Data 1 | Data 2 | Data 3 | Data 4 | Data 5 | Data 6 | Data 7

Table 104. Message object functions

Bit

Name

Function

MsgVal

Message valid

‘1’ The message object is configured and should be considered vV the
message handler

‘0’ The message object is ignored by the message han<!e:

The CPU must reset the MsgVal bit of all unusec message objects
during the initialization before it resets bit Init in the CAN control
register. This bit must also be reset before tt e \1entifier 1d28-0, the
control bits Xtd, Dir, or the Data Leng'n (Code DLC3-0 are modified, or
if the message object is no longer requ red.

UMask

Use acceptance mask
‘1’ Use mask (Msk28-0 M:Xid, and MDir) for acceptance filtering
‘0’ Mask ignored.

If the UMask kit s <ei to one, the message object’s mask bits have to
be progran mec auring initialization of the message object before
MsgVal is set 10 one.

ID28-0

Miessage identifier
| ICZ8 - IDO 29-bit Identifier (“extended frame”).
ID28 - ID18 11-bit Identifier (“standard frame”).

r——

[ N sk26-0

Identifier mask
‘1’ The corresponding identifier bit is used for acceptance filtering

‘0’ The corresponding bit in the identifier of the message object cannot
inhibit the match in the acceptance filtering.

Xtd

Extended identifier
‘1’ The 29-bit (“extended”) Identifier is used for this message object.
‘0’ The 11-bit (“standard”) Identifier is used for this message object.

MXtd

Mask extended identifier

‘1’ The extended identifier bit (IDE) is used for acceptance filtering

‘0’ The extended identifier bit (IDE) has no effect on the acceptance
filtering.

When 11-bit (“standard”) identifiers are used for a message object, the
identifiers of received data frames are written into bits ID28 to ID18. For
acceptance filtering, only these bits together with mask bits Msk28 to
Msk18 are considered.
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Table 104. Message object functions (continued)

Bit

Name

Function

Dir

Message direction

‘1’ Direction = transmit: On TxRgst, the respective message object is
transmitted as a data frame. On reception of a remote frame with
matching identifier, the TxRgst bit of this message object is set (if
RmtEn = one)

‘0’ Direction = receive: On TxRgst, a remote frame with the identifier of
this message object is transmitted. On reception of a data frame with
matching identifier, that message is stored in this message object.

MDir

Mask message direction

‘1’ The message direction bit (Dir) is used for acceptance filtering

‘0’ The message direction bit (Dir) has no effect on the accop.ciice
filtering.

The arbitration registers 1D28-0, Xtd, and Dir are used' 1> Jefine the
identifier and type of outgoing messages and are vscd (together with
the mask registers Msk28-0, MXtd, and MDi") tor acceptance filtering
of incoming messages. A received m=ss 12 Is stored into the valid
message object with matching identifie - and Direction=receive (data
frame) or Direction=transmit (r~n<ie frame). Extended frames can be
stored only in message chje:c's vvith Xtd = one, standard frames in
message objects with i = zcro. If a received message (data frame or
remote frame) matcines with more than one valid Message Object, it is
stored into that iitt the lowest message number. For details see
Section 18 9.2.

EoB

EnrA of buffer
1" Sit gle message object or last message object of a FIFO buffer

| ‘0" Message object belongs to a FIFO buffer and is not the last

message object of that FIFO buffer.

This bit is used to concatenate two ore more message objects (up to
32) to build a FIFO buffer. For single message objects (not belonging to
a FIFO buffer) this bit is always be set to one. For details on the
concatenation of message objects see Section 18.9.7.

NewDat

New data

‘1’ The message handler or the CPU has written new data into the data
portion of this message object

‘0’ No new data has been written into the data portion of this message
object by the message handler since last time this flag was cleared by
the CPU.

MsgLst

Message lost (only valid for message objects with direction = receive)

‘1’ The message handler stored a new message into this object when
NewDat was still set, the CPU has lost a message

‘0’ No message lost since last time this bit was reset by the CPU.

RxIE

Receive interrupt enable
‘1’ IntPnd is set after a successful reception of a frame
‘0’ IntPnd is left unchanged after a successful reception of a frame.
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18.8.5

Table 104. Message object functions (continued)

Bit Name Function

Transmit interrupt enable

TXIE ‘1’ IntPnd is set after a successful transmission of a frame
‘0’ IntPnd is left unchanged after the successful transmission of a
frame.
Interrupt pending
‘1’ This message object is the source of an interrupt. The interrupt

IntPnd identifier in the interrupt register point to this message object if there is
no other interrupt source with higher priority
‘0’ This message object is not the source of an interrupt.
Remote enable

RmtEn ‘1’ At the reception of a remote frame, TxRgst is set
‘0’ At the reception of a remote frame, TxRgst is left tn~h.anged.
Transmit request

TxRast ‘1’ The transmission of this message otiact 1o requested and is not yet
done
‘0’ This message object is not weiurig for transmission.
Data length code
‘0-8’ Data frame has 0-8 caia bytes.
‘9-15’ Data frarne has ») data bytes
The data lengtt. ¢ sue of a message object is defined the same as in all
the correspcn2ing objects with the same identifier at other nodes.
Wii=n the message handler stores a data frame, it will write the DLC to
thie ve lue given by the received message.

| Data 0 1st data byte of a CAN data frame

Data 1 2nd data byte of a CAN data frame
Data 2 3rd data byte of a CAN data frame

DLCG-0 Data 3 4th data byte of a CAN data frame

| Data 4 5th data byte of a CAN data frame
Data 5 6th data byte of a CAN data frame
i Data 6 7th data byte of a CAN data frame
I Data 7 8th data byte of a CAN data frame

Byte Data 0 is the first data byte shifted into the shift register of the
CAN core during a reception, byte Data 7 is the last. When the
message handler stores a data frame, it writes all the eight data bytes
into a message object. If the data length code is less than 8, the
remaining bytes of the message object are overwritten by non specified
values.

Message Handler Registers

All Message Handler registers are read-only. Their contents (TxRqst, NewDat, IntPnd, and
MsgVal bits of each Message Object and the Interrupt Identifier) is status information
provided by the Message Handler FSM.
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Interrupt register (addresses 0x09 and 0x08)

Interrupt Register (addresses 0x09 & 0x08) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Intld15-8 Intld7-0
R R

Table 105. Interrupt register (addresses 0x09 and 0x08) functions

Bit Name Function

Interrupt identifier (the number indicates the source of the interrupt)
‘0x0000’ No interrupt is pending
‘0x0001-0x0020’ Number of message object which cavsad ti.2

15.0 |Intld15-0 interrupt
‘0x0021-0x7FFF’ unused

‘0x8000’ Status Interrupt
‘0x8001-0xFFFF’ unused.

If several interrupts are pending, the CAN interrupt reaicter points to the pending interrupt
with the highest priority, disregarding their chronoloi~:a' order. An interrupt remains pending
until the CPU has cleared it. If Intld is not 0x00M0\' aqd IE is set, the interrupt line to the CPU,
IRQ_B, is active. The interrupt line remains active until Intld is back to value 0x0000 (the
cause of the interrupt is reset) or unti' IE \s ~eset.

The status interrupt has the highes? priority. Among the message interrupts, the message
object’ s interrupt priority decreases with increasing message number.

A message interrupt is Zi3zved by clearing the message object’s IntPnd bit. The status
interrupt is clear=d b reading the status register.

18.8.6 Transmiscicon request registers

T an.smission Request 1 Register (addresses .
0x81 & Ox80) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TxRqgst16-9 TxRgst8-1
R R
Transmission Request 2 Register (addresses .
0x83 & 0x82) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TxRgst32-25 TxRqgst24-17
R R
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Table 106. Transmission request register functions

Bit Name Function

Transmission request bits (of all message objects)

‘1’ The transmission of this message object is requested and is not yet
done

‘0’ This message object is not waiting for transmission.

15.0 | TxRqgst32-1

These registers hold the TxRgst bits of the 32 message objects. By reading out the TxRgst
bits, the CPU can check for which message object a transmission request is pending. The
TxRgst bit of a specific message object can be set/reset by the CPU via the IFx message
interface reqisters or by the message handler after reception of a remote frame or after a
successful transmission.

18.8.7 New data registers

New Data 1 Register (addresses 0x91 & 0x90) SFR Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NewDat16-9 NewDat8-1
R \~ R
New Data 2 Register (addresses 0x93 & 0x92) LFA Reset value: xxxxh
15 14 13 12 11 10 S 8 7 6 5 4 3 2 1 0
NewDat32-25 NewDat24-17
a\ \ R

Table 107. Mew Jata register functions

Bit | Name Function

New data bits (of all message objects)

| ‘1’ The message handler or the CPU has written new data into the data
15.0 | NewDat32-1 portion of this message objec.:t . . .

‘0’ No new data has been written into the data portion of this message

object by the message handler since last time this flag was cleared by
the CPU.

These registers hold the NewDat bits of the 32 message objects. By reading out the NewDat
bits, the CPU can check for which message object the data portion is updated. The NewDat
bit of a specific message object can be set/reset by the CPU via the IFx message interface
registers or by the message handler after reception of a data frame or after a successful
transmission.
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18.8.8 Interrupt pending registers

Interrupt Pending 1 Register (addresses 0xA1 SFR Reset value: xxxh
& 0xA0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IntPnd16-9 IntPnd8-1
R R
Interrupt Pending 2 Register (addresses 0xA3 SFR Reset value: xxxxh
& 0xA2)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IntPnd32-25 IntPnd24-17
R R "\~

Table 108. Interrupt pending register functions

Bit Name Functizn

Interrupt pending bits (of all messae ovjects)
15.0 | IntPnd32-1 ‘1’ This message object is thc sauvce of an interrupt
‘0’ This message object is act the source of an interrupt.

These registers hold the IntPnd bits of tho 52 meassage objects. By reading out the IntPnd
bits, the CPU can check for which messa je vbject an interrupt is pending. The IntPnd bit of
a specific message object can be set/1cset by the CPU via the IFx message interface
registers or by the message handler after reception or after a successful transmission of a
frame. This will also affect tl:c va'ue of Intld in the interrupt register.

18.8.9 Message valid reyisters

Message va'ia 1 heyister (addresses 0xB1 & SFR Reset value: xxxxh
0xB0)
‘5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= —
| MsgVal16-9 MsgValg-1
R R
Message Valid 2 Register (addresses 0xB3 & SFR Reset value: xxxxh
0xB2)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MsgVal32-25 MsgVal24-17
R R
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Table 109. Message valid register functions

Bit Name Function

Message valid bits (of all message objects)

‘1’ This message object is configured and should be considered by the
message handler

‘0’ This message object is ignored by the message handler.

15.0 | MsgVal32-1

These registers hold the MsgVal bits of the 32 message objects. By reading out the MsgVal
bits, the CPU can check which message object is valid. The MsgVal bit of a specific
message object can be set/reset by the CPU via the IFx message interface registers.

CAN application

Management of message objects

The configuration of the message objects in the message RAMN, are (with the exception of
the bits MsgVal, NewDat, IntPnd, and TxRgst) not affected by resetting the chip. All the
message objects are initialized by the CPU or they are not valid (MsgVal = ‘0’); bit timing is
configured before the CPU clears the Init bit in the CAN ~ontrol register.

The configuration of a message object is done Ly programming mask, arbitration, control
and data fields of one of the two interface rcqistar sets to the desired values. By writing to
the corresponding IFx command requ est re gister, the IFx message buffer registers are
loaded into the addressed message ocizct in the message RAM.

When the Init bit in the CAN <ot trol register is cleared, the CAN protocol controller state
machine of the CAN core and the message handler state machine control the C-CAN’s
internal data flow. Received messages that pass the acceptance filtering are stored into the
message RAM, 1nessages with pending transmission request are loaded into the CAN
core’s shift regitte: and are transmitted via the CAN bus.

The C~>U reads received messages and updates messages to be transmitted via the 1Fx
interface registers. Depending on the configuration, the CPU is interrupted on certain CAN
imessage and CAN error events.

Message handler state machine

The message handler controls the data transfer between the Rx/Tx shift register of the CAN
core, the message RAM and the IFx registers.

The message handler FSM controls the following functions:

data transfer from IFx registers to the message RAM

data transfer from message RAM to the IFx registers

data transfer from shift register to the message RAM

data transfer from message RAM to shift register

data transfer from shift register to the acceptance filtering unit
scanning of message RAM for a matching message object
handling of TxRgst flags.

handling of interrupts.
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Data transfer from and to message RAM

When the CPU initiates a data transfer between the IFx registers and message RAM, the
message handler sets the Busy bit in the respective command register to ‘1’. After the
transfer has completed, the Busy bit is set back to ‘0’ (see Figure 62).

The respective command mask register specifies whether a complete message object or
only parts of it are transferred. Due to the structure of the message RAM it is not possible to
write single bits/bytes of one message object, it is always necessary to write a complete
message object into the message RAM. Therefore, the data transfer from the IFx registers
to the message RAM requires a read-modify-write cycle. First, those parts of the message
object that are not to be changed are read from the Message RAM and, then, the complete
contents of the message buffer registers are into the message object.

Figure 62. Data transfer between IFx registers and message RAM

bus = 1
Lo N_WAT_B=0

~ \ No Yes
|

v Read Message Object to IFx

Read Message Object to IFx ‘

Write IFx to Message RAM

Y

Busy =0
CAN_WAIT_B =1

After the partial write of a message object, the message buffer registers that are not
selected in the command mask register are set to the actual contents of the selected
message object.

After the partial read of a message object, the message buffer registers that are not
selected in the command mask register are left unchanged.
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Transmission of messages

If the shift register of the CAN core cell is ready for loading and if there is no data transfer
between the IFx registers and message RAM, the MsgVal bits in the message valid register
TxRgst bits in the transmission request register are evaluated. The valid message object
with the highest priority pending transmission request is loaded into the shift register by the
message handler and the transmission is started. The message object’s NewDat bit is reset.

After a successful transmission and if no new data was written to the message object
(NewDat = ‘0’) since the start of the transmission, the TxRgst bit is reset. If TxIE is set,
IntPnd is set after a successful transmission. If the C-CAN has lost the arbitration or if an
error occurred during the transmission, the message is retransmitted as soon as the CAN
bus is free again. If, meanwhile, the transmission of a message with higher priority is
requested, the messages are transmitted in the order of their priority.

Acceptance filtering of received messages

When the arbitration and control field (Identifier + IDE + RTR + DLC) o1 an 1acoming
message is completely shifted into the Rx/Tx shift register of the CAN -0 e, the message
handler FSM starts the scanning of the message RAM for a matcliing valid message object.

To scan the message RAM for a matching message object, th. acceptance filtering unit is
loaded with the arbitration bits from the CAN core shift e ister. The arbitration and mask
fields (including MsgVal, UMask, NewDat, and EoE) >f mcssage object 1 are loaded into the
acceptance filtering unit and compared with the «riiv-ation field from the shift register. This is
repeated with each following message ohjeni uintii a matching message object is found or
until the end of the message RAM is rcact.ar..

If a match occurs, the scanning is stopped and the message handler FSM proceeds
depending on the type of frame (data frame or remote frame) received.

Reception of data frama

The message hz.c'e. FSM stores the message from the CAN core shift register into the
respective messaye object in the message RAM. Not only the data bytes, but all arbitration
bits aru (e aaca length code are stored into the corresponding message object. This is
implem:nted to keep the data bytes connected with the identifier even if arbitration mask
-2 isters are used.

“he NewDat bit is set to indicate that new data (not yet seen by the CPU) has been
received. The CPU resets NewDat when it reads the message object. If, at the time of the
reception, the NewDat bit was already set, MsgLst is set to indicate that the previous data
(supposedly not seen by the CPU) is lost. If the RxIE bit is set, the IntPnd bit is set, causing
the interrupt register to point to this message object.

The TxRgst bit of this message object is reset to prevent the transmission of a remote
frame, while the requested data frame has just been received.

Reception of remote frame

When a remote frame is received, three different configurations of the matching message
object have to be considered:
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1. Dir= 1" (direction = transmit), RmtEn = ‘1’, UMask = ‘1’ or ‘0’
At the reception of a matching remote frame, the TxRqst bit of this message object is
set. The rest of the message object remains unchanged.

2. Dir =1’ (direction = transmit), RmtEn = ‘0’, UMask = ‘0’
At the reception of a matching remote frame, the TxRgst bit of this message object
remains unchanged; the remote frame is ignored.

3. Dir =1’ (direction = transmif), RmtEn = ‘0’, UMask = ‘1’
At the reception of a matching remote frame, the TxRqst bit of this message object is
reset. The arbitration and control field (Identifier + IDE + RTR + DLC) from the shift
register is stored into the message object in the message RAM and the NewDat bit of
this message object is set. The data field of the message object remains unchanged;
the remote frame is treated similar to a received data frame.

Receive/transmit priority

The receive/transmit priority for the message objects is attached to the messags number.
Message object 1 has the highest priority, while message object 32 has *ha lowest priority. If
more than one transmission request is pending, they are serviced accordiiig to the priority of
the corresponding message object.

Configuration of a transmit object

Figure 63 shows how a transmit object is initializsa.

Figure 63. Initialisation of a transmi! cbjout

MsgVal | Arb |Data| Mask |EoBI Dir | NewDat | MsgLst|RxIE | TxIE |IntPnd | RmtEn | TxRqst

1 appl.| appl. epp!.| 1 1 0 0 0 |appl. 0 appl. 0

The arbitration ragisi2e (ID28-0 and Xtd bit) are given by the application. They define the
identifier and ty)e o7 ithe outgoing message. If an 11-bit identifier (“standard frame”) is used,
it is proarammea o ID28 - ID18, ID17 - IDO can be disregarded.

If the 1. iE bit is set, the IntPnd bit is be set after a successful transmission of the message
okiect.

If the RmtEn bit is set, a matching received remote frame causes the TxRgst bit to be set;
the remote frame is autonomously answered by a Data Frame.

The data registers (DLC3-0, Data0-7) are given by the application, TxRgst and RmtEn may
not be set before the data is valid.

The mask registers (Msk28-0, UMask, MXtd, and MDir bits) may be used (UMask="1") to
allow groups of remote frames with similar identifiers to set the TxRgst bit. For details see
Section 18.9.2, handle with care; the Dir bit should not be masked.

Updating a transmit object

The CPU may update the data bytes of a transmit object any time via the IFx interface
registers, neither MsgVal nor TxRgst need be reset before the update.

Even if only a part of the data bytes are to be updated, all four bytes of the corresponding
IFx Data A Register or IFx Data B Register have to be valid before the content of that
register is transferred to the message object. Either the CPU has to write all four bytes into
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the IFx data register or the message object is transferred to the IFx data register before the
CPU writes the new data bytes.

When only the (eight) data bytes are updated, first, 0x0087 is written to the command mask
register and, then, the number of the message object is written to the command request
register, concurrently updating the data bytes and setting TxRgst.

To prevent the reset of TxRgst at the end of a transmission that may already be in progress
while the data is updated, NewDat is set together with TxRqst. For details see
Section 18.9.2.

When NewDat is set together with TxRgst, NewDat is reset as soon as the new
transmission has started.

18.9.5 Configuration of a receive object

Figure 64 shows how a receive object is initialized.

Figure 64. Initialization of a receive object

MsgVal | Arb | Data| Mask | EoB | Dir | NewDat MsgLst|Rv'E 1.7IE | IntPnd | RmtEn | TxRgst
1 appl.| appl. | appl. 1 0 0 0 Iap_ﬁ'. 0 0 0 0

The arbitration registers (ID28-0 and Xtd bit) sie aiven by the application. They define the
identifier and type of accepted received n'zs3ages. If an 11-bit Identifier (“standard frame”)
is used, it is programmed to ID28 - IC18, 'L 17 - IDO can then be disregarded. When a data
frame with an 11-bit Identifier is receiveu, ID17 - IDO is set to ‘0.

If the RxIE bit is set, the IrtPiid Lit is set when a received data frame is accepted and stored
in the message object.

The data length ~cde 2 C3-0) is given by the application. When the message handler
stores a data from = in the message object, it stores the received data length code and eight
data bytes |\ tha data length code is less than eight, the remaining bytes of the message
object arz overwritten by non specified values.

Tt £ mask registers (Msk28-0, UMask, MXtd, and MDir bits) may be used (UMask="1") to
aiow groups of data frames with similar identifiers to be accepted. For details see
Section 18.9.2. The Dir bit should not be masked in typical applications.

12.9.6 Handling of received messages

The CPU may read a received message any time via the IFx interface registers, the data
consistency is guaranteed by the message handler state machine.

Typically, the CPU first writes 0x007F to the command mask register and then writes the
number of the message object to the command request register. This combination transfers
the whole received message from the message RAM into the message buffer register.
Additionally, the bits NewDat and IntPnd are cleared in the message RAM (not in the
message buffer).

If the message object uses masks for acceptance filtering, the arbitration bits show which of
the matching messages has been received.

The actual value of NewDat shows whether a new message has been received since last
time this message object was read. The actual value of MsgLst shows whether more than
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one message has been received since last time this message object was read. MsgLst is
not automatically reset.

By a remote frame, the CPU may request another CAN node to provide new data for a
receive object. Setting the TxRgst bit of a receive object causes the transmission of a
remote frame with the receive object’s identifier. This remote frame triggers the other CAN
node to start the transmission of the matching data frame. If the matching data frame is
received before the remote frame could be transmitted, the TxRgst bit is automatically reset.

Configuration of a FIFO buffer

With the exception of the EoB bit, the configuration of receive objects belonging to a FIFO
buffer is the same as the configuration of a (single) receive object, see Section 18.9.5.

To concatenate two or more message objects into a FIFO buffer, the identifiers and masks
(if used) of these message objects have to be programmed to matching values Lue t0 .he
implicit priority of the message objects, the message object with the lowest rumvar will be
the first message object of the FIFO buffer. The EoB bit of all message oLievts of a FIFO
buffer except the last have to be programmed to zero. The EoB bits cf the; last message
object of a FIFO buffer is set to one, configuring it as the end =7 tive Hlock.

Reception of messages with FIFO buffers

Received messages with identifiers matching to o F\v"S buffer are stored into a message
object of this FIFO buffer starting with the messag< object with the lowest message number.

When a message is stored into a messaye coject of a FIFO buffer, the NewDat bit of this
message object is set. By setting New D= while EoB is zero, the message object is locked
for further write accesses by e message handler until the CPU has written the NewDat bit
back to zero.

Messages are stored into 2 =IFO buffer until the last message object of this FIFO buffer is
reached. If none 21 th» preceding message objects is released by writing NewDat to zero, all
further mess2aus Jor this FIFO buffer are written into the last message object of the FIFO
buffer anq, th.erafore, overwrite previous messages.

Rr.cding from a FIFO buffer

Wnen the CPU transfers the contents of message object to the IFx message buffer registers
by writing its number to the IFx command request register, the corresponding command
mask register is programmed such that bits NewDat and IntPnd are reset to zero
(TxRgst/NewDat = ‘1" and ClrintPnd = ‘1°). The values of these bits in the message control
register always reflect the status before resetting the bits.

To assure the correct function of a FIFO buffer, the CPU reads out the message objects
starting at the FIFO Object with the lowest message number.

Figure 65 shows how a set of message objects which are concatenated to a FIFO buffer can
be handled by the CPU.
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Figure 65. CPU Handling of a FIFO Buffer
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Handling of interrupts

If several interrupts are pending, the CAN interrupt register points to the pending interrupt
with the highest priority, disregarding their chronological order. An interrupt remains pending

until the CPU has cleared it.

The status interrupt has the highest priority. Among the message interrupts, the message

object’ s interrupt priority decreases with increasing message number.

A message interrupt is cleared by clearing the message object’s IntPnd bit. The status
interrupt is cleared by reading the status register.
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The interrupt identifier Intld in the interrupt register indicates the cause of the interrupt.
When no interrupt is pending, the register holds the value zero. If the value of the interrupt
register is not zero, there is an interrupt pending and, if IE is set, the interrupt line to the
CPU, IRQ_B, is active. The interrupt line remains active until the interrupt register is back to
value zero (the cause of the interrupt is reset) or until IE is reset.

The value 0x8000 indicates that an interrupt is pending because the CAN core has updated
(not necessarily changed) the status register (error interrupt or status interrupt). This
interrupt has the highest priority. The CPU can update (reset) the status bits RxOk, TxOk
and LEC, but a write access of the CPU to the status register can never generate or reset an
interrupt.

All other values indicate that the source of the interrupt is one of the message objects, Intld
points to the pending message interrupt with the highest interrupt priority.

The CPU controls whether a change of the status register may cause an interrugt \kits =IE
and SIE in the CAN control register) and whether the interrupt line becomes azti ‘e when the
interrupt register is not zero (bit IE in the CAN control register). The interrupt register is
updated even when IE is reset.

The CPU has two possibilities to follow the source of a messagye iateriupt. First it can follow
the Intld in the interrupt register and second it can poll the inte:rupt pending register (see
Section 18.8.5).

An interrupt service routine reading the message tr.a* is the source of the interrupt may read
the message and reset the message object’s 'niPnd at the same time (bit CirintPnd in the
command mask register). When IntPnd iv Girar=d, the interrupt register points to the next
message object with a pending interrpt.

Configuration of bit timing

Even if minor errors in =2 configuration of the CAN bit timing do not result in immediate
failure, the performance ot a CAN network can be reduced significantly.

In many casec ‘he. CAN bit synchronization amends a faulty configuration of the CAN bit
timing 12 saici o degree that only an occasional error frame is generated. In the case of
arbitrai'on however, when two or more CAN nodes simultaneously try to transmit a frame, a
misriaced sample point may cause one of the transmitters to become error passive.

The analysis of such sporadic errors requires a detailed knowledge of the CAN bit
synchronization inside a CAN node and of the CAN nodes’ interaction on the CAN bus.

Bit time and bit rate

CAN supports bit rates in the range of lower than 1 kBit/s up to 1000 kBit/s. Each member of
the CAN network has its own clock generator, usually a quartz oscillator. The timing
parameter of the bit time (that is, the reciprocal of the bit rate) can be configured individually
for each CAN node, creating a common bit rate even though the CAN nodes’ oscillator
periods (fosc) may be different.

The frequencies of these oscillators are not absolutely stable, small variations are caused
by changes in temperature or voltage and by deteriorating components. As long as the
variations remain inside a specific oscillator tolerance range (df), the CAN nodes are able to
compensate for the different bit rates by resynchronising to the bit stream.

According to the CAN specification, the bit time is divided into four segments (see
Figure 66):
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the synchronization segment
the propagation time segment
the phase buffer segment 1

4. the phase buffer segment 2.

w P =

Each segment consists of a specific, programmable number of time quanta (see Table 110).
The length of the time quantum (t;), which is the basic time unit of the bit time, is defined by
the CAN controller’s system clock fs s and the baud rate prescaler (BRP): t; = BRP / fgys.
The C-CAN’s system clock fsys is the frequency of its CAN module clock input.

The synchronization segment, Sync_Seg, is that part of the bit time where edges of the
CAN bus level are expected to occur; the distance between an edge that occurs outside of
Sync_Seg and the Sync_Seg is called the phase error of that edge. The propagation time
segment, Prop_Seg, is intended to compensate for the physical delay times within the CAN
network. The phase buffer segments, Phase_Seg1 and Phase_Seg2, surround the suniple
point. the (re-)synchronisation jump width (SJW) defines how far a resynchrcnisaticn may
move the sample point inside the limits defined by the phase buffer segmi=n's (o
compensate for edge phase errors.

Figure 66. Bit timing

’47 Nominal CAN Bit Time — — 4>‘

[ T |
Sync_  Prop_Seg Phasz Set Phase_Seg2
Seg

IIQKJ;_|-|||IIII>

1 Time Quanitum
( tq ) Sample Point

Table 110. Parameturs of the CAN bit time

Parameter | _Hange Remark
BRP > [1..32] defines the length of the time quantum t
Sv"c_S:g 1t fixed length, synchronisation of bus input to system clock
i-;r_u,rLSeg [1..8]t compensates for the physical delay times
7 Phase_Seg1 [1..8]t may be lengthened temporarily by synchronisation
Phase_Seg2 [1..8]t may be shortened temporarily by synchronisation
SJW [1..4]t may not be longer than either Phase Buffer Segment

This table describes the minimum programmable ranges required by the CAN protocol

A given bit rate may be met by different bit time configurations but, for the proper function of
the CAN network, the physical delay times and the oscillator’s tolerance range have to be
considered.

Propagation time segment

This part of the bit time is used to compensate physical delay times within the network.
These delay times consist of the signal propagation time on the bus and the internal delay
time of the CAN nodes.
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Any CAN node synchronized to the bit stream on the CAN bus is out of phase with the
transmitter of that bit stream, caused by the signal propagation time between the two nodes.
The CAN protocol’s non-destructive bitwise arbitration and the dominant acknowledge bit
provided by receivers of CAN messages require that a CAN node transmitting a bit stream
must also be able to receive dominant bits transmitted by other CAN nodes that are
synchronized to that bit stream. The example in Figure 67 shows the phase shift and
propagation times between two CAN nodes.

Figure 67. The propagation time segment

71 Sync_Seg M Prop_Seg [ Phase_Segl [ Phase_Seg2

Node B

Delay A_lto_B Delay B_to_A

Node A o | '
Delay A_to_B >= node output delay(A) + bus ine deiay(A-B) + node input delay(B)
Prop_Seg >=Delay A_to_B + De'2y B_io_A

Prop_Seg >= 2 ¢ [max(nnde Huiput delay+ bus line delay + node input delay)]

In this example, both nodes A and B are transmitters performing an arbitration for the CAN
bus. The node A has sent its start of frame bit less than one bit time earlier than node B,
therefore, node B has syachrenized itself to the received edge from recessive to dominant.
Since node B has rec3ived tiis edge delay(A_to_B) after it has been transmitted, B’s bit
timing segments a< hifted with regard to A. Node B sends an identifier with higher priority
and so it wins tt.e arbitration at a specific identifier bit when it transmits a dominant bit while
node A Lansimiis a recessive bit. The dominant bit transmitted by node B arrives at node A
after th~ delay(B_to_A).

L'u= Lo oscillator tolerances, the actual position of node A’s sample point can be anywhere
inside the nominal range of node A’s phase buffer segments, so the bit transmitted by node
B must arrive at node A before the start of Phase_Seg1. This condition defines the length of
Prop_Seg.

If the edge from recessive to dominant transmitted by node B arrives at node A after the
start of Phase_Seg1, it could happen that node A samples a recessive bit instead of a
dominant bit, resulting in a bit error and the destruction of the current frame by an error flag.

The error occurs only when two nodes arbitrate for the CAN bus that have oscillators of
opposite ends of the tolerance range and that are separated by a long bus line; this is an
example of a minor error in the bit timing configuration (Prop_Seg too short) that causes
sporadic bus errors.

Some CAN implementations provide an optional three-sample mode The C-CAN does not.
In this mode, the CAN bus input signal passes a digital low-pass filter, using three samples
and a majority logic to determine the valid bit value. This results in an additional input delay
of 1 t4, requiring a longer Prop_Seg.
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Phase buffer segments and synchronisation

The phase buffer segments (Phase_Seg1 and Phase_Seg2) and the synchronisation jump
width (SJW) are used to compensate for the oscillator tolerance. The phase buffer segments
may be lengthened or shortened by synchronisation.

Synchronizations occur on edges from recessive to dominant, their purpose is to control the
distance between edges and sample points.

Edges are detected by sampling the actual bus level in each time quantum and comparing it
with the bus level at the previous sample point. A synchronisation may be done only if a
recessive bit was sampled at the previous sample point and if the actual time quantum’s bus
level is dominant.

An edge is synchronous if it occurs inside of Sync_Seg, otherwise the distance betw=en
edge and the end of Sync_Seg is the edge phase error, measured in time quanta. ii the
edge occurs before Sync_Seg, the phase error is negative, else it is positive.

Two types of synchronisation exist: hard synchronisation and resynchrcnisatic:i. A hard
synchronisation is done once at the start of a frame; inside a frame on.v 1 a3synchronisations
occur.

® Hard synchronisation

After a hard synchronisation, the bit time is restari=2' with the end of Sync_Seg,
regardless of the edge phase error. Thus hard Gviiciironisation forces the edge which
has caused the hard synchronisation to lie within the synchronisation segment of the
restarted bit time.

® Bit resynchronisation

Resynchronisation leads to a shoricning or lengthening of the bit time such that the
position of the sample pont is shifted with regard to the edge.

When the phase errcr ¢ 11e edge which causes resynchronisation is positive,
Phase_Seg1 is leigthened. If the magnitude of the phase error is less than SJW,
Phase_Seg1 is \enythened by the magnitude of the phase error, else it is lengthened
by SJW.

Whern tie >hase error of the edge which causes resynchronisation is negative,
Farse_Seg2 is shortened. If the magnitude of the phase error is less than SJW,
Phuse_Seg?2 is shortened by the magnitude of the phase error, else it is shortened by
SJW.

When the magnitude of the phase error of the edge is less than or equal to the programmed
value of SUW, the results of hard synchronisation and resynchronisation are the same. If the
magnitude of the phase error is larger than SJW, the resynchronisation cannot compensate
the phase error completely, an error of (phase error - SUW) remains.

Only one synchronisation may be done between two sample points. The synchronisations
maintain a minimum distance between edges and sample points, giving the bus level time to
stabilize and filtering out spikes that are shorter than (Prop_Seg + Phase_Seg1).

Apart from noise spikes, most synchronisations are caused by arbitration. All nodes
synchronize “hard” on the edge transmitted by the “leading” transceiver that started
transmitting first, but due to propagation delay times, they cannot become ideally
synchronized. The “leading” transmitter does not necessarily win the arbitration, therefore
the receivers have to synchronize themselves to different transmitters that subsequently
“take the lead” and that are differently synchronized to the previously “leading” transmitter.
The same happens at the acknowledge field, where the transmitter and some of the
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receivers will have to synchronize to that receiver that “takes the lead” in the transmission of
the dominant acknowledge bit.

Synchronisations after the end of the arbitration are caused by oscillator tolerance, when the
differences in the oscillator’s clock periods of transmitter and receivers sum up during the
time between synchronisations (at most ten bits). These summarized differences may not
be longer than the SJW, limiting the oscillator’s tolerance range.

The examples in Figure 68 show how the phase buffer segments are used to compensate
for phase errors. There are three drawings of each two consecutive bit timings. The upper
drawing shows the synchronisation on a “late” edge, the lower drawing shows the
synchronisation on an “early” edge, and the middle drawing is the reference without
synchronisation.

Figure 68. Synchronisation on “late” and “early” edges
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Sample-Point Sample-Point
P S I~
a O
Sample-Point Sample-Point
Sample-Poi it Sample-Point
—NEZZ NN H
u 1 [ .
) | recessive
Rx-Input “early” Edge dominant
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In the fii st example an edge from recessive to dominant occurs at the end of Prop_Seg. The
«a_eis “late” since it occurs after the Sync_Seg. Reacting to the “late” edge, Phase_Seg1 is
I2ngthened so that the distance from the edge to the sample point is the same as it would
have been from the Sync_Seg to the sample point if no edge had occurred. The phase error
of this “late” edge is less than SJW, so it is fully compensated and the edge from dominant
to recessive at the end of the bit, which is one nominal bit time long, occurs in the
Sync_Seg.

In the second example an edge from recessive to dominant occurs during Phase_Seg2. The
edge is “early” since it occurs before a Sync_Seg. Reacting to the “early” edge, Phase_Seg2
is shortened and Sync_Seg is omitted, so that the distance from the edge to the sample
point is the same as it would have been from an Sync_Seg to the sample point if no edge
had occurred. As in the previous example, the magnitude of this “early” edge’s phase error is
less than SJW, so it is fully compensated.

The phase buffer segments are lengthened or shortened temporarily only; at the next bit
time, the segments return to their nominal programmed values.

In these examples, the bit timing is seen from the point of view of the CAN implementation’s
state machine, where the bit time starts and ends at the sample points. The state machine
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omits Sync_Seg when synchronizing on an “early” edge because it cannot subsequently
redefine that time quantum of Phase_Seg2 where the edge occurs to be the Sync_Seg.

The examples in Figure 69 show how short dominant noise spikes are filtered by
synchronisations. In both examples the spike starts at the end of Prop_Seg and has the
length of (Prop_Seg + Phase_Seg1).

Figure 69. Filtering of short dominant spikes

Spike recessive
Rx-Input p dominant
[
! X A \ 4 |
I I
—Pp Sample-Point Sample-Point

SJW = Phase Error

. — —’scessive
Rx-Input Spike dominant
1 II— — §) N
B ——
I I v [
+“—> Sample-Point Sample-Point

SJW < Phase Error

71 Sync_Seg MM Prop_Seq [ | Phase_Segl [ Phase_Seg2

In the first example, the synchroriisation jump width is greater than or equal to the phase
error of the spike’s ed je t.on: recessive to dominant. Therefore, the sample point is shifted
after the end of te s).ike; a recessive bus level is sampled.

In the secen example, SUW is shorter than the phase error, so the sample point cannot be
shiftec fa. enough; the dominant spike is sampled as actual bus level.

ducillator tolerance range

The oscillator tolerance range was increased when the CAN protocol was developed from
version 1.1 to version 1.2 (version 1.0 was never implemented in silicon). The option to
synchronize on edges from dominant to recessive became obsolete, only edges from
recessive to dominant are considered for synchronisation. The protocol update to version
2.0 (A and B) had no influence on the oscillator tolerance.

The tolerance range df for an oscillator’s frequency f,g, around the nominal frequency fom
with (1-dfyef < <1+df)ef _ depends on the proportions of Phase_Segi,
Phase_Seg2, SUW, and the bit time. The maximum tolerance df is the defined by two
conditions (both must be met):

I df = min(Phase_Seg1, Phase_Seg?2)
' 2. (13- bit_time—Phase_Seg?2)

I df = — SIW
20 - bit_time
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It has to be considered that SUW may not be larger than the smaller of the phase buffer
segments and that the propagation time segment limits that part of the bit time that may be
used for the phase buffer segments.

The combination Prop_Seg = 1 and Phase_Seg1 = Phase_Seg2 = SJW = 4 allows the
largest possible oscillator tolerance of 1.58%. This combination with a propagation time
segment of only 10% of the bit time is not suitable for short bit times; it can be used for bit
rates of up to 125 kBit/s (bit time = 8 us) with a bus length of 40 m.

Configuration of the CAN protocol controller

In most CAN implementations and also in the C-CAN, the bit timing configuration is
programmed in two register bytes. The sum of Prop_Seg and Phase_Seg1 (as TSEG1) is
combined with Phase_Seg2 (as TSEGZ2) in one byte, SJW and BRP are combined in the
other byte (see Figure 70).

In these bit timing registers, the four components TSEG1, TSEG2, SJW, and 5*F have to
be programmed to a numerical value that is one less than its functiona! value; <o instead of
values in the range of [1...n], values in the range of [0...n-1] are progra niae . That way, e.g.
SJW (functional range of [1...4]) is represented by only two bits.

Therefore the length of the bit time is (programmed values) [15EG1 + TSEG2 + 3] t, or
(functional values) [Sync_Seg + Prop_Seg + Phase_S=g1 + Phase_Seg2] t,.

Figure 70. Structure of the CAN Core’s CAM *rowcol Controller
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——_ Sample_Point @ Status
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e o < Bus_Off
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|
| Next Data B Shift-Register
Received_Message
Configuration (TSEG1, TSEG2, SJW

The data in the bit timing registers are the configuration input of the CAN protocol controller.
The baud rate prescaler (configured by BRP) defines the length of the time quantum, the
basic time unit of the bit time; the bit timing logic (configured by TSEG1, TSEG2, and SJW)
defines the number of time quanta in the bit time.

The processing of the bit time, the calculation of the position of the sample point, and
occasional synchronizations are controlled by the BTL state machine, which is evaluated
once each time quantum. The rest of the CAN protocol controller, the bit stream processor
(BSP) state machine is evaluated once each bit time, at the sample point.

The shift register serializes the messages to be sent and parallelize received messages. Its
loading and shifting is controlled by the BSP.
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The BSP translates messages into frames and vice versa. It generates and discards the
enclosing fixed format bits, inserts and extracts stuff bits, calculates and checks the CRC
code, performs the error management, and decides which type of synchronization is to be
used. It is evaluated at the sample point and processes the sampled bus input bit. The time
after the sample point that is needed to calculate the next bit to be sent (for example, data
bit, CRC bit, stuff bit, error flag, or idle) is called the information processing time (IPT).

The IPT is application specific but may not be longer than 2 t,; the C-CAN's IPTis O ty- Its
length is the lower limit of the programmed length of Phase_Seg2. For a synchronization,
Phase_Seg2 may be shortened to a value less than IPT, which does not affect bus timing.

Calculation of the bit timing parameters

Usually, the calculation of the bit timing configuration starts with a desired bit rate or hit time.
The resulting bit time (1/bit rate) must be an integer multiple of the system clock nerioa

The bit time may consist of 4 to 25 time quanta, the length of the time quantum :, s defined
by the baud rate prescaler with t, = (Baud Rate Prescaler)/fs,s. Severa! con'Linations may
lead to the desired bit time, allowing iterations of the following steps.

The first part of the bit time to be defined is the Prop_Seg. Its icnyth depends on the delay
times measured in the system. A maximum bus length as wel. as a maximum node delay
has to be defined for expandible CAN bus systems. The ‘esulting time for Prop_Seg is
converted into time quanta (rounded up to the neeres1 irtzeger multiple of tg).

The Sync_Seg is 1 t4 long (fixed), leaving (bit tirae - Prop_Seg — 1) t,, for the two phase
buffer segments. If the number of remaining t; i even, the phase buffer segments have the
same length, Phase_Seg2 = Phase_'seg1, cise Phase_Seg2 = Phase_Seg1 + 1.

The minimum nominal length of Phose_Seg2 must be considered as well. Phase_Seg2 may
not be shorter than the CAN con‘roller’s information processing time, which is, depending on
the actual implementaticn, in thie range of [0...2] t,,.

The length of the syi:chronization jump width is set to its maximum value, which is the
minimum of fou - and Phase_Seg1.

The oszi'ator tolerance range necessary for the resulting configuration is calculated by the
formule = given in Section 18.9.10

i 12eve than one configuration is possible, that configuration allowing the highest oscillator
tolerance range should be chosen.

CAN nodes with different system clocks require different configurations to come to the same
bit rate. The calculation of the propagation time in the CAN network, based on the nodes
with the longest delay times, is done once for the whole network.

The CAN system’s oscillator tolerance range is limited by that node with the lowest tolerance
range.

The calculation may show that bus length or bit rate have to be decreased or that the
oscillator frequencies’ stability has to be increased in order to find a protocol compliant
configuration of the CAN bit timing.

The resulting configuration is written into the bit timing register:

(Phase_Seg2 - 1) and (Phase_Seg1 + Prop_Seg - 1) and (SynchronisationJumpWidth - 1)
and (Prescaler - 1).

187/328




CAN modules

ST10F252M

Example for bit timing at high baud rate

In this example, the frequency of CAN module clock is 10 MHz, BRP is 0, the bit rate is 1 MBit/s.

tq 100
delay of bus driver 50
delay of receiver circuit 30
delay of bus line (40m) 220
tProp 600
tsuw 100
tTSeg1 700
tTseg2 200
tSync-Seg 100
bit time 1000

tolerance for CAN clock 0.39

ns
ns
ns
ns
ns
ns
ns
ns
ns

ns

%

tcAN_cLK

6xtq
1xtq

tprop + tsuw
Information Processing Time + 1 « t.

1xtq

tSync-seg * tTsegt + t1se 12

min (PB1, PE2)

=3 (13- bit_time-PB2

.1us

Ty (127 1us-o0.2us

In this example, the concatenated bit lim> parameters are (2-1)3 & (7-1)4 & (1-1)5 & (1-1)g,
the bit timing register is programmed »= Jdx1600.

Example for bit timing¢ 2t lo v baud rate

In this example, the freyuency of CAN module clock is 2 MHz, BRP is 1, the bit rate is 100 KBit/s.

ty 1
delay o bus driver 200
~elay of receiver circuit 80
delay of bus line (40m) 220
tProp
tsuw
tTSeg1
tTSegZ

tSync-Seg
bit time

OO NS B NN

tolerance for CAN clock 1.58

us
ns
ns
ns
us
us
us
us

us
us

%

2 xtcAN_cLK

1xtq
4xtq

tprop + tsyw
Information Processing Time + 3 ¢ t,

1xtq

tSync-seg * tTsegt + trseg2

min (PB1, PB2)
2. (13- bit_time-PB2

4us
2. (13- 10us—-4us’

In this example, the concatenated bit time parameters are (4-1)3 & (5-1)4 & (4-1)5 & (2-1)g,
the bit timing register is programmed to= 0x34C1.
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Watchdog timer

The watchdog timer is a fail-safe mechanism which prevents the microcontroller from
malfunctioning for long periods of time. The watchdog timer is always enabled after a reset
of the chip (just after PORTO latching) and can only be disabled in the time interval until the
EINIT (end of initialization) instruction has been executed. Therefore, the chip’s start-up
procedure is always monitored. The software is designed to service the watchdog timer
before it overflows. If, due to hardware or software related failures, the software fails to do
so, the watchdog timer overflows and generates an internal hardware reset. It pulls the
RSTOUT pin low to allow external hardware components to be reset.

Each of the different reset sources is indicated in the WDTCON register. The indicated bits
are cleared with the EINIT instruction. It is, thus, possible to identify the reset during th=
initialization phase. The mechanism only detects a failure on the internal 1.8V, nct on the
external power supply (Vpp)-

WDTCON register

WDTCON register (FFAEh/D7h) SFR Reset value: 00xxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\
WDTREL Receivad PONR | LHWR S';W SWR | WDTR WBTI
RW NG R R R R R RW

Table 111. WDTCON register functiuns

Bit Name Function

| viatchdog timer input frequency selection
0 WLTIN ‘0’: Input frequency is fopy/2.
“1”: Input frequency is fopy/128.

| Watchdog timer reset indication flag

| or by the SRVWDT instruction.

1 wDTR ) ®) Set by the watchdog timer on an overflow. Cleared by a hardware reset

[ o

5 SWR (@ Software reset indication flag
Set by the SRST execution. Cleared by the EINIT instruction.

3 SHWR (D@ Short hardware reset indication flag
Set by the input RSTIN. Cleared by the EINIT instruction.

4 LHWR (@) Long hardware reset indication flag
Set by the input RSTIN. Cleared by the EINIT instruction.
Power-on (asynchronous) reset indication flag

5 PONRM@)®) Set by the input RSTIN if a power-on condition has been detected.
Cleared by the EINIT instruction.

15:8 WDTREL Watchdog timer reload value (for the high byte)

More than one reset indication flag may be set. After EINIT, all flags are cleared.

2. Power-on is detected when a ramp on internal 1.8V (generated by the on-chip voltage regulator) is
detected.

3. These bits cannot be directly modified by software.
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Table 112. Reset flag settings

Reset Source PONR LHWR SHWR SWR WDTR
Power On Reset X X X X
Power On after a partial supply failure | (see Note) X X X
Long Hardware Reset X X X
Short Hardware Reset X X
Software Reset X
Watchdog Reset X X

Note: PONR bit may not be set for short supply failure.

If a bi-directional reset is enabled and if the RSTIN pin is latched low after the ~nd ¢i the
internal reset sequence, a short hardware reset, a software reset or a watchJdoq reset
triggers a long hardware reset. Thus, reset indications flags are set to /r.27ze a long
hardware reset.
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20 System reset

System reset initializes the device in a predefined state. There are many ways to activate a
reset state. The system start-up configuration is different for each case as shown in

Table 113. The reset history is flagged inside WDTCON register (see also Chapter 19 for
additional details).

Table 113. Reset event definition

RPD

Reset Source Flag Status Conditions
Power-on reset PONR Low Power-on
Asynchronous hardware reset Low |tgsTn> ™M
Synchronous long hardware LHWR High trsTin > (1032 + 12) TCL + rr;q‘ TCL,
reset 500ns)

— _F_
Synchronous short hardware tRSTIN > Max(4 1 L, 500ns)

reset @) SHWR High trsTin (1022 + 1Z) TCL + max(4 TCL,
500ns)
Watchdog timer reset WDTR @) W T overflow
Wal'
Software reset SWR ® | SR’ST instruction execution

1. RSTIN pulse should be longer than 500ns (Filter) ~r.2 u an settling time for configuration of PORTO.
See Section 20.1 for more details on minirum ‘ece’ pulse duration.

3. The RPD status has no influence unless bidirectio .. reset is activated (bit BDRSTEN in SYSCON): RPD low inhibits the
bidirectional reset on SW and WDT resat events, that is RSTIN is not activated (refer to Section 20.4, Section 20.5 and
Section 20.6).

20.1 Input filter

On RE 1 input pin, there is an on-chip RC filter. This filter is sized to filter all the spikes
sherter than 50 ns. A valid pulse must be longer than 500 ns before the ST10 recognizes a
i12cet command. Between 50 ns and 500 ns a pulse can either be filtered or recognized as
vaiid, depending on the operating conditions and process variations.

For this reason all minimum durations, mentioned in this chapter for the different kind of
reset events, should be carefully evaluated taking into account of the above requirements.

In particular, for short hardware reset, where only 4 TCL is specified as minimum input reset
pulse duration, the operating frequency is a key factor. For example:

e fora CPU clock of 40 MHz, 4 TCL is 50 ns, so it would be filtered; in this case the
minimum becomes the one imposed by the filter (that is 500 ns)

e fora CPU clock of 4 MHz, 4 TCL is 500 ns; in this case the minimum from the formula
is coherent with the limit imposed by the filter.
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20.2

Note:

Note:
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Asynchronous reset

An asynchronous reset is triggered when RSTIN pin is pulled low while the RPD pin is low.
The ST10F252M is immediately (after the input filter delay) forced in reset default state. It
pulls low the RSTOUT pin, it cancels pending internal hold states if any, it aborts all
internal/external bus cycles, it switches buses (data, address and control signals) and 1/0
pin drivers to high-impedance, it pulls high PORTO pins.

If an asynchronous reset occurs during a read or write phase in internal memories, the
content of the memory itself could be corrupted. To avoid this, synchronous reset use is
strongly recommended.

Power-on reset

Asynchronous reset must be used during the power-on of the device. Depending or: ci stal
or resonator frequency, the on-chip oscillator needs about 1 ms to 10 ms to stakilize (rafer to
Section 27.8.2), with an already stable Vpp. The logic of the ST10F252M do s rict need a
stabilized clock signal to detect an asynchronous reset, so it is suitable ‘o pawer-on
conditions. To ensure a proper reset sequence, the RSTIN pin and the R?D pin must be
held at low level until the device clock signal is stabilized and the vvstem configuration value
on PORTO is settled.

At power-on it is important to consider some additional <cnstraints introduced by the
start-up phase of the different embedded modules.

In particular the on-chip voltage regulator ne:0< 2t least 1 ms to stabilize the internal 1.8 V
for the core logic — this time is comput< 1. ora when the external reference (Vpp) becomes
stable (inside specification range, tha' is 7.t least 4.5 V). This is a constraint for the
application hardware (external volt~ge regulator). The RSTIN pin assertion should be
extended to guarantee the ve!tage regulator stabilization.

A second constraint is in:ocsed by the embedded Flash. When booting from internal
memory, starting froim th:: release of RSTIN, it needs a maximum of 1 ms for its initialization;
before that, the inte:nal reset (RST signal) is not released, so the CPU does not start code
execution in 'n121ial memory.

This is wot true if external memory is used (pin EA held low during reset phase). In this case,
or ¢ RSTIN pin is released, and after few CPU clock pulses (filter delay plus 3...8 TCL), the
internal reset signal RST is released, so the code execution can start immediately. Access
(o the data in internal Flash is forbidden before its initialization phase is completed; an
attempted access during the start-up phase returns FFFFh (just at the beginning), while
later 009Bh (an illegal opcode trap is generated).

At power-on, the RSTIN pin is tied low for a minimum time that includes also the start-up
time of the main oscillator (tgtyp = 1 ms for resonator, 10 ms for crystal) and PLL
synchronization time (tpgyp = 200 ps). This means that, if the internal Flash is used, the
RSTIN pin could be released before the main oscillator and PLL are stable to recover some
time in the start-up phase (Flash initialization only needs stable Vg, but does not need
stable system clock since an internal dedicated oscillator is used).
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Warning: It is recommended to provide the external hardware with a
current limitation circuitry. This is necessary to avoid
permanent damage to the device during the power-on
transient, when the capacitance on V,g pin is charged. For
the on-chip voltage regulator functionality, 10 nF is sufficient.
However, a maximum of 100 nF on the V45 pin should not
generate problems of over-current (higher value is allowed if
current is limited by the external hardware). External current
limitation is also recommended to avoid risk of damage in the
event of a temporary short between V45 and ground. The
internal 1.8V drivers are sized to drive currents of several
tens of Amperes, so the current should be limited by the
external hardware. The limit of current is imposed by povre,
dissipation considerations (refer to Section 27.3 for Cciails)

In the next Figure 71 and 72 Asynchronous Power-on timing dicgrams are shown,
respectively with boot from internal or external memory, highlizinting the reset phase
extension introduced by the embedded Flash module whzr. selected.
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Figure 71. Asynchronous power-on RESET (EA=1)
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Figure 72. Asynchronous power-on RESET (EA=0)
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1. 3to 8 TCL depending on clock source selection.
Hardware reset

The asynchronous reset must be used to recover from catastrophic situations of the
application. It may be triggered by the hardware of the application. Internal hardware logic
and application circuitry are described in Section 20.7 and Figure 84, Figure 85 and
Figure 86. It occurs when RSTIN is low and RPD is detected (or becomes) low as well.
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Figure 73. Asynchronous hardware RESET (EA=1)
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20.3

Figure 74. Asynchronous hardware RESET (EA=0)
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Exit frcom asynchronous reset state

Wiien the RSTIN pin is pulled high, the device restarts. As already mentioned, if internal
Flash is used, the restarting occurs after the embedded Flash initialization routine is
completed. The system configuration is latched from PORTO: ALE, RD and WR/WRL pins
are driven to their inactive level. The ST10F252M starts program execution from memory
location 00'0000h in code segment 0. This starting location will typically points to the
general initialization routine. The timing of asynchronous hardware reset sequence are
summarized in Figure 73 and Figure 74.

Synchronous reset (warm reset)

A synchronous reset is triggered when RSTIN pin is pulled low while RPD pin is at high
level. In order to properly activate the internal reset logic of the device, the RSTIN pin must
be held low, at least, during 4 TCL (two periods of CPU clock): refer also to Section 20.1 for
details on minimum reset pulse duration. The /O pins are set to high impedance and
RSTOUT pin is driven low. After RSTIN level is detected, a short duration of a maximum of
12 TCL (six periods of CPU clock) elapses, during which pending internal hold states are
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cancelled and the current internal access cycle if any is completed. The external bus cycle
is aborted. The internal pull-down of RSTIN pin is activated if bit BDRSTEN of SYSCON
register was previously set by software. This bit is always cleared on power-on or after a
reset sequence.

Short and long synchronous reset

Once the first maximum 16 TCL are elapsed (4+12 TCL), the internal reset sequence starts.
Itis 1024 TCL cycles long. At the end of the sequence and after another 8 TCL, the level of
RSTIN is sampled (after the filter, see RSTF in the drawings). If it is already at high level,
only a short reset is flagged (refer to Chapter 19 for details on reset flags); if it is recognized
as still low, a long reset is flagged. The major difference between long and short reset is that
during the long reset, P0(15:13) also becomes transparent, so it is possible to change the
clock options.

WARNING:

Warning: For a short pulse on RSTIN pin and when bicin>c*ional reset
is enabled, the RSTIN pin is held low b, e iniernal circuitry.
At the end of the 1024 TCL cycles, the h (SIN pin is released
but, due to the presence of the in;«L* analog filter, the internal
input reset signal (RSTF in tie fiawings) is released later
(from 50 to 500 ns). This dclay is in parallel with the
additional 8 TCL, at th= z::2 of which the internal input reset
line (RSTF) is sarupi2J. .0 decide if the reset event is short or
long. In particula::

The sam.e bvhavior occurs also when unidirectional reset is
seleited ana RSTIN pin is held low till the end of the internal
cenusaince (exactly 1024 TCL + max 16 TCL) and released
2.actly at that time.

e if& TCL > 500 ns (Fcpy < 8 MHz), the reset event is always recognized as Short

« 8 TCL <500 ns (Fcpy > 8MHz), the reset event could be recognized either as Short
or Long, depending on the real filter delay (between 50 and 500 ns) and the CPU
frequency (RSTF sampled high means Short reset, RSTF sampled low means Long
reset). Note that in case a Long reset is recognized, once the 8 TCL are elapsed, the
P0(15:13) pins becomes transparent, so the system clock can be re-configured. The
port returns not transparent 3-4 TCL after the internal RSTF signal becomes high.

The same behavior just described, occurs also when unidirectional reset is selected and
RSTIN pin is held low till the end of the internal sequence (exactly 1024TCL + max 16 TCL)
and released exactly at that time.

When running with CPU frequency lower than 40 MHz, the minimum valid reset pulse to be
recognized by the CPU (4 TCL) could be longer than the minimum analog filter delay (50ns);
so it might happen that a short reset pulse is not filtered by the analog input filter, but on the
other hand it is not long enough to trigger a CPU reset (shorter than 4 TCL): this would
generate a Flash reset but not a system reset. In this condition, the Flash answers always
with FFFFh, which leads to an illegal opcode and consequently a trap event is generated.
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Exit from synchronous reset state

The reset sequence is extended until RSTIN level becomes high. Moreover, it is internally
prolonged by the Flash initialization when EA=1 (internal memory selected). Then, the code
execution restarts. The system configuration is latched from PORTO, and ALE, RD and
WR/WRL pins are driven to their inactive level. The ST10F252M starts program execution
from memory location 00'0000h in code segment 0. This starting location will typically points
to the general initialization routine. Timing of synchronous reset sequence is summarized in
Figure 75 and Figure 76 where a Short reset event is shown, with particular emphasis on
the fact that it can degenerate into Long reset: the two figures show the behavior when
booting from internal or external memory respectively. Figure 77 and 78 report the timing of
a typical synchronous Long reset, again when booting from internal or external memory.

Synchronous reset and RPD pin

Whenever the RSTIN pin is pulled low (by external hardware or as a conseque:ic= cfa
Bidirectional reset), the RPD internal weak pull-down is activated. The exter.al zapacitance
(if any) on the RPD pin is slowly discharged through the internal weak = ni-oown. If the
voltage level on the RPD pin reaches the input low threshold (apprcxin.ately 2.5 V), the
reset event becomes immediately asynchronous. In case of baidhvrai & reset (short or long)
the situation goes immediately to the one illustrated in Figure ~3. There is no effect if RPD
comes again above the input threshold: the asynchroncu= ieset is completed coherently. To
correctly complete a synchronous reset, the value of tt.e capacitance should be big enough
to maintain a sufficiently high voltage on the RPD min ior the duration of the internal reset
sequence.

For a Software or Watchdog reset evi:nts. i1 active synchronous reset is completed
regardless of the RPD status.

It is important to highlight th<i th2 signal that makes RPD status transparent under reset is
the internal RSTF (after *h=2 naise filter).
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Figure 75. Synchronous short / long hardware RESET (EA=1)

4 T7CL® g92TCL

<1032 TCL

B e e — ]

27upA Discharge

RSTIN 1T o ] [
>50ns >50ns > 50 ns
<500 ns <500 ns <500 ns 27CL
- = L~ =
RSTF ' K . ' '
(After Filter) _l | : i l ; l l
PO[15:13] X ' not transparent |, ' : X
PO[12:2] X not t. transparent | ' : [nott. X
PO[1:0] :x : not transparent ' : | [not t-Xj __:
: : R LR
IBUS-CS ! ; o . A\ i
(Internal) . . : . — A T J
: : ! <t ms '
. | | —— '
FLARST : — x ¢l '
Z l 1024 TCL €Tl '
' - > f
RST - \J .
' : At this time RSTF is sampled HIGH or LOW
. ' so itis SHORT or LONG reset
RSTOUT ] -
RPD

@) Vgpp > 2.5V Asynchronous Reset not entered

1. 5STIN assertion can be released there. Refer also to Section 21.1 for details on minimum pulse duration.

2. If during the reset condition (RSTIN low), RPD voltage drops below the threshold voltage (about 2.5V for
5V operation), the asynchronous reset is then immediately entered.

3. RSTIN pin is pulled low if bit BDRSTEN (bit 3 of SYSCON register) was previously set by software.

Bit BDRSTEN is cleared after reset.

4. Minimum RSTIN low pulse duration shall also be longer than 500ns to guarantee the pulse is not masked
by the internal filter (refer to Section 21.1)
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Figure 76. Synchronous short / long hardware RESET (EA=0)

aT1CL® 92 TCL <1032 TCL
:4—»:4—»;4—»:
RSTIN 1w ) [
>50ns >50ns >50ns

<500 ns <500 ns <500 ns
— - — - —

RS ey L

(After Filter)

PO[15:13] X not transparent . X
PO[12:2] X not t. transparent |, | [ not t. X
PO[1:0] X : not transparent_, |_ J-_')E&
! ! L3887 ©o8TCcL |
\ X , - : f
ALE - . R . .

' "
' \ 1024 TCL EL Ik
: e ———
RST ! T
At this time RSTF fsI sampled HIGH or LOW
so itis SHORT or LONG reset

RSTOUT ] :

RPD \ &

/ @) Vgpp > 2.5V Asynchronous Reset not entered

20r uA Discharge

. TSSTIN assertion can be released there. Refer also to Section 21.1 for details on minimum pulse duration.

2. If during the reset condition (RSTIN low), RPD voltage drops below the threshold voltage (about 2.5V for
5V operation), the asynchronous reset is then immediately entered.

3. 3to 8 TCL depending on clock source selection.

4. RSTIN pin is pulled low if bit BDRSTEN (bit 3 of SYSCON register) was previously set by software. Bit
BDRSTEN is cleared after reset.

5. Minimum RSTIN low pulse duration shall also be longer than 500ns to guarantee the pulse is not masked
by the internal filter (refer to Section 21.1).
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Figure 77. Synchronous long hardware RESET (EA=1)

4TCL® g2TCL

1024+8 TCL

RSTIN b i f |
>5|0 ns >50ns ., =50ns
<500 ns <500 ns . 500 ns 27CL
> > - P -
RSTF [ ! T T
(After Filter) _! . 7 !3..4 TCL .
' ' ' - '
PO[15:13] X not transparent | transparent [ [nott. X
PO[12:2] X not t. | transparent ' X [nott.X _
PO[1:0] X : not transparent ' : | m_ )\,___ -

IBUS-CS
(Internal)

FLARST

1024+8 TCL

RST , N\ .
At this tirlne RSTF is sampled LOW
so it is definitely LONG reset

RSTOUT |

RPD -

) Vgrpp > 2.5V Asynchronous Reset not entered

1

'l during the reset condition (RSTIN low), RPD voltage drops below the threshold voltage (about 2.5V for
SV operation), the asynchronous reset is then immediately entered. Even if RPD returns above the
threshold, the reset is definitively taken as asynchronous.

Minimum RSTIN low pulse duration shall also be longer than 500ns to guarantee the pulse is not masked
by the internal filter (refer to Section 21.1).
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Figure 78. Synchronous long hardware RESET (EA=0)

4TCL® 12TCL 1024+8 TCL
- <>
RSTIN b l : |
>50ns > 50 ns " 250ns
<500 ns <500 ns . <500 ns
— - — - . -

RSTF ' )
(After Filter) _! | . 0 \ 3.4 TCL

' : -~
PO[15:13] X not transparent | transparent | not t. X
PO[12:2] X ' transparent ' | not t. X \
PO[1:0] X . not transparent ' [ DX

: ' . . 8.8TLL ., 8TCL
ALE ' ! ; . : il

: \ 1024+8 TCL f 1

' e — .
RST : ()N

T L) |

: l At this tilme RSTF is sampled LOW

i so it is LONG reset
rRsTOUT | ~ .
RPD B e R

(1)
200 A Discharge / Vgpp > 2.5V Asynchronous Reset not entered

1. ' during the reset condition (RSTIN low), RPD voltage drops below the threshold voltage (about 2.5V for
JV operation), the asynchronous reset is then immediately entered.

2. Minimum RSTIN low pulse duration shall also be longer than 500ns to guarantee the pulse is not masked
by the internal filter (refer to Section 21.1).

3. 3to 8 TCL depending on clock source selection.

Software reset

A software reset sequence can be triggered at any time by the protected SRST (software
reset) instruction. This instruction can be deliberately executed within a program, for
example, to leave bootstrap loader mode, or on a hardware trap that reveals system failure.

On execution of the SRST instruction, the internal reset sequence is started. The
microcontroller behavior is the same as for a synchronous short reset, except that only bits
P0.12...P0.8 are latched at the end of the reset sequence, while previously latched, bits
P0.7...P0.2 are cleared (that is written at ‘1’).

A Software reset is always taken as synchronous. There is no influence on Software reset
behavior with RPD status. In case a bidirectional reset is selected, a Software reset event
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pulls RSTIN pin low: this occurs only if RPD is high; if RPD is low, RSTIN pin is not pulled
low even though Bidirectional reset is selected.

Refer to Figure 79 and Figure 80 for unidirectional software reset timing, and to Figure 81,
Figure 82 and Figure 83 for bidirectional.

Watchdog timer reset

When the watchdog timer is not disabled during the initialization, or serviced regularly
during program execution, it overflows and triggers the reset sequence.

Unlike hardware and software resets, the watchdog reset completes a running external bus
cycle if this bus cycle either does not use READY, or if READY is sampled active (low) after
the programmed wait states.

When READY is sampled inactive (high) after the programmed wait states the 11ir.ning
external bus cycle is aborted. Then the internal reset sequence is startad.

Bit P0.12...P0.8 are latched at the end of the reset sequence and bit °C 7...P0.2 are cleared
(that is written at ‘1).

A Watchdog reset is always synchronous. There is no influance on Watchdog reset behavior
with RPD status. In case a Bidirectional reset is selecte, a Watchdog reset event pulls
RSTIN pin low; this occurs only if RPD is high; if k2.2 15 1ow, RSTIN pin is not pulled low
even though bidirectional reset is selected.

Refer to Figure 79 and Figure 80 for uridi ec’iunal SW reset timing, and to Figure 81,
Figure 82 and Figure 83 for bidirectional.

Figure 79. SW /WDT unidirectional RESET (EA=1)

RSTIN \\UY el
-
PCl1513) X not transparent . X
| PO[12:8] X transparent ! [nott. X
| . | |
PO[7:2] X not transparent 0 ' X
PO[1:0] X not transparent ' | [nottX
: 7 TCL
IBUS-CS : : . i
(Internal) ] . . |_L
. <Ims ! :
. e
FLARST ] l .
1024 TCL l .
RST | ' | -
RSTOUT |
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Figure 80. SW /WDT unidirectional RESET (EA=0)

RSTIN

PO[15:13] X not transparent X

PO[12:8] X transparent [nott. X

PO[7:2] X not transparent ! X

PO[1:0] X not transparent [ [mottX \
: -3 O N
. -——

ALE l | |_|_
: 1024 TCL :
- -

RST J

RSTOUT -~

Bidirectional Resot

As shown in the »ravious sections, the RSTOUT pin is driven active (low level) at the
beginning of any r=set sequence (synchronous/asynchronous hardware, software and
watchdsog iimar resets). RSTOUT pin stays active low beyond the end of the initialization
routine, untii the protected EINIT instruction (end of initialization) is completed.

. ha Bidirectional reset function is useful when external devices require a reset signal but
cannot be connected to RSTOUT pin, because RSTOUT signal lasts during initialization. It
is, for instance, the case of external memory running initialization routine before the
execution of EINIT instruction.

Bidirectional reset function is enabled by setting bit 3 (BDRSTEN) in SYSCON register. It
only can be enabled during the initialization routine, before EINIT instruction is completed.

When enabled, the open drain of the RSTIN pin is activated, pulling down the reset signal,
for the duration of the internal reset sequence (synchronous/asynchronous hardware,
synchronous software and synchronous watchdog timer resets). At the end of the internal
reset sequence (1024 TCL) the pull down is released and the following may occur.

® After a Short Synchronous Bidirectional Hardware Reset, if RSTF is sampled low
8 TCL periods after the internal reset sequence completion (refer to Figure 75 and
Figure 76), the Short reset becomes a Long reset. Otherwise, if RSTF is sampled high
the device simply exits reset state.

® After a Software or Watchdog Bidirectional reset, the device exits from reset. If RSTF

remains still low for at least 4 TCL periods (minimum time to recognize a Short
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hardware reset) after the reset exiting (refer to Figure 81 and 82), the Software or
Watchdog reset become a Short Hardware reset. On the contrary, if RSTF remains low
for less than 4 TCL, the device simply exits reset state.

The Bidirectional reset is not effective in case RPD is held low, when a Software or
Watchdog reset event occurs. On the contrary, if a Software or Watchdog Bidirectional reset
event is active and RPD becomes low, the RSTIN pin is immediately released, while the
internal reset sequence is completed regardless of RPD status change (1024 TCL).

The bidirectional reset function is disabled by any reset sequence (bit BDRSTEN of
SYSCON is cleared). To be activated again it must be enabled during the initialization
routine.

WDTCON flags

Similar to what is highlighted in the previous section, when discussing Short reset and the
degeneration into Long reset, comparable situations may occur when Bidirectiona' reset is
enabled. The presence of the internal filter on RSTIN pin introduces a delay. \\/ben RSTIN is
released, the internal signal after the filter (see RSTF in the drawings) is aclayed, so it
remains still active (low) for a while. It means that depending on the in‘einal clock speed, a
short reset may be recognized as a long reset: The WDTCON flags are set accordingly.

Moreover, when either Software or Watchdog bidirecticn:u :eset events occur, when the
RSTIN pin is released (at the end of the internal resei sequence), the RSTF internal signal
(after the filter) remains low for a while, and depziaing on the clock frequency it is
recognized high or low. If the RSTF signal is "ercgnized low for at least another 4 TCL after
the completion of the internal sequencz, « he ruware reset sequence starts, and WDTCON
flags this last event, masking the previous one (software or watchdog reset). Typically, a
short hardware reset is recognized, unless the RSTIN pin (and consequently internal signal
RSTF) is held sufficiently low by the external hardware to inject a long hardware reset. After
this occurrence, the initi=lizaricn routine is not able to recognize a software or watchdog
bidirectional reset event, vince a different source is flagged inside WDTCON register. This
phenomenon dovs nct occur when internal Flash is selected during reset (EA = 1), since the
initialization % the Flash extends the internal reset duration well beyond the filter delay.

The next Fiaure 81, 82 and 83 summarize the timing for Software and Watchdog Timer
Bidirectional reset events. In particular, Figure 83 shows the degeneration into Hardware
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Figure 81. SW/WDT bidirectional RESET (EA=1)

RSTIN ] |
>50ns >50ns
<500 ns <500 ns
> - . -—
RSTF ] ' X :
(After Filter) X T ! !
PO[15:13] X not transpatent . ' X
PO[12:8] X transparent' : | not t.X
PO[7:2] X not transparent l ! X
PO[1:0] :>( not transpatent ' [ [nottX S
! L leeTOL o TCL
IBUS-CS ; D Y o\ © i
(Internal) : " A\,
47CL | P dms !
e
FLARST . : ‘OB :
! 1024 TCL . :
- - .
RST | - .
RSTOUT ]

Figure 82. SW /WDT vicirectional RESET (EA=0)

2GTF

(Kiter Filter)

| PO[15:13]

PO[12:8]

PO[7:2]

PO[1:0]

ALE

RST

RSTOUT

B

- 50ns 250 ns

<500 ns <500 ns
> - -

: B
:>< not transparent . X
:X transparent [ not tX:
:>< not transparent . X'
X not transparent | i nott. X

l L aTCL

! 1024 TCL L 4TCL
=

At this time RSTF is already HIGH
so SW or WDT Reset is exited and flagged in WDTCON
(no new HW reset is generated)
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Figure 83. SW /WDT bidirectional RESET (EA=0)

RSTIN ]
>50 ns . 250ns
<500 ns ) ! <500 ns )
RSTF | : I
(After Filter) ! T :
PO[15:13] X not transparent . X X:
PO[12:8] X transparent | not t.X X:
PO[7:2] X not transparent . X __:)C
PO[1:0] X not transparent |_ _D\_t )
; . 4TCL
\ I ]
ALE ' ! '
f 1024 TCL : .
RST ] \ ) I
: RSTF remains LOW for more than 4 TCL *
. so new HW Reset is entered and flagged
RSTOUT _| in WDTCON register

Reset circuiuwry

Internc! ieset circuitry is described in Figure 86. The RSTIN pin provides an internal pull-up
resistor of 50 kQto 250 kQ (the minimum reset time must be calculated using the lowest
value).

It also provides a programmable (BDRSTEN bit of SYSCON register) pull-down to output
internal reset state signal (synchronous reset, watchdog timer reset or software reset).

This bidirectional reset function is useful in applications where external devices require a
reset signal but cannot be connected to RSTOUT pin.

This is the case of an external memory running codes before EINIT (end of initialization)
instruction is executed. RSTOUT pin is pulled high only when EINIT is executed.

The RPD pin provides an internal weak pull-down resistor which discharges external
capacitor at a typical rate of 200 pA. If bit PWDCFG of SYSCON register is set, an internal
pull-up resistor is activated at the end of the reset sequence. This pull-up charges any
capacitor connected on RPD pin.

The simplest way to reset the ST10F252M is to insert a capacitor C1 between RSTIN pin

and Vgg, and a capacitor between RPD pin and Vgg (CO0) with a pull-up resistor RO between
RPD pin and Vpp. The input RSTIN provides an internal pull-up device equalling a resistor of
50 kQ to 250 kQ (the minimum reset time must be determined by the lowest value). Select a
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value of C1 that produces a sufficient discharge time to permit the internal or external
oscillator and/or internal PLL and the on-chip voltage regulator to stabilize.

To ensure correct power-up reset with controlled supply current consumption, specially if the
clock signal requires a long period of time to stabilize, an asynchronous hardware reset is
required during power-up. For this reason, it is recommended to connect the external RO-C0O
circuit, shown in Figure 84, to the RPD pin. On power-up, the logical low level on the RPD
pin forces an asynchronous hardware reset when RSTIN is asserted low. The external pull-
up RO will then charges the capacitor CO. Note that an internal pull-down device on RPD pin
is turned on when RSTIN pin is low and causes the external capacitor (CO0) to begin
discharging at a typical rate of 100-200 pA. With this mechanism, after power-up reset,
short low pulses applied on RSTIN produce synchronous hardware reset. If RSTIN is
asserted longer than the time needed for CO to be discharged by the internal pull-down
device, the device is forced in an asynchronous reset. This mechanism insures recovery
from very catastrophic failure.

Figure 84. Minimum external reset circuitry

RSTOUT P External Hardwe"

RSTIN
ci ¢ — a) Hardware

I O Reset
ot

b) For Power-up
Reset

(and Interruptible
RPD Power Down

mode)
ST10F252M ;
_ 2

T2 minimum reset circuit of Figure 84 is not adequate when the RSTIN pin is driven from
the ST10F252M itself during software or watchdog triggered resets, because of the
capacitor C1 that keeps the voltage on RSTIN pin above V,_after the end of the internal
reset sequence, and, thus will triggers an asynchronous reset sequence.

Figure 85 shows an example of a reset circuit. In this example, an R1-C1 external circuit is
only used to generate power-up or manual reset, and the R0O-CO circuit on RPD is used for
power-up reset and to exit from power down mode. Diode D1 creates a wired-OR gate
connection to the reset pin and may be replaced by open-collector Schmitt trigger buffer.
Diode D2 provides a faster cycle time for repetitive power-on resets.

R2 is an optional pull-up for faster recovery and correct biasing of TTL open collector
drivers.
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Figure 85. System reset circuit

Vbp
Vop
R2
»| External Hardware
RSTIN
Vbp
O External ;
Reset Source 2
RO >
Open Drain Inverter
RPD
+
Cco
ST10F252M ;
- | Z

Figure 86. Internal (simplified) reset circuitrv
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-
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| I
) SRST instruction
Internal G Trigger @watchdog overflow O< —
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Reset Dd

{ ] RPD
From / to Exit {J Weak pulldown
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Reset summary

Table 114 summarizes the different reset events.

Table 114. Reset events summary

r RSTIN WDTCON Flags
o) =| §¢
Event a3 3| €5 cle|lc| | x
c ol 52 min max 3 % % = K
ol d|lwn 9 =
1 ms (VREG)
Asvnch 1.2 ms (Reson. +
ofo|N|" PLL) - 1111]1]o0
’ 10.2 ms (Crystal + |
PLL) |
Power-on Reset B I
0| 1| N [Asynen 1ms (VREG) - 101 | 1 i 1]0
1] x FORBIDDEN ) Nt
X | x|Y NOT APPLICAsLL.
0|0 |N [Asynch 500ns - ol1]|1]1]o0
NG
0|1 | N [Asynch 500ns | . o[1]1[1]o0
Hardware Res?t) : A
(Asynchronous)(!
0| oy |Asynch £00N; - ol1]1]1]o0
0| 1|y |Asyneh 500ns - o[1[1]1]o0
\. 1032 + 12 TCL +
| S
10 | N | &ymeh. | max(4TCLs00ns) | o Ao ot (oot
[E—
1032 + 12 TCL +
]
|1 N | Synch. | max (4 TCL, 500ns) max(4 TCL, 500ns) ojoj1]1]0
Short Hardwar2
R T T
(Synchrirous) 110 | Y | Synch. ' ojoy1|1]|0
Activated by internal logic for 1024TCL
1032 + 12 TCL +
max (4 TCL, 500ns
| 1] 1Y |synch. ( ) | max@a et 500s) | oo 1[1]o0
Activated by internal logic for 1024 TCL
Ays 211/328
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Table 114. Reset events summary (continued)

L. RSTIN WDTCON Flags
S L S
Ol g|=S| 62
Event ol 5B €5 C| | | |
c ) min max F % % =| K
a|ld|lwn| P =
1032 + 12 TCL +
1|0 | N | Synch. max(4 TCL, 500ns) - o(1|1(1]0
1032 + 12 TCL +
1|1 | N | Synch. max(4 TCL, 500ns) - o|1|1|1|0
Long Hardware 1032 + 12 TCL + )
Reset 10| Y |Synch. | max(4TCL, 500ns) ol1]1]/1]o0
(Synchronous) |
Activated by internal logic only for 1024 TCL |
1082 + 12 TCL + ] r
1] 1] Y |Synch. | max(4TCL, 500ns) ol1|1]1]o0
Activated by internal logic only for 1024 TCL |
x | 0 | N | Synch. Not activated o(ojof1]o0
x | 0 | N | Synch. Not activated ofojof1]o0
Software Reset @ X s
0| 1]Y| Synch. Not activai>c o(ojof1]o0
1|1 ]Y] Synch. Activated by inte na' 1ogic for 1024 TCL o(ojof1]o0
x | 0 | N | Synch. Nzt activated o(ojo|1]1
x | 0 | N | Synch. Not activated o(ojo|1]1
Watchdog Reset @)
0| 1]Y | Synch. Not activated o(ojo|1]1
p— .'_
1|11 ]Y]| Syrcn. | Activated by internal logic for 1024 TCL ojofO]| 1|1
1. It can degenerate into a long hardwal » /es 2t and consequently differently flagged (see Figure 20.3 for details).
2. When Bidirectional is active (ar d v.iti. ;RPD=0), it can be followed by a short hardware reset and consequently differently
flagged (see Section 20.3 for w3.2iis).
The stori-up configurations are selected on reset sequences as described in Table 115.
It riescrives what is the system configuration latched on PORTO in the six different reset
noues.
Takie '15. PORTO latched configuration for the different reset events
l PORTO
0 ¢ | . |8
L. c — 9 = (] )
X': Pin is sampled ] - 7] o o ° | o|B |3
- Pini 3 5 2 3 S 1181820
- : Pin is not sampled o 3 3 = = Sl@a|5|5|2|=
~ < a c (] o | 0O ] ] | 3
3} . = o 3 Q 0| O| ®| E
o £ < 3] m o« || S| 5
o > o 1 <
s s
Nle|lrw S| m e NS 0 o
Sample event 5 5155 5 55 23|8|la|a|a|la|a|3
flala|ajla|lajla|la|a|la|aja|d|a|ld|a
Software Reset - - - X XXX | X | X]|X]| - - - - - -
Watchdog Reset - - - X[ XXX | XX | X] - - - - - -
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Table 115. PORTO latched configuration for the different reset events (continued)

PORTO
] c
2 .g ) 2 o
X: Pin is sampled o - °© [ o -] oo (B3
in| 2 = o 5 Qo o ol o938
- : Pin is not sampled o =) © =) e cliAl2l2|=|=
o 5] n = 0| D | 0| @ =
~ < a c 2} » | M | n| o 3
3} . = o 3 Q Q| O| & E
<} £ < 3] m o £ || S| 5
o o (8] 1 <
P =
»n
Nle|lrw S| m e NS 0 o
Sample event Z| 5|5 5|5|5/3|5|2\2|2/2|28|2/2|2
fala|ala|lajla|la|a|la|aja|d| ||
Synchronous Short Hardware Reset| - | - | - [ X | X | X [ X [ X [ X | X | X | X | X | X ! X | X
Synchronous LongHardware Reset | X | X | X | X | X | X | X | X | X | X | X | X X+)\' \ X X
Asynchronous Hardware Reset XXX | X | X[ X[ X]|X[X|X]|X|[X]|X X]|X]|X
Asynchronous Power-On Reset X X[ X[ X[ X|X|X|X]|X|X ‘(_l X ’ X[ X | X | X
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Power reduction modes

Several different power reduction modes with different levels of power reduction have been
implemented in the ST10F252M, which may be entered under software and/or hardware
control.

In idle mode the CPU is stopped, while the peripherals continue their operation. Idle mode
can be terminated by any reset or interrupt request.

In power down mode both the CPU and the peripherals are stopped. Power down mode can
be configured by software to be terminated only by a hardware reset, by a transition on
enabled fast external interrupt pins, by an interrupt generated by the real time clock, by an
interrupt generated by the activity on CAN and I°C module interfaces.

All external bus actions are completed before idle or power down mode is enters 1.

To use the real time clock when the device is in power down mode a reference >lock is
needed (XTAL1 / XTAL2 pins). In this case, the main oscillator is not stopt=a when power
down is entered, and the real time clock continues to work using th 2 rhain oscillator clock
signal as reference.

Stand-by mode is achieved by turning off the main power sv.pply (Vpp) while Vgrgy remains
the only active supply for the device. In this conditinn, ihe Vgtgy pin provides the supply to a
portion of the XRAM (the stand-by RAM, 16 Kby*c i1 this device) through a dedicated
on-chip low power voltage regulator; the contem ~* this RAM can be retained and is
available at next system start-up.

Vsrgy is always powered in the range ~f4.5-5.5 Volt.

An exception for the Vsrpy valua is allowed when RSTIN pin is held low and the main Vpp is
on — this drives pin EA (mapped ‘ogether with Vsgy) and configures the access to external

memory. After the RSTIN pin is released, Vgrgy returns high to be used as the Vgrgy
supply voltage.

The real timr: L't~k cannot be used in stand-by-mode. Turning off the main power supply
(Vpp) =r the uevice, stop the main oscillator circuitry working. Standard power down mode
must be used to continue operating the real time clock (RTC).

Idle mode
This mode is exactly the same as for the ST10F168 or the ST10F269.

In idle mode the CPU is stopped, while the peripherals continue their operation. Idle mode
can be terminated by any reset or interrupt request. Any operation, required by the interrupt
is completed and the CPU returns to normal operation.

Power down mode

To further reduce the power consumption the microcontroller can be switched to power
down mode. Clocking of all internal blocks is stopped, the contents of the internal RAM,
however, are preserved through the voltage supplied via the Vpp pins (and the on-chip
voltage regulator). The watchdog timer is also stopped in power down mode. The only
exception could be the real time clock, if appropriately programmed, and the oscillator circuit
as a consequence (the main oscillator).
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When the ST10F252M is in power-down mode, its on-chip voltage regulator remains on by
default. To further reduce the consumption, it can be put in its power-saving mode; the
low-power voltage regulator delivers about 1.65 V to supply the core logic. It is mandatory
not to reduce the Vpp during power down mode — it must be always in the range 5V #0%
when in power down mode. Before executing the PWRDN instruction, bit 3 of the XMISC
register is set to turn off the main voltage regulator when power down is entered.

XMISC register

XMISC register (EB46h) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VREG | CANC | CANP

P7EN | oFF | k2 | AR

RRW RRW RRW RHKW

Table 116. XMISC register functions

Bit Name Function

Connect PORT7 to pins
4 P7EN ‘0’: Ports P4.0-P4.3 are connerie” 0 pins 47-50 (default configuration).
“1’: Ports P7.0-P7.3 are connzeted to pins 47-50

Main voltage regulatcr dis able in power-down mode
‘0’: On-chip mai: re guiator is held active when power-down mode is
3 | VREGOFF entered

1”: On-chip main regulator is turned off when power-down mode is
entered

CAN clock divider by 2 disable

| ‘0': Clock provided to CAN modules is CPU clock divided by two
(mandatory when fcpy is higher than 40 MHz)

1’: Clock provided to CAN modules is directly CPU clock

2 |CANCK2

CAN parallel mode selection

‘0’: CAN2 is mapped on P4.4/P4.7, while CAN1 is mapped on
i P4.5/P4.6

|1 |CANPAR ‘1 CAN1 and CAN2 are mapped in parallel on P4.5/P4.6. This is
effective only if both CAN1 and CAN2 are enabled through setting of
bits CAN1EN and CAN2EN in XPERCON register. If CAN1 is disabled,
CAN2 remains on P4.4/P4.7 even if bit CANPAR is set.

The ST10F252M provides two different operating power down modes:
® protected power down mode
® interruptible power down mode.

The power down operating mode is selected by the bit PWDCFG in SYSCON register.
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SYSCON register

SYSCON register (FF12h/89h) SFR Reset value: 0xx0h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— (4] P [4)] =z S [O] L w
®n 3 | = L ) ) xZ Z o Lo
AR BB IR R R
e | 3| | & | o |z |8 |*x2|° ol X | 2 | X5

=

RRW RRW |RRW RRW RRW RRW RRW RRW RRW RRW RRW RRW RR

Table 117. SYSCON PWDCFG functions

Bit Name Function

Power down mode configuration control

‘0’: Power down mode can only be entered during PWRDN instriciion
execution if NMI pin is low, otherwise the instruction has : .o ffect. To
exit power down mode, an external reset must be provic'ed by asserting
the RSTIN pin.

5 |PWDCFG ‘1’: Power down mode can only be entered du.r.a "WRDN instruction
execution if all enabled fast external intc-riow (EXxIN) pins are in their
inactive level. Exiting this mode can bc uone by asserting one enabled
EXxIN pin and/or by an interrupt cominy from the real time clock (if
running), and/or by an interr:nt scrming from CAN1/CAN2/I2C serial
interfaces and/or by assetit..1 RSTIN pin.

The SYSCON register cannot be change atier execution of the EINIT instruction.

Protected power down mode
This mode is selected by :l¢:aring the bit PWDCFG in register SYSCON to ‘0.

In this mode, the powe:r dovwix mode can only be entered if the NMI (non maskable interrupt)
pin is externally wu'led iow while the PWRDN instruction is executed.

This feature zan Se used in conjunction with an external power failure signal which pulls the
NMI pia low wnen a power failure is imminent. The microcontroller enters the NMI trap
routine wvhich can save the internal state into RAM. After the internal state has been saved,
Ju trap routine may set a flag or write a certain bit pattern into specific RAM locations and
then execute the PWRDN instruction. If the NMI pin is still low at this time, power down
mode is entered, otherwise program execution continues. During power down, the voltage
delivered by the on-chip voltage regulator automatically lowers the internal logic supply
down to about 1.65 V, saving the power while the contents of the internal RAM and all
registers are still preserved.

Exiting power down mode
In this mode, the only way to exit power down mode is with an external hardware reset.

The initialization routine (executed upon reset) can check the identification flag (see
WDTCON - Chapter 19) or bit pattern within RAM to determine whether the controller was
initially switched on, or whether it was properly restarted from power down mode.
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21.2.2 Interruptible power down mode
This mode is selected by setting the bit PWDCFG in register SYSCON to ‘1°.

In this mode, the power down mode can be entered if the fast external interrupt pins (EXxIN
pins, alternate functions of PORT2 pins, with x = 7...0) are in their inactive level. This
inactive level is configured with the EXIXES bit field in the EXICON register

Figure 87. EXICON register

EXICON register (F1COh/EO) ESFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXI7ES EXIBES EXISES EXI4ES EXI3ES EXI2ES EXIES EXIOES
RRW RRW RRW RRW RRW RRW RRW RR\V/

Table 118. EXICON register functions

Bit Name Function

External interrupt x edge selection fie:J (x=/...0)

‘00’: Fast external interrupts disa’led: standard mode. EXxIN pin not
taken into account for enterinic cr exiting power down mode.

‘01’: Interrupt on positive edyc (rising). Enter power down mode if
15.0 |EXIXES (x=7...0) EXiN = ‘0, exit if EXxI ' = 1’ (referred as ‘high’ active level)

‘10’: Interrurt 21, neJative edge (falling). Enter power down mode if
EXIIN = ‘1’, exit if eXxIN = ‘0’ (referred as ‘low’ active level)

‘11’: Interrupt on any edge (rising or falling). Always enter power down
mnavy, exit if EXxIN level changed.

Exiting power down mcac

When interruptib:2 power down mode is entered, the CPU and peripheral clocks are frozen,
and the osciliatcr and PLL are stopped (when RTC is disabled, so there is no need for a
clock rzie ronez). Interruptible power down mode can be exited by either asserting RSTIN or
one of ."1e enabled EXxIN pin (fast external interrupt). If the real time clock module needs to
“e running during power down, the main oscillator is not stopped. The PLL, on the contrary
is switched off.

If power down mode is exited by a hardware RESET, the RSTIN pin must be held low until
the oscillator (if not already running for real time clock operation) and PLL have restarted
and stabilized.

EXxIN inputs are normally sampled interrupt inputs. However, the power down mode
circuitry uses them as level-sensitive inputs. An EXxIN (x = 7...0) interrupt enable bit (bit
CCxIE in respective CCxIC register) needs not to be set to bring the device out of power
down mode.

To guarantee stabilization time before restart the operation when exiting from power down

(especially if the main oscillator was stopped — typically when the real time clock module is
not used), an external RC circuit must be connected to RPD pin (return from power down),
as shown in the Figure 88.
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Figure 88. RPD pin: external circuit to exit power down

Vbb

R1 220k - 1M Ohm (typ)
RPD

C1  1pF (typ)

IHE

ST10F252M

To exit power down mode with external interrupt, an EXxIN pin has to be asscnad for at
least 40 ns (x = 7...0). This signal enables the internal main oscillator (if not ol;eady running)
and PLL circuitry, and also turns on the internal weak pull-down on RPD) Lir. {(see Figure 89).
The discharging of the external capacitor provides a delay that allcv's \he oscillator and PLL
circuits to stabilize before the internal CPU and peripheral clccks c.re enabled. When the
voltage on RPD pin drops below the threshold voltage (ab2ut 2.5 V), the Schmitt trigger
clears Q2 flip-flop, thus enabling the CPU and peripheicl clucks, and the device resumes
code execution.

If the Interrupt was enabled (bit CCxIE="1’ in th2 ;zspective CCxIC register) before entering
power down mode, the device executes thu ir terrupt service routine, and resumes execution
after the PWRDN instruction (see noi= be low). If the interrupt was disabled, the device
executes the instruction following P'VRDN instruction, and the interrupt request flag (bit
CCxIR in the respective CCxiC register) remains set until it is cleared by software.

Note: Due to internal pipeline, the instruction that follows the PWRDN instruction is executed
before the CPU nericims a call of the interrupt service routine when exiting power down
mode.

Figure 8). Simplified power down exit circuitry

‘ Vbp

‘ T stop PLL
\ D QF——»

stop oscillator

Enter Fol exit_pwrd
power down cg @ | )—4| >°_|

RPD

Weak pull-down
(~ 200 pA)

External
interrupt T =
Reset
Vbp
en_clk_n
D Q

—— CPU and peripherals clocks

cd @ system clock
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Exiting from interruptible power down is also possible through the CAN receive lines and 1°C
Serial Clock line (if properly enabled through CC8IC and CC9IC registers), an activity on
pins P4.5 and P4.4 is interpreted as a fast external interrupt event able to wake-up the
device. For more details refers also to Section 9.1.

Figure 90. Power down exit sequence using an external interrupt (PLL x 2)

XTALT %g_n_l_rl_m | |
crve [ [] LML

«

Power Down Signal
(Internal)

External

Interrupt ((/ e
Q. j L

RPD { 25V

ExitPwrd T
(Internal) 1

+“— —p
Delay fo: ovzillator / PLL
s1ab.zation

21.2.3 Real time clock and power dc,win mode

If the real time clock is runnina (RTOFF bit of RTCCON register cleared), when PWRDN
instruction is executed, the csciliator circuit which is providing the reference to the counter is
not stopped.

21.3 Stand-by mode

In Star.“-by mode, the RAM array is maintained powered through the dedicated pin Vgrgy
whea S110F252M main power supply (Vpp) is turned off.

To enter stand-by mode it is mandatory to hold the device under reset; once the device is
under reset, the RAM is disabled (see XRAM2EN and XRAM1EN bits of XPERCON
register), and its digital interface is frozen to avoid any kind of data corruption. It is then
possible to turn off the main Vpp provided that Vgrgy is on.

A dedicated embedded low-power voltage regulator is implemented to generate the internal
low voltage supply (about 1.65 V in stand-by mode) to bias all those circuits that remain
active: XRAM2 (12Kbytes).

In normal running mode (that is when main Vpp is on), the Vgrgy pin can be tied to Vgg
during reset to exercise the EA functionality associated with the same pin; the voltage
supply for the circuitries which are usually biased with Vgrgy (see in particular the low-
power oscillator used in conjunction with real time clock module), is granted by the active
main Vpp.

Stand-by mode can generate problems associated with the use of different power supplies
in CMOS systems. Pay particular attention when the ST10F252M 1/O lines are interfaced
with other external CMOS integrated circuits. If Vpp of ST10F252M becomes (for example
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in stand-by mode) lower than the output level forced by the I/O lines of these external
integrated circuits, the ST10F252M could be directly powered through the inherent diode
existing on ST10F252M output driver circuitry. The same is valid for ST10F252M interfaced
to active or inactive communication buses during stand-by mode: current injection can be
generated through the inherent diode. Furthermore, the sequence of turning on/off of the
different voltage could be critical for the system (not only for the ST10F252M device). The
device stand-by mode current (Istgy) may vary while Vpp to Vgrgy (and vice versa)
transition occurs. Some current flows between Vpp and Vgrgy pins. System noise on both
Vpp and Vgrgy can contribute to increase this phenomenon.

Entering stand-by mode

To enter stand-by mode XRAM2EN and XRAM1EN bits in the XPERCON register must be
cleared (this bit is automatically reset by any kind of RESET event, see Chapter 20}; th's
immediately freezes the RAM interface, avoiding any data corruption. As a con<eque:icz of
a RESET event, the RAM power supply is switched to the internal low-voltage: sucpiy, Vigsg
(derived from Vg1gy through the low-power voltage regulator). The RAM intc.race remains
frozen until the bits XRAM1EN and XRAMZ2EN are set again by softw.cra ivitialization routine
(at next exit from main Vpp power-on reset sequence).

Since Vg is falling (as a consequence of Vpp turning off). it ca» happen that the XRAM2EN
bit is no longer able to guarantee its content (logic “0”), 2. the XPERCON register is
powered by the internal Vg. This does not generaie any problem, because the Stand-by
mode dedicated switching circuit continues to sontrin the freezing of the RAM interface,
irrespective the XRAM2EN bit content. Tivz XH+M2EN bit status is considered again when
internal Vg comes back over interna’ sta1d-by reference V4ggp.

If internal Vg becomes lower than *he internal stand-by reference (V1ggg) of about 0.3-
0.45V with bit XRAM2EN set, th= RAM supply switching circuit is not active. If there is a
temporary drop on interna' V., voltage versus internal V4ggg during normal code execution,
no spurious stand-bv nod2 switching can occur (the RAM is not frozen and can still be
accessed).

The ST10FZ52W core module, generating the RAM control signals, is powered by the
interni V4 supply. During turning off, these control signals follow the Vg, while RAM is
switched to the Vggg internal reference. It could happen that a high level of RAM write
<triba from ST10F252M core (active low signal) is low enough to be recognized as a logic
“0 by the RAM interface (due to Vg lower than V4ggg); the bus status could contain a valid
address for the RAM and an unwanted data corruption could occur. For this reason, an extra
interface, powered by the switched supply, is used to prevent the RAM from this kind of
potential corruption mechanism.

Warning: During power-off phase, it is important that the external
hardware maintains a stable ground level on RSTIN pin,
without any glitch, to avoid spurious exiting from reset status
with unstable power supply.
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Exiting stand-by mode

After the system has entered the stand-by mode, the procedure to exit this mode consists of
a standard power-on sequence, with the only difference that the RAM is already powered
through the V4ggg internal reference (derived from Vgygy pin external voltage).

Hold the device under RESET (RSTIN pin forced low) until external Vpp voltage pin is
stable. Even though, at the very beginning of the power-on phase, the device is maintained
under reset by the internal low voltage detector circuit (implemented inside the main voltage
regulator) until the internal V15 becomes higher than about 1.0V, there is no warranty that
the device stays under reset status if RSTIN is at high level during power ramp up. So, it is
important the external hardware is able to guarantee a stable ground level on RSTIN along
the power-on phase, without any temporary glitch.

The external hardware is responsible to drive the RSTIN pin low until Vpp is stable. aven
though the internal LVD is active. It is requested an additional time (at least 1 ms) tu #llow
internal voltage regulator stabilization before releasing the RSTIN pin; this is necessary

since the internal Flash has to begin its initialization phase (starting whar. RSTiIN pin is
released) with an already stable Vg.

Once the internal reset signal goes low, the RAM (still frozer power supply is switched to
the main Vqg.

At this time, everything becomes stable, and the exezitinn of the initialization routines can
start: XRAM1EN and XRAMZ2EN bit can be set, encL'ing the RAM.

Real time clock and stand-by 1o de

When stand-by mode is entered (turniny off the main supply Vpp), the real time clock
counting stops running. This is hecause the main oscillator is used as reference for the
counter. As the main oscil'a.oi powered by Vpp, once this is switched off, the oscillator
stops.
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22 Real time clock

The Real Time Clock is an independent timer, in which the clock is derived directly from the
clock oscillator on XTAL1 (main oscillator) input or XTAL3 input (32 kHz low-power oscillator)
so that it can continue running even in Idle or Power-down modes (if so enabled). Registers
access is implemented onto the XBUS. This module is designed with the following
characteristics:

® generation of the current time and date for the system

® cyclic time based interrupt, on Port2 external interrupts every “RTC basic clock tick”
and after n’RTC basic clock ticks’ (n is programmabile) if enabled

® 58-bit timer for long term measurement

® capability to exit the ST10 chip from Power-down mode (if PWDCFG of SYSCON uet)
after a programmed delay

Note: When the clock is gated, no reset is raised after the EINIT instruction has been executed.

The RTC consists of a chain of programmable counters made of tnwo i11ain blocks. The first
block is a prescaler which generates a basic reference clock ‘tor example, a one second
period clock). This basic reference clock includes a fixed nrescaler divider (1/64) and two
programmable dividers: RTCPH (RTC prescaler high - 4-%its) and RTCPL (RTC prescaler
low — 16-bits). The second block, which uses TRCLK 4s an input clock, comprises two 16-bit
programmable counters, RTCH and RTCL, that mey be initialized to the current system
time. This system time is increased at the TSCL K rate and compared with a programmable
date to generate an alarm via an interrupt veyuest (RTC_alarmiT), if enabled in the RTC
control register.

If enabled in the RTC control reyister, the RTC generates an interrupt request (RTC_SeclT)
every TRCLK period.

RTC_SecIT and RTC_alarmlIT can trigger a fast external interrupt via EXISEL register of
PORT2 and wa' tie ST10 chip if it is in power down mode (refer to Section 9.2 for details).
Another functicn, implemented in the RTC, is to switch off the main on-chip oscillator if the
ST10 =n1215 tne power down mode, so that the chip can be fully switched off (if the RTC is
disabled)).

At yower on and after reset, the main oscillator drives the RTC counter, and since it is
powered by the main power supply, it cannot be maintained running in stand-by mode, while
in power down mode the main oscillator is maintained running to provide the reference to
the RTC module (if not disabled).
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Figure 91. SFRs associated with the RTC

Interrupt Control

1514131211109 8 76 543 2 10 1514131211109 8 76 543 2 10
EXISEL E| - - - = = = - -YYYY - - - - coxic | -o- - - - - - YYYYYYYY
EXICONEf - - - - - - - - YYYY - - - -

EXISEL External Interrupt Source Selection register (Port2)
EXICON External Interrupt Control register (Port2)
CCxIC CAPCOMT1 Interrupt Control registers (x = 10, 11)

Y : Bitis linked to a function
: Bit has no function or is not implemented
E : Register is in ESFR internal memory space

Figure 92. RTC block diagram

— - RTC_SeclT

P RTC_alarmIT

OSC_CLK

OSC_STOP
4

RTCCON

__aan ar

| RTCAH ‘ RTCAL ‘ ‘RTCPHI RTCPL ‘

i 4; | reload

‘ RTCH ‘ RTCL }4*4{ RTCDH RTCDL /64

programmable 32 bits counter programmable 20 bits divider

RTC registers

RTCCON: RTC control register

The functions of the RTC are controlled by the bit-addressable RTC control register
RTCCON. If the RTOFF bit is set, the RTC dividers and counters clocks are disabled and
registers can be written; when the ST10 chip enters power down mode the clock oscillators
(both main and low-power) are switched off. The RTC has two interrupt sources, one is
triggered every second, the other one is the alarm. RTCCON includes an interrupt request
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flag and an interrupt enable bit for each of them. This register is read and written via the
XBUS.

RTC control register

RTCCON register (EDOOh) ESFR Reset value: 000uh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCO RTAE RTSE
FF - - - N RTAIR N RTSIR
RRW - - - RRW RRW RRW RRW

Table 119. RTC control register functions

Bit Name Function

RTC switch off bit
‘0’: clock oscillator and RTC keep on running eve: 1. ST10 in power
down mode.

“1’: clock oscillator is switched off whe:1 &110 enters power down

mode. Setting this bit, RTC dividers ar. 1 counters are stopped and
registers can be written.

7 |RTCOFF

RTC alarm interrupt enabie
3 |RTAEN ‘0’: RTC_alarmIT is fisabi 2u.
‘1’: RTC_alarm.T ic erabled, it is generated every n seconds.

RTC alarm inte' rupt request flag (when the alarm is triggered)
2 RTAIR ‘0" the kit was reset less than n seconds ago.
1. thainterrupt was triggered.

| RTC second interrupt enable
1 RTSEN ‘0’: RTC_SecIT is disabled.
‘1’: RTC_SeclIT is enabled, it is generated every second.

| RTC second interrupt request flag (every second)
0 ]TSIR ‘0’: the bit was reset less than a second ago.
“1’: the interrupt was triggered.

|
All the bits of RTCCON are active high.

The two RTC Interrupt request lines are connected to PORT2 to trigger an external interrupt
that wakes the chip up if in power down mode.

All the RTC registers are not bit addressable. To clear the RTC interrupt request flags (bit 0
and bit 2 of the RTCCON register) it is necessary to write a ‘1’ to the corresponding bit of the
RTCCON register.

RTC prescaler divider loaded value registers

The 20 bit programmable prescaler divider is loaded by two registers. The divisor 4 MSBs
are stored into RTCPH and the 16 LSBs in RTCPL. These registers are not reset to keep the
system clock. They are write protected by bit RTOFF of RTCCON register, write operation is
allowed if RTOFF is set.




ST10F252M

Real time clock

RTC prescaler register

RTCCPL register (ED06h) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RTCPL
RRW
RTCCPH register (ED08h) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
O O RO
RRW
Figure 93. RTC prescaler register function
3 2 1 0 15141312 1110 9 8 7 6 5 4 3 2 1 0
T
AN
v AN
\ RTCPH RTCPL

V
19 18 17 16 15 14 13 12 11 10 9 8 7 C & 4 3 2 1 O

20 bits word divide

1 —_ 1 1 1 1 1 1 1

The value stored into RTCPH, RTCPI. 1s <allzd RTCP (coded on 20 bits). The dividing ratio
of the prescaler divider is:

ratio = 64 x (RTCP)

The minimum value which

sar be setin RTCPL is 0002h.

22.1.3 RTC presca’e: Jdivider current value registers
Every we‘icd oi TRCLK the dividers are reloaded with the value stored in RTCPH and
RTCPL registers. To get an accurate time measurement, it is possible to access the internal
a'ue of the dividers, reading the registers RTCDH, RTCDL. These registers are read only.
Whien any bit changed in the programmable prescaler divider, the new internal value is
loaded in the registers.
RTC prescaler divider register
RTCCDL register (EDOAh) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCDL
R
RTCCDH register (EDOCh) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCDH
R
Note: These registers are not reset, and are read only.
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The divider works as a decrement operator. When the internal value reaches 0001h, the
second interrupt is generated. When the next decrement occurs (which would set the divider
register to the value 0000h), the 20-bit word stored in RTCPH, RTCPL registers is loaded in
the divider. The minimum value which can be programmed in RTCPL is 0002h; if 0001h
were set, just one second interrupt would be generated, since the divider would stay fixed at
the value 0001h forever (a successive second interrupt cannot occur).

Figure 94. RTC prescaler divider register functions

3 2 1 0 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0

/ A\
V
RTCDH RTCDL
__/
V

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 20

T— 1

20 bits word internal value of the prescaler divider
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —L 1 1

The bits 15 down to 4 of RTCPH and RTCDH are not used. W"ien reading, the return value
of these bits is zero.

RTC programmable counter registers

The RTC has two 16-bit programmable co.im=is whose count rate is based on the 1 second
time reference. These counters can b2 us2d as a system clock as the clock oscillator can be
working even in power down mode ‘either the main or the low power on-chip oscillator) if bit
RTOFF of RTCCON register is 12set. To keep this system clock, the counters are not reset

with any system reset; the only way to force their value is to write them via the XBUS.

These counters are w.ite, protected. The bit RTOFF of the RTCCON register must be set
(RTC dividers and czunters are stopped) to enable a write operation on RTCH or RTCL.

A write cperation on RTCH or RTCL register loads directly the corresponding counter. When
readiny. the current value in the counter (system date) is returned.

“h2 counters are kept on running while at least one clock oscillator is working (either the
main or the low-power on-chip oscillator).

RTC programmable counter register

RTCL register (EDOEh) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCL
RW
RTH register (ED10h) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCH
RW

These registers are not reset.
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22.1.5 RTC alarm registers

When the programmable counters reach the 32 bits value stored into RTCAH & RTCAL
registers an alarm is triggered and the interrupt request RTAIR is generated. These
registers are not protected.

RTC alarm register

RTCAL register (ED12h) ESFR Reset value: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCAL
RW
RTCAH register (ED14h) ESFR Fiwse® vaiue: uuuuh
15 14 13 12 11 10 9 8 7 6 5 4 '3_ \ | 1 0
RTCAH
RW \
Note: These registers are not reset.

22.2 Programming the RTC
RTC interrupt request signals are connected to PORT2, pin 10 (RTCSI) and pin 11 (RTCAI).

EXICON ESFR controls the external interrupt edge selection; RTC interrupt requests are
rising edge active.

RTC external i:werupt control register

EXICON reaictar ‘F1:30h/EO) ESFR Reset value: 0000h
15 i 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\
| IV7ES EXIGES EXI5SES EXI4ES EXI3ES EXI2ES EXIES EXIOES
\
RW

Table 120. RTC external interrupt control register functions

Bit Name Function

External interrupt x edge selection field (x=7...0)

‘00’: Fast external interrupts disabled: standard mode. EXxIN pin not
taken into account for entering or exiting power down mode.

‘01’: Interrupt on positive edge (rising). Enter power down mode if
15.0 |EXIXES (x=7...0) EXIIN = ‘0’, exit if EXxIN = ‘1’ (referred as ‘high’ active level)

‘10’: Interrupt on negative edge (falling). Enter power down mode if
EXiN = ‘1’, exit if EXxIN = ‘0’ (referred as ‘low’ active level)

‘11’: Interrupt on any edge (rising or falling). Always enter power down
mode, exit if EXxIN level changed.
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Note:
rising edge.

EXI2ES and EXI3ES must be configured as “01b” because RTC interrupt request lines are

Alarm interrupt request line (RTCAI) is linked with EXI3ES; timed interrupt request (RTCSI)

is linked with EXIZES.

EXISEL ESFR enables the Port2 alternate sources. RTC interrupts are alternate sources 2

and 3.

RTC external interrupt select register

EXISEL register (F1DAh/ED) ESFR Reset value: 0000h
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EXI7SS EXI6SS EXI5SS EX14SS EXI3SS EXI2SS EXI1SS E}{'0SS
RW \ <« |
Table 121. RTC external interrupt select register functions
Bit Name Function
External Interrupt x Source Selecitiun (x=7...0)
‘00’: Input from associated Fu 572 pin
15.0 | EXIXSS (x=7...0) 01’: Input from alternale. saurce”. (Adwsed configuration) .
“10’: Input from PORTZ Lin ORed with “alternate source”. (Advised
configuratior
“11’: Input f.om PORT2 pin ANDed with “alternate source”.

Interrupt control registei: c.re common with the CAPCOM?1 Unit: CC10IC (RTCSI) and

CC11IC (RTCAN.

RTC/CAPCO\: interrupt control registers

CCxIC re ister (FF8Ch/C6h, FF8Eh/C7h) SFR Reset value: --00h
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A
CCxIR | CCxIE CCxINT
RW RW RW

Table 122. RTC/CAPCOM interrupt control requests

Source of interrupt or .

PEC service request Request flag Enable flag Interrupt vector | Vector location
CAPCOM Register 10 CC10IR CC10IE CC10INT 00’0068h
CAPCOM Register 11 CC11IR CC11IE CC11INT 00'006Ch
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System start-up configuration

RPOH is a 8-bit ESFR loaded at reset with the value read on port POH. Pull-up resistors are
active on each port POH pin during reset, leading to RPOH = “FFh”, by default.

Figure 95. PORTO configuration during Reset

Port 0
H.7 IH.ES IH.5 H.4 IH.S H.2 : H1 HO L7 IL.6 L5 IL.4 L.3 IL.2 L1 LO
CLKCFG SALSEL WRC| BUSTYP| BSL Res. |ADP|EMU
1 1 | 1 L 1
RPOH ‘ ‘ l l l
T
CLKCFG SALSEL - WRC Bootstrap Loader Internal C.'nu.nl L. gic
Clock Port 4 2
Generator Logic

EA / VSTBY
POL.7 _’_ > \
L
/
POL.7
SYSCON \ ; ; BUSCONO
—| T
BYTDIS WRCFG| ‘ ABCL:J'I'SO é‘ll'fo BTYP
I 1
9 7 10 9 7 6
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Start up configuration register

RPOH register (F108h/84h) ESFR Reset value: --xxh
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
CLKSEL SALSEL - WRC
RO RO RO

Table 123. Start up configuration register functions

Bit Name Function
System Clock Selection
‘000’: fCPU =16"* f)SL
‘001”: foru=0.5 "1
‘010”; fopu = 70 *osc

7.5 |CLKSEL ‘011; fo=Tuse
‘100’ oy = 5 " fosc
101 foru = 8 * fosc
‘110" foru = 3 * fosc
111 fopu =4 ™ fosc
Segment Address Line Sale ctor. (Number of active segment address
outputs)
0 0: 4-bit segmeant e 2d-ess: A19...A16

4.3 |SALSEL . .
0 1: No se¢.nent acdress lines at all
1 0: 8-bit sexmrent address: A23...A16
1 i: 2-bit segment address: A17...A16 (Default without pull-downs)
Vwrre Configuration Control

0 WRC I3’ Pins WR acts as WRL, pin BHE acts as WRH

‘1”: Pins WR and BHE retain their normal function

RPOH(7:5) b.*s are loaded only during a long hardware reset.
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24 Bootstrap loader

ST10F252M has an ST10 standard bootstrap mode that supports bootstrap via UART or
CAN.

241 Selection between user-code or standard bootstrap

The selection between user-code or standard bootstrap is made by special combinations on
PORTOL[5...4] during the time the reset configuration is latched from PORTO.

Bootstrap mode is triggered with a special combination set on PORTOL[5...4]. These
signals, as are other configuration signals, are latched on the rising edge of RSTIN nir,

® Decoding of reset configuration (POL.5 = 1, POL.4 = 1) selects the normal m»d= ard
selects the user Flash to be mapped from address 00’0000h.

® Decoding of reset configuration (POL.5 = 1, POL.4 = 0) selects the J14 standard
bootstrap mode (user Flash is remapped at address 01°0000h ai G test Flash is
mapped at address 00°0000h).

Table 124. ST10F252M boot mode selection

P0.5 P0.4 {170 decoding
1 1 No test mode: user Flash m;p-ed at 00’0000h
1 0 Standard Boots’rap ';a_e;: User Flash mapped from 01°0000h
0 X Reserved o

24.2 Standard boctst*ap loader

The built-in bcaist ap loader (BSL) of the ST10F252M provides a mechanism to load the
startup grcgrani, which is executed after reset, via the serial interface. In this case, no
externc! (ROM) memory or internal ROM is required for the initialization code starting at
lnc:a.ion 00’0000h. The bootstrap loader moves code and data into the internal RAM but it is
<0 possible to transfer data via the serial interface into an external RAM using a second
ievel loader routine. ROM memory (internal or external) is not necessary. However, it may be
used to provide lookup tables or may provide “core-code”, that is, a set of general-purpose
subroutines, for example, for I/O operations, number crunching, system initialization, etc.

The bootstrap loader may be used to load the complete application software into ROMless
systems, it may load temporary software into complete systems for testing or calibration, it
may also be used to load a programming routine for Flash devices.

The BSL mechanism may be used for standard system startup as well as only for special
occasions like system maintenance (firmware update) or end-of-line programming or
testing.

24.2.1 Entering the standard bootstrap loader

As with the old ST10 bootstrap mode, the ST10F252M enters BSL mode, if pin POL.4 is
sampled low at the end of a hardware reset. In this case, the built-in bootstrap loader is
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activated independently of the selected bus mode. The bootstrap loader code is stored in a
special test Flash; no part of the standard of the Flash memory area is required for this.

After entering BSL mode and the respective initialization, the ST10F252M scans the RxDO
line and the CAN1_RxD line to receive either a valid dominant bit from CAN interface, or a
start condition from UART line.
e Start condition on UART RxD
ST10F252M starts standard bootstrap loader. This bootstrap loader is identical to other
ST10 devices (example: ST10F269, ST10F168). See Section 24.3 for details.
e Valid dominant bit on CAN1 RxD

ST10F252M start bootstrapping via CAN; the bootstrapping method is new and is

described in Section 24.4. Figure 96 shows the program flow of the new bootstrap

loader. It illustrates clearly how the new functionalities are implemented:

— UART: UART has priority over CAN after a falling edge on CAN1_RxP ‘ili in2> st
valid rising edge on CAN1_RxD

—  CAN: pulses on CAN1_RxD shorter than 20*CPU-cycles are +'hareqd.
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Figure 96. ST10F252M new bootstrap loader program flow

Stop Timer T6
Initialize UART
Send Acknowledge
Address = FA40h

)
|

<

v

litch =1 C AN1 x
e g

Stop Timer PTO
Ciear Timer PTO
Message Received?

Address] = MO15_data0)
Address = Address + 1

Address = FACOh?

oh 1 RxI =1?

Stop Timer PTO
Initialize CAN
Address = FA40h

UART BOOT

I

CAN BOOT

[ Jump to Address FA40h |

ST10 configuration in BSL

When the ST10F252M has entered BSL mode, the following configuration is automatically
set (values that deviate from the normal reset values, are marked):

Table 125. Register configuration in BSL

Register Value Notes
Watchdog Timer: Disabled
. . A) XPEN bit set for Bootstrap via
Register SYSCON: 0404, CAN or Alternate Boot Mode
Context Pointer CP: FA00y,
Register STKUN: FCO00,,
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Table 125. Register configuration in BSL (continued)

Register Value Notes
Stack Pointer SP: FA40,,
Register STKOV: FAOO,
Register BUSCONO: c%%iig;gr:tt?c:rtwu(g)
Register SOCON: 8011, Initialized only if Bootstrap via UART
Register SOBG: acc. to ‘00’ byte | Initialized only if Bootstrap via UART
P3.10 / TXDO: ‘r Initialized only if Bootstrap via UART
DP3.10: ‘r Initialized only if Bootstrap via UART
CAN Status/Control register: 0000y, Initialized only if Bootstrap via CAM \ D) |

CAN Bit Timing Register:

acc. to ‘0’ frame

Initialized only if Bootstrap via CAll

XPERCON:

042D),

XRAM1-2, XFlash, CAN' a1a XMISC enabled.

Initialized only if Broistrap via CAN

P4.6 / CAN1_TxD:

11’

Initialized only \” Bootstrap via CAN

DP4.6:

t1i

Initialize 4 ar.y if Bootstrap via CAN

1. In bootstrap modes (standard or alternate) ROMEN, bit C 2 5/3CON, is always set regardless of EA pin
level. BYTDIS, bit 9 of SYSCON, is set according to ~ai» biis width selection via PORTO configuration.

2. BUSCONO is initialized with 0000h, external hu. ditak!ed, if pin EA is high during reset. If pin EA is low
during reset, BUSACTO, bit 10, and ALECTLO, v it ?, are set enabling the external bus with lengthened ALE
signal. BTYP field, bit 7 and 6, is set accor.ling "o Port0 configuration.

Other than after a normal rese\, the watchdog timer is disabled, so the bootstrap loading

sequence is not time limitea. Sepending on the serial link (UART or CAN), the pin TxDO or
CAN1_TxD is configurca ac output, so the ST10F252M can return an acknowledge. Even if
the internal IFlach is 2irabled, no code can be executed out of it.

Bootinqg sieps

As Sigure 97 shows, booting ST10F252M with the boot loader code occurs in a minimum of

I0L” steps.

1.  The ST10F252M is reset with POL.4 low.

2. The internal new bootstrap code runs on the ST10 and a first level user code is
downloaded from the external device using the selected serial link (UART or CAN). The
bootstrap code is contained in the ST10F252M test Flash and is automatically run
when ST10F252M is reset with POL.4 low. After loading a preselected number of bytes,
ST10F252M begins executing the downloaded program.

3. The first level user code run on ST10F252M. Typically, this first level user code is
another loader that is used to download the application software into the ST10F252M.

4. The loaded application software is now running.
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Note:

Figure 97. Booting steps for ST10F252M

Step1
Entering bootstrap

Step2
Loading 1st level user code

Step3
Loading the application
and exiting BSL

Step4

External device

External device

External device

External device

Hardware to activate BSL

|c®
> 3 5| ST10F252M
Download o
1st level user code= g % ST10F252M
~| Run Bootstrap Code
from Test-Flash
Download .
Application g g_ ST1O0F52M
~| Run stievel Code
| fron SPRAM @FA4Oh |
=&
_____ — 3 5| ST10F252M

Run Application Code

The hardware that activat 3s the 3SL during reset may be a simple pull-down resistor on
POL.4 for systems that uce this feature upon every hardware reset. Alternatively, use a
switchable solution (12 iumper or an external signal) for systems that only temporarily use

the bootstrap lcade:

CAN altzrinac= ;unction on PORT4 lines is not activated if the user has selected eight
addres< segyments (PORT4 pins have three functions: I/O-port, address-segment, CAN).
Boo! via CAN requires that four address segments or less are selected.

rigure 98. Hardware provisions to activate BSL

I

|

|

r— — — 17 |

POL.4 [ |

| | |
| |

I ReoLa | |

| 8kQ max.l |

L —_ — |

Circuit 1

POL.4

e) Normal Boot |
BSL I

I

RpoL.4 I
8kQ max. |
-

Circuit 2
z
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24.2.5 Memory configuration in bootstrap loader mode

The configuration (that is, the accessibility) of the ST10F252M’s memory areas after reset in
bootstrap loader mode differs from the standard case. Pin EA is evaluated when BSL mode
is selected to enable or not the external bus:

e if EA =1, the external bus is disabled (BUSACTO = 0 in BUSCONO register)
e if EA =0, the external bus is enabled (BUSACTO = 1 in BUSCONO register)

Moreover, while in BSL mode, accesses to the internal Flash area are partly redirected:

® all code accesses are made from the special test Flash seen in the range 00°0000h to
00’01FFFh

® user IFlash is only available for read and write accesses (test Flash can neither be read
nor written)

® write accesses must be made with addresses starting in segment 1 from 01'0280h,
whatever the value of ROMS1 bit in SYSCON register

® read accesses are made in segment 0 or in segment 1 depending 27 RS 1 value
® in BSL mode by default, ROMS1=0 so the first 32 Kbytes of IF'a21® 21e mapped in
segment 0.

For example: in the default configuration, to program addrzss C, the user software must put
the value 01'0000h in the FARL and FARH registers btiy, 10 verify the content of the address
0, a read to 00'0000h must be performed.

Figure 99. Memory configuration in Lootstrap loader mode

16 Mbytes 16 Mbytes 16 Mbytes
™ I
Lot T
LO)| [Ts]
| L 9 L T
access to access to
— " external — external —-Depends on
bus bus reset config.
4| disabled 4| enabled 1 (EA, PO)
int. L int. ™ int.
RAM_ rAm RAM_
i | 0 0 0
I < i < =
2] 7] 2} *
3§ e |l [
;"’: % enaliled g § enabled 2 reset*conflg.
BSL mode active Yes (POL.4='0’) Yes (POL.4='0’) No (POL.4=1")
EA pin high low according to application
Code fetch from inter-
Test-Flash access Test-Flash access User IFlash access
nal Flash area
Data fetch from inter-
User IFlash access User IFlash access User IFlash access
nal Flash area
Note: As long as ST10F252M is in BSL, the user software should not try to execute code from the

internal IFlash as the fetches are redirected to the test Flash.
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24.2.6 Loading the start-up code

After the serial link initialization sequence, the BSL enters a loop to receive 32 bytes (boot
via UART) or 128 bytes (boot via CAN).

These bytes are stored sequentially into ST10F252M dual-port RAM from location
00’FA40h.

To execute the loaded code, the BSL jumps to location 00'’FA40h. The bootstrap sequence
running from the test Flash is now terminated but the microcontroller remains in BSL mode.

Most probabily, the initially loaded routine (the first level user code) will load additional code
and data. This first level user code may use the pre-initialized interface (UART or CAN) to
receive data, a second level of code, and store it in arbitrary user-defined locations.

This second level of code may be the final application code. It may also be another. mare
sophisticated, loader routine that adds a transmission protocol to enhance the in-eyrny >f
the loaded code or data. It may also contain a code sequence to change the system
configuration and enable the bus interface to store the received data inin exiernal memory.

In all cases, the ST10F252M still runs in BSL mode, that is, with the¢: watchdog timer
disabled and limited access to the internal IFlash area.

24.2.7 Exiting bootstrap loader mode

To execute a program in normal mode, the BSL rnca2 must be terminated. The ST10F252M
exits BSL mode upon a software reset (leve! ¢ ?0L.4 is ignored) or a hardware reset (POL.4
must be high). After the reset, the ST ur 252M starts executing from location 00’0000h of
the internal Flash (user Flash) or the oxternal memory, as programmed via pin EA.

Note: If a bidirectional software reset is executed and external memory boot is selected (EA=0), a
degeneration of the software s 2t event into a hardware reset can occur (refer to
Section 20.6 for details;. Tr.is would imply that POL.4 becomes transparent so, to exit from
bootstrap mode, it is nccessary to release pin POL.4 (it is no longer ignored).

24.2.8 Hardw:aie requirements

Althougn the new bootstrap loader has been designed to be compatible with the old
Lovtstrap loader, there are few hardware requirements related with the new bootstrap
loader:

® external bus configuration needs to use four segment address lines or less to keep
CAN I/O available

® use of CAN pins (P4.5 and P4.6): even in bootstrap via UART, pin P4.5 (CAN1_RxD)
can not be used as port output but only as input; pin P4.6 (CAN1_TxD) can be used as
input or output only if bootstrap via UART is needed

@ level on UART RxD and CAN1_RxD during the bootstrap phase (see Figure 97 - Step
2) must be 1 (an external pull-up is recommended).
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24.3.2

238/328

Standard bootstrap with UART (RS232 or K-Line)

Features

ST10F252M bootstrap via UART has the same overall behavior as the old ST10 bootstrap
via UART:

® same bootstrapping steps

® same bootstrap method: analyze the timing of a predefined byte, send back an
acknowledge byte, load a fixed number of bytes and run them

® same functionalities: boot with different crystals and PLL ratios.

Figure 100. UART bootstrap loader sequence

RSTIN 1\
POL.4 \ J(1 J\

(2) 4,

7

7
\V

/
/

RxDO

\|;/’\

TxDO

CSPIP /—\Ll /

/

32 bytes
! (6) ! Int. Boot ROM / Test-Flash BSL-routine ! user software !

1. CSL iritialization time, > 2ms @ fcpy = 20 MHz.

Zero byte (1 start bit, eight ‘0’ data bits, 1 stop bit), sent by host.
Acknowledge byte, sent by ST10F252M

32 bytes of code / data, sent by host.

S

Caution: TxDO is only driven a certain time after reception of the zero byte (2.5ms @ fcpy = 20 MHz).
Internal Boot ROM / test-Flash.

o o s

Entering bootstrap via UART

The ST10F252M enters BSL mode if pin POL.4 is sampled low at the end of a hardware
reset. In this case, the built-in bootstrap loader is activated independently of the selected
bus mode. The bootstrap loader code is stored in a special test Flash, no part of the
standard mask ROM or Flash memory area is required for this.

After entering BSL mode and the respective initialization, the ST10F252M scans the RxDO
line to receive a zero byte, that is, one start bit, eight ‘0’ data bits and one stop bit. From the
duration of this zero byte, it calculates the corresponding baud rate factor with respect to the
current CPU clock, initializes the serial interface, ASCO, accordingly and switches pin TxDO

574
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to output. Using this baud rate, an acknowledge byte is returned to the host that provides the
loaded data.

The acknowledge byte is D5h for the ST10F252M.

ST10 configuration in UART BSL (RS232 or K-Line)

When the ST10F252M has entered BSL mode on UART, the following configuration is
automatically set (values that deviate from the normal reset values, are marked):

Table 126. Register configuration in UART BSL

Register Value Notes
Watchdog Timer: Disabled
Register SYSCON: 0400, " \ D) |
Context Pointer CP: FAQ0O;, g
Register STKUN: FAOO}, W
Stack Pointer SP: FA40,, [ N
Register STKOV: FCO00;,
Register SOCON: 8011, \~
Register BUSCONO: acc. to startup confic L;';ion(z)
Register SOBG: 2ce to ‘-CO’ byte
P3.10 / TXDO: U AT
DP3.10: ! ‘r

1. In bootstrap modes (stancurd' or ziternate), ROMEN, bit 10 of SYSCON, is always set regardless of EA pin
level. BYTDIS, bit 9 of SvyST(LN is set according to data bus width selection via PORTO configuration.

2. BUSCONOQ is initai;zed' with 0000h, external bus disabled, if pin EA is high during reset. If pin EA is low
during reset, BLIS» CT0, bit 10, and ALECTLDO, bit 9, are set enabling the external bus with lengthened ALE
signal. BTY™= 12,79, bit 7 and 6, is set according to PORTO configuration.

Other thzn ofter a normal reset, the watchdog timer is disabled so the bootstrap loading

seguence is not time limited. Pin TxDO is configured as output, so the ST10F252M can

ratura the acknowledge byte. Even if the internal IFlash is enabled, no code can be
oxecuted from it.

Loading the start-up code

After sending the acknowledge byte, the BSL enters a loop to receive 32 bytes via ASCO.
These bytes are stored sequentially into locations 00'’FA40h through 00’FA5Fh of the
internal RAM. So up to 16 instructions may be placed into the RAM area. To execute the
loaded code, the BSL jumps to location 00'FA40h, that is, the first loaded instruction. The
bootstrap loading sequence is now terminated but the ST10F252M remains in BSL mode.
Most probably, the initially loaded routine will load additional code or data, as an average
application is likely to require substantially more than 16 instructions. This second receive
loop may directly use the pre-initialized interface ASCO to receive data and store it to
arbitrary user-defined locations.

This second level of loaded code may be the final application code. It may also be another,
more sophisticated, loader routine that adds a transmission protocol to enhance the integrity
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of the loaded code or data. It may also contain a code sequence to change the system
configuration and enable the bus interface to store the received data into external memory.

This process may go through several iterations or may directly execute the final application.
In all cases the ST10F252M still runs in BSL mode, that is, with the watchdog timer disabled
and limited access to the internal Flash area. All code fetches from the IFlash area
(01°0000h...08'FFFFh, if mapped to segment 1) are redirected to the special test Flash.
Data read operations access the internal Flash of the ST10F252M, if any is available, but
will return undefined data on ROM-less devices.

24.3.5 Choosing the baud rate for the BSL via UART

The calculation of the serial baud rate for ASCO from the length of the first zero byte that is
received allows the operation of the bootstrap loader of the ST10F252M with a wide range
of baud rates. However, the upper and lower limits have to be kept, to insure proper 2ata
transfer.

5 _ fopu

The ST10F252M uses timer T6 to measure the length of *e initial zero byte. The
quantization uncertainty of this measurement implies ti12 :irst deviation from the real baud
rate, the next deviation is implied by the computaticr, of the SOBRL reload value from the
timer contents. The formula below shows the 2s3ociation:

2

fecpu
BHost

IF—Q

SOBRL = 72

9
6 = 3-

For a correct data transfer fr y» th e host to the ST10F252M the maximum deviation between
the internal initialized b=.'arate for ASCO and the real baud rate of the host should be below
2.5%. The deviation {}'>. in percent) between host baud rate and ST10F252M baud rate can
be calculated via the tormula below

B -B
Fg = |-Contr _Hostl. 100 % Fg25 %
BContr
Note: L iction (Fg) does not consider the tolerances of oscillators and other devices supporting

the serial communication.

This baud rate deviation is a nonlinear function depending on the CPU clock and the baud
rate of the host. The maxima of the function (Fg) increases with the host baud rate due to
the smaller baud rate pre-scaler factors and the implied higher quantization error (see
Figure 101).

Figure 101. Baudrate deviation between host and ST10F252M
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The minimum baud rate (B, in Figure 101) is determined by the maximum count capacity
of timer T6, when measuring the zero byte, that is, it depends on the CPU clock. Using the
maximum T6 count 2" in the formula the minimum baud rate can be calculated. The lowest
standard baudrate in this case would be 1200 baud. Baudrates below By ,,, would cause T6
to overflow. In this case, ASCO cannot be initialized properly.

The maximum baudrate (Bygy, in Figure 107) is the highest baudrate where the deviation
still does not exceed the limit, that is, all baudrates between By ,,, and Byg, are below the
deviation limit. The maximum standard baudrate that fulfills this requirement is 19200 baud.

Higher baud rates, however, may be used as long as the actual deviation does not exceed
the limit. A certain baudrate (marked 1) in the figure) may for example, violate the deviation
limit, while an even higher baudrate (marked Il) in the figure) stays very well below it. This
depends on the host interface.

24.4 Standard bootstrap with CAN

24.4.1 Features

The bootstrap via CAN has the same overall behavior as the Laotstrap via UART:
® same bootstrapping steps

® same bootstrap method: analyze the timing ot 2 n:edefined frame, send back an
acknowledge frame but only on request, ived a fixed number of bytes and run

® same functionalities: boot with diffcrent srystals and PLL ratios.

Figure 102. CAN bootstrap loader sequence

_ '_
RSTIN _\__-_I

pos )
4,
| ar o // |w
CANT_TxD // (
/A \

128 bytes
! (6) ! Int. Boot ROM / Test-Flash BSL-routine ! user software !

BSL initialization time, > 2ms @ fcpy = 20 MHz.
2. Zero frame (CAN message: standard ID = 0, DLC = 0), sent by host.

CAN message (standard ID = OxE6, DLC = 3, Data0 = 0xD5, Data1-Data2 = IDCHIP_low-high), sent by
ST10F252M on request

128 bytes of code / data, sent by host.
5. Caution: CAN1_TxD is only driven a certain time after reception of the zero byte (2.5ms @ fcpy = 20 MHz).
6. Internal Boot ROM / Test-Flash.
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Note:

24.4.3
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The Bootstrap Loader may be used to load the complete application software into ROM-less
systems, it may load temporary software into complete systems for testing or calibration, it
may also be used to load a programming routine for Flash devices.

The BSL mechanism may be used for standard system start-up as well as only for special
occasions like system maintenance (firmware update) or end-of-line programming or
testing.

Entering the CAN bootstrap loader (BSL)

The ST10F252M enters BSL mode, if pin POL.4 is sampled low at the end of a hardware
reset. In this case, the built-in bootstrap loader is activated independently of the selected
bus mode. The bootstrap loader code is stored in a special test Flash, no part of the
standard mask ROM or Flash memory area is required for this.

After entering BSL mode and completing the initialization, the ST10F252M scent the
CAN1_TxD line to receive the following initialization frame:

() standard identifier = 0x0
) DLC = 0x0.

As all the bits to be transmitted are dominant bits, a successic i of five dominant bits and
one stuff bit on the CAN network is used. From the durat’or of this frame, it calculates the
corresponding baud rate factor with respect to the ciin 2t CPU clock, initializes the CAN1
interface accordingly, switches pin CAN1_TxD tc autput and enables the CAN1 interface to
take part in the network communication. Usiro t.is baud rate, a message object is
configured to send an acknowledge frame 11e ST10F252M does not send this message
object but the host can request it by cend ng a remote frame.

The acknowledge frame is the following for the ST10F252M:

@ standard identifier = OxCo

DLC = 0x3

DataO = OxL 5, that is, generic acknowledge of the ST10 devices

Datal1 = IL'CHIP least significant byte

Datw2 == IDCHIP most significant byte

For the ST10F252M, IDCHIP = OFCXh.

Two behaviors can be distinguished in the acknowledging of the ST10 to the host. If the host
is behaving according to the CAN protocol, as at the beginning, the ST10 CAN is not
configured, the host is alone on the CAN network and will not get any acknowledgement. It
automatically resends the zero frame. As soon as the ST10 CAN is configured, it
acknowledges the zero frame. The “acknowledge frame” with identifier OXE6 is configured,

but the transmit request is not set. The host can request this frame to be sent and, therefore,
get the IDCHIP by sending a remote frame.

As the IDCHIP is sent in the acknowledge frame, the Flash programming software can now
know immediately the exact type of device to be programmed.

ST10 configuration in CAN BSL

When the ST10F252M enters BSL mode via CAN, the following configuration is
automatically set (values that deviate from the normal reset values, are marked):
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Figure 103. Register configuration in CAN BSL

Register Value Notes
Watchdog Timer: Disabled
XPERCON: 042D, mfs'vg eia%g'y » XFlash and
SYSCON: 0404, (M XPEN bit set
Context Pointer CP: FA00,,
Register STKUN: FAQOy,
Stack Pointer SP: FA40,
Register STKOV: FCO00,,

according to start-up
configuration ()

CANT1 Status/Control Register: 0000y,

BUSCONO:

CAN{ Bit Timing Register: according to "Zero

frame
P4.6 / CAN1_TxD: v’
DP4.6: q’

1. In bootstrap modes (standard or alternate), ROMEN bh#* 2 of SYSCON, is always set regardless of EA pin
level. BYTDIS, bit 9 of SYSCON, is set accordil <y t. d=:a bus width selection via PORTO configuration.

2. BUSCONQO is initialized with 0000h, extern 1l bu:; aisabled, if pin EA is high during reset. If pin EA is low
during reset, BUSACTO, bit 10, and ALECTL?, vit 9, are set enabling the external bus with lengthened ALE
signal. BTYP field, bit 7 and 6, is set ac.ording to PORTO configuration.

The watchdog timer is disak!zd, 30 the bootstrap loading sequence is not time limited. Pin
CAN1_TxD is configurca ac output, so the ST10F252M can return the identification frame.
Even if the interna! F'ast is enabled, no code can be executed from it.

Loadirg tine startup code via CAN
After seading the acknowledge byte the BSL enters a loop to receive 128 bytes via CAN1.

hinc the number of bytes loaded when booting via the CAN interface has been extended to
128 bytes to allow the re-configuration of the CAN bit timing register with the best timings
(synchronization window, ...). This can be achieved by the following sequence of
instructions:

ReconfigureBaudRate:

MOV  R1,#041h

MOV  DPP3:0EF00h,R1 ; Put CAN in Init, enable Configuration Change

MOV  R1,#01600h

MOV DPP3:0EF06h,R1 ; 1MBaud at Fcpu = 20 MHz
These 128 bytes are stored sequentially into locations 00’FA40h through 00’FABFh of the
internal RAM (DPRAM). Up to 64 instructions may be placed into the RAM area. To execute
the loaded code, the BSL jumps to location 00’FA40h, that is, the first loaded instruction.
The bootstrap loading sequence is now terminated but the ST10F252M remains in BSL

mode. Most probably, the initially loaded routine loads additional code or data, as an
average application is likely to require substantially more than 64 instructions. This second
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receive loop may directly use the pre-initialized CAN interface to receive data and store it in
arbitrary user-defined locations.

This second level of loaded code may be the final application code. It may also be another,
more sophisticated, loader routine that adds a transmission protocol to enhance the integrity
of the loaded code or data. It may also contain a code sequence to change the system

configuration and enable the bus interface to store the received data into external memory.

This process may go through several iterations or may directly execute the final application.
In all cases, the ST10F252M still runs in BSL mode, that is, with the watchdog timer
disabled and limited access to the internal Flash area. All code fetches from the internal
Flash area (01°0000h to 08’FFFFh) are redirected to the special test Flash. Data fetches
access the internal Flash of the ST10F252M, if any is available, but return undefined data
on ROM-less devices.

Choosing the baud rate for the BSL via CAN

The bootstrap via CAN acts in the same way than the UART bootstrap 1mode. when the
ST10F252M is started in BSL mode, it polls the RxD0 and CAN1_Rx" lines. On polling a
low level on one of these lines, a timer is launched that is stoprcd mien the line gets back to
high level.

For CAN communication, the algorithm is made to rece v 2 zero frame, that is, a standard
identifier is 0x0, DLC is 0. This frame will produce th~ mliowing levels: 5D, 1R, 5D, 1R, 5D,
1R, 5D, 1R, 5D, 1R, 4D, 1R, 1D, 11R. The algnr.thin runs the timer until the detection of the
fifth recessive bit. This calculates the bit tiriinu wver the duration of 29 bits; this minimizes
the error introduced by the polling.

Figure 104. Bit rate measurameiit over a predefined zero-frame

Start Stuff Lit Stuff bit Stuff bit Stuff bit

O NN -

- -~

Measured Time

Error induced by the polling

The code used for the polling is as follows:

WaitCom:
JNB P4.5,CAN_Boot ; 1f SOF detected on CAN, then go to CAN loader
JB P3.11,WaitCom ; Wait for start bit at RXDO
BSET T6R ; Start Timer T6
CAN_Boot:
BSET PWMCONO . 0 ; Start PWM TimerO

; (resolution is 1 CPU clk cycle)
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JMPR cc_UC,WaitRecessiveBi
t

WaitDominantBit:

JB P4.5,WaitDominantBit ; wait for end of stuff bit
WaitRecessiveBit:

JNB P4.5,WaitRecessiveBit; wait for 1lst dominant bit = Stuff bit

CMPI1 R1,#5 ; Test if 5th stuff bit detected

JMPR cc_NE,WaitDominantBit ; No, go back to count more

BCLR PWMCON. 0 ; Stop timer

; here the 5th stuff bit is detected:
; PTO = 29 Bit_Time (25D and 4R)

Therefore, the maximum error at the detection of the communication on CAN pin is.
(1 not taken + 1 taken jumps) + 1 taken jump + 1 bit set: (6) + 6 CPU clock cyclcs

The error at the detection for the fifth recessive bit is:
(1 taken jump) + 1 not taken jump + 1 compare + 1 bit clear: (4) + € CPU cycles

In the worst case, the induced error is of six CPU clock ¢y 'es. So the polling could induce
an error of six timer ticks.

Error induced by the bit rate calculation

The code used for the polling is as fol'ows.

WaitCom:
JNB P4.5,CAN_Rono. ; 1f SOF detected on CAN,
; then go to CAN loader
JB P3.11.\z1cCom ; Wait for start bit at RxDO
BSET 6 ; Start Timer T6
CAN_Boot:
BSET PWMCONO . 0 ; Start PWM Timer0
; (resolution is 1 CPU clk cycle)
JMPR cc_UC,WaitRecessiveBit
WaitDominantBit:
JB P4.5,WaitDominantBit ; wait for end of stuff bit
WaitRecessiveBit:
JNB P4.5,WaitRecessiveBit ; wait for 1lst dominant bit = Stuff bit
CMPI1 R1, #5 ; Test if 5th stuff bit detected
JMPR cc_NE,WaitDominantBit ; No, go back to count more
BCLR PWMCON . 0 ; Stop timer

; here the 5th stuff bit is detected:
; PTO = 29 Bit_Time (25D and 4R)

Therefore, the maximum error at the detection of the communication on CAN pin is:

(1 not taken + 1 taken jumps) + 1 taken jump + 1 bit set: (6) + 6 CPU clock cycles
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The error at the detection for the fifth recessive bit is:
(1 taken jump) + 1 not taken jump + 1 compare + 1 bit clear: (4) + 6 CPU cycles
In the worst case the induced error is of six CPU clock cycles. So the polling could induce an
error of six timer ticks.
Error induced by the baud rate calculation

The content of the timer PTO counter corresponds to 29 bit times. This gives the following
equation:

PTO = 58 x (BRP + 1) x (1+ Tseg1 + Tseg2)
where BRP, Tseg1 and Tseg?2 are the fields of the CAN bit timing register.

The CAN protocol specification recommends the implementation of a bit time thet has at
least 8 time quantum (tq). This recommendation applies here. The maximum b* {'me ienigth
is 25 tq. To have good precision, the target has the smallest bit rate prescaler (B-?) and the
maximum number of tq in a bit time.

This gives the following ranges for PTO according to BRP:
8<1+ Tseg1+ Tseg2 25
464 x (1+ BRP) sPT0 <1450 x (1 + BR.?)

Table 127. Ranges of timer contents in funcact. of BRP value

BRP PTO_min PTO_rnux Comments
0 464 1450
1 1451 2900
2 2901 4350
3 iU 5800
4 5801 7250
e | 7251 8700
43 20416 63800
44 20880 65250
45 21344 66700 Possible Timer overflow
63 X X

The error from the measurement of the 29 bits is:
ey =6/[PTO]

It is a maximum for the smallest BRP value and the smallest number of ticks in PTO.
Therefore:

€1 Max = 1.29%

To have better precision, the target is to have the smallest BRP so that the time quantum is
the smallest possible. Thus an error on the calculation of time quanta in a bit time is

574
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minimized. To do so, the value of PTO is divided in ranges of 1450 ticks. In the algorithm,
PTO is divided by 1451 and the result is BRP.

The calculated BRP value is used to divide PTO to have the value of (7 + Tseg1 + Tseg2). A
table is generated to set the values for Tseg1 and TsegZ2 according to the value of (1 +
Tseg1 + Tseg2). These values of Tseg?1 and Tseg2 are chosen to reach a sample point
between 70% and 80% of the bit time.

During the calculation of (1 + Tseg1 + Tseg2), an error e, can be introduced by the division.
This error is a maximum of one time quantum.

To compensate any possible error on bit rate, the (re)synchronization jump width is fixed at
two time quanta.
24.4.6 How to compute the baud rate error

Considering the following conditions, the error is calculated as example.
e CPU frequency: 20 MHz
® target bit rate: 1 Mbit/s

In these conditions, the content of PTO timer for 29 Bit shoulc br::

29 x Fepu_ 29 x 20x10°

[PTO] = “BiiRate - Tms = %09
Therefore:
574 <[P10] <586
This gives:
e BRP=0
® tq=100ns

Computation of i + Tseg1 + Tseg2 from the equation:

|P70] = 58 x (1+ BRP)x(1+ Tseg1+ Tseg2)
Thus:
_ 574 586 _
9 = 58 <1 + Tseg1+ Tseg2_58 =10

In the algorithm, a rounding to the superior value is made if the remainder of the division is
greater than half of the divisor. Here it would have been the case if the PTO content was 574.
Thus in this example it results 1+Tseg1+Tseg2 = 10, giving a bit time of exactly 1us and,
thus, no error in bit rate.

Note: In most cases (24 MHz, 32 MHz, 40 MHz of CPU frequency and 125, 250, 500 or 1 Mb/s of
bit rate), there is no error. However, it is better to check the error with the real application
parameters.

The content of the Bit Timing register is: 0x1640. This gives a sample point at 80%.

Note: The (re)synchronization jump width is fixed at two time quanta.
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Bootstrap via CAN

After the bootstrap phase, the ST10F252 CAN module is configured as follow:
o the pin P4.6 is configured as output (the latch value is ‘1’ = recessive) to assume

CAN1_TxD function.

e the MO2 is configured to output the acknowledge of the bootstrap with the standard
identifier OXE6, a DLC of 3 and Data0 = 0xD5, Data1 and 2 = IDCHIP.

® The MO1 is configured to receive messages with the standard identifier 0x5; its
acceptance mask is set so that all bits match — the DLC received is not checked; the
ST10 expects only 1 byte of data at a time.

No other message is sent by the ST10F252M after the acknowledge.

The CAN boot waits for 128 byte of data instead of 32 (see UART boot). This is done in
order to allow the user to reconfigure the CAN bitrate as soon as possible.

Comparing the old and the new bootstrap loader

Table 128 and 129 summarize the differences between the ¢'d £110 (boot via UART only)
bootstrap and the new one (boot via UART or CAN).

Software aspects

Table 128 summarizes the software differencs.

Table 128. Software topics summ ary

Old bootstrap loader

uses only 32 bytes in D.al Fort
RAM from 00’FA/h

New bootstrap loader

Comments

uses up to 128 bytes in Dual-
Port RAM from 00’FA40h

for compatibility between boot
via UART and boot via CAN1,
please avoid loading the
application software in the
00’FA60h/00’FABFh range

load 32 hytes from UART

load 32 bytes from UART (boot
via UART mode)

same files can be used for boot
via UART.

A
| user selected Xperipherals can
be enabled during boot (step 3
or step 4)

Xperipherals selection is fixed.

user can change the
Xperipherals selections through
a specific code.

As the CAN1 is needed, the XPERCON register is configured by the bootstrap loader code
and bit XPEN of SYSCON is set. As long as the EINIT instruction is not executed (and it is
not in the bootstrap loader code), the settings can be modified. Perform the following steps
to do this:

o disable the XPeripherals by clearing XPEN in SYSCON register; this part of code must
not be located in XRAM as it will be disabled

® enabled the required XPeripherals by writing the correct value in XPERCON register
® set XPEN bit in SYSCON.
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Hardware aspects

Although the new bootstrap loader has been designed to be compatible with the old
bootstrap loader, there are few hardware requirements with the new bootstrap loader. These

are summarized in Table 129.

Table 129. Hardware topics summary

Actual bootstrap loader

New bootstrap loader

Comments

P4.5 and P4.6 can be used as
output in BSL mode

P4.5 and P4.6 cannot be used
as user output in BSL mode, but
only as CAN1 alternate pins or
inputs or address-segments

level on CAN1_RxD can change
during boot step2

level on CAN1_RxD must be

stable at ‘1’ during boot step2

external pull-up on P4.5 necded
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Figure 105. Reset Boot Sequence

RSTIN O to 1

Standard Start
Yes (POL[5..4] = 01’ No (POL[5..4] = ‘11))
Boot Mode?

Yes (POL[5..4] = 10))

No (POL[5..4] = ‘other config.’)

A

ST Test Modes |

=

oftware Checks K1 is OK
User Reset Vector
K1 is OK?

K1 is not OK

K2 is not OK

Iternate Reset Vector,

K2 is OK Read L2'4-FCh

g A
Long Jump to '
09'0000h ! SW RESET
| ' Running from test Flash
N L Y
ABM / User Flash Std. Bootstrap Loader
Start at 09'0000h Jump to Test-Flash
|
| Y v v
Selective Bootstrap Loader User Mode / User Flash
Jump to Test-Flash Start at 00°'0000h
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Identification registers

The ST10F252M has four Identification registers, mapped in ESFR space. These register
contain:

a manufacturer identifier

a chip identifier, with its revision

an internal memory and size identifier
programming voltage description.

Manufacturer identifier register

IDMANUF register (FO7Eh/3Fh) ESFR Reset v2'ue: 9403h
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MANUF PRCSESSID
RO RO RO RO RO RO
Table 130. Manufacturer identifier register functio-c
Bit Name runction
Manufacturer ic'entiier
15.5 | MANUF ‘020h’: ST iicrc e sctronics manufacturer (JTAG worldwide
normalizatic}
Procoss identifier
4.0 |PROCESSID
‘03k’: 2.18 um CMOS process
- .
Chip identifier regicter
IDCHIP “eg:ste: (FO7Ch/3Eh) ESFR Reset value: OFCxh
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
! ~CONF CHIPID REVID
L
RO RO RO RO RO RO
Table 131. Chip identifier register functions
Bit Name Function
Peripheral Configuration
‘00’: (E) Enhanced (ST10F252)
15.14 | PCONF ‘01’: (B) Basic
‘10: (D) Dedicated
“11’: reserved
251/328
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Table 131. Chip identifier register functions (continued)

Bit Name Function
ST10 Module Identifier
13.4 |CHIPID
‘OFCh’: ST10F252M Identifier (252)
ST10 Module Revision Identifier (Full Mask Set revision)
‘01h’: Rev. A (First main revision)

3.0 |REVID ‘02h’: Rev. B (Second main revision)

‘OFh’: Rev. P

Figure 106. Internal memory and size identifier register

IDMEM register (FO7Ah/3Dh) ESFR Res st » aiue: 2040h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MEMTYP MEMSIZE
RO RO \J

Table 132. Internal memory and size identifier rea.si sr functions

Bit Name Function

Internal memor " type
‘Oh’: ROM- ess

“1h’: (M) ROwi memory
‘2h". (S) Standard Flash memory (ST10F252M)
2k’ (i1) High performance Flash memory

| ‘4n...Fh’: reserved.

15.12 | MEMTYP

Internal Memory Size
11.0 |MEMS!Z Internal Memory size is 4 * <MEMSIZE> (in Kbyte)
‘040h": ST10F252M (256 Kbytes).

DA
Programming voltage description register

'DPROG register (FO78h/3Ch) ESFR Reset value: 0040h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PROGVPP PROGVDD
RO RO

Table 133. Programming voltage description register functions

Bit Name Function

15.8 |PROGVPP Programming Vpp voltage (no need of external Vpp) - 00h

Programming Vpp voltage

Vpp voltage when programming EPROM or Flash devices is calculated
7.0 |PROGVDD using the following formula:

Vpp = 20 * <PROGVDD> / 256 [V]

‘40h’: ST10F252M (5.0 V).
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The values written in the different identification register bits are valid only after the Flash
initialization phase is completed. When code execution is started from internal memory (pin
EA held high during reset), the Flash has certainly completed its initialization, so the bits of
identification registers are immediately ready to be read out. When code execution is started
from external memory (pin EA held low during reset), the Flash initialization is not yet
completed, so the bits of identification registers are not ready. Poll bits 15 and 14 of the
IDMEM register; when both bits read low, the Flash initialization is complete, so all
identification register bits are correct.

Before Flash initialization completion, the default setting of the different Identification
Registers are as follows:

IDMANUF  0403h

IDCHIP OFCnh OFBnh (with n representing the silicon revision number)
IDMEM F2040h

IDPROG 0040h
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Register set

General purpose registers

General purpose registers (GPRs) form the register bank that the CPU works with. This

register bank may be located anywhere within the internal RAM via the context pointer (CP).
Due to the addressing mechanism, GPR banks can only reside within the internal RAM. All
GPRs are bit-addressable.

Table 134. General purpose registers (GPRs)

Name Physical 8-bit Description Beset
address | address value

RO (CP)+0 FOh CPU General Purpose (word) Register RO _’ 1'UJuh

R1 (CP)+2 F1h CPU General Purpose (word) Register R1 uuuuh

R2 (CP)+4 | F2h |CPU General Purpose (word) Registe: R> UUUUK

R3 (CP)+6 F3h CPU General Purpose (worr) r‘ej_isicr R3 uuuuh

R4 (CP)+8 F4h CPU General Purpose (';mrd)— Register R4 uuuuh

R5 (CP)+10| F5h | CPU General Prirpose tword) Register R5 UUUUK

R6 (CP)+12| F6h |CPU General Pu-pose (word) Register R6 UUUUK

R7 (CP) + 14 F7h CPI1! cene_rai Purpose (word) Register R7 uUuuuh

R8 (CP) + 16 F8h Ccru f.a‘::'neral Purpose (word) Register R8 uuuuh

R9 (CP) + 18 Forn CPU General Purpose (word) Register R9 uUuuuh

R10 (CP) +20 _FA:I CPU General Purpose (word) Register R10 uuuuh

R11 (CP) + 22 _FBh CPU General Purpose (word) Register R11 uuuuh

R12 (P +24| FCh |CPU General Purpose (word) Register R12 UUUUA

P13 (CP) + 26 FDh CPU General Purpose (word) Register R13 Uuuuh

. R4 (CP) + 28 FEh CPU General Purpose (word) Register R14 uuuuh

. Ris5 (CP)+30| FFh |CPU General Purpose (word) Register R15 UUUU

The first eight GPRs (R7...R0) may also be accessed byte wise. Other than with SFRs,
writing to a GPR byte does not affect the other byte of the respective GPR. The respective
halves of the byte-accessible registers receive special names as shown in Table 135.

Table 135. General purpose registers (GPRs) bit wise addressing

Name Physical 8-bit Description Reset
address | address value
RLO (CP)+0 FOh CPU General Purpose (byte) Register RLO Uuh
RHO (CP)+1 F1h CPU General Purpose (byte) Register RHO Uuh
RL1 (CP) +2 F2h CPU General Purpose (byte) Register RL1 UUh
RH1 (CP)+3 F3h CPU General Purpose (byte) Register RH1 UUh
RL2 (CP)+4 F4h CPU General Purpose (byte) Register RL2 UUh
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Table 135. General purpose registers (GPRs) bit wise addressing (continued)

Name Physical 8-bit Description Reset

address | address value
RH2 (CP)+5 F5h CPU General Purpose (byte) Register RH2 UUh
RL3 (CP)+6 F6h CPU General Purpose (byte) Register RL3 Uuh
RH3 CP)+7 F7h CPU General Purpose (byte) Register RH3 uuh
RL4 (CP)+8 F8h CPU General Purpose (byte) Register RL4 uuh
RH4 (CP)+9 FSh CPU General Purpose (byte) Register RH4 UUh
RL5 (CP)+10 FAh CPU General Purpose (byte) Register RL5 UUh
RH5 (CP) + 11 FBh CPU General Purpose (byte) Register RH5 UUh
RL6 (CP)+12 FCh CPU General Purpose (byte) Register RL6 _|_UU—h
RH6 (CP) +13 FDh CPU General Purpose (byte) Register RH6 uuh
RL7 | (CP)+14| FEh |CPU General Purpose (byte) Register RL7 UUh
RH7 | (CP)+15| FFh |CPU General Purpose (byte} n3gistei RH7 UUh

Special function register overview

Registers ordered by name

Table 136 lists all SFRs which are impicinented in the ST10F252M in alphabetical order. Bit-

addressable SFRs are markea with the letter “b” in column “Name”. SFRs within the
Extended SFR-Space (ES'FRs) e re marked with the letter “E” in column “Physical Address”.

Table 136. Spoc_iai jcr.ction registers listed by nhame

Name | -veical 8-bit Description Reset

address | address value
Al’)CIC' b | FF98h CCh ADC end of Conversion Interrupt Control Reg. --00h
i: DCON b | FFAOh DOh | ADC Control Register 0000h
ADDAT FEAOh 50h ADC Result Register 0000h
ADDAT2 FOAOh E 50h ADC 2 Result Register 0000h
ADDRSEL1 |FE18h 0Ch Address Select Register 1 0000h
ADDRSEL2 |FE1Ah 0Dh Address Select Register 2 0000h
ADDRSEL3 |FE1Ch OEh Address Select Register 3 0000h
ADDRSEL4 |FE1Eh OFh Address Select Register 4 0000h
ADEIC b |FF9Ah CDh ADC Overrun Error Interrupt Control Register --00h
BUSCONOb |FFOCh 86h Bus Configuration Register 0 0xx0h
BUSCON1b |FF14h 8Ah Bus Configuration Register 1 0000h
BUSCON2b |FF16h 8Bh Bus Configuration Register 2 0000h
BUSCON3b |FF18h 8Ch Bus Configuration Register 3 0000h
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Table 136. Special function registers listed by name (continued)

Name Physical 8-bit Description Reset
address | address value
BUSCON4b | FF1Ah 8Dh Bus Configuration Register 4 0000h
CAPREL FE4Ah 25h GPT2 Capture/Reload Register 0000h
cco FE80h 40h CAPCOM Register 0 0000h
CColIC b |FF78h BCh CAPCOM Register 0 Interrupt Control Register --00h
CC1 FE82h 41h CAPCOM Register 1 0000h
CC1IC b |FF7Ah BDh CAPCOM Register 1 Interrupt Control Register --00h
cc2 FE84h 42h CAPCOM Register 2 2000h
CC2IC b |FF7Ch BEh CAPCOM Register 2 Interrupt Control Register __E
cc3 FES6h 43h  |CAPCOM Register 3 | ooooh
CC3IC b |FF7Eh BFh | CAPCOM Register 3 Interrupt Control Re Jister --00h
cca FES8h 44h | CAPCOM Register 4 - 0000h
CC4IC b |FF80h COh CAPCOM Register 4 Inf:rrupi Control Register --00h
cCs FE8Ah 45h | CAPCOM Regicte' 5 0000h
CC5IC b |FF82h Cih CAPCOM PeJis\e_.‘ Elnterrupt Control Register --00h
cce FESCh 46h | CAPCOM Register 6 0000h
CCelIC b |FF84h C2h Cr P(‘SM Register 6 Interrupt Control Register --00h
cc7 FE8Eh 47n CAPCOM Register 7 0000h
CC7IC b |FF86h _C?h CAPCOM Register 7 Interrupt Control Register --00h
Cccs8 FE9Oh —" _48h CAPCOM Register 8 0000h
ccsic b_ l._':I'SE_h_ C4h CAPCOM Register 8 Interrupt Control Register --00h
CC9 rE92h 49h CAPCOM Register 9 0000h
. CCIC b |FF8Ah C5h CAPCOM Register 9 Interrupt Control Register --00h
1LC10 FE94h 4Ah | CAPCOM Register 10 0000h
CC10IC b |FF8Ch Céh CAPCOM Register 10 Interrupt Control Register --00h
CC11 FE96h 4Bh CAPCOM Register 11 0000h
CC11IC b |FF8Eh C7h CAPCOM Register 11 Interrupt Control Register --00h
CC12 FE98h 4Ch CAPCOM Register 12 0000h
CC12IC b |FF90h C8h CAPCOM Register 12 Interrupt Control Register --00h
CC13 FE9AN 4Dh CAPCOM Register 13 0000h
CC13IC b |FF92h C9h CAPCOM Register 13 Interrupt Control Register --00h
CC14 FE9Ch 4Eh CAPCOM Register 14 0000h
CC14IC b |FF94h CAh CAPCOM Register 14 Interrupt Control Register --00h
CC15 FE9Eh 4Fh CAPCOM Register 15 0000h
CC15IC b |FF96h CBh CAPCOM Register 15 Interrupt Control Register --00h
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Table 136. Special function registers listed by name (continued)

Name Physical 8-bit Description Reset
address | address value

CC16 FE60h 30h CAPCOM Register 16 0000h
CC16IC b |F160h E BOh CAPCOM Register 16 Interrupt Control Register - - 00h
CC17 FE62h 31h CAPCOM Register 17 0000h
CC17IC b |F162h E B1h CAPCOM Register 17 Interrupt Control Register --00h
Cc18 FE64h 32h CAPCOM Register 18 0000h
CC18IC b |F164h E B2h CAPCOM Register 18 Interrupt Control Register --00h
CC19 FE66h 33h CAPCOM Register 19 2000h
CC19IC b |F166h E B3h CAPCOM Register 19 Interrupt Control Registe~ _E
CC20 FE68h 34h CAPCOM Register 20 P 0000h
CC20IC b |F168h E| B4h |CAPCOM Register 20 Interrupt Contrc! Fragister --00h
cc21 FE6AN 35h | CAPCOM Register 21 - 0000h
CC21IC b |F16Ah E B5h CAPCOM Register 21 Intarru';_t Control Register --00h
Ccc22 FE6Ch 36h | CAPCOM Regicte' 22 0000h
CC22IC b |F16Ch E B6h CAPCOM Pejis‘e_.‘ 52 Interrupt Control Register --00h
cc23 FEGEN 37h CAPCIM E‘.egister 23 0000h
CC2B8IC b |F16Eh E B7h Cr P(‘SM Register 23 Interrupt Control Register --00h
CC24 FE70h 38n CAPCOM Register 24 0000h
CC24IC b |F170h E _B‘B:I CAPCOM Register 24 Interrupt Control Register --00h
CC25 FE72h —" _39h CAPCOM Register 25 0000h
CCasIC b_ l._':.72_11_E B9h CAPCOM Register 25 Interrupt Control Register - - 00h
CC26 rE74h 3Ah CAPCOM Register 26 0000h
. CC268IC b |F174h E BAh CAPCOM Register 26 Interrupt Control Register --00h
ccar FE76h 3Bh | CAPCOM Register 27 0000h
CC271C b |F176h E BBh CAPCOM Register 27 Interrupt Control Register --00h
CcC28 FE78h 3Ch CAPCOM Register 28 0000h
CC28IC b |F178h E BCh CAPCOM Register 28 Interrupt Control Register --00h
CC29 FE7Ah 3Dh CAPCOM Register 29 0000h
CC29IC b |F184h E C2h CAPCOM Register 29 Interrupt Control Register --00h
CC30 FE7Ch 3Eh CAPCOM Register 30 0000h
CC30IC b |F18Ch E Céh CAPCOM Register 30 Interrupt Control Register --00h
CC3t FE7Eh 3Fh CAPCOM Register 31 0000h
CC31IC b |F194h E CAh CAPCOM Register 31 Interrupt Control Register --00h
CCMo b |FF52h A9h CAPCOM Mode Control Register 0 0000h
CCM1 b | FF54h AAh CAPCOM Mode Control Register 1 0000h
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Table 136. Special function registers listed by name (continued)
Name Physical 8-bit Description Reset
address | address value
CCM2 b | FF56h ABh CAPCOM Mode Control Register 2 0000h
CCM3 b | FF58h ACh CAPCOM Mode Control Register 3 0000h
CCM4 b | FF22h 91h CAPCOM Mode Control Register 4 0000h
CCM5 b |FF24h 92h CAPCOM Mode Control Register 5 0000h
CCMeé b | FF26h 93h CAPCOM Mode Control Register 6 0000h
CCwm7 b | FF28h 94h CAPCOM Mode Control Register 7 0000h
CP FE10h 08h CPU Context Pointer Register i-C00h
CRIC b |FF6Ah B5h | GPT2 CAPREL Interrupt Control Register | -oon]
CSP FEO8h 04h CPU Code Segment Pointer Register (read ').‘Iv? N 0000h
DPOL b |F100h E 80h POL Direction Control Register N\ --00h
DPOH b [F102h E 81h POh Direction Control Register o --00h
DP1L b |[F104h E 82h P1L Direction Control Rc;isté. --00h
DPIH b |F106h E| 83h |P1h Direction Conrc! Pagister -~ 00h
DP2 b |FFC2h Eth  |Port2 Direction Guntrol Register 0000h
DP3 b | FFC6h E3h Port 3 T)irv;tion Control Register 0000h
DP4 b |FFCAh E5h Pt 4 Birection Control Register --00h
DP6 b | FFCEh E7n Port 6 Direction Control Register --00h
DP7 b |FFD2h _EQ:I Port 7 Direction Control Register - - 00h
DP8 b | FFD6h + _EBh Port 8 Direction Control Register --00h
DPPO l._':L'-O(_h‘ 00h | CPU Data Page Pointer 0 Register (10-bit) 0000h
DPP1 rEO02h 01h CPU Data Page Pointer 1 Register (10-bit) 0001h
ID7r2 FEO4h 02h CPU Data Page Pointer 2 Register (10-bit) 0002h
/LPP3 FEO6h 03h  |CPU Data Page Pointer 3 Register (10-bit) 0003h
EXICON b |F1COh E EOh External Interrupt Control Register 0000h
EXISEL b |F1DAh E EDh External Interrupt Source Selection Register 0000h
IDCHIP FO7Ch E 3Eh Device Identifier Register (n is the device revision) FBnh
IDMANUF FO7Eh E 3Fh Manufacturer Identifier Register 0403h
IDMEM FO7Ah E 3Dh On-chip Memory Identifier Register 2040h
IDPROG FO78h E 3Ch Programming Voltage Identifier Register 0040h
IDXO0 b | FFO8h 84h MAC Unit Address Pointer 0 0000h
IDX1 b | FFOAh 85h MAC Unit Address Pointer 1 0000h
MAH FE5Eh 2Fh MAC Unit Accumulator - High Word 0000h
MAL FE5Ch 2Eh MAC Unit Accumulator - Low Word 0000h
MCW b |FFDCh EEh MAC Unit Control Word 0000h
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Table 136. Special function registers listed by name (continued)

Name Physical 8-bit Description Reset
address | address value
MDC b |FFOEh 87h CPU Multiply Divide Control Register 0000h
MDH FEOCh 06h CPU Multiply Divide Register — High Word 0000h
MDL FEOEh 07h CPU Multiply Divide Register — Low Word 0000h
MRW b |FFDAh EDh MAC Unit Repeat Word 0000h
MSW b |FFDEh EFh MAC Unit Status Word 0200h
ODP2 b |F1C2h E E1h Port 2 Open Drain Control Register 0000h
ODP3 b |F1C6h E E3h Port 3 Open Drain Control Register 2000h
ODP4 b |F1ICAh E E5h Port 4 Open Drain Control Register | _E
ODP6 b |FICEh E| E7h |Port6 Open Drain Control Register | --oon
ODP7 b |FID2h E| ESh |Port7 Open Drain Control Register _-00h
ODP8 b |FID6h E| EBh |Port8 Open Drain Control Regisiar - - 00h
ONES b |FF1Eh 8Fh Constant Value 1’s Registar (;oad only) FFFFh
POL b | FFooh 80h | PORTO Low Renisie" (i ower half of PORTO) -~ 00h
POH b | FFo2h 81h | PORTO Hioh 3eyjister (Upper half of PORTO) -~ 00h
P1L b | FFO4h 82h PORT ! L \; rRegister (Lower half of PORT1) --00h
P1H b | FFoeh 83h | PORTI High Register (Upper half of PORT1) --00h
P2 b | FFCOh EOn Port 2 Register 0000h
P3 b | FFC4h _E?:l Port 3 Register 0000h
P4 b |FFCah N0 " E4h | Port 4 Register (8-bit) -~ 00h
P5 b |5 ‘Azn | D1h  |Port5 Register (read only) XXXXh
P6 L |rFCCh E6h Port 6 Register (8-bit) --00h
. P~ b |FFDOh E8h Port 7 Register (8-bit) --00h
'S b |FFD4n EAh | Port 8 Register (8-bit) -~ 00h
P5SDIDIS b |FFA4h D2h Port 5 Digital Disable Register 0000h
PECCO FECOh 60h PEC Channel 0 Control Register 0000h
PECCA1 FEC2h 61h PEC Channel 1 Control Register 0000h
PECC2 FEC4h 62h PEC Channel 2 Control Register 0000h
PECC3 FEC6h 63h PEC Channel 3 Control Register 0000h
PECC4 FEC8h 64h PEC Channel 4 Control Register 0000h
PECC5 FECAh 65h PEC Channel 5 Control Register 0000h
PECC6 FECCh 66h PEC Channel 6 Control Register 0000h
PECC7 FECEh 67h PEC Channel 7 Control Register 0000h
PICON b [F1C4h E E2h Port Input Threshold Control Register --00h
PPO FO38h E 1Ch PWM Module Period Register 0 0000h
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Table 136. Special function registers listed by name (continued)
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Name Physical 8-bit Description Reset
address | address value
PP1 FO3Ah E 1Dh PWM Module Period Register 1 0000h
PP2 FO3Ch E 1Eh PWM Module Period Register 2 0000h
PP3 FO3Eh E 1Fh PWM Module Period Register 3 0000h
PSW b | FF10h 88h CPU Program Status Word 0000h
PTO FO30h E 18h PWM Module Up/Down Counter 0 0000h
PT1 F032h E 19h PWM Module Up/Down Counter 1 0000h
PT2 F034h E 1Ah PWM Module Up/Down Counter 2 2000h
PT3 Fossh E| 1Bh |PWM Module Up/Down Counter 3 | acoon]
PWO FE30h 18h PWM Module Pulse Width Register 0 P 0000h
PW1 FE32h 19h PWM Module Pulse Width Register 1 N\ 0000h
PwW2 FE34h 1Ah PWM Module Pulse Width F’.e,g'sr;r? 0000h
PW3 FE36h 1Bh PWM Module Pulse Wictr Régister 3 0000h
PWMCONOb | FF30h 98h | PWM Module Con'rc! i*agister 0 0000h
PWMCON1b | FF32h 99h | PWM Module Cenirol Register 1 0000h
PWMIC b |[F17Eh E BFh PWAMM IOL‘L—;!c Interrupt Control Register --00h
QRO F004h E 02h MAC 'J_nit Offset Register RO 0000h
QR1 FOO6h E 03n MAC Unit Offset Register R1 0000h
QX0 FOOOh E _O(‘!l MAC Unit Offset Register X0 0000h
Qxi1 FO0N2h n_'—" _01 h MAC Unit Offset Register X1 0000h
RPOH b_ I_E OE_h_ E 84h System Start-up Configuration Register (read only) | - - XXh
SOBG rEB4h 5Ah St;g;e;ltgrhannel 0 Baud Rate Generator Reload 0000h
|3LCON b | FFBOh D8h | Serial Channel 0 Control Register 0000h
‘rSOEIC b | FF70h B8h Serial Channel 0 Error Interrupt Control Register --00h
SORBUF FEB2h 59h Z(]alc?l Channel 0 Receive Buffer Register (read - XXh
SORIC b | FF6Eh B7h Sigitgrhannel 0 Receive Interrupt Control - - 00h
SOTBIC b |F19Ch E CEh Serial Channel 0 Transmit Buffer Interrupt Control - - 00h
Reg.
SOTBUF FEBOh 58h Z?S?l Channel 0 Transmit Buffer Register (write 0000h
SOTIC b |FF6Ch B6h Sigitgrhannel 0 Transmit Interrupt Control --00h
SP FE12h 09h CPU System Stack Pointer Register FCOOh
SSCBR FOB4h E 5Ah SSC Baud Rate Register 0000h
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Table 136. Special function registers listed by name (continued)

Name Physical 8-bit Description Reset
address | address value

SSCCON b |FFB2h D9h SSC Control Register 0000h
SSCEIC b |FF76h BBh SSC Error Interrupt Control Register --00h
SSCRB FOB2h E 59h SSC Receive Buffer (read only) XXXXh
SSCRIC b |FF74h BAh SSC Receive Interrupt Control Register --00h
SSCTB FOBOh E 58h SSC Transmit Buffer (write only) 0000h
SSCTIC b |FF72h B9h SSC Transmit Interrupt Control Register - - 00h
STKOV FE14h 0Ah CPU Stack Overflow Pointer Register ~A0Oh
STKUN FE16h 0Bh | CPU Stack Underflow Pointer Register | coon]|
SYSCON b |FF12h 89h |CPU System Configuration Register | oxxon
To FE50h 28h | CAPCOM Timer 0 Register W 0000h
TO1CON b |FF50h A8h CAPCOM Timer 0 and Time: 1 Canuol Register 0000h
ToIC b | FFOCh CEh CAPCOM Timer 0 Interrunt Cuntrol Register --00h
TOREL FE54h 2Ah | CAPCOM Timer 0 F3lead Register 0000h
T1 FE52h 29h | CAPCOM Tiner 1 Register 0000h
T1IC b | FF9Eh CFh CAPCIM 'I'i;ner 1 Interrupt Control Register --00h
T1REL FE56h 2Bh C+ PCOM Timer 1 Reload Register 0000h
T2 FE40h 20n GPT1 Timer 2 Register 0000h
T2CON b |FF40h _AO:I GPT1 Timer 2 Control Register 0000h
T2IC b | FFS0h —" _BOh GPT1 Timer 2 Interrupt Control Register --00h
T3 ] l._cf-4;_.h‘ 21h | GPT1 Timer 3 Register 0000h
T3CC'v L |rF42h A1lh GPT1 Timer 3 Control Register 0000h
. oI b | FF62h B1h GPT1 Timer 3 Interrupt Control Register --00h
e FE44h 2oh | GPT1 Timer 4 Register 0000h
T4CON b |FF44h A2h GPT1 Timer 4 Control Register 0000h
T4IC b | FF64h B2h GPT1 Timer 4 Interrupt Control Register --00h
T5 FE46h 23h GPT2 Timer 5 Register 0000h
T5CON b |FF46h A3h GPT2 Timer 5 Control Register 0000h
T5IC b | FF66h B3h GPT2 Timer 5 Interrupt Control Register --00h
T6 FE48h 24h GPT2 Timer 6 Register 0000h
T6CON b |FF48h Adh GPT2 Timer 6 Control Register 0000h
T6IC b | FF68h B4h GPT2 Timer 6 Interrupt Control Register --00h
T7 FO50h E 28h CAPCOM Timer 7 Register 0000h
T78CON b |FF20h 90h CAPCOM Timer 7 and 8 Control Register 0000h
T71C b |F17Ah E BDh CAPCOM Timer 7 Interrupt Control Register --00h
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26.2.2
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Table 136. Special function registers listed by name (continued)

Name Physical 8-bit Description Reset
address | address value
T7REL FO54h E| 2Ah | CAPCOM Timer 7 Reload Register 0000h
T8 FO52h E| 20h |CAPCOM Timer 8 Register 0000h
T8IC b |[F17Ch E BEh CAPCOM Timer 8 Interrupt Control Register --00h
T8REL Foseh E| 2Bh |CAPCOM Timer 8 Reload Register 0000h
TFR b | FFACh D6h Trap Flag Register 0000h
WDT FEAEh 57h Watchdog Timer Register (read only) 0000h
WDTCON b | FFAEh D7h Watchdog Timer Control Register 0oxxh 2
XADRS3  |Foich E| OEh |XPER Address Select Register 3 | 3008h]|
XPOIC b |F186h E| C3h |See Section 9.2 | --o0n?®
XP1IC b |FI18Eh E| C7h |See Section 9.2 1\ --00h ¥
XP2IC b |F196h E| CBh |See Section 9.2 N --00hd
XP3IC b |F19Eh E| CFh |See Section 9.2 --00hd
XPERCON |F024h E| 12h |XPER Configuration Register --05h
ZEROS b |FF1Ch 8Eh Constant ValLe k\’; I;egister (read only) 0000h

The system configuration is selected auiiny 'eset.

Reset value depends on different trigge.ed reset event.

The XPnIC interrupt control ragisters control interrupt requests from integrated X-Bus
peripherals. Some softwaie centolled interrupt requests may be generated by setting the
XPnIR bits (of XPnIC reqister) of the unused X-peripheral nodes.

Registers o*Jd2red by address

Table |27 lists all SFRs which are implemented in the ST10F252M ordered by their physical
aca ass. Bit-addressable SFRs are marked with the letter “b” in column “Name”. SFRs
wittin the Extended SFR-Space (ESFRs) are marked with the letter “E” in column “Physical

Address”.

Table 137. Special function registers listed by address

Name Physical 8-bit Description Reset

address | address value
QXo FOOOh E 00h MAC Unit Offset Register X0 0000h
Qx1 Foo2h E 01h MAC Unit Offset Register X1 0000h
QRO FO04h E 02h MAC Unit Offset Register RO 0000h
QR1 Fooeh E 03h MAC Unit Offset Register R1 0000h
XADRS3 FoiCh  E OEh XPER Address Select Register 3 800Bh
XPERCON |F024h E 12h XPER Configuration Register --05h
PTO FO30h E 18h PWM Module Up/Down Counter 0 0000h
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Table 137. Special function registers listed by address (continued)
Name Physical 8-bit Description Reset
address | address value
PT1 FO32h E 19h PWM Module Up/Down Counter 1 0000h
PT2 FO34h E 1Ah PWM Module Up/Down Counter 2 0000h
PT3 FO36h E 1Bh PWM Module Up/Down Counter 3 0000h
PPO FO38h E 1Ch PWM Module Period Register 0 0000h
PP1 FO3Ah E 1Dh PWM Module Period Register 1 0000h
PP2 FO3Ch E 1Eh PWM Module Period Register 2 0000h
PP3 FO3Eh E 1Fh PWM Module Period Register 3 2000h
7 FOS0h E | 28h |CAPCOM Timer 7 Register | acoon]|
T8 FOS2h E| 20h |CAPCOM Timer 8 Register | ooooh
T7REL F054h E 2Ah CAPCOM Timer 7 Reload Register 1\ 0000h
T8REL Fo56h E 2Bh CAPCOM Timer 8 Reload Pag.sm_r_ 0000h
IDPROG FO78h E 3Ch Programming Voltage Id:r\tifi(—:: Register 00+740h
IDMEM FO7Ah E| 3Dh |On-chip Memory letiar Register 32040h
IDCHIP FO7Ch E 3Eh Device Identifer ‘:s_e&ster (n is the device revision) FBnh
IDMANUF FO7Eh E 3Fh Martitoctu r—c. Identifier Register 0403h
ADDAT2 FOAOh E 50h ALC 7 Result Register 0000h
SSCTB FOBOh E 58n SSC Transmit Buffer (write only) 0000h
SSCRB FOB2h E _59!| SSC Receive Buffer (read only) XXXXh
SSCBR FOB4h _5Ah SSC Baud Rate Register 0000h
DPOL b l._EAoc_n_E 80h | POL Direction Control Register --00h
DPOH L |rF102h E 81h POh Direction Control Register --00h
! DL b |F104h E 82h P1L Direction Control Register --00h
'LP1H b |[Flo6h E| 83h |P1ih Direction Control Register --00h
RPOH b |F108h E 84h System Start-up Configuration Register (read only) | - - XXh
CC16lIC b |F160h E BOh CAPCOM Register 16 Interrupt Control Register --00h
CC17IC b |F162h E B1h CAPCOM Register 17 Interrupt Control Register --00h
CC18IC b |F164h E B2h CAPCOM Register 18 Interrupt Control Register --00h
CC19IC b |F166h E B3h CAPCOM Register 19 Interrupt Control Register --00h
CC20IC b |F168h E B4h CAPCOM Register 20 Interrupt Control Register --00h
CC21IC b |F16Ah E B5h CAPCOM Register 21 Interrupt Control Register --00h
CC221IC b |F16Ch E B6h CAPCOM Register 22 Interrupt Control Register --00h
CC2B8IC b |F16Eh E B7h CAPCOM Register 23 Interrupt Control Register --00h
CC24IC b |F170h E B8h CAPCOM Register 24 Interrupt Control Register --00h
CC25IC b |F172h E B9h CAPCOM Register 25 Interrupt Control Register --00h
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Table 137. Special function registers listed by address (continued)

Name Physical 8-bit Description Reset
address | address value
CC26IC b |F174h E BAh CAPCOM Register 26 Interrupt Control Register --00h
CC271C b |F176h E BBh CAPCOM Register 27 Interrupt Control Register --00h
CC28IC b |F178h E BCh CAPCOM Register 28 Interrupt Control Register --00h
T71C b |F17Ah E BDh CAPCOM Timer 7 Interrupt Control Register --00h
T8IC b |F17Ch E BEh CAPCOM Timer 8 Interrupt Control Register --00h
PWMIC b |F17Eh E BFh PWM Module Interrupt Control Register --00h
CC29IC b |F184h E C2h CAPCOM Register 29 Interrupt Control Register - 00h
XPOIC b |F186h E| GC3h |See Section 9.2 [ --00h |
CC30IC b |F18Ch E| C6h |CAPCOM Register 30 Interrupt Control Regis'er | - - 00h
XP1IC b |F18Eh E| C7h |See Section 9.2 W --00h 3
CC31IC b |F194h E CAh CAPCOM Register 31 Interrup. L';r;ol Register --00h
XP2IC b [F196h E CBh See Section 9.2 - --00h®
SOTBIC b [Fiech E| g gig.au Channel 1 Tians it Bufer Interrupt Control | -
XP3IC b |F19Eh E| GCFh |See Secticioz --00hd
EXICON b |FICOh E| EOh |E.ternalinterrupt Control Register 0000h
ODP2 b |F1C2h E Eth Port 2 Open Drain Control Register 0000h
PICON b |F1C4h E =) Port Input Threshold Control Register --00h
ODP3 b |F1C6h = \ £3h Port 3 Open Drain Control Register 0000h
ODP4 b F‘\‘:'\l—‘ _E E5h Port 4 Open Drain Control Register --00h
ODP6 H |—F_JC?Eh E E7h Port 6 Open Drain Control Register --00h
ODP7 b |F1D2h E| ESh |Port7 Open Drain Control Register _-00h
iO0F8 b |F1D6h E| EBh | Port 8 Open Drain Control Register - - 00h
‘rEXISEL b |F1IDAh E EDh External Interrupt Source Selection Register 0000h
DPPO FEOOh 00h CPU Data Page Pointer 0 Register (10-bit) 0000h
DPP1 FEO2h 01h CPU Data Page Pointer 1 Register (10-bit) 0001h
DPP2 FEO4h 02h CPU Data Page Pointer 2 Register (10-bit) 0002h
DPP3 FEO6h 03h CPU Data Page Pointer 3 Register (10-bit) 0003h
CSP FEO8h 04h CPU Code Segment Pointer Register (read only) 0000h
MDH FEOCh 06h CPU Multiply Divide Register — High Word 0000h
MDL FEOEh 07h CPU Multiply Divide Register — Low Word 0000h
CP FE10h 08h CPU Context Pointer Register FCOOh
SP FE12h 09h CPU System Stack Pointer Register FCOOh
STKOV FE14h OAh CPU Stack Overflow Pointer Register FAQOh
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Table 137. Special function registers listed by address (continued)

Name Physical 8-bit Description Reset
address | address value

STKUN FE16h 0Bh CPU Stack Underflow Pointer Register FCOOh
ADDRSEL1 |FE18h 0Ch Address Select Register 1 0000h
ADDRSEL2 |FE1Ah 0Dh Address Select Register 2 0000h
ADDRSEL3 |FE1Ch OEh Address Select Register 3 0000h
ADDRSEL4 |FE1Eh OFh Address Select Register 4 0000h
PWO FE30h 18h PWM Module Pulse Width Register 0 0000h
PW1 FE32h 19h | PWM Module Pulse Width Register 1 2000h
PW2 FE34h 1Ah | PWM Module Pulse Width Register 2 | acoon]|
PW3 FE36h 1Bh | PWM Module Pulse Width Register 3 | oooon
T2 FE40h 20h | GPT1 Timer 2 Register 0000h
T3 FE42h 21h | GPT1 Timer 3 Register N 0000h
T4 FE44h 2oh | GPT1 Timer 4 Register 0000h
5 FE46h 23h | GPT2 Timer 5 Pegisier 0000h
T6 FE48h 24h | GPT2 Timer ¢ Rgister 0000h
CAPREL  |FE4Ah 25h | GPT2 “aptuie/Reload Register 0000h
T0 FE50h 28h | CrPCOM Timer 0 Register 0000h
% FE52h 291 | CAPCOM Timer 1 Register 0000h
TOREL FE54h 285 |CAPCOM Timer 0 Reload Register 0000h
T1REL FE56h N0 " 2Bh | CAPCOM Timer 1 Reload Register 0000h
MAL ] l._':L'-S(_.‘h‘ 2Eh | MAC Unit Accumulator - Low Word 0000h
MAH rE5Eh 2Fh MAC Unit Accumulator - High Word 0000h
lccis FE60h 30h | CAPCOM Register 16 0000h
(c17 FE62h 31h  |CAPCOM Register 17 0000h
ccis FE64h 32h | CAPCOM Register 18 0000h
CcC19 FE66h 33h | CAPCOM Register 19 0000h
CC20 FE68h 34h CAPCOM Register 20 0000h
ccai FE6Ah 35h | CAPCOM Register 21 0000h
cc22 FE6Ch 36h | CAPCOM Register 22 0000h
cce3 FE6Eh 37h | CAPCOM Register 23 0000h
CcC24 FE70h 38h | CAPCOM Register 24 0000h
CC25 FE72h 39h CAPCOM Register 25 0000h
CC26 FE74h 3Ah | CAPCOM Register 26 0000h
ccea7 FE76h 3Bh | CAPCOM Register 27 0000h
cces FE78h 3Ch | CAPCOM Register 28 0000h
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Table 137. Special function registers listed by address (continued)
Name Physical 8-bit Description Reset
address | address value
CC29 FE7Ah 3Dh CAPCOM Register 29 0000h
CC30 FE7Ch 3Eh CAPCOM Register 30 0000h
CC31 FE7Eh 3Fh CAPCOM Register 31 0000h
CCo FE80h 40h CAPCOM Register 0 0000h
CC1 FE82h 41h CAPCOM Register 1 0000h
CcC2 FE84h 42h CAPCOM Register 2 0000h
CC3 FE86h 43h CAPCOM Register 3 2000h
cc4 FE88h 44h | CAPCOM Register 4 | acoon]
ccs FE8Ah 45h | CAPCOM Register 5 | ooooh
cCe FESCh 46h | CAPCOM Register 6 W 0000h
cc7 FESEh 47h  |CAPCOM Register 7 o 0000h
CC8 FE90h 48h CAPCOM Register 8 0000h
cCo FE92h 49h | CAPCOM Regicte' & 0000h
CC10 FE94h 4Ah  |CAPCOM Reisier 10 0000h
CC11 FE96h 4Bh CAPGCOM E‘.egister 11 0000h
CC12 FE98h 4Ch Cr F’(‘SM Register 12 0000h
CC13 FE9Ah 4D, CAPCOM Register 13 0000h
CC14 FE9Ch _4E:| CAPCOM Register 14 0000h
CC15 FE9Eh + _4Fh CAPCOM Register 15 0000h
ADDAT l._':L'-A;h_> 50h | ADC Result Register 0000h
WDT rEAEh 57h Watchdog Timer Register (read only) 0000h
i SOTSUF FEBOh 58h irtlalr;?l Channel 0 Transmit Buffer Register (write 0000h
‘rSORBUF FEB2h 59h Serial Channel 0 Receive Buffer Register (read - XXh
only)
SOBG FEB4h 5Ah 2§g§tgrhannel 0 Baud Rate Generator Reload 0000h
PECCO FECOh 60h PEC Channel 0 Control Register 0000h
PECCA1 FEC2h 61h PEC Channel 1 Control Register 0000h
PECC2 FEC4h 62h PEC Channel 2 Control Register 0000h
PECC3 FEC6h 63h PEC Channel 3 Control Register 0000h
PECC4 FEC8h 64h PEC Channel 4 Control Register 0000h
PECC5 FECAh 65h PEC Channel 5 Control Register 0000h
PECC6 FECCh 66h PEC Channel 6 Control Register 0000h
PECC7 FECEh 67h PEC Channel 7 Control Register 0000h
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Table 137. Special function registers listed by address (continued)

Name Physical 8-bit Description Reset
address | address value
POL b [FFOOh 80h PORTO Low Register (Lower half of PORTO) --00h
POH b [FFO02h 81h PORTO High Register (Upper half of PORTO) --00h
P1L b | FF04h 82h PORT1 Low Register (Lower half of PORT1) --00h
P1H b | FFO6h 83h | PORT1 High Register (Upper half of PORT1) - - 00h
IDX0 b | FFO8h 84h MAC Unit Address Pointer 0 0000h
IDX1 b | FFOAh 85h MAC Unit Address Pointer 1 0000h
BUSCONOb |FFOCh 86h Bus Configuration Register 0 Mxx0h
MDC b |FFOEh 87h | CPU Multiply Divide Control Register | acoon]|
PSW b |FF10h 88h | CPU Program Status Word | oooon
SYSCON b |FF12h 89h | CPU System Configuration Register 0xx0h
BUSCON1b | FF14h 8Ah | Bus Configuration Register 0000h
BUSCON2b |FF16h 8Bh Bus Configuration Registar 2 — 0000h
BUSCON3b |FF18h 8Ch | Bus Configuration He.g:ster 3 0000h
BUSCON4b | FF1Ah 8Dh | Bus Configiirotion Register 4 0000h
ZEROS b [FF1Ch 8Eh Corstent /:”Jue 0’s Register (read only) 0000h
ONES b |FF1Eh 8Fh | Ccnstant Value 1's Register (read only) FFFFh
T78CON b |FF20h 90h CAPCOM Timer 7 and 8 Control Register 0000h
CCm4 b |FF22h _9151 CAPCOM Mode Control Register 4 0000h
CCM5 b |FF24h + _92h CAPCOM Mode Control Register 5 0000h
ccMe b l._':i'QE_h_ 93h | CAPCOM Mode Control Register 6 0000h
CCwm7 L |rF28h 94h CAPCOM Mode Control Register 7 0000h
. P'v?A1CCNOb | FF30h 98h PWM Module Control Register 0 0000h
| FWMCON1b | FF32h 99h | PWM Module Control Register 1 0000h
T2CON b |FF40h AOh GPT1 Timer 2 Control Register 0000h
T3CON b |FF42h Ath GPT1 Timer 3 Control Register 0000h
T4ACON b |FF44h A2h GPT1 Timer 4 Control Register 0000h
T5CON b |FF46h A3h GPT2 Timer 5 Control Register 0000h
T6CON b |FF48h A4dh GPT2 Timer 6 Control Register 0000h
TO1CON b |FF50h A8h CAPCOM Timer 0 and Timer 1 Control Register 0000h
CCMo b | FF52h A9h CAPCOM Mode Control Register 0 0000h
CCM1 b | FF54h AAh CAPCOM Mode Control Register 1 0000h
CCM2 b [FF56h ABh CAPCOM Mode Control Register 2 0000h
CCM3 b | FF58h ACh CAPCOM Mode Control Register 3 0000h
T2IC b | FF60h BOh GPT1 Timer 2 Interrupt Control Register --00h
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Table 137. Special function registers listed by address (continued)

Name Physical 8-bit Description Reset
address | address value
T3IC b | FF62h B1h GPT1 Timer 3 Interrupt Control Register --00h
T4IC b |FF64h B2h GPT1 Timer 4 Interrupt Control Register --00h
T5IC b | FF66h B3h GPT2 Timer 5 Interrupt Control Register --00h
T6IC b | FF68h B4h GPT2 Timer 6 Interrupt Control Register --00h
CRIC b | FF6Ah B5h GPT2 CAPREL Interrupt Control Register --00h
SOTIC b [FF6Ch B6h gigztgrhannel 0 Transmit Interrupt Control - - 00h
SORIC b | FF6Eh B7h Sigitgrhannel 0 Receive Interrupt Control -00h
SOEIC b | FF70h B8h Serial Channel 0 Error Interrupt Controi Regisicr --00h
SSCTIC b |FF72h BOh | SSC Transmit Interrupt Control Reqis's: -~ 00h
SSCRIC b |FF74h BAh | SSC Receive Interrupt Coniol 3egister _-00h
SSCEIC b |FF76h BBh SSC Error Interrupt Coritrol Register - - 00h
CCOIC b |FF78h BCh CAPCOM Regis:e: O_'nTerrupt Control Register --00h
CCIC b |FF7Ah BDh | CAPCOM Aegisier 1 Interrupt Control Register --00h
CC2IC b |FF7Ch BEh C/‘\r'CCK/I?egister 2 Interrupt Control Register --00h
CC3IC b |FF7Eh BFh CArCOM Register 3 Interrupt Control Register --00h
CC4IC b |FF80h Oh CAPCOM Register 4 Interrupt Control Register --00h
CC5IC b |FF82h C1 h_ CAPCOM Register 5 Interrupt Control Register --00h
CC6IC b |FFQ4h \ C2h CAPCOM Register 6 Interrupt Control Register --00h
CC7I1C b | I-'L?SH C3h CAPCOM Register 7 Interrupt Control Register --00h
CC8IC b |FF8sh C4h | CAPCOM Register 8 Interrupt Control Register --00h
i_C ~9IC b |FF8Ah C5h CAPCOM Register 9 Interrupt Control Register --00h
[[CC10IC b |FF8Ch Céh CAPCOM Register 10 Interrupt Control Register --00h
CC11IC b |FF8Eh C7h CAPCOM Register 11 Interrupt Control Register --00h
CC12IC b |FF90h C8h CAPCOM Register 12 Interrupt Control Register - - 00h
CC13IC b |FF92h Coh CAPCOM Register 13 Interrupt Control Register - - 00h
CC14IC b |FF94h CAh CAPCOM Register 14 Interrupt Control Register --00h
CC15IC b |FF96h CBh CAPCOM Register 15 Interrupt Control Register --00h
ADCIC b [FF98h CCh ADC end of Conversion Interrupt Control Reg. --00h
ADEIC b [FF9Ah CDh ADC Overrun Error Interrupt Control Register --00h
TOIC b [FF9Ch CEh CAPCOM Timer 0 Interrupt Control Register --00h
T1IC b | FF9Eh CFh CAPCOM Timer 1 Interrupt Control Register --00h
ADCON b |FFAOh DOh ADC Control Register 0000h
P5 b | FFA2h D1h Port 5 Register (read only) XXXXh
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26 2.1

Table 137. Special function registers listed by address (continued)

Name Physical 8-bit Description Reset
address | address value
P5DIDIS b [FFA4h D2h Port 5 Digital Disable Register 0000h
TFR b | FFACh D6h Trap Flag Register 0000h
WDTCON b | FFAEh D7h Watchdog Timer Control Register 00xxh 2
SOCON b |FFBOh D8h Serial Channel 0 Control Register 0000h
SSCCON b |FFB2h D9h SSC Control Register 0000h
P2 b [FFCOh EOh Port 2 Register 0000h
DP2 b | FFC2h Eth Port 2 Direction Control Register Q000h
P3 b | FFC4h Eoh  |Port 3 Register | acoon]
DP3 b |FFCéh E3h | Port 3 Direction Control Register | oooon
P4 b | FFC8h E4h Port 4 Register (8-bit) --00h
DP4 b | FFCAh E5h Port 4 Direction Control Re¢iste r ) --00h
P6 b | FFCCh E6h Port 6 Register (8-bit) - - - 00h
DP6 b |FFCEh E7h | Port 6 Direction Con:rc! Hegister - 00h
P7 b | FFDON E8h | Port 7 Registor (3-0it) --00h
DP7 b | FFD2h E9h Port 7 T)iro;tion Control Register --00h
P8 b | FFD4h EAh Pcrt @ E{egister (8-bit) --00h
DP8 b |FFD6h EBm Port 8 Direction Control Register - - 00h
MRW b |FFDAh _E!',‘ll MAC Unit Repeat Word 0000h
MCW b [FFDCh —" _EEh MAC Unit Control Word 0000h
MSW b l='Dih | EFh |MAC Unit Status Word 0200h

X-iegisters overview

X-registers ordered by name

Table 138 lists all X-Bus registers which are implemented in the ST10F252M ordered by
their name. Not all X-registers are bit-addressable.

Table 138. Registers listed by hame

Name Physical address Description 3:; eet
CAN1BRPER EFOCh CAN1: BRP Extension Register 0000h
CAN1BTR EF06h CANT: Bit Timing Register 2301h
CAN1CR EFOOh CANT1: CAN Control Register 0001h
CAN1EC EF04h CAN?1: Error Counter 0000h
CAN1IF1A1 EF18h CANT: IF1 Arbitration 1 0000h
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Table 138. Registers listed by name (continued)

Name Physical address Description 3:; Zt
CANTIF1A2 EF1Ah CANT: IF1 Arbitration 2 0000h
CAN1IF1CM EF12h CAN1: IF1 Command Mask 0000h
CAN1IF1CR EF10h CAN1: IF1 Command Request 0001h
CAN1IF1DA1 EF1Eh CAN1: IF1 Data A 1 0000h
CAN1IF1DA2 EF20h CAN1: IF1 Data A 2 0000h
CAN1IF1DB1 EF22h CAN1: IF1 Data B 1 0000h
CAN1IF1DB2 EF24h CAN1: IF1 Data B 2 2000h
CAN1IFIMA EF14h CANA1: IF1 Mask 1 L FFFFN|
CAN1IF1M2 EF16h CANA1: IF1 Mask 2 | FFFFn
CANTIFIMC EF1Ch CAN1: IF1 Message Control 0000h
CAN1IF2A1 EF48h CAN1: IF2 Arbitration * 0000h
CAN1IF2A2 EF4Ah CAN1: IF2 Arbitratior 2 0000h
CAN1IF2CM EF42h CANT: IF2 Scmmend Mask 0000h
CAN1IF2CR EF40h CAN{: 12 Command Request 0001h
CAN1IF2DA1 EF4Eh ~/N :iF2 Data A 1 0000h
CAN1IF2DA2 EF50h CAN1: IF2 Data A 2 0000h
CAN1IF2DB1 EF52h CAN1: IF2 Data B 1 0000h
CAN1IF2DB2 EFs4h CAN1: IF2 Data B 2 0000h
CANtIF2MT | EE44h CAN1: IF2 Mask 1 FFFFh
CAN1IF2M2 EF46h CAN1: IF2 Mask 2 FFFFh
CANTF2IC EF4Ch CAN1: IF2 Message Control 0000h

LCANTIPT EFAOh CAN?1: Interrupt Pending 1 0000h
[ CANTIP2 EFA2h CAN1: Interrupt Pending 2 0000h
CAN1IR EFO8h CAN?1: Interrupt Register 0000h
CANTMV1 EFBOh CAN1: Message Valid 1 0000h
CANTMV2 EFB2h CAN1: Message Valid 2 0000h
CANIND1 EF90h CAN1: New Data 1 0000h
CANTND2 EF92h CAN1: New Data 2 0000h
CAN1SR EF02h CAN1: Status Register 0000h
CAN1TR EFOAh CANT1: Test Register 00x0h
CAN1TR1 EF80h CAN1: Transmission Request 1 0000h
CAN1TR2 EF82h CAN1: Transmission Request 2 0000h
CAN2BRPER EEOCh CAN2: BRP Extension Register 0000h
CAN2BTR EEO6h CAN2: Bit Timing Register 2301h
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Table 138. Registers listed by name (continued)

Name Physical address Description 3:; Zt
CAN2CR EEOOh CAN2: CAN Control Register 0001h
CAN2EC EE04h CAN2: Error Counter 0000h
CAN2IF1A1 EE18h CAN2: IF1 Arbitration 1 0000h
CAN2IF1A2 EE1Ah CAN2: IF1 Arbitration 2 0000h
CAN2IF1CM EE12h CAN2: IF1 Command Mask 0000h
CAN2IF1CR EE10h CAN2: IF1 Command Request 0001h
CAN2IF1DA1 EE1Eh CAN2: IF1 Data A 1 2000h
CAN2IF1DA2 EE20h CAN2: IF1 Data A 2 | ocooh|
CAN2IF1DB1 EE22h CAN2: IF1 Data B 1 | oooon
CAN2IF1DB2 EE24h CAN2: IF1 Data B 2 0000h
CAN2IF1M1 EE14h CANZ2: IF1 Mask 1 \ FFFFh
CAN2IF1M2 EE16h CAN2: IF1 Mask 2 FFFFh
CAN2IF1MC EE1Ch CAN2: IF1 Mossaga Control 0000h
CAN2IF2A1 EE48h CAN2: 1F2 4 roitration 1 0000h
CAN2IF2A2 EE4Ah ./ N2: iF2 Arbitration 2 0000h
CAN2IF2CM EE42h CAN2: IF2 Command Mask 0000h
CAN2IF2CR EE40h CAN2: IF2 Command Request 0001h
CAN2IF2DA1 EE4Eh CAN2: IF2 Data A 1 0000h
CAN2IF2DA2 | FESOh CAN2: IF2 Data A 2 0000h
CAN2IF2DB? EE52h CAN2: IF2 Data B 1 0000h
CANZ F2OE2 EE54h CANZ2: IF2 Data B 2 0000h

[Can2IF2M1 EE44h CAN2: IF2 Mask 1 FFFFh
| CAN2IF2M2 EE46h CAN2: IF2 Mask 2 FFFFh
CAN2IF2MC EE4Ch CAN2: IF2 Message Control 0000h
CAN2IP1 EEAOh CAN2: Interrupt Pending 1 0000h
CAN2IP2 EEA2h CAN2: Interrupt Pending 2 0000h
CAN2IR EE08h CAN2: Interrupt Register 0000h
CAN2MV1 EEBOh CAN2: Message Valid 1 0000h
CAN2MV2 EEB2h CAN2: Message Valid 2 0000h
CAN2ND1 EE90h CAN2: New Data 1 0000h
CAN2ND2 EE92h CAN2: New Data 2 0000h
CAN2SR EEO2h CAN2: Status Register 0000h
CAN2TR EEOAh CAN2: Test Register 00x0h
CAN2TR1 EE80h CAN2: Transmission Request 1 0000h
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Table 138. Registers listed by name (continued)

Name Physical address Description 3:; Zt
CAN2TR2 EE82h CAN2: Transmission Request 2 0000h
CCR1 EAO06h 12C Clock Control Register 1 0000h
CCR2 EAOEh 12C Clock Control Register 2 0000h
CR EAOOh 12C Control Register 0000h
DR EAOCh I12C Data Register 0000h
OAR1 EAO08h I2C Own Address Register 1 0000h
OAR2 EAOAh 12C Own Address Register 1 C000h
RTCAH ED14h RTC Alarm Register High Byte oxxh|
RTCAL ED12h RTC Alarm Register Low Byte ] xoxxn
RTCCON EDOOH RTC Control Register W 000Xh
RTCDH EDOCh RTC Divider Counter Figh B,te XXXXh
RTCDL EDOAh RTC Divider Countei Low Byte XXXXh
RTCH ED10h RTC Program mabiz Counter High Byte XXXXh
RTCL EDOEh RTC P:o:ra nmable Counter Low Byte XXXXh
RTCPH EDO8h RC >iescaler Register High Byte XXXXh
RTCPL EDO6h !‘.T_C Prescaler Register Low Byte XXXXh
SR1 EAO2h I12C Status Register 1 0000h
SR2 EA )4._‘1 7 | I12C Status Register 2 0000h
XCLKOUTDIV | £202h CLKOUT Divider Control Register --00h
XEMUO EB76h XBUS Emulation Register 0 (write only) XXXXh
XEMU1 EB78h XBUS Emulation Register 1 (write only) XXXXh

I X=riu2 EB7Ah XBUS Emulation Register 2 (write only) XXXXh
' XEMUS3 EB7Ch XBUS Emulation Register 3 (write only) XXXXh
XIROCLR EB14h X-Interrupt 0 Clear Register (write only) 0000h
XIROSEL EB10h X-Interrupt 0 Selection Register 0000h
XIROSET EB12h X-Interrupt 0 Set Register (write only) 0000h
XIR1CLR EB24h X-Interrupt 1 Clear Register (write only) 0000h
XIR1SEL EB20h X-Interrupt 1 Selection Register 0000h
XIR1SET EB22h X-Interrupt 1 Set Register (write only) 0000h
XIR2CLR EB34h X-Interrupt 2 Clear Register (write only) 0000h
XIR2SEL EB30h X-Interrupt 2 Selection Register 0000h
XIR2SET EB32h X-Interrupt 2 Set Register (write only) 0000h
XIR3CLR EB44h zf,;lrrilt:g:r;/t)s Clear Selection Register 0000h
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Table 138. Registers listed by name (continued)

Name Physical address Description 3:; eet
XIR3SEL EB40h X-Interrupt 3 Selection Register 0000h
XIR3SET EB42h ;(';Ilggerrupt 3 Set Selection Register (write 0000h
XMISC EB46h XBUS Miscellaneous Features Register 0000h
XPODIDIS EB36h Port 1 Digital Disable Register 0000h
XPEREMU EB7Eh XPERCON copy for Emulation (write only) XXXXh
XPICON EB26h Port Input Threshold Control Register --00h
PMWCONOCLR | ECosh ;(rli;/\)n\/l Module Clear Control Reg. O (wite | —OCOOh
XPMWCONOSET | ECO8h ﬁm'\m;d“'e Set Control Registe.r 2 0000h
XPMWCON1CLR ECOCh érl]::x\)lM Module Clear Com 'o‘_F;g. 0 (write 0000h
XPMWCON1SET | ECOAh z(;‘i’t\gvc')r':’l';d“'p Satontrol Register 0 0000h
XPOLAR EC04h XPW Mazule Channel Polarity Register 0000h
XPPO EC20h JFW.1 Module Period Register 0 0000h
XPP1 EC22h XPWM Module Period Register 1 0000h
XPP2 EC21h XPWM Module Period Register 2 0000h
XPP3 FCo6r XPWM Module Period Register 3 0000h
XPTO |£C10h XPWM Module Up/Down Counter 0 0000h
XPT1 \/ EC12h XPWM Module Up/Down Counter 1 0000h
XPT2 EC14h XPWM Module Up/Down Counter 2 0000h

i??-l 2 EC16h XPWM Module Up/Down Counter 3 0000h
I XPWO EC30h XPWM Module Pulse Width Register 0 0000h
XPW1 EC32h XPWM Module Pulse Width Register 1 0000h

XPW2 EC34h XPWM Module Pulse Width Register 2 0000h

XPW3 EC36h XPWM Module Pulse Width Register 3 0000h

XPWMCONO ECO00h XPWM Module Control Register 0 0000h

XPWMCONT1 ECO02h XPWM Module Control Register 1 0000h

XPWMPORT EC80h XPWM Module Port Control Register 0000h

XS1BG E906h )ég;g)tfraud Rate Generator Reload 0000h

XS1CON E900h XASC Control Register 0000h

XS1CONCLR E904h XASC Clear Control Register (write only) 0000h

XS1CONSET E902h XASC Set Control Register (write only) 0000h
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Table 138. Registers listed by name (continued)

Name Physical address Description 3:; eet
XS1PORT E980h XASC Port Control Register 0000h
XS1RBUF E90Ah XASC Receive Buffer Register 0000h
XS1TBUF E908h XASC Transmit Buffer Register 0000h
XSSCBR E80Ah XSSC Baud Rate Register 0000h
XSSCCON E800h XSSC Control Register 0000h
XSSCCONCLR E804h XSSC Clear Control Register (write only) 0000h
XSSCCONSET E802h XSSC Set Control Register (write only) C000h
XSSCPORT E880h XSSC Port Control Register " 0coon|
XSSCRB E808h XSSC Receive Buffer 1 xooxxn
XSSCTB E806h XSSC Transmit Buffer ) Nt 0000h

26.3.2 X-registers ordered by address
Table 139 lists all X-Bus registers which are implemr:pied in the ST10F252M ordered by
their physical address. Not all X-registers are bit-andicssable.
Table 139. Registers listed by addrcz >

Name Physical addr2ss Description 3::; e;
XSSCCON EEOL: XSSC Control Register 0000h
XSSCCONSET 5_87)2_h XSSC Set Control Register (write only) 0000h
XSSCCONCLR < E804h XSSC Clear Control Register (write only) 0000h
XSSCTs E806h XSSC Transmit Buffer 0000h
XSCCRO E808h XSSC Receive Buffer XXXXh

:x_'SECBR E80Ah XSSC Baud Rate Register 0000h
XSSCPORT E880h XSSC Port Control Register 0000h
XS1CON E900h XASC Control Register 0000h
XS1CONSET E902h XASC Set Control Register (write only) 0000h
XS1CONCLR E904h XASC Clear Control Register (write only) 0000h
XS1BG E906h )F({,(:\;SteBraud Rate Generator Reload 0000h
XS1TBUF E908h XASC Transmit Buffer Register 0000h
XS1RBUF E90Ah XASC Receive Buffer Register 0000h
XS1PORT E980h XASC Port Control Register 0000h
CR EAOOh I12C Control Register 0000h
SR1 EAO2h I12C Status Register 1 0000h
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Table 139. Registers listed by address (continued)

Name Physical address Description 3::; e;

SR2 EAO04h I12C Status Register 2 0000h
CCR1 EAO6h 12C Clock Control Register 1 0000h
OAR1 EAO08h I2C Own Address Register 1 0000h
OAR2 EAOAh I2C Own Address Register 1 0000h
DR EAOCh 12C Data Register 0000h
CCR2 EAOEh 12C Clock Control Register 2 0000h
XCLKOUTDIV EBO2h CLKOUT Divider Control Register - 00h
XIROSEL EB10h X-Interrupt 0 Selection Register | acoon]|
XIROSET EB12h X-Interrupt O Set Register (write only) | 0000h
XIROCLR EB14h X-Interrupt 0 Clear Register (write ot ly) 0000h
XIR1SEL EB20h X-Interrupt 1 Selection Reicter 0000h
XIR1SET EB22h X-Interrupt 1 Set Rc;isté. (write only) 0000h
XIR1CLR EB24h X-Interrupt 1 Civ.a: Hegister (write only) 0000h
XPICON EB26h Port Inntt 1 1|eshold Control Register --00h
XIR2SEL EB30h X ntor upt 2 Selection Register 0000h
XIR2SET EB32h gb Interrupt 2 Set Register (write only) 0000h
XIR2CLR EB34h X-Interrupt 2 Clear Register (write only) 0000h
XPODIDIS EF3¢h Port 1 Digital Disable Register 0000h
XIR3SEL C?J,O_h X-Interrupt 3 Selection Register 0000h
XIR3SET ) EB42h z(r-wllr;;errupt 3 Set Selection Register (write 0000h
| XIRRCLA EB44h E;Irriwtt::)rgr);)s Clear Selection Register 0000h
[ XMISC EB46h XBUS Miscellaneous Features Register 0000h
XEMUO EB76h XBUS Emulation Register 0 (write only) XXXXh
XEMU1 EB78h XBUS Emulation Register 1 (write only) XXXXh
XEMU2 EB7Ah XBUS Emulation Register 2 (write only) XXXXh
XEMUS3 EB7Ch XBUS Emulation Register 3 (write only) XXXXh
XPEREMU EB7Eh XPERCON copy for Emulation (write only) XXXXh
XPWMCONO ECO00h XPWM Module Control Register 0 0000h
XPWMCON1 ECO02h XPWM Module Control Register 1 0000h
XPOLAR ECO04h XPWM Module Channel Polarity Register 0000h
XPMWCONOSET ECO6h ﬁﬂﬂomdme Set Control Register 0 0000h
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Table 139. Registers listed by address (continued)

Name Physical address Description 3::; Zt
XPMWCONOCLR ECOo8h ;(rljlx\)lM Module Clear Control Reg. 0 (write 0000h
XPMWCON1SET ECOAR zi\llz;\ii\(lel\/cl)m;dule Set Control Register 0 0000h
XPMWCON4{CLR ECOCh f)(r?ly)lM Module Clear Control Reg. 0 (write 0000h
XPTO EC10h XPWM Module Up/Down Counter 0 0000h
XPT1 EC12h XPWM Module Up/Down Counter 1 2000h
XPT2 EC14h XPWM Module Up/Down Counter 2 | ocoon |
XPT3 EC16h XPWM Module Up/Down Counter 3 | oo00h
XPPO EC20h XPWM Module Period Register 0 \M 0000h
XPP1 EC22h XPWM Module Period Poyitter 1 0000h
XPP2 EC24h XPWM Module Perizd R-tgister 2 0000h
XPP3 EC26h XPWM Moru' Period Register 3 0000h
XPWO EC30h XPWM NioCuis Pulse Width Register 0 0000h
XPWH1 EC32h X.’-'V\{'\;."/Todule Pulse Width Register 1 0000h
XPW2 EC34h Y;WM Module Pulse Width Register 2 0000h
XPW3 EC36h XPWM Module Pulse Width Register 3 0000h
XPWMPORT EC‘S\;m XPWM Module Port Control Register 0000h
RTCCON EISJJH RTC Control Register 000Xh
RTCPL N\ EDO6h RTC Prescaler Register Low Byte XXXXh
RTCP'i EDO8h RTC Prescaler Register High Byte XXXXh

TCDL EDOAhN RTC Divider Counter Low Byte XXXXh

} RTCDH EDOCh RTC Divider Counter High Byte XXXXh
RTCL EDOEh RTC Programmable Counter Low Byte XXXXh
RTCH ED10h RTC Programmable Counter High Byte XXXXh
RTCAL ED12h RTC Alarm Register Low Byte XXXXh
RTCAH ED14h RTC Alarm Register High Byte XXXXh
CAN2CR EEOOh CAN2: CAN Control Register 0001h
CAN2SR EEO2h CAN2: Status Register 0000h
CAN2EC EEO4h CAN2: Error Counter 0000h
CAN2BTR EEO6h CAN2: Bit Timing Register 2301h
CAN2IR EEO8h CANZ2: Interrupt Register 0000h
CAN2TR EEOAh CAN2: Test Register 00x0h
CAN2BRPER EEOCh CAN2: BRP Extension Register 0000h
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Table 139. Registers listed by address (continued)

Name Physical address Description 3::; e;
CAN2IF1CR EE10h CAN2: IF1 Command Request 0001h
CAN2IF1CM EE12h CAN2: IF1 Command Mask 0000h
CAN2IF1M1 EE14h CAN2: IF1 Mask 1 FFFFh
CAN2IF1M2 EE16h CAN2: IF1 Mask 2 FFFFh
CAN2IF1A1 EE18h CAN2: IF1 Arbitration 1 0000h
CAN2IF1A2 EE1Ah CAN2: IF1 Arbitration 2 0000h
CAN2IF1MC EE1Ch CAN2: IF1 Message Control 2000h
CAN2IF1DA1 EE1ER CAN2: IF1 Data A 1 [ acoon]|
CAN2IF1DA2 EE20h CAN2: IF1 Data A 2 |~ oooon
CAN2IF1DB1 EE22h CAN2: IF1 Data B 1 0000h
CAN2IF1DB2 EE24h CAN2: IF1 Data B 2 N 0000h
CAN2IF2CR EE40h CAN2: IF2 Command Reguest 0001h
CAN2IF2CM EE42h CAN2: IF2 Ccmmand Mask 0000h
CAN2IF2M1 EE44h CAN2: 1F2 1 fusk 1 FFFFh
CAN2IF2M2 EE46h CAND: 172 Mask 2 FFFFh
CAN2IF2A1 EE48h ﬂ?KNz: IF2 Arbitration 1 0000h
CAN2IF2A2 EE4Ah CAN2: IF2 Arbitration 2 0000h
CAN2IF2MC EF4Ch CAN2: IF2 Message Control 0000h
CAN2IF2DA1 \ SF4Eh CAN2: IF2 Data A 1 0000h
CAN2IF2DA2 EE50h CAN2: IF2 Data A 2 0000h
CAN2'F2d01 EE52h CAN2: IF2 Data B 1 0000h

| CAit2IF2DB2 EE54h CAN2: IF2 Data B 2 0000h
| CAN2TR1 EE80h CAN2: Transmission Request 1 0000h
CAN2TR2 EE82h CAN2: Transmission Request 2 0000h
CAN2ND1 EE90h CAN2: New Data 1 0000h
CAN2ND2 EE92h CAN2: New Data 2 0000h
CAN2IP1 EEAOh CAN2: Interrupt Pending 1 0000h
CAN2IP2 EEA2h CAN2: Interrupt Pending 2 0000h
CAN2MV1 EEBOh CAN2: Message Valid 1 0000h
CAN2MV2 EEB2h CAN2: Message Valid 2 0000h
CAN1CR EFOOh CAN{: CAN Control Register 0001h
CAN1SR EFO02h CAN{: Status Register 0000h
CAN1EC EF04h CAN1: Error Counter 0000h
CAN1BTR EFO06h CAN1: Bit Timing Register 2301h
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Table 139. Registers listed by address (continued)

Name Physical address Description 3::; e;
CAN1IR EFO08h CAN1: Interrupt Register 0000h
CAN1TR EFOAh CAN1: Test Register 00x0h
CAN1BRPER EFOCh CAN1: BRP Extension Register 0000h
CAN1IF1CR EF10h CAN?1: IF1 Command Request 0001h
CANTIF1CM EF12h CAN1: IF1 Command Mask 0000h
CANTIF1M1 EF14h CAN1: IF1 Mask 1 FFFFh
CANTIF1M2 EF16h CAN1: IF1 Mask 2 FFFFh
CANAIF1A1 EF18h CAN1: IF1 Arbitration 1 I acoon|
CAN1IF1A2 EF1Ah CAN1: IF1 Arbitration 2 |~ oooon
CAN1IF1MC EF1Ch CAN?1: IF1 Message Control 0000h
CAN1IF1DA1 EF1Eh CAN1: IF1 Data A 1 N 0000h
CAN1IF1DA2 EF20h CANT1: IF1 Data A 2 0000h
CAN1IF1DB1 EF22h CAN1: IF1 Dew b1 0000h
CAN1IF1DB2 EF24h CAN1: IF1 Data B 2 0000h
CAN1IF2CR EF40h CAN — ir2 Command Request 0001h
CAN1IF2CM EF42h ﬂ?ﬁm: IF2 Command Mask 0000h
CANTIF2M1 EF44h CAN1: IF2 Mask 1 FFFFh
CAN1IF2M2 EFsth CAN1: IF2 Mask 2 FFFFh
CAN1IF2A1 \ cF18h CAN1: IF2 Arbitration 1 0000h
CAN1IF2A2 EF4Ah CANA1: IF2 Arbitration 2 0000h
CANT'F2UC EF4Ch CAN1: IF2 Message Control 0000h

| C4i1IF2DAT EF4Eh CAN1: IF2 Data A 1 0000h
| CANTIF2DA2 EF50h CAN1: IF2 Data A 2 0000h
CAN1IF2DB1 EF52h CAN1: IF2 Data B 1 0000h
CAN1IF2DB2 EF54h CAN1: IF2 Data B 2 0000h
CAN1TR1 EF80h CAN?1: Transmission Request 1 0000h
CAN1TR2 EF82h CAN1: Transmission Request 2 0000h
CANTND1 EF90h CAN1: New Data 1 0000h
CANTND2 EF92h CAN1: New Data 2 0000h
CAN1IP1 EFAOh CAN1: Interrupt Pending 1 0000h
CAN1IP2 EFA2h CAN?1: Interrupt Pending 2 0000h
CANTMVA EFBOh CAN1: Message Valid 1 0000h
CANTMV2 EFB2h CAN1: Message Valid 2 0000h
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26.4.1

26.4.2

Flash control registers overview

Registers ordered by name

Table 140 lists all Flash control registers which are implemented in the ST10F252M ordered
by their name. As these registers are physically mapped on the |-Bus, they are not bit-

addressable.

Table 140. Flash registers listed by nhame

Name Physical address Description 3:& ?:
FARH 0x0008 0012 Flash Address Register High 0000h
FARL 0x0008 0010 Flash Address Register Low i _'J( 00h
FCROH 0x0008 0002 Flash Control Register 0 - High \N 0000h
FCROL 0x0008 0000 Flash Control Register 0 - Low 0000h
FCR1H 0x0008 0006 Flash Control Register 1 Figl. 0000h
FCRAL 0x0008 0004 Flash Control Register 1 - Low 0000h
FDROH 0x0008 000A Flash Data Regis'e G - High FFFFh
FDROL 0x0008 0008 Flash De @ ‘::ﬁg_lster 0 - Low FFFFh
FDR1H 0x0008 000E ‘S0 l)ata—Register 1 - High FFFFh
FDRIL 0X0008 000C | F ash Data Register 1 - Low FFFFh
FER 0x0008 G114 Flash Error Register 0000h
FNVAPR OXOC% D-E8 Flash Non Volatile Access Protection Reg. 0 ACFFh
FNVWPIR-Mirror WXE(I)S DFB4 Flash Non Volatile Protection | Reg. FFFFh
ENVAPR1H \ _t0x0008 DFBE EliZih Non Volatile Access Protection Reg. 1 - FFFFh
FI\I\/AP|_71I 0x0008 DFBC Eloa;h Non Volatile Access Protection Reg. 1 - FEFEN
rFT\i\-/WPIR 0x0008 DFBO Flash Non Volatile Protection | Reg. FFFFh
XFVTAUO 0x0000 EB50 Xbus Flash Temporary Unprotection Register 0000h

Registers ordered by address

Table 141 lists all Flash control registers which are implemented in the ST10F252M ordered
by their physical address. As these registers are physically mapped on the |-Bus, they are
not bit-addressable.

Table 141. Flash registers listed by address
Name Physical address Description Reset
value
FCROL 0x000B 0000 Flash Control Register 0 - Low 0000h
FCROH 0x000B 0002 Flash Control Register O - High 0000h
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Table 141. Flash registers listed by address (continued)
Name Physical address Description Reset
value
FCR1L 0x000B 0004 Flash Control Register 1 - Low 0000h
FCR1H 0x000B 0006 Flash Control Register 1 - High 0000h
FDROL 0x000B 0008 Flash Data Register O - Low FFFFh
FDROH 0x000B 000A Flash Data Register O - High FFFFh
FDR1L 0x000B 000C Flash Data Register 1 - Low FFFFh
FDR1H 0x000B 000E Flash Data Register 1 - High FFFFh
FARL 0x000B 0010 Flash Address Register Low Q000h
FARH 0x000B 0012 Flash Address Register High | JC00h
FER 0x000B 0014 Flash Error Register 0000h
FNVWPIRL 0x000B DFBO Flash Non Volatile Protection | Req. . ow FFFFh
FNVAPRO 0x000B DFB8 Flash Non Volatile Access Frotection Reg. 0 ACFFh
. 4 : i
ENVAPRAL OX000B DFBC Eloavih Non Volatile ~ccesc Protection Reg. 1 FEEEh
Volatie | :

ENVAPR{H OX000B DFBE ::Iia;h Nor \Wlatiie Access Protection Reg. 1 FEEEN
XTAURO 0x0000 EB50 Ltﬁsﬁash Temporary Unprotection Register | 0000h
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27 Electrical Characteristics
271 Absolute maximum ratings
Table 142. Absolute maximum ratings
Symbol Parameter Values Unit
Vb Voltage on Vpp pins with respect to ground (Vgg) -0.5t0 +6.5
Vgtgy | Voltage on Vgrgy pin with respect to ground (Vgg) -0.5t0 +6.5
Varer | Voltage on Vaggr pins with respect to ground (Vgg) -0.5to Vpp + 0.5 \%
Vagnp | Voltage on Vagnp pins with respect to ground (Vgs) Vss Vv
Vio Voltage on any pin with respect to ground (Vgg) -0.5t0o Vpp+ 05 i \
lov Input current on any pin during overload condition +.0 mA
ltov Absolute sum of all input currents during overload condition 173 mA
TsT Storage temperature -35to +150 °C
ESD ESD Susceptibility (Human Body Model) ¢ 2000 \Y,
Note: Stresses above those listed under “Absolute maxin. i ratings” may cause permanent
damage to the device. This is a stress rating onty and functional operation of the device at
these or any other conditions above thzce indicated in the operational sections of this
specification is not implied. Exposure to ¢ bsolute maximum rating conditions for extended
periods may affect device reliability During overload conditions (Vi > Vpp or Viy < Vgg) the
voltage on pins with respect o gyround (Vgg) must not exceed the values defined by the
Absolute Maximum Rating's.
During power-on and hower-off transients (including Standby entering/exiting phases), the
relationships beiv.'e 21 voltages applied to the device and the main Vpp must always be
respected. I artcular, power-on and power-off of Vager must be coherent with Vpp
transicnt. i~ oirder to avoid undesired current injection through the on-chip protection diodes.
Ays 281/328
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27.2

27.3

282/328

Recommended operating conditions

Table 143. Recommended operating conditions

Value
Symbol Parameter Unit
Min Max
Vpp Operating supply voltage
- ] 45 5.5 \
VsteY Operation stand-by supply voltage( )
VAREF Operating analog reference voltage®) 0 Vpp + 0.1 Vv
Ta Ambient temperature under bias +125 c
-40 °
Ty Junction temperature under bias +150

1. The value of the Vgrgy voltage is specified in the range of 4.5 to 5.5 volts. When Vgygy voltaG. i lower
than main Vpp, the input section of Vg1gy/EA pin can generate a spurious static consumption o1 Vp),
power supply (in the range of tenth of pA).

2. For details on operating conditions concerning the usage of A/D Converter refer tn Jecion 27.7.

Power considerations

The average chip-junction temperature, T, in dearce s Celsius, may be calculated using the
following equation:
Ty=Ta+(Ppx6) (1)
Where:
— T, is the Ambient Ten.nerature in °C,
— Q) is the Paci-ape 'unction-to-Ambient Thermal Resistance, in ° C/W,
- Ppisthe suim ot Pyt and Py,o (Pp = PinT + Plio)s
— Pyt is the product of Ipp and Vg, expressed in Watt. This is the Chip Internal
Powve,
—  Pyo represents the Power Dissipation on Input and Output Pins; User Determined.

Mest of the time for the applications P, < Pyt and may be neglected. On the other hand,
P),0 may be significant if the device is configured to drive continuously external modules
and/or memories.

An approximate relationship between Pp and T, (if P,o is neglected) is given by:
Pp=K/(Ty;+273°C) (2)

Therefore (solving equations 1 and 2):

K = Pp x (Ta +273°C) + Q4 x Pp?  (3)

Where:

K'is a constant for the particular part, which may be determined from equation (3) by
measuring Pp (at equilibrium) for a known T, Using this value of K, the values of Pp and T
may be obtained by solving equations (1) and (2) iteratively for any value of Tx.
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Table 144. Thermal characteristics

Symbol Description Value (typical) Unit
0 Thermal Resistance Junction-Ambient
JA LQFP 100 - 14 x 14 mm /0.5 mm pitch 55 °C/W

The parameters listed in the following tables represent the characteristics of the

Where the ST10F252M logic provides signals with their respective timing characteristics,
the symbol “CC” for Controller Characteristics, is included in the “Symbol” column.

Where the external system must provide signals with their respective timing ch=racie’is:ics
to the ST10F252M, the symbol “SR” for System Requirement, is included in ine “Symbol”

27.4 Parameter interpretation
ST10F252M and its demands on the system.
column.

27.5 DC characteristics

Vpp =5 V  10%, Vg = 0 V, Ty = -40 to +125°C

Table 145. DC characteristics

| Limit values
Parameter Symbol — Unit Test condition
Min Max
Input low voltage (TTL mode)
(except RSTIN, EA, NMI, RPD, XTAL1, | /4 SR -0.3 0.8 \Y -
READY)
Input low voltage (CMOS mede)
(except RSTIN, EA, NMI, R>D, XTAL1, |V, s |[SR -0.3 0.3 Vpp \Y -
READY)
Input low voltag» '<STIN, EA, NMI, RPD |V, y |[SR -0.3 0.3 Vpp \Y -
Input low voiege XTALT (CMOS only) VLo SR -0.3 0.3 Vpp \Y Direct Drive mode
Inpur lew voltage READY (TTL only) Vis |SR -0.3 0.8 -
l-Z:,rEhigh voltage (TTL mode)
(except RSTIN, EA, NMI, RPD, XTAL1) Vin |SR 2.0 Vop +0.3 v -
Input high voltage (CMOS mode) _
(except RSTIN, EA, NMI, RPD, XTAL1) Viis |SR| 07Vpp | Vpp+03 v
Input high voltage RSTIN, EA, NMI, RPD |V,4y [SR| 0.7 Vpp Vpp + 0.3 \Y -
Input high voltage XTAL1 (CMOS only) Ve |SR| 0.7 Vpp Vpp + 0.3 Direct Drive mode
Input high voltage READY (TTL only) Viuz |SR 2.0 Vpp + 0.3 \ -
Input Hysteresis (TTL mode) )
(except RSTIN, EA, NMI, XTAL1, RPD) Vivs | CC 400 700 mv
Input Hysteresis (CMOS mode) )
(except RSTIN, EA, NMI, XTAL1, RPD) Vhvss | CC 750 1400 mv

574
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Table 145. DC characteristics (continued)

Limit values
Parameter Symbol Unit Test condition
Min Max
Input Hysteresis RSTIN, EA, NMI Vhyst | CC 750 1400 mV ()
Input Hysteresis XTAL1 Vhys2 | CC 0 50 mV ()
Input Hysteresis READY (TTL only) Vhyss [CC| 400 700 Y M
Input Hysteresis RPD Vihysa | CC 500 1500 mV )
Output low voltage
(P6[7:0], ALE, RD, WR/WRL, Y cc _ 0.4 Vv loL = 8mA
BHE/WRH, CLKOUT, RSTIN, oL 0.05 oL = 1m/
RSTOUT)
Output low voltage
(PO[15:0], P1[15:0], P2[15:0], v ce ~ 0.4 v I, = 4mA
P3[15,13:0], P4[7:0], P7[7:0], oL 0.05 oL1 = 0.5mA
P8[7:0])
Vop R loLo = 85UA
Output low voltage RPD Voo |CC - 0.5 Vpr, \ loro = 80pA
03V, loLa = 60pA
Output high voltage i _
(P6[7:0], ALE, RD, WR/WRL, Vo |CC \Y bD ,“ﬁ - v :OH - ?22
BHE/WRH, CLKOUT, RSTOUT) O bt OH =
Output high voltage®
(PO[15:0], P1[15:0], P2[15:0], v cc| Voo-038 ~ v lows = — 4mA
P3[15,13:0], P4[7:0], P7[7:0], oY1 Vpp - 0.08 lons = — 0.5MA
P8[7:0]) B
0 IOH2 = 2mA
Output high voltage RPD Von2 |CC| 0.3Vpp - \'% lone = — 750pA
0.5 VDD IOH2 =—- 150“A
Input leakage current P5[15:0])®) : loz1 | ¢ - +0.2 A -
Input leeke ge c:rr_ent I
(all exzenw F5115:0], P2[0], RPD, P3[12], | 022 1cc - +0.5 pA -
P3715),
| (@) [ lozz +1.0
Input leakage current (P2[0]) | CcC - 05 HA -
Input leakage current (RPD) : loza | ce - £3.0 pA -
Input leakage current (P3[12], P3[15]) : lozs | cc - +1.0 pA -
Overload current (all except P2[0]) : lovi | g - +5 mA (1)(5)
Overload current (P2[0])* : lov2 |gg - +f mA (1G)
RSTIN pull-up resistor Rrst |CC 50 250 kQ 100 k€2 nominal
Read/Write inactive current(®() lRWH - -40 A Vour = 2.4V
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Table 145. DC characteristics (continued)

Limit values

Electrical Characteristics

Parameter Symbol Unit Test condition
Min Max
Read/Write active current(®)(®) lRWL -500 - A Vour = 0.4V
ALE inactive current(®)(?) IALEL 20 - HA Vour = 0.4V
ALE active current(®)(®) IALEH - 300 HA Vour = 2.4V
Port 6 inactive current (P6[4:0])©®)(?) lpeH - -40 HA Vour = 2.4V
Port 6 active current (P6[4:0])©®)®) lpgL -500 - pA Vout = 0.4V
lpon® - -10 A Viy = 2.0V
PORTO configuration current® IN
lpoL " -100 - HA VN = C8&Y
Pin Capacitance (Digital inputs / outputs) |Cio | CC - 10 pF )
Run Mode Power supply current(® | _ 15+1.5 mA _
(Execution from Internal RAM) ce fepu l
Run Mode Power supply current(M)(10) | _ 15415 | _
(Execution from Internal Flash) cez2 fopis
Idle mode supply current(!) o - N\ Jre mA -
CPU
(12) -t
Power-down supply current
(RTC off, Oscillators off, IpD1 — 150 pA Tp=25C
Main Voltage Regulator off)
Power-down supply current('?) 400
(RTC on, Main Oscillator on, lpne - 11 pA Tp=25C
Main Voltage Regulator off) | 00
Vsray = 5.5V
Stand-by supply current('2) - 120 HA T, EFJ = 25
(RTC off, Oscillators off, V5 cti, Vsrgy |lsB1
on) _ 500 UA Vgray = 5.5V
To=T,=125C
- iy curent(12)
Stand-by supy. iy curent lsgs _ o5 mA _

(Vpp trans et condition)

1.

)

©

574

Mot 101)% tested, guaranteed by design characterization.

Tris specification is not valid for outputs which are switched to open drain mode. In this case the respective output will float
and the voltage is imposed by the external circuitry.

Port 5 leakage values are granted for not selected A/D Converter channel. One channels is always selected (by default,
after reset, P5.0 is selected). For the selected channel the leakage value is similar to that of other port pins.

The leakage of P2.0 is higher than other pins due to the additional logic (pass gates active only in specific test modes)
implemented on input path. Pay attention to not stress P2.0 input pin with negative overload beyond the specified limits:
failures in Flash reading may occur (sense amplifier perturbation). Refer to next Figure 107 for a scheme of the input
circuitry.

Overload conditions occur if the standard operating conditions are exceeded, that is, the voltage on any pin exceeds the
specified range (that is, Voy > Vpp + 0.3V or Vgy < -0.3V). The absolute sum of input overload currents on all port pins may
not exceed 50mA. The supply voltage must remain within the specified limits.

This specification is only valid during Reset, or during Hold- or Adapt-mode. Port 6 pins are only affected, if they are used
for CS output and the open drain function is not enabled.

The maximum current may be drawn while the respective signal line remains inactive.

The minimum current must be drawn in order to drive the respective signal line active.
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9. The power supply current is a function of the operating frequency (fcpy is expressed in MHz). This dependency is
illustrated in Figure 108 below. This parameter is tested at Vppp,ax and at maximum CPU clock frequency with all outputs
disconnected and all inputs at V_or V,y, RSTIN pin at V|y1min: this implies I/O current is not considered. The device is
doing the following:

Fetching code from IRAM and XRAM1, accessing in read and write to both XRAM modules

Watchdog Timer is enabled and regularly serviced

RTC is running with main oscillator clock as reference, generating a tick interrupts every 192 clock cycles
Four channel of XPWM are running (waves period: 2, 2.5, 3 and 4 CPU clock cycles): no output toggling
Five General Purpose Timers are running in timer mode with prescaler equal to 8 (T2, T3, T4, T5, T6)
ADC is in Auto Scan Continuous Conversion mode on all 16 channels of Port5

All interrupts generated by XPWM, RTC, Timers and ADC are not serviced

10. The power supply current is a function of the operating frequency (fcpy is expressed in MHz). This dependency is
illustrated in Figure 108 below. This parameter is tested at Vppmax and at maximum CPU clock frequency with all outputs
disconnected and all inputs at V,;_or V|4, RSTIN pin at V|41min: this implies I/O current is not considered. The device is
doing the following:

- Fetching code from all sectors of IFlash, accessing in read (few fetches) and write to XRAM

- Watchdog Timer is enabled and regularly serviced

- RTC is running with main oscillator clock as reference, generating a tick interrupts every 192 clock cycles
- Four channel of XPWM are running (waves period: 2, 2.5, 3 and 4 CPU clock cycles): no output toggling
- Five General Purpose Timers are running in timer mode with prescaler equal to 8 (T2, T3, T4, T5, T6)

- ADC is in Auto Scan Continuous Conversion mode on all 16 channels of Port5

- All interrupts generated by XPWM, RTC, Timers and ADC are not serviced

11. The Idle mode supply current is a function of the operating frequency (fcpy is expressed in MHz}. Tt.'s Lependency is
illustrated in Figure 108 below. These parameters are tested and at maximum CPU clock with all aul puts disconnected and
all inputs at V”_ or V|H7 RSTIN pln at VIH1min-

12. This parameter is tested including leakage currents. All inputs (including pins configr:rad ac inputs) at OV to 0.1V or at Vpp
- 0.1V to Vpp, Varer = 0V, all outputs (including pins configured as outputs) disc sr.nected. Also, the Main Voltage
Regulator is assumed to be off; if it is not, an additional 1mA must be added.

Figure 107. Port2 test mode structure

MW [> 7 P2.0
Output A__ CCoIO
buffer
Clock
; Input
Alternate data input <— latch
Fast external interrupt input < 3
; Test mode
Flash sense amplifier J_ J_
and column decoder ™
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Figure 108. Supply current versus the operating frequency (RUN and IDLE modes)

150

0 10 20 30 40 50 60 70
fepy [MHZ]

Ky_l 287/328




Electrical Characteristics

ST10F252M

27.6

Flash characteristics

Vpp = 5V +10%, Vgg = OV

Table 146. Flash characteristics

Typical Maximum
Parameter T =25°C Tp =125°C Unit Notes
0 cycles(" | 0 cycles(") | 100k cycles
Word Program (32-bit) @ 35 80 290 us |-
Double Word Program (64-bit)® 60 150 570 ps |-
Bank 0 Program (256 Kbyte) 16 20 3.9 s
(Double Word Program) ' ' '
0.6 0.9 1.0 not preprerammed
Sector Erase (8 Kbyte s N/’
( yte) 0.5 0.8 0.9 procro,rammed
r—
1.1 2.0 2.7 not preprogrammed
Sector E 32 Kbyt 3
ector Erase ( vie) 0.8 1.8 2.5 : preprogrammed
1.7 3.7 5.1 | not preprogrammed
Sector Erase (64 Kbyte s
( vie) 1.3 3.3 4.7 preprogrammed
5.6 13.6 19.2 not preprogrammed
Bank 0 Erase (256 Kbyte)©®) s
( yte) 4.0 1.9 17.5 preprogrammed
Recovery from Power-Down (tpp) - 4u 40 ps | @
Program Suspend Latency(4) . 10 10 us |-
Erase Suspend Latency(“) - 30 30 s |-
Erase Suspend Request Rate(’ 20 20 20 ms Minimum delay between
two requests
Set Protection(® 40 90 300 s |-

1. The figures are o'ven after about 100 cycles due to testing routines (0 cycles at the final customer).

2. Word anci L ovkle Word Programming times are provided as average values derived from a full sector programming time:
absoluw> alue of a Word or Double Word Programming time could be longer than the average value.

3. San: Frase is obtained through a multiple Sector Erase operation (setting bits related to all sectors of the Bank). As
> 17 0F252M implements only one bank, the Bank Erase operation is equivalent to Module and Chip Erase operations.

4. Not 100% tested, guaranteed by Design Characterization.
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Table 147. Flash data retention characteristics

(-40°C < Tp < 125°C)

Number of program / erase cycles

Data retention time
(average ambient temperature 60°C)

256 Kbyte (code store)

64 Kbyte (EEPROM emulation)(")

0-100 > 20 years > 20 years
1000 - > 20 years
10000 - 10 years

100000 - 1 year

1. Two 64 Kbyte Flash Sectors may be typically used to emulate up to 4, 8 or 16 Kbytes of EEPROM. Therefore, in case of an
emulation of a 16 Kbyte EEPROM, 100,000 Flash Program / Erase cycles are equivalent to 800,000 EEPROM
Program/Erase cycles. For an efficient use of the EEPROM Emulation please refer to dedicated Application Note docme t
(AN2061 - “EEPROM Emulation with ST10F2xx"). Contact your local field service, local sales person or STMicroe ectiuvic s
representative to obtain a copy of such a guideline document.

27.7 A/D converter characteristics
Vpp = 5V £ 10%, Vg = OV, Ty = -40 to +125°C, 4.5V Varer VoD,
Vss Vagnp Vgs + 0.2V
Table 148. A/D converter characteristics ~
Limiuvalues
Parameter Symbol — — - — Unit Test condition
M.n Max
Analog Reference voltage(") VARE= i_SR 45 Vop v
Analog Ground voltage “Y‘asno | SR Vss Vgg + 0.2
Analog Input voltage® ‘/A|_N SR| Vaano V AREF %
Reference supply current larer | CC : ? T}AA gg\zr;irrjgor:v?]dri(j;e
Sample time X ts cc 1 - ps | @
Conversior i tc cc 3 - pus | ©®
Differ('nt.a_. I%n Linearity(s) DNL (CC -1 +1 LSB |No overload
F;egral Non Linearity(®) INL cC -1.5 +1.5 LSB | No overload
Offset Error® OFS |cC| -15 +1.5 LSB |No overload
-2.0 +2.0 Port5
Total unadjusted error(® TUE |cC -5.0 +5.0 LSB |Port1 - No overload®
-7.0 +7.0 Port1 - Overload®
Coupling Factor between inputs®) | K cc - 1076 — | On both Port5 and Port1
ce, |cc| - 3 oF
Input Pin Capacitance®(®) 4 Port5
Cre ce - 6 PF Port1
Sampling Capacitance(®)®) Cs cc - 35 pF

574
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Table 148. A/D converter characteristics (continued)

Limit values
Parameter Symbol Unit Test condition
Min Max
- 600 Port5
Rsw |CC w
Analog Switch Resistance(®)(®) - 1600 Port1
Rap |CC - 1300 w

1. Vargr can be tied to ground when A/D Converter is not in use: There is increased consumption (approximately 200pA) on
main Vpp due to internal analog circuitry not being completely turned off. Therefore, it is suggested to maintain the Vrer
at Vpp level even when not in use, and to eventually switch off the A/D Converter circuitry setting bit ADOFF in ADCON
register.

2. Van may exceed Vagnp OF Varer up to the absolute maximum ratings. However, the conversion result in these cases will
be 0x000y or Ox3FFy, respectively

Not 100% tested, guaranteed by design characterization

During the sample time the input capacitance C,jy can be charged/discharged by the external source. The ‘ntera
resistance of the analog source must allow the capacitance to reach its final voltage level within tg. After ti ¢ =r.d of the
sample time tg, changes of the analog input voltage have no effect on the conversion result.

Values for the sample clock tg depend on programming and can be taken from Table 149: A/D crny 2rte.r programming.

5. This parameter includes the sample time tg, the time for determining the digital result and *!.c 1. ne *= load the result register
with the conversion result. Values for the conversion clock tcc depend on programming on< caa be taken from the next
Table 149.

6. DNL, INL, OFS and TUE are tested at Vaogrgr = 5.0V, Vagnp = 0V, Vpp = 5.0V. It s (uzranteed by design characterization
for all other voltages within the defined voltage range.
‘LSB’ has a value of VAREF“ 024.
For Port5 channels, the specified TUE (+ 2LSB) is guaranteed also with an overload condition (see Iy specification)
occurring on maximum 2 not selected analog input pins of Port5 anc .o avsolute sum of input overload currents on all
Port5 analog input pins does not exceed 10mA.
For Port1 channels, the specified TUE is guaranteed when 10 o.e.'cad condition is applied to Port1 pins: when an overload
condition occurs on maximum 2 not selected analog input p:ns ¢. Port1 and the input positive overload current on all analog
input pins does not exceed 10mA (either dynamic or static injection), the specified TUE is degraded (+ 7LSB). To obtain the
same accuracy, the negative injection current on rart1 pins must not exceed -1mA in case of both dynamic and static
injection.

7. The coupling factor is measured on a cha:.ne' wiile an overload condition occurs on the adjacent not selected channels
with the overload current within the diffcrem <pecified ranges (for both positive and negative injection current).

8. Refer to scheme shown in Figur= 1:0.

27.7.1 Convzision timing control

Whien a conversion is started, first the capacitances of the converter are loaded via the
rasgective analog input pin to the current analog input voltage. The time to load the
capacitances is referred to as sample time. Next the sampled voltage is converted to a
digital value several successive steps, which correspond to the 10-bit resolution of the ADC.
During these steps the internal capacitances are repeatedly charged and discharged via the

VaRer pin.

The current that has to be drawn from the sources for sampling and changing charges
depends on the time that each respective step takes, because the capacitors must reach
their final voltage level within the given time, at least with a certain approximation. The
maximum current, however, that a source can deliver, depends on its internal resistance.

The time that the two different actions during conversion take (sampling, and converting)
can be programmed within a certain range in the ST10F252M relative to the CPU clock. The
absolute time that is consumed by the different conversion steps therefore is independent
from the general speed of the controller. This allows adjustment of the ST10F252M A/D
converter to the system’s properties:
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Table 149.

Fast conversion can be achieved by programming the respective times to their absolute
possible minimum. This is preferable for scanning high frequency signals. The internal
resistance of analog source and analog supply must be sufficiently low, however.

High internal resistance can be achieved by programming the respective times to a higher
value, or the possible maximum. This is preferable when using analog sources and supply
with a high internal resistance in order to keep the current as low as possible. The
conversion rate in this case may be considerably lower, however.

The conversion times are programmed via the upper four bits of register ADCON. Bit fields
ADCTC and ADSTC are used to define the basic conversion time and in particular the
partition between sample phase and comparison phases. The table below lists the possible
combinations. The timings refer to the unit TCL, where fgpy = 1/2TCL. A complete
conversion time includes the conversion itself, the sample time and the time required to
transfer the digital value to the result register.

A/D converter programming

ADCTC | ADSTC Sample Comparison Extra 1cal conversion
00 00 TCL * 120 TCL * 240 TCL* Z¢ "~ TCL * 388
00 01 TCL * 140 TCL * 280 TC > 1-3 TCL * 436
00 10 TCL * 200 TCL * 280 TOL* 52 TCL * 532
00 11 TCL * 400 TCL*280 |  TCL* 44 TCL * 724
11 00 TCL * 240 TCL*400 TCL * 52 TOL * 772
11 01 TCL * 280 TCL* 5’;6 TCL * 28 TCL * 868
11 10 TCL * 400 TCL * 560 TCL * 100 TCL * 1060
11 11 TCL * 800 _\ TCL * 560 TCL* 52 TCL * 1444
10 00 TCL*4€9 TCL * 960 TCL * 100 TCL * 1540
10 01 TG\ * 360 TCL * 1120 TCL * 52 TOL * 1732
10 10 1CL * 800 TCL * 1120 TCL * 196 TCL * 2116
10 11 TCL * 1600 TCL * 1120 TCL * 164 TCL * 2884
Note: The total conversion time is compatible with the formula valid for ST10F269, while the
meaning of the bit fields ADCTC and ADSTC is no longer compatible: the minimum
conversion time is 388 TCL, which at 40 MHz CPU frequency corresponds to 4.85us (see
ST10F269).
27.7.2 A/D conversion accuracy

The A/D Converter compares the analog voltage sampled on the selected analog input
channel to its analog reference voltage (Vargr) and converts it into 10-bit digital data. The
absolute accuracy of the A/D conversion is the deviation between the input analog value and
the output digital value. It includes the following errors:

e Offset error (OFS)

® Gain Error (GE)

® Quantization error

® Non-Linearity error (Differential and Integral)
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Note:

27.7.3

292/328

These four error quantities are explained below using Figure 109.

Offset error

Offset error is the deviation between actual and ideal A/D conversion characteristics when
the digital output value changes from the minimum (zero voltage) 00 to 01 (Figure 109, see
OFS).

Gain error

Gain error is the deviation between the actual and ideal A/D conversion characteristics when
the digital output value changes from the 3FE to the maximum 3FF, once offset error is
subtracted. Gain error combined with offset error represents the so-called full-scale error
(Figure 109, OFS + GE).

Quantization error

Quantization error is the intrinsic error of the A/D converter and is expressed 25 1/2 LSB.

Non-linearity error

Non-Linearity error is the deviation between actual and the be~t-fitting A/D conversion
characteristics (see Figure 109):

@ Differential Non-Linearity error is the actual s.3p» uiniension versus the ideal one (1
LSB)peaL)-

® Integral Non-Linearity error is the dictarce oetween the center of the actual step and
the center of the bisector line, in the actual characteristics. Note that for Integral Non-
Linearity error, the effect of offset, gain and quantization errors is not included.

Bisector characteristic is obtzined drawing a line from 1/2 LSB before the first step of the
real characteristic, and /.0 LS23 ufter the last step again of the real characteristic.

Total unadjusted error

The Totz!' UInadjusted Error specifies the maximum deviation from the ideal characteristic:
the nui~ver provided in the Data Sheet represents the maximum error with respect to the
er gre characteristic. It is a combination of the Offset, Gain and Integral Linearity errors. The
afterent errors may compensate each other depending on the relative sign of the Offset and
Sain errors. Refer to Figure 109, see TUE.
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27.7.4

Figure 109. A/D conversion characteristics
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Analog reference pins

The accuracy of the A/D converter depends on how accurate is its analog reference: a noise
in the reference resu'tc in at least that much error in a conversion. A low pass filter on the
A/D converter rifererice source (supplied through pins Vager and Vagnp), is recommended
in order to zl2an wne signal, minimizing the noise. A simple capacitive bypassing may be
sufficivnt in most of the cases; in presence of high RF noise energy, inductors or ferrite
be2ds nqay be necessary.

I tnis architecture, Vaggr and Vagnp Pins represents also the power supply of the analog
circuitry of the A/D converter: there is an effective DC current requirement from the
reference voltage by the internal resistor string in the R-C DAC array and by the rest of the
analog circuitry.

An external resistance on Vaggr could introduce error under certain conditions: for this
reasons, series resistance are not advisable, and more in general any series devices in the
filter network should be designed to minimize the DC resistance.

Analog input pins

To improve the accuracy of the A/D converter, it is definitively necessary that analog input
pins have low AC impedance. Placing a capacitor with good high frequency characteristics
at the input pin of the device, can be effective: the capacitor should be as large as possible,
ideally infinite. This capacitor contributes to attenuating the noise present on the input pin;
moreover, it sources charge during the sampling phase, when the analog signal source is a
high-impedance source.
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A real filter, can typically be obtained by using a series resistance with a capacitor on the
input pin (simple RC Filter). The RC filtering may be limited according to the value of source
impedance of the transducer or circuit supplying the analog signal to be measured. The filter
at the input pins must be designed taking into account the dynamic characteristics of the
input signal (bandwidth).

Figure 110. A/D converter input pins scheme

EXTERNAL CIRCUIT INTERNAL CIRCUIT SCHEME

Channel \
Selection Sampling

H/o——o/o—

Source Filter Current Limiter

Rs Source Impedance

R  Filter Resistance

Cg  Filter Capacitance

RL  Current Limiter Resistance

Rsw Channel Selection Switch Impeciar~e

Rap Sampling Switch Impedanc+:

Cp Pin Capacitance (twc conu'it tiuns, Cpy and Cpy)
Cs Sampling Capacitanc 2

Input leakage and exter~z! circuit

The series resistor uti.ized to iimit the current to a pin (see Ry in Figure 110), in combination
with a large source in.pedance can lead to a degradation of A/D converter accuracy when
input leakag~ i3 nresent.

Data &heut maximum input leakage current at each pin is provided in the Data Sheet
(E'entrical Characteristics section). Input leakage is greatest at high operating temperatures,
and in general it decreases by one half for each 10°C decrease in temperature.

Considering that, for a 10-bit A/D converter one count is about 5mV (assuming Vager = 5V),
an input leakage of 100nA acting though an R = 50kQ of external resistance leads to an
error of exactly one count (5mV); if the resistance were 100kQ the error would become two
counts.

Eventual additional leakage due to external clamping diodes must also be taken into
account in computing the total leakage affecting the A/D converter measurements. Another
contribution to the total leakage is represented by the charge sharing effects with the
sampling capacitance: being Cg substantially a switched capacitance, with a frequency
equal to the conversion rate of a single channel (maximum when fixed channel continuous
conversion mode is selected), it can be seen as a resistive path to ground. For instance,
assuming a conversion rate of 250 kHz, with Cgq equal to 4pF, a resistance of IMQis
obtained (Rgq = 1/ fcCs, where f represents the conversion rate at the considered
channel). To minimize the error induced by the voltage partitioning between this resistance
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(sampled voltage on Cg) and the sum of Rg + Rg + R + Rgy + Rap, the external circuit
must be designed to respect the following relation:
RS+ RF+ RL+ RSW"'RAD 1

\ < =-LSB
REQ 2

A

The formula above provides constraints for external network design, in particular on
resistive path.

A second aspect involving the capacitance network must be considered. Assuming the three
capacitances Cg, Cpq and Cps initially charged at the source voltage V (refer to the
equivalent circuit shown in Figure 110), when the sampling phase is started (A/D switch
close), a charge sharing phenomena is installed.

Figure 111. Charge sharing timing diagram during sampling phase

Vcs Voltage Transient on Cg

VAq

AV < 0.5 LGB

Tq < (RSW + RAD) CS << TS

Var & T2 =R (Cs+ Cpq + Cpp)

In par*icular two different transient periods can be distinguished (see Figure 111):

® A tustand quick charge transfer from the internal capacitance Cp4 and Cp, to the
sampling capacitance Cg occurs (Cg is supposed initially completely discharged):
considering a worst case (since the time constant in reality would be faster) in which
Cps is shown in parallel to Cp4 (call Cp = Cpq + Cpy), the two capacitance Cp and Cg
are in series, and the time constant is:
Cp- C
P S
t,.=(R +tRAn) =——=
1 SwW AD CP + CS
This relation can again be simplified considering only Cg as an additional worst
condition. In reality, the transient is faster, but the A/D Converter circuitry has been
designed to be robust also in the very worst case: the sampling time Tg is always much
longer than the internal time constant:
T4 <(RSW+ RAD)- CS< <Tg

The charge of Cpq and Cps is redistributed also on Cg, determining a new value of the
voltage V1 on the capacitance according to the following equation:

Vot (Cg*Cp1*+Cpy) = Vo~ (Cpy*+Cpy)
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® A second charge transfer involves also Cf (that is typically bigger than the on-chip
capacitance) through the resistance R : again considering the worst case in which Cps
and Cg were in parallel to Cp (since the time constant in reality would be faster), the
time constant is:

Tp<R - (Cg+Cpy+Cpp)

In this case, the time constant depends on the external circuit: in particular imposing
that the transient is completed well before the end of sampling time Tg, a constraint on
R_ sizing is obtained:

10 - 12=1O- RL' (CS+CP1+CPZ)STS

Of course, R must also be sized according to the current limitation constraints, in
combination with Rg (source impedance) and R (filter resistance). Being <,
definitively bigger than Cp4, Cp, and Cg, then the final voltage V., (at tr e end of the
charge transfer transient) will be much higher than V4. The followit g e¢,uation must be
respected (charge balance assuming now Cg already charged a* '/»4):

Va2 (Cg+Cpq+Cpp+Cp)=Vp- Cp+Vp (G +Cpy+Cyg)

The two transients above are not influenced by the v>liege source that, due to the presence
of the RgCk filter, is not able to provide the extre ci arge to compensate the voltage drop on
Cg with respect to the ideal source Vy; the tinie constant ReCr of the filter is very high with
respect to the sampling time (Tg). Th’ tinie. is typically designed to act as anti-aliasing (see
Figure 112).

Calling fg the bandwidth of the saurce signal (and as a consequence the cut-off frequency of
the anti-aliasing filter, fg). acco.d ng to Nyquist theorem the conversion rate fo must be at
least 2f; it means that ihe constant time of the filter is greater than or at least equal to twice
the conversion paiioc (T¢). Again the conversion period T is longer than the sampling time
Tg, Which is ius: a portion of it, even when fixed channel continuous conversion mode is
selecter (f1stast conversion rate at a specific channel): in conclusion it is evident that the
time ccrstant of the filter ReCr is definitively much higher than the sampling time Tg, so the
char ge level on Cg cannot be modified by the analog signal source during the time in which
te sampling switch is closed.

Figure 112. Anti-aliasing filter and conversion rate

Analog Source Bandwidth (V,
g =ou widlth (V) Tc <2 ReCf (Conversion Rate vs. Filter Pole)

Noise fe = fo (Anti-aliasing Filtering Condition)

\ /—\ 2 fy <fc (Nyquist)
fo f

Anti-Aliasing Filter (fr = RC Filter pole) Sampled Signal Spectrum (fc = conversion Rate)

gy

fo fc f
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The considerations above lead to impose new constraints to the external circuit, to reduce
the accuracy error due to the voltage drop on Cg; from the two charge balance equations
above, it is simple to derive the following relation between the ideal and real sampled
voltage on Cg:

VA _ CP1+CP2+CF

Vaz Cpq+Cpp+Cp+Cg

From this formula, in the worst case (when V, is maximum, that is for instance 5V),
assuming to accept a maximum error of half a count (~2.44mV), a constraint is immediately
evident on Cg value:

CF >2048 - CS
In the next section an example of how to design the external network is provided &<<traing

some reasonable values for the internal parameters and making a hypothesis vn the
characteristics of the analog signal to be sampled.

Example of external network sizing

The following hypotheses are formulated in order to proceed i~ designing the external
network on A/D Converter input pins:

® Analog Signal Source Bandwidth (fg): 10 k4:.
® conversion Rate (f¢): 25 kHz

® Sampling Time (Tg): 1us
® Pin Input Capacitance (Cp4): 5pi-

® Pin Input Routing Capacitancz (Cps):  1pF
® Sampling Capacitance ()’ 4pF

® Maximum Input Cirvent Injection (ljyy): 3mA
® Maximum Anclo Source Voltage (Vany: 12V
® Analog Source Impedance (Rg): 100Q
e Caarnsl switch Resistance (Rgw): 5000
°

Saiapling Switch Resistance (Rap): 200Q
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1. Supposing to design the filter with the pole exactly at the maximum frequency of the
signal, the time constant of the filter is:

1
RCCF— E— 159],[8
2. Using the relation between Cg and Cg and taking some margin (4000 instead of 2048),
it is possible to define Ck:

CF= 4000 - CS= 16nF

3. As aconsequence of step 1 and 2, RC can be chosen:

1

Re= =———= 995Q = 1kQ

F 2nfyCp
4. Considering the current injection limitation and supposing that the source c:an go up to
12V, the total series resistance can be defined as:
\%
Rg+Rp +R| = lA—M= 4kQ
INJ
from which is now simple to define the value of Ry :
\%
RL= o0 - Rp Ry~ 28%0
INJ \

5.  Now the three elements of the extern?! ciicuit Ry Cg and R are defined. Some
conditions discussed in the previous Laragraphs have been used to size the
component, the other must now e v erified. The relation which allows minimization of
the accuracy error introduced oy the switched capacitance equivalent resistance is in
this case:

1
RrA= ——= 10MQ
E
Q@ feCs
So the crrov due to the voltage partitioning between the real resistive path and Cg is
less then nalf a count (considering the worst case when V, = 5V):

Rs*RE+*R *Rgw*Rap
K -

Vv
Req

2.35mV < %LSB

The other condition to be verified is if the time constants of the transients are really and
significantly shorter than the sampling period duration Tg:

4= (Rgyy*Rpp) - Cg=28ns <<Tg=1ps
10-15=10-R - (Cg+Cp4+Cp,y)=290ns <Tg=1us

For the complete set of parameters characterizing the ST10F252M A/D Converter
equivalent circuit, refer to Section 27.7: A/D converter characteristics on page 289.
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27.8 AC characteristics

27.8.1 Test waveforms

Figure 113. Input / output waveforms

2.4V 2.0V 2.0V
> Test Points<
0.4V 0.8V 0.8V

AC inputs during testing are driven at 2.4V for a logic ‘1’ and 0.4V for a logic ‘0’.
Timing measurements are made at V| min. for a logic ‘1’ and V| max for a log'c ‘0’.

Figure 114. Float waveforms

VoH X
Vioap + 0.1V T
Vioap > Peforence
Vioap- 0.1V Points
— VOL + 0.1V
VoL

For timing purposes a por! = is o longer floating when V| oap changes of £100mV.
It begins to float when a 1L9n:V change from the loaded Vo /V, level occurs (Ign/loL = 20mA).

27.8.2 Definition ot initernal timing

The im=/nal operation of the ST10F252M is controlled by the internal CPU clock fep. Both
ac'o.s or the CPU clock can trigger internal (for example, pipeline) or external (for example,
bus cycles) operations.

The specification of the external timing (AC Characteristics) therefore depends on the time
between two consecutive edges of the CPU clock, called “TCL”.

The CPU clock signal can be generated by different mechanisms. The duration of TCL and
its variation (and also the derived external timing) depends on the mechanism used to
generate fcpy.

This influence must be regarded when calculating the timings for the ST10F252M.
The example for PLL operation shown in Figure 115 refers to a PLL factor of 4.

The mechanism used to generate the CPU clock is selected during reset by the logic levels
on pins P0.15-13 (POH.7-5).
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Figure 115. Generation mechanisms for the CPU clock

Phase locked loop operation

fxraL
fepu

Direct Clock Drive

fxraL
fcpu

Prescaler Operation

fxraL -
fru [ ] ]

TCLTCL

TCLTCL

[

TCL* "Ci.

Clock generation modes

The next Table 150 associates the combinaticiis f these three bits with the respective clock
generation mode.

Table 150. On-chip clock generator selections

P0.15-13

CPU fr:ouecy

External clock

(POH.7-5) foey = fxeaL X F | input range(M®) Notes
1 1 1 1 fxraL X 4 4 to 8 MHz Default configuration
1 1 4 fXTAL x3 5.3t0 8 MHz
1 ) 1 fXTAL x 8 4 to 5 MHz

3 1 0 0 fXTAL x5 6.4 to 8 MHz

- —

|0 1 1 fxraL X 1 1 to 40 MHz Direct Drive (oscillator bypassed)®)

0 1 0 fXTAL x 10 4 MHz
0 0 1 fxtaL/ 2 4 to 8 MHz CPU clock via prescaler®
0 0 0 - - Reserved

1. The external clock input range refers to a CPU clock range of 1...40 MHz. Moreover, the PLL usage is
limited to 4-8 MHz. All configurations need a crystal (or ceramic resonator) to generate the CPU clock
through the internal oscillator amplifier (apart from Direct Drive): vice versa, the clock can be forced
through an external clock source only in Direct Drive mode (on-chip oscillator amplifier disabled, so no
crystal or resonator can be used).

2. The maximum depends on the duty cycle of the external clock signal: when 40 MHz is used, 50% duty
cycle is granted (low phase = high phase = 12.5ns); when 20 MHz is selected a 25% duty cycle can be
accepted (minimum phase, high or low, again equal to 12.5ns).

3. The limits on input frequency are 4-8 MHz since the usage of the internal oscillator amplifier is required.

Also when the PLL is not used and the CPU clock corresponds to fy1a /2, an external crystal or resonator
must be used: It is not possible to force any clock though an external clock source.
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27.8.4 Prescaler operation

When pins P0.15-13 (POH.7-5) equal “001” during reset, the CPU clock is derived from the
internal oscillator (input clock signal) by a 2:1 prescaler.

The frequency of fopy is half the frequency of fyta and the high and low time of fopy (that
is, the duration of an individual TCL) is defined by the period of the input clock fyta -

The timings listed in the AC Characteristics that refer to TCL therefore can be calculated
using the period of fyta for any TCL.

Note that if the bit OWDDIS in SYSCON register is cleared, the PLL runs on its free-running
frequency and delivers the clock signal for the Oscillator Watchdog. If bit OWDDIS is set,
then the PLL is switched off.

27.8.5 Direct drive

When pins P0.15-13 (POH.7-5) equal “011” during reset the on-chip phase Iccked 1n0p is
disabled, the on-chip oscillator amplifier is bypassed and the CPU clock ic alrectly driven by
the input clock signal on XTAL1 pin.

The frequency of CPU clock (fcpy) directly follows the frequerici' of 1xa, so the high and
low time of fcpy (that is, the duration of an individual TCL) is defined by the duty cycle of the
input clock fXTAL'

Therefore, the timings given in this chapter refer ta .2 minimum TCL. This minimum value
can be calculated by the following formula:

TCLmiv= 1 IxTAL * PCryin
DC- duty cycle

For two consecutive TCL¢, {~c diaviation caused by the duty cycle of fyta, is compensated,
so the duration of 2TCL 15 clways 1/fyta.

The minimum va: e 1 Sy, has to be used only once for timings that require an odd number
of TCLs (1,3 ...). Timings that require an even number of TCLs (2,4,...) may use the formula:

2TCL= 1/ fXTAL

Tt £ eddress float timings in Multiplexed bus mode (t14 and t45) use the maximum duration of
TCL (TCLpay = 1/fx1aL X DCpyax) instead of TCLn.

Similarly to what happen for Prescaler Operation, if the bit OWDDIS in SYSCON register is
cleared, the PLL runs on its free-running frequency and delivers the clock signal for the
Oscillator Watchdog. If bit OWDDIS is set, then the PLL is switched off.

27.8.6 Oscillator watchdog (OWD)

An on-chip watchdog oscillator is implemented in the ST10F252M. This feature is used for
safety operation with external crystal oscillator (available only when using direct drive mode
with or without prescaler, so the PLL is not used to generate the CPU clock multiplying the
frequency of the external crystal oscillator). This watchdog oscillator operates as following.

The reset default configuration enables the watchdog oscillator. It can be disabled by setting
the OWDDIS (bit 4) of SYSCON register.

When the OWD is enabled, the PLL runs at its free-running frequency, and it increments the
watchdog counter. On each transition of external clock, the watchdog counter is cleared. If
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27.8.7

27.8.8

Table 151.

an external clock failure occurs, then the watchdog counter overflows (after 16 PLL clock
cycles).

The CPU clock signal will be switched to the PLL free-running clock signal, and the oscillator
watchdog Interrupt Request is flagged. The CPU clock will not switch back to the external
clock even if a valid external clock exits on XTAL1 pin. Only a hardware reset (or
bidirectional Software / Watchdog reset) can switch the CPU clock source back to direct
clock input.

When the OWD is disabled, the CPU clock is always the external oscillator clock (in Direct
Drive or Prescaler Operation) and the PLL is switched off to decrease consumption supply
current.

Phase locked loop (PLL)

For all other combinations of pins P0.15-13 (POH.7-5) during reset the on-chip phase 'ocked
loop is enabled and it provides the CPU clock (see Table 150). The PLL multiplies use input
frequency by the factor F which is selected via the combination of pins >C 13-13 (fepy =
fxtaL X F). With every F’th transition of fyta the PLL circuit synchrorizas the CPU clock to
the input clock. This synchronization is done smoothly, so the C?U ci~ck frequency does not
change abruptly.

Due to this adaptation to the input clock the frequencv of '~ is constantly adjusted so it is
locked to fytaL. The slight variation causes a jitter of #~1,y which also effects the duration of
individual TCLs.

The timings listed in the AC Characterictics that refer to TCLs therefore must be calculated
using the minimum TCL that is possit.le uader the respective circumstances.

The real minimum value for TC'. depends on the jitter of the PLL. The PLL tunes fgpy to
keep it locked on fytaL. The re!avive deviation of TCL is the maximum when it is referred to
one TCL period.

This is especiallv imparwant for bus cycles using wait states and for example, such as for the
operation of timars, or serial interfaces. For all slower operations and longer periods (for
examplz, pulce train generation or measurement, or lower baudrates) the deviation caused
by the PLL jitter is negligible. Refer to next Section 27.8.9: PLL jitter for more details.

V\cltage controlled oscillator

The ST10F252M implements a PLL which combines different levels of frequency dividers
with a Voltage Controlled Oscillator (VCO) working as frequency multiplier. The following
table gives a detailed summary of the internal settings and VCO frequency.

Internal PLL divider mechanism

P0.15-13
(POH.7-5)

Input PLL Output CPU frequency

XTAL frequency prescaler prescaler | fcpy="fxraL XF

Multiply by | Divide by

1

1

1

4 to 8 MHz fXTAL/ 4 64 4 - fXTAL x4

1

0

53t08 MHZ(1) fXTAL/ 4 48 - fXTAL x3

1

0
0

4
4 to 5 MHz fXTAL/ 4 64 2 - fXTAL x8
6.4t08 MHZ(1) fXTAL/ 4 40 2 - fXTAL x5

1

1 to 40 MHz - PLL bypassed - fxraL x 1
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Table 151. Internal PLL divider mechanism (continued)
P0.15-13 Input PLL Output CPU frequency
(PdH 7-5) XTAL frequency rescaler rescaler f =f x F
. P Multiply by | Divideby | P cpPu = IxTaL
0 1 0 4 MHz fXTAL/ 2 40 2 - fXTAL x 10
0 0 1 4 to 8 MHz(") - PLL bypassed forL /2 fyraL / 2
0O 0 O -

1. The PLL input frequency range is limited to 1 to 3.5 MHz, while the VCO oscillation range is 64 to 128 MHz. The CPU clock
frequency range when PLL is used is 16 to 40 MHz.

Example 1
(] fXTAL =4 MHz
® PO(15:13) =110’ (multiplication by 3)
® PLL input frequency = 1 MHz
® VCO frequency = 48 MHz: NOT VALID, must be 64 to 128 MHz=
e fepy=NOT VALID
Example 2
(] fXTAL =8 MHz
® PO(15:13) =100’ (multiplication by 5)
® PLL input frequency = 2 MHz
® VCO frequency = 80 MHz
® PLL output frequency = 4¢ MHz (VCO frequency divided by 2)
® fopy =40 MHz (no exfect of Output Prescaler)
27.8.9 PLL jitter

The following terminology is hereafter defined:

® Sc'rreferred single period jitter
Also called “Period Jitter”, it can be defined as the difference of the T4« and Tyyin,
where T,y is maximum time period of the PLL output clock and T, is the minimum
time period of the PLL output clock.

o Self referred long term jitter
Also called “N period jitter”, it can be defined as the difference of T, and T,,in, Where
Tmax is the maximum time difference between N+1 clock rising edges and T,y is the
minimum time difference between N+1 clock rising edges. Here N should be kept
sufficiently large to have the long term jitter. For N=1, this becomes the single period
jitter.

Jitter at the PLL output can be due to the following reasons:

e Jitter in the input clock
® Noise in the PLL loop
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Jitter in the input clock

PLL acts like a low pass filter for any jitter in the input clock. Input Clock jitter with the
frequencies within the PLL loop bandwidth is passed to the PLL output and higher frequency
jitter (frequency > PLL bandwidth) is attenuated @20dB/decade.

Noise in the PLL loop

This contribution again can be caused by the following sources:
® Device noise of the circuit in the PLL
® Noise in supply and substrate.

Device noise of the circuit in the PLL

The long term jitter is inversely proportional to the bandwidth of the PLL: the widzr ine \20p
bandwidth is, the lower the jitter is due to noise in the loop. Moreover, the lona (eim jiter is
practically independent of the multiplication factor.

The most noise sensitive circuit in the PLL circuit is definitively the VCO (*/uitage Controlled
Oscillator). There are two main sources of noise: thermal (randorv 1°0i 3e, frequency-
independent noise, thus, practically white noise) and flicker (10w frequency noise, 1/f). For
the frequency characteristics of the VCO circuitry, the effec: of the thermal noise results in a
1/f2 region in the output noise spectrum, while the flicke- 1.sise in a 1/f2. Assuming a
noiseless PLL input and supposing that the VCO is caraninated by its 1/ noise, the R.M.S.
value of the accumulated jitter is proportional (o ‘he square root of N, where N is the number
of clock periods within the considered tim= n-terval.

On the contrary, assuming again a nciselss PLL input and supposing that the VCO is
dominated by its 1/f2 noise, the R.M.S. value of the accumulated jitter is proportional to N,
where N is the number of clock neriods within the considered time interval.

The jitter in the PLL loor. ¢an e modelized as dominated by the i1/ noise for N smaller
than a certain value d=p~iiding on the PLL output frequency and on the bandwidth
characteristics ¢t 'car. Above this first value, the jitter becomes dominated by the i1/f% noise
component. asty, for N greater than a second value of N, a saturation effect is evident, so
the jittzr Jees 10t grow anymore when considering a longer time interval (jitter stable
increas.ng the number of clock periods N). The PLL loop acts as a high pass filter for any
~cise in the loop, with cutoff frequency equal to the bandwidth of the PLL. The saturation
vaiue corresponds to what has been called self referred long term jitter of the PLL. In
Figure 116 the maximum jitter trend versus the number of clock periods N (for some typical
CPU frequencies) is shown: The curves represent the very worst case, computed taking into
account all corners of temperature, power supply and process variations: The real jitter is
always measured well below the given worst case values.

Noise in supply and substrate

Digital supply noise adds deterministic components to the PLL output jitter, independent of
the multiplication factor. Its effects are strongly reduced thanks to the particular care used in
the physical implementation and integration of the PLL module inside the device.
Nonetheless, the contribution of the digital noise to the global jitter is widely taken into
account in the curves provided in Figure 116.
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Figure 116. ST10F252M PLL jitter
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27.8.10 PLL lock/ unlock

During normal operation, if the PLL gets unlo :kad for any reason, an interrupt request to the
CPU is generated, and the reference cloai (cscillator) is automatically disconnected from
the PLL input: in this way, the PLL gocs irto free-running mode, providing the system with a
backup clock signal (free running frequency f¢). This feature allows recovery from a crystal
failure occurrence without riskina to go into an undefined configuration: The system is
provided with a clock all~v'ina the execution of the PLL unlock interrupt routine in a safe
mode.

The path betweci. 12ference clock and PLL input can be restored only by a hardware reset,
or by a bidirectional software or watchdog reset event that forces the RSTIN pin low.

Note: The ex‘*zrnal RC circuit on RSTIN pin must be properly sized in order to extend the duration
of the low pulse to lock the PLL before the level at RSTIN pin is recognized high: A
bioiectional reset internally drives the RSTIN pin low for just 1024 TCL (definitely not
sufficient to lock the PLL starting from free-running mode).

Table 152. PLL characteristics (Vpp = 5V = 10%, Vgg = 0V, Tp = -40 to +125°C)

Value
Symbol Parameter Conditions Unit
Min Max
tpsyup | PLL Start-up time(") Stable Vpp and reference clock - 300 ps

_— Stable Vpp and reference clock,
fock | PLL Lock-in time starting from free-running mode 250 Hs

Single Period Jitter") 6 sigma time period variation
Tarr (cycle to cycle =2 TCL) (peak to peak) -500 | +500 ps
Multiplication factors: 3, 4 250 | 2000
firee PLL free running frequency KHz

Multiplication factors: 5, 8, 10, 16 500 4000

1. Not 100% tested, guaranteed by design characterization
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27.8.11 Main oscillator specifications
Vpp =5V £ 10%, Vgg = 0V, T = -40 to +125°C

Table 153. Main oscillator characteristics

Value
Symbol Parameter Conditions Unit
Min Typ Max
Oscillator
Om Transconductance 14 2.6 4.2 mAV
Vosc | Oscillation Amplitude(") Peak to Peak - 1.5 -
Vay | Oscillation Voltage level(") | Sine wave middle - 0.8 - \"
Stable Vpp, - Crystal - 6 1n ms
tstup | Oscillator Start-up Time(") |
Stable Vpp - Resonator - 1 2 | ms

1. Not 100% tested, guaranteed by design characterization

Figure 117. Crystal oscillator and resonator connection “iajvan;

ST10F252M l ST10F252M

1XTAL1
1 XTAL1
1 XTAL2

Crystal

M

Resonator

1
A i

Tanie 154. Main oscillator negative resistance (module)

|_¢_TXTAL2
(@]
L

Ca

|||——i

|||—|

i Ca = 15pF Ca = 25pF Ca = 35pF

Min Typ Max Min Typ Max Min Typ Max
4MHz | 545Q | 1035Q - 550 Q | 1050 Q - 430Q | 850Q -
8MHz | 240Q | 450Q - 170Q | 350Q - 120Q | 250 Q -

The given values of Cp do not include the stray capacitance of the package and of the
printed circuit board: the negative resistance values are calculated assuming additional 5pF
to the values in the table. The crystal shunt capacitance (Cgy) and the package capacitance
between XTAL1 and XTAL2 pins is globally assumed equal to 10pF.

The external resistance between XTAL1 and XTALZ2 is not necessary, since already present
on the silicon.
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27.8.12 External clock drive XTAL1

When Direct Drive configuration is selected during reset, it is possible to drive the CPU clock
directly from the XTAL1 pin, without particular restrictions on the maximum frequency, since
the on-chip oscillator amplifier is bypassed. The speed limit is imposed by internal logic that
targets a maximum CPU frequency of 40 MHz.

In all other clock configurations (Direct Drive with Prescaler or PLL usage) the on-chip
oscillator amplifier is not bypassed, so it determines the input clock speed limit. Then, when
the on-chip oscillator is enabled it is forbidden to use any external clock source different
from crystal or ceramic resonator.

Table 155. External clock drive

Direct drive Direct drive with PLL usage l
f = prescaler § i «F )
Parameter Symbol CPU = 'XTAL fepy = fxtaL / 2 CPU = "X Unit
Min Max Min Max TN X Max
XTAL1 periodM@ togc [SR| 25 - 83.3 2E0 | 33.3 250 | ns
High time®) t, |SR| 6 - 3 - | s — |ns
Low time(® t, |SR 6 - a :_ - 6 - ns
Rise time®® t |SR| - 2 | \™ 2 - 2 | ns
Fall time®) t, |SR - L\ - 2 - 2 ns

1. The minimum value for the XTAL1 signal g =rioc is considered the theoretical minimum. The real minimum
value depends on the duty cycle of the input viock signal.

2. 4to 8 MHz is the input frequency range when using an external clock source. 40 MHz can be applied with
an external clock source onl/\v'hzn Lirect Drive mode is selected: in this case, the oscillator amplifier is
bypassed so it does not it it *he iiiput frequency.

3. The input clock signa' rous: reach the defined levels V » and V).

Figure 118. Ex'einal clock drive XTAL1

t1 t3 — < t4
i ViH2 \
X o AV L
—— to —p
< tosc >
Note: When Direct Drive is selected, an external clock source can be used to drive XTAL1. The

maximum frequency of the external clock source depends on the duty cycle: When 40 MHz
is used, 50% duty cycle is granted (low phase = high phase = 12.5ns); when for instance
20 MHz is used, a 25% duty cycle can be accepted (minimum phase, high or low, again
equal to 12.5ns).

27.8.13 Memory cycle variables

The tables below use three variables which are derived from the BUSCONX registers and
represent the special characteristics of the programmed memory cycle. The following table
describes how these variables are to be computed.
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27.8.14

Note:

27.8.15

Table 157. Multiplexed bus timings

Table 156. Memory cycle variables

Description Symbol Values
ALE Extension ta TCL x [ALECTL]
Memory Cycle Time wait states tc 2TCL x (15 - [MCTC]))
Memory Tri-state Time tr 2TCL x (1 - [MTTC])

The following sections include the External Memory Bus timings. The given values are

External memory bus timing

computed for a maximum CPU clock of 40 MHz.

All External Memory Bus Timings and SSC Timings listed in the following tables are gionted
by Design Characterization and not fully tested in production.

Multiplexed bus

Vpp = 5V = 10%, Vgg = 0V, Tp = -40 to +125°C, CL = 50pF,

ALE cycle time = 6 TCL + 2tp + tc + t (75ns at 40 MHz CPU cluck without wait states)

fcpy = 40 MHz Variable CPU clock
Symbol Parameter TCL = 12.5n¢ 1/2TCL =1 to 40 MHz Unit
S Ya.
Min Niax Min Max
ts |CC | ALE high time A+ ta - TCL—-8.5+ty - ns
tg |CC | Address setup to ALE 1.0+ ta - TCL—-11 + 15 - ns
t; |CC |Address hold after ALE 4 +tp - TCL-8.5+1tp - ns
ALE falling edge to FD, WX B B B
tg |CC (with RW-delay) 4 +tp TCL-8.5+1p ns
ALE falling ~uge to RD, WR B B B B
tg cC (nO R\’\I--jelay) 8.5+ tA 8.5+ tA ns
f duress float after RD, WR (with
tho | CC | Rvv-delay) - 6 - 6 ns
—GCR" ———
; Address float after RD, WR
t ; ’ - —
|t11 | CC (no RW-delay) 18.5 TCL+6 ns
RD, WR low time
t12 cC (Wlth RW-deIay) 155+ tC - 2TCL-9.5 + tC - ns
RD, WR low time
ti3|CC (no RW-delay) 28 + t¢ - 3TCL-95+t¢ - ns
RD to valid data in
t14 SR (Wlth RW-deIay) - 6+ tC - 2TCL-19 + tC ns
RD to valid data in
ti5 | SR (no RW-delay) - 18.5 + tc - 3TCL-19+tc | ns
tig |SR | ALE low to valid data in - 17.5+ - STCL-20+ ns
+ tA + tC + tA + tC
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Table 157. Multiplexed bus timings (continued)

fcpu = 40 MHz Variable CPU clock
Symbol Parameter TCL =12.5ns 1/2 TCL =1 to 40 MHz Unit
Min Max Min Max

Address/Unlatched CS to valid 20 + 2tp + 4TCL-30 +

t17 SR X - - ns
data in +1c +2tp + tc

t,5 |SR D_gta hold after RD 0 B 0 _ ns
rising edge

tig | SR | Data float after RD - 16.5 + t¢ - 2TCL-85+t | ns

tp, |CC |Data valid to WR 10+t - 2TCL-15 +1t¢ - ns

tp3 | CC | Data hold after WR 4+t - 2TCL-85 + 1 - ns

tpos | CC | ALE rising edge after RD, WR 15 + t¢ - 2TCL—10 +t¢ - ns
Address/Unlatched G hold ) Nt

t27 cC after m’ W 10 + tF - 2TCL—-15+ tF - ns

tzg | CC | ALE falling edge to Latched CS | —4 —tp 10 —tp —4-1p 10 —tp ns

t3o | SR |Latched CS low to Valid Data In - 165+1c+ - STCL - 21 + ns

+ 2tA + tC + 2tA

t4o | CC |Latched CS hold after RD, WR | 27 +t¢ - '31CL-10.5 +t¢ - ns
ALE fall. edge to RACS, WrCS D

iz | CC | i v djay) 7+, A TCL-55+1, - ns
ALE fall. edge to RACS, WrCS | ., . |

s |CC | (1o Rw delgy) 55 +ip - 5.5 + 1ty - ns
Address float after RACS, WrC3 \\ </ |

t44 cC (Wlth RW delay) | - 1.5 - 1.5 ns

45 |CC g%dsvfls;g::/)aﬂer RICS, WrCS _ 14 _ TCL+15 ns
RACS to Ve i Data In

t46 SR (Wlth Five' delay) - 4+ tC - 2TCL - 21 + tC ns
FiiCS (o Valid Data In

ta7 | SP I 0 AW delay) - 16.5 + tg - 3TCL-21+1tc | ns

3 W L _

e | cC I(:\{I\(l::tcl?]SF’%\\//VV rﬁa;)ow Time 15.5 + 1o - OTCL- 95 +1g - ns
49| CC E}iCRS\;VV:’j;?;,)LOW Time 28 + to - 3TCL-9.5+1¢ - ns
t5o | CC | Data valid to WrCS 10 + t¢ - 2TCL - 15 + ¢ - ns
ts4 | SR | Data hold after RdACS 0 - 0 - ns
tso | SR | Data float after RACS - 16.5 + t¢ - 2TCL-85+1t | ns
tss | CC Q‘;‘érgs\s,vﬁg'g after 6+1r - 2TCL-19 + t¢ - ns
ts | CC | Data hold after WrCS 6+t - 2TCL-19 + - ns

1S7i 309/328




Electrical Characteristics

ST10F252M

Figure 119. External memory cycle: multiplexed bus, with/without read/write delay, normal ALE
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Figure 120. External memory cycle: multiplexed bus, with/without read/write delay, extended ALE

|
|
D '
— 1t >« tie #; « tos —»!
I I !
ALE ! I /
1 l<—t6 —’: : | I
: '<_t38 —}I | : l
L | | f17 ‘| I4 t40 =|
< t »| 1 |
5 « : tag R —v — T /
CSx a -t : : : ' ; l
;j—_t6 ) I ty7 J : .
A23-A16 : : — -
(A1 5'A8) ><| | Address [ | :
BHE | o >
| Lo — gy —
| | |
| | |
| | |
, | I
Read cycle : ts ) S | | .
| : | l " !
Address/Data ><:' Addreds N I Datain '>>>><
Bus (P0) . : N\ 2l | : : :
| » I e—tig > :
1l —>e—tio—» | « tg
«—f —>e—1y —> o ° :
| |
a ‘T: —r —}: I
— I 3 I
RD : AT N/
| | |
I :4 —is5 % |
| |
\ | o —p
: :4 t13 ?:
Write cycle | | .
I ! :
Addresc/afa X Address >< Data out : ¢
Bus 'PL) | | T ;
| ! !
| | B
| | |
—Ig —P;(—tm—bl I
I ' ! !
WR :4—1‘9 an —>—lr >
WRL LN :
WRH b eeeen A !
| |
| —tp——p
R 3 >
‘YI 311/328




Electrical Characteristics ST10F252M

Figure 121. External memory cycle: multiplexed bus, with/without r/w delay, normal ALE, r/w CS
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Figure 122. External memory cycle: multiplexed bus, with/without r/w delay, extended ALE, r/w CS
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27.8.16 Demultiplexed bus
Vpp = 5V + 10%, Vgg = OV, Tp = -40 to +125°C, CL = 50pF,
ALE cycle time = 4 TCL + 2tp + t¢c + tg (50ns at 40 MHz CPU clock without wait states).
Table 158. Demultiplexed bus timings
fcpy = 40 MHz Variable CPU clock
Symbol Parameter TCL =12.5ns 1/2TCL =1 to 40 MHz Unit
Min Max Min Max
t; |CC|ALE high time 44ty - TCL-85+1, - ns
ts | CC|Address setup to ALE 1.5 +1tp - TCL-11 +tx - ns
Address/Unlatched CS setup
tso |CC |to RD, WR 125 + 2ty - 2TCL - 125+ - ns
(with RW-delay) A
Address/Unlatched CS setup
tg; |CC|to RD, WR 0.5+ 2ty - TCL- 12 + 2t, - ns
(no RW-delay)
RD, WR low time <
t12 cC (Wlth RW_delay) 155 + tC - 2°C.-95+ tC - ns
7D, WR low time o
bz |CC| o Rw-delay) 28 + 1o - 3TCL- 9.5 +1g - ns
RD to valid data in |
t14 SR (Wlth RW-deIay) - 6+ tC - 2TCL-19 + tC ns
RD to valid data in
ts [SR | Rw.delay) - 185 + 1o - 3TCL-19+1tg | ns
t;s | SR | ALE low to valid data in - 175+t + - STCL-20+ | ¢
+ tC + tA + tC
t.. | g |Address/Unlatched oS to B 20 + 2ty + B 4TCL - 30 + ns
7 valid data 'n +1c +2t) + 1o
ts |SR [?a:ta ho—»lj afier RD 0 _ 0 _ ns
rising edge
| Data float after RD rising 2TCL-8.5 +
[§ —_ i
t20 5 R edge (with RW-delay)(") 165+1 e+ 2ty ns
\J Data float after RD rising TCL-8.5+
t1 |SR edge (no RW-delay)(") - 4+t - +1p+ 2ty ns
tp, |CC|Data valid to WR 10 + tg - 2TCL- 15 +1t¢ - ns
tos |CC|Data hold after WR 4+t - TCL-8.5+1t - ns
tog | CC | ALE rising edge after RD, WR | -10 + t¢ - -10 + t¢ - ns
Address/Unlatched CS hold
trg |CC after RD, WR® 0+t - 0+t - ns
Address/Unlatched CS hold
t28h cC after W 5+ tF - -5+ tF - ns
tss | CC %E falling edge to Latched 41, 6-14 4-ty 6-14 ns
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Table 158. Demultiplexed bus timings (continued)

fcpu = 40 MHz Variable CPU clock
Symbol Parameter TCL =12.5ns 1/2TCL =1 to 40 MHz Unit
Min Max Min Max

t SR Latched CS low to Valid Data _ 16.5 + _ 3TCL-21 + ns

39 In + tC + 2tA + tC + 2tA

ty |CC \';Vilf_fhed CS hold after RD, 2+t - TCL-10.5 + ¢ - ns
Address setup to RACS,

tgo | CC|WrCS 14 + 2ty - 2TCL - 11 + 2tp - ns
(with RW-delay)
Address setup to RACS, —r

t83 CC |WrCSs 2+ 2tA - TCL-10.5 + 2tA ns
(no RW-delay)
RdCS to Valid Data In »\._ N

t46 SR (Wlth RW‘delay) - 4 + tC - | 27CL-21 + tC ns
RACS to Valid Data In X

t47 |SR (no RW-delay) - 16.5 + t¢ - 3TCL - 21 + i¢ ns
RdCS, WrCS Low Time

t48 CC (Wlth RW—deIay) 15.5 + tC - 21CL-9.5+ tC - ns
RACS, WrCS Low Time .

t49 CcC (no RW-deIay) 28 + tC | 3TCL-9.5+ tC - ns

t5o | CC | Data valid to WrCS 10+ 1o - 2TCL - 15 + ¢ - ns

ts1 | SR | Data hold after RdACS 2 - 0 - ns
Data float after RACS

t53 SR (Wlth RW—deIay)(s) - 16.5 + tF - 2TCL-8.5+ tF ns
Data float after R1C3

t68 SR (no RW'd(';ay/(\‘) - 4 + t|: - TCL-8.5+ tF ns
Address holu after

t55 CC R_db§, ‘Ttlﬁ '85 + tF d '85 + tF - ns

ts; | GC | Daia hold after WrCS 2+t - TCL-10.5 + 1 - ns

HW-delay and tp refer to the next following bus cycle.

Read data is latched with the same clock edge that triggers the address change and the rising RD edge. Therefore address
changes before the end of RD have no impact on read cycles.

Partially tested, guaranteed by design characterization.
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Figure 123. External memory cycle: demultiplexed bus, with/without r/w delay, normal ALE
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Figure 124. External memory cycle: demultiplexed bus, with/without r/w delay, extended ALE
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Figure 125. External memory cycle: demultiplexed bus, with/without r/w delay, normal ALE, r/w CS
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Figure 126. External memory cycle: Demultiplexed bus, without r/w delay, extended ALE, r/w CS
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27.8.17 CLKOUT and READY
Vpp =5V = 10%, Vgg = 0V, T = -40 to + 125°C, CL = 50pF

Table 159. CLKOUT and READY timings

fcpy = 40 MHz Variable CPU clock
Symbol Parameter TCL =12.5ns 1/2 TCL =1 to 40 MHz Unit
Min Max Min Max
tog | CC | CLKOUT cycle time 25 25 2TCL 2TCL ns
t3o | CC | CLKOUT high time 9 - TCL-35 - ns
t31 | CC | CLKOUT low time 10 - TCL-2.5 - ns
t3o | CC | CLKOUT rise time - 4 - ¢ | ns
ta3 | CC | CLKOUT fall time - 4 - “ ns
ta4 | CC | CLKOUT rising edge to ALE falling edge 24ty 8+t 241y | 8+ty | ns
ts5 | SR g{r&gaﬁous READY setup time to 17 B | ; ] B ns
tss | SR g{r&gaopous READY hold time after 5 \ A 9 B ns
ts7 | SR | Asynchronous READY low time 3 N - 2TCL + 10 - ns
tsg | SR | Asynchronous READY setup time(") \ 17 - 17 - ns
tsg | SR | Asynchronous READY hold time(") -‘_ 2 - 2 - ns
teo |SR C%nhcigf?ﬁ;ﬁﬁgeg C|)3ktjjs.ti)r(2)e =Y 0 2ta+ic+ie 0 2tatic+i) ns

1.

These timings are given for characterzotio 1 purposes only, in order to assure recognition at a specific clock edge.

2. Demultiplexed bus is the worst .ace. For multiplexed bus 2TCL are to be added to the maximum values. This adds even
more time for deactivating PEALY. 2t, and tg refer to the next following bus cycle, tg refers to the current bus cycle.
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Figure 127. CLKOUT and READY
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Cycle as programmed, including MCTC wait sta"2s ‘E:.ample shows 0 MCTC WS).

The leading edge of the respective commend di:pends on RW-delay.

READY sampled HIGH at this sampling point generates a READY controlled wait state, READY sampled
LOW at this sampling point terminz*es the currently running bus cycle.

WR).

READY may be deactivated in 1s)01se to the trailing (rising) edge of the corresponding command (RD or

If the Asynchronaus HEATY signal does not fulfill the indicated setup and hold times with respect to

CLKOUT (for exzmyle because CLKOUT is not enabled), it must fulfill t%7 in order to be safely

synchronized “'his is guaranteed, if READY is removed in response to {

may be incerted here.

e command (see Note 4).

Multir!~x»d 05 modes have a MUX wait state added after a bus cycle, and an additional MTTC wait state

For a multiplexed bus with MTTC wait state this delay is two CLKOUT cycles, for a demultiplexed bus
w.thout MTTC wait state this delay is zero.

7.

1 he next external bus cycle may start here.

27« 12 High-speed synchronous serial interface (SSC) timing
27.8.18.1 Master mode
Vpp =5V £10%, Vgg = 0V, Ty = -40 to +125°C, C| = 50pF
Table 160. SSC master mode timings
Maximum baudrate
6.6 Mbaud(" Variable baudrate
@ fepy = 40 MHz (<SSCBR> = 0001h - FFFFh) |, .
Symbol Parameter (<SSCBR> = 0002h) Unit
Min Max Min Max
tzoo CC|SSC clock cycle time® 150 150 8TCL 262144 TCL | ns
tagp1 CC|SSC clock high time 63 - tage/ 2 - 12 - ns
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Table 160. SSC master mode timings (continued)

Maximum baudrate
6.6 Mbaud(" Variable baudrate
@ fepy = 40 MHz (<SSCBR> = 0001h - FFFFh) .
Symbol Parameter (<SSCBR> = 0002h) Unit
Min Max Min Max
tzgp  CC|SSC clock low time 63 - ts00/2-12 - ns
tapg CC|SSC clock rise time - 10 - 10 ns
t304 CC|SSC clock fall time - 10 - 10 ns
t3g5 CC | Write data valid after shift edge - 15 - 15 ns
tsos CC | Write data hold after shift edge(® -2 - -2 - ns
Read data setup time before latch
tz07p SR |edge, phase error detection on 37.5 - 2TCL +12.5 2 ns
(SSCPEN = 1) |
Read data hold time after latch
t3osp SR |edge, phase error detection on 50 - 4TCL - ns
(SSCPEN = 1)
Read data setup time before latch
ts3g7 SR |edge, phase error detection off 25 N 2TCL - ns
(SSCPEN = 0)
Read data hold time after latch bl
t3pg SR |edge, phase error detection off 0 - 0 - ns
(SSCPEN = 0) |

1. When 40 MHz CPU clock is used the maxim un. bc ucrate cannot be higher than 6.6Mbaud (<SSCBR> =

‘2h’) due to the

limited granularity of <SSCBR>. Value ‘1h ‘o1 <SSCBR> can be used only with CPU clock equal to (or lower than) 32 MHz.

2. Formula for SSC Clock Cycle time: t3 4 =4 TCL x (<SSCBR> + 1) Where <SSCBR> represents the content of the SSC
baudrate register, taken as unsig: e 12-bit integer. Minimum limit allowed for t3qq is 125ns (corresponding to 8Mbaud).

3. Partially tested, guaranteed by acsign characterization.
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Figure (28. SSC master timing
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1. The phase and polarity of shift and latch edge of SCLK is programmable. This figure uses the leading clock
edge as shift edge (drawn in bold), with latch on trailing edge (SSCPH = 0b), Idle clock line is low, leading
clock edge is low-to-high transition (SSCPO = 0b).

The bit timing is repeated for all bits to be transmitted or received.
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27.8.18.2 Slave mode
Vpp = 5V £10%, Vgg = 0V, Ty = -40 to +125°C, C, = 50pF

Table 161. SSC slave mode timings

Maximum baudrate
6.6 Mbaud(") Variable baudrate
@ fopy = 40 MHz (<SSCBR> = 0001h - FFFFh) .
Symbol Parameter (<SSCBR> = 0002h) Unit
Min Max Min Max
t310 SR |SSC clock cycle time(® 150 150 8TCL 262144 TCL | ns
t311  SR|SSC clock high time 63 - t310/2-12 - ns
t31o SR |SSC clock low time 63 - t319/2-12 - ns
t3y3 SR |SSC clock rise time - 10 - 1) ns
ts4 SR|SSC clock fall time - 10 - | 10 ns
t315 CC | Write data valid after shift edge - 55 - 2TCL + 30 ns
t31¢ CC | Write data hold after shift edge 0 - | 0 - ns
Read data setup time before latch '
t3170 SR |edge, phase error detection on 62 N 4TCL + 12 - ns
(SSCPEN = 1)
Read data hold time after latch T
t31gp SR |edge, phase error detection on 87 - 6TCL + 12 - ns
(SSCPEN = 1)
Read data setup time before la ct. :
t317 SR|edge, phase error detectior 01 | 6 - 6 - ns
(SSCPEN = 0)
Read data hold time ai.er latch
t31g SR |edge, phas? € ‘rr cetection off 31 - 2TCL+6 - ns
(SSCPEN =)

1. When 40 Mi'z =P!J clock is used the maximum baudrate cannot be higher than 6.6Mbaud (<SSCBR> = ‘2h’) due to the
limited grai.tnarmy of <SSCBR>. Value ‘1h’ for <SSCBR> may be used only with CPU clock lower than 32 MHz (after
checkil 9 *ha” resulting timings are suitable for the master).

2. Fornulator SSC Clock Cycle time: t319 =4 TCL * (<SSCBR> + 1)
.vin2re <SSCBR> represents the content of the SSC baudrate register, taken as unsigned 16-bit integer.
Vinimum limit allowed for t31¢ is 125ns (corresponding to 8Mbaud).

Ky_l 323/328




Electrical Characteristics ST10F252M

Figure 129. SSC slave timing
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1. The phase and polarity of shift and latch edge of SCLK is programmable. This figi.i? 1se:5 the leading clock
edge as shift edge (drawn in bold), with latch on trailing edge (SSCPH = 0b), !di > ci>ck line is low, leading
clock edge is low-to-high transition (SSCPO = 0b).

2. The bit timing is repeated for all bits to be transmitted or received.
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28 Package information

In order to meet environmental requirements, ST (also) offers these devices in ECOPACK®
packages. ECOPACK® packages are lead-free. The category of second Level Interconnect
is marked on the package and on the inner box label, in compliance with JEDEC Standard

JESD97. The maximum ratings related to soldering conditions are also marked on the inner
box label.

ECOPACK is an ST trademark. ECOPACK specifications are available at: www.st.com.

Figure 130.LQFP100 mechanical data and package dimensions

mm inch

DIM.
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MEg:;hllﬁifngA

|V A a—

A 1.600 0.0630

A1 | 0.050 0.150 {0.0020 0.0059 A\

A2 | 1.350 | 1.400 | 1.450 |0.0531|0.0551|0.0571

b 0.170 | 0.220 | 0.270 |0.0067 {0.0087|0.0106

c 0.090 0.200 {0.0035 0.0079

D [15.800(16.000|16.2000.6220 |0.6299 |0.6378

D1 [13.800|14.000|14.200(0.5433|0.5512|0.5591

D3 12.000 0.4724

E [15.800|16.000|16.200(0.6220|0.6299 |0.°37¢ )

E1 [13.800|14.000|14.200(0.5433|0.55 2|0.t 55

E3 12.000 0.4724
e 0.500 | 0.0197
Wadl
L | 0.450 | 0.600 | 0.750 [0 91:7]0.0236|0.0295
- |
L1 1.0 ooT i 0.0394
K A T = LQFP100 (14x14x1.40mm)
PANJ¥I). 35 (typ.) 7 max) Low profile Quad Flat Package
o | | | 0.080 | | | 0.003
SEATING
PLANE
!
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[l cee [c}

E3
E1
E

PIN 1
IDENTIFICATION

N
N
e

0,25 mm
] .010 inch
~[r GAGE PLANE 0086901 D

-
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29 Ordering Information

Table 162. Device summary

. Temperature CPU frequency
Order code Package Packing range (°C) range (MH2)
ST10F252M-4T3 Tray
LQFP100 -40 to +125 1to40

ST10F252M-4TR3 Tape and reel
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Table 163. Document revision history

Date

Revision

Changes

7-Feb-2008

1

Initial release
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