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Note: 1. The system configuration is selected during reset. SYSCON reset value is 0000 0xx0
x000 0000b.

2. Reset Value depends on different triggered reset event.

3. The XPnIC Interrupt Control Registers control interrupt requests from integrated X-Bus
peripherals. Some software controlled interrupt requests may be generated by setting the 
XPnIR bits (of XPnIC register) of the unused X-Peripheral nodes.

23.2 X-registers
Table 54 lists all X-Bus registers which are implemented in the ST10F272 ordered by their 
name. The FLASH control registers are listed in a separate section, in spite of they also are 
physically mapped on X-Bus memory space.

Note: The X-Registers are not bit-addressable.

         

XPERCONb F024hE 12h XPER configuration register - - 05h

ZEROSb FF1Ch 8Eh Constant value 0’s register (read only) 0000h

Table 53. List of special function registers (continued)

Name
Physical 
address

8-bit 
address

Description
Reset 
value

Table 54. List of XBus registers

Name
Physical 
address

Description
Reset 
value 

CAN1BRPER EF0Ch CAN1: BRP extension register 0000h

CAN1BTR EF06h CAN1: Bit timing register 2301h

CAN1CR EF00h CAN1: CAN control register 0001h

CAN1EC EF04h CAN1: error counter 0000h

CAN1IF1A1 EF18h CAN1: IF1 arbitration 1 0000h

CAN1IF1A2 EF1Ah CAN1: 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 0000h

CAN1IF1M1 EF14h CAN1: IF1 mask 1 FFFFh

CAN1IF1M2 EF16h CAN1: IF1 mask 2 FFFFh

CAN1IF1MC EF1Ch CAN1: IF1 message control 0000h

CAN1IF2A1 EF48h CAN1: IF2 arbitration 1 0000h

CAN1IF2A2 EF4Ah CAN1: IF2 arbitration 2 0000h
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CAN1IF2CM EF42h CAN1: IF2 command mask 0000h

CAN1IF2CR EF40h CAN1: IF2 command request 0001h

CAN1IF2DA1 EF4Eh CAN1: IF2 data A 1 0000h

CAN1IF2DA2 EF50h CAN1: IF2 data A 2 0000h

CAN1IF2DB1 EF52h CAN1: IF2 data B 1 0000h

CAN1IF2DB2 EF54h CAN1: IF2 data B 2 0000h

CAN1IF2M1 EF44h CAN1: IF2 Mask 1 FFFFh

CAN1IF2M2 EF46h CAN1: IF2 mask 2 FFFFh

CAN1IF2MC EF4Ch CAN1: IF2 message control 0000h

CAN1IP1 EFA0h CAN1: interrupt pending 1 0000h

CAN1IP2 EFA2h CAN1: interrupt pending 2 0000h

CAN1IR EF08h CAN1: interrupt register 0000h

CAN1MV1 EFB0h CAN1: message valid 1 0000h

CAN1MV2 EFB2h CAN1: message valid 2 0000h

CAN1ND1 EF90h CAN1: new data 1 0000h

CAN1ND2 EF92h CAN1: new data 2 0000h

CAN1SR EF02h CAN1: status register 0000h

CAN1TR EF0Ah CAN1: test register 00x0h

CAN1TR1 EF80h CAN1: transmission request 1 0000h

CAN1TR2 EF82h CAN1: transmission request 2 0000h

CAN2BRPER EE0Ch CAN2: BRP extension register 0000h

CAN2BTR EE06h CAN2: bit timing register 2301h

CAN2CR EE00h 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 0000h

CAN2IF1DA2 EE20h CAN2: IF1 data A 2 0000h

CAN2IF1DB1 EE22h CAN2: IF1 data B 1 0000h

CAN2IF1DB2 EE24h CAN2: IF1 data B 2 0000h

CAN2IF1M1 EE14h CAN2: IF1 mask 1 FFFFh

CAN2IF1M2 EE16h CAN2: IF1 mask 2 FFFFh

Table 54. List of XBus registers (continued)

Name
Physical 
address

Description
Reset 
value 
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CAN2IF1MC EE1Ch CAN2: IF1 message control 0000h

CAN2IF2A1 EE48h CAN2: IF2 arbitration 1 0000h

CAN2IF2A2 EE4Ah CAN2: 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 EE50h CAN2: IF2 data A 2 0000h

CAN2IF2DB1 EE52h CAN2: IF2 data B 1 0000h

CAN2IF2DB2 EE54h CAN2: 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 EEA0h CAN2: interrupt pending 1 0000h

CAN2IP2 EEA2h CAN2: interrupt pending 2 0000h

CAN2IR EE08h CAN2: interrupt register 0000h

CAN2MV1 EEB0h 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 EE02h CAN2: status register 0000h

CAN2TR EE0Ah CAN2: test register 00x0h

CAN2TR1 EE80h CAN2: transmission request 1 0000h

CAN2TR2 EE82h CAN2: Transmission request 2 0000h

I2CCCR1 EA06h I2C clock control register 1 0000h

I2CCCR2 EA0Eh I2C clock control register 2 0000h

I2CCR EA00h I2C control register 0000h

I2CDR EA0Ch I2C data register 0000h

I2COAR1 EA08h I2C own address register 1 0000h

I2COAR2 EA0Ah I2C own address register 2 0000h

I2CSR1 EA02h I2C status register 1 0000h

I2CSR2 EA04h I2C status register 2 0000h

RTCAH ED14h RTC alarm register high byte XXXXh

RTCAL ED12h RTC alarm register low byte XXXXh

RTCCON ED00H RTC control register 000Xh

Table 54. List of XBus registers (continued)

Name
Physical 
address

Description
Reset 
value 
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RTCDH ED0Ch RTC divider counter high byte XXXXh

RTCDL ED0Ah RTC divider counter low byte XXXXh

RTCH ED10h RTC programmable counter high byte XXXXh

RTCL ED0Eh RTC programmable counter low byte XXXXh

RTCPH ED08h RTC prescaler register high byte XXXXh

RTCPL ED06h RTC prescaler register low byte XXXXh

XCLKOUTDIV EB02h CLKOUT divider control register - - 00h

XEMU0 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

XEMU3 EB7Ch XBUS emulation register 3 (write only) XXXXh

XIR0CLR EB14h X-Interrupt 0 clear register (write only) 0000h

XIR0SEL EB10h X-Interrupt 0 selection register 0000h

XIR0SET 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 X-Interrupt 3 clear selection register  (write only) 0000h

XIR3SEL EB40h X-Interrupt 3 selection register 0000h

XIR3SET EB42h X-Interrupt 3 set selection register  (write only) 0000h

XMISC EB46h XBUS miscellaneous features register 0000h

XP1DIDIS EB36h Port 1 digital disable register 0000h

XPEREMU EB7Eh XPERCON copy for emulation (write only) XXXXh

XPICON EB26h Extended port input threshold control register - - 00h

XPOLAR EC04h XPWM module channel polarity register 0000h

XPP0 EC20h XPWM module period register 0 0000h

XPP1 EC22h XPWM module period register 1 0000h

XPP2 EC24h XPWM module period register 2 0000h

XPP3 EC26h XPWM module period register 3 0000h

XPT0 EC10h XPWM module up/down counter 0 0000h

XPT1 EC12h XPWM module up/down counter 1 0000h

Table 54. List of XBus registers (continued)

Name
Physical 
address

Description
Reset 
value 
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XPT2 EC14h XPWM module up/down counter 2 0000h

XPT3 EC16h XPWM module up/down counter 3 0000h

XPW0 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

XPWMCON0 EC00h XPWM module control register 0 0000h

XPWMCON0CLR EC08h XPWM module clear control reg. 0 (write only) 0000h

XPWMCON0SET EC06h XPWM module set control register 0 (write only) 0000h

XPWMCON1 EC02h XPWM module control register 1 0000h

XPWMCON1CLR EC0Ch XPWM module clear control reg. 0 (write only) 0000h

XPWMCON1SET EC0Ah XPWM module set control register 0 (write only) 0000h

XPWMPORT EC80h XPWM module port control register 0000h

XS1BG E906h XASC Baud rate generator reload register 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

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) 0000h

XSSCPORT E880h XSSC port control register 0000h

XSSCRB E808h XSSC receive buffer XXXXh

XSSCTB E806h XSSC transmit buffer 0000h

Table 54. List of XBus registers (continued)

Name
Physical 
address

Description
Reset 
value 
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23.3 Flash registers ordered by name
Table 55 lists all Flash Control Registers which are implemented in the ST10F272 ordered 
by their name. These registers are physically mapped on the IBus, except for XFVTAUR0, 
which is mapped on XBus. Note that these registers are not bit-addressable.

         

23.4 Identification registers
The ST10F272 have four Identification registers, mapped in ESFR space. These registers 
contain:

● A manufacturer identifier

● A chip identifier with its revision

● A internal Flash and size identifier

● Programming voltage description

Table 55. List of flash registers

Name
Physical 
address

Description Reset value 

FARH 0x0008 0012 Flash address register - high 0000h

FARL 0x0008 0010 Flash address register - low 0000h

FCR0H 0x0008 0002 Flash control register 0 - high 0000h

FCR0L 0x0008 0000 Flash control register 0 - low 0000h

FCR1H 0x0008 0006 Flash control register 1 - high 0000h

FCR1L 0x0008 0004 Flash control register 1 - low 0000h

FDR0H 0x0008 000A Flash data register 0 - high FFFFh

FDR0L 0x0008 0008 Flash data register 0 - low FFFFh

FDR1H 0x0008 000E Flash data register 1 - high FFFFh

FDR1L 0x0008 000C Flash data register 1 - low FFFFh

FER 0x0008 0014 Flash error register 0000h

FNVAPR0 0x0008 DFB8 Flash non volatile access protection reg.0 ACFFh

FNVAPR1H 0x0008 DFBE Flash non volatile access protection reg.1 - high FFFFh

FNVAPR1L 0x0008 DFBC Flash non volatile access protection reg.1 - low FFFFh

FNVWPIR 0x0008 DFB0 Flash non volatile protection I register FFFFh

XFVTAUR0 0x0000 EB50
XBus Flash volatile temporary access 
unprotection register 0

0000h
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IDMANUF (F07Eh / 3Fh) ESFR Reset Value: 0403h

         

IDCHIP (F07Ch / 3Eh) ESFR Reset Value: 110Xh

         

IDMEM (F07Ah / 3Dh) ESFR Reset Value: 3040h 

         

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

MANUF 0 0 0 1 1

R R

Table 56. IDMANUF

Bit Function

MANUF
Manufacturer identifier
020h: STMicroelectronics manufacturer (JTAG worldwide normalization).

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

IDCHIP REVID

R R

Table 57. IDCHIP

Bit Function

IDCHIP
Device identifier
110h: ST10F272 identifier (272).

REVID
Device revision identifier
Xh: According to revision number.

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

MEMTYP MEMSIZE

R R

Table 58. IDMEM

Bit Function

MEMSIZE

Internal memory size

Internal memory size is 4 x (MEMSIZE) (in Kbyte)
040h for 256 Kbytes (ST10F272)

MEMTYP

Internal memory type

‘0h’: ROM-Less
‘1h’: (M) ROM memory
‘2h’: (S) Standard Flash memory

‘3h’: (H) High performance Flash memory (ST10F272)
‘4h...Fh’: Reserved
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IDPROG (F078h / 3Ch) ESFR Reset Value: 0040h

         

Note: All identification words are read only registers.

The values written inside 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. On the contrary, 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. The 
user can poll bits 15 and 14 of IDMEM register: when both bits are 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 the following:

● IDMANUF 0403h

● IDCHIP 110xh (x = silicon revision)

● IDMEM F040h

● IDPROG 0040h

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

PROGVPP PROGVDD

R R

Table 59. IDPROG

Bit Function

PROGVDD
Programming VDD voltage
VDD voltage when programming EPROM or FLASH devices is calculated using the 
following formula: VDD = 20 x [PROGVDD] / 256 (volts) - 40h for ST10F272 (5V).

PROGVPP Programming VPP voltage (no need of external VPP) - 00h
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24 Electrical characteristics

24.1 Absolute maximum ratings
Stressing the device above the rating listed in Table 60 may cause permanent damage to 
the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not 
implied. Exposure to the conditions in Table 60 for extended periods may affect device 
reliability. During overload conditions (VIN > VDD or VIN < VSS) the voltage on pins with respect 
to ground (VSS) must not exceed the values defined by the Absolute Maximum Ratings.

During Power-on and Power-off transients (including Standby entering/exiting phases), the 
relationships between voltages applied to the device and the main VDD shall be always 
respected. In particular power-on and power-off of VAREF shall be coherent with VDD 
transient, in order to avoid undesired current injection through the on-chip protection diodes. 

         

Table 60. Absolute maximum ratings

Symbol Parameter Values Unit

VDD Voltage on VDD pins with respect to ground (VSS) -0.5 to +6.5 V

VSTBY Voltage on VSTBY pin with respect to ground (VSS) -0.5 to +6.5 V

VAREF Voltage on VAREF pins with respect to ground (VSS) -0.3 to VDD V

VAGND Voltage on VAGND pins with respect to ground (VSS) VSS V

VIO Voltage on any pin with respect to ground (VSS) -0.5 to VDD + 0.5 V

IOV Input current on any pin during overload condition ± 10 mA

ITOV Absolute sum of all input currents during overload condition | 75 | mA

TST Storage temperature -65 to +150 °C

ESD ESD Susceptibility (Human Body Model) 2000 V
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24.2 Recommended operating conditions
         

24.3 Power considerations
The average chip-junction temperature, TJ, in degrees Celsius, may be calculated using the 
following equation:

TJ = TA + (PD x ΘJA)  (1)

Where:

TA is the Ambient Temperature in °C,

ΘJA is the Package Junction-to-Ambient Thermal Resistance, in °C/W,

PD is the sum of PINT and PI/O (PD = PINT + PI/O),

PINT is the product of IDD and VDD, expressed in Watt. This is the Chip Internal Power,

PI/O represents the Power Dissipation on Input and Output Pins; User Determined.

Most of the time for the applications PI/O< PINT and may be neglected. On the other hand, 
PI/O may be significant if the device is configured to drive continuously external modules 
and/or memories.

An approximate relationship between PD and TJ (if PI/O is neglected) is given by:

PD = K / (TJ + 273°C)  (2)

Therefore (solving equations 1 and 2):

K = PD x (TA + 273°C) + ΘJA x PD
2  (3)

Where:

K is a constant for the particular part, which may be determined from equation (3) by 
measuring PD (at equilibrium) for a known TA. Using this value of K, the values of PD and TJ 
may be obtained by solving equations (1) and (2) iteratively for any value of TA.

Table 61. Recommended operating conditions

Symbol Parameter
Value

Unit
Min Max

VDD Operating supply voltage 4.5 5.5 V

VSTBY Operationg stand-by supply voltage (1) 4.5 5.5 V

VAREF Operating analog reference voltage (2)

TA Ambient temperature under bias -40 +125 °C

TJ Junction temperature under bias -40 +150 °C

1. The value of the VSTBY voltage is specified in the range 4.5 - 5.5 Volt. Nevertheless, it is acceptable to exceed the upper
limit (up to 6.0 Volt) for a maximum of 100 hours over the global 300000 hours, representing the lifetime of the device
(about 30 years). On the other hand, it is possible to exceed the lower limit (down to 4.0 Volt) whenever RTC and 32kHz
on-chip oscillator amplifier are turned off (only Stand-by RAM powered through VSTBY pin in Stand-by mode). When
VSTBY voltage is lower than main VDD, the input section of VSTBY/EA pin can generate a spurious static consumption on
VDD power supply (in the range of tenth of μA).

2. For details on operating conditions concerning the usage of A/D Converter refer to Section 24.7.
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Based on thermal characteristics of the package and with reference to the power 
consumption figures provided in next tables and diagrams, the following product 
classification can be proposed. Anyhow, the exact power consumption of the device inside 
the application must be computed according to different working conditions, thermal 
profiles, real thermal resistance of the system (including printed circuit board or other 
substrata), I/O activity, and so on.

          

24.4 Parameter interpretation
The parameters listed in the following tables represent the characteristics of the ST10F272 
and its demands on the system. 

Where the ST10F272 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 characteristics to the 
ST10F272, the symbol “SR” for System Requirement, is included in the “Symbol” column.

Table 62. Thermal characteristics

Symbol Description Value (typical) Unit

ΘJA

Thermal Resistance Junction-Ambient
PQFP 144 - 28 x 28 x 3.4 mm / 0.65 mm pitch
LQFP 144 - 20 x 20 mm / 0.5 mm pitch

LQFP 144 - 20 x 20 mm / 0.5 mm pitch on four layer 
FR4 board (2 layers signals / 2 layers power)

30
40

35

°C/W

Table 63. Package characteristics

Package Ambient temperature range CPU frequency range

PQFP 144 –40 / +125°C 1 – 64MHz

LQFP 144 –40 / +125°C 1 – 40MHz



Electrical characteristics ST10F272B/ST10F272E

134/188 Doc ID 11917 Rev 5

24.5 DC characteristics
VDD = 5 V ± 10%, VSS = 0 V, TA = –40 to +125°C

         

Table 64. DC characteristics

Parameter Symbol
Limit values

Unit Test Condition
min. max.

Input low voltage (TTL mode)
(except RSTIN, EA, NMI, RPD, XTAL1, 
READY)

VIL SR – 0.3 0.8 V –

Input low voltage (CMOS mode)
(except RSTIN, EA, NMI, RPD, XTAL1, 
READY)

VILS SR – 0.3 0.3 VDD V –

Input low voltage RSTIN, EA, NMI, RPD VIL1 SR – 0.3 0.3 VDD V –

Input low voltage XTAL1 (CMOS only) VIL2 SR – 0.3 0.3 VDD V Direct Drive mode

Input low voltage READY (TTL only) VIL3 SR – 0.3 0.8 V –

Input high voltage (TTL mode)
(except RSTIN, EA, NMI, RPD, XTAL1)

VIH SR 2.0 VDD + 0.3 V –

Input high voltage (CMOS mode)
(except RSTIN, EA, NMI, RPD, XTAL1)

VIHS SR 0.7 VDD VDD + 0.3 V –

Input high voltage RSTIN, EA, NMI, RPD VIH1 SR 0.7 VDD VDD + 0.3 V –

Input high voltage XTAL1 (CMOS only) VIH2 SR 0.7 VDD VDD + 0.3 V Direct Drive mode

Input high voltage READY (TTL only) VIH3 SR 2.0 VDD + 0.3 V –

Input Hysteresis (TTL mode)
(except RSTIN, EA, NMI, XTAL1, RPD)

VHYS CC 400 700 mV (1)

Input Hysteresis (CMOS mode)
(except RSTIN, EA, NMI, XTAL1, RPD)

VHYSSCC 750 1400 mV (1)

Input Hysteresis RSTIN, EA, NMI VHYS1CC 750 1400 mV (1)

Input Hysteresis XTAL1 VHYS2CC 0 50 mV (1)

Input Hysteresis READY (TTL only) VHYS3CC 400 700 mV (1)

Input Hysteresis RPD VHYS4CC 500 1500 mV (1)

Output low voltage
(P6[7:0], ALE, RD, WR/WRL,
BHE/WRH, CLKOUT, RSTIN,
RSTOUT)

VOL CC –
0.4

0.05
V

IOL = 8 mA
IOL = 1 mA

Output low voltage
(P0[15:0], P1[15:0], P2[15:0],
P3[15,13:0], P4[7:0], P7[7:0],
P8[7:0])

VOL1 CC –
0.4

0.05
V

IOL1 = 4 mA
IOL1 = 0.5 mA

Output low voltage RPD VOL2 CC –
VDD

0.5 VDD
0.3 VDD

V
IOL2 = 85 μA
IOL2 = 80 μA
IOL2 = 60 μA
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Output high voltage 
(P6[7:0], ALE, RD, WR/WRL,
BHE/WRH, CLKOUT, RSTOUT)

VOH CC
VDD – 0.8

VDD – 0.08
– V

IOH = – 8 mA
IOH = – 1 mA

Output high voltage (2)

(P0[15:0], P1[15:0], P2[15:0],
P3[15,13:0], P4[7:0], P7[7:0],
P8[7:0])

VOH1 CC
VDD – 0.8

VDD – 0.08
– V

IOH1 = – 4 mA
IOH1 = – 0.5 mA

Output high voltage RPD VOH2 CC
0

0.3 VDD
0.5 VDD

– V
IOH2 = – 2 mA

IOH2 = – 750 μA
IOH2 = – 150 μA

Input leakage current (P5[15:0]) (3) |IOZ1 |CC – ±0.2 μA –

Input leakage current 
(all except P5[15:0], P2[0], RPD, P3[12], 
P3[15])

|IOZ2 |CC – ±0.5 μA –

Input leakage current (P2[0]) (4) |IOZ3 |CC –
+1.0
–0.5

μA –

Input leakage current (RPD) |IOZ4 |CC – ±3.0 μA –

Input leakage current ( P3[12], P3[15]) |IOZ5 |CC – ±1.0 μA –

Overload current (all except P2[0]) |IOV1 |SR – ±5 mA (1) (5)

Overload current (P2[0]) (4) |IOV2 |SR –
+5
–1

mA (1) (5)

RSTIN pull-up resistor RRST CC 50 250 kΩ 100 kΩ nominal

Read/Write inactive current (6) (7) IRWH – –40 μA VOUT = 2.4 V

Read/Write active current (6) (8) IRWL –500 – μA VOUT = 0.4V

ALE inactive current (6) (7) IALEL 20 – μA VOUT = 0.4V

ALE active current (6) (8) IALEH – 300 μA VOUT = 2.4 V

Port 6 inactive current (P6[4:0]) (6) (7) IP6H – –40 μA VOUT = 2.4 V

Port 6 active current (P6[4:0]) (6) (8) IP6L –500 – μA VOUT = 0.4V

PORT0 configuration current (6)
IP0H 6) – –10 μA VIN = 2.0V

IP0L 7) –100 – μA VIN = 0.8V

Pin Capacitance (Digital inputs / outputs) CIO CC – 10 pF (1) (6)

Run Mode Power supply current (9)

(Execution from Internal RAM)
ICC1 –

15 + 1.5 
fCPU

mA –

Run Mode Power supply current (1) (10)

(Execution from Internal Flash)
ICC2 –

15 + 1.5 
fCPU

mA –

Idle mode supply current (11) IID –
15 + 0.6 

fCPU
mA –

Table 64. DC characteristics (continued)

Parameter Symbol
Limit values

Unit Test Condition
min. max.
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Power Down supply current (12)

(RTC off, Oscillators off, 
Main Voltage Regulator off)

IPD1 – 200 μA TA = 25°C

Power Down supply current (12)

(RTC on, Main Oscillator on, 
Main Voltage Regulator off)

IPD2 –
400

Typical 
Value

μA TA = 25°C

Power Down supply current (12)

(RTC on, 32kHz Oscillator on, 
Main Voltage Regulator off)

IPD3 – 200 μA TA = 25°C

Stand-by supply current (12)

(RTC off, Oscillators off, VDD off, VSTBY 
on)

ISB1

– 120 μA
VSTBY = 5.5 V
TA = TJ = 25°C

– 500 μA
VSTBY = 5.5 V

TA = TJ = 125°C

Stand-by supply current (12)

(RTC on, 32kHz Oscillator on, 
main VDD off, VSTBY on)

ISB2

– 120 μA
VSTBY = 5.5 V
TA = TJ = 25°C

– 500 μA
VSTBY = 5.5 V

TA = TJ = 125°C

Stand-by supply current (1) (12)

(VDD transient condition)
ISB3 – 2.5 mA –

1. Not 100% tested, guaranteed by design characterization.

2. This 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.

3. 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.

4. 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 36 for a scheme of the input
circuitry.

5. Overload conditions occur if the standard operating conditions are exceeded, i.e. the voltage on any pin exceeds the
specified range (i.e. VOV > VDD + 0.3 V or VOV < –0.3 V). The absolute sum of input overload currents on all port pins may
not exceed 50mA. The supply voltage must remain within the specified limits.

6. 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.

7. The maximum current may be drawn while the respective signal line remains inactive.

8. The minimum current must be drawn in order to drive the respective signal line active.

9. The power supply current is a function of the operating frequency (fCPU is expressed in MHz). This dependency is
illustrated in the Figure 37 below. This parameter is tested at VDDmax and at maximum CPU clock frequency with all
outputs disconnected and all inputs at VIL or VIH, RSTIN pin at VIH1min: 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

Table 64. DC characteristics (continued)

Parameter Symbol
Limit values

Unit Test Condition
min. max.
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Figure 36. Port2 test mode structure

10. The power supply current is a function of the operating frequency (fCPU is expressed in MHz). This dependency is
illustrated in the Figure 37 below. This parameter is tested at VDDmax and at maximum CPU clock frequency with all
outputs disconnected and all inputs at VIL or VIH, RSTIN pin at VIH1min: 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 (fCPU is expressed in MHz). This dependency is
illustrated in the Figure 36. These parameters are tested and at maximum CPU clock with all outputs disconnected and all
inputs at VIL or VIH, RSTIN pin at VIH1min.

12. This parameter is tested including leakage currents. All inputs (including pins configured as inputs) at 0 V to 0.1 V or at VDD
– 0.1 V to VDD, VAREF = 0 V, all outputs (including pins configured as outputs) disconnected. Besides, the Main Voltage
Regulator is assumed off: in case it is not, additional 1mA shall be assumed.
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Figure 37. Supply current versus the operating frequency (RUN and IDLE modes)
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24.6 Flash characteristics
VDD = 5 V ± 10%, VSS = 0 V

         

Table 65. Flash characteristics

Parameter

Typical Maximum

Unit NotesTA = 25°C TA = 125°C 

0 cycles(1) 0 cycles(1) 100k cycles

Word Program (32-bit) (2) 35 80 290 μs –

Double Word Program (64-bit)(2)) 60 150 570 μs –

Bank 0 Program (256K)
(Double Word Program)

1.6 2.0 3.9 s –

Sector Erase (8K)
0.6
0.5

0.9
0.8

1.0
0.9

s
not preprogrammed
preprogrammed

Sector Erase (32K)
1.1
0.8

2.0
1.8

2.7
2.5

s
not preprogrammed
preprogrammed

Sector Erase (64K)
1.7
1.3

3.7
3.3

5.1
4.7

s
not preprogrammed
preprogrammed

Bank 0 Erase (256K) (3) 5.6
4.0

13.6
11.9

19.2
17.5

s
not preprogrammed
preprogrammed

Recovery from Power-Down (tPD) – 40 40 μs (4)

Program Suspend Latency (4) – 10 10 μs

Erase Suspend Latency (4) – 30 30 μs

Erase Suspend Request Rate (4) 20 20 20 ms
Min delay between 2 
requests

Set Protection (4) 40 90 300 μs

1. The figures are given after about 100 cycles due to testing routines (0 cycles at the final customer).

2. Word and Double Word Programming times are provided as average values derived from a full sector programming time:
absolute value of a Word or Double Word Programming time could be longer than the average value.

3. Bank Erase is obtained through a multiple Sector Erase operation (setting bits related to all sectors of the Bank). As
ST10F272 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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24.7 A/D converter characteristics
VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C, 4.5V ≤ VAREF ≤ VDD, 
VSS ≤ VAGND ≤ VSS + 0.2V

         

Table 66. Flash data retention characteristics

Number of program / erase cycles

(-40°C ≤ TA ≤ 125°C)

Data retention time

(average ambient temperature 60°C)

256Kbyte (code store) 64Kbyte (EEPROM emulation) (1)

0 - 100 > 20 years > 20 years

1,000 - > 20 years

10,000 - 10 years

100,000 - 1 year

1. Two 64Kbyte Flash Sectors may be typically used to emulate up to 4, 8 or 16Kbyte of EEPROM. Therefore, in case of an
emulation of a 16Kbyte 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 document
(AN2061 - “EEPROM Emulation with ST10F2xx”). Contact your local field service, local sales person or STMicroelectronics 
representative to get copy of such a guideline document.

Table 67. A/D converter characteristics

Parameter Symbol
Limit Values

Unit Test Condition
min. max.

Analog Reference voltage 1) VAREF SR 4.5 VDD V

Analog Ground voltage VAGND SR VSS VSS + 0.2 V

Analog Input voltage 2) VAIN SR VAGND VAREF V

Reference supply current IAREF CC
–
–

5
1

mA
μA

Running mode 3)

Power Down mode

Sample time tS CC 1 – μs 4)

Conversion time tC CC 3 – μs 5)

Differential Non Linearity 6) DNL CC –1 +1 LSB No overload

Integral Non Linearity 6) INL CC –1.5 +1.5 LSB No overload

Offset Error 6) OFS CC –1.5 +1.5 LSB No overload

Total unadjusted error 6) TUE CC
–2.0

–5.0
–7.0

+2.0

+5.0
+7.0 

LSB 
Port5

Port1 - No overload 3)

Port1 - Overload 3)

Coupling Factor between inputs 3) 7) K CC – 10–6 – On both Port5 and Port1

Input Pin Capacitance 3) 8)

CP1 CC – 3 pF

CP2 CC –
4
6

pF
Port5
Port1

Sampling Capacitance 3) 8) CS CC – 3.5 pF
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1. VAREF can be tied to ground when A/D Converter is not in use: an extra consumption (around 200μA) on
main VDD is added due to internal analogue circuitry not completely turned off: so, it is suggested to
maintain the VAREF at VDD level even when not in use, and eventually switch off the A/D Converter circuitry
setting bit ADOFF in ADCON register.

2. VAIN may exceed VAGND or VAREF up to the absolute maximum ratings. However, the conversion result in
these cases will be 0x000H or 0x3FFH, respectively.

3. Not 100% tested, guaranteed by design characterization.

4. During the sample time the input capacitance CAIN can be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach its final voltage level within tS.
After the end of the sample time tS, changes of the analog input voltage have no effect on the conversion
result.
Values for the sample clock tS depends on programming and can be taken from Table 68: A/D converter
programming.

5. This parameter includes the sample time tS, the time for determining the digital result and the time to load
the result register with the conversion result. Values for the conversion clock tCC depend on programming
and can be taken from next Table 68.

6. DNL, INL, OFS and TUE are tested at VAREF = 5.0 V, VAGND = 0V, VDD = 5.0 V. It is guaranteed by design
characterization for all other voltages within the defined voltage range.
‘LSB’ has a value of VAREF/1024.
For Port5 channels, the specified TUE (± 2LSB) is guaranteed also with an overload condition (see IOV
specification) occurring on maximum 2 not selected analog input pins of Port5 and the absolute sum of
input overload currents on all Port5 analog input pins does not exceed 10 mA.
For Port1 channels, the specified TUE is guaranteed when no overload condition is applied to Port1 pins:
when an overload condition occurs on maximum 2 not selected analog input pins of Port1 and the input
positive overload current on all analog input pins does not exceed 10 mA (either dynamic or static
injection), the specified TUE is degraded (± 7LSB). To get the same accuracy, the negative injection
current on Port1 pins shall not exceed -1mA in case of both dynamic and static injection.

7. The coupling factor is measured on a channel while an overload condition occurs on the adjacent not
selected channels with the overload current within the different specified ranges (for both positive and
negative injection current).

8. Refer to scheme reported in Figure 39.

24.7.1 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 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 
VAREF 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 ST10F272 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 adjusting the A/D converter of the 
ST10F272 to the properties of the system:

Analog Switch Resistance 3) 8)
RSW CC

–
–

600
1600

W
Port5
Port1

RAD CC – 1300 W

Table 67. A/D converter characteristics

Parameter Symbol
Limit Values

Unit Test Condition
min. max.
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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. Table 68 lists the possible 
combinations. The timings refer to the unit TCL, where fCPU = 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.

         

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 40MHz CPU frequency corresponds to 4.85μs (see 
ST10F269).

24.7.2 A/D conversion accuracy

The A/D Converter compares the analog voltage sampled on the selected analog input 
channel to its analog reference voltage (VAREF) 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:

● Offset error (OFS)

● Gain Error (GE)

● Quantization error

● Non-Linearity error (Differential and Integral)

Table 68. A/D converter 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 * 772

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 TCL * 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 * 1120 TCL * 164 TCL * 2884
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These four error quantities are explained below using Figure 38. 

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 38, 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 38, OFS + GE). 

Quantization error

Quantization error is the intrinsic error of the A/D converter and is expressed as 1/2 LSB.

Non-linearity error

Non-Linearity error is the deviation between actual and the best-fitting A/D conversion 
characteristics (see Figure 38): 

● Differential Non-Linearity error is the actual step dimension versus the ideal one (1
LSBIDEAL).

● Integral Non-Linearity error is the distance between 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.

Note: Bisector characteristic is obtained drawing a line from 1/2 LSB before the first step of the 
real characteristic, and 1/2 LSB after the last step again of the real characteristic.

24.7.3 Total unadjusted error

The Total Unadjusted Error specifies the maximum deviation from the ideal characteristic: 
the number provided in the Data Sheet represents the maximum error with respect to the 
entire characteristic. It is a combination of the Offset, Gain and Integral Linearity errors. The 
different errors may compensate each other depending on the relative sign of the Offset and 
Gain errors. Refer to Figure 38, see TUE. 
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Figure 38. A/D conversion characteristic

24.7.4 Analog reference pins

The accuracy of the A/D converter depends on how accurate is its analog reference: a noise 
in the reference results in at least that much error in a conversion. A low pass filter on the 
A/D converter reference source (supplied through pins VAREF and VAGND), is recommended 
in order to clean the signal, minimizing the noise. A simple capacitive bypassing may be 
sufficient in most of the cases; in presence of high RF noise energy, inductors or ferrite 
beads may be necessary. 

In this architecture, VAREF and VAGND 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 VAREF 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; 
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besides, it sources charge during the sampling phase, when the analog signal source is a 
high-impedance source. 

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 39. A/D converter input pins scheme

Input Leakage and external circuit

The series resistor utilized to limit the current to a pin (see RL in Figure 39), in combination 
with a large source impedance can lead to a degradation of A/D converter accuracy when 
input leakage is present. 

Data about maximum input leakage current at each pin are provided in the Data Sheet (see 
Section 24: Electrical characteristics). 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 VAREF = 5V), 
an input leakage of 100nA acting though an RL = 50kΩ of external resistance leads to an 
error of exactly one count (5mV); if the resistance were 100kΩ 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 CS 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 250kHz, with CS equal to 4pF, a resistance of 1MΩ is 
obtained (REQ = 1 / fCCS, where fC 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 CS) and the sum of RS + RF + RL + RSW + RAD, the external circuit 
must be designed to respect the following relation:

Equation 1

The formula above provides a constraints for external network design, in particular on 
resistive path.

A second aspect involving the capacitance network shall be considered. Assuming the three 
capacitances CF, CP1 and CP2 initially charged at the source voltage VA (refer to the 
equivalent circuit reported in Figure 39), when the sampling phase is started (A/D switch 
close), a charge sharing phenomena is installed. 

Figure 40. Charge sharing timing diagram during sampling phase

In particular two different transient periods can be distinguished (see Figure 40):

● A first and quick charge transfer from the internal capacitance CP1 and CP2 to the
sampling capacitance CS occurs (CS is supposed initially completely discharged):
considering a worst case (since the time constant in reality would be faster) in which
CP2 is reported in parallel to CP1 (call CP = CP1 + CP2), the two capacitance CP and CS
are in series, and the time constant is:

Equation 2

● This relation can again be simplified considering only CS 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 TS is always much
longer than the internal time constant:

Equation 3

VA

RS RF RL RSW RAD+ + + +

REQ
------------------------------------------------------------------------------⋅ 1

2
--- LSB<

τ1 RSW RAD+( )=
CP CS⋅

CP CS+
-----------------------⋅

τ1 RSW RAD+( )< CS TS< <⋅  
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The charge of CP1 and CP2 is redistributed also on CS, determining a new value of the 
voltage VA1 on the capacitance according to the following equation: 

Equation 4

● A second charge transfer involves also CF (that is typically bigger than the on-chip
capacitance) through the resistance RL: again considering the worst case in which CP2
and CS were in parallel to CP1 (since the time constant in reality would be faster), the
time constant is:

Equation 5

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 TS, a constraints on RL sizing is 
obtained:

Equation 6

Of course, RL shall be sized also according to the current limitation constraints, in 
combination with RS (source impedance) and RF (filter resistance). Being CF definitively 
bigger than CP1, CP2 and CS, then the final voltage VA2 (at the end of the charge transfer 
transient) will be much higher than VA1. The following equation must be respected (charge 
balance assuming now CS already charged at VA1):

Equation 7

The two transients above are not influenced by the voltage source that, due to the presence 
of the RFCF filter, is not able to provide the extra charge to compensate the voltage drop on 
CS with respect to the ideal source VA; the time constant RFCF of the filter is very high with 
respect to the sampling time (TS). The filter is typically designed to act as anti-aliasing (see 
Figure 41).

Calling f0 the bandwidth of the source signal (and as a consequence the cut-off frequency of 
the anti-aliasing filter, fF), according to Nyquist theorem the conversion rate fC must be at 
least 2f0; it means that the constant time of the filter is greater than or at least equal to twice 
the conversion period (TC). Again the conversion period TC is longer than the sampling time 
TS, which is just a portion of it, even when fixed channel continuous conversion mode is 
selected (fastest conversion rate at a specific channel): in conclusion it is evident that the 
time constant of the filter RFCF is definitively much higher than the sampling time TS, so the 
charge level on CS cannot be modified by the analog signal source during the time in which 
the sampling switch is closed.

VA1 CS CP1 CP2+ +( )⋅ VA CP1 CP2+( )⋅=

τ2 RL< CS CP1 CP2+ +( )⋅

10 τ2⋅ 10 R⋅ L= CS CP1 CP2+ +( ) TS≤⋅

VA2 CS CP1 CP2 CF+ + +( )⋅ VA CF⋅ VA1+ CP1 CP2+ CS+( )⋅=
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Figure 41. Anti-aliasing filter and conversion rate

The considerations above lead to impose new constraints to the external circuit, to reduce 
the accuracy error due to the voltage drop on CS; from the two charge balance equations 
above, it is simple to derive the following relation between the ideal and real sampled 
voltage on CS:

Equation 8

From this formula, in the worst case (when VA is maximum, that is for instance 5V), 
assuming to accept a maximum error of half a count (~2.44mV), it is immediately evident a 
constraints on CF value:

Equation 9

In the next section an example of how to design the external network is provided, assuming 
some reasonable values for the internal parameters and making hypothesis on the 
characteristics of the analog signal to be sampled. 

VA
VA2
-----------

CP1 CP2+ CF+

CP1 CP2+ CF CS+ +
------------------------------------------------------------=

CF 2048 CS⋅>
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Example of external network sizing

The following hypothesis are formulated in order to proceed in designing the external 
network on A/D Converter input pins:

● Analog Signal Source Bandwidth (f0):10kHz

● conversion Rate (fC):25kHz

● Sampling Time (TS):1μs

● Pin Input Capacitance (CP1):5pF

● Pin Input Routing Capacitance (CP2):1pF

● Sampling Capacitance (CS):4pF

● Maximum Input Current Injection (IINJ):3mA

● Maximum Analog Source Voltage (VAM):12V

● Analog Source Impedance (RS):100Ω
● Channel Switch Resistance (RSW):500Ω
● Sampling Switch Resistance (RAD):200Ω

1. Supposing to design the filter with the pole exactly at the maximum frequency of the
signal, the time constant of the filter is:

Equation 10 

2. Using the relation between CF and CS and taking some margin (4000 instead of 2048),
it is possible to define CF:

Equation 11

3. As a consequence of step 1 and 2, RC can be chosen:

Equation 12

4. Considering the current injection limitation and supposing that the source can go up to
12V, the total series resistance can be defined as:

Equation 13

from which is now simple to define the value of RL:

RCCF
1

2πf0
------------ 15.9μs==

CF 4000 CS⋅ 16nF==

RF
1

2πf0CF
--------------------- 995Ω 1kΩ≅==

RS RF RL

VAM
IINJ
------------- 4kΩ==+ +
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Equation 14

5. Now the three element of the external circuit RF, CF and RL are defined. Some
conditions discussed in the previous paragraphs have been used to size the
component, the other must now be verified. The relation which allow to minimize the
accuracy error introduced by the switched capacitance equivalent resistance is in this
case:

Equation 15

So the error due to the voltage partitioning between the real resistive path and CS is less 
then half a count (considering the worst case when VA = 5V):

Equation 16

The other conditions to be verified is the time constants of the transients are really and 
significantly shorter than the sampling period duration TS:

Equation 17

For complete set of parameters characterizing the ST10F272 A/D Converter equivalent 
circuit, refer to Section 24.7: A/D converter characteristics.

RL

VAM
IINJ
------------- RF RS 2.9kΩ=––=

REQ
1

fCCS
--------------- 10MΩ==

VA

RS RF RL RSW RAD+ + + +

REQ
--------------------------------------------------------------------------- 2.35mV=⋅ 1

2
---LSB<

τ1 RSW RAD+( )= CS 2.8ns=⋅ << TS = 1μs

10 τ2⋅ 10 R⋅ L= CS CP1 CP2+ +( ) 290ns=⋅ < TS = 1μs
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24.8 AC characteristics

24.8.1 Test waveforms

Figure 42. Input / output waveforms

Note: 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 VIH min. for a logic ‘1’ and VIL max for a logic ‘0’.

Figure 43. Float waveforms

Note: For timing purposes a port pin is no longer floating when VLOAD changes of ±100mV.

It begins to float when a 100mV change from the loaded VOH/VOL level occurs (IOH/IOL = 
20mA).

24.8.2 Definition of internal timing

The internal operation of the ST10F272 is controlled by the internal CPU clock fCPU. Both 
edges of 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 fCPU. 

This influence must be regarded when calculating the timings for the ST10F272.

The example for PLL operation shown in Figure 44 refers to a PLL factor of 4.
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The mechanism used to generate the CPU clock is selected during reset by the logic levels 
on pins P0.15-13 (P0H.7-5).

Figure 44. Generation mechanisms for the CPU clock

24.8.3 Clock generation modes

Table 69 associates the combinations of these three bits with the respective clock generation 
mode.

          

1. The external clock input range refers to a CPU clock range of 1...64 MHz. Besides, the PLL usage is limited 
to 4-8MHz. 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 64MHz is used, 50% duty cycle
shall be granted (low phase = high phase = 7.8ns); when 32MHz is selected a 25% duty cycle can be

Table 69. On-chip clock generator selections

P0.15-13

(P0H.7-5)

CPU Frequency

fCPU = fXTAL x F
External Clock Input 

Range 1) 3) Notes

1 1 1 FXTAL x 4 4 to 8MHz Default configuration

1 1 0 FXTAL x 3 5.3 to 8MHz

1 0 1 FXTAL x 8 4 to 8MHz

1 0 0 FXTAL x 5 6.4 to 8MHz

0 1 1 FXTAL x 1 1 to 64MHz
Direct Drive (oscillator 
bypassed) 2)

0 1 0 FXTAL x 10 4 to 6.4MHz

0 0 1 FXTAL / 2 4 to 8MHz CPU clock via prescaler 3)

0 0 0 FXTAL x 16 4MHz
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accepted (minimum phase, high or low, again equal to 7.8ns).

3. The limits on input frequency are 4-8MHz since the usage of the internal oscillator amplifier is required.
Also when the PLL is not used and the CPU clock corresponds to FXTAL/2, an external crystal or resonator 
shall be used: it is not possible to force any clock though an external clock source.



Electrical characteristics ST10F272B/ST10F272E

154/188 Doc ID 11917 Rev 5

24.8.4 Prescaler operation

When pins P0.15-13 (P0H.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 fCPU is half the frequency of fXTAL and the high and low time of fCPU (i.e. 
the duration of an individual TCL) is defined by the period of the input clock fXTAL.

The timings listed in the AC Characteristics that refer to TCL therefore can be calculated 
using the period of fXTAL 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.

24.8.5 Direct drive

When pins P0.15-13 (P0H.7-5) equal ’011’ during reset the on-chip phase locked loop is 
disabled, the on-chip oscillator amplifier is bypassed and the CPU clock is directly driven by 
the input clock signal on XTAL1 pin.

The frequency of CPU clock (fCPU) directly follows the frequency of fXTAL so the high and 
low time of fCPU (i.e. 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 to the minimum TCL. This minimum value 
can be calculated by the following formula:

Equation 18

For two consecutive TCLs, the deviation caused by the duty cycle of fXTAL is compensated, 
so the duration of 2TCL is always 1/fXTAL. 

The minimum value TCLmin 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:

Equation 19

The address float timings in Multiplexed bus mode (t11 and t45) use the maximum duration 
of TCL (TCLmax = 1/fXTAL x DCmax) instead of TCLmin.
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.

24.8.6 Oscillator watchdog (OWD)

An on-chip watchdog oscillator is implemented in the ST10F272. 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.

TCLmin 1 f⁄ XTALlxlDCmin=

DC duty cycle=

2TCL 1 fXTAL⁄=
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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 
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.

24.8.7 Phase Locked Loop (PLL)

For all other combinations of pins P0.15-13 (P0H.7-5) during reset the on-chip phase locked 
loop is enabled and it provides the CPU clock (see Table 69). The PLL multiplies the input 
frequency by the factor F which is selected via the combination of pins P0.15-13 (fCPU = 
fXTAL x F). With every F’th transition of fXTAL the PLL circuit synchronizes the CPU clock to 
the input clock. This synchronization is done smoothly, so the CPU clock frequency does not 
change abruptly.

Due to this adaptation to the input clock the frequency of fCPU is constantly adjusted so it is 
locked to fXTAL. The slight variation causes a jitter of fCPU which also effects the duration of 
individual TCLs.

The timings listed in the AC Characteristics that refer to TCLs therefore must be calculated 
using the minimum TCL that is possible under the respective circumstances.

The real minimum value for TCL depends on the jitter of the PLL. The PLL tunes fCPU to 
keep it locked on fXTAL. The relative deviation of TCL is the maximum when it is referred to 
one TCL period. 

This is especially important for bus cycles using wait states and e.g. for the operation of 
timers, serial interfaces, etc. For all slower operations and longer periods (e.g. pulse train 
generation or measurement, lower Baud rates, etc.) the deviation caused by the PLL jitter is 
negligible. Refer to next Section 24.8.9: PLL Jitter for more details.

24.8.8 Voltage Controlled Oscillator

The ST10F272 implements a PLL which combines different levels of frequency dividers with 
a Voltage Controlled Oscillator (VCO) working as frequency multiplier. In Table 70, a 
detailed summary of the internal settings and VCO frequency is reported.



Electrical characteristics ST10F272B/ST10F272E

156/188 Doc ID 11917 Rev 5

         

The PLL input frequency range is limited to 1 to 3.5MHz, while the VCO oscillation range is 
64 to 128MHz. The CPU clock frequency range when PLL is used is 16 to 64MHz.

Example 1

● FXTAL = 4MHz

● P0(15:13) = ‘110’ (Multiplication by 3)

● PLL Input Frequency = 1MHz

● VCO frequency = 48MHz

● PLL Output Frequency = 12MHz
(VCO frequency divided by 4)

● FCPU = 12MHz (no effect of Output Prescaler)

Example 2

● FXTAL = 8MHz

● P0(15:13) = ‘100’ (Multiplication by 5)

● PLL Input Frequency = 2MHz

● VCO frequency = 80MHz

● PLL Output Frequency = 40MHz (VCO frequency divided by 2)

● FCPU = 40MHz (no effect of Output Prescaler)

24.8.9 PLL Jitter

The following terminology is hereafter defined:

● Self referred single period jitter
Also called “Period Jitter”, it can be defined as the difference of the Tmax and Tmin,
where Tmax is maximum time period of the PLL output clock and Tmin is the minimum
time period of the PLL output clock.

● Self referred long term jitter
Also called “N period jitter”, it can be defined as the difference of Tmax and Tmin, where
Tmax is the maximum time difference between N+1 clock rising edges and Tmin is the
minimum time difference between N+1 clock rising edges. Here N should be kept

Table 70. Internal PLL divider mechanism

P0.15-13
(P0H.7-5)

XTAL 
Frequency

Input 
Prescaler

PLL Output 
Prescaler

CPU Frequency 
fCPU = fXTAL x FMultiply by Divide by

1 1 1 4 to 8MHz FXTAL / 4 64 4 – FXTAL x 4

1 1 0 5.3 to 10.6MHz 1) FXTAL / 4 48 4 – FXTAL x 3

1 0 1 4 to 8MHz FXTAL / 4 64 2 – FXTAL x 8

1 0 0 6.4 to 12MHz 1) FXTAL / 4 40 2 – FXTAL x 5

0 1 1 1 to 64MHz – PLL bypassed – FXTAL x 1

0 1 0 4 to 6.4MHz FXTAL / 2 40 2 – FXTAL x 10

0 0 1 4 to 12MHz 1) – PLL bypassed FPLL / 2 FXTAL / 2

0 0 0 4MHz FXTAL / 2 64 2 – FXTAL x 16
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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:

● Jitter in the input clock

● Noise in the PLL loop.

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 wider is the 
loop bandwidth, the lower is the jitter due to noise in the loop. Besides, the long term jitter is 
practically independent on the multiplication factor.

The most noise sensitive circuit in the PLL circuit is definitively the VCO (Voltage Controlled 
Oscillator). There are two main sources of noise: thermal (random noise, frequency 
independent so practically white noise) and flicker (low frequency noise, 1/f). For the 
frequency characteristics of the VCO circuitry, the effect of the thermal noise results in a 1/f2 
region in the output noise spectrum, while the flicker noise in a 1/f3. Assuming a noiseless 
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 the square root of N, where N is the number of clock 
periods within the considered time interval.
On the contrary, assuming again a noiseless PLL input and supposing that the VCO is 
dominated by its 1/f3 noise, the R.M.S. value of the accumulated jitter is proportional to N, 
where N is the number of clock periods within the considered time interval.

The jitter in the PLL loop can be modelized as dominated by the i1/f2 noise for N smaller 
than a certain value depending on the PLL output frequency and on the bandwidth 
characteristics of loop. Above this first value, the jitter becomes dominated by the i1/f3 noise 
component. Lastly, for N greater than a second value of N, a saturation effect is evident, so 
the jitter does not grow anymore when considering a longer time interval (jitter stable 
increasing the number of clock periods N). The PLL loop acts as a high pass filter for any 
noise in the loop, with cutoff frequency equal to the bandwidth of the PLL. The saturation 
value corresponds to what has been called self referred long term jitter of the PLL. In 
Figure 45 the maximum jitter trend versus the number of clock periods N (for some typical 
CPU frequencies) is reported: 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 on 
multiplication factor. Its effects is strongly reduced thanks to particular care used in the 
physical implementation and integration of the PLL module inside the device. Anyhow, the 
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contribution of the digital noise to the global jitter is widely taken into account in the curves 
provided in Figure 45.

Figure 45. ST10F272 PLL jitter

24.8.10 PLL lock / unlock

During normal operation, if the PLL gets unlocked for any reason, an interrupt request to the 
CPU is generated, and the reference clock (oscillator) is automatically disconnected from 
the PLL input: in this way, the PLL goes into free-running mode, providing the system with a 
backup clock signal (free running frequency Ffree). This feature allows to recover from a 
crystal failure occurrence without risking to go in an undefined configuration: the system is 
provided with a clock allowing the execution of the PLL unlock interrupt routine in a safe 
mode.

The path between reference 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 external RC circuit on RSTIN pin shall be properly sized in order to extend the duration 
of the low pulse to grant the PLL gets locked before the level at RSTIN pin is recognized 
high: bidirectional reset internally drives RSTIN pin low for just 1024 TCL (definitively not 
sufficient to get the PLL locked starting from free-running mode).
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1. Not 100% tested, guaranteed by design characterization.

24.8.11 Main oscillator specifications

VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C

          

1. Not 100% tested, guaranteed by design characterization.

Figure 46. Crystal oscillator and resonator connection diagram

Table 71. PLL characteristics (VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C)

Symbol Parameter  Conditions
Value

Unit
min. max.

TPSUP PLL Start-up time 1) Stable VDD and reference clock – 300 μs

TLOCK PLL Lock-in time
Stable VDD and reference clock, 
starting from free-running mode

– 250 μs

TJIT
Single Period Jitter 1)

(cycle to cycle = 2 TCL) 
6 sigma time period variation 
(peak to peak)

–500 +500 ps

Ffree PLL free running frequency
Multiplication Factors: 3, 4
Multiplication Factors: 5, 8, 10, 16

250
500

2000
4000

kHz

Table 72. Main oscillator characteristics

Symbol Parameter  Conditions
Value

Unit
min. typ. max.

gm
Oscillator 
Transconductance

1.4 2.6 4.2 mA/V

VOSC Oscillation Amplitude 1) Peak to Peak – 1.5 – V

VAV Oscillation Voltage level 1) Sine wave middle – 0.8 – V

tSTUP Oscillator Start-up Time 1)
Stable VDD - Crystal – 6 10 ms

Stable VDD - Resonator – 1 2 ms
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The given values of CA 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 (C0) and the package capacitance 
between XTAL1 and XTAL2 pins is globally assumed equal to 10pF.

The external resistance between XTAL1 and XTAL2 is not necessary, since already present 
on the silicon.

24.8.12 32 kHz oscillator specifications

VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C

         

1. At power-on a high current biasing is applied for faster oscillation start-up. Once the oscillation is started,
the current biasing is reduced to lower the power consumption of the system.

2. Not 100% tested, guaranteed by design characterization.

Table 73. Main oscillator negative resistance (module)

CA = 15pF CA = 25pF CA = 35pF

min. typ. max. min. typ. max. min. typ. max.

4 MHz 545 Ω 1035 Ω – 550 Ω 1050 Ω – 430 Ω 850 Ω –

8 MHz 240 Ω 450 Ω – 170 Ω 350 Ω – 120 Ω 250 Ω –

Table 74. 32kHz oscillator characteristics

Symbol Parameter  Conditions
Value

Unit
min. typ. max.

gm32 Oscillator Transconductance 1)
Start-up 20 31 50 μA/V

Normal run 8 17 30 μA/V

VOSC32 Oscillation Amplitude 2) Peak to Peak 0.5 1.0 2.4 V

VAV32 Oscillation Voltage level 2) Sine wave middle 0.7 0.9 1.2 V

tSTUP32 Oscillator Start-up Time 2) Stable VDD – 1 5 s
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Figure 47. 32kHz crystal oscillator connection diagram

          

The given values of CA 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 (C0) and the package capacitance 
between XTAL3 and XTAL4 pins is globally assumed equal to 4pF. The external resistance 
between XTAL3 and XTAL4 is not necessary, since already present on the silicon.

Warning: Direct driving on XTAL3 pin is not supported. Always use a 
32kHz crystal oscillator.

24.8.13 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 64MHz.

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 75. Minimum values of negative resistance (module) for 32kHz oscillator

CA = 6pF CA = 12pF CA = 15pF CA = 18pF CA = 22pF CA = 27pF CA = 33pF

32kHz - - - - 150 kΩ 120 kΩ 90 kW
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1. The minimum value for the XTAL1 signal period shall be considered as the theoretical minimum. The real
minimum value depends on the duty cycle of the input clock signal.

2. 4-8 MHz is the input frequency range when using an external clock source. 64 MHz can be applied with an
external clock source only when Direct Drive mode is selected: in this case, the oscillator amplifier is
bypassed so it does not limit the input frequency.

3. The input clock signal must reach the defined levels VIL2 and VIH2.

Figure 48. External clock drive XTAL1

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 64MHz is 
used, 50% duty cycle shall be granted (low phase = high phase = 7.8ns); when for instance 
32MHz is used, a 25% duty cycle can be accepted (minimum phase, high or low, again 
equal to 7.8ns).

24.8.14 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. Table 77 describes, 
how these variables are to be computed.

          

Table 76. External clock drive

Parameter Symbol

Direct drive 
fCPU = fXTAL

Direct drive with 
prescaler

fCPU = fXTAL / 2

PLL usage
fCPU = fXTAL x F Unit

min. max. min. max. min. max.

XTAL1 period 1, 2 tOSC SR 15.625 – 83.3 250 83.3 250 ns

High time 3 t1 SR 6 – 3 – 6 – ns

Low time  3 t2 SR 6 – 3 – 6 – ns

Rise time 3 t3 SR – 2 – 2 – 2 ns

Fall time 3 t4 SR – 2 – 2 – 2 ns

Table 77. 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 tF 2TCL x (1 - [MTTC])
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24.8.15 External memory bus timing 

The following sections include the External Memory Bus timings. The given values are 
computed for a maximum CPU clock of 40MHz.

Obviously, when higher CPU clock frequency is used (up to 64MHz), some numbers in the 
timing formulas become zero or negative which, in most cases is not acceptable or not 
meaningless at all. In these cases, it is necessary to relax the speed of the bus setting 
properly tA, tC and tF.

Note: All External Memory Bus Timings and SSC Timings reported in the following tables are 
granted by Design Characterization and not fully tested in production.
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24.8.16 Multiplexed bus

VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C, CL = 50pF, 
ALE cycle time = 6 TCL + 2tA + tC + tF (75ns at 40MHz CPU clock without wait states)

Table 78. Multiplexed bus timings

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.

t5 CC ALE high time 4 + tA – TCL – 8.5 + tA – ns

t6 CC Address setup to ALE 1.5 + tA – TCL – 11 + tA – ns

t7 CC Address hold after ALE 4 + tA – TCL – 8.5 + tA – ns

t8 CC
ALE falling edge to RD, WR 
(with RW-delay)

4 + tA – TCL – 8.5 + tA – ns

t9 CC
ALE falling edge to RD, WR 
(no RW-delay)

– 8.5 + tA – – 8.5 + tA – ns

t10 CC
Address float after RD, WR 
(with RW-delay)1

– 6 – 6 ns

t11 CC
Address float after RD, WR 
(no RW-delay)1

– 18.5 – TCL + 6 ns

t12 CC
RD, WR low time
(with RW-delay)

15.5 + tC – 2TCL – 9.5 + tC – ns

t13 CC
RD, WR low time
 (no RW-delay)

28 + tC – 3TCL – 9.5 + tC – ns

t14 SR
RD to valid data in
 (with RW-delay)

– 6 + tC – 2TCL – 19 + tC ns

t15 SR
RD to valid data in
 (no RW-delay)

– 18.5 + tC – 3TCL – 19 + tC ns

t16 SR ALE low to valid data in –
17.5 +

+ tA + tC
–

3TCL – 20 +
+ tA + tC

ns

t17 SR
Address/Unlatched CS to valid 
data in

–
20 + 2tA + 

+ tC
–

4TCL – 30 +
+ 2tA + tC

ns

t18 SR
Data hold after RD
rising edge

0 – 0 – ns

t19 SR Data float after RD1 – 16.5 + tF – 2TCL – 8.5 + tF ns

t22 CC Data valid to WR 10 + tC – 2TCL – 15 + tC – ns

t23 CC Data hold after WR 4 + tF – 2TCL – 8.5 + tF – ns

t25 CC ALE rising edge after RD, WR 15 + tF – 2TCL – 10 + tF – ns

t27 CC
Address/Unlatched CS hold 
after RD, WR

10 + tF – 2TCL – 15 + tF – ns

t38 CC ALE falling edge to Latched CS – 4 – tA 10 – tA – 4 – tA 10 – tA ns
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t39 SR
Latched CS low to Valid Data 
In

–
16.5 + tC + 

+ 2tA
–

3TCL – 21 +
+ tC + 2tA

ns

t40 CC Latched CS hold after RD, WR 27 + tF – 3TCL – 10.5 + tF – ns

t42 CC
ALE fall. edge to RdCS, WrCS 
(with RW delay)

7 + tA – TCL – 5.5 + tA – ns

t43 CC
ALE fall. edge to RdCS, WrCS 
(no RW delay)

– 5.5 + tA – – 5.5 + tA – ns

t44 CC
Address float after RdCS, 
WrCS (with RW delay)1

– 1.5 – 1.5 ns

t45 CC
Address float after RdCS, 
WrCS (no RW delay)1

– 14 – TCL + 1.5 ns

t46 SR
RdCS to Valid Data In
(with RW delay)

– 4 + tC – 2TCL – 21 + tC ns

t47 SR
RdCS to Valid Data In
(no RW delay)

– 16.5 + tC – 3TCL – 21 + tC ns

t48 CC
RdCS, WrCS Low Time
(with RW delay)

15.5 + tC – 2TCL – 9.5 + tC – ns

t49 CC
RdCS, WrCS Low Time
(no RW delay)

28 + tC – 3TCL – 9.5 + tC – ns

t50 CC Data valid to WrCS 10 + tC – 2TCL – 15 + tC – ns

t51 SR Data hold after RdCS 0 – 0 – ns

t52 SR Data float after RdCS1 – 16.5 + tF – 2TCL – 8.5 + tF ns

t54 CC
Address hold after
RdCS, WrCS

6 + tF – 2TCL – 19 + tF – ns

t56 CC Data hold after WrCS 6 + tF – 2TCL – 19 + tF – ns

Table 78. Multiplexed bus timings (continued)

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.
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Figure 49. External memory cycle: Multiplexed bus, with/without read/write delay, normal ALE
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Figure 50. External memory cycle: Multiplexed bus, with/without read/write delay, extended ALE
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Figure 51. External memory cycle: Multiplexed bus, with/without r/w delay, normal ALE, r/w CS
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Figure 52. External memory cycle: Multiplexed bus, with/without r/w delay, extended ALE, r/w 
CS
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24.8.17 Demultiplexed bus

VDD = 5V ± 10%, VSS = 0V, TA = –40 to +125°C, CL = 50pF, 
ALE cycle time = 4 TCL + 2tA + tC + tF (50ns at 40MHz CPU clock without wait states).

         

Table 79. Demultiplexed bus timings

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.

t5 CC ALE high time 4 + tA – TCL – 8.5 + tA – ns

t6 CC Address setup to ALE 1.5 + tA – TCL – 11 + tA – ns

t80 CC
Address/Unlatched CS setup 
to RD, WR 
(with RW-delay)

12.5 + 2tA –
2TCL – 12.5 + 

+ 2tA
– ns

t81 CC
Address/Unlatched CS setup 
to RD, WR 
(no RW-delay)

0.5 + 2tA – TCL – 12 + 2tA – ns

t12 CC
RD, WR low time
 (with RW-delay)

15.5 + tC – 2TCL – 9.5 + tC – ns

t13 CC
RD, WR low time
 (no RW-delay)

28 + tC – 3TCL – 9.5 + tC – ns

t14 SR
RD to valid data in
 (with RW-delay)

– 6 + tC – 2TCL – 19 + tC ns

t15 SR
RD to valid data in
 (no RW-delay)

– 18.5 + tC – 3TCL – 19 + tC ns

t16 SR ALE low to valid data in –
17.5 + tA + 

+ tC
–

3TCL – 20 + 
+ tA + tC

ns

t17 SR
Address/Unlatched CS to 
valid data in

–
20 + 2tA + 

+ tC
–

4TCL – 30 +
+ 2tA + tC

ns

t18 SR
Data hold after RD
rising edge

0 – 0 – ns

t20 SR
Data float after RD rising 
edge (with RW-delay)31 – 16.5 + tF –

2TCL – 8.5 +
+ tF + 2tA

ns

t21 SR
Data float after RD rising 
edge (no RW-delay) 1 – 4 + tF –

TCL – 8.5 +
+ tF + 2tA

ns

t22 CC Data valid to WR 10 + tC – 2TCL – 15 + tC – ns

t24 CC Data hold after WR 4 + tF – TCL – 8.5 + tF – ns

t26 CC
ALE rising edge after RD, 
WR

–10 + tF – –10 + tF – ns

t28 CC
Address/Unlatched CS hold 
after RD, WR 2

0 + tF – 0 + tF – ns

t28h CC
Address/Unlatched CS hold
after WRH 

– 5 + tF – – 5 + tF – ns



ST10F272B/ST10F272E Electrical characteristics

Doc ID 11917 Rev 5 171/188

1. RW-delay and tA refer to the next following bus cycle.

2. Read data are 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.

3. Partially tested, guaranteed by design characterization.

t38 CC
ALE falling edge to Latched 
CS

– 4 – tA 6 – tA – 4 – tA 6 – tA ns

t39 SR
Latched CS low to Valid Data 
In

–
16.5 +

+ tC + 2tA
–

3TCL – 21 +
+ tC + 2tA

ns

t41 CC
Latched CS hold after RD, 
WR

2 + tF – TCL – 10.5 + tF – ns

t82 CC
Address setup to RdCS, 
WrCS 
(with RW-delay)

14 + 2tA – 2TCL – 11 + 2tA – ns

t83 CC
Address setup to RdCS, 
WrCS 
(no RW-delay)

2 + 2tA – TCL –10.5 + 2tA – ns

t46 SR
RdCS to Valid Data In
(with RW-delay)

– 4 + tC – 2TCL – 21 + tC ns

t47 SR
RdCS to Valid Data In
(no RW-delay)

– 16.5 + tC – 3TCL – 21 + tC ns

t48 CC
RdCS, WrCS Low Time
(with RW-delay)

15.5 + tC – 2TCL – 9.5 + tC – ns

t49 CC
RdCS, WrCS Low Time
(no RW-delay)

28 + tC – 3TCL – 9.5 + tC – ns

t50 CC Data valid to WrCS 10 + tC – 2TCL – 15 + tC – ns

t51 SR Data hold after RdCS 0 – 0 – ns

t53 SR
Data float after RdCS
(with RW-delay)  3

– 16.5 + tF – 2TCL – 8.5 + tF ns

t68 SR
Data float after RdCS
(no RW-delay) 3

– 4 + tF – TCL – 8.5 + tF ns

t55 CC
Address hold after
RdCS, WrCS

– 8.5 + tF – – 8.5 + tF – ns

t57 CC Data hold after WrCS 2 + tF – TCL – 10.5 + tF – ns

Table 79. Demultiplexed bus timings (continued)

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.
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Figure 53. External memory cycle: Demultiplexed bus, with/without r/w delay, normal ALE
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Figure 54. Exteral memory cycle: Demultiplexed bus, with/without r/w delay, extended ALE
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Figure 55. External memory cycle: Demultipl. bus, with/without r/w delay, normal ALE, r/w CS
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Figure 56. External memory cycle: Demultiplexed bus, without r/w delay, extended ALE, r/w CS
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24.8.18 CLKOUT and READY

VDD = 5V ± 10%, VSS = 0V, TA = -40 to + 125°C, CL = 50pF

1. These timings are given for characterization purposes only, in order to assure recognition at a specific
clock edge.

2. Demultiplexed bus is the worst case. For multiplexed bus 2TCL are to be added to the maximum values.
This adds even more time for deactivating READY. 2tA and tC refer to the next following bus cycle, tF refers
to the current bus cycle.

Table 80. CLKOUT and READY timings

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.

t29 CC CLKOUT cycle time 25 25 2TCL 2TCL ns

t30 CC CLKOUT high time 9 – TCL – 3.5 – ns

t31 CC CLKOUT low time 10 – TCL – 2.5 – ns

t32 CC CLKOUT rise time – 4 – 4 ns

t33 CC CLKOUT fall time – 4 – 4 ns

t34 CC
CLKOUT rising edge to 
ALE falling edge

– 2 + tA 8 + tA – 2 + tA 8 + tA ns

t35 SR
Synchronous READY
setup time to CLKOUT

17 – 17 – ns

t36 SR
Synchronous READY
hold time after CLKOUT

2 – 2 – ns

t37 SR
Asynchronous READY
low time

35 – 2TCL + 10 – ns

t58 SR
Asynchronous READY
setup time   1

17 – 17 – ns

t59 SR
Asynchronous READY
hold time   1

2 – 2 – ns

t60 SR
Async. READY hold time after 
RD, WR high (Demultiplexed 
Bus) 2 

0 2tA + tC + tF 0 2tA + tC + tF
 ns
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Figure 57. CLKOUT and READY

1. Cycle as programmed, including MCTC wait states (Example shows 0 MCTC WS).

2. The leading edge of the respective command depends on RW-delay.

3. READY sampled HIGH at this sampling point generates a READY controlled wait state, READY sampled
LOW at this sampling point terminates the currently running bus cycle.

4. READY may be deactivated in response to the trailing (rising) edge of the corresponding command (RD or
WR).

5. If the Asynchronous READY signal does not fulfill the indicated setup and hold times with respect to
CLKOUT (e.g. because CLKOUT is not enabled), it must fulfill t37 in order to be safely synchronized. This is
guaranteed, if READY is removed in response to the command (see Note 4).

6. Multiplexed bus modes have a MUX wait state added after a bus cycle, and an additional MTTC wait state
may be inserted here.
For a multiplexed bus with MTTC wait state this delay is two CLKOUT cycles, for a demultiplexed bus
without MTTC wait state this delay is zero.

7. The next external bus cycle may start here.
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24.8.19 External bus arbitration

VDD = 5V ± 10%, VSS = 0V, TA = -40 to +125°C, CL = 50pF

          

1. Partially tested, guaranteed by design characterization.

Figure 58. External bus arbitration (releasing the bus)

1. The ST10F272 will complete the currently running bus cycle before granting bus access.

2. This is the first possibility for BREQ to become active.

3. The CS outputs will be resistive high (pull-up) after t64.

Table 81. External bus arbitration timings

Symbol Parameter

FCPU = 40 MHz
TCL = 12.5 ns

Variable CPU Clock
1/2 TCL = 1 to 64MHz

U
n

it

min. max. min. max.

t61 SR
HOLD input setup time
to CLKOUT

18.5 – 18.5 – ns

t62 CC
CLKOUT to HLDA high
or BREQ low delay

– 12.5 – 12.5 ns

t63 CC
CLKOUT to HLDA low
or BREQ high delay

– 12.5 – 12.5 ns

t64 CC CSx release 1) – 20 – 20 ns

t65 CC CSx drive – 4 15 – 4 15 ns

t66 CC Other signals release 1) – 20 – 20 ns

t67 CC Other signals drive – 4 15 – 4 15 ns
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Figure 59. External bus arbitration (regaining the bus)

1. This is the last chance for BREQ to trigger the indicated regain-sequence. Even if BREQ is activated
earlier, the regain-sequence is initiated by HOLD going high. Please note that HOLD may also be
deactivated without the ST10F272 requesting the bus.

2. The next ST10F272 driven bus cycle may start here.
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24.8.20 High-speed synchronous serial interface (SSC) timing

24.8.20.1 Master mode

VDD = 5V ±10%, VSS = 0V, TA = -40 to +125°C, CL = 50pF

         

Table 82. SSC master mode timings

Symbol Parameter

Max. Baudrate 6.6MBd
(1)@FCPU = 40MHz
(<SSCBR> = 0002h)

Variable Baudrate

(<SSCBR> = 0001h - 
FFFFh) Unit

min. max. min. max.

t300 CC SSC clock cycle time(2)) 150 150 8TCL 262144 TCL ns

t301 CC SSC clock high time 63 – t300 / 2 – 12 – ns

t302 CC SSC clock low time 63 – t300 / 2 – 12 – ns

t303 CC SSC clock rise time – 10 – 10 ns

t304 CC SSC clock fall time – 10 – 10 ns

t305 CC Write data valid after shift edge – 15 – 15 ns

t306 CC Write data hold after shift edge(3) – 2 – – 2 – ns

t307p SR
Read data setup time before latch 
edge, phase error detection on 
(SSCPEN = 1)

37.5 – 2TCL + 12.5 – ns

t308p SR
Read data hold time after latch 
edge, phase error detection on 
(SSCPEN = 1)

50 – 4TCL – ns

t307 SR
Read data setup time before latch 
edge, phase error detection off 
(SSCPEN = 0)

25 – 2TCL – ns

t308 SR
Read data hold time after latch 
edge, phase error detection off 
(SSCPEN = 0)

0 – 0 – ns

1. Maximum Baudrate is in reality 8Mbaud, that can be reached with 64MHz CPU clock and <SSCBR> set to ‘3h’, or with
48MHz CPU clock and <SSCBR> set to ‘2h’. When 40MHz CPU clock is used the maximum baudrate cannot be higher
than 6.6Mbaud (<SSCBR> = ‘2h’) due to the limited granularity of <SSCBR>. Value ‘1h’ for <SSCBR> can be used only
with CPU clock equal to (or lower than) 32MHz.

2. Formula for SSC Clock Cycle time: t300 = 4 TCL x (<SSCBR> + 1) Where <SSCBR> represents the content of the SSC
Baudrate register, taken as unsigned 16-bit integer. Minimum limit allowed for t300 is 125ns (corresponding to 8Mbaud).

3. Partially tested, guaranteed by design characterization.
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Figure 60. SSC master timing

1. The phase and polarity of shift and latch edge of SCLK is programmable. Figure 60 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).

2. The bit timing is repeated for all bits to be transmitted or received.

24.8.20.2 Slave mode

VDD = 5V ±10%, VSS = 0V, TA = -40 to +125°C, CL = 50pF

         

Table 83. SSC slave mode timings

Symbol Parameter

Max. Baudrate
6.6 MBd (1))

@FCPU = 40MHz
(<SSCBR> = 0002h)

Variable Baudrate
 (<SSCBR> = 0001h - 

FFFFh) Unit

min. max. min. max.

t310 SR SSC clock cycle time(2) 150 150 8TCL 262144 TCL ns

t311 SR SSC clock high time 63 – t310 / 2 – 12 – ns

t312 SR SSC clock low time 63 – t310 / 2 – 12 – ns

t313 SR SSC clock rise time – 10 – 10 ns

t314 SR SSC clock fall time – 10 – 10 ns

t315 CC Write data valid after shift edge – 55 – 2TCL + 30 ns

t316 CC Write data hold after shift edge 0 – 0 – ns

t317p SR
Read data setup time before latch 
edge, phase error detection on 
(SSCPEN = 1)

62 – 4TCL + 12 – ns

t318p SR
Read data hold time after latch 
edge, phase error detection on 
(SSCPEN = 1)

87 – 6TCL + 12 – ns
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Figure 61. SSC slave timing

1. The phase and polarity of shift and latch edge of SCLK is programmable. Figure 61 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).

2. The bit timing is repeated for all bits to be transmitted or received.

t317 SR
Read data setup time before latch 
edge, phase error detection off 
(SSCPEN = 0)

6 – 6 – ns

t318 SR
Read data hold time after latch 
edge, phase error detection off 
(SSCPEN = 0)

31 – 2TCL + 6 – ns

1. Maximum Baudrate is in reality 8Mbaud, that can be reached with 64MHz CPU clock and <SSCBR> set to ‘3h’, or with
48MHz CPU clock and <SSCBR> set to ‘2h’. When 40MHz CPU clock is used the maximum baudrate cannot be higher
than 6.6Mbaud (<SSCBR> = ‘2h’) due to the limited granularity of <SSCBR>. Value ‘1h’ for <SSCBR> may be used only
with CPU clock lower than 32MHz (after checking that resulting timings are suitable for the master).

2. Formula for SSC Clock Cycle time: t310 = 4 TCL * (<SSCBR> + 1)
Where <SSCBR> represents the content of the SSC Baudrate register, taken as unsigned 16-bit integer.
Minimum limit allowed for t310 is 125ns (corresponding to 8Mbaud).

Table 83. SSC slave mode timings (continued)

Symbol Parameter

Max. Baudrate
6.6 MBd (1))

@FCPU = 40MHz
(<SSCBR> = 0002h)

Variable Baudrate
 (<SSCBR> = 0001h - 

FFFFh) Unit

min. max. min. max.
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25 Package information

To meet environmental requirements, ST offers these devices in different grades of 
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK® 
specifications, grade definitions, and product status are available at www.st.com. 
ECOPACK® is an ST trademark.

http://www.st.com
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Figure 62. PQFP144 mechanical data and package dimension

PQFP144

DIM.
mm inch

MIN. TYP. MAX. MIN. TYP. MAX.

A 4.07 0.160

A1 0.25 0.010

A2 3.17 3.42 3.67 0.125 0.135 0.144

B 0.22 0.38 0.009 0.015

C 0.13 0.23 0.005 0.009

D 30.95 31.20 31.45 1.219 1.228 1.238

D1 27.90 28.00 28.10 1.098 1.102 1.106

D3 22.75 0.896

e 0.65 0.026

E 30.95 31.20 31.45 1.219 1.228 1.238

E1 27.90 28.00 28.10 1.098 1.102 1.106

E3 22.75 0.896

L 0.65 0.80 0.95 0.026 0.031 0.037

L1 1.60 0.063

K 0°(min.), 7°(max.)

A

A2
A1

B

C
36

37

72

73108
109

144

E
3

D3

E
1 E

D1

D

e

1

K

B

PQFP144

L

L1

Seating Plane

0.10mm

.004

OUTLINE AND
MECHANICAL DATA
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Figure 63. LQFP144 mechanical data and package dimension

OUTLINE AND
MECHANICAL DATA

DIM.
mm inch

MIN. TYP. MAX. MIN. TYP. MAX.

A 1.60 0.063

A1 0.05 0.15 0.002 0.006

A2 1.35 1.40 1.45 0.053 0.055 0.057

B 0.17 0.22 0.27 0.007 0.009 0.011

C 0.09 0.20 0.003 0.008

D 22.00 0.866

D1 20.00 0.787

D3 17.50 0.689

e 0.50 0.020

E 22.00 0.866

E1 20.00 0.787

E3 17.50 0.689

L 0.45 0.60 0.75 0.018 0.024 0.030

L1 1.00 0.0393

K 3.5˚ (min.), 7˚(max.)

LQFP144Q
(20x20x1.40mm)

0099183 B

Note 1: Exact shape of each corner is optional.
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26 Ordering information

         

Table 84. Order codes

Part number Package Packing
B/E 

Type
Temperature 

range (°C)
CPU frequency 

range (MHz)

F272-BAR-P
PQFP144

Tray
E -40 to +125°C 1 to 64

F272-BAR-P-TX Tape and reel

F272-BAR-T
LQFP144

Tray
B -40 to +125°C 1 to 40

F272-BAR-T-TX Tape and reel
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27 Revision history

         

Table 85. Document revision history

Date Revision Changes

02-November-2004 0.7 Initial release.

24-January-2005 0.8

Chapter 4: CAN1 and CAN2 note about register access possibility 
updated (Page 19).

Section 6.1: Decoding of P0L.5 = 1, P0L.4 = 0 description updated 
(Page 40).

Chapter 18: Introduction updated clarifying the behaviour of “cyclic 
time based interrupt” bullet (Page 147).

Chapter 18: Description of bit RTCAEN of RTCCON register 
updated (Page 149).

Chapter 18: Notes referring to RTCCON register description 
updated (Page 149).

Chapter 20: Some occurrences of EA corrected in EA.
Section 20.2: Note in “Power-On Reset” paragraph updated, 
adding a missing word (Page 157).
Chapter 23: Reset value of IDCHIP, IDMEM and IDPROG 
registers corrected (Pages 190 and 194).
Chapter 23: Name of all I2C registers corrected adding prefix “I2C” 
(Pages 201 - 202 and 204).
Section 24.5: Note numbering and content in DC Characteristics 
table updated (Pages 222 to 225).

29-August-2005 1
Updated document to support both ST10F272B and ST10F272E 
products.

20-Jul-2006 2
Updated Chapter 24: Electrical characteristics with final 
characteristics.

Initial release on www.st.com

12-Dec-2008 3

Added ECOPACK® information.

Replaced TQFP 144 with LQFP 144 throughout document.
Removed -40/+105 °C temperature range and 1-48 CPU 
frequency range from Table 63: Package characteristics.
Removed the following order codes from Table 84: F272-BAG5-T, 
F272-BAG5-T-TR, and F272-BAGE-T-TR.

01-Jun-2012 4
Update Table 84.

Reformatted entire document.

18-Sep-2013 5 Updated Disclaimer.
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Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
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