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Datasheet

DSI3 and PSI5 compatible absolute and relative pressure sensor

Features

. Pressure range: 40 kPa to 132.8 kPa absolute pressure range

. —40 °C to 125 °C operating temperature range

. DSI3 compatible
- Discovery mode support for physical location identification
- Command and response mode support for device configuration
- Periodic data collection mode support for sensor data transfers

- Background diagnostics mode support during periodic data collection
mode

. PSI5 version 2.1 compatible

- Compatible modes: P10P-500/3L, P10P-500/4H, A10P-228/1L,
P10CRC-xxx/xx, and many others

- Programmable time slots with 1 s resolution
- Selectable baud rate: 125 kBd or 189 kBd
- 10-bit data length for relative pressure
- Selectable error detection: even parity, or 3-bit CRC
- Two-wire programming mode
. Pressure transducer and DSP
- Redundant pressure transducers
- Capacitance to voltage converter with anti-aliasing filter
- Sigma delta ADC plus sinc filter
- 370 Hz, 2-pole low-pass filter for absolute pressure
- 0.16 Hz, 1-pole LPF for Pg value
- 10-bit AP/PO output
. Pb-free 16-pin QFN 4 mm x 4 mm x 1.98 mm package
. Developed following ISO 26262:2011 standard

Description

FXPS71407S is a DSI3 and PSI5 compatible pressure sensor.
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Ordering information

1 Ordering information

Table 1. Ordering information

Type number

I

EXPS71407ST1 HQFN16 H_QF.N16, plastic, thermal enhanced quad flat package; no leads; 16 terminals; 0.8 mm
pitch; 4 mm x 4 mm x 1.98 mm body

EXPS7140P7ST1 HQFN16 H'QF_N16, plastic, thermal enhanced quad flat package; no leads; 16 terminals; 0.8 mm
pitch; 4 mm x 4 mm x 1.98 mm body

1.1 Ordering options

Table 2. Ordering options

Basic type (! Absolute pressure range Accuracy @

FXPS714078) 40 kPa to 132.8 kPa +7.0 % (PREL) DSI3 or PSI5
FXPS7140P7S“) 40 kPa to 132.8 kPa +7.0 % (PREL) PSI5

1. To order parts in tape and reel, add the T1 suffix to the part number.

2. 17.0 % PREL is guaranteed from —40 °C to 85 °C for life

3. Default protocol is DSI3. One time programmable to PSI5

4. Referto Table 104 for part number to protocol register values.
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2 Block diagram

Figure 1. Block diagram
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3 Pinning information

3.1 Pinning

Figure 2. Pin configuration for HQFN16
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Table 3. Pin description

This pin is connected to the BUS_| pin through an internal sense resistor and provides the supply connection to the next slave in a daisy chain configuration. In DSI3
BUS_O 1 Supply out mode, an external capacitor must be connected between this pin and VSS. In PSI5 mode, ST recommends that this pin be unterminated. Optionally, this pin can be
connected to BUS_I/VCC.

High-side b itch In DSI3, switch connected daisy chain mode, this pin is connected to the gate of a P-channel FET that connects BUS_| to the next slave in the daisy chain. An
BUSSW_H 2 Igh-side bus switc! external pullup resistor is required on the gate of the P-channel FET. If unused, or in PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin

driver can be tied to Vgg.
In PSI5 daisy chain mode, this pin is connected to the gate of an N-channel FET that connects BUSRTN to the next slave in the daisy chain. An external pulldown
BUSSW L 3.5 Low-side bus switch resistor is required on the gate of the N-channel FET as shown in Figure 58. PSI5 daisy chain mode application diagram.
- ’ driver
If unused, or in DSI3 mode, ST recommends that this pin be unterminated. Optionally, this pin can be tied to Vgs.
BUSRTN/Vsg 4,15 Supply return These pins are the supply return nodes.
TEST6 12 Test pin Itis recommended that this pin be unterminated. Optionally, this pin can be tied to Vsg.
NC 6,7, 14 No connect These pins are not internally connected and can be left unconnected in the application.
TEST2 8 Test pin In DSI3 or PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin can be connected to Vgyr.
TEST3 9 Test pin In DSI3 or PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin can be connected to Vss.
TEST4 10 Test pin In DSI3 or PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin can be connected to Vgs.
TEST5 " Test pin In DSI3 or PSI5 mode, this pin must be left unconnected.
v, 13 Power This pin is connected to a buffer regulator for the internal circuitry. The buffer regulator supplies the internal regulators to provide immunity from EMC, and supply
BUF supply dropouts. An external capacitor must be connected between this pin and Vgg as shown in Figure 56 and Figure 58.
This pin is connected to the supply line and supplies power to the device. An external capacitor must be connected between this pin and BUSRTN as shown in
Section 9: Application information.
BUS_INge 16 Supply and
- communication This pin also modulates the response current for PSI5 communication and provides the supply for OTP programming.
Note: BUS_| and VCC are the same.
PAD 17 Die attach pad This pin is the die attach flag, and must be connected to Vgs. See Section 10.1: Footprint for die attach pad connection details.
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4 Functional description

4.1 User accessible data array

A user accessible data array allows for each device to be customized. The array consists of an OTP factory
programmable block, an OTP user programmable block, and read-only registers for data and device status. The
OTP blocks incorporate independent data verification.

Table 4. User accessible data array

Address Register Type
e e e e s e s ]

General device information

$00 COUNT R COUNT([7:0]

$01 DEVSTAT R DSP_ERR Reserved COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT
$02 DEVSTAT1 R VBUFUV_ERR BUSINUV_ERR VBUFOV_ERR Reserved INTREGA_ERR INTREG_ERR INTREGF_ERR CONT_ERR
$03 DEVSTAT2 R F_OTP_ERR U_OTP_ERR U_RW_ERR U_W_ACTIVE Reserved TEMPO_ERR Reserved Reserved
$04 DEVSTAT3 R Reserved OSCTRAIN_ERR Reserved Reserved Reserved Reserved Reserved Reserved
$05 COMMREV R 0 0 0 0 COMMREV[3:0]

$06 to $0D Reserved R Reserved

$OE TEMPERATURE R TEMP[7:0]

$OF Reserved R Reserved

Communication

$10 DEVLOCK_WR R/W ENDINIT Reserved Reserved Reserved SUP_ERR_DIS Reserved RESET[1:0]

$11 WRITE_OTP_EN RW UOTP_WR_INIT Reserved Reserved Reserved EX_COMMTYPE EX_PADDR UOTP_REGION[1:0]

$12 BUSSW_CTRL RW Reserved Reserved Reserved Reserved Reserved Reserved BUSSW_CTRL[1:0]

$13 PSI5_TEST RIW Reserved Reserved Reserved Reserved Reserved Reserved Reserved PSI5_TEST
$14 UF_REGION_W RIW REGION_LOAD[3:0] 0 0 0 0
$15 UF_REGION_R R REGION_ACTIVE[3:0] 0 0 0 0
$16 COMMTYPE UF2 Reserved Reserved Reserved Reserved Reserved COMMTYPE[2:0]

$17 Reserved UF2 Reserved

$18 PHYSADDR UF2 0 0 0 0 PADDR([3:0]

$19 Reserved UF2 Reserved

$1A SOURCEID_0 UF2 SIDO_EN PDCMFORMAT([2:0] SOURCEID_0[3:0]

$1B SOURCEID_1 UF2 SID1_EN Reserved Reserved Reserved SOURCEID_1[3:0]

$1C to $21 Reserved UF2 Reserved

$22 TIMING_CFG UF2 PDCM_PER[2:0] OSCTRAIN_SEL CK_CAL_RST CRM_PER([1:0] CK_CAL_EN
$23 CHIPTIME UF2 Reserved Reserved Reserved SS_EN CHIPTIME[3:0]

$24 BDM_CFG UF2 Reserved Reserved Reserved Reserved Reserved Reserved BDM_FRAGSIZE BDM_EN
$25 PSI5_CFG UF2 SYNC_PD DAISY_CHAIN PSI5_ILOW DATA_EXT EMSG_EXT P_CRC INIT2_EXT ASYNC
$26 PDCM_RSPSTO_L UF2 PDM_RSPSTO[7:0]

$27 PDCM_RSPSTO_H UF2 BRC_RSPO[1:0] Reserved PDCM_RSPSTO[12:8]

$28 PDCM_RSPST1_L UF2 PDM_RSPST1[7:0]

$29 PDCM_RSPST1_H UF2 BRC_RSP1[1:0] Reserved PDCM_RSPST1[12:8]

$2A-837 Reserved UF2 Reserved

$38 PDCM_CMD_B_L UF2 PDCM_CMD_B(7:0]

$39 PDCM_CMD_B_H UF2 Reserved Reserved Reserved PDCM_CMD_BJ[12:8]

$3A-$3F Reserved UF2 Reserved

Sensor specific information

$40 DSP_CFG_U1 UF2 LPF[3:0] Reserved

$41 DSP_CFG_U2 UF2 Reserved

$42 DSP_CFG_U3 UF2 Reserved DATATYPEO[1:0] Reserved DATATYPE1[1:0] Reserved Reserved
$43 DSP_CFG_U4 UF2 PO_RESET Reserved Reserved PO_RLD Reserved Reserved Reserved Reserved
$44 DSP_CFG_U5 UF2 ST_CTRL([3:0] Reserved Reserved Reserved Reserved
$45 Reserved UF2 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
$46 P_INT_HI_L UF2 P_INT_HI[7:0]
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Functional description

Address Register

$47 P_INT_HI_H

$48 P_INT_LO_L

$49 P_INT_LO_H

$4A Reserved

$4B Reserved

$4C P_CAL_ZERO_L
$4D P_CAL_ZERO_H
$4E Reserved

$4F to $5E Reserved

$5F CRC_UF2

$60 DSP_STAT

$61 DEVSTAT_COPY
$62 SNSDATAO_L

$63 SNSDATAO_H

$64 SNSDATA1_L[7:0]
$65 SNSDATA1_L[15:8]
$66 SNSDATAO_TIMEO
$67 SNSDATAO_TIME1
$68 SNSDATAO_TIME2
$69 SNSDATAO_TIME3
$6A SNSDATAO_TIME4
$68B SNSDATAO_TIMES
$6C P_MAX_L

$6D P_MAX_H

$6E P_MIN_L

$6F P_MIN_H

$70 to $77 Reserved

$78 FRTO

$79 FRT1

$7A FRT2

$7B FRT3

$7C FRT4

$7D FRT5

$7E to $9F Reserved

$A0 to SAE Reserved

SAF CRC_F_A

$BO to $BE Reserved

$BF CRC_F_B

Traceability information

$Co ICTYPEID
$C1 ICREVID
$C2 ICMFGID
$C3 Reserved
$C4 PNO

$C5 PN1

$C6 SNO

$c7 SN1

$cs SN2

$C9 SN3

$CA SN4

$CB ASICWFR#
$cc ASICWFR_X
$CD ASICWFR_Y
$CE Reserved

DS15166 - Rev 1

Type ()
e ] - | < | - ] = | | o |

UF2

UF2

UF2

UF2

UF2

UF2

UF2

UF2

UF2

F

P_INT_HI[15:8]
P_INT_LO[7:0]
P_INT_LO[15:8]
Reserved
Reserved
P_CAL_ZERO[7:0]
P_CAL_ZERO[15:8]
Reserved
Reserved
LOCK_UF2 0 0 0 CRC_UF2[3:0]

Reserved PABS_HIGH PABS_LOW Reserved ST_INCMPLT ST_ACTIVE CM_ERROR

DSP_ERR Reserved COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES
SNSDATAO_L[7:0]
SNSDATAO_H[15:8]
SNSDATA1_L[7:0]
SNSDATA1_L[15:8]
SNSDATAO_TIME[7:0]
SNSDATAO_TIME[15:8]
SNSDATAO_TIME[23:16]
SNSDATAO_TIME[31:24]
SNSDATAO_TIME[39:32]
SNSDATAO_TIME[47:40]
P_MAX[7:0]
P_MAX[15:7]
P_MIN[7:0]
P_MIN[15:7]
Reserved
FRT[7:0]
FRT[15:8]
FRT[23:16]
FRT[31:24]
FRT[39:32]
FRT[47:40]
Reserved
Reserved Reserved Reserved Reserved
LOCK_F_A REGA_BLOCKID[2:0] CRC_F_A[3:0]
Reserved
LOCK_F_B REGB_BLOCKID[2:0] CRC_F_B[3:0]
ICTYPEID[7:0]
ICREVID[7:0]
ICMFGID[7:0]
Reserved
PNO[7:0]
PN1[7:0]
SN[7:0]
SN[15:8]
SN[23:16]
SN[31:24]
SN[39:32]
ASICWFR#[7:0]
ASICWFR_X[7:0]
ASICWFR_Y[7:0]

Reserved

ST_ERROR

DEVINIT

Reserved
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CRC_F_C LOCK_F_C REGC_BLOCKID[2:0] CRC_F_C[3:0]
$DO ASICWLOT_L F ASICWLOT_L[7:0]
$D1 ASICWLOT_H F ASICWLOT_H[7:0]
$D2 to $D9 Reserved F Reserved
$DA to $DE Reserved F Reserved
$DF CRC_F_D F LOCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3:0]
$EO USERDATA_0 UFO USERDATA_0[7:0]
$E1 USERDATA_1 UFO USERDATA_1[7:0]
SE2 USERDATA_2 UFO USERDATA_2[7:0]
$E3 USERDATA_3 UFO USERDATA_3[7:0]
SE4 USERDATA_4 UFO USERDATA_4[7:0]
$E5 USERDATA_5 UFO USERDATA_5[7:0]
$E6 USERDATA_6 UFO USERDATA_6[7:0]
$E7 USERDATA_7 UFO USERDATA_7[7:0]
$E8 USERDATA_8 UFO USERDATA_8[7:0]
$E9 USERDATA_9 UFO USERDATA_9[7:0]
SEA USERDATA_A UFO USERDATA_A[7:0]
SEB USERDATA_B UFO USERDATA_B[7:0]
$EC USERDATA_C UFO USERDATA_C[7:0]
$ED USERDATA_D UFO USERDATA_D[7:0]
$EE USERDATA_E UFO USERDATA_E[7:0]
SEF CRC_UF0 F LOCK_UF0 REGE_BLOCKID[2:0] CRC_UF0[3:0]
$FO USERDATA_10 UF1 USERDATA_10[7:0]
$F1 USERDATA_11 UF1 USERDATA_11[7:0]
$F2 USERDATA_12 UF1 USERDATA_12[7:0]
$F3 USERDATA_13 UF1 USERDATA_13[7:0]
$F4 USERDATA_14 UF1 USERDATA_14[7:0]
$F5 USERDATA_15 UF1 USERDATA_15[7:0]
$F6 USERDATA_16 UF1 USERDATA_16[7:0]
$F7 USERDATA_17 UF1 USERDATA_17[7:0]
$F8 USERDATA_18 UF1 USERDATA_18[7:0]
$F9 USERDATA_19 UF1 USERDATA_19[7:0]
SFA USERDATA_1A UF1 USERDATA_1A[7:0]
SFB USERDATA_1B UF1 USERDATA_1B[7:0]
SFC USERDATA_1C UF1 USERDATA_1C[7:0]
$FD USERDATA_1D UF1 USERDATA_1D[7:0]
$FE USERDATA_1E UF1 USERDATA_1E[7:0]
$FF CRC_UF1 F LOCK_UF1 REGF_BLOCKID[2:0] CRC_UF1[3:0]

1. Memory type codes
R — Readable register with no OTP
F — User readable register with OTP
UF0 — One time user programmable OTP location region 0
UF1 — One time user programmable OTP location region 1
UF2 — One time user programmable OTP location region 2
R/W — User writable register

4.2 Register definitions

421 COUNT - rolling counter register (address $00)

The count register is a read-only register that provides the current value of a free-running 8-bit counter derived
from the primary oscillator. A 10-bit prescaler divides the primary oscillator frequency by 1000. Thus, the value in
the register increases by one count every 100 us and the counter rolls over every 25.6 ms.

This register is readable in DSI3 mode or PSI5 diagnostic mode.
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Table 5. COUNT - rolling count register — (address $00) bit allocation

e |~ | - | - | . | > | - | - | o |

Name COUNT[7:0]

Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
4.2.2 DEVSTATx — device status registers (address $01-$04)

The device status registers are read-only registers that contain device status information.
These registers are readable in DSI3 mode or PSI5 diagnostic mode.

Table 6. DEVSTAT — device status register — (address $01) bit allocation

e . ! - | - | > | - | - | ° |

Name DSP_ERR Reserved COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT
Access R R R R R R R R
Reset 1 Reserved 0 0 X 0 1 1

DSP_ERR - DSP error flag
The DSP error flag is set if a DSP-specific error is present in the pressure signal DSP:

DSP_ERR = DSP_STAT[PABS_HIGH] | DSP_STAT[PABS_LOW ]| DSP_STAT[ST_INMCPLT] |
DSP_STAT[CM_ERROR] | DSP_STAT[ST_ERROR]

COMM_ERR - communication error flag

The communication error flag is set if any bit in DEVSTAT3 is set:

COMM_ERR = OSCTRAIN_ERR

MEMTEMP_ERR — memory or temperature error flag

The memory error flag is set if any bit in DEVSTAT2 is set:

MEMTEMP_ERR =F_OTP_ERR | U_OTP_ERR | U_RW_ERR| U_W_ACTIVE | TEMPO_ERR
SUPPLY_ERR - supply error flag

The supply error flag is set if any bit in DEVSTAT1 is set:

SUPPLY_ERR = VBUFUV_ERR | BUSINUV_ERR | VBUFOV_ERR | INTREG_ERR | INTREGA_ERR |
INTREGF_ERR | CONT_ERR

A common timer is used for all error bits in the DEVSTAT1 register. If any bit in DEVSTAT1 is set, the timer is
reset to tyyvov_rcv- When no supply errors are present, the timer is decremented until it reaches zero. This error

is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in
Table 7. SUPPLY_ERR - supply error flag.

Table 7. SUPPLY_ERR - supply error flag

SUP_ERR_DIS DSI3 operating modes PSI5 operating mode (COMMTYPE = 1 and 5)
(COMMTYPE = 0 and 3)

No response until the supply monitor timer expires.

The sensor data field error code is transmitted for one response after the supply
monitor timer expires.

No transmissions occur if the timer is nonzero. The error is cleared when the timer

All supply errors are cleared by a read of the DEVSTAT1 register through any =
reaches zero and normal transmissions resume.

communication interface or on a data transmission that includes the error in the status
field if and only if the timer has reached zero.

No transmissions occur if the timer is nonzero. The error is cleared when the timer
reaches zero and normal transmissions resume.

DEVRES - device reset

The device reset bit is set following a device reset. This error is cleared by a read of the DEVSTAT register
through any communication interface or on a data transmission that includes the error in the status field.
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Table 8. DEVRES - device reset

0 Normal operation

1 Device reset occurred

DEVINIT - device initialization

The device initialization bit is set following either a device reset or a change to any of the following bits:
CHx_CFG_U1[7:4]. The bit is cleared once sensor data is valid for read through one of the device communication

interfaces (tpoR_patavalid)-

Table 9. DEVINIT — device initialization

0 Normal operation

1 Device initialization in process

Table 10. DEVSTAT 1- device status register — (address $02) bit allocation

e . ! - | - | > | - | | o |

Name VBUFUV_ERR BUSINUV_ERR VBUFOV_ERR RESERVED INTREGA_ERR INTREG_ERR INTREGF_ERR CONT_ERR
Access R R R R R R R R
Reset X X X X X X X 0

If no error is present, the register contents are cleared when read twice.

VBUFUV_ERR - Vgyr undervoltage error

The Vgyr undervoltage error bit is set if the VBUF voltage falls below the voltage specified in Section 7. See
Section 4.4 for details on the Vgyfr undervoltage monitor. A common timer is used for all error bits in the
DEVSTAT1 register. If any supply error is present, the timer is reset to tyyoy_rcv- This bit is cleared based on the

state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error
flag.

Table 11. VBUFUV_ERR - Vgyf undervoltage error

0 No error detected

1 VBUF voltage low

BUSINUV_ERR - BUS IN undervoltage error

The BUS IN undervoltage error bit is set if the BUS_IN voltage falls below the voltage specified in Section 7. See
Section 4.4 for details on the BUS IN undervoltage monitor. A common timer is used for all error bits in the
DEVSTAT1 register. If any supply error is present, the timer is reset to tyyoy_rcv- This bit is cleared based on the
state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error
flag.

Table 12. BUSINUV_ERR - BUS IN undervoltage error

0 No error detected

1 BUS_IN voltage low

VBUFOV_ERR - Vgyf overvoltage error
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The Vgyr overvoltage error bit is set if the VBUF voltage rises above the voltage specified in Section 7. See
Section 4.4 for details on the Vgyg overvoltage monitor. A common timer is used for all error bits in the
DEVSTAT1 register. If any supply error is present, the timer is reset to tyyoy rcyv- This bit is cleared based on the
state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error
flag.

Table 13. VBUFOV_ERR - Vgyf overvoltage error

0 No error detected

1 VBUF voltage high

INTREGA_ERR - internal analog regulator voltage out of range error

The internal analog regulator voltage out of range error bit is set if the internal analog regulator voltage falls
outside expected limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is
present, the timer is reset to tyyov rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error flag.

Table 14. INTREGA_ERR - internal analog regulator voltage out of range error

0 No error detected

1 Internal analog regulator voltage out of range

INTREG_ERR - internal digital regulator voltage out of range error

The internal digital regulator voltage out of range error bit is set if the internal digital regulator voltage falls outside
expected limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present,
the timer is reset to tyyov_rcv. This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error flag.

Table 15. INTREG_ERR - internal digital regulator voltage out of range error

0 No error detected

1 Internal digital regulator voltage out of range

INTREGF_ERR - internal OTP regulator voltage out of range error

The internal OTP regulator voltage out of range error bit is set if the internal OTP regulator voltage falls outside
expected limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present,
the timer is reset to tyyov_rcv. This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Table 7. SUPPLY_ERR — supply error flag.

Table 16. INTREGF_ERR - internal OTP regulator voltage out of range error

0 No error detected

1 Internal OTP regulator voltage out of range

CONT_ERR - continuity monitor error

The continuity monitor passes a low current through a connection around the perimeter of the device and
monitors the continuity of the connection. The error bit is set if a discontinuity is detected in the connection. A
common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present, the timer is reset
to tyvov_rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as
shown in Table 7. SUPPLY_ERR - supply error flag.
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Table 17. CONT_ERR - continuity monitor error

0 No error detected

1 Error detected in the continuity of the monitor circuit

Table 18. DEVSTAT2 - device status register — (address $03) bit allocation

e ! - | - | > | - | | _° |

Name F_OTP_ERR U_OTP_ERR U_RW_ERR U_W_ACTIVE Reserved TEMPO_ERR Reserved Reserved
Access R R R R R R R R
Reset 0 0 0 0 Reserved 0 Reserved Reserved

F_OTP_ERR - factory OTP array error

The factory OTP array error bit is set if a fault is detected in the factory OTP array. This error is cleared by a read
of the DEVSTATZ2 register through any communication interface or on a data transmission that includes the error
in the status field.

Table 19. F_OTP_ERR - factory OTP array error

0 No error detected

1 Error detected in the factory OTP array

U_OTP_ERR - user OTP array error

The user OTP array error bit is set if a fault is detected in the user OTP array. This error is cleared by a read of
the DEVSTAT2 register through any communication interface or on a data transmission that includes the error in
the status field.

Table 20. U_OTP_ERR - user OTP array error

0 No error detected

1 Error detected in the user OTP array

U_RW_ERR - user read/write array error

When ENDINIT is set, an error detection is enabled for all user writable registers. The error detection code is
continuously calculated on the user writable registers and verified against a previously calculated error detection
code. If a mismatch is detected in the error detection, the U_RW_ERR bit is set. This error is cleared by a read of
the DEVSTAT2 register through any communication interface or on a data transmission that includes the error in
the status field.

Table 21. U_RW_ERR - user read/write array error

m Error condition

0 No error detected

1 Error detected in the user read/write array

U_W_ACTIVE - user OTP write in process status bit

The user OTP write in process status bit is set if a user initiated write to OTP is currently in process. The
U_W_ACTIVE bit is automatically cleared once the write to OTP is complete.

Table 22. U_W_ACTIVE — user OTP write in process status bit

U_W_ACTIVE Status condition

0 No OTP write in process
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U_W_ACTIVE Status condition

1 OTP write in process

TEMPO_ERR - temperature error

The temperature error bit is set if an over or under temperature condition exists. This error is cleared by a read of
the DEVSTAT2 register through any communication interface or on a data transmission that includes the error in
the status field.

Table 23. TEMPO_ERR - temperature error

0 No error detected

1 Overtemperature or undertemperature error condition detected

Table 24. DEVSTAT3 - device status register — (address $04) bit allocation

e . ! - | - | > | - | | o |

Name Reserved OSCTRAIN_ERR Reserved Reserved Reserved Reserved Reserved Reserved
Access R R R R R R R R
Reset 0 0 Reserved Reserved Reserved Reserved Reserved Reserved

OSCTRAIN_ERR - oscillator training error

The oscillator training error bit is set if an error detected in either the oscillator training settings, or the master
communication timing. See Section 4.5.2. Once the error condition is corrected, the OSCTRAIN_ERR bit is
cleared after a read of the OSCTRAIN_ERR bit through any communication interface, or by a status transmission
including the error status through any communication interface.

Table 25. OSCTRAIN_ERR - oscillator training error

0 No error detected

1 Oscillator training error. See Section 4.5.2

4.2.3 COMMREYV - communication protocol revision register (address $05)

The communication protocol revision register is a read-only register that contains the revision for the
communication protocol used.

This register is readable in DSI3 mode or PSI5 diagnostic mode.

Table 26. COMMREV — communication protocol revision register — (address $05) bit allocation

e |~ | . | - | - | > | = | | _° |
0 0 0

Name 0 COMMREV[3:0]
Access R R R R R R R R
Reset (DSI3) 0 0 0 0 0 0 0 1
Reset (PSI5) 0 0 0 0 0 1 1 0
Note: The response to a register write of the COMMREYV register is a valid response with the register contents equal to
00h.
424 TEMPERATURE - temperature register ($0E)

The temperature register is a read-only register that provides a temperature value for the IC. The temperature
value is specified in Section 7

Note: The device is only guaranteed to operate within the temperature limits specified in Section 7.

This includes the performance of the temperature register values.
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This register is readable in DSI3 mode or PSI5 diagnostic mode.

Table 27. TEMPERATURE - temperature register — (address $0E) bit allocation

e . | - | - | > | - | - | _°_ |

Name TEMP[7:0]
Access R R R R R R R R
Reset X X X X X X X X
4.2.5 DEVLOCK_WR - lock register writes register (address $10)
The lock register writes register is a user programmed read/write register that contains the ENDINIT bit and reset
control bits.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 28. DEVLOCK_WR - lock register writes register — (address $10) bit allocation

e |~ | . | - | - | > | - | -~ | _°_ |
Name ENDINIT Reserved Reserved Reserved SUP_ERR_DIS Reserved RESET[1:0]

Access RwW RwW RW RW RwW RwW RwW RwW

Reset 0 0 0 0 0 0 0 0

ENDINIT - end initialization bit

The ENDINIT bit is a control bit used to indicate that the user has completed all device and system level
initialization tests. Once the ENDINIT bit is set, writes to all writable register bits are inhibited except for the
DEVLOCK_WR register. Once set, the ENDINIT bit can only be cleared by a device reset.

When ENDINIT is set, the following occurs:

. An error detection is enabled for all user writable registers. The error detection code is continuously
calculated on the user writable registers and verified against a previously calculated error detection code.
. The Py filter is forced to its final stage.

. Self-test is disabled and inhibited.
. Register writes are inhibited with the exception of the RESET[1:0] bits in the DEVLOCK_WR register.

In DSI3 mode, when the ENDINIT bit is set, the device is forced to PDCM according to the device settings and no
longer responds to CRM commands.

In all PSI5 modes, the ENDINIT bit is automatically set when the device exits initialization phase 3.
SUP_ERR_DIS - supply error reporting disable bit

The supply error disable bit allows the user to disable reporting of the supply errors in the DSI3 PDCM fields. See
Table 7. SUPPLY_ERR - supply error flag.

RESETI[1:0] — reset control bits

In DSI3 mode or PSI5 mode, a series of three consecutive register write operations to the reset control bits will
result in a device reset. To reset the device, the following register write operations must be performed in
consecutive commands and in the order shown in Table 29. Register write operations or the device will not be
reset.

Table 29. Register write operations

0 0

Register Write 1 No effect

Register Write 3 0 1 Device RESET
4.2.6 WRITE_OTP_EN - write OTP enable register (address $11)

The write OTP enable register is a user programmed read/write register that allows the user to write the contents
of the user programmed OTP array mirror registers to the OTP registers. This register is included in the user read/
write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.
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Table 30. WRITE_OTP_EN - write OTP enable register — (address $11) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name UOTP_WR_INIT Reserved Reserved Reserved EX_COMMTYPE EX_PADDR UOTP_REGION[1:0]
Access R/W RW RW v RW RW R/W RW
Reset 0 0 0 0 0 0 0 0

Register writes executed by the user to the user programmed OTP array only update the mirror register contents
for the OTP array, not the actual OTP registers. To copy the values to the actual OTP registers, a write must be
executed to the WRITE_OTP_EN register with the UOTP_WR_INIT bit set. The state of the UOTP_REGIONI[1:0],
the EX_COMMTYPE, and the EX_PADDR bits in the command determine which region of OTP will be written as
shown in Table 31. Writes for OTP registers.

Table 31. Writes for OTP registers

EX_COMMTYPE EX_PADDR UOTP_REGION[1] UOTP_REGION[0] OTP write operation Special conditions
X X 0 0 —

Write the current contents of the UFO registers to OTP
X X 0 1 Write the current contents of the UF1 registers to OTP —

0 0 1 0 Write the current contents of the UF2 registers to OTP, including the _
COMMTYPE register and the PHYSADDR register

Write the current contents of the UF2 registers to OTP, including

COMMTYPE and excluding PHYSADDR. PHYSADDR = 00h after OTP write

0 1 1 0

Write the current contents of the UF2 registers to OTP, excluding

COMMTYPE and including PHYSADDR. User must not overwrite COMMTYPE

Write the current contents of the UF2 registers to OTP, excluding User must not overwrite COMMTYPE
COMMTYPE and excluding PHYSADDR. PHYSADDR = 00h after OTP write

X b3 1 1 Reserved for future use —

The UFO0 and UF1 user OTP regions as well as the factory programmed F OTP regions share common mirror
registers. For this reason, writes to the OTP for each region must be completed independently according to the
procedure below.

Depending upon the operating mode used, the user will need to write the UF2 values to OTP either with or
without the PHYSADDR register and the COMMTYPE register being written. If discovery mode or switch
connected daisy chain mode will be used, the PHYSADDR register must remain unprogrammed (0000h). If a
preprogrammed bus mode will be used, the PHYSADDR register must be programmed to a nonzero value. To
support these two user modes, the EX_PADDR bit is used as described in Table 31. Writes for OTP registers.
Once a region is written using the OTP Write sequence, the LOCK_Uxxx bit in the appropriate CRC_xxx register
is automatically set, locking the array from future writes. Once a region is locked, an error detection is activated to
detect changes to the register values. Register values in the UF2 region can be overwritten using register write
commands, but no new values can be written to the OTP.

The procedure for writing to the user OTP array UF0 and UF1 regions is:
1. Read the appropriate CRC_UFx register and confirm the LOCK_Uxx bit is not set.

2. Write the desired values to the user array registers for only the region to be written using the procedures in
Section 4.2.9.
The user must take care to ensure that the proper data is written to each region. If a register write is executed
to a new region, the base address will change to the new region. The previous data written to the register
block will remain in the shared registers and will be written to OTP if the Write OTP sequence is completed.

3. Execute a write to the WRITE_OTP_EN register with the appropriate bits set for the desired region to
program.
Once the WRITE_OTP_EN register write is completed, a CRC is calculated for the data to be written to the
region, the register values are written to OTP and the region is locked from future writes. The UOTP_WR_INIT
bit will remain set.

Delay totp_wRITE_max to allow the device to complete the writes to OTP.

5. Verify that the OTP write has successfully completed by reading back all of the OTP registers using register
read commands as defined in Section 4.2.9.

6. Repeat steps 1 through 4 for all regions to be programmed.

The procedure for writing to the user OTP array UF2 region is:

1. Read the CRC_UF2 register and confirm the LOCK_UF2 bit is not set.
2. Write the desired values to the user array registers.
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3. Execute a write to the WRITE_OTP_EN register with region 2 selected and the EX_COMMTYPE and
EX _PADDR bit set as desired.
Once the WRITE_OTP_EN register write is completed, a CRC is calculated for the data to be written to the
region, the register values are written to OTP and the region is locked from future writes. The UOTP_WR_INIT
bit will remain set.

Delay totp_wRITE_Max to allow the device to complete the writes to OTP.

5. Verify that the OTP write successfully completed by reading back all of the OTP registers using register read
commands.

4.2.7 BUSSW_CTRL - bus switch control register (address $12)

The bus switch control register is a user programmed read/write register that controls the state of the bus switch
output driver. This register is included in the user read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 32. BUSSW_CTRL - bus switch control register — (address $12) bit allocation

e |~ | . | - | - |~ | = | | _° |

Name Reserved Reserved Reserved Reserved Reserved Reserved BUSSW_CTRL[1:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

The BUSSW_CTRL bit controls the state of the BUSSW_L and BUSSW_H pins.

Table 33. State of BUSSW_L and BUSSW_H pins

BUSSW_CTRL[1] BUSSW_CTRL[0] BUSSW_L pin state BUSSW_H pin state

High impedance: An external pullup or pulldown resistor is required if an external High impedance: An external pullup or pulldown resistor is required if an external
switch is connected switch is connected
0 1 High impedance: An external pullup or pulldown resistor is required if an external High impedance: An external pullup or pulldown resistor is required if an external
switch is connected switch is connected
1 0 Active low Active low
1 1 Active high High impedance: An external pullup or pulldown resistor is required if an external
switch is connected
Note: In DSI3 and PSI5 DPM modes, the bus switch is activated upon receipt of the register write command. The bus

switch activation may impact the current on the bus and cause corruption of the register write response.

4.2.8 PSI5_TEST - PSI5 test register (address $13)

The PSI5 test register is a user read/write register that contains the PSI5 test control. This register is included in
the user read/write array error detection.

This register is readable and writable in DSI3 mode, or PSI5 diagnostic mode.

Table 34. PSI5_TEST — PSI5 test register — (address $13) bit allocation

e |~ | . | - | - | o | = | | _° |

Name Reserved Reserved Reserved Reserved Reserved Reserved Reserved PSI5_TEST
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

PSI5_TEST — PSI5 test bit

If PS15 mode is not enabled in the COMMTYPE, the PSI5 test bit enables a single PSI5 command receive and
response transmission to allow for the PSI5 transceiver to be tested in other modes.

When the PSI5_TEST bit is set, the device and system proceed through following process.
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. The device switches the BUS_|I transceiver to PSI5 mode.

. The system must hold the BUS_I| node constant for 2 ms minimum to allow the BUS_| command receiver
to capture the average voltage.

. The system must transmit a sync pulse meeting the specifications in Section 7.

. The device will transmit a response to the sync pulse with the following configuration:

- The sync pulse will be pulled down as configured by the SYNC_PD bit in the PSI5_CFG register.
- The response will start in the time slot selected in the PDCM_RSPSTO register.

- The response bit time will be as configured in the CHIPTIME register.

- The response current will be as configured by the PSI5_ILOW bit in the PSI5_CFG register.

- Two start bits will be transmitted as specified in Section 9.3.3.2.

- 10 bits of data equal to 2AAh will be transmitted.

- Error checking bits will be transmitted as configured by the P_CRC bit in the PSI5_CFG register.

. Once the transmission is complete, the PSI5_TEST bit is cleared, and the device returns to the
communication mode as defined in the COMMTYPE register.

If the bit is set from DSI3 mode, this process occurs once the device has replied to the write message, regardless

of whether the reply attempted was successful.

If PSI5 mode is enabled in the COMMTYPE register, this bit has no impact on device operation or performance.

4.2.9 UF_REGION_x — UF region selection registers (address $14, $15)

The UF region load register is a user read/write register that contains the control bits for the UFO and UF1 regions
to be accessed. This register is included in the user read/write array error detection. The UF region active register
is a read-only register that contains the status bits for the UFO and UF1 regions to be accessed. This register is
included in the user read/write array error detection.

Table 35. UF_REGION_W - UF region selection register — (address $14) bit allocation
[ 2 AT - A A NN AR R
Name REGION_LOAD[3:0] 0 0 0 0
Access R/W RW RW RW R/W R/W R/W RW

Reset 1 1 1 0 0 0 0 0

The UF_REGION_W register is readable and writable in DSI3 mode or PSI5 diagnostic mode. The
UF_REGION_R register is readable in DSI3 mode or PSI5 diagnostic mode.

Table 36. UF_REGION_R - UF region selection register — (address $15) bit allocation
[ 2 NI N R RN RN R R
Name REGION_ACTIVE[3:0] 0 0 0 0
Access R R R R R R R R

Reset 1 1 1 0 0 0 0 0

The user OTP regions UF0, UF1, and F share a block of 16 registers. Before reading the registers via any
communication interface, the user must ensure that the desired OTP registers are loaded into the readable
registers. To ensure proper reading of the UF0, UF1, and F registers, follow this procedure:

1. Write the desired address range to be read to the REGION_LOADI[3:0] bits in the UF_REGION_W register
using one of the communication interfaces available via the COMMTYPE register.

Table 37. Communication interfaces available via the COMMTYPE register

REGION_LOADI[3:0] OTP register addresses loaded into the readable registers

0 0 0 0 Not applicable

0 0 0 1 Not applicable

0010 through 1001 Reserved

1 0 1 0 Address Range $A0 through $AF

1 0 1 1 Address Range $B0 through $BF
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REGION_LOADI[3:0] OTP register addresses loaded into the readable registers

1 1 0 0 Address Range $CO0 through $CF
1 1 0 1 Address Range $DO through $DF
1 1 1 0 Address Range $EO through $EF
1 1 1 1 Address Range $F0 through $FF

2. Delay a minimum of tssn_uFo1-

3. Optional: Execute a register read of the UF_REGION_R register and confirm the REGION_ACTIVE[3:0] bits
match the values written to the REGION_LOADI[3:0] bits in the UF_REGION_W register.

Table 38. Optional communication interfaces available via the COMMTYPE register

REGION_ACTIVE[3:0] OTP register addresses loaded into the readable registers

0 0 0 0 Load of OTP registers is in process

0 0 0 1 The contents of the shared registers has been overwritten by the user
0010 through 1001 Not applicable

1 0 1 0 Address range $A0 through $AF

1 0 1 1 Address range $B0 through $BF

1 1 0 0 Address range $CO0 through $CF

1 1 0 1 Address range $DO0 through $DF

1 1 1 0 Address range $EO through $EF

1 1 1 1 Address range $F0 through $FF

4. Execute a register read of the desired registers from the UF0, UF1, or F register section. Complete all desired
register reads of the selected UF region.

5. Repeat steps 1 through 4 for the next desired UF region to read.
Note: . The user must take care to ensure that the desired registers are addressed. For example, if the

REGION_LOAD bits are set to Ah and the user executes a read of address $C2, the contents of registers
$A2 will be transmitted. No error detection is included other than a read of the REGION_ACTIVE bits.

. For COMMTYPE options with multiple protocol options (COMMTYPE = '000 or '001’), no error detection is
included other than a read of the REGION_ACTIVE bits. The user must take care to ensure that the
REGION_LOAD, bits are not inadvertently changed by an alternative protocol while executing register
reads.

4.2.10 COMMTYPE - communication type register (address $16)

The communication type register is a user programmed read/write register that contains user-specific
configuration information for communication type. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 39. COMMTYPE - communication type register — (address $16) bit allocation

e |~ | . | - | - |~ | - | -~ | _°_ |

Name Reserved Reserved Reserved Reserved Reserved COMMTYPE[2:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

The communication type bits, COMMTYPE[2:0], in the DSP_CFG_U4 register select the available protocols for
the device as shown in Table 40. Available protocols.

Table 40. Available protocols

Communication protocol BUS | undervoltage
COMMTYPE[2:0] Startup internal self-test Pin 3 function detection g
DSI3 PSI5 @
0 0 0 X — — —

Interrupt

0 0 1 - X X BUSSW_L -
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Communication protocol BUS_I undervoltage
COMMTYPE[2:0] Startup internal self-test Pin 3 function detection 9
DSI3 PSI5 @
0 1 1 X

BUSSW_L

1 0 1 — X X BUSSW_L X

1. Referto Section 9.2: DSI3 protocol.
2. Refer to Section 9.3: PSI5 protocol

When writing to this register, care must be taken to prevent from inadvertently disabling the desired
communication mode. Communication mode register value changes that disable a protocol, including writes to
OTP, will not take effect until a device reset to prevent from disabling a necessary communication method.
Table 41. Communication mode register changes describes how communication mode register changes are
handled.

Table 41. Communication mode register changes

0 (DsSI3) 1 (PSI5) Protocol change will not occur until a device reset (assuming the OTP is programmed)

Note: . In DSI3 mode (COMMTYPE = 0) and PSI5 mode (COMMTYPE = 1), registers accesses by protocol are
completed in the order received. Care must be taken to prevent from incorrect addressing of the F, UFO
and UF1 registers.

. If the COMMTYPE register is preprogrammed in OTP to a specific communication type, the user must
prevent writes to this register when writing the UF2 register to OTP. If a preprogrammed COMMTYPE
register is overwritten and then written to OTP, the UF2 CRC verification will fail.

4.2.11 PHYSADDR - physical address register (address $18)

The physical address register is a user programmed OTP register that contains the physical address of the slave
for use in DSI3. This register is included in the read/write array error detection.

If the physical address stored in the OTP array is zero, the address is assigned either during discovery mode or
during command and response mode.

If the physical address stored in the OTP array is nonzero, the device ignores discovery mode and uses the
programmed physical address for command and response mode. The physical address register value can be
changed by a command and response mode register write command. However, if the UF2 region is locked, the
value will always be reset to the OTP array value after a reset.

In PSI5 mode, the PHYSADDR register is readable and writable, but has no impact on device operation or
performance.

Table 42. PHYSADDR - physical address register — (address $18) bit allocation

Name PADDR([3:0]
Access R/W RW RW RW R/W RW RW RW
Reset 0 0 0 0 0 0 0 0
4.2.12 SOURCEID_x - source identification registers (address $1A, $1B)

The source identification registers are user programmed read/write registers that contain the source identification
information used for DSI3 PDCM, and PSI5 mode. This register is included in the read/write array error detection.

These registers are readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 43. SOURCEID_0 - source identification register — (address $1A) bit allocation

Name SIDO_EN PDCMFORMAT([2:0] SOURCEID_0[3:0]
Access RW RW RW RW RW RW RwW RW

Reset 0 0 0 0 0 0 0 0
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Table 44. SOURCEID_1 - source identification register — (address $1B) bit allocation

Name SID1_EN Reserved Reserved Reserved SOURCEID_1[3:0]
Access R/W RW RW RW RW RW R/W RW
Reset 0 0 0 0 0 0 0 0

SIDx_EN - data source enable bits
The SIDx_EN bits enable the data source for the associated source identification.
PDCMFORMAT[2:0] - PDCM format control bits

In DSI3 mode, the PDCM format control bits set the PDCM field sizes as shown in Table 45. PDCM field sizes.
See Section 9.2.4.2 for PDCM response format details.

Table 45. PDCM field sizes

PDCMFORMAT[2:0] Source ID field size (bits) Keep alive counter field size (bits) Status field size (bits) Data field size (bits) Total including CRC (bits)
0 0 0 0 2 4 10 24

0 0 1 4 2 4 10 28
0 1 0 0 0 4 12 24
0 1 1 4 0 4 12 28
1 0 0 0 2 0 10 20
1 0 1 0 0 0 16 24
1 1 0 0 0 4 16 28
1 1 1 4 0 4 16 32

In PSI5 mode, the PDCM format control bits set the PSI5 response format as shown in Table 46. PSI5 response
format . See Section 9.3.3.2 for PSI5 response format details.

Table 46. PSI5 response format

PDCMFORMATI[2:0] Data field size (bits)

0 0 0 10
0 0 1 10
0 1 0 10
0 1 1 10
1 0 0 10
1 0 1 10
1 1 0 10

SOURCEID_x — source identification

In PSI5 mode, the SOURCEID_x register values control data transmissions as shown Table 47. SOURCEID_x
register values.

Table 47. SOURCEID_x register values

Source ID

Asynchronous mode Synchronous mode Daisy chain mode

enavie Transmission time Transmission data Transmission time Transmitted data Transmission time Transmitted data
(SIDx_EN)
- reference (1) reference®

0 NA NA
SOURCEID_0 tasyne SNSDATAO See Section 9.3.6 SNSDATAO
1 PDCM_RSPSTO SNSDATAQ
0 NA NA
SOURCEID_1 NA NA NA NA
1 PDCM_RSPST1 SNSDATA1

1. See Section 4.2.17: PDCM_RSPSTx_x — DSI3 and PSI5 start time registers (address $26 to $29).
2. See Section 4.2.21: DSP_CFG_U3 — DSP user configuration #3 register (address $42).
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4213 TIMING_CFG - communication timing register (address $22)

The communication timing configuration register is a user programmed read/write register that contains user-
specific configuration information for protocol timing. This register is included in the read/write array error
detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 48. TIMING_CFG - communication timing register — (address $22) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name PDCM_PER[2:0] OSCTRAIN_SEL CK_CAL_RST CRM_PER(1:0] CK_CAL_EN
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

PDCM_PER][3:0] — periodic data collection mode period

The periodic data collection mode period selection bits set the data collection mode period to be used by the DSI3
or PSI5 master as shown in Table 49. Data collection mode periods for oscillator training . This value is only
necessary for oscillator training and is only used if the CK_CAL_EN bit is set in the TIMING_CFG register.

Table 49. Data collection mode periods for oscillator training

PDCM_PER][2] PDCM_PERI[1] PDCM_PER][0] Periodic data collection mode period
0 0 0

100 ps
0 0 1 125 s
0 1 0 250 s
0 1 1 333 ps
1 0 0 500 us
1 0 1 800 s
1 1 0 1000 ps

1 1 1 2000 ps

In DSI3 mode, PDCM, and BDM commands are decoded and responded to regardless of the value of this register
as long as the general PDCM timing parameters specified in Section 8 are met. See Section 4.5.1 for details
regarding oscillator training.

In PSI5 synchronous mode, sync pulses are decoded and responded to regardless of the value of this register as
long as the general timing parameters specified in Section 8 are met. See Section 4.5.1 for details regarding
oscillator training.

In PSI5 asynchronous mode, oscillator training is not applicable.

In PSI5 diagnostic and programming mode, oscillator training is not applicable.
In PSI5 daisy chain command phase, oscillator training is not applicable.
OSCTRAIN_SEL - oscillator training protocol selection bit

The oscillator training selection bit selects the protocol to use for oscillator training for the COMMTYPE values
that enable multiple protocols as shown in Table 50. Protocol to use for oscillator training.

Table 50. Protocol to use for oscillator training

COMMTYPE OSCTRAIN_SEL Protocol to use for oscillator training

0 0 DSI3
1 0 PSI5
0
2to 15 Not applicable, no effect

1

CK_CAL_RST - clock calibration value reset

The clock calibration reset bit controls the state of the oscillator training when the CK_CAL_EN bit is cleared as
described in Table 52. CK_CAL_EN and CK_CAL_RST oscillator training. See Section 4.5.1 for details regarding
oscillator training.
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CRM_PER][1:0] - command and response mode period

In PSI5 mode, the CRM_PER([1:0] bits are readable and writable, but have no impact on device operation or
performance.

Table 51. Command and response mode period

CRM_PER[1] CRM_PER][0] Command and response mode period
(multiples of the periodic data collection mode period)

0 0 1
0 1 2
1 0 4

1 1 8

CK_CAL_EN - clock calibration enable

The clock calibration enable bit enables oscillator training over the PSI5 communication interface. See
Section 4.5.1 for details regarding oscillator training.

Table 52. CK_CAL_EN and CK_CAL_RST oscillator training

CK_CAL_EN CK_CAL_RST Oscillator training

0 0 The oscillator value is maintained at the last trained value prior to clearing the CK_CAL_RST bit.
0 1 The oscillator value is reset to the untrained value with a tolerance specified in Section 8.
1 X Oscillator is trained as specified in Section 4.5.1.

4.2.14 CHIPTIME - chip time and bit time register (address $23)

The chip time and bit time register is a user programmed read/write register that contains user-specific
configuration information. This register is included in the read/write array error detection.

This register is readable and writable in PSI5 diagnostic mode.

Table 53. CHIPTIME - chip time and bit time register — (address $23) bit allocation

e |~ | . | - | - | > | - | - | _° |

Name Reserved Reserved Reserved SS_EN CHIPTIME[3:0]
Access RW RIW RW RW RW RW RwW RW
Reset 0 0 0 0 0 0 0 0

SS_EN - simultaneous sampling enable

In PSI5 mode, the simultaneous sampling enable bit selects between one of two data latency methods to
accommodate synchronized sampling or simultaneous sampling.

Table 54. SS_EN data latency methods

SS_EN Data latency

0 Synchronous sampling mode (latency relative to time slot)

1 Simultaneous sampling mode (latency relative to sync pulse)

CHIPTIME - chip time

In PSI5 mode, the CHIPTIME bits set the bit time for the PSI5 response data as described in Table 55. Bit time for
the PSI5 response data.

Table 55. Bit time for the PSI5 response data

CHIPTIME[3] CHIPTIME[2] CHIPTIME[1] CHIPTIME[0]
0 0 0 0

53 s 189 kHz Enabled 1.0 ps 1000 kHz Disabled
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CHIPTIME[3] CHIPTIME[2] CHIPTIME[1] CHIPTIME[0]
0 0 0 1

4.2.15

53 s 189 kHz Enabled 2.0ups 500.0 kHz Disabled
1 0 53 s 189 kHz Enabled 25us 400.0 kHz Enabled
1 1 53 s 189 kHz Enabled 26ps 384.6 kHz Enabled
0 0 53 ps 189 kHz Enabled 26 ps 384.6 kHz Enabled
0 1 53 s 189 kHz Enabled 2.7 yps 370.3 kHz Enabled
1 0 5.3 s 189 kHz Enabled 28 s 357.1 kHz Enabled
1 1 5.3 s 189 kHz Enabled 29ups 344.8 kHz Enabled
0 0 8.0 us 125 kHz Enabled 3.0us 333.3 kHz Enabled
0 1 8.0 us 125 kHz Enabled 3.1us 322.6 kHz Enabled
1 0 8.0 us 125 kHz Enabled 32us 312.5 kHz Enabled
1 1 8.0 us 125 kHz Enabled 3.3 ps 303.0 kHz Enabled
0 0 8.0 us 125 kHz Enabled 3.5pus 294.1 kHz Enabled
0 1 8.0 us 125 kHz Enabled 4.0 us 250.0 kHz Enabled
1 0 8.0 us 125 kHz Enabled 4.5pus 222.2 kHz Enabled
1 1 8.0 us 125 kHz Enabled 5.0 s 200.0 kHz Enabled

BDM_CFG — DSI3 background diagnostic mode configuration register (address $24)

The DSI3 background diagnostic mode configuration register is a user programmed read/write register that
contains user-specific configuration information for DSI3 background diagnostic mode. This register is included in
the read/write array error detection. See Section 9.2.4 for details regarding background diagnostic mode.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 56. BDM_CFG — DSI3 background diagnostic mode configuration register — (address $24) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name
Access

Reset

DS15166 - Rev 1

Reserved Reserved Reserved Reserved Reserved Reserved BDM_FRAGSIZE BDM_EN
RW RW RW RW RW RIW R/W RW
0 0 0 0 0 0 0 0

BDM_FRAGSIZE - background diagnostic mode fragment size

The background diagnostic mode fragment size bit sets the number of background diagnostic command bits and
response chips to be sent per periodic data collection mode sampling period.

Table 57. Background diagnostic command bits and response chips

BDM_FRAGSIZE BDM command fragment size (bits) BDM response fragment size (chips)

0 2 3

1 4 6

In PSI5 mode, the BDM_FRAGSIZE bit is readable and writable, but has no impact on device operation or
performance.

BDM_EN - background diagnostic mode enable

The background diagnostic mode enable bit enables background diagnostic mode as described in
Table 58. Background diagnostic mode enabled. See Section 9.2.4 for details regarding background diagnostic
mode.

Table 58. Background diagnostic mode enabled

0 Disabled

1 Enabled

In PSI5 mode, the BDM_EN bit is readable and writable, but has no impact on device operation or performance.
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4.2.16 PSI5_CFG — PSI5 configuration register (address $25)

The PSI5 configuration register is a user programmable OTP register that contains PSI5 specific configuration
information. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 59. PSI5_CFG — PSI5 configuration register — (address $25) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name SYNC_PD DAISY_CHAIN PSI5_ILOW DATA_EXT EMSG_EXT P_CRC INIT2_EXT ASYNC
Access RW RW RW RW RwW RW RwW RW
Reset 0 0 0 0 0 0 0 0

SYNC_PD - sync pulse pulldown enable bit

In PSI5 mode, the sync pulse pulldown enable bit selects if the sync pulse pulldown is enabled once a sync pulse
is detected. See Section 4.2.17: PDCM_RSPSTx_x — DSI3 and PSI5 start time registers (address $26 to $29) for
more information regarding the sync pulse pulldown.

Table 60. Sync pulse pulldown enable bit select

SYNC_PD Sync pulse pulldown

0 Disabled

1 Enabled for all PSI5 operating modes

DAISY_CHAIN — PSI5 daisy chain selection bit

In PSI5 mode, the transmission mode selection bits select the PSI5 transmission mode as shown in
Table 61. Transmission mode selection bits select.

Table 61. Transmission mode selection bits select

PASY-CHAN operetnomese ;’GSCP;’IIHSI:STSTO)

Normal mode (asynchronous or parallel, synchronous) SNSDATAO Section 9.3.5

1 Daisy chain mode SNSDATAO Section 9.3.6

PSI5 low response current selection bit (PSI5_ILOW)

In PSI5 mode, the PSI5 low response current selection bit selects the low PSI5 response current specified in
Section 7 as shown in Table 62. PSI5 low response current.

Table 62. PSI5 low response current

PSI5_ILOW PSI5 response current

0 Normal response current

1 Low response current

DATA_EXT - data range extension bit

In PSI5 mode, the data range extension bit enables or disables extending the clipping limits for the relative
pressure PSI5 data range as shown in Table 63. PSI5 relative pressure PSI5 data range.

Table 63. PSI5 relative pressure PSI5 data range

0 Relative pressure data transmitted from —102 to +307 LSB as specified in Section 7

1 Relative pressure data transmitted from —480 to +480 LSB as specified in Section 7

EMSG_EXT - error message information extension bit
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In PSI5 mode, the error message information extension bit enables or disables additional PSI5 error message
information as shown in Table 64. PSI5 error message information.

Table 64. PSI5 error message information

0 All internal errors map to 1F4h, see Section 9.3.3.4

1 Additional PSI5 reserved codes are used for internal error distinction, see Section 9.3.3.4

P_CRC - PSI5 response message error detection selection bit

In PSI5 mode, the response message error detection selection bit selects either even parity, or a 3-bit CRC for
error detection of the PSI5 response message. See Section 4.2.17 for details regarding response message error
detection.

Table 65. PSI5 response message error detection

0 Parity

1 CRC

In DSI3 mode, the P_CRC bit is readable and writable, but has no impact on device operation or performance.
INIT2_EXT - initialization phase 2 data extension bit

In PSI5 mode, the initialization phase 2 data extension bit enables or disables data transmission in data fields
D33 through D48 of PSI5 initialization phase 2 as shown in Table 66. D33 through D48 of PSI5 initialization phase
2.

Table 66. D33 through D48 of PSI5 initialization phase 2

0 D33 through D48 are not transmitted

1 D33 through D48 are transmitted as defined in Section 9.3.4.2.1

In DSI3 mode, the INIT2_EXT bit is readable and writable, but has no impact on device operation or performance.
ASYNC - asynchronous mode bit

In PSI5 mode, the asynchronous mode bit enables asynchronous data transmission as described in
Section 4.2.17: PDCM_RSPSTx_x — DSI3 and PSI5 start time registers (address $26 to $29) only if the
DAISY_CHAIN bit is not set.

In DSI3 mode, the ASYNC bit is readable and writable, but has no impact on device operation or performance.

4.2.17 PDCM_RSPSTx_x — DSI3 and PSI5 start time registers (address $26 to $29)

The DSI3 and PSI5 start time registers are user programmed read/write registers that contain user-specific
configuration information for DSI3 periodic data collection mode. These registers are included in the read/write
array error detection.

These registers are readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 67. PDCM_RSPSTx_x — DSI3 and PSI5 start time registers — (address $26 to $29) bit allocation

IR I R R SR NN SRR B
$26

PDCM_RSPSTO_L PDCM_RSPSTO[7:0]
$27 PDCM_RSPSTO_H BRC_RSPO[1:0] Reserved PDCM_RSPSTO[12:8]

$28 PDCM_RSPST1_L PDCM_RSPST1[7:0]

$29 PDCM_RSPSTO_H BRC_RSP1[1:0] Reserved PDCM_RSPST1[12:8]

Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
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PDCM_RSPSTx[12:0] — periodic data collection mode response start time

The DSI3 periodic data collection mode response start time registers set the periodic data collection mode
response start time for the associated data and SOURCEID. The value is stored in 1.0 ys increments.

Table 68. Periodic data collection mode response start time for the associated data and SOURCEID

PDCM_RSPSTx[12:0] Periodic data collection mode response start time

0 See Table 69. Default states for SOURCEID_x, SNSDATAxm, PCDM_REPSTx.
0 < PDCM_RSPSTx[12:0] < 20 20.0 us
20 < PDCM_RSPSTX[12:0] PDCM response start = PDCM_RSPST x 1.0 s

Table 69. Default states for SOURCEID_x, SNSDATAxm, PCDM_REPSTx shows the relationship of the
SOURCEID, the transmitted data, the response start times, and the default states for each set of registers. Care
must be taken to prevent from programming response start times that cause data contention in the system.

Table 69. Default states for SOURCEID_x, SNSDATAxm, PCDM_REPSTx

SOURCEID register Transmitted data Start time registers Default start (PDCM_RSPSTx[12:0] = 00h)

SOURCEID_0 SNSDATAO PDCM_RSPSTO0[12:0] Transmit data with a start time of 20 s

SOURCEID_1 SNSDATA1 PDCM_RSPST1[12:0] Transmit data with a start time of 20 s

Table 70. PSI5 data transmission start times shows the PSI5 data transmission start times based on the values in
the PDCM_RSPSTXx registers and the value of the ASYNC bit. Care must be taken to prevent from programming
time slots that violate the PSI5 Version 1.3 specification, or time slots that will cause data contention.

Table 70. PSI5 data transmission start times

ASYNC Bit SOURCEID register Transmitted data Time slot start time Default start (PDCM_RSPSTx[12:0] = 00h)

SOURCEID_0 SNSDATAO Asynchronous mode tasyNG

SOURCEID_0 SNSDATAO PDCM_RSPSTO0[12:0] Transmit data with a start time of 20 ps.
0

SOURCEID_1 SNSDATA1 PDCM_RSPST1[12:0] Transmit data with a start time of 20 ps.

BRC_RSP[1:0] — broadcast read command type selection bits

The broadcast read command type selection bits select the broadcast read command types that the device
responds to for each source ID as shown in Table 71. BRC_RSP[1:0] response.

Table 71. BRC_RSP[1:0] response

0 0 Respond to all broadcast read commands
0 1 Respond to broadcast read command 0 only
1 0 Respond to broadcast read command 1 only
1 1 Respond to all broadcast read commands

If a device is programmed to respond only to BRCO or BRC1 commands, it will synchronize to alternate
responses when BDM commands are received.
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. If the last command prior to a BDM command is a BRCO, a device programmed to respond only to BRCO
commands will not respond to the first BDM command and will then respond to every other BDM command
until the next BRC command is received.

. If the last command prior to a BDM command is a BRCO, a device programmed to respond only to BRC1
commands will respond to the first BDM command, and will then response to every other BDM command
until the next BRC command is received.

. If the last command prior to a BDM command is a BRC1, a device programmed to respond only to BRCO
commands will respond to the first BDM command, and will then response to every other BDM command
until the next BRC command is received.

. If the last command prior to a BDM command is a BRC1, a device programmed to respond only to BRC1
commands will not respond to the first BDM command and will then respond to every other BDM command
until the next BRC command is received.

In PSI5 mode, the BRC_RSP[1:0] bits are readable and writable, but have no impact on device operation or
performance.

4.2.18 PDCM_CMD_B_x — DSI3 and PSI5 command blocking time registers (address $38, $39)

The DSI3 and PSI5 command blocking registers are user programmed read/write registers that contain user-
specific configuration information for DSI3 mode and PSI5 mode. These registers are included in the read/write
array error detection.

These registers are readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 72. PDCM_CMD_B_x — DSI3 and PSI55 command blocking time registers — (address $38, $39) bit allocation

IR T R BT SR R SR B
$38

PDCM_CMD_B_L PDCM_CMD_B[7:0]
#39 PDCM_CMD_B_H Reserved Reserved Reserved PDCM_CMD_B[12:8]
Access RW RW RW RW RW RW RW RW

Reset 0 0 0 0 0 0 0 0

In DSI3 mode, the DSI3 periodic data collection mode command blocking time bits set the periodic data collection
mode command blocking time in 1.0 ys increments, with zero as the default value of 450 ys. For proper
communication, the command blocking time must exceed the completion of the last source response
transmission. See Section 9.2.1.1 for details regarding the command receiver and command blocking.

Care must be taken to prevent from programming command blocking times that prevent proper command
decoding in the system and to ensure proper sampling of the VHIGH voltage. As shown in Section 9.2.1.1, the
VHIGH voltage is initially captured at the end of the command blocking time and then filtered. The user must
ensure that the command blocking end time is set for a time when no command or response transmissions are
occurring to provide the most stable BUS_| voltage.

Table 73. DSI3 mode sync pulse blocking time

PDCM_CMD_B[12:0] Sync pulse blocking time

0 450 ps

Nonzero Sync pulse blocking time = PDCM_CMD_B x 1 ps

In PSI5 mode, the command blocking time bits set the PSI5 sync pulse blocking time in 1.0 ys increments, with
zero as the default value of 450 ys. See Section 9.3.2.1 for details regarding the PSI5 sync pulse receiver and
command blocking.

Care must be taken to prevent from programming command blocking times that prevent proper sync pulse
decoding in the system and to ensure proper sampling of the PSI5 voltage.

Table 74. PSI5 mode sync pulse blocking time

PDCM_CMD_BI[12:0] Sync pulse blocking time

0,1,2,3,4,56,7,8,9 450 ps

10 to 8191 Sync pulse blocking time = PDCM_CMD_B x 1 ps

DS15166 - Rev 1 page 26/128



G FXPS71407S
> /4

Functional description

4.2.19 WHO_AM_I — who am | register (address $3E)

The Who_Am_| register is a user programmed read/write register that contains the unique product identifier. The
register is readable in all modes. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 75. WHO_AM_I — who am | register — (address $3E) bit allocation

ee (¢ | o | s [ «+ | o |l 2 [ + | o |
Name WHO_AM_I[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW

Factory default stored value 0 0 0 0 0 0 0 0

Factory default read value 1 1 0 0 0 1 0 0

The default register value is 00h. If the register value is 00h, a value of C4h is transmitted in response to a read
command. For all other register values, the actual register value is transmitted in response to a read command.

Table 76. Response to a register read command

WHO_AM_I register value (hex) Response to a register read command

00h C4h
01h Through FFh Actual register value
4.2.20 DSP_CFG_U1 — DSP user configuration #1 register (address $40)

The DSP user configuration register #1 is a register that contains DSP-specific configuration information. This
register is included in the read/write array error detection.

Note: The value of this register must not be changed or a U_OTP_ERR memory error will occur.

Table 77. DSP_CFG_U1 — DSP user configuration #1 register — (address $40) bit allocation

e |~ | . | - | - | . | - | . | |

Name LPF[3:0] Reserved Reserved Reserved Reserved
Access R/W R/W R/W RW RW R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

The low-pass filter selection bits configure a 370 Hz, 2-pole low-pass filter for absolute pressure in the DSP. See
Section 4.6.4.3 for details regarding the low-pass filter.

4.2.21 DSP_CFG_U3 — DSP user configuration #3 register (address $42)

The DSP user configuration register #3 is a user programmable read/write register that contains DSP-specific
configuration information. This register is included in the read/write array error detection.

Changes to this register reset the DSP data path. The contents of the SNSDATA_x registers are not guaranteed
until the DSP has completed initialization as specified in Section 8. Reads of the SNSDATA_x registers and
sensor data requests should be prevented during this time.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 78. DSP_CFG_U3 — DSP user configuration #3 register — (address $42) bit allocation

e |~ | . | - | - | . | - | . | o |

Name Reserved DATATYPEOQ[1:0] Reserved DATATYPE1[1:0] Reserved Reserved
Access RW RW RW RW RW R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

DATATYPEO — DSP data type 0 selection bits

The DSP data type 0 selection bits select the type of data to be included in the SNSDATAO_L and SNSDATAO_H
registers.
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Table 79. DSP data type 0 selection bits

DATATYPEO[1] DATATYPEO[0] SNSDATA register contents DSI3 data transmission PSI5 data transmission

Relative pressure Relative pressure Relative pressure
0 1 Absolute pressure (Pags) Absolute pressure (Pags) 1F4h
1 0 Filtered absolute pressure (Pg) Filtered absolute pressure (Pg) 1F4h
1 1 Temperature Temperature Temperature

DATATYPE1 — DSP data type 1 selection bits

The DSP data type 1 selection bits select the type of data to be included in the SNSDATA1_L and SNSDATA1_H
registers.

Table 80. DSP data type 1 selection bits

DATATYPE1[1] DATATYPE1[0] SNSDATA register contents DSI3 data transmission PSI5 data transmission

Relative pressure Relative pressure Relative pressure
0 1 Absolute pressure (Pags) Absolute pressure (Pags) 1F4h
1 0 Filtered absolute pressure (Pg) Filtered absolute pressure (Pg) 1F4h
1 1 Temperature Temperature Temperature
Note: Interpolation is not included on the DATATYPE1 output.
4.2.22 DSP_CFG_U4 — DSP user configuration #4 register (address $43)

The DSP user configuration register #4 is a user programmable read/write register that contains DSP-specific
configuration information. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 81. DSP_CFG_U4 — DSP user configuration #4 register — (address $43) bit allocation

e |~ | - | - | - | > | - | - | |

Name PO_RESET Reserved Reserved PO_RLD Reserved INT_OUT Reserved Reserved
RW

Access RIW RW R/W RW RW RW RW

Reset 0 0 0 0 0 0 0 0

PO_RESET - Py filter reset bit

The Py filter reset bit provides the option restart P low-pass filter fast startup at phase 0. See Section 4.6.4.4 for
details regarding the Py filter. If a register write to DSP_CFG_U4 occurs with the PO_RESET bit set, 1, and the bit
was previously cleared, 0, the Py low-pass filter fast startup phase will be reset to phase 0.

Table 82. Py filter reset bit

PO_RESET (previous state) PO_RESET (new state) Py filter startup

0 0 No effect
0 1 Restart the P startup at phase 0
1 0 No effect
1 1 No effect

PO_RLD - Py filter rate limiting bypass bit

The Py filter rate limiting bypass bit provides the option to bypass the Py filter rate limiting after the high-pass filter.
See Section 4.6.4.4 for details regarding the Py filter.
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Table 83. PO_RLD - Py filter rate limiting bypass bit

PO_RLD Py filter rate limiting

0 Enabled

1 Bypassed

INT_OUT - interrupt pin configuration

The interrupt pin configuration bit selects the mode of operation for the interrupt pin if the pin is enabled. The
interrupt output pin is enabled in as shown in Section 4.2.10. If the pin is enabled, the operating mode is as shown
in Table 84. INT_OUT — interrupt pin configuration. If disabled, the interrupt output pin is high impedance.

Table 84. INT_OUT - interrupt pin configuration

INT_OUT Output type

0 Open drain, active high with pulldown current
1 Open drain, active low with pullup current
4.2.23 DSP_CFG_US5 — DSP user configuration #5 register (address $44)

The DSP user configuration register #5 is a user programmable read/write register that contains DSP-specific
configuration information. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode or PSI5 diagnostic mode.

Table 85. DSP_CFG_U5 — DSP user configuration #5 register — (address $44) bit allocation

e |~ | - | - | . | > | - | . | o |

Name ST_CTRL[3:0] Reserved Reserved Reserved Reserved
Access RW RW RW RW RW RW RW RIW
Reset 0 0 0 0 0 0 0 0

ST_CTRL[3:0] — self-test control bits

The self-test control bits select one of the various analog and digital self-test features of the device as shown in
Table 86. Self-test control bits. The self-test control bits are not included in the read/write array error detection.

Table 86. Self-test control bits

SNS_DATAx_X contents
ST_CTRL[3] ST_CTRL[2] ST_CTRL[1] ST_CTRLI[0] Function

16-bit data
0 0 0 0

Normal pressure signal Sensor data as specified in Section 4.2.21
0 0 0 1 P-Cell common mode verification Sensor data as specified in Section 4.2.21
0 0 1 0 Reserved Reserved
0 0 1 1 Reserved Reserved
0 1 0 0 DSP write to SNS_DATAx_X registers inhibited. 0000h
0 1 0 1 DSP write to SNS_DATAx_X registers inhibited. AAAAh
0 1 1 0 DSP write to SNS_DATAx_X registers inhibited. 5555h
0 1 1 1 DSP write to SNS_DATAx_X registers inhibited. FFFFh
1 0 0 0 Reserved Reserved
1 0 0 1 Reserved Reserved
1 0 1 0 Reserved Reserved
1 0 1 1 Reserved Reserved
1 1 0 0 Digital self-test 0 See Section 4.6.2.2
1 1 0 1 Digital self-test 1 See Section 4.6.2.2
1 1 1 0 Digital self-test 2 See Section 4.6.2.2
1 1 1 1 Digital self-test 3 See Section 4.6.2.2

DS15166 - Rev 1 page 29/128




G FXPS71407S
> /4

Functional description

4.2.24 INT_CFG - interrupt configuration register (address $45)
The interrupt configuration register contains configuration information for the interrupt output.

This register can be written during initialization but is locked once the ENDINIT bit is set. Refer to Section 4.2.5.
The register is included in the read/write array error detection.

Table 87. INT_CFG - interrupt configuration register — (address $45) bit allocation

e |~ | - | - | . | > | - | - | |

Name Reserved Reserved INT_PS[1:0] INT_POLARITY Reserved Reserved Reserved
Access R/W RW R/W R/W RW RW R/W RW
Reset 0 0 0 0 0 0 0 0

INT_PS[1:0] — interrupt output pulse stretch

The INT_PSJ[1:0] bits set the programmable pulse stretch time for the interrupt output. Pulse stretch times are
derived from the internal oscillator, so the tolerance on this oscillator applies.

Table 88. Interrupt output pulse stretch

INT_PS[1] INT_PS[0] Pulse stretch time (typical oscillator)

0 0 Oms
0 1 16.000 ms to 16.512 ms
1 0 64.000 ms to 64.512 ms

1 1 256.000 ms to 256.512 ms

If the pulse stretch function is programmed to '00', the interrupt pin is asserted if and only if the interrupt condition
exists after the most recent evaluated sample. The interrupt pin is deasserted if and only if an interrupt condition
does not exist after the most recent evaluated sample.

If the pulse stretch function is programmed to a nonzero value, the interrupt pin is controlled only by the value of
the pulse stretch timer value. If the pulse stretch timer value is nonzero, the interrupt pin is asserted. If the pulse
stretch timer is zero, the interrupt pin is deasserted. The pulse stretch counter continuously decrements until it
reaches zero. The pulse stretch counter is reset to the programmed pulse stretch value if and only if an interrupt
condition exists after the most recent evaluated sample.

INT_POLARITY - interrupt window comparator polarity

The interrupt polarity bit controls whether the interrupt is activated for values within or outside the window
selected by the high and low threshold registers as shown in Table 89. Interrupt window comparator polarity. With
this bit and the programmable thresholds, a window comparator can be programmed for activation either within or
outside a window.

Table 89. Interrupt window comparator polarity

INT_POLARITY Window comparator type

0 Interrupt activated if the value is outside the window

1 Interrupt activated if the value is inside the window

4.2.25 P_CAL_ZERO_x — pressure calibration registers (address $4C, $4D)
The pressure calibration registers contain user programmable values to adjust the offset of the absolute pressure.

These registers can be written during initialization but are locked once the ENDINIT bit is set. Refer to

Section 4.2.5. The register is included in the read/write array error detection. Changes to this register reset the
DSP data path. The contents of the SNSDATA_x registers are not guaranteed until the DSP has completed
initialization as specified in Section 8. Reads of the SNSDATA_x registers and sensor data requests should be
prevented during this time.
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Table 90. P_CAL_ZERO_x — pressure calibration registers — (address $4C) bit allocation

vy e s e s e e ]
$4C

P_CAL_ZERO_L P_CAL_ZERO[7:0]
$4D P_CAL_ZERO_H P_CAL_ZERO[15:8]
Access RIW RW RIW RIW RIW RIW RW RIW
Reset 0 0 0 0 0 0 0 0

The P_CAL_ZERO register value is a signed 16-bit value that is directly added to the internally calibrated
pressure signal value as shown in Eq. (1). Eq. (1) applies to the values in the 16-bit SNSDATA registers. See
Section 4.6.4.7 for the default transfer functions for each data output type.

PABS, g5 = SNSDATA + User Offset (1)

Note: The pressure calibration registers enable range and resolution options beyond the specified values of the
device. The user must take care to ensure that the value stored in this register does not result in a compressed
output range or a railed output.

4.2.26 DSP_STAT - DSP-specific status register (address $60)
The DSP status register is a read-only register that contains sensor data-specific status information.
This register is readable in DSI3 mode or PSI5 diagnostic mode.

Table 91. DSP_STAT - DSP-specific status register — (address $60) bit allocation

e |~ | . | - | - | > | - | -~ | _°_ |

Name Reserved PABS_HIGH PABS_LOW Reserved ST_INCMPLT ST_ACTIVE CM_ERROR ST_ERROR
Access R R R R R R R R
Reset 0 0 0 0 1 0 0 0

PABS_HIGH - absolute pressure out of range high status bit

The absolute pressure out of range high status bit is set if the absolute pressure exceeds the absolute pressure
out of range high limit specified in Section 7. The PABS_HIGH bit is cleared on a read of the DSP_STAT register
through any communication interface or on a data transmission that includes the error in the status field.

PABS_LOW - absolute pressure out of range low status bit

The absolute pressure out of range low status bit is set if the absolute pressure exceeds the absolute pressure
out of range low limit specified in Section 7. The PABS_LOW bit is cleared on a read of the DSP_STAT register
through any communication interface or on a data transmission that includes the error in the status field.

ST_INCMPLT - self-test incomplete

The self-test incomplete bit is set after a device reset and is only cleared when one of the analog or digital self-
test modes is enabled in the ST_CTRL register (ST_CTRL[3] =1 | ST_CTRL[2] =1 || ST_CTRL[1]=1 | |
ST_CTRL[O] = 1) or the PSI5 internal self-test procedure has started.

Table 92. Self-test incomplete

0 An analog or digital self-test has been activated since the last reset.

1 No analog or digital self-test has not been activated since the last reset AND the PSI5 internal self-test procedure has not completed.

ST_ACTIVE - self-test active flag

The self-test active bit is set if any self-test mode is currently active, including the PSI5 internal self-test. The self-
test active bit is cleared when no self-test mode is active.

ST_ACTIVE = ST_CTRL[3]| ST_CTRL[2] |ST_CTRL[1]| ST_CTRL/[0]
CM_ERROR - absolute pressure common mode error status bit
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The absolute pressure common mode error status bit is set if the startup common mode self-test value exceeds
predetermined limits. The CM_ERROR bit is cleared on a read of the DSP_STAT register through any
communication interface or on a data transmission that includes the error in the status field. See Section 4.6.6 for
details regarding the common mode error detection.

ST_ERROR - self-test error flag

The self-test error flag is set if an internal self-test fails as described in Section 4.6.2. This bit can only be cleared
by a device reset.

4.2.27 DEVSTAT_COPY - device status copy register (address $61)

The device status copy register is a read-only register that contains a copy of the device status information
contained in the DEVSTAT register. See Section 4.2.2 for details regarding the DEVSTAT register contents.

This register is readable in DSI3 mode or PSI5 diagnostic mode. A read of the DEVSTAT_COPY register has the
same effect as a read of the DEVSTAT register.

Table 93. DEVSTAT_COPY - device status copy register — (address $61) bit allocation

e | - | - | - | > | > | ‘- | _°

Name DSP_ERR Reserved COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT
Access R R R R R R R R

Reset Refer to Section 4.2.2

4.2.28 SNSDATAO_L, SNSDATAO_H - sensor data #0 registers (address $62, $63)

The sensor data #0 registers are read-only registers that contain the 16-bit sensor data. The data type for the
sensor data #0 registers is selected by the DATATYPEO bits in the DSP_CFG_U3 register. See Section 4.2.21.
See Section 4.6.4.7 for details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode or PSI5 diagnostic mode.

Table 94. SNSDATAO_L, SNSDATAO_H - sensor data #0 registers — (address $62, $63) bit allocation

_———————-

SNSDATAO_L SNSDATAOQ_L[7:0]
$63 SNSDATAO0_H SNSDATAO_H[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
4.2.29 SNSDATA1_L, SNSDATA1_H - sensor data #1 registers (address $64, $65)

The sensor data #1 registers are read-only registers that contain the 16-bit sensor data. The data type for the
sensor data #1 registers is selected by the DATATYPEO bits in the DSP_CFG_US register. See Section 4.2.21.
See Section 4.6.4.7 for details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode or PSI5 diagnostic mode.

Table 95. SNSDATAO_L, SNSDATAO_H - sensor data #0 registers — (address $62, $63) bit allocation

_—-—-———-

SNSDATA1_L SNSDATA1_L[7:0]
$65 SNSDATA1_H SNSDATA1_H[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
4.2.30 SNSDATAO_TIMEXx — sensor data 0 timestamp (address $66 to $69, $6A, $6B)

The sensor data 0 timestamp registers are read-only registers that contain a 48-bit timestamp.
These registers are readable in DSI3 mode or PSI5 diagnostic mode.
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Table 96. SNSDATAO_TIMEX — sensor data 0 timestamp — (address $66 to $69, $6A, $6B) bit allocation

__———_———

SNSDATAO_TIMEO SNSDATAO_TIME[7:0]
$67 SNSDATAO_TIME1 SNSDATAO_TIME[15:8]
$68 SNSDATAO_TIME2 SNSDATAO0_TIME[23:16]
$69 SNSDATAO_TIME3 SNSDATAO_TIME[31:24]
$6A SNSDATAO_TIME4 SNSDATAO_TIME[39:32]
$6B SNSDATAO_TIMES SNSDATAO_TIME[47:40]

Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
4.2.31 P_MAX, P_MIN — minimum and maximum absolute pressure value registers (address $6C to

$6F)

The minimum and maximum absolute pressure value registers are read-only registers that contain a sample by
sample continuously updated minimum and maximum 16-bit absolute pressure value. The value is reset to 0000h
on a write to a DSP_CFG_UXx register that changes the value of the DATATYPEO[1:0], DATATYPE1[1:0], or
ST_CTRL[3:0].

These registers are readable in DSI3 mode or PSI5 diagnostic mode.

Table 97. P_MAX_x — maximum absolute pressure value register — (address $6C, $6D) bit allocation

__———_———

P_MAX_L P_MAX[7:0]
$6D P_MAX_H P_MAX[15:7]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Table 98. P_MIN_x — maximum absolute pressure value register — (address $6E, $6F) bit allocation

_—-—-———-

P_MIN_L P_MIN([7:0]
$6F P_MIN_H P_MIN[15:7]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
4.2.32 FRTx — free-running timer registers (address $78, $79, $7A to $7D)

The free-running timer registers are read-only registers that contain a 48-bit free running timer. The free-running
timer is clocked by the main oscillator frequency and increments every 100 ns.

These registers are readable in DSI3 mode or PSI5 diagnostic mode.

Table 99. FRTx — free-running timer registers (address $78, $79, $7A to $7D) bit allocation

_—-—-———-

FRTO FRT[7:0]
$79 FRT1 FRT[15:8]
$7A FRT2 FRT[23:16]
$7B FRT3 FRT[31:24]
$7C FRT4 FRT[39:32]
$7D FRTS FRT[47:40]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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4.2.33 ICTYPEID - IC type register (address $C0)

The IC type register is a factory programmable OTP register that contains the IC type as defined in

Table 100. ICTYPEID — IC type register — (address $C0) bit allocation. This register is included in the factory
programmed OTP array error detection.

This register is readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9 for
details on the register read process for this register.

Table 100. ICTYPEID - IC type register — (address $C0) bit allocation

e |~ - | - | . | > | - | | |

Name ICTYPEID[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 1 0
4.2.34 ICREVID - IC manufacturer revision register (address $C1)

The IC revision register is a factory programmable OTP register that contains the IC revision. The upper nibble
contains the main IC revision. The lower nibble contains the sub IC revision. This register is included in the factory
programmed OTP array error detection.

This register is readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9 for
details on the register read process for this register.

Table 101. ICREVID - IC manufacturer revision register — (address $C1) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name ICREVID[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 1
4.2.35 ICMFGID - IC manufacturer identification register (address $C2)

The IC manufacturer identification register is a factory programmable OTP register that identifies ST as the IC
manufacturer. This register is included in the factory programmed OTP array error detection.

This register is readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9 for
details on the register read process for this register.

Table 102. ICMFGID - IC manufacturer identification register — (address $C2) bit allocation

e |~ | . | - | - | > | - | - | _°_ |

Name ICMFGIDI[7:0]

Access R R R R R R R R
Reset 0 0 0 0 0 0 1 0
4.2.36 PNx — part number registers (address $C4, $C5)

The part number registers are factory programmed OTP registers that include the numeric portion of the device
part number. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9
for details on the register read process for these registers.

Table 103. PNx — part number registers — (address $C4, $C5) bit allocation

e e 1 s T« = T = [« 1 5 ]
$C4 PNO

PNO[7:0]

$C5 PN1 PN1[7:0]
Access R R R R R R R R
Reset N/A N/A N/A N/A N/A N/A N/A N/A
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Table 104. Part number registers protocol

14h 0Dh DsI3
14h OEh PSI5
14h OFh Generic
Reserved Reserved Reserved
4.2.37 SNx — device serial number registers (address $C6 to $C9, $CA)

The serial number registers are factory programmed OTP registers that include the unique serial number of the
device. Serial numbers begin at 1 for all produced devices in each lot and are sequentially assigned. Lot numbers
begin at 1 and are sequentially assigned. No lot will contain more devices than can be uniquely identified by the
14-bit serial number. Depending on lot size and quantities, all possible lot numbers and serial numbers may not
be assigned. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9
for details on the register read process for these registers.

Table 105. SNx — device serial number registers — (address $C6 to $C9, $CA) bit allocation

__———_———

SN[7:0]

$C7 SN1 SN[15:8]

$C8 SN2 SN[23:16]

$C9 SN3 SN[31:24]

$CA SN4 SN[39:32]

Access R R R R R R R R
Reset N/A N/A N/A N/A N/A N/A N/A N/A

4.2.38 ASIC wafer ID registers (address $CB to $CD, $D0, $D1)

The ASIC wafer ID registers are factory programmed OTP registers that include the wafer number, and wafer X
and Y coordinates for the device ASIC. These registers are included in the factory programmed OTP array error
detection.

These registers are readable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See Section 4.2.9
for details on the register read process for these registers.

Table 106. ASICWFR# — ASIC wafer ID register — (address $CB) bit allocation

e |~ | - | - | . | > | - | - | o |

Name ASICWFR#[7:0]
Access R R R R R R R R
Reset N/A N/A N/A N/A N/A N/A N/A N/A

Table 107. ASICWFR_x — ASIC wafer x, y coordinates ID registers — (address $CC, $CD) bit allocation

_—-—-———-

ASICWFR_X ASICWFR_X[7:0]
$CD ASICWFR_Y ASICWFR_X[7:0]
Access R R R R R R R R
Reset N/A N/A N/A N/A N/A N/A N/A N/A

Table 108. ASICWLOT_x — ASIC wafer lot ID registers — (address $D0, $D1) bit allocation

_—-—-———-

ASICWLOT_L ASICWLOT_L[7:0]
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_—-—-———-

ASICWLOT_H ASICWLOT_H[7:0]
Reset N/A N/A N/A N/A N/A N/A N/A N/A
4.2.39 USERDATA_0 to USERDATA_E — user data registers (address $EO0 to $E9, $EA to $EE)

User data registers are user programmable OTP registers that contain user-specific information. These registers
are included in the user programmed OTP array error detection.

These registers are readable and writable in DSI3 mode or PSI5 diagnostic mode when ENDINIT is not set. See
Section 4.2.9 for details on the register read process for these registers.

Table 109. USERDATA_X — user data registers (address $E0 to $E9, $EA to $EE) bit allocation

_—-—-———-

USERDATA_0 USERDATA_0[7:0]

$E1 USERDATA_1 USERDATA_1[7:0]

$E2 USERDATA_2 USERDATA_2[7:0]

$E3 USERDATA_3 USERDATA_3[7:0]

$E4 USERDATA_4 USERDATA_4[7:0]

$E5 USERDATA 5 USERDATA_5[7:0]

$E6 USERDATA_6 USERDATA_6[7:0]

$E7 USERDATA_7 USERDATA_7[7:0]

$E8 USERDATA_8 USERDATA_8[7:0]

$E9 USERDATA_9 USERDATA_9[7:0]

$EA USERDATA_A USERDATA_A[7:0]

$EB USERDATA_B USERDATA_B[7:0]

$CB USERDATA_C USERDATA_C[7:0]

$ED USERDATA_D USERDATA_D[7:0]

$EE USERDATAEE USERDATA_E[7:0]

Access R/W RW R/W R/W RW R/W RW R/W
Reset 0 0 0 0 0 0 0 0
4.2.39.1 PSI5 initialization phase 2 data transmissions of user data

In PSI5 mode, the values of the user data registers are transmitted in initialization phase 2 as shown in
Table 110. Phase 2 USERDATA_X — user data registers (address $EO to $E9, $EA to $EE) bit allocation. See
Section 9.3.4.2.1 for details on the PSI5 initialization phase 2 transmissions.

Table 110. Phase 2 USERDATA_X — user data registers (address $E0 to $E9, $EA to $EE) bit allocation

_—-—-———-

USERDATA_0 Reserved F1:D1
$E1 USERDATA_1 F3:D5 F3: D4
$E2 USERDATA 2 F4:D7 F4: D6
$E3 USERDATA_3 F5:D9 F5: D8
$E4 USERDATA_4 F6: D11 F6: D10
$E5 USERDATA_5 F7:D13 F7:D12
$E6 USERDATA_6 F9: D32 F7:D14
$E7 USERDATA_7 F8: D16 F8: D15
$E8 USERDATA_8 F8: D18 F8: D17
$E9 USERDATA_9 Reserved Reserved
$EA USERDATA_A Reserved Reserved
$EB USERDATA_B Reserved Reserved
$EC USERDATA_C Reserved Reserved
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_———————-

USERDATA_D Reserved Reserved
$EE USERDATA_E Reserved Reserved
Reset 0 0 0 0 0 0 0 0
4.2.40 USERDATA_10 to USERDATA_1E — user data registers (address $F0 to $F9, $FA to $FE)

User data registers are user programmable OTP registers that contain user-specific information. These registers
are included in the user programmed OTP array error detection.

These registers are readable and writable in DSI3 mode, or PSI5 diagnostic mode when ENDINIT is not set. See
Section 4.2.9 for details on the register read process for these registers.

Table 111. USERDATA_10 to USERDATA_1E — user data registers (address $F0 to $F9, $FA to $FE) — bit allocation

“———————-—

USERDATA_10 USERDATA_10[7:0]
$F1 USERDATA_11 USERDATA_11[7:0]
$F2 USERDATA_12 USERDATA_12[7:0]
$F3 USERDATA_13 USERDATA_13[7:0]
$F4 USERDATA_14 USERDATA_14[7:0]
$F5 USERDATA_15 USERDATA_15[7:0]
$F6 USERDATA_16 USERDATA_16[7:0]
$F7 USERDATA_17 USERDATA_17[7:0]
$F8 USERDATA_18 USERDATA_18[7:0]
$F9 USERDATA_19 USERDATA_19[7:0]
$FA USERDATA_1A USERDATA_1A[7:0]
$FB USERDATA_1B USERDATA_1B([7:0]
$FC USERDATA_1C USERDATA_1C[7:0]
$FD USERDATA_1D USERDATA_1D[7:0]
$FE USERDATA_1E USERDATA_1E[7:0]
Access RwW RwW RW RwW RW RwW
Reset 0 0 0
4.2.41 CRC_UF2, CRC_F_A to CRC_F_F - lock and CRC registers (address $5F, $AF to $FF)

The lock and CRC registers are automatically programmed OTP registers that include the lock bit, the block
identifier, and the block OTP array CRC use for error detection.

These registers are automatically programmed when the corresponding data array is programmed to OTP using
the write OTP enable register as documented in Section 4.2.6.

Table 112. CRC_UF2, CRC_F_A to CRC_F_F - lock and CRC registers — (address $5F, $AF to $FF) bit allocation

“—-——————-—

CRC_UF2 LOCK_UF2 CRC_UF2[3:0]
Reset 0 0 0
$AF CRC_F_A LOCK_F_A REGA_BLOCKID[2:0] CRC_F_A[3:0]
Reset 1 0 Varies
$BF CRC_F_B LOCK_F_B REGB_BLOCKID[2:0] CRC_F_B[3:0]
Reset 1 1 Varies
$CF CRC_F_C LOCK_F_C REGC_BLOCKID([2:0] CRC_F_C[3:0]
Reset 1 1 Varies
$DF CRC_F_D LOCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3:0]
Reset 1 0 Varies
SEF CRC_F_E LOCK_F_E REGE_BLOCKID[2:0] CRC_F_E[3:0]
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Reset 0 0 0 0 0 0 0 0
S$FF CRC_F_F LOCK_F_F REGF_BLOCKID[2:0] CRC_F_F[3:0]

Reset 0 0 0 0 0 0 0 0

Table 113. Register block before and after programming shows the state of the lock bits, the block identifiers, and
the CRC for each register block before and after programming.

Table 113. Register block before and after programming

Lock bit Block identifier CRC
Register
block bit[7] bit[6:4] bit[3:0]

address
Before programming After programming Before programming After programming Before programming After programming
0 1 000 000

0000 Varies
$AX 0 1 N/A 001 N/A Varies
$Bx 0 1 N/A 010 N/A Varies
$Cx 0 1 N/A 011 N/A Varies
$Dx 0 1 N/A 100 N/A Varies
$EX 0 1 000 101 0000 Varies
$Fx 0 1 000 110 0000 Varies

4.2.42 Reserved registers

A register read command to a reserved register or a register with reserved bits will result in a valid response. The
data for reserved bits may be 0 or 1.

A register write command to a reserved register or a register with reserved bits will execute and result in a valid
response. The data for the reserved bits may be 0 or 1. A write to the reserved bits must always be '0' for normal
device operation and performance.

4.2.43 Invalid register addresses

A register read command to a register address outside the addresses listed in Section 4.1 will result in a valid
response. The data for the registers will be 00h.

A register write command to a register address outside the addresses listed in Section 4.1 will not execute, but
will result in a valid response. The data for the registers will be 00h.

A register write command to a read-only register will not execute, but will result in a valid response. The data for
the registers will be the current contents of the register.

4.3 OTP and read/write register array CRC verification

4.3.1 ST internal OTP registers

The following registers are internal OTP registers. These registers are verified by the OTP ECC as well as an
independent 4-bit CRC for each 16 byte block.

Table 114. Internal OTP registers

Memory type codes

F User-readable register with OTP

4.3.2 User OTP only registers

The following registers are internal OTP registers. These registers are verified by the OTP ECC as well as a 4-bit
CRC for each 16 byte block. The CRC verification uses a generator polynomial of g(x) = X4+ X3+ 1, with a seed
value = 0000. The bits are fed into the CRC calculation from right to left (MSB first) and from top to bottom (lowest
address first) in the register map.
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Table 115. User OTP only registers

Memory type codes

UFO0 One-time user-programmable OTP Region 0
UF1 One-time user-programmable OTP Region 1
4.3.3 OTP modifiable registers

The following registers are user read/write registers as well as OTP registers with writable mirror registers. The
OTP registers are verified by the OTP ECC as well as an independent 4-bit CRC stored in the CRC_UF2 register.

The values read from OTP can be overwritten while ENDINIT is not set. Once ENDINIT is set, the writable
registers (all registers in the R/W and UF2 regions with the exception of the DEVLOCK_WR register) are verified
by an additional continuous 4-bit CRC that is calculated on the entire array. The CRC verification uses a
generator polynomial of g(x) = X# + X3 + 1, with a seed value = 0000. The bits are fed into the CRC calculation
from right to left (MSB first) and from top to bottom (lowest address first) in the register map.

Table 116. Registers verified by the OTP CRC

Memory type codes

UF2 One-time user-programmable OTP Region 3 with modifiable mirror registers

Table 117. Registers verified by the ENDINIT calculated CRC

Memory type codes

UF2 One-time user-programmable OTP Region 3 with modifiable mirror registers
R/W User-writable register, with the exception of the DEVLOCK_WR register
4.4 Voltage regulators

The device derives its internal supply voltage from the Vcc/BUS_| and Vgg pins. The internal regulators are
supplied by a buffer regulator (Vgyr) to provide immunity from EMC, and supply dropouts on BUS_I. An external
filter capacitor is required for Vgyr, as shown in Section 9.5.

The voltage regulator module includes voltage monitoring circuitry that holds the device in reset following power-
on until the internal voltages have increased above the undervoltage detection thresholds. The voltage monitor
asserts internal reset when the external supply or internally regulated voltages fall below the undervoltage
detection thresholds. A reference generator provides a reference voltage for the ZA converter.
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Figure 3. Voltage regulation and monitoring
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441 Vpur regulator capacitor and capacitor monitor

In DSI3 and PSI5 modes, the buffer regulator requires an external capacitor between the Vgyg pin and the Vgg
pin. Section 9.5 shows the recommended types and values for each of these capacitors. A monitor circuit is
incorporated to ensure predictable operation if the connection to the external Vgyr capacitor becomes open. If the
external capacitor is not present, the regulator voltage will fall below the threshold specified in Section 7 causing
the VBUF_ERR bit to be set in the DEVSTAT1 register.

The Vgyf capacitor is tested synchronous to the protocol transmissions as shown in Figure 4. VVgF capacitor
monitor timing, DSI3, Figure 5. Vgyfr capacitor monitor timing, PSI5 synchronous mode, and Figure 6. Vgyg
capacitor monitor timing, PSI5 asynchronous mode.
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Figure 4. Vgyg capacitor monitor timing, DSI3
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Figure 5. Vgyf capacitor monitor timing, PSI5 synchronous mode
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Figure 6. Vgyf capacitor monitor timing, PSI5 asynchronous mode
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44.2 BUS_I, Vgur, VREG, VREGA, Undervoltage monitor

A circuit is incorporated to monitor the BUS_| supply voltage and the internally regulated voltages, Vgur, VREG:
and VRrega. If any of the voltages fall below the specified undervoltage thresholds in Section 7, the device reacts
as follows:

. DSI3

- If any supply falls below the specified threshold during a command transmission in command and
response mode, the command is ignored, and no DSI3 response transmission occurs. Once the
supply returns above the threshold, the device will resume decoding commands as specified in
Section 4.2.2.

- If any supply falls below the specified threshold during a response transmission in command and
response mode, the response is terminated. No attempt is made to resend the response. Once the
supply returns above the threshold, the device will resume decoding commands as specified in
Section 4.2.2.

- If any supply falls below the specified threshold during a command transmission in periodic data
collection mode, the command is ignored and no periodic response occurs during that period. Once
the supply returns above the threshold, the device will resume periodic transmissions in response to
commands as specified in Section 4.2.2. Any partially received background diagnostic mode
command is flushed and the device will begin decoding a new background diagnostic mode
command.

- If any supply falls below the specified threshold during a periodic response transmission in periodic
data collection mode, the response is terminated. No attempt is made to resend the response. Once
the supply returns above the threshold, the device will resume periodic transmissions in response to
commands as specified in Section 4.2.2. Any partially received background diagnostic mode
command is flushed and the device will begin decoding a new background diagnostic mode
command.

- If any supply falls below the specified threshold during a background diagnostic mode response
transmission in periodic data collection mode, the response is terminated. No attempt is made to
resend the response. Once the supply returns above the threshold, the device will resume periodic
transmissions in response to commands as specified in Section 4.2.2. Any partially received
background diagnostic mode command is flushed and the device will begin decoding a new
background diagnostic mode command.

. PSI5

- If any supply falls below the specified threshold, PSI5 transmissions are terminated for the present
response. Once the supply returns above the threshold, the device will resume responses as
specified in Section 4.2.2.

See Figure 7. BUS_| micro-cut response (DSI3 or PSI5) for an example of a supply line interruption during a DSI3
or PSI5 response.
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Figure 7. BUS_I micro-cut response (DSI3 or PSI5)
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4.5 Internal oscillator
The device includes a factory trimmed oscillator as specified in Section 8.

451 Oscillator training

The device includes a feature to train the oscillator to a tighter accuracy than the factory trimmed capability
assuming the system master has a tighter oscillator accuracy than the slave factory timmed capability. This
feature can be enabled for DSI3 and PSI5 modes.

Note: Oscillator training should not be used in systems that employ spread spectrum communication methods to
reduce emissions.

4.5.1.1 DSI3 oscillator training
Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by
verifying the timing of periodic transmissions from the master against the values stored in the CRM_PER[1:0] and
PDCM_PER[2:0] bits of the user read/write register array. The master programs the intended periodic data
collection mode command period into the PDCM_PER][2:0] bits and the intended command and response mode
command period into the CRM_PER([1:0] bits. The device then calculates the number of transmission periods for
every 4 ms (NcrRM_PER_4ms_TYP @Nnd NppcM_PER_4ms_TYP)-
In command and response mode, oscillator training is completed over 4 ms periods if and only if the CK_CAL_EN
bit is set and the command and response mode period is between 500 ys and 4 ms, inclusive. The following
procedure is used to train the oscillator (See Figure 8. Command and response mode oscillator training timing
diagram):
1. The device counts the number of oscillator cycles in ncrv_PER _4ms_TYP Periods (Nosc_ams)-

2. nosc_4ms is compared to Nnosc_4ms_Tvp- If the value is within the acceptable training window (OscTrainyyn)
specified in Section 8, an oscillator adjustment is made. Otherwise, no adjustment is made.
a. Ifnosc_ams is greater than nosc_4ms_Typ + OscTrainapy, the oscillator frequency target decreases by
OscTrainggs.
b. If nosc_4ms is less than nosc_4ms_Typ — OscTrainapy, the oscillator frequency target increases by
OscTrainggs.

c. The oscillator frequency target value is changed at the end of the command blocking time for the
command ending the ncrm_PER_0sc Calculation.
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If the CK_CAL_EN bit is cleared after oscillator training has already been initiated, the state of the oscillator is
determined by the state of the CK_CAL_RST bit in the TIMING_CFG register. If the CK_CAL_RST bit is cleared,
the last adjustment value for the oscillator is maintained. If the CK_CAL_RST bit is set, the oscillator is reset to its
untrained value with the untrained tolerance specified in Section 8.

Figure 8. Command and response mode oscillator training timing diagram
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In periodic data collection mode, oscillator training is completed over 4 ms periods if the CK_CAL_EN bit is set.
The following procedure is used to train the oscillator, see Figure 9. Periodic data collection mode oscillator
training timing diagram:
1. The device counts the number of oscillator cycles in nppcm_PER_4ms_TYP Periods (Nosc_4ms)-
Nosc_4ms is compared to Nnosc_4ms_Tvp- If the value is within the acceptable training window (OscTrainyyn)
specified in Section 8, an oscillator adjustment is made. Otherwise, no adjustment is made.
a. Ifnosc_ams is greater than nosc_4ms_Typ + OscTrainapy, the oscillator frequency target decreases by
OscTrainggs.
b. If nosc_4ms is less than nosc_4ms_Typ — OscTrainapy, the oscillator frequency target increases by
OscTrainggs.

c. The oscillator frequency target value is changed at the end of the command blocking time for the
command ending the nppcm_PER_0sc calculation.

Figure 9. Periodic data collection mode oscillator training timing diagram
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4.5.1.2 PSI5 oscillator training
Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by
verifying the timing of periodic transmissions from the master against the values stored in the PDCM_PER[2:0]
bits of the user read/write register array. The sync pulse period is preprogrammed into the PDCM_PER[2:0] bits.
The device then calculates the number of transmission periods for every 4 ms (Npsi5_pPER_4ms_TYP)-
Oscillator training is completed over 4 ms periods if the CK_CAL_EN bit is set. The following procedure is used to
train the oscillator (see Section 4.5.1.2):

1. The device counts the number of oscillator cycles in npgis peR 4ms_TYP Periods (Nosc_4ms)-
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2. nosc_4ms is compared to Nnpsc_4ms_Tvp- If the value is within the acceptable training window (OscTrainyyn)
specified in Section 8, an oscillator adjustment is made. Otherwise, no adjustment is made.
a. Ifnosc_ams is greater than nosc_4ms_Typ + OscTrainapy, the oscillator frequency target decreases by
OscTrainggs.
b. If nosc_4ms is less than nosc_4ms_Typ — OscTrainapy, the oscillator frequency target increases by
OscTrainggs.

c. The oscillator frequency target value is changed at the end of the command blocking time for the
command ending the nppcm_per_osc calculation.

Figure 10. PSI5 oscillator training timing diagram
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Note: In order to benefit from the PSI5 oscillator training accuracy improvements, the oscillator must be trained prior to
data transmissions in Initialization phase 2. For this reason, if oscillator training is enabled in PSI5 mode, the
device will not respond to sync pulses during initialization phase 1, but oscillator training will be enabled trs py

after reset.

4.5.2 Oscillator training error handling
If the user enables oscillator training, but the conditions are not correct to complete oscillator training, the
OSCTRAIN_ERR bit is set in the DEVSTAT register. The following conditions will result in the OSCTRAIN_ERR
bit being set.
. The CLK_CAL_EN bit in the TIMING_CFG register is set and the measured period (nosc_4ms) for any
mode is outside the oscillator training window (OscTrainwn)-

. The result of the comparison is filtered with an up and down counter.

. If nosc_ams is outside the oscillator training window, the counter is incremented.

. If nosc_ams is inside the oscillator training window, the counter is decremented.

. If the counter reaches 64 counts, the OSCTRAIN_ERR bit is set.

. The up and down counter has a maximum value of 127 and a minimum value of 0.

. The command and response mode period established by the PDCM_PER and CRM_PER settings does
not fall within the 500 us to 4 ms window.

. The command and response mode period established by the PDCM_PER and CRM_PER settings is not a
whole number divisor of 4 ms.

4.6 Pressure sensor signal path

4.6.1 Transducer
See Section 7 and Section 8 for transducer parameters.
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4.6.2 Self-test functions

The device includes analog and digital self-test functions to verify the functionality of the transducer and the signal
chain. The self-test functions are selected by writing to the ST_CTRL[3:0] bits in the DSP_CFG_US5 register. The
ST_CTRL bits select the desired self-test connection as described below.

Once the ENDINIT bit is set, the ST_CTRL bits are forced to 0000. Future writes to the ST_CTRL bits are
disabled until a device reset.

4.6.2.1 Startup Ppgs common mode verification

When the Pagg common mode self-test is selected, the ST_ACTIVE bit is set, the ST_ERROR is cleared, and the
device begins an internal measurement of the common mode signal of the P-cells and compares the result
against a predetermined limit. If the result exceeds the limit, the ST_ERROR bit is set.

The Pags common mode self-test will repeat continuously every tst iyt when the ST_CTRL bits are set to the
specified value. Once the test is disabled, the ST_ERROR bit will be updated with the final test result within
tst_NniT of disabling the test. The ST_ACTIVE bit will remain set until the final test result is reported.

Figure 11. User-controlled PABS common mode self-test flowchart is an example of a user controlled self-test
procedure:

Figure 11. User-controlled PABS common mode self-test flowchart
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4.6.2.2 Startup digital self-test verification
Four unique fixed values can be forced at the output of the sinc filter by writing to the ST_CTRL bits as shown in
Table 118. Startup digital self-test verification. The digital self-test values result in a constant value at the output of
the signal chain. After a specified period of time, the SNS_DATAX register value can be verified against the values
in Table 118. Startup digital self-test verification. The values listed in Table 118. Startup digital self-test verification
are only valid if the Pags signal is selected by the associated DATATYPEX bits. When any of these self-test
functions are selected, the ST_ACTIVE bit is set. These signals can only be selected when the ENDINIT bit is not
set.

Table 118. Startup digital self-test verification

SNS_DATAX register contents
ST_CTRLI[3:0]

Absolute pressure Relative pressure
1 1 0 0

Digital self-test #1 8171h 8001h

1 1 0 1 Digital self-test #2 6C95h 8001h

1 1 1 0 Digital self-test #3 807Ah 8001h

1 1 1 1 Digital self-test #4 78ACh 8001h
4.6.2.3 Startup sense data fixed value verification

Four unique fixed values can be forced to the SNS_DATAX_x registers by writing to the ST_CTRL bits as shown
in Table 119. Startup sense data fixed value verification. When any of these values are selected, the ST_ACTIVE
bit is set. These signals can only be selected when the ENDINIT bit is not set.

Table 119. Startup sense data fixed value verification

0 1 0 0 DSP write to SNS_DATAx_X registers inhibited. 0000h

0 1 0 1 DSP write to SNS_DATAx_X registers inhibited. AAAAh

0 1 1 0 DSP write to SNS_DATAx_X registers inhibited. 5555h

0 1 1 1 DSP write to SNS_DATAx_X registers inhibited. FFFFh
4.6.2.4 PSI5 automatic startup self-test procedure

If the device is programmed to PSI5 mode, during PSI5 Initialization, the PoAgs common mode self-test, and digital
self-test are run automatically. The test starts tpsissT_starT after POR. One iteration of the self-test is complete
within tst_niT. If the self-test fails, the self-test is repeated up to ST_RPT times. Once the test passes, or the
maximum number of repeats has occurred, the ST_ACTIVE bit is cleared. If the test passes, the ST _ERROR bit
is cleared. Otherwise, the ST_ERROR bit is set in the DSP_STAT register, the device will exit PSI5 initialization
with a self-test error and transmit the self-test error message instead of sensor data. In this case, the ST_ERROR
bit can only be cleared by a device reset.

After the self-test, the PO filter startup is reset to the first phase and the filter is initialized for tst_poinT-

4.6.3 ZA converter

A second order sigma delta modulator converts the transducer differential capacitance to a data stream that is
input to the DSP. A simplified block diagram is shown in Figure 12. A converter block diagram.
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Figure 12. ZA converter block diagram
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The sigma delta modulator operates at a frequency of 1 MHz, with the following transfer function:

H(Z) = % 2)

4.6.4 Digital signal processor

A digital signal processor (DSP) is used to perform signal filtering and compensation. A diagram illustrating the
signal processing flow within the DSP is shown in Figure 13. Signal chain diagram.

Figure 13. Signal chain diagram
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Table 120. Digital signal processor details

Sample time Data width Sign Over range Signal width Signal margin Typical block

Ref Description Reference
(us) (bits) (bits) (bits) (bits) (bits) latency

A A 1 1 1 NA 1 NA

25ps Section 4.6.3

B SINC filters 48 23 1 NA 21 NA 48 ps Section 4.6.4.1
C Trim 48 32 1 2 18 1" NA Section 4.6.4.2
E Low-pass filter (Pags) 48 32 1 2 18 1 Filter dependent

F User offset and gain adjust 48 32 1 2 18 " NA Section 4.2.25
G Down sample 384 32 1 NA 31 NA NA Section 4.6.4.4
H Po Low-pass filter 384 32 1 2 1 2 NA Section 4.6.4.4
J AP 48 32 1 2 " 2 NA Section 4.6.4.5
K AP/Pg 48 26 1 2 " 2 NA Section 4.6.4.5
L Interpolation (AP/Pg Only) 3 24 1 1 18 3 tsigchainxx Section 4.6.4.6
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4.6.4.1 Decimation sinc filter
The output of the ZA modulator is decimated and converted to a parallel value by one 3rd order sinc filter with a
decimation ratio of 48.
1 11—z}
- (=) s
@ 483 1-z71 )

Figure 14. Sinc filter response
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4.6.4.2 Signal trim and compensation

The device includes digital trim to compensate for sensor offset, sensitivity, and nonlinearity over temperature.
The following equation is used for the trim compensation:

TrimOUT = PO + Pp . Trim,n + Ppp . TTim[nz + Pppp . Trim1n3 + Pt . (T - T25) (4)
2 .
+ Py (T = Tos)" + Ppe - Trimyy, - (T — Tps)

Table 121. Signal trim and compensation

Po Offset compensation
Pp Sensitivity compensation
Ppp Linearity compensation
Pppp 34 order compensation
Py Offset compensation with first order temperature compensation
Py Offset compensation with second order temperature compensation
Ppt Sensitivity compensation with first order temperature compensation
T Temperature sensor digital output value
Tos Temperature sensor output value stored at the ambient test insertion
Trimy, Output of the sinc filter
Trimout Output of the trim block
4.6.4.3 Low-pass filter

Data from the sinc filter is processed by an infinite impulse response (IIR) low-pass filter.
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(1 2% + (g 27 + (s - 27P)
" (dy1 - 2°) + (dig - 270 + (diz - z°9)
. (n21 . ZO) + (nzz : z_l) + (n23 : z_z)

(dg1 - 2°) + (doz - z71) + (dp3 - 272)

H(z) = q (5)

The filter coefficients are selected with the LPF[3:0] bits in the DSP_CFG_U1 register, that configure a 370 Hz, 2-
pole low-pass filter.

The configured filter is a 370 Hz, 2-pole low-pass filter as described in Section 4.2.20. Response parameters for
the low-pass filter are specified in Section 8. Filter characteristics for the highest sample rate are illustrated in
Figure 15. 370 Hz, 2-pole low-pass filter response.

Table 122. Low-pass filter coefficients

Filter Typical Filter order Filter coefficients (24-bit) Group delay Typical attenuation @ 1000 Hz
(C)
number -3 dB frequency (5]
2o

0.017940729763385 — —

N 0.249999999999997 di 1
ni2 0.499999999999994 di2 ~1.763648824568436
0 370 Hz 2 ni3 0.250000000000003 di3 0.781589554331821 585.6 14.1
nyq 1 dpq 1
nz2 0 d22 0
N3 0 da3 0
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Figure 15. 370 Hz, 2-pole low-pass filter response
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370 Hz 2-Pole Output: Signal Delay
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4.6.4.4 Py low-pass filter and gradient filter

The device provides a low-pass filter to provide an average absolute pressure value called Pg. A block diagram of
the Py filter is shown in Figure 16. P low-pass filter block diagram.

Figure 16. Pg low-pass filter block diagram
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Eq. (6) applies to the low-pass filter block shown in Figure 16. P low-pass filter block diagram.

_ ™
1-(d;-z7Y)

The transfer function of the offset low-pass filter is:
ng + (n1 : 2_1)

H =
(#) = ao do + (dy - 279

(7)

Response parameters are specified in Section 5 and the Py low-pass filter coefficients are specified in Table 123.
Low-pass filter details and timing for the startup phases.

During startup, multiple phases of the Py low-pass filter are used to allow for fast convergence of the absolute
pressure value during initialization. The rate limiting is also bypassed regardless of the state of the PO_RLD bit in
the DSP_CFG_U4 register. The low-pass filter details and timing for the startup phases is shown in Table 123.
Low-pass filter details and timing for the startup phases.

Table 123. Low-pass filter details and timing for the startup phases

Py LPF Time from Coefficients (24-bit) LPF corner Time constant (1) Rate

startup reset to start frequency (-3 dB) (ms) limiting

phase of phase (H2)

(ms)

a0 0.333703567338226

0 0 384 no 05 nt 05 163.8 09714 Bypassed
d0 1.0 dt ~0.666296432661774
a0 0.094245715384814

1 4.096 384 no 05 nt 0.500000000000001 40.96 3.886 Bypassed
do 1.0 d1 ~0.905754284615186
a0 0.024406235232995

2 8.192 384 no 05 nt 0.499999999999995 10.24 15.54 Bypassed
d0 1.0 d1 —~0.975593764767005
a0 0.006157625397102

3 24.58 384 n0 0.5 n1 0.5 2.560 62.17 Bypassed
do 1.0 dt -0.993842374602898
a0 0.001542964638922

4 90.11 384 no 05 nt 05 0.6400 2487 Bypassed
do 1.0 d1 -0.998457035361078
a0 0.000385964411427

5 3523 384 no 0.49999988079071 n 0.49999988079071 0.1600 994.7 Sonroted by
d0 0.000385964411427 d1 ~0.999614035588573
a0 0.000385964411427

6 1401 384 no 0.49999988079071 n 0.49999988079071 0.1600 994.7 Gontroted by
do 1.0 d1 -0.999614035588573

Self-test Active Output Frozen

Note: When rate limiting is disabled, the output of the rate limiting is set to the output of the Py low-pass filter.
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Figure 17. 0.16 Hz, 1-Pole Py low-pass filter response

aaa-023457
0 -

magnitude -.\
(dB) N

-10

30 N
N
h\
-40
-50 [ = minimum
—_— typiqal
- maximum
60 N
103 102 1071 1 10
frequency (Hz)
4.6.4.5 AP/Py calculation
The device includes a AP/Pg calculation based on Eq. (8):
Pyps— P
AP/ Py= ABS — Fo (8)

Py

The AP/Pg output data equations for all ranges are in Section 4.6.4.7. The range of the ambient pressure,
absolute pressure for each AP/Pq range is shown in Section 4.6.4.5.

Figure 18. Pg and Ppgs range
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4.6.4.6 Data interpolation

The device includes 16 to 1 linear data interpolation to minimize the system sample jitter. Each result produced by
the digital signal processing chain is delayed one sample time. Transmitted data is interpolated from the two
previous samples, resulting in a latency of one sample time, and a maximum signal jitter of 1/16 of the sample
time. The device uses the following equation for calculating the interpolation:

DSPOut yrrent — DatalnterpOut; _ {
16—(—-1)

DatalnterpOut; = DatalnterpOut; _ 1 +

DatalnterpOuty = DSPOUtpyeyious (10)

An example of the output interpolation is shown in Figure 19. Output interpolation example.
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4.6.4.7

Note:

Note:
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Figure 19. Output interpolation example
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Output scaling equations

Absolute pressure scaling equation

Eq. (11) is used to convert absolute pressure readings with the variables as specified in Table 124. Absolute
pressure readings variables.

The specified values apply only if the P_CAL_ZERO value is set to 0000h.
_ PABS;sp — PABSOFF s

PABSypq = (1)
PABSsgnsE
Where:
PABSkpa =  The absolute pressure output in kPa
PABS sg = The absolute pressure output in LSB
PABSOFF sg =  The absolute pressure output value at 0 kPa in LSB
PABSsense = The expected absolute pressure sensitivity in LSB/kPa = 28.75LSB/KPa

Table 124. Absolute pressure readings variables

Data reading PABSOff, s (LSB) PABSsense (LSB/kPa)

16-bit register read 28672 57.5
16-bit DSI3 PDCM data 28672 57.5
12-bit DSI3 PDCM data 0 28.75
12-bit PSI5 sensor data

0 28.75
(Initialization phase 3)
10-bit DSI3 PDCM data 0 7.188
Interrupt threshold registers 28672 57.5
P Zero calibration registers 0 57.5

Relative pressure scaling equation

Eq. (12) is used to convert relative pressure readings with the variables as specified in Table 125. Relative
pressure readings variables.

The specified values apply only if the P_CAL_ZERO value is set to 0000h.
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4.6.5.1

4.6.5.2
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PREL; g5 — PRELOsp

PRELpgrcenT = (12)
PRELsgnsE
Where:
PRELpercent =  The relative pressure output in percent
PREL sg = The relative pressure output in LSB
PRELOisg = The expected relative pressure output in LSB at constant pressure
PRELsense = The expected relative pressure sensitivity in LSB/%

Table 125. Relative pressure readings variables

16-bit register read 30144 240
16-bit DSI3 PDCM data 30144 240
12-bit DSI3 PDCM data 736 120
10-bit DSI3 PDCM data 184 30
10-bit PSI5 data -328 30

Temperature sensor

Temperature sensor signal chain

The device includes a temperature sensor for signal compensation and user readability. A simplified block
diagram is shown in Figure 20. Temperature sensor signal chain block diagram. Temperature sensor parameters
are specified in Section 7 and Section 8.

Figure 20. Temperature sensor signal chain block diagram
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Temperature sensor output scaling equations

Eq. (13) is used to convert temperature readings with the variables as specified in Table 126. Conversion
variables:

Tppec = Tisp — TOisp (13)
TsensE
Where:
Tpegc =  The temperature output in degrees C
Tise = The temperature output in LSB
TOs8 = The expected temperature output in LSB at 0 °C
Tsense =  The expected temperature sensitivity in LSB/C

Table 126. Conversion variables

8-bit register read 68 1
16-bit register read 17408 256
16-bit DSI3 PDCM data 17408 256
12-bit DSI3 PDCM data 1088 16

page 55/128




‘, FXPS71407S
l Functional description

10-bit DSI3 PDCM data 272 4
10-bit PSI5 data =27 1
4.6.6 Common mode error detection signal chain

The device includes a startup pressure transducer common mode error detection. A simplified block diagram is
shown in Figure 21. Common mode error detection signal chain block diagram. The startup common mode self-
test is conducted as described in Section 4.6.2.1.

Figure 21. Common mode error detection signal chain block diagram
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4.7 Pressure sensor accuracy (drift over temperature and life)

The absolute pressure accuracy is specified in Figure 22. Absolute pressure accuracy as a function of
temperature and Figure 23. Absolute pressure accuracy multiplier over life.

Figure 22. Absolute pressure accuracy as a function of temperature shows the absolute pressure drift over the
entire specified temperature range. The absolute pressure drift over temperature is guaranteed by production
testing.

Figure 23. Absolute pressure accuracy multiplier over life shows a multiplying factor that accounts for the life time
drift of the pressure sensor. The results in Figure 23. Absolute pressure accuracy multiplier over life have been
obtained by qualification testing to conform to the AEC-Q100 [*] standards.

As an example, at room temperature, the worst case drift that the pressure sensor might have after accounting for
lifetime performance is (1 kPa x multiplying factor) = 2 kPa.

Figure 22. Absolute pressure accuracy as a function of temperature
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Figure 23. Absolute pressure accuracy multiplier over life
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5 Limiting values

Limiting values specify the absolute minimum and maximum ratings of the product, beyond which the product
may be damaged or the lifetime may be reduced.

Table 127. Limiting values

BUS_Irgv Reverse current externally limited to < 160 mA, t < 80 ms
Supply voltage (BUS_I/V¢c, BUS_O, BUSSW_H)
BUS_Iyax Continuous (1 +20.0 \2
VBUFMAX Veur (1 -03t0+7.0 Vv
VIOMAX BUSSW_L (M -0.3toVgyr+0.3 Vv
IsuPmAX BUS_I/V¢c and BUS_O continuous current 1 200 mA
Ishock Unpowered shock (six sides, 0.5 ms duration) 21 2000 g
Ishock Unpowered shock (six sides, 0.5 ms duration) (31 5000 g
hprop Drop shock (to concrete, tile or steel surface, 10 drops, any orientation) @1 1.2 m
VEsp Electrostatic discharge (per AEC-Q100), external pins BUS_IV¢c, BUS_O, BUSRTN, HBM (100 pF, 1.5 kQ) () 4000 Vv
Vesp HBM (100 pF, 1.5 kQ) @ | 2000 v
Electrostatic discharge (per AEC-Q100)
Vesp CDM (R=0Q) @) £750 Vv
Tstg Storage () —40to +125 °C
Temperature range
T Junction 4] -40to +150 °C
PuAX ac:gtri]v;ugil;ss)(Pressure applied for 1 hour continuously at room temperature © | 420 Pa
Maximum absolute pressure
PBURST Burst (tested at 100 ms) @ 420 kPa
PmIN Minimum absolute pressure Continuous @15 kPa
fseaL Pressure sealing force applied to top face of package @110 N
6ua Thermal resistance @) 120 °CIW
1. Functionality verified by characterization.
2. Parameter verified by qualification testing.
3. Parameter verified by functional evaluation.
4. Functionality verified by modeling, simulation and/or design verification.
5. Thermal resistance provided with device mounted to a two-layer, 1.6 mm FR-4 PCB as documented in AN1902 with one signal layer and

one ground layer.
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6 Recommended operating conditions

Table 128. Operating conditions

e S S S S (7

VHigH DSI3 supply voltage (VhigH) Measured at BUS_|
Viow DSI3 supply voltage (VL ow) Measured at BUS_| M40 — — \%
Vpsis PSI5 supply voltage (excluding sync pulse) — 1 42 — 16.0 vV
VBUs_ |V Supply voltage (undervoltage) — (| VBus__uv_F — Viow_min \4
Vep Programming voltage Applied to BUS_, (Ipp <5 mA, Ta=29 °C) 2 9.0 10.0 11.0 \%
Vaus_|_ESD Ezsg’p‘;‘;eraﬁng voltage (no device reset, Caus IN= | \1oimum 15 KV air discharge, 330 pF, 2.0 kQ @@ | — — 10.0 v
Ta Production tested operating temperature range (1| =20 (T) — +85 (Th) °C
Operating temperature range
Ta Guaranteed operating temperature range ()| —40 (Ty) — +125 (Ty) °C
Vce_RAMP_SAT Supply power on ramp rate 2)1.0.00001 — 10 Vlius
1. Parameter verified by final test.
2. Parameter verified by functional evaluation.
3. Functionality verified by modeling, simulation and/or design verification.
4. Parameter verified by qualification testing.
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7 Static characteristics

VBUs_I L_min < (VBUS_ | — Vss) £ VBUS | H_max, TL S Ta < Th, AT <25 °C/min, unless otherwise specified

Table 129. Static characteristics

Supply and /0

lg 4 Veus_1=4V 40 — 8.0 mA
Quiescent supply current
lq 20 Vaus 1 =20V 0 40 — 8.0 mA
IR_DsI_1 DSl low M 1g+105 Iq+12.0 lg+13.5 mA
IR psi 2 DS! high ()| Ir_psi_1+10.5 IR psi_1+12.0 IR psi_1+13.5 mA
Response current
IR_Psi5 PSI5 normal | 1q+22.0 Iq +26.0 g +30.0 mA
IR_Psi5_Low PSI5 low M g+ 1.0 lq+13.0 Iq+15.0 mA
" = @ | — —
fINRUSH_60 In-rush current: maximum time at peak current (Cygyr In-rush current = 60 mA IS Hs
tiNRUSH_30 =1uF) In-rush current = 30 mA (limited by Master) @ | — — 200 us
Vaur I_ntemally regulated voltage (Vgur, Veus_1= 4V, Veus_| | 285 3.00 315 v
=20V)
VBus_ILuv_F BUS_| falling (385 3.95 4.00 \
Low voltage detection threshold
VBUF_ UV F Vaur falling 0| 264 2.74 2.84 v
CvBUF Capacitance 21100 1000 2000 nF
Vgur external capacitor
ESR ESR (including interconnect resistance) @0 — 200 mQ
Viow_min < (VBus_I = Vss) £ VHIGH_max
VDELTA THRESH DSI3 V| ow detection threshold (Section 9.2.1.1) | Vhien—1.25 VhicH — 1.0 VhigH - 0.75 v
V| ow detection threshold
RseNsE Sense resistor @ 1.0 1.3 3.0 w
DSI3 discovery mode current sense (Section 9.2.2.3)
IRESP_Offset Iresp detection threshold (lgus_o_q < 24 mA) M6 12 18 mA

Vpsis_min < (VBus_I — Vss) < BUS_lyax
AVsyne PSI5 synchronization pulse ()| Vpgis+ 1.0 Vpgis + 1.5 Vpsgis + 2.0 \
DC sync pulse detection threshold

Isync_pp PSI5 sync pulse pulldown current @ | — IRESP_PSI5 _ mA
VBussw_L_oH Bus switch output high voltage BUSSW_L/INT, I gaq =—100 pA M Vgyr—0.35 — VBurF \
VBussw_L_oL Bus switch output low voltage BUSSW_L/INT, I ag = 100 pA | —= — 0.1 Vv
IBussw_H_oL Bus switch open-drain output current Veussw_H = VBus._| " | — — 10 A
VBussw_H_oL Bus switch output low voltage BUSSW_H, ljoag = 100 pA | — _ 0.1 v

Temperature sensor signal chain

TRANGE Temperature measurement range 2 -50 — +160 °c
Tos Temperature output at 29 °C 983 93 103 LSB

TRANGE Range of output (8-bit) Unsigned temperature @0 — 255 LSB

Tsense Temperature output sensitivity (8-bit) @) 1.00 LsSB/°C
Tacc Temperature output accuracy (8-bit) “ 1 -10 +10 °C

Standard deviation of 50 readings
Trms Temperature output noise RMS (8-bit) W — — +2 LsSB
fsamp = 8 kHz

Absolute pressure sensor signal chain

Pags Maximum operating range 1 40.00 — 132.8 kPa
Absolute pressure range
Po Rated operating range: range at which AP/Py is valid 2| 47.30 — 115.2 kPa

P_CAL_ZERO =0h

Psens Absolute pressure output sensitivity 12-bit @ 0 Hz, tested @ Pass=100 kPa £ 10 % and M — 28.75 — LSB/kPa
110 kPa £ 10 %
Vec =50V

Pacc_LoT1 Absolute pressure accuracy e 20 — +2.0 kPa
—40°C<sTpa<-20°C

Vec =50V
Pacc_LoT2 Absolute pressure accuracy ME 175 — +1.75 kPa
B —20°C<TpA<0°C
Vee =50V
Pacc_typ Absolute pressure accuracy (e 125 - +1.25 kPa
0°CsTas<85°C
Vee =50V
Pacc_niT Absolute pressure accuracy M -20 +2.0 kPa

85°C<Ta<125°C
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P_CAL_ZERO = 0h
PorF_p12 @ — 2875 — LSB
12-bit
Absolute pressure output @ 100 kPa
P_CAL_ZERO = 0h
PoFF_p16 @ — 34422 — LSB
16-bit SNSDATAX register value

Absolute pressure DNL, 12-bit (monotonic with no .

PABSpNL s @ — - +1 LsB
" N missing codes)
Absolute pressure nonlinearity
PABS|NL Absolute pressure INL, 12-bit (least squares BFSL) @ — — +20 LSB
. " Standard deviation of 50 readings, fgamp = 8 kHz, LPF .
PABS, - P @) — —
RMS Absolute pressure noise RMS (12-bit) =370 Hz, 2-Pole, ambient pressure +2 LSB
. " Max. Deviation from Mean, 50 readings, fsamp = 8 kHz,
PABS| X P J —
Peak Absolute pressure noise peak (12-bit) LPF = 370 Hz, 2-Pole, ambient pressure -8 +8 LsSB
Cagur = 1 uf, 12-bit DSI3, 10-bit PSI5
PSCesis 1KHz <, < 10 kHz, BUS_| = 8.0 V £ 2.0 V (represents S - 1 LsB
PSI5 sync pulse)
Cgur = 1 pf, 12-bit DSI3, 10-bit PSI5
PSCpsiar Absolute pressure digital power supply coupling 100 KHz < f. < 1 MHz, BUS 1= 6.0 V £ 500 mV @ | — _ 1 LSB
sfh= 3 _1=6.

(represents DSI3/PSI5 response)

Cgur = 1 f, 12-bit DSI3, 10-bit PSI5
PSCsath 1 MHz < f, < 100 MHz, BUS_I =6.0 V + 50 mV @l = - 1 Lss
(represents response harmonics)

PaBs_RANGE Digital, 12-bit, typical full scale specified range 1150 —_ 3818 LsSB
Absolute pressure output range

PaBs_DErr Digital error response o= 0 — LSB

Py Sensitivity to Z-axis acceleration Tested @ 2000 g, t > 0.1 ms @ — - 3.5 Palg

Ppcell_ciip Absolute pressure range, transducer © 10 — 280 kPa

Papc_ciip Absolute Pressure XA and Sinc filter clipping limit © 0 — 280 kPa

Relative pressure sensor signal chain (7

P_CAL_ZERO = 0h
Psens Relative pressure sensitivity 6285 30.00 315 LSB/%
10-bit (£ 5 %)

PREL pnt relative pressure differential nonlinearity, 10-bit (no ® | _ _ +1.0 LSB
- missing codes) .
Relative pressure nonlinearity
PREL_ i\ relative pressure integral nonlinearity, 10-bit (least @ _ _ 4200 LSB
- squares BFSL) .

AP/Py =0, P_CAL_ZERO = Oh
DP_oFF D @183 184 185 LSB
10-bit mean value of 50 readings, fsamp = 8 kHz, DSI

AP/Pg =0, P_CAL_ZERO = 0h
@ | _ = =
DP_oFF p Relative pressure offset for constant pressure 10-bit mean value of 50 readings, fs, = 8 kHz, PSI5 329 328 327 LsB
» fsamp. g

AP/Py = 0,P_CAL_ZERO = Oh
DPorF_16 16-bit SNSDATAX register value, mean value of 50 i 30144 - Lse
readings, fsamp = 8 kHz

AP/Py =0, 10-bit
PRELRrMs Relative pressure RMS noise @ | — _ 1 LSB
Standard deviation of 50 readings, fsamp = 8 kHz

AP/Py =0, 10-bit
PRELpeak Relative pressure noise peak @ | -4 _ 4 LsB
Max. deviation from mean, 50 readings, fsamp = 8 kHz

DP E)ZSBI39 P;SIS, 10-bit, PREL guaranteed from -5 % to o9 _ 1023 LsB
DPeRR Relative pressure output full-scale range DSI3 error response @l= 0 - LsB

DP PSI5 data with DATA_EXT =0 @@© 1 -102 — +307 LSB
DP PSI5 data with DATA_EXT =1 @ 1 -480 — +480 LsSB

1. Parameter verified by final test.

2. Parameter verified by functional evaluation.

3. Functionality verified by characterization.

4. Parameter verified by qualification.

5. See Section 4.7: Pressure sensor accuracy (drift over temperature and life) for accuracy over temperature and life, including nonlinearity, full

scale = PABS range.
6. Functionality verified by modeling, simulation and/or design verification.
7. The Relative pressure sensor signal chain section of this table refers to DATA_EXT =0

8. See Table 155. PSI5 data values, PSI5 data values for DATA_EXT = 0 and DATA_EXT =1.
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8 Dynamic characteristics

VBUs_I L_min < (VBUS_ | — Vss) £ VBUS | H_max, TL S Ta < Th, AT <25 °C/min, unless otherwise specified

Table 130. Dynamic characteristics

DsI3
tVHIGH_RC VHigH low-pass filter time constant (Section 9.2.1.1) 60 120 180 us
tVHIGH_Delay Command reception (general) VHigH detection analog delay (Section 9.2.1.1) M| — — 600 s
temd_valid Command valid time (Section 9.2.1.1) M| — 2 — us
tsLewt RESP Response slew time: 2.0 mA to 10.0 mA, 10.0 mA to o | 350 400 500 ns
- 2.0mA
tsLEw2 RESP Response slew time: 4.0 mA to 20.0 mA, 20.0 mA to o | 350 400 500 ns
= 4.0 mA
Response transmission (general, slew control enabled,
Atg ew Section 9.2.3.3) tsLewt_ResP — tsLEw2_RESP =100 — 100 ns
AtsLew tsLEW1_RESP_Rise — ISLEW2_RESP_Fall 1 -250 — 250 ns
tacT ResP ?gi/;:onse current activation time: current activated to | 200 _ 400 ns
Response slew time: 2.0 mA to 10.0 mA, 10.0 mA to 1)
thSLEW1_RESP 0| — — 300 ns
2.0mA
Response slew time: 4.0 mA to 20.0 mA, 20.0 mA to )
thsLEW2_RESP 0| — — 300 ns
4.0 mA
Response transmission (general, slew control disabled,
AthsLew Section 9.2.3.3) tsLewt_ResP — tsLEw2_RESP 1 =300 — 300 ns
AtnsLew_ o tsLEW1_RESP_Rise — tSLEW2_RESP_Fall 1 =300 — 300 ns
thACT RESP ?gi/;:unse current activation time: Current activated to W _ _ 300 ns
tSTART DIsC Command start time (Section 9.2.2) | tpor_psi — 13.5 ms
toisc_sitTime Command bit time (Section 9.2.2) W14 16 18 us
Command reception (discovery mode) . . .
teER_DISC Command transmission period (Section 9.2.2) 1125 — — Hs
Command blocking time, discovery mode o
tcmadBlock_DISC (Section 9.2.1.1) — 96 — us
toisc_pLy Idle current sample delay (Section 9.2.2) W — 48 — us
toisc_icca_samp Idle current sample time (Section 9.2.2) M — 15 — us
START_DISC_RSP Response start delay (Section 9.2.2) M| — 64 — us
tpisc_Ramp_RsP Response ramp time (Section 9.2.2) M — 16 — us
Ipisc_Ramp Response transmission (discovery mode) Response ramp rate (Section 9.2.2) M — 1.5 — mA/us
toisc_idle_RsP Response idle time (Section 9.2.2) M — 16 — us
Ipisc_peak Response peak current (Section 9.2.2) M — 2*Iresp — mA
tipisc_samp_Dly Response current sample delay (Section 9.2.2) W — 65 — Us
tipisc_samp Response current sample time (Section 9.2.2) M — 31 — us
tcmd_gitTime Command bit time (Section 9.2.3) N — 8 — s
tPER_CRM Command transmission period (Section 9.2.3) 1 475 — — Hs
Command reception (command and response mode)
tcmdBlock_CRM Command blocking time, CRM (Section 9.2.1.1) M — 455 — us
tcmdBlock_ST_CRM Command blocking start time, CRM (Section 9.2.1.1) M| — 290 — us
ip ti M| — —
feHip_cRu Response transmission (command and response Response chip time 5 Hs
mode;
START_CRM ) Response start time (Section 9.2.3) W — 295 — Us
temd_itTime Command bit time (Section 9.2.4) M| — 8 — us
Command reception (periodic data collection mode)
tPER_PDCM Command transmission period (Section 9.2.4) 100 — — us
tcHiP_PDCM Response chip time typical (Section 4.2.14) M 1.0 — 5.0 Hs
START_PDCM_Min Min programmed start time: PDCM_RSPSTx < 0015h M — 20 — us
Response transmission (periodic data collection mode)
tSTART_PDCMBDMMin Min programmed start time: BDM enabled M — 51 — us
{START_PDCM_Max Max programmed start time: PDCM_RSPSTx = 1FFFh 0= 8191 — us
teHIP_crM Response chip time W — 5 — Hs
Response transmission (Background Diagnostic mode)
tSTART BOM Response start time (Section 9.2.4) M — 20 — Us
tLAT Dsi DS data latency @0 — 2.00 us
toTP_WRITE_MAX OTP program timing Time to program an OTP user region | — — 10 ms
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PSI5

tpsi5_INIT1

tpsis_INIT2_10s

tpsi5_INIT2_10a

tpsI5_INIT3_10s

tpsis_INIT3_10a
tpsISST_START
tsToniT
tsT_PoINIT
ST_RPT
teme

trRs_PM

Rs

tss

tsyne
tsyne_LPF
tsyNC_LPF_RST_ST

tSYNC_LPF_RST
tsync_oFF_s00

tsYNC_OFF_250
ta_sync_pLy
tpp_pLy
tPp_on
tsync_air
18IT_Standard

tBIT_Hi

tsLEw1_ReESP

tgittrans_LowBaud
tgitirans_HighBaud
tasyne
trIMESLOTX_MIN
trIMESLOTX_MAX
triMesLoT_DFLT
trIMESLOTx_RES
triMESLOT_DCo
triMEsLOT DC1_L
triMesLoT_bcz_L
trIMESLOT_DC1_H
trIMESLOT_DC2_H
triMesLoT_bes_H
triMESLOT_DCP

tLAT_Psis

tBus_sw

tss_pm

ts-s_pc

toTP_WRITE_MAX

DS15166 - Rev 1

Initialization timing

Synchronization pulse

Data transmission single bit time

Response current transmission

Position of bit transition

Asynchronous response time

Time slots

PSI5 data latency

Bus switch output activation time

Diagnostic and programming mode sync pulse period

Daisy chain mode sync pulse period

OTP program timing

Phase 1

Phase 2 (10-bit, synchronous mode,

k=4, tg.g = 500 ps)

Phase 2 (10-bit, asynchronous mode, k = 8)
Phase 3 (10-bit, synchronous mode,

ts.s = 500 ps)

Phase 3 (10-bit, asynchronous mode)

PSI5 self-test start time

PSI5 self-test time

PSI5 post self-test PO initialization time
Self-test repetitions

Programming mode entry window

Reset to first sync pulse (Program mode entry)
Reset to first sync pulse (Normal mode)

Sync pulse period

Sync pulse width

Sync pulse reference LPF time constant

Sync pulse reference discharge start time
Sync pulse reference discharge activation time

Sync pulse detection disable time (PDCM_CMD_B =
0)

PME sync pulse detection disable time
Analog delay of sync pulse detection

Sync pulse pulldown function delay time
Sync pulse pulldown function activates time
Sync pulse detection jitter

PSI5 standard bit rate

PSI5 high bit rate

No external components

Response slew time: 4.0 mA to 20.0 mA, 20.0 mA to
4.0 mA

All except 5.3 ps

5.3 us

Min programmed time slot: PDCM_RSPSTx < 0014h
Max programmed time slot: PDCM_RSPSTx = 1FFFh
Default time slot (PDCM_RSPSTx = 0000h)

Time slot resolution

Sync pulse to daisy chain default time slot 0

Sync pulse to daisy chain default time slot 1 (low)
Sync pulse to daisy chain default time slot 2 (low)
Sync pulse to daisy chain default time slot 1 (high)
Sync pulse to daisy chain default time slot 2 (high)
Sync pulse to daisy chain default time slot 3 (high)

Sync pulse to daisy chain programming time slot

C =50 pF

From last bit of SetAdr response to 80 % of
VBUS_SW_OH

The user must provide a sync pulse period within this
range to guarantee DPM communications

The user must provide a sync pulse period within this
range to guarantee communications

Time to program one OTP user region

6
tpsis_INIT1
175

9

120

350

49

49

245

490

133

256 * ts 5

512 " tasyne

6"tss

6* tasyne
50
64

128

127

280
9.0

154

450

225

9.0

8.00

5.30

400

50

228
20
8191

20

46.5
192
350
150
260
380

46.5

250

500

500

51

51

1.00

300

255

510

ms

ms
ms

ms

ms

ms

ps

us

us

us

us

ns

us
us
us
us
ps/LSB
us
us

us

us

us

ms
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Signal chain
tsigchain Signal chain sample time @ | — 48 — us
feo Pags low-pass filter cut-off frequency Filter option #0, 2-pole o — 370 — Hz
‘OCSAMPD (Design data Pg low-pass filter sample time Phase 0 M — 384 - us
available)
foco Py low-pass filter cut-off frequency Phase 0, 1-pole e — 163.8 — Hz
toco Py low-pass filter time in phase Phase 0 me | — 4.096 — ms
tocsamp1 Py low-pass filter sample time Phase 1 ma | — 384 — us
foc1 Pg low-pass filter cut-off frequency Phase 1, 1-pole me | — 40.96 - Hz
toct Py low-pass filter time in phase Phase 1 e — 4.096 — ms
tocsamp2 Py low-pass filter sample time Phase 2 me | — 384 — us
foc2 Po low-pass filter cut-off frequency Phase 2, 1-pole me | — 10.24 —_ Hz
toc2 Pg low-pass filter time in phase Phase 2 me | — 16.388 — ms
tocsamps Pg low-pass filter sample time Phase 3 me | — 384 — us
focs Py low-pass filter cut-off frequency Phase 3, 1-pole ma | — 2.560 — Hz
tocs Pg low-pass filter time in phase Phase 3 me | — 65.53 - ms
tocsamp4 Py low-pass filter sample time Phase 4 me | — 384 — us
foca Py low-pass filter cut-off frequency Phase 4, 1-pole e — 0.6400 - Hz
toca Py low-pass filter time in phase Phase 4 me | — 262.19 — ms
tocsamps Pg low-pass filter sample time Phase 5 me | — 384 — us
focs Py low-pass filter cut-off frequency Phase 5, 1-pole e — 0.1600 — Hz
tocs P low-pass filter time in phase Phase 5 Mm@ | — 1049 — ms
tocsamPe P low-pass filter sample time Phase 6 me | — 384 —_ us
focs Pg low-pass filter cut-off frequency Phase 6, 1-pole a — 0.1600 — Hz
PO global filter gradient (Section 4.6.4.4) (typical = 400
tR0_Rate Pals) me | — 0.025 — s

Rate limiting output update time
PO global filter gradient (Section 4.6.4.4) (typical = 400

OFFsiep Pals) me | — 05 - LsB
Rate limiting output step size (12-bit)

tsigbelay(Design data Sinc filter to output delay, excluding the Pags and Pg

only) Signal delay LPF Mm@ | — _ 128 us
tiNTERP Interpolation mE | — 3 _ us
tLaT_INTERP (GBD) Interpolation latency Mm@ | — tsigChain _ us
tsT_NiT Pags startup common mode verification test time M@ | — 65 70 ms

Digital self-test activation/deactivation to final value
tST_Resp_370_2 Self-test response time: digital self-test e — 25 30 ms
LPF =370 Hz, 2-pole

tST_FP_Resp Fixed pattern response time Self-test activation/deactivation W — — 100 Hs
frceLL Sensing element resonant frequency @ | — — — kHz
frackage Package resonance frequency @ 100 — _ KHz
Supply and support circuitry

All modes, excluding Vgys_| voltage ramp time
tvce_Por | _ 1 ms
VCC = VCCMIN to POR release

DSI3 mode, excluding Vgys_| voltage ramp time
troR_DSI | _ 5 ms
POR to 1st DSI command (Section 9.2.1)

PSI5 mode, excluding Vgys_| voltage ramp time
tPOR_Psi5 Reset recovery o | — _ 6 ms
POR to PSI5 initialization phase 1 start (Section 9.3.4)

All modes, excluding Vgys_j voltage ramp time
tPOR_Datavalid | — — 30 ms
POR to sensor data valid

All modes, excluding Vgys_j voltage ramp time
{RANGE_DataValid | — — 6 ms
DSP setting change to sensor data valid

tSOFT_RESET_DsI DSI3: command/response complete to reset M| — — " us
Soft reset activation time

{SOFT_RESET_PsI PSI5: command/response complete to reset M — — 50 us

fosc Untrained (M@ 1 9500 10.000 10.500 MHz
Internal oscillator period

fosc_TrRAIN With oscillator training (M@ 19900 10.000 10.100 MHz
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4 — ms

tosc_TRAIN Oscillator training time H@ | —
nOSC_4ms_TYP Oscillator cycles in training time e — 40000 — 1fosc
OscTrainWIN Oscillator training (Section 4.5.1) Oscillator training window (12 38000 — 42000 1ffosc
OscTrainADJ Oscillator training adjustment threshold @ | —400 — 400 1/fosc
OscTrainRES Oscillator training step size Mm@ 250 1fosc
tseT Quiescent current settling time Power applied to Iq = lip g +/- 2 mA M| — — 4 ms
tBUS_I_MICROCUT BUS_I micro-cut survival time BUS_I disconnect without reset, Cgur: = 1 i bus with 030 — — ms

- 1 slave
tgus_|_RESET BUS_I micro-cut reset time BUS_ disconnect time to reset, Cur = 1 uF, bus with W — — 1000 ms

- 1 slave

. . BUS_I di t without t, Cgur = 100 nF, Bi

taus_I_mIcROCUT BUS_| micro-cut survival time S sconnect without reset, Gaur ne. Bus 0105 - - ms

|| with 1 slave

Bl | di i =1 F,

taus_I_RESET BUS_| micro-cut reset time '_Js* disconnect time to reset, Cgur = 100 nF, bus W — — 1000 ms

- with 1 slave
taus_i_microcuT BUS_I micro-cut survival time BUS_I disconnect without reset, Cgur: = 0 nF, bus with no — — ms

- 1 slave

. . BUS_I di t time t, Cgur = 0 nF, b ith |

tBUs_I_RESET BUS_I micro-cut reset time ! disconnect time to reset, Gy = 0 nF, bus wi | — — 1000 ms

- 1 slave
tBus_I_POR BUS_I undervoltage detection delay BUS_I < Vgys_|_uv_F to Iresp deactivation [ — — 5 us
tvBUF_POR Vgur undervoltage detection delay VBuF < VBuF_uv_F to Iresp deactivation @ | — — 5 us
tuvov_rev Undervoltage/overvoltage recovery delay @ — 100 — us
tb_CAPTEST Vpur capacitor monitor DSI command start to capacitor test @ — 4.0 — us
tp_cAPTEST Vgur capacitor monitor PSI5 synchronous command start to capacitor test @ — 9.2 — Us
ta_capTEST VBuUF capacitor monitor PSI5 asynchronous response start to capacitor test @ — 179.2 - us
tcAPTST_TIME Vgur capacitor monitor Capacitor test disconnect time @ — 1 — us

1. Parameter verified by functional evaluation.
2. Functionality verified by modeling, simulation and/or design verification.
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9 Application information

Note: A gel is used to provide media protection against corrosive elements that may otherwise damage metal bond
wires and/or IC surfaces. Highly pressurized gas molecules may permeate through the gel and occupy
boundaries between material surfaces within the sensor package. When decompression occurs, the gas
molecules may collect, form bubbles and possibly result in delamination of the gel from the material it protects. If
a bubble is located on the pressure transducer surface, or on the bond wires, the sensor measurement may shift
from its calibrated transfer function. In some cases, these temporary shifts could be outside the tolerances listed
in the data sheet. In rare cases, the bubble may bend the bond wires and result in a permanent shift.

9.1 Media compatibility — pressure sensors only
For more information regarding media compatibility, contact your local sales representative.

Note: The devices contain a gel that protects the pressure transducer and its inter-die connection wires from corrosion,
that might otherwise result in catastrophic failure modes. Direct exposure to materials with the same or nearly-
the-same solubility can potentially result in a corruption of the protective gel. A corruption can be less than
catastrophic in nature, however may result in an offset of the pressure measurement from its factory calibrated
value. An offset can potentially be larger than the allowed tolerances published in this data sheet.

Further, ST does not recommend direct exposure to strong acid or strong base compounds as they can
potentially result in a similar corruption as described above, or may result in a dissolution of the protective gel
and/or the metal lid adhesive and/or the plastic device body. Such a dissolution can be catastrophic in nature,
damaging the transducer surfaces and/or internal wire bonds and/or the control die surfaces. A potential
dissolution may result in a similar offset, or cause the device to indicate overflow/underflow status, or may cause
the device to cease operating in the worst case.

For a list of compounds known to generate out-of-tolerance offsets and/or catastrophic device failure, please
contact your local ST sales office.

9.2 DSI3 protocol

The DSI3 standard ['] describes two function classes: signal function class and power function class. The device
is a slave conforming to the signal function class requirements. The device does not support power function class.
This section describes the DSI3 signal function class features supported by the device.

9.21 DSI3 physical layer

9.2.1.1 Command receiver

The command receive block converts voltage transitions on the BUS_| pin to a digital pulse train for decoding by
the DSI data link layer.

The supply voltage can vary throughout the specified range, so the communication high voltage (Vygy) must be
sampled and averaged with a low-pass filter. The communication low voltage is then determined by comparing
the supply voltage to the sampled and averaged Vy gy voltage. Figure 24. Command receiver physical layer
shows a block diagram of the command receiver physical layer.
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Figure 24. Command receiver physical layer
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The start of a command is detected when the comparator output (Command_Detect) is low. The comparator
output is input to a counter that is updated at the internal oscillator frequency. Control logic monitors the counter
output and generates the necessary internal signals for the logic.

Figure 25. DSI3 command receiver timing diagram: valid command shows a timing diagram of the command
receiver when a valid command is received, and Figure 26. DSI3 command receiver timing diagram: microcut
shows a timing diagram of the command receiver when a microcut is received during the command window.
Voltage values and timing parameters are specified in Section 7 and Section 8.

Figure 25. DSI3 command receiver timing diagram: valid command
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Figure 26. DSI3 command receiver timing diagram: microcut
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9.2.1.2 Response transmitter

The response transmitter block converts two digital signals into two supply modulation current. The response
currents are generated such that the rise and fall times are the same whether the Igrgsp current is being
transmitted or the 2 x Irggp current is being transmitted. A diagram of the response transmitter is shown in
Section 9.2.1.1. Current values and timing parameters are specified in Section 7 and Section 8.

Figure 27. DSI3 transmitter block diagram
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aaa-023703

9.2.1.3 Discovery mode current sense
The current sense circuit is used during discovery mode to determine if any additional slaves are connected to the
BUS_O pin of the device. A diagram of the current sense circuit is shown in Figure 28. Discovery mode current
sense circuit block diagram. Current values and timing parameters are specified in Section 7 and Section 8.
Details regarding discovery mode are included in Section 9.2.2.3.

Figure 28. Discovery mode current sense circuit block diagram
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Figure 29. DSI3 discovery mode sensing timing diagram
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9.2.2 Address assignment

The device supports all three address assignment methods and described in the DSI3 standard ['l and in the
following sections.

9.2.2.1 Address assignment method for parallel connected slaves

Devices connected in parallel must have preprogrammed addresses by storing a nonzero value into the
PADDR[3:0] bits of the PHYSADDR OTP register. If a nonzero value is stored in this OTP register, the device
does not participate in any other address assignment method and waits for command and response mode for
further configuration. See Section 9.2.3 for details regarding command and response mode.

9.2.2.2 Address assignment method for bus switch connected daisy chain devices

A device connected in daisy chain by a bus switch may have either a preprogrammed address as described in
Section 9.2.2.1, or an unprogrammed address.

If the address is preprogrammed, the device does not participate in any other address assignment method and
waits for command and response mode for further configuration information, including activating the bus switch to
connect the next device on the bus. See Section 9.2.3 for details regarding command and response mode.

If the address is unprogrammed, once power is applied, the device is the only device on the segment that
requires an address assignment. The device will accept a command and response mode register write command
addressed to Address $0 (global command), that writes the PADDR[3:0] bits to a nonzero value. Once a physical
address is assigned to the device, command and response mode is used with the assigned physical address for
further configuration.

On power up, the device bus switch output defaults to deactivated.

9.2.2.3 DSI3 discovery mode: address assignment method for resistor connected daisy chain devices

A device connected in daisy chain via a resistor has an unprogrammed address and uses discovery mode to
obtain its physical address (PADDR[3:0]).

The master device must initiate discovery mode automatically after power is applied to the bus segment by
sending a sequence of discovery commands. Discovery mode timing is defined in Section 8. If the ENDINIT bit is
not set and the PADDR[3:0] field is set to '0000', the device will detect a discovery command tstarT pisc after a
power-on-reset and for intervals of tpgr_pisc until discovery mode has ended (the maximum value of tstarT pisc)-

Figure 28. Discovery mode current sense circuit block diagram shows a timing diagram of the discovery protocol
for a four-device segment. The discovery mode follows this sequence:

1. The master powers up the bus segment to a known state.
2. The master transmits the discovery command.

3. After a predetermined delay (tstarT pisc_rsp). all devices without a physical address activate a current ramp
to the 2x response current at a ramp rate of ipjsc_ramP-
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4. Each device monitors the current through its sense resistor (Aisgnsg)-

a. If the current is above irgsp, the device disables its response current, increments its physical address
counter, and waits for the next Discovery Command.
b. If the current is low (Aisensg less than iresp), the device continues to ramp its response current to 2 x
iRESP in time tDISC_RAMP_RSP and maintains the current at 2 x iRESP for time tDlSC_IDLE_RSP-
c. After time tpisc_ipLe_Rsp, if @ device has not detected a current through its current sense resistor of irgsp,
the device accepts physical address '1' and disables its response current.
5. After a predefined period (tper_pisc), the master transmits another discovery command.

6. Steps 3 and 4 are repeated, with the device accepting the address in its address assignment counter if the
sense current is low.

7. The master repeats step 5 until it has transmitted discovery commands for all the devices it expects on the
bus.

8. Device initialization can now begin using command and response mode.
Once the discovery mode is complete, a physical address is assigned to the device, and command and response

mode is used with the assigned physical address for further configuration.
Figure 30. DSI3 discovery mode timing diagram
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9.2.3 DSI3 command and response mode
DSI3 command and response mode is the main communication method used for initialization of the device.

9.2.3.1 DSI3 command and response mode command reception

Command and response mode data packets are exchanged between a single master and a single slave. The
primary purpose of command and response transactions are to read from and write to registers within the device
memory structure.

A command and response mode command example is shown in Figure 31. Command and response mode
command example. The command consists of 32 bits of data broken up into multiple fields as described in
Section 9.2.3.1.2.

DS15166 - Rev 1 page 70/128




G FXPS71407S
> /4

Application information

Figure 31. Command and response mode command example

BUS_I
PA PA|CMD CMD |ED ED|RD RD |[CRC CRC
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PA[3:0] CMDJ[3:0] ED[7:0] RDI[7:0] CRCJ[7:0]
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Physical address Extended data Register data Error checking
PA3 PA2 PA1 PAO Cc3 c2 c1 co D15 D14 D13 D12 D11 D10 D9 D8 D7 Dé D5 D4 D3 D2 D1 Do E7 E6 E5 E4 E3 E2 E1 EO

0 0 0 1 1 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 1 1 0 1 1 0

9.2.3.11 Bit encoding

Figure 32. Command and response mode command bit encoding shows the bit encoding used for command and
response mode commands from the master device.

Figure 32. Command and response mode command bit encoding
0,0 0,1 | 1,0 |

o \M‘/—'—\'U-N

Viow — U LL

9.2.3.1.2 Command message format

The command and response mode command format is shown in Table 131. Command and response mode —
command format.

aaa-023710

Table 131. Command and response mode — command format

PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRCI[7:0]

Table 132. Command and response mode - field definitions

Physical address

PA[3:0] 4
Must match the value in the PADDR([3:0] of the PHYSADDR register
CMD[3:0] 4 Command (see Section 9.2.3.4)
ED[7:0] 8 Extended data (see Section 9.2.3.4)
RD[7:0] 8 Register data (see Section 9.2.3.4)
CRCI7:0] 8 Error checking (see Section 9.2.3.1.3)

9.2.3.1.3 Error checking

The device calculates an 8-bit CRC on the entire 32 bits of each command. Message data is entered into the
CRC calculator MSB first, consistent with the transmission order of the message. If the calculated CRC does not
match the transmitted CRC, the command is ignored and the device does not respond.

The CRC decoding procedure is:
1. A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least
significant bits of the shift register in the order received (MSB first).

3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the
CRC check result.

4. If the shift register contains all zeros, the CRC is correct.
5. If the shift register contains a value other than zero, the CRC is incorrect.

The CRC polynomial and seed for command and response mode are shown in Table 133. Command and
response mode command CRC.
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Table 133. Command and response mode command CRC

Command and response x84+ xS+x3+x2+x+1 1111 1111

Some example CRC calculations are shown in Table 134. Command and response mode — CRC calculation
examples.

Table 134. Command and response mode — CRC calculation examples

Physical address Extended data Register data 8-bit CRC
01h 08h 11h 86h FFh BOh

02h 01h 25h FFh FFh 38h

03h OFh 1Ah 41h FFh 2Ch

04h 01h 01h 01h FFh D4h
9.2.3.2 DSI3 command and response mode response transmission

An example command and response mode response is shown in Figure 33. Command and response mode
response example. The response consists of 32 bits of data broken up into multiple fields as described in
Section 9.2.3.2.2.

Figure 33. Command and response mode response example
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Current
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PA3 PA2 PA1 PAO c3 c2 c1 co D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO E7 E6 E5 E4 E3 E2 E1 EO0

0 0 0 1 1 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 1 1 0 1 1 0

9.2.3.21 Symbol encoding
The device response to a command and response mode command uses multilevel source coding where data
nibbles are first encoded into symbols and then the symbols are encoded into current levels. The symbols are
assembled from three consecutive three-level current pulses called chips. Within a symbol there are three
consecutive chips that can assume one of three discrete current levels as described in Section 7: ig, iq + iResP;
and iq + 2 x irResp. Figure 34. Response symbol encoding shows the chip transmissions and an example of a
three symbol (nine chip), 12-bit data packet.

Figure 34. Response symbol encoding

Response data bit encoding
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Of the 27 possible combinations for three consecutive trilevel chips, the combinations that begin with the null
current level (ig) are discarded. Of the remaining 18 symbols, the two symbols that contain the same value for all
three chips are also discarded. The remaining 16 symbols all begin with a non-null current level and have at least
one transition. These characteristics guarantee that any response packet has a transition at the beginning of a
packet and at least one transition in every symbol. Each three-chip symbol encodes the information of four bits.
Table 135. Symbol mapping shows the symbol encoding used by the device.

Table 135. Symbol mapping

Encoded data (4 bits) Symbol transmitted

Binary Hex 1st chip 2nd chip 3rd chip
0000 0 1 1 0
0001 1 2 1 1
0010 2 1 0 2
0011 3 2 0 2
0100 4 1 0 0
0101 5 2 1 2
0110 6 1 1 2
0111 7 2 0 1
1000 8 2 2 0
1001 9 2 1 0
1010 A 1 2 2
1011 B 2 2 1
1100 Cc 1 2 0
1101 D 2 0 0
1110 E 1 0 1
11 F 1 2 1
Where:

0 = iqg

1 = IResp

2 = 2xirgsp

9.2.3.2.2 Response message format

The command and response mode response format is shown in Table 136. Command and response mode —
response format .

Table 136. Command and response mode — response format

PA[3:0] CMD[3:0] RDA1[7:0] RD[7:0] CRC[7:0]

Table 137. Command and response mode - field definitions

Physical address

PA[3:0] 4

Matches the value in the PADDR[3:0] of the PHYSADDR register
CMD[3:0] 4 An echo of the received command
ED[7:0] 8 The data contained in the register addressed by RA[7:1] + 1 (see Section 9.2.3.4)
RD[7:0] 8 The data contained in the register addressed by RA[7:1] + 0 (see Section 9.2.3.4)
CRC[7:0] 8 Error checking (see Section 9.2.3.2.3)
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9.2.3.2.3 Error checking

The device calculates a CRC on the entire 32 bits of each response. Message data is entered into the CRC
calculator MSB first, consistent with the transmission order of the message.

The CRC encoding procedure is:
1. A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least
significant bits of the shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length
of the CRC.

4. When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and seed for command and response mode are shown in Table 138. Command and
response mode response CRC.

Table 138. Command and response mode response CRC

Command and response X8 +xS+x3+x2+x+1 1111 1111

Some example CRC calculations are shown in Section 9.2.3.1.3.

9.2.3.3 DSI3 command and response mode timing

A timing diagram for command and response mode is shown in Figure 35. Command and response mode timing
diagram. Timing parameters are specified in Section 8.

Figure 35. Command and response mode timing diagram
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9.2.3.4 DSI3 command and response mode command summary

Command

I I O e o N o o o o 2 I
0 0 0 0 X X x X X X X X

$0 Register read RA[7] RA[6] RA[5] RA[4] RA[3] RA[2] RA[1] X
0 0 0 1 $1 Reserved X X X X X X X X X X X X X X X X
0 0 1 0 $2 Reserved X X X X X X X X X X X X X X X X
0 0 1 1 $3 Reserved X X x x x X X X x X X X X X X X
0 1 0 0 $4 Reserved X X x x x x X X x X X X X X X X
0 1 0 1 $5 Reserved X X X X X X X x X X X X X X X X
0 1 1 0 $6 Reserved X X X X X X X X X X X X X X X X
0 1 1 1 $7 Reserved X x x x x X X X X X X X X X X X
1 0 0 0 $8 Register write RA[7] RA[6] RA[5] RA[4] RA[3] RA[2] RA[1] RA[0] RD[7] RDI[6] RD[5] RD[4] RD[3] RD[2] RD[1] RD[0]
1 0 0 1 $9 Reserved X X X X X X X X X X X X X X X X

DS15166 - Rev 1 page 74/128




r FXPS71407S

Application information

Command

-mmm-mm-mm-mmmmm-m

Reserved

1 0 1 1 $B Enter PDCM X X X X x x X X X X X x X X X X

1 1 0 0 $C Reserved X X X X X x X X X X X X X X X X

1 1 0 1 $D Reserved X X X X X X X X X X X X X X X X

1 1 1 0 $E Reserved X X X X X X X X X X X X X X X X

1 1 1 1 $F Reserved X X X X X X X X X X X X X X X X
9.2.3.41 Register read command

The device supports the register read command as a device address specific command only. If the PA[3:0] field in
the command matches the value in the PADDRJ[3:0] bits of the PHYSADDR register and a valid CRC is
calculated, the device responds to the command.

The device ignores the register read command if the command is sent to any other physical address, including
the DSI global device address of 0000.

The register read command uses the byte address definitions shown in Section 4.1. The register read response
includes the register contents at the time the register read command decode is complete. Readable registers
along with their byte addresses are shown in Section 4.1. If an attempt is made to read a register that is not
readable, the device will respond with all zero data.

N 8 0 O 8 8 o A i e
PA[3] PA[2] PA[1] PA[0] 0 RA[7] RA[6] RA[5] RA[4] RA[3] RA[2] RA[1] X 0 8 bits

Table 139. Register read command format

DSl physical address. This field contains the physical address. This field must match the PADDR[3:0] bits in the PHYSADDR register. Otherwise, the

PAS:0] command is ignored.
C[3:0] Register read command = 0000
RA[7:1] RA[7:1] contains the upper 7 bits of the byte address for the register to be read.

mmmmm--m-mmm-mmmmmmm

PA[3] | PA[2] | PA[1] |PAO] (0 0 0O RD[9] | RD[8] | RD[7] | RD[6] | RD[5] ' RDM4] | RD[3] RD[2] | RD[1] | RD[0] | 8bits
[15] [14] [13] 12 1 [10]

Table 140. Register read command: response format

PA[3:0] DSl physical address. This field contains the PADDR([3:0] bits in the PHYSADDR register.
C[3:0] Register read command = 0000

RD[15:8] The data contained in the register addressed by RA[7:1] + 1

RDI[7:0] The data contained in the register addressed by RA[7:1] + 0

A register read command to a register address outside the addresses listed in Section 4.1 will result in a valid
response. The data for the registers will be 0000h.

9.2.3.4.2 Register write command

The device supports the register write command as a device address specific command. If the PA[3:0] field in the
command matches the value in the PADDR[3:0] bits of the PHYSADDR register, the device will execute the
register write and respond to the command.

The device ignores the register write command if the command is sent to any other physical address, including
the DSI global device address of 0000, with one exception as explained in Section 9.2.3.4.3.
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The register write command uses the byte address definitions shown in Section 4.1. Writable registers along with
their byte addresses are shown in Section 4.1.

CRC
N N 0 o N o o O 0 O N O
PA PA PA PA RA RA RA RA RA RA RA RA RD RD RD
1 0 0 0 RD[4] | RD[3] | RD[2] | RD[1] @ RD[0] | 8bits

3] [2] [ [0] [7] [6] [5] [4] 131 12] 1 [0] 71 [61 [5]

Table 141. Register write command format

DSl physical address. This field contains the physical address. This field must match the PADDR[3:0] bits in the PHYSADDR register. Otherwise, the

PAS:0] command is ignored.

C[3:0] Register write command = 1000

RA[7:0] RA[7:0] contains the byte address of the register to be read.

RD[7:0] RDI[7:0] contains the data to be written to the register addressed by RA[7:0].

CRC
L N o O o o o o O O O
RD RD RD RD RD RD

PA[3] PA[2] PA[1] = PA[0] 1 0 0 0 RD[9] ' RD[8] @ RD[7] @ RD[6] RD[5] @ RD[4] @ RD[3] RD[2] RD[1] ' RD[0] @ 8bits
[15] [14] [13] [12] [11] [10]

Table 142. Register write command: response format

PA[3:0] DSI physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.

C[3:0] Register write command = 1000

RD[15:8] The data contained in the register addressed by RA[7:1] + 1 (after the register write is executed)
RDI[7:0] The data contained in the register addressed by RA[7:1] + O (after the register write is executed)

A register write command to a register address outside the addresses listed in Section 4.1 will not execute, but
will result in a valid response. The data for the registers will be 0000h.

A register write command to a read-only register will not execute, but will result in a valid response. The data for
the registers will be the current contents of the register.

9.2.3.4.3 Global register write command to the PHYSADDR register
The device supports the register write command as a global address under the following conditions:
1. The register write command is written to the PHYSADDR register.
2. The PADDR[3:0] bits of the PHYSADDR register are equal to '0000' prior to the register write being executed.
If these conditions are met, the device will execute the register write and respond to the command.

CRC
s [ T [ loJa [oJo[os [on [on [on [or [oo [o (o [o [o [ [ [0 [o [or [ |
0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

RD[3] | RD[2] RD[1] | RD[O] | 8bits

Table 143. Global register write command format

PA[3:0] The DSI global address of 0000
C[3:0] Register write command = 1000
RA[7:0] RA[7:0] must be set to the PHYSADDR register address.
RDI[3:0] RD[3:0] contains the new physical address for the device.
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Address Command

N I P
-------------ﬂﬂ-ﬂﬂﬂﬂﬂ-ﬂ
PA[3] | PA2] | PAM] | PA[O] 1 0 RD[9] ' RD[8] RD[7] RD[6] RD[5] RDM4] | RD[3]  RD[2] @ RD[1] | RD[0] & 8bits

[15] [14] [13] [12] [11] [10]

Table 144. Global register write command - response format

PA[3:0] The new DSI physical address programmed to the PADDR[3:0] bits in the PHYSADDR register.

C[3:0] Register write command = 1000

RD[15:8] The data contained in register after PHYSADDR

RD[7:0] The data contained in the PHYSADDR register after the register write is executed.
9.2.34.4 Enter periodic data collection mode command

The device supports an enter PDCM command as a device address specific command and as a global command.

If the PA[3:0] field in the command matches the value in the PADDR[3:0] bits of the PHYSADDR register, the
device will set the ENDINIT bit in the DEVLOCK_WR register, enter periodic data collection mode, and respond to
the command as shown below. If the PA[3:0] field in the command matches the global address of '0000', the
device will set the ENDINIT bit in the DEVLOCK_RW register and enter periodic data collection mode regardless
of the value of the PADDR][3:0] bits in the PHYSADDR register (this includes PADDR = Oh). No response is
transmitted for a global command. The device ignores the enter PDCM command if the command is sent to any
other physical address.

The various DSI3 communication modes are controlled by the PDCM enable command and the BDM_EN bit in
the BDM_CFG register as shown below:

eDCM Enabled m Command and response mode Periodic data collection mode Background diagnostic mode

Enabled Disabled Disabled
No 1 Enabled Disabled Disabled
Yes 0 Disabled Enabled Disabled
Yes 1 Disabled Enabled Enabled

Once the ENDINIT bit is set, the registers listed in Section 4.3.3 are locked and the user array read/write register
array verification is enabled. The ENDINIT bit can only be cleared by a device reset.

I O S A

PA[3] PA[2] PA[1] PA[0] 1 8 bits

Table 145. Enter periodic data collection mode command format

DSI physical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the PHYSADDR register or the global address

PA[3:0] of '0000". Otherwise, the command is ignored.
C[3:0] Enter PDCM command = 1011
PA[3] | PA[2] | PA[1] | PA[0] |1 0 Ch[3] | Ch[2] | Ch[1] | Chlo] © 8 bits

Table 146. Enter periodic data collection mode command: response format

PA[3:0] DSl physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.

Ch[3:0] CHIPTIME[3:0] in the CHIPTIME register
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C[3:0] Enter periodic data collection mode command = 1011

9.2.3.4.5 Reserved commands

If the PA[3:0] field in the command matches the value in the PADDR[3:0] bits of the PHYSADDR register and a
valid CRC is calculated, the device will respond to reserved commands. The physical address and command will
be echoed and the correct CRC will be transmitted. The data included in the response is undefined.

-W-M----ﬂ---m-ﬂﬂ-ﬂﬂ--ﬂ-ﬂ

PA[3] PA[2] PA[1] PA[0] 8 bits
PA[3] PA[2] PA[1] PA[0] 0 0 1 0 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 0 0 1 1 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 0 1 0 0 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 0 1 0 1 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 0 1 1 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] PA[2] PA[1] PA[0] 0 1 1 1 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 0 0 1 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 0 1 0 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 1 0 0 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 1 0 1 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 1 1 0 X X X X X X X X X X X X X X X X 8 bits.
PA[3] PA[2] PA[1] PA[0] 1 1 1 1 X X X X X X X X X X X X X X X X 8 bits.

Table 147. Reserved commands

DSI physical address. This field contains the physical address. This field must match the PADDR[3:0] bits in the PHYSADDR register. Otherwise, the

PA3:0] command is ignored.
C[3:0] Invalid commands
X Don't care
PA[3] PA[2] PA[1] PA[0] CBl | Cl2l cil o clo]  x 8 bits

Table 148. Reserved command response format

PA[3:0] DSI physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Reserved command echo
9.24 DSI3 periodic data collection mode and background diagnostic mode

When the ENDINIT bit in the DEVLOCK_WR register is set, periodic data collection mode is enabled and the
optional background diagnostic mode is enabled.

9.24.1 DSI3 periodic data collection mode and background diagnostic mode command reception

When periodic data collection mode is enabled, the device will decode the DSI3 broadcast read command as well
as background diagnostic mode command fragments as described below.

9.24.11 Bit encoding

The command bit encoding for periodic data collection mode and background diagnostic mode is the same as the
bit encoding for command and response mode, as described in Section 9.2.3.1.1.

DS15166 - Rev 1 page 78/128




‘_ FXPS71407S
,’ Application information

9.24.1.2 Command message format

The command message format for periodic data collection mode and background diagnostic mode is the same as
the command message format for command and response mode, as described in Section 9.2.3.1.2.

If background diagnostic mode is disabled, then the device responds with the periodic data collection mode
response only if the command is the single bit broadcast read command. A broadcast read command may be
eithera"1' or a'0'. Figure 36. Background diagnostic mode command bit encoding shows the broadcast read
commands supported by the device.

Figure 36. Background diagnostic mode command bit encoding

BRC 0 BRC 1

VHIGH

Viow — aaa-023717

If background diagnostic mode is enabled:

. Background diagnostic mode commands are transmitted and decoded in 2-bit or 4-bit fragments depending
on the state of the BDM_FRAGSIZE bit in the BDM_CFG register.

. The device responds with the periodic data collection mode response if and only if the command is a
broadcast read command or a command fragment.

. A broadcast read command or any command length other than 2 or 4 bits resets the background diagnostic
mode command decode.

. The device responds with a background diagnostic mode response only when a full 32-bit command is

received and the decoded command is a valid command and response mode command.
See Section 9.2.4.4 for additional details on background diagnostic mode timing.

9.24.1.3 Error checking

The error checking for background diagnostic mode commands is the same as the error checking for command
and response mode, and described in Section 9.2.3.1.3.

No error checking is employed for the broadcast read commands.

9.2.4.2 DSI3 periodic data collection mode response transmission

When periodic data collection mode is enabled and the device receives either a broadcast read or background
diagnostic command, the device will respond with periodic data as shown in Figure 37. Periodic data mode
response transmission and described in Section 9.2.4.2.1, Section 9.2.4.2.2, and Section 9.2.4.2.3..

Figure 37. Periodic data mode response transmission
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- f+— tcmdBlock_ST_PDCM ,~~ programmed in each slave
command
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9.24.21

9.24.2.2

Symbol encoding

The symbol encoding used for periodic data collection mode responses is the same as for command and
response mode responses, and described in Section 9.2.3.2.1.

Response message format

The periodic data collection mode response format is shown below. Field sizes are defined by the
PDCMFORMAT[2:0] bits in the SOURCEID_x register in Section 4.2.12.

KAC S D

SOURCEID CRC[7:0]

. If enabled in the PDCMFORMATI[2:0] bits, the SOURCEID field includes the value stored in the
SOURCEID_x[3:0] bits of the SOURCEID_x register.

. If enabled in the PDCMFORMATI[2:0] bits, the keep alive counter field is a 2-bit rolling message counter
that is independently incremented for each SOURCEID. The initial value of the counter is '00'.

. If enabled, the status field is transmitted as listed in Section 9.2.4.2.2. See Section 9.2.7 for details on

exception handling.
. The sensor data field includes the sensor data as selected by the DATATYPEX bits for the SOURCEID.
. The CRC field includes an 8-bit CRC as defined in Section 9.2.4.2.3.

Table 149. Periodic data collection mode status field definition

Error Sensor data field value
s[3:0] Description DEVSTAT state SUP;‘;::::*DIS
priority STATUS field size = 4 STATUS field size = 0
0 0 0 0 N/A N/A 1

0 0 0
0 0 1
0 0 1
0 1 0
0 1 0

0110 to 0111

1 0 0
1 0 0
1 0 1
1 0 1
1 1 0
1 1 0
1110 to 1111
Note:
9.24.2.3

DS15166 - Rev 1

Normal mode 6 Sensor data
Normal mode, user array not locked

1 N/A N/A 15 Sensor data
(UF2 region has not been locked)

The sensor data field error code is transmitted for a
minimum of one transmission

Bit set in DSP_STAT:

0 Self—tﬁt |ntcomplele or ?elf»les! active ST_INCMPLT or N/A 14 Sensor data Tr_\e_ sensorfdala lﬁeld error code is transmitted for a
or seli-test error presen ST_ACT'VE or minimum of one transmission
ST_ERROR
1 Oscillator training error Bit set in DEVSTAT3 N/A 13 Sensor data The sensor data field error code is transmitted for a

minimum of one transmission

Bit set in DSP_STAT:

0 PABS out of range error PABS_HIGH or N/A 12 Sensor data The_ sensor data field er_ror_code is transmitted for a
PABS LOW or minimum of one transmission
PABS_MISMATCH
1 Temperature error Bit set in DEVSTAT2 N/A 1 Sensor data Tr_\e_ sensor data field error. code is transmitted for a
minimum of one transmission
Reserved N/A N/A 9.10 Sensor data Tr_\e_ sensor data field er_ror_code is transmitted for a
minimum of one transmission
User OTP memory error :
0 U_OTP_ERR setin N/A 8 The sensor data field error code is transmitted for a minimum of one transmission
(UF2) DEVSTAT2
1 User R/W memory error (UF2) gg'\q/‘évaETgR setin N/A 7 The sensor data field error code is transmitted for a minimum of one transmission
0 ST internal OTP memory error EE?IL?I';E;R setin N/A 6 The sensor data field error code is transmitted for a minimum of one transmission
1 Test mode active EE?/‘;MI'/SI'DE bitsetin N/A 5 The sensor data field error code is transmitted for a minimum of one transmission
No response until the supply monitor timer expires.
0 The sensor data field error code is transmitted for a minimum of one transmission
0 Supply error Bit set in DEVSTAT1 4 (See Section 4.2.2)
No response until the supply monitor timer expires.
1
(See Section 4.2.2)
1 Reset error DEVRES Set N/A 3 The sensor data field error code is transmitted for a minimum of one transmission
Reserved N/A N/A 12 The sensor data field error code is transmitted for a minimum of one transmission

If any data source is configured for signed data, all error code transmissions will use the signed data error code.

Error checking

The device calculates a CRC on the entire response. Message data is entered into the CRC calculator MSB first,
consistent with the transmission order of the message.
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The CRC encoding procedure is:
1. A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least
significant bits of the shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length
of the CRC.

4. When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and seed for periodic data collection mode are shown in Table 150. Periodic data collection
mode response CRC.

Table 150. Periodic data collection mode response CRC

Periodic data collection mode X8+ x5 +x3+x2+x+1 0000, SOURCEID_x([3:0]

Some example CRC calculations are shown in Table 151. Periodic data collection mode — CRC calculation
examples.

Table 151. Periodic data collection mode — CRC calculation examples

Source identification (4 bits) Keep alive counter (2 bits) Status (4 bits) Sensor data (10 bits) 8-bit CRC
1h 3h Oh 01h D6h

1FFh

2h 2h Oh 1FEh 02h 70h
3h 1h Oh 20Dh 03h BOh
4h Oh Oh 1EAh 04h 5Fh
9.24.3 DSI3 periodic data collection mode timing

A timing diagram for periodic data collection mode is shown in Figure 38. Periodic data collection mode timing
diagram. Timing parameters are specified in Section 8.

Figure 38. Periodic data collection mode timing diagram
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9.24.4 Background diagnostic mode response transmission

9.2.4.41 Symbol encoding

The background diagnostic mode response symbol encoding is the same as the symbol encoding used for
command and response mode responses and is described in Section 9.2.3.2.1.

9.24.4.2 Response message format

The background diagnostic mode response message format is the same as the format used for command and
response mode responses and is described in Section 9.2.3.2.2.
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. If a complete, 32-bit command is received, and decoded to a valid command and response mode
command, the device provides a background diagnostic mode response.
. Responses are initiated by the master transmitting 1-bit broadcast read commands following a completed

background diagnostic mode command transmission.

. Responses are transmitted in one or two symbol fragments (depending on the state of the
BDM_FRAGSIZE bit) following the 1-bit broadcast read command, using the same timing window within
the frame that the background diagnostic mode command used.

. Responses are transmitted if and only if broadcast read commands are received.

. Four or eight consecutive broadcast read commands are required following a valid background diagnostic
mode command to complete a response transmission (depending on the state of the BDM_FRAGSIZE bit).

. If any command other than the broadcast read command is received, no response is transmitted and the
remainder of the broadcast read command response is terminated.

. The data to be transmitted in the response is latched just before the first symbol of the background

diagnostic mode response.
See Section 9.2.4.5 for background diagnostic mode timing.

9.24.43 Error checking

The error checking for background diagnostic mode responses is the same as used for command and response
mode, and described in Section 9.2.3.1.3.

9.2.4.5 DSI3 background diagnostic mode timing

An example timing diagram for background diagnostic mode is shown in Figure 39. Background diagnostic mode
timing diagram. In this example, BDM_FRAGSIZE is set to '1' (4 bits). Timing parameters are specified in
Section 8.

Figure 39. Background diagnostic mode timing diagram
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CMD_Start
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9.24.6 DSI3 periodic data collection mode and background diagnostic mode command summary

When periodic data collection mode is enabled, the background diagnostic mode supports the register read
command as described in the command and response mode command summary, Section 9.2.3.4.1. The register
write command is not supported in background diagnostic mode.
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9.2.4.7 DSI3 PDCM data transmission modes

9.24.71 Simultaneous sampling mode (SS_EN = 1)

Figure 40. Simultaneous sampling mode
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9.24.7.2 Synchronous sampling mode with minimum latency (SS_EN = 0)
Figure 41. Synchronous sampling mode with minimum latency
| e
/ \
/ \
— \‘
/
/
//
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 (800 850 900 950 1000
Time (us)
tPDCM_RSPSTX ————* —= — Y AT INTERP * tLAT DsI
— Interpolated Samples —— Broadcast Read Command —— Response Transmission * Transmitted Data Value
aaa-023722
9.2.5 Initialization timing
Figure 42. Initialization timing
offset
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9.2.6 Maximum number of devices on a network

The theoretical maximum number of devices on a DSI3 network is 16: 1 master and 15 slaves. The practical limit
for the number of devices on a bus is dependent on the minimum common capability of the devices on the bus.
The capability of the device is different depending on the bus configuration and operating mode. The impact of the
device capability on the practical limit for the number of devices on the network is described in Section 9.2.6.1,
Section 9.2.6.2, and Section 9.2.6.3.

9.2.6.1 Preconfigured, parallel connected network

The number of devices in a preconfigured, parallel connected network is not directly limited by the capability of
the device. The practical limit is determined by a combination of the following:

. The capability of the master device, including, but not limited to:
- The bus operating voltage
- The bus supply current
- The bus current limit

- The bit rate
- The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
9.2.6.2 Bus switch connected daisy chain network

The number of devices in a bus switch connected daisy chain network is not directly limited by the capability of
the device. The practical limit is determined by a combination of the following:

. The capability of the master device, including, but not limited to:
- The bus operating voltage
- The bus supply current
- The bus current limit

- The bit rate
- The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
. The current handling capability and resulting voltage drop of the external bus switches in the network.
9.2.6.3 Resistor connected daisy chain network using discovery mode

The number of devices in a resistor connected daisy chain network is limited by the capability of the device. The
maximum number of equivalent devices connected to the BUS_O pin of a device is three. This is limited by the
total quiescent current drawn from the BUS_O pin during discovery mode (Igys o g)-

The practical limit is determined by a combination of the above restriction and the following:
. The capability of the master device, including, but not limited to:

- The bus operating voltage

- The bus supply current

- The bus current limit

- The bit rate
- The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
. The maximum allowed quiescent current drawn from the BUS_O pin of other slaves in the system.
. The resulting voltage drop of the Discovery mode resistors in all slaves in the network.
9.2.7 DSI3 exception handling

Table 152. DSI3 exception handling summarizes the exception conditions detected by the device and the
response for each exception.
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Condition

Description

power-on-reset

Vgus_j error

VguF error

Internal regulator error

OTP error detection fault
(Factory array)
OTP error detection fault

(User array)

User R/W array error detection fault

Self-test

activated

| J

Device response

Table 152. DSI3 exception handling

+  See Section 9.2.5

. ST_INCMPLT set, PDCM disabled. The device must be reinitialized

. Response current deactivated

BUSIN_UV_ERR set, PDCM Status set as specified in Section 9.2.4.2.2

. The device ignores commands in CRM

. Response current deactivated

VBUFUV_ERR set, PDCM Status set as specified in Section 9.2.4.2.2

*  The device ignores commands in CRM

N/A Power Applied

N/A Vgus_i < VBus_I_Uv_F N
N/A VBurF < VBUF_UV_F .
N/A Internal regulator undervoltage condition E
N/A Error detected in factory programmed OTP array.

Error detected in user programmed OTP array and the .

Self-test never activated after POR

9.2.7.1

Supply error

Memory error

Temperature error

Communication error

N/A LOCK_U bit is set. .
No N/A N/A
Yes Error detected in user read write registers and the .
ENDINIT bit is set. .
No ST activated during initialization :
Yes ST activated in periodic data collection mode
No In initialization, before self-test .
Yes In PDCM, self-test incomplete

Daisy chain and discovery mode error handling

The device is held in reset

No response to DSI commands

If activated, BUSSW_L or BUSSW_H is deactivated

The device must be reinitialized when the internal regulator returns above the threshold

. Periodic data collection mode response data set to error response
. F_OTP_ERR set, PDCM Status set as specified in Section 9.2.4.2.2

Periodic data collection mode response data set to error response
U_OTP_ERR set, PDCM Status set as specified in Section 9.2.4.2.2

Periodic data collection mode response data set to error response
U_RW_ERR set, PDCM status set as specified in Section 9.2.4.2.2

Internal self-test circuitry enabled

Self-test activation incomplete status cleared

Sensor data registers (SNSDATAXx_x) contain self-test active data
ST_ACTIVE set

. Periodic data collection mode sensor response data normal
+  Self-test activation ignored

Normal responses to command and response mode

. Periodic data collection mode sensor response data normal
. ST_INCMPLT set, PDCM status set as specified in Section 9.2.4.2.2

Table 153. DSI3 error handling — discovery mode and daisy chain mode shows the effect of internal failure modes

on the discovery and daisy chain initialization procedures.

Table 153. DSI3 error handling — discovery mode and daisy chain mode

Discovery commands ignored
The device will not participate in discovery mode
No effect
The device will attempt to participate in discovery mode as programmed
No effect
The device will attempt to participate in discovery mode as programmed
No effect
(internal)

The device will participate in discovery mode as programmed

No effect

PABS out of range error

Self-test incomplete or self-test active

Device not locked

9.3

9.3.1

DS15166 - Rev 1

The device will participate in discovery mode as programmed
Not applicable
No effect

The device will participate in discovery mode as programmed

PSI5 protocol

Communication interface overview

Effect on discovery mode Effect on daisy chain

Daisy chain commands Ignored

The device will not participate in daisy chain

No effect

The device will attempt to participate in daisy chain as programmed
No effect

The device will attempt to participate in daisy chain as programmed
No effect

The device will participate in daisy chain as programmed

No effect

The device will participate in daisy chain as programmed

Not applicable

No effect

The device will participate in daisy chain as programmed

The communication interface between a master device and this slave device in PSI5 mode is established via a
PSI15 compatible two-wire interface, with parallel or serial (daisy chain) connections to the satellite modules.
Figure 43. PSI5 satellite interface diagram shows one possible system configuration for multiple satellite modules

in parallel.
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Figure 43. PSI5 satellite interface diagram
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9.3.2 Data transmission physical layer

This device uses a two-wire interface for both its power supply (Vcc), and data transmission. The PSI5 master
supplies a preregulated voltage to this device. Data transmissions and synchronization control from the PSI5
master to this device are accomplished via modulation of the supply voltage. Data transmissions from this device
to the PSI5 master are accomplished via modulation of the current on the power supply line.

9.3.2.1 Synchronization pulse

The PSI5 master modulates the supply voltage in the positive direction to provide synchronization of the satellite
sensor data. Upon reception of a synchronization pulse, the device delays a specified period of time, called a time
slot, before transmitting sensor data. For more details regarding time slots, refer to Section 4.2.17 and Section 8.

Figure 44. Synchronous communication overview

Sync Pulses
L

VipLE
GROUND

libLE + ImoD S
libLE

aaa-023830
9.3.211 Synchronization pulse detection

The synchronization (sync) pulse detection block generates a valid synchronization pulse signal following the
detection of an externally generated sync pulse. This signal resets the sync pulse time reference (ttrig), and
initiates the timers associated with response messages.

DS15166 - Rev 1 page 87/128



<71 FXPS71407S
> /4

Application information

The supply voltage can vary throughout the specified range, so the external sync pulses may have different
absolute voltage levels. Thus, the sync pulse detection threshold (Vcc_sync) is dependent not only on the sync
pulse absolute voltage, but also on the supply voltage. Figure 45. Synchronization pulse detection circuit shows a
block diagram of the sync pulse detection circuit.

Figure 45. Synchronization pulse detection circuit
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The start of a sync pulse is detected when the comparator output is set. The comparator output is input into a
counter, and the counter is updated at a fixed frequency. At a fixed time after the initial sync pulse detection, the
counter is compared against a limit (the minimum value of tgyng). If the counter is above the limit, a valid sync
pulse is detected.

If the sync pulse is valid, the following occur:
1. The valid sync pulse detection signal is set.

2. The detection counter is reset and disabled for tsync_ofF (referenced from trrig). tsync_orF can be

programmed by the user via the PDCM_CMD_B_x registers. See Section 4.2.18 for details on the
programmable option and Section 8 for timing specifications for each option.

3. The sync pulse detection low-pass filter is reset for a specified time (tsync_LPF_RESET).

If the sync pulse is invalid, all timers are reset, and the detector becomes sensitive for the very next fsync pet
sample.

The output of the comparator is monitored at the SampCLK frequency. Once the comparator output goes high, all
of the internal timers are started, so that the ttrg jitter is minimized.
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Figure 46. Synchronization pulse detection timing
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Figure 47. Sync pulse characteristics
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9.3.2.1.2 Synchronization pulse pulldown function

The device includes an optional sync pulse pulldown function for systems in which the master device does not
include an active pulldown function. The device uses the modulation current pulldown circuit, which sinks lyop —
lipLg additional current from the BUS_I pin. The pulldown current is activated after trp_p| v (referenced to ttrig),
and is activated for tpp_oN-

The sync pulse pulldown function is disabled in programming mode, in initialization phase 1, and in daisy chain
mode until the run command is received.
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9.3.3 Data transmission data link layer

9.3.3.1 Bit encoding

The device outputs data by modulation of the V¢ current using Manchester encoding. Data is stored in a
transition occurring in the middle of the bit time. The signal idles at the normal quiescent supply current. A logic
low is defined as an increase in current at the middle of a bit time. A logic high is defined as a decrease in current
at the middle of a bit time. There is always a transition in the middle of the bit time. If consecutive '1' or '0' data are
transmitted, There will also be a transition at the start of a bit time.

Figure 48. Manchester data bit encoding
Imop Current —0 —_ ! |_ _| _I_
Idle Current —_ |_ — _| _
‘ 4 L Consecutive Consecutive
- tBIT

*0' Data Bits *1'Data Bits
aaa-023834

9.3.3.2 PSI5 data transmission

PSI5 data transmission frames are composed of two start bits, a 10-bit data word, and error detection bit(s). Data
words are transmitted least significant bit (LSB) first. A typical Manchester encoded transmission frame is
illustrated in Figure 49. Example Manchester encoded data transfer — psi5-x10x.

Figure 49. Example Manchester encoded data transfer — psi5-x10x

Data Bit—= SB1  SBO DO D1 D2 D3 D4 D5 D6 D7 D8 D9 PAR SB1

] |
|MOD[

Bit Value —»

trRAN = tgiT * (2 + DATASIZE + (P_CRC?3:1)

tFRAME
aaa-023835

9.3.3.3 Error detection

Error detection of the transmitted data is accomplished via either a parity bit, or a 3-bit CRC. The type of error
detection used is selected by the P_CRC bit in the PSI5_CFG register.

9.3.3.31 Parity error detection

When parity error detection is selected, even parity is employed. The number of logic '1' bits in the transmitted
message must be an even number.

9.3.3.3.2 3-bit CRC error detection
When CRC error detection is selected, a 3-bit CRC is appended to each response message. The 3-bit CRC uses
a generator polynomial of g(x) = x3+x+1, with a nondirect seed value = '111'. Message data from the transmitted
message is read into the CRC calculator LSB first, and the data is augmented with three '0's. Start bits are not
used in the CRC calculation. Table 154. PSI5 3-bit CRC calculation examples shows some example CRC
calculation values for 10-bit data transmissions.

Table 154. PSI5 3-bit CRC calculation examples

Data transmitted

ovemmes T e
S N O A N o O R R I N
0 0 0 0 0 0 0 0 0 1 1 0

000h 0
0CCh 0 0 1 1 0 0 1 1 0 0 0 1 1
151h 0 1 0 1 0 1 0 0 0 1 0 0 0
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Data transmitted
I N N 2 N N N O N N N O

1EOh 0 1 1 1 1 0 0 0 0 0 0 1 1

1F4h 0 1 1 1 1 1 0 1 0 0 0 1 0

220h 1 0 0 0 1 0 0 0 0 0 1 0 0

275h 1 0 0 1 1 1 0 1 0 1 1 1 1

333h 1 1 0 0 1 1 0 0 1 1 0 0 1

3FFh 1 1 1 1 1 1 1 1 1 1 1 0 0

9.3.3.4 PSI5 data field and data range values

Table 155. PSI5 data values shows the details for each data range. The PSI5 data field size is defined by the
PDCMFORMAT bits in the SOURCEID_x registers as described in Section 4.2.12.

Table 155. PSI5 data values

10-bit data value, 10-bit data value,
Description Py data transmissions in

DATA_EXT =0
initialization phase 3

DATA_EXT =1

Description (EMSG_EXT = 1 in PSI5_CFG)

(EMSG_EXT = 0 in PSI5_CFG)

+510 1FEh +510 — 1FEh
+509 1FDh +509 —_ 1FDh
+508 1FCh +508 —_ 1FCh
+507 1FBh +507 - 1FBh
+506 1FAh +506 — 1FAh Reserved Reserved —
+505 1F9h +505 — 1F9h
+504 1F8h +504 — 1F8h
+503 1F7h +503 - 1F7h
+502 1F6h +502 — 1F6h
+501 1F5h +501 — 1F5h
+500 1F4h +500 — 1F4h Reserved Sensor defect error —
+499 1F3h +499 - 1F3h
+498 1F2h +498 — 1F2h
Reserved Reserved —
+497 1F1h +497 — 1F1h
+496 1FOh +496 — 1FOh
+495 1EFh +495 — 1EFh Communication error (OSCTRAIN_ERR bit)
+494 1EEh +494 — 1EEh Test mode enabled (TESTMODE bit set)
Pags out of range error
+493 1EDh +493 — 1EDh Reserved (error mapped to 1F4h) -
(PABS_HIGH, PABS_LOW or PABS_MISMATCH bit set)
+492 1ECh +492 — 1ECh Temperature error (TEMPO_ERR bit set)
+491 1EBh +491 — 1EBh Memory error (F_OTP_ERR, U_OTP_ERR or U_RW_ERR set)
+490 1EAh +490 — 1EAh Sensor self-test error (ST_ERROR bit set) Sensor self-test error —
+489 1E9h +489 1ESh Reserved Reserved
+488 1E8h +488 1E8h Sensor busy Sensor busy
+487 1E7h +487 1E7h Sensor ready Sensor ready
+486 1E6h +486 1E6h Sensor ready, but unlocked Sensor ready, but unlocked
+485 1E5h +485 1E5h
+484 1E4h +484 1E4h Reserved Reserved
+483 1E3h +483 1E3h
Bidirectional communication:
+482 1E2h +482 1E2h Bidirectional communication: RC error
RC error
Bidirectional communication:
+481 1E1h +481 1E1h Bidirectional communication: RC OK
RC OK
:igg to :: g‘:]: to Unused Unused
+307 133h +480 1EOh Maximum positive sensor value Maximum positive sensor value
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10-bit data value, 10-bit data value,

Description P N
DATA_EXT =0 DATA_EXT =1 Description (EMSG_EXT = 1 in PSI5_CFG) (R L R R D

e o e R

(EMSG_EXT = 0 in PSI5_CFG) initialization phase 3

Positive sensor values Positive sensor values —
+3 03h +3 - 03h
+2 02h +2 — 02h
+1 01h +1 — 01h
0 0 0 — 0 Zero |V Zero —
-1 3FFh -1 - 3FFh
-2 3FEh -2 — 3FEh Negative sensor values Negative sensor values —
-3 3FDh -3 — 3FDh
-102 39Ah —480 — 220h Maximum negative sensor value Maximum negative sensor value —
—103 to - 399h to
480 220h — Unused Unused —
—481 21Fh —481 1000011111 21Fh Po: D2:D0, in 3 LSBs
Initialization data codes
10-bit status data nibble 1 to 16 (0000 to 1111) (Dx) Po: D5:D3, in 3 LSBs
—496 210h —496 1000010000 210h
497 20Fh —497 1000001111 20Fh Po: D8:D6, in 3 LSBs
Initialization data IDs
Block ID 1 to 16 (10-bit mode) (IDx) Po: D11:D9, in 3 LSBs
-512 200h -512 1000000000 200h

1. Not equivalent to AP/PO = 0.

9.34 Initialization
Following power up, the device proceeds through an initialization process that is divided into three phases:
. Initialization phase 1: No data transmissions occur
. Initialization phase 2: Sensor self-test and transmission of configuration information
. Initialization phase 3: Transmission of the sensor busy and/or sensor ready/sensor defect messages
followed by the P value
Once initialization is completed the device begins normal mode operation, which continues as long as the supply
voltage remains within the specified limits.
In asynchronous mode, initialization data is transmitted for source ID 0 only.
In synchronous mode, initialization data is transmitted for each enabled source ID.

In daisy chain mode, initialization data is transmitted in the source ID 0 time slot as defined by the sensor address
as documented in Section 9.3.6.
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Figure 50. PSI5 sensor 10-bit initialization
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During PSI5 initialization, the device completes an internal initialization process consisting of the following:

. Power-on reset

. Device initialization

. Program mode entry verification
. Py filter initialization

. Self-test

Figure 51. PSI5 initialization timing, synchronous mode and Figure 52. PSI5 initialization timing, asynchronous
mode show the PSI5 initialization timing, the PO out of range error is delayed by an internal counter (2 s). The
delay is included as an additional mitigation to avoid any unwanted ‘out-of-range event’ due to a small transient
change in PO around the thresholds. The counter is reset at the start of phase 0, and is not reset depending on
the PO value and continues for 2 seconds. PO value is compared to the threshold after the counter stops and an
error message is transmitted if it is out of range. During normal operation (after the initialization) an error message
is transmitted immediately when PO goes out-of-range.

Figure 51. PSI5 initialization timing, synchronous mode shows the timing for internal and external initialization in
synchronous mode. Figure 52. PSI5 initialization timing, asynchronous mode shows the timing for internal and
external initialization in asynchronous mode. Timing parameters are specified in Section 8.

Figure 51. PSI5 initialization timing, synchronous mode
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Figure 52. PSI5 initialization timing, asynchronous mode
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9.3.4.1 PSI5 initialization phase 1

During PSI5 initialization phase 1, the device begins internal initialization and self-checks, but transmits no data.
Initialization begins with the sequence below, shown in Section 9.3.4:

. Internal delay to ensure that analog circuitry has stabilized (tpor_psis)
. PO filter initialization begins (tpsissT_sTART)
. Monitor for the programming mode entry sequence (tpmE)
. If the programming mode entry sequence is not detected, the device enters initialization phase 2
(tpsis_INIT2)
9.3.4.2 PSI5 initialization phase 2

During PSI5 initialization phase 2, the device continues its internal self-checks and transmits the PSI5 initialization
phase 2 data. Initialization data is transmitted using the initialization data codes and IDs specified in
Section 9.3.3.4, and in the order shown in Section 9.3.4.2.

Table 156. PSI5 initialization phase 2 data transmission order

D14 D14 D1, D1, D1, D1 D24 D24 D2, D2, D2 D2y .. | ID32, D32, D32, D32, | .. D32, | D32

Repeat k times Repeat k times Repeat k times

The initialization phase 2 time is calculated using Eq. (14).

tphasez = Transyippe X k X (DataFields) X tg_ ¢ (14)
Where:
. Transpjpple = # of transmissions per data nibble
. 2:1 for ID, and 1 for data
. k = The repetition rate for the data fields
. DataFields = 32 data fields or 48 data fields (if INIT2_EXT is set)
. ts.s = Sync pulse period
9.34.21 PSI5 initialization phase 2 data transmissions

In PSI5 initialization phase 2, the device transmits a sequence of sensor specific configuration and serial number
information. The transmission data is in conformance with the PSI5 specification [2! | and AKLV29 3!, The data
content and transmission format is shown in Table 157. Initialization phase 2 time and Table 158. PSI5
initialization phase 2 data. Table 158. PSI5 initialization phase 2 data shows the phase 2 timing for different
operating modes. Times are calculated using Eq. (14) in Section 9.3.4.2.
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Table 157. Initialization phase 2 time

Operating mode Repetition rate (k) Nominal phase 2 time
8 512

PSI5 V1 Id ID | PSI5 V1 bble
# ID#
F1 D1

Asynchronous mode (228 ps) 116.7 ms

Synchronous mode (500 ps) 4 256 128.0 ms

Table 158. PSI5 initialization phase 2 data

Folsbble address | Register sdress

0000 USERDATA_0[3:0] User-specific data User
0010 0000
F2 D2,D3 0001, 0010 NA Number of data blocks: 32: INIT2_EXT=0, 48: INIT2_EXT=1 or
0011 0000
F3 D4, D5 0011, 0100 USERDATA_1[3:0], USERDATA_1[7:4] User-specific data User
F4 D6, D7 0101, 0110 USERDATA_2[3:0], USERDATA_2[7:4] User-specific data User
D8 0111 USERDATA_3[3:0] User-specific data User
Fo D9 0 1000 USERDATA_3[7:4] User-specific data User
D10 1001 USERDATA_4[3:0] User-specific data User
Fe D11 1010 USERDATA_4[7:4] User-specific data User
D12 1011 USERDATA_5[3:0] User-specific data User
F7 D13 1100 USERDATA_5(7:4] User-specific data User
D14 1101 USERDATA_6[3:0] User-specific data User
D15 1110 USERDATA_7[3:0] User-specific data User
D16 1M1 USERDATA_7[7:4] User-specific data User
Fe D17 0000 USERDATA_8[3:0] User-specific data User
D18 0001 USERDATA_8[7:4] User-specific data User
D19 0010 SN4[7:4] Device serial number Factory
D20 0011 SNA4[3:0] Device serial number Factory
D21 0100 SN3[7:4] Device serial number Factory
D22 0101 SN3[3:0] Device serial number Factory
D23 0110 SN2[7:4] Device serial number Factory
D24 o111 SN2[3:0] Device serial number Factory
D25 ! 1000 SN1[7:4] Device serial number Factory
e D26 1001 SN1[3:0] Device serial number Factory
D27 1010 SNO[7:4] Device serial number Factory
D28 1011 SNO[3:0] Device serial number Factory
D29 1100 PN1[3:0] Device Part Number Factory
D30 1101 PNO[7:4] Device Part Number Factory
D31 1110 PNO[3:0] Device Part Number Factory
D32 1M1 USERDATA_6[7:4] User-specific data User
D33 0000 Reserved Reserved Varies
D34 0001 Reserved Reserved Varies
D35 0010 Reserved Reserved Varies
D36 0011 Reserved Reserved Varies
D37 0100 Reserved Reserved Varies
D38 0101 Reserved Reserved Varies
D39 0110 Reserved Reserved Varies
D40 0111 Reserved Reserved Varies
F10 2
D41 1000 Reserved Reserved Varies
D42 1001 Reserved Reserved Varies
D43 1010 Reserved Reserved Varies
D44 1011 Reserved Reserved Varies
D45 1100 Reserved Reserved Varies
D46 1101 Reserved Reserved Varies
D47 1110 Reserved Reserved Varies
D48 1M1 Reserved Reserved Varies
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Note: Constant values are transmitted for all fields marked as reserved.

9.3.4.3 Internal self-test
Once initialization phase 1 completes, the device begins its internal self-test as described in Section 4.6.2.

9.3.4.4 Initialization phase 3

During PSI5 initialization phase 3, the device completes its internal self-checks, and transmits a combination of
sensor busy or sensor ready messages as defined in Table 155. PSI5 data values. The number of sensor busy
messages transmitted in initialization phase 3 varies depending on the mode of operation, and the number of self-
test repetitions. Self-test is repeated on failure up to ST_RPT times to provide immunity to misuse inputs during
initialization. Self-test terminates successfully after one successful self-test sequence.

Once internal self-test is completed, the device transmits two sensor ready commands.

After the sensor ready messages are transmitted, the device transmits the PO absolute pressure value using the
initialization codes shown in Section 9.3.3.4. The PO data to be transmitted is latched at the end of the
transmission of the second sensor ready message. The initialization phase 3 response transmissions are listed

here:
. PO transmission #0:

0 0 PO, D11 PO, D10 PO, D9
. PO transmission #1:

0 1 PO, D8 PO, D7 PO, D6
. PO transmission #2:

1 0 PO, D5 PO, D4 PO, D3
. PO transmission #3:

1 1 PO, D2 PO, D1 PO, DO

In all modes, the ENDINIT bit is automatically set when the device exits initialization phase 3.
9.3.5 Normal mode

9.3.5.1 Asynchronous mode
The device can be programmed to respond in asynchronous mode as specified in Section 4.2.17.

In asynchronous mode, the device transmits data at a fixed rate (tasync) and will not respond to normal sync
pulses. However, during initialization phase 1, the device will monitor sync pulses to decode the programming
mode entry command and allow entry into programming mode.

9.3.5.2 Simultaneous sampling mode

The device can be programmed to respond in simultaneous sampling mode by programming the SS_EN bit to
simultaneous sampling mode.

In simultaneous sampling mode, the most recent interpolated sensor data sample is latched at ttr|g (rising edge
of sync pulse) and transmitted starting at the time programmed in the PDCM_RSPSTx registers, relative to ttrig.
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Figure 53. Simultaneous sampling mode
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9.3.5.3 Synchronous sampling mode with minimum latency

The device can be programmed to respond in synchronous sampling mode with minimum latency by
programming the SS_EN bit to synchronous sampling mode.

In synchronous sampling mode, the most recent interpolated sensor data sample is latched at the time
programmed in the PDCM_RSPSTXx registers, relative to ttrg (rising edge of sync pulse). The data is transmitted
starting at the time programmed in the PDCM_RSPSTx registers, relative to ttric.
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Figure 54. Synchronous sampling mode with minimum latency
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9.3.6 Daisy chain mode
The device can be programmed to operate in daisy chain mode by setting the DAISY_CHAIN bit in the PSI5_CFG
register. Daisy chain mode can be programmed to operate in either simultaneous sampling mode, or synchronous
sampling mode by setting the SS_EN bit to the desired operating mode. In simultaneous sampling mode, the
most recent interpolated sensor data sample is latched at ttr|g (rising edge of sync pulse). In synchronous
sampling mode, the most recent interpolated sensor data sample is latched at the time programmed in the
PDCM_RSPSTx registers, relative to tyrig (rising edge of sync pulse).

When programmed to operate in daisy chain mode, the device follow this procedure:
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. After a power on delay of trs_pw, the device waits for a PSI5 set address command defined in

Table 160. Daisy chain programming commands and responses and Table 161. Daisy chain programming

response code definitions.

- The set address command must be preceded by at least 31 consecutive sync pulses. All other
commands must be preceded by either 31 consecutive sync pulses or five consecutive missing sync
pulses.

- The daisy chain programming command and response formats are defined in Section 9.3.8.2 using a
sync pulse period of tss pc. The response settings are defined in Table 161. Daisy chain
programming response code definitions, with the exception of the time slot.

- The response to the PSI5 set address command and all other valid commands uses the address-
based time slot specified in Table 162. Valid daisy chain addresses.

- If a framing error or CRC error is detected on a received command, the device does not respond.

. After receiving a valid address and completing the response, the device will decode and respond to all
Table 162. Valid daisy chain addresses commands sent to the sensor address it is set to. All responses will
be transmitted in the address-based time slot specified in Table 162. Valid daisy chain addresses.

. When the run mode command is received, the device responds to the command using the address-based
time slot(s) specified in Table 162. Valid daisy chain addresses. The device then ignores all commands and
proceeds through initialization phase 2 and initialization phase 3 in response to sync pulses. The following
response format is used, regardless of the state of the relevant bits in the device configuration registers:

Table 159. Frame parameter to reference

Parameter Reference Value

Time Slot Section 4.2.17 Address-based time slot specified in Table 162. Valid daisy chain addresses
Data Size Section 4.2.12 Data size controlled by the PDCMFORMAT bits
Error Checking Section 4.2.16 Error checking controlled by P_CRC bit
Baud Rate Section 4.2.14 Baud rate controlled by the CHIPTIME bits
. Upon completion of initialization phase 3, the ENDINIT bit is set, the device enters normal mode and

responds to all sync pulses with sensor data using the format above.

Table 160. Daisy chain programming commands and responses

Command
Short 0 0 0 A2 A1 A0 Set sensor address (daisy chain) OK SAdr

Short 1 1 1 0 0 0 Broadcast message — run mode OK 000h

SAdr<>1 " . .
Activate low-side bus switch

Short 0 0 0 PN OK 000h
SAdr<>6 BUSSW_CTRL[1:0] =11
SAdr<>1 " . . -

1 1 1 Khenahsebe e o
SAdr<>6 _CTRL[1:01=
SAdr<>1

Short A2 A1l A0 Set sensor address (daisy chain) OK SAdr

SAdr <> 6

Table 161. Daisy chain programming response code definitions

RC = 0K Command message received properly 1E1h
RC = Error Error during transmission of command message 1E2h
SAdr Programmed sensor address, prepended with 0 s Varies

Table 162. Valid daisy chain addresses

Sensor address (SAdr)
0 0 0 N/A

Unprogrammed sensor

0 0 1 Sensor address 1 triMESLOT_DCoO
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9.3.7

9.3.7.1

9.3.7.2

9.3.7.3

DS15166 - Rev 1

Sensor address (SAdr)
0 1 0

Sensor address 2 trIMESLOT_DC1_L
0 1 1 Sensor address 3 triMESLOT DC2_L
1 0 0 Sensor address 4 trIMESLOT_DC1_H
1 0 1 Sensor address 5 triMesLoT_bca_H
1 1 0 Sensor address 6 trimesLoT_bca_H
1 1 1 N/A N/A

.

Writes to sensor address 7 are ignored.

If a successful programming mode entry command is received prior to a set address, daisy chain mode is
disabled.

.

Error handling

Daisy chain error handling

Table 163. Daisy chain error handling shows the effect of internal failure modes on the daisy chain initialization
procedure.

Table 163. Daisy chain error handling

Supply error Daisy chain commands Ignored. The device will not participate in daisy chain
Communication error No effect. The device will participate in daisy chain as programmed.
Test mode enabled Daisy chain commands ignored. The device will not participate in daisy chain
PABS out of range and/or mismatch error No effect. The device will participate in daisy chain as programmed.
Temperature error No effect. The device will participate in daisy chain as programmed.
Memory error No effect. The device will participate in daisy chain as programmed.
Self-test error No effect. The device will participate in daisy chain as programmed.
Device not locked No effect. The device will participate in daisy chain as programmed.

Initialization phase 2 error handling

Table 164. Initialization phase 2 error handling shows the effect of internal failure modes on the initialization phase
2 transmissions. Some errors occurring in initialization phase 2 will prevent entry into initialization phase 3. Once
the error is no longer present, the device will complete initialization phase 2 as necessary and then transition to
initialization phase 3.

Table 164. Initialization phase 2 error handling

Supply error Temporary, sync pulses ignored

Communication error No effect

Test mode enabled No effect

PABS out of range and/or mismatch error No effect

Temperature error No effect. The device will attempt to transmit initialization phase 2 data.
Memory error No effect. The device will attempt to transmit initialization phase 2 data.
Self-test error No effect

Device not locked No effect

Initialization phase 3 error handling

Table 165. Initialization phase 3 error handling shows the effect of internal failure modes on initialization
procedures. Some errors occurring in initialization phase 3 will prevent entry into run mode until the error is no
longer present. Once the error is no longer present, one or more sensor ready commands will be transmitted
before entering run mode.
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Table 165. Initialization phase 3 error handling

Supply error Temporary, sync pulses Ignored

Communication error No effect

Test mode enabled No effect

PABS out of range and/or mismatch error No effect

Temperature error No effect. The device will attempt to transmit initialization phase 3 data.

Memory error No effect. The device will attempt to transmit initialization phase 3 data.

Self-test error No effect

Device not locked Sensor ready replaced with sensor ready, but not locked transmission (UF2 region is unprogrammed)
9.3.7.4 Normal mode error handling

9.3.7.41 Standard error reporting

Table 166. Standard error reporting summarizes the error reporting in normal mode if the PSI5 error extension
option is disabled. A single error transmission clears the device status allowing for temporary error conditions to
be cleared once the error condition is removed.

Table 166. Standard error reporting

Error condition Error code E_rrqr Error response
priority
NA

Supply error
Communication error 1F4h 6
Test mode enabled 1F4h 2 Temporary (normal transmissions continue once condition is removed)
PABS out of range error 1F4h 5
Temperature error 1F4h 4
Memory error 1F4h 3 Latched until reset
Self-test error 1F4h 1 Latched until reset
Device not locked NA NA
9.3.74.2 PSI5 error extension option

If the PSI5 error extension option is enabled, additional error reporting is available as shown in Table 167. PSI5
error extension option. A single error transmission clears the device status allowing for temporary error conditions
to be cleared once the error condition is removed.

Table 167. PSI5 error extension option

Error condition Error code E_rro_r Error response
priority
NA

Supply error
Communication error 1EFh 6
Test mode enabled 1EEh 2 Temporary (normal transmissions continue once condition is removed)
PABS out of range error 1EDh 5
Temperature error 1ECh 4
Memory error 1EBh 3 Latched until reset
Self-test error 1EAh 1 Latched until reset
Device not locked NA NA
9.3.8 PSI5 diagnostic and programming mode

PSI5 programming mode is a synchronous communication mode that allows for bidirectional communication with
the device. Programming mode is intended for factory programming of the OTP array and reading of diagnostic
information. It is not intended for use in normal operation.
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9.3.8.1 PSI5 programming mode entry
The device enters programming mode if and only if the following sequence occurs:

. At least 31 sync pulses are detected, directly preceding the programming mode entry short command
during the programming mode entry window shown in Section 9.3.4.

- The window timing is defined in Section 8 (tppmEg)-
- The sync pulses and programming mode entry command must be received with a sync pulse period
of ts.s_pm
If the programming mode entry requirement is not met:

. Programming mode entry is blocked until the device is reset.

. The device proceeds with PSI5 initialization phase 2 and PSI5 initialization phase 3.

. The device enters normal mode, and responds as programmed to normal sync pulses.

If the programming mode entry requirement is met:

. Normal transmissions to sync pulses are terminated.

. The device will detect commands if the start condition is met as described in Section 9.3.8.2.2.

. The device responds only to valid PSI5 short and XLong commands addressed to sensor address '001', as

defined in Section 9.3.8.3.

9.3.8.2 PSI5 programming mode — data link layer

9.3.8.2.1 PSI5 programming mode — command bit encoding

Commands messages are transmitted via the modulation of the supply voltage. The presence of a sync pulse is a
logic '1" and the absence of a sync pulse is a logic '0". Sync pulses are expected at a rate of ts.s_pu.

9.3.8.2.2 PSI5 programming mode — command message format
Command message data frames consist of a start condition, three start bits (S[2:0]), a 3-bit sensor address
(SAdr[2:0]), a 3-bit function code (FC[2:0]), an optional register address (RAdr{7:0]), an optional data field (D[7:0]),
and a 3-bit CRC (C[2:0]. The start condition consists of one of the following:
1. A minimum of five consecutive logic '0's (with no sync bits)
2. A minimum of 31 consecutive logic '1's (this includes logic '1's transmitted for the previous response)
The command message format is shown in Table 168. Programming mode via PSI5 command data format.

Table 168. Programming mode via PSI5 command data format

Eﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ-ﬂ
0 $3FF $3FF $3FF
CRC
Data to be written to register (optional)
Register Address (optional)
Function codes (See Section 9.3.8.3)
Sensor address — Fixed at 001

Start bit sequence = 010

Bit stuffing is necessary to maintain a synchronized timebase between the command master and the device. A

logic '1' sync bit is added every 4! bit in the command message to ensure that there will never be more than
three logic '0' bits in a row.

Table 169. Programming mode via PSI5 XLong command data format with sync bits

Sensor Function
Start bits D =5 Register address Response

$1 83 83
E2  FF | FF

0
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Once a command is received and verified, the device expects two to three consecutive sync pulses (depending
upon the command message lengths described below). There is no delay restriction between the command and
the first sync pulse for the response. Once the first sync pulse for the response is received, each successive
response sync pulse must be received within the programming mode sync pulse period specified (ts.s_pm) or a
framing error may occur.

For each of these sync pulses, The device will respond with the following settings:

Table 170. Programming mode via PSI5 response message settings

Parameter Value

Time slot tTiMESLOT_DCO
Data size 10-bit data
Error checking Even parity
Baud rate 125 kBd

Sync pulse pulldown Disabled

9.3.8.2.3 Short frame command and response format

Short frames are the simplest type of command message. No data is transmitted in a short frame command. Only
specific instructions are performed in response to short frame commands. The short frame format is shown in
Table 171. Programming mode via PSI5 short frame command and response format. Short frame commands and
responses are defined in Section 9.3.8.3.

The device only supports a short command for programming mode entry.

Table 171. Programming mode via PSI5 short frame command and response format

$1E2 $3FF

9.3.8.24 Long frame command and response format

Long frames allow for the transmission of data nibbles for register writes. The device can provide register data in
response to a read or write request. The long frame format is shown in Table 172. Programming mode via PSI5
long frame command and response format. Long frame commands and responses are defined in Section 9.3.8.3.

The device does not support the long frame command.

Table 172. Programming mode via PSI5 long frame command and response format

Start bits Sensor address Functlon code Reglster address _ Response

$1E  S$3F 3F
2 F

9.3.8.2.5 Extra long frame command and response format

Extra long frames allow for the transmission of address and data bytes for register reads and writes. The device
can provide register data in response to a read or write request. The extra long frame format is shown in

Table 173. Programming mode via PSI5 extra long command and response format. Extra long frame commands
and responses are defined in Section 9.3.8.3.

The device supports register read and register write extra long commands.

Table 173. Programming mode via PSI5 extra long command and response format

Start bits . Sy ficuch Register address Response

H
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9.3.8.2.6

9.3.8.2.7

9.3.8.2.8

9.3.8.3

SAdr Command Rgglster Data Field
Type FC[2:0] accress

Short
Short
Short
Short
001
Long
Long
XLong

XLong

Command message CRC

Programming mode command error checking is accomplished by a 3-bit CRC. The 3-bit CRC is calculated using
all message bits except start bits and sync bits. The CRC verification uses a generator polynomial of g(x) =

x3+x+1, with a nondirect seed value = '111". The message data is provided to the CRC calculator in the order
received (LSB first, SAdr, FC, RAdr, Data), and then augmented with three '0's. Table 154. PSI5 3-bit CRC
calculation examples shows examples of CRC calculation values for 10-bit data transmissions.

The calculated CRC is then compared against the received 3-bit CRC (received MSB first). If a CRC mismatch is
detected, the device responds with a CRC Error response as defined in Section 9.3.8.4.

Command sync pulse blanking time

In programming mode and programming mode entry, the device employs a fixed sync pulse blanking time of
tsync_ofF 250 regardless of the state of the PDCM_CMD_B register value.

Command timeout

In the event that the device does not detect a sync pulse within a 4-bit window time, the command reception will
be terminated and the device will respond to the next sync pulse with a short frame framing error response as
defined in Section 9.3.8.4.

PSI5 programming mode command and response summary

Table 174. Programming mode via PSI5 commands and responses

Response (OK) Response (Error)

I N N N N

Invalid command

N/A

No response

No response

101 Invalid command N/A N/A No response No response
110 Invalid command N/A N/A No response No response
1M1 Enter programming mode N/A N/A OK 0CAh N/A No response
010 Invalid command N/A N/A No response No response
011 Invalid command N/A N/A No response No response
000 Read register located at address RA7:RAO Varies Varies OK RData RData+1 Error ErrN 000h
001 Write WData to register RA7:RAQ Varies Varies OK WData RA7:RA0 Error ErrN 000h

Table 175. Programming mode via PSI5 response code definitions

Response Code Definition

RC = OK
RC = Error
RData
RData + 1

WData

9.3.8.4

0000
0001
0010
0011
0100
0101
0110
0111

DS15166 - Rev 1

Command message received properly

Error during transmission of command message

Byte contents of register located at address RA7:RA1 with RA0 = 0
Byte contents of register located at address RA7:RA1 with RAO = 1

Byte contents of register located at address RA7:RAQ

Programming mode via PSI5 error response summary

Table 176. Error response summary

General General error

Framing Framing error (four consecutive zeroes) Yes

CRC CRC error on received message Yes

Address Sensor address not supported No (Invalid address is ignored)
FC Function code not supported No (N/A)

Reserved Reserved No

Value

1E1h
1E2h
Varies
Varies

Varies
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1000
1001
1010
1011
Reserved Reserved No
1100
1101
1110
11
ErrN is transmitted in the four LSBs of RD1. All other bits in the response data field are set to '0'.
9.3.9 PSI5 OTP programming procedure
1. Enter programming mode.
2. SetVce = Vpp
3. Load desired data into the desired registers using PSI5 write commands.
4. Write the necessary OTP program sequence to the WRITE_OTP_EN register for the desired OTP region to be
written.
5. Delay tprog_TiME after the completion of the write OTP program to allow for completion of the OTP writes.
6. To confirm that no errors occurred during the OTP writes, read the DEVSTAT1 register.
7. Read back the register values that were written and compare to the desired values to confirm successful OTP
writes.
9.4 DSI3 discovery mode
Figure 55. DSI3 discovery mode application diagram
optional BUS
termination
VBUF BUS_|I ) |_ — ~ 7 |BUSIN
' i
| R1
c2 c1 |
I cal
Vss [] BUSRTN I T 7| |BUSRIN
1 A
N c3
BUS_O T BUSOUT
aaa-029424
Table 177. External component recommendations
. The total bus capacitance must not exceed the values specified in the DSI3 standard [1] .
. The external components are dependent on the bus master and bus impedance and may vary from application to application.
Ref Type Typical value description Component value selection and range Comment
Optional bus termination for high inductance bus wire
R1 General 330 Q. 5 %, 200 PPM The optimal value of this component should be determined by ' connections. For optimal EMC performance, this component
purpose s the system level communication, EMC, and ESD testing along with C4 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.
. . . For optimal EMC performance, this component along with R1
C1 Ceramic 220 pF, 10 %, 50 V minimum, X7R The optimal value of this L?on'l_ponent should be determlned by are to be placed as close to the BUS_| and BUSRTN
the system level communication, EMC, and ESD testing. connector pins as possible.
The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To N . .
Cc2 Ceramic 0.47 pF, 10 %, 10 V minimum, X7R achieve the specified power supply rejection, the minimum For optimal EMC performance, this component is to be placed

DS15166 - Rev 1

value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

as close to the Vgyg and BUSRTN pins as possible.
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C3

Cc4

9.5

2S .

Ceramic

Ceramic

100 pF, 10 %, 50 V minimum, X7R

2.2 nF, 10 %, 50 V minimum, X7R

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

DSI3 switch connected daisy chain mode

For optimal EMC performance, this component is to be placed
as close to the BUS_O and BUSRTN connector pins as
possible.

Optional bus termination for high inductance bus wire
connections. For optimal EMC performance, this component
along with R1 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.

Figure 56. DSI3 switch connected daisy chain application diagram

optional BUS
termination
VBUF BUS_I ) |~ ~ 7 7 |BUSIN
T
I
|
c2 ety |
| ol
Vss BUSRTN | |BUSRTN
1 -4
BUS_I
R2 =-—C3
BUSSW_H M1
BUSOUT
aaa-029425

Table 178. External component recommendations

The total bus capacitance must not exceed the values specified in the DSI3 standard [1] .
The external components are dependent on the bus master and bus impedance and may vary from application to application.

Typical value description Component value selection and range Comment

R1

R2

c1

Cc2

C3

C4

M1

General
purpose

General
purpose

Ceramic

Ceramic

Ceramic

Ceramic

DS15166 - Rev 1

330 Q, 5 %, 200 PPM

100 kQ, 5 %, 200 PPM

220 pF, 10 %, 50 V minimum, X7R

0.47 pF, 10 %, 10 V minimum, X7R

100 pF, 10 %, 50 V minimum, X7R

2.2 nF, 10 %, 50 V minimum, X7R

NTR4502PT1G, or similar

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To
achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

Optional bus termination for high inductance bus wire
connections. For optimal EMC performance, this component
along with C4 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.

Pullup resistor for external high-side daisy chain FET

For optimal EMC performance, this component along with R1
are to be placed as close to the BUS_| and BUSRTN
connector pins as possible.

For optimal EMC performance, this component is to be placed
as close to the Vgyr and BUSRTN pins as possible.

For optimal EMC performance, this component is to be placed
as close to the BUS_O and BUSRTN connector pins as
possible.

Optional bus termination for high inductance bus wire
connections. For optimal EMC performance, this component
along with R1 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.

High-side daisy chain transistor
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9.6 PSI5 parallel or universal mode

Figure 57. PSI5 parallel or universal mode application diagram

VBUF BUS_I - R VcE
J: c3 J— c2 ==c1
I Vss T Vss
- L

aaa-029426

Table 179. External component recommendations

>S . The total bus capacitance must not exceed the values specified in the PSI5 standard [2] .
. R1 must be sized to handle both the programming current at the maximum rated temperature for programming and the operating
current at the maximum rated temperature for operation.
. If the high baud rate is used, it is recommended to reduce the value of C2. The actual value will depend on the bus configuration and
number of slaves.

The optimal value of this component should be determined by

the system level communication, EMC, and ESD testing.
For proper device function, the minimum value can be 0 Q.
The maximum value is determined by the minimum bus
R1 General 100, 5 %, 200 PPM voltage provided z!t the module pin a_m_j the minimum opgratlng
purpose voltage of the device. To meet the minimum PSI5 operating
voltage at the module pin, the maximum resistance including
all tolerances is 20.5 Q. If the low response current is used,

the maximum
resistancelilncluding all tolerances is 33.3 Q.

Vcc filtering and signal damping

Ve power supply decoupling and signal damping. For optimal
EMC performance, this component is to be placed as close to
the BUS_I and BUSRTN connector pins as possible.

The optimal value of this component should be determined by

) o .
c1 Ceramic 2.2nF, 10 %, 50 V minimum, X7R the system level communication, EMC, and ESD testing

V¢ power supply decoupling. For optimal EMC performance,
Cc2 Ceramic 15 nF, 10 %, 50 V minimum, X7R — this component is to be placed as close to the BUS_| and
BUSRTN pins as possible.

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To

C3 Ceramic 0.47 pF, 10 %, 10 V minimum, X7R achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

For optimal EMC performance, this component is to be placed
as close to the Vgyr and BUSRTN pins as possible.

9.7 PSI5 daisy chain mode

Figure 58. PSI5 daisy chain mode application diagram

VBUF BUS_| L VcE
J: c3 J— c2 ==c1
I Vss T ) Vss
- L

BUSSW_L
M Vss_out

aaa-029427

DS15166 - Rev 1 page 107/128




Lys

FXPS71407S

Application information

EOETT

R1

R2

R3

C1

Cc2

C3

M1

Table 180. External component recommendations

R1 must be sized to handle both the programming current at the maximum rated temperature for programming and the operating
current at the maximum rated temperature for operation.
If the high baud rate is used, it is recommended to reduce the value of C2. The actual value will depend on the bus configuration and
number of slaves.

Typical value description Component value selection and range

General purpose

General purpose

General purpose

Ceramic

Ceramic

Ceramic

DS15166 - Rev 1

10 Q, 5 %, 200 PPM

20 kQ, 5 %, 200 PPM

100 kQ, 5 %, 200 PPM

2.2 nF, 10 %, 50 V minimum, X7R

15 nF, 10 %, 50 V minimum, X7R

0.47 pF, 10 %, 10 V minimum, X7R

NTR4501NT1G, or similar

The optimal value of this component should be determined by

the system level communication, EMC, and ESD testing.
For p)ll‘oper dev?ce ?unctll'lon, the minimum value can %e 8 Q.

The maximum value is determined by the minimum bus
voltage provided at the module pin and the minimum
operating voltage of the device. To meet the minimum PSI5
operating voltage at the module pin, the maximum resistance
including all tolerances is 20.5 Q. If the low response current
is used, the maximum resistance including all tolerances is
33.3Q.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To
achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

V¢ filtering and signal damping

Gate resistor for external low side daisy chain FET

Gate pulldown resistor for external low side daisy chain FET

Vcc power supply decoupling and signal damping. For
optimal EMC performance, this component is to be placed as
close to the BUS_| and BUSRTN connector pins as possible.

Ve power supply decoupling. For optimal EMC performance,

this component is to be placed as close to the BUS_| and
BUSRTN pins as possible.

For optimal EMC performance, this component is to be placed
as close to the Vgyr and BUSRTN pins as possible.

Low-side daisy chain transistor
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Note: Trademark property of NXP, used by STMicroelectronics under license
Figure 59. Package outline
H-PQFN-16 1/0, STEP-CUT WETTABLE FLANK S0T1573-2(SC)
4 X 4 X 1.98 PKG, 0.8 PITCH

PIN 1
INDEX AREA 4] DETAIL F
B - ]~ —ax 0.3+8-08
&[F0.08[C|D[E
] B O
g

/% 3.7£0,05 L: I J
(4] 4 &]0.3[c[AlB] (3.7) -= .

(
i N d
i 5
~[oac] © 3.7+0.05 —p—{D]
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2.7
2.5 MAX 0.08
EXPOSED DIE [¢]o.1]c]A]B] —f— :
ATTACH PAD N\ 5 . STEP-CUT WIDTH
=" - /—BX 0.143X0.143
N L LG LA
T N
2.7 1
2 =
[¢]o.1[c]A[B] 13
BN
PIN 1 1D w6 | |
0.3x0.3 0.5 0.1M|C|A|B
16X & -
04|% 0.05@]C
© NXP B.V. ALL RIGHTS RESERVED DATE: Q05 FEB 2021
MECHAN'CAL OU TL'NE STANDARD: DRAWING NUMBER: REWVISION:
PRINT VERSION NOT TO SCALE NON JEDEC 98ASA01738D O
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Table 181. Hole dimensions

Lid parameters

# of holes 4
Hole diameter (mm) 0.3
Air hole upper tolerance (mm) 0.06
Air hole lower tolerance (mm) 0.02
Lid radius angle (mm) 0.25
Material hardness Y2 H
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Figure 60. Package outline detail HQFN

H—PQFN—16 1/0, STEP—CUT WETTABLE FLANK SOT1573—-2(SC)
4 X 4 X 1.98 PKG, 0.8 PITCH
[ ] . ©2
’ f
2.08
1.88 1.507
16X
, Lm g /3\
1 1
(0.203) '_J'-_\‘__!__;_!______'_i__'___,j_'_
= | = |
f J L] 04s)
MIN 0.09
STEP—-CUT HEIGHT (0.8) —= SEATING PLANE
0.05
0.00 DETAIL F
VIEW ROTATED 90°CW
© NXP B.V. ALL RIGHTS RESERVED DATE: 05 FEB 2021
MECHAN|CAL OU TL|NE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE NON JEDEC 98ASA01738D @)

DS15166 - Rev 1 page 111/128



‘ FXPS71407S
,l Package information

Figure 61. Package outline notes HQFN

H-PQFN-16 1/0, STEP—-CUT WETTABLE FLANK SOT1573-2(SC)
4 X 4 X 1.98 PKG, 0.8 PITCH
NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETERS,

2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
ACOPLANARITY APPLIES TO LEADS AND DIE ATTACH PAD.
DIMENSION APPLIES ONLY FOR TERMINALS.

5. MIN METAL GAP SHOULD BE 0.2 MM.

© NXP B.V. ALL RIGHTS RESERVED DATE: 05 FEB 2021
MECHAN'CAL OU TL'NE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE NON JEDEC 98ASAQ01738D O

10.1 Footprint

Reference NXP application note [6] AN1902 for the latest revision.
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Figure 62. PCB design guidelines - Solder mask opening pattern

H—PQFN—-16 1/0, STEP—CUT WETTABLE FLANK SOT1573-2(SC)
4 X 4 X 1.98 PKG, 0.8 PITCH
(2X 2.7)
| | | |
[ [ ! [ [
i i | i i (16X 0.925)
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| | | |
| | | |
| | ‘ | | +
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|
|
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=S4 -4 _ | =S4 1 ] |
| | | |
| | ‘ | |
| | | | |
| | l |
| 1T 1 |
| | ) | |
PACKAGE | — | — |
OUTLINE |<—(2X 1.988) ——=
PCB DESIGN GUIDELINES — SOLDER MASK OPENING PATTERN
THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL /SPECIFIC REQUIREMENTS.
© NXP B.V. ALL RIGHTS RESERVED DATE: 05 FEB 2021
MECHAN'CAL OU TL'NE STANDARD: DRAWING NUMBER: REVISION:
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Figure 63. PCB design guidelines - /0 pads and solderable area

6 1/0, STEP—CUT WETTABLE FLANK SOT1573-2(SC)
98 PKG, 0.8 PITCH

—PQFN-1
X 4 X 1.
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| Il | (16X 0.825)
I I
| | ! | |
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PCB DESIGN GUIDELINES — |/0O PADS AND SOLDERABLE AREA

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.
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Figure 64. PCB design guidelines - Solder paste stencil

H—PQFN—16 1/0, STEP—CUT WETTABLE FLANK SOT1573-2(SC)
4 X 4 X 1.98 PKG, 0.8 PITCH
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RECOMMENDED STENCIL THICKNESS 0.125 OR 0.15
PCB DESIGN GUIDELINES — SOLDER PASTE STENCIL
THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.
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12 Mounting recommendations

The package should be mounted with the pressure port pointing away from sources of debris that might otherwise
plug the sensor.

A plugged port exhibits no change in pressure and can be cross checked in the user software.
Refer to NXP application note AN1902 [¢! for proper printed circuit board attributes and recommendations.

Note: Trademark property of NXP, used by STMicroelectronics under license

DS15166 - Rev 1 page 116/128



‘_ FXPS71407S
,’ References

13 References

[1]  DSI3 Standard Revision 1.0, Dated February 16, 2011

[2]  PSI5 Technical Specification version 2.1, dated October 8, 2012

[8] AKLV29V1.30

[4] AEC-Q100, Revision G, AEC-Q006

[5] 1S0O16750, Environmental conditions, and testing for electrical and electronic equipment — Parts 1, 3, 4 and 5

[6] AN1902, Assembly guidelines for QFN (quad flat no-lead) and SON (small outline no-lead) packages
https://www.nxp.com/docs/en/application-note/AN1902.pdf
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Table 182. Document revision history

10-Mar-2026 1 Initial release from ST, rebranded NXP document
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