SMI

PRESSURE SENSORS AMSYS

I2C Application Note in Protocol B

Description
This document is a reference for a possible coding method to achieve pressure, temperature, and status for SMI part readings using I°C. This

SMI Protocol B is used in the SMxx9x and SMxx3x product families. These families include but are not limited to SMI parts SM5391, SM6391,
SM7391, SM7291, etc. Please check the product data sheet for the correct SMI 1’ protocol used.

1. 1°C Electrical Table

1 SDA output low voltage lipp =3 MA SDAOL 0 0.4 Vv
2 Low-to-High transition threshold pins SAO, SCL VSDA,LH 0.5 0.6 0.7 *VDD
3 High-to-Low transition threshold pins SAQ, SCL VSDA’HL 0.3 0.4 0.5 *VDD
2
4 1°Cclock frequency f 0 400 kHz
Bus free time between a START and
5 M Couse 1300 ns
STOP condition
*)
6 Clock low time to 1300 ns
*)
7 Clock high time L 600 ns
*)
8  START condition hold time t, 100 ns
*)
9 Data setup time ty 100 ns
*)
10 Data hold time t, 0 ns
Setup time for repeated START
11 L toon 600 ns
condition
*)
12 setup time for STOP condition toou 600 ns
*)
13 Rise time of SDA and SCL signals t 300 ns
*)
14 Fall time of SDA and SCL signals t 300 ns

" Not tested in production
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2. I’C Interface

The SMI pressure sensor features an I°C slave interface. This interface provides direct access to registers of the
memory of the pressure sensor. An external I°C master (e.g. a microcontroller) can read from and write to memory
addresses (registers) of the device using the following commands:

*  Random write: Sets a memory address and writes data to consecutive memory addresses of the device
starting at the set memory address.

* Random read: Sets a memory address and reads data from consecutive memory addresses of the device
starting at the set memory address.

* Read last: Reads data from the device starting at the last memory address set by the master. This
facilitates repeated reading of the same memory addresses without transmitting a memory address first.

All reads/writes must start at word aligned addresses (i.e. LSB of memory address equals 0) and read/write an
even number of bytes.

RN VYN seer XX se I\ | Aok | N
\L ’.\V,K‘/\j § TAVAVAY D\ ‘ ;
tSH
R
— N\ 7 Vot / \ y
> . \ /B —— B8\ / 9
\ tBUSF
N ol , RN ey
SDA Vb ack |/ Y VA
 — i t A \
f / SH [R tl- / ;‘I tpsu .
/ +J—
."“I‘f ;r,‘ _’|_|“
SCL M/ 8 X ! Rs \ /. BN i 4 i p - \
\— \ / \ y - ; \

Figure 1: I°C Interface Timing Diagram
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3. 1’C Command Format

The SMI pressure sensor uses a standard 7-bit I°C slave address field. The LSB of the slave address specifies the
frame type used to perform read and write operations.

For LSB = 0 the protocol is compatible to standard I°C EEPROMS, for LSB = 1 the protocol is extended by a CRC
protection. Thus, each device occupies two I°C addresses: even addresses are for standard EEPROM compatible
protocols and odd addresses are for CRC protected protocols. Unprotected and CRC protected frames can be
interleaved.

The two different frame types - standard EEPROM (without CRC) or CRC protected - are shown in the next two
figures.

Random write

slave address rw memory address write data write data
S 6:1] Olo 8 AO[7:0] ek DIAD][7:0] fch DIAQ][15:8] ek ... E
Random read
slave address w| memory address slave address ™w read data read data n
2 (6:1) 0o fek AD[7:0] PARS ™ 6u1) 04 ek DIAO](7:0] Al ... DIAO+N][15:8] o ©
Read last
s slave address 0 ﬂack read data Lok read data bk read data nlp
[6:1] 1 DIAQ][7:0] D[AOQ][15:8] i DIAO+N][15:8] pcK
Legend
S | start condition restart condition H stop condition acknowledge @disaknowledge 8bit of data
sent by master ‘ sent by device
. 2 . .
Figure 2: 1°C Read / Write Commands - Standard EEPROM compatible protocol
Random write - CRC protected
slave address w| memory address length-1 in | crc4 write data write data CRCs8
s 1™ ! ck P
[6:1] 0 AD[7:0} bytes [7:4] | [3:0] D{AQ)[7:0) - D[AO+N][15:8] over preceding bytes
| M)

Random read - CRC protected
| memory address length-1 in [ crea g| Slaveaddress |, ™) o read data CRCB over preceding | n | p
0 AO[7:0) bytes [7:4] | [3:0] [6:1] 1 D[A0)[7:0] sini bytes =
I 4
t

s

slave address |
6:1]

L

Read last - CRC protected (reads the same number of data bytes as the previous read/write)

t
i slave address ™) read data CRCB over preceding | n
S to RS of previous read/write s [6:1] 1 ‘ 1 FU{ D[AD][T:D] %ﬂ{ - | bytes until § LEJ P ‘
Legend
E| start condition E restart condition IEI stop condition E acknowledge disaknowledge 8bit of data

‘ sent by 12C master ‘ sent by device ‘

Figure 3: I°C Read / Write Commands - CRC protected protocol
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The memory address field sets the byte address of the first memory location to be read from or written to. Only
16-bit-word aligned reads/writes are supported, i.e. the LSB of memory address has to be always zero. The
read/write data is transferred MSB first, low byte before high byte.

The length field (bits[7:4]) required for CRC protected frames specifies the number of data bytes to be transferred
decremented by one, i.e. a value of 0001b corresponds to two bytes. All frames must transfer an even number of

bytes. The maximum length for CRC protected read/write frames is 16/4 bytes. For unprotected frames the length
is unlimited.

The CRC4 and CRC8 for redundancy check are computed in the same bit and byte order as the transmission over
the bus. The polynomials employed are:

CRC4: polynomial 0x03; initialization value: OxOF
CRC8: polynomial 0xD5; initialization value: OxFF

If a CRC error occurs, then the event bit “com_crc_error” in the STATUS register will be set.

4. 1°C Command Examples

For all examples below the 7-bit device slave address used is 0x6C for unprotected commands, and 0x6D for CRC
protected commands, respectively. These addresses are the default addresses and are used unless otherwise
stated in the part number specific data sheet.

The command sequence following describes an unprotected Read command (without CRC) of 3 subsequent 16-bit
words starting at memory address 0x2E to read the corrected IC temperature, corrected pressure signal, and
(synchronized) status bits of the sensor.

SBM 0xD8 Ox2E 0xD9
(sent by
master)
SBM slave memory slave
comment address 6C  address address 6C
+LSB=0 +LSB=1
for Write for Read
SBS OxF2 0x7D OxEA 0x82 Ox1E 0x00
(sent by
sensor)
SBS DSP_T DSP_T DSP_S DSP_S sync‘ed sync‘ed
comment (Lo-Byte) (Hi-Byte) (Lo-Byte) (Hi-Byte) Status Status
ad. Ox2E ad. 0x30 (b7 - b0O) (b15 - b8)
ad. 0x32
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Random Read:

The following sequence describes the CRC protected version of reading 3 subsequent 16-bit words starting at
memory address Ox2E to read the corrected IC temperature, corrected pressure signal, and (synchronized) status
bits of the sensor.

Random Read - protected by CRC:

SBM OxDA Ox2E 0x5B 0xDB
(sent by
master)
SBM slave memory 3:length slave
comment address address =4Byte address

6D B: CRC4 6D

+LSB=0 +1SB=1

for Write for Read
SBS OxF2 0x7D OxEA 0x82 Ox1E 0x00 0x65
(sent by
sensor)
SBS DSP_T DSP_T DSP_S DSP_S sync’‘ed sync‘ed CRC8
comment (Lo-Byte) (Hi-Byte) (Lo-Byte) (Hi-Byte) Status Status (calc'd)

ad. Ox2E ad. 0x30 (b7 -b0) (b15 - b8)
ad. 0x32

The following sequence writes one 16-bit word to address 0x22 (without CRC protection). This will copy 0x6C32
into the command register CMD to move the component to Sleep Mode.

Random Write:

SBM 0xD8 0x22 0x32 0x6C

(sent by master)

SBM comment slave address 6C  memory address Lo-Byte written to Hi-Byte written to
+LSB=0 CMD[7:0] CMD[15:8]
for Write

SBS

(sent by sensor)

SBS comment
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5. Register Descriptions

Register Read or Write are performed via the digital communication interface. After power-up of the IC all registers
except STATUS and CMD are write protected.

Command register:

bits name default rw description

15:0 cmd 0 w Writing to this register controls the state of the BAP device.
0x6C32: SLEEP Mode
Initiate the power state SLEEP, powering down the ASIC
0xB169: RESET
Performs a reset. After reset the power-up sequence will be executed, i.e. the registers
are loaded with data from the configuration memory, also a CRC check is performed.

Temperature register:

bits name default rw description

15:0 dsp_t r Corrected temperature measurement value of the sensor.
Whenever this register is updated with a new measurement the STATUS.dsp_t_up event
bit is set.

Pressure register:

bits name default rw description

15:0 dsp_s r corrected pressure measurement value of the sensor.
Whenever this register is updated with a new measurement the STATUS.dsp_s_up event
bit is set.

The registers DSP_T and DSP_S contain invalid data after power-up until the first temperature and pressure values
have been measured by the device and transferred to these registers. In case a NVM CRC error occurred, the
DSP_T and DSP_S registers would never be updated. Thus, after power up it is necessary to wait until the
STATUS.dsp_s_up and dsp_t_up bits have been set at least once before using the temperature or pressure data.
It is not sufficient to wait just for a fixed time delay.
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Status register - synchronized:

bits name default rw type description

0 idle 0 rw status STATUS.idle

1 - reserved - 0 rw event reserved

2 - reserved - 0 rw event reserved

3 dsp_s_up 0 rw event when DSP_S is read STATUS.dsp_s_up is copied here
4 dsp_t_up 0 ™w event when DSP_T is read STATUS.dsp_t_up is copied here
5 - reserved - 0 rw status reserved

6 - reserved - 0 rw status reserved

7 bs_fail 0 rw event STATUS.bs_fail

8 bc_fail 0 rw event STATUS.bc_fail

9 - reserved - 0 rw event reserved

10 dsp_sat 0 rw status STATUS.dsp_sat

11 com_crc_error 0 rw event STATUS.com_crc_error

12 - reserved - 0 rw status reserved

13 - reserved - 0 rw status reserved

14 dsp_s_missed 0 rw event STATUS.dsp_s_missed

15 dsp_t_missed 0 rw event STATUS.dsp_t_missed

The bits STATUS_SYNC[15:5,0] are identical to the bits STATUS[15:5,0].

The bits STATUS_SYNC[4:3] are copied from the STATUS register when the corresponding DSP registers are read.
First reading the DSP registers and then STATUS_SYNC ensures that both values are consistent to each other.

The synchronized status STATUS_SYNC register can be used to continuously poll the pressure, temperature and
status of the device with a single read command by reading three 16 bit words starting at address 0x2E. By
evaluating STATUS_SYNC.dsp_t_up and STATUS_SYNC.dsp_s_up it can be determined if the values in DSP_T and
DSP_S acquired during the same read contain recently updated temperature or pressure values.
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Status register:

1
bits name default rw type description

0 idle 0 ™w status 0: chip in busy state
1: chip in idle state

1 - reserved - 0 rw event reserved

2 - reserved - 0 rw event reserved

3 dsp_s_up 0 w event 1: DSP_S register has been updated.
Cleared when DSP_S is read

4 dsp_t_up 0 w event 1: DSP_T register has been updated.
Cleared when DSP_T is read.

5 - reserved - 0 rw status reserved

6 - reserved - 0 rw status reserved

7 bs_fail 0 rw event 1: bridge supply failure occurred

8 bc_fail 0 rw event 1: sensor bridge check failure occurred

9 - reserved - 0 rw event reserved

10 dsp_sat 0 rw status 1: a DSP computation leading to the current DSP_T or DSP_S values
was saturated to prevent overflow

11 com_crc_error 0 rw event 1: communication CRC error

12 - reserved - 0 r'w status reserved

13 - reserved - 0 rw status reserved

14 dsp_s_missed 0 r'w event 1: dsp_s_up was 1 when DSP_S updated

15 dsp_t_missed 0 rw event 1: dsp_t_up was 1 when DSP_T updated

1) "Event" type flags remain set until cleared by writing '1' to the respective bit position in STATUS register (not STATUS_SYNC). Writing
OXFFFF to the STATUS register will clear all event bits. "Status" type flag represents a condition of a hardware module of the IC and
persists until the condition has disappeared.
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Serial Number register 0:

bits name default rw description

15:0 ser0 r Serial number of the IC, Lo-Word

Serial Number register 1:

bits name default rw description

15:0 serl r Serial number of the IC, Hi-Word

6. 1°C example pressure/temp/status reading code

SMI provides I°’c example pressure/temperature/status reading code based on Arduino platform only. Please
contact SMI for further information. This example code is for customer reference only and still needs to be
modified based on customer’s application.

your distributor

AMSYS GmbH & Co.KG

An der Fahrt 4, 55124 Mainz, Germany
Tel. +49 (0) 6131 469 875 0
info@amsys.de | www.amsys.de
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