vRoHS

Features

High resolution module

Fast conversion down to 0.37 ms

Low power down to 0.34 pA

(standby < 0.1 pA at 25°C)
Ceramic-plastic package 4 x 4 x 4.5 mm3
Supply voltage 1.5V t0 3.6 V

Integrated digital pressure sensor (24 bits
AX ADC)

Operating range: -200/+2000 mbarg,
-40°C/+85°C

SPI or I2C interface - fixed by
part number at order

No external components (Internal
oscillator)

Excellent long-term stability
Built-in automatic conversion
Signaling state by interrupt
Programmable filter

Built-in FIFO

Applications

Air and non-corrosive gases pressure
measurements

Medical instruments
E-cigarettes
Wearables

CLICK HERE >
CONNECT WITH A SPECIALIST

= T1E

connectivity

te.com

MS5547-02BG

Small differential (gage) SMD
package 2 barg pressure sensor

Description

The MS5547 is a new generation of high-resolution gauge
pressure sensors from TE Connectivity with SPI or I2C bus
interface.

The sensor module includes a high linearity pressure sensor
and an ultra-low power 24-bits AX ADC with internal factory
calibrated coefficients. It provides a precise digital 24-bits
pressure and temperature value and different operation modes
that allow the user to optimize for conversion speed and current
consumption. The MS5547 can be interfaced to virtually any
microcontroller.

Small dimensions of 4 mm x 4 mm x 4.5 mm and low power
consumption allows easy integration in user applications. This
new sensor module generation is based on leading MEMS
technology and latest benefits from TE proven experience and
know-how in high volume manufacturing of sensors modules,
which have been widely used for over three decades.
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

TABLE OF CONTENT

PERFORMANCE SPECIFICATIONS ......ccootiiiimmsiissmsssissmss s smsssasssmss s ssms s s smss sassamss sasssmss sasssmsn sassnmnnsssssmnnsssssnnnns 4
ABSOLUTE MAXIMUM RATINGS ... e 4
ENVIRONMENTAL PARAIMETERS ... .oetititititiiiitteieieteteteseseseteraraseraresersre—e—e—s—e—e—s—atata—e—etetstetasssssssssssssssssssssssnsnsssssnsssssssnsnsnsnsnnn 4
ELECTRICAL CHARACTERISTICS ....eoiiiieiiiiteiititeteietetetetetssssssstssesasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnsnsnsnsnsnnnsnnnnn 4
ANALOG DIGITAL CONVERTER (ADC) ... tttteiiitite ettt ettt ettt e st e e ettt e e s see e e e sabe e e e e s te e e anse e e e sabeeeeeanbeeeeannneaesneeeeean 4
PRESSURE OQUTPUT CHARACTERISTICS ...ttt ettt e e e e e ettt e e e e e e e et e e e e e e e e e st e e e e e e e e s e nasereeaeeesansanneeaens 5
TEMPERATURE OQUTPUT CHARACTERISTICS ...ttt ettt ettt e e ettt e e e e e st st e e e e e e s e saaseeeaeeeseaansaneaeaeeaanas 6
DIGITAL INPUTS (SCL, SDA) ..ettiiuttteeittee et tee ettt e e ettt e s st e e e aa b et e e esbe e e s sse e e e ambee e e eas bt e e sn st e e e aabe e e e aanb e e e saneeeeeanbeeeeenteeesanneeas 6
DIGITAL OQUTPUTS (S A) i iiiiitiiiet ettt ettt et ettt e e e e e e et eeteeae e e e e s aaeeeeaaaeaaanaseeeeeeaeeaaanseeeeeaeeeaannsbaeeeaaeaeannnsnneeeaeeeaannnneeeaenn 6

PRESSURE AND TEMPERATURE CALCULATION ......ccociiiiimmnmissmsnnssssmsssssssmssssssmsssssssmsssssssmsssssssmsssssssmsssssssnnnns 7
GEINERAL ...ttt e e et e tesesesesesssssssssssssssssssssassssssssssssssssssssssss s s ssssss s e snsnesensneseeenensnnnsnennnnnnnnnnnnntnnnnnnnrnnnnnnnnnnnnnrnnnnn 7
FACTORY CALIBRATION ...ttt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaeaees 7
PRESSURE AND TEMPERATURE COMPUTATION ...oietiiititittttietetetetetetssersteserstetstsrsressrsrers.s..............—.—————————————————————————————. 7

SENSOR ACCURARCY ...ciiiiiimmriisssnsssisssssssssssssssasssssssssssss s sssssss s sasssss s sassass s ssssass s sassnns s sassans s sassnns s ssssnnss sassnnsssnssnnsssassans 8

POWER ON (PON).....ciuiuieuiscsisssscsssssssssssssssssssssssasssssssssssssssessesasssssssssssssssassssssssssssassessssassassssassassssessasasssssssassssasses 9

MEMORY (NVIM) MAPPING ......ccoiiiiiiiriiismssisssmssssssmss s ssmss s smss s ssms s s smsa e s s mn s £ e s me e £ e s me e £ e b RmR R £ A s b RmR R R R b amR R R a s mmnnns 9

L = LS I 10
OPERATING REGISTER ... ettt e e e s e e s e s s e s e e e e e s e s e e e s e e e e e s e e e e e e e e e s e e e e e aeaeaeseaeaeseseaeaeseaaaaaaaaseeeaaaaaaaeaeanaaaaaess 10
CONFIGURATION REGISTER ...ttt e s s s e s e e s s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e aeseaeaeaeaeseaeaeaeaaaasaaeaaaaaaaaaeas 11
AUTOMATIC MODKE ... s 12
LIMIT REGISTERS FOR PRESSURE & TEMPERATURE ........cuutitiiiiiiiitiiiiiiteieieteretarsrereseressrarsrarsssrasarara———a—————————————————————————. 13
INTERRUPT & INTERRUPT MASK REGISTER ..ottt ettt e e e e et e e e e e e e et e e e e e e e e e envnneeeaens 14
FIFO OPERATION ...ttt e oot e e oo ettt e e e e e e et aa e e e eeeeeee s aabeeeeeeeeesasbaseeeaeeesassasseseeeeeaassssseeeeaeseaaasssnseeaeeesanssnneeaens 16

FILTER .eeurcueeueeusessesssessesseessessessasssessessesssessessssssessessesastasessesssessessesastssessessstssessessstasessesastssessesastssesstastasessstastasessssans 18

SERIAL INTERFACES........ooeeeeeeeceeeesnsnsnnnsnsssssnsssnsnssssssssssssssssssssssssssssssssssssssssssnssssssssssnnsnnnsnnnsnsnsnsnnnsnsnnnnnnnnn 19
COMMAND STRUCTURE
SPLUINTERFAQCE ....coeeeii ettt ettt e e e e ettt e e e e e e aaabeeeeeeeee s astaeseeeeeeeastaseeeaeeesassssseeaeeesaasssssesaeassaassssneeeeeseansnsnns

Lol ol o1 F= 1Y o PP RPP PP
Reset......ccccoiviiiiiiis

Refresh Register.............

Write Operation Mode.....

Read Operation Mode ........

Write Interrupt Register
Read Interrupt Register
Write Config........ccovvveennnee.
Read Config ........ccccceeeee
Write Limits........cc.cceeee
Read Limits ....................

[RCT Lo [ (= To 1] (=T TP PP PRSP
O | = 3 1 =T

Refresh Register.............
Write Operation mode.....
Read Operation mode ....
Write Interrupt mask .......
Read Interrupt mask .......
Write Interrupt register........

R Lo I a1 oY U o] (Yo 1] (=T TS S PP PPPPT TSP

SENSOR SOLUTIONS // MS5547-02BG REV 10  09/2024 Page 2



MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

AT CSI 7] o 1o TSP PPTPRP 36
[RCT 1o [ 7o 4o IO ETR SR 37
LAV L S 0 S PEER 38
REAA LIMIES ..o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaas 39
(070 01V 2T &7 1o ] o PSP OPPPPPPPPPPPPPRPPPPPRt 39
=T Lo A I LSRR 40
[RCT Lo [ (= To 1] (=T TP EEP SR 41
CYCLIC REDUNDANCY CHECK (CRC)....ccciiiaiammerrrriasssssnsmnssssissssssmmsessssssssssssmsssssssssasssssmssssssnssssssnnsnsssssnssssssnnses 42
BITS CRC CALCULATION FLOW CHART ... tetttte ettt e oottt et e e oo ettt e e e e e e sttt e e e e e e s ate s e eeeeeaams s be e e e e e e e nneeseeaeaeeannnbeeeeeeeaannssseeeaaaeaannne 43
PIN CONFIGURATION AND DEVICE PACKAGE OUTLINE .......oeeeeececececececececececnmnmsmnmnmnmnmnn s s n s nm s s nnnnnnns 44
RECOMMENDED PAD LAY OUT ....eeeececececececececscecececs s s s e s s m s e s s msmsmsmnmsmsmsmsmsmnmsmsmsmsmsmsmsnsnsnsnsnsnsnsnsnsnnnnnnnnn 44
SHIPPING PACKAGE........ooeeeeeeeeenennsnsnsnsnsssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnsnsnnnsnsnnnsnsnsnsnnnsnnnnn 45
INTEGRATION GUIDELINES ........ccociiiiiiiiiisssceeesssisssssssssssssesssssssssssssssssessssssssnssssssesssssnsnnsssssessssssnnnnssssssssssssnnnns 45
MOUNTING AND ASSEMBLY CONSIDERATIONS ......oiiiiiiciiiesccmenssssssssssssssssssssssssssmssssssssessssssnnsnssssessssssnnnnns 47
ORDERING INFORMATION .......coiiiicccciiiiiiiisssssssmesssssessssssssses s sesassssmmmsss s e e ssssssssmmsssssesssssssnmnsssssessnssnnnnnsnnssnsssssnnnnns 47

SENSOR SOLUTIONS // MS5547-02BG REV 10  09/2024 Page 3



MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

PERFORMANCE SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol | Conditions Min. Typ. Max Unit
Supply voltage Vbb -0.3 +3.6 \
Proof pressure proof 6 barg
Burst pressure burst 11.5 barg
Maximum Soldering IPC/JEDEC R
Temperature Tmax | | STD-020E 250 C
ESD rating Human Body Model -8 +8 kV
Latch up JEDEC standard No 78 -100 100 mA
ENVIRONMENTAL PARAMETERS
Parameter Symbol | Conditions Min. Typ. Max Unit
Compensated Temperature R
Range -20 +85 C
Exposure time to
Gas resistance Gr H2+CH4 (G222) @ 1000 h
85°C/500 mbarg
. o IPC/JEDEC
(1)
Moisture Sensitivity Level MSL J-STD-020E Level 3
Operating Temperature T -40 +25 +85 °C
JESD22-B104
Shocks S Service condition A 500 9
Storage temperature Ts -40 +125 °C
. . JESD22-B103.
Vibration viB Service condition 3 3 9
ELECTRICAL CHARACTERISTICS
Parameter Symbol | Conditions Min. Typ. Max Unit
Operating Supply voltage Vbb 1.5 3.0 3.6 \'
6 16.74
5 8.41
Supply current 4 4.25
e s;’n{ o por 65 Ioo OSR 3 2.16 LA
ple per sec. 2 1.12
1 0.60
0 0.34
Peak supply current during conversion 1.17 mA
Standby supply current at 25°C (Voo = 3.0V) 0.02 0.1 HA
VDD Capacitor From Vop to GND 100 nF
ANALOG DIGITAL CONVERTER (ADC)
Parameter Symbol | Conditions Min. Typ. Max Unit
Output Word 24 bit
6 14.76 16.40 18.04
5 7.41 8.24 9.07
4 3.74 4.16 4.58
Conversion time ) te OSR 3 1.90 2.12 2.34 ms
2 1.00 1.10 1.22
1 0.53 0.59 0.65
0 0.29 0.33 0.37

(' 3h baking @150°C prior soldering is mandatory.
@ Maximum values must be used to determine waiting times in 1°C communication.
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

PERFORMANCE SPECIFICATIONS (CONTINUED)

PRESSURE OUTPUT CHARACTERISTICS
(VDD =3V, T = 25°C UNLESS OTHERWISE NOTED)

Parameter Conditions Min. Typ. Max Unit
Operating Pressure Range Prange Full Accuracy -200 +2000
Absolute Accuracy +5
Temperature range: 0 ... 60°C -
Absolute Accuracy +8
Temperature range: 60 ... 85°C -200 to 1200 mbarg
Absolute Accuracy +15
Temperature range: -20 ... 0°C B
Absolute Accuracy +25
Temperature range: -40 ... -20°C B
mbarg
Absolute Accuracy +8
Temperature range: 0 ... 60°C -
Absolute Accuracy 1200 to 2000 mbarg +20
Temperature range: -20 ... 0°C -
Absolute Accuracy +40
Temperature range: -40 ... -20°C -
Maximum error with supply Vop =28V ...3.6V,at20°C +2
voltage () -200 to 1000 mbarg -
Long-term stability *1 mbarg/yr
Reflow soldering impact IPC/JEDEC J-STD-020C +1 mbarg
Recovering time after reflow @) 2 days
6 0.023
5 0.032
4 0.044
Resolution RMS OSR 3 0.062 mbarg
2 0.089
1 0.127
0 0.24

() with autozero at 3V point.
@ Time to recover at least 66% of the reflow impact.
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Differential Miniature SMD Gel Filled Pressure Sensor

PERFORMANCE SPECIFICATIONS (CONTINUED)

TEMPERATURE OUTPUT CHARACTERISTICS
(VDD =3V, T = 25°C UNLESS OTHERWISE NOTED)

Parameter Conditions Min. Typ. Max Unit
0...60 °C +2
Absolute Accuracy 60...85 °C 4
Pressure range: -200...2000 mbarg -20...0°C 5
-40...-20 °C +10
Maximum error with supply Voo = 2.8V ... 3.6 V, at 20°C
voltage 200 1o 1000 mbar -0.5/+1.2
Voo =28V ...3.6V, at 20°C 9 oC
6 0.0009
5 0.0009
4 0.0011
Resolution RMS OSR 3 0.0016
2 0.0022
1 0.0033
0 0.007
DIGITAL INPUTS (SCL, SDA)
Parameter Symbol | Conditions Min. Typ. Max Unit
Serial data clock 12C SCL 3.4 MHz
Serial data clock SPI 10 201 MHz
Input high voltage ViH 80% Vob 100% Vob \Y
Input low voltage ViL 0% Vop 20% Vop Vv
Inbut leakage current lieakesec at 25°c 0.01 0.14 HA
P 9 leakgs'c | at 85°C 0.25 1.40 LA
DIGITAL OUTPUTS (SDA)
Parameter Symbol | Conditions Min. Typ. Max Unit
Output high voltage VoH Isource = 1 MA 80% Vbp 100% Vob Vv
Output low voltage VoL lsink =1 mA 0% Vob 20% Vbp Vv
() Depending on the bus capacitive load.
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

PRESSURE AND TEMPERATURE CALCULATION

GENERAL

The MS5547 consists of a piezo-resistive sensing element and an interface IC. The main function of the MS5547
is to provide a 24-bit pressure and temperature representation out of the uncompensated analog output voltage
from the piezo-resistive sensing element.

FACTORY CALIBRATION

Every module is individually factory calibrated. As a result, 10 coefficients necessary to compensate for process
variation are calculated and stored in sensor memory. These bits must be read by the microcontroller software and
used in the program converting D1 and D2 into compensated pressure and temperature values.

PRESSURE AND TEMPERATURE COMPUTATION

1. Read calibration data from memory.

2. Read digital pressure and temperature data.

3. Calculate pressure and temperature using the following formulas:
T[°C]=—-C1%277+[-C2%2737 +2%x1077] * D1+ C3 %2729« D2 — C4 x 275* x D22

Plmbar] = —C5 %273 + C6 2726« D1 — C7 %2726 x D2 + (8 % 2755 « D12 — €9 % 2753 x D22 + €10 * 27*% x D1 * D2
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

SENSOR ACCURACY
PRESSURE MEASUREMENT ERROR ACROSS PRESSURE AND TEMPERATURE RANGE

Absolute pressure error vs temperature (typical ): Absolute pressure error vs pressure (typical):
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

POWER ON (PON)

MS5547 has a built-in power on circuit (PON). After the power up, the digital block will be in reset state and the
NVM values are loaded into the digital part. CRC is calculated and compared with the programmed value. This
sequence lasts about 100 to 260 ps. During the power on sequence, SDO is pulled low (SPI version only). Once
initialization finished SDO goes high again to signal the chip is ready for operation. The same procedure of data
reload will happen after a reset or refresh command.

MEMORY (NVM) MAPPING

Memory bits on the address 0 and 1 are reserved for the IC setting behavior. The memory is displayed as seen
from the SPI and I2C interface.

Address15‘14|13|12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2‘1‘O
0 Reserved

1 Reserved

2 Serial number

3 Serial number

4 C1[15:0]

5 C2[15:0]

6 C3[15:0]

7 C4 [15:0]

8 C5[15:0]

9 C6 [15:0]

10 C7 [15:0]

11 C8[15:0]

12 C9 [15:0]

13 C10[15:0]

14 Reserved

15 Product ID [15:8] CRC [7:0]

Table 1: Memory mapping.

Serial number - Serial number assigned during calibration

C1to C10 - Coefficients defined during factory calibration of each single sensor used to calculate
compensated pressure and temperature

Product ID - Product identifier = 0x03

CRC [7:0] - CRC value of memory
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Differential Miniature SMD Gel Filled Pressure Sensor

OPERATING REGISTER

Operating register allows to set various modes like the FIFO mode and the delay in automatic measurement
mode.

Operating Mode D[15:13] D[12:8] D[7:6] D[5:4] D[3:0]
Default 000 00000 00 00 0000
Code Not used FIFO int threshold FIFO Not used Delay
mode
0: 0000 off off off
1: 0001 1 full mode 5ms
2:0010 2 update mode 10 ms
3: 0011 3 update mode 20 ms
4:0100 4 50 ms
5: 0101 5 0.1 sec
6:0110 6 0.2 sec
7:0111 7 0.5 sec
8: 1000 8 1sec
9: 1001 9 2 sec
A: 1010 10 5 sec
B: 1011 11 10 sec
C: 1100 12 20 sec
D: 1101 13 60 sec
E: 1110 14 60 sec
F: 1111 15 60 sec
{ {
1F: 11111 31

Table 2:  Operating Register content.

FIFO interrupt threshold — triggers the interrupt if n measurements are ready in the FIFO
FIFO mode — is the FIFO operation: 0 = off; 1 = stop at FIFO full; 2,3 = overwrite at FIFO full
Delay — is the time between automatically triggered measurements

Delay bits [3:0] configures the time between the first measurement finished and the next is started. The
measurement can be understood as a pair of pressure and temperature conversions, if so configured. The automatic
mode does not start if the ratio of p and T are off in the Configuration Register.

During automatic measurement all user commands are accepted, except ‘conversion’ and ‘write config’ command.
Automatic mode can be stopped by setting the Delay = off. In case that an already started conversion is running,
the automatic triggering of new conversion will be stopped, but started conversions will finish and ratio counter will
be reset, after completing the requested started set of measurements (p, T).

As soon as the Delay bits are set, automatic measurement starts according to the setup selected.

Setting FIFO mode bits[7:6], starts FIFO operation according to the mode selected, until it will be switched off by
resetting FIFO mode bits.

The FIFO interrupt threshold allows to program the number of samples stored before interrupt flag will be raised.
If FIFO Interrupt Threshold bits are off, the interrupt flag is never activated.
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

CONFIGURATION REGISTER

The analog-to-digital conversion of the pressure and temperature can be individually configured using the
read/write configuration register. The configuration commands work with 16 bits parameter defined as follow:

Filter

Resolution

OSR

Ratio

| User Commands |

Name CMD CMD CMD | CMD/adr | CMD/adr | CMDJ/adr C'\g?’ a | stop
Write Config 0 0 1 0 0 adr1 adr0 X
Read Config 0 0 1 0 1 adr1 adr0 X
Adr1 Adr0
P_CONF_REG 0 0
T_CONF_REG 0 1
Table 3:  Write/Read Configuration Register Command.
Tﬁ Zg‘?gtrgig D[15:11] D[10:8] D[7:5] D[4:3] DI(2:0]
default 00000 000 000 00 000
code Reserved Ratio Filter Resolution OSR
000 off off 24 bit 0
001 1 2 16 bit 1
010 2 4 8 bit 2
011 4 8 8 bit 3
100 8 16 4
101 16 32 5
110 32 32 6
111 32 32 6

Table 4:  Configuration register.

— filter coefficient of the moving average: 0 = filter off

— defines the number of bits sent when an ADC read command is executed. This means if p_reg
resolution = 24 and T_reg resolution = 16, the Read ADC_T would read first 16 bits of
temperature followed by 24 bits of pressure. A Read ADC_P with the same setup would read 24
bits of pressure.

— defines the oversampling ratio (conversion accuracy and noise level). OSR=6 is the best
resolution but the longest conversion time.

— defines different combination of conversion ratios for temperature and pressure. This is useful
when the pressure sensor is used in automatic mode.

While conversion is running or in the automatic mode, the ‘Write Config’ command is not accepted.
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MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

AUTOMATIC MODE

This pressure sensor can be configured to work in automatic mode. The automatic mode is started by setting any
delay value in the operation register. The ratio parameters in configuration register allow to balance different
conversion frequency for raw pressure and temperature.

Example:

Delay = 1 sec, p_reg_ratio = 1, T_reg_ratio = 4; yields in starting one pressure conversion every second for one
temperature conversion every 4 seconds. In case of the FIFO mode selected, the latest temperature converted is
always copied to store a pair of measurements in the FIFO.

FIFO: (p0, TO), (p1, TO), (p2, TO), (p3, TO), (p4, T4), (p5, T4), (p6, T4), (p7, T4), (P8, T8), ....

In the special case where in the automatic mode both ratios were bigger than one like for example p_reg_ratio = 2
and T_reg_ratio = 4 every second conversion is not done. The FIFO content will look like:

FIFO: (p0, TO), (p2, TO), (p4, T4), (p6, T4), (p8, T8), (p10, T8), (p12, T12), (p14, T12), (p16, T16), ....

In the phase where the timer triggers an event, but no conversion is scheduled due to all ratios >=2, MCLK will turn
on for handling the state machine and, only for the SPI version, SDO will show a short busy state.
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MS5547-02BG

Differential Miniature SMD Gel Filled Pressure Sensor

LIMIT REGISTERS FOR PRESSURE & TEMPERATURE

The limit register may be used to program low and high threshold values for the pressure and temperature RAW
data. If ADC results are outside these limits, the according flag in the interrupt register will be set, and if the mask
is activated an interrupt will be raised at the INT pin (I12C version only). At startup the limits are set to 0000h for low
and FFFFh for the high limits. Limit's stored in D[15:0] are compared with the 16 MSB’s of the ADC results after

filtering (if the filter is on).

The comparison is only done at the end of conversion with the limit value already available.

In case of the limit is updated after a finished conversion, comparison is not performed again. Also, in automatic
mode if Ratio > 1, comparison is only done once.

User Commands

CMD/a

Name CMD CMD CMD CMD/adr | CMD/adr | CMD/adr dr Stop
Write Limits 0 0 1 1 0 adr1 adr0 X
Read Limits 0 0 1 1 1 adr1 adr0 X
Addr Limit D[15:0]
Registers | (Default)
00 T_low 0000h
01 T_high FFFFh
10 p_low 0000h
11 p_high FFFFh
Table 5: Write/Read Limit Register command.
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Differential Miniature SMD Gel Filled Pressure Sensor

INTERRUPT & INTERRUPT MASK REGISTER

MS5547 ASIC has the capability to raise an interrupt for some different conditions listed in Table 7. Interrupt (INT)
external signal is only activated if the according interrupt mask enable bit is set (I2C version only).

At startup, all interrupt masks enable bits are set to 0.

Interrupt register may be read by the user. The interrupt flag must be cleared by the user by writing a one into the
according register bit after handling the interrupt.

| User Commands \

Name CMD CMD CMD CMD/adr | CMD/adr | CMD/adr | CMD/adr Stop
Write Interrupt
Mask 0 0 0 1 1 0 0 X
Read Interrupt
Mask 0 0 0 1 1 0 1 X
Write Interrupt 0 0 0 1 1 1 0 X
Reg
Read Interrupt 0 0 0 1 1 1 1 X
Reg
Table 6: Write/Read interrupt mask and register.
Register 7 6 5 4 3 2 1 0
Interrupt CRC p_high p_low T_high T_low FIFO full | FIFO ADC
error threshold done
Mask Enable default 0 0 0 0 0 0 0 0
Table 7:  Interrupt register.
CRC — register CRC check status: 0 = OK, 1 = CRC failed
p_high — pressure high limit, is set to 1 if the pressure conversion output > p_high
p_low — pressure low limit, is set to 1 if the pressure conversion output < p_low
T_high — pressure high limit, is set to 1 if the pressure conversion output > T_high
T low — pressure low limit, is set to 1 if the pressure conversion output < T_low
FIFO full —is set to 1 of the FIFO contains 32 unread values
FIFO threshold —is set to 1 of the FIFO contains n unread values (n is set in the operation register)
ADC done —is setto 1 if the ADC conversion has finished
Mask Enable — enables the corresponding interrupt:

0 = interrupt not seen at INT; 1 = interrupt seen at INT
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Differential Miniature SMD Gel Filled Pressure Sensor

Write Interrupt ‘0000 0101’ will clear the FIFO full and ADC done interrupt leaving the others untouched.

All interrupts will flag immediately when they appear. This means if a conversion T and p is requested by the
command, instantaneously after the T the T_high and T_low limits are updated in the interrupt register and the
interrupt output INT is raised in case it is enabled, even the p conversion is pending. Reading T and p after

a T_low or T_high interrupt will give the actual T_ADC but the previous pressure in case the pressure conversion
has not finished yet.

This is also the case for the ADC done. If a T and p is requested already after the T is available the ADC done
flag is set and also the interrupt output INT is raised if the ADC done mask is 1, also the p conversion is pending.
Be careful, reading now just after the first interrupt the T and p will result in the latest T_ADC value and the
previous p_ADC value.

The sequence looks like:

T1, p1 available -> run T and p -> start T -> ADC done raised -> T2, p1 available -> start p -> ADC done raised
again (if cleared in between) -> T2, p2 available.

SENSOR SOLUTIONS // MS5547-02BG REV 10  09/2024 Page 15



Differential Miniature SMD Gel Filled Pressure Sensor

FIFO OPERATION

MS5547 FIFO Registers can store 32 pairs of temperature and pressure data. Reading is done as first in and first
out.

There is two operating modes, configured by setting Operating Register bits[7:6] (See page 10).

- FIFO Full mode
- FIFO Update mode

In Full mode, the register is filled with all incoming conversions until the 32 pairs are completed.

In Update mode, once the register filling is completed, the 1st value stored are replaced by the new converted
one, then the 2nd is replaced, and so on indefinitely.

FIFO storage capability may be used either in single conversion mode or in automatic storage mode.

Read ADC values from FIFO registers

Once a ‘Read’ command is received, data where read cursor is pointing to are send through the communication
lines. After the reading procedure whether successful or interrupted, the read cursor position will stay until the
next Read command is issued. In other words, the Read cursor is incremented at the beginning of the reading
process. This means if the current reading is not properly performed, this value is lost, and the next FIFO access
will return the following value.

In FIFO Full mode, it's possible to store and retrieve 32 values before FIFO register will start to discard newly
converted values (see Figure 1).

In Update mode, it's only possible to retrieve 31 values. This avoid the Write and the Read cursor addressing the
same FIFO value (see Figure 1).

FIFO threshold can be selected in Operating Register (refer to Table 2:  Operating Register content). It is
possible to set a FIFO threshold from 1...31. An interrupt upon FIFO threshold (refer to Table 7:  Interrupt
register) will be raised as soon as the FIFO reaches the number of data samples.

For example, if FIFO threshold = 5, the interrupt flag will be raised once Write cursor is 5 data samples ahead of
the Read cursor; then 5 data samples may be read.

The FIFO interrupts can be set only after conversion finishes. The FIFO storage ill not stop once threshold is
reached and continues to fill in the 32 positions until it will be full.

Switch off FIFO mode
FIFO mode is switched off by setting FIFO mode bits[7:6] (see Table 2:  Operating Register content) to off in
the operating register. Once done FIFO registers will be emptied and both cursors will be reset.

FIFO combined with automatic mode
Since automatic mode has been started, access to Configuration Registers is no more available, therefore
configuration of both p & T should be set as expected, before activating automatic mode.

In automatic mode when Ratio is set for example p_reg_ratio = 1, T_reg_ratio = 4, a pressure conversion is done
every cycle for only a temperature conversion every 4'th cycle. In this case the latest available temperature is
copied to have always pairs of measurements in the FIFO.
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Example:

FIFO: (p0, TO), (p1, TO), (p2, TO), (p3, TO), (p4, T4), (p5, T4), (p6, T4), (p7, T4), (p8, T8), ....

In the particular case where in the automatic mode both ratios are different than 1, like for example p_reg_ratio =
2 and T_reg_ratio = 4, every second conversion is not done. The FIFO content will look like:

FIFO: (p0, TO), (p2, TO), (p4, T4), (p6, T4), (p8, T8), (p10, T8), (p12, T12), (p14, T12), (p16, T16), ....

FIFO Full mode selected

: :
N No value has been read N
from FIFO register
3 3
4 4
5 5
6 6
L ] L ]
L ] L ]
L] L]
L] L]
L ] L ]
29 29
30 30
31 31
32 Next sample converted > [wr Curst> ?

WR cursor reached last FIFO value will stay as next value comes

- Last converted value immediately discarded

No value has been read
from FIFO register

Figure 1:

FIFO Update mode selected

WR cursor moves forward as next value comes
> First FIFO value overwritten

No value has been read
from FIFO register

e
Next sample converted

33

=

RO cursor is forced to
move one location
forward as WR cursor
increases with the newly
converted value

FIFO Modes.
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FILTER

MS5547 has built-in filter selectable from off (mode without filter) to 32 (maximum filtering). It calculates a moving
average based on the filter coefficient.

y=Yy —ylk + x/k

Once the filter is switched on, the next conversion result of the ADC is used as start value. To restart the filter, it
needs to be switched off and on again.

The settling time for a big jump to reach 90% of the final value is 2.2 x k samples. The rms noise is reduced by
a factor of:

Filter Noise reduction factor
off 1.00 +/- 0.00
2 1.73 +/- 0.07
4 2.65 +/- 0.21
8 3.87 +/- 0.50
16 5.54 +/- 1.00
32 7.80 +/-2.00

Table 8: Filter noise reduction.
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SERIAL INTERFACES

COMMAND STRUCTURE

The MS5547 can be operated with the following commands:

1. Reset

2. Refresh Register

3. Read / Write operating mode

4. Read / Write interrupt mask

5. Read / Write interrupt register

6. Read / Write configuration register
7. Read / Write threshold register

8. Start conversion
9. Read ADC result register
10. Read register

Size of each command is 1 byte (8 bits) as described in the
Table 9 below.

ADC read command will return 24 bits result of the above requested finished conversion.

Same commands are used in both SPI and 12C modes.

User Commands

Name CMD CMD CMD CMD/adr | CMD/adr | CMD/adr | CMD/adr Stop
Reset 0 0 0 1 0 0 0 X
Refresh Register 0 0 0 1 0 0 1 X
Write Operating Mode 0 0 0 1 0 1 0 X
Read Operating Mode 0 0 0 1 0 1 1 X
Write Interrupt Mask 0 0 0 1 1 0 0 X
Read Interrupt Mask 0 0 0 1 1 0 1 X
Write Interrupt Reg 0 0 0 1 1 1 0 X
Read Interrupt Reg 0 0 0 1 1 1 1 X
Write Config 0 0 1 0 0 adr1 adr0 X
Read Config 0 0 1 0 1 adr1 adr0 X
Write Limits 0 0 1 1 0 adr1 adr0 X
Read Limits 0 0 1 1 1 adr1 adr0 X
Conversion 0 1 0 0 T P X X
Read ADC 0 1 0 1 T P X X
Read Register 1 1 1 adr3 adr2 adr1 adr0 X

Table 9:  User commands table.
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Differential Miniature SMD Gel Filled Pressure Sensor

The serial interface is a 4-wire SPI bus, operating as a slave. CSB (chip select bar), SCL (serial clock), SDA
(serial data in), and SDO (serial data out) are used to interact with the SPI master. Communication with the chip
starts when CSB is pulled to low and ends when CSB is pulled to high. SCL is controlled by the SPI master and
idles low (SCL low on CSB transitions, mode 0). A mode where the clock alternatively idles high is also supported
(mode 3).

As detailed in the following chapters, SDO is usually going low when a correct command is accepted and going

high again when the chip is idle. If the chip is busy (SDO = low) and another command is sent, SDO stays low
and is not able to indicate the command acceptance.

“LOW” = chip selected

VDD
+3V MSS547 Output-
VDD SDO Microcontroller
SDA
100nF SPI-
GND SCL | Interface
MISO
MOSI
SCLK

Figure 2:  SPI protocol application circuit.

POWER ON BEHAVIOR

MS5547 includes an internal power on circuit, which triggers when VDD has reached the operating level. Once
the level reached, an internal procedure load and check the data from the NVM. User application must wait until
this process finishes, before any command is allowed. Keeping CSB low allows to check when the startup has
been completed. It's not mandatory to keep CSB low during startup. Loading time is depending on the setup of
the CRC and reload bit and is in the range of 70 to 300 us.

pon CSB low allows to check pon trigger -> SDO goes low
CSB low allows to check reload finished -> SDO goes high

vobo  /
CSB [

SDA

SCL

sp0 /" |<-pon _ busy loading data & CRC _[<- ready---

Figure 3:  Power on behavior.
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RESET

The Reset sequence shall be sent once after power-on to make sure that the calibration data gets loaded into the
internal register. It can be also used to reset the device from an unknown condition.

The reset can be sent at any time. If power on reset is not a successful, maybe caused by the SDA being blocked
by the module in the acknowledge state, the only way to get the MS5547 to function is to send several SCLs followed
by a reset sequence or to perform a power OFF-ON cycle.

CSB _| |_ CSB _| CSB low allows to check for chip ready |_

SDA N\, 0 0 0 | 1 | 0 0 0 0 / SDA N\, 0 0 0 | 1 0 0 0 0 /

SCL 1 2 3 4 5 6 7 8 SCL 1 2 3 4 5 6 7 8

SDO - command acknowledged —>| -—- SDO --- command acknowledged ->|  busy loading data & CRC |<— ready ---
Figure 4: Reset in SPI mode 0

SDO going low indicates the command has been acknowledged. Keeping CSB low allows to check on SDO going
high when the reset procedure finished, and the sensor is ready for operation. Loading time is depending on the
setup of the CRC and reload bit and is in the range of 70 to 300 us.

csB || —
sbA. NN 0 o0 of 1] o o o o /
scL NnEEEBRERERBRERE

SDO - command acknowledged ->|  ---

Figure 5:

/I MS5547-02BG

CSB _| CSB low allows to check for chip ready |_
sbA_ N\ 0 o0 of 1] o o o o S

SCL 1 2 3 4 5 6 7 8

SDO --- command acknowledged ->|  busy loading data & CRC W---

Reset in SPI mode 3
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REFRESH REGISTER

During a refresh register command, the NVM data is transferred to the register. The internal data like
configuration, operation mode and interrupt registers are not affected.

Refresh Register

CSB _| |_ CSB _| CSB low allows to check for chip ready |_
sba .\ 0 o0 of 1] o of 1] o / sba . N\ 0 o0 of 1] o of 1 o/

SCL 1 2 3 4 5 6 7 8 SCL 1 2 3 4 5 6 7 8

SDO --- command acknowledged ->| --- SDO --- command acknowledged ->|  busy loading data & CRC m—--

Figure 6:  Refresh Register in SPI mode 0.

SDO going low indicates that the command has been acknowledged. Keeping CSB low allows to check on SDO
going high when the reset procedure has finished, and the chip is ready for operation. The loading time is also
depending on the setup of the CRC and reload bit and is in the range of 70 to 300 us.

Refresh Register

CsB —l |_ CsB —I CSB low allows to check for chip ready l_
sbA . NN 0 o0 of 1] o o[ 1] 0o / sbA. N\ 0 o0 of 1] o o[ 1] o

SCL 1 2 3 4 5 6 7 8 SCL 1 2 3 4 5 6 7 8

SDO --- command acknowledged —>| --- SDO --- command acknowledged ->|  busy loading data & CRC m---

Figure 7:  Refresh Register in SPI mode 3.

WRITE OPERATION MODE

With the write operation mode command, the behavior of the FIFO and the automatic mode can be controlled.

Write Operating Mode

csB || [~
e

SDA 00 o0 1l of 1] o o 0 0 0] FIFO Interrupt threshold  [FIFO Mode |0 0o | delay |

SCL

SDO --- command acknowledged -> | -

Figure 8:  Write Operation Mode in SPI mode 0.
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Write Operating Mode

csB | [~
Z

SDA 00 0 1o 1o o 0 0 0] FIFO Interrupt threshold  |FIFO Mode |0 0 | delay |

SCL

SDO --- command acknowledged —>| | J—

Figure 9:  Write Operation Mode in SPI mode 3.

READ OPERATION MODE

With the read operation mode command, the current setup can be read.

Read Operating Mode
csB || [—

SDA o o of 1] of 1 1] o [/

SCL

SDO --- command acknowledged ->| 0 0 0 | FIFO Interrupt threshold  |FIFO Mode | 0 0 | delay | -

Figure 10:  Read Operation Mode in SPI mode 0.

Read Operating Mode
csB | [~

SDA o o of 1] o] + 1] o

SCL

SDO --- command acknowledged ->| 0 0 0 | FIFOInterrupt threshold  |FIFO Mode | 0 0 | delay | ---

Figure 11:  Read Operation Mode in SPI mode 3.
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WRITE INTERRUPT REGISTER

Write Interrupt Register command is used to clear the interrupts by the user application. Interrupts are not cleared
automatically while reading the register, they must be cleared by writing a ‘1’ to the desired position in the
interrupt register.

Write Interrupt Register

csB || [
SPAN 0 0 0 1 1 1] 0 0 Jcre Tphighlplow JThighTiow JFfrulJFrtrfapc 1~
SCL

SDO --- command acknowledged ->| | -

Figure 12:  Write Interrupt Register in SPI mode 0.

Write Interrupt Register

csB || [
SDA \\ 0 0 ol 1 1 1] o o [cre Tphighlplow TThigh[Tlow [Fefull JFFtnefabc ]/
SCL

SDO --- command acknowledged ->| | -

Figure 13:  Write Interrupt Register in SPI mode 3.
READ INTERRUPT REGISTER

Read Interrupt Register allows the user application to check what action has happened.

Read Interrupt Register

csB || [
sbAN 0 o of 111 1] o [/

SCL

SDO --- command acknowledged ->| | CRC |phigh|plow | Thigh| Tlow [Fffull |FFthr]JADC | ---

Figure 14:  Read Interrupt Register in SPI mode 0.
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Read Interrupt Register

csB || [
sbA. N\ 0 o o[t 1 1 1] o /
SCL
SDO --- command acknowledged ->| | CRC |phigh]plow | Thigh| Tlow JFffull [FFthrfaDc | ---
Figure 15:  Read Interrupt Register in SPI mode 3.
WRITE CONFIG

Write Config command allows to configure the ratio, filter, read resolution and OSR of each measurement type
separately.
This command is not accepted during an ongoing conversion.

Write Config Register

csB || [~
soa N\ 0 of 1] o olfadrifadr0] o 0 0o 0 o0 o] ratio | filter [resolution | osr | /

SCL

SDO --- command acknowledged —>| | -

Figure 16:  Write Config Register in SPI mode 0.

Write Config Register
csB | —
SDA N\, 0 0 1] o ofadrifado] o 0 0 o0 o of ratio | filter |resolution | osr | /

SCL

SDO --- command acknowledged ->| | -

Figure 17:  Write Config Register in SPI mode 3.

READ CONFIG
Read Config command allows to verify the programmed configuration.

Read Configuration Register

csB | [
spA N\ 0 of 1 o[ 1ladrifad0] o
ScL

SDO --- command acknowledged ->| 0 0 0 o of ratio | filter |resolution | osr | -

Figure 18: Read Config in SPI mode 0.
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Read Configuration Register

csB | [
sbA _ N\ 0 o] 1] _of t]adrtfad0] o
SCL

SDO --- command acknowledged ->| 0 0 o0 o of ratio | filter |resolution | osr | -

Figure 19: Read Config in SPI mode 3.

WRITE LIMITS

Write Limits command gives allow to automatically rise an interrupt if one or both converted values does exceed
the limits programmed in the registers. Only the 16 MSB’s can be programmed and compared to the ADC results.

Write Limits

adr00 = Tlow; adr01 = Thigh, adr10 = plow, adr11 = phigh
csB || —
spAa N\ 0 o1 1] _o0Jadrifadro] 0O | | | | | 16 bit data for the limit, MSB first | | | | | /
scL

SDO --- command acknowledged ->| | |____

Figure 20:  Write Limits in SPI mode 0.

Write Limits

adr00 = Tlow; adr01 = Thigh, adr10 = plow, adr11 = phigh
csB | —
spA _ N\ 0 of 1 1] ofadrifadro] o | | | | | 16 bit data for the limit, MSB first | | | | | /
ScL

SDO --- command acknowledged ->| | |____

Figure 21:  Write Limits in SPI mode 3.

READ LIMITS
Read Limits command allows to check programmed set limits.

Read Limits

adr00 = Tlow; adr01 = Thigh, adr10 = plow, adr11 = phigh
csB | [~
spA N\ 0 of 1 1 1ladrifadr0] o

SCL

SDO --- command acknowledged ->| | | | | | 16 bit data for the limit, MSB first | | | | | ---

Figure 22:  Read Limits in SPI mode 0.
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Read Limits

csB |

adr00 = Tlow; adr01 = Thigh, adr10 = plow, adr11 = phigh

SDA _\, 0 0 1 1 1ladrifadr0] o

SCL

SDO --- command acknowledged ->| | |

16 bit data for the limit, MSB first | |

Figure 23:

CONVERSION

Read Limits in SPI mode 3.

Pressure or temperature conversion is started by sending conversion command. If the command is recognized by
the ASIC an ACK is sent to the microcontroller and SDO goes low during the time needed to convert the analogic
signal. SDO goes high again once conversion is completed. Conversion time depends on the bits P & T selected
within the command and the OSR selected. After the conversion, result value is transferred to the data register.
SDO line may be monitored to get the time when the operation is finished. This command is not accepted during

an ongoing conversion.

Once conversion performed, converted data can be accessed by sending a Read command Conversions are
internally done according to the T & P bit’s set in a serial order. First value converted is temperature followed by

pressure.

Conversion

CsB _| I_ CSB _| keeping CSB low allows to check for conversion done I_

soA - N\, o 1] o o[ T Pl x] o / SDA N\ X 0 yd

SCL 1 2 3 4 5 6 7 8 SCL 7 8

SDO - command acknowledged -> I -— SDO --- command acknowledged -> | busy running the conversion |<- ready ---
Figure 24:  Conversion in SPI mode 0.

Conversion

CSB _| I_ CSB _| keeping CSB low allows to check for conversion done I_

SDA N 0 1 I 0 0 T P X 0 / SDA N\ X 0 /

SCL 1 2 3 4 5 6 7 8 SCL 7 8

SDO --- command acknowledged -> | -—= SDO -~ command acknowledged -> | busy running the conversion |<— ready -—-
Figure 25:  Conversion in SPI mode 3.
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READ ADC

Once conversion performed, Read ADC command allow to transfer converted pressure and temperature value to
the application microcontroller. Number of bit’s transmitted is fixed according to the configuration register. In FIFO
off mode, at startup read ADC without any conversion done will return all one’s. After a finished conversion the
last converted result will be read. If the FIFO is empty, all one’s will be read. Reading can be stopped any time by
putting CSB high.

If a temperature and pressure conversion are requested by the conversion command, temperature will be run first
and pressure after. Reading when the T has finished, and p is still on going, will yield in reading the latest
temperature value, but the previous pressure value in case the pressure conversion is still on going.

This will look like:

T1, p1 available ->run T and p -> start T -> T done -> T2, p1 available -> start p -> p done -> T2, p2 available.

Read ADC

csB || 7 =
P
soa N, of 1] of 1] 7 ] x| o W
SCL
SDO --- command acknowledged -> | | requested data T, P, MSB first; biflenght.according to setup in th%nﬁgurationregister | I
i

Figure 26:  ADC Read in SPI mode 0.

Read ADC

csB | s r

soa _ N of 1] of [T e[ x] o A

SDO --- command acknowledged -> | I requested data T, P, MSB first; hitlenght.accordingto setup in th,s}{f)nﬁguration register I |

Figure 27:  ADC Read in SPI mode 3.
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READ REGISTER

Read Register command is used to download coefficients programmed in the memory during factory calibration.
These values need to be used in the pressure and temperature algorithm to calculate the compensated
measurements.

Read Register

csB || —

SbA /1 1 1 [adr3]adr2 [adriJadr0| 0

SCL

SDO --- command acknowledged ->| | | | | 16 bit data for the adddressed register, MSB first | | | [ -

Figure 28: Read Register in SPI mode 0.

Read Register

csB | —
spA /1 1 1 [adr3 [adr2 [adri Jadr0] o/

SCL

SDO --- command acknowledged ->| | | | | 16 bit data for the adddressed register, MSB first | | | | -

Figure 29:  Read Register in SPI mode 3.
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The external microcontroller clocks in the data through the input SCL (Serial CLock) and SDA (Serial DAta). The
sensor responds on the same pin SDA which is bidirectional for the I12C bus interface. This interface type uses only
2 signal lines and does not require a chip select.

Each [2C communication message starts with the start condition, and it is ended with the stop condition. Each
command consists of two bytes: the address byte and command byte. The MS5547 address is 1110°11Cx. The C
in the address is defined with the complement of the value at the input of CSB pin. If CSB=1 then the address will
be 1110°110x, while if the CSB=0 then the address will be 1110’111x. This allows, that two MS5547 may operate

on the same I2C bus.

Module ref Mode Pins used Address (7 bits) CSB
MS5547 12C SDA, SCL, CSB 0x76 (1110110 b) 1
MS5547 12C SDA, SCL, CSB 0x77 (1110111 b) 0

Table 10: 12C addresses.
Connect to GND or VDD
to defines the last bit in
VDD M85547 12C address
"‘EV J Interrupt-
CSB Port
VDD INT VDD Microcontroller
+3V
— SDA >
100nF °C-
GND SCL Interface
10k |10k
SDA |
SCL
Figure 30:  Typical I°C application circuit.

Commands for [2C and SPI are similar. Content of command bytes are the same as the SPI one.
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RESET

The Reset sequence shall be sent once after power-on to make sure that the calibration data gets loaded into the
internal register. It can be also used to reset the device from an unknown condition.

The reset can be sent at any time. If power on reset is not a successful, maybe caused by the SDA being blocked
by the module in the acknowledge state, the only way to get the MS5547 to function is to send several SCLs followed
by a reset sequence or to perform a power OFF-ON cycle.

Reset

csb

scl

Start L Sto
sda/sdi 1 1 1 0 1 1 ] csb  WR 0 0 0 1 0 0 0 X
ack

Figure 31:  1°C Reset Command.

REFRESH REGISTER

During a Refresh Register command, NVM data are transferred to the registers. The internal data like
configuration, operation mode and interrupt registers are not affected.

Refresh Register

csb

scl

Start | Sto
sda/sdi 1 1 1 0 1 1 | _csb  WR 0 0 0 1 0 0 1 X [ -
ack

Figure 32:  I°C Refresh register command.
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WRITE OPERATION MODE
With the Write Operation Mode command, the behavior of the FIFO and the automatic mode can be controlled.

Write Operation Mode

csb
scl
Start
sda/sdi | [ 1 1 1 0 [ 1 1 ] _csb  WR 0 0o o[ 1]l o] 1]l 0o «x
ack [ ] -
csb
scl
Sto
sda/sd --- 0 0 0 [FIFO interrupt threshold<4:0> | [FIFo mode<t:0> | 0 0 [delay<3:0> | I_\_lJ
ack - . .

Figure 33:  Write Operation mode.
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READ OPERATION MODE
With the Read Operation Mode command, the current setup can be read.

Read Operation Mode

csb
sclk
Start

sda/sdi | [ 1 1 1 o [ 1 1 | _csb  WR 0 0 o [ 1 1 o 1 1 x
ack [ 1 -
csb
scl

Stog. Restart ack by master
sda/sd ‘l_lj_l_[ 1 1 T Lo [+ 1 | cso] RD| 0 0 0o [FIFQinterrupt threshold | [
csb
scl 1 2 3 4 5 6 7 8 9

nack by master Sto|

sdaisd — [FiFomese ] o o [doay i s

ack = DXOOOOXOXIOIIIOHIIHIIHK

Figure 34: Read Operation mode.
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WRITE INTERRUPT MASK

Write Interrupt Mask command allow to enable interruptions. Enabled interrupts are routed to the INT output pin
which may trigger the user application to execute specific actions.

Write Interrupt mask

csb

scl 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Start

sda/sdi | [ 1 1 1 0o [ 1 1 | _csb  WR 0 0 o [ 1 1 o 0 x
ack [ [ -
csb -
s - [1 2 3 4 5 6 7 8 9
Sto|
sda/sd -—- [CRC |phigh |plow |Thigh |Tlow |Fffull |FFthr |[ADC | l_\_l_E
ack - |_|

Figure 35:  Write Interrupt mask.

READ INTERRUPT MASK
Read Interrupt Mask command allows to read the current configuration data in the interrupt mask register.

Read Interrupt mask

csb

scl

sda/sdi 1 1 1 0 1 1 | csb  WR 0 0 o [ 1 1 o [ 1] x
ack
csb

Stog. Restart || nack by master  Sto
sda/sd --- 1 1 1 0 1 1 | csb] RD] [CRC [phigh [plow [Thigh [Tow [Fffull [FFthr [ADC
ack ---

Figure 36: Read Interrupt mask.
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WRITE INTERRUPT REGISTER

Write Interrupt Register command is used to clear the interrupts by the user application. Interrupts are not cleared
automatically while reading the register, they must be cleared by writing a ‘1’ to the desired position in the
interrupt register.

Write Interrupt Register

csb
so 1l _Jol sl J4 Js| el [71 e[ Jol [t f2| [s[ [4 [s| Jel J7[ [e Jo]
Start
sdarsdi | [ 1 1 IR 1 ] _csb  WR 0 0 o [ 1 1 110 x
ack [ ] =
csb
sl - |1 2 3 4 5 6 7 8 9
Sto
sda/sd --- [CRC [phigh [plow [Thigh [Tlow [Fffull [FFthr [ADC | !_—\__|—P
ack - [ ]

Figure 37:  Write Interrupt register.
READ INTERRUPT REGISTER

Read Interrupt Register allows the user application to test what was the cause of the interruption raised signal at
the INT output pin, or if the interrupt is not enabled to check what action has happened.

Read Interrupt Register

csb

scl

csb
scl

Stog. Restart || nack by master  Sto
sda/sd —l_li—l_[ 1 1 1o [ 1 1 | _csb] RD| [CRC Jphigh plow [Thigh [Tlow [Ffful [FFthr JADC |_,J
ack - [ [

Figure 38: Read Interrupt register.
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WRITE CONFIG

Write Config command allows to configure the ratio, filter, read resolution and OSR of each measurement type
separately. This command is not accepted during an ongoing conversion.

Write Config

csb

scl

Start

sda/sdi 1 1 1 0 1 1] “csb WR 0 0 1 0 0 [addri |addrO X
ack
csb

scl

Sto|
sda/sd --- 0 0 0 0 0 [ratio<2:0> | [filter<2:0> [resolution<1:05{osr<2:0> |

ack - NN EEE

Figure 39:  Write Config.

SENSOR SOLUTIONS // MS5547-02BG REV 10  09/2024 Page 36



MS5547-02BG
Differential Miniature SMD Gel Filled Pressure Sensor

READ CONFIG
Read Config command allows to verify the programmed configuration.

Read Config

csb

scl

Start

sda/sdi | [ 1 1 1 o [ 1 1 | csb  WR 0 o [ 1] o [ 1 [addr Jaddro | x [
ack [ 1 -
csb
scl

Stor. Restart | ack by master
sda/sd ‘l_lj_l_[ 1 1 T Lo [+ 1 | cso] RD| 0 0 0 0 0 [raio<20> |
csb -
sol - 1 2 3 4 5 6 7 8 o - [

nack by master Sto

sda/sd --- Ifilter<2:0> Iresolution<1:0>|osr<2:0> | LI_P

ack OO

Figure 40: Read Config.
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WRITE LIMITS

Write Limits command gives allow to automatically rise an interrupt if one or both converted values does exceed
the limits programmed in the registers. Only the 16 MSB'’s can be programmed and compared to the ADC results.

Write Limits

csb

scl

sda/sdi 1 1 1 0 1 1 | csb  WR 0 o [ 1 1 | o0 [addri [addr0o | x
ack
csb

scl

Sto
sda/sd - | 16 bit data for the limit, 8 MSB first | [ 16 bit data for the limit, 8 LSB follows | [

Figure 41:  Write Limits.
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READ LIMITS
Read Limits command allows to check programmed set limits.

Read Limits

csb

scl

Start

sda/sdi 1 1 1 0 1 1 ] csb  WR 0 o [ 1 1 1 [addr1 Jaddro | x [

ack [ ] 1 -

csb

scl

Stor. Restart |1 ack by master
sda/sd --- 1 1 1 0 1 1 | csb] RD| | 16 bit data for the limit, 8 MSB first | [ -
csb
S 2 3 4 5 6 7 8 9

nack by master Sto
sda/sd | 16 bit data for the limit, 8 LSB follows | \_[—_P

ack

Figure 42:  Read Limits.

CONVERSION

Pressure or temperature conversion is started by sending conversion command. If the command is recognized by
the ASIC an ACK is sent to the microcontroller via SDA pin. Conversion time depends on the bits P & T selected
within the command and the OSR selected. After the conversion, result value is transferred to the data register.
This command is not accepted during an ongoing conversion.

Once conversion performed, converted data can be accessed by sending a Read command. After ASIC
acknowledge, user microcontroller may start to send 24 SCLK cycles to get all result bits. Every 8 bit the system
waits for acknowledge from the master. If the acknowledge is not sent, the data clocking out of the chip stops.

Conversions are internally done according to the T & P bit’s set in a serial order. First value converted is
temperature followed by pressure.

Conversion

csb

scl

Start || Sto|
sda/sdi 1 1 1 0 1 1 | csb  WR 0 1 0 0 T P X X
ack

Figure 43: Conversion.
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READ ADC

Once conversion performed, Read ADC command allow to transfer converted pressure and temperature value to
the application microcontroller. Number of bit’'s transmitted is fixed according to the configuration register. In FIFO
off mode, at startup read ADC without any conversion done will return all one’s. After a finished conversion the
last converted result will be read. If the FIFO is empty, all one’s will be read. Reading can be stopped at any time
by sending STOP or NACK sequence from the microcontroller.

If a temperature and pressure conversion are requested by the conversion command, temperature will be run first
and pressure after. Reading when the T has finished, and p is still on going, will yield in reading the latest
temperature value, but the previous pressure value in case the pressure conversion is still on going.

This will look like:

T1, p1 available ->run T and p -> start T -> T done -> T2, p1 available -> start p -> p done -> T2, p2 available.

ADC Read

Start || Sto
sda/sdi 1 1 1 0 1 1 | csb  WR 0 1 0 1 T P x x [~
ack -

csb

- [l Jol o3 o2 fea Il [

scl

Restart || ack by master nack by master ~ Sto,
sda/sd - 1 1 1 0 1 1 ] csb|[ RD [data T, P, MSB first, ack by master after every 8 bits --- |__continued data P, T [

Figure 44:  ADC Read.
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READ REGISTER

Read Register command is used to download coefficients programmed in the memory during factory calibration.
These values need to be used in the pressure and temperature algorithm to calculate the compensated
measurements.

Read Register

csb

scl

Start
sda/sdi 1 1 1 0 1 1 | csb  WR [ 4 1 1 [addr3 Jaddr2 Jaddr1 Jaddro | x [

ack

csb

scl

Stog. Restart |1 ack by master
sda/sd --- 1 1 1 0 1 1 | csb| RD] [ 16 bit data for the addressed register, 8 MSB first |

csb

scl --- 1 2 3 4 5 6 7 8 9

nack by master Sto
sda/sd - | 16 bit data for the addressed register, 8 LSB follows] \_I_P

ack - XXOOOOXOOIIIOIIOK

Figure 45:  Read Register.
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CYCLIC REDUNDANCY CHECK (CRC)

MS5547 contains 256 bits of NVM memory.
CRC is implemented in the digital core to check the integrity of the memory data.

CRC is calculated for each 8-bit of data memory, i.e., one byte of data as the minimum data size over which CRC
is executed. For N-byte data, calculation will be done in N steps. This can be illustrated as below.

Data[ N bytes]

Data[ byte N]

-

8'b0000_0000

-

Data[ byte N-1]

—

Data[ byte 2]

CRC_calc_init[7:0]

CRC calculation
(System of XOR gates)

CRC_calc_out[7:0]

Y

CRC_calc_init[7:0]

CRC calculation
(System of XOR gates)

CRC_calc_out[7:0]

!

Property Value

Width 8 bits

Protected data Read and/or write data
Polynomial 0x31 (xs+ X5+ x4+ 1)
Initialization 0x00

Reflect input False

Reflect output False

Final XOR 0x00

Examples CRC (0xBEEF) = 0x13

—_—

CRC_calc_init[7:0]

CRC calculation
(System of XOR gates)

CRC_calc_out[7:0]

Y

Data[ byte 1]

—_

CRC_calc_init[7:0]
CRC calculation
(System of XOR gates)
CRC_calc_out[7:0]

l

CRC_FINAL[7:0]

Figure 46:

CRC for N-byte data.
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BITS CRC CALCULATION FLOW CHART

( Start :)I
n_rem = CRC_init

tmp = Data_in
i=0

=
Lag

b4

Yes
+ =<7

n_rem AND 0x80 No
tmp AND 0x80

n_rem = n_rem®*2
n_rem XOR 0x31

ri

tmp=tmp * 2
i=i+l CRC = n_rem AND OxFF

]

e

| End

AN _/

EXCEL Calculation function

Function CRC calc(Data in, CRC init)

n_

Polynom 0x31 = 49 decimal
rem = CRC init

tmp = Data_in

For i =0 To 7

msb_crc = n_rem And 128
msb data = tmp And 128

If (msb crc Xor msb data) Then
1) Xor 4%

n_rem = LeftShift(n_rem,
Else

n rem = LeftShift(n rem,
End If

tmp = LeftShift (tmp, 1)

Next i

CRC_calc = n_rem And 255

End Function

Figure 47:  CRCS8 calculation flowchart & Excel Calculation function.

1)

'// Length of data in

Example:
Memory word Format change CRC

Addr| Data[hex] | Data[dec] | Data[15:8] | Data[7:0] | CRC_init | CRC_MSB | CRC_LSB
0 0 0 0 0 0 0 ——»0
1 0 0 0 0 0 0 =—»o
2 0 0 0 0 0 0 .o
3 0 0 0 0 0 o |, o
4 0 0 0 0 0 0 "o
5 0 0 0 0 0 o || o
6 0 0 0 0 0 0 10
7 0 0 0 0 0 0o |, o
8 940 2368 9 64 0 136 |' 254
9 057A 1402 5 122 254 104 || 33
10 B616 46614 182 22 33 174 | 6
11 7F64 32612 127 100 6 112 || 135
12 795A 31066 121 90 135 157 |1 208
13 3100 12544 49 0 208 240 ¥ 130
14 | 5AAS 23205 90 165 130 189 ——»250

15 | €34D 49997 195 77 250 77 >0 |

CRClhex]| 00 ¥

Table 11:  CRC Excel calculation.
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PIN CONFIGURATION AND DEVICE PACKAGE OUTLINE
UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE IN MILLIMETERS. GENERAL TOLERANCE * 0.1

DETAIL A
SCALE20: 1

1.5 +0.03

0.82
1.72 +0.03

(3.22)

3.82 -0.10

+0.05

% = o gl g 8
% 1, @ R [ 1
— —Pin 1 2 & o
GND VDD/ g Q O
: = Pin]
%) indicator
2 INI/SDO || | \ csB 9
o EH g .
~—Place for - S || S B 1 P
oA —] r - TE marking* © |7
I
(1.375) IL
20 PZE
4.43 -0.17
* x — “I” for I12C, while “S” for SPI.
Remarks:

Pin 1 c
indicator ®

1. Draft angles not shown in the drawing.
2. Area where the gel is dispense.
3. Groove for O-Ring (ID 2 x CS T mm).

Pin| Name |Type Function
1 VDD P POSITIVE SUPPLY VOLTAGE
2 CSB | |12C ALT. ADDR./SPI CHIP SELECT
3 SCL | CLOCK
4| SDA | I/O 12C DATA/SPI DATA INPUT
5 |INT/SDO| O [I12C INTERRUPT/SPI DATA OUTPUT
6| GND P GROUND
Figure 48:  Package outline and pin configuration.
RECOMMENDED PAD LAYOUT
Recommended
pad layout (footprint)
1.3
=
o~ |
_ —_— ‘ D ﬁ.
|
Toll'e)
i r—1 00O
| | <
s+ — 1 T |
™
X | |
o [
2.75
4.06
Figure 49:  PCB footprint.
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SHIPPING PACKAGE

MS5547 comes on a 16mm tape and reel, with a total of 1’700 pieces per reel.

SECTION A-A

8.6

Figure 50:

INTEGRATION GUIDELINES

O-RING

Using O-rings with a Shore A hardness of around 70 is
recommended for optimal performance. Additionally,
applying a suitable lubricant during assembly is crucial
to ensure proper installation and prevent damage to the
O-rings. This practice enhances the durability and
effectiveness of the seal in the application.

D30

@100

Figure 51:

SCALE2: 1

5.05

4

L L\LM%U_UUJ_UJ

SCALE2:1

|5.12

14.25

8.19

Py
@D
&

00 0 0 0 of

13.5
16

L_c
Note 2

=20 mefers

PIN 1 |ndiccnor—/r<

DETAILC
SCALE 10:1

Shipping package.

D2 +013

INNER DIAMETER (ID)

D1 +008

O

CROSS SECTION (CS)

Recommended O-Ring dimensions.
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MATING PART DESIGN FOR SENSOR ASSEMBLY WITH O-RING

/Ra 0.8
() 3.65 +0.05 _

Sharp edges —
should be rounded il
and deburred\

I

\/m 0

o

— 30%4pe V. ]

- T 0

o

Figure 52:  Cross-Section of the recommended mating part.
O-Ring

MS5547 Module

S
AERERLSS

/\

oy

Mating
interface

(2.3)

Figure 53:  Cross-Section of the recommended mating part and MS5547 module with O-Ring.
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MOUNTING AND ASSEMBLY CONSIDERATIONS

SOLDERING
For all soldering recommendations, please refer to standard J-STD-002.

MOUNTING

The MS5547 can be placed with automatic pick & place equipment using vacuum nozzles. It will not be damaged
by the vacuum. Due to the low stress assembly the sensor does not show pressure hysteresis effects.

CONNECTION TO PCB
The package outline of the module allows the use of a flexible PCB. This is ideal for small-sized applications.

CLEANING

The MS5547 has been manufactured under clean-room conditions. It is therefore recommended to assemble the
sensor under class 10’000 or better conditions. Should this not be possible, it is recommended to protect the sensor
opening during assembly from entering particles and dust. To avoid cleaning of the PCB, solder paste of type “no-
clean” shall be used.

Warning: cleaning might damage the sensor.

ESD PRECAUTIONS

The electrical contact pads are protected against ESD up to +8 kV HBM (human body model). It is therefore
essential to ground machines and personal properly during assembly and handling of the device. The MS5547 is
shipped in antistatic transport boxes. Any test adapters or production transport boxes used during the assembly of
the sensor shall be of an equivalent antistatic material.

DECOUPLING CAPACITOR

Particular care must be taken when connecting the device to the power supply. A minimum of 100nF ceramic
capacitor must be placed as close as possible to the MS5547 VDD pin. This capacitor will stabilize the power supply
during data conversion and thus, provide the highest possible accuracy.

ORDERING INFORMATION

PART NUMBER DESCRIPTION

20023372-50 MS5547-02BG 12C SMALL GAGE T&R

20024496-50 MS5547-02BG SPI SMALL GAGE T&R
NORTH AMERICA EUROPE ASIA
Tel +1 800 522 6752 Tel +31 73 624 6999 Tel +86 0400 820 6015
customercare.frmt@te.com customercare.bevx@te.com customercare.shzn@te.com

te.com/sensorsolutions

TE Connectivity, TE Connectivity (logo) and EVERY CONNECTION COUNTS are trademarks. All other logos, products and/or company names referred to herein might be trademarks of their
respective owners.

The information given herein, including drawings, illustrations and schematics which are intended for illustration purposes only, is believed to be reliable. However, TE Connectivity makes no
warranties as to its accuracy or completeness and disclaims any liability in connection with its use. TE Connectivity‘s obligations shall only be as set forth in TE Connectivity‘s Standard Terms and
Conditions of Sale for this product and in no case will TE Connectivity be liable for any incidental, indirect or consequential damages arising out of the sale, resale, use or misuse of the product.
Users of TE Connectivity products should make their own evaluation to determine the suitability of each such product for the specific application.

© 2019 TE Connectivity Ltd. family of companies All Rights Reserved.
L

connectlvity

SENSOR SOLUTIONS // MS5547-02BG REV 10  09/2024 Page 47


http://www.te.com/sensorsolutions

	ABSOLUTE MAXIMUM RATINGS 4
	ENVIRONMENTAL PARAMETERS 4
	ELECTRICAL CHARACTERISTICS 4
	ANALOG DIGITAL CONVERTER (ADC) 4
	PRESSURE OUTPUT CHARACTERISTICS 5
	TEMPERATURE OUTPUT CHARACTERISTICS 6
	DIGITAL INPUTS (SCL, SDA) 6
	DIGITAL OUTPUTS (SDA) 6
	GENERAL 7
	FACTORY CALIBRATION 7
	PRESSURE AND TEMPERATURE COMPUTATION 7
	OPERATING REGISTER 10
	CONFIGURATION REGISTER 11
	AUTOMATIC MODE 12
	LIMIT REGISTERS FOR PRESSURE & TEMPERATURE 13
	INTERRUPT & INTERRUPT MASK REGISTER 14
	FIFO OPERATION 16
	COMMAND STRUCTURE 19
	SPI INTERFACE 20
	I2C INTERFACE 30
	PERFORMANCE SPECIFICATIONS
	ABSOLUTE MAXIMUM RATINGS
	ENVIRONMENTAL PARAMETERS
	ELECTRICAL CHARACTERISTICS
	ANALOG DIGITAL CONVERTER (ADC)
	PRESSURE OUTPUT CHARACTERISTICS
	TEMPERATURE OUTPUT CHARACTERISTICS
	DIGITAL INPUTS (SCL, SDA)
	DIGITAL OUTPUTS (SDA)

	PRESSURE AND TEMPERATURE CALCULATION
	GENERAL
	FACTORY CALIBRATION
	PRESSURE AND TEMPERATURE COMPUTATION

	SENSOR ACCURACY
	Power on (PON)
	Memory (NVM) mapping
	Registers
	OPERATING REGISTER
	CONFIGURATION REGISTER
	AUTOMATIC MODE
	LIMIT REGISTERS FOR PRESSURE & TEMPERATURE
	INTERRUPT & INTERRUPT MASK REGISTER
	FIFO OPERATION

	FILTER
	SERIAL INTERFACES
	COMMAND STRUCTURE
	SPI INTERFACE
	Power on behavior
	Reset
	Refresh Register
	Write Operation Mode
	Read Operation Mode
	Write Interrupt Register
	Read Interrupt Register
	Write Config
	Read Config
	Write Limits
	Read Limits
	Conversion
	Read ADC
	Read Register

	I2C INTERFACE
	Reset
	Refresh Register
	Write Operation mode
	Read Operation mode
	Write Interrupt mask
	Read Interrupt mask
	Write Interrupt register
	Read Interrupt Register
	Write Config
	Read Config
	Write Limits
	Read Limits
	Conversion
	Read ADC
	Read Register


	CYCLIC REDUNDANCY CHECK (CRC)
	BITS CRC CALCULATION FLOW CHART

	PIN CONFIGURATION AND DEVICE PACKAGE OUTLINE
	RECOMMENDED PAD LAYOUT
	SHIPPING PACKAGE
	INTEGRATION GUIDELINES
	MOUNTING AND ASSEMBLY CONSIDERATIONS
	ORDERING INFORMATION

