M1 S-3600 series (Preliminary)
I ntelligent Pressure Sensor

Metrodyne Microsystem Corp

Features
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The MIS-3600 is a intelligent pressure sensor

which consist of a MEMS piezoresistive pressuressen

and a signal conditioning ASIC. The signal condiiig

Supply Voltage 2.0 to 3.6V
1, 5.8, 15 psi gauge pressure range
Low standby current: <OpA
Factory calibrated and temperature compensated
SPI and 12C digital signal output
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Applications

Airflow meter

Ventilation and air flow monitors

Sleep apnea monitoring and therapy equipment

Pneumatic controls

HVAC

OTP memory. The sensor was calibrated and

temperature compensated in factory. The factors for

temperature compensation were stored in OTP memory.

Users can implement temperature compensation via an

external micro processor. The external micropramess

read the raw output data from MIS-3600 and do smpl

calculation according to the factors stored in OTP

memory. Therefore using MIS-3600 series is eageto

rid of bothersome calibrations and temperature

compensations. MIS-3600 provide SPI or 12C digital

serial output interface to communicate with

microprocessors. MIS-3600 series is specially desig

for low voltage and low power consumption concerned

ASIC is a 16-bits AD convertor with embedded 5118 bi  applications.
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Fig. 1 Functional Block Diagram of MIS-3600
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B Specifications

Parameter Conditions
1. Absolute Maximum Ratings
Supply Voltage
Inputs voltage to VSS . VDD+0.3
Storage Temperature Range 125

Rated
pressure

Maximum Overpressure 2X

ESD Rating
HBM \Y
MM

2. Recommended Operating Conditions

Pressure Range
Operating Temperature Range
Humidity
Supply Voltage
Supply Current
Peak Current During Conversion
Standby
Average 1 conversion/s
Conversion Time MCLK=32.768kHz
External clock signal
Duty cycle of MCLK
Serial data clock
3. Electrical Parameters

Analog to Digital Converter
Resolution

Output Code Range
Integral Nonlinearity
Differential Nonlinearity
SPI Interface

Digital Inputs
Input High Voltage liu< S5pA 70%VDD VDD+0.3V
Input low Voltage I < 5pA -0.3v 70%VDD
Rise time 200
Fall time 200

Digital Outputs
Output High Voltage lon= -1mA 80%VDD
Output low Voltage lo.= ImA 20%VDD
Rise time Cioad= 50pf 200
Fall time Cioad= 50pf 200

Pressure Output Characteristics

Resolution
1psi
5.8psi
15psi

Pressure Accuracy

Temperature Output Characteristics

Resolution . T

Accuracy -40t085C -2 C

Notes :

1. Unless otherwise specified, measurements were taken with a supply voltage of 3 Vdc at a temperature of 25+3°C and
humidity ranging from 0~95% RH.

2. Maximum error of pressure reading over compensated temperature range and pressure range.
That include all errors resulted from offset, span, linearity, temp. drift of offset and temp. drift of span.
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Metrodyne Microsystem Corp. reserves the right to make changes to the product specification in this publication.

B Pin Configuration and Function Descriptions

8765
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Fig. 2 Pin configuration of MIS-3600
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Pin No. | Pin Name Description
1 sSDO Serial Data Output. Data is shifted on the RISIN@gee of DCLK. This
output is high impedance when CS_ is HIGH.
Serial Data Input. If CS_ is LOW, data is latched RISING edge of
2 SDI DCLK
3 MCLK External Clock Input. This clock runs theDAtonversion process.
4 VDD Power Supply.
5 VPP OTP Programming Voltage.
6 cs Chip Select Input. Control data conversion timingd @&nables the serial
input/output register.
7 GND Ground.
8 SCLK External Clock Input. This clock synchrordzeerial data 1/O.
Note!
Pin5 was used only for calibration by the manufestand should not be connected.

B Orderinginformation

MIS-3 6 O_OM-D | A | Pressuretype | B | Pressurerange
L c o :
D Differential 001 1 PSI
A 006| 58PS
B 015 15 PSI
C Interface
I 12C
S SPI
Part No. Pressuretype | Pressurerange | Digital interface Note
MIS-3600-001DlI Differential 1 PSI 12C
MIS-3600-001DS Differential 1 PSI SPI
MIS-3600-006DI Differential 5.8 PSI 12C
MIS-3600-006DS Differential 5.8 PSI SPI
MIS-3600-015DI Differential 15 PSI 12C
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MIS-3600-015DS Differential 15 PSI SPI

m  Application Information

General

The MIS-3600 is SIP device consisted of a MEMS gues sensor and a signal conditioning ASIC. A 16-bi
ADC is used to convert analog pressure and temperatgnal to a 16-bits digital data. Due to thersg temperature
coefficient of sensor output voltage, it is necegsd®m be compensated for practical applications. 88gedicated
program running at an external microcontrollers tompensation will be performed.

Factory calibration

Each sensor was individually calibrated in the dagct There are 10 coefficients stored in OTP mentory
compensation. Resulted from process variation @mdpérature variation of sensor, the coefficients @@ad by
microcontroller and calculated by software to cortemperature drift of sensor.

Pressure and Temper ature M easurement

The sequence of reading pressure and temperatwelless software compensation is shown as fig. 3.

First the coefficients C1 to C10 have to be raathfOTP memory via serial interface. This can beedonce
reset the MIS-3600. The data format of coefficisminsigned 16-bit. In order to measure pressheenticrocontroller
have to read the 16 bit data for pressUBl) and temperaturé D2) . Then, the microcontroller calculate the
compensated pressure by D1, D2, and coefficientlo@110. The algorithm for temperature compensatalnulation
was listed as fig. 3.
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Sart

\ 4

Read calibration data from OTP memory
of M1S-3600
C1, C2, C3, C4, C5, C6, C7, C8, C9, C10

A 4
Read pressure value from M1S-3600
D1

\ 4

Read temper ature value from M1S-3600
D2

A 4

Calculate actual temperature
dT=D2-C1

C2-1009 , (C4+30009 a7 +.C3

Temp = dT?
100 107 10"

\ 4

Calculate compensated pressure

A 4

Display pressure and temper ature value

Fig. 3

Decoupling Capacitor
A decoupling capacitor,F tantalum capacitor, have e placed as close as possible to the MIS-3600 ¥bd
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GND pin. This capacitor will stabilize the poweipgly during data conversion and thus, provide figaédst possible

accuracy.

Application Circuit example

VDD

VDD

0sC1

b =

| SCLK Spo 0sC2
MIS-3600 Microcontrollor
——{GND SDI
cs MCLK J

0 VDD
VDD J‘i
I‘]HF Jj GND

Fig. 4 Typical application circuit of MIS-3600 irPEmode

VDD

10k
VDD

T 0sC1
SCLK SDO —
10k L losce .
MIS-3600 Microcontrollor
—— GND SDA
-1 C$ MCLK

i VDD

VDD i
1uF

|
CS have to connect to VDD or GND
in order to define the last bit in I2C
address

Fig. 5 Typical application circuit of MIS-3600 i2@C mode

I GND

m  Serial Interface

The MIS-3600 can provide two types of serial irdedfs as SPI or 12C. The type of serial interfaaefined as
the device manufactured. The user can't chooseyfee of serial interface by hardware wiring. So theer have to
decide the type of serial interface as orderingdince.

m  SPI Interface

The MIS-3600 have a SRISerial Peripheral Interfacebus to communicate with the microprocessor androthe

digital systems. The functional block diagram of3¥B600 was shown as fig.1. The SPI bus considtsuofwires as
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SCLK, SDI, SDO, CS.
Serial Clock Input

The SCLK is the serial clock input for the devicedall data transfers (either on SDI or SDO) ocitin respect
to the SCLK signal. Each bit is shifted out of 8O pin on the falling edge of SCLK and data idtetliinto the SDI

pin on the rising edge of SCLK. The SCLK-signal &ngrated by the microprocessor’s system.
Chip Select Input
The CS (Chip Select Input) is an active low logicuthpsed to select the MIS-3600. The CS can be usseléct

the MIS-3600 in systems with more than one devitéhe serial bus or as a frame synchronizationasign
communicating with the device. CS can be hardwiosd hllowing the MIS-3600 to operate in 3-wire mawth
SCLK, SDI, and SDO used to interface with the devic
Serial Data Output (SDO)
The SDO pin provides the result of the last corieeras a serial bit stream during the data out@iésin addition, the
SDO pin is used as an end of conversion indicatond the conversion. When CS is HIGH, the SDO drige
switched to a high impedance state in order toestiagr data output line with other devices. If CBrisught LOW
during the conversion phase, the SDO pin will beedr HIGH. Once the conversion is complete, if C8risught
LOW, SDO pin will be driven LOW indicating the coension is complete and the result is ready to lféeshout of the
device. The digital data sent by MIS-3600 SDO pirither the conversion results or the calibratiata stored in OTP.
The selection of the output data is done by senttiagorresponding instruction on the SDI pin.
Serial Data Input (SDI)

The SDI pin is used to select the input channedgBure or Temperature) and to access the OTP meDaty is
shifted into the device during the data output/ingiate on the rising edge of SCLK while CS is low.

Timing Wavefor m Diagrams

Double Byte Packet

s . [
SCLK 8| |1 8 1 8l [1 8| [1

SDI 0 o o o[stisio]eo]Bs]e7]Bs[Bs]Ba[Bs]B2[B1]ED

< SatBt ><— SetpBt —>< SiopBit >

SDO(D1)—1 T v [p1s]pte]p13]pte]o11]p1e] pe 08 b7 ] 6] b5 [ D4 ] D3] D2[ 1 | D0 | [
(D1: Pressure) (
SDO(D2)— \ ) " [p15]pt4]p13]pte]o1i[pie] e 8] b7 ] 6] b5 [ D4 ] D3] 2] 1] Do | L
(D2: Temp1&2) I eycows('s‘mwmcﬁz )9

.5ms (1147 MCLKS)
(1) A/D Conversion Data Acquisition Strtof Converson End of Converson
Fig.6
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Double Byte Packet

s T —-
SCLK 8 1 8 1 8 1 8 1
SDI o o o [sr1s1o]o[Bs]B7B6]Bs]B4[B3]B2[B1]B0] 0

< StartBit S<——— Setup-Bit — =< StopBit >

SDO(0) — I

(0dd Address)

-

[p15[p14]p13[o12]o11Jo10[ pe [os] 07 [ b6 ] b5 o4 o3 o2 [o1] Do

| \
SDO(E) — | \ | 7 [p15]o14]o13]p12[p11]p10] b9 [pe [ p7 6 [ ps o4 o3 o2 o1 ]oo]
(Even Address) <

-

(2) OTP Data Acquisition

Fig.7
Triple Byte Packet
s ] [
SCLK o] [ o] [ s
SDI 0 0 0 |B15|B14[B13[B12|B11(B10[ B9 [ B8 [ B7 |B6|B5|B4 B3| B2|B1|BO
SDO | DON'T CARE? | | (-
(3) RESET Sequence
Fig. 8

m |2C Interface

Typical 12C communication starts with the start dtind and is ended with the stop condition. The idev
address consisted of six pre-defined bits plusradafined bit. The device address is 111011C. Theevaf C is
determined by thecs pin connected with VDD or GND.

C< connected to Device address
VDD 1110111
GND 1110110

A/D conversion data acquisition

Double Byte Packet
r= r=
—

SCL |l 1|

1! 1!

L 1 C—
SDA : | : | Device address |c_s | w |Ack| Cmd byte |Ack| Cmd byte |Ack| ! “_

S| P J

<4 ome (1147 MOLK)
Start of Conversion End of Conversion

scL !

|
SDA :

| | Device address |o_s| R |Ack|D15|D14|D13|D12|D11|D10| D9|D8 |Ack|D7|D6|D5|D4|D3|D2|D1 |Do|m|
S i
I:, Frommastertoslave ~ S: Startcondition ~ W: Write=0  ACK: Acknowledge
|:| Fromslave to master ~ P: Stop condiion ~ R:Read=1  ACK: Not acknowledge
(1) A/ID Conversion Data Acquisition CS: 1=CS connects to Vdd
0=CS connects to Gnd
Fig. 9
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OTP data acquisition
Double Byte Packet

r—

s UL UL U UL UL

I I

I
SDA : [ Device address  058| W [Ack] Cmd byte [Ack] Cmd byte |Ack|:
S| X

r- r-

scL T

I
I

spA : ! | Device address |cﬁ| R |Ack| Dummy byte |Ack|D15|D14|D13|D12|D11|D10| De|Ds|Ack|D7|De|Ds|D4|Da|Dz|D1|Do|m|

S P

D From mastertoslave  S: Start condition ~ W: Wiite=0  ACK: Acknowledge

I:’ From slave to master ~ P: Stop condition ~ R: Read=1 ACK: Not acknowledge

(2) OTP Data Acquisition C8: 1=CS connects to Vidd
0=CS connects to Gnd

Fig. 10
Reset sequence
Double Byte Packet ———————————————————=
SCL | |
I I
L _ |
SDA : ! | Device address |CSB| W |Ack| Cmd byte |Ack| Cmd byte |Ack| : I:_
|

‘10101010 10]01010‘|_P|

I:l Frommastertoslave  S: Startcondition ~ W: Write=0  ACK: Acknowledge

D From slave tomaster ~ P: Stop conditon ~ R: Read=1 ACK: Not acknowledge

(3) RESET seq uence CS: 1=CS connects to Vidd

0=CS connects to Gnd
Fig. 11

m  Pressureand temperaturereading instructions

Here we will give several examples to introduce reading pressure, temperature and calibration
coefficients. All the commands for pressure, temperature and coefficients reading is listed as following table.
The fig.12 is the flow chart for reading coefficient C1. And The fig.13 is the flow chart for reading pressure
value.

Action Instruction
Conversion start for pressure measurement (D1 ) OFh & 48h
Conversion start for temperature measurement(D2) | OFh & 20h

Reading coefficient C1 1Ch & 40h
Reading coefficient C2 1Ch & 50h
Reading coefficient C3 1Ch & 60h
Reading coefficient C4 1Ch & 70h
Reading coefficient C5 1Ch & 80h
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Reading coefficient C6 1Ch & 90h
Reading coefficient C7 1Ch & AOh
Reading coefficient C8 1Ch & BOh
Reading coefficient C9 1Ch & COh
Reading coefficient C10 1Ch & DOh

Reading coefficient C1 :

Reading coefficient C1

\ 4

Set the right CS line to O

A 4

Set SPI configuration register in order to transonit

the rising edge of the clock

\ 4
Send the 8 MSB of the command : 1Ch
Send the 8 LSB of the command : 40h

A 4

Set SPI configuration register in order to transonit

the falling edge of the clock

\ 4
Read the 8 MSB of the coefficient C1
Read the 8 LSB of the coefficient C1

A 4

Set the right CS line to 1

\ 4

C1=8MSB of C1 <<8 & 8LSB of C1

Fig. 12
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Reading pressure value :

Reading pressure D1

A

y

Set the right C

Slineto 0

A

y

Set SPI configuration register in order to transwnit

the rising edge of the clock

A

y

Send the 8 MSB of the command : OFh

Send the 8 LSB of the co

mmand : 48h

A

y

Set SPI configuration register in order to transwnit

the falling edge of the clock

A

y

Wait 35ms (conversion time)

A

y

Read the 8 MSB of the coefficient D1

Read the 8 LSB of the co

efficient D1

A

y

Set the right C

Slineto 1

A

y

D1= 8MSB of D1 <<8 & 8LSB of D1

Rev. a.1 2011/5/16
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m  Package Outlines
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Fig. 14
m  Recommended footprint
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Fig. 15
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