227 SMART SENSOR

P-20D

With 12C Digital Output

I Pressurerange:0to 600mmH,0

I Piezo-resistive silicon micro-machined sensor
I Gauge type pressure sensor

1 12C interface

I Temperature Compensation: 0~ 50°C

1 Operating voltage 5.0V

I RoHS compliant and Halogen-free

The P-20D is the pressure sensor which measures gauge pressures. It consists .
of a silicon micro-machined sensing element chip and a signal conditioning P-20D with |2C Output
ASIC.The pressure sensor element and the ASICare mounted inside a system-

in-package and wire-bonded to appropriate contacts. The P-20D provides the
digital output data with the format of I2C interface. It can achieve ESD
robustness, fast response time, high accuracy and linearity as well as long-
term stability. All measurement data is fully calibrated and temperature
compensated. In addition, it allows for easy system integration.

Pressure transmitter has a variable semiconductor sensing element with a
programmable ASIC and a hybrid circuit for reliable signal conditioning and TYPICA!— APPLICATIONS
maximum electronicintegration. v Transmissions

v Compressors & Pumps
v Water Management

O ASIC Specification [VDD = 5.0V] v Environment control systems
e
Parameter TYP UNIT Symbol
Operating Voltage - - 4.5 5.0 5.5 v Voo
Operating Current 5.0v - - 1.7 2.0 mA Ipp
Standby Current 5.0v System standby - 0.1 1 1A lsygy
Compensation Temp. - - 0 - +50 °C Temp
Storage Temp. - - -40 - +125 °C Tsr
Resolution - - - 0.30 - mmH,0 R
Human Body Mode 50V plesTOBEE - 2 - kv ESD
fr'iif; frr/:crjuracy S0V ;gf goso(:\:cmHZO . - b mmH,0 Pacc
Load Resistance - T, =25°C 9 - 10 k@ R,
Humidity - Ta =25°C - - 95 %RH Ry
Over pressure - T, =25°C, Both Ports 1,300 - 1,800 mmH,0 Po
Burst pressure - T, =25°C, Port 1 2,000 - 3,000 mmH,0 Py
Solder Temp. - T, =250°C 3 - 5 Sec. Ts

O Operating Conditions

Operating Conditions

Positive Supply Voltage for IC Operation

Bridge Resistance (ideal) 27 33 3.9 K Rerg
Ambient Temperature Range, Operating Range -30 - 85 °C Tamb
External Capacitance between VDD and Ground (VSS) 0.47 10 20 uF Cvop
Pull-Up Resistance on SDA 1.0 10 - KR Rpy
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3 Main ASIC Part Diagram

P-20D

Pressure
sensor

:

Amplifier ¢ Power on Reset

[&— VDD
4— GND
4— TEST

ADC : Digital Signal SYSE
Processor 1/0 Interface SCL
—p
| l > SDA
I2C Interface
Oscillator
Pin Configuration g = Shoe
2o @ O[>
3m© O 4
SMT TYPE (TOP VIEW)
Pin Description
Pin No. Pin Name I/O Function description
1 SCL I Serial Data Input (Open Drain Output)
2 SDA I/0 Serial Data Input / Output (Open Drain Output)
3 VSS - Connected to GND
4 TEST - Connected to VDD
5 VDD - Connected to VDD
6 SYSE I System Enable / Disable
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P-20D
O System Reading Timing

Note : Tyis required for sensor to get thermo stabilized after being activated.
Data retrieved within T, period might be incorrect.
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O Data Update Timing

Note : Tyis required for sensor to get thermo stabilized after being activated.
Data retrieved within T;, period might be incorrect.
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Symbol Parameter Min. Typ. Max. Unit
Tesu CS High Hold Time 100 - - uS
TesuL CS High To Low Time - - 1 mS
Tesin CS Low To High Time - - 1 mS
Tp Chip Enable Delay Time 400 - - mS
Tmc* Data Update Time 20 - 40 mS
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3 ADC Buffer and

Datais saved to
ADC buffer when
ADC complete

Start bit to latch
ADC buffer to I12C
buffer

Read
data from I2C,
every 100mS

I2C Buffer Data Transfer Logic and sequence illustration

P-20D

Diagram
ADC conversion ADC ADC ADC ADC
every 20to 40+mS Counter —p| Counter | )/ Counter | . ) Counter
Data 1 Data 2 Data 3 Data N

v v v

¥

12C 2 |y
Start Bit 1 Start Bit 2

12C
Start Bit N

»

12C
DATA
out

O The data load Timing of Pressure ASIC

Diagram

Note : Tmc_1, Tmc_2,,Tmc_n-1,Tmc_n are ADC conversion time.(ADC conversion every 20 to
40+ms)Tmc is not fixed value, it is variable with measure pressure, frequency of ASIC,..etc.

........... -
| ADC buffer is written 1 : :
: to I2C buffer when : | |
2 o . :
'_I _C ft:ril:t.ls.d it:c:ef - | Read-1 Read-2
|2C Ve 100mS '*
buffer (DataoutputtoSDA) ¢~
i 1 Data-1 (ADC-1) Data-2 (ADC-n-1)
1 Readdatafrom : in 12C Buffer in 12C Buffer
: 12C, every 100mS. H
e ————— ' n PC_CT n

(ADC conversion every 20-40+ ms)

1
1 When ADC_CT is hi-level, ADC

I counter will be written to ADC

1 about 5us, it is generated by D-Flip

1 Flop.
L

CSB
ADC l ADC l ADC
coelll)lger |M Active n
Tmc_1 Tmc_2 Tmc_n )
ADC _CT . . /. .rl I._I 4- "
1 i 1 1
A y \ 4 v
bAIf)fc Il:\ll))lff—foer ADC-1 ADC-2 ADC n-1 ADCn
utter Initial data In buffer In buffer In buffer In buffer
SCLK : .
I ststabit Mﬂ_ﬂ_‘ 2 ‘'nd Start blt mﬂﬂ_//f
SDA ' T'stStop b& Y2 nd Stopl)i

When I2C_CT is hi-level,
ADC buffer will be written

to 12C buffer.

is 2-clock width of SCLK,
it is generated by D-Flip

Flop.

There are two layer of buffers from ADC counter to I2C interface.

1
1
1
1
| The pulse width of 12C_CT
1
1
1
1

]
]
I buffer. The pulse width of ADC_CTis |
]
]
1
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P-20D

3 ASIC I12C Interface

The data transfer format of 12C (ADC with 12 bits resolution) Master read(Master—
Receiver;Slave—Transmitter)

Figure 1. Control address byte

Slave address RIW DATA(8BITS) DATA(8BITS) NON-
Start bit (7BITS) 1 ACK1 MSB LSB ACK2 MSBLSB ACK Stop bit
1001100 0000 D11 D10 D9 D8 D7---DO
\ 4 \ 4
m io ........................... D'l Do
Total 12bit
Each sensor is referenced on the bus by a 7 bit slave address. The slave address is
1001100. The eighth bit of control address is read or written which assigned by
processor.
START
I I I I I Read: 1
| | SIaveIaddresIs | RIW ([ A Write: 0

3 12C Pressure Measurement Packets

+» ACK1 : That should respond a ACK1 (Low) signal to the microcontroller.

% ACK2 : The microcontroller should respond a ACK2 (Low) signal to the sensor.

+» NON ACK: The microcontroller should respond a NON-ACK (High) signal the sensor.
+» 12C Reading Code Example : If needed, you can refer to example in this document.

Two Byte Data read out

Data Byte 1 Data Byte 2
S
T A A 2 .?.
A | A6 | A5| A4 | A3 | A2 | Al | AO 1 C B11|B10| B9 | B8 | C | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO clo
R K K K P
T
Slave Address [6:0] Read Bridge Data [11:8] Bridge Data [7:0]
Two Byte Data Write
Data Byte 1 Data Byte 2
S
T A A 2 .?.
A | A6 [ A5 (A4 | A3 | A2 | Al | AD 0 C B11|B10| B9 | B8 | C | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO clo
R K K K P
T
Slave Address [6:0] Write Bridge Data [11:8] Bridge Data [7:0]

I:[ From master to slave I:[ From slave to master
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P-20D

<+ Data transfer may be initiated only when the bus is not busy.
¢ During data transfer, the data line must keep stable whenever the clock is HIGH

level. Changes in the data line while the clock line is HIGH will be interpreted as a
start or stop condition.

<+ Following bus conditions has been defined as Figure 2.

O Bus protocol

SCL

N — —55— /

S (
SDA _\ / ) \ /__
Start Address or Data Stop
Condition Acknowledge Allowed Condition
Valid Change

Figure 2. Data transfer sequence on serial bus

O The data bus timing

Thi

Thd:da su:da

When the bus is free, both lines are pulled up to +ADD. Data on the I2C-bus can be

transferred at a rate up to 100 kbit/s in the standard-mode, or up to 400 kbit/s in the
fast-mode.

+VDD
Pullup Rp Rp
SCL Resistors
(Serial Clock Line)
MASTER SDL
(Serial Data Line)
N\ /T M\

Slave 1 Slave 2 Slave 3

Figure 3. I2C Bus Configuration
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P-20D

O A.C. Characteristic

Symbol Parameter Standard mode Fast mode Unit
MIN MAX MIN Typical MAX

Feq Clock frequency - 100k - 400k 2M Hz
Thi Clock high time 4,000 - 600 - - nS
Tio Clock low time 4,700 - 1,300 - - nS
T, SCL and SDA rise time - 1,000 - 300 - nS
T; SCL and SDA fall time - 300 - 300 - nS
Tha:sta START condition hold time 4,000 - 600 . . nS
Tousta START condition setup time 4,700 - 600 - - nS
Tha:da DATA input hold time 0 - - 0 . nS
Touda DATA input setup time 250 - 100 - - nS
Toussto STOP condition setup time 4,000 - 600 - - nS
Taa Output valid from clock - 3,500 - 900 - nS
Ttree Bus free time 4,700 - 1,300 - - nS

O Pressure versus Digital output value (Typical)

The relationship between digital output value and pressure is given as show below

2500

Digital Output

2000

1500 ~

1000

]
500 —

Digital Output Value (Counts)

0 100 200 300 400 500 600 700

Pressure (mmH20)

Pressure (mmH,0)

Pressure (mmH,0) = Output Value x 0.3
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O Reading Flow (12C Interface)

POWER ON

1/0, RAM
Initail

P-20D

ADC Active
& Td delay
(System Enable)

12C Start
Sent Start Condition

Sent Slave Address
Sent Data: 1001100

Sent R/W Bit==1
(Read Mode)

Read Data
Bit15~Bit8

Master
ACK2=0
Read Data
Bit7~Bit0
Master
NON-ACK=1
12C Stop
Sent Stop Condition

Data Calculation

N
4

[o]

Standby Mode
(System Disable)

L

Bit15 |ADCDataBit |Nor™al
Bit14 |ADCDataBit |Nor™a!
Bit13 |ADCDataBit |No™a!
Bit12 |ADCDataBit |No™!
Bit11 | ADC Data Bit
Bit10 | ADC Data Bit
Bit9 | ADC Data Bit
Bit8 | ADC Data Bit
Bit7 | ADC Data Bit
Bit6 | ADC Data Bit
Bit5 | ADC Data Bit
Bit4 | ADCDataBit
Bit3 | ADC Data Bit
Bit2 | ADC DataBit
Bit1 | ADCDataBit
Bit0 | ADC Data Bit
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3 Application Circuit

P-20D

Circuit
_____________________________________________ |
! I
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: AVDD :TEST : MCU/DSP
1
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VDD 1
1 5VDC
1 O i
! =l 2
I SIP scL R1 :
1 < O 1 /01
1 ASIC
1 SIN SDA R2§ 3 !
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' MEMS _ I
1 Pressure sensor SYSE :
H I
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Notice:
+* R1,R2 : Pull-up Resister (1IK ~10KR)
% C1,C2:4.uF
@ SENSOR Dimensions(mm)
Dimensions(mm)
B
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o | o (=7 SMART SENSOR P-20D @E} et
REV. | DATE | DESCRIPTION | chmxo | m::‘me ™

Model [P-20D] ver1.0

9 of 10



P-20D

P-20 D [ [ [ [ [l

1) Output signal [ I | | | |
12C D | | I | I

2) Kind of pressure | | I | I
Absolute pressure  ------------ A | I I I
Gauge pressure  ------------ G I I I I

3) Pressure range | | | |

0 to 600 mmH20 600 I I I
Other on request z I | I

4) Supply Voltage | | |
5.0VDC 5 I I

5) Process connection | |

UNF1/4" u14 |

Other on request z I

6) Seal material | I

Silicone S |

NBR N |

Viton v I

Ethylene E I

Neoprene P I

Other on request z I

7) Cable Length |
1,000mm 1000

Other on request z
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