PPT7x Series

DESCRIPTION

The PPT7X is a small high-level output digital transducer. The
stainless steel port design allows for pressure measurement of
liquid or gas media.

The PPT7X series utilizes piezo-resistive pressure sensor
pressurized packaged in a stainless steel housing which has
superior long term stability and accuracy.

The two piece design is simple and proves valuable for OEM
customers. Please contact us for Custom design availability.

-10 — 75°C Operating Temperature
Compact Size

+-1% Total Accuracy
(Non-Linearity , Hysterysis, Repeatability, over temperature)

SP1/I12C Output (028h)
50-1000 psi pressure
Compensated over 0-50C
Gage

Media — Liquid, Air, & Gas

APPLICATIONS

* Mil/Aero

* Industrial Automation
* HVAC

«Automotive Engine
«Compressor

*Pneumatic

Maximum Environmental Ratings

Operating Temperature ................... -10°C to 75°C
Storage Temperature Range ............ -40°C to 85°C

Proofpressure ...........c.cceuenene. 2x full scale pressure
Burst pressure .........c.cooeeiinnnnn 3x full scale pressure
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PPT7X Digital Output Operational Characteristics

V, =5V, V_=0V, Temperature = 25°C

PARAMETER SYMBOL Min Typ Max UNITS
Supply Voltage Vob 2.7 5 5.5 \%
Operating Temperature Ts -10 75 C
Supply Current (Note 1) |DD 70 120 2500 HA
Sleep Mode Supply [ty 5 40 LA
Current

Accuracy
Total Error Band -1 .75 1 %Full Scan
Non-Linearity (Note 2) -1 1 %Full Scan
Temperature Error (nun -2 1 2 C
and Span)
(Note 3)
Response Time [ 5 25 200 ms
Analog-to-Digital
Resolution ADC .004 %Full Scale
Temperature .05 %Full Scale
Resolution
I12C & SPI Interface
Input Low Level Vin Jow 0 2 Vdd%
Input High Level Vin_nigh .8 1 Vdd%
Output Low Level Vo low A Vdd%
Load Capacitance @SDA Csda 200 pF
@400khz

Pull-Up Resistor Rizc.pu 500 Q
Input Capacitance (each pin) Crzc.in 10 pF

Notes: 1) Measured at zero pressure. 2) Defined as best straight line 3) Measured from 0°C to 70°C.

Fig. 2
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Electrical Pin Configuration (Digital [I2C])

Green - SDA/MISO
White- SCL/SCLK
Red- V+In

Black GND



Digital Output (SPI, 12C) Communication

2.3. Digital Signal Processor

A digital signal processor (DSP) is used for processing the converted differential signal as well as performing temperature
correction and computing the temperature value for digital output.

2.3.2. Normal Operation Mode

Two operation modes are available for normal operation: Update Rate Mode (continuous conversion at a select-able update
rate) or Sleep Mode (low power). (See section 3.1.) Both modes can operate in either 12C digital out-put or SPI digital output.
These selections are made at the factory. Factory Default is SPI.

2.3.3. EEPROM

The EEPROM array contains the calibration coefficients for gain and offset, etc., and the configuration bits, such as output
mode, update rate, etc.

IMPORTANT: The EEPROM is locked at factory.
2.3.4. Digital Interface — 12C

The IC can communicate via an addressable two-wire (12C) interface. Commands are available for the following:

Starting measurements in Sleep Mode

Reading data

The PPT7X uses an 12C-compatible communication protocol§ with support for the bit rates listed in Table 2.7.
Table 2.7 Supported 12C™ Bit Rates Clock Setting Bit Rates (FACTORY Set at 4AMH?z)

4MHz 400kHz or 100kHz
1MHz 100kHz

www.PhoenixSensors.com



I2C Parameters and Timing Diagram

See below- Figure 2.6 for the 12C timing diagram and Table 2.8 for definitions of the parameters shown in the timing diagram.

Table 2.8 I’C™ Parameters

PARAMETER SYMBOL MIN TYP MAX UNITS
SCL clock frequency feor 100 400 kHz
Start condition hold fime relative to SCL edge thpsTa 0.1 us
Minimum SCL clock low width' tow 06 us
Minimum SCL clock high width' (e 06 ps
Start condition setup time relative to SCL edge tsusTa 0.1 us
Data hold time on SDA relative to SCL edge Y 0 us
Data setup time on SDA relative to SCL edge tsupat 0.1 us
Stop condition setup time on SCL tsusto 0.1 us
Bus free time between stop condition and start condition taus 2 us

! Combined low and high widths must equal or exceed minimum SCL period.

Figure 2.6 FPC™ Timing Diagram
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(See section 3.1 for data transmission details.)

Note: There are three differences in the PPT7X protocol when compared to standard 12C protocol:
*Sending a start-stop condition without any transitions on the CLK line (no clock pulses in between) creates a
communication error for the next communication, even if the next start condition is correct and the clock pulse is
applied. An additional start condition must be sent, which results in restoration of proper communication.

*The restart condition—a falling SDA edge during data transmission when the CLK clock line is still high— creates the
same situation. The next communication fails, and an additional start condition must be sent for correct communication.

+A falling SDA edge is not allowed between the start condition and the first rising SCL edge. If using an 12C address
with the first bit 0, SDA must be held low from the start condition through the first bit.
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Functional Description

3.1. General Working Mode

See Figure 3.1 for an overview of the general working mode of the PPT7X. There are three types of commands as detailed in
Table 3.1.

Table 3.1 Command Types

- Communication =
Type Description Supported Reference Sections
Data Fetch (DF) Used to fetch data in any mode I°C and SPI e & 20
and 3.3.2
Measurement Used to start measurements in IC and SPI Sections 3.1.2,
Request (MR) Sleep Mode 33.1,and 34.1

Sensor will start performing the required A2D conversions 10 milliseconds after power up. DO NOT ISSUE ANY
COMMAND DURING THIS START UP TIME. The first corrected data will be written to the digital interface within 6ms of
power-on with a 4MHz clock and the EEPROM locked.

Operation after the power-on sequence depends on whether the part is programmed in Sleep Mode or in Update Mode.
The factory will set up part in Sleep Mode or Update mode. In Sleep Mode, the part waits for commands from the master
before taking measurements. In Update Mode, data is taken at a fixed, selectable rate. More detail is given about Update
Mode and Sleep Mode in sections 3.1.1 and 3.1.2 respectively.

Normal Operation Mode
UPDATE MODE SLEEP MODE
l v
Power Down <
»|{ Perform Measurement (W ait for command)
L] & Command
Power Down -

IC Read_MR or
FC Write_MR or
SPI Read_MR ?

Perform Measurement

¥

Power Down
(Wait for command)

Command
Received

Command =
I°C Read_DF or
SPi Read_DF ?

“Command =
IC Read_DF or
SPI Read_DF ?

Fetch Data Fetch Data
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Functional Description

3.1.1. Update Mode

In Update Mode, the digital core will perform measurements and correction calculations at a selectable update rate and update the
12C/SP1 output register. The power-on measurement sequence for the Update Mode is shown in Figure 3.2.

Figure 3.2 Power-Up Sequence and Timing for Update Mode with EEPROM Locked =

With 1MHz CLK
execution time \
1.4ms 1.4ms
— 400ps  —p — 400us  —p
e Command Temperature AutoZero (AZ) Bridge DSP
9 Window Measurement Measurement Measurement |Calculations
7'y
— 15ms ¢— 1dms —p 220ps
400ps \ 60ps
v
Power applied to device. ’ 1% corrected signal measurement
Command window starts_after v::z;::; ::"": written to digital output register
a short power-on-reset window. (12C or SPI)

*\WWhen EEPROM is not locked, the command window is 4.5ms longer (= 6ms). All time values shown are
typical; for the worst

If the part is programmed for the fastest update rate, conversions will continue to happen after the power-up
sequence. If the PPT7X is not in the fastest update rate, the part will power down after writing to the digital output
register. The duration of the power-down period is determined by the Update Rate setting (bits [7:6] in EEPROM
word 01HEX; see section 3.6) and the digital core clock speed (see section 2.3.6). See Table 3.2 and Table 3.3
for the update rates. After the power-down period has expired, the PPT7X will power up; take another bridge
reading followed by calculations; write to the digital output register; and power down. Temperature and Auto-Zero
(AZ) are slower moving quantities but must be updated periodically. When the part is configured in Update Mode,
these two quantities are measured periodically (referred to as special measurements).

As illustrated in Figure 3.3, valid data output to the digital register occurs after the measurement and the DSP
calculations are complete. At this point the master can fetch the data in 12C or SPI with a Read_DF command.
Specifics of the Read_DF command are given in sections 3.2 and 3.3. After a valid output has been read by the
master, the status bits are set to “stale,” indicating that the measurement has not been updated since the last
Read_DF. This mode allows the application to simply read the digital output at any time and be assured the data
is no older than the selected update period. See Table 2.10 for more information on the status bits. The chip
should be polled at a frequency slower than 20% more of the update rate period listed in Table 3.2 and Table 3.3.

In 12C Mode only, the INT/SS pin will assume the INT (interrupt) function. Instead of polling until a “valid”

response is received, the application can look for a rise on the INT pin. This will indicate that the measurement
and calculations are complete and new valid data is ready to be read on the 12C interface.
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Functional Description

3.3.2. SPI Read_DF (Data Fetch)

For simplifying explanations and illustrations, only falling edge SPI polarity will be discussed in the following
sections. The SPI interface will have data change after the falling edge of SCLK. The master should sample MISO
on the rise of SCLK. The entire output packet is 4 bytes (32 bits). The high bridge data byte comes first, followed
by the low bridge data byte. Then 11 bits of corrected temperature (T[10:0]) are sent: first the T[10:3] byte and
then the {T[2:0],xxxxx} byte. The last 5 bits of the final byte are undetermined and should be masked off in the
application. If the user only requires the corrected bridge value, the read can be terminated after the 2" byte. If
the corrected temperature is also required but only at an 8-bit resolution, the read can be terminated after the 3"
byte is read.

Figure 3.8 SPI Output Packet with Falling Edge SPI_Polarity

S R £ 0 £ S ) 9 B (79 0 ) B0 £ €9 -
a1\ I

Packet = [ {S(1:0),B(13:8)}, {B(7:0)}, {T(10:3)} {T(2:0),xxxxx}] Where
5(1:0) = Status bits of packet (normal, command, busy, diagnostic)
B(13:8) = Upper 6 bits of 14-bit bridge data.
B(7:0) = Lower 8 bits of 14-bit bridge data.
T(10:3) = Corrected temperature data (if application does not require corrected temperature, terminate read
early)
T(2:0),xxxxx =. Remaining bits of corrected temperature data for full 11-bit resolution
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Functional Description

3.4.2. Command Mode I°C™ Write Operations

With the exception of the I°C™ Write_ MR command, write operations typically only occur in Command Mode (see
section 3.1) and are only supported for the IFcm™ protocol. Command Mode write commands to the  PPT7X  are
in 32-bit packets. After the write command byte (7-bit slave address followed by 0 for write), the next (2') byte is
considered the command byte, and the subsequent two bytes form a 16-bit data field. See Figure 3.9 for an
illustration of the Command Mode I°C™ WRITE command sequence.

MNote: If data is not needed for the command, all zeros must be supplied as data to complete the 32-bit packet.

3.5. Command/Data Pair Encoding in Command Mode
In Command Mode (see section 3.1), the master uses the [Fcm™ profocol to send 4-byte commands to the
PPT7X (see section 3.4.2). Table 3.6 shows the available commands with their description and encodings.

Mote: Only the commands listed in Table 3.6 below are valid forthe PPT7X  in Command Mode. Other encod-
ings might cause unpredictable results. If data is not needed for the command, zeros must be supplied as data to

complete the 32-bit packet.

Table 3.6 Command List and Encodings
Command By_te F:::II:: ;ﬁ . P ssing
8 Cu%a;u Bits & Dt Description Time T
Bits(Hex) 4MHz/1MHz

00nHex O 131ex | 0000HEx EEPROM Read of addresses 00xex t0 13nex
After this command has been sent and executed, a data
fetch of three bytes must be performed. The first byte will be 10ps
a response byte, which should be a 5Auygx, and then the next
two bytes will be the EEPROM data.

A0Hex 10 23mEx | Y'Y Y YhHEX Write to EEPROM addresses 00xex 10 13u1ex.

(Y= data) If the command is an EEPROM write, then the 16 bits of 15ms

data sent will be written to the address specified in the 6
LSBs of the command byte.

80nEx 00004ex Start NOM == Ends Command Mode and transitions to
MNormal Operation Mode. When a Start_NOM command is 15ms if EEPROM
executed, a flag is checked to see if EEPROM was signature is
programmed during Command Mode. If so, the device will updated;
regenerate the checksum and update the signature 10ps otherwise
EEFPROM word.

ADHEX 0000HEx Start_CM == Start Command Mode; used to enter
Command Mode. Start_ CM is only valid during the power-on 10ps
command window.
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Functional Description

In Command Mode, the INT/SS pin operates as an interrupt by rising when a command has finished executing.
With this form of positive acknowledgement, the master does not need to poll the PPT7X to determine if the
command was received and completed. This is particularly useful for commands that take the PPT7X . longer
to complete, such as EEPROM programming. If needed, a response byte of 5A.ex can be fetched after a
command has been executed. In the case of an EEPROM read, this byte is included as the first byte of the data
fetch.

3.6. EEFPROM Bits

Table 3.7 provides a summary of the EEPROM contents, which determine PPT7X  operation, including
communication, and store the calibration coefficients and the customer ID. The PPT7X -~ EEPROM contains
twenty 16-bit words. See section 3 4 2 for instructions for writing to the EEPROM in Command Mode via the Fo™
interface.

Table 3.7 EEPROM Word/Bit Assignments

Note: IC default setting bits with the designation “s” indicate that the bit is set at the factory to a value determined
at final test/programming.

EEPROM Bit IC Default Description Note

Word Range

5555 5555z
7-0 X coord-

inate on
wafer test Customer |ID word 0 (combines with EEFROM words
S 555SE OEnex and 13pex to form the customer ID).

004ex 12-8 Cust_IDO Programmed with the X coordinate on wafer test, the

) Wafer wafer number, and the 3 LSBs of lot number as the
number default values.
55SaN
1513 | 3 1.9Bs of

lot number
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Functional Description

EEPROM
Word

Bit
Range

IC Default

Description

Note

U1HEX

ZMDI_Config_1

Bits in the ZMDI_Config_1 EEPROM word control the
following settings. Important: IC must be power-cycled
after changes to this word.

20

001 e

IDT Reserved

Must preserve factory settings.

1 BIN

ClkSpeed

Digital Core Clock Frequency
0=4MHz
1=1MHz

UBIN

Comm_Type

Serial Communication Type
0=rc™
1=SPI

UBIN

Sleep_Mode

Normal Operation Mode
0 = Update Mode
1 = Sleep Mode

76

01 BIN

Update Rate

The following time values are typical; for worst case
values, multiply by 1.15 (nominal frequency £15%).

1MHz Clock 4MHz Clock
00 =1.6ms 00 =0.5ms
01 =5.0ms 01=15ms
10 = 25.0ms 10 = 6.5ms
11 =125.0ms 11 =32.0ms

UBIN

IDT Reserved

Must preserve factory settings.

UBIN

SOT_curve

Type of second-order curve correction on bridge. If set
to 0, the bridge SOT will correct for a parabolic curve. If
setto 1, the bridge SOT will correct for an S-shaped
curve.

11:10

00sm

TC_Sign

TC_Sign[0] = 1, Tco is a negative number.
TC_Sign[1] =1, Tcg is a negative number.

15:12

s00 ng

SOT_Sign

SOT_Sign[0] =1, SOT_bridge is negative.
S0OT_Sign[1] =1, SOT _tco is negative.
SOT_Sign[2] =1, SOT _tcg is negative.
SOT_Sign[3] =1, SOT_T is negative.#
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Update Rate Settings

Table 3.2 Update Rate Settings (Normal Integration Mode: 9 Coarse + 5 Fine) '

Updae_ate | PGSt Perioathz | Updte Ptz | MSSZLreTeT Oycles betyeen
(Temperature or AZ)
002 1.6ms 0.5ms 255
01 50ms 1.5ms 127
10 250 ms 6.5ms 31
1 125.0ms 32.0ms 15

T All time values shown are typical: for worst case values, multiply by 1.15 (nominal frequency +15%).
2With the fastest update rate setting, there is no power down period between measurements.

Factory setting will be Update_Rate 00 with an update period of .5ms. This value can be adjust by request.

Figure 3.3 Measurement Sequence in Update Mode

Power down period
; ‘ depends on selected
update rate
Measure| DSP /\/ Measure | DSP /\/ Special Measure DSP /\/
Bridge | Calcs |POWerDOWN | "mridse | cales |POWErDown | ronoiaz | Bridge | Cales [FOWer Down
— et g — —/\
Write new data to Write new data to 1 Write new data to
digital output register digital output register (V) digital output register
I*CISPI 1*CISPI I’CISPI 1*CISPI 1’CISPI
Read_DF Read_DF Read_DF Read_DF Read_DF
Serial Interface
Activity . <
Valid read occurs Stale values Valid read occurs Stale values Valid read occurs
(1) When special measurements of Temp or AZ are periodically performed, the update period will be lengthened.

The benefit of slower update rates is power savings. If the update period is increased, the device will be powered
down for longer periods of time, so power consumption will be reduced. When a special measurement occurs, a
BP/BN (bridge) measurement will occur directly afterward. The update period during this special measurement
will be increased by one conversion time over the standard measurement period.
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Sleep Mode

In Sleep Mode, after the command window, the PPT7X will power down until the master sends a Read_MR (either 12C or SPI)
or a Write_MR (12C only). Specifics on the Read_MR and Write_ MR commands are given in sections 3.2.1, 3.3.1,and 3.4.1. A
Read_MR or Write_MR wakes the PPT7Xand starts a measurement cycle. If the command is Read_MR, the part performs
temperature, auto-zero (AZ), and a bridge measurement followed by the DSP correction calculations (see Figure 3.4). If the
command is Write_MR, the part measures only the bridge and performs the correction calculations using previously measured
temperature and auto-zero data (see Figure 3.5). Valid values are then written to the digital output register, and the PPT7X
powers down again.

Following a measurement sequence and before the next measurement can be performed, the master must send a Read_DF
command, which will fetch the data as 2, 3 or 4 bytes (see section 3.2.2), without waking the PPT7X. When a Read_DF is
performed, the data packet returned will be the last measurement made with the status bits set to “valid.” See Table 2.10 for more
information on the status bits. After the Read_DF is completed, the status bits will be set to “stale.” The next Read_MR or
Write_ MR will wake the part again and start a new measurement cycle. If a Read_DF is sent while the measurement cycle is still
in progress, then the status bits of the packet will read as “stale.” The chip should be polled at a frequency slower than 20% more

than the Sleep Mode response times listed in Table 3.4 and Table 3.5.

Table 3.4 Sleep Mode Response Times (Normal Integration Mode: 9 Coarse + 5 Fine) 1

Measurement Request Response/1MHz Clock Response/4MHz Clock
Read MR 4 5ms 1.5ms
Write MR 15ms 0.5ms

' All time values shown are typical; for worst case values, multiply by 1.15 (nominal frequency +15%).

Table 3.5 Sleep Mode Response Times (Long Integration Mode: 10 Coarse + 5 Fine) 1

Measurement Request Response/1MHz Clock Response/4MHz Clock
Read MR 12ms 4 5ms
Write MR 55 ms 1.5ms

' All time values shown are typical; for worst case values, multiply by 1.15 (nominal frequency +15%).

Note: Data is considered invalid from system power-on reset (POR) until the first measured data is written to the digital
register. Sending an 12C Write_MR as the first command after power-on delivers invalid data; even though the status bits
report it as “valid”. This is due to the correction calculations being performed with an uninitialized temperature and Auto-

Zero value.

In I2C Mode only, the INT/SS pin will assume the INT (interrupt) function. Instead of polling until a “valid” response is
received, the application can look for a rise on the INT pin. This will indicate that the measurement and calculations are
complete, and new valid data is ready to be read on the 12C interface.
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Power-On Sequence (Sleep Mode)

Figure 3.4 Power-on Sequence in Sleep Mode for PC™ or SPI Read_MR (Typical Timing Values™)

Measurement time depends on clock
[¢—— CLK = 4MHz (approx 1.26ms) —Pp
/\/ CLK=1MHz (approx 4.42ms) /\/
¥ [Command Meas Meas Meas DSP Meas
8 Window |- ower Down Temp AZ Bridge [ Calcs Power Down Temp
b
Power Power Write new data to
ON Down Read wakes PPT7X digital output register Read wakes PPT7X
Serial Interface I*CISPI I*CISPI I*CISPI I*C/SPI
Activity Read_MR Read_DF Read_DF Read_MR
Invalid values Valid read occurs

Figure 3.5 Sequence during Sleep Mode Using an rc™ Write_ MR to Wake Up (Typical Timing Values™

Measurement time depends on clock
CLK = 4MHz (approx 460us)
CLK=1MHz (approx 1.62ms
— —_—
DSP Power Meas DSP P Do Special Meas. DSP Power
Cales | Down Bridge Calcs DINEE S Temp AZ Bridge Calcs Down
4 v !
Power Down Whnte new data to Write new data to
digital output register digital output register
Serial Interface Write wakes PPT7X Read wakes PPT7X
Activity 4 4
I’c ’c i’c I’c I’c i’c
Write_ MR Read_DF Read_DF| Read_MR Read_DF Read_DF
Valid read Valid read
A occurs A occurs
Stale values Stale values
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Read Operations with 12C

3.2. PPT7X Read Operations with 12C™

For read operations, the I2C™ master command starts with the 7bit slave address with the 8th bit =1 (READ). The PPT7X as
the slave sends an acknowledge (ACK) indicating success. The PPT7X has four I2C™ read commands: Read_MR,
Read_DF2, Read_DF3, and Read_DF4. Figure 3.6 shows the structure of the measurement packet for three of the four 12C™
read commands, which are explained in sections 3.2.1 and 3.2.2.

Figure 3.6 FC™ Measurement Packet Reads

(1) 1’c Read_MR - Measurement Request:

Slave starts a measurement and DSP calculation cycle. Start Condition

Device Slave Address

S|6(5|4|3(2|1|0(R|A|S (example: Bit 5)

— Y L Data Bit
Device Slave Wait for (example: Bit 2)
Address [6:0] Slave ACK

Read/Write Bit
(example: Read=1)
(2) I’C Read_DF2 — Data Fetch 2 Bytes:

Slave returns only bridge data to the master in 2 bytes. Acknowledge (ACK)
56543210RA.1312111098A7654321ONS No Acknowledge
(NACK)
W —— ]| \ JEEEN A
Device Slave Wait for Bridge Data Master  Bridge Data  Master Stop Condition
Address [6:0] Slave ACK [13:8] ACK [7:0] NACK
Status Bit

I Y 2 = I I

(3) 1’c Read_DF3 - Data Fetch 3 Bytes:
Slave returns 2 bridge data bytes & temperature high byte (T[10:3]) to master.

56543210R;.1312111098A76543210A109876543NS

L ——— 4 Y | \ Y44 AN AN /|
Device Slave Wait for Bridge Data Master Bridge Data Master  Temperature Master
Address [6:0] Slave ACK [13:8] ACK [7:0] ACK Data [10:3] NACK

(4) PC Read_DF4 — Data Fetch 4 Bytes:
Slave returns 2 bridge data bytes & 2 temperature bytes (T[10:3]) and (T[2:0]xxxxx) to master.

56543210RA.1312111098A76 1|0|A|10|9|8|7|6|5|4|3|A|2(1|0|x|[x|x[x[x[N[S

) R / | \ VAl S 7 [N /N /|
Device Slave Wait for Bridge Data Master Bridge Master Temperature Master Temperature Master
Address [6:0] Slave ACK [13:8] ACK Data ACK Data [10:3] ACK Data [2:0] NACK

[7:0]
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I12C & SPI Read

3.2.1. 12C™ Read_MR (Measurement Request)

The Read_MR (see example 1 in Figure 3.6) communication contains only the slave address and the READ bit (1) sent by the
master. After the PPT7X responds with the slave ACK, the master must create a stop condition. This is only used in Sleep Mode
(see section 3.1.2) to wake up the device and start a complete measurement cycle (including the special measurements) followed
by the DSP calculations and writing the results to the digital output register.

Note: The 12C™ Read_MR function can also be accomplished using the I2C™ Read_DF2 or Read_DF3 command and ignoring
the “stale” data that will be returned.

3.2.2.12C™ Read_DF (Data Fetch)

For Data Fetch commands, the number of data bytes returned by the PPT7X is determined by when the master sends the NACK
and stop condition. For the Read_DF3 data fetch command (Data Fetch 3 Bytes; see example 3 in Figure 3.6), the PPT7X returns
three bytes in response to the master sending the slave address and the READ bit (1): two bytes of bridge data with the two status
bits as the MSBs and then 1 byte of temperature data (8-bit accuracy). After receiving the required number of data bytes, the
master sends the NACK and stop condition to terminate the read operation.

For the Read_DF4 command, the master delays sending the NACK and continues reading an additional final byte to acquire the
full corrected 11-bit temperature measurement. In this case, the last 5 bits of the final byte of the packet are undetermined and
should be masked off in the application.

The Read_DF2 command is used if corrected temperature is not required. The master terminates the READ operation after the
two bytes of bridge data (see example 2 in Figure 3.6).

3.3. SPI Read Operations

The SPI interface of PPT7X can be programmed for falling-edge MISO change or rising-edge MISO change (see SPI_Polarity,
bit 0 of EEPROM word 02HEX, in section 3.6). Falling-edge is the factory default.

3.3.1. SPI Read_MR (Measurement Request)

A special SPI Read_MR command is used for waking up the part in Sleep Mode (see section 3.1.2). It performs a measurement
cycle including the special measurements and a correction calculation. The SPI Read_MR command only requires that the SS
line be dropped low for a minimum of 8ps then raised high again. The rise of SS will trigger the part to power up and perform
the measurements.

3.3.2. SPI Read_DF (Data Fetch)

For simplifying explanations and illustrations, only falling edge SPI polarity will be discussed in the following sections. The SPI
interface will have data change after the falling edge of SCLK. The master should sample MISO on the rise of SCLK. The entire
output packet is 4 bytes (32 bits). The high bridge data byte comes first, followed by the low bridge data byte. Then 11 bits of
corrected temperature (T[10:0]) are sent: first the T[10:3] byte and then the {T[2:0],xxxxx} byte. The last 5 bits of the final byte
are undetermined and should be masked off in the application. If the user only requires the corrected bridge value, the read can
be terminated after the 2nd byte. If the corrected temperature is also required but only at an 8-bit resolution, the read can be
terminated after the 3rd byte is read.

Figure 3.8 SPI Output Packet with Falling Edge SPI_Polarity

MiSO HZX S1 X SOX B13X B12X XB7 XB6 X XBO X T10X T9 X X T1 XTO XXX Hiz
s 7\ .

Packet = [ {S(1:0),B(13:8)}, {B(7:0)}. {T(10:3)}.{T(2:0),xxxxx}] Where
S(1:0) = Status bits of packet (normal, command, busy, diagnostic)
B(13:8) = Upper 6 bits of 14-bit bridge data.
B(7:0) = Lower 8 bits of 14-bit bridge data.
T(10:3) = Corrected temperature data (if application does not require corrected temperature, terminate read early)
T(2:0),xxxxx =. Remaining bits of corrected temperature data for full 11-bit resolution
HiZ = High impedance
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12C Write Operations

3.4. 12C™ \Write Operations

For write operations, the I2C™ master command starts with the 7-bit slave address with the 8th bit =0 (WRITE). The PPT7X as
the slave sends an acknowledge (ACK) indicating success. The PPT7X has two general 12C™ write command formats: 12C™
WRITE and 12C™ Write_ MR. Figure 3.9 shows the structure of the write packet for the two 12C™ write commands, which are
explained in sections 3.4.1 and 3.4.2.

Figure 3.9 FPC™ Measurement Packet Writes

(1) 1>C Write, Command Byte, and 2 Data Bytes.

S|6|5|4(3|2|1(0|W[A|7(6|5|4(3|2(1|0|A[7|6(5|4|3(2|1|(0|A|7(6|5(4|3|2|1|0(A|S

\ / 1\ /1 \ / I\ / |
Device Slave Wait for Command Wait for Data Wait for Data Wait for
Address Slave ACK Byte Slave ACK Byte  Slave ACK Byte Slave ACK

(2) ’C Write_ MR — Measurement Request:
Slave starts a bridge only measurement and DSP calculation cycle.

S[6|5|4(3|2|{1(0|W(A|S

A\ / |_
Device Slave Wait for
Address [6:0] Slave ACK
ol o Command Bit
El Start Condition EI Stop Condition El Acknowledge (ACK) El (example: Bit 4)
Device Slave Address Read/Write Bit No Acknowledge Data Bit
(example: Bit 5) (example: Write=0) (NACK) (example: Bit 2)

3.4.1. 12C™ Write_ MR (Measurement Request)

Write_MR is a special 12C™ write operation, which only includes the 7-bit slave address and the WRITE bit (0). This command
can only be sent in Sleep Mode (see section 3.1.2). It wakes up the part and starts a measurement cycle for the bridge values only
(no special measurement) and a DSP calculation based on former AZ and Temperature values. After finishing the calculation with
valid results written to the digital register, the PPT7X powers down again and a Read_DF (see section 3.2.2) is required to read
the valid values. See Figure 3.9 for an illustration of Write_MR.

Note: The 12C™ Write_ MR function can also be accomplished using the 12C™ WRITE command with “don’t care” data in Sleep
Mode.

3.4.2. Command Mode 12C™ Write Operations

With the exception of the I2C™ Write_ MR command, write operations typically only occur in Command Mode (see section 3.1)
and are only supported for the 12C™ protocol. Command Mode write commands to the PPT7X are in 32-bit packets. After the
write command byte (7-bit slave address followed by 0 for write), the next (2nd) byte is considered the command byte, and the
subsequent two bytes form a 16-bit data field. See Figure 3.9 for an illustration of the Command Mode 12C™ WRITE command
sequence.

Note: If data is not needed for the command, all zeros must be supplied as data to complete the 32-bit packet.
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Mechanical Dimensions (inches)

7” total wire length
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358 pga
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k2 Example 2:
Example 1: 1.5
I‘.ss
=
1
\ /lt%
1" Black Heat Shrink Tubing
Part Number Configuration
Model L Connector (M=Molex, A=Amphenol)
Length (0=1.5in, 1=7in)
L Output (S=SPI, I1=I2C, A=.5-4.5)
Type (G=Gauge)
Pressure Range(100=100PSI, 250=250PSI)
Standard Part Numbers
Model Pressure Max
ode R o)
;g?e Type Pre;lseurre
PPT7X-125GS 125 Gauge 50
PPT7X-250GS 250 Gauge 250

Notice:

Phoenix Sensors LLC reserves the right to make changes to the product contained in this publication. Phoenix Sensors LLC assumes no responsibility for the use of any circuits described herein, conveys no
license under any patent or other right, and makes no representation that the circuits are free of patent infringement. While the information in this publication has been checked, no responsibility, however, is

assumed for inaccuracies.

Phoenix Sensors LLC does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can reasonably be expected to cause failure of a life-support

Ph: (480) 462-1810 sales@PhoenixSensors.com

system or to significantly affect its safety or effectiveness. Products are not authorized for use in such applications.
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