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PGA900 Programmable Resistive Sensing Conditioner With Digital and Analog Outputs

1 Features
e High Accuracy, Low Noise, Low Power, Small
Size Resistive Sensing Signal Conditioner

» User-Programmable Temperature and
Nonlinearity Compensation

«  On-Chip ARM® Cortex® MO Microprocessor
Allows Users to Develop and Implement
Calibration Software

* One-Wire Interface Enables the Communication
through Power Supply Pin Without Using
Additional Lines

* On-Chip Power Management Accepts Wide
Power Supply Voltage From 3.3 V to 30 V

e Operating Temperature Range: —40°C to +150°C
* Memory

— 8 kB Software Memory

— 128 Bytes EEPROM

— 1 kB Data SRAM

 Accommodates Sensor Sensitivities From 1 mV/V
to 135 mV/ V

* Two Individual Analog-Front End (AFE) Chains,
Each Including:

— Low Noise Programmable Gain Amplifier
— 24-Bit Sigma-Delta Analog-to-Digital Converter

* Built-In Internal Temperature Sensor With Option
to Use External Temperature Sensor

* 14-Bit DAC With Programmable Gain Amplifier
* Output Options:
— Ratiometric and Absolute Voltage Output
— 4-t0 20-mA Current Loop Interface
— One-Wire Interface (OWI) Over Power Line
— PWM Output
— Serial Peripheral Interface (SPI)
— Inter-Integrated Circuit (1°C)
e Depletion MOSFET Gate Driver
» Diagnostic Functions

2 Applications

* Pressure Sensor Transmitters and Transducers
» Liquid Level Meters and Flow Meters
* Weight Scales, Load Meters, and Strain Gauges

* Thermocouples, Thermistors, and 2-Wire
Resistance Thermometers (RTD)

* Resistive Field Transmitters

3 Description

The PGA900 is a signal conditioner for resistive
sensing applications. It can accommodate various
sensing element types. The PGA900 conditions its
input signals by amplification and digitization through
two analog front end channels. With the user
programmed software in the on-chip ARM Cortex MO
processor, the PGA900 can perform linearization,
temperature compensation, and other user defined
compensation algorithms. The conditioned signal can
be output as ratiometric voltage, absolute voltage, 4-
to 20-mA current loop or PWM. The data and
configuration registers can also be accessed through
SPI, IC, UART, and two GPIO ports. In addition, the
unigue OWI allows communication and configuration
through the power supply pin without using additional
lines. The PGA900 operating voltage is from 3.3 V to
30 V and it can operate in temperatures from —40°C
to +150°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
VQFN (36) 6.00 mm x 6.00 mm

PGA900
DSBGA (36) 3.66 mm x 3.66 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

YZS Package

36-Pin DSBGA
Top View
1 2 3 4 5 6
GPIO_1
GPIO_2/
C TINDIG C
WCSP PACKAGE
1 2 3 4 5 6
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RHH Package
36-Pin VQFN
Top View
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Pin Functions

NAME DPSI‘,’;GA VOFN /0 DESCRIPTION
AVDD E6 9 (0] Analog voltage

AVSS B1 23 — Analog ground

COMP E5 13 | Output compensation

CSN A2 29 | SPI chip select

DACCAP D4 (0] DAC capacitor

DVDD B6 (0] DVDD regulator output

DVDD_MEM A6 | Power supply for EEPROM and OTP
DVSS A3 32 — Digital ground

FBN F6 11 | Feedback N

FBP F5 12 | Feedback P

GATE C5 4 (0] N-channel depletion MOSFET drive
GND E4 10 — Ground

I%PIO—UTIPD B2 27 1/0 General-purpose 1/0 1 or digital test in P
CD;IPGIO—Z/TIN Cc2 26 /10 General-purpose 1/O 2 or digital test in N
MISO/TX A5 35 o} SPI slave data out or UART Tx
MOSI/RX A4 34 | SPI slave data in or UART Rx

REFCAP F2 16 (0] ADC reference capacitor

SCK Al 28 | SPI clock

SCL B4 36 I 12C clock

SDA C4 33 110 12C data

SWDCLK Cc3 30 | Serial wire debug clock

SWDIO B3 31 /0 Serial wire debug 1/0

VBRGN F4 14 (0] Bridge drive N

VBRGP F3 15 (0] Bridge drive P

VDD C6 5 | Input power supply

VINTN C1 22 | External temperature sensor N input
VINTP D1 21 | External temperature sensor P input
VINPN El 17 | Resistive sensor N input

VINPP F1 18 | Resistive sensor P input

VOUT D6 8 (0] DAC gain output

VP_OTP B5 | OTP programming voltage

TONDIG D3 25 (0] Digital test output N

TIN/VEXTN E3 20 | Analog test N in or V external N for T signal path
TIP/VEXTP E2 19 | Analog test P in or V external P for T signal path
TOP_TON D5 7 (0] Analog testout P or analog testout N
TOPDIG D2 24 (0] Digital test output P
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6 Specifications
6.1 Absolute Maximum Ratings
see @
MIN MAX UNIT
VDD -28 33
GATE -0.3 33
Voltage At VP_OTF’ - -0.3 v
At sensor input and drive pins -0.3 2
At any 1/O pin -0.3 3.6
At FBP pin -2 Vpp + 0.3
Ibp Short on VOUT supply current 25 mA
T 3max Maximum junction temperature 155 °C
Tiead Lead temperature (soldering, 10 s) 260 °C
Tstg Storage temperature -40 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM) — EIA/JJESD22-A114 +2000 v
(ESD) discharge Field induced charge device model (CDM) — JESD22-C101 +500
6.3 Recommended Operating Conditions
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Power supply voltage 3.3 30 \%
Slew rate Vpp=0to 30V 0.5 V/us
Ibb Power supply current — normal operation Eill(\)/ﬁc'jzon VBRG, no load on DAC, f 2.6 mA
While EEPROM is being
Iob Power supply current — EEPROM programmed, no load on VBRG, no 9|  mA
programming load on DAC
VP_OTP OTP programming voltage 7.2 7.6 7.8 \Y
OTP programming voltage slew rate 1 Vius
I_VP_OTP  OTP programming current During OTP programming 5 mA
tprog_OTP  OTP programming timing per byte 120 200 ps
Ta Operating ambient temperature -40 150 °C
Programming temperature OTP or EEPROM -40 140 °C
Start-up time (including analog and VDD ramp rate 0.5 Vius 1 ms
digital)
Capacitor on VDD pin 10 nF
(1) Programming EEPROM results in additional 6 mA of current on VDD pin.
6 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
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6.4 Thermal Information

PGA900
THERMAL METRIC® RHH (VQFN) YZS (DSBGA) UNIT
36 PINS 36 PINS
Rgia Junction-to-ambient thermal resistance 30.6 49.4 °C/W
Rojctop) Junction-to-case (top) thermal resistance 16.4 0.1 °C/W
Rgis Junction-to-board thermal resistance 5.4 10 °C/W
WIT Junction-to-top characterization parameter 0.2 0.1 °C/W
viB Junction-to-board characterization parameter 5.4 10.1 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 0.7 N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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Figure 1. Estimated QFN Wirebond Life is 10392 hours (1.2 years)
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6.5 Electrical Characteristics—Gate Drive
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VDD volta();e when using GATE Vpp=5V 3.5 \%
control M@

PSRR while in regulation 87 dB

(1) When Gate Drive is not being used, the GATE pin must be connected to GND and gate control must be disabled by setting
GATE_CTRL_SD bit in ALPWR register to 1.

(2) When Gate Drive is used, a capacitor of up to 1 nF is recommended to be connected to the GATE pin. The gate threshold voltage for
the external depletion NMOS must be less than -1.5 V.

6.6 Reverse Voltage Protection
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Reverse voltage -28 \%
thggsoirz?eﬁg?ﬂss reverse voltage 20 mv
Zlgslcénn?(fl)reverse voltage protection VDD = 5 V 167 6.66 o
(1) Specified by design
6.7 Regulators
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VavDD AVDD voltage Cavop = 100 nF 3 \%
Vavop_POR AVDD voltage — digital POR 2.7 \%
AVDD vo_Itage — digital POR 01 v
Hysteresis
IavDD External load on AVDD pin 4 mA
Vpvop DVDD voltage — operating Cpvpp = 100 nF 1.8 \%
Vpvpp_POR DVDD voltage — digital POR 15 \%
E;/SE)elir)e\g(i)sltage — digital POR 0.1 v
6.8 Internal Reference
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER MIN TYP MAX UNIT
Inaccurate reference voltage 1.2 \
Accurate reference voltage 2.5 \
Accurate reference initial error -0.1% 0.1%
Accurate reference voltage TC®) -10 +4.5 10| ppm/°C
Capacitor value on REFCAP pin 10 1000 nF
TEMP DRIFT — Value at TEMP — Value at 25°C <106
(1) Value at 25°C x ATEMP
6.9 Internal Oscillator
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Internal oscillator frequency Tp=25°C 4 MHz
Internal oscillator frequency variation Across operating temperature +1%
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6.10 Bridge Sensor Supply
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
VBRG SUPPLY FOR RESISTIVE BRIDGE SENSORS
Bridge supply control bit = 0b00, no
25
load
VgRrGp- Bridge supply voltage Bridge supply control bit = 0b01, no 5 v
VBRGN load
Bridge supply control bit = 0b10, no
1.25
load
Across temperature for 2.5 V bridge
6.5 20
output at no load
Bridge supply voltage temperature Across temperature for 2 V bridge o
variation(B output at no load 75 ppm/*C
Across temperature for 1.25 V bridge
155
output at no load
IgrG Current supply to the bridge 15 mA
CgrG Capacitive load Rgrg = 20 kQ 2 nF
Value at TEMP - Value at 25°C
TEMP DRIFT = x 10°
@ Value at 25°C x ATEMP
£ ]
I 100nF 100nF T T 100nF
B REFCAP B AVDD DVDD B
£ £G——ri
5 . |
VINTP %
H DVDD
1.8v| Regulator | ]
MUX 2.5V <Ref 2.5V 2.5V 3v AVDD vddp| Reverse VDD
% Reference Regulator Protection &
2.5V ] I
2.0V 1
Absolute Ratiometric R1
1.25V \7
— R1
R R i
| W“ 25v| =
PGA < ADC
1.2Q
40K DAC vouT
DAC GAIN
= DACCAP
% L 3.3nF

[

Figure 2. Bridge Supply and P ADC Reference are Ratiometric
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6.11 Temperature Sensor Supply
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
ITEMP SUPPLY FOR TEMPERATURE SENSOR

Control bit = 0b000 25
Control bit = 0b001 50
ltemp Current supply to temperature sensor | Control bit = 0b010 100 hA
Control bit = 0b011 500
Control bit = Ob1xx off
Control bit = 0b000 37
lremp Current drift over temperature® Control b?t = 0boo1 % ppm/°C
Control bit = 0b010 42
Control bit = 0b011 35
Cremp Capacitive load 100 nF
Output impedance 15 MQ
TEMP DRIET = Value at TEMP — Value at 25°C <106
@ Value at 25°C x ATEMP
6.12 Internal Temperature Sensor
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted) @
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Temperature range -40 150 °C
Gain 24-bit ADC 6632.1 LSB/°C
Offset 1710281.3 LSB
Total error without trim zseigtgio%egg ierl] ntc:]igfg%tk;/alues +6 °C

(1) For higher accuracy, each device must be calibrated using a two point method at 25°C and 125°C. Temperature can be calculated using
the following formula, Output code = Offset + Gain x Temperature
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6.13 P Gain (Chopper Stabilized)
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
00000, at DC 5
00001 5.48
00010 5.97
00011 6.56
00100 7.02
00101 8.00
00110 9.09
00111 10.00
01000 10.53
01001 11.11
01010 12.50
01011 13.33
01100 14.29
01101 16.00
01110 17.39
Gain steps (5 bits) 0111l 18.18 VIV
10000 19.05
10001 20.00
10010 22.22
10011 25
10100 30.77
10101 36.36
10110 40.00
10111 44.44
11000 50
11001 57.14
11010 66.67
11011 80
11100 100
11101 133.33
11110 200
11111 400
Gain bandwidth product® 10 MHz
f=0.1Hzto 2 kHz
Total input-referred noise including
gain noise, ADC reference noise,
Input-referred noise density ADC thermal noise, and ADC 15 nV/Hz
guantization noise at gain = 400
VIV, sampling rate = 128 ps, across
temperature
Input offset voltage 10 puv
Idr:’ﬁtjt offset voltage temperature 0.06 Vo
Gain temperature drift(?) Gain = 400 VIV -0.24 ppm/°C
Gain nonlinearity Gain = 400 V/V 0.16 mY%FSO
Total unadjusted error :rl:l(lz_lu;cerf)szﬁfeeégggt’u?:in error and 0.04 0.195 %FSO
Input bias current 5 nA
(1) Specified by design
Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS
INSTRUMENTS
PGA900

SLDS209B —JANUARY 2015—REVISED FEBRUARY 2018 www.ti.com

P Gain (Chopper Stabilized) (continued)

over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Frequency response® Gain = 400 V/V, <1 kHz +0.1 %VIV
Depends
on
selected
- gain,
Common-mode voltage range bridge \Y
supply and
sensor
span @
Common-mode rejection ratio Fcw= 50 Hz at Gain =5 VIV 110 dB
Input impedance 10 MQ
(2) Common Mode at P Gain Input and Output has two constraints:
(a) The single-ended voltage of positive/negative pin at the P Gain input must be between 0.3 and 1.8 V.
(b) The single-ended voltage of positive/negative pin at the P Gain output must be between 0.1 and 2 V.
6.14 P Analog-to-Digital Converter
over operating free-air temperature range at VDD = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Sigma delta modulator frequency 1 MHz
ADC voltage input range -2.5 25 \%
Number of bits 24 bits
VINPP = VINPN, including gain
noise, ADC reference noise, ADC
thermal noise, and ADC
ENOB® guantization noise, sampling rate =
128 ps, across temperature
PGAIN =5 V/V 15 bits
PGAIN =400 VIV 11 bits
ADC 2's complement code for -2.5- | ,,
V differential input 2's complement 800000ex
ADC 2's complement code for 0-V
differential input 000000nex
ADC 2's complement code for 2.5-V
differential input TFFFFFhex
. Sample period control bit = 0b0 64
Output sample period - - us
Sample period control bit = Ob1 128
. Sample interrupt control bit = 0b0 1
Output sample interrupt - - samples
Sample interrupt control bit = Ob1 4
SNR —1.76 dB
ENOB= ————
N 6.02
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6.15 T Gain (Chopper Stabilized)
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Gain control bits = 0b00 at DC 1.33
) . Gain control bits = 0b01 2.00
Gain steps (2 bits) - - VIV
Gain control bits = 0b10 5.00
Gain control bits = 0b11 20.00
Gain bandwidth product® 350 kHz
f=0.1Hzto 2 kHz
Total Input-referred noise including
gain noise, ADC reference noise,
Input-referred noise density ADC thermal noise, and ADC 110 nV/VHz
quantization noise at gain =5 V/V,
sampling rate = 128 s, across
temperature
Input offset voltage 95 puv
Input offset voltage temperature drift 0.4 uv/eC
Gain temperature drift™® Gain = 1.33 VIV 0.12 ppm/°C
Gain nonlinearity® Gain = 5 VIV 6.6 m%FSO
: Includes offset error, gain error and o
Total unadjusted error INL across temperature 0.04 0.195 %FSO
Input bias current 5 nA
Frequency response Gain = 20 V/V, <100 Hz 0.335 %VIV
Depends
on
Common-mode voltage range se_lected
gain and
current
supply®
Common-mode rejection ratio Fcm =50 Hz at Gain = 5 VIV 110 dB
Input impedance 1 MQ
(1) Specified by design
(2) Common Mode at T Gain Input and Output has two constraints:
(a) The single-ended voltage of positive/negative pin at the T gain input must be between 5 mV and 1.8 V.
(b) The single-ended voltage of positive/negative pin at the T gain output must be between 0.1 and 2 V.
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6.16 T Analog-to-Digital Converter
over operating free-air temperature range at VDD = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Sigma delta modulator frequency 1 MHz
ADC voltage input range -2.5 25 Y
Number of bits 24 bits
ADC 2's complement code for —2.5- | _,,
V differential input 2's complement 800000y LSB
ADC 2's complement code for 0-V
differential input 000000hex LSB
ADC 2's complement code for 2.5-V
differential input TFFFFFhex LSB
VINTP = VINTN, including gain
noise, ADC reference noise, ADC
@ thermal noise, and ADC .
ENOB guantization noise at TGAIN =5 14 bits
VIV, sampling rate = 128 ps, across
temperature
. Sample period control bit = 0b0 64
Output sample period - - ys
Sample period control bit = 0b1 128
. Sample interrupt control bit = 0b0 1
Output sample interrupt - - samples
Sample interrupt control bit = 0b1 4
SNR - 1.76 dB
ENOB= ————
@ 6.02
6.17 OWI
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
I @ bits per
Communication baud rate 320 9600 second
OWI_ENH OWI activation high 5.95 \%
OWI_ENL OWI activation low 5.75 \%
OWI_VIH OWI transceiver Rx threshold for high 4.8 \%
OWI_VIL OWI transceiver Rx threshold for low 4.2 \%
OWI_IOH OWI transceiver Tx threshold for high 500 1379 HA
OowI_IOoL OWI transceiver Tx threshold for low 2 5 HA

(1) OWI over power line does not work if there is an LDO between supply to the sensor and VDD pin and if the OWI high/low
voltages are greater than the regulated voltage

6.18 SPI
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
Viy High-level voltage (CSN, SCK, MOSI) 2 \%
Vi Low-level voltage (CSN, SCK, MOSI) 0.8 \%
Vou High-level output voltage 2.4 \%
VoL Low-level output voltage 0.4 \%
Fsck SPI frequency 1 MHz
CLmiso) Capacitive load for data output (MISO) 10 pF
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6.19 I°C Interface
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . 0.7 x
Viy High-level input voltage AVDD \4
. 0.3 x
Vi Low-level input voltage AVDD \%
- 2 ) ;
VoL Low-level output voltage It?nL:_g mA, I°C RATE configuration 0.4 \%
_ 2 : ;
VoL Low-level output voltage It;?tl-z_lzo mA, I°C RATE configuration 0.4 \%
fscL SCL clock frequency 800 KBPS
6.20 PWM Output
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PWM timer 4 MHz
PWM timer bits 16 bits
6.21 DAC Output
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Reference bit = 1 1.25
DAC reference voltage - - - \%
Reference bit = 0 (ratiometric) 0.25 x Vddp
DAC resolution 14 bits
6.22 DAC Gain
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
2X 2
. . 4X 4
Buffer gain (see Figure 3) VIV
6.67X 6.67
10X 10
Current loop gain 1001 mA/mA
Gain bandwidth product® 1 MHz
Gain = 4X, ratiometric output
Offset error measured at VOUT +13 mV
. Gain = 4X, ratiometric output o
Gain error measured at VOUT +0.3 %FSR
] ) For ratiometric applications, across o
Ratiometric error temperature +0.1 %FSO
Current mode output
Includes offset error, gain error and 35 %FSO
. INL across temperature
Total unadjusted error
Voltage mode output
Includes offset error, gain error and 0.15 %FSO
INL across temperature
(1) Specified by design
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DAC Gain (continued)

over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Calculate ratiometric error at VDD =
5V and at DAC codes as follows:
1. Apply DAC Code at 25°C and
0-mA load, and measure
voltage at VOUT
. . . 2. Change temperature between
Ratiometric error due to change in —40°C to 125°C, and measure
temperature and load current for voltage at VOUT 3 mV
DAC Code = 8192d (Mid-Code). 9
3. Change load current between 0
mA to 2.5 mA, and measure
voltage at VOUT
4. Ratiometric Error = ((VOUT at
TEMPERATURE at LOAD) -
(VOUT at 25°C at 0 mA))
f=10Hz to 1 kHz, Vpp = 4.5V,
. . ratiometric mode, gain = 4 V/V, no
DAC gain noise capacitors for COMP or DACCAP 10 uvpp
pins, 25°C
DAC code 0000h to 1FFFh step.
Settling time (first order response)® | Output is 90% of full scale. R, oap = 7 us
5 k.Q, CLOAD =500 pF
Zero code voltage (Gain = 4X) DAC code = 0000h, Ipac =—2.5 mA 20 mV
Full code voltage (Gain = 4X) OUtpEt when DAC code is 1FFFh, 4.8 \%
Ipac = 2.5 mA
Gain = 2X 6 25
Absolute mode voltage half code Gain = 4X 6 26.5 meC
temperature drift, Ipac = 2.5 mA® Gain = 6.67X 6 28.5 P
Gain = 10X 7 30
Ratiometric mode voltage half code | No load 21.5 38 .
temperature drift, Gain = 4X® ppm/*C
perature driit, Gain = Ipac = 1.25 mA 30.5 49.5
DAC code = 1FFFh , DAC code =
Output current 0000h +2.5 mA
Short-circuit source current DAC code = 0000h 27 mA
Short-circuit sink current DAC code = 1FFFh 27 mA
. Without compensation 100 pF
Max capacitance - -
With compensation 100 nF
Value at TEMP — Value at 25°C
TEMP DRIFT = x 108
%) Value at 25°C x ATEMP
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2.5V
(From Accurate Reference or Vddp/2)

302KQ S,
172KQ
Sg Vvddp
40KQ
Vbac L N
—N\/V\ 7 4 +
l / VOUT
< s, 40KQ ; /L
? = E@COMP
FBN
A
° 2VIV 75KQ
SOISJJSZISs
AVIV 37.5KQ
6.67VIV 15KQ
10V/IV 7.5KQ
400 15KQ
Open
E@FBP
DACCAP

D4

Figure 3. PGA900 Output Buffer
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6.23 GPIO, Digital Test In-Test Out, UART TX/RX Buffers
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input voltage RLoap = 10 kQ to Vpp orto 0 V 2.0 \%
VL Low-level input voltage RLoap = 10 kQ to Vpp orto 0 V 0.8 \%
VoH High-level output voltage lon =—2 mA 24 \%
VoL Low-level output voltage loL =2 mA 0.4 \%
loH High-level output current Voy =24V -2 mA
loL Low-level output current VoL =04V 2 mA
6.24 Non-Volatile Memory
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Size 8 KB
oTP Number of erase/write cycles 1 cycle
Programming time 1 byte 200 uS
Data retention 10 years
Size 128 bytes
Erase/write cycles 1000 cycles
EEPROM
Programming time 1 8-byte page 8 ms
Data retention 10 years

6.25 Diagnostics
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Software watchdog 2 ms
timer resolution
Software watchdog .
timer range 8 bits
Oscillator circuit
8\S/C—VDD— supply overvoltage 3.3 \V;
threshold
Oscillator circuit
OSC_VDD_  supply
uv undervoltage 2.7 v
threshold
Resistive bridge 0
VBRG_OV  sensor supply over 10 YoProg.
VBRG
voltage threshold
Resistive bridge
sensor supply B %Prog.
VBRG_UV under voltage 10 VBRG
threshold
AVDD OV
AVDD_OV threshold 3.3 v
AVDD UV
AVDD_UV threshold 2.7 v
DVDD OV
DVDD_oOV threshold 2 v
DVDD UV
DVDD_UV threshold 153 v
Reference
REF_OV overvoltage 2.75 \V;
threshold
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Diagnostics (continued)

over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Reference
REF_UV undervoltage 2.25 \
threshold
L 1
P gain input 5
P_DIAG_P diagnostics .
U pulldown resistor VINPP and VINPN each has pulldown resistor 3 MQ
value
4
VINPP and VINPN each has FAULT_ | FAULT_ | FAULT_
threshold comparator THRS[2] | THRS[1] | THRS|O]
0 0 0 72.5
VBRDG =25V 0 0 1 70
P gain input 0 1 0 65
VINP_OV overvoltage % VBRDG
threshold value 0 L L 90
VBRDG =2V 1 0 0 87.5
1 0 1 82.5
1 1 0 100
VBRDG =1.25V
1 1 1 95
VINPP and VINPN each has FAULT_ | FAULT_ | FAULT_
threshold comparator THRS[2] | THRS[1] | THRS[O]
0 0 0 7.5
VBRDG =25V 0 0 1 10
P gain input 0 1 0 15
VINP_UV undervoltage 0 1 1 10 % VBRDG
threshold value
VBRDG =2V 1 0 0 12.5
1 0 1 17.5
1 1 0 17.5
VBRDG =1.25V
1 1 1 22.5
VINT Oov T gaininput VINTP and VINTN 2.1 v
overvoltage
Output overvoltage
(single-ended)
PGAIN_OV threshold for P 225 v
gain
Output
undervoltage
PGAIN_UV (single-ended) 0.15 \%
threshold for P
gain
Output overvoltage
TGAIN_OV (single-ended) 2.25 \
threshold for T gain
Output
undervoltage
TGAIN_UV (single-ended) 0.15 \%
threshold for T gain
DAC loop _back 0.2 VIV
voltage gain
DAC_LB DAC | back
oop bac
driving capability 10 KA
Open wire leakage
HARNESS_ current 1 - open 2 A
FAULT1 VDD with pullup on H
VOUT1
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Diagnostics (continued)

over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT

Open wire leakage
HARNESS__ current 2 - open

FAULT2 _ GND with pulldown 20 KA
on VOUT1
6.26 MO
over operating free-air temperature range at Vpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
MO frequency control bit = 0b00 0.5
MO core frequency (including OTP | MO frequency control bit = 0b01 1 MHz
and RAM) MO frequency control bit = 0b10 2
MO frequency control bit = 0b11 4
6.27 OWI Timing Requirements
MIN TYP MAX UNIT
Activation signal pulse low time 1é ms
Activation signal pulse high time 13 ms
6.28 SPI Timing Requirements
MIN TYP MAX UNIT
tcsnsck CSN low to first SCK rising edge 25 ns
tsckesn Last SCK rising edge to CSN rising edge 125 ns
tcsnp CSN disable time 4000 ns
tos MOSI setup time 25 ns
toH MQOSI hold time 25 ns
tmosis MOSI fall/rise time 7 ns
tsckr SCK rise time 7 ns
tsckr SCK fall time 7 ns
tsckH SCK high time 125 ns
tsckL SCK low time 125 ns
tmisoE MISO enable time 15 ns
taccs SCK rising edge to MISO data valid 15 ns
tmisob MISO disable time 15 ns
tmisos MISO rise/fall time 3 11 ns
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Figure 4. SPI Timing
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6.29 I°C Interface Timing Requirements
MIN TYP MAX UNIT

tsTasU START condition set-up time 500 ns
tsTAHD START condition hold time 500 ns
tLow SCL low time 1.25 us
tHiGH SCL high time 1.25 us
trisE SCL and SDA rise time 120 ns
traLL SCL and SDA fall time 120 ns
tbaTsU Data setup time 500 ns
tDATHD Data hold time 500 ns
tsTosu STOP condition set-up time 500 ns

t thich

STASU tow P L
<>
-4 -
t | |
STAHBL - trise 3
IS R S teaLL . toaTHD tstosu
— - - - >
tbaTsu
—» -
Figure 5. 1°C Timing
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6.30 Typical Characteristics
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Typical Characteristics (continued)

-0.5 -4.6
1 AN — 40T — 40T
15 N —25C a7 — 25T
-1 N 125 T T 125 T
-2 R ~ —_—
e \ 150 T 4g ~~ \\ 150 T
.3 \s\
\ o -4.9 N
§ 3.5 N 3 N
g 4 . S N\
45 ™\ ~
5 \
\\ -5.1
-5.5 \ N
-6 \\ 5.2 N
-6.5
-7 -5.3
0 2000 4000 6000 8000 10000 12000 14000 16000 10912 11112 11312 11512 11712 11912
DAC Code (decimal) DAC Code (decimal)
Zoomed in section of Figure 12 to indicate drift across temperature
Figure 12. Current Mode DAC Output Across Temperature Figure 13. Current Mode DAC Output Across Temperature
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7 Detailed Description

7.1 Overview

The PGA900 is a high accuracy, extreme low drift, low noise, low power, and versatile signal conditioner device
for resistive bridge pressure and temperature-sensing applications. The PGA900 accommodates various sensing
element types, such as piezoresistive, ceramic film, and steel membrane. It supports the sensing element spans
from 1 mV/V to 135 mV/V. The typical applications supported are pressure sensor transmitter, transducer, liquid
level meter, flow meter, strain gauge, weight scale, thermocouple, thermistor, 2-wire resistance thermometer
(RTD), and resistive field transmitters. It can also be used in accelerometer and humidity sensor signal
conditioning applications.

The PGA900 provides bridge excitation voltages of 2.5 V, 2 V, and 1.25 V, all ratiometric to the ADC reference
level. The PGA900 conditions sensing and temperature signals by amplification and digitization through the
analog front-end chain, and performs linearization and temperature compensation within an on-chip ARM Cortex
MO processor which is open core and programmable by users. The conditioned signals can be output in analog
or digital form. The signal data can also be accessed by multiple digital interfaces, including SPI, 1°C, UART, and
the two GPIO ports. The digital interfaces can also be used to configure other function blocks inside the device.
The PGA900 has the uniqgue One-Wire Interface (OWI) that supports the communication and configuration
through the power supply line. This feature allows to minimize the number of wires necessary.

The PGA900 contains two separated analog-front end (AFE) chains for resistive bridge inputs and temperature
sensing inputs. Each AFE chain has its own gain amplifier and a 24-bit ADC with 7.8-KHz and 15.6-KHz
selectable output rates. The resistive bridge input AFE chain consists of a programmable gain with 32 steps from
5 V/V to 400 V/V. For the temperature-sensing input AFE chain, the PGA900 provides a current source that can
source up to 500 YA for the optional external temperature sensing. This current source can also be used as a
constant current bridge excitation. The programmable gain in the temperature-sensing chain has 4 steps from
1.33 V/V to 20 V/V. In addition, the PGA900 integrates an internal temperature sensor which can be configured
as the input of the temperature-sensing AFE chain. The digitalized signals after the ADC decimation filters are
sent to the MO processor for linearization and compensation calculation.

The on-chip ARM Cortex MO processor is available for programming by the user through an on-chip 8-kb One
Time Programmable (OTP) memory. The PGA900 has the option to incorporate a built-in 8-kB develop RAM
(DEVRAM) to map OTP memory to minimize the risk in the programming development. A 1-kB data RAM
memory can be used for MO operation. A 128-byte EEPROM is integrated in the PGA900 to store sensor
calibration coefficients and PGA900 configuration settings as needed. These memory spaces are accessible by
the MO and the digital interfaces. See the PGA900PGA900 Software User's Guide (SLDU013) for more
information and examples.

The PGA900 outputs the MO processed data in either analog or digital forms, or both. The PGA900 has a 14-bit
DAC followed by a buffer gain stage of 2 V/V to 10 V/V. It supports industrial standard ratiometric voltage output,
absolute voltage output, and 4- to 20-mA current loop. The PGA900 also can send out the data in PWM form or
through the SPI, I1°C, OWI and UART digital interfaces. Two GPIO ports are also available.

The diagnostic function monitors the operating condition of the PGA900, including power supplies overvoltage,
undervoltage, and open, AFE faults, DAC faults, and a DAC loopback option to check the integrity of the signal
chains. The PGA900 also integrates an oscillator and power management. It can operate with 3.3-V to 30-V
power supply directly without using external LDO. The PGA900 has a wide ambient temperature operating range
from —40°C to +150°C. The package form is 6-mm x 6-mm 36-pin VQFN. Within this small package size,
PGA900 has integrated all the functions needed for resistive bridge sensing applications to minimize PCB area
and simplify the overall application design.

The evaluation module for the PGA900 is available at www.ti.com/tool/pga900evm. Users can use this EVM to
fully evaluate the features of the PGA900. The EVM comes with a socket, allowing users to easily replace the
device if needed or for software development. Visit www.ti.com for additional technical documents and reference
design information. For any question or support, please contact Tl at Pressure Sensing E2E forum
http://e2e.ti.com/support/sensor/pressure/.
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7.2 Functional Block Diagram
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7.3 Feature Description

This section describes individual functional blocks.

7.3.1 Gate Drive for N-Channel Depletion NMOS

The PGA900 includes gate control for an external N-channel depletion MOSFET used as the pass element for a
LDO. The gate threshold voltage for the MOSFET must be less than —1.5 V. When the device is used in this
mode, VDD is regulated to 3.5 V by PGA900. A capacitor of 1 nF or less is recommended to be added to the
GATE pin. Figure 16 shows a block diagram representation of the MOSFET gate drive.

If gate drive mode is not used, then the user must do the following:

1. Connect GATE pin to ground.

2. Disable gate control by setting GATE_CTRL_SD bit in ALPWR register to 1.

To rest of
the IC 57VDD (3.5V) VIN (>30V)
1Y[

Figure 16. Gate Drive for N-Channel Depletion MOSFET

NOTE
If PGA90O is operated in gate drive mode, then VDD cannot be driven directly from an
external voltage source.
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Feature Description (continued)
7.3.2 Reverse Voltage Protection Block

The PGA900 includes reverse voltage protection block. This block protects the device from reverse-battery
conditions on the external power supply. Figure 17 shows a schematic of the reverse protection block.

VDDP 1

TP —

N/

< VDD

Figure 17. Reverse Voltage Protection Block

7.3.3 Linear Regulators

The PGA900 has two main linear regulators: AVDD regulator and DVDD regulator. The AVDD regulator provides
the 3-V voltage source for internal analog circuitry while the DVDD regulator provides the 1.8-V regulated voltage
for the digital circuitry. The user needs to connect bypass capacitors of 100 nF each on the AVDD and DVDD
pins of the device.

The power-on reset (POR) signal to the digital core are de-asserted when both AVDD and DVDD are in
regulation. Figure 18 shows the block diagram representation of the digital POR signal generation and Figure 19
shows the digital POR signal assertion/deassertion timing during VDD ramp up and ramp down. This timing
shows that during power up, the digital core and the microprocessor remain in reset state until both AVDD and
DVDD are at stable levels.
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Feature Description (continued)

vddp DVDD
DVDD Regulator

Digital_Power_Good
VD\/DD_P O R

AVDD

AVDD Regulator

POR
Reset DVDD
Digital Core
(Including MO processor)
DVSS
Figure 18. Digital POR Signal Generation
Voltage
VDD
AVDD
Vavoo_POR t
DVDD :
Vovoo_POR \
Digital POR
time
Microprocessor starts running Microprocessor stops running

Figure 19. Digital POR Signal Generation

7.3.4 Internal Reference
PGA900 has two internal references. The following sections describe each of these references.

7.3.4.1 Inaccurate Reference

The inaccurate reference is an inaccurate reference used in the gate drive circuit as well as diagnostic
thresholds.
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Feature Description (continued)

7.3.4.2 Accurate Reference

The accurate reference is used to generate reference voltage for P ADC, T ADC, and the DAC. Tl recommends
placing a 100-nF capacitor on REFCAP pin to bandwidth limit the reference noise.

The accurate reference buffer can be disabled by setting ADC_EN_VREF bit in ALPWR register to 0. This allows
the user to connect an external single-ended reference voltage to REFCAP pin, and thus provide the reference
voltage to the ADCs and the DAC. Note that the default power-up state of ADC_EN_VREF is such that the
reference buffer is disabled.

NOTE
The accurate reference is valid 50 ps after digital core starts running at power up.

7.3.5 Internal Oscillator

The device includes an internal 4-MHz oscillator. This oscillator provides the internal clock required for the
various circuits in PGA900.

7.3.6 VBRGP/VBRGN Supply for Resistive Bridge

The sensor voltage supply block of the PGA900 supplies power to the resistive sense element. The sensor
supply in the PGA900 is configurable to 2.5-V, 2-V, and 1.2-V nominal output supply using the VBRDG_CTRL
bits in BRDG_CTRL register to accommodate bridge sense elements with different resistance values. This
nominal supply is ratiometric to the precise internal accurate reference.

The sensor drive includes a switch. This switch can be used to turn off power to the sensing element.

7.3.7 ITEMP Supply for Temperature Sensor

The ITEMP block in PGA900 supplies programmable current to an external temperature sensor such as PTC.
The temperature sensor current source is ratiometric to the accurate reference.

The value of the current can be programmed using the ITEMP_CTRL bits in TEMP_CTRL register.
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Feature Description (continued)
7.3.8 Internal Temperature Sensor

PGA900 includes an internal temperature sensor whose voltage output is digitized by the T ADC and made
available to the microprocessor. This digitized value is used to implement temperature compensation algorithms
in software. Note that the voltage generated by the internal temperature sensor is proportional to the junction
temperature.

Figure 20 shows the internal temperature sensor AFE.

VREF =25V
v T T
PTAT GAIN ADC

Figure 20. Internal Temperature Sensor AFE

7.3.9 P Gain

The P gain is designed with amplifiers that are precision, low drift, low flicker noise, and chopper-stabilized. The
P gain is implemented as an instrument amplifier as shown in Figure 21.

The gain of this stage is adjustable using 5 bits in P_GAIN_SELECT register to accommodate sensing elements
with wide-range of signal spans. These signals must meet the requirements below as shown in P Gain (Chopper
Stabilized):

1. 0.3V<VINPP<18V
2. 0.3V<VINPN<18V
3. 0L1V<VOPP<2V
4. 0.1V<VOPN<2V

Based on the above constraints, the Input Common-Mode Voltage, VICM, and the Input Differential Voltage,
VIDIFF, can be defined in :

VINPP + VINPN
2

VIDIFF = VINPP — VINPN
In a similar way, the Output Common-Mode Voltage, VOCM, and the Output Differential Voltage, VODIFF, can
be defined in :

VINPP + VINPN
2
VODIFF = PGAIN x (VINPP — VINPN)

VICM =

VOCM =

As a result, the single-ended outputs from the PGAIN, VOPP and VOPN, are defined in :
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Feature Description (continued)

VOPP — VINPP er VINPN + PGAIN x VINPP — VINPN
VOPN — VINPP ; VINPN PGAIN x VINPP ; VINPN

The P gain amplifier can be disconnected from the input pins by setting PGAIN_OPEN in AFE_CFG register to 1.
The user must disconnect P gain amplifier pins from input pin in case of overvoltage faults at the input of P gain
amplifier to prevent damage to the device.

PGAIN_OPEN
VINPP + VINPN VINPP — VINPN
VINPP VOPP=f+PGAINxf
R4 o o—— 1+
R VOPP -
% VINPP + VINPN To
% VOCM = —— ADC
% VOPN -
VINPN
23 o ot VINPP + VINPN VINPP — VINPN
VOPN = — PGAIN X —

Figure 21. P Gain

7.3.10 P Analog-to-Digital Converter

The P analog-to-digital converter is used to digitize the voltage output of the P gain amplifier. The digitized value
is available in PADC_DATA1-3 registers.

7.3.10.1 P Sigma Delta Modulator for P ADC

The sigma-delta modulator for P ADC is a 1-MHz, second-order, 3-bit quantizer sigma-delta modulator. The P
sigma-delta modulator can be halted using the ADC_CFG_1 register.
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Feature Description (continued)

7.3.10.2 P Decimation Filter for P ADC

The pressure signal path contains a decimation filter that can be configured to have output rate of either 64 or

128 ps.

The output of the decimation filter in the pressure signal path can be configured to be either 16-bit or 24-bit
signed value. Table 1 shows some example decimation output codes for given differential voltages at the input

of the sigma-delta modulator.

Table 1. Input Voltage to Output Counts for O ADC

SIGMA DELTA MODULATOR
DIFFERENTIAL INPUT
VOLTAGE (V)

16-BIT NOISE-FREE
DECIMATOR OUTPUT

24-BIT NOISE-FREE DECIMATOR
OUTPUT

25 —32768 (0x8000) —8388608 (0x800000)

~1.25 —16384 (0xC000) —4194304 (0xC00000)
0 0 (0x0000) 0 (0x000000)

1.25 16383 (Ox3FFF) 4194303 (OX3FFFFF)
2.5 32767 (OX7FFF) 8388607 (Ox7FFFFF)

7.3.10.3 P ADC Configuration

The P ADC can be configured using the PADC_CONFIG register as follows:
1. Enable/Disable: The decimation filter can be disabled.

2. 16-bit/24-bit: The decimation filter can be configured to provide either 16-bit or 24-bit output. The decimator
output is available in PADC_DATA1-3 registers.

3. Output rate: The decimator output rate can be configured to be either 64 or 128 ps.
4. Interrupt rate: The decimator can be configured to interrupt the microprocessor every sample or every fourth

sample.
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7.3.10.4 Connecting P GAIN Output to P ADC Input

The P GAIN output can either be connected to the TOP_TON test pin or to the P ADC input as shown in
Figure 22. Note that P GAIN output can be connected to P ADC input by setting TEST_MUX_P_EN bit in

AMUX_CTRL register to 1.

TEST _MUX_P_EN bit in
AMUX_CTRL register
—
0O ToTOP_TON Pin Mux
VINPP  + >
PGAIN
VINPN -
E{ . »-
1 PADC
Figure 22. Connecting P GAIN to P ADC
34 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS

INSTRUMENTS
PGA900
www.ti.com SLDS209B —JANUARY 2015—-REVISED FEBRUARY 2018
7.3.11 T Gain

The device has the ability to perform temperature compensation through an internal or external temperature
sensor. The user can select the source of the temperature measurement with the TEMP_MUX_CTRL bits in
TEMP_CTRL register. Note that the device connects to an external temperature sensor through the
VINTP/VINTN pins.

The T Gain block is constructed with a low-flicker noise, low offset, chopper-stabilized amplifier. The gain is
configurable with 2 bits in the T_GAIN_SELECT register. Figure 23 shows the T gain amplifier topology. The gain
of this stage is adjustable using 5 bits in P_GAIN_SELECT register to accommodate sensing elements with
wide-range of signal spans.

VREF =2.5V

VINTP + VINTN VINTP — VINTN
VOTP = — + TGAIN X -

VINTP

A4
+

VOTP

\

VINTN

VINTP + VINTN

VOCM = 2

To T ADC

MUX
ﬁwwvw—«

TSEM_N

TL VOTN

KTSEM_N

i

VINTP + VINTN VINTP — VINTN
VOTN = — TGAIN x —

-

\

Figure 23. Temperature Sensor AFE

The T Gain amplifier can be configured for single-ended or differential operation using the TSEM_N bit in
AMUX_CTRL register. Note that when the T gain amplifier is set up for single-ended operation, the differential
voltage converted by T ADC is with respect to ground. Table 2 shows the configuration that the user needs to
select for the different temperature sources.

Table 2. T Gain Configuration

TEMPERATURE SOURCE T GAIN CONFIGURATION
Internal temperature sensor Single-ended
External temperature sensor with one terminal of sensor connected to ground Single-ended
External temperature sensor with neither terminal of the sensor connected to ground Differential
Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 35

Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS
INSTRUMENTS

PGA900
SLDS209B —JANUARY 2015-REVISED FEBRUARY 2018 www.ti.com

The T Gain amplifier has to be set up for either single-ended or differential configurations depending on the
source of signal to the T Gain.
The signal to the T Gain must meet the requirements below as shown in T Gain (Chopper Stabilized):
1. 0.005V<VINTP<18V
2. 0.005V<VINTN<1.8V
3. 0.1V<VOTP<2V
4. 0.1V<VOTN<2V
If the signal is differential, based on the above constraints, the Input Common-Mode Voltage, VICM, and the
Input Differential Voltage, VIDIFF, can be defined in :
VINTP + VINTN
2
VIDIFF = VINTP — VINTN
In a similar way, the Output Common-Mode Voltage, VOCM, and the Output Differential Voltage, VODIFF, can
be defined in :
VINTP + VINTN
2
VODIFF = TGAIN x (VINTP — VINTN)

VICM =

VOCM =

As a result, the single-ended outputs from the TGAIN, VOTP and VOTN, are defined in :

VOTP = VINTP -2|- VINTN + TGAIN x VINTP ; VINTN
VOTN = VINTP -|2r VINTN TGAIN x VINTP ; VINTN

If the T Gain amplifier is setup for single-ended configuration, then the signal to the T Gain must still meet the
requirements shown in T Gain (Chopper Stabilized) but in this case VINTN = GND. The equations for VOTP and
VOTN then become :

VOTP =0.1V < VINTP x TGAIN < 2 V
VOTN = GND

NOTE
When T GAIN is configured to measure internal temperature sensor output, T GAIN must
be configured to operated in single-ended mode and must be configured for a gain of 5
VIV.

7.3.12 T Analog-to-Digital Converter

The T analog-to-digital converter digitizes the output of the T gain amplifier. The digitized value is available in
TADC_DATA1-3 registers.

7.3.12.1 T Sigma-Delta Modulator for T ADC

The sigma-delta modulator for T ADC is a 1-MHz, second-order, 3-bit quantizer sigma-delta modulator. The T
sigma-delta modulator can be halted using the ADC_CFG_1 register.

7.3.12.2 T Decimation Filters for T ADC
The temperature signal path contains a decimation filter that can be configured to have output rate of either 64 or
128 ps.

The output of the decimation filter in the temperature signal path can be configured to be either 16-bit or 24-bit
signed value. Some example decimation output codes for given differential voltages at the input of the sigma-
delta modulator are shown in Table 3.
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Table 3. Input Voltage to Output Counts for T ADC

S'GE'\)"I’QFDE';'-ET,\’?T:\Q‘E?,EI“F;G;OR 16-BIT NOISE-FREE 24-BIT NOISE-FREE DECIMATOR
AT DECIMATOR OUTPUT OUTPUT
25 32768 (0x8000) 8388608 (0x800000)
_125 16384 (0XC000) 4194304 (0xC00000)
0 0 (0X0000) 0 (0X000000)
1.25 16383 (OX3FFF) 4194303 (OX3FFFFF)
25 32767 (OXTFFF) 8388607 (OX7FFFFF)

The nominal relationship between the device junction temperature and 24-bit T ADC Code for T GAIN =5 V/V is
shown in Equation 1.

T ADC Code = 6632.1 x TEMP + 1710281.3,

where
+  TEMP is temperature in °C (1)

Table 4 shows T ADC output for some example junction temperature values.

Table 4. Internal Temperature Sensor to T ADC Value

INTERNAL TEMPERATURE 24-BIT T ADC NOMINAL VALUE
-40°C 1444997 (0x160C85)
0°C 1710281 (0x1A18C9)
150°C 2705096 (0x2946C8)

7.3.12.2.1 T ADC Configuration

The T ADC can be configured using the TADC_CONFIG register as follows:
1. Enable/disable: The decimation filter can be disabled.

2. 16-bit/24-bit: The decimation filter can be configured to provide either 16-bit output or 24-bit output. The
decimator output is available in TADC_DATAL-3 registers

3. Output rate: The decimator output rate can be configured to be either 64 or 128 ps

4. Interrupt rate: The decimator can be configured to interrupt the microprocessor every sample or every fourth
sample.
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7.3.12.3 Connecting T GAIN Output to T ADC Input

The T GAIN output can either be connected to TOP_TON test pin or can connected to T ADC input as shown in
Figure 24. Note that T GAIN output can be connected to T ADC input by setting TEMP_MUX_T_EN bit in
AMUX_CTRL register to 1.

TEMP_MUX_CTRL bits in
TEMP_CTRL register TEST_MUX_T_EN bitin
AMUX_CTRL register

—»

é 0| To TOP_TON Pin Mux
VINTP | + |= e
— D > >

TGAIN
VINTN -
D > »
1 TADC

Figure 24. Connecting T GAINto T ADC

7.3.13 Digital Interfaces

The digital interfaces are used to access (read and write) the internal memory spaces described in Memory.
Each interface uses different pins for communication. The device has three separate modes of communication:

« OWI

 SPI

. I°C

The three communication modes supported by PGA900 are collectively referred to as digital interfaces in this

document. Each communication mode has its own protocol; however, all three access the same memory
elements within the device. For all three communication modes, PGA900 device operates as a slave device.

Figure 25 shows the interface between the microprocessor, memory block, and digital interface.

All three interfaces can access the memories simultaneously. Each interface can be disabled using control bits. It
is up to the user to ensure that all three interfaces do not access the device simultaneously. Note that if security
lock is enabled in PGA900, then the digital interfaces cannot access any of the internal memories inside
PGA900.
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ARM CORTEX-M0 MEMORIES DIGITAL INTERFACES
OTP
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Figure 25. Digital Interface

7.3.13.1 Accessing PGA900 Memories While Microprocessor is Running

If the microprocessor is not in reset state, only the following registers are accessible to the digital interfaces:
¢ MICRO_INTERFACE_CONTROL

e COM_MCU_TO_DIF (which is read by digital interfaces)

e COM_DIF_TO_MCU (which is written by digital interfaces)

e COM_TX_STATUS

The COM_MCU_TO_DIF and COM_DIF_TO_MCU registers are used to communicate with the PGA900 using
the digital interface while the microprocessor is running. These registers are collectively referred to as COMBUF
registers. Software must be implemented inside PGA900 so that PGA900 can communicate with the digital
interface master using the COMBUF registers.

The digital interface master and PGA900 slave communicate with each other in the following way:
1. The digital interface master writes data to the COM_DIF_TO_MCU register.

2. When COM_DIF_TO_MCU is written by the digital interface master, COMBUF interrupt is generated. Note
that the COMBUF interrupt is enabled by writng 1 to COM_RXRDY_INT_EN bit in the
COM_RX_INT_ENABLE register.

3. In the COMBUF interrupt service routine, the microprocessor clears the COMBUF interrupt by writing 1 to
COM_RX_STATUS register.

4. The software then reads the COM_DIF_TO_MCU register and responds to received data by writing to the
COM_MCU_TO_DIF register.

5. The master periodically polls the COM_TX_ STATUS register to determine if PGA900 has updated the
COM_MCU_TO_DIF register. The master reads the COM_MCU_TO_DIF register for the response from
PGA900 if COM_TX_STATUS register has been updated by PGA900.

The PGA900 software can be written such that PGA900 updates the COM_MCU_TO_DIF register periodically
without receiving a request from digital interface master. For example, the software in PGA900 can periodically
update the processed pressure value. The master can read the processed pressure data periodically.

7.3.13.1.1 COMBUF Register Data Coherency

Both COM_MCU_TO_DIF and COM_DIF_TO_MCU registers are 16-bit registers. All 16-bits can be accessed in
one transfer using SPI. However, because OWI and I>C are 8-bit transfers, these two interfaces require two
accesses to receive all 16 bits. PGA900 implements data coherency schemes to maintain data coherency for
transfers from PGA900 to the digital interface master and for transfer between digital interface master to
PGA900.
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7.3.13.1.1.1 Coherency for Transfer From PGA900 to Master

To maintain coherency between the two 8-bit data reads by the master, PGA900 implements an 8-bit shadow
register. When OWI or I°C mater initiates a read of the COM_MCU_TO_DIF register by reading the lower 8 bits
first (COM_MCU_TO_DIF_B1 register), PGA900 stores the upper 8 bits (contents of COM_MCU_TO_DIF_B2) to
the shadow register. When the master reads the upper 8-bits (by reading COM_MCU_TO_DIF_B2) register, the
contents of the shadow register are transmitted by PGA900.

Figure 26 shows data coherency with an example.
MASTER READ of COMBUF

REGISTERS 15 o

8 7
COMBUF_MSB COMBUF_LSB . )
These registers are mapped to MO register space
COM_MCU_TO_DIF_B2 COM_MCU_TO_DIF_B1

‘ COM_MCU_TO_DIF_B2_SHADOW ‘This register is shadow register

TIMING
MO Firmware Calculates | MO Firmware Calculates | MO Firmware Calculates )
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E.g., 0x1234 E.g., 0x5678 E.g., 0x9101
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0x12 to COM_MCU_TO_DIF_B2 0x56 to COM_MCU_TO_DIF_B2 0x91 to COM_MCU_TO_DIF_B2 COMBUF with
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0x34 COM_MCU_TO_DIF_B1  0x78 COM_MCU_TO_DIF_B1  0x01 COM_MCU_TO_DIF_B1 value
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COMBUF_LSB. COMBUF_LSB. COMBUF MSB.
DEVICE transmits 0x34 DEVICE transmits 0x78 DEVICE transmits 0x56
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0x12 stored into 0x56 stored into
shadow register shadow register

—» Time

Figure 26. Digital Interface
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7.3.13.1.1.2 Coherency for Transfer From Master to PGA900

To maintain coherency between the two 8-bit data reads by PGA900, COMBUF interrupt is generated only when
the digital interface master writes to upper 8 hits of the COM_DIF_TO_MCU register (that is, when the master
writes to COM_DIF_TO_MCU_B2 register).

Figure 27 shows data coherency with an example.
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Figure 27. Digital Interface

7.3.13.2 Accessing PGA900 Memories While Microprocessor is in Reset

An alternative method to using the COMBUF registers to communicate with PGA900, is to reset the PGA900
microprocessor using the digital interface and enabling digital interface access. In this mode, all memories inside
PGA900 are accessible to the digital interface without the need for software inside PGA900 to support
communication.

The microprocessor can be put in reset state by writng 1 to MICRO _RESET bit in
MICRO_INTERFACE_CONTROL register using any of the digital interfaces. Access to the digital interface is
enabled by writing 1 to IF_SEL bit in MICRO_INTERFACE_CONTROL register.
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7.3.13.3 Accessing OTP, DEVRAM, and DATARAM Using 8-Bit Addresses

The size of OTP, DEVRAM, and DATARAM in PGA900 is more than 256 bytes. Each of these memories is 8-bit
addressable. To allow the digital interface to access these memories using 8-bit address, these memory spaces
are organized as 256-byte pages. Table 5 lists the registers used to specify the page address for each type of
memory.

Table 5. Registers Used to Set the Address

MEMORY TYPE READ ACCESS WRITE ACCESS
oTP OTP_PAGE_ADDR OTP_PROG_ADDR
DEVRAM DEVRAM_PAGE_ADDR DEVRAM_PAGE_ADDR
DATARAM DATARAM_PAGE_ADDR DATARAM_PAGE_ADDR
EEPROM N/A EEPROM_PAGE_ADDRESS

To address a specific memory location, the lower 8 bits of the address have to be provided as part of the digital
interface 8-bit address field. The remaining upper bits (5 for OTP and DEVRAM, and 2 for DATARAM) have to
be specified in the corresponding page address register. That is, to access a certain memory location, the digital
interface has to first set the Page Address bits by writing to the corresponding Page Address register. In
summary, the following steps are required to access the memories:

1. Select the page address by writing to the Page Address register using the Digital Interface Write command.

2. For Writing data to memory: Send the 8-bit address (corresponding to the lower 8 bits of the memory
address) as part of the Write command.

3. For Reading data from memory: Send the 8-bit address (corresponding to the lower 8 bits of the memory
address) as part of the Read command.

Note that for OTP writes, the OTP is 32-bit addressable, not 8-bit addressable. Therefore,
OTP_PROG_ADDRESS has to be used to write to the OTP memory. EEPROM can be written 8 bytes at a time.
EEPROM_PAGE_ADDRESS register is used to specify the 8 byte page to be written.

7.3.14 OWI

The device includes a OWI digital communication interface. The function of OWI is to enable writes to and reads
from all memory locations inside PGA900 available for OWI access.

7.3.14.1 Overview of OWI

The OWI digital communication is a master-slave communication link in which the PGA900 operates as a slave
device only. The master device controls when data transmission begins and ends. The slave device does not
transmit data back to the master until it is commanded to do so by the master.

The VDD pin of PGA900 is used as OWI, so that when PGA900 is embedded inside of a system module, only
two pins are needed (VDD and GND) for communication. The OWI master communicates with PGA900 by
modulating the voltage on VDD pin while PGA900 communicates with the master by modulating current on VDD
pin. The PGA900 microprocessor has the ability to control the activation and deactivation of the OWI based upon
the OWI activation pulse driven on VDD pin.

42 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS

INSTRUMENTS
PGA900
www.ti.com SLDS209B —JANUARY 2015—REVISED FEBRUARY 2018
Figure 28 shows a functional equivalent circuit for the structure of the OWI circuitry.
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Figure 28. OWI System Components

Activating and Deactivating the OWI

7.3.14.2.1 Activating OWI Communication

The OWI master initiates OWI communication by generating OWI Activation Pulse on VDD pin. When PGA900
receives a valid OWI activation pulse, it prepares itself for OWI communication.

To activate OWI communication, follow these following steps in this order:

1. OWI master: Generate an OWI activation pulse on VDD pin. Figure 28 shows the OWI activation pulse that
is generated by the master. The OWI pulse is as follows:

a.

b.

Generate a Low pulse by driving VDD pin to below 5.75 V. Note that the low level has to be greater than
3.3 V so that PGA900 can continue to operate. The duration of low pulse is determined by
OWI_DGL _CNT_SEL bhit in DIG_IF_ CTRL register. This deglitch time is set by the
OWI_DEGLITCH_SEL bit in the Digital Interface Control register (DIG_IF_CTRL), and has the following
properties:

— OWI_DGL_CNT_SEL = 0 — OWI Activation deglitch time = 1 ms

— OWI_DGL_CNT_SEL =1 — OWI Activation deglitch time = 10 ms

— The default value for OWI_DGL_CNT_SEL bit is 0, which corresponds to deglitch time of 1 ms.
Generate a High pulse by driving VDD to greater than 5.75 V. The duration of the high pulse is
determined by OWI_DGL_CNT_SEL bit in DIG_IF_CTRL register.

2. PGA900: When PGA900 receives a valid OWI activation sequence on VDD pin, the microprocessor receives
the OWI activation interrupt. Note that the OWI activation interrupt is enabled by writing 1 to OWI_INT_EN bit
in the OW_INTERRUPT_EN register. The OWI activation interrupt service routine has to implement the
following steps to enable OWI communication:

a.

Clear the OWI Activation Interrupt by writing 1 to OWI_INT_RW bit in OWI_INTERRUPT register.
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b. Enable OWI by writing 1 to OWI_EN bit in DIG_IF_CTRL register.
Connect OWI transceiver to VDD pin by writing 1 to the OWI_XCR_EN bit in DIG_IF_CTRL register.

d. If the OWI master communicates to PGA900 with the microprocessor in reset, reset microprocessor by
writing 1 to MICRO_RESET bit in MICRO_INTERFACE_CONTROL register and enable digital interface

by writing 1 to IF_SEL bit in the MICRO_INTERFACE_CONTROL. If OWI master communicates with
PGA900 while microprocessor is running, then the COMBUF registers are used for communication.

VDD
/’Voltage
< > : |
\ 10-ms® degltich time I :
VDD =5.95 V :
I
| I
VDD =5.75V 1 : ;
: I« > '
! | 10-ms™ degltich time :
I I
|
VDD = 4.8V T : |
: ! I
| ! I
I i
: | |
VDD = 4.2V , ; | |
|
VDD >5.95V | VDD <5.75 V ' VDD >5.95V OWI Communication
| : '
! I
I
I

Send
OWI Activation
Interrupt to CPU
1. Deglitch time can be programmed to either 1 ms or 10 ms P

A. Deglitch time programmed to 10 ms.

Figure 29. OWI Activation Using Overvoltage Drive

7.3.14.2.2 Deactivating OWI Communication

To deactivate OWI communication and restart the microprocessor inside PGA900 (if it was in reset), the
microprocessor reset must be de-asserted by writng 0 to MICRO_RESET bit in
MICRO_INTERFACE_CONTROL register.

7.3.14.3 OWI Protocol
7.3.14.3.1 OWI Frame Structure

7.3.14.3.1.1 Standard Field Structure

Data is transmitted on the OWI in byte-sized packets. The first bit of the OWI field is the start bit. The next 8 bits
of the field are data bits to be processed by the OWI control logic. The final bit in the OWI field is the stop bit. A
group of fields make up a transmission frame. A transmission frame is composed of the fields necessary to
complete one transmission operation on the OWI. Figure 30 shows the standard field structure for a one-wire
field.

-«———Standard field———

e = R~ v~

start bit—»
0
1
2
3
it[4
5
6
7
stop bit—»

Figure 30. Standard OWI Field
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7.3.14.3.1.2 Frame Structure
A complete one-wire data transmission operation is done in a frame with the structure shown in Figure 31.

! Nth Data !
1 Field |

data-N[0:7] !

| , . 1 Command 1 1 1"Data
woSyncfield= =" ™ ™ Field

T | endon [ | [t ]

|
|
: | |
L Inter-Field
Wait Time

(one bit time)

Figure 31. OWI Transmission Frame, N=11to 8

Each transmission frame must have a Synchronization field and command field followed by 0 to 8 data fields.
The sync field and command fields are always transmitted by the master device. The data field or fields may be
transmitted either by the master or the slave depending on the command given in the command field. It is the
command field which determines direction of travel of the data fields (master-to-slave or slave-to-master). The
number of data fields transmitted is also determined by the command in the command field. The inter-field wait
time is optional and may be necessary for the slave or master to process data that has been received.

If OWI remains idle in either logic O or 1 state, for more than 15 ms, then the PGA900 communication resets and
expects to receive a sync field as the next data transmission from the master.

7.3.14.3.1.3 SYNC Field

The SYNC field is the first field in every frame that is transmitted by the master. The SYNC field is used by the
slave device to compute the bit width transmitted by the master. This bit width is used to accurately receive all
subsequent fields transmitted by the master. The format of the SYNC field is shown in Figure 32.

-«——Sync Field—»

. I
<«+——measured time—»

= e e =]

[
[
[
[
[
[
[
{
stop bit —»

Figure 32. OWI SYNC Field

NOTE
Consecutive SYNC field bits are measured and compared to determine if a valid SYNC
field is being transmitted to the PGA900. If the difference in bit widths of any two
consecutive SYNC field bits is greater than £19%, then PGA900 ignores the rest of the
OWI frame; that is, the PGA900 does not respond to the OWI message.

7.3.14.3.1.4 Command Field

The command field is the second field in every frame sent by the master. The command field contains
instructions about what to do with and where to send the data that is transmitted to the slave. The command field
can also instruct the slave to send data back to the master during a Read operation. The number of data fields to
be transmitted is also determined by the command in the command field. Figure 33 shows the format of the
command field.
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After the master has transmitted the command field in the transmission frame, O or more data fields are
transmitted to the slave (Write operation) or to the master (Read operation). The Data fields can be raw

EEPROM data or address locations in which to store data. The format of the data is determined by the command
in the command field. Figure 34 shows the typical format of a data field.

7.3.14.3.2 OWI Commands

-«——Data Field——»

\ data[0:7] \

—_— —

Figure 34.

—_—— — o

OWI Data Field

The following is the list of five OWI commands supported by PGA900:

«  OWI Write

«  OWI Read Initialization
e OWI Read Response
OWI Burst Write of EEPROM Cache

7.3.14.3.2.1 OWI Write Command

OWI Burst Read from EEPROM Cache

LO'ZI/EAI‘_I'IIDON DESCRIPTION BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
Command field | Basic write command 0 P2 P1 PO 0 0 0 1
Data field 1 Destination address A7 A6 A5 Ad A3 A2 Al A0
Data field 2 Data byte to be written D7 D6 D5 D4 D3 D2 D1 DO

The P2, P1, PO bits in the command field determine the memory page that is being accessed by the OWI

Table 6 shows the memory page decode.

Table 6. OWI Memory Page Decode

P2 P1 PO MEMORY PAGE
0 0 Test registers
0 0 1 Data RAM
Control and Status registers, DI_PAGE_ADDRESS
0 1 0 _
= 0x02
0 1 1 Development RAM
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Table 6. OWI Memory Page Decode (continued)

P2 P1 PO MEMORY PAGE
OTP
EEPROM cache/cells
Reserved
Control and Status registers, DI_PAGE_ADDRESS
1 1 1 - _ _
= 0x07
7.3.14.3.2.2 OWI Read Initialization Command
S DESCRIPTION BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
LOCATION
Command field | Read Init command 0 P2 P1 PO 0 0 1 0
Data field 1 Fetch address A7 A6 A5 Ad A3 A2 Al A0

The P2, P1, PO bits in the command field determine the memory page that is being accessed by the OWI. The
memory page decode is shown in Table 6.

7.3.14.3.2.3 OWI Read Response Command

FIELD
LOCATION DESCRIPTION BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
Command field | Read response command 0 1 1 1 0 0 1 1
Data field 1 Data retrieved (OWI drives | 7 D6 D5 D4 D3 D2 D1 DO
data out)

The P2, P1, PO bits in the command field determine the memory page that is being accessed by the OWI.
Table 6 shows the memory page decode.

7.3.14.3.2.4 OWI Burst Write Command (EEPROM Cache Access)

FIELD
LOCATION DESCRIPTION BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
) EE_CACHE write command
Command field cache bytes (0 to 7) 1 1 0 1 0 0 0 0
Data field 1 First data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
Data field 2 Second data byte to be D7 D6 D5 D4 D3 D2 D1 DO
written
Data field 3 Third data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
Data field 4 Fourth data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
Data field 5 Fifth data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
Data field 6 Sixth data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
Data field 7 Seventh data byte to be D7 D6 D5 D4 D3 D2 D1 DO
written
Data field 8 Eighth data byte to be written D7 D6 D5 D4 D3 D2 D1 DO
7.3.14.3.2.5 OWI Burst Read Command (EEPROM Cache Access)
S DESCRIPTION BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
LOCATION
) Burst read response (8-
Command field bytes) 1 1 0 1 0 0 1 1
Data field 1 First data byte retrieved D7 D6 D5 D4 D3 D2 D1 DO
EE cache byte 0
) Second data byte retrieved
Data field 2 EE cache byte 1 D7 D6 D5 D4 D3 D2 D1 DO
Data field 3 Third data byte retrieved D7 D6 D5 D4 D3 D2 D1 DO
EE cache byte 2
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S DESCRIPTION BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

LOCATION

) Fourth data byte retrieved
Data field 4 EE tache byta 3 D7 D6 D5 D4 D3 D2 D1 DO
Data field 5 Fifth data byte retrieved D7 D6 D5 D4 D3 D2 D1 DO

EE cache byte 4

Data field 6 Sixth data byte retrieved D7 D6 D5 D4 D3 D2 D1 DO

EE cache byte 5

Seventh data byte
Data field 7 retrieved D7 D6 D5 D4 D3 D2 D1 DO
EE cache byte 6

Eighth data byte retrieved
EE cache byte 7

Data field 8 D7 D6 D5 D4 D3 D2 D1 DO

7.3.14.3.3 OWI Operations

7.3.14.3.3.1 Write Operation

The write operation on the OWI is fairly straightforward. The command field specifies the write operation, where
the subsequent data bytes are to be stored in the slave, and how many data fields are going to be sent.
Additional command instructions can be sent in the first few data fields if necessary. Figure 35 shows the write
operation.

e Svne field_s. < COMmand . 1 1%Data ! ', NthData i
Y ™ Feld T ™ Field T ™ Fied "
! Write Cmd | | Write Data | ' e e @ Write Data | !
ERINnnnal pal (e | Vit Dot
, (To Slave) :4+: (To Slave) L+: (To Slave) E , (To Slave) |
| | [ | | | |
Inter-Field
Wait Time

Figure 35. Write Operation, N=11t0 8

7.3.14.3.3.2 Read Operation

The read operation requires two consecutive transmission frames to move data from the slave to the master. The
first frame is the Read Initialization frame. It tells the slave to retrieve data from a particular location within the
slave device and prepare to send it over the OWI. The data location may be specified in the command field or
may require additional data fields for complete data location specification. The data is not sent until the master
commands it to be sent in the subsequent frame called the Read Response frame. During the Read Response
frame, the data direction changes from master — slave to slave — master right after the read response
command field is sent. Enough time exists between the command field and data field to allow the signal drivers
time to change direction. This wait time is 20 us and the timer for this wait time is located on the slave device.
After this wait time is complete, the slave transmits the requested data. The master device is expected to have
switched its signal drivers and is ready to receive data. The Read frames are shown in Figure 36.

\ , i ' Command ' ' 1%Data | ! NthData |

—Syne field - :* Field "1 f Field "~ Field

i | [READ_INIT| ' || OptData || e ee|| OptData ||

[ [ ! I |

| (To Slave) |  (To Slave) : . (To Slave) : : (To Slave) :

| Ve Ve I |
Inter-Field
Wait Time

Figure 36. Read Initialization Frame, N =1t0 8
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e Svnc field_». < COmmand ! 1% Data ! | NthData !

sy Lo Field Lo Field ! Field !
' | | RD_RESP | | || Read Data |  ®* e | [ ReadData |,

X [ o

! (ToSlave) | | (ToSlave) | | (ToMaster) , . (To Master)

I I I 1 | I I

Inter-Field T\ Data changes direction between
command field and first Data

Wait Time field.

Figure 37. Read Response Frame, N=1to 8

7.3.14.3.3.3 EEPROM Burst Write

The EEPROM burst write is used to write 8 bytes of data to the EEPROM cache using one OWI frame. This
allows fast programming of EEPROM in the manufacturing line. Note that the EEPROM page must be selected
before transferring the contents of the EEPROM memory cells to the EEPROM cache.

7.3.14.3.3.4 EEPROM Burst Read

The EEPROM burst read is used to read 8 bytes of data from the EEPROM cache using one OWI frame. The
Burst Read command is used for fast read the EEPROM cache contents in the manufacturing line. The read
process is used to verify the writes to the EEPROM cache.

7.3.14.4 OWI Communication Error Status

PGA900 detects errors in OWI communication. OWI_ERROR_STATUS_LO and OWI_ERROR_STATUS_HI
registers contain OWI communication error bits. The communication errors detected include

» Out of range communication baud rate

* Invalid SYNC field

* Invalid STOP bits in command and data

* Invalid OWI command

7.3.15 SPI

The device includes a SPI digital communication interface. The main function of the SPI is to enable writes to
and reads from all addresses available for SPI access.

7.3.15.1 Overview of SPI

SPl is a synchronous, serial, master-slave, communication standard that requires the following four pins:

* MOSI: SPI master out slave in, input pin

* MISO: SPI master in slave out, serial output pin (tri-state output)

* SCK: SPI clock which controls the communication

* CSN: Chip select (active low)

SPI communicates in a master/slave style where only one device, the master, can initiate data transmissions.
The PGA900 always acts as the slave in SPlI communication, where whatever external device that is

communicating to it becomes the master. Both devices begin data transmission with the most significant bit
(MSB) first.

Because multiple slave devices can exist on one bus, the master node is able to notify the specific slave node
that it is ready to begin communicating by driving the CSN line to a low logic level. In the absence of active
transmission, the master SPI device places the device in reset by driving the CSN pin to a high logic level.
During a reset state the MISO pin operates in tri-state mode. For the SPI interface to have access to memory
locations other than test register space, the IF_SEL bit in the MICRO_INTERFACE_CONTROL register has to
be set to 1.

7.3.15.2 Activating the SPI
To activate SPI communication, follow these steps in this order:
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1. Enable SPI by writing 1 to SPI_EN bit in DIG_IF_CTRL register

2. If SPI master communicates to PGA900 with the microprocessor in reset, reset microprocessor by writing 1
to MICRO_RESET bit in MICRO_INTERFACE_CONTROL register and enable digital interface by writing 1 to
IF_SEL bit in the MICRO_INTERFACE_CONTROL. If SPI master communicates with PGA900 while
microprocessor is running, then the COMBUF registers are used for communication.

7.3.15.3 SPI Protocol

7.3.15.3.1 SPI Master to PGA900 Commands

The SPI is a 24-bit protocol with a 3-bit memory access control word, a read-write bit, an 8-bit address, and an 8-
bit data word. Table 7 describes the command codes.

Table 7. SPI Command Codes

BIT FUNCTION DESCRIPTION
DI PAGE ADDRESS
TEST = 3'b000 Access to Control and Status registers with DI PAGE ADDRESS = 0x0

Bits [9:8] of the Data RAM address is specified by the DATARAM_PAGE_ADDR register

DATA RAM = 3'b001 Bits [7:0] of the Data RAM address is specified by the Data Address field of the SPI transaction

Control and Status

Registers = 3010 Access to Control and Status registers with DI PAGE ADDRESS = 0x2

Bits [11:8] of the Development RAM address is specified by the DEVRAM_PAGE_ADDR register
Bits [7:0] of the Development RAM address is specified by the Data Address field of the SPI
transaction

Bits [11:8] of the OTP address is specified by the OTP_PAGE_ADDR register
Bits [7:0] of the OTP address is specified by the Data Address field of the SPI transaction

EECACHE = 3'h101 Access to the EEPROM cache/cells
RESERVED = 3b110
RESERVED = 3b111 | Access to Control and Status registers with DI PAGE ADDRESS = 0x7

Address of register to read or write.
20:13 Data Address During Reads, bit 13 is always 0.
The reads always happen to 16-bit aligned addresses.

23:21 DEVELOPMENT RAM
= 3b011

OTP = 3'b100

12 Write if 1, Read if 0
11:4 Data
3.0 Don't Care

7.3.15.3.2 PGA900 to SPI Master Response

For SPI transfers to all the memories, the read data is available on the next SPI transfer as shown in Figure 38.
That is, when reading from a memory location, the user has to send a subsequent transfer to get the data back.
Further, the SPI response contains 16 bits of data. The PGA900 returns data from a 16-bit aligned address; that
is, SPI reads must not straddle the 16-bit address boundary.

Read Command from Master Next Command from Master

Master to Slave Byte 1 Byte 2 Byte 3 Byte 1 Byte 2 Byte 3

DEVICE Response to Read Command

Slave to master
Data from Data from

ADDR ADDR+1

23 15 7 0
16 8

0x05

Figure 38. Response to SPI Read Commands is Available When the Next Command is Sent
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Table 8 describes the SPI response. Note that only 2 bytes of data can be read with one SPI read command.

Table 8. SPI Response

BIT FUNCTION
23:20 0b0000
19:16 0b0101
15:8 Read Data from ADDR, where ADDR is received in the previous SPlI command
7:0 Read Data from ADDR + 1, where ADDR is received in the previous SPI command

7.3.15.3.3 SPI Command Examples

Table 9 lists a few examples of SPI transfers.

Table 9. SPI Transfers Examples

COMMAND

MASTER TO SLAVE DATA ON SPI MOSI

Read COM_MCU_TO_DIF_B1

000 00000100 0 XXXXXXXX 0000

Write Ox80 to Control and Status registers
0x30 (DAC_REGO0_1)

010 00110000 1 10000000 0000

Write 0x34 to Data SRAM Ox7F

1. Write 0 to DATARAM_PAGE_ADDR: 010 00011001 1 00000000 0000

2. Send the following command to write data: 001 01111111 1 00110100 0000
101 00000111 0 XXXXXXXX 0000

Read from EEPROM Byte 7

1. Write 0x17 to DEVRAM_PAGE_ADDR: 010 00011010 1 00010111 0000
2. Send the following command to write data: 011 01100101 1 11011001 0000

Write OxD9 to DEVRAM 0x1765

7.3.15.4 Clocking Details of SPI

Input data on the MOSI pin must be driven from the rising edge of the SCK clock, whereas output data on the
MISO pin changes during the rising edge of the SCK clock. For SPI timing information, refer to the SPI Timing
Requirements table.

7.3.16 I2C Interface

The device includes an I°C digital communication interface. The main function of the 1°C is to enable writes to
and reads from all addresses available for I°C access.

7.3.16.1 Overview of I12C Interface

I2C is a synchronous serial communication standard that requires the following two pins for communication:
« SDA: IC serial data line (SDA)
« SCL: I?C serial clock line (SCL)

In addition, CSN pin is used to select the I1°C device address of PGA900. Specifically
* CSN - Logic 1 - Device address - 0x20:0x27
* CSN - Logic 0 - Device address - 0x40:0x47

It is noted that for valid I’C communication to occur
« CSN must not change value during an I°C transaction
« SPI clock (SCLK) must not be active when CSN is Logic 0 when selecting the I°C device address

I’C communicates in a master/slave style communication bus where one device, the master, can initiate data
transmission. The device always acts as the slave device in I2C communication, where the external device that is
communicating to it acts as the master. The master device is responsible for initiating communication over the
SDA line and supplying the clock signal on the SCL line. When the I°C SDA line is pulled low it is considered a
logical zero, and when the 12C SDA line is floating high it is considered a logical one. For the 1°C interface to

have access to memory Ilocations other than test register space, the IF_SEL bit in the
MICRO_INTERFACE_CONTROL register has to be set to logic one.
Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 51

Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

PGA900
SLDS209B —JANUARY 2015-REVISED FEBRUARY 2018

13 TEXAS
INSTRUMENTS

www.ti.com

7.3.16.2 Activating the I°C Interface

To activate 12C communication, follow these steps in order:
1. Enable I°C by writing 1 to 12C_EN bit in DIG_IF_CTRL register
2. If I°C master communicates to PGA900 with the microprocessor in reset, reset microprocessor by writing 1 to

MICRO_RESET bit in MICRO_INTERFACE_CONTROL register and enable digital interface by writing 1 to
IF_SEL bit in the MICRO_INTERFACE_CONTROL register. If 1°C master communicates with PGA900 while
microprocessor is running, then the COMBUF registers are used for communication.

3. The default 1°C interface communication speed is 100KBPS/400KBPS. The communication speed can be

changed to 800KPBS mode by setting 12C_RATE bit to 1 in DIG_IF_CTRL register.

4. The I°C interfaces implements a deglitch filter as required by the 1°C standard. The deglitch filters are

7.3.16.3

I°C Interface Protocol

enabled by default. The deglitch filter can be disabled by setting 12C_DEGLITCH_EN bit to 0 in
DIG_IF_CTRL register.

Figure 39 shows the basic protocol of the I>C frame for a Write operation.

SLAVE
S | ADDRESS
[6:0]

Register
A Address A
[7:0]

DATA

7:0] AA| P

Data Transferred

(n bytes + acknowledge)

From Master To Slave

A = acknowledge (SDA LOW)

“A = not acknowledge (SDA HIGH)

From Slave To Master

S = START condition

P = STOP Condition

Address

The diagram represents the data fed into or out from the 1°C SDA port.

Figure 39. 1°C Write Operation: A Master-Transmitter Addressing a PGA900 Slave With a 7-Bit Slave

The basic data transfer is to send 2 bytes of data to the specified slave address. The first data field is the register
address and the second data field is the data sent or received.

The I1°C slave address is used to determine which memory page is being referenced. Table 10 shows the
mapping of the slave address to the memory page.

Table 10. Slave Addresses

SLAVE ADDR:E?S WHEN CSN | SLAVE ADDR:EgS WHEN CSN PGA900 MEMORY PAGE
0x20 0x40 Test registers
0x21 0x41 Data RAM

Control and status registers,
0x22 0x42 di_page_address = 0x02
0x23 0x43 Development RAM
0x24 0x44 oTP
0x25 0x45 EEPROM cache/cells
0x26 0x46 Reserved

Control and status registers,
0x27 Oxa7 DI_PAGE_ADDRESS = 0x07

52

Submit Documentation Feedback

Product Folder Links: PGA900

Copyright © 2015-2018, Texas Instruments Incorporated


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS
INSTRUMENTS
PGA900

www.ti.com SLDS209B —JANUARY 2015—REVISED FEBRUARY 2018

Figure 40 shows the basic PGA900 I2C protocol for a read operation.

SLAVE . SLAVE
S ADDRESS ol A Register Address A |Rs| ADDRESS 1] A Slave Data P
[6:0] [7:0] [6:0] [7:0]

From Master To Slave A = acknowledge (SDA LOW)

S = START condition

From Slave To Master

RS = Repeat Start Condition (same as Start condition)

P = STOP Condition

Figure 40. 1°C Read Operation: A Master-Transmitter Addressing a PGA900 Slave With a 7-Bit Slave
Address

The slave address determines the memory page. The R/W bit is set to 0.
The register address specifies the 8-bit address of the requested data.

The repeat start condition replaces the write data from the above write operation description. This informs the
PGA900 devices that Read operation is going to take place instead of a write operation.

The second slave address contains the memory page from which the data is retrieved. The R/W bit is set to 1.
Slave data is transmitted after the acknowledge is received by the master.
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Table 11 lists a few examples of I2C Transfers.

Table 11. I°C Transfers Examples

COMMAND MASTER TO SLAVE DATA ON I?C SDA ((CSN = 1) | MASTER TO SLAVE DATA ON I?C SDA ((CSN = 0)

Read
COM_MCU_TO_DIF_BO

Slave address: 010 0000
Register address: 0000 0100

Slave address: 100 0000
Register address: 0000 0100

Write 0x80 to Control and
Status Registers 0x30
(DAC_REGO0_1)

Slave address: 010 0010
Register address: 0011 0000
Data: 1000 0000

Slave address: 100 0010
Register address: 0011 0000
Data: 1000 0000

Write 0x34 to Data SRAM
OX7F

1. Write 0 to DATARAM_PAGE_ADDR
Slave address: 010 0010
Register address 0001 1001
Data: 0000 0000

2. Send the following command to write data:

Slave address: 010 0001
Register address 0111 1111
Data:0011 0100

1. Write 0 to DATARAM_PAGE_ADDR
Slave address: 100 0010
Register address 0001 1001

Data: 0000 0000
2. Send the following command to write data:

Slave address: 100 0001
Register address 0111 1111
Data:0011 0100

Read from EEPROM Byte
7

Slave Address: 010 0101
Register Address: 0000 0111

Slave Address: 100 0101
Register Address: 0000 0111

Write 0xD9 to DEVRAM
0x1765

1. Write 0x17 to DEVRAM_PAGE_ADDR
Slave address: 010 0010
Register address: 0001 1010

Data: 0001 0111
2. Send the following command to write data

Slave address: 010 0011
Register address 0110 0101
Data:1101 1001

1. Write 0x17 to DEVRAM_PAGE_ADDR
Slave address: 100 0010
Register address: 0001 1010

Data: 0001 0111
2. Send the following command to write data

Slave address: 100 0011
Register address 0110 0101
Data:1101 1001

7.3.16.4 Clocking Details of I°C Interface

The device samples the data on the SDA line when the rising edge of the SCL line is high, and is changed when
the SCL line is low. The only exceptions to this indication are a start, stop, or repeated start condition as shown
in Figure 41.

Figure 41. 1°C Clocking Details

7.3.17 PWM Logic

The device has PWM logic. The PWM output is available on TOPDIG or TONDIG pins as a digital output. In
addition, the PWM output is also available as an analog output at the VOUT pin; that is, the PWM logic is used to
drive the DAC GAIN buffer. The PWM functionality uses a 16-bit 4-MHz free-running timer.

7.3.17.1 PWM Logic Enable

The PWM functionality can be enabled by writing a 1 to the PWM_EN bit in PWM_EN register. This enables the
free-running timer used for PWM functionality

7.3.17.2 PWM ON and OFF Times

The PWM ON and OFF times can be configured by writing the ON and OFF time values to PWM_ON_TIME and
PWM_OFF_TIME registers, respectively. If the PWM_ON_TIME and PWM_OFF_TIME registers are updated,
the updated ON and OFF times take effect at the start of next ON time.
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7.3.17.3 PWM Voltage Levels

The voltage levels of the PWM signals are configurable. The voltage level during the PWM 0 pulse is determined
by the value in DAC_REGO register while the voltage level during the PWM 1 pulse is determined by the value in
DAC_REGI1 register.
7.3.18 DAC Output

The device includes a 14-bit digital-to-analog converter that produces an absolute output voltage with respect to
the accurate reference voltage or ratiometric output voltage with respect to the VDD supply.

When the microprocessor undergoes a reset, the DAC registers are driven to 0x000 code.

7.3.18.1 Ratiometric versus Absolute

The DAC output can be configured to be either in ratiometric-to-VDD mode or independent-of-VDD (or absolute)
mode using the DAC_RATIOMETRIC bit in DAC_CONFIG.

NOTE
In ratiometric mode, changes in the VDD voltage result in a proportional change in the
output voltage because the current reference for the DAC is derived from VDD.

7.3.19 DAC Gain

The DAC gain buffer is a configurable buffer stage for the DAC output. The DAC gain amplifier can be configured
to operate in voltage amplification mode for voltage output or current amplification mode for 4- to 20-mA
applications. In voltage output mode, DAC Gain can be configured for a specific gain value by setting the
DAC_GAIN bits in DAC_CONFIG register to a specific value. The DAC gain can be configured to one of four
possible gain configurations using the 2-bit DAC_GAIN field.

The final stage of DAC gain is connected to Vddp and ground. This gives the ability to drive VOUT voltage close
to VDD voltage.

The DAC gain buffer also implements a COMP pin to allow implementation of compensation when driving large
capacitive loads.
7.3.19.1 Connecting DAC Output to DAC GAIN Input

The DAC output can either be connected to TOP_TON test pin or can connected to DAC GAIN input as shown in
Figure 42. The figure shows that the output is connected to DAC GAIN input only when TEST_MUX_DAC_EN bit
in AMUX_CTRL register is set to 1.
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The figure also shows how the PWM logic is enabled to drive DAC GAIN. Specifically, if PWM_EN bit in
PWM_EN register is set to 1 and DAC_ENABLE bit in DAC_CTRL_STATUS register is set to 0, then DAC GAIN
output is PWM output. In all other cases, the DAC GAIN output is a constant output based on the value of
DAC_REGO register.

TEST_MUX_DAC_EN bit in
DAC_ENABLE and PWM_EN AMUX_CTRL register

bits control this MUX

To TOP_TON Pin Mux
— Y 0
o
H DAC_EN =1
MO 3 OR - DAC —
g PWM_EN =0
a 1 40KQ
- VOUT
Q DAC_EN=0 X
3 AND
19) PWM_EN =1
<
[a)

Figure 42. Connecting DAC to DAC GAIN

7.3.20 General-Purpose Input/Output (GPIO) and UART

7.3.20.1 GPIO

The device includes two general-purpose digital input/output pins. The two GPIO pins can be independently
configured as input or output pins using the GPIO1_DIR bhit in GPIO_DIR register for GPIO1 pin and GPIO2_DIR
bit in GPIO_DIR register for GPIO2 pin. When configured as an output pin, the output buffers can be configured
in either open-drain output mode or push-pull output mode using the GPIO1_CFG bit in GPIO_DIR register for
GPIO1 and GPIO2_CFG bit in GPIO_DIR register for GPIO2 pin.

The microprocessor reads the state of the GPIO1 pin using the GPIO1_1 bit in GPIO_INPUT register. Similarly,
the state of GPIO2 pin is read using the GPIO2_1 bit in GPIO_INPUT register. The state of the GPIO pins can be
read in both GPIO input and output configurations.

When GPIO1/GPIO2 pins are configured as output pins, the microprocessor controls the Output state by writing
the desired value to GPIO1_O bit in GPIO_OUTPUT register for GPIO1 pin and GPIO2_O bit in GPIO_OUTPUT
register for GP102 pin.

7.3.20.2 UART

PGA900 includes a general-purpose UART with configurable baud rate. The UART transmit and receive pins are
shared with MOSI and MISO SPI pins. By default, these pins are configured for SPI functionality. The MOSI and
MISO pins can be configured for UART functionality by writing 1 to UART_SEL bit in the PIN_MUX register.

The UART functionality is disabled on power up. The UART functionality can be enabled by writing 1 to
UART_EN bit in UART_EN register. The communication baud rate can be configured by writing the desired baud
rate to BAUD_RATE registers. The formula to calculate the value to be loaded into BAUD_RATE register is given
in Equation 2:

BAUD_RATE = round(250000 / (Desired baud rate) — 1) 2)

The UART in PGA900 is capable of transferring 8 bits only. Furthermore, the UART can be configured for even
parity, odd parity, or parity disabled by writing to the corresponding bits in UART_CFG register. The number of
stop bits is also configurable to either 1 or 2 bits using the TWO_STOP_BITS bit in the UART_CFG register. The
UART in PGA900 always transmits 1 start bit.
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The UART can be configured to generate interrupt to the microprocessor on TX Complete by writing 1 to the
UART_TXCOMPLETE_INT_EN bit in UART_INTERRUPT_ENABLE register. Similarly, the UART can be
configured to generate interrupt to the microprocessor on RX Ready by writing 1 to UART_RXRDY_INT_EN bit
in UART_INTERRUPT_ENABLE register. Both TX Complete and RX Ready generate a common interrupt to the
microprocessor. The source of the interrupt has to be determined in software by reading the
UART_INTERRUPT_STATUS register.

Note that the interrupt status bit has to cleared in the interrupt service routine by writing 1 to
UART_TX_COMPLETE_| for TX Complete interrupt and UART_RXRDY_I bit for RX Ready interrupt in
UART_INTERRUPT_STATUS register.

PGA900 initiates transmission of data over UART TX line by writing data to the UART_TX_BUF. When data
transmission is complete, TX Complete interrupt is generated. The data received on UART RX pin is stored in
UART_RX_BUF. RX Ready interrupt is generated when data is received by PGA900.

The error status of UART communication is available in UART_LINE_STATUS register. See the description of
the register for description of communication errors detected by the UART in PGA900.

7.3.21 Memory

7.3.21.1 OTP Memory

The OTP Memory space is 8 KB. This memory space contains program instructions for the MO microprocessor.
To program the OTP memory, an external VP_OTP voltage needs to be applied to the VP_OTP pin.

The device has the ability to lockout access to all memory spaces from the digital interface. This allows users to
protect firmware intellectual property.

7.3.21.1.1 OTP Programming Using SPI

The OTP memory is programmed 4 bytes at a time. The program address is 4-byte aligned. That is, the OTP
memory can be programmed starting at location 0x0000 4 bytes at a time. To program OTP memory, the 4 bytes
to be programmed have to be first loaded into OTP Data registers. The upper 12 bits of the 14-bit 4-byte aligned
OTP memory address (that is, the least two significant bits of the OTP memory address have to be 0), then has
to be loaded into the program register. When the OTP_PROG bit in OTP_PROG_ADDR_2 register is set, the
contents of the OTP data registers are transferred to the OTP memory cells.

The following sequence is an example to program 0x12345678 to OTP memory address 0x1764 (which is 4-byte
aligned) using SPI digital interface:
1. Write 0x78 to OTP_PROG_DATA 1 register:
010 00010000 1 01111000 0000
2. Write 0x56 to OTP_PROG_DATA 2 register:
010 00010001 1 01010110 0000
3. Write 0x34 to OTP_PROG_DATA_3 register:
010 00010010 1 00110100 0000
4. Write 0x12 to OTP_PROG_DATA 4 register:
010 00010011 1 00010010 0000
5. Write 0xD9 (Least Significant Byte of (0x1764 >> 2)) to OTP_PROG_ADDR 1 register:
010 00010100 1 11011001 0000
6. Write 0x85 (0x05 is the Most Significant Byte of (0x1764 >> 2)) to OTP_PROG_ADDR_2 register:
010 00010101 1 10000101 0000
7. Read OTP_PROG_CTRL_STAT register:
010 00010110 0 xxxxxxxx 0000

Wait for bit 1 of the read data to be 0 to confirm that the OTP has been programmed if necessary.
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The programming sequence shows that six 24-bit commands must be transmitted to PGA900 to program 4 bytes
of OTP. At 1 MHz, this translates to 144 pus. In addition, the SPI protocol requires 4 us of chip select disable time
between two consecutive commands and setup and hold times as shown in the SPI timing diagram, Figure 4.
Thus, the total time to transmit 4 bytes of OTP data is 144 + (6 x 4) + 6(1) = 174 ps. To program all 8 KB, the
total time is 174 x 8192 / 4 = 356.352 ms.

7.3.21.2 OTP Programming Using 1°C

The OTP memory is programmed 4 bytes at a time. The program address is 4-byte aligned. That is, the OTP
memory can be programmed starting at location 0x0000 4 bytes at a time. To program OTP memory, the 4 bytes
to be programmed have to be first loaded into OTP Data registers. The upper 12 bits of the 14-bit 4-byte aligned
OTP memory address (that is, the least two significant bits of the OTP memory address have to be 0) then has
to be loaded into the program register. When the OTP_PROG bit in OTP_PROG_ADDR_2 register is set, the
contents fo the OTP data registers are transferred to the OTP memory cells.

The following sequence is an example to program 0x12345678 to OTP memory address 0x1764 (which is 4-byte
aligned) using I2C digital interface assuming CSN = 1:
1. Write 0x78 to OTP_PROG_DATA 1 register:
— Slave address: 0100010
— Register address : 00010000
— Write data : 01111000
2. Write 0x56 to OTP_PROG_DATA_2 register:
— Slave address: 0100010
— Register address : 00010001
— Write data : 01010110
3. Write 0x34 to OTP_PROG_DATA_3 register:
— Slave address: 0100010
— Register address : 00010010
— Write data : 00110100
4. Write 0x12 to OTP_PROG_DATA 4 register:
— Slave address: 0100010
— Register address : 00010011
— Write data : 00010010
5. Write 0xD9 (least significant byte of (0x1764 >> 2)) to OTP_PROG_ADDR_1 register:
— Slave address: 0100010
— Register address : 00010100
— Write data : 11011001

6. Write 0x85 (0x05 is the most significant byte of (0x1764 >> 2), OTP_PROG = 1) to OTP_PROG_ADDR_2
register:

— Slave address: 0100010
— Register address : 00010101
— Write data : 10000101
7. Read OTP_PROG_CTRL_STAT register:
— Slave address: 0100010
— Register address : 00010110

Wait for bit 1 of the read data to be 0 to confirm that the OTP has been programmed if necessary.

7.3.21.3 EEPROM Memory

Figure 43 shows the EEPROM structure. The contents of each EEPROM must be transferred to the EEPROM
cache before writes; that is, the EEPROM can be programmed 8 bytes at a time. The EEPROM reads occur
without the EEPROM cache.
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Figure 43. Structure of EEPROM Interface

7.3.21.3.1 EEPROM Cache

The EEPROM cache serves as temporary storage of data being transferred to selected EEPROM locations
during the programming process.

7.3.21.3.2 EEPROM Programming Procedure

For programming the EEPROM, the EEPROM is organized in 16 pages of 8 bytes each. The EEPROM memory
cells are programmed by writing to the 8-byte EEPROM cache. The contents of the cache are transferred to
EEPROM memory cells by selecting the EEPROM memory page.

1. Select the EEPROM page by writing the upper 4 bits of the 7-bit
EEPROM_PAGE_ADDRESS register.

2. Load the 8-byte EEPROM cache by writing to the EEPROM_CACHE registers. Note that all 8 bytes have to
be loaded into the EEPROM_CACHE.

3. Set the ERASE_AND_PROGRAM bit in EEPROM_CTRL register. Setting this bit automatically erases the
selected EEPROM memory page and programs it with the contents of EEPROM_CACHE. Alternatively, the
user can erase by writing 1 to the ERASE bit in EEPROM_CTRL register following by writing 1 to the
PROGAM bit in the EEPROM_CTRL register after the erase is complete. The status of erase and program
can be monitored through the EEPROM_STATUS register.

EEPROM address to

7.3.21.3.3 EEPROM Programming Current

The EEPROM programming process results in an additional 6-mA current on the VDD pin for the duration of
programming.
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7.3.21.3.4 CRC

The last byte of the EEPROM memory is reserved for the CRC. This CRC value covers all data in the EEPROM
memory. Every time the last byte is programmed, the CRC value is automatically calculated and validated. The
validation process checks the calculated CRC value with the last byte programmed in the EEPROM memory cell.
If the calculated CRC matches the value programmed in the last byte, the CRC_GOOD bit is set in
EEPROM_CRC_STATUS register.

The CRC check can also be initiated at any time by setting the CALCULATE_CRC bit in the EEPROM_CRC
register. The status of the CRC calculation is available in the CRC_CHECK IN_PROG bit in
EEPROM_CRC_STATUS register, while the result of the CRC validation is available in the CRC_GOOD bit in
EEPROM_CRC_STATUS register.

The CRC calculation pseudo code is as follows:
currentCRC8 = OxFF; // Current value of CRC8

for NextData

D = NextData;

C = currentCRCS8;

begin
nextCRC8_BITO = D _BIT7 ~ D_BIT6 ~ D_BITO ~ C_BITO ~ C_BIT6 ~ C_BIT7;
nextCRC8_BIT1 = D _BIT6 ~ D_BITL ~ D_BITO ~ C_BITO ~ C_BITL ~ C_BIT6;
nextCRC8_BIT2 = D _BIT6 ~ D_BIT2 ~ D_BITL ~ D_BITO ~ C_BITO ~ C_BITL ~ C_BIT2 ~ C_BIT6;
nextCRC8_BIT3 = D _BIT7 ~ D_BIT3 ~ D_BIT2 ~ D_BITL ~ C_BITL ~ C_BIT2 ~ C_BIT3 ~ C_BIT7;
nextCRC8_BIT4 = D _BIT4 ~ D_BIT3 ~ D_BIT2 ~ C_BIT2 ~ C_BIT3 ~ C_BIT4;
nextCRC8_BIT5 = D _BIT5 ~ D_BIT4 ~ D_BIT3 ~ C_BIT3 ~ C_BIT4 ~ C_BIT5;
nextCRC8_BIT6 = D _BIT6 ~ D_BIT5 ~ D_BIT4 ~ C_BIT4 ~ C_BIT5 ~ C_BIT6;
nextCRC8_BIT7 = D_BIT7 ~ D_BIT6 ~ D_BIT5 ~ C_BIT5 ~ C_BIT6 ~ C_BIT7;

end

currentCRC8 = nextCRC8_D8;

endfor

NOTE
The EEPROM CRC calculation is complete 340 ps after digital core starts running at
power up. After the CRC calculation completes, the EEPROM_CRC_VALUE contains the
CRC value calculated and CRC_GOOD bit in the EEPROM_CRC_STATUS register
indicates the status of the CRC check.

7.3.21.4 DATA RAM Memory

This memory space is used for MO scratchpad memory, such as intermediate calculation results. It is a 1-KB
memory space, and located at memory page 1.

7.3.21.5 Control and Status Registers Memory
The MO uses control and data registers to interact with the analog blocks of the device.
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7.3.21.6 Software Development RAM

7.3.21.6.1 Software Development

PGA900 has 8 KB of development RAM that can overlay the OTP memory address. This is to allow convenient
development of software. The software development RAM can be configured to either overlay the OTP memory
address space (that is, same address space as OTP) or assigned to non-OTP-overlay address space using the
REMAP bit in the REMAP register. The REMAP can be set using a debugger.

7.3.21.6.1.1 Downloading Software into Development RAM Using Digital Interface

Follow these steps to download the software into development RAM.
1. Set REMAP bit in REMAP register to 0.

2. Select the development RAM page address by writing the appropriate page value to the
DEVRAM_PAGE_ADDR register. Note that this register is at digital interface memory page address 0x02
and each development RAM page consists of 256 bytes.

3. Write to the development RAM to the byte in the 256-byte development RAM page at digital interface
memory page address 0x03.

7.3.21.6.2 Trace FIFO

The PGA900 software development RAM can also be used as trace FIFO. The trace feature allows either P ADC
value or T ADC value to be stored in the development RAM for post-processing. The trace source can be
selected by setting the TRACE_SOURCE in the TRACE_FIFO_CTRL_STAT register. The trace function can be
enabled by writing 1 to the TRACE_FIFO_ENABLE bit in TRACE_FIFO_CTRL_STAT register.

The trace capture stops after collecting 2048 ADC samples. The samples are 32-bit address aligned with the
ADC value in the lower 16 or 24 bits depending on the configured number of ADC bits. The state of tracing can
be monitored through TRACE_FIFO_EMPTY, TRACE_FIFO_HALF_FULL, and TRACE_FIFO_FULL bits in the
TRACE_FIFO_CTRL_STAT register. Once the trace FIFO is enabled, a time equal to 2048 ADC samples x the
configured decimation rate has to elapse before attempting to read the data or check the status of tracing
through the TRACE_FIFO_CTRL_STAT register.

NOTE
If the trace feature is enabled, the software development RAM cannot be used to overlay
the OTP for software development.

7.3.21.7 OTP Security

7.3.21.7.1 Definition of OTP Security

OTP security is defined as the inability to read OTP memory contents with digital interfaces (SPI, I°C, and OWI)
and software debugger. This feature is implemented in PGA900 to prevent the download of OTP contents after
the device is deployed in the field.
7.3.21.7.2 OTP Security in PGA900

In PGA900, if OTP security is enabled, access to all memories is disabled. That is, after security is enabled, the
digital interface cannot access OTP, EEPROM, and RAM through digital interfaces and debugger.

However, the COMBUF register is accessible even when security is enabled.

7.3.21.7.3 Enabling OTP Security in PGA900

PGA900 has two registers to enable OTP security:

1. SECLOCK register (8 hits)
a. Writing Ox00 enables access to all memories through digital interface.
b. Writing OXAA disables access to all memories through digital interface.

The reset value of the register is such that OTP security is disabled.
2. DEBUG_LOCK bit in MICRO_INTERFACE_CONTROL register
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a. Writing a O to this bit enables access through software debugger.
b. Writing a 1 to this bit disables access through software debugger.

The reset value of the bit is 0.

7.3.21.7.4 Using OTP Security in PGA900
The MO firmware enables OTP security by checking a EEPROM bit (or bits) reserved for OTP security. This
software is executed at MO startup after MO reset is deasserted. The pseudocode is:
1. If (Security bit reserved in EEPROM is 1)
a. SECLOCK = 0xAA;
b. DEBUG_LOCK bit=1
2. Else
a. SECLOCK = 0x00;
b. DEBUG_LOCK bit=0
3. End
Using this method, if OTP security is enabled in the manufacturing line before calibration is complete, then all
accesses to memories are disabled. That is, the manufacturing tester cannot communicate with PGA900

anymore. Hence, OTP security cannot be disabled. Therefore, OTP security must be enabled as a last step
on the manufacturing line.

7.3.21.7.5 Sequence in Manufacturing Line

Ensure EEPROM bits reserved for EEPROM security correspond to OTP Security Disable value.
Program OTP with firmware.

Perform all calibrations.

As a final step on the manufacturing line, program EEPROM bits corresponding to OTP security to OTP
Security Enable value.

HMowbdpeE

7.3.22 Diagnostics

This section describes the diagnostics.

7.3.22.1 Power Supply Diagnostics

The device includes modules to monitor the power supply for faults. The internal power rails that are monitored
are:

AVDD voltage, thresholds are generated using inaccurate reference.

DVDD voltage, thresholds are generated using inaccurate reference.

Bridge supply voltage, thresholds are generated using internal voltage reference.

Internal oscillator supply voltage, thresholds are generated using inaccurate reference.

Reference output voltage, thresholds are generated using inaccurate reference.

The electrical specifications list the voltage thresholds for each of the power rails.

A S o

When a fault is detected, an appropriate bit in the PSMON1 and PSMONZ2 registers is set. If the faulty condition
is removed, the fault bits remain latched. To remove the fault, MO software must read the fault bit and write a
logic zero back to the bit. In addition, a system reset clears the fault.

NOTE
When bridge supply over voltage condition is detected, the user must disable the bridge
supply the user by setting BRDG_EN bit BRDG_CTRL register to 0. In addition, the user
must set disconnect P gain amplifier from VINPP and VINPN input pins by setting
PGAIN_OPEN bit in AFE_CFG register to 1 to not damage P Gain amplifier.
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7.3.22.2 Resistive Bridge Sensor and Temperature Sensor Connectivity Diagnostics

7.3.22.2.1 P Gain Input Faults

The device includes modules to monitor for sensor faults. Specifically, the device monitors the sensor pins for
opens (including loss of connection from the sensor), short-to-ground, and short to sensor supply.

When a fault is detected, an appropriate bit in the AFEDIAG register is set. All three types of sensor faults result
in the setting of the same bit, meaning it is not possible to distinguish the type of fault that has occurred. Even
after the faulty condition is removed, the fault bits remains latched. To remove the fault the MO software must
read the fault bit and write a logic zero back to the bit. In addition a system reset clears the fault.

Open sensor faults are detected through the use of an internal pulldown resistor. The value of the resistor and
the threshold can be configured using DIS_R1M and DIS_R2M bits in AFEDIAG_CFG register. Note that these
diagnostics can be disabled by writing to the DIS_R_SD bit in AFEDIAG_CFG register.

The thresholds for both P Gain are derived off of VBRDG voltage.
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Figure 44. Block Diagram of P Gain and T Gain Diagnostics
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NOTE
When an overvoltage fault is detected at the input of P gain amplifier, the user must set
disconnect P gain amplifier from VINPP and VINPN input pins by setting PGAIN_OPEN bit
in AFE_CFG register to 1 in order to not damage the P gain amplifier.

7.3.22.2.2 T Gain Input Faults

The device implements a comparator to detect overvoltage conditions at the input of T gain amplifier; that is,
VINTP and VINTN pins. This diagnostics can be disabled by writing to the DIS_R_TEMP bit in AFEDIAG_CFG
register.

7.3.22.3 P Gain and T Gain Output Diagnostics

The device includes modules that verify that the output signal of each gain is within a certain range. This ensures
that gain stages in the signal chain are working correctly. AVDD voltage is used to generate the thresholds
voltages for comparison.

When a fault is detected, the corresponding bit in AFEDIAG register is set. Even after the faulty condition is
removed, the fault bits remain latched. To remove the fault, MO software must read the fault bit and write a logic
zero back to the bit. In addition a system reset clears the fault.
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Figure 45. Block Diagram of P Gain and T Gain Output Diagnostics
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NOTE
TGAIN_UV flag is ON all the time if TGAIN is configured for single-ended mode because
one of the terminals is always at ground potential. In other words, TGAIN_UV flag cannot
be used to detect low voltage faults in T GAIN path if the amplifier is configured for single-
ended mode. Software has to use T ADC counts to determine fault.

7.3.22.4 DAC Diagnostics

The PGA900 implements loop back feature to check the integrity of the signal chain. Figure 46 shows the block
diagram representation of the loop back feature. This figure shows that the DAC output is connected to positive
side of the differential input while the negative side of the differential input is grounded. The common-mode for
the loop back amplifier is always VBRDG/2.

The DAC outputs are voltage divided by a nominal factor of 5 before being connected to the PGAIN inputs.

LB_AMP_EN in DAC_LPBK_CTRL

EN_LB in DAC_LPBK_CTRL LB_CONNECT in DAC_LPBK_CTRL

TEST_MUX_DAC_EN bit in
AMUX_CTRL register

Loop Back Differential

Voltage = (DAC Output)/5 02 VCM = VBRDG/2 }/

To TOP_TON Pin Mux
OF—» —

VINPP : + —— DAC p————

From i
| PGAIN MO
Sense VINPN | - < [PADE 40KQ
Element 1 VOUT To
< PLCC/
ECU

Figure 46. DAC Loop Back.

DAC loop back is enabled by setting LB_EN bit in EN_CTRL to 1. Note that ADC output represents the DAC
output scaled by the voltage divider and the PGAIN.

The DAC outputs continue to be available on VOUT pin in the Loop Back mode.

7.3.22.5 Harness Open Wire Diagnostics

PGA900 allows for open wire diagnostics to be performed in the ECU. Specifically, the ECU can detect open
VDD or Open GND wire by installing a pullup or pulldown on VOUTL1 line.

Figure 47 shows the possible harness open-wire faults on VDD and GND pins.
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Open Wire Diagnostic 1: VDD Open, VOUT has pull up

Open Wire Diagnostic 3: VDD Open, VOUT has pull down

SENSOR ECU SENSOR ECU
VDD VDD
VOUT1 VOUT1
GND GND
Open Wire Diagnostic 2: GND Open, VOUT has pull up Open Wire Diagnostic 4: GND Open, VOUT has pull down
SENSOR ECU SENSOR ECU
VDD VDD
VOUT1 VOUT1
GND GND %

Figure 47. Harness Open-Wire Diagnhostics

CAUTION

If FBN pin has intermittent disconnects, that is, the pin opens and reconnects, then the
reconnect action could damage the device.

7.3.22.6 Software Watchdog

PGA900 includes a software watchdog. The software watchdog can be enabled by writing 1 to WDOG_EN bit in
the WDOG_CTRL_STAT register. If the software watchdog is enabled software has to service the watchdog
periodically by writing to the WDOG_TRIG register.

The value written to the WDOG_TRIG corresponds to the timeout value. The timeout value:
(WDOG_TRIG+1)*2ms. If the software does not service the watchdog before timeout value, the microprocessor
is reset. In this case of microprocessor reset, all peripherals (including the digital interfaces) except the software
watchdog are reset. That is, all control and status registers are set to their respective reset values, and the
software watchdog continues to be enabled. Furthermore, the WD_RESET bit in WDOG_CTRL_STAT is be set
to 1 to indicate that the microprocessor recovered from a software watchdog timeout event. The WD_RESET bit
can be cleared by writing a 1 to the WD_RESET bit.

7.3.22.7 EEPROM CRC and TRIM Error
The last Byte in the EEPROM stores the CRC for all the data in EEPROM.

The user can verify the EEPROM CRC at any time. When the last byte is loaded into the Cache, the device
automatically calculates the CRC and updates the CRC_ERR bit in EE_STATUS Control and Data Registers.
The validity of the CRC can also be verified by initiating the CRC check by setting the control bit
CACULATE_CRC bit in EEPROM_CRC register.
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The device also has analog trim values. The validity of the analog trim values is checked on power up and before
the MO reset is de-asserted. The validity of the trim values can be inferred using the TRIM_ERR bit in
EE_STATUS Control and Data Registers.

7.3.22.8 DATA RAM MBIST

The device implements DATA RAM memory built-in self-test (MBIST). This diagnostic checks the integrity of the
internal RAM on an on-demand basis.

The procedure to start this diagnostic and check for status is as below:

* 1. Set DATARAM_MBIST_CTRL bits in RAM_MBIST_CONTROL register to 0b11. This starts the DATARAM
MBIST.

e 2. Wait for DATARAM_MBIST_DONE in RAM_MBIST_STATUS register to be set to 1 by the DATARAM
MBIST algorithm

» 3. Check DATARAM_MBIST_FAIL bit in RAM_MBIST_STATUS register after DATARAM_MBIST_DONE flag
is set to 1. If DATARAM_MIBIST_FAIL is 1, then DATARAM MBIST failed, indicating faulty DATARAM. If
DATARAM_MBIST_FAIL is 0, then DATARAM has no faults.

The DATARAM MBIST takes 34 ms to execute. The software can continue execution as long as DATARAM is
not accessed.

NOTE
While the DATARAM MBIST is running, the MO must not access the DATARAM.

NOTE
Contents of RAM is lost when MBIST is executed. Therefore, T| recommends that MBIST
be run only at power up or microprocessor reset.

7.3.22.9 Development RAM MBIST

The device implements Development RAM MBIST. This diagnostic checks the integrity of the internal RAM on an
on-demand basis.

The procedure to start this diagnostic and check for status is as below:

+ 1. Set DEVRAM_MBIST_CTRL bits in RAM_MBIST_CONTROL register to 0b11. This starts the DEVRAM
MBIST.

e 2. Wait for DEVRAM_MBIST_DONE in RAM_MBIST_STATUS register to be set to 1 by the DEVRAM MBIST
algorithm

e 3. Check DEVRAM_MBIST_FAIL bit in RAM_MBIST_STATUS register after DEVRAM_MBIST_DONE flag is
set to 1. If DEVRAM_MIBIST_FAIL is 1, then DEVRAM MBIST failed, indicating faulty DEVRAM. If
DEVRAM_MBIST_FAIL is 0, then DEVRAM has no faults.

The DEVRAM MBIST takes 304 ms to execute. The software can continue execution as long as DEVRAM is not
accessed.

NOTE
While the DEVRAM MBIST is running, the MO must not access the DEVRAM.

NOTE
Contents of DEVRAM are lost when MBIST is executed. Therefore, TI recommends only
running the MBIST at power up or microprocessor reset.

7.3.23 ARM Cortex-MO Microprocessor

The ARM Corext-MO microprocessor is an exceptionally high-performance version of this popular 32-bit
microcontroller.
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The microprocessor can be configured to run at different frequencies by setting the
MO_FREQUENCY_CONTROL register. Note that with increased clock speed, the current consumption of the
device increases.

Cortex-MO components

Cortex-MO0 processor

Debug
Nested f
—Interrupts————@——— Breakpoint
P > Vectored Cortex-M0 anz
Interrupt 4P| processor |g—P watchpoint
controller core unit
— > (NVIC)

L} Bus matrix |« in?::r?:ge Ml |
|

v v

AHB-Lite interface to system Serial Wire Debug

Figure 48. ARM Cortex-MO Core

7.3.23.1 SYSTICK Timer
The Cortex MO microprocessor includes a 24-bit timer with 1-us update rate.

7.3.23.2 NVIC Controller

The Cortex MO microprocessor includes the nested vectored interrupt controller (NVIC). The peripheral interrupt
signals connect to the NVIC, and the NVIC prioritized the interrupts. All NVIC registers are accessible using word
transfers only. The NVIC in PGA900 is configured to support 8 interrupts.

7.3.23.3 Software Debugger

The Cortex MO microprocessor includes the debugger. The PGA900 Cortex MO debuggers includes the following
features:

e Two breakpoints

e One watchpoint

7.3.24 Revision ID

PGA900 includes Revision ID registers. These registers are read-only and represent the device revision and is
not unique for every device in a certain revision.

7.3.25 Test MUX

PGA900 provides the ability to either stimulate the internal circuits from external sources and monitor the internal
circuits by external sources. This is accomplished using the test pins. For more information on the MUX settings,
refer to the Control and Status Registers section.
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7.4 Device Functional Modes

There are 2 main functional modes for the PGA900: current (4- to 20-mA loop) and voltage mode. Depending on
which mode is being used, the external components and connections are slightly different.

7.4.1 Voltage Mode

When configured in this mode, the FBN pin must be connected to the VOUT pin. If the VOUT pin is driving a
large capacitive load, a compensation capacitor can be connected to the COMP pin and an isolation resistor can
be placed between the VOUT and FBN pins. The FBP pin is not used in voltage mode.

7.4.2 Current Mode

When configured in this mode, the VOUT pin is driving the base of a BJT as shown in Figure 141. The COMP
pin is connected to the emitter of the BJT and the FBP pin is connected to the return terminal of the supply. The
FBN pin is not used in current mode.
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7.5 Register Maps

7.5.1 Memory Map

MO Address
0x4000 OSFF

0x4000 0088

CONTROL & STATUS REGISTERS

0x4000 0087

EEPROM CACHE

0x4000 0080

0x4000 O007F

EEPROM CELLS

Organized as 16 8-byte Pages for
Write

0x4000 0000

0x2100 1FFF

0x2100 0000

DEVELOPMENT RAM

Organized as 32 256-byte Pages for
Read and Write with Digital Interface

0x2000 O3FF

0x2000 0000

DATA RAM

Organized as 4 256-byte Pages for
Read and Write with Digital Interface

0x0000 1FFF

0x0000 0000

oTP

Organized as 32 256-byte Pages for
Read with Digital Interface.
32-bit Addressable for Write with
Digital Interface

Memory Page
Address for Digital
Interface Access

0x02

0x07

0x05

0x05

0x03

0x01

0x04

Figure 49. Memory Diagram

Refer to ARM_MO_User_guide.pdf for MO-specific register addresses

Number of 256-byte
Pages for Digital
Interface Access

N/A

N/A

N/A

32

32
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7.5.2 Control and Status Registers
Table 12. Control and Status Registers
Register Name Description Eég;gs'“; %g:;ssest MO Address RIW D7 D6 D5 D4 D3 D2 D1 DO
DEVRAM_MBI | DEVRAM_MBI | DATARAM_MB | DATARAM_MB
Egm.ﬂfgf ngTMR%fT ox2 0x02 0x40000502 RW ST ST IST IST
_CTRL[] _CTRL[0] _CTRL[] _CTRL[0]
DEVRAM_MBI | DEVRAM_MBI DATARAM_MB | DATARAM_MB
STA/';"TBL'JSST— S?X"T“JS'ST ox2 0x03 0x40000503 R ST ST IST_ IST_
FAIL DONE FAIL DONE
MO FREQUENCY CLK_ CLK_
CLK_CTRL_STATUS | pio FREO! ox2 0x04 0x40000504 RW STATUS.1 STATUS. 0 CLK_ CTRL_1 | CLK_CTRL. 0
DIGITAL 12C_
DIG_IF_CTRL INTERFACE ox2 006 0x40000506 RW DEGLITCH_ | I2c_RATE | OWLDGLCN owl_ OWI_EN 12C_EN SPIEN
T SEL XCVR_EN
CONTROL EN - -
OWI_ERROR_
T ERROT ox2 0x08 0x40000508 R OWI_ERR7 | OWI_ERR6 | OWIERR5 | OWI_ERR4 | OWI_ERR3 | OWI ERR2 | OWI_ERRL | OWI_ERRO
OWI_ERROR_ OWI_ERR_CL
oTATOS ox2 0x09 0x40000509 R i OWI_ERR9 | OWI_ERRS
owl_ ox2 OXOA 0x4000050A RW OWI_INT
INTERRUPT .
owl_
INTERRUPT _ ox2 0x0B 0x40000508 RW OWI_INT_EN
ENABLE
OTP_PROG_
s ox2 0x10 0x40000510 RW
OTP_PROG_
o ox2 ox11 0x40000511 RW
OTP_PROG_
S ox2 ox12 0x40000512 RW
OTP_PROG_
o ox2 0x13 0x40000513 RW
OTP_PROG
PCHE ox2 ox14 0x40000514 RW ADDR[7] ADDRI[6] ADDR[5] ADDR[4] ADDR[3] ADDR[2] ADDR[1] ADDRI[0]
%E{;ROG— ox2 0x15 0x40000515 RW | OTP_PROG ADDRI10] ADDRI9] ADDRIE]
oTP_ oTP_
SI;EPSRTOAGf ox2 0x16 0x40000516 RW PROG_IN_ | PROGTIMER_
- PROGRESS DIS
OTPPAGE. ox2 ox18 0x40000518 RW ADDR[4] ADDR[3] ADDR[2] ADDR[1] ADDR[0]
DATARAM_
PAGE ADDR ox2 0x19 0x40000519 RW ADDR[1] ADDR[0]
2S‘SEAM7PAGE7 ox2 OX1A 0X4000051A RW ADDR[4] ADDR[3] ADDR[2] ADDR[1] ADDRI0]
WDOG_CTRL_STAT ox2 ox1C 0x4000051C RW | WD_RESET WDOG_EN
WDOG_TRIG ox2 0x1D 0x4000051D w
PIN_MUX ox2 OX1E 0x4000051E RW UART_SEL
PADC_DATAL ox2 0x20 0x40000520 R
PADC_DATA2 ox2 ox21 0x40000521 R
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Table 12. Control and Status Registers (continued)
. - DI Page DI Offset

Register Name Description Address AalEss MO Address R/W D7 D6 D5 D4 D3 D2 D1 DO

PADC_DATA3 ox2 0x22 0x40000522 R

PADC_INT_RA PADC_ PADC_EN_24B
PADC_CONFIG ox2 0x23 0x40000523 RW £ DECIRATE o PADC_EN
TADC_DATAL ox2 0x24 0x40000524 R
TADC_DATA2 ox2 0x25 0x40000525 R
TADC_DATA3 ox2 0x26 0x40000526 R

TADC_INT_RA TADC_ TADC_EN_24B
TADC_CONFIG ox2 ox27 0x40000527 RW 5 DECI. RATE E: TADC_EN
ADC_CFG_1 ox2 0x29 0x40000529 RW Write 0 Write 0 ADC_EN Write 0 Write 0 R'EcsL'f(T— REA%EDT -
DAC_REGO_1 ox2 0x30 0x40000530 RW
DAC_REGO_2 ox2 0x31 0x40000531 RW
DAC_REG1_1 ox2 0x32 0x40000532 RW
DAC_REG1_2 ox2 0x33 0x40000533 RW
DAC_CTRL_ DAC_
STATUS ox2 0x38 0x40000538 RW ENABLE
DAC_CONFIG ox2 0x39 0x40000539 RW DAC_

—~ RATIOMETRIC
DAC_LPBK_ LB_AMP_ LB_
Pl ox2 0x3A 0x4000053A RW EN_LB N CONNECT
OP_STAGE_CTRL ox2 0x3B 0x4000053B RW PULLUP_EN | DACCAP_EN | 4 20MA_EN | DAC_GAIN[2] | DAC_GAIN[1] | DAC_GAIN[0]
AFE_CFG 0x0 OxF4 0x400004F4 RW Write 0 Write 0 PGAIN_OPEN Write 0 Write 0 Write 0 Write 0 Write 0

FAULT_ FAULT_ FAULT_
AFEDIAG_CFG ox2 0x45 0x40000545 RW DIS_R_TEMP | DIS_R_SD THRS[] THRS] THRS[O] DIS_R2M DIS_RIM
VBRDG_ VBRDG_

BRDG_CTRL ox2 0x46 0x40000546 RW CTRLL] CTRL] BRDG_EN
P_GAIN_

SELECT ox2 oxa7 0x40000547 RW P_INV P_GAIN[4] P_GAIN[3] P_GAIN[2] P_GAIN[1] P_GAIN[O]
T_GAIN_ ox2 0x48 0x40000548 RW TNV T_GAIN[1] T_GAIN[0]
SELECT - - -

ITEMP_ ITEMP_ ITEMP_ TEMP_MUX_ | TEMP_MUX_ | TEMP_MUX_ | TEMP_MUX_
TEMP_CTRL 0x2 0xaC 0x4000054C RW CTRLZ] CTRL[A] CTRLIO] CTRL[3] CTRL[2] CTRL[1] CTRL[O]
GATE_CTRL_ ADC_EN_

ALPWR ox2 0x50 0x40000550 5 VREF SD
DLPWR ox2 0x54 0x40000554 RW OWI_CLK_EN
PSMON1 ox2 0x58 0x40000558 RW | OSC_VDD_UV | OSC_VDD_OV | AVDD_UV AVDD_OV REF_UV REF_OV VBRG_UV VBRG_OV
PSMON2 0x2 0x59 0x40000559 RW DVDD_UV DVDD_OV
AFEDIAG ox2 OX5A 0x4000055A RW TGAIN_UV TGAIN_OV PGAIN_UV PGAIN_OV VINT_OV VINP_UV VINP_OV
;cE’LP DIG_MUX_ ox2 0x60 0x40000560 RW TOPDIG[5] TOPDIG[4] TOPDIG[3] TOPDIG[2] TOPDIG[1] TOPDIG[0]
gg’C‘D'G—MUX— ox2 0x61 0x40000561 RW TONDIG[5] TONDIG[4] TONDIG[3] TONDIG[2] TONDIG[1] TONDIG[0]
AMUX_ACT ox2 0x64 0x40000564 RW TOUTE'\L"UXfS TIN_MUX_EN
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Table 12. Control and Status Registers (continued)

. - DI Page DI Offset
Register Name Description Address AalEss MO Address R/W D7 D6 D5 D4 D3 D2 D1 DO
AMUX_TIN AMUX_TIN
AMUX_TIN_ - - AMUX_TIN
MUX GTRL ox2 0x65 0x40000565 RW _MU)EE]CTRL _MU)EI]CTRL MUK GTRU0]
AMUX_TOUT AMUX_TOUT | AMUX_TOUT
AMUX_TOUT_ - AMUX_TOUT_ - —
MUX GTRL ox2 0x66 0x40000566 RW _MUXCCTRL | (WO ToP | CMUXCCTRL | _MUX_CTRL
[3] [1] [0]
TEST TEST_ TEST_
AMUX_CTRL ox2 0x67 0x40000567 RW TSEM_N MUX_T_ MUX_P_ MUX_DAC_
EN EN EN
TRACE
TRACE_ - TRACE_ TRACE_
RACE O~ ox2 0x70 0x40000570 RW FIFO_ o FIFO_ Mg FIFO_
= FULL - EMPTY ENABLE
FULL
REVISION_ID1 0x0 0x00 0x40000400 R OPT_ID[2] OPT_ID[1] OPT_ID[0] REV_ID[3] REV_ID[2] REV_ID[1] REV_ID[0]
REVISION_ID2 0x0 0x01 0x40000401 R DL_ID[3] DL_ID[2] DL_ID[1] DL_ID[0]
COM_MCU_TO_
o Bl 0x0 0x04 0x40000404 RW
COM_MCU_TO_
oI B 0x0 0x05 0x40000405 RW
COM_TX_STATUS 0x0 0x06 0x40000406 RW COM_TXRDY
COM_DIF_TO_
meU bt 0x0 0x08 0x40000408 RW
COM_DIF_TO_
e B2 0x0 0x09 0x40000409 RW
COM_RX_STATUS 0x0 O0X0A 0x4000040A RW COM_RXRDY
COM_RX_INT_ENABL COM_RXRDY_
< 0x0 0x0B 0x40000408 RW o En
MICRO_
INTERFACE_ 0x0 0x0C 0x4000040C RW DEBUG_LOCK M'CROT—RESE IF_SEL
CONTROL
SECLOCK 0x0 0x0D 0x4000040D RW SECLOCK
UART_CONFIG ox7 0x00 0x40000200 RW TWOEQ%OP— PARITY PARITY_EN
UART_EN ox7 0x01 0x40000201 RW UART_EN
BAUD_RATE_LO ox7 0x02 0x40000202 RW
BAUD_RATE_HI ox7 0x03 0x40000203 RW
UART_LINE_ TX_COMPLET FRAMING._ PARITY_ OVERRUN_
i ox7 0x04 0x40000204 RW ! RX_READY jiivs RIS VERRLY
UART
UART_INTERRUPT — UART_
eTatue ox7 0x08 0x40000208 R TXCOMPLETE | pen
UART_ UART_
YR T INTERRUPT ox7 0X0A 0x4000020A RW TXCOMPLET_ | RXRDY._
- INT_EN INT_EN
UART_RX_BUF ox7 0x0C 0x4000020C R
UART_TX_BUF ox7 OXOE 0x4000020E RW
PWM_ON_TIME1 ox7 0x10 0x40000210 RW
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Table 12. Control and Status Registers (continued)
. - DI Page DI Offset
Register Name Description Address AalEss MO Address R/W D7 D6 D5 D4 D3 D2 D1 DO
PWM_ON_TIME2 ox7 ox11 0x40000211 RW
PWM_OFF_TIME1 ox7 0x12 0x40000212 RW
PWM_OFF_TIME2 ox7 0x13 0x40000213 RW
PWM_EN ox7 ox14 0x40000214 RW PWM_EN
GPIO_INPUT ox7 0x18 0x40000218 R GPIO2_I GPIO1_|
GPIO_OUTPUT ox7 0x19 0x40000219 RW GPIO2_O GPIO1_O
GPIO_DIR ox7 Ox1A 0x4000021A RW GPIO2_CFG | GPIO1_CFG GPIO2_DIR GPIO1_DIR
REMAP ox7 0x20 0x40000220 RW REMAP
0x40000000-
EEPROM ARRAY 0x5 0X00-0x7F OX4000007F RW
0x40000080-
EEPROM_CACHE 0x5 0x80-0x87 40000087 RW
EEPROM_PAGE_
ADDRESS 0x5 0x88 0x40000088 RW ADDR([2] ADDRI1] ADDRI0]
FIXED_
EEPROM_CTRL 0x5 0x89 0x40000089 RW ERASE_ Eﬁgg%—;:‘,\? ERASE PROGRAM
PROG_TIME | -
EEPROM_CRC 0x5 O0x8A 0x4000008A RW CAL%%L(?TE
PROGRAM_IN | ERASE_IN READ_IN
EEPROM_STATUS 0x5 0x8B 0x4000008B R PROGRESS | PROGRESS | PROGRESS
EEPROM_CRC CRC_CHECK
“STATUS 0x5 0x8C 0x4000008C R CRC_GOOD "IN PROG
EEPROM_CRC
“VALUE 0x5 0x8D 0x4000008D R
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Table 13. Cortex MO Specific Registers

Register Name Description MO Address
SYST_CSR SysTick Control and Status Register O0XEOOOEO010
SYST_RVR SysTick Reload Value Register OXEOOOEO014
SYST_CVR SysTick Current Value Register OXEOOOEO018
ISER Interrupt Set-Enable Register O0XEOOOE100
ICER Interrupt Clear-Enable Register OXEOOOE180
ISPR Interrupt Set-Pending Register O0XEOO0E200
ICPR Interrupt Clear-Pending Register O0XEOO0OE280
IPR Interrupt Priority Registers 0XEOOOE400-0xEOOOE41C

NOTE

For details of the Cortex MO specific registers, refer to ARM_MO_User_guide.pdf that can

be downloaded from the ARM website (www.arm.com).

7.5.2.1 RAM MBIST Control (MO address = 0x40000502) (DI page address = 0x2) (DI page offset = 0x02)
Figure 50. RAMBIST_CONTROL

7 6 5 4 3 2 1 0
DEVRAM_MBI | DEVRAM_MBI | DATARAM_MB | DATARAM_MB
ST ST IST IST
_CTRL[1] _CTRL[0] _CTRL[1] _CTRL[0]
RW RW RW RW
0 0 0 0
Table 14. RAMBIST_CONTROL Field Descriptions
Bit .
Definitions 2
0: DATARAM_MBIST_CTRL[1] DATARAM_MBIST_CTRL][0]
DATARAM_MBIST .
CTRL[0] 0 0 DATARAM MBIST is inactive
1: 0 1 Invalid
DATARAM_MBIST | 1 0 Invalid
—CTRL[] 1 1 DATARAM MBIST is active
2 DEVRAM_MBIST_CTRL[1] DEVRAM_MBIST_CTRLI[O0]
RAMBIST_C |DEVRAM_MBIST_ |0 0 DEVRAM MBIST is inactive
ONTROL CTRLI0] 0 1 Invalid
3: 1 0 Invalid
DEVRAM_MBIST_ —
CTRL[1] 1 1 DEVRAM MBIST is active
4.
5
6:
7
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7.5.2.2 RAM MBIST Status (M0 address = 0x40000503) (DI page address = 0x2) (DI page offset = 0x03)
Figure 51. RAMBIST_STATUS

7 6 5 4 3 2 1 0
DEVRAM_MBI | DEVRAM_MBI DATARAM_MB | DATARAM_MB
ST ST_ IST_ IST_
FAIL DONE FAIL DONE
R R R R
0 0 0 0

Table 15. RAMBIST_STATUS Field Descriptions
Bit Definitions Bit

1: DATARAM MBIST is complete.
0: DATARAM MBIST has not started or has not completed.

1: DATARAM MBIST has failed.
1: DATARAM_MBIST_FAIL 0: DATARAM MBIST has not failed.
This bit is valid only when DATARAM_MBIST_DONE is 1.

0: DATARAM_MBIST_DONE

RAMBIST_STATUS -
- 1: DEVRAM MBIST is complete.

0: DEVRAM MBIST has not started or has not completed.

1: DEVRAM MBIST has failed.
5: DEVRAM_MBIST_FAIL 0: DEVRAM MBIST has not failed.
This bit is valid only when DEVRAM_MBIST_DONE is 1.

4: DEVRAM_MBIST_DONE

7.5.2.3 MO Frequency Control (MO address = 0x40000504) (DI page address = 0x2) (DI page offset =
0x04)

Figure 52. CLK_CTRL_STATUS

7 6 5 4 3 2 1 0
CLK_ CLK_
STATUS. 1 STATUS.0 CLK_CTRL_1 | CLK_CTRL_O
R R RW RW
0 0 0 0

Table 16. CLK_CTRL_STATUS Field Descriptions
Bit Definitions Bit

CLK_CTRL_1 CLK_CTRL_O DESCRIPTION
0 0 Microcontroller frequency is 1 MHz.

:CLK_CTRL_O : :
- CLK_CTRL 1 Microcontroller frequency is 2 MHz.

0 1
CLK_CTRL 1 0 Microcontroller frequency is 4 MHz.
1 1 Microcontroller frequency is 500 kHz.

O

CLK_STATUS_1 CLK_STATUS_O DESCRIPTION
0 0 Microcontroller frequency is 1 MHz.

: CLK_STATUS_O : :
- CLK_STATUS_1 Microcontroller frequency is 2 MHz.

0 1
CLK_STATUS 1 0 Microcontroller frequency is 4 MHz.
1 1 Microcontroller frequency is 500 kHz.

a b
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7.5.2.4 Digital Interface Control (MO address = 0x40000506) (DI page address = 0x2) (DI page offset =

0x06)
Figure 53. DIG_IF_CTRL
7 6 5 4 3 2 1 0
I2C_DEGLITC OWI_DGL_CN | OWI_XCVR_E
H EN 12C_RATE T SEL N OWI_EN I2C_EN SPI_EN
RW RW RW RW RW RW RW
1 0 0 0 1 1 1
Table 17. DIG_IF_CTRL Field Descriptions
Bit Definitions Bit
. 1: SPI is enabled
0: SPIEN 0: SPI is disabled
. 1: I’C is enabled
1:12C_EN 0: I°C is disabled
. 1: OWI is enabled
2: OWI_EN 0: OWI is disabled
3: OWI XCVR EN 1: Enable OWI Transceiver — OWI transceiver is connected to VDD
DIG_IF_CTRL ' - - 0: Disable OWI Transceiver — OWI transceiver is disconnected from VDD
. 1: OWI activation deglitch filters are set to 10ms
4: OWI_DGL_CNT_SEL 0: OWI activation deglitch filters are set to 1ms
. 1: I°C transfer rate is >400 KPBPS, <800 KBPS
5-12C_RATE 0: I2C transfer rate is <400 KBPS
. 1: Enables deglitch filters on I1°C interface
6:12C_DEGLITCH_EN 0: Disables deglitch filters on IC interface
7
7.5.2.5 OWI_ERROR_STATUS_LO (MO address = 0x40000508) (DI page address = 0x2) (DI page offset =
0x08)
Figure 54. OWI_ERROR_STATUS_LO
7 6 5 4 8 2 1 0
OWI_ERR7 OWI_ERRG6 OWI_ERR5 OWI_ERR4 OWI_ERR3 OWI_ERR2 OWI_ERR1 OWI_ERRO
R R R R R R R R
0 0 0 0 0 0 0 0
Table 18. OWI_ERROR_STATUS_LO Field Descriptions
Bit Definitions Bit
0: OWI_ERRO 1 SYNC field bit rate is < 320 — 5% BPS
0: No error
1: OWI ERR1 1 SYNC field bit rate is > 19200 + 5% BPS
- 0: No error
2: OWI_ERR2 1 SYNC field stop bit too short
0: No error
. 1: COMMAND field: Incorrect stop bit value
3: OWI_ERR3 0: No error
OWI_ERROR_STATUS_LO . ield: i
_ _ _ 4: OWI_ERR4 1: COMMAND field: Stop bit too short
0: No error
. 1: DATA field: Incorrect stop bit value
5: OWI_ERR5 0: No error
6: OWI_ERR6 1 DATA field: Stop bit too short
0: No error
1: DATA field: Slave transmit value overdriven to dominant value during stop bit
7: OWI_ERR7 transmit
0: No error
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7.5.2.6 OWI_ERROR_STATUS HI (MO address = 0x40000509) (DI page address = 0x2) (DI page offset =

0x09)
Figure 55. OWI_ERROR_STATUS_HI
7 6 5 4 3 2 1 0
OW'—EF?R—CL OWI_ERR9 | OWI _ERRS
RW R R
0 0 0

Table 19. OWI_ERROR_STATUS_HI Field Descriptions

Bit Definitions Bit
1: SYNC field: Consecutive bits in the sync field are different by more than +19%
0: OWI_ERRS8 tolerance
0: No error
1: OWI_ERR9 1: COMMAND field: Invalid command sent through OW!I protocol

OWI_ERROR_STATUS_HI

0: No error

7: OWI_ERR_CLR

0: No action

1: Clear OWI_ERROR_STATUS_LO and OWI_ERROR_STATUS_HI registers

7.5.2.7 OWI_INTERRUPT (MO address = 0x4000050A) (DI page address = 0x2) (DI page offset = 0x0A)

Figure 56. OWI_INTERRUPT

4 3

2 1 0

OWI_INT

RW

0

Table 20. OWI_INTERRUPT Field Descriptions

Bit Definitions Bit
Read Write
0: OWLINT 1: OWI interrupt is active 1: Clear OWI interrupt
0: No action 0: No action
1
2:
OWI_INTERRUPT 3:
4:
5:
6:
7
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7.5.2.8 OWI_INTERRUPT_EN (MO address = 0x4000050B) (DI page address = 0x2) (DI page offset = 0x0B)
Figure 57. OWI_INTERRUPT_EN

4

3

0

OWI_INT_EN

RW

0

Table 21. OWI_INTERRUPT_EN Field Descriptions

Bit Definitions

Bit

OWI_INTERRUPT_EN

0: OWI_INT_EN

1: Enable OWI interrupt

0: No error

N g wiIN e

7.5.29 OTP_PROG_DATA1-4
Figure 58. OTP_PROG_DATA1 (MO address = 0x40000510) (DI page address = 0x2) (DI page offset =

0x10)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Figure 59. OTP_PROG_DATA2 (MO address = 0x40000511) (DI page address = 0x2) (DI page offset =

0x11)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Figure 60. OTP_PROG_DATA3 (MO address = 0x40000512) (DI page address = 0x2) (DI page offset =

0x12)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Figure 61. OTP_PROG_DATA4 (MO address = 0x40000513) (DI page address = 0x2) (DI page offset =

0x13)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Little-endian mode.
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7.5.2.10 OTP_PROG_ADDR1-2

Figure 62. OTP_PROG_ADDR1 (MO address = 0x40000514) (DI page address = 0x2) (DI page offset =

0x14)

7 6 5 4 3 2 1 0
ADDR[7] ADDRI[6] ADDRY[5] ADDR[4] ADDR[3] ADDR[2] ADDR[1] ADDRI[0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Figure 63. OTP_PROG_ADDR2 (MO address = 0x40000515) (DI page address = 0x2) (DI page offset =

0x15)
7 6 4 8 2 1 0
OTP_PROG ADDR([10] ADDR[9] ADDR[8]
RW RW RW RW
0 0 0 0
Table 22. OTP_PROG_ADDRI1-2 Field Descriptions
Bit Definitions Bit
0: ADDR([8]
1: ADDR[9]
2: ADDR[10]
3:
4:
OTP_PROG_ADDR2 |°
6
1: The data is programmed specified by OTP_PROG_DATA1-4 is programmed into
address specified by bits OTP_PROG_ADDR bits [10:0]. The bit is automatically
7:OTP PROG cleared when the internal program timer in the OTP controller is used when the
' - programming starts. The bit retains the state until cleared by software when the
program timer in the OTP controller is disabled
0: No action
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7.5.2.11 OTP_PROG_CTRL_STAT (MO address = 0x40000516) (DI page address = 0x2) (DI page offset =

0x16)
Figure 64. OTP_PROG_CTRL_STAT
7 5 4 3 2 1 0
OTP_ OTP_
PROG_IN_ | PROGTIMER_
PROGRESS DIS
R RW
0 0
Table 23. OTP_PROG_CTRL_STAT Field Descriptions
Bit Definitions Bit

1: OTP programming timer is disabled. When the program timer is
disabled, the program timing is controlled by assertion and de-
assertion of the OTP_PROG bit in the OTP_PROG_ADDR register
0: OTP programming timer is enabled.

0: OTP_PROGTIMER_DIS

1: Indicates that the programming is in progress. This bit is valid only
when the OTP_PROGTIMER_DIS is 0.
0: N/A

1: OTP_PROG_IN_PROGRESS

OTP_PROG_CTRL_STAT

N aR W N

7.5.2.12 OTP_PAGE_ADDR (MO address = 0x40000518) (DI page address = 0x2) (DI page offset = 0x18)
Figure 65. OTP_PAGE_ADDR

7 5 4 3 2 1 0
ADDR[4] ADDRI[3] ADDR[2] ADDRI[1] ADDR[0]
RW RW RW RW RW
0 0 0 0 0

7.5.2.13 DATARAM_PAGE_ADDR (MO address = 0x40000519) (DI page address = 0x2) (DI page offset =

0x19)
Figure 66. DATARAM_PAGE_ADDR
7 5 4 3 2 1 0
ADDR[1] ADDRI[0]
RW RW
0 0

7.5.2.14 DEVRAM_PAGE_ADDR (MO address = 0x4000051A) (DI page address = 0x2) (DI page offset =

Product Folder Links: PGA900

Ox1A)
Figure 67. DEVRAM_PAGE_ADDR
7 5 4 3 2 1 0
ADDR[4] ADDR[3] ADDR][2] ADDR[1] ADDRI0]
RW RW RW RW RW
0 0 0 0 0
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7.5.2.15 WDOG_CTRL_STAT (MO address = 0x4000051C) (DI page address = 0x2) (DI page offset = 0x1C)
Figure 68. WDOG_CTRL_STAT

7 6 5 4 3 2 1 0
WD_RESET WDOG_EN
RW RW
0 0

Table 24. WDOG_CTRL_STAT Field Descriptions

Bit Definitions Bit
. 1:Watchdog timer is enabled
0- WDOG_EN 0: Watchdog timer is disabled
1
2:
WDOG_CTRL_ | 3
STAT 4:
5:
6:
7: WD_RESET é \lilvlit(:hdog timer is timed out. This bit is cleared when 1 is written to it.

7.5.2.16 WDOG_TRIG (M0 address = 0x4000051D) (DI page address = 0x2) (DI page offset = 0x1D)
Figure 69. WDOG_TRIG

7 6 5 4 & 2 1 0
RW RW RW RW RW RW RW RW
1 1 1 1 1 1 1 1

» Writing any 8-bit value to this register, resets the watchdog timer.
» The watchdog timeout value is (WDOG_TRIG + 1) x 2 ms.

7.5.2.17 PIN_MUX (MO address = 0x4000051E) (DI page address = 0x2) (DI page offset = OX1E)
Figure 70. PIN_MUX

7 6 5 4 3 2 1 0
UART_SEL
RW
0
Table 25. PIN_MUX Field Descriptions
Bit Definitions Bit
0: UART SEL 1: MOSI/RX and MISO/TX pins are configured for UART
’ - 0: MOSI/RX and MISO/TX pins are configured for SPI
1:
2:
PIN_MUX 3
4:
5:
6:
7
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7.5.2.18 PADC_DATA1-3
Figure 71. PADC_DATA1 (MO address = 0x40000520) (DI page address = 0x2) (DI page offset = 0x20)

o

Py}
pe)
Py}
ps)
Py}
ps)
Py}
pe)

o
o
o
o
o
o
o
o

Figure 72. PADC_DATAZ2 (MO address = 0x40000521) (DI page address = 0x2) (DI page offset = 0x21)

)]

pe)
Py}
pe)
Py}
pe)
Py}
pe)
py)

Figure 73. PADC_DATA3 (MO address = 0x40000522) (DI page address = 0x2) (DI page offset = 0x22)

6 5 4
R R R R R R R
0 0 0 0 0 0 0 0

» Toread PADC_DATA from Digital Interface, the least significant byte/word must be read first. This returns the
least significant byte/word. The most significant bytes are latched into a shadow register. Reads to the Digital
Interface addresses 0x21, 0x22 return data from this shadow register.

* In 16-bit mode, PADC_DATAL1 is the least significant byte and PADC_DATAZ is the most significant byte.
* In 24-bit mode, PADC_DATAL1 is the least significant byte and PADC_DATA3 is the most significant byte.

7.5.2.19 PADC_CONFIG (M0 address = 0x40000523) (DI page address = 0x2) (DI page offset = 0x23)
Figure 74. PADC_CONFIG

7 6 5 4 3 2 1 0
PADC_INT_RA | PADC_DECI_R | PADC_EN_24B
TE ATE T PADC_EN
RW RW RW RW
0 0 0 0

Table 26. PADC_CONFIG Field Descriptions

Bit Definitions Bit
. 1: PADC decimator is enabled
0- PADC_EN 0: PADC decimator is disabled
. 1: PADC decimator output is 24 bits
1- PADC_EN_24BIT 0: PADC decimator output is 16 bits
. 1: PADC output rate is one sample every 128 us
2: PADC_DECI_RATE 0: PADC output rate is one sample every 64 ps
PADC_CONFIG 1: PADC interrupt occurs every fourth PADC sample
3: PADC_INT_RATE 0: PADC interrupt occurs every PADC sample
4.
5:
6:
7
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7.5.2.20 TADC_DATA1-3
Figure 75. TADC_DATA1 (MO address = 0x40000524) (DI page address = 0x2) (DI page offset = 0x24)

6
R R R R R R R R
0 0 0 0 0 0 0 0

Figure 77. TADC_DATA3 (MO address = 0x40000526) (DI page address = 0x2) (DI page offset = 0x26)

6 5 4 S 2
R R R R R R R
0 0 0 0 0 0 0 0

» Toread TADC_DATA from Digital Interface, the least significant byte/word must be read first. This returns the
least significant byte/word. The most significant bytes are latched into a shadow register. Reads to the Digital
Interface addresses 0x25, 0x26 return data from this shadow register.

* In 16-bit mode, TADC_DATAL is the least significant byte and TADC_DATAZ is the most significant byte.
* In 24-bit mode, TADC_DATAL is the least significant byte and TADC_DATAZ3 is the most significant byte.

7.5.2.21 TADC_CONFIG (MO address = 0x40000527) (DI page address = 0x2) (DI page offset = 0x27)
Figure 78. TADC_CONFIG

7 6 5 4 3 2 1 0
TADC_INT_RA | TADC_DECI_R | TADC_EN_24B
TE ATE T TADC_EN
RW RW RW RW
0 0 0 0

Table 27. TADC_CONFIG Field Descriptions

Bit Definitions Bit
. 1: TADC decimator is enabled
0: TADC_EN 0: TADC decimator is disabled
. 1: TADC decimator output is 24 bits
1. TADC_EN_24BIT 0: TADC decimator output is 16 bits
. 1: TADC output rate is one sample every 128 ps
2: TADC_DECI_RATE 0: TADC output rate is one sample every 64 ps
TADC_CONFIG 1: TADC interrupt occurs every fourth TADC sample
3. TADC_INT_RATE 0: TADC interrupt occurs every TADC sample
4.
5:
6:
7
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7.5.2.22 ADC_CFG_1 (MO address = 0x40000529) (DI page address = 0x2) (DI page offset = 0x29)

Figure 79. ADC_CFG_1

7 6 5 4 3 2 1 0
Write 0 Write 0 ADC_EN Write 0 Write 0 RESET_CLK | RESET_MOD
RW RW RW RW RW RW RW
0 0 0 0 0 1 1
Table 28. ADC_CFG_1 Field Descriptions

Bit Definitions

Bit

ADC_CFG_1

0: RESET_MOD

1: PADC and TADC sigma-delta modulators are in reset
0: PADC and TADC sigma-delta modulators are not in reset

1: PADC and TADC sigma-delta modulators clocks are reset

1. RESET_CLK 0: PADC and TADC sigma-delta modulators clocks are not in reset
: Always write 0
3: Always write 0
4: ADC EN 1: ADC !nterfaces and dec!mator clocks are enabled
- 0: ADC interfaces and decimator clocks are disabled
5: Always write 0

Always write 0

7.5.2.23 DAC_REG

Figure 80. DAC_REGO_1 (MO address = 0x40000530) (DI page address = 0x2) (DI page offset = 0x30)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Figure 81. DAC_REGO0_2 (MO address = 0x40000531) (DI page address = 0x2) (DI page offset = 0x31)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Figure 82. DAC_REG1_1 (MO address = 0x40000532) (DI page address = 0x2) (DI page offset = 0x32)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Figure 83. DAC_REG1_2 (MO address = 0x40000533) (DI page address = 0x2) (DI page offset = 0x33)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
DAC Register Usage:
«  When PWM is not enabled, the DAC_REGO is driven to the DAC.
«  When PWM is enabled, the DAC_REGO is driven to the DAC when the PWM output is 0.
When PWM is enabled, the DAC_REGL is driven to the DAC when the PWM output is 1.
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7.5.2.24 DAC_CTRL_STATUS (MO address = 0x40000538) (DI page address = 0x2) (DI page offset = 0x38)
Figure 84. DAC_CTRL_STATUS

7 6 5 4 3 2 1 0
DAC_
ENABLE

R R RW RW

0 0 0 0

Table 29. DAC_CTRL_STATUS Field Descriptions

Bit Definitions Bit

1: DAC is enabled to drive DAC GAIN; that is, DAC GAIN output is based on
0: DAC_ENABLE DAC_REGO value
0: DAC GAIN output is based on the setting of PWM_EN bit in PWM_EN register

DAC_CTRL_ST
ATUS

N gk Rw R

7.5.2.25 DAC_CONFIG (MO address = 0x40000539) (DI page address = 0x2) (DI page offset = 0x39)
Figure 85. DAC_CONFIG

7 6 5 4 3 2 1 0

DAC_
RATIOMETRIC

RW
0

Table 30. DAC_CONFIG Field Descriptions

Bit Definitions Bit

1. DAC is in Ratiometric mode

0: DAC_RATIOMETRIC 0: DAC is in Absolute mode

DAC_CONFIG

N aR W IN e
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7.5.2.26 DAC_LPBK_CTRL (MO address = 0x4000053A) (DI page address = 0x2) (DI page offset = 0x3A)

Figure 86. DAC_LPBK_CTRL

7 6 5 4 3 2 1 0
LB_AMP_ LB_
EN_LB EN CONNECT
RW RW RW
0 0 0

Table 31. DAC_LPBK_CTRL Field Descriptions

Bit Definitions

DAC_LPBK_CTRL

Bit
0: LB CONNECT 1: Connects the output of the DAC to the input _of the loopback amplifier 3
— 0: Disconnects the output of the DAC from the input of the loopback amplifier
L LB_AMP_EN 0: Disables Ioopback amplfier
2 EN LB 1: Connects the output of the loopback amplifie_r_to PGA input_
- 0: Disconnects the output of the loopback amplifier from PGA input
3:
4.
5:
6:
7

7.5.2.27 OP_STAGE_CTRL (MO address = 0x4000053B) (DI page address = 0x2) (DI page offset = 0x3B)

Figure 87. OP_STAGE_CTRL

7 6 5 4 8 2 1 0
PULLUP_EN | DACCAP_EN | 4 20MA EN | DAC_GAIN[2] | DAC_GAIN[1] | DAC_GAIN[0]
RW RW RW RW RW RW
0 0 0 1 0 1
Table 32. OP_STAGE_CTRL Field Descriptions
Definitions Bit
0: DAC_GAIN[0] DAC_GAIN[2] DAC_GAIN[1] DAC_GAIN[O] Description
1: DAC_GAINJ[1] 0 0 0 Voltage mode disabled
2: DAC_GAIN[2] 0 0 1 Gain = 10 VIV
0 1 0 Gain =4 VIV
0 1 1 Reserved
1 0 0 Gain =2 VIV
1 0 1 Reserved
OP STAGE 1 1 0 Gain = 6.67 VIV
CTRL N 1 1 1 Reserved
34 20MA EN 1: E_nable 4- to 20-mA current loop (close switc_h S5 in_DAC gain)_
— - 0: Disable 4- to 20-mA Current Loop (Open switch S5 in DAC gain)
oAccAP N | & Enable DACCAD cpact (dose snich 34in 0AC i)
5 PULLUP EN 1: E_nable pullup at the i_nput of DAC gai_n (close swi_tch S8 i_n DAC gai_n)
- 0: Disable pullup at the input of DAC gain (open switch S8 in DAC gain)
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7.5.2.28 AFE_CFG (MO address = 0x400004F4) (DI page address = 0x0) (DI page offset = OxF4)
Figure 88. AFE_CFG

7 6 5 4 3 2 1 0
Write 0 Write O PGAIN_OPEN Write O Write 0 Write O Write 0 Write O
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Table 33. AFE_CFG Field Descriptions

Bit Definitions Bit

Rl |N RIS

AFE_CFG

0: PGAIN is disconnected from VINPP/VINPN pins.

5: PGAIN_OPEN 1: PGAIN is connected to VINPP/VINPN pins.

6:
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7.5.2.29 AFEDIAG_CFG (MO address = 0x40000545) (DI page address = 0x2) (DI page offset = 0x45)
Figure 89. AFEDIAG_CFG

7 6 5 4 3 2 1 0
FAULT_ FAULT_ FAULT_
DIS_R_TEMP DIS_R_SD THRS[Z] THRS[] THRS[0] DIS_R2M DIS_R1M
RW RW RW RW RW RW RW
0 0 0 0 0 0 0
Table 34. AFEDIAG_CFG Field Descriptions
Bit :
Definitions Bit
0: DIS_RIM DIS_R2M DIS_R1M Pulldown
Resistor Value
1: DIS_R2M 0 0 4 MQ
1 0 3 MQ
0 1 2 MQ
1 1 1 MQ
2: VINP_UV VINP_OV
FAULT _THRS[O] VBRDG | FAULT_THRS[2] | FAULT_THRS[1] | FAULT_THRS|O0] Threshold Threshold
3: 7.5% of 72.5% of
’ 0 0 0 Programmed rogrammed
FAULT_THRS[1] VBRBG vkl
4 10% of 70% if
’ 25V 0 0 1 rogrammed rogrammed
FAULT_THRS[2] vkl vkl
15% of 65% of
0 1 0 programmed programmed
VBRDG VBRDG
AFEDIAG_ 10% of 90% of
CFG 0 1 1 programmed programmed
VBRDG VBRDG
12.5% of 87.5% of
2V 1 0 0 programmed programmed
VBRDG VBRDG
17.5% of 82.5% of
1 0 1 programmed programmed
VBRDG VBRDG
17.5% of 100% of
1 1 0 programmed programmed
VBRDG VBRDG
125V
22.5% of 95% of
1 1 1 programmed programmed
VBRDG VBRDG

5: DIS_R_SD

1: Disables pulldowns used for open/short diagnostics on VINPP/VINPN pins.
0: Enables pulldowns used for open/short diagnostics on VINPP/VINPN pins.

6: DIS_R_TEMP

1: Disables pullups used for open/short diagnostics on VINTP/VINTN pins.
0: Enables pullups used for open/short diagnostics on VINTP/VINTN pins.

7.
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7.5.2.30 BRDG_CTRL (MO address = 0x40000546) (DI page address = 0x2) (DI page offset = 0x46)

Figure 90. BRDG_CTRL

BRDG_CTRL

0: Bridge supply (VBRDGP-VBRDGN) is disabled

7 6 5 4 3 2 1 0
VBRDG_ VBRDG_
CTRL[1] CTRL[0] BRDG_EN
RW RW RW
0 0 0
Table 35. BRDG_CTRL Field Descriptions
Bit Definitions Bit
0: BRDG_EN 1: Bridge supply (VBRDGP-VBRDGN) is enabled

1: VBRDG_CTRL[0]
2: VBRDG_CTRL[1]

VBRDG_CTRL[1] VBRDG_CTRL[O0] Bridge Supply Voltage
0 0 2.5V

0 1 2.0V

1 0 1.25vV

1 1 1.25vV

N|o g w

7.5.2.31 P_GAIN_SELECT (MO address = 0x40000547) (DI page address = 0x2) (DI page offset = 0x47)

Figure 91. P_GAIN_SELECT

7 6 5 4 3 2 1 0
P_INV P_GAIN[4] P_GAIN[3] P_GAIN[2] P_GAIN[1] P_GAIN[0]
RW RW RW RW RW RW
0 0 0 0 0 0
Table 36. P_GAIN_SELECT Field Descriptions
Bit Definitions Bit
0: P_GAIN[0]
1: P_GAIN[1]
2: P_GAIN[2] See electrical parameters for gain selectors
3: P_GAINJ[3]
4: P_GAIN[4]
P_GAIN_SELECT 5
6:
. 1: Inverts the output of the PGAIN output
7-P_INV 0: No inversion
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7.5.2.32 T_GAIN_SELECT (MO address = 0x40000548) (DI page address = 0x2) (DI page offset = 0x48)
Figure 92. T_GAIN_SELECT

7 6 5 4 3 2 1 0
T_INV T_GAIN[1] T_GAIN[O]
RW RW RW
0 0 0
Table 37. T_GAIN_SELECT Field Descriptions
Bit Definitions Bit
0: T_GAIN[0] ) .
1: T_GAIN[1] See electrical parameters for gain selectors
2:
3:
T_GAIN_SELECT 4:
5:
6:
7T INV l Inverts thg output of the T GAIN output
- 0: No inversion

7.5.2.33 TEMP_CTRL (MO address = 0x4000054C) (DI page address = 0x2) (DI page offset = 0x4C)

Figure 93. TEMP_CTRL

7 6 5 4 3 2 1 0
ITEMP_ ITEMP_ ITEMP_ TEMP_MUX_ | TEMP_MUX_ | TEMP_MUX_ | TEMP_MUX_
CTRL[2] CTRL[1] CTRL[0] CTRLI[3] CTRL[2] CTRL[1] CTRL[0]
RW RW RW RW RW RW RW
1 0 0 0 0 0 0
Table 38. TEMP_CTRL Field Descriptions
Bit
Definition Bit
S
0:
TEMP_MUX_ | TEMP_MUX_ TEMP_MUX_ TEMP_MUX_ -
;E'[\("Jf -MUX_CT | “cr1RL3] CTRL[2] CTRL[1] CTRL[0] | Description
1
TEMP_MUX_CT |0 0 0 0 VINTP-VINTN
RL[1]
2:
TEMP_MUX_CT |0 0 0 1 VEXTP-VEXTN
RL[2]
3:
VTEMP_INT-GND (Internal
TEMP_CT TEMP_MUX_CT |0 0 1 1 Temperature Sensor)
RL RL[3]
4: ITEMP_ ITEMP_ ITEMP_ Description
ITEMP_CTRL][0] CTRL[2] CTRL[1] CTRL[0] P
5:
Temp_cTrLp] |° 0 0 25 pA
0 0 1 50 pA
6: 0 1 0 100 pA
ITEMP_CTRL[2] |g 1 1 500 A
1 X X OFF
7.
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7.5.2.34 ALPWR (MO address = 0x40000550) (DI page address = 0x2) (DI page offset = 0x50)

Figure 94. ALPWR

7 6 4 3 2 1 0
GATE_CTRL_S . ADC_EN_ .

D Write O VREE Write O SD
RW RW RW RW RW

0 0 0 0 1

Table 39. ALPWR Field Descriptions
Bit Definitions Bit
0: SD 1:Shuts down pressure PGA, temperature PGA, and fault detection

ALPWR

0: Powers up pressure PGA, temperature PGA, and fault detection

1

2: ADC_EN_VREF

1: Enables VREF
0: Disables VREF

3:

4: GATE_CTRL_SD

1: Gate drive disabled
0: Gate drive enabled

7.5.2.35 DLPWR (MO address = 0x40000554) (DI page address = 0x2) (DI page offset = 0x54)

Figure 95. DLPWR

4 & 2 1 0

OWI_CLK_EN

RW

0

Table 40. DLPWR Field Descriptions

Bit Definitions

Bit

DLPWR

0: OWI_CLK_EN

1. Enables OWI clock to the OWI controller
0: Disables OWI clock to the OWI controller

N aR W IN e
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7.5.2.36  PSMON1 (MO address = 0x40000558) (DI page address = 0x2) (DI page offset = 0x58)

Figure 96. PSMON1

7 6 5 4 3 2 1 0
OSC_VDD UV | OSC_VDD_OV AVDD_UV AVDD_ OV REF_UV REF OV VBRG_UV VBRG_OQV
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Table 41. PSMONL1 Field Descriptions
Bit Definitions Bit
Read: Write:
0: VBRG_OV 1: VBRG is overvoltage. 1: Clears VBRG_OV bit
0: VBRG is not overvoltage. 0: No action
Read: Write:
1: VBRG_UV 1: VBRG is undervoltage. 1: Clears VBRG_UV bit
0: VBRG is not undervoltage. 0: No action
Read: Write:
2: REF_OV 1: Reference is overvoltage. 1: Clears REF_OQV bit
0: Reference is not overvoltage. 0: No action
Read: Write:
3: REF_UV 1: Reference is undervoltage. 1: Clears REF_UV bit
0: Reference is not undervoltage. 0: No action
PSMON1 -
Read: Write:
4: AVDD_OV 1: AVDD is overvoltage. 1: Clears AVDD_OQV bit
0: AVDD is not overvoltage. 0: No action
Read: Write:
5: AVDD_UV 1: AVDD is undervoltage. 1: Clears AVDD_UV bit
0: AVDD is not undervoltage. 0: No action
Read: Write:
6: OSC_VDD_oOV 1: OSC_VDD_OV is overvoltage. 1: Clears OSC_VDD_OQV bit
0: OSC_VDD_OQV is not overvoltage. 0: No action
Read: Write:
7: OSC_VDD_Uv 1: OSC_VDD_UV is undervoltage. 1: Clears OSC_VDD_UV bit
0: OSC_VDD_UV is not undervoltage. 0: No action
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7.5.2.37 PSMON2 (MO address = 0x40000559) (DI page address = 0x2) (DI page offset = 0x59)

Figure 97. PSMON2

7 6 5 4 3 1 0
DVDD_UV DVDD_OV
RW RW
0 0
Table 42. PSMON2 Field Descriptions
Bit Definitions Bit
Read: Write:
0: DvDD_OV 1: DVDD is overvoltage. 1: Clears DVDD_OQV bhit
0: DVDD is not overvoltage. 0: No action
Read: Write:
1: DvDD_UV 1: DVDD is undervoltage. 1: Clears DVDD_UV bit
0: DVDD is not undervoltage. 0: No action
PSMON2 2:
3:
4.
5:
6:
7
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7.5.2.38 AFEDIAG (MO address = 0x4000055A) (DI page address = 0x2) (DI page offset = 0x5A)

Figure 98. AFEDIAG

7 6 5 4 3 2 1 0
TGAIN_UV TGAIN_OV PGAIN_UV PGAIN_OV VINT_OV VINP_UV VINP_OV
RW RW RW RW RW RW RW
0 0 0 0 0 0 0
Table 43. AFEDIAG Field Descriptions
Bit .
Definitions Bit
Read: Write:
: VINP_OV 1: Indicates overvoltage at input pins of P gain 1: Clears VINP_OV bit
0: Indicates no overvoltage at input pins of P gain 0: No action
Read: Write:
s VINP_UV 1: Indicates undervoltage at input pins of P gain 1: Clears VINP_UV bit
0: Indicates no undervoltage at input pins of P gain 0: No action
Read: Write:
: VINT_OV 1: Indicates overvoltage at input pins of T gain 1: Clears VINT_OV bit
0: Indicates no overvoltage at input pins of T gain 0: No action
Read: Write:
: PGAIN_OV 1: Indicates overvoltage at output pins of P gain 1: Clears PGAIN_OV bit
0: Indicates no overvoltage at output pins of P gain 0: No action
Read: Write:
: PGAIN_UV 1: Indicates undervoltage at output pins of P gain 1: Clears PGAIN_UV bit
AFEDIAG 0: Indicates no undervoltage at output pins of P gain 0: No action
Read: Write:
: TGAIN_OV 1: Indicates overvoltage at output pins of T gain 1: Clears TGAIN_OV bit
0: Indicates no overvoltage at output pins of T gain 0: No action
Read:
1: Indicates undervoltage at output pins of T gain
0: Indicates no undervoltage at output pins of T gain
NOTE Write:

: TGAIN_UV TGAIN_UV flag is ON all the 1: Clears TGAIN_UV bit
time if TGAIN is configured for 0: No action
single-ended mode because
one of the terminals is always at
ground potential.
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7.5.2.39 TOPDIG_MUX_SEL (MO0 address = 0x40000560) (DI page address = 0x2) (DI page offset = 0x60)
Figure 99. TOPDIG_MUX_SEL

7 6 5 4 3 2 1 0
TOPDIG[5] TOPDIG[4] TOPDIG[3] TOPDIG[2] TOPDIG[1] TOPDIG[0]
RW RW RW RW RW RW
0 0 0 0 0 0

Table 44. TOPDIG_MUX_SEL Field Descriptions

Bit Definitions Bit

0: TOPDIGIO0] See next table or encoding

1: TOPDIG[1]

2: TOPDIG[2]

3: TOPDIG[3]

TOPDIG_MUX_SEL

4: TOPDIG[4]

5: TOPDIG[5]

6:

7

Table 45. TOPDIG[5:0] and TONDIGI[5:0]
TOPDIG[5:0]/TONDIG[5:0] INTERNAL SIGNAL
0x01 VBRDG_OV
0x02 VBRDG_UV
0x03 REF_OV
0x04 REF_UV
0x05 AVDD_OV
0x06 AVDD_UV
0x07 OSC_vDD_oV
0x08 OSC_VvDD_UVv
0x09 BRDG_OV
0x0A BRDG_UV
0x0B TEMP_OV
0x0C TEMP_UV
0x0D PGAIN_OV
O0xO0E PGAIN_UV
OXOF TGAIN_OV
0x10 TGAIN_UV
0x11 OWI_ERROR_STATUS_LO|0]
0x12 OWI_ERROR_STATUS_LO[1]
0x13 OWI_ERROR_STATUS_LO[2]
0x14 OWI_ERROR_STATUS_LO[3]
0x15 OWI_ERROR_STATUS_LO[4]
0x16 OWI_ERROR_STATUS_LO[5]
0x17 OWI_ERROR_STATUS_LO[6]
0x18 OWI_ERROR_STATUS_LO[6]
0x19 OWI_ERROR_STATUS_HI[0]
Ox1A OWI_ERROR_STATUS_HI[1]
0x1B OWI receive data
Ox1E OWI transmit data
Ox1F PWM output
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Table 45. TOPDIG[5:0] and TONDIG[5:0] (continued)

TOPDIG[5:0]/TONDIG[5:0] INTERNAL SIGNAL
0x20 PADC INTERRUPT
0x21 TADC INTERRUPT
0x22 OWI ACTIVATION INTERRUPT
0x23 OWI COMBUF INTERRUPT
0x24 UART INTERRUPT
0x29 OSC4MHz
0x2A Cortex MO clock
0x2B ADC clock
0x2C PADC decimator clock
0x2D TADC decimator clock
0x2F DATASRAM_MBIST_DONE
0x30 DATASRAM_MBIST_FAIL
0x31 DEVSRAM_MBIST_DONE
0x32 DEVSRAM_MBIST_FAIL
0x33 DVDD_OV
0x34 DVDD_UV

Figure 100. TONDIG_MUX_SEL

7.5.2.40 TONDIG_MUX_SEL (MO address = 0x40000561) (DI page address = 0x2) (DI page offset = 0x61)

7 6 5 4 3 2 1 0
TONDIGI5] TONDIG[4] TONDIGI[3] TONDIG[2] TONDIG[1] TONDIG[0]
RW RW RW RW RW RW
0 0 0 0 0 0

Table 46. TONDIG_MUX_SEL Field Descriptions

Bit Definitions

Bit

TONDIG_MUX_SEL

: TONDIGI[0]

See table in TOPDIG_MUX_SEL register description

: TONDIG[1]

: TONDIG[2]

: TONDIGI[3]

: TONDIGI[5]

0
1
2
3
4: TONDIG[4]
5
6
7
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7.5.2.41 AMUX_ACT (MO address = 0x40000564) (DI page address = 0x2) (DI page offset = 0x64)
Figure 101. AMUX_ACT

7 6 5 4 3 2 1 0
TOUT MUX_SEL | TIN_MUX_EN
RW RW
0 0

Table 47. AMUX_ACT Field Descriptions

Bit Definitions Bit

Description

0: TIN_MUX_EN

1: Enables the analog input test MUX
0: Disables the analog input test MUX

1: TOUT_MUX_SEL

1: Enables Internal TOP Test Signal to TOP_TON output
0: Enables Internal TON Test Signal to TOP_TON output

AMUX_ACT

N aR W N

7.5.2.42 AMUX_TIN_MUX_ CTRL (MO address = 0x40000565) (DI page address = 0x2) (DI page offset =

0x65)
Figure 102. AMUX_TIN_MUX_CTRL
7 6 5 4 3 2 1 0

AMUX_TIN AMUX_TIN AMUX_TIN

_MUX_CTRL | _MUX_CTRL |_MUX_CTRL[O
[2] (1] ]
RW RW RW
0 0 0

Table 48. AMUX_TIN_MUX_CTRL Field Descriptions
Bit Definitions Bit

0: AMUX_TIN_MUX_CTRL[0]

See next table for encoding

1: AMUX_TIN_MUX_CTRL[1]

2: AMUX_TIN_MUX_CTRL[2]

AMUX_TIN_MUX_CTRL 3

5:

6:

7

Table 49. AMUX_TIN_MUX_CTRL[2:0]
AMUX_TIN_MUX_CTRL[2:0] INTERNAL SIGNAL ON TIP INTERNAL SIGNAL ON TIN

0x00 DAC buffer for ratiometric output External test clock
0x01 ADC OTA common mode buffer ADC reference common mode buffer
0x02 Output buffer None
0x03 Test MUX oscillator None
0x04 Loop back amplifier None
0x05 Pressure ADC input 1 Pressure ADC input 2
0x06 Bridge buffer ADC reference buffer
0x07 Temperature ADC input 1 Temperature ADC input 2
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7.5.2.43 AMUX_TOUT_MUX_CTRL (MO address = 0x40000566) (DI page address = 0x2) (DI page offset =

0x66)
Figure 103. AMUX_TOUT_MUX_CTRL
7 6 5 4 3 2 1 0

AMUX_TOUT | AMUX_TOUT | AMUX_TOUT

_MUX_CTRL | _MUX_CTRL | _MUX_CTRL ?mixa%ld;)]
[3] [2] [1] - =
RW RW RW RW
0 0 0 0

Table 50. AMUX_TOUT_MU

X _CTRL Field Descriptions

Bit Definitions

Bit

: AMUX_TOUT_MUX_CTRL[0]

See next table for encoding

: AMUX_TOUT_MUX_CTRL[1]

AMUX_TOUT_MUX_CTRL[2]

: AMUX_TOUT_MUX_CTRL[3]

AMUX_TOUT_MUX_CTRL

N |aRrwINIRo

Table 51. AMUX_TO

UT_MUX_CTRL[0:3]

AMUX_TOUT_MUX_CTRL[0:3]

Internal TOP Test Signal

Internal TON Test Signal

0x00

Bridge voltage

ADC reference

0x01 Temperature PGA output 1 Temperature PGA output 2
0x02 Spare Oscillator

0x03 Inaccurate reference AVSS

0x04 DAC buffer for ratiometric output | 2.5-V reference

0x05 DAC output Reference GND

0x06 Reference current to trim V-I AVSS

0x07 AVSS AVSS

0x08 ADC OTA common mode ACD reference common mode
0x09 Loop back output P Loop back output N

O0x0A Pressure PGA output 1 Pressure PGA output 2
0x0B AVSS AVSS

0x0C AVDD Oscillator VDD

0x0D TIP TIN

OxO0E Pressure PGA VCM Temperature PGA VCM
OxOF AVSS AVSS
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7.5.2.44 AMUX_CTRL (MO address = 0x40000567) (DI page address = 0x2) (DI page offset = 0x67)
Figure 104. AMUX_CTRL

7 6 5 4 3 2 1 0
TEST_ TEST_ TEST_
TSEM_N MUX_T_ MUX_P_ MUX_DAC_
EN EN EN
RW RW RW RW
0 0 0 0

Table 52. AMUX_CTRL Field Descriptions

Bit Definitions Bit

: Connects DAC output to DAC gain
: Connects DAC output to TOP/TON pins

: Connects PGAIN output to PADC
: Connects PGAIN output to TOP/TON pins

: Connects TGAIN output to TADC
: Connects TGAIN output to TOP/TON pins

: Output of temperature MUX is differential
: Output of temperature MUX is single ended

0: TEST_MUX_DAC_EN

1: TEST_MUX_P_EN

2: TEST_MUX_T_EN

AMUX_CTRL 3:TSEM_N

OFR |OFRr |OF ([OF

N|o g gk

7.5.2.45 TRACE_FIFO_CTRL_STAT (MO address = 0x40000570) (DI page address = 0x2) (DI page offset =
0x70)

Figure 105. TRACE_FIFO_CTRL_STAT

7 6 5 4 3 2 1 0
TRACE TRACE_ TRACE TRACE
_ EIFO — TRACE -
FIFO_ L FIFO_ g FIFO_
FULL - EMPTY ENABLE
FULL
R R R RW RW
0 0 1 0 0

Table 53. TRACE_FIFO_CTRL_STAT Field Descriptions

Bit Definitions Bit Description

0: TRACE_FIFO_ENABLE (1) E?gﬁ:?st{g%ee?;%
1: TRACE_SOURCE s hDe
3:

TRACEFROCTRLSTAT |y mace o ewery | 3 Tt FEORY
5 TRACE_FIFO_HALFFULL | 5 11888 EE0 i locs then half ul
srwcepro L LlwerEosw
7
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7.5.2.46 REVISION_ID1 (MO address = 0x40000400) (DI page address = 0x0) (DI page offset = 0x00)
Figure 106. REVISION_ID1

7 6 5 4 B 2 1 0
OPT_ID[2] OPT_ID[1] OPT_ID[0] REV_ID[3] REV_ID[2] REV_ID[1] REV_ID[0]
R R R R R R R

Encoded Encoded

Table 54. REVISION_ID1 Field Descriptions

Bit Definitions Bit Description
: REV_ID[0]
- REV_ID[1]
:REV_ID[2]
: REV_ID[3]

Device Revision

REVISION_ID1

: OPT_ID[O]
: OPT_ID[1] Device Option
: OPT_ID[2]

Nlolala|lw vk |o

7.5.2.47 REVISION_ID2 (MO address = 0x40000401) (DI page address = 0x0) (DI page offset = 0x01)
Figure 107. REVISION_ID2

7 6 5 4 3 2 1 0
DL_ID[3] DL_ID[2] DL_ID[1] DL_ID[0]
R R R R
Encoded

Table 55. REVISION_ID2 Field Descriptions

Bit Definitions Bit Description
0: DL_ID[O]
1: DL_ID[1]
2: DL_ID[2]
3: DL_ID[3]
4.

Digital Logic Revision

REVISION_ID2

5
6:
7

7.5.2.48 COM_MCU_TO_DIF_B1 (MO address = 0x40000404) (DI page address = 0x0) (DI page offset =
0x04)

Figure 108. COM_MCU_TO_DIF_B1 Field Descriptions

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 7:0 of the data written by the microcontroller for communication with the digital interface. This register can be
written only by the microcontroller.
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7.5.2.49 COM_MCU_TO_DIF_B2 (MO address = 0x40000405) (DI page address = 0x0) (DI page offset =
0x05)

Figure 109. COM_MCU_TO_DIF B2

7 6 5 4 & 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 15:8 of the data written by the microcontroller for communication with the digital interface. This register can
be written only by the microcontroller.

7.5.2.50 COM_TX_STATUS (MO address = 0x40000406) (DI page address = 0x0) (DI page offset = 0x06)
Figure 110. COM_TX_STATUS

7 6 5 4 S 2 1 0
COM_TXRDY
RW
0

Table 56. COM_TX_STATUS Field Descriptions

Bit Definitions Bit Description
Read
1: COM_MCU_TO_DIF_B2 has been written by | Write
0: COM_TXRDY the microcontroller 1: COM_TXRDY is cleared

0: COM_MCU_TO_DIF_B2 has not been written | 0: No action
by the microcontroller

COM_TX_STATUS
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7.5.251 COM_DIF_TO_MCU_B1 (MO address = 0x40000408) (DI page address = 0x0) (DI page offset =
0x08)

Figure 111. COM_DIF_TO_MCU_B1

7 6 5) 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bit 7:0 of the data written by the digital interface for communication with the microcontroller. This register can be
written only by the digital interface.

7.5.2.52 COM_DIF_TO_MCU_B2 (MO address = 0x40000409) (DI page address = 0x0) (DI page offset =
0x09)

Figure 112. COM_DIF_TO_MCU_B1

7 6 ) 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 15:8 of the data written by the digital interface for communication with the microcontroller. This register can
be written only by the digital interface.

7.5.2.53 COM_RX_STATUS (MO address = 0x4000040A) (DI page address = 0x0) (DI page offset = 0x0A)
Figure 113. COM_RX_STATUS

7 6 5 4 8 2 1 0
COM_RXRDY
RW
0

Table 57. COM_RX_STATUS Field Descriptions

Bit Definitions Bit Description
Read
1: COM_DIF_TO_MCU_B2 has been written by the | Write
0: COM_RXRDY digital interface 1: COM_RXRDY is cleared
0: COM_DIF_TO_MCU_B2 has not been written by | 0: No action
the digital interface

COM_RX_STATUS

N a|RrwiINE
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7.5.2.54 COM_RX_INT_ENABLE (MO address = 0x4000040B) (DI page address = 0x0) (DI page offset =

0x0B)
Figure 114. COM_RX_INT_ENABLE
7 6 5 4 3 2 1 0
COM_RXRDY_
INT_EN
RW
0

Table 58. COM_RX_INT_ENABLE Field Descriptions

Bit Definitions

Bit

Description

0: COM_RXRDY_ INT_EN

1: COM_RXRDY interrupt is enabled and propagated to the

microcontroller

0: COM_RXRDY interrupt is disabled and not propagated to the

microcontroller

COM_RX_INT_ENABLE

7.5.2.55 MICRO_INTERFACE_CONTROL (MO address = 0x4000040C) (DI page address = 0x0) (DI page

offset = Ox0C)

Figure 115. MICRO_INTERFACE_CONTROL

7 6 5 4 3 2 1 0
DEBUG_LOCK MICROT—RESE IF_SEL
RW RW RW
0 0 0

Table 59. MICRO_INTERFACE_CONTROL Field Descriptions

Bit Definitions

Bit

Description

MICRO_INTERFACE_CONTROL

0: IF_SEL

: Digital interface accesses the PGA900 resources
: Microcontroller accesses the PGA900 resources

1: MICRO_RESET

: Microcontroller reset
: Microcontroller running

2: DEBUG_LOCK

ORrR |OFr |ORF

: Debugger cannot access PGA900 resources
: Debugger can access the PGA900 resources if IF_SEL is 0

N | g w

106 Submit Documentation Feedback

Product Folder Links: PGA900

Copyright © 2015-2018, Texas Instruments Incorporated


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS

INSTRUMENTS
PGA900
www.ti.com SLDS209B —JANUARY 2015—REVISED FEBRUARY 2018
7.5.2.56 SECLOCK (MO address = 0x4000040D) (DI page address = 0x0) (DI page offset = 0x0D)
Figure 116. SECLOCK
7 6 5 4 3 2 1 0
SECLOCK
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
* Write pattern OXAA to enable OTP security
» Write pattern 0x00 to disable OTP security
Table 60. SECLOCK Field Descriptions
Bit Definitions Bit Description
Read
0: SECLOCK 1: OTP security is enabled
0: OTP security is disabled
1
2:
SECLOCK 3
4.
5:
6:
7
7.5.2.57 UART_CFG (MO0 address = 0x40000200) (DI page address = 0x7) (DI page offset = 0x00)
Figure 117. UART_CFG
7 6 5 4 3 2 1 0
TWO—%OP—B' PARITY PARITY_EN
RW RW RW
0 0 0
Table 61. UART_CFG Field Descriptions
Bit Definitions Bit Description
. 1: Parity is enabled
0- PARITY_EN 0: Parity is disabled
. 1: Parity is EVEN
L PARITY 0: Parity is ODD
. 1: Two stop bits are transmitted
2. TWO_STOP_BITS 0: One stop bit is transmitted
UART_CFG s
4.
5:
6:
7
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7.5.2.58 UART_EN (MO address = 0x40000201) (DI page address = 0x7) (DI page offset = 0x01)
Figure 118. UART_EN

7 6 5 4 3 2 1 0
UART_EN
RW
0

Table 62. UART_EN Field Descriptions

Bit Definitions Bit Description

1: UART is enabled
0: UART is disabled

0: UART_EN

UART_EN

N g R |®WINIRE

7.5.2.59 BAUD_RATE_LO (MO address = 0x40000202) (DI page address = 0x7) (DI page offset = 0x02)
Figure 119. BAUD_RATE_LO

7 6 5 4 S 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

7.5.2.60 BAUD_RATE_HI (MO address = 0x40000203) (DI page address = 0x7) (DI page offset = 0x03)
Figure 120. BAUD_RATE_HI

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
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7.5.2.61 UART_LINE_STATUS (MO address = 0x40000204) (DI page address = 0x7) (DI page offset =

0x04)
Figure 121. UART_LINE_STATUS
7 6 5 4 3 2 1 0
TX_COMPLET FRAMING _ PARITY_ OVERRUN_
E RX_READY ERROR ERROR ERROR
R R R R RW
0 0 0 0 0
Table 63. UART_LINE_STATUS Field Descriptions
Bit - —
Definitions Bit Description
1: Receive buffer was not read before it was overwritten by another character received The bit is
. cleared when the UART_LINE_STATUS register is read
o: 0: No error
OVERRUN_ERROR | jART EN OVERRUN_ERROR cleared when the UART_LINE_STATUS register is read after the
UART_RX_BUF is read.
1: Receive data has parity error
. 0: No error
1. PARITY_ERROR PARITY_ERROR is cleared when the UART_LINE_STATUS register is read after the
UART_RX_BUF is read
1: Receive data has framing error (stop bits were not received as expected)
. 0: No error
UART EN |2 PRAMING_ERROR | to AMING_ERROR is cleared when the UART LINE_STATUS register is read after the
- UART_RX_BUF is read
1: Receive buffer has data
3: RX_READY 0: Receive buffer is empty
RX_READY is cleared when the UART_RX_BUF is read
1: Data in the transmit buffer has been transmitted
4: TX_COMPLETE 0: Data in the transmit buffer has not been transmitted yet
TX_COMPLETE is cleared when the UART_TX_BUF is written
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7.5.2.62 UART_INTERRUPT_STATUS (MO address = 0x40000208) (DI page address = 0x7) (DI page offset

= 0x08)
Figure 122. UART_INTERRUPT_STATUS
7 6 5 4 3 2 1 0
UART
= UART_
TXCOMIPLETE RXRDY_|
R R
0 0
Table 64. UART_INTERRUPT_STATUS Field Descriptions
Bit Definitions Bit Description
Read Write
0: UART_ RXRDY_I |1: UART_RX_BUF has data ready 1: UART_RXRDY_I is cleared
0: UART_RX_BUF does not have valid data 0: No effect
1: UART Read Write
TXCOMID_LETE | 1: UART_TX_BUF is empty 1: UART_TXRCOMPLTE_| is cleared
— 0: UART_TX_BUF is not empty 0: No effect
UART_INTERRUPT_ST | ».
ATUS
3:
4:
5:
6:
7

7.5.2.63 UART_INTERRUPT_ENABLE (MO address = 0x4000020A) (DI page address = 0x7) (DI page

offset = Ox0A)

Figure 123. UART_INTERRUPT_ENABLE

7 6 5 4 3 2 1 0
UART_ UART_
TXCOMPLET_ RXRDY_
INT_EN INT_EN

RW RW
0 0
Table 65. UART_INTERRUPT_ENABLE Field Descriptions
Bit Definitions Bit Description

UART_INTERRUPT_ENABLE

0: UART_RXRDY_INT_EN

1: RX ready interrupt is enabled
0: RX ready interrupt is disabled

1: UART_TXCOMPLET_INT_EN

1: TX ready interrupt is enabled
0: TX ready interrupt is disabled

N aR W N
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7.5.2.64 UART_RX BUF (MO address = 0x4000020C) (DI page address = 0x7) (DI page offset = 0x0C)
Figure 124. UART_RX_BUF

R R R R R R R R
0 0 0 0 0 0 0 0

The receive buffer contains the character received by the UART.

7.5.2.65 UART_TX_ BUF (MO address = 0x4000020E) (DI page address = 0x7) (DI page offset = OxOE)
Figure 125. UART_TX_BUF

7 6 5 4 S 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Data written to this register is transmitted by the UART.

7.5.2.66 PWM_ON_TIME1-2

Figure 126. PWM_ON_TIME1 (MO address = 0x40000210) (DI page address = 0x7) (DI page offset = 0x10)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
Figure 127. PWM_ON_TIME2 (MO address = 0x40000211) (DI page address = 0x7) (DI page offset = 0x11)
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

* PWM_ON_TIME is 16 bits. PWM_ON_TIMELl is least significant byte and PWM_ON_TIME2 is most
significant byte.
« The PWM_ON_TIME determines when the PWM output is at 1. The PWM output is high for PWM_ON_TIME

x 4 MHZ clock period.

7.5.2.67 PWM_OFF_TIME1-2

Figure 128. PWM_OFF_TIME1 (MO address = 0x40000212) (DI page address = 0x7) (DI page offset = 0x12)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Figure 129. PWM_OFF_TIME2 (MO address = 0x4000

0213) (DI page address = 0x7) (DI page offset = 0x13)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

« PWM_OFF_TIME is 16 bits. PWM_OFF_TIMEL1 is least significant byte and PWM_OFF_TIME2 is most

significant byte.
e The PWM_OFF_TIME determines when the PWM output is at 0. The PWM output is high for
PWM_OFF_TIME x 4 MHZ clock period.
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7.5.2.68 PWM_EN (MO address = 0x40000214) (DI page address = 0x7) (DI page offset = 0x14)
Figure 130. PWM_EN

7 6 5 4 3 2 1 0
PWM_EN
RW

Table 66. PWM_EN Field Descriptions

Bit Definitions Bit

1: PWM is enabled to drive DAC GAIN if DAC_ENABLE is 0; that is, DAC_REGO and

0: PWM EN DAC_REG1 are output as DAC GAIN output to generate PWM signal at VOUT pin of device

’ - 0: PWM is disabled to drive DAC GAIN; that is, DAC_REGO are output of DAC GAIN to generate

constant voltage at VOUT pin of device

1

2:

PWM_EN

3:

4:

5:

6:

7

7.5.2.69 GPIO_INPUT (MO address = 0x40000218) (DI page address = 0x7) (DI page offset = 0x18)
Figure 131. GPIO_INPUT

7 6 5 4 3 2 1 0
GPIO2_| GPIO1 |

R R

X X

Table 67. GPIO_INPUT Field Descriptions

Bit Definitions Bit Description

0: GPIO1_| GPIO1 pin state both in INPUT and OUTPUT mode
1: GPIO2_| GPIO2 pin state both in INPUT and OUTPUT mode
2:

GPIO_INPUT 3
4:
5:
6:
7
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7.5.2.70 GPIO_OUTPUT (MO address = 0x40000219) (DI page address = 0x7) (DI page offset = 0x19)

Figure 132. GPIO_OUTPUT

7 6 5 4 3 2 1 0
GPIO2_O GPIO1_O
RW RW
0 0
Table 68. GPIO_OUTPUT Field Descriptions
Bit Definitions Bit Description
0: GPIO1_O GPIOL1 output state
1: GPIO2_O GPIO2 output state
2:
3:
GPIO_OUTPUT “
5:
6:
7
7.5.2.71 GPIO_DIR (MO address = 0x4000021A) (DI page address = 0x7) (DI page offset = 0x1A)
Figure 133. GPIO_DIR
7 6 5 4 8 2 1 0
GPIO2_CFG GPIO1_CFG GPIO2_DIR GPIO1_DIR
RW RW RW RW
0 0 1 1
Table 69. GPIO_DIR Field Descriptions
Bit Definitions Bit Description
. 1: GPIO1 is input.
0: GPIO1_DIR 0: GPIOL is output.
. 1: GPIO2 is input.
1 GPIO2_DIR 0: GPIO2 is output.
. 1: GPIO1 is open-drain mode in OUTPUT mode.
2: GPIO1_CFG 0: GPIO1 is push-pull mode in OUTPUT mode.
GPIO_DIR , 1: GPIO2 is open-drain mode in OUTPUT mode.
3: GPI02_CFG 0: GPIO2 is push-pull mode in OUTPUT mode.

N|o g~
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7.5.2.72 REMAP (MO address = 0x40000220) (DI page address = 0x7) (DI page offset = 0x20)
Figure 134. REMAP

7 6 5 4 3 2 1 0
REMAP
RW
0
Table 70. REMAP Field Descriptions
Bit Definitions Bit Description
0: REMAP 1: DEVRAM overlays OTP; that is, DEVRAM is Iocate_d starting at address 0x0000 0000
0: DEVRAM does not overlay OTP; that is, DEVRAM is located started at address 0x2100 0000
1
2:
REMAP 3
4:
5:
6:
7

7.5.2.73 EEPROM_PAGE_ADDRESS (MO address = 0x40000088) (DI page address = 0x5) (DI page offset

= 0x88)
Figure 135. EEPROM_PAGE_ADDRESS
7 6 5 4 3 2 1 0
ADDRI[3] ADDR[2] ADDRI[1] ADDR[0]
RW RW RW RW
0 0 0 0
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7.5.2.74 EEPROM_CTRL (MO address = 0x40000089) (DI page address = 0x5) (DI page offset = 0x89)
Figure 136. EEPROM_CTRL

7 6 5 4 3 2 1 0
FIXED_
ERASE_ EEQ(SDEG_RAA’\\II\? ERASE PROGRAM
PROG_TIME | —
RW RW RW RW
0 0 0 0

Table 71. EEPROM_CTRL Field Descriptions

Bit Definitions Bit Description
1: Program contents of EEPROM cache into EEPROM memory pointed to by
0: PROGRAM EEPROM_PAGE_ADDRESS
0: No action
. 1: Erase contents of EEPROM memory pointed to by EEPROM_PAGE_ADDRESS
1 ERASE 0: No action

2: 1: Erase contents of EEPROM memory pointed to by EEPROM_PAGE_ADDRESS and
ERASE_AND_PRO | program of contents of EEPROM cache

GRAM 0: No action
EEPROM_CTRL . -
3: 1: Use fixed 8 ms as the erase/program time
FIXED_ERASE_PR | 0: Use Variable time <8 ms as the erase/program time. The EEPROM programming logic
OG_TIME determines the duration to program the EEPROM memory
4:
5
6:
7

7.5.2.75 EEPROM_CRC (MO address = 0x4000008A) (DI page address = 0x5) (DI page offset = 0x8A)
Figure 137. EEPROM_CRC

7 6 5 4 3 2 1 0

CALCULATE
_CRC

RW
0

Table 72. EEPROM_CRC Field Descriptions

Bit Definitions Bit Description

0: CALCULATE_CRC 5 Laloviate EEPROM CRC
1:
2:

EEPROM_CRC 3
4.
5:
6:
7
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7.5.2.76 EEPROM_STATUS (MO address = 0x4000008B) (DI page address = 0x5) (DI page offset = 0x8B)

Figure 138. EEPROM_STATUS

7 6 5 4 3 2 1 0
PROGRAM_IN ERASE_IN READ_IN
_PROGRESS | PROGRESS | PROGRESS
R R R
0 0 0

Table 73. EEPROM_STATUS Field Descriptions

Bit Definitions

Bit

Description

EEPROM_STATUS

0: READ_IN_PROGRESS

: EEPROM read in progress
: EEPROM read not in progress

1: ERASE_IN_PROGRESS

: EEPROM erase in progress
: EEPROM erase not in progress

2: PROGRAM_IN_PROGRESS

: EEPROM program in progress
: EEPROM program not in progress

OkFR | OF OF

N|o gk w

7.5.2.77 EEPROM_CRC_STATUS (MO address = 0x4000008C) (DI page address = 0x5) (DI page offset =

0x8C)
Figure 139. EEPROM_CRC_STATUS
7 6 5 4 3 2 1 0
CRC_CHECK
CRC_GOOD _IN:PROG
R R
0 0

Table 74. EEPROM_CRC_STATUS Field Descriptions

Bit Definitions

Bit

Description

EEPROM_STATUS

0: CRC_CHECK_IN_PROGRESS

1: EEPROM CRC check in progress
0: EEPROM CRC check not in progress

1: CRC_GOOD

1: EEPROM programmed CRC matches calculated CRC
0: EEPROM programmed CRC does not match calculated CRC

N|o|aA e N
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7.5.2.78 EEPROM_CRC_VALUE (MO address = 0x4000008D) (DI page address = 0x5) (DI page offset =
0x8D)

Figure 140. EEPROM_CRC_VALUE

1 1 1 1 1 1 1 1

EEPROM CRC value must be located in the last byte of the EEPROM
7.5.3 Interrupt Sources

Table 75. Interrupt Sources

Interrupt Source IRQ Number
MO SYSTICK Standard cortex MO interrupt
P ADC 0
T ADC
OWI activation
COMBUF RX
UART TX complete/RX

AIWIN|PFP
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The PGA900 can be used in a variety of applications to measure pressure and temperature. Depending on the
application, the device can be configured in different modes as illustrated in the following section.

8.2 Typical Applications

8.2.1 4-to 20-mA Output With Internal Sense Resistor

SENSOR
CONTROLLER
53 VDD ~
40KQ Vddp
V
o MW ‘ q VOUT
1 5
s, [40KQ /( +
|
DAC comp 100nF
Reference is EBN I T
Absolute S, [
1.25V >
:
L 150KQ
:
L
Figure 141. 4-to 20-mA Output With Internal Sense Resistor Diagram
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Typical Applications (continued)
8.2.1.1 Design Requirements

There are only a few requirements to take into account when using the PGA900 in a design:

» Do not exceed the maximum slew rate of 0.5 V/us at the VDD pin.

» Place a 100-nF capacitor as close as possible to the AVDD pin.

» Place a 100-nF capacitor as close as possible to the DVDD pin.

» Place a capacitor between 10 nF and 1000 nF as close as possible to the REFCAP pin.

» Place a 150-Q resistor between the COMP pin and the emitter of the BJT for current loop stability purposes.

 Place a 10-Q resistor between the FBP pin and the negative terminal of the controller for current
measurement.

8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Programmer Tips

8.2.1.2.1.1 Resetting the Microprocessor and Enable Digital Interface

The following bits have to be configured to reset the MO microprocessor and to enable digital interface:
1. SetIF_SEL bit in MICRO_INTERFACE_CONTROL register to 1.
2. Set MICRO_RESET bit in MICRO_INTERFACE_CONTROL register to 1.

8.2.1.2.1.2 Turning on Accurate Reference Buffer (REFCAP Voltage)

The following bits have to be configured to turn ON the accurate reference buffer:
1. Set SD bit in ALPWR register to 0.
2. Set ADC_EN_VREF bit in ALPWR register to 1.

By turning on the accurate reference buffer, the reference voltage can be measured on REFCAP pin. Further, the
capacitor on REFCAP pin is connected to the reference buffer.

8.2.1.2.1.3 Turning on DAC and DAC GAIN

The following bits have to be configured to turn ON DAC and DAC GAIN:

Set SD bit in ALPWR register to 0.

Set ADC_EN_VREF bit in ALPWR register to 1.

Set DAC_ENABLE in DAC_CTRL_STATUS to 1.

Set4 20 _MA_EN bit in OP_STAGE_CTRL for voltage output or current output mode.

Set DACCAP_EN bit in OP_STAGE_CTRL to connect or disconnect external capacitor at DAC output.
Set DAC_RATIOMETRIC bit in DAC_CONFIG register for ratiometric or absolute voltage output mode.
Set TEST_MUX_DAC_EN in AMUX_CTRL to 1.

Set the loop current by writing to the DAC_REGO register.

© Nk wDNPRE
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Typical Applications (continued)
8.2.1.3 Application Curve
-
.Ch2 ZD.Dm\" li3w .M 200ps 1 25GSk F00pzAt
A Ch2 - 400mY
Voltage measured between GND pin in the PGA900 and negative terminal of
the controller. This includes the internal 40-Q resistor and an external 10-Q
resistor, VDD = 15 V. The DAC codes used were 0x880 and 0x2760 for 4 and
20 mA respectively.
Figure 142. Loop Current Step From 4 to 20 mA
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Typical Applications (continued)
8.2.2 Using External Depletion MOSFET When Supply to Sensor >30 V With GATE Control

SENSOR

Vddp

RVP

VDD = 3.5V VsuppLy>30V

CONTROLLER

7]

|

EﬂGATE

GND
BT

DVSS

AVSS

DVDD_MEM

DVDD

AVDD

100nF | 100nF

100nF
T !

Figure 143. Using External Depletion MOSFET When Supply to Sensor >30 V With GATE Control

8.2.2.1 Design Requirements

Diagram

There are only a few requirements to take into account when using the PGA900 in a design:
* Do not exceed the maximum slew rate of 0.5 V/us at the VDD pin.
» Select an N-channel depletion MOSFET with a gate threshold voltage less than —1.5 V.
» A capacitor of 1-nF or less is recommended to be added to the GATE pin.
» Place a 100-nF capacitor as close as possible to the AVDD pin.

» Place a 100-nF capacitor as close as possible to the DVDD pin.

» Place a capacitor between 10 nF and 1000 nF as close as possible to the REFCAP pin.
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Typical Applications (continued)
8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Programmer Tips

Gate control is enabled at power up. If gate drive mode is not used, then the GATE pin must be connected to
ground and the gate control must be disabled by setting GATE_CTRL_SD bit in ALPWR register to 1.

8.2.3 0-to 10-V Absolute Output With Internal Drive

SENSOR
VDD A CONTROLLER
GND l
40KQ vddp .
Vv
DAC AV - +—|— VOouT I _ T

L S, 4OKQ% ) 1 ]

DAC

Reference is

Absolute S,

1.25V 2VIV 3
4V/IV 3

6.67VIV3

VWV—VV¥

150KQ

A
VWV =V

I—

Figure 144. 0- to 10-V Absolute Output With Internal Drive Diagram

8.2.3.1 Design Requirements

There are only a few requirements to take into account when using the PGA900 in a design:
» Do not exceed the maximum slew rate of 0.5 V/us at the VDD pin.

» Place a 100-nF capacitor as close as possible to the AVDD pin.

» Place a 100-nF capacitor as close as possible to the DVDD pin.

» Place a capacitor between 10 nF and 1000 nF as close as possible to the REFCAP pin.

* Implement compensation, using the COMP pin and an isolation resistor, when driving large capacitive loads
with the VOUT pin.

122 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
Product Folder Links: PGA900


http://www.ti.com/product/pga900?qgpn=pga900
http://www.ti.com
http://www.ti.com/product/pga900?qgpn=pga900
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS209B&partnum=PGA900

13 TEXAS
INSTRUMENTS
PGA900

www.ti.com SLDS209B —JANUARY 2015—REVISED FEBRUARY 2018

Typical Applications (continued)
8.2.3.2 Detailed Design Procedure

8.2.3.2.1 Programmer Tips

8.2.3.2.1.1 Resetting the Microprocessor and Enable Digital Interface

The following bits have to be configured to reset the MO microprocessor and to enable digital interface:
1. SetIF_SEL bit in MICRO_INTERFACE_CONTROL register to 1.
2. Set MICRO_RESET bit in MICRO_INTERFACE_CONTROL register to 1.

8.2.3.2.1.2 Turning on Accurate Reference Buffer (REFCAP Voltage)

The following bits have to be configured to turn ON the accurate reference buffer:
1. Set SD bit in ALPWR register to 0.
2. Set ADC_EN_VREF bit in ALPWR register to 1.

By turning on the accurate reference buffer, the reference voltage can be measured on REFCAP pin. Further, the
capacitor on REFCAP pin is connected to the reference buffer.

8.2.3.2.1.3 Turning on DAC and DAC GAIN
The following bits have to be configured to turn ON DAC and DAC GAIN:

1. Set SD bit in ALPWR register to 0.

2. Set ADC_EN_VREF bit in ALPWR register to 1.

3. Set DAC_ENABLE in DAC_CTRL_STATUS to 1.

4. Set4_20_MA_EN bit in OP_STAGE_CTRL for voltage output or current output mode.

5. Set DACCAP_EN bit in OP_STAGE_CTRL to connect or disconnect external capacitor at DAC output.

6. Set DAC_RATIOMETRIC bit in DAC_CONFIG register for ratiometric or absolute voltage output mode.

7. Set TEST_MUX_DAC_EN in AMUX_CTRL to 1.
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Typical Applications (continued)
8.2.4 0-to 5-V Ratiometric Output With Internal Drive
SENSOR
VDD . CONTROLLER
GND l
40KQ Vadp i
V
A +_T_ VOUT ] N
S, 4OKQ£ -
DAC T
Reference is COMP
ratiometric to S, e
vddp/a 2V 2 HEN -
—]
6.67vIvE 120KC
10VIVE
400 ~ . =
Open 3
%E L FBP I
E DACCAP L
AVDD L TOO”F
DVDD 1
100nF
REFCAP—
100nF
100nF

Figure 145. 0- to 5-V Ratiometric Output With Internal Drive Diagram

8.2.4.1 Design Requirements

There are only a few requirements to take into account when using the PGA900 in a design:
» Do not exceed the maximum slew rate of 0.5 V/us at the VDD pin.

» Place a 100-nF capacitor as close as possible to the AVDD pin.

» Place a 100-nF capacitor as close as possible to the DVDD pin.

e Place a capacitor between 10 nF and 1000 nF as close as possible to the REFCAP pin.

« Implement compensation, using the COMP pin and an isolation resistor, when driving large capacitive loads
with the VOUT pin.
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Typical Applications (continued)
8.2.4.2 Detailed Design Procedure

8.2.4.2.1 Programmer Tips

8.2.4.2.1.1 Resetting the Microprocessor and Enable Digital Interface

The following bits have to be configured to reset the MO microprocessor and to enable digital interface:
1. SetIF_SEL bit in MICRO_INTERFACE_CONTROL register to 1.
2. Set MICRO_RESET bit in MICRO_INTERFACE_CONTROL register to 1.

8.2.4.2.1.2 Turning on Accurate Reference Buffer (REFCAP Voltage)

The following bits have to be configured to turn ON the accurate reference buffer:
1. Set SD bit in ALPWR register to 0.
2. Set ADC_EN_VREF bit in ALPWR register to 1.

By turning on the accurate reference buffer, the reference voltage can be measured on REFCAP pin. Further, the
capacitor on REFCAP pin is connected to the reference buffer.

8.2.4.2.1.3 Turning on DAC and DAC GAIN
The following bits have to be configured to turn ON DAC and DAC GAIN:

1. Set SD bit in ALPWR register to 0.

2. Set ADC_EN_VREF bit in ALPWR register to 1.

3. Set DAC_ENABLE in DAC_CTRL_STATUS to 1.

4. Set4_20_MA_EN bit in OP_STAGE_CTRL for voltage output or current output mode.

5. Set DACCAP_EN bit in OP_STAGE_CTRL to connect or disconnect external capacitor at DAC output.

6. Set DAC_RATIOMETRIC bit in DAC_CONFIG register for ratiometric or absolute voltage output mode.

7. Set TEST_MUX_DAC_EN in AMUX_CTRL to 1.
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Typical Applications (continued)
8.2.5 0-to 10-V PWM Output With Internal Drive

L S, 40KQ£ ;

SENSOR
VDD . CONTROLLER
GND L
40KQ vadp :
Y,
DAC A ;_T_ VOUT { B

DAC
Reference is
Absolute S,

1.25V 2VIV 3 FBN
AV/IV 3
6.67V/V3

VVVv—VV

150KQ

VW=V VVv

I—

VDD

Figure 146. 0-to 10-V PWM Output With Internal Drive Diagram

8.2.5.1 Design Requirements

There are only a few requirements to take into account when using the PGA900 in a design:

» Do not exceed the maximum slew rate of 0.5 V/us at the VDD pin.
» Place a 100-nF capacitor as close as possible to the AVDD pin.
» Place a 100-nF capacitor as close as possible to the DVDD pin.

e Place a capacitor between 10 nF and 1000 nF as close as possible to the REFCAP pin.
« Implement compensation, using the COMP pin and an isolation resistor, when driving large capacitive loads

with the VOUT pin.
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Typical Applications (continued)
8.2.5.2 Detailed Design Procedure

8.2.5.2.1 Programmer Tips

8.2.5.2.1.1 Resetting the Microprocessor and Enable Digital Interface

The following bits have to be configured to reset the MO microprocessor and to enable digital interface:
1. SetIF_SEL bit in MICRO_INTERFACE_CONTROL register to 1.
2. Set MICRO_RESET bit in MICRO_INTERFACE_CONTROL register to 1.

8.2.5.2.1.2 Turning on Accurate Reference Buffer (REFCAP Voltage)

The following bits have to be configured to turn ON the accurate reference buffer:
1. Set SD bit in ALPWR register to 0.
2. Set ADC_EN_VREF bit in ALPWR register to 1.

By turning on the accurate reference buffer, the reference voltage can be measured on REFCAP pin. Further, the
capacitor on REFCAP pin is connected to the reference buffer.

8.2.5.2.1.3 Turning on DAC and DAC GAIN
The following bits have to be configured to turn ON DAC and DAC GAIN:

1. Set SD bit in ALPWR register to 0.

2. Set ADC_EN_VREF bit in ALPWR register to 1.

3. Set DAC_ENABLE in DAC_CTRL_STATUS to 1.

4. Set4_20_MA_EN bit in OP_STAGE_CTRL for voltage output or current output mode.

5. Set DACCAP_EN bit in OP_STAGE_CTRL to connect or disconnect external capacitor at DAC output.

6. Set DAC_RATIOMETRIC bit in DAC_CONFIG register for ratiometric or absolute voltage output mode.

7. Set TEST_MUX_DAC_EN in AMUX_CTRL to 1.
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9 Power Supply Recommendations

The PGA900 has a single pin, VDD, for the input power supply. The maximum slew rate for the VDD pin is 0.5
V/us as specified in the Recommended Operating Conditions. Faster slew rates might generate a POR. A
decoupling capacitor for VDD must be placed as close as possible to the pin.

10 Layout

10.1 Layout Guidelines

Standard layout good practices must be used when designing a board to test the PGA900. Depending on the
number of layers in the board, one or more GND planes must be inserted as internal layers. In addition, the VDD
decoupling capacitor must be placed as close as possible to the pin. In a similar way, the 100-nF recommended
capacitors for the AVDD and DVDD regulators as well as the 10- to 1000-nF recommended capacitor for
REFCAP must be placed as close as possible to the respective pins.

Depending on the application, the signal traces for FBN, FBP, COMP, and VOUT must be routed such that they
do not cross one another to minimize coupling.

10.2 Layout Example

The following figures show the main guidelines previously discussed being implemented in a 6 layers, socketed
EVM for the QFN package version of the PGA900. Two main GND planes (layer 2 and 5) were used to provide a
nearby GND plane to each of the signal layers and the power plane (layer 3) in the EVM. This EVM supports
voltage and current mode for the device, and as a result, GND separation is needed depending on the
application. As a result, layer 2 is a solid GND plane for the majority of the circuitry in the EVM (IRETURN).
Because most of the circuitry is referred to this GND plane, layers 3 and 4 also contain copper pours connected
to IRETURN. This GND plane is the return path for the supply used in the 4- to 20-mA loop. Layer 5 is a split
plane for the ground references for the digital communication signals used for this EVM (USBGND) and the
ground pins in the device (GND, AVSS and DVSS), referred to as ASICGND. Figure 147 shows layer 5. The
EVM provides jumpers to connect, or disconnect, these 3 planes one from another depending on the desired
configuration.

Figure 148 shows the recommended capacitors for the proper operation of the PGA900. These capacitors are
placed as close as possible to the respective pins from the socket used for this particular EVM. The signal traces
for FBN, FBP, COMP and VOUT can also be observed to be routed all in the same layer to avoid crossing each
other and minimize coupling.
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Layout Example (continued)

®
IONONONONONONONONO,

2.3in
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5in
NOTE: Ground planes for USB2ANY and PGA900 are separated.
Figure 147. Layer 5 (GND) in PGA900EVM
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NOTE: Decoupling capacitors are placed as near as possible to the socket pins and VOUT, COMP, FBN, and FBP traces are
all on the same layer to avoid crossing each other and minimize coupling.
Figure 148. Bottom Layer in PGA900EVM
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:

* PGA900 DAC Output Stability Application Note (SLDA020)

* PGA900 as 4- to 20-mA Current Loop Transmitter (SLDAQO30)

* Understanding Open Loop Gain of the PGA900 DAC Gain Amplifier (SLDAQ031)

» Connecting PGA900 Instrumentation Amplifier to Resistive Bridge Sensor (SLDAQ032)

* Understanding Open Loop Output Impedance of the PGA900 DAC Gain Amplifier (SLDAQ033)

» System Noise Analysis of a Resistive Bridge Pressure Sensor Connected to the PGA (SLDA034)
* PGAxxxEVM-034 User’s Guide (SLDUO011)

» PGA900 Software User's Guide (SLDU013)

* PGA900 GUI User's Guide (SLDU016)

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
ARM, Cortex are registered trademarks of ARM Ltd.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples

ge 1yp g g p p p g p
[ Drawing Qty @ ® ® (@/5)

PGA900ARHHR ACTIVE VQFN RHH 36 2500 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 150 PGA900A Samnles
& no Sh/Br) RHH p

PGA900ARHHT ACTIVE VQFN RHH 36 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 150 PGA900A Samnles
& no Sh/Br) RHH p

PGA900AYZSR ACTIVE DSBGA YZS 36 1500 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 150 PGA900A Samples

& no Sh/Br) YZS

PGA900AYZST ACTIVE DSBGA YZS 36 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 150 PGA900A Samnles

& no Sb/Br) YZs P

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.
® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish

value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

PGA900ARHHR VQFN RHH 36 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
PGA900ARHHT VQFN RHH 36 250 180.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
PGA900AYZST DSBGA YZS 36 250 180.0 12.4 3.79 | 3.79 | 0.71 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
PGA900ARHHR VQFN RHH 36 2500 367.0 367.0 38.0
PGA900ARHHT VQFN RHH 36 250 210.0 185.0 35.0
PGA900AYZST DSBGA YZS 36 250 210.0 185.0 35.0
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MECHANICAL DATA

RHH (S—PVQFN—N36) PLASTIC QUAD FLATPACK NO—LEAD
-
| B
|
6,10

36
1
PIN 1
INDEX AREA
100 0,20 REF
0,80 %
— 0,05 MAX
1 \
Juuuuluuuu
O ——  ,  —
] THERMAL PAD (e
D) | (@
D) (@
SIZE AND SHAPE $
= " SHOWN ON SEPARATE SHEET —
— ‘ -
D] (@
D [ S [EE—
! v
NN
| t 36X o2
36X 8fg 4 <« 0.45
’ EI
4205094 /E 06/11

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC M0O-220.
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THERMAL PAD MECHANICAL DATA

RHH (S—PVQFN—-N36) PLASTIC QUAD FLATPACK NO—LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

€03 \ 1 9
Juuduguuuyu
367 —l10
— | —— Exposed Thermal Pad
= | o=
D) (e
4,401+0,10 /—= — — —
D) (e
D) (e
D) | (e
28O 18
ARARARAR(NANARAN
27 19
[—— 4,40+0,10 —|

Bottom View

Exposed Thermal Pad Dimensions

4206362-5/M 11/13

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RHH (S—PVQFN—N36) PLASTIC QUAD FLATPACK NO—-LEAD
Example Board Layout Example Stencil Design
0,125 Thick Stencil
SYMM (gsz)if) (hls(%eMD
] ——! !<—32x(o,5) ' G —= =—32%(0,5)
Note C
000000008—7  wem UUUGJUUW—-—-
(=) o | o (- f () , (=)
() . () (=) — (0.2)
=, | R R > ||, | = TYP.
() [ () O ()
SYMM 5,65 5,65
¢ = t——f-——=HY Kt _!'_'"_'t@ e
o | — =) | ()
>|° ° | ° °l= 0023~ ol E gll=
T ° | ° N /? o >
| | (1 43)
Nt R(0,12 A |
| UUU[HUUU& (TYP) | U [D[UUB_ Exposed
1 1 Metal
| (5,65) | (1’ 43) TOYS) |
TYP. Li (5,65) 4—|
TYP.
(70% Printed Solder Coverage by Area)
Exampl
Non Solder mr:f geﬁned Pad Vigﬁ%?opdf r\ggyLsggyutdE;;i%?ng
on layout constraints
(Note C, E)
| (4 |
Sold EXh(jlmpkleo (13)(2) ° i °
older Mask Opening 80,2) — X
Note E
i (hote © 4X —-—o\e | o o
(1,43) !
b dEx((;mplet _____—!______ (4’4)
(0,07) I o ey x 7 ° | ° °
Al Aroun (1,23) I |
I
] v b #X(1,43)
4208014-3/F 03/15

NOTES:

Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for any larger diameter vias placed in the thermal pad.
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PACKAGE OUTLINE
YZS0036 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

BALL Al— ",
CORNER

0.625 MAX —

T OO O U T b 4 corrme pane

0.225 BALL TYP

0.175

O
v ol O O OlO O Of symm

D: Max = 3.745 mm, Min =3.685 mm

O O O
O O O E: Max = 3.62 mm, Min = 3.56 mm
O O O

0.2
(9 [0.015@ [c[A[B] TYP

4219444/A 02/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YZS0036 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

’——-T» (0.5) TYP

36X (0 0.23)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 25X

0.05 MAX 0.05 MIN METAL UNDER
(@0.23) /*\\,ﬁSOLDER MASK
- \Q // \\
1

|
\ 1

p N

. 2
SOLDER MASK—" EAE';‘XEED EXPOSED/’ SE%?_D?R MASK
OPENING METAL OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4219444/A 02/2018

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YZS0036 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

T—T (0.5) TYP
(R0.05) TYP

— )
f ,// \\,// \\4// \\4//
(0.5) TYP ‘
N 77N 77N 77N TN
— ) 1 ) ) 1 ) I )
) N ‘ L N N
METAL ‘
//\\ //\\ //\\ //\\ //\\ //\\
TYP Cl ) I ) I ) I ) I ) I )
N // N // N // N // N // N //
= = = = = = SYMM
_—_—— e ——_— e —  — - —¢
77N 77N 77N ‘ 77N 77N 77N
1 | I | I | I | I | I )
D \ ] \ / \ Ao U \ / \ /
~ ~_~ ~_~ ~_~ N— N—
77N 77N 77N ‘ 77N 77N 77N
1 | I | I | I | I | I )
E \ ] \ / \ / ‘ \ J \ / /
~_ < _- ~_~ ~_~ < _- ~_~
|
I ) I ) I ) I ) I ) I )
F \ ] \ / | ! J \ / /
e < _- ~_~ ‘ ~_~ < _- ~_~
STLMM

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 25X

4219444/A 02/2018

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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