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Bridge Sensor Signal Conditioning

The Hard Way

I hope |
don’t run
out of LN2

Are my errors the
result of sensor
nonrepeatability?

When will this
stupid oven get to
temperature!

[ Pressure
Source

Made Easy!

Would you rather be in a noisy,

uncomfortable lab dealing with oven settling

time, and sensor non-repeatability.

The Easy Way

Thanks to the sensor
emulator, | have so much
free time | will have to go
on vacation.

or .

Would you rather use the Sensor-
Emulator-EVM to quickly emulate a
repeatable sensor at your desk.
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Required items for Quick Start INSTRUMENTS

Hardware
. PGA309EVM - This is an evaluation kit that allows you to communicate with and interface to the PGA309. It
contains a PC Interface Board and a Sensor Interface Board combined with a PGA309 and EEPROM.
. Sensor-Emulator-EVM — This is an evaluation kit that uses rotary switches and trim potentiometers to
generate voltage excited bridge sensor output signals and temperature sensor output signals.
. +/-12V supply — Any low noise dc supply for the sensor emulator.
. Precision DVM — Any five or six digit meter that can read into microvolts (e.g., HP3458, HP34401).
. Slotted Jeweler’s Screwdriver — The best tool to quickly adjust the potentiometer.
ey — A
—— : — o (T !
Software

. PGA309DK Board Interface — This software is used to communicate with the PGA309EVM. See
http://focus.ti.com/docs/toolsw/folders/print/pga309evm-eu.html under support software for free download.

»  PGA309 Calculator — This software is used to do initial gain scaling and verify that the design does not violate any
PGA309 specifications. Software is bundled with PGA309DK Board Interface software.

»  PGA309 Calibration Spreadsheet — This spreadsheet uses PGA309 / Sensor readings over temperature and at
different applied stimulus levels to generate the calibration table used to correct for the sensor errors. Software is
bundled with PGA309DK Board Interface software.

. Generate_Emulator_Values.xls — This spreadsheet translates sensor specifications into voltage settings for the
Sensor-Emulator-EVM. See http://focus.ti.com/docs/toolsw/folders/print/sensor-emulator-evm.html under support
software for free download.
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Specifications INSTRUMENTS

There are several key specifications that are used throughout our literature.
The mathematical definitions are listed below.

« Offset — the normalized output of a sensor (in V/V) with no applied stimulus.
 OffsetTC1 — The linear drift of the sensors’ offset given in % of span/°C.

* NonlinOffsetDrift — The second order (quadratic) drift of the offset. This
coefficient is in % of span at room temperature.

 OffsetTC2 — The second order (quadratic) drift of the offset. This
coefficient is in % of span/°C? at room temperature.

« Span — the amount of change in normalized output voltage (in V/V) of the
sensor over the entire range of applied stimulus.

« SpanTC1 - The linear drift of the sensors’ span given in % of span/°C.

 NonlinSpanDrift — The second order (quadratic) drift of the offset. This
coefficient is in % of span at room temperature.

« SpanTC2 - The second order (quadratic) drift of the span. This coefficient
is in % of span/°C?2 at room temperature.

 PressureNonlinearity — The second order (quadratic) nonlinearity versus
applied signal given in % of span.

SBOA103C PGA309 Quick Start 5
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Span — the amount of change in normalized output voltage (in V/V) of the
sensor over the entire range of applied stimulus.

Offset — the normalized output of a sensor (in V/V) with no applied

stimulus.

005__ ___________________________________________________ 7
o 0.04—
n
>
~ 0.03—+
>Z Span
% 0.02—
> Offset

0.01-

___________________________ v _______ N ____

Pressure / Pressurec , , «cale
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NonlinOffsetDrift

OffsetTC2

(Offsety + Offset ) 0

NonlinOffsetDrift:

The second order (quadratic) drift
of the offset. This coefficient is in
% of span at room temperature.

OffsetTC2;

The second order (quadratic) drift of
the offset. This coefficient is in % of
span/°C? at room temperature.

€Offset , - [
NonLinOffsetDrift = € 2 =
Span,
4 é 1.62440 4) + (2.963<10' 6)L
1.02340 -
NonLinOffsetDrift = 2
3673 10 °

NonLinOffsetDrift 4956 10 2
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The linear drift of the

Sensors’ span given (3.728440' 3. 3441240 3) _
in % of span/°C. SpanTCl1 = = 6.255" 10 4 % of span/°C
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NonlinSpanDrift

SpanTC2

NonlinSpanDrift:

The second order (quadratic) drift of
the offset. This coefficient is in % of
span at room temperature.

SpanTC2:

The second order (quadratic) drift of
the span. This coefficient is in % of
span/°C? at room temperature.
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P r eS S u re dope - (real_sensor 15 - real_sensor ) ) (3670 3- o) 367 16 5

Nonlinearity s en-sman

ideal_sensor (50) = (3.67' 10 5)>5o= 1.835" 10

3

The second order (quadratic

I it “ lied ) | (reel_sensor 5 - ideal_sensor g) (1 66" 10 >- 1835° 10 3)
nonlinearity versus applied signa PresureNonlinearity = X00= = : X100 = - 4.768%
given in % of span. real_sensor 100 (367 109

Note: These readings were all
taken at room temperature. So,
real_sensor100 is the span of the Sensor Output vs Applied Stimulus

sensor at room temperature.
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—&—ideal span
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\
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Sensor Output Equations INSTRUMENTS

The equations use the constants defined on the previous slides. These
equations are used in the generate_emu_settings.xls spreadsheet* to
compute the voltage settings for the Sensor-Emulator-EVM.

é .2
oe— &P 0

P . (P) = P+ 4X\onlinearity pct X0
nonlin(P) y-Pp €100 e100g (

Span_TC(T) = SpanTc:1>(T - Troom) - SpanTc:2>(T - Troom)2

2
Offset_TC(T) = OffsetTC1AT - T room)

room) - OffsetTC2AT - T

A ANonli it t ')
SensorOutput (P, T) = EOffset ooy + Span; gy Offset_TC(T) + SpanrE— mf)c; YPC 1 + span_TC(M)HM
e ul
* Available for download at www.ti.com as SBOC065
SBOA103C PGA309 Quick Start 12
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PGA309 Absolute
Calibration Example

*’r‘ TEXAS
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For this quick start example the specifications below and the example hardware configuration will be used.

The Sensor-Emulator-EVM will create an equivalent for the illustrated Real World Inputs.

Temp range:
Tmin=

Tmax=
Troom=

]

Vexc (V)

Span (W)
Offset (W)

MaonlinSpanDrift (% of Span)
ManlinOffsetDrift (% of Span)
FressureMonlin (% of Span)

GainTCA (% of Span/C)
OffsetTCA (% of Span/C)

GainTCMonlin(TC2) (% of Span/C?)
OffsetTCMNonlin(TC2) (% of Span/C?)

“generate_sim_values.xls
“Offset and Span” Tab

degC
-45.00
50.00
2250

3 400E+00

3.509E-03
-2.945E-04

-5.031E-02
-3.077TE-02
-3.976E-02

4. 682E-04
-5 205E-04

-1.104E-05
-6.753E-06

Real World Inputs
3.4V

oV

Vsa

Vexc

Vin+

PGA309

Vin-

Temp

SBOA103C
Jan 2006
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Step 1: Will the PGA309 X 1
work for my sensor? INSTRUMENTS

» Use your sensor’s specifications with the PGA309
Calculator software tool (SLVC073) to see if the PGA309
has the gain and offset adjustment range required to
accommodate your sensor.

e Use the PGA309 Calculator software tool to verify that
your design does not violate any of the most critical
PGA309 specifications (internal or external nodes).

SBOA103C PGA309 Quick Start 14
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Enter your sensor parameters and your PGA309
configuration parameters to get the gain scaling.

Enter
information
here. For
example,
enter the

values shown.

+3 PGA309 Calculator Rev. 1.4.1

SBOA103C
Jan 2006

Feference Select Senzor Output

W Enable Intemal Yref i+ Mormalized Senzar Data

i -294 500
Fefal: 4096 = Offset in M liu
Span in %A 3 5090
Bikloscaton i Meazured Senzar Data
[v EnableYerc
Offzet in v 1000 m

Internal Vese: | 34 P

Full Scale Output in |40 929m,

Bridge Resziztance

Yza [PGA analog suppl
Fibricge |71 000K [ g supply]
O R H =i g
t °
i - . I Coarze Offzet [ A32.9%6m
. liﬂ :
¢ | Front End PRt v Av) M2s
Dezired PGA Output Swing c IZ D40 V] S102
PiGA Zemn Scale 04 5
Output e | Gain DAC (4] 727 588m
PGa Full Scale

I Elutput Amp Gain M) 25

ot

Set Additional Simulate
Consztraints Device

Compute
i Constantz i

{r‘ TEXAS
INSTRUMENTS

Press Compute
Constants and
the resulting gain
settings will be
displayed here.

If your design
generates values
for gain and offset
that are out of the
PGA309’s range,
the software will
flag the problem.

PGA309 Quick Start
System Reference Guide
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The program selects values to allow
the Gain DAC and Zero DAC to have
the maximum adjustable range. The
Set Additional Constraints button is a
way to force the front end gain or
coarse offset to a constant. For this
example, set the coarse offset zero to
minimize noise. Click Apply
Constraints and then click Compute
Constants. In this case the range of
adjustment for the Zero DAC is
reduced but is still adequate to
correct for the sensor drift.

3
[ Front End Gain

w. Add Constraints

v Coarse Offzet

0000 JRd

Apply Canstraints

3 PGA309 Calculator Rev. 1.4.1

Feference Select

[v Enable Intemal ref

4.036 -

RefWal:

Bridge Excitation
[+ Enable Yexc

Internal Vese: | 34 P

Bridoe Resiz

Rbndge
5 R+ 1]
k
I ate Fi. ;
Dezired PGA Output Swing
PiGA Zemn Scale 05
Output
PGa Full Scale 45
ot
...... |: Dmpum
{ Constants |

Set Additional
Consztraints

Sengor Dutput
i+ Mormalized Senzar Data

Offzet in VA -234 5000
Span in MY 3.509m
i Meazured Senzar Data

Offzet in 1.007m

Full Scale Output in |40 929m,
Wsea [PGA analog supply] |5

Coarse Offzet (] nooo
Front End PGA [VA)  [1287
Zero DAL [¥] [319.086m
Gain DAC [VAV] [727538m

Output Ammp Gain VA (3

Simulate
Device

SBOAIT3T
Jan 2006
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System Reference Guide
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& Simulate PGA309

3 PGA309 Calculator Rev. 1.4.1

Feference Select Senzor Output

o]

E)oX

Sensor vref
Excitation Coarse Offset S —
24V A2 368 ero 3 -
3400 = : —
| J 1.705 el 0.000 - TTOR4 1 <VoaZ< 488 . Erable 20 < Vref [external) < 5
Enable r v Intemal Y 5.5y
[v Sersor \ ' /2 / 1.875 i < Wza <
Excitation N\0F 5.000
Vinl\/ 1< Zera_DAC(Output Riange) < 4.9 Vsa
0.000 -, + 0 < Zero DAC[Program Fange) < 4.036
' 1 2499 O < Wout £ 4.9
Rbridge : 05 < Yoa3< 4.9 44333
: Front
1.000k. i . 1.718
' End Gain | + /
¢ 128000 ¥ %I | —
' ——A A -
vdif '
10.929m C =
0.000 Rt- : AN
: AT = ]
= ¢ Vin2 + Output Gain
/ +\_)_vcus /2 \ 0.33333 < Gain_DAC < 1.0 (2600 =]
1525 —
135 L2 A< Voal < 4.88
2evin Al ¢ 3R : Simulate il SetInput to Full Scale Set Input to Zero and
- and Simulate Simulate
After the gaInS and OﬁSEtS Of the Compute Set Additional Sirnulate
i Constantz i Constraintz ) Device
£ i

PGA309 have been calculated, press
Simulate Device to see if any internal
nodes are out of range.

SBOA103C
Jan 2006
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Step 2: Connect the hardware INSTRUMENTS

Example of a Typical Engineering Bench Setup Using the Sensor Emulator

/

[ 1 towrow
[ T vivowu

PC
Serial Port

LA
VA A

£ F
VAV,
L 77 ;7 7

PA30S PCAIND

Interface PC Interface
Boad

PGAMSEVM

Sensor-Emulator-EVM

This diagram illustrates an example of how the Sensor-Emulator-EVM would be used in an engineering bench
setup. The PGA309 is a programmable sensor signal conditioning chip. The Sensor-Emulator-EVM can be used
in conjunction with the PGA309EVM (both versions) to facilitate the development of the PGA309 application.

SBOA103C PGA309 Quick Start 18
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Jumper setup of PGA309EVM-xx and connections
to PC, power, and the Sensor-Emulator-EVM

Power connection if
the 6V dc wall
adapter is not used.

To Sensor \
Emulator PGA309 Sensor Interface Board PGA309 PC Interface Board
Vexc — J10 B"\ijjge INPUO&] PEIE)IOSJE 3¥A ﬁ
ex Short 8 v o U 5V
- @) J4B Vs Int -
Vins é%_ Test Vexc oM g L r
\ " Bridg - 6Vdc Power
vin-\Q 1> o f’st N oRG from wall
. R L K on adapter
TEMP H Test L o B
Bridg - vout SDN
Rt RTS
GND o BJD
E g“ Ext PG Test PRG o)
Shot  OJ1 BJG 58 S 8 5 DTR
Jin O o) [e) E [¢)
Rt- Int HDW Run Vout
To PC
Serial
Port
SBOA103C PGA309 Quick Start 19
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Required Electrical Connections to {?‘TEXAS
Sensor-Emulator-EVM INSTRUMENTS

Vin
BNC Jacks to “Vin
DVM” to monator the
Vin signal. (connected
to the emulated sensor
output via a RC filter.

Buf_TEMP ° 0

-12V DC Supply

+12V DC Supply PGA309 Sensor Interface Board

BNC Jacks to “TEMP 5
DVM" to monitor the @ . Power Supply Excitation voltage J10 Bridge
buffered temperature Common from sensor signal Vexc Short B
H Vs
signal. conditioning chip E m B
/ Vor+ o
\ O Test Vexc O
Rt+
L] Vin+
i . Vin-
L L L . -
= Output of Bridge Sensor Emulator (input Vbr-
. to sensor signal conditioning chip).
. GND
L ] - .
: . * : Emulator Temperature Signal Output TEME Rt-
| -4 O
- % " - GND B Rt+ Ext
O J6
. Common to connect to sensor signal conditioning chip. Shat O 1
., Jn (@) O
Rt Int
SBOA103C PGA309 Quick Start 20
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L] ] ]
L e e
L L] ]
L] ® L]
| ] L ]

Sensor-Emulator-EVM Jumper Setup

These three
channels are used
to set the

These jumpers
must be set to the
position shown to
allow the on-board
voltage reference
to generate the
emulated diode

temperature output
signal in the diode
mode. The Rt
channels are not
used in this mode.

Set the jumper
JUMP1 to the
position shown to
connect the
Diode
temperature .
emulation.

voltages. / )
o ‘ . e o ¢ .
- - e . N * ®
. . '- .- .- '.
® il.llilliill:.. .. .. ..

sassSEsBERIRES

. . . L]
[ ]

esseSRIBERAREN

L] L ]
. [ ]
@ e
® [
@ .-
. .2 - @ e
Set the jumper
. JUMPS to the
!_ position shown
- to connect GND
.. to the bottom of
.| the bridge
* . | emulator.

R

L]
e . M= .
L]

SBOA103C
Jan 2006
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Step 3: Do initial setup of the g
PGA309 using the PGA309 DK INSTRUMENTS
Program

e Copy the PGA309 Calculator results into the
PGA309DK software.

« Configure the PGA309 Temp ADC

o Calibrate the ADS1100 (ADC on PGA309EVM-xx
PC Interface Board Used to read the PGA309
output; read via software).

SBOA103C PGA309 Quick Start 22
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Start the PGA309 Designer’s Kit
Control Program. When it starts,
a message box will ask if you want

to load from the EEPROM (Press
No). Another box will indicate that
“the PGA309 EVM was detected

using the One-Wire interface.”

If the PGA309EVM does not work
properly, refer to the PGA309EVM
Users Guide.

0111
1000

OutEnbl Counter
AlarmStatus(RO)
Config Checksum

92
\-."\r/,

Lookup Table
¥FFF 0000

8000

Detect Write PGA309 | Read PGA303 | Write EEPROM | Read EEPROM | Set PreCal EE ‘
. PGA Settings
HIFEIRIED Coarse Offzet [miv] : 0.000 «|  Enable Internal Wref: [
- FrontEnd PGA Gain [VA) (4000 +| VrefValie B
Fault Detection
: Zero DAL [W]:
Binary =2 ) s Detect External Faults: I
_0000_0000_0000 Gain DAC [WA); 333.333m Detect Internal 5 aturation; H
(100_0000_0000 . “Waut high on external fault: H
Clutput Amp G A = ; ) '
_0INQ_0000_0000 it A o [ ) 2.000 Yaut high an internal Fault: [
_0000NQ000_oooo Enable Over/Under-5 .cgle Limits : H PRAT0S Temp ADC
_0000_0 0000 Oeverscale Limit : DegC
0000_0000 00 .
= = = Underzcale Limit :
_0000_0000_00 Dec D
He ADC Coat
Convert |

The PC Interface Board appears
Do you want to load the EEPROM an

Yes

e connected.
gister contents into the PC memory?

Mo

Interface Board and ADS1100

Supply oo [V]: 5.0

Decimal

Show TkBit
EEFPRORM

Hex
O

Update Vout | Settings

Kesp comm alive [ [ PB4 Interface
Twowie
Instart Update [ | —1 0 %
Wie
Autocals Chksum W Onewire
Update COM Port
Checksums Setup

EEPROM Lookup Table | Bitmap of a register ]
Detecting PGA309 board. Please stand by.

SBOA103C
Jan 2006
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For this example, we will measure the PGA309 output voltage using an delta-sigma A/D converter on
the PGA309 PC Interface Board (the ADS1100). For optimal accuracy the ADS1100 should be
calibrated. To calibrate the ADS1100, measure the supply voltage Vs on the PGA309 PC Interface
Board (this should be close to 5V).

PGA309 Sensor Interface Board PGA309 PC Interface Board

Vs
JC  PC_DIS 3\J’A Q
weuorm  OOCWE Y B

1PU
e
6V dc Power

from wall
PRG
g on adaptor
S BJF

VOUT

Vs Int
o ye

SDN
RTS

D

PC Test PRG [e)
HDW Run Vout
To PC
Serial
o
\O DVM

Port
SBOA103C PGA309 Quick Start 24
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Press the Board

O = =] ] ) L 4 4 ¢ '
Reset Open File Save File Detect Write PGA309 | Read PGA309 | Write EEPROM | Read EEPROM | Set PreCal EE Settl ngs b Utto n to
) ] PGA Settings 1 1
PRG pin shorted to Vout |~ PGA309 Test Pin HIGH [~ AR Sy — e enter the calibration

factors. Enter the

EEPROM Lookup Table | Bitmap of a register

Board Communcation ldle

—— - Wref Walue
|-_| |E|E| ‘ Fault Detect
rreeend Faid Measured value for
OutputVoltage/Ref Set [ | Detect Internal 5 atur. V th I k
___ YWout high on external S en C |C
Volt 2.88805 Vs = Single Shot Calibrate ADS1100 Z| Wout high on internal
Hex 49F5 :| PGA30S Temp ADC Read ADSllOO
_ Read ADS1100 Deal [—
Decimal |18933 Read ADS1100 B Conlimaously Gen Call Reset :| DEQ —
ec _
ADS Output Register 5 Hex ADC Config
D15 D14 D13 D12 D11 D10 D9 DS DF D& Db D4 DI D2 D1 DO — Convert ‘
MSE LeE Interface Board and ADS110
Supply Voo [V
ADS1100 Configuration/Status Register EVM (PCF8574A) Yol
Test nLED2 ADS1100 2Wen 1Wen
05 D6 D5 SC R1 RO 61 GO pin nLED1 Cal P3 nWSen Dec [18933 |
JooUOood oopoooog o ==
M5B L5EB MSE L5EB Update Vout ‘ ings
Keep comm alive | PGA& Interface
Instant Update [ Ynsrtilis 8
Show 1kBit Autocale Chlksum [ Onewfiie &
EEPROM
Update COM Port
Checksums Setup
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For the next part of the ADS1100
calibration, the input of the ADS1100
Is shorted. The two boards must be
separated so that the PGA309 output
IS not shorted by the calibration.

{'f TEXAS
INSTRUMENTS

AN

Power connection if
the 6V dc wall
adaptor is not used.

To Sensor \
Emulator PGA309 Sensor Interface Board PGA309 PC Interface Board
v
Vexc B.st Es JC  PC_DIS 3\J’A Q
J;r?n nEge INPUO%U X0 Je Iy B
Vs O
O Ja —
Vit R’Ot+ Test Vexc E — r
B Bridg —_— 6V dc Power
Vin- 5 -t PRG from wall
— B on adaptor
TEMP ﬁ by —_ g ﬁJF
Bridge —— VOUT SDN

GND R Ry

JD

B Rt Ext
smrt §J1 gJB 3 GND o7
Rt- Int H m
To PC
Serial
Port
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Volt

Hex

MSE

M5B

OutputVoltage/Ref Set

2.88805

49F5

Decimal (18933

o

Read ADS1100

ADS Qutput Register
D15 D14 D13 D12

oo [ o

01 D10

ADS1100 Configurationd Status Register

oo fofr o fo

L5E

o L Calibrate 4931100

0 = I« 7] ] C L L A
Reset Open File Save File Detect Write PGA309 | Read PGA30S | Write EEPROM | Read EEPROM | Set PreCal 55
) ] PGA Settings .
PRG pin shorted to Vout |~ PGA309 Test Pin HIGH [~ Coarse Dffset (1] . I maemera] Press calibrate

¥ ADS1100. This will short

the input to the ADS1100

I and measure the offset.
! The calibration will take a

Read AD51100

: Gen Call Reset
Continuously

D7 D6 Ds D4 D3 D2 M Do
RN S S I N A Y
LSE
EVM (PCF3574A)
Test nLED2 ADS1100 2Wen 1Wen
pin nLED1 Cal P3 nV'Sen
o [T oo [1 [0 o[
5B L5E

Show 1kBit
EEPROM

EEPROM Lookup Table | Bitmap of a register

Board Communcation ldle

PGA30T Tem
DegC [---

Dec (12409
Hex |3079 h

Convert

few seconds. When itis
complete close the
window.

Interface Board and ADS1100

Supply Voo [V 5.0

Yalt

Dec @
Hex

K.eep comm ali
Ihstant Update
Autocale Chks

When this step is done,
plug the two PGA309EVM
boards back together. At
this point the calibration
iIs complete.

Update
Checksums

COM Port
Setup
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Jan 2006
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Initial Configuration for the PGA309

*# Texas Instruments PGA309 Designer’s Kit Control Program

File Edit Board Setup
O = = -] ] =
Reset Open File Save File Detect Write PGA309 | Read PGA309 | Write EEPROM | Read EEPROM | Set PreCal EE
- FEEEE o o gfﬁﬁ:;fﬁg‘;ﬂ:'l\f’]i 0.000 «|  Enable Intemal Yrel: [
- : 4006 -
St e p A . Iedit the walue and zee the details f fentdRaEEe Bl 175 000 bt VI:L:;?::L;Zt;Bctinn
) I1|3 Hex Bin ﬂ/ 2L ) b Detect External Faults: I
. . Etmm 0x3079 | Ox0011_000Q70111_1001 Gain DAC WA 727.568m Detect Intermal Saturation: u
AL 0x13F0 | 0x00071_ogf1_1111_0000 , _ %aut high on external fault r
Itis a QOOd praCtlce to bac 0%9763 | 0x1001 % 1_0110_0011 Dutput Amp Bain VA 3,600 Y1 Wout high on internal fault ™
kLin 0=0500 IJxIIIEIV_IJ'I 01_0000_0000 Enable Over/Under-Scale Limits : B
press reset at the b= o[ w0 g o000 6o et [ ] | p LAl
: : : : Und 0x0000 | 0y000_0000_0000_0000 Ao
beg|nn|ng of a calibration I:D;}Br uinunu//xf;uun_nuun_nuun_nuun St Dec
: : ounter | 0x0000/ 0x0000_0000_0000_0000 Enable Sensor Excitation : Voo H -_30?9 h
to Insure a” the reQISte Irs EUS(RD} 0x00f8 | 0x0000_0000_0000_0000 Wexe: |5 a0 - - el loin
= = = Convert
. ecksum | 0xgfBE | 0x0110_1111_1011_0110 Linearization Coef VA [0.000
are in a known state. : 7 e Id
/ Diolas Mod Interface Board and ADS1100
ns0na 13F0 9762 izplay Mode
FFFF 0000 C Binay Supply oo Ve 5.0

H =
Step B: D:Zimal r \[:1 2 888395 %

Make sure PGA309 Test Pin HIGH |t | || =

Update Vout | Settings
Is checked. During calibration, the L r‘ —
PGA309 test pin must be set high. rianpasn | TP
This pin prevents the PGA309 from % Autocale Chksum [ | 2w
reading the EEPROM during e ==
calibration.
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4 Texas Instruments PGA309 Designer’s Kit Control Program

# PGA309 Calculator Rev. 1.4.1 E]EX]

woaa

‘ Write PGA309 Set PreCal EE ‘

Feference Select S s Elutput PEF.:asd PlEtEi_J'-\SUg Write EEPR.OM | Read EEPROM
ettings
W Enable Intemal Yref i* Mormalized Senzor Data ey o Coarse Dffset [mv] : |D.DD{I- j Enable Intemal Yief: v
Offzet in VA -294 A00u FrontEnd PGA Gain [V @ Wref Value :
RefWal:
4096 I . ?;_Zera A e —— Fault Detection
Span in YA 38509m Dretect External Faults: I
BER100] Gain DAL (WA 727.569m Detect Internal 5 aturation: I
1111_0000 ] . Yout high on external fault: I
Bridge Excitation i Meazured Senzar Data 0110_0011 Output Amp Gain [VA4) |3 600 hd Yot high an intermal fault; [
[v Enable Yexc 0000_0000 Enable Over/Under-Scale Limits : .
Offzet in W 1.00Tm n000_o0oo Dverzcale Limit : ES:CBDS Jeno DE
Internal Vexc: L CHRN] Underscale Limit ;
%V 110.929m D000_0000 12409 |

D000_ooo0 Enable Sensaor Excitation 3079 h ADC Config

Hex
YWeno
Bridge Resziztance = - | Convert
Wea [PGA analog supply) |5 AL e
Fbridge 1.000k,

things Display Mode

il Set the reference and [T oy ||| SeobVee @ [so

Mt i o EE”_ | ? voh [2:88895 |

| bridge excitation  — m [
. e [49F5_

o-s| Voltage to the proper E _Charges | w?ml s

rel values used in the

O S
| PGA309 Calculator. e oo e I Pt
O - M) IS'Ei Instant Update [~ | ="

One-wdi is
Shaw 1Bt Autocale Chkaum v Ll
EEPROM U
N _ jate =
i Compute Set Additional Simulate Checkzums ‘ Setup
{ Constants | Consztraints Device

)l Board Communcation ldie

Interface Board and ADS1100
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+3 PGA309 Calculator Rev. 1.4.1

E“Elg' trol Program

Fieference Select Senzor Dutput e i F |
Write PG

ool Erelio [enial i ¥ Maormalized Senzar Data SEtP’ECB'EE‘

PGA 5ettings

R -234 5000 aH v Coarge Offzet [mb] : m (1111 D Edabie Intemal iek v
s e T Y P

Copy the gain and

. : ault Detection
offset settings from the ZeoDAC Y i stect ExternalFauls: -
easured Sensar Data ES1007 Gain DAC WA/ 727.569m stect Irkermal Saturation: u
P GA309 CaIC U Iator tO 1;“33?2 Output Amp Gain VA : 2,600 p= ouk h!gh on ,3:-:tema| fEIU|.tZ o
h P GA309 i A.000m IIID_IJEII:ID ot high o internal faulk: N
the ¥

o s PGA303 Temp ADC
00_0000 le Limit :
nere Ki deupitin¥ [i058m |l oo e e —
Designer’s Kit Control Rerscale Limit: [105 356 <] | Dec
X e Senzor Excitation : i~ H
Program. R Ve o] | ADC Config
i g & analog supply] |5 000000 ) e = Convert
T 11_0110 Linearization Coef V) [0.000
- Fits 0 FGA Settings S Intesface Board and ADS1100
b ) igplay Mode
Maote At li oz Dliset [wh) 0.000 Binary Supply Yoo [V 5.0
- 0 Hex (e Walt
Front End PGA VA 120 Decimnal DD
Dezired PGA Output Swing 7 H
ero DAL [V] [319.056m &
Board
PGA Zero Scale 05 Update Vout ‘ Settings ‘
Clutpt Gain DAC A 737 538m
PG& Full Scale 45 Keep comm alive [~ PGA Interface
LtpLE Arnp Gain [0 i
Output £l Instant Update [ Tl @
Shawe kBt Autocalc Chksum v Liiis
Compute Set Additional Simulate ﬂ Update COM Port
Consztraints Device Checksums Setup

Board Communcation Idle
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Step C:

Press Write PGA309 to copy
all the information entered in

Kit Control Program

. . - N )
Detect | Write PGA309 | Read PGA309 | Write EEPROM | Read EEPROM | Set PreCal EE
the program into the registers
. ) PGA Setti
¥ Temp. ADC Config of the PGA309. iPln HIGH v Coarse ;H ey ol
Mo your roLse cursor P EToICe T 10 e .
cormesponding register bits Hit the value and see the details FrontEnd Step A:
Hex Binary Zera DAC ] =
setct ignal source: RS [P ] | swosc| Configure the x
= x| | - - '_
Esternal [TEMPin pin) @+ Apply C 0x9763 | 0x1001_0111_0110_0011 QUL et tempe_ratu re ADC by -
0x0500 | 0x0000_0101_0000_0000 Enable 044 PreSSIiNg the ADC
Internal on-chip temp Cancel = 01x3700 | 0x0011_0111_0000_0000 .
. . . IUm:Ier guxnunu 0x0000_0000_0000_0000 Conflg button. The
R ezalution, withaut sign u | tt
b 13b 14b 15b Continuous conv : v Step B: s €X@MPIE SENgs
oI Single Shot conv : v shown are good for a e
Enter the example Lreaizatid - dljode measurement.
Enable ltemp [~7us) | settings shown for a — Interface Board and ADS1100
. isplay Mode
ADC Configuration with Esternal Source diode tem perature Binary sl gl s [): 5.0
Enable A0C 2% Turba: [ ADC Pre-gain measurement. Press g:ZimaI i Waolt %
Ref select Select ;ﬁﬁ ; OK when done. Dec
R ADC input Hex |49F%
Wref pin: iy avAal Update Vout ‘ Settings
Vewcpin O
Vezapin O Diiff inpt Keep comm alive [~ | PB4 Interface
Reserved: TEMPin - GNDa T Twotwfie
. Yews - TEMPIn - Oneiwine  (+
Mate: Bits BY[1:0] da naot S howe 1KEit futocalc Chksum | =
have effect when the () Vout - G"_"rDA 2 EEDII;'\IFEDMI
built-in ‘ref iz selected Vief - TEMPin - | Update ‘ COM Port |
Checksums Setup
[V out-GHDA input iz hot compatible with the stand- L. [Bitmap ot a register
alone look-up table PGAZ03 mode. Pull Test pin high.
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Jan 2006 System Reference Guide TEXAS

INSTRUMENTS




Step 4: Configure WP Texas
Sensor-Emulator-EVM to INSTRUMENTS
Emulate the Bridge Sensor

1. Inorder to use the Sensor-Emulator-EVM, you have to adjust a
number of trim potentiometers to configure the Sensor-Emulator-
EVM so that it acts like your sensor. If the sensor’s raw output
characteristics are known, this step is simple: you adjust the Sensor-
Emulator-EVM output to mimic your sensor.

2. Inthe case where you want to use a sensor data sheet to configure
the Sensor-Emulator-EVM, you can use the
generate_emu_settings.xls to translate your specifications to
Sensor-Emulator-EVM settings. Unfortunately, sensor manufacturers
may have specifications that do not conform to a standard, and
sometimes the specifications are difficult to understand. For our
tools we will mathematically define the specifications. You may have
to translate your particular specifications to our format.
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Configuring the Emulator to XD T
Emulate a Real World Sensor  'NSTRUMENTS

If the raw output of the sensor is not known, the “Generate_Sim_Values.xlIs” spreadsheet can be used to
translate the specifications of your bridge sensor and temperature sensor to system voltage levels. The
spreadsheet contains five sections (Offset and Span, Diode Vo, Rt-, Rt+, PGA309 Error, Ratiometric Error):

Offset and Span: Generates the bridge output voltages.

Diode Vo: Generates the temperature sensor output voltages for the diode method.
Rt-: Generates the temperature sensor voltages for the Rt- method.

Rt+: Generates the temperature sensor voltages for the Rt- method.

PGA309 Error: Allows you to read the PGA309 via the ADS1100 (The ADS1100 is the
delta-sigma A/D converter that is a part of the PGA309EVM-xXx).

o & w0 D PE

6. PGA309 RatioMetric Error: Allows you to read and compute error for a ratiometric PGA309
setup.

The temperature measurement methods, Diode, Rt-, and Rt+ are described in detail in the Sensor-
Emulator-EVM System Reference Guide (SBOA102) and the PGA309 Users Guide (SBOU024).

¥ » % Offset and Span / Diode Vo 4 Rt- / Rt+ / PGA309 Error % PGA309 RatioMetric Error /

—_— e .1 . mereeass - e
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Offset and Span:

Generates the bridge output voltages from sensor specifications (“Generate_Sim_Values.x|Is” )

All the areas shown in light blue are either sensor specifications or system requirements. Enter these values and the
spreadsheet will generate output voltage settings for each channel on the sensor emulator. The next several pages will
show how the voltages listed in the spreadsheet are used to program the Sensor-Emulator-EVM.

| |
Enter these B I c D E F G H J

1 Tem@ for our | degC |

2 |Tmin3 | -45.00 Precalibration Sensor Simulator Settings (LinDac = 0)

3Tmaxexamp|e 90.00 | I______uld____________
4 |Troom= | 2250 I Pressure Input 0% 50% 100% I
ﬂ I Sensor Qutput {(mV) 0.215) 5.379 11.939 I
6 Vexc (V) I 34008400 | : T

7 Room

& |Span (V/V) ! 3.509E-03 | | [Pressure Input 0%| 25%| 50%| 75%  100%)| |
9 |Offset (V) | —2_9¢5E—{M| : Sensor Output (mV}) -1.001 1.626 4.490 7.59 10.929 |
10

11 | I Hot |
12 | | Pressure Input 0% 0% 100% |
13 MonlinSpanDnft (% of Span) 5.031E-02 | | Sensor Output (mV) -1.053 4.887 11.855

14 | MonlinOffsetDnift (% of Span) | -3.077E-02 I N I —_— _l
15 |PressureMonlin (% of Span) I -3.976E-02

16

17 |GainTC1 (% of Span/C) | 4 682E-04 I

18 |OffsetTC (% of Span/C) h 205E-04 |

19 | GainTCMonlin(TC2) (% of Span/C?) -1.104E-05

20 | OffsetTCNonlin(TC2) (% of Span/C?)  -6.753E-06 Set Sensor-Emulator-EVM

21 potentiometers to generate these

22 Mote: % of Span is representated as a decimal number voltages as detailed in pages 35-36

23 li.e. OffsetTCH (% of Span)=0.1 is 10%

24

25

26
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. -

Precalibration Sensor Simulator Settings (LinDac = 0)

Each channel on the top section of the sensor emulator
represents a applied stimulus and temperature combination for

Pressure Input 0% 0% __m%__' the sensor. Adjust the potentiometers coarse first, then fine, to
Sensor Output (mv) Y\ 0.215[J <5378 11.839 match the values computed by the Generate_Sim_Values.xls
Room spreadsheet for cold (0%. 50%, 100%), room (0%, 25%, 50%,
Pressure Input 0%  25%|  50%| 5% _A100%| | 75%, 100%), and hot (0%, 50%, 100%). For example, the
Sensor Output (mV) 1001, 1626,  4.4%0 L5 10929 | oonsor output at cold temperature and 0% of applied stimulus is
Hot emulated by this channel. The rotary switch S1 is used to select
Pressure Input 0% 50%|  100%| A this channel. When the channel is selected, LED D101 will light
Sensor Output (mV) 1.053] 4887 11.8), ® = / | toindicate that the correct channel is selected.
—
Bridge Sensitivity vs Temp / . ° e , ] ° ° .
4.5E-03
4.0E-03 L4 L] L] [ [ ] m =
3.5E-O37.\ : .: .: .: .: .:I. :. :
3.0E-03 ° . . ™ . . ] °
5 25E031 ‘e ‘e ‘e ®e ‘e ‘e *“. o |®
E; 2.0E-03 1 —o— offset Y ° . . e’ o . a ® o
§ 1.5E-03 " —#—span H
¥ 1.0E-03 / . . . e o ] . E = :
5.0E-04 i 7 . ® o
0.0E+( . = : "
-5.0E-0: . * . .
-1.0E-03 : : .
-50 0 50 100 150 ° L o
Temp, degC L] .
° [ . L .
L ] * 0 * 0 [ ] o - . ’—|
Hee Hee Hee 5 o 5 *
L .. .. ..
I.'llllll.l.. * . b ot LR LR N LN NN ] L] '
. . %o | 5% [£/% y <,
. I..Illllll.: . - s . Y J .- . .II....I.:I: .
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S E— |

Precalibration Sensor Simulator Settings (LinDac = 0)

This is another example illustrating how a particular
channel on the sensor emulator represents an

Cold
Pressure Input 0% 50%( 100% applied stimulus and temperature combination for the
Sensor Output {mV) 0.215)  5.3794_11.939 sensor. In this example, the sensor output at cold
Room temperature and 100% of applied stimulus is
Pressure Input 0%  25%|  50%| emulated by this channel. The rotary switch S1 is
Sensor Output (mV) 1001, 1626,  4.4%0 used to select this channel. When the channel is
Hot selected, LED D103 will light to indicate that the
Pressure Input 0% 505~ 100% correct channel is selected.
Sensor Qutput (mV) -1.053 7 11.855 = i
~ ® el o
M‘y vs Temp . . . ® . . . . 1 o . . . .
4.5E-03 L ] L] [ ] L ]
4.0E-0 / [ ] L ] [ ] L] [ ] L ] L ] L ] L ] [ ] L ] . . .
ﬁ?‘—*/" HES & S e RIS ..
[ )
3.069%3 1 .
2503 o: .: .: c: o: .: c: o: o: o: .: . . ol :
;; 2.08-03 1 —o—offset . . . e’ o . . . . . * 507 °a | @
§ 1.5E-03 —#—span :
¥ 1.0E-03 L] L] . L] . [ L] [ L] . L] L] 2l : E =
5.0E-04 7 : . Py
0.0E+00 1 . = . . o : .
-5.0E-04 ~ = . ., . .
-1.0E-03 : : . °
-50 0 50 100 150 ° L o . ] . A
Temp, degC ° . o L] . [ ]
. L] . . . . . . . -,
. . . B . .
i i *s ¢ . L] L4 ‘e % ‘e . ,—‘ ., ool ,—l
Hee Hee Hes ° ° ° ~ - o g .
. ®e o [5% ol [5% | J® .
I."Illll.l.. * . b ot * * * LR LR N LN NN ] L] '
* .y %e o 5% i . ¢ .
. I..Illlll..: . - . Y J .- . .Il......:l: .
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Diode Vo: Generate Diode Voltages 7
) TEXAS
based on Operating Temperature Range INSTRUMENTS

The second tab in the Generate_Sim_Values.xls spreadsheet allows the user to enter the temperature
range and room temperature diode voltage (light blue areas). The spreadsheet calculates the diode
voltages and displays the results in the yellow areas. Note that the Temp ADC areas are specific to the
PGA309 sensor signal conditioning chip. The Temp ADC values will be used in the computation of the
Counts for the temp ADC. The next several pages will show how the diode voltages are used to program
the sensor Sensor-Emulator-EVM.

A B C D E | F C
o [ | eean
11 [Temp range: degC Temp(degC) Diode Vbe (V) Tounts E
12 Tmin= -45.00 -45.00 []_?555 24160}
13 Troom= 2250 22 50 0.62: 198405
14 Tmax= 90.00 90.00 0-4855 155201
15 Doooo0000 :
16 Diode Volts
17 [Room Temp Vbe= 0.62
rff= === == = = =1 Adjust the Diode section
| 19 'Temp ADC | potentiometer on the
20 |Vref (in V) = 4.096
I : : : : : | Sensor-Emulator-EVM to
ﬂNumb Bits 15 bitks (sign bit not included] % | generate the counts as
| __‘;;GEF ______ 4 detailed on page 38.

I PGA309 Temp ADC I generate_sim_values.xls
Diode Vo Tab
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D E | F C Emulator-EVM represents the output of the

emulated temperature sensor. Using the Temp

Each channel on the bottom section of the Sensor-

Temp(degC) Diode Vbe (V) Counts DVM, adjust the respective potentiometers, coarse
-45.00 0.755 24160 first, the fine, to match the values computed by the
22.50 0.62 13840 Generate_Sim_Values.xIs spreadsheet for
90.00 0485 13520 Diode/Cold, Diode/Room, and Diode/Hot. For this
example, the temperature output signal at cold
temperature (-45°C) is emulated by this channel.
o The rotary switch S2 is used to select this channel. o
. e o - of When the channelis selected, LED D201 will light
to indicate that the correct channel is selected.
L] L ] L] L] F 'Y
o* o: o: o: By ©
: | 5l = Note when emulating Diode ¢
%l [ 5%l | 5% | 5% temperature control, the Rt :
e o o o temperature section is not used. 3
. ..; [ ] [}
L ] | L ] L ] .. L ] L ] L ] L ] ® ..
. °
. L ]
. L ] . .
[ ] (3 L ] . . ’—‘ ' vom ﬁ
Hee mee mee * .
. L1
. ..l..l.l..II: . . .II.II.II.I:
seseseBRBERRERES L SO0 BORORS »
® S e @
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Step 5: Use the PGA309 R 1y ne

Calibration Spreadsheet INSTRUMENTS

Select the calibration algorithm
Copy the PGA309 registers into the spreadsheet

Use the Sensor-Emulator-EVM to generate the
Sensor outputs over temperature.

Store calibration results into a file. Load this into
the PGA309 external EEPROM.

Measure the post-calibration error. Perform a
second calibration to improve accuracy.
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For this example, use the PGA309 Calibration Spreadsheet. This tool uses
measured data (pressure and temperature) to create a lookup table that the

1 PGA309 will use to compensate for offset and gain drift. The spreadsheet will

| also generate a coefficient that the PGA309 will use to correct for nonlinearity

| verses applied pressure. Note: you will need to enable macros and load the
1 analysis toolpack to get this Excel sheet to work properly. Information

| regarding configuration of Excel is detailed in the PGA309EVM Users’ Guide.

=1

8 5 * Cfg2,Overlnder 0000 _1010_0000 0111 -

. SIFEIMEDE) a bl A B When you bring up the spreadsheet, it will
10 7 QutEnbl Counter 0000 _0000_0000_0o00 .

11 8 AlarmStatus(RO)  0000_0000_0000_0000 ask you if you want to start the program.
12 Config Checksum 0110 1111 0100 1010

= Press No, because the program should
L. already be up from Step 2.

i Load Reqgisters from File

16 - 13 6705 nooo 0ooo ‘

17 — —— ———

18 . PGA309 DK

19 Load Reqgisters From PGA309

20 :%/ Welcome to the PGA3NY calibration spreadsiest

21 : : Please use the control buttons on the Maigfworksheet to load and

22 Prepare Calibration Sheet save the PGA309 configuration files and ghoose the calibration type.

;i This Spreadf.;heet can obtain the data dfectly from the PGA30S DK Control Program,
o Save Registers+Lookup Table Would you like to start the program?

26 If you dick Cancel you wil not be askld next time.

27 |PGAJD9DK Calibration Spreadsheet

28 |Version 1.2.4 = E =

29 |® 2004 Texas Instruments

30
PGA309 Calibration

SBOA103C W PGA309 Quick Start
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{'r‘ TEXAS
INSTRUMENTS

Prepare Calibration Sheet

Save Registers+Lookup Table

PGA309DK Calibration Spreadsheet
Version 1.2.4
@ 2004 Texas Instruments

1 |PGA309 Configuration Registers PGA309 Calibrated Lookup Table
| 2 |Reg. Addr |Name Binary value Position | Temp M GM
3 0/ADC Qut(RO) 0111_1000_0100_1100 0 47E8 70A4 4000
4| 1 ZeroDAC 0111_0000_1010_0100 1 4A5C 0000 0000
5 | 2 GainDAC 0100_0000_0000_0000 2 4CD1 0000 0000

6 3 * Ref&Lin 0000_0111_0101_1010 3 4F46 0000 0000
(7 4* Gain,Vos,Cfgl  0001_0111_0000_0000 4 51BB 0000 0000 Press Load

8 5 * Cig2 OverUnder  0000_1010_0000_0111 5 B42F 0000 0000 .
9 | 6 * Cfg3 (ADC) 0001_0100_0000_1011 6  56A4 0000 0000 registers from
10 7 OutEnbl Counter  0000_0000_0000_0000 7 5919 0000 0000
(1] 8 AlarmStatus(RO)  0000_0000_0000_0000 § 5BSE 0000 0000 / PGA309 to copy
12 Config Checksum 0110 1111 0100 1010 5 5E02 .
i . 10 the registers
o _ _ ] from the
16| Load Registers from File I t
i / 14 BA4A 0000 0000 evaluation
% Load Registers From PGA309 :11: Esligg gggg gggg f|Xture |nt0 the
120 | ChSum 7FFF 0 BAFE Spreadsheet
21
(22
23
Ea
25 |
26|
Ed
28|
(29
30|
31
32
33

A

PGA309 Calibration
Spreadsheet, Main Tab
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Press Prepare Calibration Sheet to select
the algorithm. In this example, we will do a
3 temperature 3 pressure calibration.

- ;Fq @ 2004 Texas Instruments

A

c

1 PGA309 Configuratioly Registers

D

E F
PGA303 Calibrated §

PGA309 Calibration

Please select the calibration algorithm:
One of the following three templates can be

used for the pressure sensor calibration

m:f

i3 Temperatures and 3 Pressures; o

Select this when you do not know the 2nd

2 Reg. Addr Name Binary value Position | Temp skl

order non4inearities of output vs. pressure
3 U ADC Dut[ D} U1D1_UUUU_DUU1_UU11 D 4ECB and Q'Ftemperamre dnﬂ:s gfspan and D'FFSEt.
4 1/ ZernDAC 0001_0100_0000_1111 1 50F3 The module output must be measured at thre
3 2 GainDAC 1001 1000 0001 1011 2 E31A diFFEfEﬂttemperathES.wim min and fulll-scal
6 3* Ref&Lin 0000_0101_0000_0000 3] 6541 | Dromatanmc s mo s presc ot
7 4|* Gain, Vo, Cfg1 0011 _0111_0000 0000 4 5768
8 5" Cfg2, Ovgrlnder 0000 _0000_ 0000 0000 5 598F
9 6 * Cfg3 (AC) 0001_0100_0000_1011 6 5BB6 Press OK after you have
10 7 QutEnbl §ounter 0000 0000 0000 0000 7 5DDE
1 8 AlarmStafus(RO) 0000 0000 0000 0000 8 6005 SeIeCted 3 Temperature 3
:Ié Config Cecksum 0101 1011 1010 1011 13 Esiig Pressure Ca“bra’uon_

T e =

14 11 BETA, pressure applied plus the mid-scale pressure

at one of the temperatures.
= Load Reqisters from File L Lbal
jlg :}j E‘;‘Eg 2 Temperatures and Z Pressures f
18 15 EE1T All 2nd order coeffidents are entered based

i on pre-characterization, only the positions of
19 Load Reqisters F‘nm Bench 16 713E i
20 Ch5um TFFF The output must be measured at only two
21 2 temperatures, each with min and fulll-scale
— Prepare Calibrdation Sheet pressure applied.
23
24 )
o Save Reqisters+Lookup Table
26
PGA309 Calibration
Spreadsheet, Main Tab
SBOA103C PGA309 Quick Start Q; Texas 42
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4 | Kbridge( : V+ko6*T~2]
5 Next the program will ask what
6 |Fill out the hi e (during calibration) settings:
7 |Pressure va type Of Temperature Initial settings of the Fine Adjust DACs:
8 [Pmin= M rement M h wan 2500 v GainDAC1= 4000 hex, ===>  0.5000 V/V
9 |Pmax= easureme t et Od yOU a t 0.830 VN ZeroDACT= T0AL hex, =—=>> 1.1000 W
10 to use. For this example, we use 128 VIV
11 | Temp rang . 24NV
12 [Tmin= the diode method. 00E+00 V
13 [Tmax=
14 | Troom= 228 Vexc= 2075V, with LinDAC=0
= Choose Temperature Measurement Method @

Insert TempADC reading in active cell Insert V|
16 : : 1.4E-02 -

o i : :
17 |Measurement Tem peratures: m——— iJse Internal, or Diode Temperature Measurement:
18 |Tmeas1 (room)=
19 | Tmeas? Eh t}t}=} " Use Rt Tempature Measurement with Quadratic fit 1.2E-02 4
20 |Tmeas3 (cold)= =
e Use Rt Temperature measurement with 1/{aT"2 +bT +¢) fit ﬂ 1.0E-02 +
22 |Measured Data (assuming the sensor directly): P
23 Measurement Conditions Measured Data | RTISpan, V3 E} 8.0E-03 +
24 Temp Pressure VoutMeas RTI Kbrg,wi z -
25 20 0 -2 57TE-03 T 6.0E-03 4
26 20 50 3.70E-03 S
g; 20 100 9.98E-03 100 “.; 4 DE-03 -
=
29 85 0 -2 A7E-03 = i
30 85 100 9.98E-03 o caL s
31 5
32 40 0 2 57E03 = 0.0E+00 1
33 -40 100 9 98E-03 = -3
M4 pom Temp Gain Errar: 1/ PGA_Min_Output_Room -2.0E-03 1
35 PGA309 Calibration Temp Cor Gain Dac: 1/ PGA_Max Output_Room
IR | BTl KhralPin mini- N ANEFIIRR MPRamNAT Marractinn- 1 A NC N2
Spreadsheet, Sensor
SBOA103C Curvefit Tab PGA309 Quick Start Q; Texas 43
n2 m Referen i
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*’? TEXAS

INSTRUMENTS
.| When the template for your i o) veroes
100 . . . . ZeroDACT= B30 hex, ===>= 0.1638
calibration algorithm is loaded
4e | this box will pop up.
90 | Press OK.
20 | |
2 cell 0 pading in 3 \ ¥
PGA309 Calibration 4 0E-03
TempADC Reading@Tme
:. ored ﬁeldsl on the Sensor Curvefit worksheet, 3.5E-03
Nrves are resonable and go to the E‘"_
| E J.0E-03
1sor directly): =
Measured Data | RTISpan, _ g} 2 5E-03
re VoutMeas RTI Kbrg,wiv Pressure VoutMeas _g’
£ _BBE-05 0 =
1.80E-03 g 2.0E-03
3.54E-03 100 S
= 1.5E-03
5 88E-05 =

PGA309 Calibration
Spreadsheet, Sensor

SBOA103C “~_CunefitTab " pGA309 Quick Start 44
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{'f TEXAS
INSTRUMENTS

5 |
I Fill out the highlighted cells PGA309 non-variable {during calibration) settings:
| T |Pressure values: Initial settings of the Fine Adjust DACs:
| 8 |Pmin= i) Vref= 4096 V GainDAC1= [ 9762 hex, ===>  0.7276 V/V
| 9 |Pmax= 106" Kexc= 0.830 VIV ZeroDAC1= 13F0 hex, ==>>  0.3190/V
| 10 | FrontEnd PGA= 128 VIV
| 11 |Temp range: Output Amp= 3.6 VIV
| 12 | Tmin= 48" Coarse Offset= 0.00E+00 V
| 13 [Tmax= 90"
| 14 |Troom= 258 Vexc= 3.400 V, with LinDAC=0

15

Insert TempADC reading in active cell Insert Vout reading in active cell

16 4.0E-03 -
| 17 |Measurement Temperatures: TempADC Reading@Tmeas
18 [Tmeas1 (room)= 20 decimal : (@ this Temp 3 pressure levels are applied 3.5E-03 4
| 19 |Tmeas2 (hot}= 85 decimal )

20 |Tmeas3 (cold}= -40 ||

'y 1 [
| 22 |Measured Data (assuming the sensor directly): Post First Cal When the Load reQISte rS from
| 23 | Measurement Conditions Measured Data | RTISpan, VIV H [
24 Temp Pressure VoutMeas RTI Kbrg wiv Pressure PGA309 bUtton On the M al n
| 25 | 20 i 0 -2 94F-04 0 —
% 20 S 146E.03 sheet was pressed, the

27 20 i 100 3.22E-03 100 . . |
28 I PGA309 registers were copied

29 85 0 -2.94E-04 . . . |
B = T w 322603 into this section of the Sensor
| 32| -40 f 0 2. 94E-04 i —
I 2EL, Curvefit sheet.
| 34 | Room Temp Gain Error: TEGA N Outpat. Raom Uy
| 35 | Room Temp Cor Gain Dac: 1|PGA_Max_Output_Room S
| 36 | Post Cal RTI Kbrg(Pin_min): | -0.0010008 GainDAC Correction: 1 _5.0E-D4
| 37 | i i Post Cal RTl Kbrg(Pin_max): = 0.01093026 ZeroDAC Correction: 0
38| Set Pres PGA309 Calibration

A0 IR atriv- Spreadsheet’ Sensor Bocultyfartnrd I2nhtian irnafe ualel-

SBOA103C CUREE Tele PGA309 Quick Start WP TEXAS 45
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A ] L

| L E = = H |

3

4

5

& |Fill out the highlighted cells

7 | Pressure values:

8 Pmin= )
9 Pmax= 100"
10

11 |Temp range:

12 Tmin= 45
13 Tmax= 9’
14 |Troom= 27

Uses 2nd-order (quadrature) equations for pressure non-linearity and temp drifts of offset and span

Kbridge(P, T)=ko0+ko1*T+ko2*T*2+(ko3*p+kod*p"2)*[1+ko5*T+ko6*T"2]

The appropriate values need to be
entered manually for the temperature
range. This is the range that the curve fit
Is done over. Enter the values shown for
our example.

15 |
Insert TempADC reading in active cell

16

Insert Vout reading in active cell

17 |Measurement TeffPeTataTes.

ADC Reading@Tmeas

18 [Tmeas1= (@ this Temp 3 pressure levels are applied
19 | Tmeas2=
20 |Tmeas3= .
21 The appropriate values need to be
22 |Measured Data (assuming the sensor directly):
23 Measurement Conditions Measured Data entered manua”y fOI‘ the measurement
e temperatures. The measurement
> 25 | = temperatures are the temperatures that
2 . . the calibration measurements are made
30 90 00 at.
31
32 45 f 0 5.73E-05
33 -45 i 100 3.49E-03
34 Room Temp Gain Error: 1
35 Room Temp Cor Gain Dac: 1
36 PGA309 Calibration Post Cal RTl Kbrg(Pin_min): | -0.0009647 GainDAC Correction: 1
37 Spreadsheet, Sensor Post Cal BTl Kbrg(Fin_max). = 000912834 ZeroDAC Correction:
Curvefit Tab - g
SBOAL03C “~_CurvefitTab " pGA309 Quick Start ¥ Texas 46
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A ]

L

L E =

= H |

3 |Uses Znd-order (quadrature) equations for pressure non-linearity and temp drifts of offset and spar

:51 Kbridge(P,T)=ko0+ko1*T+ko2*T"2+(ko3*p+ko4*p"2)*[1+ko5* T+ko6*T"2] J The easiest way of doing

6 |Fill out the highlighted cells PGA309 non-variable (during calibrd thiS 1S t0 select a cell and

T |Pressure values:

8 Pmin= ) Vref= 4096 pPress the Insert

9 Pmax= 100" Kexc= 0.830 VIV i i

2 femes TempADC reading in

11 Temp range: . Output Amp= active cell button. This
min= odarse = . .

13 Trmax= 90 will insert a PGA309

14 Troom= 2 Temp ADC in counts into

that cell.

Insert TempADC readin

16

17 | ez

18 [Tmeas1= (@ this Temp 3 pressure levels are applied

19 | Tmeas2=

20 Tmeas3=

21

22 |Measured Data (assuming the sensor dinks Po

23 Measurement Conditions Measured Data | RTISpan, W/V The measured PGA309 Temp

24 Temp Pressure VoutMeas RTl Kbrg, wiv i

2 em , ; . ADC readings need to l_Je

26 225 50 1.32E-03 recorded at the respective

27 225 d 100 3.20E-03 .

28 applied temperatures. Use the

2 o r i temperature selector switch on

L , the Sensor-Emulator-EVM to

32 45 0 -5 73E-05

33 45 100 3 49E-03 generate room, hot, and cold

34 Room Temp Gain Er . .

3 Room Temp Cor Gail F€@dINGS for this example.

36 PGA309 Calibration Post Cal RTI Kbrg[P@ u : B trom- ||

37 Spreadsheet, Sensor Post Cal BTl Kbrg(Fin_max). = 000912834 ZeroDAC Correction: 0

SBOA103C ~~__CunvefitTab " pGA309 Quick Start ¥ Texas

Jan 2006 System Reference Guide
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10
1
12
13
14

15|

16

A ]

L E =

Uses 2nd-order (quadrature) equations for pressure non-linearity and temp drifts of offset and span

Kbridge(P, T)=ko0+ko1*T+ko2*T2+(ko3*p+kod*p"2)*[1+ko5*T+ko6*T2]

Fill out the highlighted cells
Pressure values:

Pmin= 0
Pmax= 100"
Temp range:

Tmin= 45
Tmax= 90"
Troom= 27

PGA309 non-variable (during calihratiun}l

Wref= 4.096 v
Kexc= 0.830 vV
FrontEnd PGA= 128 VIV
Qutput Amp= 3.6 vV
Coarse Offset= 0.00E+00 WV

Vexc= 3400V, wi

Insert TempADC reading in active cell

|
I. Insert Vout

ding in active cell

17
18
19
20

Measurement Temperatures:
Tmeas1= 225
Trneas2= 90
Tmeas3= -45

21

22 Measured Data (assuming the sensor directly):

TempADC Reading@Tmeas

decimal 2@ this Temp 3 p

The easiest way of
doing this is to select a
cell and press the Insert
Vout reading in active
cell button. This will
insert a PGA309 output
voltage reading from the
ADS1100 delta sigma
ADC into that cell.

decimal

23 Measurement Conditions l_ﬂm
24 Temp Pressur VoutMeas
25 225 d 0
26 225 i 50
27 225 i 100
28
29 90 i 0
30 90 d 100
31
32 45 " 0
33 - 100
PGA309 Calibration
Spreadsheet, Sensor
3 Curvefit Tab
SBOA103C
Jan 2006

T

Sparf VIV
Khbrg,wiv
.B9E-04
J32E-D
-03

{04E-04
ATE-03

_T3E-05
A9E-03
Roon Temp Gain B

Post Cal BTl Kbrg(Fin_mazx):

PGA309 Quick Start
System Reference Guide

The PGA309 output voltage needs to
—{ be recorded at the appropriate
applied pressure and temperature.
Use the bridge selector switch on the
Sensor-Emulator-EVM to generate
the respective room (0%, 50%,
100%), hot (0%, 25%, 50%, 75%,
meem Temp cor 64 100%0), and cold (0%, 50%, 100%).
Post Cal RTI Kbrg[l‘ﬂ:ﬁm.——mmlmu.

0.00912834 ZeroDAC Correction:

WP Texas 48
INSTRUMENTS
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After the calibration
measurements are
complete look at the
graphs located on
the sensor Curvefit
sheet. These
graphs are an easy
way to check for
gross problems.
The graphs shown
are indicative of
typical results for
example.

PGA309 Calibration
Spreadsheet, Sensor
Curvefit Tab

Bridge sensitivity vs. temp
— 4 .5E-03
4.0E-03 __,_,_.----"'""
= 3.5E-03 — —
n
043296 E SRk
* 49859 -
149959 g 25803
FTT g 20803 — Offset
: = =
L] = | 5E-03 —Span
2.5044 &
450111 £ 10803
1.50093 -
T g‘ 5.0E-04
150096 E 0 OE =00 -
-
_5.0E.04 0 100 150
199764 -1.0E-03
L Temp, degC
1als]:
S )
EEEEE Kbridge vs. pressure @Troom
M
3.5E-03
M \ 3.0E-03
HEEEE z
& 2.5E-03
L
R s 2.0E-03
LR =
E 1.5E-03
=
=]
> 1.0E-03
g
5 50EM
=
-
X 0.0E+00 /
l-*//m i P 40 =p &0 m an =] 100
-5.0E-04
Pressure

SBOA103C
Jan 2006
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PGA309 Desired output and its look-up table

COURUL T aUe B L=y RESLIltiI"Ig LDDk-LIp Table
Enter Output Scale: # of points: Point# Temp Gfine VIV GainS
Vout_max: 45V Mtemp= 17 1 90| 0.777603
Enter the OUtpUt Vout_min= 05V Optional- 2 815625 0790315 -0.0C
LUT _Tmin: 45 degC 3 73125 0.802222 -0.0C
LUT Tmax 90 degC 4 646875 0813229 -0«
1
. 5 h6.25 0.823249 -0.0C
number Of p0|nts 6 47.8125 0832196 -0.0(
. Result Sanity Check: 7 39.375 0839992 -0.0(
ZeroDAC is OK: values are in Range. 8 30.9375 0.846568 -0.0C
In the table’ and GainDAC is OK: values are in Range. 9 225 0.851861| -0.0C
TempADC is OK: values are ascending and in Range. 100 14.0625 0.855822 -0.0(
the IOOk up table 1 5625 0.858412 -0.0C
12| -2.8125 0.859608 -0.0C
temperature 13 -11.25 0.859396 251t
14| -19.6875 0.857779 0.00C
range. For our 15 -28.125 0.854773 0.00C
16| -36.5625 0.850406 0.00C
example, enter 17 45 0.844722] 0.00(
18 45 0844722
the values shown. | - " T
Vout max and min calibrated
0.52 4.52
0.515 4.515
0.51 4.51
0.505 4.505
> —— Cal'dVoutmin
5 05 e fiadhefeeuiufinfier et fuarteied 45 o
g —=s— Cal'dVoutmax
0.495 4.495
0.49 4.49
0.485 4.483
PGA309 Calibration 0.48 . . : . . . . : : 4.48
-50 -30 -10 10 30 50 70 a0 110 130 150

Spreadsheet, Calibration
Results Tab

Temnp. deaC
4 » Wl Main £ Sancar Curvefit % Caliheatinon Raculie / Temnhta Rt? / Tamnbhte Not Rt Temnhta Rt / Tamnhta Mot RE? & Tamnht

SBOA103C
Jan 2006

PGA309 Quick Start

System Reference Guide

Q’ TEXAS
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Note about the temperature ranges

Rangel: This is the range of
the mathematical model of the
sensor that is developed by
the spreadsheet.

*«‘ TEXAS
INSTRUMENTS

10

11 [ Temp range:
12 | Tmin=

13 | Tmax=

45

9{]‘
14 | Troom= 7
15 I

Insert TempADC reading in active cell

16
17 |Measurement Temperatures: TempADC Rea
18 | Tmeas1= 225 1983¢
19 | Tmeas2= \ 90 16562(
20 |Tmeas3i= \ -45 24160

RangeZ2: This is the range that the
look up table is developed over. This
range must be a subset of Rangel. It
Is ok for Range2 and Range3 to be
equivalent. This range over which the
calibrated sensor will correct for

PGAl temperature drift.
Enter Output Scale: # of points:
Vout_max: 4.5V MNtemp= 17
Vout_min= 05V Optional:
LUT Tminz -45 deqC
LUT Tmax 90 degC

Range3: This is the range of
measurements made during
calibration. This range must be a

subset of Rangel. Itis OK for range 1

and range 3 to be equivalent.

Result Sanity Check:

ZeroDAC is OK: values are in Range.

GainDAC is OK: values are in Range.

TempADC is OK: val ding and in Ra

PGA309 Calibration
Spreadsheet, Calibration
Results Tab

PGA309 Calibration
Spreadsheet, Sensor

SBOA103C Curvefit Tab
Jan 2006

PGA309 Quick Start
System Reference Guide
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PGA309 Desired output and its look-up table

Lookup Table Parameters: |Resulting Look-up Table
EntnatrOutput Sc:al;:S\"r ::tnfpuints: 7 The Vout max and mln
out_max; " emp=
The Result ST - -
Sanity Check T Tmal R calibrated result graph gives
1 wil ﬂ;/ an — an idea of what errors you will
g any MO TR see based on the resolution

I'Ob|emS Wlth / GainDAC is OK: values are in Range. .
p . - TempADC is OK: values are ascen?iing and in Range. Of |nternal Components Note
gain and offset

_ the output should

rarll_%es in the approximately match the
Cabll ration values entered in the Enter
table. [ | Output Scale section.

Vout max andeu
0.52 4.52

0.515 / 4.515
0.51 / 4.91

0.505 4.505

n Z 0.5 - 45 —+— Cal'dvoutmin | |
§ —=— Cal'dVoutmax

0.495 4.495
0.49 4.49

0.485 4.485
PGA309 Calibration 0.48 . - . . . . ; . ; 448

-50 -30 -10 10 30 50 70 a0 110 130 150

Temn. deaC
4+ vl Main / Sancar Curvefit % Caliheatinn Raenlite £ Tamnkhta RE? / Tamnhta Not Rt /£ Tamnkte Rt ¢/ Tamnhta Mot Rt? 4 Tamnbi

Spreadsheet, Calibration
Results Tab

SBOA103C PGA309 Quick Start % 52
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e Parameters: Resulting Look-up Table Look-up table Hex
Point# Temp Gfine WV | GainSlope Vzero, ¥V ZeroSlope | Temp M GM
17 1 90 0.777603 0.301346 4225 12D6 AA99
2 815625 0790315 -0.00151 0.304481 -0.00037]|446B 0016 0226
el 3 73125 0802222 -0.00141 0.306193 -0.0002[46B1 000C 0203
: : 4 646875 0813229 -0.0013 0.306482 -3.4E-05|48F6 0002 01DC
The calibration table 5 56.25 0.823249 -0.00119 0.305348 0.000134|4B3C FFF8 01B2
_1 that will be loaded into 6 47.8125 0832196 -0.00106 0.302791 0.000303[4D82 FFEE 0183
. 7 39375 0839992 -0.00092 0.29881 0.000472[4FCT FFE4 0152
.l the EEPROM is 8 309375 0846568 -0.00078 0293407 0.00064|520D FFDA 011C
a . g 225 0851861 -0.00063 0.28658 0.000809|5453 FFDO 00E5
él dlsplayed on the 10 14.0625 0.855822 -0.00047 0.27833 0.000978|5698 FFC6 00AC
Calibration Results tab 11 5625 0.858412 -0.00031 0.268657 0.001146/58DE FFBC 0070
12 -2.8125 0.859608 -0.00014 0.257561 0.001315|5B24 FFB2 0034
on the spreadsheet. At =" 13 1125 085939 251E-05 0.245042 0.001484|5D69 FFA8 FFF7
. . s 14 -19.6875 0.857779 0.000192 0.231099 0.001652|5FAF FF9E FFBA
this pomt the initial 15 -28.125 0.854773 0.000356 0215734 0.001821|61F5 FFo4 FFTE
calibration is complete 16 -36.5625 0.850406 0.000517 0.198945 0.00199|643A FF8A FF43
17 45 0.844722 0.000674 0.180733 0.002158/6680 FF80 FFOA
_| and the table can be 18 45 0844722 0 0.180733 of 7FFF 0000 0000
uploaded into the
PGA309 EEPROM.
4.52
4.515
4.51
4.505
45 —¢—ga:'ginu:min o
. . —s— Cal'dVoutmax
PGA309 Calibration
Spreadsheet, Calibration - 4.495
Results Tab
SBOA103C PGA309 Quick Start t,’ 53
Jan 2006 System Reference Guide TEXAS

INSTRUMENTS



Press the Save Registers + Lookup Table button. This will

— = °2| store the lookup table into a file that can be loaded into the
1 |PGA309 Configuration Regl PGA309 EEPROM.
Reg. Addr | Name R i s —
0/ADC Out(RO) 0101_0000_0001_0011 0 4ECB 12F6 B10C
1 ZeraDAC 0001 _0100_0000 1111 1 50F3 0014 01EE
2 GainDAC 1001_1000_0001_1011 2 5HA 000B 01CB
3 * Ref&Lin 0000_0101_0000_0000 3 5541 0001 0144
4 ™ 3ain,Vos,Cfg1 0011 _0111_0000 000 4 5768 FFF8 017B
5 * Cfg2,OverlUnder 0000 _0000 0000 00 5 598F FFEF 014E
6 * Cfg3 (ADC) 0001_0100_0000_#111 6 5BB6 FFEG 0120
7 OutEnbl Counter 0000 _0000_0o00g0000 7 &DDE FFOD O0EE
8 AlarmStatus(RO) 0000 0000 00GM 0000 8 6005 FFD4 00BB
Config Checksum 0101 1011 1710 1011 9 622C FFCA 0086
10 6453 FFCA 0050
1 BETA FFBS 001A
: : 12 68A1 FFAF FFE3
Load Registers from File 13 EACT FEAG FEAC
14 ECFO FFaD FFTT
- 15 BF17 FF94 FF42
Load Registers From Bench 16 713E FESA FEOF
ChSum TFFF 0 5586
Prepare Calibration Shee
‘ Save Reqisters+Lookup Table .‘
PGA309 Calibration
SBOA103C\_ Spreadsheet, Main Tab PGA309 Quick Start ¢ 54
Jan 2006 System Reference Guide TEXAS
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Step A Step D

Press the Open File Press the Read PGA309 to see
button to get the file the updated register values.

istruments PGA309 Designer's Kit (

containing the N Set
Calibration reSUItS- Dpe File SaEFile ng Write PGA309 | Read ASOQ Wirite OM | Read EEPROM SetPreCaIEE‘

PIE e shorted to Vout [~ PGA309 Test Pin HIGH |- gifsesg:fg:ﬂ;w - T

S Raees FrontEnd PG Gain [V [ 125, ] viefvalue [4098 -]

Zero DAL [W]; —
Step B 011_1111_0000 pan DALY Step C
T11_0110_0010 =Ll

M_ake sur(_e the PGA309 Test Pln_ oo eens] Pragg \Write EEPROM to
High box is not checked. When in - preees "+ store the lookup table in
this mode the PGA309 will read the [r==e) ="l 10 external EEPROM .

EEPROM and adjust offset and 0 1100 A0 J] | |[Learmeten

Interface Board and ADS1100

gain for each temperature g Diese ||| "t —

T Hex Q Vol [3.03986
ConverSIOn Decimal : %
Dec [19922
4947  FFDF 0138
4B63  FFD6 0109

ex meome | After Step D, the initial

51B7 FFBA 0068
53D3 FFB1 0030

= @ m | calibration is complete.

5A26 FF35 FF88

4."5 FFEd UlbA

SC42  FFOC  FPu2 Sto gt | Auocac ckem e o e ¢
FFFF 0000  SEEC | EEPROM Update COM Port
Checksums Setup
EEPROM Lookup Table | Bitmap of a registerl
Board Communcation die
SBOA103C PGA309 Quick Start J
Jan 2006 System Reference Guide b TEXAS
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The PGA309 Error tab on the
generate_sim_values.xls is a
convenient way to do a post cali

bration

error analysis. To use it select the
blue cell corresponding to the current

setup, and press the Insert Vout

reading in active cell button. This will
insert the PGA309 output reading from

the ADS1100.

The initial post
calibration results will
typically have errors
ranging from 0.1% to
0.3%.

e

generate_sim_values.xls,
PGA309 Error Tab

6
7 Insert Yout reading in active cell
a
9 Post First Calibration Results
0 Temperature Pressure |ldeal Result Measured Result |Error
1 cold 0%
2 cold 50%
3 cold 100%
4 Room 0%
5 Room 25%
6 Room 50%
T Room T6%
8 Room 100%
9 Hot 0%
0 Hot 50%
1 Hot 100%
22
2, stdev=
4 average=
25
26
27
28 _ .
29 Insert Vout reading in active cell
30
31 Post Second Calibration Resulis
32 Temnperature Pressure Ideal Result Measured Result |Error
33 cold 0% 04
34 cold 50% 25
35 cold 100% 4.5
36 Room 0% 05
37 Room 25% 15
38 Room 50% 25
39 Room 75% 35
40 Foom 100% 45
41 Hot 0% 05
42 Hot 50% 25
43 Hot 100% 4.5
44
45 stdev=
46 average=

0.03
0.02
012

-0.05
-0.14

0.02
0.21
0Ar

-0.01

0.06
0.19

0.11
0.06

-0.03
-0.04
-0.04
-0.01
-0.14
-0.02

011
0.03
0.01
0.01
0.02

0.06

-0.01
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- The post first
nsetl Calibration results are

|

Insert Vout reading in active cell ‘

_::? @ made at room Tmeas
18 [Tmeas temperature and - (@ this Temp 3 pressure levels are applied
197 . decimal
20 Tmeed €ntered here. For this s
;:12 Measu example’ use the \ Correction
23 Sensor-Emulator-EVM [a] RTispan, viv #mqg Data
24 0 | | RTIKbrgviv Pressure  VoutMeas
2 to generate 0% and -2.83E-04 0 49801
26 0 1.34E-03
27 100% pressure at 3.23E-03 100/ 4.51E+00
gg room temperature. 5 95E-04
30 85 i 100 4.86E+00 3 53E-03
31
32 40 f . -05
— = | Note the correction F_Ug
34 mp Gain Error: 1.00216¢5
35 faCtorS are mp Cor Gain Dac: 0.85317903
36 developed based RTI Kbrg(Pin_min): | -0.00094}6 GainDAC Correction:  0.9978372
ar . RTl Kbrg(Fin_max). 0.00920782 ZeroDAC Correction: 0.000586
38 |Set Pressure = 0 and meq OIN these I‘eadlngs. _(y
:313 e 1 These are used to RE:SEU_EEE-:ST ko0= -2.322E-04
41 1" | calibrate the 28571 kol= 3.093E06
. " _641E-05 ko2= 2.7T4E08
PGA309 Calibration Lin_Dac errors not
S dsheet, S ; alf scale):
pl’eg.ufv:f?[ Tagnsor preVIOUSIy Results\Vector2
accounted for.
SBOA103C PGA309 Quick Start Q‘ 57
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After making the secondary
calibration measurements,

truments PGA309 Desig,.-~"= Kit Control Program

store the calibration results
. . . = = ) i £ ¢ ¢ ¢
|nt0 a f||e and |Oad them |nt0 Open File ‘ Save File Detect | Write PGASDS | Read PGA309 | Wirite EEPROM | Read EEPROM | Set PreCal EE
. . ) PGA Settings
the PGA309 aS Wlth the fIrSt feilliobat |l FEsil Vet Fo 18] Coarse Offset [mV] : 0.000 = Enable Internal Vel [+
isters .
H H H H ) ) . FrontEnd PGA Gain WA i - refialue 4.0% -
calibration. The file for this  fpeioedithe vaie o see e detsc B o ] eson
. . . Name ’ matutuedss Detect External Faults: | |
exam p I e Cal | b ratIO nis Saved ROC Out(RO) _0x0011_0000_0111_1001 Gain DAL WA 727.559m Detect Internal 5 aturation: | |
. ZeroDAC 0x13F0 | Oec0001_0011_1111_0000 Output Amp Gain [VAY) Wout high on external Fault: ||
on the PGA309 Qu IC k Start GanDAC 08762 | 0x1001_0111_0110_0010 HIpULAMR [ AN (VA 3,600 T1 | Wout high on intemal fault =
) ) * Ref&Lin 00500 | 0x0000_0101_1104_1101 Enable Over/Under-Scale Limits : [ PEA20Y Temp ADC
Disk and is called e oo s | G o] [oodE ey
PSS i = - - - |nderscale Limit :
: : T oe
Cfg3 (ADC) 021408 | 0x0001_0100_0000_1011
q u ICk_StaI’t_SECOI’ld XL JutEnbi Counter | 0x0000 | 0x0000_0000_0000_0000 Llnstalls Sz [ gelialier M| Hex o
Your I‘eSU|tS ShOUId be larmstatus(Ro) | 0x0000 | 0x0000_0000_0000_0000 Were: |3 400 - Comvert | anhig
fnfig Checksum [ oxsAcE [ 0x0101_1010_1100_1110 Linearization Coef [/} [421.569m
similar to this file ke
. Interface Board and ADS1100
= we—1 7 e
14 ws wel The final calibration is |© | = s
= | The final calib o2 [l
42F4  FFFB e
15 Load) Reqisters from File 4510 FFF2 . . g Dec [19922 %
16 ' 4728 FFEQ I t t th t 19922 |
17 4947 FFDF compiete a IS POIN Hex
Board
. 4D7FF FFCD vy :
E Load Rlegisters From Bench AF9B  FFC4  OO9F e Bl | e
19 5187 FFBA 0068
20 o3 frol oo e I [Pt
g Wo-Are
21 { Prepafe Calibration Sheet gﬁg‘é EEgE EEESD Instant Update [ = =
22 : Onewie
: bC42 FFBC FF52 . Autocale Chkaum w0 =
23 S5ESE  FF83  FFID Shows 1kBit
o 7FFF 0000  8F24 g FEEFROM Update COM Port
o6 Save Reqisters+Lookup TE.b‘.E_J_ Checksums Setup
26 . . able | Bitmap of a register
PGA309 Calibration
Spreadsheet, Main Tab /
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6
7 Insert Yout reading in active cell
a8
9 Post First Calibration Results
10 Temperature Pressure |deal Result |Measured Result Error
11 cold 0.03
12 cold 0.02 —
13 cold 0.12
14 Room -0.05
15| Room 0.14
16 Room 0.02
17 Room 0.21
The secondary 18 Room 0.17
. . 19 Hot -0.01
calibration can be 20 Hot 0.06
. . 21 Hot 0.19
done to significantly 2
23 stdev= 0.11
reduce the error. Post- 21 = 0.06
. . 25
secondary calibration 2
errors are typically on - O
nse out reading in active ce
the order of 0.05%. %
31 Post Second Calibration Results
The Secondary 32 Temnperature Pressure Ideal Result Measured Result |Error
i i i 33 cold 0% 0.5 -0.03
calibration involves \ 34 cold 50% 25 004
I 345 cold 100% 4.5 -0.04
makmg two Room 0% 0.5 -0.01
a7 0, 259, 15 -0.14
measurements at = — . . 00
39 Room 75% 35 011
room temperature. = noom 1005 e 003
41 Hot 0% 0.5 0.01
42 Hot 50% 2.5 0.01
generate_sim_values.xls, ﬁ L LLle = L
PGA309 Error Tab 45 stdev= 0.06
46 average= -0.01
SBOA103C PGA309 Quick Start @ 59
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PGA309 Ratiometric X
. . TEXAS
Calibration Example INSTRUMENTS

This example walks through the PGA309 ratiometric calibration technique.
The PGA309 Absolute Calibration example is a more detailed description of a
calibration, and so, it is recommended that you review this example first. This
document describes the key elements that are required in a ratiometric
calibration, but does not fully explain how to use the PGA309 Gain Calculator,
Sensor-Emulator-EVM, or the Designers Kit Control Program.

For information on these development tools, please see the PGA309 Product
Folder on the Tl website, at www.ti.com.

SBOA103C PGA309 Quick Start 60
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PGA309 Ratiometric

Exam p | e I Real World Inputs

This is the hardware
configuration that this
ratiometric calibration example
details. In this example, the
Sensor-Emulator-EVM is used
to emulate the bridge sensor
and the Diode. Note that the
device power supply is used to
provide excitation for the
sensor. So for this
configuration, the Vexc pin on
the PGA309 is not used and
consequently, the PGA309
cannot correct for nonlinearity
verses applied stimulus.
Temperature nonlinearities of
span and offset will still be
corrected.

SBOA103C PGA309 Quick Start

Jan 2006 System Reference Guide M TEXAS
INSTRUMENTS

R

Vsa Ref _In/
Ref_Out

Vexc

Vin+

PGA309

Vin-

Temp

GND

61
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This diagram illustrates PGA309EVM jumper settings for a ratiometric system.
Sensor-Emulator-EVM connections and power connections are also shown.

Power connection if
the 6Vdc wall
adapter is not used.

\

To Sensor
Emulator PGA309 Sensor Interface Board PGA309 PC Interface Board
J5 3V -
VEXC Jio  Bridge INPUO&] Pgﬁ)gJE 5\J/A ﬁ
Short B v 1PU
+ E O J4 e Vs Int -
i Test Vexc X0 j9 - r
Vi ) Rt+
m+\ ; Bridge - 6V dc Power
vin- \ i S - PRG from wall
L K o adapter
Xy . : e
TEMP Bridge - vout SDN
GND Rt- RTS
ﬁ Rt EJD
o Ext PC Tgst PRG‘_ @)
Short  OJ1 BJG 58 9 B & DTR
Ji1 O O ) o
Rt- Int HDW Run Vout
To PC
Serial
Port
SBOA103C PGA309 Quick Start 62
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Required Electrical Connections to

Sensor-Emulator-EVM

{" TEXAS
INSTRUMENTS

Vin
BNC Jacks to “Vin
DVM" to monitor the
Vin signal. (connected
to the emulated sensor
output via a RC filter.

Buf TEMP
BNC Jacks to “TEMP
DVM” to monitor the
buffered temperature

signal.

-12V DC Supply

.
. . +12V DC Supply
L]
./ DC Supply
Common
.-:/ / Excitation voltage
/
—e

from PGA309

Output of Bridge Sensor

[ e Emulator (input to
™ e @ ° ¢ oo | PGA309).
bl Emulator Buffered
: [ ] . Temperature Signal
e 2 . E Output
. =; : \ Common to connect
. .- & [ ] o o~ tothe PGA309.
IO ®
SBOA103C PGA309 Quick Start 63
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Sensor-Emulator-EVM Jumper Setup

These jumpers must
be set to the position
shown to allow the
on-board voltage
reference to generate
the emulated diode
voltages.

L L ] L] L L ] .“ [ ] [ ] .
Set the jumper .

¢ ¢ d e ® | JUMPL1 to the .

These three channels position shown to

are used to set the connect the Diode .
temperature output temperature

signal in the diode emulation. ~

mode. The Rt

channels are not used . . .« |®

in this mode. . .

[ ]

l.iil

Set the jumper
JUMPS5 to the
position shown to
connect GND to
the bottom of the
bridge emulator.

1| £ || @@l Bt e

SBOA103C
Jan 2006

PGA309 Quick Start
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8 PGA309 Calculator Rev. 1.4.1

Feference Select Senzor Output
™ Enable Intemal Yref i* Mormalized Senzor Data
Frafal IE— Offzet in WA -290.000u
Span in YA IW
Bridge Excitation i Meazured Senzor Data
[~ Enable WVexc
The PGA309 Calculator can be Offsetin ¥ -1.450m
. External Vhndge:
used to compute the gain and - P Full Scale Qutputin' [16.050m
offset settings for the PGA309. Biidge Resistance
These are the values used for Rbridge 1.000K vealEGA snaioa sibes] s
this ratiometric example N Caleulated PGA Settings
configuration. Note| g CoaseOfisat (V] [ooo0
Frant End PGA [V |-|257
Dezired PGA Output Swing Zera DAL V] |74I35.EEIEIm
FGA Lero Scale A&
Output Gain DAL (WA 744.048m
Eﬁajtu" scele 43 Output Amp Gain A [2 4
© Compute | Set Additional Simulate \
| Carens | o 715 Deles
SBOA103C PGA309 Quick Start ﬁ‘ 65
Jan 2006 System Reference Guide TEXAS

INSTRUMENTS



*’r‘ TEXAS
INSTRUMENTS

In the ratiometric configuration, the power supply (Vs) is being used as the
reference. Thus, it is very important that the supply is measured during calibration.

PGA309 Sensor Interface Board PGA309 PC Interface Board

Vs
J5 NV o
Vexc - 0} JC  PC_DIS
c— J10 Bridge INFUOO KO JE 5{J/A B
1PU

Vex Short B
Vs O
Vbr+ B [§) J4 Vs Int -
. ] Test Vexc mo -
Vin+ _ Rt+ Jo
Vin Bridge L 6V dc Power
k—— NE!
Vin-\ vin O rest T PRG from wall
Vor- L P on adaptor
TEMP o et
\ GND. H - o R
Bridge . VOUT SDN
TEMP Rt- RTS
GND \ o EJD
ND B Rt+ Ext

8

5 . _BS Test PRG )
G o0 B a geB oo *
Rt Int HDW Run Vout E
To PC
Serial
o
\O DVM

Port
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Configure the Initial settings of the PGA309

Fid T 1

——*+—-—-—+- "GAZ09 Designer's Kit Control Program

Step A

= = L ar ¢ 4 ¢
During calibration, the PGA309 == b M
[~ PGA309 Test Pin HIGH |«

Test Pin High must be checked to peasclbsin): oo o fEretielnmal Vil s

FrontEnd PGA Gain (4] -[128.000 | el Value :|4-983

o ee the details

prevent the PGA309 from reading = — = | Feskpetaggprn v v maaat
. . . ' I Faul [
the EEPROM during calibration. [ [oow oo 00 ooto 500 ema Satrstor: [
0x1803 | 0x0001_1000_0000_0 ot high on external Fault: | |
0010 GainDAC 0x90B2 | 0x1001_1101 #0010 Waut high on intemal fault -
0011 * RefaLin 0x0000 | 0x000 _0000_0000 A T
S B 01700 01_0111_0000_0000 Overscale Linit : Dedt
te 0x0000_0000_0000_0000 R
p 0x0000 | 0x0000_0000_0000_0000 e Dec D
. 0x0000 | 0x0000_0000_0000_0000 Hev [0h |
The gain and offset values 00000 | 0x0000_0000_0000_0000 comrert | ADC Config
0x84B6 | 0x1001_0100_1011_0110
computed by the calculator need —

Imterface Board and ADS1100
Dizplay Mode D
rew sSupply Voo [V]: 4.963]
Hex L ’ wol  [3.03986

bec Tiesz2 "= % "
Hex |1.508680

to be written into the PGA309
using the PGA309 Designer’s Kit
Control Program.

E Step C Update Vout | Settings
: Keep comm alive | PG Interface
: The value measured for Vs must  : ntart Updats [~ | L9 ©
: be typed in here. After all the : oy g || Ao Sk ki
: values are entered, press Write  : ===
E PGA309 i'lapofa register
lllllllllllllllllllllllllll1IE;ﬂ:dICT}nlm:U;clﬂtliD:llm;lll-
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Set up the PGA309 X Toync
Temperature ADC INSTRUMENTS

¥ Temp. ADC Configuration g|ﬁ|@

M ave paur mouze curgor over the choices ta zee
comezpanding register bitz

Select Signal Source:

Configure the Temp ADC as
shown and click OK. From the
main window, press Write
PGA3009.

External [TEMPin pin] -+ Apply

Internal on-chip temp Cancel

Resolution, without sign
116 136 146 15b Continuous conv :  |v

- & & O Single Shot conv @ [

Enable ltemp [~7Fud] [

ADC Canfiguration with External Source

Enable ADC 2¢ Tubo: [~ ~ADC Pre-gain The configuration shown was selected

A — o i;‘;ﬁgput MO for this example (diode measurement
VI 1 ACSC - using the built-in 2.048V reference). It
ﬂj:‘;!fjf“ ~ | bt IS important to use the built in ADC

Reserved: TEMPin - GHDa  (*
Note: Bits RV[1:0] donot | | " o¢c " TEMPin ;
=

reference because the diode

measurement is absolute and all the
other references are relative to the

[N out-GHDA input iz not compatible with the stand- . . .

slone look-up table PGA30Y mode. Pul Test pin high. power supply for this configuration.

hawve effect when the ("} Vout - G"_"IDA
built-in *'ref is selected Yref - TERMPin

SBOA103C PGA309 Quick Start 68
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B

The sensor specifications are
entered here. The definitions of
the different parameters is

he sensor’s raw output is computed
and displayed here. These values are
used to setup the sensor emulator. The
sensor emulator EVM will need to be
adjusted to these levels.

Note that Vexc = Vs for
ratiometric.

16
17 | GainTC1 (% of Span/C)
18 | OffsetTC1 (% of Span/C) -5.205E-04

19 | GainTCNonlin(TC2) (% of Span/C3) -1.288E-05

4 682E-04

20 | OffsetTCNonlin(TC2) (% of Span/C?)  -T.877E-06
21

23 li.e. OffsetTCA (% of Span) =01 is 10%
24

Note that Pressure Nonlin is zero. The sensor
22 |Mate: % of Span is representated as a decimal number must be Im_ear_ for.thls Conflguratlon because the
sensor excitation is the power supply and so the
95 |Rev B. Dec 10. 200 nonlinearity correction circuit cannot be used.

nr generate_sim_values.xls,

SBOAloscw PGA309 Quick Start
Jan 2006 System Reference Guide
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69

described earlier in this document. e — — — S —

A poecedlecade, L u E 5 H I
1 |Temp range: ¢ degC :
2 Tmin= : -40.00 ¢ Precalibration Sensor SimulatorSettings (LinDac = 0)
3 [ Tmax= M 85.00 ¢ Cold |
4 |Troom= . 22850 o Pressure Input 0% 0% 100%
5 5 5 Sensor Qutput {mV) 0.362 8.595] 17.552 I
6, VRAC (M. eueenreneeneencnns - [BO00EX0D
e b Room 1
: Enter these for our : . 3.509E-03 . Pressure Input 0%  25%] 50%)| 75%] 1009
- examp|e_ E o -2.945E-04 Sensor Qutput (mV) 1.473 2.914 7.300 11.686 16.07.
T eceesccesscossccossoqoscee ° :
1 : : Hot I
12 . . Pressure Input 0% 0% 100%
13 |MonlinSpanDrift (% of Span) e -5.031E-02 ° Sensor Qutput {mV) -1.503 71.967 17.438 I
14 |MonlinOffsetDrift (% of Span) s 307TTE02 .
15 |PressurelMonlin (% of Span) E 0.000E+00 E



-b.324E-05)  0.00172407/

Bridge Sensitivity vs Temp
offset span
i T
-3.10E-04 3.80E-03 4 0E-03
35603 | - "
3.0E-03
= 2 5E-03
i‘“ 2.0E-03 —— offset
:Eu 1.5E-03 —=—s5pan
. ] = 1.0E-03
When the sensor’s specifications o
have been entered, the | " oo —_—
spreadsheet will display the bridge 50804 '
output versus temperature. T T T T
Temp, degC
span | Span -
The bridge output versus applied /,«ae.ua
stimulus is also displayed. This ELa /
must be a linear function for a 3.00€-03 /
ratiometric setup that does not use 280E03 T Fullscre v
. . . Close Full Screen
Vexc for bridge excitation. 200803 7
1.60E-03
1.00E-03
5_00E-04 /
generate_sim_values.xls, 0 002200
Offset and Span Tab - 0 10 20 30 40 50 60 70 80 90 100 110
SBOA103C PGA309 Quick Start %’ 70
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S E— |

Precalibration Sensor Simulator Settings (LinDac = 0)

Each channel on the top section of the sensor emulator
represents a applied stimulus and temperature combination

voltages shown.

Pressure Input 0% 0% __m%ﬁ' for the sensor. Adjust the potentiometers coarse first, then
Sensor Output (mV) {1 -0.215.) 537911939 fine, to match the values computed by the
Room Generate_Sim_Values.xls spreadsheet for cold (0%. 50%,
Pressure Input 0%| 25%| 50%| 5% _100%| | 100%), room (0%, 25%, 50%, 75%, 100%), and hot (0%,
Scusath Ay i 1001 1.626  4.490 L5 1098 ¥ 5094 100%). For example, the sensor output at cold
Hot temperature and 0% of applied stimulus is emulated by this
Pressure Input 0% 50%|  100%] A channel. The rotary switch S1 is used to select this channel.
Sensor Output (mV) 1.053)  4.887] 11.8 ® = When the channel is selected, LED D101 will light to indicate |
/ I that the correct channel is selected. r
Bridge Sensitivity vs Temp / . ° = - =
4.5E-03
4.0E-03 L4 L] L] [ [ ] m =
s JA eI Rl 28
305031 . . . . . . m e
5 25E031 %o | 2% | 2% | 5 %o | 5% o e
E; 2.0E-03 1 —o— offset Y ° . . e’ o . a ® o
§ 1.5E-03 " —#—span H
¥ 1.0E-03 | / . . . e | o . . E = :
5.0E-04 iy 7 . ® o
0.0E+( . = : "
-5.0E-0 ¢ ¢ . M .
-1.0E-03 T T =
-50 0 50 100 150 ° L I
Temp, degC o . . *e
° [ . L .
L ] * 0 * 0 [ ] o - .
For this ratiometric example adjust fes) daes) fomee KIECRER
. L ] [ ] L]
the potentiometer on the Sensor- 1 i o | el |are
Emulator-EVM to the bridge * . o 5o |28 || <.
. . . LA X R LR XN Y] . - s . Y [ LR L RN LN NN ]
section to produce the respective : g =t

SBOA103C
Jan 2006
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A B C D E F
10
11 | Temp range: degC Temp(degC) Diode Vbe (V) Counts
12 | Tmin= -40.00 -40.00 0.745 23840
13 | Troom= 22 50 22,50 062 19840
14 | Tmax= 85.00 85.00 0495 15840 —
15
16 |Diode Volts
17 |Room Temp Vbe= 0.62
18 -
19 Temp ADC T o
20 |Vref (in V) = 2.048 el Bl et M BB
21 Mumb Bits 15 bits (§ign bit not included)
22 |Gain= 2 . . .
23 e
24 ° ° °
This is the Diode Vo tab on the
Generate_Sim_Values.xls :
Spreadsheet.
It is used to compute diode voltages that are B
used to set up the Sensor-Emulator-EVM. .

Each channel on the bottom section of the Sensor-
Emulator-EVM represents the output of the
emulated temperature sensor. Using the Temp
DVM adjust the respective potentiometers, coarse
first, the fine, to match the values computed by the
Generate_Sim_Values.xlIs spreadsheet for
Diode/Cold, Diode/Room, and Diode/Hot. For this
example, the temperature output signal at cold
temperature (-45°C) is emulated by this channel.

4 The rotary switch S2 is used to select this channel.

When the channel is selected, LED D201 will light
to indicate that the correct channel is selected.

For this ratiometric example, adjust the !
potentiometer on the Sensor-Emulator-
EVM to the diode temperature section to Tele

By ®
Note when emulating Diode ¢
temperature control, the Rt .
temperature section is not used. o
L ] L ] L ] L ] ' "= : :
. Py .'

.. L] . .

[ ] .-

] S

product the respective counts shown for . 2] ®
temperature.

SBOA103C PGA309 Quick Start 7 72
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For this ratiometric example, use the PGA309 Calibration Spreadsheet. This
tool uses measured data (pressure and temperature) to create a lookup table that
the PGA309 will use to compensate for offset and gain drift. The spreadsheet will
also generate a coefficient that the PGA309 will use to correct for nonlinearity
verses applied pressure. Note: you will need to enable macros and load the
analysis toolpack to get this Excel sheet to work properly. Information
regarding configuration of Excel is detailed in the PGA309EVM Users Guide.

7 4* GainVos.Clgl  0011_0111_0000_0000 4 4510 FFF2 0197

8 5 * Cfg2,0OverUnder  0000_0000_0000_0000 5 472B FFES 016A Press Load

9 6 * Cfg3 (ADC) 0001_0100_0000_1011 6 4947 FFDF 0138 .

10 7 OutEnbl Counter  0000_0000_0000_0000 7 4B63 FFD6 0109 registers from
1 8 AlarmStatus(RO)  0000_0000_0000_0000 8  4DTF FFCD 00D5

12 Config Checksum 0101 1011 1010 1011 g 4F9B FFC4 PGA309 to copy
13 10 5187 the registers
14 11 0030 ; h

15 . . FFAS FFFa rom tne

16 Load Reqgisters from File | 13 E80A FEOE FECO I )

17 I 14 5A26 Fres | Fres | €valuation

18 . 15 5C42 FF&C FF52 : :

19 Load Registers From PGA309 L] 16 EESE FF83 FE1D f|Xture |nt0 the
20 ChSum FFFF 0 8EEC spreadsheet.
g;_ Prepare Calibration Sheet ‘

23

24 .

e Save Registers+ ookup Tahble

26

27 | PGA309DK Calibration Spreadsheet

28 [Version 1.1.0

29 |2 2004 Texas ) )

30 PGA309 Calibration

Spreadsheet, Main Tab

SBOAL03C ~____ " PGA309 Quick Start X3 73
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Press Prepare Calibration Sheet to select
the algorithm. In this example, we will do a
3 pressure 3 temperature calibration.

- ;Fq @ 2004 Texas Instruments

c

Binary value
0101_0000_0001_0011
0001 _0100_0000 1111
1001_1000_0001_1011
0000 _0101_0000_0000
0011_0111_0000_0000
0000_0000_0000_0000
0001_0100_0000_1011
0000_0000_0000_0000
0000 _0000_0000 0000
0101 1011 1010 1011

PGA309 Calibration
Spreadsheet, Main Tab

A

1 PGA309 Configuratioly Registers
2 Reg. Addr Name
3 0/ ADC Out(RO)
4 1 ZeroDAC
5 2 GainDAC
] 3 * Ref&Lin
7 4 ™ Gain, Vo, Cfg1
8 5" Cfg2,0vgrlnder
9 6™ Cfg3 (ADC)
10 7 QutEnbl §ounter
" 8 AlarmStafus(RO)
12 Config Clecksum
13
14
15 . _
16 Load Reqisters from File
17
18 .
19 Load Reqisters F‘nm Bench
20 i
21 Prepare Calibrdation Sheet
22 i
23
24 .
o Save Registers+Lookup Table
26

SBOA103C

Jan 2006

D

E F
PGA309 Calibrated |
Position | Temp

4ECB
50F3
A31A
5541
5768
598F
LBB6
5DDE
6005
B22C
6453
BETA,
B8A1
BACY
BCFO
BF1T
T13E
rEFF

[ R R Ria T o T N PR Y N s

| | | = | | [ =
[ap R o R =SS R QA o |

ChSum

PGA309 Calibration

Please select the calibration algorithm:
One of the following three templates can be

used for the pressure sensor calibration

m:f

i3 Temperatures and 3 Pressures; o

Select this when you do not know the 2nd
order non4inearities of output vs. pressure
and of temperature drifts of span and offset.
The module output must be measured at thre
different temperatures with min and fulll-scal
pressure applied plus mid-scale pressure at
one of the temperatures,

Press OK after you have
selected 3 Temperature 3
Pressure calibration.

T e =
pressure applied plus the mid-scale pressure
at one of the temperatures.

2 Temperatures and Z Pressures f

All 2nd order coeffidents are entered based
on pre-characterization, only the positions of
curves must be fitted.

The output must be measured at only two
temperatures, each with min and fulll-scale
pressure applied.

PGA309 Quick Start
System Reference Guide
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A B C D E F G H | |

1 |PGA309 Calibration Algorithm
2 |The target sensor approximation equation: .
3 |Uses 2nd-order (quadrature) equations for pressure non-linearity and temp drifts of offset and span
4 Kbridge(P,T, T+ko6*T"2]
- - | Next, the program will ask N _
& |Fill out the highli le (during calibration) settings:
7 |Pressure valued What type of Temperature Initial settings of the Fine /
8 Pmin= M 4 096\ GainDAC1= 9994 |
9 |Pmax= easurement Method you 0.830 VIV ZeraDAC1= A3D't
1 want to use. For this example, M
11 [Temp range: . 36 vV
12 | Tmin= we use the diode method. 00E+00 V Rt=
13 | Tmax= Mo. of Bits=
14 | Troom= 27 C=
.15 = D d = = = E E l
Insert TempADC reading in active cell Insert Wgut
16 {+ iUse Internal, or Diode Temperature Measurement!
17 |Measurement Temperatures: TempADC Reading@Tmeas

18 Tmeas1= 20 decimal e Rt Temperature Measurement
19 |\ Tmeas2= 85 decimal

20 Tmeasd= -40

21

22 \Measured Data (assuming the sensor directly): Ok

23 Measurement Conditions Measured Data | RTISpan, V/V

24 Temp Pressure VoutMeas RTI Kbrg,wiv Pressure | VoutMeas

25 20 0 5 88E-05 0
26 20 50 1.80E-03
27 an 4nn 2 EAE N2 4nn

Spreadsheet, Sensor
ssomoscW PGA309 Quick Start X3 75
Jan 2006 System Reference Guide TEXAS

INSTRUMENTS




2 |The target sensor approximation equation:

The temperature

ranges and pressure

d cells

p0+ko1*T+ko2*T"2+(ko3"p+

This are contains the PGA309 settings. These settings
3 |Uses 2nd-order (quadrature) equations for pressure non-if are loaded into these cells when the Load Registers From
PGA309 button was pressed from the main tab.

PGA30% non-variable (during calihraﬁm} settings:

— . : = .
ranges need to be ) Vref= 4963 v GainDAC1= 90BS hex.
entered by hand. 100" Kexc= 1.000 V/V ZeroDAC1= T 1804 hex,
T FrontEnd PGA= 128 ViV
11 |Temp ra Qutput Amp= 24 W Temperature ADC Settings.
12 | Tmin= 45 Coarse Offset= 0.00E+00 WV Rit= Leave this cell bl;
13 | Tmax= 90" MNo. of Bits= 15
14 Troom= 225 Vexc= 4.963 V. with LinDAC=0 AdcGain= 7
15 AdcVref= 2.048
Insert TempADC reading in active cell Insert Vout reading in active cell
iiniih
The TempADC
readings and - (@ this Temp 3 pressure levels are applied
VoutMeas values
need to be
i uming the sensor diectly): Post First Cal Correction
measured. .ThIS can Conditions Measured Data | RTISpan, V/V Meas Data
be done using the VoutMeas RTl Kbrg,wiv Pressure | VoutMeas
Insert TempADC -2 T0E-04 0
. . . 1.49E-03
reading in active cell |, = T
and Insert Vout
reading in active cell |’ 0 -2 88E-04
buttons. 100 3.53E-03
| 32] 40 -3.71E-05 | _I
33 -40 3.55E-03
Er| i i BPrnnrm Tornn Sain Freare- 1
PGA309 Calibration
Spreadsheet, Sensor
SBOA103C Curvefit Tab PGA309 Quick Start % 76
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Note that the 3 pressure 3 temperature calibration algorithm
will compute values for nonlinearity error. This value needs
to be very small for this configuration because nonlinearity
correction is not used. This value will not be used to
generate the calibration tables in the EEPROM.

The value of Klin stored in the
EEPROM will be zero for this mode
because Vexc is disabled.

ultsVector3 Solution

50 G5 7225
5 40 1600
b2 22.5 506.25

3.51E-03
-1.29E-07]k;
4 A1E-08 Yok

-3.681E-05
1.256E-05

b3
b4
b5
a1
57
58
53
60
61
62
B3

Calculated value:
Sensor Pressure non-linearity @Troom:

Bv= -0.000737266 =»>
TempADC linear parameters:
ktemp=
btemp=
GainDAC correction factor
Gdac_factor=
ZeroDAC correction factor
Zdac_factor=

-0.073726625 %

Ty
21279

1

0

cc

P almridatad mmim mmem Beaaridae

PGA309 Calibration
Spreadsheet, Sensor
Curvefit Tab

3.62E-03
3.59E-03
3.53E-03

=

0

Klin=

SBOA103C
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4 |[NIUYE(r, 1 JSRAUUTAUL I TRAUL | LTAUD PTRAUG B L) [ITRAUDZ I TAUD | 4L
5

& |Fill out the highlighted cells PGA309 non-variable (during calibration) settings:
7 |Pressure values:

§ Pmin= i) Vref= 4 963 vV

9 Pmax= 100" Kexc= 1.000 Vv

10 FrontEnd PGA= 128 ViV

11 [Temp range: Qutput Amp= 24 W

12 Tmin= A8 Cparse Dffset= 0.00E+00 V

For the ratiometric calibration method,
the secondary calibration is not
necessary. The secondary calibration is
used to correct for errors introduced by

= 4.963 WV, with LinDAC=0

Insert Vout reading in active cell

Initial settings of the Fine Adjust [
GainDAC1= 9DBE hex, ==
ZeroDACT= © 1804 hex, ==

Temperature ADC Settings.

Ri= Leave this cell blank
MNo. of Bits= 15
AdcGain= 7 —
AdcVref= 2048

the I__In[?ac' SO’ for this example’ this - (@ this Temp 3 pressure levels are applied
section is left blank.
B AR

21

22 \Measured Data (assuming the sensor directly): rst Cal Correction

23 Measurement Conditions Measured Data | RTISpan, V/V Meas Data

24 Temp Pressure VoutMeas RTI Kbrg,wiv VoutMeas

25 225 l 0 -2 TOE-04

26 225 [ 50 1.49E-03

27 225 i 100 3.26E-03

28

29 B85 0 -2 BBE-04

30 B85 3.53E-03

3
32| 40 -3.71E-05 | 1
33 -40 3.55E-03

PGA309 Calibration
Spreadsheet, Sensor

ssomoscW
Jan 2006 System Reference Guide
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Select the desired

post-calibration
output range.

{'f TEXAS
INSTRUMENTS

Select the
temperature range of
the look-up-table.

Make sure the Result
Sanity Check passes.

4 WVout_max: 45V Mtermp= 17 1 90 0.679747 0.484677
5 |Vout_min= 05 v Optional: 2 815625 06930988 -0.00133 048753
B LUT_Tmin: 45 ¢=qC 3 73125 0701426 -0.00124 0488401
7 LUT _Tmax 90 degC 4 B4.6875 0710972 -0.00113 048729
8 5 56.25 0719539 -0.00102 0.484196
9 6 47.8125 0727047 -0.00083 0479121
10 Result Sanity Check: 7 39375 0733423 -0.00076 0.472063
11 ZeroDAC is OK: values are in Range. 8 30.9375 0.738603 -0.00061 0463024
12 GainDAC is OK: values are in Range. 9 225 0742534 -0.00047 0452002
13 TempADC is OK: values are ascending and in Range. 100 14.0625 0745175 -0.00031 0438998
14 11 5625 0746435 -0.00016 0.424012
15 12 -2.8125 0.746489 1.11E-06 0.407043
16 13 -11.25 0.745147) 0.000159 0.388093
17 14| -19.6875 0.742488 0.000315 0.367161
18 15, -28.125 0.738539 0000468 0.344248
19 16| -36.5625 0.733342 0.000616 0.319349
20 17 45 0.726949 0.000758 029247
21 18 45! 0.726949 00 0.29247
PGA309 Calibration
Spreadsheet, Calibration
Results Tab
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A B C n] E F G H

1 |PGA309 Configuration Registers PGA309 Calibrated Lookup Table

2 |Reg. Addr |Name Binary value Position | Temp M GM

3 0 ADC Out(RO) 0011_1101_1101_1111 0 3COF 1900 8506

4 1/ ZeroDAC 0001_1000_0000_0100 1 3EBB 0012 p20c

5 2 GainDAC 1001_1101_1011_0101 2 4007 0004 01EB

B 3" Refé&lin 0000_0000_0000_0000 3 42F3 FFF3 01BD

7 4 * Gain,\Wos,Cfg1 0001_0111_0000_0000 4 450F FFED 0190

8 5 * Cfg2,0OverUnder  0000_0000_0000_0000 A 4728 FFED 015E

9 6 * Cfg3 (ADC) 0001_0101_0000 Qe E—andr  CEOA 0400

18 7 OutEnbl Counter _0000_0000_0000_§ The spreadsheet will let you know that

i 8 AlarmStatus(RO) 0000 0000 0000 _ . . . .

12 Config Checksum 0111 1111 1010 Excitation is Disabled. This is normal

13 I for the ratiometric method.

14 | b ] L= LILIIL

15 from File REEF FFB9 FFC1
Press Save = BN T T
Registers+Lookup Table. PGA309 DK

T - rom PGAI9

20 Flease notice the warnings and adjustm@nts that hawve been made based on the values:

;; Prepare Calibration Sheet - Excitation is disabled.

23

24 .

ok Save Registers+Lookup Table

o T

PGA309 Calibration
Spreadsheet, Main Tab

SBOA103C PGA309 Quick Start
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Step A

Press the Open File
button to get the file
containing the
calibration results.

wruments PGA309 Designer's Kit Control Program

Step D

Press the Read PGA309 to see the

updated register values.

Step B

Make sure the PGA309 Test Pin High —
box is not checked. When in this z
mode, the PGA309 will read the 01 0000 0171
EEPROM and adjust offset and gain for i
each temperature conversion =

= = Ll 4
Open File Save File Detect Write PGA309 | Read PGA30S | Write EEFROM | Read EEPR.OM
) PGA Settings
I:uled toVout [ PEA303 Test Pin HIGH_ [ Coarze Offzet (my] 0. i Enable Internal Wref, [
e et _ FrontEnd PG Gain [VA/) [ 425. o] WiefValue /4457
E H

| e Zero DAC V) e —
01_1101_0101 Giain DAL W, Step C
T_1101_1110 utotd
00_1001_1000 Hihise .
00_0000_0000 eat0ved Press Write EEPROM to

11_0000_0000
00_0000_0000

00_0000_0000

00_0000_0000
11_1010_1111

0

...] store the table on the
Enable Sens EEPROM .

Convert |

] =l
Linearization Coef W7

Interface Board and ADS1100

3CF 1900 8506
3JEBB o012 020C
40D7 0005 01E6
42F3 FFFa 01BD
450F FFED 0190
4728 FFED 015E
4947 FFD4 0129

»  Dizplay Mode
Binary -

Supply Voo V) 4.457

Hes o Yot [4.04065
Decimal %

‘ Dec [29707

Hex (740B

4B63 FFC7? o0
4DTF FFBB ao

53D3 FF96 a0
55EF FF83 FF|

o complete.

5C43 FFG64 FF|

ae e of After Step D, the calibration is

S5EBF FF58 FEDB
7FFF onon BBAG

¥ Update
Checksums

EEPROM Lookup Table | Bitmap of a register |

Board Communcation dle

SBOA103C
Jan 2006

PGA309 Quick Start
System Reference Guide
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The PGA309 RatioMetric Error tab on
the generate_sim_values.xls is a
convenient way to do a post-calibration
error analysis. To use it, select the
blue cell corresponding to the current
setup, and press the Insert Vout
reading in active cell button. This will
insert the PGA309 output reading from

A B c 8] E F

Insert Yout reading in active cell ‘

Ideal Output Min= Vi
Ideal Output Max= Vi
Initial Vsupply= v

Temperatu Pressure  |deal Resu Measured Error

mE DRI S e |~ o k=

] cold 0% 0.5 -0.07
the ADS1100. This spreadsheet page cold 50% 25 0.1
provides for error calculations at two o e oo
different power supply voltages. The Room 25% 15 -0.13
T : — R 50% 25 -0.10
initial supply is Vs= 4.963V (you need ~ S I oy
to enter your measured Vs). ;/ Room 100% 45 -0.03
Hot 0% 0.5 0.00
19 Hot 50% 25 0.00
] ] 20 Hot 100% 45 -0.01
The post-calibration 21
. . 22 stdev= 0.05
results will typically have 23 average= | -0.06
errors less than 0.1%.
generate_sim_values.xls,
PGA309 Ratiometric
Error Tab
SBOA103C PGA309 Quick Start Q‘ 82
Jan 2006 System Reference Guide TEXAS

INSTRUMENTS



For the ratiometric calibration
method it is useful to adjust the
power supply to see how PSR
affects the PGA309 calibrated
accuracy. A 10% power supply
deviation is used in this example
because it is a typical worst case
deviation for ratiometric systems.
Connecting a 53kQ resistor

Schematic 4%

Vout
Vout
ADJ

GND

Vin
Vin

NC -
EN

L

PGA309 PC Interface Board

JC  PC_DIS
ineuo O JE
1PU

53

kQ

3v
JA

5v. O

between the 3V pin and the i oY dc Power
center pin on JA will cause the —_ g = on adaptor
power supply to shift from 5V to - our 5

4.5V. You can adjust the value of

the shunt resistance to get more bR

or less power supply deviation. *

A short will cause the power TSO '?CI
supply to deviate from 5V to 3V. Mechanical Diagram :;Ir?
SBOA103C PGA309 Quick Start @ 83
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*# Texas Instruments PGA309 Designer's Kit Control Program

File Edit Board Setup

O

Reset

=
Open File

Save File Detect

o ‘

Write PGA309

woaa

Read PGA309 | Write EEFROM

Read EEFROM

PRG pin shorted to Yout [ PGA309 Test Pin HIGH [
PGA309 Registers

PGA Settings
Coarze Offset [m*]

Enable Internal Wref: [

Yref Value ;| 4457

Click on the register to edit the value and see the details U B RS BT o) e
Addr Name Hex Binary Zero DAL [V) 276.250m e \
nooo ADC OUt(RO} | 0x3DD5 | 0x00171_1101_1101_0101 Gain DAC VAV):
0001 ZeraDAC 0x0OFDE | 0x0000_1111_1101_1110
0010 GainDAC 028898 | 0x1001_1000_1001_1000 e LR 5 100 Make sure that yOU measure the
0011 * Ref&Lin 0x0000 | 0x0000_0000_0000_0000 Enable Over/UnderSeale Limits: | S pply VOItage (VS) and enter It Into
0100 * Gain,Vos,Cfg1 | 0x1700 | 0x0007_0111_0000_0000 Overscale Limit : ) ’ )
0101 |~ Cig2.Overuner | 0+0000 | 0+000_0000_0000_0003 weseaietiic [ the PGA309 Designer’s Kit Control
0110 * Cfg3 (ADC) 0x1507 | 0x0001_0101_0000_0111
0111 OutEnbl Counter | 0x0000 | 0x0000_0000_0000_0000 Enable Sensor Excitation: Pro gram.
1000 AlarmStatus(RO) [ 00000 | 0x0000_0000_0000_0000 e ——
Config Checksum | UX7FAF | 0x0111_1111_1010_1111 Linearization Coef AL [T000 |

Lookup Table ) Interface Board ayffi

3C3F 1900 8506 ~ Dizplay Mode

3JEBB o012 020C Binary SupplyYec M)

40D7 0005 01EG H =

42F3  FFF9  01BD D:Zimal b Wolt

450F FFED m8 L EEEE e maane ]

4728 FFEO  O15E Dec [29707

4947 FFD4 0129 Hex

4B63 FFC? 00F2 Ll Board

ADFF FFBB 00B7 :

4F9B  FFAE 0078 Update Vout | Settings

51B7 FFA2 003E

SScf  FFo9  FRCI (o comm aive [ | PBA Inteace

S -

gﬁg‘; FF;? FFE; Ihztant Update [ AGTRLAL

e FFE4 FFOE . Autocale Chkzum v Urerils @

hESF FF58 FEDG SEhE;IH-IéEﬂIt

FFFF 0000 BBAG Update COM Port
Checksums Setup

EEPROM Lookup Table | Bitmap of a register
Board Communcation ldle

SBOA103C
Jan 2006

PGA309 Quick Start
System Reference Guide

ﬁ’ 84
TEXAS
INSTRUMENTS



Measure the PGA309 post calibration error Q‘ TEXAS
at a different supply voltage to see the INSTRUMENTS
affect of PSR on error. For this example,
the supply was changed from Vs= 4.963V
to Vs=4.457V and the average error
Changed from -0.06% to -0.03%. nsert Vout reading in active cell

30
)

32 Different Wsupplys
33 Temperatu Pressure esu Measured Error

34 cold 0.449023 -0.01
35 cold 50% /| 2245114 -0.06
100%  4.041204 0.00
Make sure that you 0% 0.449023 0.02
26% 1.347068 -0.09
measure the supply voltage E0%| 2245114 e
(Vs) and enter it into the 75% 3.143159 -0.08
; ) : 100% 4041205 -0.07
PGA309 Designer’s Kit 0o 0.449023 s
Control Program. 50% 2.245114 0.01
100%  4.041204 -0.02
stdev= 0.04
average= -0.03
generate_sim_values.xls,
PGA309 Ratiometric
Error Tab
SBOA103C PGA309 Quick Start 85
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PGA309 With Output Scaling {,a Texas

(0 to 10V) INSTRUMENTS

In many applications an external gain stage is used to get an output swing beyond the range of the
PGA309. The circuit shown below is a typical example of gain scaling with an offset shift. The PGA309
calibration spreadsheet can accommodate external gain and offset scaling. Doing the calibration by
measuring the output of the external gain stage will calibrate out errors caused by resistor tolerance in the

external stage.

R1

vref O—AN/\,—

R2 Rf

& R0 R o

Vo=¢n v o Y 1Win - ¢ Vet
el R 4 eRg

Vo

PGA309 Vout Vo = (ExtraGain i, + (ExtraOffse) ¥/,

SBOA103C PGA309 Quick Start 86
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PGA309 With Output Scaling

(0 to 10\

This calculation shows how
the example configuration
shown on the previous page
can be used to take the 0.5V
to 4.5V output of the PGA309
and re-scale it to OV to 10V.

This equation must be broken
down into an “ExtraGain” and
“ExtraOffset” factor for the
spreadsheet.

Let R, :=1040°

0- B LT 05 BT 95

810000 2 5 Q10a0’y

R

Ry = 25006————
R, - 2500.

0B L3 1?>4.5- eel?x‘z.s

810 2 5 &1040 g

R, = 5000.

R = 5000.
offset" as shown below.

& R 06
ExtraGaini=¢— + — + 1=
efht R 4

ExtraGain= 2.5

ExtraOffset := —Rf
1040°

ExtraOffset = - 0.5

{" TEXAS
INSTRUMENTS

Equation 1: Vin = 0.5V, Vo =0V
Equation 2: solve Equation 1 for Rf

Equation 3: Vin=4.5V, Vo = 10V
Substitute equation 2 into
equation 3 and solve for R2

Substitute the value of R2 into
equation 2 to solve for Rf

For the spreadsheet you need to break the function into "extra gain" and "extra

SBOA103C
Jan 2006

PGA309 Quick Start
System Reference Guide
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PGA309 With Output Scaling {,a Texas

(0 to 10V) INSTRUMENTS

tion) settings:

sed For Additional Gain Sca
ExtraGain 25
ExtraOffset -0.5

Initial settings of the Fine Adjust DACs:
GainDAC1= [ 8000 hex ===>  0.6667 V/V
ZeroDAC1= © 8000 hex, ===> 25000V

Temperature ADC Settings -- Used For Rt Calc Only

Rt= Leave this cell blank — Rt is not used in this configuration

No. of Bits= " The “ExtraGain” and
nDAC=0 AdcGain= 1 « "

AdcVref= " ExtraOffset” factor are

Bridge sensiff ontered here on the
spreadsheet. Normally these

8.0E-02 are set to ExtraGain = 1.0 and
sure levels are applied £.0E-02 ExtraOffset = 0.0.
=  4.0E-02
E‘
tuan E 2 OE-02
®
as & 0.0E+00

PGA309 Calibration
Spreadsheet, Sensor

SBOA103C “~~_ CurvefitTab " pGA309 Quick Start 88
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PGA309 With Output Scaling {; Texas

(0 to 10V) INSTRUMENTS
16 |
17 |Measurement Temperatures: TempADC Reading@Tmeas

18 | Tmeas1 (room)= 20 decimal (@ this Temp 3 pressure levels are apg

19 |[Tmeas2 (hot)= decimal

20 |Tmeas3 (cold)= -40

21

22 Measured Data (assuming the sensor directly); FPost Figsi-@arCOMar s

23 Measurement Conditions sured Data

24 Temp Pressure VoutMeas Pressure | VoutMeas

25 20 . 0 0

26 20 f 50

27 20 i 100

28

29 85 i 0

30 85 f 100

3 i

32 40 , 0 The data that is measured at
33 -40 100

N Temp Gain Error- : the output of the external
35 oom Temp Cor Gain Dac: | 0.10972131 § amplifier is entered directly
36 Post Cal RTI Kbrg(Fin_min): -0.62374 into the Spreadsheet

ar FPost Cal RTI Kbrg(Fin_max): 0.21125

38 |Set Pressure = 0 and measurements at 3 temperatures:

39 | Matrix1: ResultVector S

40 ?225‘ -1.03E-01 | ki

4 PGA309 Calibration 400 -1.05E-01 b

o4 v M Mai A Templte Rt2 / Template_Not Rt / Templte Rt / Temy

Spreadsheet, Sensor

SBOA103C “~_CunefitTab " pGA309 Quick Start 89
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PGA309 With Output Scaling {a Texas

(0 to 10V) INSTRUMENTS

aut and its look-up table

Lookup Table Parameters: Other then these few minor
# of points: . .
Ntemp= 17 changes, the calibration

Optional:

method is the same as the

other examples.

10 Result Sanity Check:

11 ZeroDAC is OK: values are in Range. The output range must be
12 GainDAC is OK: values are in Range. include the scaling stage

13 TempADC is OK: values are ascending and in Range.

23 Vout max and min calibrated

PGA309 Calibration
Spreadsheet, Calibration
Results Tab

SBOA103C PGA309 Quick Start 90
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PGA309 With Output Scaling

(4mA to 20mA)

‘v‘ TEXAS
INSTRUMENTS

The spreadsheet can also be used to calibrate a system using a PGA309 with a 4mA to 20mA output

scaling.
Vref

Ro lout = (lin + Irer) 200

SRRV

lout el 2g

Vin
Vout XTR115 < >
PGA09 Ai =x100 lout = (@1009}2\/'” + ?ﬂ(—)’e‘/ref
R1 e'lg e 2g
lout = (EXtraGain®; + (ExtraOffset)2.5
SBOA103C PGA309 Quick Start 91
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PGA309 With Output Scaling

(4mA to 20mA)

b TEXAS

This calculation shows how
the example configuration
shown on the previous page
can be used to take the 0.5V
to 4.5V output of the PGA309
and re-scale it to 4mA to
20mA.

This equation must be broken
down into an “ExtraGain” and
“ExtraOffset” factor for the
spreadsheet.

INSTRUMENTS
_4>¢ 3 &‘O 5 2 50><LOO Equation 1: Vin = 0.5V, lout = 4mA
eRl Rog
Ro . .
R1 = 12500¢———— Equation 2: solve Equation 1 for R1
Ry - 62500.

: 5 25¢
2000 3= &2 4 228,
el Rog

Equation 3: Vin=4.5V, lout = 20mA

_ 12 03 Substitute equation 2 into

Rp= 1254 equation 3 and solve for R2
_> 03 Substitute the value of R2 into

—Rl =2 equation 2 to solve for R1

For the spreadsheet you need to break the function into "extra gain" and "extra
offset" as shown below.

lout = (ExtraGain»;, + (ExtraOffsef) 2.5

o 15 i+ oo 109
|0ut_(4 10 °Jwv;, + (800" 10 °)25

SBOA103C
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PGA309 With Output Scaling {a Texas

(4mA to 20mA) INSTRUMENTS

settings of the Fine Adjust DACs:
act= 8000 hex. ==>>  0.6667 V/V
mc1= § 8000 hex, ==>>  2.5000 V

Used For Additional Gain Sc
ExtraGain [4.00E-03
ExtraOffset | 8.00E-04

erature ADC Settings — Used For Rt Calc Only

Leave this cell blank — Rt is not used in this configuration p .
F Bits= 17 | The “ExtraGain” and
ain= T “ExtraOffset” factor are
ref=

Bridge ggnsitil entered here on the
spreadsheet. Normally these
2 OE-01 are set to ExtraGain = 1.0 and
ExtraOffset = 0.0.

1_5E_D1 A ———— — 1

1.0E-01

ridge@Vexc=1V

PGA309 Calibration
Spreadsheet, Sensor
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PGA309 With Output Scaling {; Texas

(4mA to 20mA) INSTRUMENTS
FrontEng Fas= CERYIRY
) range: Qutput Amp= 2V Temperature ADC
: 45 Coarse Offset= 0.00E+00 WV Ri= Leay
= £l No. of Bits=
= 20 Vexc= 5.000 VW, with LinDAC=0 AdcGain=
AdcVref=

t TempADC reading in active cell Insert Vout reading in active cell

TempADC Reading@Tmeas
decimal - (@ this Temp 3 pressure levels are applied

urement Temperatures:
s1 (room)=

s2 (hot)=

53 (cold)= -40

ured Data (assuming the sensorgfiectly): ost Firglast™Comnern

Measurement Conditions / Measured Data

Temp Pressu VoutMeas Pressure | VoutMeas
20 . 0
20 l
20 i
85 il
85 -
40 , : The data that is measured at
-40 100 6.34E-02

Room Temp Gain Eror: ™ the output of the voltage to

Ruum Temp Cor Gain Dac 0.65008146 P| current converter is entered

PGA309 Calibration o - directly into the spreadsheet
Spreadsheet, Sensor (in Amps). |

SBOA103C “~_CunefitTab " pGA309 Quick Start o
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PGA309 With Output Scaling

(4mA to 20mA)

b TEXAS

INSTRUMENTS

Lookup Table Parameters:
# of points:

MNtemp= 17
Optional:

LUT Tmin- -45 degC
90 degC

10 Result Sanity Check:
" ZeroDAC is OK: values are in Range.
12 GainDAC is OK: values are in Range.

Other then these few minor
changes, the calibration

method is the same as the
other examples.

13 TempADC is OK: values are ascending and in Range.

The output range must be
include the scaling stage (in
Amps).

23 Vout max and min calibrated

26 0452

PGA309 Calibration

Spreadsheet, Calibration )
Results Tab
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PGA309 In Three Wire Mode {‘TEXAS

INSTRUMENTS

In many cases the PGA309 is connected in a configuration referred to as a three wire connection. In this
configuration the only wires that need to connect to the sensor module are power, ground, and Vout. In
this configuration the One-Wire digital communication line is connected to the Vout pin. When the
PGA309 is initially powered up, the Vout pin is placed in a high impedance mode for 15mS. If
communication is established using the One-Wire during this time, the PGA309 will keep Vout in high
impedance until the communications is complete. After the communication is complete the PGA309 Vout
pin will become active and remain active until power is cycled again. While using the EVM to
communicate in Three Wire Mode, the EVM will cycle power before each One-Wire communication.

Vee c
SENSOR .%
o
e
i 5
Vout o A
PRG 4T ()
(One-Wire) g
i— Test )
- GND g
|_
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PGA309 In Three Wire Mode *}TEXAS

INSTRUMENTS

If the “Set PreCal EE” feature is used the test pin is normally grounded (leave “PGA309 Test Pin
HIGH” box unchecked).

*¥ Texas Instruments PGA309 Designer's Kit Control Program
File Edit Board Setup

[ = = o ¢ ¢ 4
Reset Open File Save B Detect 309 | Read PGA30S | Write EEPROM | Read EEPROM | Set PreCal EE
} i PGA Settings
PRG pin shorted to Yout [ {PGA309 Test Pin HIGH [ e et 1 e — Enable Internal Vief: [

PGA309 Registers
Click on the register to edit the value and zee the detailz

FrontEnd PGA Gain VA [428.000  w|  ref Walue 150

Faulk Detection

; Zem DAC [V
Addr Name Hex Binary A sooal o)l Detect External Faults: v
oooo ADC Qut{RO) 0x3DE1 | DocDO11_1104_1110_0001 Gain DAC [¥): 691.721m Detect Internal Saturation: | |
0001 FeroDAC 0x1968 | O=x0001_1001_0110_1000 ; 0
. A 2 I Output Amp Gain VA):  [5.200 — ot h!gh an ,a:-:ternal fauilk: =

o010 GainDAC OxE895F | Cec1000_1001_1001_1111 ; Yoaut high an internal fault; I
0011 * Ref&Lin 0=0000 | Ox0000_0000_0000_0000 Enable Owver/Under-Scale Limits ; [ FGA309 Temp ADC
0100 * Gain, Vos, Cfg Ox1700 | Ox0001_0111_0000_0000 Overscale Limit : DegC |
0101 * Cfg2, Overlinder Ox0407F | Ox0000_1010_0000_0111 U P

! = = = nderzcale Limit ;
0110 * Cfg3 (ADC) 01507 | Ooc0001_0101_0000_0111 Dec |
111 ChitFabl Counter | Den0nn | 0ennnn onno nonn oonn Enable Sensar Excitatian : [ Hew [PNE1 K
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{r‘ TEXAS
INSTRUMENTS

PGA309 In Three Wire Mode

A key technique used in calibration is to use the test pin on the PGA309. The test pin is typically used
during calibration to place the PGA309 into test mode. The main benefit of test mode is that the Gain
DAC and Offset DAC are forced to remain at the last values written to their respective registers.

In the case of three wire mode the test pin is grounded and cannot be used. In this case, an EEPROM
table can be built that will force that Gain DAC and Offset DAC to be constant. The PGA309 Designers
Kit Control Program “Set Precal EE” feature simplifies the creation of this table.

*# Texas Instruments PGA309 Designer's Kit Control Program
File Edit Board Setup

[y = =] ] R L ¢ ¢ ¢
Reset Open File Save File Detect Write PGA309 | Read PGA30S | Write EEPROM | Read EEFRONY Set PreCal EE
PRG pin shorted to Vout [~ PGA0S Test Pin HIGH! g scthnes
pin shorted to You : R 5 Coarse Offzet [mv] ; 0.000 |  Enable Internal Wref, v

PGA309 Regizters
Click on the reqister to edit the value and see the details

FrontEnd PGA Gain [V | 425 000 Wref Walue :

Fault Detection

Addr Name Hex Binary B S Detect External Faults: [
i ADC Qut(RO} 0x3078 | O=0011_0000_0111_1000 Gain DAC (WA 727.559m Detect Internal 5 aturation: u
0001 ZeroDAC 0x13F0 | Om0001_0011_1111_0000 ; -
: | - | Output Amp Gain YA [3.800 — W aut h!gh an ,a:-:ternal faLilk: [
0010 GainDAC 0x5762 | Ox1001_0111_0110_0010 : YWaut high an intermal faulk: |
0011 * Ref&Lin 0x0500 | Ox0000_0101_0000_0000 E nable Over/Under-Scale Limits H PEA309 Temn ADC
0100 * Gain,Vos,Cfg1 | 0x3700 | 0x0011_0111_0000_D000 Overscale Limit - DeqC
0101 * Cfg2, Overlinder 0x0007 | O=0000_0000_0000_0111 L |—| I—l
nd4dn ® T FAT FAMTY MNoard AAD MNarninind A4MNN NdAAN And 4 Underscale lelt- DEC 124I]B
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PGA309 In Three Wire Mode

b TEXAS

INSTRUMENTS

When using this feature, first set all the registers to values your application requires. Then press the “Set

PreCal EE” button.

*# Texas Instruments PGA309 Designer's Kit Control Program

File Edit Board Setup

PGA309 Registers

Click on the register to edit the value and zee the details

J| Step 2 |

0 = = ) o L ¢ 4
Reset Open File Save File Detect Write PGA302 | Read PGA309 | Write EEPROM | Read EEPROM
. : 3 : i
PRG pin shorted to Yout [ {PGA309 Test Pin HIGH: [ Coarse Offsst [mv] - e — Enable Intemal Viet: [#

FrontEnd PGA Gain Y] 2| 428 000 Wref Walue :

Fault Detection

- Zero DAC [V);
Addr Mame Hex Binary S V) s Detect External Faults: I St e 1
o000 ADC Out(RO) 0x3078 | 0x0011_0000_0111_1000 Giain DAC [VA/] =27 E5Om Detect Internal S aturation: - p
0001 ZeroDAC 0x13F0 | 0x0001_0011_1111_0000 . ) Yaout high on external Faulk [
0010 GainDAC 0x9762 | 0x1001_0111_0110_0010 Dutput &mp Gain VA 3,600 [ T R i oo u
= . _ —
0011 .Ref&Lln 0x0500 | 0x0000_0101_0000_0000 Enable Over/UnderScale Limits : [ FEAT09 Tern ADC
0100 * 3ain, Vos, Cfg1 0x3700 | 0x=0011_04141_0000_0000 Oerscale Limit DeqC
0101 * Cfg2,OverUnder | 0x0007 | 0x0000_0000_0000_0111 Underscale Limt |—4|
0110 * C1g3 (ADC) 0x144B | 0x0001_0100_0100_1011 Dec |12408
0111 OutEntl Count 0x0000 | 0x0000_0000_0000_0000 Enable Senzor Excitation : v
utEnbl Counter X x| X | | i Hex (3078 h ADC Config
1000 AlarmStatus(RO) | 0x0000 | 0x0000_0000_0000_0000 3.400 - Comvert |
Config Checksum O0x5B864 | 0x0101_1011_0110_0100 Linearnization Coef WN] 0.000
Lookup Table Interface Board and ADS1100
D200 13FD 9761 Display Mode
7FFF 0000  CCAF Binay supplyVeo IV |4.963
Hew @ Vol [3.03986
Decimal %
19922
1.508680
. Board ‘
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PGA309 In Three Wire Mode

b TEXAS

INSTRUMENTS

After Pressing the “Set PreCal EE” a dialogue box will pop up that verifies the value of the Zero DAC and
Gain Dac you want in your EEPROM configuration. After creating the EEPROM table, the PGA309
Designer’s Kit Control Program is ready for to be used with the calibration spreadsheet.

a

- [B]x]

O = = 0 w
Reset Open File Save File Detect Write PGA309 | Read PGA309 | Write EEPROM | Read EEPROM | Set PreCal EE
After pressing PRG pin shorted to Yout [ PEA303 Test Pin HIGH Sl R gaa Lt T Eom e A =ER remaveer &
PGA309 Reqgisters 14006 -
Generate and Click on the register to edit the value and see the detailz :;:t;action
erte EEPROM Addr Name Hex Binary oD ct External Faults: u
0000 ADC Qut(RO) 03078 | 0x0011_0000_0111] ero Dac: 319.000m ot Internal Saturation: —
Table, the Iookup 0001 ZeroDAC 0x13F0 | 0x0001_0011_1111] e T -
: 0010 GainDAC 0x9762 | 0x1001_0111_0110] _ high on internal fault: r
table will be 0011 * Ref&Lin 00500 | 0x0000_0101_0000 ] Gigin Dac: s T es ADE
updated to force a 0100 = Gain,Vos,Cfgl | 0x3700 | 0x0011_0111_0000] — ]
] 010 * Cfg2,OverUnder | 0x0007 | 0x0000_0000_0000]
constant Gain 0110 * Cfg3 (ADC) 01446 | 01x0001_0100_0100 ﬁﬁg‘ﬁ%&gﬁd ’ Helo ‘ 12408
0111 OutEnbl Counter 0x0000 | Ox0000_0000_0000] Table 3078 h
Dac and Zero Dac 1000 AlarmStatus(RO) | 0x0000 | 0x0000_0000_0000] ‘ SRt orsg
Convert
for PreCal o el U el Rt it 01 011 0110110 Sererer =T Ty v T 0,000
settings. Lookup Table I —— Interface Board and ADS1100
0go0 13F0 9762 Isplay Mode
7FFF 0000  CCAE I Binay [ Supply Vee [V 4.963
Hex o Yot [3.03986
Decimal %
Dec 19922
Hex [1.508680
-
Update Vout ‘ Settings
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right fo make comrections, modifications,
enhancements, improvements, and other changes to its products and services at any fime and to discontinue
any product or service without notice. Customers should obtain the latest relevant information hefore placing
orders and should verify that such information is cumrent and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control technigues are used to the extent Tl
deems necessary fo support this wamranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operafing safeguards.

Tl does not warrant or represent that any license, either exprass or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellzctual property right relating fo any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a wamanty or endorsement thersof.
Use of such information 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 T,

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, condifions, limitations, and nofices. Reproduction
of this information with alteration is an unfair and deceplive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by T for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where vou can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifierti.com Audio wiww_ti.com/audio

Data Converters dataconverter.ti.com Automotive www_ti.comfautomotive

DSP dsp.ti.com Broadband www fi.com'broadband

Interface interface fi.com Digital Control www_ti. comdigitalcontrol

Logic logic.fi.com Military wawow ti.com/military

Power Mgmt power.ti.com Optical Metworking www ti.comfopticalnetwork

Microcontrollers microcontroller.ti.com Security wwow fi.com/security
Telephony www_ti.comitelephony
Yideo & Imaging www ti.comivideo
Wireless www ti.comfwireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information 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.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

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.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Security www.ti.com/security
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