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Note: Some sections of this user’s guide reference use of the PGA309EVM. This
Is done for ease of documenting features available on the Sensor-Emulator-EVM
which will work with any bridge sensor signal conditioning chip which uses voltage
bridge excitation.
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1.0 Introduction to WP Texas
The Sensor Emulator INSTRUMENTS

Q: What is the sensor emulator?

A: The sensor emulator is a design that uses rotary switches and
potentiometers to emulate the operation of a resistive bridge sensor at
discrete operating points, for voltage excitation applications.

Q: Why use the sensor emulator?

A: Once the sensor emulator has been programmed, it allows the user to
cycle through a set of sensor output conditions very quickly. Doing this
with a real sensor can be extremely time consuming because it can take
several hours to cycle through various temperatures. Also, some sensors
have non-repeatability issues. For example, pressure sensors can have
pressure hysteresis and temperature hysteresis. The emulator does not
have non-repeatability issues (repeatability errors are typically less then
0.03%). This approach allows the user to program the sensor signal
conditioning chip many different ways to quickly and easily assess the
optimal calibration settings for a given application.
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1.0 Introduction to *3 Teyas
The Sensor Emulator INSTRUMENTS

Q: Why not just use a precision voltage source to emulate a
sensor?

A: A precision voltage source is not affected by changing sensor
excitation. Many sensor signal conditioning chips modulate the
sensor excitation to compensate for sensor nonlinearity. In this
case (and in the case of a ratiometric system), a precision voltage
source would not work. Also, it is much more convenient to have
all the different sensor conditions pre-programmed so that you
can quickly transition from one condition to another without having
to reprogram the source at each different condition.
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2.0 Overview of Hardware Emulation {,;;
TEXAS
of a Real World Sensor INSTRUMENTS

« Description of real world bridge sensors
— Temperature Drift and Nonlinearity versus applied stimulus
— Measurement of the sensor temperature

e Description of how Sensor-Emulator-EVM circuitry
produces signals equivalent to real world sensors
— Emulates four different real world configurations
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Bridge Sensor Output

Output With No Stimulus Applied (Offset)

VB R+

1.998kQ2

2.002k2

Vinp 2.502
VIN_DIF
1.997kQ2 2 001kO 0.005Vv
Vinn %,
Var. 2.497V
Figure 2.1

2.012kQ

1.986k2

Output With Full Scale Stimulus Applied

VB R+

1.988kQ2

Ve 2516V g) Vexc

INP | - 5y
Vin_DIF
2.013kQ 0.032V

ViNN %,
Ver. 2.484V
'Y
Figure 2.2 L

Figure 2.1 is an example of a typical resistive bridge sensor with no applied stimulus. With no stimulus applied, the
resistors ideally would be perfectly matched and the sensors’ output (V,y pr ) Would be zero. Most practical sensors,
however, will have some output resulting from resistor mismatch. The output signal with no applied stimulus is called
offset. Figure 2.2 is an example of a typical resistive bridge sensor with full scale stimulus applied. For the example sensor,
the offset is 5mV (Figure 2.1) and the full scale output is 32mV (Figure 2.2). Span is defined as the difference between the
full scale stimulus and the offset (Span = Full Scale Output — Offset).

SBOA102A
January 2005

Sensor-Emulator-EVM
System Reference Guide



Drift and Nonlinearity X3
: : TEXAS
with a Bridge Sensor INSTRUMENTS

Bridge sensitivity vs. temp Kbridge vs. pressure @Troom
3.5E-01 4.0E-01
> 3.5E-01 n - i
3.0E-01 1 o Practical Bridges May Have Nonlinear
> % 3.0E-01 Output with Applied Stimulus
I\ 5 (Nonlinear Line)
§ 25801 & 25E-01 N
® 2 \ /
I o Nonlinear Drift with £ 20E-01
g 20801 Temperature of Span — Offset ; / \
S —span ||| > 15801 7~ N
5 1.5E-01 - > Ideal Output with
S Nonlinear Drift with S 10801 Applied Stimulus
% 1.0E-01 A Temperature of Offset é 50602 |_ (Linear Line)
¢ 5.0E-02 L___ \ — 0.0E+00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100
0.0E+00 Pressure
-50 0 50 100 150
Temp, degC
Figure 2.3 Figure 2.4
An important aspect of pressure sensors is how they drift with temperature. Figure 2.3 is an example of span and
offset drift with temperature for a typical resistive bridge sensor. Note that the drift is fairly large and nonlinear.
Figure 2.4 is an example of how a bridge sensor can be nonlinear with applied stimulus (in this example the
stimulus is pressure). The sensor emulator can be configured to reproduce these characteristics for most sensors.
Note that the graphs are shown in a normalized format. The normalized format allows the graph to be easily
scaled by multiplying by the bridge excitation voltage.
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Emulating
Bridge Sensor Outputs

This is a simplified diagram of how the sensor emulator
generates a bridge output voltage. The potentiometer
R102 is adjusted to set the output voltage of the
emulated bridge (V,,, with respect to V,,). The
potentiometer R103 is used to make fine adjustments in
the output value. R8 and R9 set a common mode
voltage for the other leg of the bridge. R101 and R104
set the adjustable output range of the emulated bridge.
For the configuration shown, the output range is -25mV
to +26mV (Vy; = V.. - Vin. )- Selecting a different value
for R101 and R104 can expand this range. On the
Sensor-Emulator-EVM, 11 channels like this one are

5.0V

R101

R8 = 10k 10kQ

R102
200 ohm

2.5V

-

2.526V
Wiper at top t

R103
10 ohm

R9 R104

10kQ

A

Input To Bridge
Vexc
(Excitation voltage)

2.475V
0 Wiper at botto

Output of Sensor
Vin+ to Signal
Conditioning Chip

Output of Sensor

. . 2.5V Vin- to Signal
selectable using a rotary switch. Y O contiionine ohip
Positive full scale of the emulator| Negative full scale of the emulator Flgure 2.5

VeXC =5 R104 = lO><J.03 R102 :=200 RlOl = 10&03 VeXC =5 R104 = 10><J.03 R102 :=200 RlOl = 10&03

Rygpa := 200 Wiper position at top of POT Riga:=0 Wiper position at bottom of POT

Rygg:=10 Potset to maximum Resistance Rygg:=0 Pot set to Minimum Resistance

o VexRios + Rios * Rioza)  Vexc Ve o Vex{Rio4 * Rigs * Rioog  Vexc

dif = .= = A
" Ry *Riu* Rygg+ Ry 2 U Rygy + Rigy + Rigg+ Rygy 2

Vgif = 0026 Positive full scale output of emulator Vit = -0.0%5 Negative full scale output of emulator
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Emulating a Temperature Sensor %3
: . . . TEXAS
with a Series Bridge Resistor INSTRUMENTS

Simplified Real

Real World Sensor Sensor Emulator

| |
(R..connected to World Sensor Circuit
t- Bridge Circuit Configured to monitor I I Vexc
t t ing the bridges’
the bottom of temperature cosficient of resistance | | ——
the bridge) eR) vexo | |
10k o
% Vexc £
2.012kQ 1.988kQ2 | | - o
Vie | Rendge The bridge is | 2
equivalent to a %
I resistor with a I 2
1.986kQ 2 013k strong temperature Lﬁ'
Vinn I coeficient I
I I 1000hm
Temperature I I
Signal V1. I I Temperature
| I
| |

Figure 2.6 Figure 2.7 Figure 2.8

Figure 2.6 illustrates one method for monitoring the temperature of a real world bridge sensor. In this type of circuit the resistance of the bridge
has a strong temperature coefficient. The bridge resistance generates a bridge current with a strong temperature coefficient, which generates a
voltage across the temperature sensing resistor (Rt). Rt is typically located remotely from the bridge and should not have a strong temperature
coefficient. Note that Rt can be connected to the top or bottom of the bridge. This diagram illustrates the case where it is connected to the bottom
of the bridge. The sensor emulator circuit has three channels to emulate the Rt temperature signal that are selectable through a rotary switch.

An important aspect of the Rt method of temperature sensing is the reduction of the excitation voltage across the bridge by the series Rt
resistance. For example, if Vt = 1V and Vexc = 5V, then only 4V remains for the bridge excitation. This phenomena is modeled by the sensor
emulator and the detail of how this works are described in Figure 2.15.
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Emulating a Temperature Sensor %3
: . . . TEXAS
with a Series Bridge Resistor INSTRUMENTS

Sensor Emulator
Circuit

(R, connected to
the top of

Simplified Real
World Sensor

Real World Sensor

. Bridge Circuit Configured to monitor o . . L
the br'dge) temperature using the bridges’ own Simplified Equivalent Circuit Sensor Emulator Circuit
temperature coefficient of resistance Vexc
(TCR) I
Vexc 10kQ
? * Vexc
Te mpe rature v VexcRT S
Rt+ Signal V1. Ve T Ry 025
v Rts B
l £
o
®
>
;
r The bridge is +

equivalent to a
resistor with a
strong temperature
coeficient

RBridge

Temperature
Signal V
0 ¢} T

| |
| |
| I
| |
| |
| |
| _ |
| * RBridge |
| |
| |
| I
| |
| |
| I
| |

Figure 2.9 Figure 2.10 — Figure 2.11

The sensor emulator circuit can also emulate the case where the temperature sense resistor is connected to the top of the bridge. This is done
using an instrumentation amplifier to translate the voltage signal to be referenced to Vexc rather then ground. This mode of operation is
selected by a jumper (JUMP1). This circuit also feeds the temperature signal back to the bridge emulator to adjust the excitation across the
bridge, as in the real world case. The details of how this feedback works are described in Figure 2.15.
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Diode Temperature R Tevas
Sensor Emulator INSTRUMENTS

Real World Sensor

Sensor Emulator Sensor Emulator
with External gy with Onboard

| |
Reference 15V
| | 1.2MQ 1
| I AN ot
R3
| 7y @® | - T
| | -
R2103 | 2103
I Temperatu re Tk - I 1kQ
\ 4 CS I Signal Vr I Temperature
I - | I Signal Vt
| | R2102 <2102
= = | S0ke | 50k
| R | R2101
| 69.8kQ | a0
I = | e
I | -
Figure 2.12 Figure 2.13 Figure 2.14

Figure 2.12 illustrates another method for monitoring the temperature of a real world sensor. In this type of circuit a diode is placed in close thermal
contact with the bridge and a constant current is driven through the diode. The diode voltage is a reasonably linear function with temperature (the
slope is approximately -2mV / °C). The emulator circuit shown in Figure 2.13 uses resistors to develop a voltage equivalent to the diode voltage.
Figure 2.14 shows how the emulator can be used to develop an equivalent diode drop if an external current source is not available.
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Emulation Case 1. Rt-
(Resistance in the Bottom of The Bridge)

-_— .y - - - -t ——_——_.— - = ——— == |

| g.t_ Telnéperlattt_ue | Bridge Voltage Emulation
ignal Emulation

I
Real World Sensor | . . 50v x1 ’ covl Input To Bridge -
I U1A, - _ Vexc
Note that the output signals of the I u4 | - (Excitation voltage)
real world sensor and the emulator I RS 10kQ R101 10kQ
are the same. I I ﬁ I
Vexc =5V I R2401 10kQ I I R O\L/JFputtofSS_enslor
= Ulb >4 in+ 10 Signal
Conditioning Chip
1.1078kQ) | Adjusted I | g~ 200 0hm 40 h 2:309¢
(o]
Y Vine | Rodo2 2% : I 1500 | 1248mv
Output of S
11023K6) Vpie = 12.4mV I I o ~103 oo - I i S/Izu ut)) Sige:aslor
11075k § R _ | | Adjusted uid 4»—\'/—» Conditioning Chip
> Vi | Adused to 50 —* 2.292
to 50Q2 I I I
f | Resos 1000hm |
Rt- Temperature I 0.415V . | R9§ 10kQ |
1000 Signal V= 0.415V | | R104<C 10kQ |
I Temperature R2404
I Signal V. 1kQ I I 0.415V I
- | MY |
| l |
| l = |
| l |
L R IS |
P A
Rt- | Temperature Signal
Diode Output referenced
JUMP1 Dl | 0.415V

Rt+ Temperature
Signal Emulation
(Not used in this mode) —

Figure 2.15

This diagram illustrates how the emulator generates the bridge output and temperature signals for the circuit where the sense resistor is connected to the bottom
of the bridge. Note how the output voltage of the temperature emulator (0.415V) is fed back to the bottom of the bridge emulator via the buffer circuit (U5 and
Ulc), to emulate the bridge excitation change due to Rt in series with the bridge in the real world.
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Emulation Case 2: Rt+ (Resistance in the Top of The Bridge)

Real World Sensor

Note that the output signhals of the
real world sensor and the emulator
are the same.

Vexc = 5V

Temperature
Sighal V1= 0.415V
4.585V

Vinp

Vo= 12.4mV
1.1075kQ

» Vinn

-

Rt- Temperature
Slgnal Emulation

Bridge Voltage Emulation

5.0V

R2401 10kQ

Adjusted
to 1kQ

to 50Q

R2403
1000hm

0.415V

Temperatur
Signal V.

R2404
1kQ

| |
| |
| |
| |
| |
| |
| o |
R2402
| |
| Adjusted |
| |
| |
[ |
| |
| |
| |
| |

5.0V I

Py
U1A Vexc
U4 | (Excitation voltage)
R8 < 10kQ R101<C  10kQ |
B Output of Sensor
U1b - Vin+ to Signal
Conditioning Chip
+
50Q 200 ohm 2'305]/
| R102 2.305V
150Q 12.48mV
|
_ Qutput of Sensor
2202V Adjusted 10 ohm Uld w Vin- to Signal
to 5Q -~ 2992 Conditioning Chip
R103
R9— 10kQ
10kQ
R104 0.415V
0.415V

GND

I

I

Rt |

X1 4 JUMP5 ﬂ I
us 0 |
I

I

I

Figure 2.16

This diagram illustrates how the emulator generates the bridge output and temperature signal for the circuit where the sense resistor is connected to

| Rt+ Temperature
| Signal Emulation

Temperature Signal
Output

] |
4585V |
|

the top of the bridge. Note how the output voltage of the temperature emulator (0.415V) is fed back to the bottom of the bridge emulator via the
buffer circuit (U5 and Ulc) to emulate the bridge excitation change due to Rt in series with the bridge in the real world. Also, note how the
instrumentation amplifier (U2) is used to translate the temperature signal voltage so that it is referenced to the excitation voltage (Vexc).
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Emulation Case 3. Diode Temperature Sensor with External Current Source

Real World Sensor

Bridge Voltage Emulation
Note that the output signals of the
real world sensor and the emulator S.0v

I
I
are the same. I L 4 x4 U1A+ 5.0V
I u4
Vexc = 5V I R8 < 10kQ R101 10kQ
I

Input To Bridge

- Vexc
- (Excitation voltage)
QOutput of Sensor
- 2.514V N !
__________ Ule >4 C:A:ITI:; ilgg r;)aI:ip
[ Diode Voltage set by) | 00 200 ofim - |
1.1078kQ) . 9 Y| [ R102
! Vi | External Current | | 1500 | 1361mv
|
| 4 ) I Source I bsy ) I i Output of Sensor
11090 : Vor = 13.6mV I I ] ° Adjusted 10 ohm U1d . Vig_—t_to _Sigrz;t_
R 2 | wA | t0 50 —* oy wonditioning Lhip
L : > Vi | SV | | R103 |
- : | | ! Roc 10k 10k !
) R2103 R104
. | frseel 5 ) ) |
Temperature ! I I PN I
Signal Vr=0.632V ! Temperature I 0.0V
: | signal v | |
Ro102 |
I I Adjusted 50kQ I I
Diode and bridge are — ! to 20k I ——
in close thermal ! I I — I
contact. : I I I I
____________ R2101
| 69.8k0 : L - - - - -———— |
T S [mo o= -
- = |

‘ JUMP ﬁm%

I

|

|

o )
| o | — S
I I 7uA conditioning (_:hip
Rt+ Temperature for emulated diode.

| 2 |

| |

Signal Emulation
(Not used in this mode)

Figure 2.17

This diagram illustrates how the emulator generates the bridge output and temperature signal for the diode temperature
measurement. Note that in this case JUMPL1 is set so that the bottom of the bridge emulator is at ground potential.
Also note that this configuration requires an external current source to operate (in this example, 7nA).
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Emulation Case 4. Diode Temperature Sensor with
On-Board Voltage Reference

Real World Sensor

Note that the output signals of the
real world sensor and the emulator
are the same.

Vexc = 5V

Temperature
Signal V7 =0.70V

Diode and bridge are —
in close thermal
contact.

Figure 2.17

| Bridge Voltage Emulation

| 5.0v

Input To Bridge

t * * X1 1A, sov | Verxo
| U4 r (Excitation voltage)
I' _________ _i | R8> 10k R101<T 10k |
: ) Output of S
|| Diode voltage set by on board I T G i \‘;Ir‘:ﬂtg Sige::fr
| Vref. + Conditioning Chip
| vl 500 . > 2000mm |
) R3 I 1500 | 1361mv
| JUMP2 \1,?;
1.2MQ . Output of S
e T . T I Y S o o Ly s
| J || to 50 —+ 5y Conditioning Chip
= R103
| s ; |
: 1kQ || R9§1OKQ I
| Temperature Il R104: 10kQ I
Signal Vr.
Rt
| R2102 Il ® Xt JUMPS5 0 I
| 50kQ 0.0v r]
I Us L |
| || GND |
R2101
| 69.8kQ || — |
: L I !
! e - — J

Rt+ Temperature
Signal Emulation
(Not used in this mode)

_—e,— — ———_—

_—— — —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— ———

This diagram illustrates how the emulator generates the bridge output and temperature signal for the diode temperature
measurement. Note that in this case JUMPL1 is set so that the bottom of the bridge emulator is at ground potential.
Also note that this uses an on-board voltage reference (REF102) to set the diode voltage (JUMP2 selects this option).

SBOA102A
January 2005

Sensor-Emulator-EVM
System Reference Guide

@ 16
TEXAS
INSTRUMENTS



3.0 Changing the Programmable Range of the Emulator

Figure 3.1 illustrates how the range of the bridge emulator can be adjusted by putting a resistor in parallel with R101 and R104. This needs to be
done for each channel of the emulator (11 channels x 2 resistors = 22 resistors total). The examples illustrates how the range is increased using a
1kQ parallel resistor. In general, it is best to select a parallel resistance value that scales your range so that the full scale output of the emulator is
slightly larger than what is required for your emulator. Scaling the emulator in this manner will provide the optimal resolution and lowest noise. Note
that holes are provided for a parallel through-hole resistor to simplify the process of adjusting the emulator scale.

R8

5.0v

Input To Bridge
Vexc
(Excitation voltage)

2.526V 2.475V
R102 wiper attop | ©  wiper at botto
200 ohm
Output of Sensor
2.5V l Vin+ to Signal
— Conditioning Chip
R103
10 ohm
R9 R104
10kQ

Output of Sensor
2.5V Vin- to Signal

- Conditioning Chip

Figure 3.0: Default Range

5.0v

Input To Bridge
Vexc
(Excitation voltage)

R& = 10ka
equevialant

R102

2.759V
Wiper at top

t 2.252v
° Wiper at botto

200 ohm

Output of Sensor

R103
10 ohm

R9 10kQ R104
900.10 >10kQ
equevialant

1kQ

-

Vin+ to Signal
Conditioning Chip

Output of Sensor
25V vin-to signal
>

- Conditioning Chip

Figure 3.1: Adjusted Range

Positive full scale of the emulator
V=5 Rygp=1040°  Rypp:=200  Ryg = 1040°

Rygpa := 200 Wiper position at top of POT

Rygz:=10 Pot set to maximum Resistance
o VedRi0a* Rios * Riozs)  Vexc
it~ o h ek rh o
Rion* Rioa + Rigg* Riop 2
Vgif = 0.026 Positive full scale output of emulator

Negative full scale of the emulator
V=5 Rygp=1040°  Rypp:=200  Rygy = 1040°

RlOZa: 0 Wiper position at bottom of POT

Rygz:=0 Pot set to Minimum Resistance

. VeRioa* Riga* Ripd  Vexc

it~ o h ik rh . o
Rion + Rioa + Rigg* Riop 2

Vgif = -0.025 Positive full scale output of emulator

Positive full scale of the emulator
V®<C:=5 R104:=909.1 R102:=2m R101:=909.1

Ry0pg =200 Wiper position at top of POT

Negative full scale of the emulator

Vexc:=5 Rypy=909.1 Ripp:=200  Rygp:=909.1

Rygpa:=0 Wiper position at bottom of POT
Rygz:=10  Potsetto maximum Resistance Rygz:=0 Pot set to Minimum Resistance
Ve o Vexc{Rioa * Rios * Rioza) Ve Vexc{Rios * Ris* Riceg  Vexc
dif " R 01 + Ryos + Ryga + R 2 Veif - )
101+ Rioa * Rig *+ Riop Rim * Ria + Rigg * Rip 2
Vgif = 0259 Positive full scale output of emulator Vg =-0.248  Negative full scale output of emulator
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4.0 Required Electrical Connections{,? —
to Sensor-Emulator-EVM INSTRUMENTS

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

-12V DC Supply

. @
® +12V DC Supply

Buf_TEMP
BNC Jacks to DVM to
monitor the buffered

_ . DC Supply
temperature signal.

Common

Excitation voltage
from sensor signal
conditioning chip

i

Output of Bridge Sensor

* e ] Emulator (input to signal
b b ¢ ¢ .' c ™ conditioning chip).
. Emulator
: Temperature
[ ] . ® Signal Output
" L : L ]
™
., m : ® Common to connect
. L ™ to sensor signal
* . conditioning chip.
., * e
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Example of a Typical Engineering Bench Setup {I} TEXAS

Using the Sensor Emulator INSTRUMENTS
[ 1 teveowm L Port

LA T
A

[ 1  vi~owm A
VAV Ey AV EVEEN
/77 777

PA3ONS PCA3DD

Interface PC Imterface
Boad

Sensor-Emulator-EVM PGAMOEVM

This diagram illustrates an example of how the sensor emulator 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 to facilitate the development of a PGA309 application.
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Note on the Buf_Temp X3
TEXAS
Banana Jacks INSTRUMENTS

The Buf _Temp banana jacks are used to monitor the temperature signal
with a DVM. It is important to monitor temperature at this point because
the non-buffered temperature signal is a high impedance output, and the
DVM can load this output.

Diode voltage set by on board
Vref.

15V

J) R3

10V

Vref

REF102 T3

0.70v 1 “TEMP” Signal

(Unbuffered.

£ Connect to signal
conditioning chip)

R2103
1kQ Rt
Diode - J3
Ulc
JUMP1 || . “BUF_TEMP”
J49

JUMP2

1.2MQ

REF102

Temperature
Signal V1.

Adjusted

R Igna
to 20kQ2 t

S0ke (Buffered.
Connect to

R2101 e DVM)
69.8kQ

SBOA102A Sensor-Emulator-EVM 20
January 2005 System Reference Guide



Note on the Vin- and Vin+ X3
TEXAS
Banana Jacks INSTRUMENTS

The Vin- and Vin+ banana jacks are used to monitor the sensor output signal with a DVM.
The Vin banana jacks are connected to the Vin signal through a standard RC filter. This filter
helps to reduce the coupling of noise (from ground loops) into the sensor output circuit, and
into high gain sensor signal conditioner inputs.

i Input To Bridge
+ Vexc
(Excitation voltage)

Output of Sensor
Vin+ to Signal
Conditioning Chip
2002 ‘
) Output of Sensor
o Vin- to Signal
* na . Conditioning Chip
10kQ
10k2 \_ll_oltage From
emperature
Sensor
100Q 100Q
|
0.01uF
Vin+ Vin-
J1 J2
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Emulation Case 1: Resistance in the Bottom of the Bridge Rt-

¢ * *.0* ¢+ ¢ ¢+ ¢ | Setthe jumper . ¢
. . . JUMP1 to the e -
e o e |Thesethree position shown : =
e % %« | channels are used to connect the o o
° . . |tosetthe Rt- . ’ e
h . ® | temperature output temperature o : r @ o
i B signal in this mode. emulation. ol L@ |@
. .
. . . TI:le dIOIde t . p—— e H o
) channels are no :
These jumpers are used in this mode set the jumper
not used in this ' JUMPS to the

mode. Any . e . | position shown
position is ok. e o o . . | to connect the

. —— 1 . . * | Rt emulation.

. . ® ..*.° o e, * ‘7

, 30 Y0 \' . . . -: -: 'l:- . '.; .-..-

m B B IORESURER P . . ° * )

® - L ] L ] [ .. .. .. L

* . e L ] [ ] L L L »

® ....-------:‘ - .. .. .. } ° -------.:-..: -

. ".--------: . ™ L ® o | ® . -------..:': & .
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Emulation Case 2: Resistance in the Top of the Bridge Rt+

o L Lo

® o e , e o o e o Setthejumper .

e o o | Thesethree JUMI.Dl to the e R © .

o | ol e | position shown ~I-

e, o, o |channelsareused ] to connect the o’ |3

JORNCRE o set the o| Rt+ temperature . m e

e °e ‘e temperature output fel . iation. ol o | B

e e o | signalin this mode. * & ® e e

The diode . H e

These jumpers are Szzgqﬁlfhgemré%te i "Set the jumper
not used in this ' . JUMPS to the
mode. Any . .. position shown

position is ok.

to connect the
» | Rt emulation.

L] L] - - . & .
[ ] I L B ] L B ] \ . 'I- 7 . I
. . ¢ .. I -

-. -. -. [ ] [ ] . -

L . -. .'. ..‘

o essssscsssss * .: .: .: . LT TTTTYYY YT R '

. ""“'..“E . . ! ‘. . .. . ".""":‘E o .
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Emulation Case 3:

Diode Temperature Sensor with External Current Source

. . o
L L L
® L L
L L L
L L L
L L L
L L L
L L L
e ——

These jumpers
must be set to the

position shown to

These three
channels are used
to set the
temperature output
signal in this mode.
The Rt channels
are not used in this

Set the jumper
JUMPL1 to the
position shown to
connect the Diode

mode.

allow for external
current source
connection.

. LA AL L L L L LAY
L ]

[y

tem perature
emulation.
. . ]
. . . .
[ ]
. . .
[
[ ] [ ) .
° ° - - -
L ] L
. . »
.- .- .
. . .
[ ] [
®
. [

L L
B L ]
@ e
- . e
o ..
L oy - 2
Set the jumper
. JUMPS to the
!_ position shown
. to connect GND
.. to the bottom of
..l the bridge
* + ] emulator.
e o IHn *
iiti.i!'i:t: & .
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Emulation Case 4: Diode Temperature Sensor with Onboard Voltage Reference

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

These three
channels are used
to set the
temperature output
signal in this mode.
The Rt channels
are not used in this
mode.

\ .

voltages. T
= / A\
. l ® - ® . L L
1 L N ] L N ] \ L o N o
e B JORECRE

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

L L L
L] . ™
o e
o o
@
L L L .: 2
Set the jumper

. JUMPS5 to the
L) position shown
to connect GND
®+ | to the bottom of
. the bridge
emulator.

-
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5.0 Configuring the Sensor- 3 Teyas
Emulator-EVM to Emulate a INSTRUMENTS
Real World Sensor

If the raw output of the sensor is not known, the generate_emu_values.xls
spreadsheet (SBOCO065, available for download at www.ti.com) can be used to
translate the specifications of your bridge sensor and temperature sensor to system
voltage levels. The spreadsheet contains five sections:

1. Offset and Span: Generates the bridge output voltages.

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

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

5. PGA309 Error: Allows you to read the PGA309 via the ADS1100.

v M4 Offset and Span / Diode Vo / Rt- / Rt+ 4 PGA309 Error % PGA309 RatioMetric Error /

—_— o .1 . smereeass - e
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Offset and Span: Generates the bridge 7
o TEXAS
output voltages from sensor specifications INSTRUMENTS

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.

A B C D E F G H J

1 | Temp range: degC
2 |Tmin= -45.00 Precalibration Sensor Simulator Settings (LinDac = 0)
3 [Tmax= 90.00 Cold
4 |Troom= 22 50 Pressure Input 0% 50% 100%

ﬂ Sensor OQutput (mV) 0.215] 5379 11.939
6 |Vexc (V) 3.400E+00 T
7 Room
8 |Span (V/V) 3.509E-03 Pressure Input 0%| 25%| 50%| 75%  100%]
9 |Offset (V/IV) -2 945E-04 Sensor Qutput (mV) -1.001 1.626 4.430 7.591 10.929
10
11 Hot
12 Pressure Input 0% 50% 100%
13 |MonlinSpanDrift (% of Span) -5 031E-02 Sensor OQutput (mV) -1.053 4.887 11.855
14 |MonlinOffsetDrift (% of Span) -3.077E-02
15 |PressureMonlin (% of Span) -3.976E-02
16
17 |GainTC1 (% of Span/C) 4 682E-04
18 |OffsetTC1 (% of Span/C) -5.205E-04
19 | GainTCNonlin(TC2) (% of Span/C?) -1.104E-05
20 OffsetTCNonlin(TC2) (% of Span/C?) -5.753E-06
21
22 |Mote: % of Span is representated as a decimal number
23 |i.e. OffsetTCA (% of Span) =01 is 10%
24
25
26
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Precalibration Sensor Simulator Settings (LinDac = 0)

The sensor output at cold temperature and 0%
of applied stimulus is emulated by this channel.

Cold
Pressure Input U 50% 100%
Sensor Qutput (mV){ . '
Room
Pressure Input 0%] 25%| 50%)] 75%) 100%
Sensor Qutput {(mV) -1.001 1.626 4.490 7.59 10.
Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926 \

The rotary switch S1 is used to select this
channel. When the channel is selected, LED
D101 will light to indicate that the correct
channel is selected.

Kbridge, VIV

Bridge Sensitivity vs Temp / o . s o o . o o . o
. L]
4.5E-03 . . . .
. . . ] . . . . . . . [~
4.0E-03 A
3 . . . . . 3 . . . o
35603 J——— . . . . LR . . . . .
[} [} ] [] [} (] [} [} ] [} o
3.0E-03 1 *
3 . . . . . 3 . . . ]
2.5E-03 . . . . . ) . . . .
. 3 [ . ] . [ . [ . [ "
1 . 0 . o
2.0E-03 . . . . e o . . . . . = ®
L ]
1.5E-03 " —=—span e -
1.0E-03 A . . . [ . [] L] [ [} [ [ L] s ®
. . s .. [ ]
5.0E-04 g . M o
. n .
. — 2 H
0.0E+(® ' - - .
V. &
-5.0E-0: e e
.
-1.0E-03 : ; "
-50 0 50 100 150 ° U
.
Temp, degC ) 5
° [ . L L4
. o0 o0 .
. L ] L ]
Hee Hee Hee pe s Py
. . .
. ] L] []
» . . [ .
(A2 X R LR XN Q] [} ® o ..I...'...'I. L]
] [] [} L

-
sessnassBReS
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Precalibration Sensor Simulator Settings (LinDac = 0)

The sensor output at cold temperature and

T T R N 100% of applied stimulus is emulated by this

Sensor Output (mV)|_ 0.957) 53231\ _11.867 channel. The rotary switch S1 is used to
Room select this channel. When the channel is

2;‘;?:,“;,5233: o _1_0%“':4 1_2552? ﬁf;;l 7__"5?:" selected, LED D103 will light to indicate that
— the correct channel is selected.

Pressure Input 0% 50% 100/

Sensor Qutput (mV) -1.041 4.927 926

Kbridge, VIV

4.5E-03

L] - 'y L L] E
Mty vs Temp . . .« ® ] [ ] [} [ ] [ ]
L ] L ] L ] L]
.

/ ] . [ ] o [ [ ] ] [ L] '] ]
4.0E-0 .

. 3 . . . . 3 . . . o
3503 J . . . . . LR . . . .

[ [} ] [] [} (] [} [} ] [} o
3.0E403 1 .

. 3 . . . . 3 . . . ]
25603 ) . . . . . ) . . . .

: . 3 . ] . [ . [ . [ ‘v o
1 . . . o
2.08-03 —e—offset . . . . o' o . . . . . = ®

1.5E-03 —— span :
. |
1.0E-03 A . [ . [ . [] ] [ [ [ ] . .®
. . s .. [ ]
5.0E-04 . : Py
® ™ L] H
0.0E+00 - w . LI .
V. &
-5.0E-04 e M
. o, 0
-1.0E-03 . . °
-50 0 50 100 150 ° L o . ] . A =
Temp, degC ™ . - L . ." L
-
. L] . . . . . . . .
. . - . hd
. . ]
. o0 o0 . M e K l—‘ .
. L] . . . ] . . eom: *
Hee Hee Hee .
. . .
A . . o* o’ o? 0
. ] L] [} . . . L]
0 . . . 3 * * L)
(A2 X R LR XN Q] [} ® o .II...'...'I. L]
° o [ [] . . ¢ .
LA X R LR XN Y] - . Y [ LR L RN LN NN ]
o - @ Lud | @ el
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Precalibration Sensor Simulator Settings (LinDac = 0)
Cold

0%

0.257

100%
11.867

50%
5323

Pressure Input
Sensor Output (mV)

Ro

select this ch

Pressure Input 25%| 50%)]

100%)

75%]

Sensor Output (mV) [\ 1.001 J 1.626 4.490 7.591  10.929
®
Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926

The sensor output at room temperature and
0% of applied stimulus is emulated by this
channel. The rotary switch S1 is used to

annel. When the channel is

selected, LED D104 will light to indicate that
the correct channel is selected.

- . ° °
Kbridge vs. pressure @Troom [ ] L ] L] [ ] [ ] L ] [ ] [ ] [ ] [ ] ¢ ? * ¢ ]
3.5E-03 .. .. .' .. .. .." .. .. .. .' : L
s . . . . . . . . . . ®o
> o’ o’ o’ o’ o’ o* o’ o’ o’ .’ . . ' |
% . . . e o . . . . . *EeFY % ] :
® .
S . |
E L] L] L] e e ] L] ] L] . o |@ 2l :e ®
z < : )
g . = . . ot : . .
g . C ‘ ‘ ‘ ‘ ‘ ‘ ‘ . < o ‘ b o e, : oo
30 40 50 60 70 8 90 100 ® . = e DL
-5. 4 ° L] [ ] L] . . y . ™ : . r T
Pressure ° . . " « o
eBeeesne BB IR LI e (0 o O
Emulate the nonlinearity of the curve at = ool |50 ool | ot |Holl |0l 2 )
room temperature for four points. . X o ool |< e e o o .
° ..'........:‘ .. .. .. ~ ..l...'.:.'.: -
. ...........: . - . Y J .- . .........:.: ° .
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Precalibration Sensor Simulator Settings (LinDac = 0)

Cold
Pressure Input 0% 50% 100%
Sensor Output (mV) 0.257 5323  11.867
Room g—
Pressure Input 0l 25%[\  50%] 75%)  100%)]
Sensor Output (mV) 1001\ 1626 J 4.490 7.591  10.929
Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926

The sensor output at room temperature and
25% of applied stimulus is emulated by this
channel. The rotary switch S1 is used to select
this channel. When the channel is selected,
LED D105 will light to indicate that the correct
channel is selected.

=1V

Kbridge, V/V, or Vbridge@Vexc:

Kbridge vs. pressure @Troom /

3.5E-03

3.0E-03

2.5E-03
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1.5E-03 A
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Precalibration Sensor Simulator Settings (LinDac = 0)

The sensor output at room temperature and
50% of applied stimulus is emulated by this
channel. The rotary switch S1 is used to select

this channel. When the channel is selected,

channel is selected.

LED D106 will light to indicate that the correct

Cold
Pressure Input 0% 50% 100%
Sensor Output (mV) 0.257 5323  11.867
Room —
Pressure Input 0%] 5% 50%N 75%)  100%)]
Sensor Output (mV) A1.001 1.6268  4.490) 7.591  10.929
®
Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926

=1V

Kbridge, V/V, or Vbridge@Vexc:

Kbridge vs. pressure @Troom

/

3.5E-03

3.0E-03

2.5E-03

2.0E-03

1.5E-03 A

1.0E-03 A
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0.0E+00 T T T T T T T T
’/10 20 30 40 50 60 70 80 90 100
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Precalibration Sensor Simulator Settings (LinDac = 0)

The sensor output at room temperature and

Cold 75% of applied stimulus is emulated by this
Pressure Input 0% 50% 100% . .
Sensor Output (mV)|__ 0.257] _ 5.323] _11.867 channel. The rotary switch S1 is used to select

Room this channel. When the channel is selected,
Pressure Input 0%  25%[  50%] 7 75%[\ 100%] LED D107 will light to indicate that the correct
Sensor Output (mV) A1.001 1.626 4490 N 7.591 J 10.929 .

N channel is selected.

Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926

=1V

Kbridge, V/V, or Vbridge@Vexc:

L] - '}
/ [} ] e ., ® ] .
Kbridge vs. pressure @Troom [ ] L ] L] L] [ ] [ ]
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Precalibration Sensor Simulator Settings (LinDac = 0)

Cold
Pressure Input 0% 50% 100%
Sensor Output (mV) 0.257 5323  11.867
Room
Pressure Input 0%] 25%| 50%)] ?5%[( 100%
Sensor Qutput (mV) -1.001 1.626 4.450 7.501 10.929
g
Hot
Pressure Input 0% 50% 100%
Sensor Qutput (mV) -1.041 4.927 11.926 \

The sensor output at room temperature and

100% of applied stimulus is emulated by this
channel. The rotary switch S1 is used to select
this channel. When the channel is selected,
LED D108 will light to indicate that the correct
channel is selected.

\

=1V

Kbridge, V/V, or Vbridge@Vexc:

Kbridge vs. pressure @Troom
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Precalibration Sensor Simulator Settings (LinDac = 0)

{'r‘ TEXAS
INSTRUMENTS

Cold
Pressure Input 0% 50% 100%
Sensor Output (mV) 0.257 5323  11.867
Room
Pressure Input 0%] 25%| 50%)] 5%  100%)
Sensor Qutput {(mV) -1.001 1.626 4.490 10.929
H
Pressure Input 0% 50%
Sensor Qutput (mV) -1.041 \

The other channels are set in a similar
manner and selected using S1.

- ]
sessBRsRRRES
-
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Diode Vo: Generate Diode Voltages 7
) TEXAS
based on Operating Temperature Range INSTRUMENTS

The second tab in the 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 area is 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 emulator.

A B C D E F
10
11 | Temp range: degC Temp(degC) Diode Vbe (V) Counts
12 | Tmin= -45.00 -45.00 0.75 24000
13 |Troom= 20.00 20.00 0.62 19840
14 | Tmax= 90.00 80.00 0.45 15360
15
16 Diode Volts
17 |Room Temp Vbe= 0.62
18
19 | Temp ADC
20 |Wref (in V) = 4.096
21 |Mumb Bits 16
22 |Gain= 4
23
24
25
26
7
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The temperature output signal at cold

{'? TEXAS

. temperature (-45°C) is emulated by this
T degC) Diode Vb Counts . .
2mp j;“]_ U[;; A EU{E uu;ﬂzﬂ channel. The rotary switch S2 is used to INSTRUMENTS
20.00 0.68 21760 select this channel. When the channel is
90.00 0.54 17280 selected, LED D201 will light to indicate that
the correct channel is selected.
@
ol I NOTE: When emulating Diode
e o o o temperature control, the Rt
o0 | Eogl | Hogl| Eeg temperature section is not used.
o* o® ® | 2e® n’ H e
* ° . ° L] L ] [ ] L ] =c B : :
« .. of & o £ BT TS
) 5 —FE e
o, ° . .
L ] gt - -
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The temperature output signal at room b’ TEXAS

. temperature (25°C) is emulated by this
Tempiie_,j-g_g[}] Diode Uhenﬁ Cuu;;;zﬂ channel. The rotary switch S2 is used to INSTRUMENTS
20.00 068 21760 select this channel. When the channel is
90.00 054 17280 selected, LED D202 will light to indicate that
the correct channel is selected.
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Temp(degC) Diode Vbe (V) Counts

The temperature output signal at hot
temperature (85°C) is emulated by this
channel. The rotary switch S2 is used to

{" TEXAS
INSTRUMENTS

4500 0.81 25920 _ :
20.00 0.68 21760 select this channel. When the channel is
90.00 054 17280 selected, LED D203 will light to indicate
that the correct channel is selected.
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Generate Rt Voltages based on Operating
Temperature Range and System Parameters INSTRUMENTS

{';‘ TEXAS

The third tab in the spreadsheet allows the user to enter the temperature range and other system parameters in the light blue areas. The

spreadsheet calculates the voltage level of the temperature signal and displays this in the yellow areas. Note that the Temp ADC area is 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 Rt voltages are used to program the sensor emulator.

A B C D E F G H J K

1 Rt= 1000 ohm Tem? %dE?C% Rbridge \rt Counts
ﬂTC Bridge 700 ppm -45.[][]_ 9545 0322428 1290

3 |Rbridge 10000 ohm 20.00 10000 0.309091 1236

4 90.00 10490 0.295909 1184

5

6 Temp range:

7 |Tmin= 4500 degC Voltage across Rt (Vt) vs Rbridge

& | Troom= 20.00 degC

19[] Tmax= 50.00 degC 0.325

11 Temp ADC 0.3 e

12 |Vref= 4. 096 chm ’

13 |Mo. of Bits 12 bits =

14 |Gain= 8V ,,E_' LS

15 =«

16 PGA Settings @ 031

17 |Vexc= 34v S \

13 @ 0.305

19 £

20 oL \'

21

27 0.295

23

24 029 T T T T T

25 9400 9600 9500 10000 10200 10400 10600
26 Rbridge

27

a0
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D | E F G

Temp (deqC) Rbridge Vrt Counts i w
T 00 Saas 0% 1290 e comperatine (45°C) > emulated by this TEXAS
20.000 10000 0.309091 1236 INSTRUMENTS

90.00 10490 0.295909 1184 channel._ The rotary switch S2 is used t_o
select this channel. When the channel is
selected, LED D204 will light to indicate
that the correct channel is selected.
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D E F G .
“"_“‘L!d_ﬂﬂﬂlﬂhfidgﬂ vt Counts The temperature output signal at room w
— 0 oo om0 | emperaure (20°C) is emulated by thi INSTEJXAM]?NTS

90.00 10490 0.295909 1184 channel._ The rotary switch S2 is used to
select this channel. When the channel
is selected, LED D204 will light to
indicate that the correct channel is
selected.
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D | E F G

T_Ll_ﬂ_l.l“'“‘ deqC) Rbridge Vrt Counts The temperature output signal at hot w
— 45001 9545 0.322428 L temperaltoure (90°C) ig emt?lated by this TE’XAS
20.00 10000 0309091 1236 INSTRUMENTS

90.00 10490 0.295909 1184 channel._ The rotary switch S2 is used t_o
select this channel. When the channel is
selected, LED D204 will light to indicate
that the correct channel is selected.
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6.0 Schematic o Teas
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/.0 Parts List

» Texas

INSTRUMENTS

Sensor Emulator Board Parts List

Matches PR1217 Rev G

Qty/EVM |Ref Des Description Part No. Mfr. Disti Disti Part No.
POST BINDING INSUL GROUNDED
2(J1,J3 RED 111-0702-001 Johnson Components Digikey 111-0702-001-ND
POST BINDING INSUL GROUNDED
2(J2, J4 BLACK 111-0703-001 Johnson Components Digikey 111-0703-001-ND
3-Position Terminal Strip, Cage Clamp,
3|T1-T3 45°, 15A, Dove-tailed ED300/3 On-Shore Technology Inc |Digikey ED1620-ND
C1, C2, C5, C6, C7,C9, C10, C11,
11{C12, C18, C19 CAP .1UF 25V CERAMIC X7R 0805 ECJ-2VB1E104K Yageo America Digikey PCC1828CT-ND
2|C8, C17 CAP 0.01uF 50V CERAMIC X7R 0805 C0805C103K5RACTU Kemet Digikey 399-1158-1-ND
1{C13 CAP CERAMIC 1UF 25V X5R 0805 ECJ-2FB1E105K Panasonic - ECG Digikey PCC2319CT-ND
CAPACITOR TANT 10UF 20V 10% SMD
2|C3, C4 Size C T491C106K020AS Kemet Digikey 399-1614-1-ND
2|{C14, C15, C16 OMIT (LEAVE BLANK ON PCB)
R103, R203, R303,R403, R503,
R603, R703, R803, R903, R1003,
11|R1103 10ohm 25turn pot 3296Y-1-100 Bourns Inc Digikey 3296Y-100-ND
R102, R202, R302, R402, R502,
R602, R702, R802, R902, R1002,
11|R1102 2000hm 25turn pot 3296Y-1-201 Bourns Inc Digikey 3296Y-201-ND
3|R2102, R2202, R2302 100k 25 turn pot 3296Y-1-104 Bourns Inc Digikey 3296Y-104-ND
3|R2103, R2203, R2303 5k 25 turn pot 3296Y-1-502 Bourns Inc Digikey 3296Y-502-ND
3|R2403, R2503, R2603 2k 25 turn pot 3296Y-1-202 Bourns Inc Digikey 3296Y-202-ND
3|R2402, R2502, R2602 50k 25 turn pot 3296Y-1-503 Bourns Inc Digikey 3296Y-503-ND
R101, R201, R301, R401, R501,
R601, R701, R801, R901, R1001,
R1101, R104, R204, R304, R404,
R504, R604, R704, R804, R904,
R1004, R1104, R8, R9, R2401,
R2501, R2601, R2101, R2201,
30|R2301 RES 10K OHM 1/16W .1% 0603 SMD ERA-3YEB103V Panasonic - ECG Digikey P10KYCT-ND
3[R2404, R2504, R2604 RES 2.0K OHM 1/16W .1% 0603 SMD _ |ERA-3YEB202V Panasonic - ECG Digikey P2.0KYCT-ND
2|R6,R7 4.02k 1/16W 1% 0603 SMD 9C06031A4021FKHFT _ |Yageo America Digikey 311-4.02KHCT-ND
2|R10, R11 RES 10.0 OHM 1/16W 1% 0603 SMD ERJ-3EKF 10ROV Yageo America Digikey P10.0HCT-ND
4[R1, R2, R12, R13 RES 100 OHM 1/16W .1% 0603 SMD ERA-3YEB101V Panasonic - ECG Digikey P100YCT-ND
3|R3, R4, R5 RESISTOR 1.20M OHM 1/16W 1% 0603 |ERJ-3EKF 1204V Panasonic - ECG Digikey P1.20MHCT-ND
SWITCH ROTARY DP-12POS
2|S1-82 ENCLOSED C3P0212N-A Bourns Inc Digikey 451-1007-ND
5|JUMP1-JUMP5 3-Position Pin Strip Header PEGO03SS-GBR Crane Connectors Bisco Industries
5|Jumpers for JUMP1-JUMP5 Jumper Shorting Units 881545-2 Amp Digikey A26242-ND
D101, D102, D103, D104, D105,
D106, D107, D108, D109, D110,
D201, D202, D203, D204, D205,
17|D206 Ultra Bright Red Diffused LED, 0603 pkg |LNJ208R8ARA Panasonic Digikey P524CT-ND
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. {‘TEXAS
Parts List, cont'd INSTRUMENTS

Sensor Emulator Board Parts List Matches PR1217 Rev G

Qty/EVM |Ref Des Description Part No. Mfr. Disti Disti Part No.
2|D1, D2 DIODE SCHOTTKY 40V 0.5A SOT-23  |ZHCS500TA Zetex Inc Digikey ZHCS500CT-ND
1]U1 OPA4277UA OPA4277UA Texas Instruments Digikey OPA4277UA-ND
1]U2 INA118U INA118U Texas Instruments Digikey INA118U-ND
1]U3 REF102AU REF102AU Texas Instruments Digikey REF102AU-ND
2|u4 - US BUF634F BUF634FKTTT Texas Instruments Digikey 296-15904-1-ND

OPA277UA -- IC PRECISION OPAMP SO;

1]U6 8 OPA277TUA Texas Instruments Digikey OPA277UA-ND

4-40 hex standoffs, Threaded, 0.500"
length, 0.250" OD, Aluminum Iridite

10 Finish 2203 [Keystone Digikey 2203K-ND
4-40x3/8" Philips PanHead Machine
10 Screw, Steel, Zinc Plated PMS 440 0038 PH Building Fasteners Digikey H781-ND
2 KNOB INSTRUM SGL BAR RND .5"DIA 8567 |Keystone Electronics Digikey 8567K-ND
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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

Copyright @ 2005, Texas Instruments Incorporated
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Minhang District, Shanghai, China
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