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FEATURES

High Speed
PROGRAMMABLE GAIN AMPLIFIER

o DIGITALLY PROGRAMMABLE GAIN:

G =1, 10, 100

e LOW GAIN ERROR: 0.025% max
e FAST SETTLING: 2.8 s to 0.01%
e 16-PIN PLASTIC AND CERAMIC DIP

APPLICATIONS

e DATA ACQUISITION AMPLIFIER
o FIXED-GAIN AMPLIFIER
o AUTOMATIC GAIN SCALING

PGA102

DESCRIPTION

The PGA102 is a high speed, digitally programmable-
gain amplifier. CMOS/TTL-compatible inputs select
gains of 1, 10 or 100V/V. Each gain has an indepen-
dent input terminal, providing an input multiplexer
function.

On-chip metal film gain-set resistors are laser-trimmed
to provide excellent gain accuracy. High speed input
circuitry allows multiplexing of high speed signals.

The PGA102 is available in 16-pin plastic and ceramic
DIP packages. Commercial, industrial and military
temperature range models are available.
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SPECIFICATIONS

ELECTRICAL
At +25°C, V¢ = 15VDC unless otherwise specified.
PGA102AG PGA102BG, SG PGA102KP
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Inaccuracy® R . =2kQ,G=1 +0.007 | %0.02 +0.003 +0.01 * * %
G=10 +0.015 | +0.03 +0.01 +0.02 * +0.05 %
G =100 +0.02 +0.05 +0.015 | +0.025 * +0.06 %
vs Temperature G=1 +0.4 +5 * * * * ppm/°C
G=10 +2 +7 * * * * ppm/°C
G =100 +7 +20 * * +9 * ppm/°C
Nonlinearity R =2kQ,G=1 0.001 0.003 * * * * % of FS
G =10 0.002 0.005 * * * * % of FS
G =100 0.003 0.01 * * * * % of FS
RATED OUTPUT
Voltage R_ = 2kQ +10 +12.5 * * * * \
Current Vour = 10V 5 +10 * * * * mA
Short Circuit Current +10 +25 * * * * mA
Output Resistance 0.01 * * Q
Load Capacitance For Stable Operation 2000 * * pF
INPUT OFFSET VOLTAGE
Initial@ G=1 +200 +500 +100 +250 * +1500 uv
G =10 +70 +200 +50 +100 * +600 uv
G =100 +70 +200 +50 +100 * +600 uv
vs Temperature G=1 5 +20 * * +7 +50 uv/eC
G=10 +1 +7 * * +3 +10 uv/eCc
G =100 +0.5 +3 * * +2 +7 uv/eCc
vs Supply Voltage +5 < Ve < #18V
G=1 +30 +70 * * * * uvIv
G=10 +8 +30 * * * * uvv
G =100 +8 +30 * * * * uvv
INPUT BIAS CURRENT
Initial Tp = +25°C +20 +50 * * * * nA
Over Temperature Tamin 10 Ta max +25 +60 * * * * nA
ANALOG INPUT
CHARACTERISTICS
Voltage Range Linear Operation +10 +12 * * * * \
Resistance 7 X 108 * * Q
Capacitance 4 * * pF
INPUT NOISE
Voltage Noise fg = 0.1Hz to 10Hz
G=1 4.5 * * HVp-p
G=10 1.5 * * uVp-p
G =100 0.6 * * uVp-p
Voltage Noise Density fo=1Hz, G =1 490 * * nVAVHz
G=10 178 * * nViHz
G =100 83 * * nViVHz
fo=10Hz, G =1 155 * * nViHz
G=10 56 * * nV/VHz
G = 100 20 * * nV/VHz
fo =100Hz, G =1 93 * * nV/\/H_z
G =100 31 * * nV/\/H_z
G =100 18 * * nVVHz
fo=1kHz, G =1 79 * * nV/\/H_Z
G=10 31 * * nViVHz
G =100 18 * * nV/VHz
Current Noise fg = 0.1Hz to 10Hz 76 * * pAp-p
Current Noise Density fo = 1Hz 8.8 * * pAI\/Ez
fo = 10Hz 2.8 * * pAI\/H_z
fo = 100Hz 0.99 * * pAI\/H_z
fo = 1kHz 0.43 * * pAVHz
DYNAMIC RESPONSE
+3dB Bandwidth Small Signal, G =1 1500 * * kHz
G=10 750 * * kHz
G =100 250 * * kHz
Full Power Bandwidth Vout = 10V, R, = 2kQ 160 * * kHz
Slew Rate Vour = 10V Step,
R = 2kQ 6 9 * * * * Vips
BURR - BROWN®
PGA102 2
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SPECIFICATIONS (conT)

ELECTRICAL

At +25°C, +Vc = 15VDC unless otherwise specified.

PGA102AG PGA102BG PGA102KP
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
DYNAMIC RESPONSE (CONT)
Settling Time (0.1%) Vour = 10V Step, G =1 1.6 * * ps
G =10 2.2 * * us
G =100 5.2 * * us
Settling Time (0.01%) Vour = 10V Step, G =1 2.8 * * us
G=10 2.8 * * us
G =100 8.2 * * Hs
Overload Recovery 50% Overdrive, G = 1 25 * * Hs
Time, 0.1% (see Performance Curve)
CROSSTALK
DC +10V to Both Off Channels -155 * * dB
60Hz +10V to Both Off Channels —144 * * dB
DIGITAL INPUT
CHARACTERISTICS
Input “Low” Threshold V,.® on Pin 1 or 2 VLTC+0.8 * * \Y
Input “Low” Current 1 * * HA
Input “High” Threshold V@ on Pin 1 or 2 VLTC+2 1 * * * * \
Input “High” Current 0.1 1 * * * * HA
Logic Threshold Control VLTC on Pin 3 —Vee Vee —4 * * * * \%
Switching Time® Between Channels 1 * * us
POWER SUPPLY
Rated Voltage +15 * * vDC
Voltage Range +5 +18 * * * * vDC
Quiescent Current Vour = 0V 2.4 +3.3 * * * * mA
No External Load,
Vour = 10V 5.3 * * mA
TEMPERATURE RANGE
Specification, KP Grade Tamin 10 Ta max 0 +70 °C
AG and BG Grades -25 +85 * * °C
SG Grade -55 +125 °C
Operating -55 +125 * * -25 +85 °C
Storage —65 +150 * * -55 +125 °C
Thermal Resistance [0 100 * * °C/W

* Specification same as AG grade.

NOTES: (1) Gain inaccuracy is the percent error between the actual and ideal gain selected. It may be externally adjusted to zero for gains of 10 and 100. (2) Offset
voltage can be adjusted for any one channel. Adjustment affects temperature drift by approximately +0.3uV/°C for each 100uV of offset adjusted. (3) Voltage on the
logic threshold control pin, VLTC, adjusts the threshold for “Low” and “High” logic levels. (4) Total time to settle equals switching time plus settling time of the newly
selected gain.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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PIN CONFIGURATION

Top View

Logic Threshold Control | 3

X10 Select | 1
X100 Select | 2

Common Force IZ
Common Sense E
Ving (X1) Iz

Vinz (X10) IZ

V|3 (X100) IE

10 | Gain Adjust (X10)

9 | Gain Adjust (X100)

NOTE: (1) No Internal Connection.

DIP

ABSOLUTE MAXIMUM RATINGS

PACKAGE INFORMATION

Power Supply
Input Voltage Range: Analog

Storage Temperature Range: G Package ..
P Package...

Lead Temperature (soldering, 10s)
Output Short Circuit Duration
Junction Temperature: G Package .
P Package .

(Vein 3 — 5.6V) to +Vcc
—65°C to +150°C

. Continuous to Common
... +175°C
. +110°C

PACKAGE DRAWING
MODEL PACKAGE NUMBER @
PGA102AG 16-Pin Hermetic DIP 109
PGA102BG 16-Pin Hermetic DIP 109
PGA102SG 16-Pin Hermetic DIP 109
PGA102KP 16-Pin Plastic DIP 180

ORDERING INFORMATION

MODEL PACKAGE TEMPERATURE RANGE
PGA102AG 16-Pin Hermetic DIP —25°C to +85°C
PGA102BG 16-Pin Hermetic DIP —25°C to +85°C
PGA102SG 16-Pin Hermetic DIP -55°C to +125°C
PGA102KP 16-Pin Plastic DIP 0°C to +70°C

BURR - BROWN®

PGA102

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
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TYPICAL PERFORMANCE CURVES

Ta=+25°C, £V = 15VDC unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

Ta = +25°C, £V = 15VDC unless otherwise noted.
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APPLICATION INFORMATION OFFSET ADJUSTMENT

. . . . __The offset voltage of each of the three input stages is laser-
Figure 1 shows the basic conqectlons required for Operat'_ortrimmed. Many applications require no further adjustment.
of the PGAl.OZ' Power supplies should pe b)_/passed WlthThe optional trim circuit shown in Figure 1 can be used to
0.1uF capacitors located close to the device pins. adjust the offset voltage. This adjustment affects the offset
The inputs for each gain are independent and can be conef all three gain channels. Since each gain setting may
nected to three separate signal sources. Or, for many applirequire a different adjustment of the potentiometer, this
cations, the three inputs are connected in parallel to form aequires a compromise. Often, offset voltage of the G = 100
single input—see Figure 1. Only the input corresponding to channel is the most important, so adjustment can be opti-
the selected gain is active, operating as a non-invertingmized for this channel only. Alternatively, Figure 2 shows a
amplifier. The two inactive inputs behave as open circuits. CMOS switch used to select independent offset adjustment
The input bias current of the inactive inputs is negligible potentiometers for each of the three channels.
compared to that of the selected input. Use these offset adjustment techniques only to null the offset

voltage of the PGA102. Do not null offset produced by the

iy signal source or other system offsets or this will increase the
o° temperature drift of the PGA102.
Ry +Vee
e 9
Optional
Offset 0.1pF
Trim I
100kQ a
0.1yF
11 13 0—| |—b
V,
. _<|>Nl 6 —_ 15 Adjust for
: LG O Vour=0V
v Ve 15 for all channels.
O—=--0 Vo
D Vie g 15
-0 3 Output
|12 Ground —
Input 1 +15V
Ground
Rl
100kQ
L Anal
= Ground ) va I 14[11]12]7
Digital R,
(r Ground 100kO 1
o e A/M¢ CHL
INPUT  GAIN X10 | X100 4 4016
Vine G=11 0 0 | Logic 0" 0V<V<0.8V R CH2 CMOS
V, G=10 1 0 - 3 SWITCH
IN2 C Logic “1": 2V <V < +V¢ 100kQ 8
Ving G=100] 0 1 | Logic voltages are referred to pin 3. ‘\/\ﬁ 3
— Invalid — 1 1
CH1 CH2 CH3
Offset 1
. . . . Adjusts 6 |5 3
FIGURE 1. Basic Circuit Connections.
DIGITAL INPUTS
_ o oA W , AO BO C
Gain is selected by the digital input pins, "X10" and “X100". 0 0 1 CH1L
The threshold of these logic inputs is approximately 1.3V 0 1 0 CH2
above the voltage on pin 3. For CMOS or TTL logic signals, 1 0 och

connect pin 3 to logic ground. The logic inputs are not _
latched. Any change logic inputs immediately selects a newFIGURE 2. Independent Offset Adjustment of Channels 1, 2,

gain. Switching time is approximatelyud. This does not and 3.
include the time required for the analog output to settle to a
new output value (see settling time specifications). GAIN ADJUSTMENT

Note that the two |ogic inputs allow four possib]e |Ogic Gain of the PGA102 is aCCUrately laser trimmed and usually
states—see Figure 1 for the logic table. A logic “1” on both requires no further adjustment. The optional circuit in
inputs is an invalid code. This will not damage the device, Figure 3 allows independent gain adjustment of the G = 10
but the analog output voltage will not be predictable while and G = 100 inputs.

this code is applied.

BURR - BROWN®
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The gain of the G = 10 and G = 100 inputs can be changedhe nominal values shown on the front page diagram. This
by adding external resistors to the internal feedback networkmakes the external resistor values in Figures 4 and 5 subject
as shown in Figures 4 and 5. The internal gain-set resistor¢o variation—especially for gains differing greatly from the
are trimmed for precise ratios, not to exact values. Theinitial value.

internal resistor values are within approximat&80% of

6 Vg (X1 6
o
Ving X)) O—————— ma (X1) 7
Vi (X10) O ! Ve 010 10 15
iz (X10) v PGA102 —O Vour
10 ouT 8
PGA102 —O Vi3 (X100) O 5
9
8
Vg (X100) O
9
RXIO DN % RXIOO DN -
97.2kQ
R =—( ——"—— +10.8kQ
y X100 Fine 108KkQ
Adjust R =100 ( — _1.09kQ )
] X100 DN 100 = Gy 100 on
R, R, Ry ) .
620kQ IMQ 12MQ X10 Fine Example:
Adjust Ry10 on = 8.64KQ and Ry, o py = 107kQ
gives gains of 1, 5, 50
FIGURE 3. Optional Fine Gain Adjustment. FIGURE 5. Connections for Lower Gains.
6 G =1, 10, 100
Ving (X1) 0—7
V2 (X10) O————— 6
10 15
PGA102 Vour
8 . 3.32kQ 3.32kQ
Vs (X100) O 5 A PGA102
4
8 Force
R)(10 uUpP RXIOO urP - —
Vi Sense
+
- 3.32kQ 3.32kQ
Ryoup = ~08K2_ OPA602
Gyioup— 10 v, 0— + 1
" _108kQ )
X100 UP GXIOO up— 100
Example:
Ryq0 up = 1.08kQ and Ry yp = 1.08kQ
gives gains of 1, 20, 200

FIGURE 4. Connections for Higher Gains.

BURR - BROWN®

PGA102

FIGURE 6. High-Speed Instrumentation Amplifier.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

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

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated
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