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Programmable Gain Amplifier

General Description Features
The PGA100 is a precision, digitally-programmable High Gain Accuracy +0.02% max (B Grade)

gain amplifier (PGA) combined with an 8 channei . .
+35V protected input multiplexer. The user can select Input protection, +20V above +15V 'supplles
High Input Impedance: 1011Q

any one of eight analog input channels to be amplified
Fast Seftling, 5usec to 0.01%

by one of the eight noninverting binarily weighted

gain steps from 1 to 128. The digital gain and channel

select are internally latched for easy microprocessor Low Channel to Channel Crosstalk, -80dB8
Low nonlinearity +0.005% max (B Grade)

8 analog input channels

interface. The fast 5Susec settling time allows the
PGA100 to be used in rapid channel scanning data

8 Selectable Gains,‘ 1, 2, 4, 8, 16, 32, 64, 128 V/V
Fully microprocessor-compatible
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acquisition systems.
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Applications
Data Acquisition Amplifier o
Software Error Correction
Digitally-Controlled Autoranging

Test Equipment PART TEMP. RANGE PACKAGE
Remote Instrumentation System PGA100AG  -25°C to +85°C 24 Pin Ceramic Side Braze
PGA100BG -25°C to +85°C 24 Pin Ceramic Side Braze

Ordering Information

System Dynamic Range and Resolution

Improvement
Typical Operating Circuit Pin Configuration
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= | =F|= INg E E IN¢
v+ V- Vee
T . s PP i
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Programmable Gain Amplifier

ABSOLUTE MAXIMUM RATINGS
Analog Supply (V', V') ..ottt +18V

Digital Supply (Voe) «oovvevininnniieiiiiiiinenn., +7V
Input Voltage Range Analog V-20V<V SV'+20V
Input Voltage Range Digital .............. =0.3SV )\ <+7V

Storage Temperature Range ........... -65°C to +160°C

Lead Temperature (soldering 10 seconds) ......... 300°C
Output Short-Circuit Duration .... Continuous to Ground
Junction Temperature .............ccviieevennnnn 175°C
Power Dissipation

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability.

ELECTRICAL CHARACTERISTICS

(Vge = 5V, V' = +15V, V™ = 15V, T, = +25°C, unless otherwise noted.)

PGA100AG PGA100BG
PARAMETER SYMBOL CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX
Gain Accuracy (Note 1) G=110128, I, = 1mA +01 +.05 +.005 +.02 %
vs Temperature (Note 2) -25°C < T, < +85°C +5 +10 15 +10 ppm/°C
vs Time +.001 +.001 %/1000 Hrs.
Nonlinearity (Note 3) G =110128, I = 1TmA +.004 +01 +.002 +.005| % of FS
vs Temperature (Note 2) -25°C < T, < +85°C 12 15 +2 +5 ppm/°C
vs Time +.001 +.001 %/1000 Hrs.
Rated Output Voltage loyr = £2mA +10 +10 v
Rated Output Current Vour = £10V *2 +2 mA
Output Resistance Gain < 128 0.05 0.05 0
Short Circuit Current +15 +15 mA
Capacitive Load Phase margin = 25° 1000 1000 pF
Offset Voltage T, = 25°C +01 +.05 5 mV
vs Temperature -25°C < T, < +85°C +6 16 uvrcC
vs Supply 8v <|v| <18V +10 480 110 80 uv
vs Time +15 +15 uV/month
Input Bias Current
"Off" Channel +10 +10 pA
“On" Channel 101 +01 1 nA
vs Temperature Note 4 Note 4
Input Difference Current,
between Channels:
“Off” Channel +20 +20 pA
“On” Channel 10.2 +02 X2 nA
vs Temperature Note 4 Note 4
Analog Input Characteristics:
Input Voltage Range Linear Operation +10 +10 \
Input impedance
“Off" Channel 1012|115 102115 Qj|pF
"On" Channel 10"1)|25 10"1(|25 Q| pF
Input Voltage Noise Density fo = 1Hz 200 200 nV/\/Hz
fo = 10Hz 60 60 nV/v/Hz
fo = 100Hz 25 25 nV/vVHz
fo = 1kHz 18 18 nV/v/Hz
fo = 10kHz 18 18 nV/vHz
fo = 100kHz 18 18 nV/v/Hz
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Programmable Gain Amplifier

ELECTRICAL CHARACTERISTICS (Continued)
(Ve = 5V, V' = +15Y, V™ = -16V, T,, = +25°C, unless otherwise noted.)
PGA100AG PGA100BG >
PARAMETER SYMBOL CONDITIONS - UNITS
MIN TYP MAX | MIN TYP MAX -l
Voltage Noise fgw = 01Hz to 10Hz 26 28 Wy, Q
Current Noise Density f, = 0.1Hz thru 8KkHz 6 6 tA/\/Hz Qo
Current Noise faw = 0.1Hz to 10Hz 15 15 fAsp
Gain Bandwidth Product . 5 5 MHz
Full Power Bandwidth G=1, Vo=20V,,,, R =5kQ 220 80 220 kHz
Slew Rate G=1, V=110V, R =5kQ 14 5 14 V/iusec
Settling Time (Note 5) G=1, Vo=110V, R =5kQ
to 1% ’ . 25 25 psec
to 0.1% 3 3 usec
to 0.01% 5 5 usec
Rise Time 10% to 90%, 100mV 70 70 nsec
Phase Margin G =1, R_=5kQ 60 60 °
Overload Recovery (Note 6) G = 1, 50% overdrive 2 2 usec
20V, 1kHz sine,
Crosstalk, RT! (Note 5, 7) Rg = 1k} on all +0.003 +0.003 %
OFF channels
Digital Inputs (Note 8):
Input “LOW" Threshold 08 0.8 v
Input “HIGH” Threshold 2.0 20 v
Clock Puise Width (low) twL 20 20 nsec
Setup Time (CP to data) tsq 20 20 nsec
Hold Time (CP to data) th 5 5 nsec
Setup Time (CE to CP) ts 25 25 nsec
Hotd Time (CE to CP) the 5 5 nsec
V*/V~ Range Derated performance 18 +18 | 18 118 v
V* Current 20 27 15 20 mA
V" Current 10 16 75 12 mA
V¢ Range Full. performance 475 525 | 4.75 5.25 v
Ve Current Vee = +5.25V 15 27 15 27 mA

Note 1:

Note 2:
Note 3:

Note 4:
Note 5:
Note 6:
Note 7:

Note 8:

inaccuracy is the percent error between the actual and ideal gain selected measured after temperature stabilization. it
may be externally adjusted to zero.

Parameter is untested and is not guaranteed.

Nonlinearity is the maximum peak deviation from a “best straight line" (curve fitting on input-output graph) expressed
as a percent of the full scale peak-to-peak output. Gain constant, Vo ranges from -10V to +10V.

Doubles approximately every 10°C.

See Typical Performance Curves.

Time: required for the output to return from saturation to linear operation following the removal of an input overdrive
signal.

Crosstalk is the amount of signal feedthrough from all OFF channels that appears at the output of the input multiplexer.
It is express as a percent of the signal applied to all OFF channels.

All digital inputs are one 74LSTTL load. Timing specifications not tested; guaranteed by design.
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Programmable :.:Ga{in‘ Amplifier

Description

The PGA100 consists of an 8 channel 35V protected
input multiplexer followed by a non-inverting oper-
ational amplifier whose gain may be set using another
multiplexer selecting outputs on a resistive feedback
network (see Figure 1). Both multiplexers are fed
from a TTL 6 bit latch similar to a 74LS378. The
digital inputs are latched by the positive transition of
the clock pulse, pin 18, when the clock enable, pin 19,
is low.. The relative set up and hold times specified in
the Electrical Specifications are shown in Figure 3.

Layout Considerations

The PGA100 has dual analog ground pins and a
separate digital ground. These must be connected at
some single point in the system. The resistance seen
by the analog ground is critical and must be kept
below 5 milliohms to meet the accuracy specifications.
Pin 20 is the primary analog ground, so should be used
as the system reference point.

______ Input Overvoltage Protection

The PGA100 can withstand input overvoltage of up to
+35V, or 20V greater than 15V analog supply volt-
ages. In.normal operation, this allows inputs up to
plus and minus 35V. Even with the analog supplies
powered down, the inputs may still be stimulated up
to plus and minus 20V without damage. This degree
of protection is achieved with a Maxim proprietary
circuit/process as used in the MAX358 multiplexer.
Note that overdriven inputs go to a relatively high
impedance state that minimizes input loading and
power dissipation.

_______. Optional Gain Scale/Adjust

Ordinarily, no connection is made to pin 12 and this
results in the standard gains specified in Table 1. A
slight adjustment in the gains other than unity may be
made by connecting a resistor or potentiometer be-
tween pin 12 and the output and/or ground. This will
allow any one gain to be adjusted exactly, but at the
expense of the others. The pin 12 connection has no
effect on the unity gain accuracy.

Ng 28 —— V- 10 V-
INy 22 —— v+ 13 v+
INy 23 ——

INPUT
Ny 24 — 'MUX
Ny & ——] our PN 11 OUTPUT
INs 3 —— T/
INg 2 —] Vee |

{—
Ny 1 —] GND L———‘
out
AR A0A1A2A3 Vee 15 Vec
A4 GAIN MULTIPLEXER

Ay 7 — As GND 14 DIG GND
M ] 1

HEX =
A3 9 — LATCH - l |
Ay 16—

Vce
As 17—
& 1w —| Wl
VWVAAAAAN

CP 18 —— K S 6K :f» sKv%r oK 12 GAIN ADJ.

po oy 5,20 ANALOG

== GROUND

Figure 1. Equivalent Internal Schematic
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Programmable Gain Amplifier

Table 1: Gain and Channel Select Truth Table

GAIN CHOSEN G=1 G=1 G=2 G=2 G=128

Figure 2. Timing Diagram for Selected Addresses

DATA
ADDRESS

=777
ts2 - |<-ln2

—

Y

Figure 3. Data Address and Clock Enable Setup and
Hold Times

Channel Gain
I A0 A1 A2 | A3 A4 A5

GAIN SELECT | A4 0 0 0 Channel 0
I 1 4] 0 Channel 1

Ay 0 1 0 Channel 2

I 1 1 0 Channel 3

A2 0 0 1 Channel 4
—_,——— 1 0 1 Channel 5
CHANNEL | A 0 1 1 Channel 6
SELECT 1 1 1 Channel 7

' 0 0 0 | Gain=1

Ao —'J 1 0 0 gain = i

_ 0 1 0 ain =

& DISABLED-] I_—| I_ 1 ) o Gain - 8
ENABLED 0 0 1 Gain = 16
POSITIVE ! 0 ! Gain = 32

e "a _[[LILILILIL 0 1 1 |Gain=-64
TRIGGER | 1 1 1 1 1 1 1 Gain = 128

CHANNEL CHOSEN  INO  INO INT IN?T N7 0= Low
i i i i i 1 = High




Programmable Gain Amplifier
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Figure 4. Basic Power Supply, Ground, and Signal Connections.
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Figure 5. External Gain and Offset Adjustment
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Typical System Application

420mALOCOP [ \=  pGat00-
FLOATING -10 TO 10V TRANSDUCER | mpgegnéﬂ'; MAX162 A/D
BRIDGE STRAIN GUAGE CHANNEL | . "\ ubl iFiER CONVERTER
EXITATION THERMOCOUPLE CHANNEL 1 N4
THERMOCOUPLE CHANNEL 2 N3 OUTPUT [
COLD JUNCTION REFERENCE] |-
GAIN REFERENCE |
zsno REFERENCE e
INo CP CE
AD590 MAX670 LAGAS i _]
L = §

Figure 6. Multiple Channel, Variable Gain Data Acquisition System.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in @ Maxim product. No circuit patent licenses are implied.
Maxim reserves the riaht to chanae the circuitry and spacifications without notice at anv time



