PMI

Precision Monolithics Inc.

FEATURES

® LowOffsetVoltage .............................. 3mv
® Low Zero-ScaleError ........................... amv
® LowDroopRate ........................... 0.1tmV/ms
® WideBandwidth ............................. 400kHz
® Digitally Selected Signal Path

¢ Uncommitted Comparator On Chip

[ ]

Wide Application Versatility

¢ Synchronous Demodulator

® Absolute Value Amplifier

® Two-Channel S/H Amplifier

® Two-Channel Multiplexer With Gain

ORDERING INFORMATION{

Vos Vas HERMETIC PLASTIC
(MV)  (mV})  MILITARY INDUSTRIAL COMMERCIAL
3 4 GAPD1AX*  GAPOIEX GAPOIEP
6 7 GAPOIBX*  GAPOTFX GAPOIFP

*For devices processed in total compliance to MiL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

tAll commercial and industrial temperature range parts are available with
burn-in. For ardering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

Designed as a general-purpose analog processing sub-
system, the GAP-01 combines many commonly used system
building blocks within a single integrated circuit.

The basic circuit versatility stems from the GAP-01's archi-
tecture. The circuit features two differential input transcon-
ductance amplifiers, two low-glitch current mode switches,
anoutputvoltage buffer amplifier, and a precision comparator.

Both transconductance amplifier outputs are switched by
current-mode switches into the voltage follower output
buffer, thus providing two digitally selectable signal paths
through the device. Gain through the two channels may be
different in both sign and magnitude depending upon feed-
back selection. An external capacitor providesloop compen-
sation and doubles as a hold or “memory” capacitor when the
GAP-01 functions as a dual-channel sample/hold amplifier.
Offset voltage and charge transfer errors are trimmed
by using the “Zener-Zap” trim technique. The output buffer
features a FET input stage to reduce droop rate errorin S/H
applications. A bias current cancellation circuit minimizes
droop error at high ambient temperature.

The inclusion of a precision comparator on chip increases
the GAP-O1’s versatility and cost effectiveness in data
conversion applications. The output high voitage level is set
by external resistors. This scheme maximizes noise immun-
ity and permits interface 10 all standard logic families .

Manufactured under the following patent: 4,285,051.

GAP-01

GENERAL-PURPOSE ANALOG SIGNAL
PROCESSING SUBSYSTEM

Several applications exploit the ability to select the signal
path through the GAP-01. As a two-channel multiplexer or
analog switch, the GAP-01 high input impedance offers
advantages when switching high impedance signals. Gain
through the “MUX" is also possible. The GAP-01 operates as
a sample/hold amplifier in the hold mode when both trans-
conductance amplifiers are unselected. With the on-board
comparator, atwo-channel successive approximation analog-
to-digital conversion (ADC) system may be constructed.
Combining a sign-magnitude, digital-to-analog (DAC) con-
verter with the GAP-01 results in a four-quadrant multiplying
DAC. The GAP-01 contains all the functional devices needed
to perform synchronous demodulation or implement the
absolute value function.
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]’Pm\GAP-M GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

=21
ABSOLUTE MAXIMUM RATINGS (Note 2) Operating Temperature Range
SUPPIYVOIREGE .. eeeenreeeneiiiaraeneann +18V GAPOTAX, BX .......ciiiiieninns -55°Cto+ 125°C
Power Dissipation ..........c.ceviiiiennniinnna. 500mWwW GAPOTEX, FX oo '25:C to +85:C
INPUt VOIAGE .. .uvvvvveereinnnns Equal to Supply Voltage GAPO1 EF’., FP 0°Cto+70°C
Logic and Logic Ground DICE Junction Temperature (T;) ....... -65°Cto +150°C
Voltage ............cvviviann, Equal to Supply Voltage
Output Short-Circuit Duration ................. Indefinite Mf::"“:ﬁ::’:ﬁm M:::‘UTE ABOVE -
Amplifier A or B Differential Input Voltage .......... +24V (NOTE) F:: o m:"s rmp:n:::fs"
Comparator Differential Input Voltage .............. +24V -
Comparator Qutput Voltage . . . Equal to Positive Supply Voltage 18-Pin DIP (X} 100°C 1omWw/°C
Hold Capacitor Short-Circuit Duration ......... Indefinite 18-Pin DIP (P} 50°C 10mw/°C
Storage Temperature ................. -65°C to +150°C NOTES:
Lead Temperature (Soldering, 60sec) ............. 300°C 1. Maximum package power dissipation vs. ambient temperature.
2. Absolute ratings apply to both DIGE and packaged parts, unless otherwise
noted.
PIN CONNECTIONS DICE CHARACTERISTICS
CHANNELE [T]e - [18] CHANNEL &
v+ 2] 7] GRaun
vour 3 M
o 5] B ot
ANULL E V\:“(JPD‘JJI;JVERTING
I
anuLL [6] BEL
INVERTING
INPUT (81 2] et DIE SIZE 0.090 X 0.100 Inch, 8,000 sq. mils
O e [® 1] er e (2.286 X 2.54; 5.8 sq.mm)
v[3] T e
1. CHANNEL (8) 10. NONINVERTING INPUT (B)
2 V+ 11. INVERTING INPUT (B)
3 Vour 12. (B) NULL
4. Cy 13. (B) NULL
5. (A) NULL 14. COMPARATOR NONINVERTING INPUT
18-PIN HERMETIC DIP &. (A) NULL 15. COMPARATOR INVERTING INPUT
(X-Suffix) 7. INVERTING INPUT (A) 18. COMPARATOR OUTPUT
8. NONINVERTING INPUT (A) 17. LOGIC GND
EPOXY DIP e V- 18. CHANNEL (A)
(P-Suffix)
For additional DICE information refer to
1986 Data Book, Section 2.

1/86, Rev. A
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PMI GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

L=
ELECTRICAL CHARACTERISTICS at Vg = £ 15V, Cyy = 1000pF, Ty = 25°C.
GAPO1A/E GAPO1B/F
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
“9m’ AMPLIFIERS A, B
Zero-Scale Error Vzs — 2 4 - 3 7 mv
Input Offset Voltage Vos - 2 3 — 3 [ mv
Input Bias Current Ig - 80 150 - 80 250 nA
Input Oftset Current log - 20 40 - 50 100 nA
Voltage Gain Ay 18 25 — 10 25 - v/mv
Open-Loop _
Bandwidth BW Ay=1 - 04 - - 0.4 - MHz
Common-Mode
Rejection Ratio CMRR =10V £ Voy S +10V 80 980 -_ 74 80 - dB
Power Supply
Rejection Ratio PSRR OV < Vg <418V 86 98 - 76 96 - dB
Input Voitage Range Voum (Note 2) 15 +12 - 1.5 *12 - v
Slew Rate SR - 0.5 — - 05 - V/us
Feedthrough Error AV)Ny =20V, CHA =1, CHB =0 (Note 2) 86 80 — 68 80 - d8
Acquisition Time to =
0.1% Accuracy tag 20V Step, Ay = +1 (Note 2) - 41 70 - 41 70 us
Acquisition Time to _
0.01% Accuracy tag 20V Step, AycL =+1 (Note 2) - 45 - - 45 - us
COMPARATOR
Input Offset Voltage Vos - 05 15 — 1 3 mv
Input Bias Current i - 700 1000 — 700 1000 nA
Input Offset Current los — 75 300 - 75 300 nA
Voltage Gain Ay 2k() Pull-up Resistor to 5V (Note 2) 5 75 - 35 7 — V/mv
Common-Mode
Rejection Ratio CMRR -0V = Vey < +10V 82 106 - 82 108 - aB
Power Supply
Rejection Ratio PSRR VS Vg <+18V 76 80 - 76 90 - dB
Input Voltage Range Vem {Note 2) 1158 *125 - 115 =125 - v
Low Output Voltage VoL Isink € 5mA, Logic GND =0V -0.2 0.15 04 ~0.2 0.15 0.4 v
"OFF" Output _
Leakage Current 8 Vouyr =5V - % &0 - s 80 KA
Output Short- lsc Vour =5V 7 12 4 7 12 45 mA

Circuit Current

. SmV Overdrive, (Note 3)
Response Time ts 2k1) Pull-up Resistor to 5V - 150 - - 150 - ns

DIGITAL INPUTS-CHA, CHB (Note 3)

Logic “1" Input Voltage VH 2 - —_ 2 - - v
Logic “0" Input Voltage VL — - 08 - - 08
Logic "1" Input Current liNH V=35V — 002 1 — 002 1 uA
Logic “0" Input Current IiNL VL =04V — 16 10 - 2 10 uA
MISCELLANEOUS
Droop Rate Vpr Tj=+25°C (Note 1) — 0.02 0.07 - - 0.1 mV/ms
O:r:..p:':ﬁ:orltgge Swing: . RL = 2.5k +116 125 — LT S v
S:z";lf,:l';f‘g' Current: | o 7 15 40 715 40 mA
Switch Aperture Time tap - 75 — - 75 - ns
Switch Switching Time ts — 50 - - 50 - ns
Slew Rate: Amplifier C SR R = 2.5k — 25 — — 25 — V/us
Power Supply Current lgy No Load - 5 7 - [ 9 mA
NOTES:
1. Due to limited production test times the droop current corresponds to 2. Guaranteed by design.
junction temperature (T;L 3. Channei A =*“1", Channe! B = “0".

15-6 1/86, Rev. A



S\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM
{PMI)

ELECTRICAL CHARACTERISTICS at Vg=* 15V, C\y = 1000pF, -55°C < To< 125° C for GAPO1AX & BX; -25°C<Tp<85°C
for GAPO1EX & FX, and 0°C < T, < 70°C for GAPO1EP & FP.

GAPO1A/E GAPO1B/F
PARAMETER SYMBOL  CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS

m’ AMPLIFIERS A, B
Zero-Scale Error Vzs — 4 7 - 8 12 mv
Input Otfset Voltage Vos - ] 6 — 5 10 mv
Average Input _ _a. e

Offset Drift TCVgs {Note 1) - 3 6 - -5 6 7T
Input Bias Current i - 160 250 — 160 500 nA
Input Otfset Current los — 30 100 - 30 150 nA
Voltage Gain Ay 7.5 9 — 5 9 - v/mv
Common-Mode CMRR  -10V<Vgy<+10V 8 - 2 & - B

Rejection Ratio =VceM=
Powar Supply

Rejection Ratio PSRR BV Vg 18V 80 80 70 20 - dB
Input Voltage Range VoM (Note 1) =1 +12 - *10.5 +12 - v
Slew Rate SR - 04 - - 04 - Vius
Acquisition Time to _

0.1% Accuracy taq 20V Step, AygL =+1 - 60 -_ - 60 - us

COMPARATOR

input Offset Voltage Vos - 2 25 — 2 5 mv
Average Input _ _ _ .

Offset Drift TCVos  (Notel) - 4 6 - 4 8 wvre
Input Bias Current lg — 1000 2000 — 100 2000 nA
Input Offset Current los - 100 800 — 100 600 nA
Voitage Gain Ay 2kf Pull-up Resistor to 5V, (Note 1) 4 6.5 - 25 85 — V/mV
Common-Mode

Rejection Ratio CMRR -0V < Vg <+ 10V 80 100 - 80 92 - dB
Power Supply _

Rejection Ratia PSRR +OV < Vg < +18V 72 82 72 86 - dB
input Voltage Range Vem {Note 1) = — - 11 — - v
Low Output Voitage VoL Isink < 5MA, Logic GND = 5V -0.2 0.5 0.4 -0.2 0.15 04 v
“OFF"” Qutput _

Leakage Current L Vour =8V - s 00 B s 8 sA
Output Short- _

Cireult Current Ise Vour=5V 8 10 45 . 8 10 a5 mA

) SmV Overdrive, (Note 3}

Response Time ts 2k Pulk-up Resistor 10 5 - 20 - - W - ns
DIGITAL INPUTS-CHA, CHB (Note 3)

Logic “1” Input Voltage ' 2 — - 2 — — v

Logic “0" input Voltage Vi - - 0.8 - - 08 v

Logic “1" Input Current Iy V=35V — 002 1 — 002 1 pA

Logic “0" Input Current Iine V=04V - 2.5 15 - 25 15 A
MISCELLANEOUS

Droop Rate VbR Tj = Max. Operating Temp., (Nate 2) - 1 10 - 1 10 mV/ms

Output Voltage Swing: _ _ _

Amplifier C Vop Ry =2.5k *11 +12 *10.5 *12 v
Short-Circuit Current:

Amplifier C Isc 6 12 40 6 12 40 mA
Switch Aperture Time tap - 75 — - 75 — ns
Slew Rate: Amptifier C SR R = 2.5k — 2 - -— 2 — V/us
Power Supply Current igy No Load — 55 8 - 65 10 mA

NOTES: See next page.

15-7
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o7\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

{PMD)
WAFER TEST LIMITS at Vg = +15V, Cyy = 1000pF, To = 25°C.
GAP-01N
PARAMETER SYMBOL CONDITIONS LIMIT UNITS
“Om” AMPLIFIERS A, B
Zero-Scale Error Vzs 7 mV MAX
input Offset Voltage Vos ] mV MAX
Input Bias Current la 250 nA MAX
Input Offset Current fos 100 nA MAX
Voltage Gain Ay 10 V/mV MIN
c:::;:;m;g; CMRR —10V S Vg < +10V 74 dB MIN
Power Supply PSRR £OV < Vg +18V 76 dB MIN
Rejection Ratio
tnput Voltage Range Vem (Note 1) +11.5 V MIN
Feedthrough Error AVyy =20V, CHA = 1, CHB = 0 (Note 1) 66 dB MIN
COMPARATOR
Input Offset Voltage Vos 3 mV MAX
Input Bias Current g 1000 nA MAX
Input Offset Current los 300 nA MAX
Voltage Gain Ay 2k} Pull-up Resistor to 5V (Note 1) 35 WmV MIN
C:;';::;MR";; CMRR ~10V < Vg = +10V 82 dB MIN
Power Supply PSRR +QV S Vg 18V 76 dB MIN
Rejection Ratio
Input Voitage Range Vem {Note 1) 115 V MIN
Low Output Voltage VoL Igink < SMA, Logic GND = 5V _g; \y:‘?:
f:aiag: ‘g: :rent I Vour=5v 80 KA MAX
Ou-tput‘ Short- se Vour=5V 45 mA MAX
Circuit Current 7 mA MIN
DIGITAL INPUTS-CHA, CHB (Note 3)
Logic “1" Input Voltage ' 2 V MIN
Logic "0” Input Voltage ' a8 V MAX
Logic “1” Input Current N1 V=35V 1 »A MAX
Logic "0” Input Current IiNL V=04V 10 »A MAX
MISCELLANEOUS
Droop Rate Voa I’A iii:%(SGe Note 2) 09211) :g:: m:i
O::;:ﬁ\:’r"gge Swing: Vop R, = 25k 11 VMIN
Shon-.C.ircuit Current: se 40 mA MAX
Amplifier C 7 mA MIN
Power Supply Current lgy No Load 9 mA MAX

NOTES:
1. Guaranteed by design.

2. Due to limited production test times the droop current corresponds to
junction temperature (Ti)' The droop current vs. time (after power-on)
curve clarifies this point. Since most devices (in use) are on for more than

1second, PMI specifies droop rate for ambient temperature (Ta) also. The
warmed-up (T,) droop current specification is correlated 1o the junction

temperature (T)) value. PMI has a droop current cancellation circuit which
minimizes droop current at high temperatures.
3. Channel A ="1", Channel B = "0".

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consuit factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

15-8

1/86, Rev. A



[Sc-=\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM
{PMI)

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £15V, C,y = 1000pF, Ta = 25°C.

GAP-0IN
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
“gm” AMPLIFIERS A, B
Siew Rate SR 05 V/us
Acquisition Time to 0.1% Accuracy taq 20V step, Ay =1 49 HS
Acquisition Time to 0.01% Accuracy  tag 20V step, Ay =1 45 us
COMPARATOR

R Ti t 5mV Overdrive 150 s
esponsa Time s 2k(1 Pull-up Resistor to +5V

MISCELLANEOUS

Switch Aperture Time tap 75 ns
Switching Time ts 50 ns
Slew Rate: Amplitier C SR R =25k 25 V/us

TYPICAL PERFORMANCE CHARACTERISTICS

SMALL-SIGNAL OPEN-LOOP ACQUISITION TIME vs DROOP CURRENT
GAIN/PHASE vs FREQUENCY INPUT VOLTAGE STEP SIZE vs TEMPERATURE
% T— 50 T * [
\ GAIN TR’: : fgm l: z fzoopr |- UNITS AT OPERATING
A TEMPERATURE

€, = 1000pF\\Cyy = 500pF CL = 30PF 40
o O 100 \\{ sl %
CH‘SQ\ - A

30
Cy = 10000F e N \ ™~ 90 rozﬁf'\'%;y
T \ N\ 1 ° %
N " V7 2 A
\\ 7 /
-30 \ 0 0

1 10 100 1k 10k 100k 1M 1M 0 5 10 15 20 -75 -50 -28 0 25 50 75 100 125 150
FREQUENCY (Hz) INPUT STEP (VOLTS) - TEMPERATURE {°C})

GAIN (d8)
w
=1
PHASE (DEG)

SETTLING TIME {us}

LEAKAGE CURRENT (nA)
&
——

AMPLIFIER CHARGE INJECTION
ERROR vs INPUT VOLTAGE

AND TEMPERATURE HOLD-MODE POWER SUPPLY LOGIC INPUT CURRENT vs
. REJECTION vs FREQUENCY LOGIC INPUT VOLTAGE
T
100 T 1
POLARITY OF ERROR 7 B Tp=25C
MAY BE POSITIVE OR Cp = 10000F vA —ov
NEGATIVE Ta=25°C IN" LOGIC 1
80 Cpy = 10000F _| I
T = POSITIVE SUPPLY 0 T
3 (+15v +1V SIN cT) 2
7 = N 3 — -55°C
3 2w NEGATIVE SUPPLY z |
2 -uv -5V +5V +10v L
2 } ' S A {-16V +1V SIN ) N E . T 1 *25‘;‘:
z 2
5 g N, 3 +126°C
N F a0 o
L +128°C g ]
I S
405 3
+25°C o —
L 2 L N LOGIC 0
i _55°¢c CHANNEL A =1 .
CHANNEL A 1 LDGIC GROUND = rv
o L 3
10 10 100 & 10k 100k M 2 1 0 1 2 3 & s
ERROR (mV} FREQUENCY (Hz} LOGIC INPUT VOLTAGE (VOLTS)
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[DnrT\GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

—{PMD)

TYPICAL PERFORMA%CE CHARACTERISTICS

COMPARATOR INPUT BIAS
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57\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

COMPARATOR COMPARATOR COMPARATOR OUTPUT
SETTLING TIME FOR SETTLING TIME FOR RESPONSE TIME (2k()
~10V TO OV STEP INPUT +10V TO OV STEP INPUT PULL-UP RESISTOR, T, =25°C)
:
5 . . 3
H &
s 3 w
é § § +5my g
g g § Omv g
g 8 2 g
z 2 5 B
3 3
TIME (20/DIV.) TIME (20,:5/D1V.) TIME (50ns/D1V.)
OUTPUT SWING OF BUFFER OUTPUT VOLTAGE
COMPARATOR vs INPUT LOGIC RANGE vs SWING vs SUPPLY VOLTAGE
SUPPLY VOLTAGE SUPPLY VOLTAGE {DUAL SUPPLY OPERATION)
8 - . 18
& ' {o—z — “ —aLl-mn -
g o = " — I
2 1y, — = @ + + ] —— e -
g 0 v+;\ L~ 125G § * = -:r:"NcSSVTA 2°+szs°c = @ T sy N2TC ——
T 8[—= " +26°C 2 8 g ° =128°C
E 2 T -56° & 2, -85°C
: | : ¢’ ¢ T
g 2 -5|5° § z ° E . }
w X . ] N h - 425° 2 [~ -56°C
£ = jifieerrer 5 ° - l IC/"“'E‘° % * +26°
E BN e YN Sl 2 ol — v.zt N -1 {—— V- SUPPLY ~125°c |
£ = 14 ] = -14
=] ~ -~
-18 =~ .18 I 1~ 18 |
4 6 9 2 15 8 s s 3 12 15 18 4 6 a 12 15 18
SUPPLY VOLTAGE +V AND -V (VOLTS) SUPPLY VOLTAGE +V AND -V IVOLTS} SUPPLY VOLTAGE +V AND -V (VOLTS)
A AND B INPUT RANGE vs SUPPLY CURRENT vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
8 6
g ow < ,/j/
g - LT
S w " INPUT + RANGE = v+ | LT LA
= e B5°C < Ty < +125°C _ =1
S s [ E Pyl anussy
: p N
: B
z H .90 \+25°C
8 . g ¢ i ( M +125°C
: = g /
8 -6 ] +25°C z
2 +125°C ]
£ -10 [—— V- SUPPLY
> -
g S -
-18 I ~ .
' 9 12 15 18 a 3 3 9 2 1’ s
SUPPLY VOLTAGE +V AND -V (VOLTS) SUPPLY =V AND -V {VOLTS}
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[T\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS
AMPLIFIER “A” OR “B”

VOLTAGE TO CURRENT
INPUT RANGE OF LOGIC TRANSFER FUNCTION
GROUND vs SUPPLY VOLTAGE (Vinv8 Icw)
. HLE = T L]
5 " P ? 200 :'25":0 Janm
2 '+ r
é 10 v T ! ! l.ss'c /
3 s|—F 1 +125°C 200 |
& > T3=+25°C 44 -
o 2 -56°¢ +—+ <
] 7 ACCEPTABLE GROUND | E |
S L PIN POTENTIAL IS | z S
s “se°c BETWEEN SLIDE LINES = | B
§ PYAS - N +25°i1£1ﬁl 200 ;gw—" J
2 ¥ | a P
£ 10 v P / H%cn 4
L TS T
8 T 171 600 NN
4 6 9 12 15 18 06 04 02 00 02 04 06
SUPPLY VOLTAGE +V AND -V (VOLTS) Vi (VOLTS)
A AND B AMPLIFIERS OFFSET COMPARATOR OFFSET VOLTAGE
VOLTAGE vs TEMPERATURE vs TEMPERATURE
6 3
4 2
3 o S5 0
:
2 -2 L)
s 5
-4 2
- -3
-75 60 -26 0 25 50 75 100 125 75 .50 -26 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
APPLICATION CIRCUITS
GAP-01 IN UNITY GAIN (+1) CONFIGURATION GAP-01 WITH POSITIVE AND NEGATIVE GAINS
o o
ReS
GAP-01 CHANNEL A GAP-01
INPUT Ry A . OUTPUT
cumeL r‘l}‘ :c o:wur O—— AN ‘ Hé )_‘ < -
— She
CHANNEL 8 S
INPUT L1 =
—ARA h
e 3 __”' Acum-u:—:
L s 1| e
Re
f::o;an CHANNEL 8 + I ‘i;h,
= = - R1=RyR,  Rg=R;iRg
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%\GAP-‘H GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

P

=2y

APPLICATION CIRCUITS

ALTERNATE GAIN CONFIGURATION

CHANNEL A O

I unp

CHANNELA G \a/
INPUT

Ra B
CH&NF':JEYL B o WYV

<
2

R3 A

ouTPUT
0

CHANNEL B O-

Ly

Imopr

IF BOTH CHANNEL A AND CHANNEL B HAVE
THE SAME POSITIVE VOLTAGE GAIN, A SIN-
GLE VOLTAGE DIVIDER SETS THE GAIN FOR

BOTH CHANNELS.

Ry=Re=

R3 >2.4k02
R4 >2.4k0

1
7.1
"R,

ABSOLUTE VALUE CIRCUIT WITH POLARITY PROGRAMMABLE OUTPUT

GAP-01

CMP

INPUT
C é
1N91

e

2.7

% TRANSISTOR INCREASES COMPARATOR GAIN

B

POLARITY
CONTROL ©
SIGNAL

<
&0k

10k
1%

5.1kQ
5%

TRACE 1: INPUT SIGNAL

TRACE 22 THANNEL A/CHANNEL 8
CONTROL SIGNAL

TRACE 3: QUTPUT. POLARITY CONTROL
SIGNAL =0

CHANNEL A +15v —1sv
18 Tn Te
GAP-01
7
. A + 3 | DDA
+ c )
b GATED “G” ouTPuT
AMPLIFIER
"
8 ,
L1 T Y /
T4
1 o= 500pF
I GAIN=1
CHANNEL B

TRACE 1: INPUT SIGNAL

TRACE 2: CHANNEL A/CHANNEL B
CONTROL SIGNAL

TRACE 3: OUTPUT. POLARITY CONTROL
SIGNAL =1

15
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DT\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM
(PMI)

TWO-CHANNEL SAMPLE/HOLD AMPLIFIER

a w T
1|2 Rz
A, mas GAP-01
INPUT A O—— AN -
*®Q A + 3
p. + c
$Rs 8 _J_ -
S o GATED "Gy~
AMPLIFIER
Ra 11

\/ -
4 1;
1k o 5 °

2.8k cme 1
INPUTB + ©
1 e 1t ge &7
SWng
CRANNEL A/CHANNEL B '
3 10
o~ .1 —\ ¢

12]'00 DES

SAMPLEHBD O
CHANNEL A GAIN = — % =10
s

CHANNEL BGAIN=1+ % =2
1

TRACE 1: INPUT SIGNAL B {1V/DIV.}
TRACE 2: INPUT SIGNAL A {0.5V/DIV)}

TRACE 3: CHANNEL A/CHANNEL B
CONTROL SIGNAL (SV/0IV.)

TRACE 4: OUTPUT WITH SAMPLE/HOLD
="1"(5W/DIV.)

TRACE 1: INPUT SIGNAL B (1V/DIV.)

TRACE 2: SAMPLE/HOLD (5V/DIV.]
CONTRAOL SIGNAL

TRACE 3: QUTPUT SIGNAL (2V/DIV.
CHANNEL A/CHANNEL B
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wy
APPLICATION CIRCUITS

DIGITAL GROUND CONNECTION FOR LOGIC LEVEL TRANSLATION FOR
SINGLE SUPPLY OPERATION GAP-01 SINGLE SUPPLY OPERATION
v+ = 18V
v+ = 18V R1 * 3.3k
TO GAP-01
R = 5.1k lc.gSITCROL
GAP-D1 7 ~14v R2 = 3%00
DIG
GND
R3 = 1kQ
DPEN
COLLECTOR
LOGIC HIGH VOLTAGE = 4.4V
LOGIC LOW VOLTAGE = 158V
FOUR QUADRANT MULTIPLYING DAC
GAP-01
AINPUT A +
o ‘ + c
< . =, <
%" $h | o $
- outpuT
] 'n'f:'-"' DAC-210 a8
6 | SIGN BIT B1 810
81 B0
SIGN OF B +5.0v 8 NPUT
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PMI)
APPLICATION CIRCUITS

SYNCHRONOUS DEMODULATION OF LVDT SIGNAL

SCHAEVITZ BuTTEReR
DISPLACEMENT | | eNGINEERING SIGNAL
MODEL E1000 —
——l——— /1
TEST |LvoT A TEST
(POINY) | ] "g‘"
@ t '
EXCITATION 1
OSCILLATOR t
(2 PK TO PK) !
|
| SHANNELR +15¢ -15v
18 2 j!
e e i
¢z ; GAP-01 :
- 13 SYNCHRONOUS
. . A ‘€ : ——O DEMODULATOR
AN ouTPUT
/- - -
] ol
>
2 10k02 J ®
< rd
10602 1% I " g
A - -~
”
8 -~ SYNCHRONOUS
5.1k&2 5% 10 " DEMODULATOR
. Pd
-
it = - saopF
< - T Vg I
i‘ﬁm o CHANNELB |1 =
— SQUARED
- LVDT
EXCITATION
(?Esr PDINT) e 313
€]
FILTERED DC
2062 ouTPUT
TEST
% LOW PASS (Pomr)
FILTER ®
TRACE 1A: LVDT SINEWAVE EXCITATION {TEST POINT 1) —2V/DIV.
TRACE 1B: GAP-01 COMPARATGR QUTPUT (TEST POINT 3) —5V/DIV.
TRACE 2:  BUFFERED LVDT OUTPUT AT GAP-01 INPUT (TEST POINT 2)
05VIDIV,
TRACE 3A: LVDT SIGNAL AFTER GAP-01 SYNCHRONOUS DEMODULATION
(TEST POINT 4) —0.5V/DIV.
TRACE 38: DC OUTPUT LEVEL INDICATING LVDT CORE POSITION [TEST

POINT &) 0.5V/DIV.

15-16

1/86, Rev. A



ST\ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM

(PMI)
APPLICATION CIRCUITS

WINDOW COMPARATOR

+15V +5V

15Kk IN914 ke
AMPLIFIER v
A NULL oYe
—_——— =
Ts Ts 15 11 16
S - b
f ! SRRV
1 A -
|

<
i

»
||}-—J

GAP-01

lu (Ln 4
Ne——ymr— Tk
AMPLIFIER

BNULL

TRACE 1:
| comPARATOR OUTPUT
Ve, PIN 16}

2v/DIv.

TRACE 2:
ANALOG INPUT
Wy

1us/DIV.

APPLICATION INFORMATION

CAPACITOR RECOMMENDATIONS

The external capacitor (Cy) serves as the compensation
capacitor and hold capacitor in sample/hold applications.
Stable operation requires a minimum value of 500pF. Larger
capacitors may be used to lower droop rate errors, butacquisi-
tion time will increase and bandwidth decrease.

The capacitor should have very high insulation resistance
and low dielectric absorption. For temperatures below 85°C,
a polystyrene capacitor is recommended, while a Teflon
capacitor is recommended for high temperature environ-
ments.

COMPARATOR

The comparator output high level (Vgy) is set by external
resistors. It's possible to optimize noise immunity while inter-
facing to all standard logic families — TTL, DTL, and CMOS.
Figure 1 shows the comparator output with external level
setting resistors. Table | gives typical Ry and Ry values for
common circuit conditions.

With the comparator in the low state (Vg ), the output stage
will be required to sink a current approximately equal to
Vc/Ry.

NON-INVERTING
COMPARATOR
INPUT
)
GAP-01
N
V
- "1=R2(V—C-1>
OH
)\ 1ol
INVERTING DIGITAL V-
COMPARATOR GROUND
INPUT
Figure 1
Ve Vou Ry R Ve
5 35 27K 6.2K Ry=
Isink
5 50 27K =
15 35 47K 15K
15 5.0 47K 24K 1
15 7.5 7.5K 7.5K Ro~Rq| Vc 1
15 100 7.5K 15K Vou
Table |

The maximum comparator high output voltage (Von) should
be constrained to: Vgp (max) < V+ -2V

CAPACITOR GUARDING AND GROUND LAYOUT

Ground planes are recommended to minimize ground path
resistance. Separate analog and digital grounds should be
used. The two ground systems are tied together only at the

15-17
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common system ground. This avoids digital currents re-
turning to the system ground through the analog ground
path.

The Cyterminal (Pin 4) is a high-impedance point. To minim-
ize gain errors and maintain the GAP-01's inherently low
droop rate, guarding Pin 4 as shownin Figure 2is recommended.

\\\\\\\\\\\ Y

! \\\\ D
GAP-01

(BOTTOM VIEW]
N

-

CH

REPEAT ON
“COMPONENT SIDE” OF
PC BOARD IF POSSIBLE

Figure 2

LOGIC CONTROL

The transconductance amplifier outputs are switched by the
digital logic signals applied at Channel A and Channel B pins.
Two signal paths through the GAP-01 are possible.

Thelogic threshold voltage is 1.4 volts when digital ground is
atzero volts. Other threshold voltages (V) may be selected
by applying the formula:

V1H = 1.4V + Digital Ground Potential.

Figure 3 shows the simplified logic control circuit. For proper
operation, digital ground must always be at least 3.5V below
the positive supply and 2.5V above the negative supply. The
logic signals must always be at least 2.8V above the negative
supply.

Operating the digital ground at other than zero voits does
influence the comparator output low voltage. The Vg level is
referenced to digital ground and will follow any changes in
digital ground potential:

VoL = 0.2V + Digital Ground Potential.

CHANNEL A

CHANNEL B

DIGITAL
GROUND

CURRENT TO
CONTROL MODES

Figure 3

ZERO-SCALE ERROR ADJUSTMENT

For sample/hold applications the zero-scaie error (Vpg plus
charge injection error) can be adjusted to zero. With the input
to each channei equal to zero, the GAP-01 is switched
between the sample mode (either channel A or channel B
active) and the hold mode (channel A=1,channel B=0). The
output is adjusted to read zero when the unit is in the hold
mode.

The Vzg trim circuit is identical to the Vpg trim circuit.

OFFSET VOLTAGE ERROR ADJUSTMENT Offset voltage
through either channel A or channel B may be nulled with an
external 100k} potentiometer as shown below.

V-

AIA
LA

100k

BNULL

GAP-01

Figure 4
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