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True16-Bit
Track-and-HoldAmplifier

AD386
FEATURES
Companion to True 16-Bit AID Converters
16-Bit Linear (-40°C to +85°C)
14-Bit linear (-55°C to + 125°CI
Fast Acquisition Time: 3.6 p.s to 0.00076%
Low Droop Rate: 20 p.V/ms
Differential Amplifier for Ground Sense
Low Aperture Jitter: 40 ps

APPUCA TlONS
Medical and Analytical Instrumentation
Signal Processing
Multichannel Data Acquisition Systems
Automatic Test Equipment
Guidance and Control
Sonar

PRODUCT DESCRIPTION
The AD386 is a high accuracy, adjustment free track-and-
hold amplifier designed for high resolution data acquisition
applications. The fast acquisition time (3.6 I-I-Sto 75 j.I.V) and
low aperture jitter (40 ps) make it ideal for u'se with fast ND
converters.

The AD386 is complete with an internal hold capacitor, and it
incorporates a compensation network which minimizes the
track-w-hold charge offset and dielectric absorption. The
AD386 also includes an internal differential amplifier for very
high accuracy applications.

REV. A

I"formation fumished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use; nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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Typical applications for the AD386 include sampled data sys-
tem, peak hold function, strobe measurement system and simul-
taneous sampling converter systems. When used with autozero
and autocalibration techniques, this TIH combined with a high
linearity ND wiU offer true 16-bit performance (0.00076%
linearity) over the industrial temperature range, and 14-bit per-
formance (0.003% linearity) over the military temperatUre range.
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AD386- SPECIFICATIONS(@ +25"C unlessotherwisenoted.Vs= :t:15 V :t: 10%)

-2- REV. A

AD386BD AD386TD
Model Conditions MiD Typ Max MiD Typ Max Units

DIFFERENTIAL AMPLIFIER
INPUT CHARACTERISTICS

InpUt Range :tLO :tl0 V
Conunon-Mode Range :tl0 :tl0 V
Input Resistance'

Signal 5 5 k!l
Ground Sense IO 10 kO

Offset1 0.6 2.0 0.6 2.0 mV
Offset Drift Tmin to T""", 10 30 10 30 IJ.VI"C
CMRR VCM= :tl0 80 9Q 80 9Q dB
PSRR3 76 85 76 85 dB-

TRANSFER CHARACTERISTICS
Gain -1 -1 VN
Gain Error 0.02 0.02 %
Gain Error Drift Tmin to Tmax 1 5 1 5 ppm/"C
Gain Linearity 0.0002 0.00076 0.0002 0.00076 %
Gain Linearity Drift Tmin to Tma. 0.01 0.05 0.01 0.05 ppm/"C
Noise (ENBW = 1.8 MHz) 32 45 32 45 IJ.Vnns

DYNAMIC CHARACTERISTICS
Small Signal Bandwidth 6 6 MHz
Slew Rate 65 65 V/v-s
Settling Time' ,

10 V Step to 1/2 LSB16 2.0 3.0 JJ.s
10 V Step to 1/2 LSB14 0.8 1.5 0.8 1.5 IJ.s
20 V Step to 1/2 LSB16 2.0 3.0 IJ.S
20 V Step (0 1/2 LSB16 Tminto Tm.. 2.0 3.0 IJ.S
20 V Step to 1/2 LSB14 0.8 1.5 0.8 1.5 IJ.s
20 V Step to 1I2 LSB14 Tmin to Tm.. 0.8 1.5 0.8 1.5 IJ.s

OUTPUT
Voltage RLoAD>3.5 kil,

Tmin to Tmax :tlO :tl0 V
Current Short Circuit 15 15 IDA

POWER SUPPLY
Rated Performance :t 15 :t 15 V
Operating Range :t5 :t18 :t5 :t 18 V
Quiescent Current 4.2 5.0 4.2 5.0 mA

TRACK-AND-HOLD

INPUT CHARACTERISTICS
Input Range :t1O :t1O V
InpUt Resistance' 5 5 kn
Offsetl 0.6 2.0 0.6 2.0 mV
Offset Drift Tmin to Tm.. 10 30 10 30 fJ.VrC

TRANSFER CHARACTERISTICS
Gain -I -1 V/V
Gain Error 0.02 0.02 %
Gain Error Drift Tm,;ntoTm.. 1 5 1 5 ppm/"C
Gain Linearity 0.0002 0.00076 0.0002 0.00016 %
Gain Linearity Drift T min to T m.. 0.01 0.05 0.01 0.05 ppmJ°C
PSRR3 76 85 76 85 dB

DYNAMIC CHARACTERISTICS
Small Signal Bandwidth 2 2 MHz
Slew Rate 15 15 V/JJ.s

TRACK-TO-HOLD SWITCHING
Pedestal + Offset 0.5 1.5 0.5 1.5 mV
Pedestal + Offset TmintoTmax 5.0 7.5 mV
Pedestal Linearity Tmin to Tmax 0.0004 0.00076 O.0004 0.003 %
Aperture Delay 12 12 rlS
Aperture Jitter 40 40 ps
Transient Settling4

to 1/2 LSB16 Tminto Tm.. 600 800 os
to 1/2 LSB14 T.un to T""", 400 500 400 500 ns
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AD386

NOTES
ITypical resistance tolerance is :t25%.
'After 5 minute warmup at + 25"<:.
'Test conditions: +Vs = +15 V, -Vs = -16 V to -14 V and +Vs = +14 V [0 +16 V, -Vs = -15 V.
'R..OAD = 5 k!1, CLOAt) = JO pF, settling measured to 1/2 LSB at output.
'Measured at I kHz.

'Dielectric Absorption representS the magnitude of long-term settling artifacts for hold times up to 80 j..LSas a fraction of the difference in
voltages betWeen tWo successive held samples.

'Specifications also apply for 10 V step.
Specifications subject to change without notice.
Specifications in bold are 100% production tested.

REV. A -3-

AD386BD AD386TD
Model Conditions Min Typ Max Min Typ Max Units

HOLD MODE
Droop Rate 20 100 20 100 mV/s
Droop Rate Tma. 0.2 1.0 3.6 18 Vis
Feedthrough5 -99 -94 -99 -94 dB
Noise (ENBW = 1.7 MHz) 32 50 32 50 ILV rIDS
PSRR) 60 6t' 60 66 dB
Dielectric Absorp£ion6 7 10 7 10 ppm

HOLD-TO-TRACK DYNAMICS
Acquisition Time'

10 V Step to 1/2 LSB16 3.6 4.1 fLs
10 V Step to 1/2 LSBI4 3.1 3.6 3.1 3.6 fJ-S
20 V Step to 1/2 LSB16 3.6 4.1 j..LS
20 V Step to 1/2 LSB16 T",, toT""", 4.0 4.5 fJ-S
20 V Step to 1/2 LSB14 3.1 3.6 3.1 3.6 fLS
20 V Step to 1/2 LSBI4 Tmi to T max 3.5 4.0 4.0 4.5 j..LS

DIGITAL INPUTS
Vm T",, to Tm.. 3.5 3.5 V
VII. Tmin to Tmax 0.9 0.9 V
1m Tminto Tmax -10 +10 -10 +10 ",A
I[L Tmi to Tma. -10 +10 -10 +10 f.lA

OUTPUT
Voltage Rr.oAD>3.5 k!1,

T mi to Tm.. :::10 :::10 V
Current Short Circuit 15 15 ,mA

POWER SUPPLY
Rated Performance :::15 :t 15 V
Operating Range :::8 :t 18 =8 :t18 V
Quiescent Cun:ent

Positive Supply 8.0 12.0 8.0 12.0 mA
Nega£ive Supply -6.0 -SA -6.0 -5.4 mA

SYSTEM

Gain Linearity T",;n to Tma. 0.0003 0.0012 0.0003 0.0012 %
Acquisition Time" 7

20 V Step to 1/2 LSB16 4.1 5.1 j.LS
20 V Step to 1/2 LSB16 TmintoTmax 4.5 SA j.LS
20 V Step to 1/2 LSBI4 3.2 3.9 3.2 3.9 j..LS
20 V Step to 1/2 LSB14 T miDto T Max 3.6 4.3 4.1 4.8 !-lS

Power Dissipa£ion 312 435 312 435 roW

TEMPERATURE RANGE
Operating -40 +85 -55 -H25 °C
Storage -60 +150 -60 +150 °C
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ABSOLUTE MAXIMUM RATINGS1

Supply Voltage :H8V
Internal Power Dissipation. . . . . . . . . . . . . . . . . . .800 mW
InputVoltage2 :!:18V
TlHlnputVoltage O.5V,+ 16V
OutpUt Short Circuit Duration. . . . . . . . . . . . . . . .Indefmite
Storage Temperature Range. . . . . . . . . . . .-65°C to + 150"C
Operating Temperature Range

AD386B 40°Cto+85°C
AD386T 55°Cto+125°C

Lead Temperature Range (Soldering 60 sec) .. . . . . . .+ 300°C

NOTES
'Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi-
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.

'For supply vohages less than :!:18 V, the absolute maximum input voltage is
equal to the supply voltage.
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NC= NO CONNECT
%15 Vb -DIFF AMI' ONLY
",'5 V. - SHA ONLY

AD386 Pin Configuration

SHA OUT I 4

+15 V.

GND

ORDERING GUIDE

*DH-24B = Ceramic DIP.

TypicalPeriormanceCharacteristics
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REV. A

Max Linearity Temperature Package
Model Error Range Option.

AD386BD 0.00076% FSR -40"C to +85°C DH-24B
AD386TD 0.003% FSR -55°C to + 125°C DH-24B
AD386TD/883B 0.003% FSR -55°C to + 125°C DH-24B
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Figure 13. T/H Characteristic Features

TERMINOLOGY

Aperture Delay: the time required by the internal switch(es) to
disconnect the hold capacitor from the input, which produces an
effective delay in the sample timing.

ApertureJitter: the uncertainty in Aperture Delay caused by
internal noise and the variation of switching thresholds with sig-
nallevel. The error caused by aperture jitter depends on the
rate of change of the input and as such determines the maxi-
mum input frequency which can be sampled without error.

Pedestal: a step change in the output voltage which occurs when
switching from track mode to hold mode.

Hold Mode Settling Time: the time required for the pedestal to
reach its final value to within a specified fraction of full scale.

Droop: the change in the held output voltage resulting from
leakage currents.

Feedthrough: the fraction of inpUt signal variation which appears
at the output in hold mode as a result of capacitive coupling.

DielectricAbsorption: the tendency of charges within a capacitor
to redistribUte themselves over time, resulting in "creep" in the
voltage of an open circuit capacitor after a large rapid change.

Acquisition Time: the time required after entering track mode for
the voltage on the hold capacitor to settle to within a specified
fraction of full scale. This is usually specified for a full-scale
step change in oUtput voltage.

Settling Time: the time required in track mode for the OUtput to
reach its final value within a specified fraction of full scale fol-
lowing a step change in the input voltage.

Nonlinearity: the degree to which a plot of output versus input
deviates from the straight line defined by the end points. It is
usually specified as a percentage of full scale.

THEORY OF OPERATION

The architecture of the AD386 differs from that usually encoun-
tered in inverting Track-and-Hold (TIH) circuits. The hold
capacitor in a conventional TIH (Figure 14) is always connected
from the amplifier's output to its inverting inpuI. In track mode
switch A is open and switch B is dosed. Since the summing
junction is a virtual ground, the voltage across the capacitor fol-
lows the input. The switches change state in hold mode which
disconnects the capacitOr from the input and holds the oUtput
voltage constant. The clamping action of switch A reduces the
variations across switch B, improving feedthrough performance.

R

V'N

VOUT

R
A

T/H

Figure 14. Conventional Inverting Integrator T/H

This circuit forces several tradeoffs. The hold capacitor's charg-
ing current is limited by the input resistor. Either the resistor or
the capacitor, or both, must be made small to obtain fast acqui~
sition times. A small resistOr creates greater demands on the cir-
cuit which drives the TIH, while a small capacitor leads to
increased pedestal and droop. In addition, the parallel combina-
tion of the feedback resistor and the hold capacitor acts as a low
pass filter and constrains both bandwidth and acquisition time.
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