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SECTION 1 
General Information 

INTRODUCTION 
The purpose of this Catalog is to 
provide you, the system designer, 
with an easy to use reference on 
data conversion technology as well 
as a selection guide for Analogic's 
Data Conversion Products. Com­
plete technical data is provided for 
all of our standard product line. 
Similar products are grouped ac­
cording to function, i.e. all 
amplifiers are in one section, all 
sample-and-hold amplifiers are in 
another section, AID converters in 
another, etc. Selection guides are 
provided to assist in the selection 
of the appropriate product with 
respect to the most critical 
parameters for a given application. 
If information on a specific product 
is required, an alphanumeric index 
of all products is also provided. 
Special modifications to standard 
products are easily accomplished; 
please consult the factory for 
details. 

PLACING AN ORDER 
Orders may be placed via mail, 
telephone, or Telex with any 
Regional Sales Office, sales 
representative, or our headquarters 
in Wakefield, Massachusetts. Our 
offices are listed on the inside 
back cover of the catalog. When 
placing your order, please provide 
complete information, including 
Analogic Model Number with all 
option designations, your Part 
Number (if required), product 
description or name, quantity re­
quired, and ship-to and bill-to 
addresses 

DATA SH EETS/LITERATURE 
Product data sheets on new pro­
ducts not found in this Catalog, or 
containing more recent revisions, 
are available from your local sales 
representative or Analogic sales 
office. 

GENERAL INFORMATION 

PRICING AND TERMS 
Pricing on Analogic data conver­
sion products is available from any 
of our Sales Offices, Subsidiaries, 
International Distributors and 
Sales Representatives, or direct 
from the factory. 
All prices are FOB Wakefield, 
Massachusetts, USA, in US dollars 
unless otherwise noted. Applicable 
federal, state, and local taxes are 
extra. Terms are net 30 days. 

QUOTATIONS 
Price quotations made by Analogic 
or its authorized field sales 
representatives are valid for 30 
days. Delivery quotations are sub­
ject to reconfirmation at the time 
the order is placed. 

RETURNS AND WARRANTY 
SERVICE 
When returning products for any 
reason, it is necessary to contact 
Analogic, prior to shipping, for 
authorization and shipping instruc­
tions. In the U.S., contact our 
Customer Service Department at 
the factory in Wakefield, MA at 
(617) 246-0300 or 1-800-237-2200. In 
other countries, contact your 
nearest Analogic sales office or 
representative. 

APPLICATIONS ASSISTANCE 
If you need technical assistance 
regarding any aspect of the stan­
dard Data Conversion Products of­
fered in this catalog, or, if you re­
quire a modification to a standard 
product to meet your requirements, 
or, if you would like to discuss your 
application and the use of 
Analogic's extensive expertise in 
the signal conditioning and data 
conversion areas to design and 
manufacture a subsystem or com­
ponent to meet your specific re­
quirements, please call our Ap­
plications Engineering Group at 
(617) 246-0300 Ext. 2368 or 2168. 
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GLOSSARY OF TERMS 

AMPLIFIERS 

FULL POWER BANDWIDTH The highest fre­
quency at which an amplifier, loaded to 
maximum rated output, will track a 
sinusoidal signal large enough to drive the 
output to its rated full-scale value at peak 
input. The nominal relationship between full 
power bandwidth and the slew rate is: 

f = Slew Rate I 2 nets 

where: f = Full Power Bandwidth e 
ets = rated full scale output. 

GAIN ACCURACY The maximum amount 
that the actual voltage gain deviates from 
the nominal value expressed as a percen­
tage of that nominal value. This takes into 
account the effects of temperature varia­
tions, power supply variations, and drift 
with time, if significant. 

ISOLATION AMPLIFIER A circuit that typi­
cally accepts a low level signal, often in the 
presence of a high level common mode 
voltage, from a transducer, and amplifies it 
to produce a clean, accurate output Signal. 
Figure 1 shows a simplified functional 
diagram. 

+15V 

-IN 0-----1 

+IN 0-----1 

OVERLOAD RECOVERY TIME The time 
required for the circuit to return to linear 
operation, within a stated tolerance, after 
removal of a sustained input that was large 
enough to drive the circuit into complete 
saturation (Le., a condition in which further 
increase in the input did not significantly in­
crease the output). 

SETTLING TIME The maximulT) time re-
quired for the output to track the input to 
within the specified accuracy after a full 
range step change. 

SLEW RATE The maximum slew rate is the 
fastest rate of change of the output of the 
amplifier. This is normally obtained by a 
step input signal that drives the output from 
end to end of its range. 

SMALL SIGNAL BANDWIDTH The max­
imum small signal bandwidth is the highest 
frequency at which an amplifier will track, 
to within 3 db of the low frequency 
response, a sinusoidal signal having an 
amplitude below that for which the slew 
rate limitation is significant. 

EXTERNAL OFFSET 
ZERO ADJUST 

>----0 OUT 

Figure 1. Simplified Functional Diagram. 
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ANALCGlC®_ 

AH201 
Distortion Suppressor 

LOW FEEDTHROUGH 
SWITCHES 

Description 
The AH201 is a low-cost distortion 
suppressor, used to reduce the total 
distortion generated by unmatched 
bit switching in the decoder digital­
to-analog (D/A) converter section of a 
digital audio or communications sys­
tem. The AH201 features excep­
tionally low noise (-115 dB), and a 
time-constant limited response that 
eliminates slew-rate limiting prob­
lems, yet is short enough (3.4 f.ls) to 
ensure no significant attenuation of 
signals up to 20 kHz. These features, 
combined with a typical feed­
through rejection of 100 dB, provide 
a significant improvement in the 
performance of any digital audio 
decoder. Optimum performance is 
obtained by using the AH201 in 
combination with a true 16-bit D/A 
converter such as the ANALOGIC 
MP1926A. 
All D/A converters generate some 
dynamic distortion each time they 
perform a conversion. This distortion 
results from code-dependent 
switching glitches or from slew-rate 
limiting of the D/A's output amplifier. 
Conventional sample-and-hold (8/H) 
amplifiers used at the D/A output do 
not suppress this distortion 
adequately for high performance, 

SIGNAL _.../\,I\A5;.c.k:::.Q+-{;x:}-~ 
INPUT 

CHANNEL SIGNAL 
1 RETURN~ 

CONTROL 0------' 
CONTROL 
RETURN ~ 

SIGNAL ~-vv'\;-5-"kQ=----+~X>--4-....p... 
INPUT c~ 

CHANNEL SIGNAL 
2 RETURN'~ 

CONTROL ,_------' 

/
CONTROL c 

TIL-COMPATIBLE RETURN ~ 
CONTROL + 15V C=--~I--. 

~~~0~~ c>----+T---; ......... j........,""4:-
FILTERED ~5vr>--~T'--_ 
POWER~ -, 
INPUT CASE c>------~ 

Figure 1_ AH201 -2 Functional Block Diagram 

AMPLIFIERS 

>---4----0 OUTPUT 

r---' OUTPUT 
\l RETURN 

>---+---<; OUTPUT 

,--" OUTPUT 
\l RETURN 

professional audio applications due 
to slew-rate limiting when changing 
modes. The AH201, however, can 
reduce the distortion from these non­
linearities by up to 40 dB or more, 
depending upon the decoder with 
which it is used. (Refer to Figure 2 for 
example). 
The AH201 is a direct result of 
ANALOGIC's considerable experi­
ence in digital audio including 
professional audio recording, studio 
links, and telecommunications. 
Designed for ease of interconnection 
and maximum flexibility, the distor­
tion suppressor requires a single 
control line per channel to provide all 
necessary control. The AH201 
accepts a ± 10V input and can drive 
up to ± 16 mA into a 600-0hm load. 
The distortion suppressor is offered 
as a single or dual device, packaged 
in a 24-pin, double-width DIP, fully 
shielded metal can. Its small size, 
low noise, low cost and exceptional 
performance qualify the AH201 for 
use in any digital-audio system. 

Features 

• Low Harmonic Distortion 
0.003% (- 90 dB), maximum 

• Ultra-low Noise - -115 dB 
• Single-Channel (AH201-1) or 

Dual-Channel (AH201-2) Versions 

• Time-Constant Limited Response 
Eliminates distortion due to 
slew-rate limiting 

• Small Size - 24-pin DIP 
• Single Control Line/Channel 
• Optimized for D/A Deglitching 

Applications 
• Professional Digital Recording 

Systems 

• Satellite Downlinks 
• Video Disc Audio 
• Signal-Processing Systems 

• Compact-Disc Systems 
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SPECIFICATIONS 
(All Specifications are guaranteed at 25°C unless otherwise noted) 

INPUT 

Input Voltage Range: 
±10V 
Input Voltage Without Damage: 
±15V 
Input Impedance: 
5 kohms, ±2% 

OUTPUT 
Output Voltage: 
±10V 
Load: 
600 ohms, minimum 
Protection: 
Short circuit to ground 
Output Impedance @ dc: 
0.1 ohm, maximum 

TRANSFER CHARACTERISTICS 

Frequency Response 
dc to 20 kHz: 
o dB, ± 0.3 dB maximum 
Time Constant': 
3.4 /ls, nominal 
Settling Time: 
Determined by time constant 
Bandwidth (SAMPLE Mode): 
46 kHz (Time-constant limited) 

Gain': 
- 1, ± 0.02, maximum 

ACCURACY (AT 25°C) 

Integral Nonlinearity: 
± 0.002% FSR, maximum 
Noise (20 kHz Bandwidth)': 
10/lV rms, maximum 
Total Distortion: 
Down by at least 90 dB for frequencies up to 20 
kHz (including harmonic distortion) 
Peak Line Harmonic Distortion: 
Down by at least 96 dB for frequencies up to 
20 kHz 

Output Offset Voltage (SAMPLE Mode)': 
± 12 mY, maximum 
Feedthrough (HOLD Mode)": 
Down by 96 dB minimum, 100 dB typical for 
± 10V sinewave up to 20 kHz 
Power Supply Sensitivity Gain: 
20 ppm FSRN, maximum 
Offset: 
20 /lVN, maximum 
Channel·to-Channel Crosstalk": 
Down by at least 100 dB 

AMPLIFIERS 

DIGITAL CONTROL INPUT 

LogiC Levels: 
TTL compatible 

SAMPLE Mode (Output Connected to Input): 
Logic 0; OV to 0.4V, maximum 

HOLD Mode (Output Disconnected from Input): 
Logic 1; +2.4V, minimum to +5V 

POWER REQUIREMENTS (Exclusive of load) 

+15V, ±3%: 
10 mA, maximum 

(single channel, - 1) 
20 mA, maximum 

(dual channel, - 2) 
-15V, ±3%: 
10 mA, maximum 

(single channel, - 1) 
20 mA, maximum 

(dual channel, - 2) 

ENVIRONMENTAL AND MECHANICAL 

Operating Temperature Range: 
OOC to 70°C 
Storage Temperature Range: 
- 25°C to + 85°C 
Relative Humidity: 
o to 85%, noncondensing to 40°C 
Dimensions (Single or Dual Channel) 
1.305" x 0.775" x 0.3", maximum 
(20.07 x 33.14 x 7.62 mm) 
24-pin double-width DIP 

Pin Spacing: 
0.6" x 0.1" 
Packaging: 
Metal can 

Shielding: 
Electromagnetic-6 sides 
Electrostatic-6 sides 

Note 1: Other time constants also available. Consult 
factory. 

Note 2: From O°C to + 70°C. 

Note 3: Measured at 50% duty cycle. 10 ,,"V rms 
equals -115 dB referenced to rms full scale. 

Note 4: Measured on one channel with its input 
grounded, with a ± 10V slnewave of frequency 
up to 20 kHz applied to the Input of the other 
channel; applies to dual-channel AH201-2 ver­
sion only. 

Note 5: Feedthrough specification given is for stan­
dard 3.4 ""S time constant. Feedthrough perfor­
mance will be different for time constants 
other than 3.4 ,,"so Please consult factory. 



Theory of Operation 
The operation of a single-channel AH201-1 is 
described. Each channel of the AH202-2 
operates in a similar manner. 
The AH201-1 consists of an inverting 
amplifier, a hold capacitor, and a pair of 
specially selected analog switches controlled 
by an external mode command. As shown in 
Figure 3, the mode is switched to minimize 
the effects of DAC nonlinearities on the out­
put of the recovery system. 
When the D/A output has settled to the value 
corresponding to the digital code at its input, 
the AH201 is commanded to the SAMPLE 
mode; shunt switch "A" opens and series 
switch "B" closes, connecting the settled D/A 
output to the output of the AH201. In this 
mode, the AH201 's output response is ex­
ponential with the 3.4-/ols time constant. 
The AH201 remains in the SAMPLE mode un­
til just prior to the time when the D/A is up­
dated to a new value, when it is commanded 
into the HOLD mode. The switch positions 
reverse, shunting the changing D/A output 
signal to ground. The previous output level, 
now stored on the capacitor, is maintained as 
the output of the AH201. The 96-dB, minimum, 
feedthrough rejection of the AH201 effectively 
isolates the output from the transients and 
other nonlinear settling characteristics of the 
D/A converter. 

When the distortion suppressor is switched 
between its two modes, it passes signals up 
to 20 kHz without introducing significant 
distortion. For example, with the AH201 
switching at 50 kHz, the peak line distortion 
for a full amplitude sinewave at 20 kHz is 96 
dB down with respect to the full-scale level. 

USING THE AH201 

Grounding 
The power return, analog input and output 
returns, and control return are all tied 
together internally and to the case. For conve­
nience in pc-board layout, return pins for each 
function are located adjacent to the cor­
responding signal pins. To avoid ground 
loops, no connection should be made to the 
case ground pins 1, 12, and 15. 
When using the AH201-1 single-channel ver­
sion, it is necessary to connect pins 2 to 3 and 
5 to 4. In addition, no connection should be 

AMPLIFIERS 

AH201 OUTPUT 

Figure 2. System Improvement with AH201 

made to pin 20. In both the single-channel 
AH201-1 and dual-channel AH201-2 versions, 
no connection should be made to pins 6,7,13, 
14, 18, 19, or the case ground pins 1, 12, and 
15. 

Control 
One control line is provided for each channel 
of the AH201. A logic 0 selects the SAMPLE 
mode, connecting the output to the input; a 
logic 1 selects the HOLD mode, isolates the 
output from the input. Please refer to Figure 3 
for typical timing information. 
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MP1926A I D/A UPDATE ___ +, __________ + __________ -!-_________ _ 

I ;.----22.6 "s---~ 
-' 1-2"" 1YPICAL 

! !A 
D/A OUTPUT + ~~--TI.r--,-----------\\:, .~. ------------1 

AH201 INPUT _ FS : ! ~'-----------
AH201 CONTROL ~ SAMPLE n nL. ________ _ 

INPUT / \, 

+ FS I ~3 E COSASMTpALNETMODE \\"'~"""""'" 
AH201 

OUTPUT _~~ // w\\4"S~TIM ~ 
,/ ~\\ + , , 

/ HOLD MODE \ 
: SWITCH A: CLOSED '. SWITCH A: OPEN 

: SWITCH B: OPEN '. SWITCH B: CLOSED 

Figure 3. Typical Timing for a Single Channel System (44.1 kHz Sample Rate) 

A time·constant limited response affects all 
input·voltage changes in the same proportion 
as long as the settling time allowed is cons­
tant. For this example, the on (SAMPLE) time 

of 17 /As (5 time constants) results in a gain er· 
ror of 0.1 dB. If required, this gain reduction 
can be corrected by the system gain 
adjustment. 
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.--- .---
-r CMOS r-: 

DATA BUS : ~~ : MP6,~ 
.J.. LATCHES ~ 

L..........-

CONTROL A 

I 
CHllN CH21N 

CH1 AH~'-2 CH2 

- CONTROL i, CONTROL 

CH10l1T CH2 OUT 

CONTROLB~----...J 

romMLC~--------7---7----' 

CONTROLD~--------7---7----' 

! t 
CHllN CH21N 

CH' AH2f'-2 CH2 
CONTROL CONTflOL , 

CH10UT CH20UT 

W~ROLE~--------~--7_----7--~~-...J 

, 
¥ 

NONS1MUlTANEOUSl Y UPDATED AUDIO SIGNALS 
TO RECOVERY FILTERS 

DlA UPDATE I 
CONTROL A ~~ !~ OH" i 

O~UT OV=-Lt--
j ; CH2 ~'i'CH2' 

:'~sGlITCH ~: : : : i :V: 
S:ETTLING TIME i i .! ',: ,! ',i ,! ,i ,I 

CONTROL B: ! : 1-+--.,...,..--
~: :; HOLD' ~\ HOLD 

I : ~\2,.s : ~ j 

CCNTROLe ------iU i 1 Ls-
CONTROLD---------i~ 

CONTROLE ------------;LJr-i ----'------

Figure 4. Non·Simultaneous Updating of Multiple Audio 
Channels (15 kHz bandwidth per channel, 16·bit resolution, 
32 kHz sampling rate). 



TYPICAL APPLICATIONS 
Satellite Downlink Program Distribution 

Multiple channels may be sequentially up­
dated using one high-speed, high-accuracy 
D/A converter (such as the ANALOGIC 
MP1926A 16-bit Sign/Magnitude D/A) and 
multiple AH201 s (- 1 or - 2). For example, a 
satellite ground station used in a program­
channel distribution system would be re­
quired to update multiple audio outputs, but 
not necessarily simultaneously. Figure 4 ii-

lustrates one possible implementation using 
a single D/A converter to sequentially update 
four, 15-kHz bandwidth, audio channels. A 
nominal 32-kHz sample rate per channel is 
assumed. This means that the D/A converter 
must update four channels every 31.2 fAs or 
one channel every 7.8 fAs, which is well within 
the settling capability of the MP1926A. The 
AH201 circuit in each channel is simply turn­
ed on (SAMPLE mode) for the last 6.8 fAs of the 
corresponding MP1926A update period. 

CASE (GROUND) 1 24 + 15V 
AH201·2 DUAL· 

DISTORTION SUPPRESSOR 
ANALCGlC .• T 

AH201 0.775" CONTROL A 2 
CONTROL A RTN 3 

INPUT A RTN 4 
INPUT A 5 

N/C 6 
N/C 7 

INPUT B 8 
INPUT B RTN 9 

CONTROL B RTN 10 
CONTROL B 11 

CASE (GROUND) 12 

CASE (GROUND) 1 
N/C (TIE TO GROUND) 2 

CONTROL RTN 3 
INPUT RTN 4 

N/C (TIE TO GROUND) 5 
N/C 6 
N/C 7 

INPUT 8 
INPUT RTN 9 

CONTROL RTN 10 
CONTROL 11 

CASE (GROUND) 12 

Mechanical & Pinout 

23 -15V 
22 ANALOG RTN 
21 OUTPUT A RTN 
20 OUTPUT A 
19 N/C 
18 -N/C 
17 OUTPUT B 
16 OUTPUT B RTN 
15 CASE (GROUND) 
14 N/C 
13 N/C 

RJ~~~~~~~R (19.68 mm) 

MADE IN USA ~ 
r-------:-:-: 1.305"--------1 

(33.14 mm) 

(7.62 mm) R 103" 

\--0.6"-1 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

+15V 
AH201·1 SINGLE· 

DISTORTION SUPPRESSOR 

(15.24 mm) 

PINS ON 0.1" (2.54 mm) CENTERS 
PIN DIMENSIONS: 0.022" x 0.015" -15V 

ANALOG RTN 
GROUND 
N/C (MAKE NO EXTERNAL CONNECTION) 
N/C 
N/C 
OUTPUT 
OUTPUT RTN 
CASE (GROUND) 
N/C 
N/C 

ORDERING GUIDE 

NOTE: MECHANICAL DIMENSIONS GIVEN APPLY 
TO EITHER SINGLE OR DUAL VERSION. 

Single-Channel Distortion Suppressor ... Specify AH201-1 

Dual-Channel Distortion Suppressor ... Specify AH201-2 
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Stereo Program Distribution 
Figure 5 illustrates the highest performance 
yet lowest cost method available for 
simultaneously updating stereo analog out· 
puts, at rates up to 55 kHz from 16·bit resolu· 
tion data (98 dB dynamic range). Conventional 
implementation requires two D/A converters 
plus digital double buffering to achieve 
simultaneous updating. The ANALOGIC 
MP1926A, with a voltage settling time of only 
5 I-Is to 1 LSB for a 5V step, allows both chan· 
nels to be updated from a single D/A con· 
verter within the 181-1s available. The only buf· 
fering required for simultaneous updating can 
be provided by an additonal AH201·2 con· 
figured as shown in Figure 5. 
The timing diagram shows that the AH201 (Z1 
in the Figure) samples the D/A output during a 
time slot assigned to Channel 1. It then holds 
this new Channel 1 level while the D/A output 

CH' 

CONTROL A I 

"'1) 
AH20H 

CONTROL B 

CONTROL C 

CH' 

! 
22.6,,5 

TYPICAL 

settles to a new Channel 2 value. As a result 
of the AH201's 96 dB feedthrough rejection in 
the HOLD mode, the Channel 2 information 
signal has a negligible effect on Channel 1. 
When the inputs to the AH201·2 (Z2 in the 
Figure) have settled to the new levels, both 
channels are switched into the SAMPLE 
mode simultaneously, causing both channel 
outputs to be updated. It should be noted that 
the two channels will be 180 degrees out of 
phase due to the double inversion in Channel 
1. To bring both channels in·phase an 
AH201·2 can be substituted for the AH201-1 
(Z1), and the control for its second channel 
can be hardwired in the SAMPLE mode as 
shown in the inset of Figure 4' alternati~ely 
the sign of the data for one ot' the channels 
can be inverted prior to being presented to the 
DAC inputs. 

tz2) 
AH201·2 

• RECOVERY FIL TEA INCLUDES lOW·PASS 
FILTERING (20 kHz, TY'PICAU. (SIN x~ 
CORRECTION AND RC·ROLLOFF 
COMPENSATION 

CH2 CHl 

), ! 
, , 

, :: :fv ,..!:C~H' ... " ---
\ '" l/v ,',', " OIA _--J't/-"--",,,-,:=C=H=" i' p',=C'}:'H, '::' ====l\' .-:-_-+~r---L-=== OUTPUT OV • 
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V ¥ i i'hi? 

AH2O' _~\;v~===t=:C=H'=' ===~===:::±;;;;;:;;======= _~ w \ 

V !CH'· 

, 

CONTROL C :=-.J ~r--------~~ 
I 22.6,,5 I 
<Z') 

AH201·2 

CH' 

MPl926A 
OIA --- ·cHi---­

OUT 

CONTROL B 
TIE TO lOGIC 0 

CONTROL C 

CONTROL 
CHl CH2 

INSET-~E OF AH201-2 FOR IN-PHASE OUTPUTS 

(Z2) 
AH201·2 

-"'\::r 
I--o--'VV,-____ -0 CHl 

-<;"OUT 

!---o--'VV'----- -0 CH2 

~'OUT 

-"'\::r 

Figure 5. Simultaneous Updating of Stereo Audio Channels. 



MP221 
Low Noise, Low Level 
Chopper Amplifier 

Description 
The Analogic MP221 Chopper 
Amplifier provides unprecedented 
low level signal amplification for 
instrument and industrial applica­
tions in the microvolt-to-millivolt 
region_ The MP221 deSign 
generates less than 0.1!,-V pop 
noise from dc to 1 Hz, less than 
0.3!,-V pop from dc to 10 Hz, less 
than 1!'-V pop from dc to 100 Hz, 
and less than 3 pA noise current 
from dc to 1 Hz. These superior 
specifications include flicker noise 
and Johnson noise components as 
well (See Figure 1). Moreover, the 
MP221 is virtually drift free with a 
maximum voltage drift of 
0.05!'-V/oC, a maximum current 
drift of 2 pAloC, and a long term 
drift of 1 !,-V/month or 2!'-V/year. 

Implementation 
Optimized for non-inverting signal 
applications, the MP221 amplifier 
is normally soldered to a user's PC 
board. Gold-plated pins enhance 
solderability and conductivity. 
Amplifier gain is determined by 
selecting and connecting two 
resistors and a capacitor external 
to the MP221 as shown in Figure 1. 
Both resistors must possess an 
operational stability of 10 ppm/oC 
or better to maintain the perfor­
mance capability inherent in the 
MP221 advanced design. Thermal 
effects at the amplifier input ter­
minals can be minimized by using 
low thermal solder and utilizing the 
installation precautions customary 
for low level signal circuits. 

SHIELD 

R2+R1 R2 
Gain"'-=1+-

Current offset of the MP221 ·can be 
trimmed to zero by adjusting a 
built-in potentiometer. An external 
offset voltage adjustment may be 
incorprated as shown in Figure 4. 
When the MP221 is used in the non­
inverting mode, the offset voltage 
can be buffered from the input by 
using a voltage follower to avoid in­
teraction with the gain 
components. 

Features 

• Low Noise 
<0.1 !'-V pop 
<3 pA pop 

• Low Drift 
<0.03!'-V/oC 
<2 pAloC 

• Gain Linearity 
within ± 0.002% 

• Hiah Input Impedance 
109"Q 

• Short·Circuit Protected 

Applications 
• Instrumentation, Load Cells, 

Thermocouples, Strain Gauges 

• Measurement Preamplifiers 
• Low Level Buffers 

R2 

OUTPUT 
RETURN 

OUTPUT 

R1 R1 RT 

30 
Ccomp "-/.IF+2Q% 

Gain 

Figure 1. MP221 Non·lnverting Pin Connections and Gain 
Resistor/Capacitor Calculations. 
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SPECIFICATIONS 
(All specifications guaranteed at 25°C unless otherwise noted) 
(Note: All performance at dc power of ± 15V, gain = 100, R1 = 100Q, R2 = 10 kQ, and CCOMP = 0.27 flF.) 

ANALOG INPUT 
Noise Current (0 to 1 Hz) 
3 pA pop 
Offset Voltage 
± 2 p.V typ., ± 5 p.V max. (ext. trim, Figure 4) 
Bias Current (Non-Inverting) 
± 20 pA max. (trimmable to zero, Figure 3) 
Bias Current (Inverting Mode) 
±2 nA max. 
In~ut Impedance 
109Q 
Common Mode Voltage 
±0.5V 
Commom Mode Rejection Ratio 
140 dB 
Maximum Input Without Damage 
±20V 

ANALOG OUTPUT 
Voltage Range 
± 10V 
Current 
±3mA 
Impedance at de 
± 0.01Q 
Load 
3 kQ in parallel with 0.1 p.F max. 
Short-Circuit Protection 
Output short-circuit protected ground 

GAIN CHARACTERISTICS 
Linearity 
±0.002% 
Gain Range 
10 to 10,000' 
Open Loop Gain 
160 dB 

NOISE BANDWIDTH 
dc to 1Hz 
<0.1 /iV pop 
dc to 10Hz 
<0.3/iV pop 
dc to 100 Hz 
<1p.V pop 

AMPLIFIERS 

STABILITY 
Tempco of Offset Voltage 
0.03 p'v/oe typ., 0.05 p'v/oe max. 
Tempco of Bias Current 
2 pAloe max. 
Power Supply Sensitivity 
0.01 p.V/1 % power supply change 
Warmup Drift 
To within 2 p.V of final value in 2 minutes 
Long Term Drift 
1 p.V/month, 2 p.V/year 
Tllermal Step Offset Recovery 
5 minutes for 25°e step 
Offset Resulting from ac Input 
1 p.V for 4 mV pop 60 Hz 
Overlaod Recovery Time 
200 ms to within 2 p.V for 10 x FSR input 

FREQUENCY RESPONSE 
Bandwidth 
-3 dB at 100 Hz 
Settling Time to 0_002% FS 
(50 + 8Vsw)ms; VSW = Output voltage swing 
Slew Rate 
130 VIs 

POWER REQUIREMENTS 
±15V 
2.5 mA plus load current 

ENVIRONMENTAL & MECHANICAL 
OPERATING TEMPERATURE 
aoe to + 70 0 e 
Non-Operating Temperature 
- 25°e to + 85°e 
Relative Humidity 
o to 95%, non-condensing 
Shielding Protection 
RFI 6 sides; EMI 5 sides 
Dimensions 
2 x 1 x 0.39" Modupac™ (50.8 x 25.4 x 9.91 mmj 

• Note: At Gain < 20, inputs must be < ± 0.5V. 



Application Information 
The Analogic MP221 Low Level Chopper 
Amplifier is designed to perform in the 
microvolt-to-millivolt signal range for instru­
ment and industrial applications. This 
amplifier has been optimized for operation 
in the non-inverting mode so that gains 
from 10 to 10,000 can be achieved with 
minimum loading of the signal source. 
Because of its unique features, which in­
clude low nOise, low thermal offset drift, 
and low bias current, the MP221 is ideally 
suited for use as a preamplifier with load 
cells, thermocouples, and other low level 
transducers. However, to obtain a level of 
performance consistent with the superior 
specifications of the MP221, some usage 
guidelines must be exercised. This applica­
tion note provides several recommended 
techniques for operating the MP221 with 
low level input signals. 

Amplifier Operation 
The MP221 amplifier has a chopper input 
that effectively samples the voltage dif­
ference between its plus (+) and minus (-) 
inputs. A circuit employing this amplifier 
should be considered a "sampled data" 
system, and proper attention must be paid 
to the generated errors. The most important 
error is unwanted signals or noise appear­
ing at the amplifier output, which can be at­
tributed to aliasing or intermodulation 
distortion. These effects can be reduced by 

INPUT 

2 POLE INPUT 
FIL TER 

4.99 k 4.99 k 

Rl R2 

filtering the amplifier input and by choosing 
an optimum chopper frequency. Since most 
systems are subject to noise pickup at the 
line frequency and its harmonics, the 
MP221 has been set to sample at 925 Hz, 
which is 25 Hz removed from the nearest 60 
Hz or 50 Hz harmonic. These harmonic com­
ponents at the amplifier input are 
translated to 25 Hz at the output. Because 
most AID converters can respond at this 
speed, post filtering is often necessary. 

Low Noise Techniques 
For low noise operation, it is recommended 
that low-pass filtering be used before and 
after the amplifier. (See Figure 2). Because 
most active-type filters generate noise 
within the amplifier bandwidth, the pre-filter 
should be composed of passive com­
ponents. Noise injected after the amplifier 
is less critical, and for that reason, a three­
pole active-type low pass filter can be used 
as a post-filter. The component values 
shown in Figure 2 are effective for 2 Hz 
filtering. 

Another consideration is to limit the band­
width of the MP221 to that required in the 
system. Because the output noise 
generated by the amplifier varies as the 
square root of the bandwidth, there is 10 
times more noise at a 100 Hz bandwidth 
than at 1.0 Hz bandwidth. The output 
capacitor (Ccomp) shown in Figure 2 sets the 
bandwidth Tor a given gain. The Ccomp 

Ccomp =(~),uF ±20% 

Gam 

>------i~ OUTPUT 

(CONNECT SIG RTN TO 
POWER RTN AT ONE POINT 
ONLY.) 

FOR BEST PERFORMANCE: 

1. FILTER AND COMPENSATION CAPACITORS 
SHOULD BE LOW ABSORBTlON TYPE (POL YCARB) 

2. MAXIMUM VALUE FOR Rl IS 1 k!l 

3. FILTER VALUES SHOWN ARE FOR 2Hz CUTOFF 

Figure 2. Recommended Filtering of MP221. 
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0 w 20k 

'" w 0: 
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0: 
CIl 20 10 2k 

GAIN = 1000 
Ok 

10 
Ccomp = .03 !J F 

5k 10k 

RESISTANCE AT MINUS 1-) INPUT RESISTANCE AT MINUS 1-) INPUT 

Figure 3. Switching Spikes vs. Input Source Impedance. 

recommended value of (30/Gain) /iF is for a 
100 Hz bandwidth and bandwidth 
decreases proportionally as Ccomp is in­
creased. For example, at a gain of 100, a 3 
/iF Ccomp sets a bandwidth of 10Hz. The 
parameters of the pre- and post-filters 
should also be set to obtain only the needed 
bandwidth. An additional source of noise 
appearing at the amplifier output is due to 
internal chopper switching transients. The 
magnitude of this noise depends upon the 
input resistances, primarily that between 
the minus (-) terminal and common. Figure 
3 illustrates this dependence and also 
shows the reduction of this noise as CCOr(lP 
is increased. Reduction of this noise IS 
another reason why a post-filter is 
recommended. 

For the stated reasons and because of the 
unavoidable Johnson noise effects, the 
resistors associated with the MP221 
amplifier should be as low in magnitude as 
practical (a limitation being the current 
available to generate the output voltage 
levels). A maximum of 1 kQ from the minus 
(-) input to ground is recommended. 
Because carbon composition and some film 
resistors generate noise in excess of 
Johnson noise, only stable wirewound 
resistors or known low noise film resistors 
should be used. 

The signal input wiring should be shielded 
to reduce pickup; a shielded-twisted pair is 
recommended. 

2-14 AMPLIFIERS 

The amplifier power supply inputs are 
decoupled internally, so that in most ap­
plications, external capacitors are not 
required. 

Thermal Offset Techniques 
If noise could be reduced to that of the 
source (theoretical minimum), thermal off­
set voltages would still appear when ampli­
fying microvolt input signals. These thermal 
offsets are caused by joining dissimilar 
metals and by existing temperature gra­
dients across the input circuit. For exam­
ple, a thermocouple of copper and lead/tin 
solder can generate an offset voltage of 0.3 
/iV for 0.1°C temperature difference bet­
ween the metals. Since this temperature 
gradient varies with time, the thermal offset 
appears similar to low frequency noise or 
"wandering". The techniques used to 
minimize these thermal offsets are: (1) keep 
signal high and low input connections 
physically close to reduce temperature dif­
ferences, (2) shield connections from all 
convection air currents (breezes), (3) heat 
sink the input connections tightly, and (4) 
only join similar metals (copper) using low 
thermal solder (cadmium/tin). When 
operating at the microvolt (or below) level, 
all four techniques may be required. If all 
copper connections are made at the MP221 
input terminals using low thermal solder 
and the ampl ifier is wrapped in 
polyurethane foam, then the total thermal 
offset wandering should be less than 0.1/iV. 



Bias Current Adjustment 
Another low level error is caused by bias 
current flowing through the external source 
resistance, thereby generating offset 
voltages. These voltages can be balanced 
externally but they are temperature depen­
dent. An adjustment is provided on the 
MP221 so that the bias current at either in­
put can be set to zero. However, since the 
currents at the inputs are not equal, only 
one input can be compensated, leaving a 
residual bias current at the other input. 

+~ 
EXTERNAL 

L...-....... ,.,.,._..J I OFFSET 

THERMOCOUPLE 

1--~'00 

I 
I 
I 
L __ 

4.~~ 
10K 

Figure 4. MP221 Amplification of the 
Thermocouple Low Level Output and 
Illustrating External Offset_ 

When an MP221 is used in the recommend­
ed positive gain configuration, the positive 
input bias current can be adjusted to zero 
with the negative input bias current remain­
ing less than ± 2 nA. If the resistor con­
nected to the negative input is less than 1 
kQ (R1, Figure 2), the offset voltage due to 
the ± 2 nA should be only ± 21lV (referred to 
the input). This value is much less than the 
offset voltage specification of the amplifier 
(± 5 IlV maximum). 

ANA ATN 0 

o 

o :1.. 2J 

'-____ c_~u_M;_IJ T' ,or 
• DENOTES TERMINAL PIN PRESENT 

o DENOTES TERMINAL PIN OMITTED 

ADJUSTMENT POTENTIOMETER (FAR SIDE) 

Figure 6_ Mechanical & Pinout_ 
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TRANSDUCER 
INSTALLATION 
GROUND 

lO 

HI '--+----I+..J 

,[ 
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I 
I 

------------------------~ 
LOCAL 
SYSTEM 
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Figure 5. MP221 Low Level Amplification with Guarded System in Presence of High 
Common Mode Voltage. 
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MP227A 
Isolation Amplifier 

Description 
The Analogic MP227A is a precision 
isolation amplifier that provides an 
unparalleled combination of lineari­
ty, stability, isolation, and very low 
cost. It is designed primarily to 
replace relays and filter elements in 
multichannel data acquisition 
systems. However, its unique 
features make it attractive wherever 
low-level, low frequency signals 
must be amplified in the presence of 
severe common mode interference: 
The MP227A offers user-selectable 
gains from 10 to 1000, input full­
scale voltage ranges from ± 10 mV 
to ± 1V, 3-pole (60 dB/decade) filter­
ing from 5 Hz, extremely good lineari­
ty, superb common-mode rejection, 
and very low drift. All parameters are 
commensurate with AID conversion 
at levels up to 13 bits. 
The MP227A includes an internal 
power oscillator and isolated supply 
so that no external drivers are need­
ed. The isolated power (± 4V 
nominal) can be used for open ther­
mocouple indication or offsetting 
strain gauge inputs. 

Features 
• High Common Mode Rejection 

170 dB 

• Excellent Linearity 
0.0075% 

• Selectable Input Range 
± 10 mV FS to ± 1V FS 

• Low Noise 
<0.5 !-IV rms 

• Low Drift 
3.0 !-IV RTI per month 

• Built·in 3·pole Filtering 
• Built·in Oscillator/Driver 

Applications 
• Thermocouple Temperature 

Measurement 

• Weighing Systems 
• Strain Gauge Measurements 
• Remote Data Acquisition and 

Precision Telemetry Systems 

• Microvolt and Millivolt Level 
Measurements 

• Replacement for Classical 
Instrumentation Amplifier 

CHOPPER PROPRIETARY HIGH QUALITY CASE AT 
INPUT FOR ULTRA· LINEAR BYPASS SYSTEM 
STABILITY FLUX CANCELLING CAPACITORS GROUND 

,-:.~_~_~_oo~~~ __ ---l~ 
I 
I 

~----~~~------~ : AS 

I M 

Isol.hId I po_,: I 
Supply Q a.Choppe' : 
DrIVe I I 

1 ____________ ...J J /t::.. _____ "\ ____________ /:1 
FLOATING ISOLATED SHIELDED TWO·POLE SEPARATE 
INPUT VOLTAGE METAL BUTTERWORTH POWER 
GUARD AVAILABLE CASE FILTER GROUND 

Figure 1. MP227A Block Diagram. 
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SPECIFICATIONS 

(All specifications guaranteed at 25'C unless otherwise noted) 

ANALOG INPUT 
Gain Range 
10 to 1000, non-inverting, resistor program­
mable; optimized for gains of 50 to 500 
Non-linearity 
± 0.0075% FSR maximum at G = 50 to 500; 
± 0.01 % FSR maximum at G = 1000; 
± 0.05% FSR maximum at G = 10 
Input Amplifier Type 
Isolated Chopper 
Linear Differential Input Voltage Range 
± 10 mV to ± 1V full scale 
Maximum Safe Differential Input Voltage 
16V rms continuous, without damage 
Common Mode Isolation Voltage 
1000 Vdc, 750V rms, maximum 
Common Mode Rejection Ratio 
At dc, with G = 100 and 1000, 166 dB minimum; 
1 kQ source unbalance 
At 60 Hz, with G = 100 and 1000, 176 dB typical, 
160 dB minimum; 1 kQ source unbalance 
Common Mode Impedance 
10,000 MQ 1180 pF 
Differential Input Impedance 
At dc, 12 MQ; at ac, low-pass filter of 22 kQ and 
1.5",F 
Overload Input Impedance 
22 kQ, at 50/60 Hz 
Input Bias Current 
0.5 nA typical, 3.0 nA maximum; bias current in­
creases if open input indicator circuit is used 
Offset Voltage 
At G = 10, ± 1 mV typical, ± 5 mV maximum; at 
G = 1000, ± 150 ",V maximum; all referred to in­
put (RTI); offset voltage may be determined by 
interpolation for other gain values 
Voltage Noise (0_01 to 5 Hz) 
At G = 10, 1.5 ",V rms maximum; at G = 100 and 
1000,0.5 ",V rms maximum; RTI 
Bandwidth (See Note 1) 
dc to 5 Hz nominal; 6 dB down at 5 Hz 
Overall Filtering (See Note 2) 
3-pole, 60 dBldecade roll-off (- 60 dB at 50 Hz) 
Input Filter 
1-pole RC, 3 dB cut-off at 5 Hz 
Output Filter 
2-pole Butterworth, 3 dB cut-off at 5 Hz 

ANALOG OUTPUT 
Voltage Range 
± 10V full scale 
Output Impedance at dc 
0.1Q 

Maximum Load 
±5 mA and 500 pF 
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Output Protection 
Continuous short circuit to ground 
Output Chopper Noise (1 MHz BW) 
± 1 mV pop spike at approximately 10 kHz (See 
Note ~) 

STABILITY 
Gain Tempco 
At G = 10 and 100, ± 25 ppm FSR/DC maximum; 
at G = 1000, ± 35 ppm FSR/DC maximum; ex­
clusive of external gain setting resistor 
Offset Voltage Tempco 
At G = 10, ± 5.0 ",V/DC maximum; 
At G = 100, ± 1.7 ",V/DC maximum; 
At G = 1000, ± 0.5 ",V/DC maximum; 
all RTI 
Bias Current Tempco 
100 pA/DC maximum, at 25DC; doubles every 
10DC (maximum) 
Power Supply Sensitivity 
At G = 1000, ± 2.0 ",V/%; at G = 10, ± 10 ",V/% 
maximum; RTI 
Warm up Drift (5 Minutes) 
Within 2 ",V RTI typical at G = 1000 
Long Term Drift 
3.0 ",V RTI/month typical 

ISOLATED POWER SUPPLY OUTPUT 
Voltage 
±4 Vdc nominal, with respect to INPUT LO 
Current 
± 3 mA full load 
Regulation 
12%, no load to full load 
Ripple 
60 mV pop at 10 kHz 

INPUT POWER SUPPLY REQUIREMENTS 
+15V, ±3% 
3 mA, no load 
-15V, ±3% 
5 mA, no load 

ENVIRONMENTAL AND MECHANICAL 
Operating Temperature Range 
ODC to + 70DC 
Storage Temperature Range 
- 55DC to + 85DC 

Relative Humidity 
o to 85%, non-condensing up to 40DC 
Dimensions 
1.2" x 2.8" x 0.5" (30 x 70 x 12 mm) 
Shielding 
RFI: 6 sides; EM I: 5 sides 



NOTES: 

1. Modifications for bandwidths from dc to 100 Hz, or 
optimized for specific settling times are available on 
special order. Please contact factory. 

2. Filter nodes are externally accessible to allow 
modification of characteristics. 

3. Output Chopper noise can be reduced to negligible 
level by suggested output multiplexer circuit. 

OPERATION DATA 

Application 
The MP227A was designed as an economical­
ly competitive and functionally superior alter­
native to the relay multiplexing circuits tradi­
tionally used in multichannel data acquisition 
systems. In a typical thermocouple system, 
the MP227A replaces two functional blocks 
for each channel - the input filter and a dual 
relay, as well as the common channel high 
gain amplifier - and permits high-level, solid­
state multiplexing to be used for low cost and 
high reliability. 

The MP227A provides Significantly better 
isolation and common-mode rejection than 
low-level relays and it puts the gain at a point 
in the system where the bandwidth is lowest 
(prior to multiplexing), thereby reducing total 
system noise. Even where multiplexing is not 
used, the unusual combination of perfor­
mance and price makes the MP227A attrac­
tive for a wide variety of industrial 
appl ications. 

When many MP227A's are used in a system, 
a high speed, high level analog multiplexer 
switches the MP227A outputs to a common 
analog output bus for subsequent AID con­
version. Any high precision isolation 
amplifier/filter used in such a configuration 
has an inherent error source of sizable 
magnitude that is often overlooked, ignored 
or simply unknown, that is, dumped charge 
effects. This Application Note discusses 
the problem, the solution, and the fringe 
benefits. 

Dumped Charge 
Figure 2 shows the apparently straight­
forward connection of multiple ampli­
fiers/filters and multiplexer to a common 
AID converter. 
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Figure 2. Multiplexing Amplifier Outputs. 

Each time the multiplexer in Figure 2 
switches channels, for instance, from Chan­
nel 1 to Channel 2, the Channel 1 output ap­
pears across C2, the capacitance of the out­
put bus. The output stage of Channel 2 
must absorb that dumped charge before it 
can reach a true final value dependent only 
on its input. The exact magnitude of the 
dumped charge is not important: what is 
significant is that the Channel 2 amplifier 
may be forced to deliver a peak instan­
taneous current beyond its deSign 
specifications. 
The dumped charge (0) is defined as, 
o =idt, 
where i = C dv/dt 
In a typical example, the outputs of the two 
channels could be at the extreme ends of 
the range. 
Channel 1 output = + 10V. 
Channel 2 output = -10V. 
This makes the voltage difference (dv). 
dv = 20 volts. 
Assume that the capacitance of the output 
bus C2 is about 500 pF, and a reasonable 
turn-on time for an analog switch is 100 ns, 
or, 
C = 500 (1012) 

dt = 100 (109) 

Solving first for the current and then the 
dumped charge, gives: 

i = C (dv/dt) = 500 (1012
) 20 = 100 mA 

100 (109) 

o = idt = (100)(103)(100)(109) = 10,000 
pico Coulomb 
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Under these conditions, IC op amps, such 
as the popular 741, have been found to have 
full-scale current excursion lasting as long 
as a microsecond. 
If the design factors allow a conventional IC 
output stage to drive the multiplexer in­
stead of a high precision amplifier with an 
output/filter stage, no real harm is done by 
the dumped charge. The amplifier eventual­
ly recovers and C2 charges to the new 
value. The recovery time constant is the ON 
resistance of the multiplexer switch and C2 
for R on = 3002 

C2 = 500 pF 
T = (300)(500) 10'2 = 0.15 J.ls 
In high resolution systems, 10 time con­
stants should be allowed to reach a voltage 
within 0.005% of final value. Therefore, the 
actual time should be 1.5 J.ls. 

The 1.5 J.ls settling time required in this ex­
ample is usually less than the settling time 
of the conventional buffer amplifier at the 
multiplexer output and the dumped charge 
effect can be safely ignored. The dumped 
charge cannot be ignored, however, when 
high precision amplifiers employing output 
filters are required. 

The Problem 
Many isolation and/or instrumentation 

amplifiers do not include an output filter. 
On the other hand, the MP227A has an in­
tegral two-pole Butterworth filter in the out­
put stage. The feedback element of the 
MP227A is a capacitor and a sudden 
voltage step at the amplifier output, such as 
the dumped charge, presents a problem. 
The dumped charge demands excessive 
current in too short a time and causes the 
amplifier to momentarily open-loop. The 
summing node changes to a large voltage, 
inducing current flow in the input resistor 
and causing an extraneous charge on the 
feedback capacitor. 
This error source has produced observed er­
rors as large as 0.05% in typical 
applications. 

The Solution 
Figure 4 shows the addition of a single-pole 
filter (R1, C1) at the output of each MP227A 
and ahead of the multiplexer. C1 of the suc­
ceeding channel, now absorbs the charge 
accumulated on C2 from the preceding 
channel. The MP227A no longer sees a step 
but a well controlled exponential change, 
well within its capabilities. Hence, the out­
put stage in the MP227A does not open­
loop, and no spurious charge is placed on 
the feedback capacitor. 

1--- -- ------------- ---------
1--- -- ------ --, ... • 01 +15V 

INPUT HI .L 

'"0'" 0;' i ! i ~:.~" 
~~T~u~~70 I I (CASE) 

REFERENCE I DEMOD : 

AUTO ZERO RETURN 0----1 I I FEEDBACK 

1 
GAIN 0----1 .'IL4I~-----' I 

INPUT LO ~==r.!~~l .. ------, 
V OUT C ISOLATED 

POWER 
SUPPLY 
& CHOPPER 

I 
I 
I 
I 

+ V OUT DRIVE I 
1 I 

GUARD 0- ----- ----- ---' 

a_-------.() A5 

+ 15V 
.....-----<1 AS 

OUTPUT 

'--_________ -'-<'> PWR GND 

~------------------------

Figure 3_ MP227A Isolation Amplifier Func·tional Block Diagram_ 
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Figure 4. MP227 A with Output Filters Added. 

The best results are obtained with a time 
constant between 0.25 and 0.5Ils. This must 
be short for two reasons: 1) a settling time 
of up to 10RC does not significantly add to 
multiplexer settling time and 2) the recovery 
time is sufficiently short for final values 
that are independent of the duty cycle in· 
volved in reading a channel. 
R1 should be between 50 and 270Q: this 
value is kept intentionally low to reduce 
voltage divider error (R1 + R n relative to Rin 
of the follower at the mulitiplexer output) to 
an insignificant level. These values of R1 
yield values for C1 between 10,000 pF and 
1,000 pF which is an acceptable range for 
C1. In the capacitive voltage divider, formed 
by C1 and the bus capacitance C2, as C1 
decreases in size relative to C2, the initial 
voltage transferred to C1 by a succeeding 
chaMel approaches its final value and 
leaves a smaller exponential rise portion. 
R1, C1 MUST BE INCLUDED FOR ALL HIGH 
RESOLUTION (> 12 BITS) APPLICATIONS 
OF THE MP227A. 

Fringe Benefits 
Noise spikes inherent in the design of high 
performance isolation amplifiers are at­
tenuated by 10 dB or more by the R1 C1 out· 
put filter. 
The superior isolation of the MP227A is pro­
vided by transformer coupling. A 
modulator/demodulator is used in the 
analog signal path and is driven by an in­
tegral chopper/power driver. It is impossible 
to avoid some stray capacitance between 
the driver circuitry and the output. Careful 
design and layout of the MP227A has reduc­
ed the resulting output noise spikes caused 
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by stray capacitance to 1 mVp-p, which is 
0.01 % relative to 10V F.S., when measured 
over a bandwidth of 1 MHz. The noise 
spikes repeat at 20 kHz, or twice the 
nominal 10 kHz frequency of the MP227A 
chopper driver. 
If the output filter time constant (R1 C1) is 
equal to 0.5 Ils, then 

fc = Y2nRC 
= 333 kHz 
This low cut-off frequency ensures that the 
output spikes, over an effective bandwidth 
in excess of 1 MHz, are attenuated 10 dB or 
more, which is enough to reduce this error 
source from .01 % to a negligible level. 

USING THE MP277A 
Offset Adjustment 
Provision is made for external offset adjust­
ment on the MP227A Precision Isolation 
Amplifier by connecting a 25k or 50 kQ 
(100 ppm/oC or better) multi-turn poten­
tiometer (R2) with a 1 MQ resistor as shown in 
Figure 2. To adjust, momentarily short INPUT 
HI, INPUT LO, and AZ RTN to the output ANA 
RTN and set the offset potentiometer for zero 
output at the OUTPUT terminal. 

Setting the MP227 A Gain 
The gain of the MP227A may be set to any 
value from 10 to 1000 by connecting an exter­
nal resistor (RG) between ~he ~AIN and IN.P~T 
LO terminals as shown m Figure 2. Gam IS 

equal to: 

10.27 X 103 

Gain = R Q 
G 

An RN55E or better resistor is recommended 
for temperature stability. Untrimmed, the ab­
solute gain will be within + 2% and - 3% of 
the calculated value. 

Gain Trimming 
The gain may be deliberately fine-trimmed, if 
desired, by connecting a 500Q (100 ppmfOC or 
better) potentiometer (R1) between the FEED­
BACK and OUTPUT terminals as shown in 
Figure 2. R1 compensates for the tolerance of 
RG plus the unit-to-unit gain variability (3%) 
between multiple MP227As. This also allows 
standardization of the outputs of multiple 
MP227As to a common full-scale range. For 
volume production where cost is a factor, the 
trimpot may be replaced with a fixed resistor 
selected during final testing. 
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Auto-Zero Return 
The signal that is amplified by the MP227A is 
actually the difference between the INPUT LO 
and the Auto-Zero (AZ) voltages. For normal 
operation, tie the AZ terminal directly to the 
INPUT LO terminal. In some applications, it 
may be convenient to offset the input 
deliberately by an amount that exceeds the 
range of the OFFSET trimpot (for example, to 
obtain expanded scale operation or to cancel 
out the initial or "tare" output of a load cell). 
To do this, connect the AZ terminal to a 
source of voltage equal to the desired offset, 
with noise performance and stability at least 
as good as the signal source. 
Observe that both the INPUT HI signal and 
the AZ signal (if any) are measured with 
respect to the INPUT LO terminal. For best 
linearity, each signal must be within ± 1V of 
INPUTLO. 

·SEE TEXT FOR DISCUSSION 
OF OPEN CIRCUIT DETECTION. 

Open Input Indication 
The user-accessible isolated power supply 
voltages make it possible to use a simple 
open input indication network. Connect a 
resistor on the order of 180 MQ to the INPUT 
HI and either the + 4V or - 4V isolated power 
output terminal. This network produces a 
bleeder current of approximately 20 nA 
through the input source circuitry. If the 
source should open, this bleeder current will 
drive the MP227A output into a saturated 
state. The speed of this response is a func­
tion of the MP227A gain setting and input 
time constant. 

Multiplexing MP227 As 
The outputs of multiple MP227As may be 
multiplexed to a common analog line as in­
dicated in Figure 4. A single RC filter ahead of 
each MUX input is suggested. 

NOTE 1: Positions of terminal points shown above 
have been rearranged for simplicity. Refer to label 
diagram tor actual positions. 

NOTE 2: For proper guarding, the GUARD (SHIELD) 
should be connected to the signal source common or 
INPUT LO at the module. 

Figure 5. Typical External Connections-MP227A. 
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SELECTION GUIDE 

MAJOR CHARACTERISTIC PRIMARY SECONDARY RECOMMENDED DATA SHEET 
OR APPLICATION REQ'MT PARAMETER PARAMETER MODEL NO. ON PAGE 

Simultaneous Acquisition 
MP260 3·5 

Multi·Channel Time 

Sampling Droop Rate 
- MP261 3·5 

Acquisition High Linearity MP270 3·11 

Multiple, Multiplexed Time Linearity MP271 3·15 
Inputs/Single 

S/H Acquisition Medium 
MP272 Time Linearity 3·27 
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GLOSSARY OF TERMS 

SAMPLE AND HOLD 
AMPLIFIERS 

ACQUISITION TIME The time it takes the 
S/H amplifier to start tracking the input 
signal. It is measured as the maximum 
elapse time between application of the 
sample command and the point at which 
the output starts to track the input within a 
specified accuracy regardless of the 
previous state of the output or the 
magnitude or polarity of the input. See 
Figure 1. 

APERTURE DELAY TIME The time delay 
between the HOLD command and the ac­
tual start of the HOLD mode. In reference to 
the SAMPLE mode this is called the turn-off 
time. See Figure 1. 

APERTURE UNCERTAINTY A specification 
indicating how much the aperture delay 
time varies. It is measured as the difference 
between the maximum turn-off time and the 
minimum turn-off time. See Figure 1. 

OUTPUT 

where: 

6E = Output voltage error 
Es = Capacitor voltage change 
K = Empirical constant for Hold capacitor 

dielectric (K = 1.5 x 10' for polystyrene 
capacitor in MP270) 

ts = Sample time; th = Hold time 

Example: For a 20V step, a Sample time of 2 flS, and 
a Hold time of 5flS, 6E = 1.5 mY. 

DIGITAL CONTROL SPECIFICATIONS 
These are specifications for interfacing the 
digital control signals to the S/H and in­
clude: the logic type, e.g., TTL; the sense of 
the logic, e.g., 1 = SAMPLE, 0 = HOLD; 
and the required speed of the rise or fall 
time between SAMPLE and HOLD modes. 

DISTORTION Unwanted output signals 
generated as a result of non-linearities in 
the sample and hold. 

HOLD 
UNCERTAINTY 

DROOP 

PREVIOUS 
HELD 
ANALOG 
OUTPUT 

~-,?S--5-5:-5- =:= 

\ 
ACQUISITION 
TIME 

--
.. MAXIMUM TURN'()FF TIME 

MINIMUM TURN·OFF TIME 

APERTURE UNCERTAINTY TIME 

-r-...,.... ....... ----------TIME 
I TYPICAL APERTURE DELAY TIME 

~ ACQUISITION 
ACHIEVED 

Figure 1. S/H Amplifier Terminology. 

DIELECTRIC ABSORPTION ERROR Dielec- DROOP RATE The maximum rate of change 
tric absorption error is the decaying of the of the output voltage in the HOLD mode. 
HOLD voltage on the HOLD capacitor due . . 
to the charge redistribution within the FEEDTHROU~.H ~EJECT.ION The ratio, In 
capacitor dielectric. This error occurs as db, of a speclf.'ed Input ~Ignal to the resul­
a result of rapidly charging the HOLD tant output signal, dunng HOLD, over a 
capacitor and then disconnecting the stated frequency range. 
charging source. The output voltage FULL POWER BANDWIDTH The highest fre­
will decay according to the following quency at which an analog circuit will track 
relationship: a sinusoidal Signal large enough to drive' 
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the output to its rated full·scale value at its 
maximum rated power. The equation is as 
follows: 

f = Slew Rate I 2 n efs 

where f = Full Power Bandwidth and efs = 
rated full scale output. 

GAIN ACCURACY The maximum amount 
that the actual voltage gain deviates from 
the nominal value expressed as a percen· 
tage of that nominal value. This takes into 
account the effects of temperature varia· 
tions, power supply variations, and drift 
with time, if significant. 

INPUT IMPEDANCE Specified as a nominal 
resistance in parallel with a capacitance 
value, given for the SAMPLE mode. If the 
HOLD mode impedance is significantly dif· 
ferent it will also be given. Input impedance 
is given at maximum rated input voltage. 

INPUT SIGNAL RANGE The acceptable in· 
put Signal levels, over the full power band· 
width, for which the S/H will maintain rated 
linearity. 

LINEARITY In the sample mode, linearity is 
a measure of how accurately the output 
tracks the analog input signal. In the hold 
mode, it refers to the pedestal offset which 
varies over the input signal range. 

OFFSET DRIFT The worst case variation in 
output offset voltage due to changes in am· 
bient temperature, power supply voltage, 
and drift with time. 

OUTPUT OFFSET VOLTAGE The maximum 
value of output voltage observed when 
sampling zero input at a stated temperature 
and power supply voltage. 

OUTPUT VOLTAGE SWING The rated nomi· 
nal output voltage range into a specified 
minimum load impedance. 

OVERLOAD RECOVERY TIME The time reo 
quired for the circuit to return to linear 
operation, within a stated tolerance, after 
removal of a sustained input that was large 
enough to drive the circuit into complete 
saturation (Le., a condition in which further 
increase in the input did not significantly in· 
crease the output). 

PEDESTAL OFFSET ERROR An offset error 
caused by switching to the HOLD mode. It 
is affected by a number of parameters in· 
cluding the capacitance of the mode con· 
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trol switch, the HOLD mode command 
signal level, the analog input Signal level 
and the sample rate. The pedestal offset er· 
ror may be nonlinear. 

SAMPLE AND HOLD AMPLIFIER Some· 
times called a track and hold amplifier, this 
is a circuit used to monitor a rapidly chang· 
ing analog signal and, upon command, hold 
that signal level for processing by another 
circuit, typically an ADC. The S/H operates 
in two seqliential modes, SAMPLE and 
HOLD, as determined by the state of a 
switch at the input to the amplifier which is 
controlled by an external digital control 
signal. In the SAMPLE mode the switch is 
closed, the input signal is connected to the 
amplifier and the output tracks it very close­
ly. In the HOLD mode the switch is open, the 
input is disconnected from the amplifier 
and its level at the time of disconnect is 
maintained by a capacitor across the input. 
See Figure 2. 

IIN;1 ANALOG INPUT ][ 

DIGITAL MODE~'N~ :I: 
CONTROL INPUT V 

Figure 2. S/H Amplifier Block Diagram. 

SETTLING TIME The maximum time reo 
quired for the output to track the input to 
within the specified accuracy after a full 
range step change while in the SAMPLE 
mode. 

SLEW RATE The maximum slew rate is the 
fastest rate of change of the output of the 
amplifier in the SAMPLE mode. The output 
changes most rapidly when a step change 
is applied at the input sufficient to drive the 
output from one end of its range to the 
other. 

SMALL SIGNAL BANDWIDTH The maxi· 
mum small Signal bandwidth is the highest 
frequency at which an amplifier will track, 
to within 3 db of the low frequency reo 
sponse, a sinusoidal Signal of less than the 
slew rate limited amplitude. 

TURN OFF TIME See aperture delay time. 

VOLTAGE GAIN The nominal ratio of output 
to input. 



MP260/MP261 
Low Cost High Speed High 
Accuracy Sample & Hold 
Amplifiers 

Description 
The Analogic MP260 and MP261 are 
low cost, highly accurate Sample­
and-Hold (S/H) Amplifiers that sus­
tain precise over-all system perfor­
mance in applications requiring 
resolutions of up to 16-bits. The 
MP260 design is optimized for a 
time-shared S/H function at the input 
of a high speed (50 /-Is or faster con­
version time) analog-to-digital con­
verter. Its fast acquisition time of 
5""s and excellent linearity of 
0.002% are representative of its 
superior performance. The MP261 , 
with its extremely low droop rate of 
only 20/-IV/ms, is ideal for 
simultaneous sample-and-hold ap­
plications. For example, as many as 
500 channels may be held and se­
quentially sampled (at 16-bit resolu­
tion, 30/-ls/sample, ± 10V full scale) 
before the last channel has drooped 
by only one significant bit (300/-lV)! 
The rated performance of these units 
is maintained in the presence of 
harsh electromagnetic and elec­
trostatic interference by shielding all 
components, including the low 
dielectric absorption hold capacitor, 
within a 1" x 2" Modupac™ metal 
case. 

USER·CONFIGURED 
INPUT BUFFER 

lOW FEEOTHAOUGH 
SWITCH 

FIL TERED 
POWER INPUT 

ANA LOW DIELECTRIC 
ABSORPTION 
HOLDING 
CAPACITOR 

FOR FULL SCALE 
RANGE COMPATIBILITY 

S/H 

/CONTROL L _ _ _ _ 
ITL·COMPATIBLE 
SlH SWITCHING CONTROL 

~$~-~ 

__ .J 

Figure 1. MP260tMP261 Block Diagram. 
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Features 

MP260/MP261 

• Excellent Linearity 
± 0.002% FSR maximum 

• Negligible Feedthrough 
100 dB Rejection (0.001 %) 

• Low Aperture Uncertainty 
1 nanosecond 

• Complete Small Size Module 
1" x 2" Modupac ™ Case 

• User-Selectable Input 
Configurations 
Buffer or Inverter 

• Very Low Cost 

MP260 
Optimized for Time-Shared StH 
Applications 

• Fast Acquisition time 
5/-1s to ± 0.003% Full Scale 
Step 

• Low Pedestal Non-Linearity 
± 0.003% max. 

MP261 
Optimized for Simultaneous StH 
Applications 
• Very Low Droop rate 

20 /-IV/rms max. 
• Very Low Pedestal Non· 

Linearity 
± 0.002 % max. 

Applications 

• Low-Cost Simultaneous Sample 
& Hold Systems 

• Automatic Test Equipment 
Systems 

• Multi-Channel, Multi·lnput· 
Level, 12· to 16·bit Data Ac· 
quisition Systems 

• High Resolution, High Speed 
Data Acquisition Systems 

• Audio Digitizing Systems. 
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SPECIFICATIONS 
(All specifications guaranteed at 25°C unless otherwise noted) 

SAMPLE MODE 
(Input configured for Unity Gain Buffer) 
Full Scale Linear Input Voltage Range (FSR) 
±10V 
Without Damage 
±1SV 
Input Impedance 
100Q II 10 pF 
Full Power Bandwidth 
80 kHz, (MP261 - 20 kHz) 
Small Signal Bandwidth 
1 MHz, (MP261 - 1S0 kHz) 
Slew Rate 
10 V/",s, (MP261 - 2 V/",s) 
Non·Linearity 
± 0.002% (max.) 
Noise (300 kHz bandwidth) 
40 ",V rms 
Gain 
1 ±0.02% 
Total Harmonic Distortion (20·20 kHz sinusoid 
input) 
0.002% max. 

SAMPLE·TO·HOLD TRANSITION 
Aperture Delay Time 
SO ns 
Aperture Uncertainty 
1 ns 
Switching Transient Decay Time to 0.003% 
O.S "'s typ., 1 "'S max. 

HOLD MODE 
Voltage Swing into 2K Q II 500 pF load) 
± 10V min. 
Impedance 
<1Q @ dc 
Hold Offset Pedestal 
10 mV max; Proportional to input, (MP261 -
5 mV max; Constant for all input signals 
Offset Pedestal Non·Linearity (± SV FSR) 
± 0.001 % max. 
Offset Pedestal Non·Linearity (± 10V FSR) 
± 0.003% max., (MP261 - ± 0.002% max.) 
Offset @ 2SoC (Externally Adjustable to Zero) 
10 mV max., (MP261 - 5 mV max.) 
Offset Tempco 
(20 typ., 0.2 max. ",V/",s, (MP261 - (5 typ., 15 
max.) ",VfOC 
Voltage Feedthrough Attenuation 
(20V p.p 100 kHz Input) 
100 dB typ., 96 dB min. 
Droop Rate @ 2S·C (typically doubles every 
14·C) 
0.02 typ., 0.2 max. ",V/",s, (MP261 - 1 typ., 
20 max. ",V/ms) 

SAMPLE·AND·HOLD AMPLIFIERS 

Noise (300 kHz bandwidth) 
SO ",V rms 
Dielectric Absorption Error' 
± 0.003% of input voltage change typo 

HOLD·TO·SAMPLE TRANSITION 
Acquisition Time 
(Measured with SK Q II 500 pF load) 
To within ±0.01% of 10V Step 
3.5 "'s max. 
To within 0.003% of 10V Step 
4.0 "'S max., (MP261 - 10 "'S max.) 
To within 0.01 % of 20V Step 
4.S "'S max. 
To within 0.003% of 20V Step 
5.0 "'S max., (MP261 - 15 "'S max.) 

DIGITAL CONTROL INPUT 
Logic Type 
TTL Compatible 
Sample 
Logic "1" (+3V min.) 
Hold 
Logic "0" (0.4V max.) 
Required Fall Time 
10 ns max. 

POWER, MECHANICAL, ENVIRONMENTAL 
Power Supply 
± 15V ± 3% @ 12 rnA nom. (Plus load current), 
(MP261 - ± 1S ± 3% @ 6 rnA nom. (Plus load 
current) 
Operating Temperature 
OOC to 70°C 
Relative Humidity (Up to 40·C) non·condensing 
o to 9S% 
Modupac ™ Dimensions 
1" x 2" x 0.44" 
(25.4 x SO.8 x 11.2 mm) 
Shielding 
RFI 6 sides; EMI S sides 

'At Hold Time = Twice Sample Time 
··Unless otherwise stated, percentage values apply to 
FSR of 20V. 

The high speed Input Buffer Amplifier feedback 
path is completed at the 5/H pin terminals. This 
provides user capability for gain programming 
(Figure 1), or for replacing the amplifier stage in 
typical DIA converters. Performance specifica­
tions of the uncommited amplifier are furnished 
below. 

Input Offset Voltagirt 
<6.0 mV, (MP261 ~ <2.0 mY) 



Input Offset Current 
<5 nA, (MP261 - < 1 nA) 
Input Bias Current 
<10 nA, (MP261 - < 2 nA) 
Input Impedance 
10'Q II 10 pF 
Gain Bandwidth Product 
3 MHz 
Output Voltage Swing 
± 10.5V min. (RL ~5 kQ) 
Common Mode Rejection Ration (CMRR) 
85 dB min. 

Design Features 
The MP260 and MP261 support error budgets 
for system accuracy of 14 to 16-bits with a 
tracking linearity of 0.002%, low noise of 
50/-iV rms and a pedestal offset uncertainty of 
only 0.001 %. System throughput speeds may 
actually be increased with these units by 
allowing input multiplexer switching to occur 
during AID conversion (the Hold mode rejec­
tion is typically 100 dB or 0.001 %), without a 
significant reduction in accuracy. 
Each S/H is a complete flexible unit as shown 
in Figure 1. The non-commited input amplifier 

MP260/MP261 
- INPUT 

BUFFER OUT 

FOR D/A WITH ACCESS TO CURRENT MODE 

IDAt 
MP260/MP261 

CURRENT - INPUT 
OUTPUT 

R. D/A 
CONVERTER BUFFER OUT 

+ INPUT 
(R2 = RFI R, 

ANA RTN 

may be used as a high impedance buffer 
(following a multiplexer) or as a high speed 
output amplifier (following a current output 
digital-to-analog converter) or providing gain 
to match a wide range of signal inputs. 

Unlike IC S/H circuits, these modular units are 
thoroughly specified for all critical perform­
ance parameters, many of which aren't even 
mentioned on IC S/H specification sheets. 
Note also that these modular units occupy 
less PC-board "real estate" than many IC S/H 
designs with their requisite external discrete 
components. 

USING THE MP260/MP261 

Input Buffer Configurations 
Figure 2 illustrates how the input buffer 
amplifier may be configured to provide gains 
of one through ten so that the S/H output will 
have a ± 10V FSR swing. 
The illustration also includes sample con­
figurations of the input buffer when used to 
replace the current-to-voltage amplifiers of 
D/A converters in which the current outputs 
are usually available. 

.+ INPUT 

e- INPUT 

eBUFFER OUT 

MP260lMP261 

eANA RTN 

CURRENT 
OUTPUT 

OIA ROUT 

CONVERTER 

R2 = Rout RFB 

FOR 
VFSR R1 GAIN 

±5V R 2 

±lV 9R 10 

±O.1V 99R 100 

MP260/MP261 

- INPUT 

BUFFER OUT 
+ INPUT 

ANA RTN 

Figure 2_ Input Configuration Connections for MP260/MP261, Including Use As Replacement 
for D/A Output Amplifiers_ 
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MP260/MP261 Trim Adjustments 
As shown in Figure 3, the StH MP260tMP261 
may be adjusted to compensate for any StH 
offset and for system offsets common to all 
channels sampled through the installed StH 
unit. 
(1) Connect a potentiometer of indicated 
resistance to the StH trim terminals and the 
wiper to the + 15V supply. 
(2) Sample a channel with desired zero 
voltage signal. 
(3) Issue a train of SAMPLE and HOLD com­
mands to obtain a stable output value. 
(4) Adjust the trim potentiometer for zero 
voltage at the S/H output. 

Simultaneous S/H Application 
Figure 4 illustrates the use of MP261 as 
simultaneous S/H units in a multi-channel 
data acquisition system. As shwon each S/H 
may be independently configured at the input 
for an appropriate gain, while the oututs are 
connected as differential inputs to an 
8-channel analog multiplexer. 
In a typical seismic exploration application, 
for example, the control logic causes all in­
puts to be sampled and the tracked inputs to 
be "held" at the same time. With only 1 ns 
aperture uncertainty, the StH output Signal is 
accurate to within V2 bit for Signals are then 
converted sequentially in the MP8016 and 
eight parallel 16-bit values are placed on the 
data bus of a minicomputer/microprocessor 
control system. 
Figure 5 illustrates the use of high accuracy 

%5V FSR 

%10VFSA 

ANALOG 
MULTIPLEXER 

11·CHANNEL 
DIFFERENTIAL -

. . 
r;:::===t:~ }.,. --....... 

SlH 
COMMAND 

+1 ..... -~ 
-15. 

_-_"INPUT TRIM 1,..--VVv--. 
TRIM z-t---~ 

1.._...Ji--t ANA RTN 

-r-L S/H COMMAND 8tH ANA RTN 

ANA OUT 

A-2QkQ 

Figure 3. Trimming MP260/MP261 for Zero 
Offset. 

MP261 StH units in an Automatic Test Equip­
ment (ATE) application. A high quality 16-bit 
DtA converter, such as the Analogic 
MP1916TC, or 14-bit DtA converter 
MP1914TC), is programmed to supply ac­
curate analog signals as stimuli for the unit 
under test (UUl). Each analog voltage is held 
at the output of a StH unit and connected to 
an appropriate analog stimulus node of the 
UUT. 
Under program control, the recorded results 
are compared with the specified performance 
for the computer controlled profile of analog 
stimuli. The low cost per channel of the 
MP261 makes this application particularly 
cost effective for very high quality perfor­
mance. The illustrated instrumentation is far 
less costly than the usual DtA-per-channel 
approach. 

ANALOGIC 
MP215 

TRUE 
DIFFERENTIAL 
AMPLIFIER 

MPeOt6 
,6-81T AID 

0.001·;' LINEARITY 

CONTROL 

MINICOMPUTER 
OR 

+SYdc 

DIG RTN 

,.P 

Figure 4. MP261 in a Simultaneous SlH Application, Showing Independent Gain Setup for 
Each Output Channel. 
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MINICOMPUTER 
OR 

MP1916 TC 

O.Dq1% LINEARITY 
1.81T DIA 

MICROPROCESSOR I'V"_'~";;.:BIT~DA",TA"",B;.::.US,,---,/I --M-.-"-"-A--

ADDRESS BUS 

0.005% LINEARITY 
'4-811 DIA 

DATA8US 

UNIT 
UNDER 
TEST 
cuun 

Figure 5. Time-Sharing a Precise DIA Converter with a SIH per channel for High Precision 
Analog Signal Stimulus in ATE Systems. 

MP260 Time-Shared Application 
Figure 6 illustrates a typical application of 
the MP260.lt provides the input to a 14·bit AID 
converter (MP2734) from multiplexed analog 
channels with the same full scale range 
specifications. The excellent feedthrough reo 
jection of the MP260 inputs may be switched 
from one full scale limit to the opposite polari· 
ty full scale limit. 
For a 20·volt step, the 100 dB rejection ratio 
means only 200 microvolts into the "held" 
channel (0.001 % error). Thus, there is no 
significant penalty incurred by switching in· 
puts during the conversion cycle. The S/H per· 
formance allows the multiplexer circuits to 

stabilize for the next channel while the cur· 
rent channel is still being converted. 

As shown in Figure 7, the sample/hold control 
timing sequence, that takes advantage of this 
"overlapping" of channel addressing and 
channel conversion, increases system 
throughput. The example in Figure 7 allows 
the MUX and amplifier circuits to stabilize 
before the value is switched to the S/H input. 
For competitive S/H units with poorer feed· 
through rejection, the S/H inpuyt must remain 
connected to the "held" channel until conver· 
sion is completed. Otherwise, an error will be 
introduced into the currently converted signal. 

+ 1SIf -15V ANA 
GND 

AlDTAIGGER~ 

j" .. ,T 
PARALLEL 
OUTPUT 
DATA 

Figure 6. MP260 in a Time-Shared Application Block Diagram. 
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PER SAMPLE (ACQUISITION TIME) = 5.0, CONVERSION TIME = 5.oec, MUX SETTLING = 5.sec. 

MUX SWITCHING 
& SETTLING TIME -"'----"'-----,------,-----, 

STABLE MUX CHANNEL 

SlH MODE-- S#l H#l H#2 S#3 S#4 H#4 

AID CONVERTING-- #1 IDLE #2 IDLE IDLE #4 

LATCHED READOUT-- #1 #2 #3 #4 

STABLE MUX CHANNEL 

S/H MODE- S#l H#l S#2 H#2 S#3 H#3 

AID CONVERTING- #1 IDLE #2 IDLE #3 IDLE 

LATCHED READOUT- #1 #2 #3 

\---15.0--1 

OVERLAPPED 
MODE 
WITH 
MP260/MP261 
(GOOD FEEDTHROUGH 
REJECTION) 

NON·OVERLAPPED 
REQUIRED 
FOR S/H WITH 
TYPICAL FEEDTHROUGH 

Figure 7. Timing SlH Waveforms, Showing Overlapped Switching and Converting Intervals for 
MP260 Instrumentation. 

D 20" 200' (1111mmJ 
(S.O'mmJ ~so aOmmJ 

0 0 

f 0 0 
0 0 
0 0 
0 0 

~j 
I D 2'" "'N 0 

0 
• 5tH 

CONTROL 

OUTPUT 0 
RTN • 

SlH. 
OUTPUT --~ I D.1Il I 

~{2032mmJ~ 

• DENOTES TERMINAL PIN PRESENT 
o DENOTES TERMINAL PIN OMITTEO 

Figure 8. MP2601261 Mechanical & Pinout. 
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MP270 
Very High Speed 
Sample & Hold Amplifier 

Description 
The Analogic MP270 is a high speed, 
high accuracy sample and hold 
amplifier, featuring a low acquisition 
time of 1 "'S aperture uncertainty 
time of less than 0.2 ns, and wide 
bandwidth, assuring compatibility 
with data acquisition systems hav­
ing throughput rates up to 300 kHz. 
The high input impedance of the 
MP270 combined with its low noise 
and low feedthrough characteristics 
assure accuracies of 0.01 % at these 
throughput rates. 

Performance 
The 1 "'S maximum acquisition time 
and the 0.01 % accuracy of the 
MP270 are attained by placing a 
feedback loop around the switching 
circuit. This design technique pro­
vides compensation for any switch­
ing and non-linearity errors within 
the loop while forcing the output to 
follow the input. The introduction of 
very fast switching circuits limits the 
aperture uncertainty time to within 
0.2 ns and virtually guarantees 
measurement repeatability. The 
100Q input impedance of the MP270 
assures minimal source loading 
without additional external buffer­
ing, and the low hold mode decay 
rate of 2 ",VI",s assures highly ac­
curate digitization even at slower 
conversion rates. 

MP27Q 
S<H 

Using the MP270 
Because of the exceptionally high 
accuracy-with-speed performance of 
the MP270 and its low noise and 
wide bandwidth characteristics, care 
must be taken to minimize noise 
pickup on the signal input leads. All 
input and control pulse leads should 
be short and shielded, and a remote­
ly generated control signal should be 
buffered close to the MP270 to pre­
vent ringing. 

Features 

• 1 "'S Maximum Acquisition Time 
with 0.01 % Accuracy 

• Wide Bandwidth: 
500 kHz for Full Power 

• High Input Impedance: 
108Q 

• Low Aperture Uncertainty of 
0.2 ns Guarantees Accurate 
Oigitization 

• Low Droop Rate: 
2 ",V/",s 

AID CONVERTER 
(ANAlOGIC MP8Q16) ., 

I 
, DIGITAL 
1 OUTPUT 

OUT. • + IN OUTPUT. I-+---j. IN .' 
• RTN 

• 
• 

OUTPUT. 
RTN 

ANALOG I TO POWER 
SUPPLY 

DIGITAL RETURNS 

Figure 1. MP270 Sample and Hold Amplifier with MP2912A Analog·to· 
Digital Converter and AN4716 Multiplexer Guarantees a 
Throughput Rate of Up to 140 kHz for a 12·Bit Data Acquisition 
Application. 
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SPECIFICATIONS 
(All specifications guaranteed at 25'C unless otherwise noted) 

SAMPLE MODE 

Input Voltage Range 
± 10V max. useful signal, ± 15V max. without 
damage 
Gain 
+ 1.000 ± 0.005% 
Small Signal Bandwidth 
10 MHz min. 
Full Power Bandwidth 
500 kHz min. 
Slew Rate 
50 V/JAS min. 
Input Impedance 
1()8Q in parallel with 10 pF 
Linearity 
0.005% max. 
Settling Time 
To 0.01 % of 20V Input Step 
700 ns typ., 900 ns max. 
To 0.05% of 10V Input 
450 ns typ., 600 ns max. 
Input Bias Current 
<100 pA 
Input Offset Voltage 
± 20 mV max., adjustable to zero (see Fig. 4) 
Offset Tempco 
± 50 JAVI'C typo 
Offset vs. Supply 
± 0.0015% FS voltage change typo 
Noise 
300 JAV pop max. 

SAMPLE·TO·HOLD SWITCHING 

Switching Transient Settling Time 
(to 0.01 % of FS) 
150 ns typ., 400 ns max. 
Aperture Time 
10 ns typo 
Aperture Uncertainty Time 
±0.2 ns typo 

HOLD MODE 
Output Voltage 
± 10V max. 
Maximum Load 
500Q in parallel with 200 pF (short circuit 
protected) 
Output Impedance 
0.1Q 
Droop Rate 
2 JAV/JAS max. 
* Dielectric Absorption 
Approx. 0.0075% @ 2 JAs sample time, 5 p.S hold 
time 

SAMPLE·AND·HOLD AMPLIFIERS 

Voltage Feedthrough (20V p-p SOO kHz Sinusoidal 
on Input) 
-80 dB max. 
Hold Offset (pedestal) 
± 10 mV adjustable to zero with externally ac· 
cessible internal adjustment 
Hold Offset Tempco 
± 30 JAVI'C typo 
Hold Offset Non-Linearity (Pedestal Variation over 
Input Signal Range) 
±0.005% max. 
Output Voltage Variation due to Control Pulse 
Variation 
1 mV per volt of change in control signal typo 
Noise 
0.5 mV pop max. 

HOLD·TO-SAMPLE SWITCHING 
Acquisition Time 
To 0.01 % of 20V Step Input 
800 ns typ., 1 JAS max. 
To 0.05% of 10V Step Input 
550 ns typ., 700 ns max. 

DIGITAL CONTROL INPUT 
Compatibility 
TIL compatible, 2 logic loads 
Input Impedance 
1 kQ in parallel with 33 pF (3 mA sink current) 

Sample 
Logic "0" ( + O.4V max.) 
Hold 
Logic "1" (+3.0V min.) 
Required Rise Time 
10 ns max. to obtain minimum aperture time 

POWER SUPPLY 
+15V ±3% 
60 mA max. + load current 
-15V ±3% 
40 mA max. + load current 

ENVIRONMENTAL & PACKAGING 
Operating Temperature Range 
O'C to 70'C 
Storage Temperature Range 
- 25°C to + 85°C 
Relative Humidity 
o to 95%, non-condensing 
Modupac™ Dimensions 
2" x 2" x 0.39" (50.8 x 50.8 x 9.9 mm) 
Electrical Shielding 
RFI 6 sides; EMI 5 sides 



LIMIT 

----, SPEC f1}JS} LIMIT ..- ~ 1'1 tmv~,v 
200nSIDIV 

Figure 2. MP270 Output Characteristics 
Showing Acquisition Time. Upper Waveform 
Shows Response of MP270 to a 20V Step In· 
put Signal. Lower Waveform is a 2500:1 
Amplification of the Upper Trace and 
Shows Settling Characteristics of the 
MP270. 

T 
lOV 

INPUT 1 SIGNAL 

OUTPUT 
1.. 

SIGNAL T lat +lDV) 

'mV 

HOLD 
COMMAND 

Figure 3. MP270 Output Characteristics 
Showing Hold Pedestal and Feedthrough 
Rejection Characteristics. The MP270 
Samples the Input Signal Only While it is at 
+ 10V. When the Input Signal Goes to 
-10V, the MP270 Hold Voltage Changes by 
Less Than 1 mV. 

-15V 

200Q 

Figure 4. MP270 Input Offset Adjustment. 
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Figure 5. MP270 Outline Drawing. 

Input Voltage offset compensation is ac­
complished by connecting a potentiometer 
between the two OFFSET ADJ. terminals. 
The variable output of the potentiometer is 
adjusted until the offset is reduced to an ac­
ceptable level. 

* Dielectric Absorption 
Dielectric absorption is the decaying of the 
Hold voltage (on the Hold capacitor) due to 
the charge redistribution within the 
capacitor dielectric. This error is a resultant 
of rapidly charging the Hold capacitor and 
disconnecting the charging source. The out­
put voltage will decay according to the 
following relationship: 

where: 

AE = Output voltage error 
Es = Capacitor voltage change 
K = Empirical constant for Hold 

capacitor dielectric (K = 1.5 x 
104 for polystyrene capacitor in 
MP270) 

ts = Sample time; 
th = Hold time 

Example: For a 20V step, a Sample time of 
2/-1s, and a Hold time of 5/-1s, AE = 1.5 mV. 

ORDERING GUIDE 

Specify MP270 
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MP271 
High Speed-Precision 
Sample & Hold Amplifier 

Description 
The MP271 (see Fig. 1) is one of the 
highest performance sample-and­
hold amplifiers currently available 
and provides an exceptional com­
bination of very high speed with 
precision. Performance is optimized 
for use in data acquisition systems 
which have sampling rates of up to 
300 kHz and resolutions of up to 
16 bits. The very high speed per­
formance of the MP271 is evidenced 
by the acquisition time of 1.0 lAs, the 
aperture uncertainty of 0.2 ns, and 
the full power bandwidth of 600 kHz. 
The capability of the MP271, in high 
resolution systems of up to 16 bits, 
is demonstrated by its excellent 
linearity and feedthrough specifica­
tions. It has a non-linearity of 
0.003% maximum while sampling, a 
sample-to-hold offset non-linearity of 
0.002% maximum, and a high fre­
quency feedthrough of typically 
0.001 % at 500 kHz. 
No other sample-and-hold amplifier 
matches the overall performance of 
the MP271. It surpasses the 
previously best available modular 
unit (the Analogic MP270). In com­
parison with integrated circuit (IC) 
units, it is an order of magnitude bet­
ter in specific features such as feed­
through, aperture jitter, linearity and 
pedestal non-linearity. 

Fast Charge Sampling Switches High Quality Polystyrene :- _______ :r~/ __ ~ithi~F:~a~ ~o~? ~a~~cilor 

+ IN + I 
Hold : _ VII - OUTP\1T 
Mode + I 

Shorting I : 
Switches I I 

Oll.et Adj. 0 I 

01l.etAdj.6 • 1 9 +15V 
I • :!: 0 -15V 

::: Ly-----;2"~:~--~l/fJ= 
Shielded ~ Fast Switch High Quality Bypass ""case At 
Metal Drivers Capacitors Ground 
Case 

Figure 1. MP271 Sample & Hold Amplifier Functional Block 
Diagram. 

SAMPLE·AND·HOLD AMPLIFIERS 

Features 

• Excellent Linearity: 
± 0.003% max. 

• Extremely Low Feedthrough: 
-100 dB (0.001 %) 

• Very Low Pedestal Variation: 
± 0.002% max. 

• Fast Acquisition: 
1.0 lAs to 0.005% 

• Low Aperture Uncertainty: 
0.2 ns 

• Wide Bandwidth: 
500 kHz full power 

• High Input Impedance: 
100 MQ 

• Low Droop: 
2 IAVIIAs 

Applications 
• Wideband Data Acquisition 

Systems 

• Telecommunications Digitizing 
• Industrial Process Control 

Systems 

• Medical Scanning Systems 

• Nuclear Research 

Using the MP271 
The performance of the MP271 is op­
timized for use in multiplexed, high 
speed, high resolution, data acquisi­
tion systems. The very low hold 
mode feedthrough MP271 signifi­
cantly increases system throughput 
rates by allowing the AID conversion 
time to overlap the multiplexer 
switching time without degrading 
system accuracy. 
Maximum throughput is achieved by 
switching the multiplexer to the next 
channel while the S/H holds the 
previous channel value. The multi­
plexer settles fully to the new value 
while the AID conversion is com­
pleted on the previous channel value. 
At the end of the conversion, the 
MP271 switches to the sample 
mode; it acquires the new input and 
the new conversion is triggered. 

(continued) 
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SPECIFICATIONS 

(All specifications guaranteed at 25°C unless otherwise noted) 

SAMPLE MODE 

Input Voltage Range 
± 10V (± 15V without damage) 
GaIn 
+ 1 ± 0.01 % max., + 1 ± 0.003% typo 
Small Signal Bandwidth 
10 MHz min. 
Full Power Bandwidth 
500 kHz min. 
Slew Rate 
50 VII's min. 
Input Impedance 
10"Q in parallel with 10 pF 
Nonlinearity (for 20V input) 
± 0.003% max. 
Settling Time 
To within ± 0.005% of 20V Input Step 
850 ns typ., 1.0 lAs max. 
To within ± 0.010% of 20V Input Step 
700 ns typ., 900 ns max. 
To within ± 0.050% of 10V Input Step 
450 ns typ., 600 ns max. 
Input Bias Current 
100 pA max. 
Input Offset Voltage 
± 20 mV max., adjustable to zero 
Offset Tempco 
± 50 IAVfOC typo 
Offset vs. Supply 
± 0.0015% FS per % supply voltage change typo 
Noise (10 MHz bandwidth) 
300 IAV pop (::: 50 IAV rms) max. 

SAMPLE·TO·HOLD SWITCHING 

Switching Transient Settling Time 
(to ± 0.01 % of FS) 
150 ns typ., 400 ns max. 
Aperture Time 
10 ns typo 
Aperture Uncertainty 
±0.2 ns typo 

HOLD MODE 
Output Voltage Range 
±10V min. 
Maximum Load 
5000 in parallel with 200 pF, short circuit pro· 
tected (tested with 100 pF load) 
Output Impedance (de) 
0.1Q 

Droop Rate (@ 25°C) 
2 IAV//lS max. 
Dielectric Absorption 
0.0075% @ 2 /lS sample time, 5 /lS hold time 

SAMPLE·AND·HOLD AMPLIFIERS 

Voltage Feedthrough (20V pop 500 kHz sinusoidal 
input) 
-100 dB typ., - 94 dB max. 
Hold Offset (pedestal) 
± 10 mV unadjusted. Adjustable to zero with ex· 
ternally accessible internal adjustment 
Hold Offset (pedestal) Tempco 
± 30 IAVfOC typo ' 
Hold Offset Nonlinearity (pedestal variation over 
input signal range) 
±0.OO2% max. 
Output Voltage Variation due to Control Pulse 
Variation 
1 mV per volt of change in control Signal typo 
Noise (10 MHz bandwidth) 
0.5 mV p.p typ., 1 mV pop max. (:::150 IAV rms) 

HOLD·TO·SAMPLE SWITCHING 
Acquisition Time 
To within ± 0.005% of 20V Input Step 
1.0 lAS typ., 1.1 lAs max. 
To within ± 0.01 % of 20V Input Step 
800 ns typ., 1 .0 lAs max. 
To within ± 0.05 % of 10V Input Step 
550 ns typ., 700 ns max. 

DIGITAL CONTROL INPUT 
Logie Type 
TTL compatible, 1 logic load (1 ~ load) 
Sample 
Logic "0" ( + 0.4V max.) 
Hold 
Logic "1" (+ 3V min.) 
Required Rise Time 
5 ns max. to obtain min. aperture time 

POWER SUPPLY 
+15V ±3°/~ 
50 mA max. + load current 
-15V ±3% 
45 mA max. + load current 

ENVIRONMENTAL & MECHANICAL 
Operating Temperature Range 
ooC to 70°C 
Storage Temperature Range 
- 25°C to + 85°C 
Relative Humidity 
o to 85%, non·condensing up to 40°C 
Modupac™ Dimensions 
2" x 2" x 0.39" (50.8 x 50.8 x 9.9 mm) 
Electrical Shielding 
Electrostatic 6 sides; Electromagnetic 5 sides 



Using the MP271 (cont.) 

High frequency components may be present 
at the S/H input from two sources: ultra fast 
multiplexer switching of full scale step in­
puts and high frequency data. The superior 
feedthrough characteristics of the MP271 
~esult in the hold mode output voltage chang­
mg by only 0.001 % (- 100 dB) with a 20V pop 
500 kHz sinusoidal input applied. 
Fig. 2 shows an application in which system 
speed and accuracy are optimized with the 
MP271. The MP2734 conversion time is only 
6.8 /As to 14 bits and the differential linearity is 
± V2 LSB (±0.003%). The low feedthrough of 
the MP271 (0.001 %) complements system 
performance. The multiplexer is switched dur­
ing the hold mode and its settling time 
overlaps the conversion time. The system 
throughput rate is determined solely by the 
6.8/As conversion time plus the 1.1 /As max­
imum acquisition time (to ± 0.005%) of the 
MP271. This yields a system throughput rate 
of 125 kHz to 14 bits. 

System Considerations 
A sample-and-hold amplifier is used to reduce 
the time uncertainty (and resultant amplitude 
error) in practical systems which have in­
herent finite sampling apertures. The MP271 
reduces this time to only 0.2 ns ... the aperture 
uncertainty time. In a system without a 
sample-and-hold, the time uncertainty is the 
conversion time of the AID converter, general-

MULTIPLEXER 
MP271 

SAMPLE & HOLD 

Iy measured in microseconds. See the 
Analogic Data-Conversion System Digest, for 
a complete treatment of this subject. 

The time uncertainty used in calculating the 
error VS. information frequency, is the system 
time uncertainty. The system time uncertainty 
is the MP271 aperture time uncertainty, plus 
any jitter in generating the control input to the 
MP271. Control input jitter is frequently 
caused by triggering the AID with the system 
clock and then using the end-of-conversion 
output of the AID as the control input to the 
sample-and-hold amplifier. This source of 
jitter is eliminated when the system clock 
directly initiates the sample-to-hold control 
(see Fig. 2). Buffering (immediately adjacent 
to the MP271) is suggested to provide the very 
fast rise time (5 ns) required by the control 
input. 
The high impedance (108 Q in parallel with 
10 pF) of the MP271 make it ideal as a buffer 
for the output of CMOS or FET analog 
multiplexers. Voltage divider error, caused by 
multiplexer switch ON resistance in series 
with the input impedance, is negligible. 

The low droop rate (2 /AV//As) of the MP271 
holds its output constant, even with 16-bit 
converters. On a 10V full scale range, a 16-bit 
ADC such as the Analogic MP8016, has an 
LSB of 153 /AV. For the MP271 to discharge 
less than V2 LSB (at 2 /AV//As) the conversion 
must be completed in less than 39 /As, which 
is well within the limits of the MP8016. 

MP2734 
AID CONVERTER 

OIP IN 
SIG 1 

OIP e!----.l .. INPUT 

+15V +1SV 

-15V -.t----.....>--HiI -15V 
SIG 8 

CTRL GNO 

CLOCK ---+---1 

NOTE: 
KEEP HEAVY LINES AS 
SHORT AS POSSIBLE. 

OIP 
RTN 

ANA 
RTN 

EOC 

MP3020 DCIDC CONVERTER 

Figure 2. High Accuracy, High Resolution, 125 kHz 14·8it Data Acquisition System Us· 
ing the MP271. 
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Figure 3. MP271 Output Showing Sample· 
to· Hold Switching Illustrating Low Droop 
Rate. Performance Limit is Two Divisions 
Vertically On Upper Trace (200 mVI100 ms). 

Figure 4. MP271 Output Acquiring 20V Step 
Input. Upper Trace Shows Slew Rate of 
50 VIlAs at 5VIDivision. Lower Trace Shows 
Acquisition Time of 800 ns to 0.01 % at 
5 mV/Division. 

Theory of Operation 
The exceptional performance of the MP271 
results directly from its unique combination 
of design features. As shown in the simplified 
block diagram of Fig. 5, the MP271 is basical· 
Iy, three circuits: 1) a voltage·to·current (V/I) 
source amplifier, 2) an output ampli· 
fier/integrator, and 3) a switching circuit. 
When the MP271 is in the sample mode 
(switches S1 and 83 are open, 82 and 84 are 
closed, and control is at logic "0") the circuit 
functions as a unity gain follower with the 
voltage across the holding capacitor (C1) 
forced to equal the input voltage. The max· 
imum acquisition time of only 1 lAs (to 0.01 % 
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of final value) results from using a small value 
of C1, high speed amplifiers, and very fast 
switch drivers in addition to the high-power 
current source amplifier (V/I). 8witching and 
non-linearity errors are held to a minimum by 
placing the switching circuits and the current 
source within the over-all feedback loop. 
In the hold mode (switches S1 and 83 closed, 
82 and 84 open, and control at logic "1") the 
holding capacitor (C1) is part of the low 
leakage integrator. The discharge rate is slow 
enough to limit the droop to less than % L8B. 
High input/output isolation is guaranteed by 
opening the input to C1 with 84; opening the 
feedback loop with 82; and at the same time 
shorting the V/I inputs through 81 and ground­
ing its output with 83. A 20V pop, 500 kHz 
sinusoidal input to the MP271 is typically at­
tenuated by 100 dB. 

Cl 

SWITCH DRIVERS 

__ SAMPLE ~ 
---- HOLD 

Figure 5. MP271 Simplified Block Diagram. 

Adjustments 
Provision is made to adjust the input offset 
voltage of the MP271 to zero externally by 
connecting a 200Q potentiometer as shown in 
Fig. 6. To adjust, short the input to analog 
return, connect the control input to ground 
(placing the MP271 in the sample mode), and 
set the offset potentiometer for zero output 
from the MP271. 
It is virtually impossible to avoid capacitance 
coupling between the switch drivers and the 
hold capacitor (C1), which results in a small 
charge being dumped onto C1 when switch­
ing from sample to hold. This produces an off­
set, or pedestal, at the output which is mode 



dependant. The MP271 includes an internal 
pedestal offset adjustment control. To adjust, 
short the input to analog return, switch the 
control input between sample and hold (a 
50% duty cycle at 200 kHz is convenient), and 
set the pedestal control for zero output during 
the hold mode period. 

The gain of the MP271 is typically within 
± 300 /-IV of nominal ± 10V output. Provision 
for gain adjustment is not included. The small 
gain error of the MP271 may be compensated 
via the gain adjustment potentiometer on the 
ADC following the sample-and-hold amplifier. 

-15V ...... 

200(1 

I- 2.00" (50.lOmm) -\ 

1-'.00 (2S.40mm) -f (2~~~) -l f-

PEDESTAL ADJUST t15Ve 

-15Ve 

o 
o 
eCTAL .., 
OGND 
04,-
0-

• 
• INDICATES PIN 

o INDICATES NO PIN 

ANA ATNe 

e 
e 
o 
o 

0.02S" die. 
O.063mm 

O/P" 
DIP 
RTNe 

o 
o 
o 
o 
o 
o • 

0.20" 
(S.Oamm) .. 
~ 

0.20" 
(S.08mm) 

'(S~::~) 

0.10" 
(2.S4mrn) 

Figure 6. MP271 Mechanical Outline and Offset 
Adjustment. 
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MP272 
Very High Speed High 
Accuracy Inverting 
Sample·and·Hold 

Description 
The Model MP272 is an inverting 
sample-and-hold (S/H) amplifier 
module with an unprecedented com­
bination of high speed and high ac­
curacy at low cost Its maximum 
time for acquiring a 10V input step to 
± 0.01%, including the settling time 
of its input buffer, is only 300 ns 
(350 ns max. for a 20V step). This is 
faster than the "typical" acquisition 
time specified by many other 
manufacturers who frequently 
neglect the input buffer amplifier set­
tling time. 
The aperture uncertainty time of the 
MP272 is only 50 ps and its hold 
mode droop rate is 5 INIjJ.s max.; 
each of these values is one-half to 
one-fifth of the corresponding 
specifications published for a variety 
of other high-speed models. These 
specifications translate directly into 
correspondingly greater overall 
system accuracy. Available at prices 
equal to or lower than those of less 
accurate models, the MP272 delivers 
the optimum S/H performance for 
transient analyzers, digital oscillo­
scopes, and other high-speed 
systems requiring up to 12-bit 
resolution. 
The Model MP272 includes a unity­
gain input buffer amplifier with 
100 MQ input impedance and a low 
150 pA bias current This stage is 
followed by a low output impedance, 
switch-controlled stage that acts as 

Features 

• High Speed 
200 ns typo acquisition time for a 
10V step (including input buffer 
settling time) 
5 ns aperture time, typo 

• High Sampling Accuracy 
± 0.005% FSR non-linearity, 
max. 50 ps aperture uncertainty 
upon transition to HOLD, typo 

• Exceptionally Low Bias Current 
150 pA max. @ 25°C 

• High Holding Accuracy 
5 jJ.V/jJ.s droop rate, max. @ 25°C 
± 0.005% FSR offset non­
linearity, max. 

• Low Dielectric Absorption 
0.005% of voltage change per 
microsecond of hold time 

• Wide Bandwidth 
(in sample mode) 
15 MHz small signal bandwidth 
(- 3 dB) 
3 MHz full power bandwidth 

• Low Noise 
200 jJ.V rms (10 MHz) max., in 
both SAMPLE and HOLD 

• System Oriented 
Drives large capacitive load 
Consumes only 1.5 Watts 
Includes holding capacitor and 
provisions for optional external 
offset adjust 

• Offers superior performance at 
low cost 

(continued) Applications 

High Speed 
Input Butfer 

+ In 0-------1 

Provision for Optional 
External Offset Adjust 

I 
Offset Adjust 

0-----

Matched Resistors 

R/ ~R 
Low Offset 

Inverting 
Amplifier 

~.-----o Output 

r--o Output 
¢' Return 

'1---;:;-:~ "LOW Dielectric 
Absorption Storage 

Low leakage Capacitor 

"'c_on_tr_ol ____ ...,'-"'sa=m:=;PIc:'e 0& uHo::O:ld"---' Switches -,.-....0 + 15V 
......... Drive ..L 

Di~ 
Ground 

fr AnalOg 
Filtered __ Power 

Power Input Return 
~-15V 

Figure 1. MP272 Functional Block Diagram. Very fast operational 
amplifiers provide a 200 ns typical acquisition time to 0.01 % for a 
10V step. 
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• Digital Oscilloscopes 
• Transient Analyzers 
• Automatic Test Equipment 

• High Speed Data 
Acquisition Systems 

• Digital Signal Processors 
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SPECIFICATIONS 
(All specifications guaranteed at 25·C unless otherwise noted) 

SAMPLE MODE 
Input Voltage Range (FSR) 
± 10V (± V supply without damage) 
Gain 
-1 
Gain Accuracy 
± 0.01 % max. @ 25°C (10 ppm/oC max. tempco) 
Non·llnearity 
± 0.005% FSR max. 
Settling Time: 
to within ± 0.01 % of 10V input step-
200 ns typ., 300 ns max. 
to within ± 0.01 % of 20V input step-
250 ns typ., 350 ns max. 
Small Signal Bandwidth ( - 3 dB) 
15 MHz typo 
Full Power Bandwidth 
3 MHz typo 
Slew Rate 
200 V//-Is, min. 
Input Impedance 
100 MQI15 pF typo 
Input Bias Current (@25°C)* 
150 pA max. 
Input Offset Voltage (@25°C) 
±10 mV max. 
Offset Tempco 
± 100 /-IVfOC max. 
Offset vs. Supply 
200 /-IV per 1 % change in supply voltage, max. 
Noise (10 MHz bandwidth) 
200 /-IV rms max. 

SAMPLE·TO·HOLD SWITCHING 
Aperture Time 
5 ns typo 
Aperture Uncertainty 
50 ps typo 
Switching Transient Settling Time 
(to ± 0.01 % of FSR) 
150 ns max. 

HOLD MODE 
Output Voltage Range 
±10V 
Maximum Load 
2 kQII50 pF 
Droop Rate (@25°C)* 
5/-1V//-Is max. 

• Doubles approximately every 10·C 

SAMPLE·AND·HOLD AMPLIFIERS 

Dielectric Absorption 
0.005% of voltage change @ 0.3 /-Is sample 
time, 1 /-Is hold time typo 
Hold Offset (Pedestal) @ 25°C 
± 0.5 mV typ., ± 2 mV max. (optionally ad· 
justable to zero) 
Hold Offset (Pedestal) Tempco 
± 40 /-IV/oC max. 
Hold Offset Non·linearity 
± 0.005% FSR max. 
Voltage Feedthrough Rejection Ratio 
(10V Input Step) 
84 dB typ., 78 dB min. 
Output Voltage Variation due to Control Pulse 
Variation 
1 mV per volt of change in control signal max. 
Noise (10 MHz Bandwidth) 
200 /-IV rms max. 

HOLD·TO·SAMPLE SWITCHING 
Acquisition Time: 
to within ±0.01% of 10V input step-
200 ns typ., 300 ns max. 
to within ± 0.01 % of 20V input step-
250 ns typ., 350 ns max. 

DIGITAL CONTROL INPUT 
Logic Type 
TIL compatible, 1 unit load 
Sample 
Logic "0" (+ O.4V max.) 
Hold 
Logic "1" (+ 3V min.) 
Required Rise Time 
5 ns max. to obtain min. aperture time 

POWER SUPPLY (Exclusive of Load) 
+15V ±3% 
50 mA typ, 
-15V ±3% 
50 mA typo 

ENVIRONMENTAL & MECHANICAL 
Operating Temperature Range 
O·C to + 60°C 
Storage Temperature Range 
- 25°C to + 85°C 
Relative Humidity 
o to 85%, non·condensing up to 40°C 
Modupac™ Dimensions 
2" x 2" x 0.44" (50.8 x 50.8 x 11.2 mm) 
Electrical Shielding 
Electrostatic 6 sides; electromagnetic 5 sides 












































































































































































































































































































































































































































































