Design Ideas

Stacked amplifiers lower noise

Scott Wurcer and Charles Kitchin
Analog Devices Inc, Wilmington, MA

You can realize an improvement in the signal-to-
noise ratio of an amplification system by stacking the
system’s amplifiers—connecting their inputs in par-
allel and their outputs in series. In this configura-
tion, the combined S/N ratio improves in direct
proportion to the square root of the number of
amplifiers stacked. This improvement arises because
the signals add arithmetically while the combined
noise only increases as the square root of the number
of amplifiers. However, it occurs only if the source
voltage is not decreased by loading.

Stacked amplifiers have not been extensively used
because of hardware considerations: You need trans-
formers to add the outputs. However, if you use
instrumentation amplifiers, you can add the outputs
by feeding one amplifier’s output into the reference
input of the next.

The AD524 instrumentation amplifier is particu-
larly well suited for this purpose. It features
programmable gain, low noise, high input impedance
and wide-band response. Fig 1 shows two AD524s
configured in the stacked configuration, providing a
3-dB increase in S/N ratio compared with one
amplifier. You can achieve a final improvement in the
S/N ratio by using the 524’s ultralow-noise version,
the AD624, which features a 4-nV/\ Hz front end.

You can also modify Fig 1's circuit to produce an
active balanced transformer (Fig 2). This circuit
provides the same 3-dB noise improvement because,

Continued on pg 185

COMPARATIVE PERFORMANCE
OF FIG 1 AND FIG 2 CIRCUITS

PARAMETER FIG 1 FIG 2

SLEW RATE
MAX OUTPUT LEVEL

—3-dB BANDWIDTH
AT 1V P-P OUTPUT

5VILSEC 10V/,SEC

20V P-P (7.1V RMS) { 40V P-P (14.2V RMS)

FOR GAIN =2 (6 dB) DC-850 kHz DC-1 MHz

FOR GAIN =20 (26 dB) DC-380 kHz DC-500 kHz

FOR GAIN =200 (46 dB) DC-200 kHz DC-200 kHz

FOR GAIN = 2000 (66 dB) DC-30 kHz DC-30 kHz
COMMON-MODE REJECTION RATIO 80 dB AT 60 Hz 93 dB AT 60 Hz

(GAIN =2, 20V P-P 83 dB AT 10 kHz
SINE WAVE COMMON:-

MODE INPUT LEVEL)
NOISE IN 20-kHz

- 80 dB AT 10 kHz
(WITH CMR TRIM)

0.6 nV RETURNED [ 0.6 .V RETURNED

BANDWIDTH TO INPUT TO INPUT
TOTAL HARMONIC <0.01% <0.01%
DISTORTION

INPUT 1
%
0
OUTPUT
REFERENCE
COMMON

l

INPUT 2 /
o—

X

AC COMMON-
MODE-REJECTION
ADJUSTMENT

REFERENCE

- 15V

Fig 1—Stack two instrumentation amplifiers to obtain a 3-dB
improvement in S/N ratio. The output of one feeds into the
reference input of the next, so the output levels add.
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Fig 2—Modify Fig 1’'s circuit to form an active balanced
transformer. This arrangement still realizes the improvement in
S/N ratio that's characteristic of stacked amplifiers.

180

EDN OCTOBER 13, 1982



Design Ideas

Design Entry Blank

$40 Cash Award for all entries selected by editors.
An additional $75 Cash Award for winning design

each issue, determined by vote of readers.
Additional $1000 Cash Award for annual Grand
Prize Design, selected among biweekly winners by
vote of editors.

To: Design Ideas Editor

EDN

Cahners Publishing Co

221 Columbus Ave, Boston, MA 02116
| hereby submit my entry for
EDN'’s Design Ideas program.

Name

Title Phone

Company

Division(if any)

Street

City State Zip

DesignTitle

Home Address

Social Security No

Entry blank must accompany all entries. Design
entered must be submitted exclusively to EDN,
must be original with author(s), must not have been
previously published (limited-distribution house
organs excepted), and must have been constructed
and tested.

Exclusive publishing rights remain with Cahners
Publishing Co unless entry is returned to author or
editor gives written permission for publication else-
where.

In submitting my entry, | agree to abide by the
rules of the Design Ideas Program.

Signed

Date

Your vote determines this issue’s winner. All
designs published win $40 cash. All issue winners
receive an additional $75 and become eligible for
the annual $1000 Grand Prize.

Vote now, by circling the appropriate number on
the reader inquiry card.

Submit your own design, too. Mail entries to
Design Ideas Editor, EDN, 221 Columbus Ave,
Boston, MA 02116.

as in Fig 1, the signals add but the noise outputs

don’t correlate.

Note that Fig 2’s circuit, unlike a conventional
transformer, does not provide galvanic isolation
between its input and output unless both are ac
coupled. In addition, if the inputs are ac coupled, you
must provide a return path to ground via two
large-value input resistors connected between each
input and ground. The value of these resistors should
EDN

be several times the source impedance.
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Readers have voted:

Ron Burski winner of the
January 20, 1982 issue’s
$75 award for best design.
His design is “Optical sen-
sor ignores ambient light.”
Mr Burski is with Datapro-
ducts, Woodland Hills, CA.

Paul E Schulze winner of &
the February 3, 1982 is-
sue’s $75 award for best
design. His design is
“Timer protects CRT phos-
phors.” Mr Schulze is with
Xerox Electro-Optical Sys-
tems, Pasadena, CA. ‘

Peter Winship winner of the February 17, 1982
issue’s $75 award for best design. His design is
“Two diodes provide a 99:1 cycle.” Mr Winship
resides in Berkeley, CA.

Stephen Cannon winner
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design. His design is “De-
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