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FOREWORD

Electronic design engineers are the true idea men of the electronic
industries. They create ideas and use them in their designs, they stimu-
late ideas in other designers, and they borrow and adapt ideas from
others. One could almost say they feed on and grow on ideas.

ELECTRONIC DESIGN has recognized this need and its edi-
torial content has reflected this awareness. Each issue is literally a col-
lection of useful ideas. In one section, however, special attention has
been devoted to providing a forum for the exchange of ideas between
readers—a section called “Ideas For Design.” Here are presented clever,
unique, ingenious, and often very simple ideas that readers have found
useful, sometimes as parts of larger designs and sometimes as aids in
measuring the parameters or testing the effectiveness of their designs.
Many are quite simple “little” ideas, but experienced designers know

that good little ideas make the good large design possible.

To encourage this exchange of ideas, ELECTRONIC DESIGN
has been sponsoring an IFD Award program. Readers are asked to
vote on the ideas they find most useful in the IFD section of
ELECTRONIC DESIGN. Awards are made to the idea getting the

most votes in an issue, and from the issue winners a grand prize of
$1,000 is awarded for the best “Idea of the Year.”

For the past four years, we have been selecting 100 of the best
ideas and making them available in an annual booklet, arranged by
category for the convenience of readers. Four volumes have appeared
in this series, and now, in response to many requests we have com-
bined these four volumes into a convenient, more durable book. The
ideas have been rearranged under specific categories, making for a very
handy reference book, suitable for a desk or library shelt.

It is difficult to categorize ideas for designers; they are often
useable in situations not originally considered by the user (or the cate-
gorizer ). Therefore, the reader may not agree with our choice, or worse
still, he may miss a good idea because it did not appear under the cate-
gory to which he felt it belonged. If the former be the case, we wel-
come comments and suggestions for arrangement of future volumes.
To avoid the latter possibility, we suggest at least cursory perusal of
all categories—you may be pleasantly surprised at what you find.

February 1964
New York EDWARD E. GRAZDA

Editorial Director

ELECTRONIC DESIGN
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AMPLIFIERS

Transistor Improves Common-Mode
Rejection In Difference Amplifier

In transistor differential amplifiers, Fig. 1, the
common-mode rejection suffers badly if resistor R
is made small enough to give good amplifier sta-
bilization. A technique permitting reasonably high-
operating current and high-rejection ratio, but
low supply voltage was required.

Substituting a third transistor for the emitter
resistor of the conventional circuit, as shown in
Fig. 2, permits operation at fairly high currents.
Also, it has the effect of a very large emitter re-

-E
ouT ouT
Sl #2
INPUT INPUT

+ E

Fig. 1. Conventional differential amplifier circvit has
poor common-made rejection if R is small enough for
good stabilization.

0 0—E
ouT ouT
| C O 2
+EC
+E

Fig. 2. Substituting a transistor for R allows high-
current operation with an effectively large emitter

resistance.

sistor, since the collector characteristics of a tran-
sistor present a very high impedance to any col-
lector load. For example, if a stage current of 5
ma is required and the emitter resistance is de-
sired around 100 K, the conventional circuit would
require a 500-v supply. Using the third transistor,
it is quite easy to get the same results with a 10-v,
or less, supply.

Roy P. Foerster, Group Engineer, The Martin
Co., Baltimore, Md.

Transistor Chain Forms High
Yoltage Amplifier

The comparatively low collector to emitter
voltage ratings of transistors limit their maximum

bo

&

i 2 d 2

Fig. 1. This series transistor chain is equivalent to
single transistor of nvgemas collector-emitter rating with

a current gain of (B-n).
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output voltage swing. However, the transistor
amplifier shown here can operate with an output
voltage swing of 300-400 v.

Fig. 1 shows the basic series arrangement with
which the high output is obtained.

A current injected at the base of the top tran-
sistor must flow down the series string, increasing
the drop across R, and decreasing the drop
across each transistor in the string. The decreased
drop across each transistor is accompanied by an
increase in each base current through the series
base resistors. If the series base resistors are
chosen so that all base cuarrent are always equal,
then the expression for the output collector cur-
rent is i, = (f — n) ip,,

where i, = current through R,,

B = current gain of each transistor
n = number of transistors in the series
string
i»o = base current at input
If the injected current is removed, then each

.OOIp.f
(P -
= = 47K
33K
IK {'
33K ~
t"‘ TEN TRANSISTORS
\N IN SERIES EACH
33K . 2N247
s
)
33K .
¢ 680K
s
9
33K 680K
1
\N
33K p
@
33K -
9
_O
33K 56K
2W
~300V -300V

Fig. 2. Experimental circuit equivalent to one transistor
with a 350-v collector rating and a  of 50.

transistor is cut off and the drop across each is
determined by the bleeder chain, Rp. The circuit
of Fig. 1 is therefore equivalent to one transistor
of nVcamar collector-emitter rating with a current

gain of (B — n).

For purposes of experiment, a 300-v supply

was chosen and ten transistors (type 2N247, 35-v
collector-emitter rating, f — 60) were connected
in series, Fig. 2. With R, open, this circuit is
equivalent to one transistor with a 350-v collector
rating and an opimum f equal to 50. R, was

added for stabilization. With R, in the circuit
the amplifier had a gain of ten, a useful output
voltage swing approaching 300 v, and a fre-
quency response flat from dc to 0.5 mc.

Linton S. Kypta, University of Illinois, Urbana,
111,

Common-Emitter Circuit Has
Emitter-Follower Characteristics

The emitter-follower circuit is most often used
when a transistor amplifier with low output im-
pedance is needed. However, a simple common-
emitter circuit with a large amount of negative
feedback can be used instead. The circuit shown
has an output resistance of well under 1 K and a
voltage gain of about 10, (depending upon the
resistance of the external load).

In one application, this stage was used to
drive the input transformer of a power amplifier,
a case where its low output resistance was neces-
sary. The total equivalent load resistance was 5 K
and the total equivalent source resistance was
approximately equal to the 2.2 K isolating re-

=21V

Rc"-'

R *39K 6.8K

(—>

2.2K
2N274

IOK

A common-emitter amplifier stage with negative
feedback can have the low-output impedance of an

emitter-follower configuration.
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sistor. The output resistance was measured as
625 ohms and the voltage gain as measured from
the input capacitor to the collector, was 14.

In a second application the total load was 875
ohms and the source resistance was 5.5 K. The
output resistance was 500 ohms with a voltage
gain of 7.

The isolating resistor in series with the base is
necessary only when the driving stage has a low
output resistance; for example, where a feedback
gain-control pot is also driven from that stage.

W. R. Finley, Design Engineer, ARF Products,
Inc., Raton, N. Mex.

Cascode Amplifier Stage Extends
Receiving Tube Use

By combining a cascode stage with degenera-
tion, small receiving tube types can be designed
into circuits where considerations of voltage
swing and power output would ordinarily pre-
clude their use.

In the circuit shown, the feedback path to the
grid of V, is of sufficiently low resistance to pass
most of the load current when the series combi-
nation of the two tubes causes the load voltage
to be at a minimum.

When, on the other hand, the load voltage
Is at its maximum value, and the tube voltage is
at a minimum, the shunt path will contribute
little current. However, tube dissipation is small
due to the low voltage. Because of the series ar-
rangement, the hold-off voltage rating is doubled.

For a typical design, R,; = R, — 1/2 R,, and
K = 1/2. Both tubes operate at substantially the
same point and u; = pp =, 1, = r2 = 7,, and
K = Rs:.’/ (Ral + Ha2)

Under these circumstances

M (l + #) . Ra RL
G Tp (2 + P) R, + R,
(1 + Ku) 7ot
] i Ra + RL
I'p (2 + IJ)
- T
FLOATING
SUPPLY
I éﬂgp -lo LOAD
Vp==og +
p v -l-— fr
. ey +

A cascode stage combined with degeneration ex-
tends receiving tube types usable in power output
stages.

“A” = Forward Gain
R, R,
_“(1+")R.+Rz_

- rp (2 + u)
“AB’’ = Feedback Return Ratio

R, R,
H: + RL

rp (2 + u)

For loads with a constant current characteris-

(1 + Ku)

tic, such as backward wave oscillator tubes,
R, — 0, and the gain becomes

p (1 + p)
@ +u)

(1 + Ku) R,
L F (rp + 2u)

George M. Strauss, Section Manager, The

G =

W. L. Maxson Corp., New York 18, N. Y.

Complementary Transistors Form
Two-Stage, High-Gain Amplifier

Both high current and high voltage gain can

be easily obtained from a two-stage transistor

amplifier by using complementary transistors
connected so that the second stage is prevented
from loading down the first.

Ordinarily, when high power gain is sought, a
two-stage amplifier with common emitter and/or
emitter follower stages may fail to provide the
necessary gain under load because of this loading
effect. As the power output requirement is in-
creased, the problem becomes more critical.

The difficulty becomes apparent when an am-
plifier with a common emitter first stage and an
emitter follower second stage, Fig. 1, is consid-
ered. (The biasing network of Q; is not shown.)
Total power gain will be reduced if R, is exces-
sively loaded by B.Rs;, where B, is the current
gain of Q.. As the requirement for output current
increases, Rs must be decreased. If §2Rs becomes

so small as to be comparable to, or even less
than, R,, the necessary gain may not be obtain-
able.

This loading effect is eliminated by using a
pair of complementary transistors, with the col-
lector resistor of the first stage in series with the
base-to-emitter junction of the second stage. The
basic circuit is shown in Fig. 2, with the biasing
network of Q;, again not shown. The emitter-de-




Fig. 1. High-power gain
is difficult to obtain be-
cause output stage loads
down, and reduces gain
of first stage as output
current increases.

Fig. 2. Loading ef-
fect is eliminated
when complementary
transistors are con-
nected with the col-
lector resistor of first
stage in series with
the base-to-emitter
junction of the sec-
ond stage.

generating resistor, R,, may be bypassed or
shorted entirely if desired. Resistor R, is approxi-
mately equal to the load resistor of the first stage,
and R,, is equal to the load resistor of the second
stage. R3 is chosen so that the total collector re-
sistance associated with the first stage does not
substantially exceed R,. Thus, in practice, R3 <
0.2 R..

It is also desired that a major portion of the
collector current of the first stage flow through
the base-to-emitter junction of Q.. Hence Rj;
must be less than Ry.s, where Ry is the equiva-
lent base-to-emitter resistance of Q. in its satu-
rated state. Therefore, as approximate design
criteria, we have

Rs < Rpe
R: <5 Rj

The circuit is equally applicable as a linear
amplifier and as a switching amplifier, provided
that the values of the resistors are chosen accord-
ing to the function. Feedback stabilization may
be added as desired. Also, the complementary
symmetry can be arranged either with

1. Q,, a pnp, Q2 an npn, and a positive supply
voltage, or

2. Q,, an npn, Q2 a pnp, and a negative supply
voltage.

Finally, the output resistor R, may be as small
as power supply and dissipation considerations
permit, without noticeably affecting the signal at
the collector of Q;.

Lawrence Odess, Senior Engineer, ITT Labo-
ratories, Nutley, N.]J.
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AF Tuned Amplifier
Has Adjustable Bandwidth

Here’s a circuit for a tuned af amplifier
with adjustable bandwidth and an essentially
constant gain-bandwidth product. If desired,
it can be made voltage tunable by adding a
single varactor diode.

The amplifier is basically of the regenera-
tive type. Transistor Q, is used as a common-
base amplifier. The second transistor Q.
together with the transformer 7T, form a
negative-resistance generator that reflects
approximately —R. ohms into the collector
circuit of @,. Transformer T can be either
a center-tapped inductor or a small audio
autotransformer.

Resistor R, is the equivalent emitter-cir-
cuit resistance of Q, at the signal frequency.
Adjustment of the potentiometer R,, which is
part of R,, controls both the gain and band-
width of the amplifier.

Al
- : 5 RI :n
' 25K 1 ¢
E oKk |-
1] 2o
K P L= :
#f - L--- ——————— o
25uf
L — T-i- K
OUTPUT

Tuned af amplifier has adjustable bandwidth and
fairly constant gain-bandwidth product.

The following measurements were ob-
tained at a center frequency of 990 cps:

Voltage gain 500 100 20
Bandwidth cps 6 35 180
Input signal pv 0.02 0.1 0.5

Signal to noise voltage 12 30 50
These results correspond to a noise figure
of approximately 7 db.

Clement A. Skalski, Engineer, Norden
Div., United Aircraft Corp., Norwalk, Conn.
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However, if the resistor is replaced by a tube,
as shown in the figure, the frequency re-

Grounded-Grid Circuit
Simplifies Microphone Input

To operate satisfactorily, carbon micro-
phones have to have a dc bias applied to
them. Thus, the conventional mike-input cir-
cuit, Fig. 1, is used. This circuit requires
an input transformer and a dc source—a

battery, as shown, or a resistor to B+.
Both the transformer and the dc source

can be eliminated by using the grounded-grid

circuit of Fig. 2. The de bias is provided by

Fig. 1. Conventional carbon mike input circuit re-
quires dc source and transformer.

& .

CARBON
MIKE L Ry

Fig. 2. Both the dc source and the transformer can
be eliminated by using this grounded-grid circuit.
the tube’s plate current. Impedance matching
is maintained because of the lower input im-
pedance of the grounded grid. The values of
the resistors R, and R. are given by:

Rl

Rio= I, — I,

R.R,. :
R. = R, m , Where
I, — plate current
R; == design value of cathode resistance
I,, — mike bias current desired
R,, — average mike resistance

ston Products Co., Clifton Heights, Pa.

Modified Cathode Follower

Dissipates Less Power
When a cathode follower drives a large

capacitive load, good frequency response is
inaintained by using a small cathode resistor.

D. Ivarson, Staff Scientist, Clifton Preci-

INPUT O——————e— = = ~-

iy .0l utd

-0 OUTPUT
Lo~Z

.02utd 500K

Lower power dissipation and high-input and low-
output impedances are obtained with this modified
cathode follower circuit.

sponse is still extremely good, while consid-
erably less power is dissipated. In effect, the
additional tube is used as an active cathode
resistor.

The “cathode’” tube conducts heavily only
when the applied signal is going negative.
Its impedance drops to a value determined
by its plate characteristics. The steady state
current for both tubes is set by the 2.2 K
resistor.

With the circuit parameters indicated,
using a 12BH7 to drive a 700-pf load a
square wave rise and fall time of 2.5 usec is
obtained.

William H. FEisenreich, Engineer, Elec-
tronics for Medicine, White Plains, N. Y.

Balanced Xformer Windings
Can Be Single-Ended or Push-Pull

It is often necessary, in many aspects of
electronics, to make a transformer that can
be changed from single-ended to push-pull,
or vice versa. These transformers may be
air-cored or core-wound for use at higher fre-
quencies.

The primary difficulty that this change
produces is the capacitive unbalance which
occurs because one side of the single-ended
winding is grounded. In phase-splitting
transformers this results in phase unbal-
ance in the push-pull winding. In link-cou-
pled, air-core arrangements the maximum
voltage swing and power output, with no
loss of linearity, are limited similarly.



This unbalance can be entirely elimi-
nated by the method shown in the figure. 1t
has been used on small ferrite toroids in
phase splitters, balanced modulators and
phase discriminators. In one case the linear
voltage swing of a large power amplifier was
almost doubled by rewinding the single-
ended link in this fashion.

PUSH-PULL WINDING

TOROID

& SINGLE ENDED WINDING

(a)

PUSH-PULL WINDING

LINK-COUPLED

AIR CORE
SOLENOID

SINGLE ENDED WINDING

(b)

Transformer windings can be readily changed from
single-ended to push-pull connection for (a) toroidal

or (b} link-coupled units.

The single-ended winding consists of two
windings in parallel, each having the re-
quired number of turns. These are wound
from the center out, as shown, and the outer
ends are joined and become the ground con-
nection. It is seen that the flux in the two
windings do not oppose, but rather aid each
other. Although there is more winding ca-
pacitance due to the additional turns it is
more than compensated for by the improve-

ment in balance conditions.

For link-coupled transformers, the single-
ended winding is similarly wound, with the
single-ended winding centered over the cen-

ter tap on the push-pull winding.

Martin Plotkin, Electrical Engineer, Brook-
haven National Laboratory, Upton, Long

Island, N. Y.

400 Ideas for Design

VR Tube Replaces Screen
Resistor in Push-Pull Output Stage

A voltage regulator tube can be used as a
series regulator to maintain a constant difference
voltage between two loads.

TO DRIVER
STAGES

Use of VR tube eliminates screen dropping resistor,
reduces screen voltage swing.

For example, in an audio output stage it is
desirable to operate the screen grids of a push-
pull output stage at 75 to 150 v below the plate
supply voltage. Use of a dropping resistor poses
a problem because of variation in screen
current between signal and no signal conditions.

The use of a voltage regulator tube eliminates
the need for high dissipation resistive networks.

H. A. VWittlinger, Engineer, Radio Corp. of
America, Harrison, N.].

Cathode-Follower Coupling
Yields High Gain Bandwidth

Here’s a circuit configuration which can pro-
vide voltage gain bandwidths of over 650 mc.
Low capacitive loading of the cascode amplifier,
Fig. 1, by the direct-coupled cathode follower

0 +V

L
L
V2A veB ~
; !
vi L )

Fig. 1. Voltage gain bandwidths of over 650 mc can
be obtained with cathode-follower coupled to cascode

stage.
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0 +V

$ =
1 I
L

%

-V €

Fig. 2. With a single pentode-triode tube, gain-
bandwidth is still high, but somewhat decreased.

permits a high plate load resistance, and hence
high gain, in the cascode stage. Capacitive load-
ing of a following stage is virtually eliminated by
the low output impedance of the cathode fol-
lower.

If low-noise, high-transconductance dual tri-
odes are used, this circuit can be readily applied
to amplifying low-level signals.

The circuit of Fig. 2 yields somewhat less gain-
bandwidth, but uses only a single pentode-triode

vacuum tube.
H. F. Stearns, Engineer, Technical Products
Operation, General Electric Co., Syracuse, N.Y.

Bypassed Bias Resistor
Increases Emitter-Follower Input Z

—SUPPLY
Rt
R2
a—t ©
INPUT
SIGNAL OUTPUT
R3 R4

RS

Bypassing of base-bias resistance by capacitor C;
reduces the resistor's effect on input impedance of
emitter follower.

In conventional transistor emitter-follower cir-
cuits, the input impedance is limited by the
values of the base bias resistors. This limitation
can be removed by connecting the circuit as
shown in the figure.

Forward bias resistor R; 4+ R is divided into
two equal parts and by-passed to the emitter by
capacitor C;. The emitter resistor is tapped as
high as possible by resistor Rg while still main-
taining proper temperature bias conditions.

The value of R; does not affect the input im-
pedance because of regenerative action in the
emitter load. Capacitor C; puts R, and R; effec-
tively in parallel for alternating currents. Re-
sistor R; has no effect on the input impedance
because it is in parallel with the low output of

the stage.
Donald W. Bramer, Engineer, General Rail-
way Signal Co., Rochester, N. Y.

AC Amplifier Is
Wide Band, Less Bulky

Because of their large number of by-
pass capacitors, multistage transistor am-
plifiers become bulky and expensive, espe-
cially if designed for low cut-off frequencies.
Wide-band performance can, however, be
obtained if the stages are ac coupled as
shown in the figure. Bulk and expense are
reduced because only one capacitor is used.

Any number of these amplifiers can be
connected in cascade, since the dec potential
at the amplifier output is equal to the poten-
tial at the input. The peak-to-peak output
voltage is equal to the dec supply voltage.
The dc collector voltage of V; and the emit-
ter voltage of V, are maintained at the same
potential. The voltage drop across R, can
be made negligible.

Gain stability is obtained by a proper
choice of open loop gain and R, and R..
A small capacitor is usually required to pre-
vent oscillations near the transistor cut-off
frequency. Transistors V, to V; should have
substantial current gain at V., — 0. Most
silicon and some germanium units meet this
requirement.

The amplifier can be designed for excellent



8 400 Ideas for Design

EVEN NO. OF STAGES
(2,4,6 ETC.)

Direct-coupled amplifier has wide band and high
gain, and operates without bulky and expensive by-

pass capacitors.

temperature stability (1 db for a 100 C
change in temperature) and wide-band per-
formance (0.1 cps to 2 mc) at high gain.

Peter Laakmann, Project Engineer, Amer-
ican District Telegraph Co., New York, N. Y.

Ungrounded Shield Reduces
Effective Cable Capacitance

Often it is inconvenient to locate a cathode
follower stage near the high impedance circuit
which drives it. But, if a shielded connecting
cable is used with its shield grounded, the cable’s
input capacitance can affect the circuit frequency
response.

This equivalent input capacitance, and the ef-
fect on frequency response, can be reduced by

r-ﬁ----1

Fig. 1. Effective cable-input capacitance can be re-
duced by connecting shield to the cathode follower

input.

AsSTAGE GAIN

r"e"""u

(b)

Fig. 2. Similar cable connections can be made for
amplifiers of two or more stages.

tying the cable shield to the cathode follower
input, Fig. 1, instead of to ground. Very little
voltage difference then exists between the inner
and outer conductors. Reactive current is re-
duced to a small value.

If phase shift in the cathode-follower is negli-
gible, the voltage E; on the inner conductor is in
phase with the voltage E; on the shield. Reactive
current I, is equal to the difference between these
voltages divided by the capacitive reactance of
the cable X,:

Reactive current, I, = E — & .
: : E,
Equivalent input reactance, X, = T

E,

1

Cathode-follower gain, 4 =

These terms are substituted to yield the expres-
sion for the equivalent input capacitance, C,.

_}.@'_1=E1—AE1_E1(1—A)_
X. X. X. ’
X, C E,
C¢=C(1—A).

Figs. 2a and 2b show similar arrangements for
amplifiers of two or more stages. Resistance R, is
selected so that the voltage applied to the cable
shield is equal to the voltage on the inner con-
ductor.

H. W, McCord, Electron Tube Div., Radio
Corporation of America, Harrison, N.].
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DC-Servo Amplifier
Has Single-Ended Drive

In driving a small dc
motor in a servo loop it
is sometimes desirable to

have a single-ended input. Here is an ampli-
fier that affords high voltage gain and high
input impedance.

When the input voltage (or current) is
sufficient to cause Q, to conduct, it first cuts
off Q, and then conducts through CR,. The
motor thus is connected to supply 4, causing
rotation in one direction. When the input is

A

+i2vV

Input-signal level biases Q; or Q; on to connect
required battery polarity to motor.

reduced, R, will bias Q. on and the current
through the motor is then in the opposite
direction, through supply B. Voltage ampli-
fication is provided by Q,, and Q. is an
emitter follower that makes possible equal
drive torque in each direction. This circuit
has been sucessfully used to provide follow-
up in a low-voltage power supply to reduce
series regulator dissipation.

Richard L. Shaum, staff associate, Sandia
Corp., Albuquerque, N. M.

Double Coupling Capacitors
Avoid Leakage Current

Here’s an amplifier cou-
pling scheme that can be
quite valuable, particular-

ly when the coupling is over several thou-
sand volts as in cathode ray tubes.

In the commonly used arrangment, Fig. 1a,
the leakage current of capacitor C, flows
through resistor K,. This can cause an
appreciable shift in the bias on the following
stage V..

But, when C, and R, are added, as in Fig.
1b, the leakage current of C, is largely
blocked by C.. Instead of flowing through
R,, the leakage flows through K. and the
bias on V. is not shifted.

(b)

Extra coupling capacitor C; in (b) blocks leakage cur-
rent of C; from affecting bias of following stage Vi,.

E. R. Roeschlein, electronic engineer, U. S.

Naval Avionics Facility, Indianapolis, Ind.

Variable-Gain Amplifier
Has 40-Db Range

Gain of the circuit to
be described is controlled
by the current flowing

through a log diode. The diode is the dy-
namic emitter resistance (R.) and its dynam-
ic impedance determines the circuit gain. The
dynamic resistance of the diode is a linear
function of current (the higher the cur-
rent, the lower the resistance). Thus, the
gain of the stage is directly proportional
to the diode control current. The R; resis-
tor derives the operating current for the
transistor.

With such a circuit configuration, gain
changes in the neighborhood of 40 db are
attainable. The variation in gain is limited
at the high end by the emitter resistance
of the transistor, and at the low end by the
R; resistor and other impedances internal to
the transistor.

Such a circuit is limited to small signal op-

eration due to the nonlinear diode charac-
teristic.



10

-20v

'———0 OUTPUT

INPUT O——F

CONTROL

- CURRENT
INPUT
Re| FS-3
LOG DIODE

Current through log diode controls gain of amplifier
stage.

Log diodes can also be placed across the
collector resistor and base resistor to affect
gain. It is anticipated that the gain of a
single video couplet can be varied more than
70 db with triple diode control.

Robert W. Cope, project engineer, Bendix
Radio Div., The-Bendix Ccorp., Baltimore 4,

Md.

+Ii00v

Wien-Bridge Amplifier Has
Selectivity With Stable Gain

The conventional fre-
quency-selective feedback
amplifier having a re-

jection filter in the feedback loop has the
disadvantage that the gain of the amplifier
at the center frequency is equal to the
forward-path supply voltage, and tube para-
meters.

The circuit shown in Fig. 1 is an adapta-
tion of the Wien-bridge frequency-rejection
network. It is driven by a split-load bridge
driver in series with an amplifier. The am-
plifier is connected between the cathode and
grid of the bridge driver. The flow diagram
satisfying Fig. 1 is shown in Fig. 2. From
this diagram amplifier gain at center fre-
quency can be obtained by R./(R, + R.).
Gain at frequencies far from the center fre-

quency will be:

R, 1
}31'+'132 B 121 or
R A -
K,
R.(1—A) +R,
where A4 is the gain of V,. Simultaneous

change of C or R will provide a change of
center frequency by 1/2x RC.

400 Ideas for Design

A simple, inexpensive Wien-bridge fre-
quency-selective amplifier using a triode-
pentode tube is shown in Fig. 8. To avoid un-
balance of the bridge, a variable resistor is

fier.

Engun
'WT%LFf “1 WIEN-

Fig. 2. Gain at center frequency can be obtained
from flow diagram.

+300v
33K
0.luf
|NPUT IOOK' 0.0!luf ::
0 fuf
l
IMEG 0 IMEG 120K
L,’ C 560

6 O.NHf
5.6K QUTPUT

10K I'RK

Fig. 3. Frequency-selective amplifier uses 6EA8 triode-
pentode. Cathode potentiometer is used for balancing.

used as R;. For the adjustment, the feedback
loop between the plate of V, and the grid of
V, is opened at a convenient point. The R or
C and the pot R; should be adjusted to the
null by applying a desired frequency signal
at the input. A CRO or VIT'VM at the plate of
V. is used as a detector.

The test result indicated that the gain sta-
bility of the amplifier at the center frequency
is very good despite large changes in the
power supply voltage as well as change of
tubes. The frequency-selective amplifier de-
scribed can be operated up to about 500 ke.

K. H. Liu, engineer, Industrial Nucleonics
Corp., Columbus 2, Ohio.
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Hybrid DC Amplifier
Replaces Output Transformer

In a low frequency hybrid amplifier it ap-
peared that an output transformer would
have to be used to secure a higher no-load out-
put voltage than was available at the collector
of the output transistor. Because very low
frequencies were involved, a transformer
would have been large and expensive.

It was found simpler and better to use
a grounded grid vacuum tube output stage.
This gave direct coupling and unusually
simple circuitry for the additional stage of
amplification.

P=l2v 2 +250V

@

Grounded grid vacuum tube output stage in low
frequency hybrid amplifier takes the place of bulky,
expensive output transformer.

Laurence G. Cowles, Electronic Design
Engineer, The Superior Oil Co., Bellaire,
Tex.

Amplifier Design
Provides 20-Megohm Input

A high-impedance tran-

sistor amplifier was needed

in a metering circuit. Im-

pedances approaching those of vtvm amplifi-

ers were desirable to keep circuit loading to a

minimum. An output voltage of 1-v rms

across a 3300-ohm load and a frequency re-

sponse from 10 cps to 200 ke was necessary.

Figures 1, 2 and 3 show the evolution of an

amplifier that more than met the require-
ments.

In Fig. 1, bootstrapping was used on a
basic emitter-follower circuit to eliminate
the shunting effect of the base-bias resistors.
Using a transistor with a current gain of

approximately 100, the input impedance was
measured at 200 K with a 3300-ohm load.

A significant increase in input impedance

Fig. 1. Basic amplifier uses bootstrap capacitors to
eliminate shunting effect of base bias resistors.

-12V

47 K

56 K

Fig. 2. Transistor in emitter leg of Q, and positive
feedback (dashed lines) increase input impedance.

was obtained by replacing the emitter re-
sistor of @, with the collector resistance
of a grounded-base transistor @,, as shown
in Fig. 2. To keep the loading as light as
possible on the emitter of Q,, an emitter
follower Q; was used to couple the load. An
impedance of slightly over 1 megohm was
measured at the input with the load con-
nected.

Input impedance can be greatly increased
by the addition of the components shown
in the dashed lines. This, of course, is posi-
tive feedback and if overdone will result in
oscillation. However, if the feedback adjust-
ment is set with care, the input impedance
can be raised as high as 20 megohms be-
fore instability occurs.

Gordon D. Svendsen, engineer, Ampex Corp.,
Redwood City, Calif.
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Short-Cut Connection Simplifies

Transformer-Coupled Biasing

Here is a simplified way
of providing transistor bi-
asing that often can be

used when low- and medium-level amplifier
stages are transformer-coupled.

Since the voltage at the emitter of a typical
amplifier stage is usually close to the opti-
mum value for biasing the base of the fol-
lowing stage, the secondary of a matching
transformer can be returned directly to the
emitter, (b). As long as the emitter of T, is
bypassed there will be no signal feedback.
Also, the second stage will be very stable
because the equivalent dc base circuit resist-
ance of T, is very small. Base-point drift of
T, essentially is determined by, and cannot
exceed, that of T,. This is because as far as
de is concerned, 7', is used as an emitter fol-

OuUTPUT

INPUT

to)

(a) Conventional method of biasing transformer-cou-
pled stage applied dc bias to second stage through
dropping resistors and secondary winding. (b) Simpli-
fied connection places bias on stage T. directly from
the emitter of stage T..

OUTPUT

lower having a less-than-unity voltage gain.

Not only does the circuit have excellent
stability but, because it uses only the trans-
former as the coupling element, cost and
space are reduced, while reliability is in-
creased. Elimination of the biasing voltage
divider for T. tncreases circuit efficiency.
And finally, since maximum gain can be
obtained with relatively fewer parts, this ar-
rangement makes the use of a transformer
attractive, where RC coupling might other-
wise be preferred.

Maxwell Strange, electronic engineer, God-
dard Space Flight Center, Greenbelt, Md.

Low-Level Preamplifier
Has High Impedance input

A low-cost preamplifier
for oscilloscopes and me-
ters can be a real time

saver in the lab. The unit employs the Dar-
lington circuit to obtain a high input im-
pedance. The ac input impedance is ap-
proximately equal to g2 times the emitter
resistance of Q.. The actual measured imped-
ance was in excess of 2.2 megohms. With
the input shorted, the noise level is down
—78 db as read at the output with a VTVM.
Using low-value resistors in the base of Q.
to establish the operating point provides good
de stability from 25 C to 60 C. Linearity 1is
within 1.5 per cent from 100 uv to 1 mv in-

-8 v

680 10 uf
15v

0.1 uf Q,

2N1309

Q3
2N1303

160

Dardington low-level preamplifier has 1.5 per cent
linearity with input of 100 uv to 1 mv.

put. Frequency response is + 2 db from 100
cps to 350 ke. The circuit shown can be
readily adapted to other applications.

Edward W. Smith, Senior Engineering
Technician, Texas Instruments Inc., Hous-
ton, Tex.
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Gain Control Maintains
Differential Amp’s DC Balance

Controlling gain of a
differential amplifier stage
by adjusting local feed-

back does not affect either dynamic range or

+Vee

QUTPUT
No.l

OUTPUT
No.2

-Vce
(b)

Delta-wye transformation of conventional difterential
amplifier (a) gives single resistor gain control (b).

differential stability as long as balance is
maintained. The primary disadvantage of
this method in a conventional circuit is that
two resistors, R,, and R,, in (a), must be
varied simultaneously. They must also track
precisely if de balance is to be maintained.
Range of adjustment is limited since these
resistors must be kept small compared to R
to prevent common-mode bias shift.

The solution may appear obvious, but is

often overlooked. If a wye-delta transforma-
tion is performed on R,,, R,,, and R; the cir-
cuit of (b) results. Here, the single resistor
R, functions as a gain control over a very
wide range. Since no current passes through
R, under normal balanced conditions, the dc
operating point becomes independent of gain
setting.

Maxwell Strange, electronic engineer, God-
dard Space Flight Center, Greenbelt, Md.

Variable Resistance FET
Gives 75-Db Gain Control

A field-effect transistor

(FET) may be used to

control the gain of a com-

mon-emitter amplifier over a range of 75 db.
The gain of such an amplifier will be ap-

proximately equal to B, divided by the source-
to-drain resistance of the FET.

Gain control is achieved by varying the
source-to-drain resistance by applying a posi-
tive control voltage V. to the gate of the FET.

Gain control over a 75-db range can be obtained by
using a field-effect transistor as a variable resistance.

Maximum gain occurs when V, is equal to
the source voltage V.. At this point the chan-
nel-to-gate junction is just cut off. The am-
plifier gain is then decreased by increasing
V, until pinch-off occurs.

For the circuit shown, amplifier gain vari-
ations from 10 to 1.45 x 10-* were obtained.

Robert B. McIntosh, Jr., General Precision,
Inc., Little Falls, N. J.
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Selective AF Amplifier o
Has Simplified Feedback Circuit

Here is a tuned af am-
plifier that has the sharply
peaked output of one using

a bridged-T network in the negative feed-
back loop. Yet it requires only one capacitor
and one inductor for tuning.

Capacitance C; is chosen to resonate in-
ductor L at the desired operating frequency.
(A set of capacitor decades will allow cover-
age from 20 to 20,000 cps.)

All frequencies are fed back degenera-
tively, except the resonant frequency of LC,,
which is trapped by this parallel-resonant
circuit. The amplifier gain consequently
peaks at this frequency, as shown in the
diagram.

The sharpness of tuning is increased mark-
edly by adding positive feedback. This is
provided by T, R;, and R.. R; is set just

SELECTIVITY
CONTROL 12V Rc

-50 0B | !
" WA
o 1 —'2-1 ¢ 2f
2 T 10puf (b) © RESPONSE
¢ 4
| R
! 2NIal4  C610uf
] 100K
i 1
A-F INPUT A ou
+ 30t

B (a)

Selective amplifier is useful as a tunable bandpass
filter, vswr indicator meter, wave analyzer, cw filter,
telemetering or strain gage amplifier, and selective

null detector.

below the point at which the amplifier breaks
into self-oscillation.

Capacitors C,, C,, C,, and C; provide dc
blocking. T is a 2:1 ratio interstage trans-
former with good frequency response.

At tuned peak output and with an external
load not lower than 2000 ohms, voltage gain
of the amplifier is 20, for a maximum input
of 50 mv rms.

Rufus P. Turner, consulting engineer, Al-
tadena, Calrf.

400 Ideas for Design

Three-Transistor Buffer
Offers Lower Offset and Drift

The three-transistor
buffer circuit in the dia-
gram has lower dc offset

voltage (an improved drift characteristic)
than a conventional three-transistor Darling-
ton circuit. Gain is virtually unity.
Linearity is inherently good since the
change in emitter current of @,, over the
input voltage dynamic range, is held to a
small value by the feedback provided around
the loop involving @. and @,. This is equiva-
lent to the linearity of the Darlington connec-
tion as seen on the emitter of @, rather
than the output. A linearity of better than
0.05 per cent over a 5-volt dynamic range

INPUT Q

-
OO}

O OUTPUT

Three-transistor buffer circuit gives lower dc offset
and better drift characteristics than conventional Dar-

lington circuit.

is possible with this configuration.
The current gain of the circuit is:

I
2/ =B B,B,+1) + B, +1

Al
=B,B,B,+ BB, + B, +1

While the current gain for the Darlington
connection 1s:

Alout
“ — (B, +1) (B, + 1) (B, + 1)

Al
= B,B,B, + B,B, + B,B, + B,

+B,+B, +1

Since the dominant term in each expression
is B, B, B,, the advantages of the new con-
figuration are achieved with very little sac-
rifice in current gain.

John O. Bowers, staff engineer, Dynatron-
ics, Inc., Orlando, Fla.



Amplifiers 15

Isolation Unit Amplifies
DC Currents and Voltages

Measuring currents and
voltages at points remote
from ground can present

problems due to noise and impedance. In our
particular application a simple transistor
chopper or diode modulator was considered
inadequate for the job. An isolated stage of
power gain with transformer coupling to
ground was found capable of raising the
wide dvnamic range signals to useful levels.

DC

ISOLATION TRANSFOMER CURRENT
TO BE
MEASURED
R3

OUTPUT

AC VOLTAGE PROPORTIONAL
TO INPUT SIGNAL

Wide dynamic range isolation amplifier converts a
floating signal current or voltage into a proportional
ac current drain on the power source.

As shown in the diagram, a remote emitter
follower is powered by the alternate half cy-
cles of a square wave supplied by the trans-
former. Base drive for the follower is pro-
vided by the signal to be measured. If the sig-
nal is a voltage, it can be applied directly to
the base. If a current is being measured the
signal flows through precision resistor R,
connected to the base. Most signal-type low-
leakage silicon transistors having a flat high-
current gain of about 100 are good for this
application. A wide dynamic range will re-
quire a transistor having a high breakdown
voltage. Germanium transistors are useful at
lower levels, providing temperature is not a
problem.

The transformer should have good efficien-
cy, and should have the necessary breakdown
characteristics for the desired isolation volt-
ages.

In operation the signal base voltage V in
conjunction with resistor R, establishes a
collector current I.=V /R, when diode bridge
D,., conducts power to the transistor. This
constant square-wave current 1is propor-
tional to the signal current. Therefore, by
determining the primary current from the

ac drop across R,, the signal voltage is ac-
curately known. The device is, therefore, a
true and stable current amplifier that can

measure from a few tenths of a volt to 100
volts; or a few microamps to thousands of
amps, at high potential or at high impedance
above ground. Of course, due to transistor
saturation, a limited current gain, and leak-
ages, there is always some residual signal.

Patrick f. Howden, consultant, Malibu Rd.,
Malibu, Calif.

Field Effect Transistor

Improves Low Pass Filter Action

A field-effect transistor
can be used to advantage
in a low-pass active amph-

fier circuit because of i1ts low noise character-

+22.5V

20K
18 K 20 K " ol
IPUT u FE 204 .
OUTPUT
2’,‘,' 5I.Lf ‘ -
% +I ‘ ‘ | Meg

30K 5 K ":[

Low noise characteristic of FET is used to advantage
in low-pass filter circuit with a voltage gain of 2.5.

2S5uf

istics. The FET has the additional advantage
of a very high input impedance which causes
almost no loading of the RC lowpass net-
work of the filter.

To illustrate these advantages, a low-pass
(de to 1 cps) filter was constructed. The
filter roll-off was exactly 12 db per decade of
frequency. The noise referred to the input
of the filter was 15 uv per root cycle. A
similar filter utilizing a low-noise transistor
had 140 uv per root cycle of noise referred
to its input.

Thomas F. Prosser, staff engineer, Amel-
co, Inc., Mt. View, Calif.



16 400 Ideas for Design

Selective Amplifier
Uses Bridged-T Control

Negative feedback can

be wuseful in obtaining

good selectivity with a

minimum of parts. In the practical amplifier

circuit shown here, a single-tuned impedance

matching transformer provides a broad selec-

tivity curve between a mixer and Q,. Q, am-

plifies equally all signals present at T, secon-

dary. A portion of the output of Q, is tapped
off to be applied to the following stage.

Most of the output of @, is passed on to

Bandpass amplifier uses negative feedback to obtain
selectivity with a minimum of components.

the base of Q, through L, which passes all
frequencies except its tuned frequency. The
signal from the emitter of Q. is applied to
the base of Q, where it cancels all incoming
frequencies except those falling within the
passband of the bridged-T. The passband of
the amplifier will be much narrower than
that obtainable with several synchronously
tuned transformers.

An additional feature of the circuit is the
control of stability provided by the bias-
bootstrapping of Q. and Q.. Both operating
point and gain of the feedback pair may be
set by R,.. Selectivity is controlled by the
bridged-T null resistor R,. The circuit will
not normally oscillate because Q. provides
less than unity gain. In this respect the final
circuit cannot be considered to be a @Q-multi-
plier.

Leonard E. Geisler, publications engineer,
Sparton Electronics Dw., Sparton Corp.,
Jackson, Mich.

Decoupling Capacitor
Eliminated by Bifilar Transformer

Bifilar-wound trans-
formers are frequently
used in intermediate-fre-

quency circuits as direct equivalents of ca-
pacitance-coupled single-tuned circuits. Since,
bifilar wire is constructed of parallel wires
having constant spacing, it behaves as a
transmission line with characteristic imped-
ance depending on distributed inductance
and capacitance. For any line, the character-
istic impedance is a function of the logarithm
of the ratio of the spacing between wire cen-
ters to their radius. For all gages of bifilar
wire, this ratio is a constant so that their
characteristic impedance is constant and ap-

proximates 60 ohms.
Referring to Fig. 1la, if the electrical

08¢

(o) (b)

Quarter-wave length of bifilar wire provides inter-
stage coupling and decoupling of stage.

length of the wire used in the transformer
is a quarter wavelength at the operating fre-
quency, it will appear to point A as a short
circuit. The equivalent circuit is shown in
Fig. 1b. If the wire length is not a quarter
wavelength, it is still an impedance trans-
former, which can be used to transform the
tube shunt capacity at B to a low impedance
value at A. In either case the impedance an-
pearing at A will be sufficient to decouple
this point to ground.

Martin E. Doyle, senior engineer, Surface
Radar and Navigation Operation, Raytheon
Co.. Wayland, Mass.
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Programmed Video Gain Control
Is Linear Over 6-DB Range

A straightforward

means of performing dy-

namic gain control is il-

lustrated by the simple voltage divider net-
work of Fig. 1 where resistor EK;, the out-
put of the attenuator, is made to vary. If

CONTROL % %R iR,
MECHANISMS o

------- ’

¢
¢=KRy, WHERE K (A CONSTANT)e —==—
[

Fig. 1. Basic principle of video gain control where
R, is the saturation resistance of a transistor.

R, is the saturation resistance of transistor
Q. in Fig. 2, it can be seen that varying the
input voltage to Q. i1s a simple, direct meth-
od for modulating K..

The input voltage to the circuit of Fig. 2
can be considered a control. Therefore, vary-
ing R, essentially will be changing the net-
work gain as a function of the control volt-
age. Hence the gain control feature.

A nonlinear relationship exists between
the control driving voltage and the satura-
tion resistance, especially in the neighbor-
hood of a 2:1 or 6-db gain control. It may
then be desirable to add a diode compensat-
ing circuit to make the saturation resistance
an almost linear function of the control
voltage over this 7-db control range.

Fig. 3 illustrates the effect of the non-
linear diode characteristic in cancelling the
effect of the saturation-resistance character-
istic of the transistor.

To prevent the control voltage from ap-

GROUND

- R
SATURATION
RESISTANCE

’

CONTROL
VOLTAGE

220

-16 v DC

COMPOSIT
DIODE
CURVE

Ry CURVE
FOR 2N496

1YY

LINEAR INPUT
CONTROL VOLTAGE (e)

LINEAR OUTPUT
SATURATION RESISTANCE (R )

Fig. 3. Diode characteristics are selected to cancel
nonlinearity of R,.

pearing together with the signal at the out-
put it may be blOCked if fcontrol<fsiynah or
it may be cancelled at the output if a
balanced form of the above network is de-
vised. If temperature variation of R, creates
a network gain stability problem, R, could
be a thermistor, with its temperature co-
efficient matched to the temperature coefhi-
cient of R,.

Charles H. Karr, staff engineer, General
Atronics Corp., Conchohocken, Pa.

Neutralization Extends Range

Of Differential Amplifiers

High-gain differential
amplifiers have a limited
frequency response due

partly to capacitive loading and partly to the
Miller effect. When the amplifier is driven
from a fairly high-impedance source, the
Miller effect will cause the high-frequency
cutoff to drop to a few kilocycles.

Neutralization technique applied to differential am-
plifier can extend high frequency range by a decade.

By applying the rf technique of neutrali-
zation, the cutoff frequency may be extended
to that caused by capacitive loading, without

Fig. 2. Diode network in base of Q; compensates for
nonlinerity of Q..
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sacrificing low-frequency gain. In a moderate
gain amplifier, a decade (20 Kc to 200 Kc)
improvement in high-end response results
from use of this technique.

The two trimmers are adjusted to match
the internal plus external collector-base ca-
pacitance. Since the two collectors have the
same output 180 degrees apart, capacitive
feedback is neutralized and amplifier re-
sponse 1s extended. If the transistors have a
large h,., appropriate resistors may be paral-
leled with the trimmers.

Royal W. Eckstein, Jr., electronics engi-
neer, U.S. Naval Avionics Facility, Dept. of
the Navy, Indianapolis, Ind.

Low-Noise Preamplifier
Gives High Input Impedance

Field-effect transistors

are a natural choice for a

solid-state preamplifier

with low noise and high input impedance.
However, there can be many problems in-
volved in the design. The drift in drain cur-
rent caused by changes in generator im-
pedance, and by the nonlinear changes in
transconductance, makes the field-effect tran-
sistor difficult to use in conventional circuits.
The drift problems can be minimized by

D+40V
R
33 K
Q2
2NI309
Vin © ‘ * Ql
CRYSTALONICS “
C-62I Ry
' Vo
2K
R, Rae
200 | K
—0-02V

Collector-to-source feedback minimizes drain-current
drift in low-noise preamplifier.

collector-to-source feedback as shown 1n the
diagram. This also stabilizes the operating
point and compensates for the nonlinear
transconductance.

The use of the Zener diode and series re-
sistor enables the input impedance of the
transistor to nearly match the output imped-
ance of the field-effect transistor. This allows
almost all of the gain to be obtained in the
field-effect unit and results in very low noise.

The circuit shown has about 80-db gain,
an equivalent input noise figure of about
2 wv, and an input impedance of 3000 meg-
ohms.

Marvin E. Lyles, senior research assistant,
Beckman Instruments, Inc., Fullerton, Calif.

Diodes Prevent Damage
To Transistor Emitter Followers

The addition of two di-
odes to a conventional
emitter follower circuit

can prevent damage to the transistors when
a short occurs at output. In normal operation,

QUTPUT
S)

2NI469M

Added diodes limit stage input impedance under short
circuit conditions.

e, follows e,, and the presence of diodes D.
and D, does not affect the operation of the
circuit. The 510-ohm input resistor limits
input impedance of the stage when short oc-
curs at output. Under these conditions, diodes
D, and D, clamp e, to the shorted output.
Therefore, excessive current cannot flow
through either transistor regardless of the
input voltage.

Francis R. Lindsay, engineer, Sperry Pied-
mont, Charlottesville, Va.
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Stable DC Amplifier
Makes Good Level Changer

A common-base transis-
tor stage plays an impor-
tant role in this dc in-

verting amplifier. In combination with the
conventional common-emitter first stage it

Fig. 1. Circuit that can be used whenever an output

that is separated by a constant from the input is
desired.

2N1132

2.2 K OUTPUT

Fig. 2. Example of circuit with 1:1 relationship be-
tween the input and output.

produces a highly linear, temperature-stable
sign and level changing unit. The circuit’s
equations are:

Eout — 103 R4 (1)
I(-3 — £3I¢3’ £q g 1
E — E3
Loy = —- (2)

combining Eqgs. 1 and 2.

Eg '_" E".
Eout — (—__R-:—-_) R4 (3)

E,=V.—FE;, Av, Av, = voltage

gain of Q, (4)
Eg — E1_0.6

Eg — VCCHEfn Avl_O.G (5)
combining Egs. 3 and 5

Eot = (Eec—Ein Av,~06-E;) 5= (6)

a 1:1 relationship between the output and
the input set:

R,= R,

Eq. 6 now becomes:

Eout — Vcc_'Ein_OoG—Es (7)

IS?ir;ce E; = Constant (the voltage is set by
" V.. — 0.6—E,=Constant=K

Eout — K“Ein

Av, =1

Note: This equation holds for inputs greater
than 0.6 v.

Design Procedure: From the known input,
select the wanted output relation (for ex-
ample, 1:1, 2:1, etc.) Make sure that V, is
greater than two lines maximum F;, (max)
so @, will not saturate and adjust Rx so that

] [

dUT'PUT vs INP

"y ———y———y 7

CROSS-OVER
(OUTPUT=INPUT)

Tee23°C 46V
T=-58°C 44y T=-535°¢
"T=¢)00 47V “

INPUT
- N AN YW

OUTPUT

Fig. 3. The linearity and the temperature stability
of the circuit in Fig. 2 is fairly good.

the output of Q. with no input is E;, (max)
now as the input is increased, E, and E. de-
creases and the output decreases.
Example: Input 0-9 v: output 9-0 V.. = 24 v,
1:1 relationship. The graph shows the out-
put is quite linear, and fairly independent of
temperature.

Richard S. Hughes, electronic engineer,
U.S. Naval Test Station, China Lake. Calif.
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Five-Amp DC Current Amplifier

Has Low Output Impedance

The circuit described
here was developed to fill
the need for a dc cur-

rent amplifier capable of delivering up to
+5 amp to a 2-ohm load. Low output im-
pedance was necessary to provide damping
for a voice-coil type load.

The basic circuit (Fig. 1) is a bridge con-
figuration, with an emitter follower and a
constant current source in the active arms.
The current source arm of the bridge pro-
vides lower average dissipation than a

EMITTER FOLLOWER ———=

5A/ IL=0

CURRENT SOURCE — = °
SA\

Fig. 1. Bridge currents at balance.

I

ZERO
ADJ.

INPUT

i *10v

3.3K OFFSET
}54 (CONSTAN ADJ
-1 6V
04 4

Fig. 2. Current amplifier was designed to drive 2-ohm
voice-coil type load with maximum damping.

straight resistive arm. This source i1s com-
posed of transistor Q., whose base is held at
a fixed potential by a Zener diode. Emitter
current from Q, flows through a resistive
load composed of several paralleled 6-v bulbs.
The number of bulbs used determines the
amount of current required to raise the emit-
ter of Q, to a stable point near the base
voltage. Straight resistors could be used in-
stead of the bulbs, but the positive tempera-
ture coefficient of the bulbs provides addi-
tional current regulation.

The remainder of the circuit consists of
three compound emitter followers, Q,, Q. and
Q.. These provide large current gain and
moderate input impedance. A zero adjust
control allows initial balancing of the cir-
cuit, and the offset adjust provides a voltage

to buck-out the base-to-emitter voltage drops
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