Eliminating stray signals in
remotely gain-switched op amps

by Ernest J. Kacher & Forrest Fox
The Methodist Hospital, Texas Medical Center, Houston, Texas

When the gain switch for a variable-gain amplifier is
physically distant from the amplifier itself, stray signal
pickup and/or capacitance loading can affect cirenit
performance. A special switching arrangement, how-
ever, can eliminate both of these problems.

The circuits drawn in (a) show how cable capacitance
can be introduced at the amplifier’s input. While the cir-
cuits of (b) show where noise generators appear when
the amplifier input leads remain open. (In all these cir-
cuits, the amplifier is connected in its non-inverting
mode.) -

In contrast, the switching arrangement illustrated in
{c) has no current paths through unused resistors, and it
eliminates switching at the amplifier input. All of the re-
sistors are used with each gain configuration, and all of
the lines to the switch are always connected either di-
rectly to signal ground or to the low-impedance output
of the amplifier.

The maximum allowable cable capacitance, there-
fore, is now determined by the capacitance load that the
amplifier can tolerate, rather than the signal phase shift.
Another advantage of this switching arrangement is
that the circnit’s bias-current compensation remains op-
timum for each gain, as long as the correct value is se-
lected for resistor Re.
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To make use of this type of switching, the resistors re-
quired, as well ag'the right switching arrangement, must
be determined for the specific set of desired gains: Gg,
Gy, . . ., Gy First, arrange the gains in ascending order
according to magnitude (so that G; is less than Giyq),
butlet Gp = 1 and G411 = 00, Since there willbe n+1
resistors required, they should be designated as R,,
Rz, . . ., Ryys. Compute the values of resistors Ry
through R, 11 sequentially, in ferms of resistor Ry:

Riji= Gira(Gy - G R
Gi-1(Gip1 - Gy
where i varies between 1 and n.

Next, arrange the switch so that, starting with the
minimum gain of Gy, all the resistors connect from the
amplifier’s inverting input to the output. To obtain gain
Gy, switch the end of Ry from the output to ground,

"leaving everything else unchanged. To obtain gain Gs,

switch the end of R, from the output to ground, leaving

everything else unchanged. In general, then, to obtain

gain Gs, resistors Ry through R; are connected to

ground, and resistors Rj;¢ through Ry, are connected

to the output. :
This same switching technique can be used for an in-

verting amplifier configuration. However, gain G, must

be set equal to zero, and the values for resistors Ro

through Ry 4 are found sequentially in terms of resistor

R, from:

o (Giv1+ I)NGi— G )Ry

it (Gi1+ 1)(Gip1 ~ Gy

where i again varies between | and n.

Resistor Ry can be computed as the parallel combina-
tion of all the gain resistors, Ry through R,y4. Or, for

R
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the non-inverting amplifier, it can be determined by: Circuits (d) and (e) give the resistor values for pro-
- ' ducing gains of 2, 5, and 10 when Ry = 1. Amplifier (d)
Ro = [(G1 - 1)/ Gi]R is noninverting, while amplifier (e) is inverting. . [J

And fOI‘ the lIlVEbl’tlIlg amphﬁer, the value of RO 182 Engineer's notebook is a regular feature in Eiectronics. We invite readers to submit original

design shortcuts, calculation aids, measurement and test techniques, and other ideas for
Ro = [G1/(G1 + I)}Rl saving engineering time or cost. We'll pay $50 for each jlem published.
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Swilched-gain amplifiers. Remotely switched variable-ggin amplifiers can suffer from the capacitance loading (a) of long wires or ¢an pick
up noise (b) through unused resistor paths. The switching arrangement of {¢} doesn’t have thése problems because all of the switched points
have low-impedance paths to ground. The noninverting (d} and inverting (e) amplifiers given here provide gains of 2, 5, and 10.
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