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RESPUESTA DE FRECUENCTA

1. DIAGRAMA DE BOLE
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Analog filter can be
programed digitally

by { eonnrd M. Smithline
tansing Resvaicht Corp,, lthata N Y

The Irequency response of an analog active filter can be
selected digitally, yet with the resohition and accuricy
of resistive tuning and the de stability of capacitive tun-
ing. The filter accepts 1TL inputs, permitling it o be
controfled directly by a computer and making it ideal
for electronically switched systems. Furthermore, this
digitally programable filter is cost-competitive with me-
chanically switched types of filters, especially for high-
order filter functions.

A simple first-order low-pass fijter is drawn in (a).
The cornes frequency of this cireuil is determined by
the proportion (a) of the amplifier output voltage (V)
that is applied to the feedback capacitor (C). Since ap-
plying a voltage of magnitude aV to capacitor C pro-
duces the same feedback current as applying a voltage
of magnitude V to capacitor aC, the value of capuci-
tor Cis cffectively muliiplied by a. Therefore, the fil-
ter’s corner frequency can be writlen as:

Wy = I/aR,C

where Ry is the feedback resistor. The over-all dc gain of
the circuit is unaffected by loop gain a.

The cffective muliiplication of capacitance C by gain
o can he used to control the filer’s corner frequency, as
shown in (b). Tn this circuit, the filter’s corner frequency
is determined by lopic inputs through a voltage-divider
setup. Resistor Ry is the upper leg of the divider, while
the resistance of the lower leg is selected by enabling
the appropriate T1L inverter buffer. When a logic input
turns on one of the buffers, the resistor associated with
that buler is shonted 10 ground.

Resiator Ry, provides the appropriate bias voliage for
the bulfers. The transistor, which is wired as an emitter-

follower, reduces the resistunce of the voltage divider
that is reflected forward in series with capacitor C, This
Thevinin cquivalent resistance (Rr) is divided by the
current gyin (/1) of the emitter-follower, For the crcuit
to operate properly:

R/ 3 must be much less than Ry || Ry

where R is the input resistor. Since the de levels of both
the buffers and the transistor are blocked by the capaci-
tor, there is no need for any bias stabilization circuitry.

If the effects of biasing resistor R, are neglected, pro-
gramable gain o can be expressed as:

a = [/[] + (Ri/Rp) + XR.\G))

where G represents the conductance of those resistors,
Ry through Ry, whose buffers are enabled. The filter’s
corner frequency now becomes:

wp = wofK + ZR,G)
where:

Wy = f/RrC
K =1 4+ (Ra/Ry)

The filter’s starting frequency—that is, the corner fre-
quency of the filter with none of the logic buffers en-
abled—is equal to Kw,o. And each incremefit above this
frequency, as each logic buffer is enabled, is equal to
weR4Gi. Since the effects of the enabled bufters are ad-
ditive, the filter can be programed to accept cither stan-
dard binary codes or a binary-coded-decimal input. For
the component values cited in the figure, w, is 100 radij-
ans/second, K is 2, the starting frequency is 200 rad/s,
and the frequency increment is 250 rad/s,

Moreover, the programing approach that is shown
here can be extended to higher-order filters through the
use of either the standard biquad or state-variable filter
configurations.* ]
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Cesigner's caselook

Regulator for op amps
practically powers itself

by Richard Eckhardt

Electroniss Consuiting & Devatupment, Cambilya, Mass.

Here's a rather novel way to build a4 dual-voltage regu-
lator for powering opcrational amplifiers that offers
good tracking, as well as low ripple. Tracking between
the two output voltages is good because only one refer-
ence source is used for both the positive and negative
sides ol the regulator, Although the circuit employs two
op amps itself, they are powered by their own outputs,
Furthermore, the circuit’s output-current capability is
on the order of several amperes, and output rpple is
held 1o less than I millivoll peak-to-peak.

The circuit, shown in the figure, operates 4s a conven-

velop its 4 [Svolt output Amplifier A, is used for er-
ror-detection. The pass transistor for the positive side is
biased on from the unrcgulated +20-v input supply
voltage. The output voltage from umplifier Ay then ad-
justs this transistor’s gutput.

On the negative side (-15-v output) of the regulator,
amplilicr Ay operates as u unity-gain follower. The pass
transistor on the negative side 13 biased in a manuner
similar to its positive counterpart. The value o the bias-
ing resistor for the negative pass transistor is different
from the value of the biasing resistor for the positive
pass transistor in order 1o bring Ag's output closer to the
negative supply voltage.

Since amplifier Az 13 wired in a follower configura-
tion, the reference voltage developed by the zener diode
can be used for both the positive and negative sides of
the regulator. The two output voltages, therefore, track
each othcr within approximately 50 mv.

With suitiable modification, the same circuit approach
can be used to build a regulator for devices other than

tional series-pass regulator on its positive side to de- op amps that require a split supply. O
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Luow-drain regulator
~iends battery life

vy T. C. Penn

co1s instruments Ine.. Dallas, Toxas

Stable regulation of baliery power supplies once
required dumping curreat into a zener diode or sacri-
neing several volts and milliamperes to a three-terminal
rexulator. Powering up voltage-controlled oscillators and
other supply-sensitive circuits with batteries becomes
practical when the circuit described here regulates the
supply voltage. Providing £ 1-millivolt regulation with
loads ranging from 5 to 55 milliamperes, the circuit
maintains accuracy even when the battery voltage is only
50 mv higher than the regulated output, and it draws
rather less than I ma of quiescent current.

As evident in the schematic, the simplicity of the
circuit belies its performance. The rcgulating operational
amplifier A gets its reference vollage fromi the bridge
made up of R, to Ry and a light-emitting diode. The drop
across the LED, which varies from device to device, is
about 1.4 v and it remains relatively stable over a wide
temperature range. Changing the temperature from
20°C 1o 40°C varies the regulated-outpul voltage only
about | mv. If greater stability is required, a low-voltage
reference diode or even a two-termiinal regulator may

be substituted for the tED in the reference leg of the
bridge.

The op amp controls Q, and Q, to maintain a zero
offsct between its inverting and noninverting inputs, thus
establishing that the voliage drop across R, is equal {o
the drop across the LED. The regulated-output vollage is
the sum of the drops across R, and Ry; this can be shown
to be Vo = Vi{R,/R: + ). With the values (hat
appear in the schematic and if Y = 1.4 v, the
regulated-output voltage Vieg by substitution beconies
1422 kilohms/10 kilohms + 1) 4.48 v. {f the
voltage must be trimmed to a particular value, a 5-
kilchm potentiometer can be inserted between R, and
R, with its wiper connected 1o the op amp.

Although the op amp is powered by the bus it regu-
lates, the circuit exhibits no start-up problems. As soon
as power is applied, Q., biased on by the current through
R, turns on Q,, supplying power to the op amp
and reference bridge. QQ, and Q,, in conjunction with R,
and Rs, form a icedback pair with a voltage gain of
about 3. For that reason, a high-gain op amp may be
used with no dunger of oscillation. '

The op amp is half of a dual package, although it
could equally wcll be one fourth of a quad package. In
either case, the regulated bus can power all the op amps
in the package, so long as the totai current required does
not exceed 55 ma. The current drawn by the TLO 22
dual op amp alone is about 800 microamperes. Also
pictured in the. schematie are optional filtering and
decoupling components, C, C,, and R,.
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