Controlled power supply increases Increasing the output volt-

age of IC operational amplifi-

Op am pS, OUtpUt-VOItage range ers usually involves adding high-volt-

. . age external transistors. The resultin:
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circuit then requires correction to re-

tain its operating characteristics. This
correction is difficult, especially for
precise amplifiers. This Design Idea
presents an alternative: the use of a
controlled power supply for the op-
erational amplifier itself, which can
increase the output voltage for many
precise operational amplifiers with-
out altering their operational char-
acteristics. You can accomplish this
task by connecting controlled tran-
sistors to the power supply of the am-
plifier. Resistor dividers that connect
to the amplifier’s output and bipolar
high voltages control these transistors
(Reference 1). The simple circuits in
Figure 1 present general methods of
connecting the amplifier as an in-
verter or a follower to effect increased
O —Vps output voltage.
Dividers with resistors R , R, R, and
R, determine the scale of power supply
Figure 1 These simple circuits present the general methods of connecting the ampli- V' and =V’ for the amplifiers. If
fier as an inverter or a follower to effect increased output voltage. the output voltage ranges from *22V,
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resistor R =R,=R,;=R, =R, and V
and —V are 28V, then voltages
V' and =V’ fall in the following
range, allowing for any additional loss:
Vo= VR R AR) V1 (= Vi)
R/(R,+R)), and =V’ =—V,R//
(R3+R4)+VOUT(_VOUT) R4/
(R;+R,) or 3V<V' <25V and
—3V>—-V' . >—125V. However, pow-
er-supply circuits include transistors,
which create junction resistance, af-
fecting the amplifier’s operation.

You can use supporting amplifiers to
reduce losses and increase the quality
of the output voltage of the primary
amplifier. The requirements for sup-
porting amplifiers are simple. They
should have power supplies with op-
posite polarity from and lower applied
voltage than that of the main power
supply. They should provide the nec-
essary power to the primary amplifier,
and their frequency range should be
slightly higher than that of the primary
amplifier. You can use supporting am-
plifiers to eliminate the transitional re-
sistances of transistors in power-supply
connections. Thus, these circuits offer
flexibility across a range of amplifier
configurations (references 2 and 3).

Figure 2 shows an example of how
to connect supporting amplifiers as
followers. You derive output voltag-
es V' o and —V' ¢ from resistor con-
nections with the following equations:
V,:VPSIR7/(R6+R7)+VOUT(_V
R/(R,+R.), and —V'==V R/
(R8+R9) +VOUT( _VOUT)R9/(R8+R9)'
If the supporting amplifiers have a
power supply of 28V for V. and
—2V for =V, for amplifier IC,, then
=V, =—28V, V,,=2V for ampli-
tier IC,, and the output voltage of
amplifier IC,, V,, is 24V or —24V.
Also, R,=R,=R;=R =R, such that
V'=28VX0.5+24VX0.5=26V. Fur-
ther, —V'=—-28VX0.5+24V x0.5=
=2V for V  nux=24V. V=28V X
0.5—-24Vx0.5=2V,and —V'=—-28V
X0.5=24VX0.5==26VforV  mw=
—24V. You can achieve the greatest
voltage range by using separate pow-
er supplies—one for the normal volt-
ages of the amplifier and one for the
regulated part of the output voltage
(Figure 3).
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Figure 2 Replacing the transistors with op amps reduces losses and
increases the quality of the output voltage of the primary amplifier.
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Figure 3 You can achieve the greatest voltage range by using separate power
supplies—one for the normal voltages of the amplifier and one for the regu-

lated part of the output voltage.
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IC, is the primary amplifier. Sup-
porting amplifiers IC, and IC, have
asymmetrical power supplies. You
could use many types of amplifiers in
this circuit, but modern operation-
al amplifiers may be preferable be-
cause they allow the use of the com-
plete range of the power supply and
because they handle rail-to-rail input
and output. In this circuit, V=28V,
=V, =—28V, V,,=2V, and
—V,s,=—2V. The voltages of the pri-
mary amplifier are V'=—(=V_ )R/
R7_ ( _Vpsz)Re/R8+ ( _VOUT)RIO/
(Ryg+ R, D[R, R+R (R, +R))]/
R.Rq. Further, —V'=—(V, )R /
R,,- v )Rll/RH+ ( _VOUT)RIS/

PS2

(R14+R15)[R12R13+R11(R12+R13) /
RIZRB' Set R6:R10:R11: 15: )N

R,=R,=R,=2R, and R;=R =
3R, such that Ré/R7=R6/R8=R“/
R,=R,/R;;=0.5, R J(R,+R )=
R./(R,+R)=0.25, and [R,R;+
RG(R7+R8)]/R7R8:[R12R13+R11(R12+
R DI/R R, ;=2. Then, substitute
these values into the amplifier voltag-
es yields V'=14V+1V+(—V;)0.5,
and —V'=—14V —1V+(—V,)0.5.
Minimum and maximum values for
each power supply arel.5V=V=28.5V,
and —1.5V=—-V=-28.5V. The total
voltage of the power supply has a lim-
it of 30V, ranging from 1.5 to 28.5V

and from —1.5 to —28.5V. This range

permits an increase of the output
voltage of the primary amplifier by
*27V.EDN
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