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A GaAs Monolithic Operational Amplifier
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ABSTRACT

We demon st,^ate a GaAs monol i thi c operat'i onal ampl i f i er hav'i ng such
performance as a unity-gain frequency of 200 l4Hz, an open 'loop gain of
40 dB, a slew rate of 200 V/ps and a phase margin of 57" for the chip
with an FET-geometry of llr* gate length.

The ci rcu'it conf i gurat'ion of the operati onal ampl i f i er i s shown 'in
Fig.l, where the balanced circuit'is made up of cascade-connected two
differential ampfifiers cons'isting of modified source coupled FET Iogic
(SCFL) inverters (l). Th'i s SCFL configuration allows w'ider distribution
in the threshold voltage of the constituent FET's than any other confi-
gurat'ions. It i s noted that the second d'iff erenti al ampl i f i er i s
des'igned us'ing dual- gate FET's so as to achi eve an improved frequency
response. The frequency compensation circuit, consist'ing of series
resistor and capacitor, is also integrated.

The new ion implantation process Q\ is used to obta'in high trans-
conductances in the low dra'in current reg'ion, which are essential for
the h'igh gai n ampl i f i er wi th hi gh impedance l oads. Th'is process, of
whi ch impl antati on steps are shown 'in Fi g . 2, real i zes a steep ta'i I for
the n-layer and a high surface concentration for the n+-layer by making
use of the low voltage n-implantation and the through-oxide shallow n+-
'imp'l antati on. A photograph of tlle processed chi p i s shown i n Fi g.3.
The chip size measures 0.93xl.lB mm4.

The frequency response of the fabricated operational amp'lifier is
shown in Fig.4. A unity-ga'i n frequency of 200 l4Hz obtained is more than
10 ti mes hi gher than those of Si monol i thi c operat'i onal ampl i f i ers . A
large phase-margin of 57" means that the present amplifier is stable
enough even under the full-feedback condition with unity closed loop
gain. In Fig.5, is shown the step response under the full-feedback
conf i gurat'ion. The other perf ormance of the present amp'l i f i er i s sum-
marized in Table I.

References
( I ) S. Katsu et dl . , "A Source Coup'led FET Logi c-A New cunrenrl,-mode
Approach to GaAs Logics", IEEE Trans. Electron Devices ED-32 n0.6, pp.
ll14-.|.|18, Jun.l9B5.
Q) I .0hta et a1 . , "An Ideal -Prof i I e Impl antati on Process for GaAs Anal og
I4MICs", Technical Digest, l986 IEEE GaAs IC Symp. Accepted.

c-6-6 (LNl

737



50

40

€ro
irooto

0

(a)

Fig.1 . Operatiornl amplifier circuit diagrram'
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Fig.4. FYegr:encry response of the
oPeratioral amPlifier.
(a) Gain. (b) Phase shift.
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Fig.3. PhotPgraPh of
amPlifier IC.
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Fig.2. New ion implantation pr@ess.
Fig, 5. l4easr:red volatage-follower response.

Table I
Perfornrance of ttre operational amplifier IC.

Unity-gain freguency
Phase margin
SIew rate
Open loop gain
Common mode range
Power supplies
Power supply current

200 MHz
57 deg

200 v/ps
40 dB

+2r-2 V
+12,-3 V

15 mA
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