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Low-Voltage Rail-to-Rail CMOS Operational Amplifier Design
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Fig.1 Complementary input differential pair
circuit.
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Fig.2 Input differential pair circuit with
depletion-type NMOS FETs.
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Fig.3 Input differential pair circuit driven by
substrate voltages.
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Fig.4 A folded-cascode operational amplifier whose
output is Rail-to-Rail, but whose input
common-mode range (CMR) is not Rail-to-
Rail.
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Fig.5 Input-output characteristics of an input sig-
nal compression circuit which compresses the
Rail-to-Rail input to the input range of the
following operational amplifier. Monotonic-
ity must be guaranteed, but some nonlinear-
ities are tolerable because feedback topology
is used for the whole operational amplifier ap-
plication.
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Fig.6 The input signal compression circuits (a) and

the output Rail-to-Rail operational amplifier
(A) together comprise an input-output Rail-
to-Rail operational amplifier.
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Fig.7 (a) Our input signal compression circuit de-

[

sign, which corresponds to the “a” part in
Fig.6. (b) SPICE simulation result for the
circuit in (a). We see that the input signal
is compressed.
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Fig.8 (a) The upper-left part of the input signal
compression circuit in Fig.7 (a). (b) SPICE
simulation result for the circuit in (a).
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(a) The lower-left part of the input signal com-
pression circuit in Fig.7 (a). (b) SPICE simu-
lation result for the circuit in (a).

Fig. 9

00 PMOSOOO0O0O00O0O0OV,,0 V4000
000000000 9(a) 000 SPICEDOOOO
0000000 9(b)00o0o

@ 010000000

08000000V, 009000000 Vee0O
000D00000D00000000000 V000
0000 10(a)0000 DCOO SPICEDOOOO
0000000 10(b) 0000

010(d) 000000 V4, 0000000GND —
Vae/20000000009(M)000000 VO
000000000 10(2)0000 Ve 0000 Ve
000000 NMOSOOO0O00D000000000O
00000 Vi, 0000000 Vee/200 — VgD O
00000 8(b)00D000D0 V,, 000000000
Voo O Vo — Vg 2 650mV —V,3 000000000

VDD
Vo 4{ mn5
Vo3
mn6
Vos mn7
mn8
gnd
(a)
700mV !
Vo
>8
i 350mV Vo —
S
-
[ Vo3
OmV ;
omV 350mV 700mV

(b)
010 (0000000000 7(a)000000000
(b) () 0DODODO SPICEODOODODOODOOOO
Fig.10 (a) The right part of the input signal com-
pression circuit in Fig.7 (a). (b) SPICE sim-
ulation result for the circuit in (a).
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Table 1 SPICE simulated characteristics of the
operational amplifier in Fig.4.

Item Condition | Performance
DC gain No load 67dB
Current consumption ] 0.3 nA
Common-mode input range | O 000.5V
Output voltage range Load 50 pF | 00 0.7V
Gain-bandwidth product No load 100 Hz
Phase margin No load 90 degrees
Maximum load capacitance | O 50 pF
Slew rate Load 50 pF | 46 V/ms
Supply voltage 0.7V
Minimum channel length 0.18 pm
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Fig.11 SPICE simulation result to check the input
common-mode range of the operational am-
plifier in Fig.4. A ramp signal input from 0 to
0.7V is applied to the volgate follower con-
figuration. We see that its input common-
mode range is from 0 to =~ 0.5V, which is
not Rail-to-Rail.
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Fig.12 Proposed Rail-to-Rail operational amplifier

where the input signal compression circuits
in Fig.7 are connected to the operational am-
plifier in Fig.4. The boxes at the input de-
note the input signal compression circuits in
Fig.7.

0 2 00 Rail-to-Rail 0000000 120000
Table 2 SPICE simulated characteristics of our pro-
posed Rail-to-Rail operational amplifier in

Fig.12.
Item Condition | Performance
DC gain No load 64 dB
Current consumption ] 3.1 pA
Common-mode input range | O o0o0.7v
Output voltage range Load 50 pF | 00 0.7V
Gain-bandwidth product No load 100 Hz
Phase margin No load 60 degrees
Maximum load capacitance | O 50 pF
Slew rate Load 50 pF | 46 V/ms
Supply voltage 0.7V
Minimum channel length 0.18 pm
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Fig. 13 SPICE simulation result to check the input

common-mode range of the proposed oper-
ational amplifier in Fig.12. A ramp signal
input from 0 to Vg4 (0.7V) is applied to the
volgate follower configuration. We see that
its input common-mode range is from 0 to
0.7V, which is Rail-to-Rail.
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Fig.14 SPICE simulated step response of the

proposed operation operational amplifier

(Fig.12) with voltage follower configuration.

We see that the circuit is stable and V¢

follows V.
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