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Design of a New CMOS Differential Amplifier Circuit
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ABSTRACT

All of the CMOS analog and analog-digital systems have composed with several basic circuits,
and among them, a important block, the amplifier part can affect the system’s performance. There-
fore, according to the uses in the system, the amplifier circuit have designed as various
architectures(high-gain, low-noise, high-speed circuit, etc--+).

In this paper, we have proposed a new CMOS differential amplifier circuit. This circuit is differ-
ential to single ended input stage comprised of CMOS complementary gain circuits having intern-
ally biasing configurations. These architectures can be achieved the high gain and reduced the
transistors for biasing. As a results of SPICE simulation with the standard 1.5um processing par-
ameter, the gain of the proposed circuit have a doubly value of the typical circuit’s while ma-
intaining other charateristics(phase margin, offset, etc--+). And the proposed circuit is applicated
in a simple CMOS comparator which has the settling time in 7nsec(CL=1pF) and the high output
swing(+4.5V),
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I. Introduction

The implementation of the high performance
analog functions in MOS technology has become
increasingly important. Thus great strides have
recently been made in implementing functions su-
ch as high speed ADC/DAC systems, sampled da-
ta analog filters, voltage references, instrumentat-
ion amplifier, high speed voltage comparator, and
so forth, voltage references, instrumentation am-
plifier, high speed voltage comparator, and so for-
th, in CMOS and NMOS technology. These deve-
lopments have been well documented in the lit-
erature. These high performance amplifier circuits
play key roles in most of analog subsystems!! 7},

The CMOS differential amplifier circuits wi-
dely used in the CMOS analog subsystems have
designed as many architecture to improve the cir-
cuit’s performance, among them several types of
the typical amplifier architectures are referred as
follows!13] ;

(i ) The type having the current mirrors in the

input stage.

(ii) The type having the cascode loads to ach-

ieve the high voltage gain,

(iii) The type which comprised of the fully dif-

ferential architecture,

The type (i) require the other gain stages to
improve the high voltage gain, because its input
voltage gain is small. And, the type (ii) can be
earned the high gain by the cascode loads, but a
disadvantage of this configuration is that it can
make the circuit’s size large. Next, the type (iii)
has good characteristics(high CMRR, PSRR and
low offset, etc---), but this configuration should
be used many transistors for composing the fully
differential architecture.

After all, above-mentioned amplifier circuits
have strong and weak points, and the merits of
these circuits can be applied to many analog and
analog-digital systems. However, their drawback
should be improved for using in the high perform-
ance circuit design.

In this paper, we have proposed a new CMOS

differential amplifier circuit which can be im-
proved the voltage gain. And the primary empha-
sis on designing is placed on the gain enhance-
ment. The proposed differential amplifier circuit
1s composed of the CMOS complementary circuit
for achieving the high voltaga gain, and internal
biasing circuit for the high speed operation, The
performance of the proposed circuit is compared
with that of the typical CMOS differential ampli-
fier circuit{type (1)) which widely used in the
analog subsystems,

Section Il in particular deals with the new
CMOS differential amplifier circuit architecture,
and the characteristics of this circuit are com-
pared with a typical CMOS differential amplifier
circuit by SPICE simulation. Section Il describes
the simple high speed CMOS comparator com-
posed of the improved CMOS amplifier circuit.

II. A new CMOS differential amplifier circuit

1. The high gain characteristics

The designed CMOS differential amplifier cir-
cuit is the high gain amplifier circuit which ma-
kes full use of the complementary device sym-
metry available in CMOS technology. In this cir-
cuit(Fig.2), the MOS transistors M1, M2, M3
and M4 are comprised of push-pull devices, and,
the drains of M1 and M2 are connected with the
gates of M5 and M6, for biasing current supply.
The gain of the circuit can be made larger than
that of a typical CMOS differential gain circuit
(Fig.1).

Assume that the designed complementary CMOS
amplifier circuit is compared to a typical CMOS
differential amplifier circuits. First, we consider
the differential gain of the typical CMOS differ-
ential amplifier circuit. The Fig.1(a), shows the
typical CMOS differential to single ended ampli-
fier circuit with current mirror loads and the Fig.
1(b) is the small signal equivalent circuit.

An apprioximate analysis of the circuit can be
readily performed as follows. Assuming that the
current source I is ideal, the incremental drain
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Fig. 1. (a)Typical CMOS differential to single ended am
plifier circuit.
‘h) The small signal analysis equivalent circuit.
currents of M1 and M2 must _aiisfy =174 . Thus, both M2 and M1 supply the current
a1 = Gmi{Vin1 — Vi»)/2 into the output terminal.
tar T a2 =0 (D Since the output is loaded by the drain resist-
ances of M2 and M4, the output voltage is
Also, if both M1 and M2 are in saturation, then
. 2 id] - grm'(vml + Vi)
) Vot == = T B T (5)
ld] = gmi(vinl —Z)l), and (2) (g«h+g111) (g(/1+g11/)
iar = GmilUina — 01). The differential gain is thus
C b . th t 1 ~ Vout Ewmi (()
om e ons, Agm = —— S
ining these equations dm (Dint — vi) (g + ga) )
Uin) + Ving . . . . .
woETL (3) Analysis shows the differential gain for the ty-
pical differential to the single ended amplifier is
results, Hence, expressed by Equation (6).
N We next define the differential gain of the new
lag = lap = LMMEQ (4) CMOS amplifier circuit using the small signal an-

2

The current i is easily imposed M3 by M1,
since the impedance at the common terminal of
the gate and drain of M3 is only 1/gms. Trans-
istors M3 and M4 form a current mirror, and
hence the current through M4 satisfies iz =ias
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alysis. The designed new CMOS differential am-
plifier circuit and the small signal equivalent cir-
cuit representation are shown in Fig.2.

Let us assume that the current source [y 1s
ideal, and the sum of the drain currents of the
M1, M2 and M3, M4 is zero as follows,
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Fig. 2. (a)The proposed new CMOS differential ampli-
fier circuit.
(b) The small signal analysis equivalent circuit,
ia1 + a2 =10 (7 iy tide = Zwo(Vint — U3) + gmi{vim — v3) (10)
+ gneViny — v3) + 1 (Ving —v3) =0
where
Therefore,
1y = Zmr(Vim — v3) + @i (Ving — v2), (8)
Uinl + Uin2
tdy = EmalVing — U3) + Gms{Ving — v2) U= 2 an
Combining above two equations we have Then, the current

ia1 +iae = Guo(Vin = 03) + gm (Vi — v2) (9 a1 = (@m+ gm)Vin = (&m + &re) Vs (12)

+ gm(Ving — 02) + Gm3(Vine —v2) = 0 = (g + Zoe) Vimt — (@t + &) MLZ_@

Here, because the size of the duplicated MOS ~ (&mt &m) (Womt = Vi)
transistors are symmetrically composed, we can 2
set the transconductances the same as ; gm = &us = —ip
, B = &ma.

And also, the voltages »» and v3 can be set to Since the output is loaded by the drain resist-
the same values in the circuit design. Hence, we ances of M3 and M4, the output voltage is
can rewrite the equation (9) as follows.
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(gas+ gay)

- (gm1+gmz) (Vin) — Vin2)
- (gay+ gas)

(13)

Vout =

The differential voltage gain of the designed
new CMOS amplifier can be defined simiarly as
~ Vout - (gm1+gmz)

g (gas+ &ay)

Now let’s check gain in actural design. This ga-
ins are calculated using the 1.5:m processing para-
meters.

A=0.1— e =700 c®/1" sec

Up=1350 cm?/V sec Cor = 1.4X1077fF/cm®

As the above results indicate the gain of the
designed CMOS complementary amplifier circuit
1s twice as large as the gain of the typical CMOS
differential amplifier circuit,

Fig.3. shows the characteristics(voltage gain,
phase margin, input offset. CMRR, PSRR) be
tween proposed new amplifier circuit and the
typical CMOS differential amplifier circuit which
are simulated by SPICE. And these results are
presented table 2.

2. The current switching speed enhancement

In modern CMOS system design, many analog
circuits have employed external biasing circuit
which supplies accurate voltage levels. But, some
circuits use internal biasing circuits to earn a

low-power wide-band state during the slewing or

11) =25 IIA .
settling period-!"i.
Table 1. Calculation the gains of two differential amplifier circuits,
Typical Circuit New Circuit
- m Tot = m * w2 . Tot
Am = g = Em A= i ™ Bm 803
[ , w
gm ~ 2“n Cm—vl‘l/_ID Emi = zuﬂcﬂlTID
= szlooxlo"'x%-xzswq = JZXSOXIO“X%Q-XZ&LA
1 o1
7o kn 77 kQ
. W !
Te = ru = py ><125uA = 400 k2 &m2 ZunCa Ip ;
i
= {2x100x10 °x 25 x 2504
o1
79 ka
_ 1
Ta ™ o = TG x 24 - W0 KR
. o4
. ra Gain = (gm * gm2) —5-
Gain = gm ) 2
. _200ke S e e Wk
- 79 ko ' ’
= 253 (28 dB) = S8 (34 dB)
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Fig. 3. SPICE simulated results of two differential am-
plifier circuits,

Table 2. Transistors” Dimensions

Characteristics Typical(CL=1pF)|New(CL=1pF)
Open Loop Gain 25dB 35dB
Phase Margin 89 ° 92°
Uniy gain Frequency 60 MHz 54 MHz
CMRR . 42dB 15 dB
PSRR VDD L 25dB 41 dB
PSRR VSS 30 dB 40 dB
Input Offset voltage 30 mV 10 mV
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We have designed a biasing circuit that its
biasing voltage is internally supplied. In Fig.2,
the biasing voltages of the MOS transistors M5
and M6 are supplied by the drain voltages of the
M1 and M2. Then, the MOS transistors M5 and
M6 are not saturated by the biasing voltages, for
operating in linear range.

This architecture has the property that it oper-
ates in the class AB mode, that is, when large in-
put voltages are applied, the current flowing to
the output increases to a value much larger than
quiescent bias current in the circuit. This feature
makes it particularly suitable for the high speed
comparator applications,

. The design of the simple high speed CMOS
comparator

When we design an n-bit flash ADC, 2*-—1
comparators are required. For medium-resolution
ADC’s, the amount of power and area assigned
per comparator is of the utmost importance. There-
fore, when evaluating different comparator topo-
logies for use in flash ADC, it is desirable to
minimize the power and area.!%’!

The simple high speed CMOS comparator with
the CMOS differential amplifier circuit advanced
in Section II, meets the above terms. This archi-
tecture has an appended MOS transistors M7,
M8, and two CMOS gain stages made of MOS

Fig. 4. The proposed CMOS high speed comparator
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transistors M9-M12 are attached to the designed
amplifier circuit(Fig.2). The Fig.4. shows the pro-
posed simple CMOS comparator.

In this circuit, because the MOS transistors
M5, M6 and M7, M§ are hiased as a linear range,
the voltages of the node @&, ® comparatively ap-
proached the power supply voltages VDD, VSS,
And, when the input positive voltages are applied
at node (I, and the negative voltage at node .2,
the M2 and M3 are saturated. Therefore, the
node (© is negatived by the saturated transistor
M2. Then the drain currents of the M5, M7 in
crease at node @. As a results, the switching cur
rent flowing to the output increases to a value
much larger than quiescent bias current. This
comparator has a high speed characteristics,

The dimensions of MOQOS transistors are pre
sented in Table 3.

Table 3. Transistors” Dimensions

MOS | Lt Wi | " MOS | Lt | Wi
Ml PMOS| 3 20 E'”w iPMr(')S 2 E 3
M2 [NMOS | 3 951 Mg |[NMOS| 6 | 3
M3 PMOS| 3 | w0 | Mg gPMOS 3 T 2

M4 |NMOS| 3 9.5 " MI10 NMOS| 3 16
M5 PMOS | 2 3 M1l PMOS| 3 22
3 M2 3 10

Mé NMOS| 6

-8.8u+-
148 168ns 186ns ' 288ns 228n 248ns
@ w(B) m w(BB) o w(BS) s w(BSS)
Tine

a C. = 0pF

b CL= lpF

¢ CL = 5pF

d Cp = 10 pF

Fig. 5. Settling time of the comparator.
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Table 4. Performances of the simple Comparator

L7Power Dissipation 3mi
< 3umsec, ;= 0 pF
< Tmusec, (;= 1 pF
Settling Time
<30 nsec, ;= 5pF
< 80 nsec, ;=10 pF
Swing —4.51V ~ +4.51", for 3msec, C, = 0pl
Comparison Capability Swing —4.5" ~ +4.51", for 7nsec, (; = 1pF
Vie=20.05V, , -
Vo, =0V Swing —4.5V ~ +4.51", for 30nsec, €, = 5pt
ref = -
Swing —4.5V ~ +4.5V, for 80nsec, C, =10 pF
Output Swing —4.5V ~ 4451

//

.'“11

Vi i )
fna 1Béns 288me 388ra 4830w Se8ns 638wz  TBéns
e vwil) = v(Z) o vw(B) & w(BS) v v(BB) ~ v(BSS)
Tina
a Cp = 0pF
b C. = 1pF
e (.= SpF
d ¢y = 10 pF

Fig. 6. Comparison capability of the comparator.

IV. Conclusions

The high performance amplifier circuits are
key elements of most analog subsystems, particu-
larly in operational amplifiers, high frequency
switched capacitor filters, high speed comparator
and AD/DAC system. And the charateristics of
many systems is strongly influenced by the per-
formance of the amplifier circuits used in those,

In this paper, a CMOS differential amplifier cir-
cuit with a new architecture has been designed.
The proposed new amplifier circuit is composed
with internal biasing circuits and the CMOS
complementary gain stage for the performance

improvement. And also, this circuit is compared
with the typical CMOS differential amplifier cir-
cuit. As a SPICE simulation results of the compa-
ring with the same MOS dimensions, we know
that the gain of the proposed circuit have a doub-
ly value of the typical circuit’s while maintaining
other charateristics{phase margin. offset, etc-).

In addition, we have been designed a high speed
simple CMOS comparator using the improved
CMOQOS differential amplifier circuit. SPICE simu-
lation shows that it has the settling time in
7nsec(CL=1pF) and the high output swing (4.
5V).

The proposed new differential CMOS amplifier
circuit and the high speed simple CMOS com-
parator will be applicated in the high speed
analog subsystem, especially the flash A/D con-
verter,
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