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A STUDY ON THE ANALYSIS AND DESIGN OF OPERATION AMPPLIATION BY USING CMOS
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Soong Sil UNIV. ELETRONICS.SEMICONDUCTOR DEP,RESERCH CENTER OF K.T.A.

- ABSTRACT

: CMOS operational amplifier is most useful building bloch in analog circuit.

This paper represents the analysis and desién method of CMOS OP AMP to use general purpose

such as the

A/D and D/A converter, PCHM encoder and decoder etc.

The required specifications is obtained by changing W/L ration of CMOS devices.

The desigin procedure

must be iterative in as much as it is almost

impossible to relate all specifications simultaneously.

This is performanced with IBM-PC.XT by using SPICE(SIMULATION PROGRAM WITH INTEGRATED CIRCUIT

EMPHASIS)program.
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Fig.l SOURCE-COUPLED PAIR OF N-CHANNEL DEVICES.

ol FAHOoR ¥y % FH A Ald(Idi-I1d2)
T od g4 #d
Cox W 2 Iss
ATd = Un (avi) [{
2 Un ( CoxW/2L)
- (A Viykr2 J¥¥i/2. (3)



CMOSE oj &8 o4t

FH718 sz A o AA

ozl Id = (Idl ¢ Id2)/2 (4)
Ald: Idl - Id2 (5)
AVi < (Iss/Un{CoxW/2L))xx1/2. (§)

i

T HOS X Folefy FRAAUE 2 of).
of 422 ¥ 19 20 ¢& AF 2HE Y IC
FuRdiogd g s o

AId = Idt - Id2

+1
ss

J9.2
Fig.2 DC TRANSFER CHARACTERISTICS OF M0OS DIFFER-
ENTIAL PAIR.

A% 28RS PY By Fo

¥ RY SHe0M 4% g9 Yol uolo A
B Iss ol MOSFET o] W/L of oled HH ¥,
A Y AE FHrAMN LX YV A Gu

d AId/ d AVi ) AvVi=0. (7)

daal, C,, W 25 2
757 - (550 )\[(u,(c.,u'/u))“w"
- (B (av)’

) T (&)
53 7 2
\/(p.(c..W/zL)) ~(av)

Gn :\/(Isé(tln CoxW/ L) = gnml = gnm2 {9)

HOS FET7} I o ool Ex8oy, 4% z‘*“—‘—l RN
EQE*(G«)-‘ TEL 1A 43 B9Y¥

S o 2 {gmt),
2. HOS FET B 48 Rrgy,

TR HS FETHTRE 2129 - VEYRFEL
2Y.3F Fxh. o] HBE ML M7 X HY o] E 3
o, 5 2209 ¥r14 whefofel & g, Vgsi: Vgs2
ol¥ &Y VR Ioutd rpgAel Pri.

Tout = Iref [{W/L)2/(W/L)}1} (10)

BY VR P AN W/ Luiof dof YHE,

A —
1 Yosua = Vo5~
= o

IR e s AV R 9w
FIG.3{a)SIMPLE CURRENT SOURCE,
aY.3(b)1-v Baga
FIG.3(b)I-V CHARACTERISTICS.

- 404 ~

282 &Y NGE A (1A gol F o ¥l
24 21%" rod EH ML M Yol &
F7h Al#ior vl

o ={( ID/Leff)x(d X/d Vds)lx-1 (11}

1 d Xd \-! 1
Vihev: ro+ 1B * = Va: ¥ {12)
Leff d Vd

3. CASCODE CURRENT SDURCES

&Y ATH 4R Y NE FYE A UM
I%.49 T8 CASCODE B R ¥ol 2 & Hn, LODE A ¥
o) 27l 2BVY HY o HE A YUt
A 2% 2% AYE Y (134 gont 42 2Y
MYeA S5 ALRGL (1 + ga ro)VF Frh¥cd.

o

Ro = ro2{t + g2 rol) (13)
o] R VUL FE YN CASCODE 227} stack Hof
ol B A%l 2o Yool ENFHY FYV
¥ ¢ swing '%H!? e PRy e ¥ Hy.

v,
Ay \ -
3y e 30tuestion. 3ty mtriody segion

B &, 0 8, trmte regon

AV Ve Vintiget, &) L
2%.4.(a) CASCODE H § ¢,
FI6.4_{(a) CASCODE CURRENT SOURCE.
J¥A D) I -V BYFH,
F16.4.{(b) T - V CHARACTERISTICS.

4. WILSON B Ry,

JY.58 K o UV A BH Mol n3l
B L AP o 2% A WS CASCODE ¥ RE A
Tol =7 ¥& 4 3vh. W3S =l HYL M2 8
et ¥Y dvp ViwdE vy 2YAPoR OP
zel ! W R Y HISS Hursm 40,

el TTHAH ol MAE HUAA el VU
¢ .

b

L)

y

9.5 WILSON B g @
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AND M3 ARE EQUAL.
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Fig.7 SMALL-SIGNAL EQUIVALENT CIRCUIT FOR WILSON
CURRENT SOURCE.
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Fig.8 Matched pair of MOS current sources.
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Tablel. Transistor Size of CHOS OP AMP

Tr.|[Type |L{um) [W(um) |AD(pm)[ AS(pm)|
Ml | N MOS 3u 24y 72p 72p
M2 [N MOS 3u 24y 72p 72p
M3 | P MOS| 3u 16u] 4ap 43p
M4 [P MHOS 3u l6u 4€p 4%p
MS [N HOS| 3u 10y 30p 30p
Mé [ P MOS 3u 40u] 120p 120p
M7 I N MOS 3u 18u 48p 48p
Me [N MOS| 3u 16ul a8p| 48p
H? § P MOS 3u 12u 36p 3a6p
M10f P HOS 3u fu 24p 24p
MLI1f N MOS 3u 20u 50p 60p
H12f N MOS 3u 4y i2p 12p
(Buffered Compensation)
M1l N MOS 3u 4y 12p 12p

Hi1d P HoS 3u

-

au 43p 48p

(RG Compensation)

Table2. Specification nf CMOS 0P AMP

Parameter Value
vdd = 9y
Power Supply Vss = -5V
vbb =-10V
Power Dissipation 0.35mH o] o4
Open-Loop 85 ~ 90 4B

Low-frequency Gain
Unity Gain Bandwidth 1.5 HHZ

output Swing t4.0 ~ 4.5V
CMRR 95 d8
I
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