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Basics of |C Design

Example
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CMOS op-amp with capacitive load



Amplifier specifications:

* DC-gain: A, = 70dB
¢ GBW: f, = 2MHz
e Slew-rate: s, = 4V/us
* CMRR: > 80dB

* Phase margin: f, = 60°
 LoadC(C: 10pF

* Supply voltage: +5V

Transistor parameters:

© K, =12uA/V?
¢ K =pCy/2

* v, =12V

* vV, =-1V

* A=0.03V1

e L=10um



Saturation mode:

w
Ip = K'T(Vgs — Vp)?(1 + AVps)

’ w
Im= |2K'Ip T

Let us assume: C. = C, = 10pF

Im
1) wo = 2mfy = C_Cl

> Gy = 27fyCc = 2m-2-10°-10 - 10712 = 12647
Let us select C. = C, = 10pF



2) Assume two pole transfer function

A(s) = 2o

(s—sp1)(S—Sp2)

Now, if |s,,| = 2w, then s, turns the phase 30° at GBW and phase margin is 60°
= Letus select |s,| = 3w, = PM>60°

_ —9ImeCcC ~ Ime
Ca(Cr+Cc)+CrCc CL

= |Sp2| — 9me _ 3gm13w0

,assuming C, << C., C
g L4 cr L

CL Cc
CL = CC
Wy = Imi
Cc

= Ime = 39m1

On the other hand gy, = wCe = 2+ 2-10°-10- 10712 = 1262

= Gme = 3woCc = 377.1%



3) Slew-rate determines the input stage biasing current:

Io
SR_C_C

= Iy =sgCc =>4-10°-10-10712 = 40uA

Because th output stage is biased with a current source, we must ensure that it doue not
limit the settling speed:

. _ 7
r0 — ~
Cy

Letus selects ,=2.5-s.=10V/us
= Ib7 = Sr0° CL: 2.5 IO =25- 40[114

Larger I, , reduces the size of the transistor in the output stage, on the other hand power
consumption is increased and the output linear range is reduced!



4) DC-gain
_ Imi19me
(Gaz + 9aa)(Gas + 9a7)

ga = Alp

Ao

Iy
= Jdaz2 = Gdas = /15

Jae = Ga7 = Alp;

We obtain
4= Imigms  _ 125.7-107¢.377-107°

O 22*1,*21,, 0.03-40-10"6-2-0.03-100-10"6
= Ay = 76dB(> 70dB)

~ 6582



5) Offset minimisation

%4
Im = |2UCox T Ip

(T),, b

L34 2 1

(ﬂ) "Ly 5
L]

On the other hand

) b
gm4: L42_2

Ime (ﬂ) . Iy 5
\ 6

1
= Ima = [ * Ime= 754 v

UA

= = 75.4
Im3 = Ima v



6) Compensation

Miller zero:

—1
S, =
(e 1)
Ime
a)s, — o
= R, = — = 2.65k()
9me
b)s, = Sp2
1 1 Cr 1 2
|Sp2|C(: Ime ImeCc  Ime YIme

Let us select R = 5.3k()
1 ‘ dalp

R, |oVps L

w
= UCox <_> [Vess — Vrl = 2Kg(|Vss — Vpgl — V)
8

/4 1 )
Ip = .UCOXT (Vcss — VT)VDS - E Vbs



7) CMRR

nglng
9as9di

CMRR =

Assuming
9as = Ay
Iy
= 1=
9di 5
2 9m1* Im3 _4'gm1'gm3

= CMRR = =
2
/110 * %/1[0 (AIO)

~ 26327

= CMRR ~ 88dB



8) Letus design the transistor dimensions.

The value of all g, are known. Also I, and [,; are known.

gm_ ZK, ?ID
W gm®
L 2KI,
W 2 125.7 - 1079)2
<T> _ gm1l _ ( = ) — 1316
1,2 2K,g7° 2:30-1076 - 5-40-107°
W 2
<T> = gm41 — 11.84
r 10
3,4 2Kp7
LA AT 59.2
L] L]
6 4



A =0.03 % corresponds to channel lenght of L = 10um and leads to enough high gain, thus
let us select L = 10um and we obtain

W1=W2= 130ﬂm
W3=W4= 120pm

Let us calculate the drain voltage V¢ of the compensation transistor Mg.

Vp =Vpp — |VGSS|

I W
Ibs = 70 = Kp <T> = (IVassl = [Vrp|)”
3
Iy
= [Vessl = [Vrp| + 4]/1, = 1375V
(%),

= Vb3 — VD8 - VDD - |VGS?>| - 3625V



Now use the linear region equation to calculate the equivalent resistor of M.
1

RC =
, (W

<W> ! 105
= | — = ; = 1.
o 2Ky, (Vss +Vpg —Vr)Re

= Wg = Lg = 10um





