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Multistage CMOS example

Differential pair with single-ended folded cascode.

+Vpp
I—{_‘]\—}; ATZ;I i}\i FETs:
K, =10mA/V*(W, /1um)
e %, K, =2mA/N (W, /1um)
M, AV =0.1V
b M Vv, =103V
Ve 1= <7, SR, 124V
Ry, [o7A
M, I M I|_l Lo I M,
el L v ]

DC bias: V,,=0.4V for all FETs — boundary of velocity- and mobility-limited regions.
All FETs except MSA, M5B, M8: | V,|=0.4V.

MSA, M5B, M8: | V,[=0.8V.

M1 forces an equal V,; for M5A, M5B
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DC bias analysis

0.91 um o8V 1.82 ym + VDD 0.8V .
E/[T] M, I _ IE/[E FET widths are cazlculated from
0.91 ym ID = K,u (Vgs — Vvth) (1 + ﬂ'VDS)
04V L |22y where K =1 OmA/V? (W, /1um)

0.2 mA
l 0.91 um
e 0.91 um ‘ H 4 u

va | il _| M,
1.82 um D58 m |I—>l 0.91 um 0.91 um

mobility — 2]1) /(Vgs _Vzh)» R :1//1[1)
MS5A,B: g =2mS, R, =40kQ. M2: R, =20k
M6 : g =2mS, R, =40kQ. M8: R, =40kQ

FET small-signal parameters from g |
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Small signal analysis
M 6 : Common-gate
AT/—L;”‘ Ry, = Rog || Rpss =10kQY40kQ = 8k

Rin6 =1/ gm6)(1 +RLeq6 /RDS6)
ps2 | Ris = 50002 (1+8kQ / 40kQ) = 6000

T
M5B : Common-source

ks v Ross Ry, sp =Ry || Rogs | Rpssy = 60002 20kQ || 40kQ) = 5740
ilE‘ AVSB :_ngBRLeqsg :2m8574Q:—115

VIV, =—A.A.,/2=15333/2="7.6666

Alternatively, tracking currents:

AA =g Rps || Rpssp R = —2mS-( 13.33k2 jSkQ
v6“Iv5B m5B R, ||Rygss + R, bea® 13.33kQ2 4+ 600Q2

= —2mS-(O.957)8kQ =—15.333
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Maximum signal swings

0.4v >
7 [

—! —
+0.3V +0.3V

v
out

Knee voltage of M6:

Transistor 1s biased at V. =0.4V and V, =0.0V
Knee (saturation): when V. =V, =0.3V.
Voltages as indicated on drawing

Output can swing to +0.3V.

M6 cutoft:

We can decrease [, from 100uA to OuA.
R, =10kQ|R ), =8k

AV ~—=—100uA -8kQ =-0.8V.

ut o

Output can swing to —0.8V.

note: R, accounts for the variation of /., with V_;

out?

as V. goes negative, [, decreases due to (1+AV ).

out
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Maximum signal swings

MJI_ Knee voltage of MS:

Transistor 1s biased at V., =—-0.4V and V, =-0.8V
Knee (saturation): when V. =V, =-0.3V.
<+AN——=o V., Voltages as indicated on drawing

0.3V 07 Output can swing to —0.7V.
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Maximum signal swings: M5A cutoff

0.91 um 1.82 ym + VDD
I:{ | | :
E/[T] M| | R N Can be calculated approximately
91 um

| by tracking the currents as shown
04V 0.2mA
to the right.
l OmA 0.91 um @4 0.91 um g
— g | AV, =-0.ImA-10kQ=—-1V?
. M L
bl | ﬂl We are ignoring the effect

l OmA
7 °—|| M, M, “—; I of Rps55 Rpses Rpsas Rpsss
: . = ::;: ‘l§3}3icls

int 0.83um | 0.83um m—: A A - & V
out

0.1mA —> |[a7ma) e
] M, b
0.2mA | s | e | M,
lir 1.82 um Oga‘ml—blognm | 0.91 um
[08V]
More carefully.

Al =100uA to OuA=—100uA — A, = +100uA

Al = AIDSA( Riso 1| Rpssi J——lOO,uA-(O.957)=95.7/1A
DS2 || RDSSB +R'
AV, =—Alp R, =—90uA-8kQ=-0.768V. V,  can swingto —0.77V.
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Maximum signal swings: M5B cutoff

0.91 um 1.82 um + VDD
I:{E/[T] M, I — IE/[Z Can be calculated approximately
0.91 um .
| " by tracking the currents as shown
04V 0.2mA .
] to the right.
0.2mA 0.91 um @4 0.91 um
| = AV, =0.1mA-10kQ=+1V?
0.2mA OmA Mﬂl . .
v i | | We are ignoring the effect
0.2mA
°—|| M, M, ’—0 I of R 55 Rpge> Rpsas Rpgss
v, Vo , SR
e 0.83um | 0.83 um in AN e &0 Vout Bias
<« 0.1mA 07 A e
! M '
02mA | M, | s | e | M,
lir I 1.82 um 0:52 | —bl 0.91 um | 0.91 um
v, B
SS
More carefully:
Al s, =—100uA

R |IR j
Al =—Al D52 12D5SE =1 100uA -(0.957) = 95.7uA
oe P (RDSZ H RDSSB + Rin6

AV

" =A R, =96uA -8k =0.768V. Output can swing to 0.77V.

eq6



