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MOS Differential Amplifiers, Current sourcesand

Active loads
Problem 1:

Given: A, = % = 60 at biasing current Iss = 10 uA; A, = 0.01 V~tat
L=10um, AP = 0.02 V_lat L=10um, ‘u.nCOX = Z.HPCOX = 20 ‘UA/VZ, the
channel length of all transistors is 10um and the W/L ratio of M3, M4, M5,
and M6 istwo
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Required:
a) Determine the W/L ratios of the MOSFET S and the threshold
voltage V.

b) Repeat (a) assuming the channel length of all transistorsis 5um
¢) Use PSPICE to find the small signal gain Av for vi = 1mV



Solution:

a) To get the threshold voltage we need to find DC operating point for
the current source used using the MOS current equation and a KVVL
eguation

M4, M5 and M6 operating in the saturation mode as

k
~Ip = 771 (Ves — VTN)2

Since M4, M5 and M6 are connected in series then their drain currents are
the same

Ipy = Ips = Ips = 10 A
The transistors have same W/L
ke = ks = kg =40 uA/v?
* Vese = Vgss = Vesa = Vs
KVL inthe outer loop
10 = Vise + Viss + Visa = 3Vgs

v _10V
“Yes T 3

21,
VTN - VGS - T - 2626 V

A VTP - _VTN B _2626 V

To get the aspect ratio for M1, M2, M7 and M8 we will make AC analysis
and equate the gain with 60 to find the required
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Vout = nglvgisout

Vin = Vgs1 — Vys2

Vgs1 = —Vgs2

. _ Vin
“Vgst =

Vout
= Imi1Rout
Vin

1
Rour = rdsS// Tas2 T 1+ gmzrdsz) X (rds3// g_>]

mil



Rout = rdSS//ZrdSZ

2 2
X
R = Tass X 2Tasy  _ Anlss ™ Aplss
out Tdss + 2"I‘dsz 4 + 2
An ISS Ap ISS
R 4
T 2plss + Anlss
4
Rout = =8 MQ

0.04l5 + 0.01lss  0.05I5s

f2k1
Gm1 = 255 —V10k

Vout
= gmi1Rout = 60
Vin

60
V10 x 106k, = o = 75 % 1076

k, = 5.625 uA/V?

_ nuTLCOXW
neL

w k.,

T = = 0.28125

n nuﬂ, ox

W, = 10u % 0.28125 = 2.8125 um
For the PMOS transistors ; assume gmn = gmyp
k, =5.625 UA/V?

_ HpCoxW
)

Wk,
—_ = = 0.5625
L 14 UpLox




W, = 10u x 0.5625 = 5.625 um

b) L=5um ; Calculate the new valuesfor 1, & 4,

1
B 0.01 Xe

Ay = —i
10

0.02x ¢

A, = — = 0.04V1

1

=0.02V71

gl =

4
R. . =
out 20,15 + Anlss

4

Roue = = =4 MQ
oUL T 0.08155 + 0.02Ig 0.1

60
V10 X 10-6k,, = 2 = 15 % 1076

k, = 22.5uA/V?

__Hn CoxW
" L

w k.,
— = =1.125
Ln unCox

W =5ux 1.125 = 5.625 um

For the PMOStransistors ; assume gy, = gmyp
k, = 22.5 UA/V?

_ HpCoxW

w ’ k L
— P__ 9225
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p HUp Cox

W =5ux2.25=11.25um




¢) SPICE simulations

Problem (1a)

Vdd10DC5v
Vss40DC-5v

M18755nmosW=2.8U L=10U
M260 55 nmos W=2.8U L=10U

M35 344 nmos W=8U L=10U

M4 33 4 4 nmos W=20U L=10U
M52 2 3 3 nmos W=20U L=10U
M61122nmosW=20U L=10U

M78811pmosW=5.625U L=10U
M868 11 pmosW=5.625U L=10U

Vin70sin (Ov1mv 1kHz)
.TFV(6) VIN

.0p

.probe

tran 1ns 5ms 0S 1us

.MODEL NMOSNMOS (KP = 20U VTo= +2.262V LAMBDA=0.01)
.MODEL PMOSPMOS (KP = 10U VTo=-2.262V LAMBDA=0.02)

.end

0Os 0. 5ms 1. 0ms 1.5m 2.0ms 2.5ms. 3. 0ms. 3. 5m8, 4. 0ns 4.5ns 5. 0ms
o \(6)
Tinme



Output file:
**x%  SMALL-SIGNAL CHARACTERISTICS

V(6)/Vin = 5.599E+01
INPUT RESISTANCE AT Vin = 1.000E+20

OUTPUT RESISTANCE AT V(6) = 7.630E+06

Problem (1b):

Vdd10DC5v
Vss40DC-5v

M18755nmosW=5.6U L=5U
M26055nmos W=5.6U L=5U

M3534 4 nmos W=4.5U L=5U
M4 33 4 4 nmos W=10U L=5U
M5 22 3 3 nmos W=10U L=5U
M61122nmosW=10U L=5U

M78811pmosW=11.25U L=5U
M868 11 pmosW=11.25U L=5U

Vin70sin (Ov 1mv 1kHz)
TFV(6) VIN

.0p

.probe

tran 1ns 5ms OS 1us

.MODEL NMOSNMOS (KP = 20U VTo= +2.262V LAMBDA=0.02)
.MODEL PMOSPMOS (KP = 10U VTo=-2.262V LAMBDA=0.04)

.end



Output file:
**x*x  SMALL-SIGNAL CHARACTERISTICS

V(6)Vin = 5.572E+01
INPUT RESISTANCE AT Vin= 1.000E+20

OUTPUT RESISTANCE AT V(6) = 3.452E+06

2.10V-

0Os 0. 5ms 1. 0ms 1.5m 2.0ms 2.5ms. 3. 0. 3. 5ms, 4. 0ns 4.5ns 5. 0ms

Tinme




Problem 2:

Given: PMOS parametersare VT =-3V, Vs = -6V a I, = 1mA

UpCox = 10 ‘;—f; Ap =0.1 V~1at L=2um; BJT parameters are

E = 100, VA = 40 V, VDD = _VEE = 15V, ISS = ZOOMA

VDD

s LT [

Vo

o

=
-

Required:
a) Calculate the aspect ratio of PMOS transistors, voltage gain
vo/(vil-vi2), the output resistance and the input resistance
b) Repeat (a) if ISS=100 pA, and 400 uA. Comment on the results



Solution:

a) For Mland M2

21, 2X1mA 2 AV
= = = —m
Jm Vse — [Vrpl 6—3 3
gml - \IZkID - V2k
vk = 2 AJV?
~k=3 mA/
_ HpCoxW
L
w k 2
L ppCo 90
AC analysisfor the circuit given:
+ IGI‘grs'l pgsz-'_
Vig © \[MlT i szl—oviz
gm11g31 gm11g31
Vo
C ? 2gm11?gsl
? \ gmlp‘giy
gmlvgsl \I

Q: )

|||—

Vout = nglvgisout
Vi1 — Vi2 = Vgs1 — Vys2

Vgs1 = —Vgs2
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Vi1 — Vi2

ngl = 2
Vout
— = Im1Rout
Vi1 — V2

1
Rout = 1o2// |Tas2 + (1+ gmzrdsz) X g_

mil

Rout = roz//zrdsz

Imi = Gmz = \/2klp = /2 x 100 x 1073 x k = 0.2108 mA/V

v, 2V
=2 =" =400KQ
IC ISS

Ty = —— = 100 KQ

ds2 Ap ISS

R,,, = 400K //200K = 133.33 KQ
Ry = oo

Vout

————— = gm1Royr = 0.2108 X 133.33 = 28.107
Vi1 — Vi2

gm1 = \[2klp = /2 x 200 x 1073 x k = 0.2981 mA/V

Ve 2V
L, =—2="2=200K0
IC ISS
2 _s0ko

R, = 200K//100K = 66.67 KQ

Ry =

11



Vout

————— = gm1Rout = 0.2981 X 66.67 = 19.873
Vi1 — Uiz

Im1 = [2klp =42 x50 x 103 x k = 0.149mA/V

Ve 2V
1., = —=—2=2800KQ
IC ISS

Tasy = —— = 200KQ
Rour = 800K/ /400K = 266.67 KQ

Riy = o0

Vout

—_—= R = 39.73
Vi — Uy Imi1lout

As Igsincreases the gain decreases and vice versa.
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Problem 3:

Given: the bias current is ImA u,,Cox = 100“;—‘;1 Veny = 0.7V,
‘upCOX - 505_124 VTP - _07V

A oo

M2 | M3 Widths and
M1 lengths are

o—||:|t1h’l R,ut 1N MICrons.
+

%
st

.. +
Vin

‘J Vout > R;=
i @""A i 500

Required:
Find an algebraic expression for the voltage gain; vout/vin, and the
output resistance, Rout, of the source follower shown in terms of the
small signal model parameters, gmand RL (ignorerds); find the
numerical value of the voltage gain and the output resistance
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Solution:

AC analysis:
i

11 A 1007

hq 2 hl’I 3 luuaq:luﬂ I;trl' |

MI| [goee |

o—+| 100/1 101G,

Vin I - )
Vout %RL=
C 50Q

Vout = 101gmlvg51RL
Vgs1 = Vin — Vout

Vgs1 = Vin — 1O:I-gmlvgisL

vgsl(l + 101gm1RL) = Vin

. Vout _ 101gmlRL
Vin (1 + 101gm1RL)
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To calculate the output resistance:

11 A 100

M2 | M3 | 1005100

M1 |ESSE N ix
_|+ 1001 1016, v,
- Vgs1 o
Uy
Rout =
Lx
iy = —9mi1Vgs1 — 100gm1Vg51 = —1019m1 V441
Ux = _vgsl
R, =2 !
 Dout — ix - 101gm1

DC analysis:
Ipias = 101lpsq

O IDSl =99 ‘u.A

Im1 = [2klps; = V2 X 100 X 100 X 9.9 = 0.445mA/V

Roye = ————=22250Q
out 101gm1

. Vout _ 101gmlRL
Vin (1 + 101gm1RL)

= 0.9996
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