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* Threshold Voltage

* Gate voltage V. that first allows conduction from source
to drain

* Function of Silicon processing

P-Si
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 Large Signal Analysis
* Vg — Vo, : Over voltage

50 ——— . —

: / 7 Vs m v |
b A -
= - - - .
% : Triode reglol_;f, 51 -
g 20 - /" sanuration region 4‘-.5_:
& ; :
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Drain to source voltage [V]
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EE 4981

 Large Signal Analysis
 Linear (Triode) Region
* Ves> Vi
* Vs < Ves - Vi

Drrain current [arbitarny mndt]

S0

3V
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 Large Signal Analysis
 Linear (Triode) Region
* Vps << Vgs - Vpy

Drain current [arbitarny unit]

Drain to source voltage [W]

5 = 1,C,, it |:(VGS Vi )VDS }

Vps 1

/74
UnCox T (VGS — Vry)
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EE 4981

 Large Signal Analysis
* Onset of Saturation
* Vs = Vs - Vi

Drrain current [arbitany wndt)
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* MOS Transconductance
* Transconductance
ol
oV
e MOS Transconductance
* |n Saturation

1 W
I, = E:unCox T(VGS — Vo4 )2

On = 3 /unCox e (VGS _VTH ) ulr}i(t)s
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e MOS Transconductance

o, W
On = = 1,C,, _(VGS ~Vou )
OV, L
e with substitutions 50uA/V?(5/0.1)(300mV) = 750x10° /Q
21 C i I 21y
gm » Moo ox T [Dae- 11 \V vV
GS VTH

(2x112uA)/300mV = 750x10° /Q
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* Non-ldeal Effects

* Body Effect -

* Assuming the body/s/d junctions remain reverse biased
the device will continue to operate — but with different
threshold voltage characteristics

* Vo = Voot Y(...Vis...)
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* Non-ldeal Effects
* Channel Length Modulation

A
channel length
modulation coefficient

IDS

(VGS — Vi )2 1+ V)

| <
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* Non-ldeal Effects

e Subthreshold Conduction

* Current conduction with V¢ below V.,
e Called weak inversion

Ves.
SV

|, =1, exp

&>1
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* Small Signal Model

ID & ngGS

e 1 || 1 ot
R o s | W o |
it v E:uncox T(VGS _VTH) A i

GS

1/(0.1x112uA) = 89KQ

typically ——<<r, 1.3KQ << 89KQ

EE 4981 12 © tj



* Small Signal Model
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* Small Signal Model

Cep
G || .
+ ||
—l— - — Cos
qi
Vi — Cgp
+
B
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e Common Source — Resistive Load

EE 4981

Linear Operation

M, > Req
V=V 8
out — DD Req+ RD
V
Vou = \[;\E/)

1+ RD/unCox L(Vn _VTH )

ovVout
ovin
W
A\/ = _RD:unCox T(Vin _VTH )
A\/ — _ngD

15

A\/:
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e Common Source — Resistive Load

Saturation
Small signal model

L G D
+ +
% RD Vin gmvln RD Vout
[IAED Vout - S i
i
e ovout
= A\/ — .
oVin
A\/ — _ngD

Av = -(750x106/Q)x10KQ =-7.5
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e Common Source — Resistive Load

Saturation
Small signal model

L G D
+ +
% RD Vin gmvln ro RD Vout
Ry | VOUt i S i
i
oVout
T ~ 8Vin
rR
A\/ =—0On —
r+R,

Av = -(750x10°/Q)x(10KQ| | 90KQ) = -6.75
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e Common Source — Current Source Load

e Saturation

m
J' ro + RD
l;

— V

out

V. 4”:M1 R, =

=) A\/ :_gmro

Av = -(750x10°/Q)x90KQ =-67.5
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e Common Source — Diode Connected Load

¢ IDMl - %Iun ox VLL:(Vin _VTHn )2 —
W
.—"“:Mz lo,, = —%ﬂp o L—p(vout oy Vi, )2
p

o

il ) \/ i W/L), _ Nos, Vi,

A\/:

Hp (W/L), VGS1 _VTHl

vdd = 1.2V, vout = Vdd/2, vin = 0.5V
Av = |-0.6+0.3|/(0.5-0.3) =-1.5
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e Common Source — Diode Connected Load

A = _\/ #,(W/L), « ‘VGSZ _VTH2

H (\N/I—)z VGS1 _VTHl

.
for a gain of 5

— 2 (W/L), = 12.5(W/L),
and

‘Vc;s2 _VTH2

=5x(Vgs, —Vr)
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e Common Source — Current Source Load

EE 4981

[ i
\% 8m2V> Fo2

2
Gl gk
ok

A\/ i _gml(rol H roz)

Av = -(750x10°5/Q)x(90KQ | |90KQ) = -33.7
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e Common Source — Active Load

IA\/ = —(9m1 T ng)(rol H roz)

Av = -(750x10°/Q+ 375x10°6/Q)x(90KQ | | 90KQ) =-50.6
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* Common Source — Source Degeneration

G D
s LA + +
gmvin RD
> RD V|n 5 Vout
RS
REY Vout
Vin 4”:M1 - Sdls -
>R W
1 A\/ = gm RD
< 1+0,,Rs

Av = -(750x10°6/Q)x10KQ/(1 + (750x10°6/Q)x500Q) = -5.4
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* Common Source — Source Degeneration

* Increase in effective transistor output resistance
* R is seen through the transistor

> Ro
|y r.out R [1+ ngS]ro
v
> Rs
b r. = [1+ 750x10°¢/Qx500Q]x90KQ) = 124KQ
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e Source Follower

D
oy 1
o V, g.Vq
VIn S +
e el %

1 g R.
A\/_
gm

Av = (750x10%/Q)x(10KQ)/(1 + (750x10%/Q)x(10KQ)) = 0.88
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* Source Follower — active load

< | SN IA\/ 21 gm Req
1+49, Req
Vio —[ M
B (Y1 1
| VOUt
Viia—| M, Req w H I,'Ol ” I,'02
]_ mB
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e Source Follower
* Relatively low output impedance

D
S o R
. V1 gmvl
VIn S +
. e

| . Vout - N A
> Rg i
[ r.=1/g.,

ro=1/(750x10%/Q) = 1.33K Q
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* Common Gate Stage

1 W, 2
IDMl Elun 0X L_(VBIaS _V VTH )
—i_ n
Rp 1 VV )
—r V —VDD _E G L—(VBIaS —VI VTH ) RD
MZ”i Vbias :
aVout 1L V\_/ N aVTH
p I el (Vows Vi =Vi, ) (-2 N,
oV,
M =g (1+7)R,
YRl 1+7)

In

positive
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* Common Gate Stage

T
éRD R :1 1

— Vou —+0,+ 0

§
MZ”i Vbias y

R, = 1/(750x10%/Q + 400x10°/ Q + 1/90KQ ) = 861Q
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e Cascode Stage

IRD A\/ :_ngD

=2 M2 passes the current through

Rout : [1+ (gmz Y gmbz)roz]rol 7 r02

Vi, ~” M, looks like common source with r,

degeneration
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e Cascode Stage

l Rout

ZL JzL

I|| i)
|

Rout =1+ (9 + Grpo ) oo Iy + 1,

looks like common source with r,
degeneration

Rout = [1+(750x10°/Q + 400x10°%/ Q)90KQ] 90KQ + 90KQ = 9.5MQ

EE 4981
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e Cascode Load

Vbiasl —dqd| M 1

Vbiasz - MZ

out

EE 4981

Rout : [l+ (gmz Y gmbz)roz]rol 7 r02

32

looks like common source with r,
degeneration
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e Cascode Amplifier

=
JZL

L‘ INZI

==

L

EE 4981

out

A\/:_

Av = -750x10°/Q [(750x10°/Qx90KQx90KQ) | | ( 400x10°/Qx90KOX90KQ)]

33

gml[(gmzrozrol) ” (gm3r03r04)]

= 1587
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* Folded Cascode Ampilifier

e IR |

S, Sk,

Vout TR VOUt V
- V. M |\/|2 F bias

Vbias Mz Vblas ‘“:Mz MjF Vin |n‘“ili
[y = Vv
a E out
Vin = 1 | Rp
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* Folded Cascode Ampilifier Lix:

out

R T

EE 4981
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* Simulating g,

circuit for calculating gm

T—vds

M1
s MSOE_N100

=100n w=100n

T—vds

s—‘ M4
— MSOE_N100

=100n w=1000n

plotting Id vs Vgs for 7 values of Vds

T—vds

7

vds vgs M
vi V2 vo MSOE_N100
=100n w=100n
b 0

.inc D:\GDrive\MSOE\ Common\Spice\\ Models\MSOE_100nm. txt
dcv201.2.05v1.3.9.1
M10
vo MSOE_N100
=1000n w=100n

T—vds

vds

J M2
= MSOE_N100

=100n w=250n

Lvrds

M5
vo MSOE_N100

=100n w=2500n

Lvds

M8
= MSOE_N100

=250n w=100n

Lvds

M11
= MSOE_N100

—=2500n w=100n

M6
vo MSOE_N100

=100n w=5000n

T—vds

M9
o= MSOE_N100

=500n w=100n

T—vds

M12
o= MSOE_N100

5000n w=100n



* Simulating g,

30pA

1d(M1)

27 A

24pA-|

21uA—

100nm/100nm NMOS

g., = 12.5uA/.5V = 25x10%/Q

18pA

15pA-|

12pA-|

A

6HA—

3pA—

UuA T
0.0v 0.1v

x=1.158V y = 13.77pA
EE 4981

T
0.2v

1.2V
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2.0mA

1d(M6)

1.8mA—

1.6mA—

5000nm/100nm NMOS
g., = 900uA/.5V = 1.8x103/Q

1.4mA—

1.2mA-

1.0mA-

0.8mA—

A

0.6mA-

0.4mA-

0.2mA-

0.0mA = | |

0.0v 0.1v 0.2v 0.3v
x=0951V vy =0.631mA

EE 4981

|
0.4v 0.5V 0.6V 0.7V 0.8V 0.9v 1.0V 1.1V 1.2v
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~* Simulating g,

1d(M9)

2.TuA

2.4uA-

2.1pA-

1.8pA

1.5pA

1.2pA~

0.9uA

100nm/5000nm NMOS
g, = 1.45uA/.3V = 4.8x10°%/Q

0.6pA-

0.3pA-

0.0pA

T
0.0V 0.1v
x = 0.844V y = 1.581pA

EE 4981

0.2v

39

1.2v
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