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* Parameters “»=—%5;

L aaCEE kn = UnCox

Uy, C,, fixed for a given semiconductor process =
k', fixed for a given semiconductor process

Ip = Kn[Z(VGs D} th)VDS - Vgs]

kl
ik i 25— VerVos — Vel g
CGTl =W XL X n/‘un

Vipssat = Vas = Vin
Ip = K (VGS T th)z

k', W
Ip = TT(VGS th)z

CE 3101 2 © tj



CE 3101

* Enhancement Mode
* A bias is required to form the channel

P-channel N-channel

* 4-terminal symbol 5| Ly
*—Dl =

* In digital applications the Source is typically tied to

e \VVdd for P-MOS

e Gnd for N-MOS E“j E“_—:

* The simplified logic symbols

Note — almost all N-MOS and
P-MOS devices used today are
enhancement mode — so the
dashed line is omitted
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e Depletion Mode
* No bias is required to form the channel

H P-channel N-channel

* 4-terminal symbol s i
G B G B

‘{E’ ‘{ S

* In digital applications the Source is typically tied to
e Vdd for P-MOS

 Gnd for N-MOS E{Ij E{I_—:
* The simplified logic symbols
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e Simple Inverter - Design

Assuming Vdd is big enough to keep the NMOS
device in saturation at the switching point

vdd
Vaa= U5 k', W
ne S = e, R )8
R Desire a switching point mid way
Vout |4 |4
\Vin 4@{ - Vout = Vin = dd/z i dS/Z
[ Vdd/ ,
2 ki, Wy 2
J:_ R zzf(dd/Z_Vt)
i) dd/2 K y /2
_k,nW(Vdd/ _V)Z L _Rk,n(Vdd/ _V)Z
2l 2 t 7 2 t
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e Simple Inverter - Design

Vt = 1V
vdd = 3.3V
Vdd W/L = 20
M K'n = 14uA/V2
R Vaa
Vout RIS 2
" ou k’ W 1% 2
vm;@{ znT( dd/Z_Vt)
e R = 27.9KQ
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e Simple Inverter - Design
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Grapher View
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1/d=

O

B 3|9 X NSNS C e e o VN L s =]

X

Vi(z2) V(3)
1.6300 1.6300
1.1046 3.2573

5495 1.6459

C_ 16476 1.6614
2. Co3om 159.8636m
543.0524m ~1.5959
27.3391 -50.3422
50.3434 50.3434
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vdd

e Simple Inverter — Design

* Power dissipation
* Vin low — 0mA

* Vin High — (Vdd/R) i G\ D
n

e P, =(Vdd/2R)xVdd

_|

Vout

.||— 0

- suaa Pave = (3.3V/55.8KQ)x3.3V = 195uW
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e Simple Inverter — Design

UNIVERSITY

CE 3101

© tj



* Enhancement Load Inverter - Design

M2 is always in saturation

vdd

o
S

D—Vout
Vin 4‘3{ M1

S|

.

CE 3101

ForVin=0,1d1=1d2=0
! k', W2
27 5712
9 VgsZ =Vt=Vd52

T AUReE 1 4 Vt) =0

Maximum Vg, = V- V,

10
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* Enhancement Load Inverter - Design

vdd M2 is always in saturation

Assuming Vdd is big enough to keep M1
in saturation at the switching point
S M2 k', W2 2 k', W1 2
i h 2 1z Vo =) =5 77 Vom = V2)
k', W2 k'. W1
| \ J— Vout — 5 Vaa = Vour = Vo)? = =7 (Vin = V2)?
Vin g9 M1
I Desire a consistent switching point Vin = Vout
al.

Wl/
Vaa = Ve + Ve | 1+ |t
/L2 Wiy T o  aa
SWIitc L¢,2 - i
/12
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* Enhancement Load Inverter - Design

Grapher View ] *
Vi=1V —————
File Edit View Graph Trace Cursor Legend Tools Help
vdd = 3.3V ZRVX 2R BEEGN AR I AP AL BB
’ - 2 DCSweepl
L k n= 14UA/V g NMOS_Circuit_2
L] | N g . DC Transfer Characteristic
JE— Ce 2 35
WDEIV o a3
1 < 2
S I . g 20
oo 3 s
= )5 10
| =106 g 05
C L W=1on. = 004
P L E— > 05 . . . . . . .
S 10840 10845 1.0850 10855 1.0860 10865 10870 10875
P . . . - W‘] Vg|tage.m .
:::Jug_”_ Em Ve ove ) Vi) MU20)  PMU2)
L e b=100
e
C Vi) Vi) ~
n.....
""" . . 1 1.0840 1.0840
oo 1,15V SW|tCh|ng pt ;_1 715.2513m 2.2969
------ . %2 1,0859 1.0859
- =----- = 200:1 W/L ratio v2 C.0260) 1.0833
dx 1.5555%m 1.8535%m
dy
aw/ax | have not found the error here
£
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* Enhancement Load Inverter - Design
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* Enhancement Load Inverter - Design

B UNIVERSITY
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* Depletion Load Inverter - Design

vdd M2 Vgs=0
Assuming Vdd is big enough to keep M2 and M1
in saturation at the switching point

o \o k' W2 W1
_“:S: nd ( td) (Vgsl T Vt)z

21| 12 2 ¥

kg W2 kW1

— Vout — —— (— VD= ( - 874 )2
“::D td 1 t
J__

Desire a consistent switching point Vin = Vout

k’ndWZ( 2 k', W1
2 L2 Via ‘3| 14

Wl/L1 o i) 2
727y~ e, )
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e Depletion Load Inverter - Desiﬁn

CE 3101

Vt=1V

Vid = -1V
Vdd = 3.3V
k'n = 14uA/V?

k'nd = 14uA/V?

File Edit View Graph Trace Cursor Legend Tools Help
W9 x

DC Sweep DC Sweep l

e

Voltage (V) | Current (A) | Power(W)
o o = = M Nw
L= S == 5] o oo, o

=
o

| BB G| A |G L& EE | A e By R

NMOS_ Circuit_3
DC Transfer Cll;':zracteristic

1.6448 1.6450 1.6452 1.6454

oV Em;z} Ve QVin) 5 PMad

1.6456

w1 Voltage (V)

[7/MU210)

ViZ) V(3)
x1 1.6448 1.6448
vl 164.5246m 3.3000
%2 1,8455 1.6455
w2 @ 1.7134
dx ) £54.63330
dy 1.5511 -1.5866
dy/dx 2.2330k _2.2840k
1/dx 1.4396k 1.43%96k

16

16458 1.6460 16462
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CE 3101

. Depletlon Load Inverter - De5|gn

::::::::::::::"'h*"ﬁuﬁ 1 highm 14ud, -

- RC time sonstant - >C-g 4E|3fF
t‘.ux :ISEUF !.-IE L

Tl TRRGS Clreul -0 00T

Desc.;

epietion load - switching pointand delay. - - . . - -

e

CRewlslon: 00D DD LDl

Date: - dzoaz - - |

L UNIVERSITY [ R R i
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* N-MOS Gates

..ZZZZZ"ZZZﬁﬁlﬁZZZZZZZZZ|ZZZZZ"ZZZZZZZZZZZ:ZZZZZ DR NN NN AN DD I AN NO SN DI N

B o T T
ih— Different input combinations
. LeE o willgive different delays and
o f”ﬁ';‘ffffffff'fgf ”gﬁl Ut rise/falltimes
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* N-MOS Gates

;;ZZZZZ"ZZZZZlZZZZ ZZZZZ|ZZZZZ"ZZZZZZZZZZ:ZZZZZ S NN DI IS AN MO AN I

Different input combinations
will give different delays and
rise/fall times
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* N-MOS Gates

R I N b louT. -, 1 OUT T Wi”giVEdifferentdelaysand

i;::::: D D S S ROl I AR rise/falltimes
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