Practice 5:

The CMOS Inverter

Digital Electronic Circuits — Semester A 2012




Voltage Transter Characteristic



Exercise 1 — VTC Extraction

» Given the Following Parameters:

Vp, =V V=15V Vpp=5V

k,=10022 Kk =502
Vv Vv

Vin Vou
» Draw the inverter’sVTC and find the t

nominal voltage levels.
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Exercise 1 — VTC Extraction

» Guessing the Operating Regions:
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Exercise 1 — VTC Extraction

g I:inCIVOHmax:
VDD=5V
» FindV,  andVo,.,.}
Voo, -
lop =K, (VSGp _’VTpDVSDp —%} P1
21 Vi Vou
k| (Voo Vo VoV Vo ) - e~V ] t
X )
lo, = 2 1 (Vggy =Vin ) (14 AV ) = ?(\/ -V, )
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Exercise 1 — VTC Extraction

5_Vout 2
IDp — IDn =50 (3.5—Vin)(5—V0ut)—( 5 ) :5(’)(Vin _]_)2
5_5\/in +1'5Vout +VinVout _0'5\/out2 :Vin2 o 2Vin +1 VDD:SV
» Differentiate by dV:
-5 +1.5M +V, , +V, Vou -V, AV _ V. —2 Vin Vou
dVin dVin dVin
Now _ 4 vV — 2V . —4.5
dVin in 3
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Exercise 1 — VTC Extraction

55V, +1.5V, +V, Vo, 05V, 2=V, 2 -2V, +1 = Dou =4
In 3
2
5 & 2V, —4.5 FL5V. o AV —4.5VOUt _0'5\/out2 _ (ZVOut —4.5 _1j
3 3 3
10 1 2 4 2 10 VDD=5V
125 — gvout + gvout — §V0ut — gvout + 625
|
V t2 =225 VOH min — 4.V Vin Vo
ou '
V, =1.66V
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Exercise 1 — VTC Extraction

» Find Vo e, and Vi
V n2 v 2

ID” - kn |:(VGSn _VTn )VDSn o DZS :| — kn |:(Vin _VTn )Vout — ;ﬂ i|
k 2 K Vpo=5V

op = ?p(VSGp o) (214 Vg, ) = ?"(VDD Vg |) ”
Y , —
I Dn — I Dp =100 (Vin _l)vout o ;ﬂ — 25(5_Vin —15) P

Vin

4 (Vinvout _Vout - 0'5\/0ut2 ) =12.25—- 7Vin +Vin2
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Exercise 1 — VI C Extraction
4V, Vo Vo 0.5V, 7 ) =12.25-7V, +V, 7

In "~ out out

dVv dVv

dv,,
dV_t — 1 4 VOut +V dVOUt _ out _VOut out — 2Vm _7
I dv. dv, dv..
VDD=5V
v — 8V, +11
In 6 : —
4(8V°“t6+11Vout ~Vy, —o.woutzj:(af)_svwg +11j Z
Vin
14, 5,70, 25 Vo =033
9 9 9

V,, =2.27
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Exercise 1 — VTC Extraction

» FindVq

Lmin:

» Draw theVTC:
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VDD=5L —

| P1
Vin @ L VOUt

.

L
VOH min 47\/
V., . =0.33

V, =1.66V
V,, =227
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Exercise 2 — Propagation Delay

» Given a CMOS inverter made up of long channel devices with
the following parameters: (wW/L)

=34 L, =025um (W/L) =15

(W/L)n min
Yo% il AN K[/] Al
nMOS 043 0.4 |15 0.06

pMOS -04 -04 -30 -0.1

» Find the inverter’s propagation delay when driving a 50fF
load.

Practice 5:The Inverter February 15,2018



Exercise 2 — Propagation Delay

» At t<0,Vin=0 - Vout=VDD=2.5V

» At t=0,Vin=2.5V: Yoo e
VSGp=0 > cut-off §o
VGSn=VDD - on 0, ==
VDSn=VDD->saturation |

K
=5 (Vs Vi (L Ao ) (v, Vs, )
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Exercise 2 — Propagation Delay

» The nMOS is saturated until VYDS<VGS-VT=VDD-VT.
_ CAV C_-V; 50-107%°.0.43

=11e =0.058nsec
(Voo ~Vi,)" " 1.5(2.07)

L

» Now the transistor enters linear...
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Exercise 2 — Propagation Delay

o\
dt Voo

— L O Vi
¢Iﬂ.-".-'
» Which equals:
_ _ Oy =l

» The cap currentis: | =C

V 2
IDS — kn (VDD _VT )Vout o 02ut = =
» So we get: j ax  _ |n(1_i]
ax® — X ax
K 1 dVv
_ndt — . out
C (VDD _VT ) 1 5
2(VDD _VT )Vout _Vout
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Exercise 2 — Propagation Delay

» We need to integrate until VDD/2:

kn _ 1 J‘VDD/2 dVout
CL 2 (VDD —VT) Voo —Vr 1 :
2(VDD _VT )Vout _Vout
— . _15 —
{ = C, |n[3VDD AV, j __50-10 In(7'5 1.72) _ 0117nsec
K, (VDD —VT) Voo 1154-1.5-2.07 2.5

» The total delay is:

t. =0.038n+0.11/n=175psec

|5 Practice 5:The Inverter February 15,2018



