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_E)'(aw\ p\c .

Consider the NMOS inverter given. VoL v bl e slpud W}u)(,
VDD =5 V, R D = 22 Hohm

= olm#/V*
Vin =:1.5V, KN =100 uA/V2 = O

Detrmine VOL(min) when Vi =Vd(l_; Vb\/ z ?. G V
Examle for answer to be written VOL(min)=9.4v
T R l _ = 1 _=l4r
o B g e2(fS)
o Voo Vi) 2(o) (5-15) 020
12y} /y
VyeU=5
oM = 6.2V
Voo © _Ben Vip= &7 ﬁ
pay Ro\/l ?
D Vo

o) ,? V < VZ,{- l/bln tj;?/
Example: Vg (Vo = 23V

In the following circuit, the capacitance of CL is 50 fF.

ClLis initially charged to 2.5 V. At time zero, its gate is attached ground, as
shown in the figure. VT P =-0.5 V.

1) If we replace the PMOSFET with a 2 kQ resistor, how long does it take for
the capacitor to discharge to 1.25 V2 Your answer should be be like this (

1)120ps) CL—.g'e'f{F'
2) If we consider the transistor cut-off, what is the final voltage of the V&P:.. -0 ';I/
capacitore

Your answer should be like this ( 2) 200v)

O
\ly? d - L,Z'E'
< S | ve=25 V 2 —
N[ “ T
T V= Vu e
Ivss ‘7«-9 &,
-
PMOSFET with gr()lm ;ofg 'j?: Voe Vo @
A. 2)2.0v — = .
B. 2)2.25v t- ’,"2 C
G 4)69p55 J = nl/\’C
D. 1) 0.69ps < CI”ZIQW@D/PJ
E-
F. 1)9ps
G. 2)2.5v

Vos >Vip Voo Vi SVip 5 Ve Vipd Ve ~Vip-o.51/
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CMOS Joverter Opecabiom

TABLE 2.2 Relationships between voltages for the three regions of operation of a CMOS inverter “’/1‘77'3
! Cutoff Linear Saturated —
nMOS Ven < Vin Ven 2 Vin Ven > Vin
%% Vo> Vi V> Ven - —
Vdm Vo V,,, Vi Vgn Vi 172 L Viug
iR Woudi = o~ J
pMOS Ve > th ngP = pr Vy-Ve 2 Vip  Vp < th |
V>Vt Vi Vi< Vp+ V) Vozwerl, 7 !
in =~ DD in < DDy 2 Yoty DD
V- Ve S Vip Vigp> Vésp Ve Vi < Vgsp Ve —
Vs> Vip+¥ Vout > Vin = Vip Vout < Vin = Vip
Vi > Vip* Vop U, Lot

VT(I, O¥ CMO.Y /n\/t/ér,/ Vpp 'f,» (7”)) u;;/
GVh M| Ve 1"

TABLE 2.3 Summary of CMOS inverter operation

Region Condition \ p-device n-device Output
A 0V, <V, linear cutoff Vout = VoD
B V< Viy < Vpp/2 linear saturated Voue > Vpp/2
C  Vyu=Vpp/2 saturated  saturated | V[, drops sharply
D VDD 12<Vin < Vpp= |Vl ‘saturated  linear Voue < Vpp/2
E V..>Vpp-| Vil ‘cutoff  linear V=0

VS cud A C
pmoS L. VT
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© Switehing Arshotdd (Vin): dedped €5 tho point wheoe Vi = Vour -
- U 1S dectzal 2o be anund the mofdallc of A Vorfage Sudng (V'M:'VDD/Q_ f#r/'nfméc./)
—> Thls resulis in Comparable high ard Jow noise margins.
> W U T, WitV
Vo et tnsd gt Vs Ly o

@ NVarse mc;rju'n.( Vm . min },,/»4 Vo/ryu
)
ot V/}/ / ML /23 dz#‘u\( When _a_/_Vf,-«f: - (_{/o,vc:.[) . ML. iy, ’0(../ /q}k* Vb/é"k
iz
VOHI VOL » l/;L * meX /b\-\Ap-d/ %L“‘7.(/
2%
v, rc
= W, = Vou - Vyy
W” 1 \m V) Voo Unity Gain Points VOH
e Slope = -1
Wp A V? , V|
OH
: w 2
Bp/Bn >1 V U""&lﬁ
Vi
'VM Vin Vout \/ / /// / 0"‘/\'\
L
VoL
i Wy =Yy - Vpr
VOL \" |Av‘| C. arrangemetermsvo;i;n‘,'vmmm,V|LmaxandvoLmax, and arrange them from lowest
:0 T N T Vin . value to highest value. (2 pts)
Vm i v VDD—-VDD f; Vormax < Vitmax < Vikmin < Vormin
- tpl
FIGURE 2.30 CMOS inverter noise margins
EXampIc :
Question & Consider the following transfer curve /x_ gain i bu /!cf (!;%—) = l ku’ S)g?b'.'— ’ "
i What are its NMH and NML? ) paim = hope = .
Marked out of ) On e oa‘/’alt-// tovrd 9am = Skp
1.00 Whatis VM
v Flag = I O O O 970 2 o O O O
question \bw 22T
21
of
18
1.7
B /
14 /
3 KuasV
1.1 /
o; L //,
g; L ¥
B
03
SO 1
VRSN e < 4 S
0&&:»0iq:.9505070509 \‘I““' L:(1V,314|‘5|617|8|9 2 2122232425
WL Vie-Yor = o1V, Wlye Vou- Vi =12V
NML = ¢ s
VM = . -
NMH = ¢ s

1
Ihe correct answeris: NML= —» 025V, VM= —>0.7ZV,NMH=—> 1.5V ‘[. '
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Extra:

Q)
Aory
4- In this problem, the circuits are implemented in 0.25um technology, and all the transistors
have the minimum channel lengths .a. Consider the CMOS circuit from Fig. 2.a. If the
NMOS transistor has channel width W» and the PMOS transistor has channel width,
Wp, label and sketch the voltage transfer characteristics from FIG. 2.b that
correspond to following device sizes assuming Vtn and Vtp are threshold voltages
for n and p devices :(8 points)
A: Wn=5um, Wp=Sum
B: Wn=1pm, Wp=5um
C: Wn=S5um, Wp=1um
v,
VID
VM
o VIX) V.
A
VN
— Vw
Vdd-vtn
[
Vip
0 Vw V-
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3. Given three differences ways to design inverter. Match the right VTC curve to the

right figure for each one.

Fig. A

Vdd=2.5V

T 4
Vin o—|

W/LE1u/0.5u

Vout

W/L=1.5u/0.5u

[8 marks]

Fig. B Fig. C

Vdd=2.5V

(wa)2

0.5u/0.5u W/L=3u/0.5u

Vin 0_- Vout
Ve ——l (wan
W/L=1u/0.5u

26

.

24

22

16

Voltages (lin)

Inverter B \

Inverter C

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

S~
—

—— ——— —1
1 15 2
Voltage X (lin) (VOLTS)
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Joss Tansisbor DCCharactentstios (Sttong. & Wealt Spraks)
Ko PNOS passes Strony "1 (Vpp), and wreall Yo'= 1Vl
*/V/”DS passes Sifoy Up?! (.Gﬂ’ﬂ), and weatt 1" = Vpp - V4,

Ny T 6) A g
DD
= o9

-___\—— —

Rua! Voo- Vau

Becall :
A MMios ow:

Vgs DVen=> Vo>V
>
<) @ @ é” ) Mo Y < VsV
Yo : —1

Voo I —l VonV% (oo Ve X Pmos ow:

7 _Npp- Ve < Vip=> ¥y-U<Wp
oV \Jop Ve 1

he [ e B e = et
m/

s Wobe thi th diain Volage is imelevant do the output Voltage.

Ve
Vb 'V‘%’ Vo

Ve £ Vo Ve-
O/pp,%« e
£ Vi
: : : = Vpp-
2.20 Give an expression for the output voltage for the pass transistor networks
shown in Figure 2.35. Neglect the body effect.
Voo 2 | Vel Vs‘ 7V9’r /VLPI
Voo Nop - ]
T I ... ‘;‘_,_Té _ o Ve
@ W“ (b) Ued
Vi <P 1
hig ., ¥
o s 4
© W Mol (@) 9—'—'$ W Vi
FIGURE 2.35 Pass transistor networks
2.21 Suppose Vpp=1.2V and V,=0.4 V. Determine V, in Figure 2.36 for the Vpp = \.‘Z\/ / Vi-oM %
following. Neglect the body effect. T
L
) V=0V = Vo= ® \V4 I\:/II(:URE 2 Zssm
b) V;,=0.6 V=> \o ;b'b 2 Single pas.s transistor
) V=09V => Ve=©- 4%
&V Vo ~ly = 0

d7,=12V. = \o=0 J
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Do Vice. S\Uwq .
f

_Example - | ()/7\

—] Match each transistor size based on an invertor of 1k for NMOS and 2k —

-~ forPMOS Vop
— ) 9X %?‘?

X %ﬁh—

%‘7

1\

@ A9 HD_B’jZ — ) I
Rp?r)’c_bq P_D Ij—.—

e[ Ru/7 = PWns = 3250
Rulf = &

b ad »

NEE

68—' '—D
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Extra -

[ c. What are the device sizes if it is going to match inverter with ratio of .
2 for p and 1 for n (10 points)
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Elmore Dol/é;/
Pl - Zﬁj , P/’GEOQ{A(S'%;) ﬂj)af/\(f—)h’ﬂ ('P“)’ resisiance)
N
= ch}?,';f
}f:l

F)(dwlplc'. Coml)ufc Eh- E?/wm’l a/&@ %{ r)oa’c L‘. [\ /1/
gpz‘%l, m/féand(CC‘

S—=i: Q
Sy \

/}oe/L [ hodﬁ 2 }’)udé 7 _QT peda > (;)
Tp=f € +KCo 4 (ReRy)Cp + Ry R?)C% + ReRy 1) Ce

Earaple: Compute tho Emoce delay fo¢ riode V.

Tp< PCr 4+ Ral) Cap - — + (72. e Ra)Cn

“"_X_

l
-—
-
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EXQIMQ'\(,'_ /7’0/ th. /o{y o/a winre cf /cyﬁz. L, resistance X\, Ca?ﬂd’w\nCc. c, ?a'\"-uHm«_A

/'néo WV Soentdcal §gmwﬁ{_

PR
ME\'\VJ\j— ~\|-\—~MMI\—|-P—(\AA/\—i
T T T L
Tp= L. b (e ; L L (M)e
p /Vn%fc*_rl/ NC-\-)C‘\. +n/%(r
= j;_g(),f-aw_ /l/)o"C_, = L_J‘/V(/V_ﬂ KC:FLE, e b
(/V/ LVV) > N2
Tpz Ic L* /V—f-,/ ﬁ‘cz/z Tp= ecL”
e - | Ntl = p= gl
2 N owsw "o D
—_—
26 Wt Syl of the it (1 dousteod, 1L dIele, oy be 7@4//479&/—

STUDENTS-HUB.com

Uploaded By: Jibreel Bornat



Exerciges -

® Question 10 Determine the Elmore delay from Node a to Node b in the following circuit

Not answered

Marked out of

¥ Flag
question

A. delay = (R1 +R2+R3+R4)(C4 +C5)

B. delay =R1(C1 +C2+C3 ) +R2(C2 +C3 +C4) +R4(C4 +C5)
C. delay = R1(C1 +C2 +C3 +C4 ) +R2(C2 +C3 +C4 ) +R4(C4 +C5)

D. delay = R1(C1 +C2 +C3 +C4 +C5) +R2(C2 +C3 +C4 +C5) +R4(C4 +C5)

The correct answer is: delay = R1(C1 +C2 +C3 +C4 +C5) +R2(C2 +C3 +C4
+C5) +R4(C4 +C5)

C2,C3 Jn pamlle] at node L = edol Chum.

Y\OA‘ { nde 2 nsde 3 Nodc nodeS
/a/;zz BCi g (B sF)Can (R t)c,+(/?,+ ’72+)?~t)ct1 + (B + R R)Cs

= B (Ci4CasC34 CyeCs)+ RolCot C24CusCs) . By (Cu +Cs)

@ Question 11 Derive an expression for the time constant when driving node d. Vs changes
Not answered from O V to 2.5 V at time zero. ( delay from s to d)
Marked out of

100

¥ Flag
question

e 8
T oo "6

A. 1d=r2(cl +c3+c4+c5+cé)+(r2+r3)c7.
B. 1d=r2(c2+r3+c4+cb+cé)c7.
(©; el S(((e]] 5= (ex))) == ([P2er (€5 (L am (ehie= (el J (T

D. 1d=r2(cl +c3+c4)+ (r2+r3+c5+cé)c’.

The correct answer is: Td =12 (c1 + c3+ c4 + c5 + cé) + (r2 +r3) c7.
nodet oA medcy nede S yode b NodeF
otlay = 20 + Bl 204+ 7Cst G+ (Yt '(}) C3
= Gl i Cs4+ Q) + (R X)Cp

o WAet happened £o pode 2 °E9af4(g_,a.)=¢ O 9ath (s> d); 2, r?j]_ 2
/A ,04(4 fesiséance.  foon, & node to st IS Rero, Sinee hert 1S o sntrscclion.
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g)‘(amlplc: Shetch a 3 Anenk vivD 3&£L with LransiStor widths 4o achiore eflbve

/:P// and rise dime €auol ko Yhet of an inverter.  Amotate %ak% Jifluston Gpatiisncies.
Vop

\ e ok ool [Erock [ Ao
ao%;’ - /ﬁ‘(—ﬁ %liﬁﬁ PP
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|
= Vecr 2R
:__/_1_ 3
/ __\_-"Lf Kotz =g 1L "=

¢ LT

M T

”éfﬂ e
Ru/.? -

S =

VoD

3
Vo o
e Tp = Fp (9€) 4 Rp(3) 1Jop (72)
= / EC./?,Q
ql — C - ool
o7 "L S
cC T <
k.ip
\
+— )¢ )?1,/] T re
)? — e = 2/PC,
lw= R,/3(7c) + (RreeR)7) P

+ (RTRI7¢7) @ C gpe
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FXample: Estimate Lodts tfpdrvgr the preylous 3_input NAVD ja{c, loaded ith
4 JSodentteal NAND gqfcﬁ" S

| con$idr 42 %"(t, A
g. S e ez::’:,,y. o

b 16 sho! v '\@

CL=9C 1 Ghe = (9:55)C

Viop e

(4 o«+  C L g«glIQC
Ru7 L&

T /<
il
\

%/‘P»/] T <
2/°C,

= BalTle) 4 (BrreP)7) PC
+ (RI7<FI7¢P17) o C QR

= |2RC
¢r= RP("?%gé)C + 9?0 (757) + 9?/) (?C) = L\;‘P?}Jﬁrﬁ

= Ln (8 2 4+ 1 n oo B o By
T NN
= Enc-(’— QQ&C-;‘— (C}'{'?%)EMC = (/2%'-77)%.&
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Shmllar Example:

B) Compute the worst-case rising and falling RC time constants at point B of the circuit
below using the Elmore delay method. Assume all transistors are unit sized and wire
capacitance is lumped. (7 pts)

Assume Rchn = 2000 ohms. Rchp = 8604 ohms, Cg(n+p) = 20 ff, Cd(n+p) = 20ff, and Cint = 10 ff.
Rint for interconnectl is 10 ohms, interconnect2 is 5 ohms, and interconnect3 is 7 ohms.

Hint: Note that interconnect capacitance is lumped at the beginning, so we don’t need to
consider it separately for the 3 wires

Recall that channel resistance is inversely proportional to beta. So:

Rchp _ Bn

Rchn Bp

Page6

Note that interconnect capacitance is lumped at the beginning, so we don’t need to consider it
separately for the 3 wires.
Following is the circuit for falling delay at B:
Falling EImore delay at B= 2000 x 20 + 10 + 20 + 20 + 20 + 5 x 20 = 0. 1801 ns
For rising delay at B, the circuit is the same except that Rchn is replaced with Rchp and the
leftmost Gnd
symbol is replaced with vdd.
Rising Elmore delay at B=8604 x 20 + 10 + 20 + 20 + 20 + 5 x 20 = 0. 77446 ns
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CMOS Man uaezc'éuﬁy Brcass
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Q) Lt 2he steps ra,utrd Ae anJ_a S transistor. Diaw a cnss- Seetlon. of Zh. AMOS transistor,
/aéo///y each Ay://&fufe. Lr the el p{éﬂ'CﬂM.

C. List the steps required for creating a PMOS transistor, and draw a cross-
section of the PMOS transistor, labeling each layer/feature in the order
fabricated. (5 pts)

The steps below assume that a p-type substrate and positive photoresist is used.

1. Expose the substrate to oxygen (and hydrogen) at very high temperatures to form silicon

dioxide

(SiO2) layer. This is thick oxide.

2. Deposit photoresist.

. Cover the photoresist with a mask which exposes those areas where n-well is to be created.

. Expose to UV light.

. Remove the exposed photoresist by dissolving.

. Etch the surface to remove the portions of SiO2not covered by photoresist.

. Strip off remaining photoresist.

. Use n ion implantation to form n-wells in the areas without SiOz.

. Cover the whole surface with thin oxide and polysilicon.

10. Selectively remove thin oxide and poly from everywhere except for transistor gates.

11. Use p+ ion implantation to form sources and drains of PMOS transistors.

12. Use n+ ion implantation to form ntaps.

13. Cover the whole surface with thick oxide.
14. Selectively remove thick oxide from the source, drain and body (n-tap). This forms
contact cuts.

O o0 NO UL bW

6) Contact 3) Thin oxide

X

2) n-well

1) p-substrate
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Question 4 List the following i%rconnect fabrication steps_in chronological order:

e . Eich metal. * Expose photoresist using mask. © Remove all photoresist. *
Mark 0.20 out @ Deposit photoresist. * Deposit metal everywhere.

of 1.00 ©

Fla ( "
Zuesfg,n 5) Deposit photoresist.

“»

\

Ve

3) ‘ Remove all photoresist. s

\

e

1) ‘ * Expose photoresist using mask. }

4) | Etch metal
|

o

4
N

2)

Deposit metal everywhere s

\

The correct answer is: 5) — Remove all photoresist., 3) — ¢ Expose photoresist
using mask., 1) — Deposit metal everywhere, 4) — Etch metal, 2) — Deposit
photoresist.
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