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Please write answers in the box provided.

Answers elsewhere will not be graded.

You have 110 minutes. Problem1 __ /10
Problem2 /15
The test is planned so that you Problem3 /16
roughly spend 1.5 minutes per point Problem 4 /15
+ 20 minutes to check your answers.
Budget your time properly.
If you get stuck, move on...
Total (56)
Good luck!
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Problem 1: MOS Transistor — Regions of Operation (10 pts)

Determine the Vx ranges for different regions of operation to occur. If a region of operation is not
possible, demark the case with DNE (does not exist).
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Problem 2: VTC and Energy (15 pts)

The following circuit is a “Digital Non-Inverting Buffer”.

Vour
1.0V+

v 0.8Va

0.6V=
VIN VOUT

0.4V-
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0.2V=
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Figure 2(a): Digital non-inverting
buffer and its VTC

(a) Compute Vi, ViH, VoL, Von, NM(, and NMH. (6 pts)
Bhdder =) Vo= (Vo) , Vou = £ (Vou )
Vi, Vi detecmined frowe wmt slope (457 L )

Gvo\\a\m\'(a\ly =) VoL = VL= 0.3V
Vin = O,GV) Vou = 0,9V

NM_ =ViL = VoL =0

NMu = Vou =\ = 0.V ViL = 0.3V
VIH= 56V
Vo= ¢ 2y
VoH= " 0.9y
NML= 5
NYEREY
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Figure 2(b): One-stage digital buffer with C_= 100fF
(b) For Figure 2(b), the output voltage, Vour, is initially discharged, Vout = 0. (9 pts)
You may ignore the intrinsic and/or diffusion capacitances of the buffer.
(i)  Find the energy dissipated as heat during the first OV to 1V input (i), Eneat-().
(i)  Then, after the output reaches its final value, a 1V to OV step is applied to the input (ii).
Find the energy dissipated as heat, Eneat-ii).
(iii) Asecond OV to 1V step follows. Find again the energy dissipated as heat, Eneat-iii).

(1) Vowt: 0 - 0.4V
gl\eq-&=Eb—o\"€ctCLV%‘VSwQM}—%CLV&_\-M‘LA = L\q S-‘j

1 R s

0.9V (09Vv)

(K3) Vour : 0. 9v—0.2V

c \ 'Z \ T
heat = AE. = -i(L Vimd - -_Z—CLV'(\'Mal = 33.5 -Gj
(0av): (o.2v)%

(\AA) Vet 0.2V= 0.9V
gl«\c’a‘t = Eod\' AEC = CL'Vl)D’\,M.r;Mé'- 385'{3 = 3\5 ‘fj
0

0OV

Enheat-(i) = 44 s _&,3

Enheat-(ii) = 385 {3

Enheat-(iii) = IS £]
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Problem 3: CMOS Logic & Delay (16 pts)

(a) Design F = A+ BC + D in Static CMOS. Draw the schematic and size all the transistors such
that the worst-case delay is equal to that of a unit-sized inverter (Wp:Wn = 2:1). (8 pts)

=< R

2 5
D=6 bes+- caSe : Z =

L+
%‘016 wofH«CﬁSQ é

A——o{Q@ Cout = 106
AW

ijg} ) % best-case - ?‘/3

&
6

worst-case - K

R=Ron

(b) Calculate the worst-case and the best-case tpLn and tpne for a step input. Assume that the on
resistance of a unit-sized 2:1 inverter is Ron, and that the drain capacitance of a unit-sized

transistor is Cp. Ignore drain capacitance in the internal stacked nodes. (8 pts)
4tp= 069 T
Delay tpLH tpHL
Worst-case 6.9 Row - Cp 6 7 Rew Co
Best-case 5.5 Rown- & 2.3 Rea.-Cho
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Problem 4: Power and Energy (15 pts)

; 1 (a) What logic function F is implemented by this circuit
(inputs: A, B, and C)? (2 pts)

O

w >

F=  A4B).TC

Y
-

(b) Assume the probably of logic 1 for inputs: p(A =1)=0.3, p(B=1) =0.25, p(C=1)=0.3,
capacitances Cy =10 fF, Ck=40 fF, frequency f =200 MHz, Vpp=1 V, threshold voltage
Vin=0.2 V and Vtp=—0.3 V. Calculate the average switching power Psy of the circuit (input
C is a full-swing signal). Calculate all results with 2 digits of precision. When defining logic
“0” values of F, assume that F was previously at logic “1”. (10 pts)

P(¥=0) = p(A=0) . p(g=0)
= (|—o"5) . (l-O.lS) = 053
P=) =1 pv=0) = 041

Aoy = PU=0) plv=1) = 02§

?S"\-’n\/: “(\/:o—:\"(j GCL'VD‘?’.: O'S/V\W p(Y=1)= o k7

a(vos1) = 0.25

Psw,y = OS/U\W

Y C|F

6 o |o¥ (Nrel) Ple=0= ”P(V;l) . p(C=0) =0.229

ol <; ? P (F=0") = p=0).p(c=0) = 03]
\ | 0] ’P(F;O):, 0.% (:10((:\)>

o (0¥ =)

o010 (o-=1)

Ps“’:"’ =olgoa -+ +Ce + Voo Vurmg p(F=1)= ©0.323
ot \JS\N:MQ =0V > O.G?./V'W a(Fos1)= O 2
00— “ \lSw—\‘Mgz\ \YJ Cd O-XOI\AW Pst: |L\Z/\I\\A/
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(c) Calculate the heat energy dissipation for one cycle (charge + discharge) associated with Cy
and Cr. (3 pts)

E\,:C\I.\,Doz ZIO-“-J
Ce = Ce \pp - (Vop- Nre)) (O;‘—)\B = 2840 =Te¢
of G - \Ipot (0 =\) = LoD

1l
M
o

NOde Y (CY) Eheat = ‘O "F 3

Node F (C) | Enear= 2842 /40%2

Extra credit: what is the average heat energy dissipation associated with C£? (3 pts)

€. 00 + . 0.\
EL\?O\‘&’ - £ 0] EF

=33 7f7

0.2\

Eheat,avg (CF) = ?>’L7 ‘F J
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