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Digital Circuits 2018-10-22 Exam

1 a) How are problems with metastability avoided in latches? 2p)
b) What is an overlap capacitance? 2p)
¢) What is a noise margin of a digital circuit? (2p)
d) How does charge leakage affect the operation of a precharged gate? (2p)

e) Why are V,_and V4 for an inverter defined as the input voltages Vi, yielding
dVout /de = —17 (2 p)

2 An NMOS transistor is plugged into the test configuration shown in Figure 1. Determine
the operation region, Vp, and Vs for the two cases below. For simplicity, assume A = 0
andy =0.

R
VD
V2.0 V—| w/L=
VS
1=50 pA

2.5 um
0.25 um

Figure 1. Test configuration for NMOSFET.
a) R=10kQ. Gp)
b) R=30kQ. Gp)

3 A metal wire have resistance Ruire = 2 Q, sheet resistance Rsg = 0.07 Q/square, width
Wuire = 2 pm, capacitance per area Carea = 0.05 fF/um? and capacitance per length
Cedge = 006 ﬂ:/}lm

a) Why is sheet resistance measured in Q/square? 2p)
b) Calculate the length of the wire. (4 p)
c) Calculate the total capacitance of the wire. (4 p)
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4  The function F = AB+AC shall be implemented in static CMOS logic. The complements
to A, B, C are not available.

a) Implement the function with at most eight transistors. (5p)

b) Size all transistors so that the worst-case output resistance is the same as that of an
inverter with an PMOS W/L =4 and NMOS W/L = 3. 5p)

5 The circuit in Figure 2 is supposed to realize the function F(A, B, C) = A + BC. However,
the circuit does not work as intended.

¢
1
A
=
C
1
B

Figure 2. A faulty logic circuit.
a) What type of logic has been used in this realization? (2p)
b) What is the problem with this circuit? (2p)

¢) Redesign the gate so that the wanted function F(A, B, C) is realized correctly. (6 p)

6 Consider a static random-access memory (SRAM) with full-VDD precharge of the bit-
lines and sense amplifiers connected to the bit-lines.

a) Draw the transistor schematic of a six-transistor CMOS SRAM cell. (Bp)
b) Describe a write operation of the SRAM cell. 2p)
c) Describe a read operation of the SRAM cell. 2p)
d) Briefly discuss considerations in sizing the cell’s MOSFETS. (Bp)

Page 4 of 6



Appendix

2018-10-22

Digital Circuits

0 £/IM°0Z o [SAA[ s [L2n] "0 > Op 0 < U197
/M [z Im g [197] = [S9p[ 0 > HLOp <0 < "0
0 0 TIN5 OMﬁo>,owﬁo>
0994 $094 8094 uonIpUOD
0994 15094 } 8094 = 094
aoueldeded [suuRy)D
MO = MPx¥®n = 009~ - 0594
aoueloeded dejusnO
aoueloeded 91eS)
60 | 2€0 | 220 60 | 870 61 120 9 SOWd
60 | ¥¥'0 | 820 60 | 050 0C €0 9 SOWN
[Al [wri/4a] | [A] [wni/43] | [wi/4a] | [Lwd/44]
Bmge >>w_E >>w_U ae ._E ._O OO xoO
suollenojes aouelloeded 10} siaaweded
0£0 010~ 0g— 00T- or'o- or'0-  |SOWd
00— | 900 GIT €90 or'o €70 |SONN
Al o | Laswidl | IATYSOA | AT A | TAT A

SUOITRINOIRD JUB4IND UIRIp 10} Sialsweled

S9JINaP SOIND wm gz'0 104 sia1aweaed |SPOIN

d 1
SN+ 1y e-T) ey = Y= 0= 198 s0md
daspp (A= %5 7)b
.
A:mo>£+:h L ‘?L o =" = 0527 sonN
O ey

uoiBaJ pjoysaiyians

999 = Lvsa,
y1bus| [suueyd uo Aouspuadap LYSAp

uoiBai uoneInjes AJojan « [LVSAp| = Uity
(0 = ) uoiBias (apown ‘resur)) aansisas < [S9p| = UWA
uoifia) uoneinies < [L9A[ = WA

AT<wn_>:mo>:._.o>Cc_E EE>

z 1
Amoiiv?g |To>;ss>ﬁ = 9] <= (05127 :SONd) 0= 127 :SOAN

A M

(0= 9)) uoia1 pjoysarpqng <= (0 = L2A SO 05197 SONN
lapow paiiun

:ueimwl Temlmm><<v>+8> =1z

abe1joA ploysaay L

LN\ —S9p = 195 8y Sy = 85\ 1Sy _dp = SAp 1Sy O — SO
suolejou abeyjop

9A =S/ [SOINd 9A s SA [SOWN
(@) ureap pue () 824n0s Jo uoniuyeQ
g
S |_|_|m._ d
T
9
SONN

ml_lm__lﬂo
7

SOINd

Jojsisued] SOIA @yl Jol suonenb3

Page 5 of 6



Appendix

2018-10-22

Digital Circuits

. 1B

o/MWy = L pue o= 04 5 = 4 siapanul 4o Jaquinu,, = N ‘. J0joey Bupiade), = 3

BIUM "M/, 1, 112 = T 0} UONN|OS 153q By} puly Rejap uonebedoid jewnuiw 1o

sJ48148AUl papeosed Jo Bulzis

o=I
1690 ="% :Aejap uonehedoid Aqhy W = P2 11 0) 0 apoU WO JULISUOD B
u
My Ul S82UB)ISISal |[e JO WNs 8y, = fy

._n_ pue ‘g syred ay Jo 1ed uoWWOI 8y, = ._n_ U'g = .__n_

"1 pue o apou usamiaq yred ay,, = 'd

Aejap aiow |3

(Oz+12)/(°z-"2) = 1

(2) peoj e Aq pareutw.sy (°7) aulj UoISSILUSUERI] € 10§ JUBIOILS00 UOID3|eY

o /T =

anem 1o A1190JaA

Iy =02

souepadwi ansLIsIoRIRYD

9ul] uolissiwsueld |

[ Z AT+ XICZ A0+ X = (7 Z°AX))
10npo.d ul uoisuedx3

CZAONX+CZATUX = (7 ZAX)
wns ul uoisuedx3

THZHAFX = TZAX A = 474 A+ X

wia10ay) ,suehio ag

eaqabje uesjoog

A...»m nKvH_ — n_m hA nm h<vH_ - Zm

sSuOIOUNY YolIMS

PPAope = d

uondwnsuod 1amod oiweuiq

_ Tao_¢
%~>|er% _ o_og _ cwo

w

of Ta_0d) —
Ol ("A=20) =y,

S 01 TA wouy uonisueay Burinp aouelioedes abetsny
0 _
JCO/A-T)

o_o
abe1joA Jo uonouny se aoueldeded uonouNe

= (N

aoueloeded uonoung

Page 6 of 6



	TSEI03-Exam-181022_1
	TSEI03-Exam-181022_2

