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[6] Question 1: Each correct answer is worth 0.5 marks.

For the questions below, circle one of True [T] or False [F].

T

RO,
Ok

In the 1970°s and 1980’s, CMOS digital circuits became more popular than bipolar
digital circuits due to their higher speed.

Two ways to add dopants to a silicon substrate are ion implantation and injection.

For the detailed MOS gate capacitance model, the gate-bulk capacitance is 0 when the
transistor is in triode.

Channel length modulation of digital circuits is important as it reduces the speed of
digital circuits.

Elmore delay is not necessarily accurate in absolute prediction of an RC tree delay but
if one minimizes the Elmore delay, generally, the RC tree delay is also minimized.

Since dynamic gates precharge high then fall low during evaluation, a dynamic bus
will never see twice the crosstalk capacitance due opposite switching during evalua-
tion.

It is not possible to make a symmetric CMOS 3-input nand gate.

Most flash memory is built as NOR memory architecture.

Hot carrier injection is a self-limiting mechanism when putting electrons on a floating
gate.

A DRAM memory cell should be refreshed after every read of that cell.

The pmos transistors in a SRAM memory cell generally do not affect read or write
speed.

Bitline twists are used in SRAM memory to reduce capacitance coupling and there-
fore increase memory speed.
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[6] Question 2: Transistor equivalency says that that 2 transistors in series having the same width
is equivalent to a single transistor with that width and the lengths added together as shown
below. For the case below (voltage, width and lengths shown), show that this is indeed true

(not using transistor equivalency) by finding /;,; and /55 and also find V. (Ignore body

effect and finite output impedance).
3V
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[6] Question 3: Consider the “d” register shown below.

Is 0 I, Ig 4—3 I
D >—[>°—],-ll>!<} I [~ {>o—T—3[ﬂ<: ' [ Q
LA 0 I,
CK RIS L K

Assuming that each T-gate turns on/off according to it controlling signal edge, and defining
the following delays:

T, is the delay through the i ‘th inverter
T, is the delay through the i ‘thT-gate from its control input to its output

Ty is the delay through the i ‘thT-gate from its “data” input to its output

a) Find Ty, in terms of TI'_, T and T (be specific in terms of 7).

_— _ -5
Tserup = 7;§+/T,+7;f/+7}1 /I7

b) Find Tpcq in terms of 7' K TG,. and TTi (be specific in terms of 7).

T
Tp T + 7247 637 T2

(/q:
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[6] Question 4:
a) Explain why when a single logic signal is crossing from clock domain 1 to clock domain 2,
the last logic element in clock domain 1 should be a register. Give an example where an error
occurs if the last element is NOT a register. (Show a timing diagram in your example).
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b) A 3-register synchronizer (1 register in clock domain 1 and 3 registers in clock domain 2)
uses registers with t, = 500ps and 7,4 = 200ps . Assuming the input toggles at 10MHz,

what is the minium clock period for which the mean time between failures is 1000 years?
(Your clock period answer only needs to be accurate to 20%).

HERE T = ZTch
MTEF = C/FCLK Fo= 107
MTRF= 1000 ¥ 65 A% 06 6
=315 /0
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[6] Question 5: A single CMOS inverter is sized with minimum transistor lengths of 0.25um,
NMOS width of 1um and PMOS width of 2um. This inverter is driving a fixed capacitive
load of 50fF. However, the output wire of the inverter also has 50fF capacitive coupling to
another signalling wire which may or may not switch when the inverter switches. Estimate

the fastest delay (either 7, or ¢ df) and slowest delay (either £, or ¢ df) through the inverter
taking int t the adjacent signalli ire. Use paramete last .
aking into account the adjacent signalling wire. Use parameters on last page Voo = L5V
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[6] Question 6:
a) An embedded SRAM contains 8192 8-bit words. If it is physically arranged in a square
fashion, how many bits will be used in the row decode and how many bits will be used in the

column decode? (assume the cell aspect ratio is square).

QlaL < ¢ = OS5I L1778 =) 256 w2sé ba7T
o 256 vl = ¢ Lot R w pEcon

?L BrTEL Corwriy = 5 517] ﬁﬂ.— CoLort o/ DEc NE

—

('39\%2':7/57) -

b) A dynamic memory cell has a worst case leakage current of 2nA (independent of voltage)
and is refreshed every 100ps . If the power supply is 3V and the cell voltage should not leak
lower than 1.8V, find the required cell capacitance value.

T—1(9
fl;—‘— C AV lm/—}:CC—-/——) ) C= //7%
o Geoe-) p—

/

¢) In a DRAM memory, the sense amps are connected directly to the bit lines. In a SRAM
memory, the sense amps are connected to the bit lines through 2 isolation PMOS transistors.
Explain why the isolation transistors are needed in an SRAM. Also, explain why the isolation
transistors should NOT be used in a DRAM.
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(blank sheet for scratch calculations)
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ECE334 Digital Electronics
Constants: k = 138 x 1072 JK ™' ;g =1.602 x107° C; V= kT/q~26mV at 300 °K ; ”
£ = 8.854x 1072 F/m ; ko = 3.9 eaps: Cpp = (kB 1oy 5 C; = Cio/(1+Vr/b0) 7 3
. . 2
NMOS: B, = p,C(W/L) ; V,,>0 ;Vps 20 ;(triode) Ip = B, ((Vgs— m)VDS_(V:lz)S/Z)) s(active) Ip = 0.58,(Vgs— V) s
(triode) Vs < (Vs = Vi) 3 (active) Vps= (Vos=Vin) s Vin = Vino t1([Vsp + 0,= [0 5
(Vs = Vi) (VD)) —Vps/V.
(subthreshold) o (1-e D77y
. . 2
PMOS: B, = 1,Co,(W/L) 5 V,, <0 Vpg <0 ;(triode) Ip = B,((Vgs=Vip) Vps— (Vas/2)) s(active) Ip = 0.5B,(Vos—V,)
(triode) Vpg = (Vas—Vip) 5 (active) Vps < (Vas = Vi) 5
Simple cap model: C; = Co, WL 5 if Liyy; Coy=Copllin s € = CoWW s Cp=Co=Cy W
CMOS inverter: Vi = (Vpp + Vit V) /(L+1) 5 1 = JG,(W/0),)/ (1, (W/L),)
RC delay est: 7;, = t;; = 1215 © = RygC; Ry = 2.5/(1, Cou(W/L),(Vpp=V)) 5 Regp = 25/(W,Cox(W/L),(Vpp + V) 5
W/ W) = Ju,/1, Unit delay est: tan/tapy = (Cra/Cry) x (W/L)yy /(W/ L))
Min delay: f4,, = Tinv (Cou” 5&“) ; total gy = Nfty s f, = C,/Cy, ;usually f=4 )
Power diss: Py, = Py_,ofC Vpps Pop = 0.5P, _, o/ Voo peak(t + 195 Tpeae = 058, (V= V1) 5
Elmore Delay: 1,=YC,R;;; distRC,t=RC/2 ;

Equation Sheet

I = Ipge

Interconnect: R = (pl)/(tw) ; Rg= p/t 3 C = (EqwD/t 3 C = e l(w/h+0.T7+ 1.06(w/m)°% +1.06(t/h)*%)

Max delay constraint: T, > £, + f4F Iy Min Delay constraint: 1,3 <.+ 1.4 Metastability: MTBF = eT”’/ (tyFpFerg)

SRAM: M3 is cell access transistor, M1 is inverter NMOS, M35 is inverter PMOS,

SRAM read: W,/ W, 2 (Vop—Va—~Ve) /Q(Vpp—~ V) Va=Var2) 5 Len = (1,Cod/2)(W3/L)(Vpp 2v,)°
AVy = (I q88)/Cqp.

SRAM write: W,/ W52 (1,(Vpp + Vi) )/ City((Vop = Vi) Va - Va/2))

MOS Transistor; CMOS basic parameters. Channel length = 0.25um, m; = 0.5, ¢, = 0.9V

VTO MC‘”‘ A CO" Co Cf stw
~1
N | 5| @A | OO | (Frum®) GF/um) | (fF/um®y | (FF/um)
NMOS | 04 | 04 | 120 | 0.06 6 0.3 2 0.3
PMOS | -04 | 04 30 0.1 6 0.3 2 0.3

Vo is the threshold voltage with zero bulk-source voltage; y' is used to account for non-zero
bulk-source voltage; uC,, is the transistor current gain parameter; A is to account for the
transistor finite output impedance (channel length modulation); C, is the gate capacitance per
unit area; C, is the gate overlap capacitance per unit length; C y is the drain/source junction

C.

capacitance per unit area; C,, is the drain/source junction capacitance per unit length to account

for drain/source perimeter capacitance. Assume this value is the same for all perimeters
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