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(both sides) on which you may write formulas. Calculi:1tors are allowed. however using thE.; 
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For all problems, state any assumptions you make, show all work, and clearly Itl8,rk your 
answers. Correct but unclear or ambiguous answers will not receive full credit. 

Excerpts from the UC Dav is Code of Academic Conduct state: 

l. 	Each student should act with personal honesty at all times. 

2. 	 Each student should act with fairness to others in the class. This means . for example , 
that when taking an examination, students should not seek an unfair advantage over 
other classmates through cheating or other dishonest behavior. 

3. 	 Students should take group as well as individual responsibility for honorable behavior. 
This includes notifying the instructor or 'fA if you observe cheatillg. 

I understand the honor code and agree to be bound by it. 
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Device Paran1-eters 

For all problems in this exam, assume we are using enhancement-type NMOS and PMOS 
transistors wh ich have the characteristics shown in Table 1, unless otherwise specified. All 
dimensions are in microns. Also , assume minimum length devices unless otherwise specified . 

Parameter NMOS PMOS 
VTO 0.7 V -0 .7 V 
p,Cox 300 p,A j V 2 100 p,A j V 2 

'Y oV1/ 2 oV1/ 2 

W min 1.0p,m 1.0p,m 
L min 1.0j..Lm 1.0j..Lm 
A 0.0 V- 1 0.0 V- l 

VDD GV 

Table 1: Assumed Transistor Parameters. 
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Problem 1.3 (5 points) Assuming VT n = 1.0V, find the value of VO which yields a current 
TO = lmA. 

liP ~ ~V\~ (~) ( v~ - \J,-J ~\t 
1. f"1A =- 300 JAA{~ (~) (\j~ _ ',O\J)2- (2-ph,) 

2­

Problem 1.4 (4 points ) Suppose ,\ = 0.06V- 1 Assuming the value of 110 which you found 
in Problem 1.3. what is the new value of 10? 

I 

I~= y.V'~l( (:)L ~¢ _v,.,~}4 L\ +AV¢) 

~ ~1..--mA) (1- O,Ob\}-'· 2.2'1\\1)-t­
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1 Transistor Current Biasing 

MO 

VO V1 

Figure 1: Voltage setup for NMOS biasing. 

As::;um0, that NMOS transistor MO in Figure 1 has WI L = 4, 'Y = O.33V ~, and -2<I> F = 
O.6V in the following problems. 

Problem 1.1 (5 p oints) Connect the voltage souces VO and VI to the transistor M O 
terminals in Figure 1 such that (a) MO is in either saturation or cutoff (but not in the linear 
regime) by adjusting VO and (b) adjusting Vl varies the threshold voltage VTn · (j...p+-. f.A. . ~,rtl.) 

Problem 1.2 (5 points) Find the value of VI which yields VTn = l.OV. 

\J.,-)'" -,: v,p) '" ~ '6l ~ \- 2q>F -+ \} ss \ - J\2<11=-1 ) 


\ \ 0 V = 0, IV 1- CD , 33,,'/~ ) 0\0.10\1 - \J \ \ - Sl-\-o.-"\1-, ) 


\O.~\I- ~,\: [( I.OO~:~7) -\-~I 

[VI -;. - '2.235 \J 1 
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2 Inverter C haracteristics 

Vout 

100 fF 

Figure 2: Cascaded invrners forming part of a buffer chain. 

Proble m 2.1 (12 p o ints) Figure 2 shows a CVIOS inverter driving a 4X bigger inverter . 
Neglecting all FET capacitances, find W p ::;uch that the 10%-90% rise time (tr) of Vout 
equals ItlOps. Assume an ideal step voltage on Vin and approximate the charging current by 
averaging the initial and final drain currents. 

t,,:. C6.\1 ~ I ",,,= ~ _ (~oofF ) (O .'i '" 3.3'\}) ::. 1.~<6yY\A (3pTs.) 

IYO rs 

LI p+.)\jalA.+ -=- O. \ ( '3 , :s \J) -=­ \J&S, _\J1"¢>p:= - 3.3" -\- 0.7 \j:: -2.c:'V 

0; (\ -=. 0..J \Jos =. 0.'33\1 - 3.'3\.1-=- - 2.'\7 \I 
\JT~)P=- -o .7>J 

I L. 'l..
~S)f(1-\ ~ Y-e L0?5. (~') (\.I6s- VTr/J,f)'L= lOOr:" (~) (-2.,,\1) :: 3~?;~ wp 

~ ~ ~ 

\/0(,(:+:' 0.4 L3.~\.l) -:0- 2.t:t7\j -:::.) V\l s,:. -0.33\1 -~ Pr'loS 0 

Ips,l' (2.) :: jp(ox (~)C(\.I65-VTtP,f ') \l~~ - ~1 
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Problem 2.1 (cont.) 

I.os,p(2-):: , oO~2. L~e)[C-2'b\l)(-O,33\1) 

::. ~O l~~ (vJp) 
prfl 

Problem 2.2 (6 points) As~uming the value for W p you found in Problem 2.1 and the 
capacitances in Table 2 in aJdit ioll to the 100fF in the figure, what i~ the new value of tr? 

Capacitance/\i\,idth (fF / f-Lm) PMOS NMOS 
Cgs 

Cgd 

Cdb 

Csb 

0.8 
0.8 
1.0 
1.0 

0.8 
0.8 
0.9 
0.9 

TabiR 2: 	 PMOS and 1\1\110S capacitances per unit width. 
(L\ p"ts.) 

l..s+­ inv.... ter + ",, ',1\('£ £'f~(.+ 1. s+ i" ve.r te {' 

11 vJ p C~~Jf' + \2}-'M C3~;(\ 
l ----/ / 

2Y'1ol ,Mer t-e,o(' 

O\A.+P""~ 	 ;v\plA.-tO\A.~\A.+ 

~ 100 ff + 3y."" (O.c('fF/y.~)2 -+- 9t(Y\ (o , ~fF-/rm)2.."'r 3;--(o . 9fflr rw"\) +- c:rrrn (l.afFlr twt
) 

-t- L4 CC'r'"') (o.'~ ft:/pY"') + 12. rm LD. ~ff "'ttl') 

::. I(oCL 3 ff t I pt.) 

O~ <;. 1	"~.3 ff C)4 0 ps) ::. @- ~ 7 pS 1 ( I r+s') 
looff 
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3 Static CMOS, D ynamic Logic, and Pseudo NMOS 

Problem 3.1 (3 points ) Draw and label the schematic fo r a minimum-sized stat ic CMOS 
inverter assuming the transistor parameters of Table 1. Size the circuit for an inverter 
switching threshold VM = O.5Voo. 

( 1-l'ts ~~he.....().·hc.. ) 

(, pt. s;~e~) 

Problem 3.2 (2 points) Suppose the inverter you designed in Problem 3.1 drives a 45fF 
capacitance at 4.1GHz. How much power does i t consume assuming Voo = 5V? 

( I pt. ) 

Lt p+-.) 
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Problem 3.3 (11 points) Implement the logic function F = A + B + CD using a 4-input 
st atic CMOS logic gate and i::\, single minimum-sized inverter as designed in Problem 3. 1. 
Size the 4-input gate such that the worst case rise and fall times at its output are equal to 
the minimum-sized inverter. 

F F 

C--1 

6~e,(' SD\ll.ti()l\S poS~i\'le .• . 
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Problem 3.4 (9 points) Implement the logic function F using a 4-input dynamic logic gate 
and a single minimum-sized inverter as designed in Problem 3.1. Size the 4-input gate such 
that the worst celse rise and fall times at the dynamic node are equal to the minimum-sized 
inverter. 

f 

elk. -1 

Problem 3.5 (5 points ) Implement the logic function F using a 4-input pseudo-NMOS 
logic gatp, and a single minimum-sized inverter as designed in Problem 3.1. You do not have 
to size the transistors. 
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4 Sequential Element Design 

5V 


Clk---9 

Clk---1 

0 ---1 

x 
Q 


Figure 3: Transparent Latch. 

Figure 3 shows a transparent latch circuit. 

Problem 4.1 (2 points) Is this circu it a static or dynamic sequential element (circle ont:)7 
J llstify your answer. 

• 	 Static 

ex s+OreJ k.t-tl (AS C~M'e.. 


~Dynam3) 
N0 feeJ loa. ck. 

Problem 4.2 (2 points) Is this latch transparent during the positive or negative ph('tse of 
the clock (circle one)? Justify your answer. 

vJ'nI<'() do ck is hi,"') ex:::.- 1)~iSi~ 
i.:JVleV\ C\0 de. Ie; lovJ J X~ b llo.s+ ""II.te.') ) t'hcu-fore.. Q =. \o.s-!- "ol~ of 

• Negative 
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Problem 4.3 (10 points) The delay through the latch is determined by the rise and fall 
times at internal node X Suppose Cx = 9fF. Using the switch RC model for the transistors , 
calculate the rise and fall times of node X assuming simultaneous ideal steps on D and elk 
or elk and that the initial resistance remains unchanged throughout the transition . 

• tr = [35 .7 ~ 

• tf= @~.lpsJ 
(\ p+.) 

( 2. p+.) 

\. ~o3 ~Sl..R,,::. \J oq> _ -::. 

T oS,f 

'Ios 
J 
{\ ~ ~ (0;­

2 

( I p+.) 

'::: 2./7 ~A 
(I pt.) 
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Problem 4.4 (6 points) Design a positive edge-triggered fl ip-flop using two of the 
latch circuits shown in Figure 3. Be sure to label a,ll data ancl clock inputs and outputs on 
your circuit schematic. You do not have to size the transistors. 

cl~ 

~I c.lk -I 

(SC"~;( it p~ ,) 

( 10. bel!: 2.p+s. ') 
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5 One Transistor Memory 

For this problem, assume the transistor characteristics as shown in Table 1 alld all transistor 
widths and lengths are l/Lm, unless otherwise specified. Figure ~.. show::, a one transistor 
memory cdl connected to bit line BL with access to the storage node capaciLance Cs con­
trolled by word line WL. PC controls the precharge P~IOS transistor while a tristate write 
driver is controlled by active high write enable WE. 

BL 

.&.CS =10fF 
2.5V 

WL--~--~------

D 

WE 

Figure 4: One transistor memory cell. 

Problem 5.1 (2 points) What type of illPmory cell is shown in Figure 4 (circle one)? 
Justify your answer. 

• SRAM 

C:DRA3) Br\- s+on>! ~s c:..\At\flje.. 0('1 Cs 


No -tee6.loAck. or ·1()"erte.,S 
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Problem 5.2 (4 points) Suppose during Write operations, the bit line voltage swings be­
tween OV and VDD = 5V while the word line voltagp. swings between OV and 5.5V. W hat are 
the highest and lowest voltages (corresponding t o storing 8 ' 1' and a '0' , respectively) t hat 
can be stored on Cs 7 

• Logic ' 1' Vs = 1-\.<6'1 (\ p+.) 

• Logic'O'Vs= 0\1 (Ip+.) 

Problem 5.3 (7 points) During a Read opera tion , the write driver is disabled ( WE = OV) 

and t he bit li nE: BL is precharged by PC going low fo r a short t ime and initializing t he 

voltage on bit line capacitance CSL. The word line WL is driven to 5.5V. W hat is the final 

voltage on the bit line after WL goes high for the two storage node voltages you found in 

Problem 5.2? What is the voltage difference 6.V between read ing ,a ' 1' and a '0 '7 


• Logic ' I ' Final Vn L = @:.S3 Si} 
• Logic '0 ' Final VS L = r.I.-J(..2-V] 
• 6.V = 2.s:~sV - 2.Lf"L-::' ~ or 14m\) 

( i) : l)(6t... -;. (S\.. ~ 
'2 

\J~L-J\"'~\ -:: ("LiD fF-) (1.'5\)) 4- (IDoff) (O~)
VSl) f.'MI -::. QSI-..1- Qs 

- ~YDff ..,... loff)
Cs\.. ..,...c.. S \ 

\ 

I 
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