EEC116 Problem Set #4 Solution
1. Transparent Latch

Problem 1.1

]

We want the latch to be transparent when

S

clk is positive, so we put clk at the gates of
the NMOS's and clk_bar at the gates of the
PMOS’s. The feedback inverter makes it
lk static instead of dynamic.
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Problem 1.2

Since the output equals the input after some delay, we imagine the input D at Vi and the output Q low
before the clk signal goes high. We're given the t,.5 for the second inverter which is the delay for the
output to go from GND to 0.5 Vpp. Assuming that £, is the time from when the input changes to it's
50% value till the output rises to the 50% value, the t,; 5 from the input to the output is
approximatelyty;, + t,;5, because we need the time it takes the voltage at the capacitor V, or the

input to the second inverter to become 0.5 Vpp. We don’t have to calculate the full fall time for the first

inverter.
Using the average current method, T,p;; = —Ci?"d‘w where AV is 0.5Vpg. v
avg Cn
1 D
lavg =5 [1(Vin = 1.8,Vg, = 1.8) +1(Vin = 1.8,V¢, = 0.9)] 18 4{ w
Saturation since Linear since G 2L
Vps =2 Vgs — Vrp Vps < Vgs —Vra S
We can treat the two NMOS in series as one NMOS with an effective length of 2*L.
kn 2 ,] 300uA 045 ) ,
lavg = T[(Vss ~Vrn)" + 2(Ves — Vpn)Vps — Vos } =2 20180 [1.2% +2(1.2)(0.9) — 0.9%]

=262 uA



__ 97 fF+0.9V

THL == 333 ps tory =333 ps+45ps =378 ps

You can also use the 2™ approximation using the saturation current, which gives Ty, = 323 ps and
tpy =323 ps+45ps =368ps.

Problem 1.3

The same can be done as in the previous problem, but for the output falling from high to low and the
input low before clock goes high. Therefore, we will be focus on the PMOS in the first inverter, and the
second inverter has t,,, =45 ps.

1.8
lavg =3 [1(Vin = 0.V, = 0) +1(Vin = 0,V, = 0.9)] S
Saturation since Linear since 0 ACi E
Wps| = WVesl = Vel WVasl < IVesl — Vi N EL
D Vg

k 2
Tavg = TF [[Vﬂs —Vrp) +2(Vos — Vrp)Vos — Vnsz]

_ lo0pA 144 o 3 : 3 e 21 _

= (1) + 2(-1.1)(-0.9) — (-0.9)*] = 238 44
97 FF+0.9V

Tpiuy =0 — =367 ps | tpu, =367 ps +45ps = 412 ps

Using the second average current approximation, |t ,; =360 ps + 45 ps = 405 ps

Problem 1.4

The Master stage latch in the flip-flop determines when a signal is “let in” or is the first of the two
cascaded latches. In this case since the flip-flop is negative edge triggered, meaning that the output will
hold the input value when the clock goes low, the master latch is active when the clock is high. The
setup time is the time the input has to be stable before the active edge so that it can propagate to the
input of the slave stage and be held. In this case, the longest possible propagation delay will determine
the setup time. The longest propagation delay we see from the ideal clock pulse to the output changing
to the 50% value is 412 ps. To be more conservative so that output reaches GND and since it's an ideal
clock, it would most likely take another 45 ps resulting in a setup time of 457 ps.



2. Flip-Flop

‘1*" T ﬂa—i—wt Lcu.': %Laml_ SLe drl.'«-h:-s
g 3¢-l—<. ot “tvansister 'P? e 18 Clr 1S
Tt 4o 0 / Frassisbr Py Pui'ls e aa:it.r
ot _PSQHS vp + Vop. Hus sets B (oo
°C cleos B ond oheg o ruj on e Clofc
e R o Asprchmacs .
il

Nop
n | Mp :tP:rL\ - -Bg[ugi“‘ uru)l‘-'g[‘fhu“—"f.u*’l'dpl)i
&I Py
1

%Q«r%ﬁz (W0 —Var -1, | J*
ﬁ% £ V) = (oo o - o] )= J—% o A= Vo £ )
bt for Vo = Voo +'J%VM“‘|%{
g

Twe ﬂn-f\j ELLQEJ@»L@_ (75 VN v
Bt b of o

Cring Steg amd Ale ok

tor Al jyuede Q.rm o
'3m“uza i.‘:'fm_ oo =

(s %"“"L So N%ﬂflﬁtdz(ym) OAL waf“%:

ka  Boosaps Yoy "E)’_EE’:L:] Bn o
Te_r_p - Lo0ua fuz 3-%'!0,;;, Hob _wa.'_phﬂ-

Tue %f“ﬂ[@

4



Whawr 4 cloele (s (‘_ﬂm.iJf ‘e ‘SJrcrmcz},L
Wode 'Fs»r“mé, bjd’u. 92RS  of  frmasishre

Hi 3 Py e élfscw}w when fue -mauw{ D
Q&?- S Loy

Al e elocle (se§ |, Tue "o Stored ol fle

3'3"{"‘4"’ <€ M gp o Pavsed o @,
When e cloele Su(}um,{ sl He
C* e St drvs e Tk g
o M Lo IR O TR

Peastrom—to— Hen  dpies dae euﬁahr{— B Loy,

W g be Tee kb e reed do
Covipde g d,_,[,,a ‘{"Wv-]/k g Cwws s J'm},L
3&*"@& NV IR Y



fl dotal QUQ& wld pe

_E':*-[ L—Bu = "[:PLH i3 TPH,[_
GL B g T

4 Lwa dog WO Meed e | ddcwi Tie C"“’*a,

b, b e Aty connt G Bt
iu-c}w[, e
ML& Vss = Vbr/y

TP g = C AV VRS — BT

i Y
Al T = J.z"_ (“t;ﬂt‘p Lt P)
jrs;.+,? = _kj ( \JDD—-__ Iurpl,)l FiP = /,\?cb}c 2;{%___; T-f’zrm/uh
IQ"{'JT = zj—i?”%.(t.%-l-—ujl \)‘11 H{ﬁ (-' MMatet 2.0

RN (W 2PN I
PR 1"-'F’(: (‘*“is_b‘-rpl)‘fns ~

= J |

ES R

Vps £ "'Jas-VrIP Vgl = Vop

ASSong MW et Vps = g Vw~f-§Pl_ L&-[-07]
— =

b ol ok o -
Tunp= ﬂswﬂ.[([,g-—hn[)b.ss"-% ﬂ-b‘i?’:[

.
'itw,? ==t ‘133/-&7‘1- P.503 = “T,":'-'m&.
"

Etiie it



= .
I‘”Jﬁ’ H’l’“"’+£ S

Rt e pad do g

Rl i
Connccdea Jo e

SR oF fuug ¢ mos Shyc .

zLC*J“"?’)
ul r?' i ?? P ETE * s

P A Sl T
> Ca
c,g.,gf Ci' N2 ) ? '——l N
[Ces S

e —tLM

Al Pmes dw‘ﬂ-g o capucu‘au-t_g MLM & 2
La’aiuh* oy -l’kuj hove, dwiee e aveo_ .
C= 7¢4 4+ >« 4 3¢ = ol + 3¢

C= 10 bfF 4+ 3.156F = Wsep

\Z4. 23wk w




Tow

tH“ — Q I[‘}\f!

fiar

Jwg = ((+ad, T )

4 i 2.
N Eﬂ;} L\JM -8 y,m) b AT %& = oo ma) 2

-1‘-9:‘\1& = %&([.S—C-E)lf SoY uA

Psumi  md ot Vog — b, ! RN
=~

T = h*""‘;{}zﬂ.?ﬁﬂ-‘-) bo —L 06> = 378.4n

mh ﬂ : =L
I } [‘I o - ‘I‘L{
{M—.

2ok 2Cs+ 24

C =4 3l & 3C.3
L= Als + ’-Eu:j

= J%gp'f_'

tonL e * i
= (3SF¢F :pav s |1 <
e




3. Mixed Combinational and Sequential Logic
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