EEC 118 Solutions to Homework #5

Problem 1.1

|

We want the latch to be transparent when

P‘Clk clk is positive, so we put clk at the gates of
the NMOS’s and clk_bar at the gates of the
I_ PMOS’s. The feedback inverter makes it
clk 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 Vpp and the output Q low
before the clk signal goes high. We’re given the t,,; ; 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; 1 + t, ., 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, Tpy.1 = —C"I’“dAV where AV is 0.5Vpp. v,
avg o
1 D
lavg = 5 [1(Vin = 1.8, Vg, = 1.8) + (Vi = 1.8, V¢, = 09)] 1.8 4{ w
Saturation since Linear since G 2L
Vps 2 Vs = Vrn Vps <Vgs —Vrn S

We can treat the two NMOS in series as one NMOS with an effective length of 2*L.

) 300ud  0.45
layg = Tn [(VGS - VT,n)2 +2(Ves — Vrn)Vos — VDSZ] ~ T4 2+0.180

=262 pd

[1.22 + 2(1.2)(0.9) — 0.92]



__ 97 fFx0.9V

THL = ezpa = 333 ps tprn = 333 ps +45ps = 378 ps

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

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 tpy = 45 ps.

1.8
lavg = 511 (Vin = 0,Vg, = 0) + (Vi = 0,V = 0.9)] S
Saturation since Linear since 0 4# K
Vos| = [Vgs| — [Vrp| Vos| < Vgs| — [Vrp| G 2L
D Vco

layg = %p [(VGS - VT,p)2 +2(Vos = Vrp)Vps — VDSZ]

_ 100uA 144
T 4 240.180

[(—1.1)% + 2(—=1.1)(-=0.9) — (—=0.9)?] = 238 u4

Tyin = 972’;’;% =367 ps | tyy, = 367 ps + 45 ps = 412 ps

Using the second average current approximation, |t,y;, =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.\ Twe Aetwe  Low %Ljva CLe dr(v-"-&

M acke of sk Py CR s
et b 0 drsiche Py pulls qudkes
oF PsqHs  wp dovpy. his sebs o (o
°C cleos 8 acd  shes ot r@rﬂj on e Clefc
Ter R T ¢ Asprcirmnss -

;‘E[ i - Mp I I, S %C\’m = \‘m)l; »—-'?:— ( ‘VDD”'\’sm *—l\lw))an
Vi . g |

1 ke (\.wvmy-: (o —tox =1, | )
{\/m ) = (s == \..)JK‘VM o= Vg Lfvwlvm
St hr Vo = Voo \f— Vg Ivﬁ,

By

Twe ém\j ch@ifem-eg Bebrer. fve
(§ e e . L“‘/‘cP

Creg 31(.;%, dnd Al wwr ke

?w* fle g &

m Beomaft - o _ %&-O_m KH Bmw/z«i'[{/ht e — 9
TV AT =

WoM[uz kX ‘5/, '3 e

ﬁﬂoﬂ uf{ y



W~ ’(’UUA/ CkodL (S an , “fV\Q S'@o(a%

Wodt  tor pmed by {ue Jels  of  fransistorc

N1 :t’ ?\ (S digcwfj;zé when e 513«»«::/( D
%&% (-~} Lwﬂ

Ao fe clocle pses | fle 07 Stoed oy fle
3&@% -« Ly 3P (S Paved Ao Bi...
bhen Mg e (1 s«jwﬁ s L«Ml L

C" s %W s . P des Brmed
%j Fansishes Ns 3 Pt e

LSS (¢

a &ecj LC t .

%—(Wﬁ@p— ‘*9’(/\.2;\ c;(ff‘(;z&f "‘(/(«t (3\.:4’09«}"@” & [r‘?w

j?\/{b"‘m A e  Yeg M “e teed Tju
Corphe  fug CL,J;‘% mOVC/L\, e gwws s %m*j,(
%2/ W (e &,



fl delel 41/(4% wll be

YO hed fo dikewmipa NS Ca“’“(\a,
C‘*P‘MM b e @Auﬂ-?‘ curret “@/ CoN [N

_ : " ; A= :
— ( Vop— lvﬁ;l) ke = MCoy 7;{__5’37; - 1-’5:5%’-\/‘}1.
Teakp = 23 . €
= if""‘%.(l% -0 ) = rq(ﬁ 5 iyt
Tup = ISMG%({Q;Q

T k?(i (Vgs el Yoy = Vo™
o ) b~ Vog 1 lo. 3{&
Lier e vps o Vas~V o Vgl = Vbp

Assung  Mid pom - Vpg = %\/w~ﬂ§?[ L& -0

y

= O 6§

‘ium,?: ‘zgswﬁta’%"h’zl)b’“’_% f).bszl

Tuop = '133”%;_' 0.503 V" = {{7.sma



ipvjtpz S PVER N N

2.

“’vf-"'w&%& do find fre ol et

1 »,

264 5 [’}
cd

T,

AL PmoS kueeg Mo o proteces  Llviede g 7L
Laﬁaﬁz.s'* o¥y “'h&bj hove dwice e Ao, .

C= ¢4 + 3438 = ok + 3¢
C= 10 bfFE 4 3.(56F = (dsee

TPL—‘H (« fiog — S‘{SFF L G;Q\/.: \ S
(24, 23 ok i




T _
v — C AV

) - jA\)a - LZ— ( Ti:sﬁ"“\')ﬂ. '&”i‘l—w H)
'i'w'j A

Tkﬁw—‘r N = LH - ;
‘ =z (Ve — \’m) V= Ayloc n«—g(—b = Toows) 1

Togn = Eg((.% - 06) = Soquk
% Ky C(\lgs“\/m\ Vg — e,‘i\méj
ASsumi_  pud Pown + Vpg = ‘?DD"\’TM

. = c’« 6
&

Tiw o= 7@0%/&[(‘@%«- (u) bo - L m}j: 37344

Laver i = o4 ke t 37Bk
) ? = L

2k 272G+ 2’"3

C = lblp+ 3l 4 363 q[i:i ! 2L —
] R
C=Us+ 3¢ Pt AT SN‘D\

C= I35 &F Ny SSL\ ﬁ

> ,, ;

—= D2LbnS lToua—&: | 2lens




