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Chapter 6 Problem Set

Chapter 6
PROBLEMS

1. [E, None, 4.2] Implement the equation X = ((Z + E) (E +D+ l—:') + f‘) G using complemen-
tary CMOS. Size the devices so that the output resistance is the same as that of an inverter
with an NMOS W/L = 2 and PMOS W/L = 6. Which input pattern(s) would give the worst and
best equivalent pull-up or pull-down resistance?

2. Implement the following expression in a full static CMOS logic fashion using no more than
10 transistors:

Y=(4-B)+(4-C-E)y+(D-E)+(D-C-B)

3. Consider the circuit of Figure 6.1.
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Figure 6.1 CMOS combinational logic gate.

a. What is the logic function implemented by the CMOS transistor network? Size the NMOS
and PMOS devices so that the output resistance is the same as that of an inverter with an
NMOS W/L = 4 and PMOS W/L = 8.

b. What are the input patterns that give the worst case 2, and t,, ;.. State clearly what are the
initial input patterns and which input(s) has to make a transition in order to achieve this
maximum propagation delay. Consider the effect of the capacitances at the internal nodes.

c. Verify part (b) with SPICE. Assume all transistors have minimum gate length (0.25um).

d. If P(A=1)=0.5, P(B=1)=0.2, P(C=1)=0.3 and P(D=1)=1, determine the power dissipation
in the logic gate. Assume V;,,=2.5V, C,,~30fF and f,,;,=250MHz.

4. [M, None, 4.2] CMOS Logic

a. Do the following two circuits (Figure 6.2) implement the same logic function? If yes, what
is that logic function? If no, give Boolean expressions for both circuits.

b. Will these two circuits’ output resistances always be equal to each other?

¢. Will these two circuits’ rise and fall times always be equal to each other? Why or why not?
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= Figure 6.2 Two static
Circuit A Circuit B CMOS gates.

5. [E, None, 4.2] The transistors in the circuits of the preceding problem have been sized to give
an output resistance of 13 kQ for the worst-case input pattern. This output resistance can vary,
however, if other patterns are applied.

a. What input patterns (4-E) give the lowest output resistance when the output is low? What
is the value of that resistance?

b. What input patterns (4—E) give the lowest output resistance when the output is high? What
is the value of that resistance?

6. [E, None, 4.2] What is the logic function of circuits A and B in Figure 6.3? Which one is a
dual network and which one is not? Is the nondual network still a valid static logic gate?
Explain. List any advantages of one configuration over the other.
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Ciréuit A Ciréuit B Figure 6.3 Two logic functions.

7. [E, None, 4.2] Compute the following for the pseudo-NMOS inverter shown in Figure 6.4:
Vor and Voy
b. NM; and NMy
¢. The power dissipation: (1) for ¥;, low, and (2) for ¥;, high
d. For an output load of 1 pF, calculate 7,4, #,p;, and ¢, Are the rising and falling delays
equal? Why or why not?
8. [M, SPICE, 4.2] Consider the circuit of Figure 6.5.
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= NMOS  Figure 6.4 Pseudo-NMOS inverter.

a. What is the output voltage if only one input is high? If all four inputs are high?

b. What is the average static power consumption if, at any time, each input turns on with an
(independent) probability of 0.5? 0.1?

¢. Compare your analytically obtained results to a SPICE simulation.

Voo
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- Figure 6.5 Pseudo-NMOS gate.

9. [M, None, 4.2] Implement F = ABC + ACD (and F) in DCVSL. Assume 4, B, C, D, and their
complements are available as inputs. Use the minimum number of transistors.
10. [E, Layout, 4.2] A complex logic gate is shown in Figure 6.6.

a. Write the Boolean equations for outputs F and G. What function does this circuit
implement?

b. What logic family does this circuit belong to?

¢. Assuming W/L = 0.5w/0.25u for all nmos transistors and W/L = 2u/0.25u for the pmos tran-
sistors, produce a layout of the gate using Magic. Your layout should conform to the fol-
lowing datapath style: (1) Inputs should enter the layout from the left in polysilicon; (2)
The outputs should exit the layout at the right in polysilicon (since the outputs would prob-
ably be driving transistor gate inputs of the next cell to the right); (3) Power and ground
lines should run vertically in metal 1.

d. Extract and netlist the layout. Load both outputs (F,G) with a 30fF capacitance and simu-
late the circuit. Does the gate function properly? If not, explain why and resize the transis-
tors so that it does. Change the sizes (and areas and perimeters) in the HSPICE netlist.
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- p Figure 6.6 Two-input complex logic gate.

11. Design and simulate a circuit that generates an optimal differential signal as shown in Figure
6.7. Make sure the rise and fall times are equal.

A
A—5—I
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T/ X 50% Of vDD

Figure 6.7 Differential Buffer.
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12. What is the function of the circuit in Figure 6.8?

e

T
1 L = Figure 6.8 Gate.

13. Implement the function S = ABC + ABC + ABC + ABC, which gives the sum of two inputs
with a carry bit, using NMOS pass transistor logic. Design a DCVSL gate which implements
the same function. Assume 4, B, C, and their complements are available as inputs.

14. Describe the logic function computed by the circuit in Figure 6.9. Note that all transistors
(except for the middle inverters) are NMOS. Size and simulate the circuit so that it achieves a

A
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100 ps delay (50-50) using 0.25um devices, while driving a 100 fF load on both differential
outputs. (Vpp =2.5V) Assume 4, B and their complements are available as inputs.

A A Ell—A F&-
R 5 i
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5 8 ;l—B |5

Figure 6.9 Cascoded Logic Styles.

For the drain and source perimeters and areas you can use the following approxima-
tions: AS=AD=W*0.625u and PS=PD=W+1.25u.

15. [M, None. 4.2] Figure 6.10 contains a pass-gate logic network.
a. Determine the truth table for the circuit. What logic function does it implement?
b. Assuming 0 and 2.5 V inputs, size the PMOS transistor to achieve a V5, =03 V.

c. If the PMOS were removed, would the circuit still function correctly? Does the PMOS
transistor serve any useful purpose?

AL
P2

Out

B Figure 6.10 Pass-gate network.

16. [M, None, 4.2] This problem considers the effects of process scaling on pass-gate logic.

a. Ifaprocess has a #,,0f 0.4 ns, R, of 8 kQ, and C of 12 fF, what is the optimal number of
stages between buffers in a pass-gate chain?

b. Suppose that, if the dimension of this process are shrunk by a factor S, R, scales as /83, C
scales as 1/S, and f,,scales as 1/8%. What is the expression for the optimal number of buff-
ers as a function of S? What is this value if §=2?

17. [C, None, 4.2] Consider the circuit of Figure 6.11. Let C,= 50 fF, M, has W/L = 0.375/0.375,
M, has W/L.z=0.375/0.25. Assume the output inverter doesn’t switch until its input equals
VDJ2¢
a. How long will it take M, to pull down node x from 2.5 Vto 1.25 Vif Inisat 0 Vand B is

at2.5V?

b. How long will it take M, to pull up node x from 0 V to 1.25 V if ¥, is 2.5 V and Vj is
25V?

¢. What is the minimum value of ¥, necessary to pull down ¥, to 1.25 V when V;,= 0 V?
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Out

Figure 6.11 Level restorer.

Pass Transistor Logic

i Voo
pass transistor network Vpp=2.5V

(W/L), = 1.5um/0.25um
(W/L); = 0.5um/0.25um
(W/L),; = 0.5um/0.25um

k.’ = 115uA/V2, kp’ = -30uA/V?
V=043V, Vp=-0.4V

Figure 6.12 Level restoring circuit.

Consider the circuit of Figure 6.12. Assume the inverter switches ideally at Vpp/2, neglect
body effect, channel length modulation and all parasitic capacitance throughout this problem.
a. What is the logic function performed by this circuit?

b. Explain why this circuit has non-zero static dissipation.

¢. Using only just 1 transistor, design a fix so that there will not be any static power dissipa-
tion. Explain how you chose the size of the transistor.

d. Implement the same circuit using transmission gates.

e. Replace the pass-transistor network in Figure 6.12 with a pass transistor network that
computes the following function: x = 4BC at the node x. Assume you have the true and
complementary versions of the three inputs A,B and C.

M, None, 4.3] Sketch the waveforms at x, y, and z for the given inputs (Figure 6.13). You

may approximate the time scale, but be sure to compute the voltage levels. Assume that

Vy= 0.5 V when body effect is a factor.

[E, None, 4.3] Consider the circuit of Figure 6.14.

a. Give the logic function of x and y in terms of 4, B, and C. Sketch the waveforms at x and y
for the given inputs. Do x and y evaluate to the values you expected from their logic func-
tions? Explain.

b. Redesign the gates using np-CMOS to eliminate any race conditions. Sketch the wave-
forms at x and y for your new circuit.

[M, None, 4.3] Suppose we wish to implement the two logic functions given by

F=A+B+C and G=A4+ B+ C+D. Assume both true and complementary signals are
available.
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Figure 6.13 Dynamic CMOS.

25V Voo
wo | L_
Yoy 0= _ 0 ,
A A
25V
B 8- o
1
C
ov ¢

Figure 6.14 Cascaded dynamic gates.

a. Implement these functions in dynamic CMOS as cascaded ¢ stages so as to minimize the
total transistor count.

b. Design an np-CMOS implementation of the same logic functions. Does this design display
any of the difficulties of part (a)?

22. Consider a conventional 4-stage Domino logic circuit as shown in Figure 6.15 in which all
precharge and evaluate devices are clocked using a common clock ¢. For this entire problem,
assume that the pulldown network is simply a single NMOS device, so that each Domino
stage consists of a dynamic inverter followed by a static inverter. Assume that the precharge
time, evaluate time, and propagation delay of the static inverter are all 7/2. Assume that the
transitions are ideal (zero rise/fall times).

g * [ir *d Er -

IN Pulldown Pulldown Pulldown Pulldown
Network Outl Network Out2 Network Network Out4

¢__1 ¢__‘ ¢__| E'L ¢_| ‘ﬂL

Figure 6.15 Conventional DOMINO Dynamic Logic.
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a. Complete the timing diagram for signals Out,, Out,, Out; and Out,, when the IN signal
goes high before the rising edge of the clock ¢. Assume that the clock period is 10 T time
units.

b. Suppose that there are no evaluate switches at the 3 latter stages. Assume that the clock ¢
is initially in the precharge state (¢=0 with all nodes settled to the correct precharge
states), and the block enters the evaluate period (¢=1). I there a problem during the evalu-
ate period, or is there a benefit? Explain.

¢. Assume that the clock ¢ is initially in the evaluate state (¢=1), and the block enters the pre-
charge state (¢ = 0). Is there a problem, or is there any benefit, if the last three evaluate
switches are removed? Explain.

23. [C, Spice, 4.3] Figure 6.16 shows a dynamic CMOS circuit in Domino logic. In determining
source and drain areas and perimeters, you may use the following approximations: AD = AS =
W x 0.625um and PD = PS = W + 1.25um. Assume 0.1 ns rise/fall times for all inputs,
including the clock. Furthermore, you may assume that all the inputs and their complements
are available, and that all inputs change during the precharge phase of the clock cycle.

a. What Boolean functions are implemented at outputs F and G? If 4 and B are interpreted as
two-bit binary words, 4 = 4,4, and B = B, By, then what interpretation can be applied to
output G?

b. Which gate (1 or 2) has the highest potential for harmful charge sharing and why? What
sequence of inputs (spanning two clock cycles) results in the worst-case charge-sharing
scenario? Using SPICE, determine the extent to which charge sharing affects the circuit
for this worst case..

25V 25V

o —d E/;.zs l_d Ei).zs £
25 | A M E)._S/O.ZS

I8 -

2.5V

GATE 1
Figure 6.16 DOMINO logic circuit.

24. [M, Spice, 4.3] In this problem you will consider methods for eliminating charge sharing in
the circuit of Figure 6.16. You will then determine the performance of the resulting circuit.
a. In problem 24 you determined which gate (1 or 2) suffers the most from charge sharing.
Add a single 2/0.25 PMOS precharge transistor (with its gate driven by the clock ¢ and its
source connected to Vpp) to one of the nodes in that gate to maximally reduce the charge-
sharing effect. What effect (if any) will this addition have on the gate delay? Use SPICE to
demonstrate that the additional transistor has eliminated charge sharing for the previously
determined worst-case sequence of inputs.
b. For the new circuit (including additional precharge transistor), find the sequence of inputs
(spanning two clock cycles) that results in the worst-case delay through the circuit.
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Remember that precharging is another factor that limits the maximum clocking frequency
of the circuit, so your input sequence should address the worst-case precharging delay.
Using SPICE on the new circuit and applying the sequence of inputs found in part (b), find
the maximum clock frequency for correct operation of the circuit. Remember that the pre-
charge cycle must be long enough to allow all precharged nodes to reach ~90% of their
final values before evaluation begins. Also, recall that the inputs (4, B and their comple-
ments) should not begin changing until the clock signal has reached 0 V (precharge
phase), and they should reach their final values before the circuit enters the evaluation
phase.

25. [C, None, 4.2-3] For this problem, refer to the layout of Figure 6.17.

a.
b.

c.
d.
e.

Draw the schematic corresponding to the layout. Include transistor sizes.

What logic function does the circuit implement? To which logic family does the circuit
belong?

Does the circuit have any advantages over fully complementary CMOS?

Calculate the worst-case ¥, and V.

Write the expresions for the area and perimeter of the drain and source for all of the FETs
in terms of A . Assume that the capacitance of shared diffuusions divides evenly between
the sharing devices. Copy the layout into Magic, extract and simulate to find the worst-
case t,y; time. For what input transition(s) does this occur? Name all of the parasitic
capacitances that you would need to know to calculate this delay by hand (you do not need
to perform the calculation).

HAEERRERR

Figure 6.17 Layout
of complex gate.

26. [E, None, 4.4] Derive the truth table, state transition graph, and output transition probabilities
for a three-input XOR gate with independent, identically distributed, uniform white-noise
inputs.

27. [C, None, 4.4] Figure 6.18 shows a two-input multiplexer. For this problem, assume indepen-
dent, identically-distributed uniform white noise inputs.
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a. Does this schematic contain reconvergent fan-out? Explain your answer.

b. Find the exact signal (P,) and transition (P, _, ;) formulas for nodes X, ¥, and Z for: (1) a
static, fully complementary CMOS implementation, and (2) a dynamic CMOS implemen-

tation.
A X
S C _‘;_
z
C
y v
B c . )
; Figure 6.18 Two-input multiplexer

28. [M, None, 4.4] Compute the switching power consumed by the multiplexer of Figure 6.18,
assuming that all significant capacitances have been lumped into the three capacitors shown
in the figure, where C= 0.3 pF. Assume that Vpp=2.5V and independent, identically-distrib-
uted uniform white noise inputs, with events occuring at a frequency of 100 MHz. Perform
this calculation for the following:

a. A static, fully-complementary CMOS implementation

b. A dynamic CMOS implementation

29. Consider the circuit shown Figure 6.19.

a. What is the logic function implemented by this circuit? Assume that all devices (M1-M6)
are 0.5um/0.25um.

b. Let the drain current for each device (NMOS and PMOS) be 1nA for NMOS at V= Vr
and PMOS at Vg= V;. What input vectors cause the worst case leakage power for each
output value? Explain (state all the vectors, but do not evaluate the leakage). Ignore DIBL.

¢. Suppose the circuit is active for a fraction of time d and idle for (1-d). When the circuit is
active, the inputs arrive at 100 MHz and are uniformly distributed (Prey —y= 0.5,
Prg-1y= 0.5, Prc=1)=0.5) and independent. When the circuit is in the idle mode, the
inputs are fixed to one you chose in part (b). What is the duty cycle d for which the active
power is equal to the leakage power?

Vop= 2.5V Vpp=25V

B—d[me  7—d[ms

Figure 6.19 CMOS
logic gate.
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continued...

b)

The worst casgd. occurs when the internal node capaitances@s are
charged before the-HL transition. The initial states that can cause this are:

ABCD ={1010,1110,0110}
The final state is one of:
ABCD = {1011, 0111}

Note that the case of 012111 is slightly worse than the other cases due to the
impact of capacitanceC However, considering the intermediate nodes, the
capacitance in the nodes that belongs to the main path of the charging (or
discharging) current are the most critical.

The worst casgty happens when,gis discharged before the+H transition.
The input pattern that can cause this is:

ABCD =0111- 0011

If Pa=1=0.5, B-;=0.2, R-;=0.3 and B-;=1, determine the power dissipation in
the logic gate. Assumegy= 2.5V, G = 30fF and jix = 250MHz.

Since D is always 1, the circuit implements the following function
Y = (A+B)C

Pa+g)=1= 1 - (Pa=0 * Pg=g) = 1 — (0.5%(1-0.2)) = 0.6
Pa+g)=0=1-0.6 =0.4

Py=0= Pa+g)=1 * Pc=1= 0.6*0.3=0.18

PY:1: 1-0.18=0.82
Pyo-1=0.18*0.82=0.1476 =

Py = 0f CoVye” =  014762501003@10° 025 = 6921

out



@ CHOS Loaic

0«) Do the following two c?rCui'\'.S(c:swe c.2) i mplement

the same legic LuncBonl 1€ yes, what iy Hhe
\,66;(_ -eau\c\\\on? "e no, 6;\/( "'kt bOQ‘C&b\ exPresS“oy\s

lor botn circuiks

A Vad ' |
i 'ﬂﬁ; "'“'LJ, R-*E,' c-a\c\l 5-42'

. — F
( CR AL
()
4 E,'d B84 E4LC
cA c A
b4 o4
Cireul (4] C?f(lik B

Yes the PDMis are equal and thas \‘mpkgmcn& the

game logic farcKon
— - ’—-
E.ARCD<E , F=ABCDCE
p) W Hhese +wo circuits o
be equal ® cach othev 1
( UO\ \n ciredit A, Lonr deuices Su-@-cer Lrom boc(\f
elleck s COMPAV‘CA +o only one in ctrewk B

ukput resktances aways

e) Wwill these two circunlts' rise and HA hwes
AR be 6q,u«£ b each sther T WAy or

WV\T V\é(’.. 1



©.9>

contmued

The detid\hj ‘("Lc\'or on Yhe rite and =\
Fmes Wi\t be the P‘\"Rsi‘\w‘c CAP«ct’n\nczs ot
fhe pn-juncrions . Looking at +he PUN
whi vy the ov\\\( deterence between the
C:rCuil‘S we See a4 P\’\':)bmc‘h\ows (Qron.\
e of ¥he %&Aﬁsﬁrs\ Vn ackrive
;‘L A- (1 ‘F"OM eacl A‘G\(.D Q\\A
has G Ph-}wv\c’ﬁ\ou; .

d 2 bevm E\ and hence

drain and Sowufc

( nodes in Cirew
\ drom E). Circ«d\- R
( | from Each ABLD an

¢ cireack B will ve &Lster Ehen cirenit A



~pute
The

— R e e :f. ; : - — _.mlTlnl - ——— . -
- S s ; " } i " T — . R " T ¢ \n t H : _mlml R . ) -
| A e T g -
BV S I U PR EI: i S
-= Pt i J: . : . 4 mm H g N _:m.xl.vur. .
. - + -4 s - —— ot N
st ! ; R LA U - - L 3
" W~ >~ n : i e Ay HPwh N . A : ' -G =
S L = ro - He _MM B — : = =
=t S —iS 4 154 dei m - t Wm _ ; { .‘l; ;
I - Tl I 1 I S LA X ¥
& s " e T e 3 g =
" WM.. . ; Xk 5

vl 45 |6
+ of{ak%, ..
WA CE

P
fadet |1t

Py
<

eq_lall

1,
|
i
Bl

%
h
:

1o 111 1The
| Lhle

Flodt

Iy
¢
ke

L]
s
1
|
|
|
l
|
?

i
1

ey “IJm

Pt
wo\Ji;{-
e ._ff'ﬁxT__.,A.C._'F’LF(..<',£2_
|

bt Y
Pé
forcs

k|
W
B.
%

b } wid
H;

|

2 witre ot

Ce |0

Lo

5 el feqep

WipA e Thnce |
el Irekigtabn kel | Thd | wWodsd |

(Ll h?ﬁgﬁi‘

1edl

MR | of

led J}L

v | duitlpud |
”{ |

PP

e [Phe] lawerh b
s Hhe
dbrtid e¥) T lhdin] ail]
|

ﬁL PET
i
3

|
5
¢

;f

|
1
|

"‘H'p /',‘— - 'TE ) .Ml el
r

A1
|
!

K
-('dm{"T ChsR
i #’f}e o

{ ety

o] o
[ &

§

1
¢

m{ s 4040

Niat
j

.
LA 1y

LY R4 Y,

F
o<
[

ot

i
i
l

q

-

1

—G) it e | (pwnes
b
i?ms MF.V

iminfmih

e | s

1
A-

i ay

ot e

i
in fhe iciveuts | of e price
Aive | ani duipsd iveristal

1 Resishatel BF

o :
H i :
- : g ° = : :
H . ; P <. - = )
B H R} H l“ Im < > W . ! : )
e (- 8 H i ; — . e B ) ]
s 4 H H T : T i . C Q) M
(ST -3 S 8 3 R SR PRI i AN S a0 A S
Jr Wl vl 2 g S dn . ol g m..mr, e Iy P Rkl O .. v o
e ] | + - ——f H — it s o RS ’ St e .
. S I . v & N s B S " m . N3 .
IR B AN S A A ST N ST
ke = == 4 ' ' s TR =B YRR TS o T8 =TT
: o - . i Yy . i pﬂ 2 > R S Y - Q it O N
g i S S e e BB B AR SENE-: S G
! w\v- N = HTIW -t _.Wm - HN ; 1I|W| Cogei TS o ¥ “m HHM e ST & A~
T R | 5 Ca Y i 3 =& o A m.luml_ -t o 0 o [ S S NI
; - 1 S o Y ! F ; L ; -t e LR S S S
e e fdmls.gu N i A A L M R R P e 19 T e wu VN i HH + ' o +
et s S o mm i w_ o —it m ' ¢ —p et —tf . — _mw 2 m T @y} g ey bt
et : - T~ H = RN, ; i = T O S K= S
— .Mf. G4t JW £ 3 = wmﬁiwm.»lrm.m _M TEY MW IlM_ Sei= 1 %I-WUI.IHW‘& T
e G LY = 8= x5 — L NS W&UTU{LM. = —p—r
i ) P > Ty m j n\la.m W\ : ! Mwu i ; L A .5 =3 X 2 .
IR 181 3 I AT R Sl e
2 o~ S & s 2 g e S P = 88 9 & .5 F
e RN C ot N . N EEEREEERERS D
R i B e — I R
e —i— _ A -
TN P . : “ t— f i
i fopem Nt — ; — t §—t ; . o —t - R
: D _ M il I ] ! : :
- ¢@¢ i : ! _. [ . L
.|1m — ..M/Jrh‘“\lt m Y u “ ) w “ - —.. h i j p———t m }
: e I - - ! H - ; i ; -
T I f R P J ! i bl
. PG o i it d.d e [ O N I . -



\M\A«"‘ i -HAE (OTL txmcﬁ'm of eirends A md B oin haure 6.3?

\thh ¢V\€ i a; AW«E ;V\dwuk a,m) v/kach one lS no}f s He

| won-d) webwispls K11 o vald) st logi gate e 7 erplam,
‘ {45* au7 nc)vah)ﬁ?ﬁ 4{ c.w\e cvnhjw«hm over ‘l’“( aft«ev

B . +
. L
. i
, I
i . i |
|
; ; .
X
: ]
i Co
| .
___l !
, i ‘
i !
i b
1
i i

A
ﬁ\rc!v\lt 3 u’ g@ C)]q] Mfwwk becav:o 'l“l/te pm—u(; »Ae'wwk
\S auq\ (*&meslh> pam“q\) WH’\ 'HM’. PU“ daw./\ \/\e’ch)I& .

’Htwewef} C!‘C-,n" ,’B hs !MI ‘a Val) S)a‘hc o?'ac jaﬁe S‘Mte
J‘w aw7 qwhmhm af {4&@ mpa/h ’rucw i Q(HAEm a low |
u\/)) or 3'@1/\/!(‘) Tf\o, MM*. oufpuf‘ C.rqwf E
'has o\m GXW O\JMM% Th?. m‘@mal woJ@ mpac«rfwn(“e; Arﬁ ;
|{e$§ cfzm}[;qread {» .arc\mL A ,whmh Maker .{» »fuﬁ-er 1%14
_IC'V°Y5P5,J;;il!f5.s_;s@j*f}:_fz .

| [T T S S I R S AR

-r€€ 15 hm Ce 'PO‘FHI\I

L e S A AL A P

_'._:A.V_ué\.tl’ verwored 1 Cl '
E‘?:UNW‘;?DNI, SR EERY

) Pwaher seqial [T R

[ NN T N B O B ol P
| Srat 1"”“"‘“@ T R
HENERE RN EREEE N x
I i i !4 . : 'I ) P I |




|
§
T, 4

When
(1
i
A

|
i

OO S SR S e
s ; ; P , T
- i vy ~oed i Rt T |l,iw,h _ ! _. o et I - —— ot e e e e e
- e - - e e 8 e ¢ e o b e+ e~ ; i i ‘
.xI|L. 5t~ q s e s R R e
- _ . . . H i i H .
[T S s i — : N
o ~ N . én.nr(. . ) . h : “ - et g e g s R —
= i Pt e — X
- — - g e e —m s lWVu .n\m - + ! ” ! . ; , « S SO L= .
- — S by e TR g et 4 oo ; : -
" f i i t by 1 + N
e e . . =
g e . e
S JR E,WH%M - | i i P L t
S e ' ey i o Lo W Q
H i o (4 : H : -
PP S — T s e . A Y £ ; PR DU
) ) AR ) ;.Qé , f S . Vﬁ[ u . ,/ L B3 -+ Mv
o ) m ) ] EAS X . " A_ra qu 1 T -~ e mxrl..(. — j— s
R A A AR A A T
- R e A i BN § iy
. -SRI B . AR ﬂc S S
] e S TR AR x o ]
_ , - . B - o A T o s
. m . e o - e B s Sy SRS - N ‘ < " .0: | /L\ ; N s = [ — m R
IS Y~ SSPY IS Y L e W AP S GNNY , -
o a“ﬂr o= s P o L - Y < T T B
c ¥ \m I O i l.m. e : fom _ ! ) i et L - _m;.uLl..r..l; S etk et et M.
e et - \N\ :...wﬂvﬂfm e mn >, - = : VS m.- wizinfll (R DT~ So o
. o s - es = ﬂm HE o N —.7_ Ty ) = TS < <
= . b g TN 5t N T s S 00— P B SO s
o - a\WM. e Sl ST i 2 RN U BESP H SUIS SO SO S ST R
ps o~ ; @ ; ; H - . | - N~
- g ‘.0.!» - g e P | ST - _,.l S U R - .!M [ T ..'b? N = 3 /
- e - P S Mw‘ 4= , d TS =T e T S — g 5
< . o Qi e B etk - WP = D e RS N O - i
= o N - S e o B B~ A SRS s <IN
et G (!ILI..,* [— :.M\. SSUPUUIRPS B U SO TN PR - IO S S i P = Q. O h ; N W
e L 2 o) M VaJ S . i 4 [r=d T i . 1 P & : £ V
R I = S = e g e E e 2GS
Rt | s SR o U - 2SS S 3 B  C H-T | EE ls BF- EHINES
et T m - . . S N;MS, A N .\ T “ NL a\“lliu —l.”.\. W " | I - - N\Jl > ,
o ..L e k;W“ﬂaHMI PR ¥ ! J) [ AM b .lle o~ B .tm { - ﬂ\ﬂ.ﬁ;lﬁn. = R o~
QM 1 = = =T i P I K T g = »(.y\llm £ w\lﬂ.. e
. e i o R ! s , S-St |
o = : 3 : B 2B (¢ u L
I i B ..LW} — mia Koy iy = St (=4 N , ; ; 'D\ri &
-~ e - N Nl

! N ] i 1 t ' ) + 1 i 4 4 t - =
SRR Y6 'S VG S S T PO SO S NSO O e ! T NS N , .
\, S A ' T " ; fptee — et +— ; >
A i i t ’ . ! ) . S
. S

B e S T T v P G .iw —_ H H I

P —— P O




o

B

e

e e e e

SR T U PO

0 S U S0 S S S

B L
H

et

R e St

[ VS SRS SIS

-
L

S

e e e RS S S,

bt

O

[ __-_._ PR, .__: "‘%'—'1— e

[
i

TS . :
B e e R ]
Ml N

._'.Mubci m M’f 6‘} M -H*e

. -
— ___.r._‘{..v~?.._ ¥r‘v+‘

—t— —-;--—-.;- C—— il

S ) R T :"'"'!‘
:

b3

What i the awmge staht powers msmpkm i ,ar aw hwe

/

e“‘h MP"*’ 'NY“‘ M W"f"\ am (mdepwdw#) Pmbqull7 lv

z: "a'ai?
by Pl

P .
“

P N

auV\ CUWM%’ "\1 W@ ?maf \‘c! i

%9/49 \MHA ane., NMOS m. aMd @Yrjﬂﬁf yw'Hf\ %)w' Nmafl

iwv damc'ef arB' qH |S‘| (1r-g) ; Where 3 %g; ‘HM

EB

,c},@j
e b

4
e
brt)]

10
i

|
-
4

L. Tl
e RIE ;)
IS

AM m‘w} t? h\?lﬂ Weﬂqu Pt ,3 ] |
?@g ! ﬁ (J 3)”1 i’m i't- I*rs)"l}

Pm ba 'm n‘?

PR

| 1 ?va\ces LI Tl/\e cwren* M -H«a ?NDS cpm be q()pmx'mwfed
! [VA when any nwnbpr of Kwos denies drt on amd
i Ol«ﬁ Mw A” 'tw are o{ T(«e pmsbab'fh‘/ Hfa'f all

[



[ bt b} gt 4 a4 mmabt . ' SR B e S e e et B A L e et

e iamde e b e e b e e ]t e e } e . St ot 2okt ] A} e | 2 it m ] wmm | maenp e + — B T R e B S M R

| ;'e;apé'!;c

SR  SUR . . -
o . . S §

i
H
1
by
be
i

!
A
;(cwc) ‘3/ 3

p :

SO N B R SRR S [r;%,»»«lw
L ; :

4J;|.|Imﬂu,1 ——t

1;40 — n-!A?iiLii Y S ! ‘

. . SN NS DU UUUUURUPORIEL 45 JSN S USRI SR U - S0 NN GRS Y USROS SIS U SO G S B

I
.

'

i .\§Sn§
]

ST R SO ..,.v.x rlQ SRS S P P e, F—

% g ! 1 . , : B

l%. PRI SUPORF SRS o 15 SN SNSRI SO S JRNRE S
] : : P

s i == 1 B pe— .(Lm!;(!..ll.,i;li - b e e e e

1
e T mu‘.‘l{ B S S TS RN
i A . i N 1 . B B
ot erse ot et mre Bl et e p e T e e e = m._ R SO P S UV Ry SO e T
et § e i

o

i ' :
S T.l,_ll O T I e "’V Al.lla B it B B e e B S

te
Wrov
F 14
i
i
2

ABE -~ A co

D o) Heiv complowionts ard avenlap
K

wAﬂTI;Q B T S L B R e R e s
~ i H i . ; : : :
! I!_« R B e e g il bl e

i P

1
|
T

-
-

i wvmﬁe«

‘
W
.

e Rt o - |...,.|||.ILI|; PR G P S S S .Ti;.lL.lJ.(; .
v B xw* 3 ' B : ' i i H i H i
Vs

1

wreope l|_.. R S —— 4 B Bt R

BB,C,
K
find

i i . : i { i
PSS USRS s s

: ) ,
vt oo e S S H R i : w !Wvulh.ﬂul lll«l .»l....'TII — lslln..\.lll.h,f,
D U N e . s us . : . llrnrl'lk J%l.w.q.i -{— ,)!l,l e ].\I.x. }- b

i
...IJli ,...l» _|!||Ll - il. —

...|TIL —— e R At B B

R e

N N N
ewont
"

1
——

B
p
4

lw
ﬂ?sﬁw{a
Ure,

e e + i e e e e g S U P : — ~

A S A e it i DS SRS SO S SR 1

..., —

et ot 4 <ot et bt bt FARIUNS SRS SO S PRS- . ; ) F b— it ; a!_.lt. »ljl[]?\ l).:.lT _.l. I.T'T..; e

T e A e e i __. ! * e SR A R Mlu«llsI.T —
s s ey i * et ' ’ e e S — ll.;aLI?IT.L,tI.I. e P s
. R —y A PR S ! -l.lw«..Lxl,T!-ml.. — _7|“. . B Ii S
J e e 1 e a e e e e o posen s ‘ i et et B B e e e S i 'Awl.n..lb. — . e

: : o - i [ i I
L A S A [ S A e U A A bt * H I.I.l 41 '



;

A A complex losie 7«.*?(2 yha&n‘im Fjw@ 6.6

P L ' : . "
b o
(00 S N P
Lo Ll |
b b | N R '
L . AL
g m) W«‘ie 4"4\@ .»aolmv\ ﬂqvahons <'ur Ov‘\Pv+¢ 'E avzc) 6 wfmo\{
oo _’ i f ' R
N RSN i‘MdWM does( HAG c«rc\n{ smyleme«i N
0 L T T O S T A Lo R
Pl H__eu.‘:,u ,__.__ el ]
REE 1:. AB AB I I IF ( Ai})’* (ms)(mg)

Eanl

@

! . . Lo | ,
| H { | i i | 1 l i | ]
ST N . Y - ! ! Lo ? ! ‘ : l I
i Lo [H R S U OO0 N O N B A S S
L T S T D O A S 0 A B Lol L
Lo i Lo T RS S N A A A R ! ’
[ AR S ST LA T SRS S N U A A IO A
SRR AU T N O A A S A |
Pl ] R oL Pob D
il | . ! . !
! ;
|




= 7 s , ‘ e e _ e
RS v - — Jud — - e
s [P — -
- L . — -3
s %‘.i e e _— & " e - e g
3 i
SR — ..w, VPRSP B S — - - A - e e e e e
:QLIJ ..|~§h.o — — — —_— S U SO m " - _
< s o J
B SRR, ¥ S— - = XY - R
5 s E® b <
e SR e < T
— ;,Ia” <W e —ee oy - ‘s Rlag: —] PR
B < ! o & .
i - S TN 8
e A VN SRS SO - Lo & y - - ﬂ (] §
..“W/T‘ .ubmw!v\..w,lwll B L Tp— .l!l.illwir“.ll.!is. e A.ib,JMﬂ. et e et LMFW% - -t r— LIL\“_\I_ e s e e
R 2 7 S Y T - S -3 U I ==

A

e . =

fo

i

Devst |
g -

i
i

e = S : < 5= , _
I S - %Mﬁ-i;?.&z;i}{ H
PR - e et o T eI B .l\»w.; ) 3 - Ar S B
i . o .f ; fe +>' 1

i
¥
|

i

i

s iy S P ]
o (o ol S |
. ddlzlu@.iT&«.TllﬂB. :

— Fa) -ﬁ.?.!x.. .

¢

4

na

g

|
{
i

T

s
v

{

p—

i

gl
ssovet A e

1—+W0 i

log

i

°

i ——

i

o

i .

- 0

i :

i
i
J

i

nsistor

i

i
i

i
———
i

]

lmplawev‘ Yre {\Md\dvn

S=.Abc + ABc+ ABc+ AB

- which

ives Hhe | sum

NS

¥y o
& & S

- — B m e e b
) " — - e - -
——— f;,. — U S SO S e s — s O » -+ —_——
- e l.l - e R S R -t - _ o s - —4—— —
— [ S — SR - ; . - ‘ ; —— -
— - . yx — - ] - el e —
— - — g N - . ——
— .’.“v: H H U




s N 7 " . R
".,(0‘4( Fﬁ'juw 240 Gran s poie f"e' e g’o«;gc vETWR W

é\) Deleywadae Hre Pruth "hbi% f“‘f the av et qu{ los ic flwt*\'dv\

does i !w‘a\ew&e,w‘ U

e eivewd implements e X nan frchan

b) Afwm"/\j O and 25V inputs  size the Pmos bavsishe to achieve
a \/o‘_¢0‘?>\/

Vad = 15V for tMe Pmos we haw :
o . - )
Io—je \")"U’r \/"““]P T Wam ? »Jr,c‘-'fvi; V‘Sg! j Wd.gq.;\? . WM?(”,% 54 )){'T.&'-Q.T:;‘ 1}
(fporsy IF—Vp= 2,5 = 5o He TMO: it UELociTy SAPIRATED
i Tor e Nmo: gt have

Wt
\IMM,»A > {\lgs--Vr-)‘\las/‘ Vdsa j‘ mmZz;-o‘B;o,‘ﬁ; bf“j 0.2
So e pwmes in the LINEAR REGuen)

1dp = g
2 \/ 2z
\ ¥ i,
k P{ ,(,Vm“'?—-‘l%j!’}('w)\\l,d (L nLJaQVM.M 7('“ SV “>
1 . e ) \ |
301 ey % {’(zs—o*-u 1- }(%0,1(2;;.0,2))—.- 149{19"‘(%:%)(_(25-o,q;)o'@_9_22_](“0,06.0'?:
(%)P - 6,91
w 123
(L)PT e

4



) o) I e Pl vies o) , wod e cinut sk fedinn
conhnwed Cawec“y o Dotr the Pl dramsistee serve any u:efvt PW{M??

No Hhe cireuit wou(d «|u?l ,']L WMe Phor was rewtoved, The
/ ) .
o&(w’r nodz wold Hem  rewmair low whew AB=60 sMce it

would e ,t»foc-'?iv'j. e PMos Jovice pulls e oudput nede h.'jh
uhen  # owortd oflerwie e 1, bgh iwpe dance  claie.
v



(949 TWS erﬂbl@.WA (‘cfv,g;Jwt “le "Hea{f 0{ {;x"-‘:‘-??:: Sealay A8

LI ;
pess - 'joe‘?{‘. "’j’-‘ ' ¥

cﬁ) \*» o process has a ﬂ.,f o{ Q‘%ms) Rq_ o{ WS amd C of 42.{13)
what s ,'\“"A.Q oPN\MaI v bey o{ Shje; “between bHev‘: n a
?ass—ju% chain 7

\Ss~ appodl e ?81-‘2@*&)
The ophmal nomber sJ‘ Swdeher (wopt) between \wHexs Is given by:

Wiap} = 1‘:!' \ Cﬂe% <Gg.§>
TR S
'{ 42»40'“~ 817

5) S ppose fhat it e dimensimn of fhis process .are ghrnk b7
a dactor S 5 Req Scales DS ys”) C Scales as 7/S) avd €y, |
scales as /st what & the eypression for the ophmal yumbe
of \»H-e,d as a ehen °i S‘? What ¢ Hee valve |‘f S5 ?

ot 17§ b G N vames
Cj{ 'Re;\/%{ : Cr"c‘.é;_ 19

O,‘h«o”

Wopt vew/ge2) s 17 ———p——m
ey S ‘) ! "z .10 13‘%40?

Aﬁj = L‘.?°’*"~-- X G 7aLes betweem b“{us




QM Q)y ¥

Q= G vl

A

Sguirne K, ;z o

(M‘M)

:‘9v-20v

f




B@Q\ Cosvidey  fhe  civew! o {’7\:\0 6 A1y
‘\) Give Hee lqufc f\Mchm of X awd y ™ terws of ﬁ,rg)wM <.
Shetclh Hie wawfﬁ‘*ms at x ed y fw He JMM iapts.
Do x amd Y evaluatt 4o 4he valves you expecfeJ ’fYWV\ Heir
,\oj\‘c *\Mc{“;ﬂf? Explama,
)

25 . . Y. ‘ A
& o 1 o , I

Pl x  #-dU

2 S T S—
4 { |
’ . B R (P o o !
o E B - (S
ap( - 1 ﬁ N ’ gﬂ.““ \.""r
[
2 . i !
2.5 '
c : Casc a ded 0’7»«01 Wi'e ja*'es

O a2

5
i
13

4 ""’"*r;
0

i

]

}

x

L,oa 24 *Mch‘c\‘b af v ownd 7

~ . - i

XA
s B R x =BG <At
] : o
/e (T 7 ¥tc= Adl+c
1

! e
woony resol = Adb+co - ARt

the civeutt ‘doem”( correclg-l}' implowsen! Mo deuied loﬁic. fmchian.

Thit S‘QW\S "‘NM 'HAQ {WC" *ﬂi‘c\‘! ¥ i PWCMGV?@J lﬂ!?h) awd '“'Wf 7

E J“C\"‘“”’S’J @ ven ar fhe  evaluabon ghase shrb,  plpheven

N i gvevs*\mll‘f Jt‘:c‘/soxrjee) 57 e f{ry-} ;{—qye) Y covinet be

c\mrae:) h«}k M)a’m Siece by, J'}u’\am{t node wifh wo

low - impedanc patn do UaJ Cduing eualonle). Comman salubims o
e ?m‘o\w av® v eiher place an inevler  belween dhe dwo

Srugec (Hhos allonimna W“7 0->1 Famsihon ¢ on fhe Mpuh to each S'f'q7@

{)W:Ni) em\w\-&e) as dmo "’jfc or QVM(}(Q),M; np- cwos,
The laley ?mfﬁ*ﬂlﬁc) A \9)‘



. {
C«Mt){‘ﬁw\s . Skek‘th ‘Hi.e‘; WGVﬂ‘*SVWIS al  x om() 7, fuv 7"“"

WO G e,

€ET@ ) Eeaas.»jvg the ﬂcﬁ@s vivr ps CHYL o eliminate avy race

sy

Tl - yp nehwevke

A __ . - . - .
B

«
 —



-er' :\;g(-mjé” Y& Bty

i

it A‘i S Hae dwo l"'f)" f\""”*\“"a

Gvem 57 F=A48+C amd G=B+B+C+0. Assume both

e amd complementuey signalr  are  aveiable.
f 7 J [ag

6\) (VMPl%APJML +Hhese chk‘mg 14 ermfé CMOS 25 cascaded ;z’s-fujes

o a5 to wmiwmize He bolol NMansShw  Coun b

UfMj PON —netwerks

Cecond 9hje: Sh=G = F+p = ?af)-

Bk shc}e,. t 5 =F - A4B+c AL.¢
: 2

# ‘f&"f F . £,

s AP 6

P - -t

&~ b~

9) PeS\ n auw wp-CMos implewentakon of the Sawe [ogre pachns,

¢ Haig a’efnc?h J:SP 5o ' dhe J(H‘n(‘u“\?' 0 poct a) ?

CPCUV\()S*'& N SP:G\(FJD): T”\D
"de’ ﬁaclt

- F= (Y\O wverler on oﬁp\&)r RtB+C

—-oé;
i

t— G




\@ T{‘«jdre 6.16 Shows o r)pmmr ctos ciecnd a Dermivs f°]f<--.

lw ckberminme, sovice aud duw arear and pevimelers oo
) J

W\a7 ufe the 'Io“w‘fw? appmx;-mm’xwé‘z
po: AS = W 10627 proan
PD=PS = W+ 1179//‘4,%
Assome O, 1ns r-a':e/fz,li hues }ow all iaputs , includug the clocie,
?‘\NW@“WO‘&’Q)VM Moy assume  that gll +he twpvts and thei,
cmp\eme.w}; a8 atva{(able) awd Hat all M[)uh ¢ lhange .g)unlrj
e Fn:chavje phase of the clock cycle.

Vjgz2,5V A‘\\QJ:ZSV Vji= 2,5y
(P AREET) G -ﬁko»w/ G

v (1/0‘1f) E‘-(o'% u;T C;

Ai__.!c\‘(zio,z;) I—A,

g, — Cl(Z/o,tS) F‘——B;
gL (z2for)

a) Whot  Boolean TMCHM; are |‘MPI€MM+6J al ovlpdc F amd 67
H B omd © wure iM@#P'*‘}'@() at dwo - bit ‘Jt‘war‘r W(WJI)
A=A R omd B=B.B Hen  what nterprefadon cum be appl}eJ
do outpt 6 7
Rrest Quje: S Pobot EJB,, = F

F = A &, T8, B (A" KNG %->>

Sp = F'(A'\@q*;\i\g;‘)’; g

G\ = CAQ&Q+ A0&°><A'184*A1E4 )

| Aol B are interped o8 dwo -bit by wends gt G

i b\\‘o)\'\ i} A=k & comenaaToa !

Second S‘faje ;



“

cWavge Sl/tow:“‘j and WW 7 What s*e? vemee o ;/':F'U%r (YF avisita fpo

clodw cyeles ) vesslfs the worsth- cace cW'79~5“°'ff"t] seenaria 7

Gate 2 hes the gher polemtial {m hawvsf:ul d'\arjc Shan’mj Sce
the copacitamce that contnbutes to dnor72 §havm] i lcuj@v tam
w gate 1. Tue equence o{ iputs vesulbing v e weat- care
c)l\arje gkan‘\ﬂj 5 Aoz By amd Fl1=21 {v, We fvﬁ cyele. The n
A:B omd A7EB P e peand cele such fuat B, /8,
Hal is en Juring the secmd cele s the soume as n e
iifﬁ cyele . For “exawple

P28, A= B =Ny in cxclel omd A-B,- A=Wy | Bz OV iw
qc\e?s. e will cause e charge ad the o#ow' o—f’aon‘ez

4 be shared with the dofal paru S\t Fa‘oqc."f;mmce at the

dans 0{ Hae A1);,‘) ond B, tewsistors,



";;4‘_' 'Zj @i{lwg 61 chowt a 4wo- mpu} M/W(;fe vev . Tor pro bleam ;
AsSome. MJ@PMO‘@’A" 5 Wenh ca H7 - Jishw buted Uw-'fc)‘fm whi'te
novye impm.

A‘—»-D K

3 v =

L;:w«{“\. | T¢
°T

E

4) Does this shematic  contuin recavwe«jem{- »{un-w’r? Explam vour

avivev

Thie schevantic has reconvejnjem} ‘,w-w*r becate. both 1wputs
o} We. or_eja%e szw& an the value of S.

b} fnd AW exact Sl‘?m\ CPy) ond dawmsihon (B, ) -(ww\ubas
b wodes Xy omd 2 o
(1) A s, plly cmPIeW\erw7 CMOS  implementu how
(2) A dynawaic  CMos  ivmplemen fakon.

(1) Assuwhy 4 ‘]vlly CMMQM@M'Wy CcMos implewentubon
X i e Olv*{')\l\’ o} an A'ijafe, i iude pemclent , jdenheally -
distn buted  unihem white norse ‘mput;. Smee the oulpd ic 1
only when voth {"‘P‘)‘H art 1, ?1= 02¢. On Fhe other hond

?0-)'\ = ?OP‘\ = 020 (1—0.'25)': O,"??S. Y is also the cU'f{)vf 0{_
am p,Nn_ja{Q with MJepem.wa) id@nﬁ'c_ql(/-o’e‘sw;bu-fea) um'fwwz
white  noise 'm(w’gs. The anatysis is the Samte ar with ¥,

It we re pre sont the tuth dable of fhe schewahe we will see

that P05 for 2. Py for X amd P11w7 £ 05 but they
ar® vever 1 at the same twe

= v.= 05 f&f’ 2 Swee P, (ou+): P ({vx) ‘\'6\4’ M—jq%er‘



b) Assuming a dynamic CMOS implementation:

continued...

The results depends on the chosen implementation. For example, two n-blocks followed
by a p-block, where all blocks are NAND-gates can result in the following solution. Use

Z = AS+BS = AS[BS

Let the intermediate dynamic nodes be denoted as X’ and Y’ respectively.
For n-type blocks we have P, = Pywhile for p-type blocks we have,P; = P,
As previously R0 = ¥ during evaluation. In each precharge phase X' = 1 hence,

Py0_1= ¥ and thereforey?y_,1 = ¥4. As for the static case we havg.f= Y% so then
Pzo_1=%








