SOLUTIONS

The output voltage in region B is found by solving

V
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Vo = (V= )4 (V=) = 2V =V, 4V (Vi =20, + 27,

and the output voltage in region D is

B, e v
—ZL(VW—VDD—VIP) =ﬁn in_Vm_ ;\Jt (Vout)

2
Vout:(Vin—Vm)—\/(Vin_Kn)z—%(VDD_Kn+I/;;;)

2.19 Take derivatives or solve numerically for the unity gain points: ¥y = 0.43 V, ¥y =
0.50 V, Vpr, =0.04 V, Vg = 0.97 V, NMy = 0.39, NM = 0.47 V.

2.20 The nMOS is in the linear region and the pMOS is saturated. By KCL

Vout ﬁ 2
ﬁn (VDD - I/;n _T)Vout = 7P(VDD +V;p)

2
Vout = (VDD _V;n) —\/(VDD _I/ln)z —%(VDD +V;p)

***see Uyemura p. 343 EQ 9.5 for solution to check
2.21 (a) 0; (0) 2| V3|5 (0) [ V|5 (d) Vpp - Vi
2.22 (a) 0; (b) 0.6; () 0.8; (d) 0.8

3.1 First, the cost per wafer for each step and scan. 248nm - number of wafers for four
years = 4*365*24*80 = 2,803,200. 157nm = 4*365*24*20 = 700,800. The cost per
wafer is the (equipment cost)/(number of wafers) which is for 248nm $10M/
2,803,200 = $3.56 and for 147nm is $40M/700,800 = $57.08. For a run through the
equipment 10 times per completed wafer is $35.60 and $570.77 respectively.

Now for gross die per wafer. For a 300mm diameter wafer the area is roughly 70,650
mm?2 (T (/A - #/(sqrt(2*4))). For a 50mm? die in 90nm, there are 1366 gross die
per wafer. Now for the tricky part (which was unspecified in the question and could
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W A2 5V CMOS inverter is des1gned with the w1dth of the PMOS equal to twice
-~ the width of the NMOS and W, = lum. Considering only gate capacitance, estimate the

~ average gate delay time, Ly (t+,70 +t 70)/ 2 if this inverter is driving 4 similar sized invert-
ers. All lengths-equal 0. 25um See last page for CMOS parameters..
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lmEREiow: Using the concept of equlvalent transistors, smlphfy the n-channel driver network
shown below to a single pull-down transistor with a width of W, and a length of 1um. Find
this equivalent transistor for 2 cases: W 1 (fast) representing the mpu.t pattern with the fastest
pull-down and W, for the slowest pull-down input case:

4Vad : r— . . .
Voas 4 - Wy = 2., 8/«/va
———g —0 VO' — : ' —
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J5+QuestionIT A single CMOS inverter is sized with minimum transistor lengths of 0.25um,
NMOS width of lum and PMOS width of 2um. Given that the drain and source extensions
are each 0.5um past the gate, find the total load capacitance, C; , (include appropriate drain
and/or source to bulk capacitance as well as gate capacitance that the inverter drives) when

the inverter drives 4 similar sized inverters all in parallel. (See last page for CMOS parame-
ters).

Cp = lg'-FF

INV 4 ——D"
| >

f o
CL

CL= 4¢,, t+ Clop?+Cdan

Civv = Cox WP Lo + Cow Wy by = (6’)(2)(0.19)4(4)(/)[0,17)
= 4.5 PF |
Cdsp- (c (WP) (0.5) + (Cm., (L[WP-I'O 9])
_ () (D.5) +63)[ 202 +05))
= 3.5FF
gy = (3)(00)0-5) + Cos (LTwp +05T) = Clsp
3.5

(L= 4(45)+35+35 = 15 £F
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+6LQuestion+: A CMOS inverter layout is shown below. The scaling parameter is

A = 0.125pm. ,
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) Fill in the following lines of SPICE source coc}e} 3 13e-13
M1 out in vdd vdd pmos 1=0.15pmw= | s ad=%: pd=depas=¥ ps=L,A5m
M2 out in gnd gnd nmos k=25 w= poad=  pd=21% as= ps= .25
[ =Ly =22=025 6. 25e-13 (15e-(2
wWp = 44 = 05w
Wy = §) = Ipm
prs — Aix5A=29¢ b= 3.03e-t
22 A, =Ac = 4ax5A=204 I3 e-l3
P, = Pg = 2(MBD=18) = L5
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b) Using the parameters on the last page, estimate the total input capacitance of this inverter,
Cip,- Also, estimate the total parasitic capacitance at the output of the inverter, C_ ;.

Cin = Cox (V\/,V LM>+ Cox(b\/p Lp)

=(6)((1) (25)) +(¢ ) 690 25))
| FoCo (wcewodd |
=25 L F IC,N 22565 4 Co Bpm)
p— =319 FF

Cour = ¢ (ADN+A°P ) + CJYA/ ('ai)/\/ *POP)
= N (0.625+0,313) 1+ 0.3 (325 +2.25)
- 1583 4 185

¢) The layout is missing two important connections. In fact, the inverter will not function
properly without these connections. What are the missing connections?
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