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EXAMINATION NO. 2 - SOLUTIONS
(Average score = 77/100)
Problem 1 - (25 points)

The inverter shown is to be designed in a 0.13um technology Vpp=1.2V
to have Vo =12V and Vy; = 0.1V. (a.) Find the value of VGG

Ve needed to produce the desired value of Vg . (b.) What M2

: . . . . . 0.25um

is the region of operation for each transistor when the input is napm 01

at Vpp and the output is at V; (use the value of Vg found = v.um

above)? (c.) How much current flows in each transistor when M vour

the input is at Vpp and the output is low? (The current in each VIN 1um

transistor does not have to be equal.) 1.0
17

Solution —  SO5E2PI

(a.) Vog occurs when vy = 0 which means the NMOS is off.
Assuming no current flow in M1 or M2, then Vg would be equal to V6 —Vip.

Assuming that v = Voy = 1.2V allows us to find |Vypl as,

Vin =Vino + TN205 +Vis - Y\ 205 = 0.4 + 0.2y0.88+12 -\0.88 = 0.5V
VGG =VTN+ VDD =17V

(b.) Ignore bulk effects since both drains are close to ground. Find Vpg(sat) for both
transistors.

(Vgs-VTnECL  0.8(0.6)
ML Vgg=12V = Vpgi(sa) =y Vo +EL = 0.8+0.6 = 0-343V

Vps1 = Vor < Vps(sat) = M1 is linear/active

(Vgs -VenEcL  1.2(0.6)
M2: Ves=Vee -VorL= 1.6V — Vpso(sat) = Vs -Viny +EcL =12406 = 0.4V

Vpsp =1.2-0.1 = 1.1V > Vp¢o(sat) = M2 is saturated

(c.)
MI:
W u.C Vbs 270(1.6x10°%)
Ips :fe—v";s(v(;s V7 -T)VDS =(10™ g1 (1.2:0.4-0.05)(0.1)
( + m) 14076

(270)(1.6x10°)
Ips1 = (10— T1eg7 — (0.75)(0.1) = 278pA

M2 (Ignore the bulk since V,,,,, = 0.1V):

(Vgs Vo) 2
Ipsy = WvsaCox (Vgs —Vr) +E L

) e e o (1.7-0.1-04)%
= (0.25x10°)(8x10°)(1.6x10°) (T 70.1-0.4+0.6 = 2560A
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Problem 2 — (25 points)
A CMOS inverter in 0.18um technology is shown. This VpD
inverter is to be operated from Vp,, = 1.8V. Find the switching M3
threshold, V, and sketch the voltage transfer characteristic for | 1.2um
this case. Design the CMOS inverter (W, /Wp) to achieve a y [ 0.2um
switching threshold of 0.5Vpp. IN Your
Solution NIH:_ 0.4um
The switching threshold, Vi, is found as = 0.2um
VDD - | VTP' + XVTN ‘LanN SO5E2P2 JT—
Vi = Ty where y = 1, Wp
270-0.4
x=N7012 = 1.134
1.8-0.5+(1.134)(0.5
Vy(1.8V) = 1+(1.134 102 _ o875 | 8VVK”’
The VTC is shown. . \ i
To design the CMOS inverter to achieve a switching i
threshold of 0.5V , we solve for x.to get :
Vpp -1 Vepl -V 0.5Vpp - IVppl |
X =T Vi-Vry  T05Vpp-Vpy <l !
Wy Wn Hp x\\‘ :
\’ =1 =y = =0.26 : >V
14 4 2:£0 ov >V
Hptte Pt V,=0.875 18V

SOSE2S2
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Problem 3 — (25 points)
Use 0.18um technology for this problem. Vbbb

(a.) For the NOR gate shown, size the transistors to deliver 31
a switching threshold of V= 0.75V. Place the device _ 2l7nm
A 4L 2000m

sizes (W) on the schematic in units of nanometers
assuming L =200nm. Chqose the W such that R;,,,/740,n 319nm
is the same as the standard inverter. Cl
200nm Out
V
(b.) The voltage transfer S . |j 200nm
curve of this gate is shown : 200nr|n 200nm
for various combinations of ! IL_ 200nm
inputs. Provide an R : ‘
explanation as to why this A only-— | SO5E2S3 =
occurs. How would you Both B !
adjust the expression of V ) ‘_only |
to account for this effect? IPP‘“S_, !
tied |
together kk& !
- Vin
Solution SO5E2P3B
| Vem Vop - Wrpl + %V N A [HaW
a.) Vg = Ty where x = w, W,
1.8-0.5+%0.5
075 =—"—"T"—"—" — 0.75+0.75¢ = 1.3 + 0.5¢
I+x
0.25¢x =055 — =22
u,w, 270W,, W, 70
2 _ 2 _ — —_— — 2 _
X = ‘“pr — 2.2= 70WP - Wp =270 2.22 = 1.255

To get the standard pull-up resistance, W,, must be 200nm. Therefore,
W, =200nm and W), = (1/1.255)-2-200nm = 319nm

This result means that the normal 4W,, = 800nm for the PMOS transistors is reduced to
319nm in order to achieve the lower V, (weakening the PMOS devices).

(b.) Compared with A, B moves to the right because of the body effect on the PMOS
transistor.

With both inputs tied together the pull-down is stronger because both NMOS
transistors are in parallel for an effective doubling of the pull-down width.

To account for the difference, adjust the value of |Vr,| to include the body effect.
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Problem 4 — (25 points)

Page 4

Using complex CMOS logic, implement the function, F = (AB+C)E. Assume that each
input and its complement are available. Assuming all transistors have the same length, size
the widths to implement the FO4 rules (the worst case pull-up and pull-down is identical to
an inverter with W, = 2W and W, = W). What is the value of W for this logic gate if 7p; y

=tpyr =50ps, L =0.1um, and C; = 100{F?
Solution
NMOS complex:

F = (AB+CE = AB+C + E

= AB C +f:(X+§)F+f
PMOS complex:

F=AB+C+E=(AB+C)E
which is the dual of F

Therefore, the CMOS logic implementation is
shown along with the sizing that satisfies the FO4
rules.

The value of W can be found as follows,
tprL = tpry = 50ps = 0.7R ,4Cy
50ps = O.7Reqn(L/W)CL

= 0.7(12.5kQ)(L/W)100fF

0.7-12.5x103-100fF
W/L = 50ps =175

W =17.5(0.1pym) = 1.75um

i

2W

- - SOSE2S4



