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Homework No. 5 — Solutions
Problem 1 — P4.3

For this problem, you are required to use the formulae:

0O out

_ ZVm _VDD _|VTP|+(kN /kP)(VTN) V. = 27, +VTN +(kp /kN)(VDD _|VTP|)
" 1+ (ky k) " 1+(k, ' ky)

We already know that Vog=1.2 V and V=0 V. For Vs use:

=164:

Next Vi and Vg are estimated as follows:

= 2V, =Vop _|VTP| +(ky [ kp)(Viy) _ 2V o _1'2_|_O'4|+ ()04 = Vo, —12 =0.55V
IL 1+(k, / k,) 1+(1) 2 .
_ W+ + ki Lo )Wy = Vi) _ 20,y 4044 (DA.2-04) 20, 412 oo
Z 1+ (kp 1 Ky) 1+(1) 2 |
Therefore

NM, =0.55-0=0.55V
NM, =12-0.65V =0.55V

When we cut the size of the PMOS device in half, the VTC shifts to the left. So Vi, Vs,
and Vg will all shift to the left. The recalculation of the switching threshold produces
Vs=0.566V.

We can compute Vi to be roughly 0.533V and Vi to be roughly 0.667V.

Therefore

NM, =0.533-0=0.533V
NM, =12-0.667V =0.533V



CHw#E Sofution )

ECE 4420 - Spring 2005 Deasiqm e clecuit 4‘}“ Page 2 ,‘
— ! 0(0
Problem 2 — P4.9 Voesor (U5 L= dym  (m o (?}"”" fechm -
a) upb=(2Vv
% Resistive Load inverter: ‘
(o
v, =V w, wuC._ T ‘ 4
Eelzo- 6V P = S
R/. L N Vr)/ Uo. 2 Uoub‘-()ot..

Vo = -2V REye [ty 52 1

.
%) ( . ) . _ .‘:O'wm
Gox équv“ 1220.1_W, @TO0.6x107) 71 5 _0.4y0.1-0.1°]

o= 200 - 0k 01 [, 01 =
u-s 0.6
Vot = BK(O® : : V
W, =02um 1; =0-3% (2
% Saturated Enhancement Load inverter (ignoring body-effect): [_( tor=0 {um
Tz (((nD) = T (sat) (=0 fym
_VZL /uN Cox {( vV V ) Vo - I/umz :| I/VI V\al 0x (VDI) ()ul I/TL )2 Uout
L, (H— Vmﬂ’} " . 2 Vop =V '/‘L)+E(‘NL/. (R
E(,‘NLI Vi 1 Ve
W, (270)(1.6x10™) 0.2-040.1-0.1%] = 0.1(107)(8)(1.6)(1.2 = 0.1— 0.4)?
0 (”8‘%] = (1.2-0.1-0.4)+0.6
' v (6(/ 2V

W /l/ Cva,\‘ I/Umz W V\(JI(’(IX(V (11// V )
__LJ—“———_—V—I;——-|:(I/W - I/'I'I ) V:ml - 2 } L /)DV + L (/Im ( o
1+ __oul ( DD T uur /I) J"’
E. L, 1
-6
w, (270)(1. gxllO )[Z(l 2-04)0.1-0.5°] = 0.1(107)(8)(1.6)(1.6 - 0.1— 0.4)°
0.1 (H___) A (1.6-0.1-0.4)+ 0.6
0.6 NG

LW, =0.6um W

The linear enhancement load inverter requires the largest pull-down device since it has
the strongest pull up device. The resistive load inverter is next and the saturated

enhancement Toad Fequires the smallest pull-down device.

Problem 3 — P4.10
We will illustrate the process and estimate the solutions for this problem.

We already know that Vou=1.2 V and Vo =0 V. For Vg use:
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W, =0.4um, W, =0.8um:

0.8+(0.4)1.41
ST 14141

=0.566

Next Vi and Vg are estimated as follows:

2V op = Vi + ey 1R Vi)

¢

" 1+ (ky k)

v 2V, —1.2—-|-0.4/+(2)(0.4) 27, -0.6
* 1+(2) 3

We can compute Vi to be roughly 0.533V.

_ 2Vom + VTN + (kP /kN )(VDD _|VTP|)
" 1+ (kp k)
2V, +04+(2)1.2-04) 2V, +2
Vig = =

1+(2) 3
We can compute Vi to be roughly 0.667V.
When we double the size of the PMOS device, the VTC shifts to the right. So Vi, Vs,
and Vg will all shift to the right. The recalculation of the switching threshold produces
Vs=0.6V.

We can compute Vy to be roughly 0.55V and Vi to be roughly 0.65V.
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Problem 2 — P5.1

For each problem, restate each Boolean equation into a form such that it can be translated
into the p and n-complex of a CMOS gate.

a. 0ut=ABC+BD=ABC+BD=(Z+E+6)(E+D)

b. 0ut:AB+ZC+BC:AB+ZC+BC:(Z+§)(A+5)(§+(7)

. Out=A+B+CD+A=AB(C+D)+A=A+B+CD+A=(A+B+CD)A

vdd T

vag o4
AH|
o N
oo [ 2 }H" o
e [ oo i -]
AT AT

Bb%ﬁifj Bﬁi CHEHET AHE

Problem 3 — P5.8

The solution is shown below. Notice that there is no relevance with the lengths and
widths of the transistors when it comes to Vopm, although they the do matter when
calculating V.

v

out

Voo =V ¥ V1o +7(\/Vam +2|¢F| _\/2|¢F|)
:1.8+0.5+0.3(x/1.8+0.88 —\/0.88)= 251V

= VGG -V
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Problem 4 — P5.9
For tp; 1, we need to size the pull-up PMOS appropriately.

L
tpyy =0.7RC=0.7R,, WCLOAD

W, =0.7Ry, LCLOAD = 0.7(30k9)&(100>< 107°) =844

ton (50x107)

For VOLZ

vV (42x107)(8x10°)(1.6x10°)(1.2-0.4)
IP (Sat) — WPVsatCOX (VGS VT) — ( X )( X )( X )( ) — 108mA
Vo=V, +E.L 1.2-0.4+(24)(0.1)

WyttyCox (Vor =Vew =8 Vor W, (270)(1.6x10°)(1.2—0.4-%)0.1
Ly (1+2) Ly (1+85)

EcyL

I, (Sat) =

% =385 W,=T714 W,=3xT774=2324 (3stack) W,=1554 (2 stack)

N
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Problem 4

An NMOS transistor with a 10kQ resistor as a load is used to Vbp
implement a simple inverter as shown. The alpha-power model
of Section 2.6 is used to fit the measured data for the NMOS
transistor to produce the following two equations:

ips = (WIL)K;(vgs — VIn)VDs Vps = VDs(sat)

. 15
ips = (WIL)Ks(vgs — Vn) Vps = VDs(sat)

where K; = 100uA/V? and Kg = 100pA/V' and Vi = 0.6V,
a.) Derive the expression for Vpg(sar) assuming the model above.

b.) Design Vp andW/L of the resistively loaded inverter above to achieve Vg = 3.3V
and VOL =0.3V.

c.) For the inverter of part b.) derive an expression for V;; using the given alpha-power
model. Using the previous values, evaluate Vj;.

Solution

a.) Equate the two equations for the linear and saturation regions to get,

w 4 Ls Ks
TKLVGs-VINVDssay = TKsOVGs = Vv~ = |Vpsean = K, VGs —Vrn

b.) Since Vpy = Vpp, let Vpp = 3.3V.  Solve for V; by assuming the MOSFET is in
the linear region.

Vop-Vor 33-03
Ry 7 10kQ

W 300uA
L =738A =37

c.) For V;; assume the MOSFET is saturated. Therefore,

W w
= 300!JA = TKL(VDD _VTN)VOL =T 100“A/V2(33-06)03

Ry = TKS(Vin - VN
Differentiating with respect to V;, gives,
Ry AV,, = ST Ks(Vin= V™ = R =15 7 Ks(Vi, Vi)
Vi =V 1 0.6 1
=Vry + = 0.6+
IL=YTN ™ ((1.5-(W/L)Kg Ry )2 (1.5-3.7-100-0.01)2

=0.6 + 0.0325 = 0.6325V
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Problem 5

For the pseudo-NMOS load inverter shown using 0.18um
CMOS technology, determine Vg and estimateV); using the

velocity saturated model with effective mobility (high vertical
field). Be sure to clearly state any assumptions used in estimating

VoL

Solution

For this inverter, we know that Vo= Vpp = 1.8

For V1, we need to assume the state of the transistors. To help
in this calculate Vpg(gyp) for the NMOS and PMOS transistors.

(Vsg -IVrpDEcpLp (1.8-0.5)4.8
PMOS: Vspsay) = (Vg Vrph+EcpLp = (1.8-0.5)+4.8 = 1.023V

Vgs -VinEcnLy ~ (1.8-0.5)1.2
NMOS: Vpsisayy = (Vs -Vim+EcnLy = (1.8-0.5)+1.2 = 0624V

So if Vo; <0.624V, the PMOS is saturated and the NMOS is linear. Assuming this to be
the case, we get:

& MeCox Vps (VSG 'IVTP|)2
L, Vps Ves-Vin- 772 )Vps = vasatcox (Vsg -\Vrpl) + EcpLp

T EcnLy

= SO04E2P2

Assuming Vg which is V5 is small, we can simplify the above to,

W (Vsg -IVrph?
Ln :ue(VGS _VTN)VOL = vasat (VSG -|VTP|) + ECPLP

Substituting the values gives,

) A 6 (1.8-0.5)2
270(cm=/v-8)(1.8-0.5)Vr = 0.4x107(cm)(8x10°)(cm/s) T 20 5+4.8

351V, = 88.656 — Vo, =0253V

This problem can also be solved exactly for Vy; as follows.

270(18-05-05VOL)VOL (18_05)2
T+V /1.2 = (0.4x104)(8x109T g0 5445 = 88.656

270(1.3-0.5V;)Voy = 88.656(1+0.833V;)

351V - 135V 2 = 88.656 + 73.88V
135V 52 +(73.88-351)Vp +88.656 = 0 — V2 —2.053V oy + 0.6567 =0

Vor = 1.0265 = 0.5V2.0532-4-0.6567 = 1.0265 = 0.5\/1.588 = 1.0265+0.6300
Vor = 0.3964V

Either answer will be accepted provided the work is correct and the assumptions consistent.



