Homework 6 Solutions
1. J&B P6.39
(a) Resistor load Inverter, Vy = Vpp = 2.5V. When v, = Vy, vy = V.
For Mg, in triode region, equate the drain current and solve for the equation
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v, = 0.022V
Ip = 12.4 uA
PD = VDDID == 3098 ,U,W

(b) Change R = 400 k2 and (%)S = 6, applied same method used in (a)

V, = 0.0055 V
Ip =62puA
Pp = Vpplp = 15.59 uW
2. J&B P6.50

@I, = ;—D should be same (80 nA), Vy = 2.5V, V, = 0.5V, in triode region
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3.
(3) J&B P6.59

When v, =V, the capacitor parallel to M gets charged until M, is off, in such
case, Vg, = Vpnw; because y = 0, then no body effect, Viony = Vro, Ves, = Vo =
Vpp — Vy, then

VH == VDD _VTO = 2.7V

When v, = Vy, v = V,, current flows through both transistors. Vg, = Vpp — V},
Vene = Veos Vess = Vi, Vpss = V. Then My is in saturation, and Mg is in triode.
Equate the drain current and solve for equation

K,’1 w ) , w 1

7 (T>L (VDD -V, - VTO) = Ky (T)s (VH — V5o — EVL) VL
V, =0.196V
I, = 156.8 uA

Power dissipation for v, =V} is
PD = VDDIDD = 517 ‘UW
(b) J&B P6.60

Similar to part (a), except that

Vene = Vro + V(\/VSB + 2¢p — \/Z(PF)

Because VSB = VH

Voo = Vir = Vro + ¥(\/Vir + 20 —/200F)
Vy =217V
To find V;, solve the equation of
K, (K) (V -V —1V>V
n L s H TO 2 L L

K, (W 2
= 7n<7> (VDD -V, —=Vpo — V(\/VL + 2¢p — \/2<PF))
L

V, =0.243V
I, = 140.5 pA
Power dissipation for v, =V, is

PD s VDDIDD s 464 ‘UW



4.J&B P6.76

VDD == 2.5 V, IDD == 80 #A, VL = 0.2 V, VH = 2.5 V. When UI = VH, 1.70 = VL’ MLiS in
triode, and M; is in triode.

FOF ML ' VDSL = VDD - VL = 23 |74 y VGSL = VGG - VL = 38 V. AISO VTNL = VTO +
Y(VVL + 20 — /2¢F) = 0.66 V.

W 1
Iy = K3 (7). (Vest = Vs =3 Vost ) Vst
(W) _ 572
L), 1

FOF Ms, VTNS = VTO == 06 V

5.J&B P6.84

Vy = Vpp still holds as long as the load device is depletion mode. Vg = Vy =
VDD = 2.5 V

Vene = Vro + Y(\/VSB + 2¢F — \/Z‘PF) <0
Yy <1.014V
Then the largest y is 1.014 V/V.
6. J&B P6.87

The driver device does not have any body bias, but the load device does have a
body bias equal to the output voltage

Pp
I, =—2>=758uA
VDD

Flowing through both device when the output is LOW.

Vene = Vo + Y(\/VL + 2¢r — \/Z(pp) =-1.94V
The load of M, is in saturation, as Vpg, = 3.1V > Vg, — Vo = 1.94 V. Then,
K;, (W

Ip, = 7 T>L VTNL2



(W) = 0.805
L),

When v, =V, =3.3V,v, = 0.2 V,M is in triode region.
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(b) SPICE model

SPICE code is:

* Depletion load inverter *

.model Mload nmos(level=1 vt0=-2 gamma=0.5 PHI=0.6 KP=100e-6)
.model Ms nmos(level=1 vt0=0.6 KP=100e-6 )
* Build circuit

Vdd 303.3

Vin103.3

Cload 20 5p

M1 3220 Mload L=1u W=0.805u

M22100 Ms L=1uW=2.912u

.OP
.END

Operation point of every node can be found in a file with suffix .icO.

Input voltage is 3.3V, simulated output voltage on node 2 is V(2)=0.2V=VL.
Solution for a) is correct.

7.J&B P6.95



Whenv, =V, =18V,v, =V, =0.2V, M, is in saturation region, M; is in triode
region.

For ML’ VGSL = _VDD, VTPL =—-05V

K, /W
Ip = 7;9 (T)L (VGSL - VTPL)2

(%) =108
L),
For Mg,
o = Ki (T) (Vi = Viw =5V ) Ve
S
(W> = 2.31
L)g ~
(b)
VTN = _05 V and VTp = 05 V
Ks
K, =—=3.52
Vop + Vrp
‘/IL = VTN +— = 0826V
VKR* + Kp
K
VOH = VDD - (VDD + VTP) 1 - K T 1 = 164‘7 V
R
2(Vpp + V.
Vig = Vow + (Vbp TP)=1'3V
v/ 3Kg
Vpp + V.
V,, = Db TP _ g4y

J3Kz
NMy =Vyy — Vi = 0347V
NM, =V, — Vo, = 0426V
8. J&B P6.101

The load device stays the same with W /L = 1.81/1. Since there are 4 driver
devices in series, their W/L ratios must be increased by a factor of 4 so that the
same value of V,; is achieved when all 4 are turnedon: W/L = 4 x 2.22/1 =
8.88/1. This does not account for any body bias effects, but the design is still



adequate for most purposes with these values as shown.
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