ECE 523/421 - Analog Electronics:

University of New Mexico
Solutions Homework 1

Problem 5.4
An NMOS transistor that is operated with asmall vps is found to exhibit aresistance
ros. By what factor will ros change in each of the following situations?

Using the formula for the drain current for a small vpg.
. w
lp = [(Mncox) (T) (Vov)] Ups

We can obtain 1pg = Zps
19))
1
Tps = W
(:un Cox) (T) (VOV)
a) Yoy is doubled.
, 1
Tps = W
(.unCox) (T) (ZUOV)
, _ Ips
s =

The resistance is reduced by half when vy, is doubled.

b) The device is replaced with another fabricated in the same technology but with
double the width.

1
Tos' = 2W
(UnCox) (T) (vov)
,  I'bps
s’ =5

The resistance is reduced by half when the width W is doubled.
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c) The device is replaced with another fabricated in the same technology but with
both the width and length doubled.

1
TDS, = 2W
(/inCox) (T) (UOV)
Tps = Tps

The resistance remains the same when the width W the length L are doubled.

d) The device is replaced with another fabricated in a more advanced technology

for which the oxide thickness is halved and similarly for W and L (assume U,
remains unchanged).

The resistance is reduced by half when the oxide thickness €,,, width W and length L
are halved.



Problem 5.7

An n-channel MOS device in a technology for which oxide thickness is 4 nm,
minimum channel length is 0.18 pym, K, = 400 uA/V?, and V: =0.5 V operates in the
triode region, with small vbs and with the gate—source voltage in the range 0V to
+1.8V. What device width is needed to ensure that the minimum available
resistance is 1 kQ?

Using the formula for the drain current for a small vpg.
. w
i = [ GunCord () (o) | s

We can obtain rpg = ZDs
19))
1
Tps = W
(') (T) (was = Vo)
Substituting the values into the equation (check the units).
1
1000Q = W
_6 _
(400x10 )(0.18x10_6) (1.8 — 0.5)
Solving for W
W = 1
- 1000
_6 _
(400x10 )(0_18x10_6)(1.8 0.5)

W = 0.346 um



Problem 5.25

For the circuit in Fig. P5.25, sketch ip versus vs for vs varying from 0 to VDD. Clearly

label your sketch.
Voo Vep =0V

Ves = Vpp — Vs

For V;p < Vi, the transistor is in saturation

The drain current ip is:

1
ip = Ekn(vas —Vp)?

SUbStitUting VGS = VDD — Vg

6

1
ip =5kn(Vpp —vs — Vt)z
2

1
ip = Ekn[(VDD —V)? = 2vs(Vpp — V) + vs?]

For Vs <V, the transistor is in cut-off region
Substituting Vs = Vpp — v
Vop —vs < Vi
vs > Vpp = V¢
For vg > Vpp — V; the drain current is zero, so we only need to plot in the region:
0 Svs<Vpp -V,

Whenvg =0, ip is:

1
ip = Ekn[(VDD —V)? = 2(0)(Vpp — Vi) + 07]

1
ip = Ekn(VDD - Vt)z



Id
1
Eknﬂ"rﬂﬂ — )

0 Voo = Vi ws

Plot Ipvs. Vs



Problem 5.32
In a particular IC design in which the standard channel length is 1 ym, an NMOS

device with W/L of 10 operating at 200 pA is found to have an output resistance of
100 kQ, about 1/5 of that needed. What dimensional change can be made to solve

the problem? What is the new device length? The new device width? The new W/L

ratio? What is Vafor the standard device in this IC? The new device?

Using the device parameter /4

VA ES VA,L
And 7,
v, VL
r, = — = ——
o ID, IDI

To obtain the output resistance needed that is 500 kQ (100x5) we need to increase the

channel length L 5 times, so the new channel length will be 5 pm.

. . (W
Also to keep the operating current unchanged, the ratio (T) has to be constant and

therefore the with W will be 50 ym. With this value of W, we assure that the ratio is the

same.

V, for the standard device is:

V= 1,1, = (100kQ)(200uA) = 20V

V, for the new device is:

V, = 51,0, = (500kQ)(200pA) = 100V



Problem 5.45

The NMOS transistor in the circuit of Fig. P5.44 has Vi =0.4 V and kn =4 mA/V2. The
voltages at the source and the drain are measured and found to be —-0.6 V and +0.2
V, respectively. What current Ip is flowing, and what must the values of Ro and Rs
be? What is the largest value for Rp for which Io remains unchanged from the value
found?

+1V VGZOV

A Vi=0.4V
| Vs =-0.6 V
§ Ro va=0.2V
Reading the values from the circuit.
—i[, Vps = 0.8V
= Vos = 0.6V
z Rs Checking that the transistor is operating in saturation mode.
Y Ups > (Vgs = V)
-V 0.8 > (0.6 — 0.4)

_ The NMOS is indeed in saturation mode.

The drain current for the NMOS in saturation mode is:
. 1 5
lp = Ekn(vGS - V)

1
ip = —4"11‘1/‘/2 (0.6 — 0.4)2

2
ip =0.08mA
Determining Rp,
Vop — V)
R, = DD D
Ip
~1-02
? 7 0.08mA



Determining Rg




Problem 5.47
The transistor in the circuit of Fig. P5.47 has k,’ = 0.4 mA/VZ2, V; =0.4 V, and A=0.
Show that operation at the edge of saturation is obtained when the following

condition is satisfied:

, (K)R ~ 2.5kQ
+13V L) b=
A V, =04V
kn' =04 mA/V2
Ve=0V
R, 'S
Ve =13V
When A=0, the drain current ip is:
—_, 1w
ip = E (ky) (T) (Vs — Vt)z

ip = %(0.4 mA/V?) (%) (1.3 —0 — 0.4)2
ip = %(0.4 mA/V?) (%) (1.3 —0 — 0.4)2

) w
ip = 1.62x107* (T)A
At the edge of saturation
Vps = (Vgs = V)
Since vg = 0

vp—0=(1.3—0—0.4)

vy =09V
VDD - VD
RD = i
D
1.3-09

= 1.62x10~4 (%)

. Wy  13-09
b (T) T 1.62x104



w
R, (T) = 2469 Q = 2.5kQ



