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Problem Set 1b - Large Signal Model

Question 1
Consider the following NMOS transistor with A = 0

D \L/D

+ finCox = 400uA/V?

G O—I VDS an == 03V
G § A, =0

Assuming Vs = 0.55V, answer the following questions...

(a) As Vpps is increased, at what value of Vps does the transistor enter the saturation (active) region?
(b) What is the value of Ip in saturation

Answer

Vps = 0.25V
Ip = 156.3A

Question 2
At what voltage of V;, does Ip start to be greater than zero?

Vpp =2V
Rp
1kQ
Ip Vin = 0.3V
pinCox = 240uA V2
1 W =1um
Vin vl L = 100nm
Re Ao = 0.1A/V
= 1k$2
Ves = OV

Answer

Vin > Vi = 0.3V
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Question 3
Find Vs, Vgs, Vps and Ip for the circuit below.
Vop =1V
Rp
4009
l Io Vi = 0.25V
M pnCox = 200uA/V?
+ ! W = 5um
Ves _ L =100nm
Rs Ap = 0.1A/V
= 5002
Ves = —1V
Answer

Vs = —0.6331V, Vs = 0.6331V, Vps = 1.34V, Ip = 733.8A

Question 4
For the circuit below, choose values for Rp and Rs such that /p = 500uA and Vp = 0.4V
Vpop = 1V
Rp
\L Ip Vin = 0.25V
pnCox = 200uA/V?
My
+ W = 5um
Ves _ L =100nm
Rs An=0.1A/V
Vss = —1V

Answer

Rp = 1.2k, Rs = 867.5Q

Question 5
Find Vs, Vgs, Vps and Ip for the circuit below.
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Vpp = 1V
Rp
40092
\L Ip Vin = 0.25V
pnCox = 200uA/V?
My
+ W = 5um
Vgs _ L =100nm
An=0.1A/V
500uA
Vss = —1V
Answer

Vs = —0.5662V, Vs = 0.5662V, Vps = 1.366V, Ip = 500uA

Question 6
Find Vs, Vsg, Vsp and Ip for the circuit below.
Vop =1V
5001A
Vse F Vip = 0.25V
Iy fip Cox = 200uA /V?
1
W = 5um
l Ip L = 100nm
= Ap = —0.1A/V
Rp
40092
Vss = —1V
Answer

Vs = 0.5662V, Vsg = 0.5662V, Vsp = 1.366V, Ip = 500uA

Question 7
In a CMOS technology, it is found that 1, = 0.3u, and C, is the same for NMOS and PMOS transistors.

(It is often the case that C,, is the same for NMOS and PMOS transistors in the same technology)
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Find the relative width W, /W, for a PMOS transistor such that the PMOS transistor and NMOS tran-
sistor have the same current when both are in the active region and have the same overdrive voltage.
Assume both transistors have the same length and that A = 0 for both.

Answer

%: —3.333




