Lecture three



Q1)For the n channel MOS transistor shown in figure (1), the threshold
voltage V; is 0.8 V. Neglect the channel length modulation effects A.
When the drain voltage V =1.6 V, the drain current I =0.5 mA. If Vj
is adjusted to be 2.0 V by changing the value of R and V , what is the
value of drain current Ip in mA?



Figure (1) NMOS



Solution:-

Given:-

V=08V ,Vpy=16V,Vy, =20V, [, =0.5 mA, A=0

For given figure we notice that gate connected to drain to gate so
Ves=Vps=Vp

In saturation I is given by:-

Ips = %Mncox ZV—: (Vesz — Vr)?(1 + AVpg)

IDS=K(VGS — VT)Z



Ips2 K(Vgsz — Vr)?

Ipss - K(Vgs1 — Vr)?
Ips2 _ (2.0-0.8)%
Ipsi (1.6—0.8)2_2'25

Ips,=2.25% 0.5 =1.125 mA




Q2)An enhancement N-type transistor V;: = 0.7V has its source
terminal grounded and 1.5 V applied to the gate. In what region does
the device operate for:-

a-Vp =05V ,b-Vy =15V c-Vp =3.0V ?
Solution:-

Ve=07V V=00V, V=15V

a- Vp =05V, Vps =05V, Ve =15V
Ves -V =15V -0.7V =0.8V , Vp, = 0.5V,
Vps < Vs - Vr (Ohmic Region)



b- Vp =1.5V, Vp, =15V, Vee=1.5V
Ves -V =15V -0.7V =0.8V, VVps = 1.5V
Vps > Ves - V3 (Saturation Region)

c- Vp =3.0V, Vp =3.0V, Voo =15V
Ves -V =15V -0.7V = 0.8V, Vps = 3.0V
Vps > Vi - Vo (Saturation Region)



Q3)When gate to source voltage (V;s) of a MOSFET with threshold
voltage (V7 )Jof = 400.mV , working in the saturation is 900.mV , the
drain current is observed to be 1.0 mA .Neglecting the channel width
modulation effect an assuming that the MOSFET is operating at

saturation, What is the value of the drain current for an applied V¢ of
1400.ml/?



Solution:-

Ve =400.mV - Vs =04V

Voltage applied at gate I/ =900.mV =09 V
Ips =1 mMmA

Find the drain current for

Ves =1400.mV

MOSFET is operating in saturation

Ips=K(Vgs — Vr)?



1x1073=K(0.9 — 0.4)°

_1x1073 3 A
K= 057 - 4 X107
For VGS=1'4 V

IDs=K(VGS — VT)Z
Ips=4 %1073 x (1.4 — 0.4)?=4 mA



Q4) In CMOS inverter shown if transconductance parameters of NMOS
and PMOS transistor are:-

K,=K,= M,,Cox VL"—:= M,,Cox K: - 40 MA/V?

And threshold voltage V; =1.0 V what is the value of current | ?
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Solution:-

K,=K,=40 MA/V?

Ve =10V

The device in saturation. So the current is given by:-
Ips=K (Vgs — Vr)?

1D5=42—° (2.5 — 1)2=45 MA



Q5)In the circuit shown in figure(3) both enhancement mode NMOS
transistor have the following characteristics :- K,,= M Cox L, = 1mA

/V?, V. = 1.0 V. Assume that the channel length modulation
parameter A is zero and the body is shorted to source. What is the
minimum supply voltage Vpp (in volts) needed to ensure that
transistor M; operates in saturation mode of operation?
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Solution:-

In the given circuit M; operates in saturation. Both MOSFET are NMOS
K,=M,Coyx VL"—:= 1mA JV?

Ve =10V

Both MOSFETSs are in series so the same current will flow through them.
For M{ Vg1 =2V

If M, is assumed in saturation, then

1
Ips= EKn(V651 — VT)Z



Minimum Vp¢q required for M; to operate in saturation
Vps1=Vgs1 —Vr=2-1=1V

For M,

Vbp = Vgs2 + Vps1 = Vgs2 =Vpp — 1

Ip2= %Kn(VGSZ - VT)Z

Ip1=Ip;

%Kn (Ves1 — VT)Z = %Kn(VGSZ — VT)Z



Ves1 — Vr=Vgs2 — Vr

Ves1= Vs
2=VDD — 1
VDD — 3V



Q6) The current in enhancement mode NMOS transistor biased in
saturation mode was measured to be 1 mA at drain source voltage 5V
. When the drain source voltage was increased to 6 V while keeping
gate source voltage same. The drain current increased to 1.02 mA .
What is the value of the channel length modulation parameter?



Solution:-
N MOS transistor
Biased in saturation Ip , Vps=5V

Drain current in saturation including the effect of channel length
modulation parameter A

1 W,
Ip = EMnCOX T, (Vesz — Ve)*(1 + AVps)

So, we can write the ratio of two current



Ipy 1+ AVpg,
1.02 _ 1+6A

1 1+5A
1.02+45.1 A=1.46. A

0.02=0.9 A

A= 0002—0 022 V-1




Q7) Consider an n-channel MOSFET with gate source voltage (V5= 1.8
V). Assume that == 4 , M,,Cox=70 X 1076 AV~

n

The threshold voltage is 0.3 V, and the channel length modulation

parameter is 0.09 V1. In saturation region what is the value of the
dlp

dVps

drain conduction ( )(in micro Siemens)



Solution:-
Given:-
N MOSFET

V=187V, W” =4, M, Cpy=70 X 1076 AV=2 V=03V, A= 0.09 V1

Wn
I M COX (VGS VT) (1 + AVDS)

ol Wh
9dd — avll))s: EMnCOXZ (Vgs — VT)Z A

ga=7X70Xx 1076 X 4 x (1.8 — 0.3)? X 0.09




gq = 28.35 x107°
gq = 28.35 u siemens



Q8)For M; MOSFET transistor shown in figure (4), K,,= 25 uA/V*, Vy =
1.0 V, A=0,when V,,,=5.0 V, V,=1.0 V. Determine:-

a- Transistor mode of operation.

. W
b- Transistor i ratio



Vm




Solution:-

Given

K,=25uA/V? Vs =1.0 V, A=0,whenV,,=5.0 V,V,=1.0 V
Vps=1,=1.0 V

Ves=V,,=5.0 V

Ves = Vr=5.0-1.0=40 V ,Vps=1.0 V

Vps <Vieg — Vr — Ohmic mode

In Ohmic mode the current



Ips = Ky~ (Vas — Vi — 725) Vs

ZOOuA=25uA/V2><T><(5—1—%)V><1V

w_,
L



