Homework 5 Solutions

1. J&B P4.27

W
Im = KnT(Vas — Vrn)
Ves =2V,0 < Vgg — Vpy < Vps, NMOS is in the saturation region, g,, = 6.5 mS,
Ves =3.3V,0 < Vg —Viy < Vpg, NMOS is in the saturation region, g,, = 13 mS
2.J&B P4.40
(a) The +10 V supply makes the source the pin with the arrow, as labeled in the
figure. Vs = 0. Guess saturation to start with:

K, W
Ip = %T(Vas —Vry)? =2mA

VDS - 10 - IDR == _190 V

This can’t be, so guess nonsaturated instead. Equate current and solve for Vj
(you can use iterative analysis or use root finder function in a software for
complex calculation, e.g. Matlab).

Vps = 0.2 V(initial guess)

10 — Vpg w

1
R = KrIL T (Vas —Viy — E VDS) Vps

This is reasonable and is less than Vs, = 2 V, so nonsat is right.

10 -V,
I,=——25=995.4
R
(b) Similar method as applied to (a)
10 -7,
b= TDS =199 uA

(c) The -10 V supply makes the source the upper connection, then, the lower
connection which is shorted to gate is drain. Note that for three terminal NMOS
symbols, the substrate terminal is always assumed to connected with the terminal
labeled with arrow as source. In this part, the lower connection is drain now, so
the substrate terminal is connected with drain. Then Vz; =V, =V, =0V and
hence Vg = Vs — Vg = Vs = =V = —Vps IS negative and unknown now. We have
to consider the body effect in such case. Anyway, this problem doesn’t provide



any related parameters, so we assume Vy, = —2V,y = 0.75VV and 2¢; = 0.6 V/,
then

Ven = Vro + )’(\/Vs +20r —/2¢r)

We can observe that, V5 is negative, and this makes V;,y more negative (body
effect).

Next we list equation and solve unknowns. Note that in this case
—Vs = Vps = Vs <Vgs — Vrn
the MOSFET should work in the triode region. We also assume I = I, then
IDR + VDS = 0 - (_10 V)

Note that V5 = Vg, then

, w 1
Ip = KnT(VDS —Vin — EVDS> Vbs

Similar method as applied to (a) to solve for the equation

1O_VDS—K W(l

R TIIT EVDS - (VTO +v(V~Vos + 2¢F — \/Zfﬂp))) Vps

For% = 10 case

VDS S VGS == 004'86 V

10—V,
1D=TDS=99.5MA

For% = 20,R = 50 k) case

VDS = VGS == 00486 V

10 -V,
I,=——2 =199 4
R
We can see the body effect is not significant in this case since Vg is small. The
source to body diode is forward biased, but as long as Von> Vps = Vas= 0.0486,
then diode is still off and can be neglected.

3.J&B P4.44

Ven = Vro +¥(VVss + 205 — [2¢0F) = 1.79V

Vpssat = Vgs — Vey = 0.714 V



See that the MOSFET is saturated

I _Kn 2 _
D= 7(Vcs — Vrn)® = 204 uA

(b)
VDS == 05 V
1
ID = Kn <VGS - VTN - EVDS> VDS - 1856 ,uA
4. J&B P4.57
VSD
Ron_max = I_ =020
D
K ! 625 mA/V?
L= = m
p-mn Ron_max(VSG + Vrp)
5. J&B P4.71 ()
Triode region
WL Eox WL
CGS = COXT + CGSOW = T_T + Casow = 135 fF
ox
., Eox WL
CGD COXT-I_CGDOW =T_T+CGD0W = 135 fF
ox

Saturation region

Ces =

Cutoff region

6. J&B P4.93 (a)

2 £,, WL

2 WL
oy OxT + CGSOW = §T_T + CGSOW = 0.97 fF
ox

3
CGD s CD50W s 02 fF

CGS = CGSOW =0.2 fF
CGD == CD50W == 02 fF



i § R, i

ip % R4
} b= Vbp C_)
iS % R;

iy g R,

, means , , we can apply voltage divider rule in the left branch:

Assume MOSFET is in saturation region

KVL

Solve the above equations, then

Check

In saturation region, then Q point is with

7. J&B P4.111 (b)

, , In saturation region.



Solve for above geuations

We need Vg > Vpy (0ON), then Voo =Vps =093V, ip =33.5mA, Q point is
(33.5m4,0.93 V) with Vs = 0.93 V.

8. Jaeger & Blalock Problem 4.127. Use the NMOS transistor parameters listed in
Table 4.6 on p. 204.

The gate voltage is coupled to the output in this circuit, so the input and output
halves of the circuit must be solved simultaneously. It should be evident that the
transistor is ON with the gate pulled high, so first guess SATURATION and then
see if this is correct.

Guess saturation to start with:
Vs = 2 V(initial guess)
Voo —Vps _ KpW

=2 (Vos — Vyn)?
Rtop 2 L ( GS TN)
VGS == 289V

Vbs = Vs = IpRpottom = —4.23V
This cannot be right.
Try guess of non-saturation instead

I, = 400 pA(initial guess)

2= (Vo0 = IoRuap = Vi) Voo = IpRes) + 5 (Vo = IoRep
I, = 242.4 uA
Ves =515V
Vps = 03V

Vpssat = Vs = Voy = 4152V
So the MOSFET is non-saturated.
9. Jaeger & Blalock Problem 4.134.
KZ{) S 4’0 M.A/VZ,K-;L == 100 MA/VZ, VTP S _0.75 V, VTN = 0.75 V.

For both PMOS and NMOS, Vs = Vj¢, then both are saturated.



For PMOS,

] KW KW KW
lp = 71)? (Ves — Vrp)? = %T(VDS —Vrp)? = 719?(170 = Vpp = Vrp)?
For NMOS,
) KW KW KW
lp = %T(Vcs - VTN)2 = TnT(VDS - VTN)2 = %T(Vo - VTN)2
then
KW KW
717?(% —Vpp = Vpp)? = %T(Vo — Vry)?

V, = —13.9 V(dropped),4.04V (for NOMS,V;s > Vyp, ON)
i, =10.8 mA
(b)
ip = 43.2mA

(c) For NMOS, V; =V, it is always in saturation. For PMOS, V; = 0, V, = Vpp,
Ves = —Vpp = =10V < V;p, PMOS is on. We first guess PMOS is in saturation.

K, W Ky, W

710? (VGSP - VTP)Z = %T(Vo - VTN)2

Vo = 6.6 V(for NOMS,Vizsn > Vrn, ON),—5.1 V(dropped)
Check:
NMOS, Voo — Vey = 5.85V < Vpgy = 6.6 V, saturation.
PMOS, Vpsp = Vo = Vpp = =3.4V, Vegp — Vipp = —9.25V < Vpp, NOt in saturation.
Assumption is not correct.
Try guess PMOS is in triode region,

Ky W 1 Ky W ,
7? (VGSP - VTP - EVDSP) VDSP = 7? (VO - VTN)

Vpsp = Vo —Vpbp
Vo =5.69V(for NOMS,Visy > Vipn, ON) and — 4.19 V(dropped)
Check:
NMOS, Vioy — Vey = 4.94V < Vpgy = 5.69 1V, saturation.

PMOS, VDSP = VO - VDD =-34 V, VGSP - VTP = _925 V< VDSP = _4‘31, trlOde



Assumption is correct, V, = 5.69 V.
For = = 20,

ip =24.4mA
For — = 80,

ip =97.6 mA
10. Jaeger & Blalock Problem 6.11.

VH = 3.3 V, VL = OV, VOH = 3.0 V, VOL = 0.25 V, ‘/IH = 1.8 V, ‘/IL =1.5 V, NMH =
1.2V, Ny, = 1.25 V. (Results can be within 0.1 V difference).



