ECE 523/421 - Analog Electronics:

University of New Mexico
Solutions Homework 2

Problem 5.49
The PMOS transistor in the circuit of Fig. P5.49 has Vi ==0.5 V, upCox = 100 pA/V?,

L = 0.18 pm, and A=0. Find the values required for W and R in order to establish a
drain current of 180 pA and a voltage Vo of 1 V.
1"’1]1] = ].R T"r'r
For having a drain current of 180 yA and a voltage Vb of 1 V.
'i R=_ 1 _ 555k
41‘: I,  180x107¢

]—4—0

Using the equation for the drain current.
] 1 (W )
{ ip = 5 (ea) () (vas = V0
- And:
VGS=VD_ VDD == 1_18= _08V

We obtain:

180x107° = %(100x10‘6A/V2) ( ) (0.8 = (=0.5))*

0.18x10~

W =72um
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The NMOS transistors in the circuit of Fig. P5.51 have Vi = 0.5 V, pnCox = 90 pA/V?,

A=0,and L1=L2=L3 = 0.5 uym. Find the required values of gate width for each of
Q1, Q2, and Q3 to obtain the voltage and current values indicated.
+25V
For Q3
e Vp=25V
' e Vs=15V
3 Qs e Vb= V. Transistor operates in the saturation region.
|_| 0, The expression for the drain current in saturation is:
> N 1 w
P in = 5 (nCo) (T) s = V)?
0
Substituting the values in the equation:
- 90x107° = %(90x10‘6) (—0.5x10‘6) ((2.5 - 1.5) — 0.5)
W =4um
For Q2
e V=15V
e Vs=08YV

Vb = Ve. Transistor operates in the saturation region.

The expression for the drain current in saturation is:

io = 5 (unCor) () (v = Vi)?

Substituting the values in the equation:

1
90x107° = - (90x107°)

2 (65216ms) (@5 —08) — 05

W =25um



For Q1
e Vp=08YV
e Vs=0V
e Vb= Va. Transistor operates in the saturation region.

The expression for the drain current in saturation is:

1 W
ip = E (.uncox) (T) (UGS - Vt)z

Substituting the values in the equation:

90x1076 = %(909(10‘6) ( ) ((0.8 = 0) — 0.5)2

0.5x107¢

W =11.1um



Problem 5.55
In the circuits shown in Fig. P5.55, transistors are characterized by |Vi =1 V, K'W/L
=4 mA/V%, and A = 0.

e Find the labeled voltages Vi through V7.

e In each of the circuits, replace the current source with a resistor. Select the
resistor value to yield a current as close to that of the current source as
possible, while using resistors specified in the 1% table provided in
Appendix J.

+3 W
A
i
2 ki)

For Circuit a:
V,=5=-2x2=1V

t—o! Assuming that the transistors are in saturation:

1, W
| ip = E(kn ) (T) (vgs — Vp)?
= 1
2x1073 = 5 (4x1073) (vgs — 1)2

2 maA Vos = 2V
Vv, = -2V
_5 - Our assumption was correct:
(a) VDS =3V > VGS - Vt

+5V For circuit b:

1 W 5
lp = 2 (kn) (T) (vgs — V¢)
1
2 mA 2x1073 = 5 (4x1073) (vgs — 1)2
VGS = ZV
-

V, =2V

(b)



IS w For circuit c:

C% 2 mA ip = %(kn,) (%) (vgs — V)?

= 22107 = = (4x107) (vgs — 1)’
—;I-_J‘ : Ves = =2V
L{4 == 23[1'
1.5 kL2
v Vs = —5+15x2 = —2V
(<)
TSV For circuit d:
! I B ,
- ip =5 (k') (T) (Ws = V)
+ o 1
2x1073 = = (4x1073) (v;g — 1)?
e 2
L VGS = =2V

[/;3 == E; - :Z == E;‘/’
2 A

[/§ - L15 -2 = ]_L/

(A}

Replace the current source with a resistor for each circuit:
e Circuit a:

=05 -
R= ———= 15kQ = 1.499kQ
2mA
e Circuit b;
— V3
R = = 1.5kQ = 1.499kQ
2mA
e Circuit c:
— V4
R = = 1.5kQ = 1.499k()
2mA
e Circuitd:

V7
R= = 0.5kQ = 0.499kQ
5 = 0.5kQ = 0.499k




Problem 5.56
For each of the circuits in Fig. P5.56, find the labeled node voltages. For all
transistors, kn’(W/L) = 0.5 mA/V2, Vi=0.8 V, and A = 0.

+5V
[

10D iy

10 pA

L

{d)

The drain voltage when A =0 is
ip = 5 (en) () (vas = V0
1
10x107¢ = 5 (0.5x1073)(0 — V; — 0.8)?
vV, =-1V

The drain voltage when A =0 is
1, W 2
ip = 5 (ea) () (vas = V0

1
100x10~¢ = = (0.5x1073)(0 — V, — 0.8)2
2

V, = —1.43V

The drain voltage when A =0 is
1 (W 2
lp = P (kn) (T) (ves — V)
1
1x1073 = > (0.5x1073)(0 — V5 — 0.8)?
V3 == _2.8V

The drain voltage when A = 0 is
1 (W 2
ip = 5 (a') (T) (Was = V)
1
10x1076 = > (0.5x1073)(V, — 0.8)?
vV, =1V



I ma

The drain voltage when A =0 is

ip = 5 (k') () (vs — Vo)?

1
™ 1x1073 = > (0.5x1073) (Vs — 0.8)2
b Vs = 2.8V
+5V 5 -V
'> = 200kQ
s0k0  The drain voltage when A =0 is
) 1 (W 5
—t+——o0 lp = P (kn') (T) (es — Vo)
Hr 5 - V6 _ 1 -3 2
1 200k 2 (0.5x107°)(V, — 0.8)
= 0.01(5 — V) = (V5 — 0.8)2
+3V ) 5-1,
lD =
2.2k

2.2kQ
The drain voltage when A =0 is

. ol ip = l(kn,) (K) (ves — V,)2
LI . 2 L

V7

= l(0 5x1073)(V, — 0.8)2
22k 2 7o

1.82(5 - V,) = (V, — 0.8)?
V, =28V

o _Ve=(=5)
P 400k0
The drain voltage when A =0 is

io =5 (ka') (T) (s ~ 1o

Vo +5 . ,
oo = 5 (05¥107) (Vg — 0.8)
(h)

Vg = —1V



Problem 5.59
For the circuits in Fig. P5.59, pnCox =3 ppCox =270 pA/V?, |[V{|=0.5V,A=0,L=1 uym,
and W = 3 ym, unless otherwise specified. Find the labeled currents and voltages.

3V The transistors are operating in saturation:

f ip1 = ip2
Ves1 = Vgs2
3 =vgs1 + Vgs2
Vgs1 = Vgsp = 1.5V
V, =15V

The expression for the drain current in saturation is:

1 W
1 = E (UnCox) (T) (vgs — Vt)z

i = %(270) G) (1.5 — 0.5)?

_ i, = 0.405mA
(a)
+3V The transistors are operating in saturation:
I.l VD = VG
| ip1 = ip2
| 1 w , 1 w ,
r: E (Un Cox) (T) (vgs —Vp)* = E (.up Cox) (T) (vgs — Vi)
I : 3(174_ - 0.5)2 == (3 - 174_ - 0.5)2
' V, = 1.233V
The expression for the drain current in saturation is:
—i[, 1 w 2
iy = 5 (UnCoo) () (Was = )

- 1

3
iz = 5 270) (I) (1.233 — 0.5)?
(©) i =0.218mA



3V Using the equation for the drain current:

ip1 = iDZ
_llt (.Un Cox) ( ) (Vs Wi/t 9lm(llip ox) ( ) (vgs — Vt)
| ()= T -
W, 3,um
i, ( L ) Tum

(D) _
(o) (12) = (o) ()

(UnCox) = 3(.up Cox)

Since:

Both are equal so:
VUgs1 = Vgs2
3 = Vgs1 T Vgsz
Vgs1 = Vgsz = 1.5V
Vg = 15V

Now using the equation for the drain current
1 w )
is = 5 (nCoo) () (Ws = V)

=—(270)( )(15—05)2
i, = 0.405 mA



Problem 5.60

For the devices in the circuit of Fig. P5.60, [Vi| =1V, A =0, ynCox = 50 pA/V?, L =1
pm, and W = 10 pm. Find V2 and I2. How do these values change if Q3 and Q4 are
made to have W =100 pm?

+5V

I:;Qﬂ, ) <«

Transistor Q1 is on saturation because the gate ad drain terminals are short circuited.
Also the drain currents of both transistors Q1 and Q2 are the same. So the Vas for both
transistors are the same.

Ves1 = Vis2
Applying KVL.
_5 + VGSl + VGSZ = 0
VGSl = VGSZ = 25V

Using the equation for the drain current for transistor Q1:

1 w 5
Ip; = E (UnCox) (T) Ves1 — V)

1 10
Ipy =5 (50x10°°) (T) (2.5 — 1)2

IDl = IDZ = 562.5 IJ.A

Also from the circuit:
VGSl = VGS3 = 25V

Q1 and Q3 are in a current mirror configuration:
IDl == ID3 == 5625 H.A



And also from the circuit:
ID3 = 12 = 562.5 ‘LlA

I, = 562.5 uA

Also from the circuit:
ID3 = IZ = ID4- = 562.5 ﬂA

Vesa = Visa

Applying KVL.
—54+Vesa+ Vo, =0
—5+425+ V,=0
vV, =25V

If we change the width of Q3 and Q4 W =100 um

1 w 5
Ip; = E (UnCox) (T) Ves1 — V)
1 e 100 )
Iy =5 (50x10°°) (T) (2.5 —1)
IDl = IDZ = 5625 mA

From the same circuit,
IDl = ID3 = 12 = 5625 mA

From the same circuit,
—S5+Vea+ V, =0
—5+425+ V,=0
Vv, =25V



Problem 5.61
In the circuit of Fig. P5.61, transistors Q1 and Q2 have V: =0.7 V, and the process
transconductance parameter kn’ = 125 pA/V2. Find V1, V2, and Vs for each of the

following cases:

) (), = (), -2

0 (), = 15(2), =

20 kA1

For part a:

The drain currents for transistors Q1 and Q2 are:
P17 20k0
b2 20kQ

Using the equation for the drain currents for the NMOS:
. (W 2
lp1 = 5 (kn) (T)l (ves — Vi)
1
ip1 = 5(125x10_6)(20)(0 - V; - 0.7)?
iDl = 125(V3 + 07)2 mA



Similarly for ip,
. [
lp2 = 2 (kn) (T)z (vgs — Vp)?

1
ipz = (125x1079)(20)(0 — V3 — 0.7)?
iDZ = 125(V3 + 07)2 mA

From the circuit we can see that ip; + ip, = 200 u4
iDl == iDZ == 100 ‘uA

From the equations of drain currents for transistors Q1 and Q2

K= 0ka

V1 = O.SV
Similarly for ip,

K= 0ka

V, = 0.5V

From the equation for the drain currents for the NMOS
iDl == 1.25(V3 + 0.7)2 mA
V; = —0.983V



For part b:
The drain currents for transistors Q1 and Q2 are:

I . 2.5 - V1
b1 20k0
bz ™ 20k0

Using the equation for the drain currents for the NMOS:
o1 =5 ) (7) (ves — Vo)?
Ip1 == — ) (Vgs —

1
i1 = 5 (125x107°)(20)(0 — Vs = 0.7)?
iDl - 125(V3 + 07)2 mA

Similarly for ip,
. (W 2
lp2 = 2 (kn) (T>2 (es — Vi)

1
ip, = 5 (125x107)(13.33)(0 — V5 — 0.7)?

Diving the two equations to find the relation.
ip1 _ 1.25(V5 + 0.7)?
ip, 0.833(V; + 0.7)2
[
Dl _ 15

lp2

From the circuit we can see that ip; + ip, = 200 uAd
1.5ip, + ip, =200 uA
ip» = 80mA
ip1 = 120mA

From the equations of drain currents for transistors Q1 and Q2
HE = 0k0

Vl = 0.1V




Similarly for ip,

25 - Vz
80ud ==
V, = 0.9V

From the equation for the drain currents for the NMOS
ip; = 1.25(V5 + 0.7)2 mA
120 puA = 1.25(V3 + 0.7)2 mA
V; =—-1.01V



