ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009
Homework 3 Solutions

Problem 1 (Text 5.86)

Find theQ-point for the circuit shown below if{R= 120 2, R, = 240 I, Re = 100 K2,
Rc =150 K, Br = 100, \ke = 0.7 V, and the positive power supply voltag&5sv.

_120KQ
™ (120k+ 240k

x15V =5.0V and Ry, =120k 24010 = 80K

_ B(Vey—Vee) _ 100(5.0-0.) _ .430 _
Rry+@+1)R:  80k+(10) 100k 10.18k

42.241 A

C

VCE=15—42.241A(150@)—%( 4224 N 100@®)= 4.40

Problem 2 (Text 5.87)

(a) Design a four-resistor bias network forrgan transistor to gived=1 mA, Vce =5V, and
VE=2Vif Vcc =12 V and3g = 100. Assume y/=0.7 V.

) 2V
SinceM:=2Vand j}| =lc+ 1 = Ro=——— =1.98K0
\E I =le* s E T 1mA+.01mA
. 5V
Since Vke=(12-5-2)V=5V = R.=— =50k
1ImA
(12-29) v
Seth1i=20k=0.2mA, \=(2.0+0.7) V = R,=——"—= 46.51Q
0.2mA
Then k=19 kand 6 =2.7V = R, = 21V =14.21Q
? ' 17 019mA

(b) Replace the exact values determined in pawith)the nearest 5% values found in the resistor
table and find the resultin@-point.

Re —» 20K, R; - 51K, R, - 47k, R, - 15kQ
15
Ry, = R|R,= 4#15= 11.37@&  and V;, =———x12= 2.90V
TH l” 2 -ﬂ TH 15+ 47
100(2.96- 0.7 _

=1.03mA and V.. =12-1.R.-|IJR.=4.67V
€ 11.37+ 10k 2.0 CE cRe|ldRe



Problem 3 (Text 5.91)
Find theQ-point for the circuit shown using the graphicaddine approach.
Use the characteristics shown below. 7.5 kD 8200

v

Load line definition: \bc = 10V,
BxVce _ Ve 10

loe = = —— =4.95mA
BRc+(B+)R. R:.+R. 2.02 1340 L2k
Estimate IB = VTH _VO - L=l e =
Ry +(B+1) Re /
From plot, B = SmA =83 /mf
60pA Vee =5V

=60 pa

Rry = 7.5K 3.3k= 2.29R

FREantEm Moo oo n
g

Py =4
Vy, =K iov =306V )
33kQ+ 75@ Ig=23 pa
=20 ph
- (3.06-0.9 vV —23uA
[2.29k+(84 1.2KQ o ;

CE

Problem 4
The transistor in the circuit shown below is modddy V, =0.7V, B,. =100, |, =5HA, and

Ry, =60Q. If Vg =4V, Ry = 22kQ, andR. = 600Q, find I, and Vg if Ve is:  re

WV

(@ 12V 600

Rb
Assume Active Region: AN e .

Vgs —Vge _ (4-0.7) V vbp 2% 2 ——
Then |, = —B8_—BE =0.15mA ——— i
Rg 22kQ T 4vde

and I¢ =Byl g+ cgo=100(0.15+ 0.00%= 15.001m,
Vee =Vl R ¢=12-15(0.6 = 12 = 3\ [ Active
(b) 6V
Assume Active Region: Thely =0.15mA andl. =15.0mA as in part (a)
Vee =Vee—l R ¢ =6-15(0.6) = 6- 9=-3Vv [ Not Active

Assume Saturation Region:

lc = = =9.09mA
Rc+Ry  (0.6+0.0§Q

Iz =0.15mA as above

and Vee =Vl R ¢=6-9.09(0.6 = .546\ LI The transistor is in saturation



Problem 5

An npn transistor is modeled in its active regionfy = 75, V, = 0.6V, andl g, =1pA. A1 KR

resistor and a 9 V dc source are connected insskewveen the base and collector (positive source
terminal to collector), and a 5@resistor and a 3 V dc source in series are coaddittween the
base and emitter (negative source terminal to enittFindlg, I, I, Vge, and V.

Re

Rc

_ (3.0-08V_ Q1L
©="go0n - EMA L VAR
le = Blg+l ceo =751 g+0.001= I~ 1, = 48~ 1, = e v
= lg =63.17u A
O lc=48-13=474mA
Vge =V, =0.6V (given) and Vee =9+3-(1) 1. +(0.5 I = 4.86mA

Problem 6

A pnp transistor is described by, = %V , lceo =3HA, andf,, =80. Design a circuit (using a

single power supply) that will give an operatingmaf ||| =6mA and|Ve| =6V .

Pick Vcc to be sufficiently larger than 6V to provide fory
Pick Vcc=-12V, then¥{c=6V and R =1 k2

lc=lcgd _ (6003 mA _

lg| = 75pA

| B| Bdc 80 g
12-44|V

and B = ﬂ =151kQ
0.075mA

Problem 7 (Text 13.49)

Vcc

S Swe =

T

(&) What collector current is required for a bipdlansistor to achieve a transconductance

of 30 nU ?
0n= 3892k = =0 = 771ms
mo ¢ 3892 °
(b) Repeat for a transconductance of 250. m
lc= 250 _ 6.42mA
38.92
(c) Repeat for a transconductance of f0.m
lo==22 =1.28mA

38.92



Problem 8 (Text 13.50) Assume an ideality constant of unity and T = 25°C.
a) At what Q-point current will,r= 10 K2 for a bipolar transistor witfp = 75?

_Bo _ B _ By _

r = |. = =

" g, 39.92 ¢ 3892¢
75

38.92 10

= 192.7p A | Q-point( 198 A, M= 0.7

What are the approximate values gfand g if VA = 100 V?

g, =n—ck'T||C| =38.92 1931 = 75.1m andr, =r,=—A " Yce g Ya = 2PV _51g10

Problem 9 (Text 13.54) part 1 Assume an ideality constant of unity and T = 25°C.
What are the values @fic and Va»

+
YtV = Va=lcl=Vee

IC
Using the values from Row 1V, =0.002( 40000- 16 70\

Using the values from Row 28, =g, =0.12 500 = 60< B =By, = he

Problem 10 (Text 13.54) part 2 Fill in the table.
Row1l: g,=38.92L=38.9% 0.002 0.0778 S= 77.8

B, 60
=P - -7710 and u, =g.r. =0.077¢ 4000p= 3.11
"Tg, 77.8m He =Omb § p
Row 2: |C:g_m:H:3_08 mA
38.92 38.92
=tatVee o 80 _55010  and b, =g,1,=0.17 26.04= 3.12
lc 3.08m

Row3: g, = Bo - 80 _jo5x 10 ¢ | =—Im _125x 10 =3.21uA
. 48x 10 38.92 38.92
Vu +Vee 80

= =249MQ and p, =g,r,=0.12 24.94= 3.11
lc  321x 1P i =Gnlo =012 24.99



