Montogue

Quiz EL203
BJTs and FETs

O m Note from the author

| try to keep my materials as brief as possible, usually with no more
than 25 exercises; however, here | ended up with 40 problems. The extra
size seems justified, though, because mastering the physics and operation
of the two main transistor types is one of the main goals of an
introductory electronics course. Use the problem distribution table to
guide yourself.

P> PROBLEM DISTRIBUTION

Problems Subject

1-7 Basic BJT problems
8-10 BJT emitter-bias configurations
11-14 BJT voltage-divider bias configurations
15-17 BJT collector-feedback bias configurations
18 - 20 BJT common-base bias configurations
21-23 Biasing with pnp BJTs
24 -29 Basic MOSFET problems

30 FET fixed-bias configuration
31-34 FET self-bias configurations
35-36 FET voltage-divider bias configurations
37-38 FET common-gate bias configurations
39-40 Combination networks

P> PROBLEMS

H Problem 1 (Razavi, 2008, w/ permission)

In the circuit illustrated below, it is observed that the collector
currents of Q; and Q: are equal if the difference of base-emitter voltages is
such that Vser - Veez = 20 mV. Determine the ratio of transistor cross-section
areas if the other device parameters are identical.

I ¢ lca

Q4 Q;

+ +
E1 _I__ = Vg2 _I__ =

Ve

H Problem 2 (Razavi, 2008, w/ permission)

For transistors Q; and Q: in the circuit illustrated below, saturation
current parameters Ig; = I, =3X107" A.
Problem 2.1: Calculate base voltage Vs such that Iy =1 mA.
Problem 2.2: With the value of Vs obtained in Problem 2.1, choose a
saturation current parameter Ig3 such that I, = 2.5 mA.
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Pl Problem 3 (Razavi, 2008, w/ permission)

Consider the circuit illustrated below.
Problem 3.1: If I, = 2[5, = 5X%107¢ A, i.e. the saturation current parameter of
Qi is twice that of Q;, find a base voltage Vs such that Iy =1.2 mA.
Problem 3.2: What value of Rc places the transistors at the edge of the active
mode?

Pl Problem LI' (Razavi, 2008, w/ permission)

Consider the circuit illustrated below, assuming that Q: has current
gain =100 and saturation current parameter I = 7x107¢ A. If R; = 10 kq,
determine base voltage Vi such that Ic =1 mA.

Pl Problem 5 (Razavi, 2008, w/ permission)

In the circuit depicted below, saturation current parameters Ig; = 21,
=4x10"® A. If B; = B, =100 and R; = 5 kQ, compute Vg such that Iy =1 mA.

Pl Problem 6 (Razavi, 2008, w/ permission)

In the circuit illustrated below, Ig; =3%107" A, I, =5X107" A, B, =B, =
100, R1 =5 kQ, and V& = 800 mV. Calculate Iy and Iy.

Ve —I—t

p| Problem 7 (Neamen, 2000, w/ permission)

Problem 7.1: An npn bipolar transistor is biased in the forward-active mode.
The base current is Iz =9.60 pA and the emitter current is Il = 0.780 mA.
Determine the current gain parameter 8, the common-base current gain «a,
and the collector current Ic.

Problem 7.2: The emitter current in a pnp bipolar transistor biased in the
forward-active mode is Ie = 2.15 mA. The common-base current gain of the
transistor is @ = 0.990. Determine S, Is, and Ic.

Pl Problem 8 (Boylestad and Nashelsky, 2013, w/ permission)

Given the emitter-bias configuration circuit illustrated below,
determine:
1. Base current /.
2. Collector current Ic.
3. Collector-emitter voltage Vce.
4, Collector voltage Ve.
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5. Base voltage Vs.
6. Emitter voltage V.

20V

470 Q
§ 270 kQ } I,
)

*—0

H Problem 9 (Boylestad and Nashelsky, 2013, w/ permission)

Given the emitter-bias configuration circuit illustrated below,
determine:
1. Collector resistance Rec.
2. Emitter resistance Re.
3. Base resistance Rs.
4, Collector-emitter voltage Vce.
5. Base voltage Vs.

12V

76V

B =80

24V

H Problem 1 O (Boylestad and Nashelsky, 2013, w/ permission)

Given the emitter-bias configuration circuit illustrated below, determine:
1. Current gain parameter .

2. Supply voltage Vcc.

3. Base resistance Rs.

20 pLA{
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H Problem 11 (Boylestad and Nashelsky, 2013, w/ permission)
For the voltage-divider bias configuration illustrated below, determine:
1. Base current [s.
2. Collector current Ic.
3. Collector-emitter voltage Vce.
4. Collector voltage V.
5. Emitter voltage Ve.
6. Base voltage Vs.

-

H Problem 1 2 (Boylestad and Nashelsky, 2013, w/ permission)
For the voltage-divider bias configuration illustrated below,
determine:
1. Collector current Ic.
2. Emitter voltage V.
3. Base voltage Vs.
4, ResistanceR;.

H Problem1 3 (Boylestad and Nashelsky, 2013, w/ permission)

For the voltage-divider bias configuration illustrated below, determine:
1. Collector current Ic.
2. Emitter voltage V.
3. Supply voltage Vcc.
4. Collector-emitter voltage Vce.
5. Base voltage Vs.
6. Resistance R:.
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H Problem1 LI' (Boylestad and Nashelsky, 2013, w/ permission)
For the R-C coupled amplifier illustrated below, determine:

1. The voltages Vs, V¢, and Ve for each transistor.
2.The currents Is, Ic, and Ie for each transistor.

[
l/ ll)[\lF
o, ba [BI60 . E B=90

I
I
10 uF
§4.7 kQ ‘ + § 33kQ ‘ +

| Problem1 5 (Boylestad and Nashelsky, 2013, w/ permission)
For the collector-feedback configuration illustrated below, determine:

1. Base current Is.
2. Collector current Ic.
3. Collector voltage V.

+16V

3.6 kQ

| Ip J“
K B =120
El.zkg

| Problem1 6 (Boylestad and Nashelsky, 2013, w/ permission)
Determine the range of possible values for the collector-to-ground

voltage Vc for the network illustrated below, considering the potentiometer

in the collector-feedback loop varies from zero to 1 MQ.

+12V
4.7 kQ
150 kQ
V.
1 MQ
B =180
3.3 kQ
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H Problem1 7 (Boylestad and Nashelsky, 2013, w/ permission)

Given Vs =4V for the collector-feedback configuration illustrated
below, determine:
1. Emitter voltage VE.
2. Collector current Ic.
3. Collector voltage V.
4, Collector-emitter voltage Vce.
5. Base current Is.
6. Current gain parameter f3.

H Problem1 8 (Boylestad and Nashelsky, 2013, w/ permission)
For the common-base configuration illustrated below, determine:
1. Base current [s.
2. Collector current Ic.
3. Collector-emitter voltage Vce.
4. Collector voltage V.

15 kQ

-12V

H Problem1 9 (Boylestad and Nashelsky, 2013, w/ permission)

For the common-base configuration illustrated below, determine:
1. Emitter current Ie.
2. Collector voltage Vc.
3. Collector-emitter voltage Vce.

1.8 kQ

10V
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H Problem 2 O (Boylestad and Nashelsky, 2013, w/ permission)

For the common-base network illustrated below,
1. Using the information provided, determine the value of Rc.
2. Find the currents Ig and .
3. Determine the voltages Vsc and Vce.

14V

p| Problem 21 (Boylestad and -12V
Nashelsky, 2013, w/ permission)

An emitter-bias configuration
with a pnp bipolar transistor is § 33 kO

illustrated to the side. Determine: 510 kQ
1. Collector voltage Ve.
2. Collector-emitter voltage Vce.
3. Collector current Ic.

P Problem 2c (Boylestad and
Nashelsky, 2013, w/ permission)

A voltage-divider bias configuration with a pnp bipolar transistor is
illustrated below. Determine:
1. Collector voltage V.

2. Base current Is.
22V

22 kQ
§82 kQ
Ve
Ig
I —
~ B =220
16 kQ

0.75 kQ

AN

H Problem 23 (Boylestad and Nashelsky, 2013, w/ permission)

A common-base configuration with a pnp bipolar transistor is
illustrated below. Determine:
1. Emitter current Ie.
2. Collector voltage V.
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Pl Problem 2 Ll' (Neamen, 2000, w/ permission)

Consider an n-channel enhancement-mode MOSFET with threshold
voltage Vv = 1.5V and MOSFET conduction parameter K, = 0.25 mA/V2.
Determine the drain current Ip for the following voltage combinations:
Problem 24.1: Gate-source voltage Vs = 5V, drain-source voltage Vos = 6 V.
Problem 24.2: Gate-source voltage Ves = 5 V, drain-source voltage Vos = 2.5 V.

Pl Problem 2 5 (Neamen, 2000, w/ permission)

The parameters of an n-channel enhancement-mode MOSFET are
threshold voltage Vv = 0.8 V, process transconductance parameter k,, = 80
HA/V? and aspect ratio W/L = 5. Assume the transistor is biased in the
saturation region and drain current /o = 0.5 mA. Determine the drain-source
voltage at saturation, Vos(sat), and the required gate-source voltage, Ves.

Pl Problem 2 6 (Neamen, 2000, w/ permission)

An n-channel enhancement-mode MOSFET has threshold voltage Vi
=0.8 V, channel width W = 64 um, channel length L = 4 um, oxide thickness tox
=450 A, and electron mobility p,, = 650 cm?/V-s. Use 3.9 as the relative
permittivity of silicon.

Problem 26.1: Calculate the MOSFET conduction parameter, Kn.
Problem 26.2: Determine the drain current Ip when Ves =Vos =3 V (i.e., both
gate-source and drain-source voltages equal 3 V).

p| Problem 27 (Neamen, 2000, w/ permission)

A particular NMOS device has threshold voltage Vv =1V, channel
length L = 2.5 um, oxide layer thickness tex = 400 A, and electron mobility u,, =
600 cm?/V-s. A drain current of [p = 1.2 mA is required when the device is
biased in the saturation region at Ves =5 V. Determine the necessary channel
width of the device.

Pl Problem 28 (Neamen, 2000, w/ permission)

Consider ap-channel depletion-mode MOSFET with FET conduction
parameter K, = 0.5 mA/V? and threshold voltage Ve = +2 V. If source-gate
voltage Vsc = 0, determine the drain current for source-drain voltages Vsp = 1
V,Vso =2V, and Vsp =3 V.

H Problem 29 (Neamen, 2000, w/ permission)

Enhancement-mode NMOS and PMOS devices both have channel
length L =4 pm and oxide thickness tox = 500 A. For the NMOS transistor,
threshold voltage Vv = +0.6 V, electron mobility i, = 675 cm?/V-s, and the
channel width is Wx. For the PMOS transistor, threshold voltage V= —0.6 V,
electron mobility u, = 375 cm?/s, and the channel width is W,. Design the
widths of the two transistors such that they are electrically equivalent and
the drain current in the PMOS transistor is [o = 0.8 mA when it is biased in
the saturation region with Vs =5 V. What are the values of the NMOS
conduction parameter K»,, PMOS conduction parameter K,, channel width W,,
and channel width W,? Use 3.9 as the relative permittivity of silicon.

H Problem 30 (Boylestad and Nashelsky, 2013, w/ permission)

For the fixed-bias configuration illustrated below:
1. Sketch the transfer curve for the device.
2. Superimpose the network equation on the same graph.
3. Determine the quiescent drain current I, and the quiescent gate-source

voltage Vbs,-

4. Using Shockley’s equation, 4V
solve for Ip, and then find

Vps,- How does this

mathematical approach 1.8 k)
compare to the graphical
method? J Po
+
y . Ipgs=12mA
T Vp=-4v
1 MQ
1.5V —

41
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H Problem 31 (Boylestad and Nashelsky, 2013, w/ permission)

For the self-bias configuration illustrated below:
1. Sketch the transfer curve for the device.
2. Superimpose the network equation on the same graph.
3. Determine the quiescent drain current I, and the quiescent gate-source

voltage Vs,

4. Using the Q-point data, determine the drain-source voltage Vos, the drain
voltage Vo, the gate voltage Vi, and the source voltage Vs.

5. Determine the Q-point drain current and gate-source voltage directly,
using a mathematical approach. How do the results compare with the
graphical approach?

18V
1.5 kQ
|,
Ipgs = 10mA
Vo =—4V
1MQ
750 Q

p| Problem 3 2 (Boylestad and Nashelsky, 2013, w/ permission)

For the self-bias configuration illustrated below:
1. Determine the quiescent drain current I, and the quiescent gate-source

voltage Vesg-

2. Using the Q-point data, determine the drain-source voltage Vs, the drain
voltage Vo, the gate voltage Vi, and the source voltage Vs.
12V

1.6 kQ

3V

H Problem 33 (Boylestad and Nashelsky, 2013, w/ permission)

Given the measurement Vs =1.7 V for the self-bias network illustrated
to the side, determine:
1. Quiescent drain current, IDQ.

2. Quiescent gate-source voltage, VGSQ.

3. Maximum drain-source current, Ipgs.
4, Drain voltage, Vp.
5. Drain-source voltage, Vpg.
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H Problem 3 LI' (Boylestad and Nashelsky, 2013, w/ permission)

In the special self-bias configuration illustrated below, determine:
1. Drain current Ip. 20V
2. Drain-source voltage Vbos.
3. Drain voltage Vbo.

4. Source voltage Vs. 22k

im
p| Problem 3 5 (Boylestad and Y susmA
Nashelsky, 2013, w/ permission) Ds Vppsi _5.‘\/
Problem 35.1: For the voltage-divider
biasing network illustrated below,
determine: 0.68 kQ
1. Gate-to-ground voltage, Ve.
2. Quiescent drain current, IDQ, and

the quiescent gate-source voltage, -4V

Vise-

3. Drain voltage, Vb, and source voltage, Vs.

4. Quiescent drain-source voltage, Vps,.

Problem 35.2: Replace the 1.1-kQ) source resistance R = 0.51 kQ (about 50% of
the value used previously). What is the effect of a smaller R on the
quiescent values Ip, and Vesy?

o020V
22kQ
Y Vp=-3.5V

p| Problem 3 6 (Boylestad and Nashelsky, 2013, w/ permission)

For the voltage-divider bias network illustrated below, Vo =10 V. Determine:
1. Drain current, Ip.
2. Source voltage, Vs, and drain-source voltage, Vos.
3. Gate voltage, Vs, and gate-source voltage, Ves.
4. The FET’s pinch-off voltage, Ve.
18V

oVy=12V

12Vo Ipss =8 mA

680 kQ

110 kQ
0.68 kQ

10
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H Problem 37 (Boylestad and Nashelsky, 2013, w/ permission)

For the common-gate configuration illustrated below, determine:
1. Quiescent drain current, IDq, and quiescent gate-source voltage, Vcsq.

2. Drain-source voltage, Vs, and source voltage, Vs.
16V

22kQ

-4V

H Problem 38 (Boylestad and Nashelsky, 2013, w/ permission)

Given Vos =4V for the common-gate configuration illustrated below,
determine:

1. Drain current, Ip.
2. Drain voltage, Vi, and source voltage, Vs.
3. Gate-source voltage, Ves.
20V

H Problem 39 (Boylestad and Nashelsky, 2013, w/ permission)
For the combination network illustrated below, determine:
1. Gate voltage, V.
2. Quiescent gate-source voltage, Vasz and drain current, IDq.
3. Emitter current, Ie.
4. Base current, Is.
5. Drain voltage, Vb.
6. Collector voltage, Ve.

e + 020V
1.1kQ
330 kQ
—oV
$91 kQ
< | B =160
Ip +lf

11
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H Problem LI'O (Boylestad and Nashelsky, 2013, w/ permission)

For the combination network illustrated below, determine:
1. Base voltage, Vs, and gate voltage, Ve.
2. Emitter voltage, V.
3. Emitter current, Ig, collector current, Ic, and drain current, Ip.
4. Base current, Is.
5. Collector voltage, V¢, source voltage, Vs, and drain voltage, Vb.
6. Collector-emitter voltage, Vce.
7. Drain-source voltage, Vps.

TIGV

2.2kQ

§40 kQ

Vp=-6V
B =100

=
P> SOLUTIONS
P.1=) Solution

The collector current can be estimated as
2
_ AgqD,n; (eVBE/VT _1)
N W,
Here, Ac is the emitter cross-section area, g is elementary charge, D is
the electron diffusion coefficient, n; is intrinsic carrier concentration, Ng is
the dopant concentration in the base region, Ws is the width of the base

region, Ve is base-emitter voltage, and V7 is thermal voltage. With exp(Vse/Vr)
> 1, we can propose the approximation

~ 14‘Eannl2
NBWB

Now, noting that I, = I, when Veer - Vee2, we may write

C

Vee/Vr
c e

2 2
Ag gD, n; SV _ Az, 9D, n; o2 /Vr

N, N,

A, DI
v, V-
. e BE’I/ T _ M _ AE,z
7 V. -

e(VBE,I_VBE,Z)/VT _ AE,z
A

E,l

I, =1

G G

A
s B2 52026 15 6

Ap,
Thus, for the two devices to have equal collector currents when Ve -
Veez =20 mV, the emitter cross-section of one must be about 2.16 times

larger than that of the other.

12
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P.2 =) Solution

Problem 2.1: If devices Q; and Q: have the same saturation current
parameters, it is reasonable to assume that they are identical and therefore
share the incoming collector current Iy equally,

IQ1 =]Q2 =0.5mA

Writing the current-voltage relationship for either device, we solve
for Vs and obtain

I

I
o =15 T 5V, =V m| 2

Sy

3x10°'°

Problem 2.2: Device 3 conducts a collector current Iy =2.5 mA and is
subjected to a voltage Vs = 732 mV determined just now. Accordingly, we may
prescribe a saturation current parameter Is; such that

3
v, = 26x1n(wj ~[732mV

_ _ VB/VT — Y
]Q3 =1y = 1536 - IS3 B eVB/VT
-3
g = % =11.48x107" A
e
or 1.48 fA.
P.3 =) Solution

Problem 3.1: Per Kirchhoff’s current law, Iy separates into two
components I; and I, fed into the collector junction of transistors Q:; and Qz,
respectively. Appealing to the current-voltage relationship and solving for Vs,
we find that

_ _ VeIV, Ve IV;
I,=1+1, 51, =1,"" +1,¢"'"r
. _ VgV,
o= I, +1g, |

——

o1, =31,

3
VBZVTIH[;—XJ:26><ln 1.2x10 =|731mV

52 3x(5x10_16j
2

Problem 3.2: At the edge of the active mode, the collector junction
voltage just equals the base voltage, that is, Vc ~ Vs. Applying Kirchhoff’s
voltage law to the collector-base junction of either transistor and solving for
resistance Rc, we get

V. —v
VCC_RC]X: VC —)RC:_CC B
57, Lx
) :25‘—0'7_21:14709: 1.47kQ
1.2x10

P.4 =) Solution
Applying Kirchhoff’s voltage law to the base-emitter junction of Qi
we obtain

Ve—RI, =V,

BE, Q,
Solving for Vs,
Ve =V, o +10,0007, (1)

If collector current Ic is set to 1 mA and the current gain parameter of
Qi1 is B =100, it follows that Iz =Ic/f = 0.01 mA. Appealing to the current-
voltage relationship, the base-emitter voltage Vg ¢, is calculated as

v, V. I
]C _ IS€ BE,Ql/ T BN VBE,Q1 = VT ln[]—cj

N

13
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-3
Vigsg =26x1n [Lm_m) =728 mV

7.0x10
Substituting in (1), we get
V, =0.728+10,000%(0.01x107) =[0.828 V

Thus, Qi will conduct a collector current of 1 mA if base voltage Vs is
setto ~0.83 V.

P.5 =) Solution

Writing current-voltage relationships for Q: and Qz, we have,
respectively,

Ve /Vr . Ve /Vr
I, =1ge ; I, =1,e

Dividing one equation by the other and noting that Vzg, = Vggy = Vi,

I_X: 151M _ 215,
I, IS2M I,

Noting that Iy = B111, Iy = B2152, and ; = B, = 3, the ratio above can be

restated as
I Kl _,

we get

=2

_Xzz_) =
I, XIBZ
1y, :2132
If Iy =1 mA, it follows that
I . B
1, :—X:mx—lozlofsA:lOuA
S 100
and
I
1, :%:SHA

Applying KVL in the base branch of the circuit, we obtain
V—(Ig1+ 152 )R =V >V =V +(Ig) +15y ) R,

The only missing quantity in the equation above is Vge, which can be
determined as

I
I, =1, Sy, =V, In (—X}

S1

1.0x107

-16

SV :26><ln£ J:742mV

4.0x10

so that

Vy =V +(Ip +1p)R = 0.742+[(10><1o—6)+(5><1o—6)}<(5><103) =[0.817V

The base must be fed a voltage of ~0.82 V.
P.6 = Solution

First, note that base-emitter voltage Ve = Veez = Vse. With Is1 = Ix/p, Is2
=1Iv/B, and Ve = Viin(ix/Isi), we apply KVL to the base region of the transistors
to obtain

Vv, :(Im +132)R1 +V, >V, =%(1X +]Y)+VT ln(l—Xj

S1

_ 50%0 <(I, +IY)+O.026><ln( L j

0.8
3x107'°

If I;; =3x107" A and I5, = 5X107'¢ A, it is easy to see that I, = 51/3.
Substituting above gives

08=222 (7 +2L ), 0.026xIn[
100 3 3x10

-.0.8= 50x8i+0.026><1n Ly —
3 3x10

14
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4001,

0.8 +0.026x1n I—Xm
3x10

The result above is a transcendental equation in Iy. One way to solve
it is via MATLAB's fsolve command:

function y = current (IX)
y = 0.8 - 400*IX/3 - 0.026*1log(IX/3E-16);

>> fun = @Qcurrent;
x0 = 1E-3;
z = fsolve (fun, x0)

This code returns Iy = 5.09%10* A = 509 pA. Lastly, using I, = 515/3
yields

51, 5x509
IY —_— —_— p—
3 3

848 uA

P.7 = Solution

Problem 7.1: The collector current is determined as
[E =]C +IB —)]C =IE —]B
= 1. =0.780-0.0096 = |0.770mA

Next, the current gain parameter g is given by the ratio

1
Ié::/ih;_é/?:i;;

B
- 0.770 :

0.0096

Using B, we can determine the common-base current gain «,

ﬂ _ 80.2 :

o = =
1+ 1+80.2
Problem 7.2: The common-base current gain parameter a can be used
to determine 3,

0.990
p=rm= =[99.0]

l-a 1-0.990
Next, the collector current Ic is given by the ratio

I, =al, =0.990x2.15=[2.13mA

Then, the only missing current component is /s,
I,=1.+1,>1,=1,-1_.
S, =2.15-2.13=0.02 mA =|20pA

P.8 = Solution

Applying Kirchhoff’s voltage law to the base-emitter loop, we obtain
Vee =I4Ry =V —=1,R, =0 >V —I,R, =V, —(S+1)I,R, =0
oIy [ Ry +(B+1)R, [+ Ve =V =0
I, = Vee =V _ 20-0.7
© Ry+(B+1)R, 270+(125+1)x2.2

Using the current gain parameter, we can establish the collector
current

=0.0353mA =|35.3pA

ICQ =,BIBQ =125x353=4410pA =|4.41mA

The collector-emitter voltage can be obtained by applying KVL to,
wait for it, the collector-emitter junction:

Vee =1cRe —Vig —1,R; =0 >V =Vee = IR — IR,
Using le = I,
Ver =Vee =IcRe = IRy > Vi =V — 1 (Rc +RE)
SV =20-4.41%(0.470+2.2) =823V

15
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To determine the collector-to-ground voltage, apply KVL to the
collector-emitter junction a second time, then note that Vcc - IcRc = Ve,

VCE = VCC _ICRC _[ERE - VCE = Vc _]ERE
%/_/
SV =V +1, R, =823+4.41x22=|1793V
—

To determine the base voltage Vs, apply KVL starting at the supply
node Vce and ending at the Vs node,

Vy=Vee —IzR, =20-0.0353x270=|10.47V

To determine the emitter voltage Ve, simply appeal to the definition
of Ve,

VCE :Vc _VE _>VE :VC_VCE
SV, =1793-8.23=19.7V

P.9 =) Solution

To determine Rc, apply KVL to the segment joining the 12-V voltage
source to the collector node Vc=7.6V,

_ 12-7.6
12-(2.0x10°)R, =7.6 > R. = ————=[2.2kQ
2.0x10
To determine Re, note that the potential difference across this
resistor is 2.4 V. Also, using Ic =2 mA and 8 = 80, we can determine the

current flowing through this resistor,

=2 :(80+1jx2.0=2.03mA
B 80

so that

2.4
2.03x10°

The current flowing through the base resistance is
I,=1,-1.=2.03-2.0=0.03mA =30pA

and can be used to determine the value of R,
12-1,R, =V, > 12-1,R, =V, . +V,
12-0.03R, =0.7+2.4

12—-(0.7+2.4)

R, = =[297kQ
0.03

By inspection, the collector-emitter voltage is

Vg =Vo—V,=7.6-24=[52V

=|1.18kQ2

E

The base-to-ground voltage is

V=V, +V, =07+24=[31V

P.10 = Solution

Applying KVL to the emitter junction, we obtain

2.1
2.1-0.68x1, =0—> [, =——— =3.09mA
0.68

We also have the base current Is = 20 pA; thus, the current gain
parameter easily follows,

I 3.09
I =(1+p), > p="LE-1=—"—"——1=|154
=P > f I, 20%x107

Now, if Ve =2.1V and Vce = 7.3 V, the collector-to-ground voltage is
found as

Vg =V =V, >V =V +V,
V. =73421=94V

so that, using KVL on the collector branch of the circuit, we can determine
supply voltage Vcc,
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Ve =1.x27=V. > Voo =V + 1, x2.7
——

z]E

Vo =94+1,%x27=94+3.09x2.7=17.74V

Lastly, we apply KVL to the base branch,
Vee =1,R, = Vy >V —I;R, =0.7+V,

——
=0.7+Vg
Vee =(0.747V, 17.74—-(0.7+2.1
LRy =—F ( e)_ ( — ):7.47><105Q: T47kQ
I, 2010
P.11 =) Solution

It can be shown that in the present case SRy is not greater than 10R,,
which means that the approximate solution is not valid. Instead, we must
proceed with the exact approach.

We first establish a Thévenin equivalent resistance Vee o

given by (see figure to the side for notation)
2x9.1
R, =R R =221 50410 R,
62+9.1

and, using the voltage divider rule, an equivalent voltage
source such that

RV 9.1x16
" R+R, 62+9.1

Once the Thévenin equivalent resistance and voltage
source have been established, the analysis becomes no =
different from that of an emitter-bias configuration. To determine the base
current I, we write

Ey —LyRy —Vip — 1R, =0 > Ey —[,R, —Vy, _(IB+1)IBRE =0
R - 2.05-0.7
o Ry,+(B+1)R,  7.94+(80+1)x0.68

=205V R,

=0.0214mA =|21.4pA

Notice that the formula for Ig, would be identical to the one used in

Problem 8 had we replaced E: with Vcc and Ren with Rs.
To determine the collector current, simply multiply I5, by the BJT's

current gain parameter 8 = 80,

ICQ :,BIBQ =80x0.0214 =|1.71mA

Vce can be determined by applying KVL to the collector-emitter
junction; the ensuing formula is identical to the one obtained for the
emitter-bias configuration of Problem 8,

Ve =Vee =1 (Re + Ry ) =16-1.71x(3.9+0.68) = 8.17V

The collector-to-ground voltage is given by

Ve=Vy+ 1, R, =V, +I.R, =817+1.71x0.68={9.33V
—

:IC

The emitter-to-ground voltage is given by Ve =IR¢; since the base
current is substantially less than the other two current components, we may
use the approximation Ie = Ic and write

V,=I1,R, ~I.R, =1.71x0.68=[1.16V
The base voltage is given by

V,=V,+V,, =1.16+0.7=[1.86V

P.12 =) Solution

Note that the collector resistance is positioned between the supply
voltage node Vcc =18 V and the collector node Ve =12 V; using this
information, the collector current is found as

V.-V
VCC—ICRC=VC—>[C=—CC <
R.
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) _18-12
Y47
Assuming le = Ic, the emitter voltage is determined to be

Ve=I.R, ~I R, =128x12=1.54V

1.28mA

The base-to-ground voltage can be determined from the definition of
Ve,

Vi =V, =V, >V, =V, +V,
SV, =07+1.54=[224V

Applying KVL one last time gives resistance Ry,

Vcc — VB
Vee —IRIR1 =V, >R =
]R
1
The current through resistor R; is missing; one reasonable assumption
is to equate it to the current through Rz, which is calculated as

Va2
2 R2 5.6
so that
V.. =V, —2.
R1 = _C¢ B :18 224: 39.4kQ)
]R 04
1
——
z]Rz
P.13 =) Solution

In principle, we could determine the collector current by applying KVL
to the collector branch of the circuit; however, this requires the supply
voltage Vcc, which is missing. A second possibility is to use the base current /s
=20 pA and the BJT’s current gain parameter ; mathematically,

1
ﬁ:]_c_)lc:ﬂlB

B

oI, =100x(20x10°)=[2.0mA

To determine emitter voltage Ve, we apply Ohm’s law to the emitter
branch of the circuit,

V=1, R, =2.0x1.2=|2.4V
—
z]C
Applying KVL to the collector branch of the circuit gives Vc,
Vee =I-R- =V, >V =V +1I.R,

Ve =10.6+2.0x2.7=[16V

WithVc=10.6 Vand Ve =2.4V, calculating the collector-emitter
voltage couldn’t be any easier,

V=V.—-V,=106-24=[82V

The base voltage is
Vg =V =V, >V, =V, +V,
LV, =0.7+24=[3.1V

To determine resistance R;, we first apply Kirchhoff’s current law to
determine the current flowing through it,

1
Ip =Ip +1;= 2—2+ 0.02 = 0.398mA

so that
CC_VB
VCC—IR R =V, >R =
1 IR
1
= 16=31_35%ka
0.398
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© 2021 Montogue Quiz



P.14 =) Solution

We essentially have two voltage-divider bias networks with a
common voltage source of 20 V. The base voltage of Q: can be obtained in
approximate fashion with the voltage-divider rule,

_4T7x20

T18+47
Next, noting that Ve = 0.7 V,

Vg =V =V >V =V =V

SV, =4.14-0.7=|3.44V

4.14V

B

Applyng Ohm’s law to the emitter branch of Q; brings to

v, 3.
Ve=1I,R, > 1, :R—E:%:amm

E
so that, for the collector branch,

I.= i IE:( 160 Jx3.44=3.42mA
p+1 160+1

giving

V.=V —I.R, =20-342x22=[12.48V

Notice that we have already determined Ie and Ic. To compute the
base current, use one of the current gain parameter relations or, better yet,
simply write

Io+1,=1, >1,=1.—1I.
1, =344-3.42=0.02mA =[20pA

Also,
I, =3.42mA
IE =3.44mA
Calculations for transistor Q: are identical to those for Q.
2330 ey
22433
VE = VB _VBE
"V, =261-07=[1.91V
I, -2e 19 _paera
’ R, 1.2
I, = p_ I, :( 20 )x1.59: 1.57mA
’ F+1 90+1
Va2 = VCC —ICRC =20-3.40x2.2=\12.52V
I .
3.2 =—C=£ =0.0174mA =|17.4pA
27 B 90
P.15 =) Solution

Applying Kirchhoff’s voltage law to the sequence voltage source —
collector — feedback loop — emitter, we obtain

VCC _(IC +IB)RC _]BRF _VBE _IERE =0
%/_/

z[c

SVee= 1o Ro—I,R,. =V, — 1, R. =0
-~ ——
:IB[B z[c

Ve =BLR.—1,R. =V, —I.R, =0
S Vee =PIR. = IR, =V — IR, =0
Ve Vo = BI,R-+1,R. + BI,R,
Ve =Vep =Ty x| R+ B(R- +Ry) |
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VCC —Vye 16—-0.7
" IB = =
R, +B(R-+R;) 270+120x(3.6+1.2)
The collector current is
IC :ﬂIB =120x0.0181=|2.17mA

Applying KVL to the circuit branch stemming from the voltage source
node, we obtain

Vee=I.R. =V, >V, =16-2.17x3.6=[8.19V

=0.0181mA =[18.1pA

P.16 =) Solution

Suppose first that the potentiometer in the feedback loop offers zero
additional resistance to the circuit. In this case,R- =150+ 0 =150 kQ and,
using the formula derived in Problem 15, the base current is
Ve =V, 12-0.7
I, = cc___BE = =0.00711mA =7.11pA
R.+B(R.+R;) (150+0)+180x(4.7+3.3)

so that, from the definition of current gain parameter g,

1
ﬁ:[_cﬁlc:ﬂlg

B

o1, =180x0.00711=1.28mA

Then, applying KVL to the collector branch of the circuit, voltage Vc is
calculated to be

Vie—I.R, =V, >V, =12-128x4.7=[598V

Assume now that the potentiometer is set to its maximum rating of 1
MQ, so that RF =150 + 1000 = 1150 k. The base current is updated as
Ve =V, 12-0.
I, = S = 0.7 =0.00436 mA =4.36 A
R.+B(R-+R;) (150+1000)+180x(4.7+3.3)

and the collector current becomes

1. =180x0.00436 = 0.785mA
giving a new collector voltage Vc such that

V. =12-0.785x4.7=8.31V

Thus, as the potentiometer resistance varies from zero to 1 MQ, the
collector-to-ground voltage changes from 5.98 V to 8.31 V.

P.17 =) Solution

Using Vee = 0.7 V, the emitter-to-ground voltage is found as
Vg =V =V >V =V =V
SV, =4-0.7=|33V

The collector current is approximately equal to the emitter current,
and Ic can be determined by applying Ohm’s law to the emitter branch of the
circuit,

"
V,=1I,R, ~ IR, —>I.~—E
RE
" 1,=22 =[275mA
1.2

Applying KVL to the collector branch of the circuit should yield the
collector voltage V¢,

Ve =Vee — IR, =18-2.75x2.2=[11.95V

Gleaning the values of Ve and V¢, we may write
Vg =V =V, =11.95-33=18.65V

The base current can be determined as

V.-V,
Ve—I,R, =V, =1, =——2

F
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9574 041mA =24 1A

**B

Gathering the values of Ic and Is, we write

,3=]—C— 2.75 :

I, 0.0241

P.18 =) Solution

A simple way to determine the base current in a common-base
configuration is to first establish the emitter current I, then use the BJT's
current gain parameter to compute Is. Proceeding in this manner, we write,
for the emitter junction,

Vig =1pRp =V = 1 :M
E
12-07

o, =0.753mA

so that

I
I, =(1+p) 1, > I, =1+Eﬂ

=0.00930mA =(9.30pA

0.753
=
1+80

Equipped with Ie and I, we can determine the remaining current
component,

I=1.+1,>1.=1,—1,
oI, =0.753-0.00930 = [0.744 mA

To determine the collector-emitter voltage, we apply KVL to, you
guessed it, the collector-emitter junction,

Vcc _ICRC _VCE — IR, +Vy = 0
Vg =Vee =L R =1, R, +V,,
Ve =16-0.744x12-0.753x15+12 = |7.77V

Applying KVL one last time gives the collector-to-ground voltage Vc,
Vo=V —I.R. =16-0.744x12=|7.07V

P.19 =) Solution
Applying KVL to the emitter branch brings to
V..=V,
Vig =IpRy =V = I =t
E
8-0.
e :—7: 3.32mA
2.2

Letlc = e =3.95 mA. Applying KVL to the collector branch, we obtain
Vo=V.—1.R.=10-3.32x1.8=14.02V
——

z[E

Considering the entire collector-emitter junction and making use of Ic
~ g, we get

Vcc - ]c Rc _VCE _]ERE +VEE =0
——

z[E

Vg =V ¥V — 1 (RC +RE)=10+8—3.32><(1.8+2.2): 4.72V

P.20 =) Solution

We first determine the emitter voltage Vg,
Vg =V =Vy 2V =V, =V
VE =4.0-0.7=3.3V

Then, we compute the emitter current I,
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A :?;: 3mA

The corresponding collector current is

I.= i]E: 20 x3=2.97TmA
1+ 1+90

and can be used to establish the value of resistance Rc,

W

[E—

Vee =V,
Vee —I.R.=V.—>R.=-%-C
IC
R, _1478 _p ko
2.97

Using Ie and Ic = 2.97 mA clearly gives, for the base current Is,
I+, =1, >1,=1,-1_.
1, =3-297=0.03mA =|30pA

Given Vs =4V and Vc =8V, the base-collector voltage is calculated to

be

V=V, —V,=4-8=[-4V

We already established that Ve = 3.3 V; also, Vc = 8 V. The collector-
emitter voltage is then

Vp=V.-V,=8-33=[47V

P.21 =) Solution
We first determine the base current /s,

Vee =V,
Ve =1yRy =V, > 1, == —+

B
Ve =V, Voo = (Vi +V, 12—-(0.7+0
oI = B Va E): ( )=0.0222mA=22.2pA
R R 510
Then, using the current gain parameter 8, we compute collector
current /¢,

B B

1
ﬁ:]_célc:ﬂlB

B

o 1. =100%x0.0222 =|2.22mA

Applying KVL to the collector junction should yield voltage Vc,
Vo=V +1.R.=-12+222x33=|-4.67V

Lastly, Vce is
V., =V.-V,=V.=[-4671V
—
=0
P.22 =) Solution

For the approximate approach to be valid, we must have
PR, =10R, —220%0.75 (?) 10x16
165 > 160 (Checks!)

Using the approximate approach, the base voltage can be established
as

RV 16x(-22

V, = 2 CC ( )=—3.59V
R +R, 82+16

so that

Vg =Vy =V 2V =V =V

"V, =-3.59-(-0.7) = -2.89V
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Using this voltage, we can determine the emitter current I,

»
V.=1.R. —>1, =—£
E ETCF FE RE

1, =25 _385maA
0.75

With Ic = I, applying KVL to the collector junction brings to
Veo=-V.+ 1. R, =-22+385x22=|-13.53V
——

z[E

Lastly, with a current gain parameter 8 = 220,

I 3
2385 0175mA =[1751A
220

I,=-¢
B
P.23 =) Solution

Applying KVL to the emitter branch brings to
VEE _VBE

VEE _IERE = VBE _)IE =

E

8—-0.7
My =—————= 2.21mA
33
Using Ic = Ig, the collector voltage is calculated to be

Vo=V + 1. R =—-12+221x3.9=[338V
—_—
z]E

P.24 =) Solution

Problem 24.1: First note that Vos=6Vand Vs -Vin=5-1.5=3.5V;
since Vs > Ves — Vv, the FET is biased in the saturation region and the drain
current is given by

I, =K, (Vs —Vy )’ =0.25%(5.0-1.5)° =[3.06 mA

Problem 24.2: In this case, Vos=2.5V and Vs -Vmn=5-1.5=35V,
since Vs < Vs — Vi, the FET is biased in the nonsaturation region and the
drain current is given by

Ly =K, [2(Vas =Viy Vs —Vis |=0.25[ 2x(5.0-1.5)x2.5-2.5" | = |[2.81mA

P.25 =) Solution

Evoking the equation for drain current in the saturation region and
solving for Ves, we obtain

] K GS TN _)w GS TN
Vs \/ Y\ kw(2L) W/ (2L)
"V, /—+ 0.8=[2.38V
9 ~10.08x5/2

The corresponding saturation drain-source voltage is

Vs (sat) =V =V, =2.38-0.8=]1.58V

P.26 =) Solution

Problem 26.1: The MOSFET conduction parameter K, is expressed as
k'w

K, ==

where the process conduction parameter k,’1 equals the product of electron
mobility and oxide-layer capacitance:

650x|3.9%(8.85x107"
ko= O =l 2o _ ) = 4.99%107° A/V?
t 450x10

ox

Substituting in (1), we obtain
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ok (4.99%107)x 64

) =3.99x10* A/V? =|0.399mA/V*
2L 2x4

Problem 26.2: With Vss =Vbs = 3V, the FET is operating in saturation;
accordingly, its drain current can be determined with the equation

I, =K, (Vs —Vyy )’ =0.399x(3-0.8)" =[1.93mA

P.27 wp Solution

If the device is operating in the saturation region, the drain current is
given by

ID = Kn (VGS _VTN )2 )

The MOSFET conduction parameter can be expanded as
k;;W _ ILlnC()xW _ ﬂngoxW
2L 2L 2t L

600><[3.9><(8.85x10—‘4)]xW
" 2x(400x10™)x(2.5x10)

K, =

=0.104

so that, substituting in (I) and solving for W,
Iy =K, (Vs =V ) =1, = 01040 x (Vo —Vy, )

-3

W= & —= L-2x10 ~=721x10" cm =|7.21pm
0.104(Vys —Vyy ) 0.104x(5.0-1.0)

P.28 =) Solution

Since this is ap-channel FET, the saturation source-drain voltage can
be stated as

Ve (58t) =V +Vyp =042=2V

Now, with Vsp =1V < Vsp(sat), the FET is operating in nonsaturation
and the drain current can be determined as

I, =K, [2(Vi +Vip )Wy =V, | =0.5%[ 2.0x(0+2.0)x1.0-1.0° | =[1.5mA

Next, with Vsp = 2 V = Vsp(sat), the FET is operating in saturation and
the drain current is given by

I, =K, (Ve +Vy )’ =05x(0+2.0)’ =[2mA

Lastly, with Vsp =3 V > Vsp(sat), the FET is in saturation and conducts
the same drain current as when Vsp =2V,

I, =2mA

P.29 =) Solution

Since both devices have the same oxide thickness tox = 500 A, they
share a common oxide-layer capacitance Cox such that

g 3.9x(8.85x10™)
Cox :i: o
t 500%10

ox

=6.90x10® F/cm’

The process conduction parameter for the NMOS is
k= u,C, =675x(6.90x10™") = 4.66x10~ A/V?
while, for the PMOS,
k! = p1,C,, =375%(6.90x10™") =2.59x10"° A/V”
Now, if the PMOS is to conduct a drain current of 0.8 mA when

subjected to a source-gate voltage of 5V, we may write the following and

solve for aspect ratio,
!

k,(w 2 w 21
I :—p(—j Vie +V, —>(—j = L
2T ),V T T ey
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2x(0.8x107°
(Kj = <(08x107) -=3.19
L), (259x10°)x(5-0.6)

Since channel length L =4 pm,

W,=3.19L =3.19x4=[12.8 um

We can also determine the PMOS conduction parameter,

P2 L

k' 2.59x107°
:_P(Zj :¥x3.19=4.13x10_5 A/V? =[41 3pA/V?
V4

For the two transistors to be electrically equivalent, the conduction
parameter of the NMOS must be equal to that of the PMOS; that is,

2
K,=K,=|413pA/V

Using this relationship, we can determine the aspect ratio of the

NMOS,
' k'
o) 4
v o2\L), 2\L),

. 4.66x107 (Wj 2.59x107 (Wj
n p

X ¢z X \L
%/_/
=319

— x3.19=1.77

(W) 2359x107
' ( L j  4.66x107°
Finally, with L =4 pm,

W, =1.77L=1.77x4=|7.08 um

In summary, the devices will be electrically equivalent if they are
designed such that K,, = K, = 41.3 pA/V?, W, =7.08 um, and W, = 12.8 um.

P.30 =) Solution

WIth Ipss =12 mA and Ve = —4 V, Shockley’s equation for this device can

be written as
2 2
I,=1 1—@ =12x l—h
D DSS Vp (_4)

Folowing Boylestad and Nashelsky, we plot the transfer curve with
four reference Ves values, namely 0V, Vgs =Vp =—4V,V,/2=-2V, and 0.3V =
—1.2 V. The corresponding Ip values are tabulated below.

Vs Ip
oV 12 mA
-4V 0 mA
Vp/2=—4/2=-2V 12 x [1-(=2)/ (—4)F =3 mA
0.3Ve=0.3x(—4)=—1.2V | 12 x[1-(-1.2)/(—4)]?=5.88 mA

The transfer curve can be plotted with these four points. The Q-point
coordinates are found by superimposing the transfer curve with the fixed-
bias line, which in turn can be defined if we apply Kirchhoff’s voltage law to
the gate-source junction of the network:

Voo =Vos =0 2> Vs ==Vge
ButVss=15V,so
Ve =—1.5
Recall from your knowledge of analytic geometry that an expression
of the type x =const. plots as a vertical line on the xy-plane. Analogously, Ves
=—1.5V represents a vertical line on the Vss-Io plane and intercepts the
voltage axis at (—1.5, 0). The transfer curve and the load line in question are

shown below. By inspection, we see that the quiescent gate-source voltage is
Vesg =—15V (obviously), while the quiescent drain current is Ip, = 4.8 mA.
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6- -6 1H(mMA)
4 -{DQ
0 ' . . Lo
—4 = =2 VGSQ -1 0
Vs(V)

Applying Kirchhoff’s voltage law to the drain branch of the network,
we can determine the quiescent drain-source voltage,

Vosy =Voo = 1p, Ry =14-4.8x1.8=[536V

To determine Ip, mathematically, simply substitute Vg = Vsg =—15

Vin Shockley’s equation, giving

VoY 2
I =1..|1--2¢ —12{1—&‘5)} —[4.69mA
DQ — +DSS V - _ - :

P

There is good agreement between this result and the graphical
estimate I, = 4.8 mA. The corresponding Vbs, is

Vosp = Voo = Lo, Ry =14-4.69x1.8 =[5.56V

P.31 =) Solution
WIth Ioss =10 mA and Ve = —4 V, Shockley’s equation for this device

2 2
V V.
I, =1 1—ﬂ] =10x|1-—%_
D DSS[ Vp |: (_4):|

Drain currents for four typical values of Ves are tabulated below.

reads

Vs Ip
oV 10 mA
—4V 0 mA
Ve/2=—4/2==2V 10 x [1-(=2)/(=4)2=2.5 mA
0.3Vp=0.3x(—4)=—12V | 10 x[1-(=1.2)/(—4)?=4.9 mA

The points above define the transfer curve. The second step is to
draw the self-bias line, which is defined by the simple relation Vs = —IoRs,
with Rs = 0.75 kQ. The first obvious point choice is the origin itself, because if
Ip =0 thenVess=—0 x 0.75=0 V. For the second point, let us take Ip =/pss/2 =
10/2 mA, giving

I,..R 10x0.75

Vos = —IpRg = — PR =

2
Thus, the self-bias line is defined by points (0,0) and (—3.75, 5). This
line is superposed to the transfer curve in the following graph. By inspection,
we see that I, ~ 2.6 mAand Vg5, ~ —1.95V.

=-3.75V

10 10
8 8
6 6
[H(mA
" p(mA)
Il
21 : [, 72
:
0 ' A . 0
-4 =5 -2 -1 0
GSQ
Vis(V)
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Using the quiescent drain current determined above, the drain-source
voltage is calculated to be

Vis =Vop =1, (R, + R ) =18—-2.6x(1.5+0.75) =|12.15 V
The drain voltage Vo is, in turn,

V,=V,,—I,R, =18-2.6x1.5=|14.1V

The gate voltage Vs in a self-bias configuration equals zero:

Ve =0V

Using Vbs =12.15V and Vb = 14.1V, we can establish the source voltage

Vs,
VDS :VD _Vs _)VS :VD _VDS
SV =141-12.15=|1.95V

Notice that Vg = |Vgs].
In a purely mathematical treatment, substitute Vss = —IoRs into
Shockley’s equation and expand, giving

2 2
v, (—IpRs) [ I, R: 21, R
ID:[DSS£ _%j = DSS|:1_ o } = SI/%"" 2 SID+I

P VP VPz VP o
I, ..R? 27...R
DSS2 S ][2) +( DSS*S _IJID +1DSS
P P
(10><10‘3)><7502 2x(10x10-3)x750
I+ ~111,+10x107° =0

R B

35212 —4.751,+0.01=0

475+ )(=4.75)" —4x352x0.01

. = x10° = TU88A , |2.61mA
Po 2x352

The corresponding Vs is
VGSQ = —]DQRS =-2.61x0.75=(1.96V

There is excellent agreement between the graphical method and the
purely mathematical approach.

P.32 =) Solution

We proceed in much the same way as in Problem 31. First, we tabulate
four Ves-Ip data points:

Ves Io
oV 6 mA
—6V 0 mA
Vp/2=—6/2=-3V 6 x[1-(=3)/(=6)*=1.5 mA
0.3Vp=0.3x(—6)=—1.8V | 10 x[1-(-1.8)/(—6)?=2.94 mA

Now, the self-bias line is defined by Vss = —IoRs; one point is (0,0), and
another can be obtained by taking, say, Io =1ss/2 =6/2 =3 mA, so that Ves = -3
x 1.6 =—4.8 V. The transfer curve and self-bias line are superposed below. By
inspection, we read Ip, = 1.7mA and Veso = —2.75V.

6 6
- 4
3 S 3
Ip(mA)
2 2
IDQ
1 1
0 . ' : . . =0
-6 -5 -4 -3 -2 -1 0
Vas,
VGS(V)

Using the quiescent drain current determined above, the drain-source
voltage is computed as
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Vis =Vpp =1, (Ry + Ry ) =12-1.7x(2.2+1.6) =
The drain voltage Vo is, in turn,
V=V —1,R, =12-1.7x2.2=[8.26V

The gate voltage Vs in a self-bias configuration equals zero:

554V

Ve=0V
Using Vos = 5.54 V and Vb = 8.26 V, we can establish the source voltage
Vs,
Vps =Vp =Vs = Vs =Vp =V
SV =826-5.54=1272V
Notice that Vs = |Vl
P.33 = Solution

In the present case, a simple way to determine I, is to refer to the
source branch, for which we have the measurement Vs =17V, and use IDQ =
[S:

3.33mA

In a self-bias configuration, Vesy = —IpyRs, so that

Vos, =—Ip, Ry ==333x0.51=[-1.70V

To determine the maximum current, substitute any of the transfer
curve's (Ves, Ip) pairs into Shockley’s equation and solve for Ipss; an obvious
choice here is the Q-point itself:

Ves ) Vos, |
GS,
]DZIDSS£1—VL:} _)]DQ _]DSS{l_ VPQJ
1
g = - 333 - =(10.07mA
Ve (-1.70)
T L
v, —4
The drain voltage is
V,=V,,—I,R, =18-3.33x2=11.34V

Using the value of Vo determined above and the given Vs, we can
easily determine the drain-source voltage:

Vo=V, =V, =1134-1.7=

9.64V

P.34 u) Solution

Since the gate and source are shorted, Vs = Vs and
Veg =V =V =0V
With Vs = 0V, Shockley’s equation gives

2
GS 2
E 0
I,=1 | 1-——| =1, X 1——5 I, =14.5mA
P

Applying Kirchhoff’s voltage law to the drain region, we get

Vis =Vop +Vss =1, (R, + Ry ) = (20+4)-4.5x(2.2+0.68) =[11.04 V

Applying KVL a second time yields
V,=V,,—I,R, =20-4.5x2.2=110.1V

With Vbs and Vo, the source-to-ground voltage is found as
Vps =Vp =Vs = Vs =V =Vpg

Vs =10.1-11.04=|-0.94 V

28

© 2021 Montogue Quiz



P.35 =) Solution

Problem 35.1: The gate-to-ground voltage can be determined with the
voltage divider rule,

_110x20

‘1104910
To establish the Q-point of the transistor, we begin by tabulating a
few (Ves, Io) pairs.

2.16 V

Vas Ip
oV 10 mA
-3.5V 0 mA

Vep/2=-3.5/2=-175V 10 X [1-(=1.75)/(=3.5)*= 2.5 mA
0.3Vrp=0.3 X (=3.5)=—1.05V | 10 X [1-(=1.05)/(—3.5)]?=4.9 mA
Next, we turn to the voltage-divider bias line. Applying Kirchhoff’s
voltage law to the gate-source junction of the network,

Vo —Vas =V, =0 Vs =Vo =V,

Here, the voltage Vi  across the source resistance equals IsRs or,
equivalently, IoRs, giving
Vos =V —1pRs
This equation plots as a straight line on the Ves-Io plane. Substituting
V6=2.16 Vand Rs = 1.1 kQ brings to
Ve =V —1,R; >V, =2.16-1.11,
One point can be defined by setting Ves to zero and solving for Ip,

0=2.16-1.11, > 1, :%:1.96mA

Likewise, a second point can be defined by setting Iv to zero and
solving for Vs,

Ve =2.16-1.1x0 >V, =2.16V

Thus, the voltage-divider biasing line passes through (0, 1.96) and
(2.16, 0), as shown. By inspection, we read Ves, ® —1.5V and Ip, = 3.3 mA.

10+ > 10

8 8

6 6

) |, Io(mA)
\ Ip

0 : . : ' \ 0

-3 -2 VGSQfl 0 1 2
Vss(V)

Now, the drain voltage is given by
Vo =Vyp —IDQRD =20-3.3%x22=12.74V
Noting thatIs =1Ip, the source voltage is found as
Ve =I,R; =1,R, =3.3x1.1=3.63V
The drain-source voltage under quiescent conditions is
VDSQ =V, —]DQ (RD +RS): 20—3.3><(2.2+1.1) =19.11V

Problem 35.2: In this case, the transfer curve remains unchanged
because the transistor is the same. The voltage-divider bias line, however, is
now given by

Vog =V, —1,R; >V, =2.16-0.511,
As before, one point can be found by setting Vss = 0 and solving for Ip,

0=2.16-0.511, > 1, :%:4.24111,4

Setting Ip to zero and solving for Ves yields

Vo =2.16-0.51x0 - V. =2.16V

Thus, the updated voltage-divider bias line passes through (0, 4.24)
and (2.16, 0), as shown in the green line below; the bias line for the higher
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source resistance setting is redrawn for convenience. Inspecting the graph,
we read the new intercepts VG’SQ ~ —0.85V and IL’,Q ~ 5.9 mA. Compare this

with Vesg =—15V and Ip,=3.3mA and we see that halving the source
resistance leads to a 43% decrease in the absolute value of Vs, and a 79%

increase in Ip,.

10 > r10

81 8

6 L6,

IDQ
4 s 1p(mA)
0 . ' . =0
=3 =2 —1, 0 1 2
Vasg
Vis(V)

We proceed to compute the updated drain voltage Vb,
Vo =Vop —IDQRD =20-59x22=|7.02V

the updated source voltage Vs,
Ve =1,R; =59%x0.51={3.01V

and the quiescent Vps,

Vos =V, =V, =7.02-3.01={4.01V

P.36 =) Solution

Since we already have the drain-to-ground voltage Vo, there is no
need to work with transfer curves.

4
Vop—I,Ry =V, >1,= 0o
D
L, = 18;12 =3mA

The source voltage is

Vi =IRs =1,R; =3.0x0.68=2.04V
The drain-source voltage is
Vs =Vpp =1 (RD +RS) = 18—3.0><(2+0.68) =996V
Using the voltage-divider rule, the gate voltage is calculated to be

p, = 012 ey

7 110+680

The gate-source voltage easily follows,
Ves =Vs =V =1.67-2.04=-0.37V

To find the pinch-off voltage, solve Shockley’s equation for Ip, then
substitute Vgs = —0.37 V, Ipss = 8 mA, and Ip = 3 mA,

2
v v,
Iy = I pgs [1_%j >V, =—F—
1

r Ay
]DSS
wy, =037 15955V
o
8.0

P.37 wp Solution

To establish the Q-point of the transistor, we first tabulate a few (Vs,
Io) pairs.
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Vs Io

oV 6 mA
-6V 0 mA
Vp/2=—6/2==3V 6 x[1-(=3)/(—=6)F=1.5mA

0.3Vr=0.3 % (—6)=—-1.8V 6 x[1-(-1.8)/(=6)*=2.94mA

Next, we turn to the common-gate line. Applying Kirchhoff’s voltage
law to the gate-source junction of the network brings to

_VGS _]SRS +VSS =0—> VGS = VSS _ISRS
But, with Is =1Ip,

Vos =Vss =1 R
The equation above defines the load line for a common-gate
configuration. In the present case, Vss =4 V and Rs = 2.2 kQ, so that
Vee =4-2.21,
As always, two points are used to plot the line. First, setting Vss to
zero and solving for Ip,

0=4-221, 1, :%:1.82mA

That is, (0, 1.82) is the y-intercept of the load line. Next, setting Ip to
zero and solving for Vs,

Veg =4-22x0=4V
Accordingly, (4, 0) is the x-intercept of the line in question. We

proceed to plot the transfer curve and the load line. The Q-point values are
read as Vesq ® =2V and Ip, = 2.7 mA.

6 > r6
" s
4 4
T T [ N T, Ip(mA)
i Q
14 i 1
0 ,i 50
=6 -4 -2 0 2 4
Vésq
Viss(V)

We are now in position to determine the drain-source voltage Vps,

Vis =Vop +Vss =1 (R, + R ) =16 +4-2.7x(2.2+22)=|8.12V

The source voltage Vs is

Vi=-V+I R, =—4+2.7x22=1.94V

Notice that Vg = |VGSQ| becauseV;=0V.

P.38 =) Solution

Since we already have the drain-source voltage Vos =4 V, we can
establish drain current Ip without recourse to transfer curve analysis. Indeed,

VDD + VSS B VDS

Ve =Vop +Ve —1, (RD +RS)—>]D = )

_20-2-4
S 3.0+12

The drain voltage Vb is
V=V, —1,R, =20-3.33x3=(10V
The source voltage Vs is, in turn,
Vo=V +I1,Rg =2+333x1.2=16.0V

With Vs =0V, we obviously have

Ve =V —V,=0-6.0=|-6.0V

3.33mA

*°D
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P.39 =) Solution

Notice that the gate branch of the FET is organized in a voltage-
divider bias topology. Using the voltage-divider rule, we find that

18x20
91+18

To find the Q-point variables, we need to perform a transfer curve-
load line analysis. Some (Ves, Ip) pairs are computed below.

330V

G

Vs Io
oV 6 mA
—6V 0 mA
Vp/2=—6/2=-3V 6 x [1-(=3)/(-=6)=1.5mA
0.3V, =0.3x(—6)=—1.8V 6 x [1-(-1.8)/ (—6)]? =2.94mA

Further, since this is a voltage-divider bias configuration, the load line
has the form

Vo=V, —I,R; — V. =3.30—12I,

and includes points (0, 2.75) and (3.30, 0). The graphs are shown below. The
transfer curve and load line cross at Veso = —1.2V and Ip, =~ 3.8 MA.

6 P ré
4 La
IDQ
3 3 Ip(mA)
2 2
1 1
0 ' : , : ' . : =0
-6 -5 -3 =3 =2 -1 0 1 2 3
VGSQ
VisV)

Notice that the drain branch of the FET is connected to the emitter
branch of the BJT; therefore, we can state that

I, =1, =(3.8mA

E Dy

The base current can be found with the value of Ir and the current
gain parameter 8 = 160:

I, 338
148 14160
In the present topology, the drain voltage Vo is equivalent to the
emitter voltage V,

Vo =Ve =V =V :(VCC _IBRB)_VBE
=V, =20-0.0238x330-0.7=|11.45V

The collector voltage Vc is
Vo=V, —1. R.=20-38x1.1=|15.82V
—

z[E

=0.0238mA =|23.8pA

P.40 =) Solution

The base voltage Vs of the BJT is equivalent to the gate voltage Vs of
the FET, and can be determined with the voltage-divider rule:

_10x16
“ 40+10

(Recall that for a BJT voltage-divider bias topology, this approximation
requires that BRe = 10Rz2, which can be shown to be true in this situation.)
Noting that Vee = 0.7 V, the emitter voltage follows as

VBE :VB_VE _)VE :VB _VBE
SV, =32-0.7=|25V

v, = 32V
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Applying Ohm’s law to the emitter branch of the BT, we get

i’
V.=I.R, >1, =R—E

E

2.5
S =—=
1.2
With I =2.08 mA and 8 =100, the collector current is determined as

L= L =[ 1% )0 08-[2.06mA
1+p 1+100

The collector current of the BJT functions as source current for the
FET; that is,

2.08 mA

I.=1,=2.06mA
Further,

I, =1, =|2.06mA
With =100 and Ic=2.06 mA, we write

1 2.06
[, =—5=""—=0.0206mA =|20.6 uA
£ 100
To find collector voltage Vq, first note that Vc = Vs. Accordingly, we
write

VGS :VG_VS _)VC :VG_VGS

Here, Vs = 3.2 V and Vss can be determined with Shockley’s equation,

2
14 1
T L AR (S

P DSS
2.
Ve =—6x| 1= |22 | = gy
6.0

so that

V.=32-(-2.48)=[5.68V

Further,

V,=V,=[568V

Applying KVL to the drain branch of the FET should yield voltage Vb
V=V, —1,R, =16-2.06x22=|1147V

With Vc=5.68 Vand Ve =25V, the collector-emitter voltage is
determined as

Vp=V.-V, =568-25=[3.18V

With Vb =11.47V and Vs =5.68 V, the drain-source voltage is
calculated as

Vos =V, =V, =1147-5.68=|5.79V
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Was this material helpful to you? If so, please consider donating a small

amount to our project at www.montoguequiz.com/donate so we can keep

posting free, high-quality materials like this one on a regular basis.

33

© 2021 Montogue Quiz


http://www.montoguequiz.com/donate

	Problems
	Solutions
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	P10
	P11
	P12
	P13
	P14
	P15
	P16
	P17
	P18
	P19
	P20
	P21
	P22
	P23
	P24
	P25
	P26
	P27
	P28
	P29
	P30
	P31
	P32
	P33
	P34
	P35
	P36
	P37
	P38
	P39
	P40

	References



