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Tutorial 4: BJT Characteristics &

TE HERENGA WAKA Biasing (Solution)
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A. BJT Characteristics

1.

Determine the region of operations of BJT transistor. [4 marks]
Solution

As shown in the diagram there are four regions existed in BJT transistor operation: active
(linear), saturation, cut-off and breakdown.
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Active (linear) region is when the BE junction of the transistor is forward biased and its BC
junction is reverse biased. Much of the design effort in transistor circuit is to make the transistor
in the circuit to operate within this region. This region is considered linear and stable for a given
design requirement of the transistor-based circuit.

Most of the design goal is also to avoid transistor to be fall into the breakdown region. The
characteristics of this region are non- linear, very unstable and easily turn into problems in
performance and quality of the operation.

On the other hand, cut-off region is when the BE junction of the transistor is reverse biased and
the BC junction is also reversed bias.

Saturation region is observed when both the BE and BC junctions are forward biased. The
following table summarises the regions of operations of a BJT transistor.

Region

BE Junction

BC Junction

Cut off

Reverse biased

Reverse biased

Saturation

Forward biased

Forward biased




Active (linear) Forward Biased Reverse biased

Breakdown - -

2. Whyitis a bad idea to do the design of a transistor circuit based on a specific (supplied) value of
Boc- [4 marks]

Solution

The DC voltage gain of BIT Sp¢ is a function of the transistor temperature i.e. as the
temperature increases, the value of S also goes up. Data sheets would normally specify a
minimum value of B at a certain value of IC.

The diagram given below illustrates the cases when operating temperature of the transistor is
varied from-55°C to 125°C. The current gain and the collector of the transistor experience
considerable changes in their values. This further states the reason why we should not rely on
value of B for the transistor circuit design.
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3. Determine the DC current gain /3, . and the emitter current I, for a transistor where I = 50 pA
and I, =3.65 mA. [4 marks]

Solution

The DC gain of the transistor is found from the following equation:

I 3.65mA

BDC=E= SOl.lA -

The current that flows in the emitter of the transistor is:

Ip = I, + Iz = 3.65 mA + 50 pA = 3.70 mA

4. Determine Ig, I¢, Ig, Vg, Ve, and Vg in the circuit of given below. The transistor has a g, . =
150. [12 marks]

XMUT204 - Tutorial 4 - 2



00 £

Solution

From the equation given below, Vg = 0.7 V. Calculate the base, collector, and emitter currents
as follows:

Ves —Vez 5V =07V
Iy = = = 430 pA
B Ry 10 kQ "

Ip = I + I = 64.5 mA + 430 pA = 64.9 mA

Solve for Vg and V5.
Veg =Vee —IcRc =10V — (64.5mA)(100Q) =10V - 645V =355V
VCB = VCE - VBE = 355 V - 07 V = 285 V

Since the collector is at a higher voltage than the base, the collector-base junction is reverse-
biased.

Sketch an ideal family of collector curves for the circuit in the figure below for Iz from 5 pA to 25
MAin 5 pA increments. Assume [, . = 100 and that Vg does not exceed breakdown.
[10 marks]
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Using the relationship I = S, I, values of I are calculated and tabulated in the table given

<

Solution

below.
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Ip I
5 uA 0.5 mA
10 pA 1.0 mA
15 pA 1.5 mA
20 pA 2.0 mA
25 pA 2.5mA

The resulting curves are plotted in the figure below.

Ip (mA)

g =125 pA

Iy =20 gA

Iy =15 gA

Iy = 10 BA

Ip=3 A

-V
ol o7v u

Determine whether or not the transistor in the figure below is in saturation. Assume Vg (sat) =
0.2 V. [8 marks]

1.0 kA2
Ry +
_ — Vi
Boc =30 —==py
. + -
.l"ug —
il
Solution
First, determine I¢(sap)-
VCC - VCE(sat) 10 V - 0.2 V 9.8 V
I = = = =9.8mA
C(sat) Rc 1kQ 1kQ m

Now, see if I is large enough to produce I¢(sat)-
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Vps — Ve _3V—07V

= 0.23 mA
Ry 10 kQ m

IB:

Ic = Bpclg = (50)(0.23 mA) = 11.5 mA

This shows that with the specified ﬂDC' this base current is capable of producing an I greater

than IC(Sat)'

Therefore, the transistor is saturated, and the collector current value of 11.5 mA is never
reached. If you further increase I, the collector current remains at its saturation value of 9.8
mA.

A certain transistor is to be operated with Vg = 6 V. If its maximum power rating is 250 mW,
what is the most collector current that it can handle? [4 marks]

Solution
The current that flows in the collector is found from:

1 _ Poaman _ 250 mW
¢ Vg 6V

= 41.7 mA

This is the maximum current for this particular value of Vg = 6 V. The transistor can handle
more collector current if V¢ is reduced, as long as Pp(max) and I¢(max) are not exceeded.

The transistor in the figure below has the following maximum ratings: Pp(max) = 800 mW,
VeE@max) =15V, and I¢(max) = 100 mA. Determine the maximum value to which V¢ can be
adjusted without exceeding a rating. Which rating would be exceeded first? [14 marks]

1.0 kL1

+
Ppc = 100 :?’_-_L Ve

Solution
First, find Iz so that you can determine I.:

Vss —Vgr _5V—0.7V
Ry 22 kO

Ic = Bpcl = (100)(195 pA) = 19.5 mA

The I is much less than I (max) and ideally will not change with V. It is determined only by I
and 3, ..

The voltage drop across R is:
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10.

Vge = IcRc = (19.5mA)(1kQ) =195V
Now, you can determine the value of Vi when Vg = Vegmax) =15V
VRC =Vee = Vee
So
Vecmax) = Veg@max) + Ve, = 15V +19.5V =345V

The V¢ can be increased to 34.5 V, under the existing conditions, before Vg may) is exceeded.
However, at this point, it is not known whether or not P ax) has been exceeded.

Py = Vepmanle = (15 V)(19.5 mA) = 293 mW

Since Pp(max) is 800 mW, it is not exceeded when V¢ =34.5 V. So, Vegmax) = 15 Vis the
limiting rating in this case. If the base current is removed causing the transistor to turn off,
Vee@max) Will be exceeded first because the entire supply voltage, V¢, will be dropped across
the transistor.

A certain transistor has a Pp(max) of 1 W at 25°C. The derating factor is 5 mW/°C. What is the
Pp(max) at a temperature of 70°C? [4 marks]

Solution
The change (reduction) in Ppmax) is:

APp(max) = (5 mW/°C)(70°C — 25°C) = (5 mW/°C)(45°C) = 225 mW
Therefore, the Pp(max) at 70°Ciis:

Ppmax) = 1 W =225 mW = 775 mW

A 2N3904 transistor is used in the circuit as shown below (i.e. the same BJT circuit as in Question
6). Determine the maximum value to which V. can be adjusted without exceeding a rating.
Which rating would be exceeded first? Refer to the datasheet of this transistor. [10 marks]

1.0 kL]

+

P = 100 %’:—L {

Solution

From the datasheet, we could obtain the maximum values for the device: Ppmax) = Pp =
625 mW, VCE(max) = VCEO =40 V, and IC(max) = IC = 200 mA.

XMUT204 - Tutorial 4 - 6



Assume S, . = 100. This is a reasonably valid assumption based on the datasheet hpy = 100

minimum for specified conditions (5, . and hgg are the same parameter).

As you have learned, the ﬂDC has considerable variations for a given transistor, depending on
circuit conditions. Under this assumption, I = 19.5 mA and Vg, =19.5Vas from Question 6.

T,= 25 unless ofhenwise noted

Absolute Maximum Ratings*

Symbol Parameter Value Units
Veea Collector-Emitter \oltage 40 W
Viemn Collector-Base Voltage &0 W
Vesn Emitter-Base Voltage 6.0 W
le Collector Curent - Continuous 200 mé
To Tayg Orperating and Storage Junction Temperature Range 55 fo +150 o
*Ihese raings ane limiting values above which the serviceabiity of any semicorducion devios may be impaired.
MOTES:
A Thizse ratings ane basesd on & madimum juncion emperatune of 150 degrees C.
2 These ane sheady siale imis. The taciony should Be corsuled on applmaSons nvolving pulsed or kew duty cyde cpemdons.
Thermal Characteristics =25 uniess cinerwiss notee
Symbol Characteristic Max Units
2N3904 “MMET3904 “*PZT3904
Po Total Device Dissipation 625 350 1,000 mW
Derate abowe 25°C 5.0 2.8 8.0 mW~C
Reic Tharmal Resistance, Junction to Case B33 "CW
Reus Tharmal Resistance, Junction to Ambisnt 200 357 125 T

*Duﬂnerrn.rmd on FR-4PCE1.6°X 1.6° X uDE."
** Denice maunsed.on FR-4 PCE 36 mm X 18 mem X 1.5 mm; mounting pad for the coliecior lead min. & o

Since I is much less than I-(max) and, ideally, will not change with V¢, the maximum value to
which V¢ can be increased before V. (max) is exceeded is:

VCC(maX) - VCE(maX) + VRC =40V + 19.5 V= 59.5 \%

However, at the maximum value of Vg, the power dissipation is:

Power dissipation exceeds the maximum of 625 mW specified on the datasheet.

. Observe the following operational conditions and measured electrical parameters of the 2N3904
NPN BJT transistor-based circuits.

Vee
+oV

Veg

+3V 2N3904

(a)

Vee
+oV

OPEN
uv
Veg
+3V 2N3904
56 k()
0.6V-08V

(b)
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Vee Vee Vee
+9V +9V +H9OV

560 )

VY

VaR
+3V

VaR

2N3904 +3V

2N3904
2.5V

s6k0

56 k) sok0

0.6V— OPEN opEN ¢

—

(d) (e) (f)

a. Symptoms: Readings from V to a few mV at base due to floating point and 9 V at collector
because transistor is in cut-off. [2 marks]

b. Symptoms: A very small voltage may be observed at the collector when a meter is connected
due to the current path through the BC junction and the meter resistance. [2 marks]

c. Symptoms: It is observed that 3 V at base lead and 9 V at collector because transistor is in
cut-off. [2 marks]

d. Symptoms: It is observed that 0.6 V—0.8 V at base lead due to forward voltage drop across
base-emitter junction and 9 V at collector because the open prevents collector current.
[2 marks]

e. Symptoms: It is observed that 3 V at base lead and 9 V at collector because there is no
collector current. Then, we have 0 V at the emitter as normal. [2 marks]

f.  Symptoms: It is observed that 3 V at base lead and 9 V at collector because there is no
collector current. Then, we have 2.5 V or more at the emitter due to the forward voltage
drop across the base-emitter junction. The measuring voltmeter provides a forward current
path through its internal resistance. [2 marks]

Solution

a. Fault: Open base resistor.

b. Fault: Open collector resistor.
c. Fault: Base internally open.

d. Fault: Collector internally open.
e. Fault: Emitter internally open.

f.  Fault: Open ground connection.

B. BJT Biasing Circuits

1. Analyse the DC biased NPN BJT transistor circuit below to determine the voltages at all nodes
and the currents in all branches. Assume 8 = 100. [10 marks]
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+10V

Ry = 100 kQ

Solution

To determine the voltages and currents in the amplifier, we follow the steps given in the DC
biasing design of the BJT transistor.

Step 1

Assuming that Vg of the transistor is around 0.7 V.

Step 2

The base current of the amplifier is found from the following equation:

Vs —Vgz 5V—07V

~ = 0.043 mA
Ry 100 kQ m

IB=

Step 3
The current that flows in the collector is:
I = Blz = (100)(0.043 mA) = 4.3 mA

Step 4
The voltage at the collector is found from the following equation:

Ve =Vee —IcR; =10 — (43 mA)(2kQ) =14V
Step 5
The current that flows in the emitter of the amplifier is found from:

Iy = (B + DIz = (100 + 1) X 0.043 mA = 4.343 mA
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+10V

4.3 mA

100 kQ

—

5 0.7

@ le 100 +0.7V
0.043 mA @

100 0.

1;4%@

| 1 4.3 + 0.043
Y = 4.343 mA @

Determine the Q-point for the DC biased NPN BJT transistor circuit in figure given below and
draw the DC load line. Find the maximum peak value of base current for linear operation.

Assume S, . = 200.

+
I'J’BB

IOV_T

Solution

The Q-point is defined by the values of I and V.

Ves —Ver 10V =07V
B Rp 47 KO "

Ic = Bpels = (200)(198 pA) = 39.6 mA
Veg = Vee — IcRe = 20V — 13.07V = 6.93V

The Q-pointisat I =39.6 mAand at Vg =6.93 V.

[20 marks]

Since I (cutoff) = 0, you need to know I (s,r) to determine how much variation in collector

current can occur and still maintain linear operation of the transistor.

Vee 20V
IC(Sat) = R_C = m = 60.6 mA

The DC load line is graphically illustrated in the figure below, showing that before saturation is

reached, I can increase an amount ideally equal to:

Ic(sat) —Icg = 60.6 MA —39.6 mA = 21 mA
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However, I can decrease by 39.6 mA before cutoff (I = 0) is reached. Therefore, the limiting
excursion is 21 mA because the Q-point is closer to saturation than to cut-off. The 21 mA is the
maximum peak variation of the collector current. Actually, it would be slightly less in practice
because Vg (sat) is not quite zero.

I- (mA)
/ [deal saturation

60.6

30.6
|
[
|
|
[
: Ideal cutoff

0 i > Vg (V)

6.93 20

Determine the maximum peak variation of the base current as follows:

_ IC(peak) _ 21 mA
Ib(peak) - ﬁDC - 200

=105 pA

Determine Vg and I in the voltage-divider biased NPN BJT transistor circuit of figure given
below if ,b’DC =100. [12 marks]

Solution

The base voltage is found from the following equation:

v ~( R, )V —( 5.6 ka) )x10v—359v
B=\R, + R,/ ““  \10kQ + 5.6 kQ o

So, the voltage at the emitter is
Vg =Vg —Vgp =359V —-0.7V=289V

And the current that flows in the emitter is
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Ve _289V_
E=R, 5600 0™

Therefore, the current in the collector is found from
Ir =1y =516 mA
And the voltage at the collector and voltage across the collector-emitter are:
Ve =Vee —IcR: =10V — (5.16 mA)(1 kQ) = 4.84V
Ve =Ve—Vy =484V —-289V =195V

Determine the DC input resistance looking in at the base of the transistor in the figure below.

Knowing that ﬂDC =125and Vg =4 V. [4 marks]
+Vee
Re
560 €}
Vi
4V
Rg
1.0 kQ
Solution

The current that flows in the emitter is found from:

Vg — Ve 4V—07V

=33 mA
Ry 1k m

IE:

The DC input resistance looking at the base of the transistor is

Vg Vg (4V)

N Vs _ _ = 152k
in(base) Iz 1Ig/Bpc 3.3mA/125

Find I; and Vg, for the voltage-divider biased PNP BJT transistor circuit in the figure given below.

[14 marks]
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+10V
Ry Rg
10 kO 1.0 k)
Ppc =150
R, Rc
22 k() 22k}

Solution

This circuit has already the configuration of negative collector supply voltage (—Vc)
transformed to positive emitter supply voltage (+Vgg) as shown above. Apply Thevenin’s
theorem.

! )V —( 22 k0 >1OV—(0688)10V—688V
Ry + R,/ BE T \22kQ + 10 kQ e o

o _ RiRe (22 kQ)(10 kQ)
T ™R, +R, 22kQ+10kQ

VTh=(

= 6.88 k()

Use the equation given below to determine I:

Ven + Ve — Vg 6.88V—07V—10V  —2.42V
E = — —

_ — 231 mA
Ry + Ronfoc 1kQ + 459 O 1.0459 kQ m

The negative sign on I indicates that the assumed current direction in the Kirchhoff’s analysis is
opposite from the actual current direction. From I, you can determine I and Vg as follows:

Io =1y =231mA

Ve =I:R; = (231 mA)(2.2kQ) = 5.08V

Vg = Veg — I[zRz = 10V — (2.31 mA)(1 kQ) = 7.68V
Vee =Vg — Ve, =768V —508V=26V

6. Find I; and Vg for a voltage-divider biased PNP BJT transistor circuit with these values: R; = 68
kQ,R, =47 kQ, R =1.8kQ, R =2.2kQ, V¢ =-6V, and ﬁDC = 75. Refer to the figure (a) below,
which shows the schematic with a negative supply voltage. [14 marks]
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—Vee

R
TR ST

= = +VEE 3 -

(a) Negative collector (b) Positive emitter (c) The circuit in
supply voltage, Ve supply voltage, Vgg (b) redrawn
Solution

Apply Thevenin’s theorem

V. —( Rz )V —( 47k )( 6V) =—245V
Th = \R, + R,/ ¢ ~ \68KkQ + 47 kQ -

RiR,  (68kQ)(47 k)

™ ™R, +R, 68kQ+47kQ
Use the equation given below to determine I
—Ven +V, 245V +0.7V
I Th T BE _ =123 mA

T Rg+ Ren/Boec 22kQ+371Q
From I, you can determine I and Vg as follows:
I =1 =123 mA
Ve =—Vee + IR = -6V + (1.23 mA)(1.8kQ) = —3.79V
Vg = —IzRg = —(1.23 mA)(2.2kQ) = —2.71V
Vep =V =V =-379V+271V=-1.08V

Analyse the voltage-divider biased NPN BJT transistor circuit below to determine the voltages at
all nodes and the currents in all branches. Assume £ = 100. [20 marks]
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= 5 kQ

100 k£2

Ry, = -

50 kQ Re =
3 kQ

Solution

Simplify the base circuit using Thevenin theorem. The voltage across the biasing base of the
transistor is given as:

Ry, ) _ ( 50 kQ
cc =

7 X15V=5V
Rpy + R, 100 kQ + 50 kQ)

VBB=(

The resistor at the biasing base of the resistor is:
Rgg = R | Rg, = 100 kQ || 50 kQ = 33.3 kQ

Evaluate the base or emitter current by writing a loop equation around the loop marked L.

+15V

The voltage at the biasing of the base of the transistor is given as:
Vep = IgRpp + Vpg + IgRg ey
The base current is found from the following equation:

I—IE
BT p+1

(2)

Rearranging the equation, substitute for I in (1) by (2) gives:
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_ Vep —Vpg
Iy =

Rpp
For the numerical values given, we have
Vgg =V, 5V-0.7V
p=—28 _BF _ =1.29 mA

Rpp \ 333 K0
RE+(3+1> 3K0+ (1557 1)

The base current will be

I;  129mA

Iy = - = 0.0128 mA

B=p1 - 10041 20128m
+15V

1.28 mA ¢
5 k2

Now evaluate all the voltages. The voltage at the base of the amplifier is found from the
following equation:

Vg = Vgg + IgRg = 0.7V + (1.29 mA)(3kQ) = 4.57V

The current that flows in the collector is found from:

1—( B )1 —( 100 )x129 A=128mA
c=\1+p)E=\T+100) o7 MAT HeOM

The voltage at the collector is found from:
Ve =Vee —IcR; =15V — (1.28 mA)(1.29kQ) = 8.6 V

+15V

\LH 103 mA

0.013 mA

100 k€2

50 k€2
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C. Other BJT Biasing Methods

1. Calculate I and Vg for the emitter biased NPN BJT transistor circuit in the figure given below
using the approximations Vy = —1Vand I, = I. [8 marks]

Solution

The voltage at the emitter is found from the following:
Vg=—-1V

The current that flows in the emitter is:

Ve —Vep  —1V—(~15V)

— 1.4 mA
Ry 10 kQ m

IE=

Knowing that I = I, the voltage at the collector is:
Ve =Vee —IcR: =15V — (1.4 mA)(4.7kQ) =84V
The voltage across the collector-emitter is found from:

Veg = Ve — Ve =84V —(—1V) =94V

2. Determine how much the Q-point (I, V) for the emitter biased NPN BJT transistor circuit in
the figure given below will change if ,BDC increases from 100 to 200 when the given transistor is

replaced by another type of BJT transistor. [20 marks]
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Solution
For B, = 100

~Vig — Vg —(=15V) = 0.7V

Icio0) = Ip = =
Ry + ([5—3) 10kQ + (—41701551)
DC

= 1.37mA

Vg = Veg + [zR; = —15V + (1.37 mA)(10kQ) = —1.3V

Therefore
Veeooy = Ve — Vg =856V —(—1.3V) =9.83V
For 3, =200
Iezooy E Ip = e _RZBE = —(F15W) 4_701(';\/ = 1.38 mA
Ry + (m) 10ka + (7554
Ve = Vee = IczooyRe = 15V — (1.38 mA) (4.7 kQ) = 851V
Vi = Vg + IzRg = =15V + (1.38 mA)(10 kQ) = —1.2V
Therefore

VCE(ZOO) = VC - VE = 851 V— (_12 V) =971V

The percent change in I as ﬂDC changes from 100 to 200 is:

Ic200) — Ic(100) 1.38 mA — 1.37 mA
0 =
100% ( 1.37 mA

I¢c100)

The percent change in Vg is:

Vee200) — VCE(100)> 100% = (9.71 V—-983V

oA -
FolVes < 9.83V

VeE(100)

XMUT204 - Tutorial 4 - 18
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3. Determine how much the Q-point (I, V) for the base biased NPN BJT transistor circuit in the
figure below will change over a temperature range where ﬂDC increases from 100 to 200.

[14 marks]

VCC
+12V
()

Solution
For B, = 100

Vee — VBE) ~ 10 (12 V- 07V

= 3.42 mA
Ry 330 kQ ) m

IC(lOO) = Boc (
Therefore, the voltage across collector-emitter is:
Veeoo) = Vee — IcciooyRe = 12V — (3.42mA) (560 Q) = 10.1V
For B, =200

Vee — VBE) 0 (12 V- 07V

= 6.84 mA
Ry 330 kO ) m

Ic(zoo) = Bpc (
Therefore, the voltage across collector-emitter is:
VCE(ZOO) = VCC - [C(ZOO)RC = 12 V - (684 mA)(56O Q) = 817 V

The percent change in I as ﬂDC changes from 100 to 200 is:

Ic(200) - IC(100)> % 100% = (6.84 mA — 3.42 mA

0 = 0, ;
342 mA ) X 100% = 100% (an increase)

I¢c100)

The percent change in Vg is:

Vee(zoo) = Veeo0) <8.17 V—-10.1 V)
%AV g = X 100% = x 1009
Ve < Vee(100) % 10.1V %

= —19.1% (a decrease)

As you can see, the Q-point is very dependent on £, . in this circuit and therefore makes the

base bias arrangement very unreliable.

Consequently, base bias is not normally used if linear operation is required. However, it can be
used in switching applications.
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The base-biased NPN BJT transistor circuit from previous question is converted to emitter-
feedback biased by the addition of a 1 kQ emitter resistor. All other values are the same and a
transistor with a /3, . = 100 is used.

L.('{'
+12V

330 k02

Determine how much the Q-point will change if the first transistor is replaced with one having a

Bpc =200. Compare the results to those of the base-bias circuit. [14 marks]
Solution
For B, = 100

Vee — Vig 12V—-0.7V

P _ — 2.63 mA
caon =I5 = p R Bre 1K + 330 k2/100 "

Therefore
VCE(lOO) = VCC - IC(lOO)(RC + RE) =12V — (263 mA)(560 Q+1 kﬂ) =790V
For /3, =200

Ve — Vi 12V-07V
I = IE = =
€(200) Rg + Rs/Bpc  1KQ + 330 k/200

= 4.26 mA

Therefore
VCE(ZOO) = VCC - IC(ZOO)(RC + RE) =12V — (426 mA)(560 O+1 kQ) =535V

The percent change in I:

) X 100% = 62.0 % (increase)

Ic200) — Ie(100) 426 mA — 2.63 mA
X % =
100% ( 2.63 mA

I¢(100)

Therefore

Vee200) — VCE(100)> % 100% — (7-90 V—-535V

X 0,
790V > 100%

%AVCE = <
Veeo0)

= —32.3 % (decrease)
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Although the emitter-feedback bias significantly improved the stability of the bias for a change in
,BDC compared to base bias, it still does not provide a reliable Q-point.

Calculate the Q-point values (I and V) for the collector-feedback biased NPN BJT transistor
circuit in the figure given below. Compare the performance of the circuit with the one in the
previous question (e.g. with modified base biased scheme) when 3, . is varied from 100 to 200.

[14 marks]

Solution

Using the equation given below, the collector current is:

Vee — Vag 10V—-0.7V
I = =
“ " Rc+Ry/B,,  10kQ+180kQ/100

= 788 uA

Using the equation given below, the collector-to-emitter voltage is:

The current (I;) vs. Vg graph and its Q-point of the given BJT transistor circuit.

Ic (ﬁ)
Isat = 10 V/10kQ =1

0.788 mA

212V Vce (Volt) Veur =10V
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For ﬂDC = 200, using the equation given below, the collector current is:

Vee — Vag 10V—-0.7V
I = =
“ " Rc+Rp/B,,  10kQ+ 180 kQ/200

=853 pA

Using the equation given below, the collector-to-emitter voltage is:
Veg =Vee — IcRc = 10V — (0.853 pA)(10kQ) = 147V

The percent change in I:

)x 100%

Ic200) — Ic(100) 788 uA — 853 pA
X 100% = (
% 853 uA

%AIC = <

I¢c100)

= —7.6 % (decrease)

Ve (200) — VcE(lOO)) % 100% = (2.12 V—-147V

x 10009
1.47V ) 00%

%AVCE = <
Vee@oo)

= 44.2 % (increase)

As seen from the calculation above, there is improvement in terms of the I fluctuation from the
modified base biased scheme in the previous question as £, . is varied from 100 to 200, but the

Vg is worse off than before.
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