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CHAPTER 4 DC BIASING—BJTS ASST. LECTURER AHMED SAAD

4. 5 Voltage-Divider Bias Configuration

In the previous bias configurations, the bias current 1ICQ and voltage VCEQ were a
function of the current gain b of the transistor. However, because b is temperature sensitive,
especially for silicon transistors, and the actual value of beta is usually not well defined, it
would be desirable to develop a bias circuit that is less dependent on, or in fact is independent
of, the transistor beta. The voltage-divider bias configuration of Fig. 28 is such a network. If
analysed on an exact basis, the sensitivity to changes in beta is quite small. If the circuit
parameters are properly chosen, the resulting levels of ICQ and VCEQ can be almost totally
independent of beta. Recall from previous discussions that a Q-point is defined by a fixed
level of ICQ and VCEQ as shown in Fig. 29. The level of IBQ will change with the change
in beta, but the operating point on the characteristics defined by ICQ and VCEQ can remain

fixed if the proper circuit parameters are employed.
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FIG. 28 FIG. 29
Voltage-divider bias confipuration. Defining the Q-point for the voltage-divider bias
configuration.

exact analysis

For the dc analysis the network of Fig. 28 can be redrawn as shown in Fig. 30. The input

side of the network can then be redrawn as shown in Fig. 31 for the dc analysis.
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The Thevenin equivalent network for the network to the left of the base terminal can then
be found in the following manner: Rth The voltage source is replaced by a short-circuit

equivalent as shown in Fig. 32:

A A 2
B R,
R, R, —-—

+_ V R, 5 .

_T ‘I R;
— + FIG. 32

| Determining Ry,
Thévenin
FIG. 30
DC components of the voltage-
divider configuration.
Rty = Ry|R; (28)

Eth The voltage source VCC is returned to the network and the open-circuit Thevenin

voltage of Fig. 33 determined as follows: Applying the voltage-divider rule gives

R2Vee

E AN 2
Ry + R (29)

Eth = Vg, =

The Thevenin network is then redrawn as shown in Fig. 34, and IBQ can be determined
by first applying Kirchhoff’s voltage law in the clockwise direction for the loop indicated:

ETh-IBRTh-VBE - IERE =0

Substituting IE = (B + 1)IB and solving for IB yields

Ety — Vie (30)

j’ —
B Rm + (B + DR

Although Eq. (30) initially appears to be different from those developed earlier, note that
the numerator is again a difference of two voltage levels and the denominator is the base
resistance plus the emitter resistor reflected by (B+1) certainly very similar to Eq. (17). Once

2
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IB is known, the remaining quantities of the network can be found in the same manner as

developed for the emitter-bias configuration. That is,

Vee = Vee — Ic(Re + Rg) (31)
which is exactly the same as Eq. (19). The remaining equations for VE, VC, and VB are also

the same as obtained for the emitter-bias configuration.

OC BIASING—BITs
EXAMPLE® Determine the de bias voltage Viep and the current i for the voltage-divider
configuration of Fig. 35.
P &
Solufion: Eq. (28: R = R R: [ + +
(39 KAHNIO KAL) R; '
C 39k + 39K T B

|+
I}

 RaVer .
Eq. (29): Ep = ——
0 } Th R: + H: .L.
(39kKNN2I2 V) 1y FIG. 33
ok + 39k T Determining Ep
Er — Ve
Eq. (30): lpg=———"—
a E R + (B + LR
_ IV -D0TV _ 13V
T O3S5K0 4+ (101K1S5KD) 355k 4 1515k0 "\..ﬂ:h &
= B.38 pA > *
+ Ig Vie _4F
.|r|:' = 'E”.ﬂ- el El'h
— (100838 pA) - 23T
= .54 mA - -
o FIG. 34
e Inserding the Thévenin equivalent
- circuil.
10 k2
39 k0 § I * 10 uF
l+—11— il
1 wF
Lf Ir K Vg (=100

- -
10kQ l
1.5 -
gkﬂ I:‘hpF
- =

FIG. 35

Beta-stabilized circuid for Exampie 8.

Eqg. (31 Viee = Voo — IelRe + Ry
= 22V — (0B mA) 1D kLE + 1.5 kil)
= 22V — 066V
= 1234V
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approximate analysis

The input section of the voltage-divider configuration can be represented by the network
of Fig. 36. The resistance Ri is the equivalent resistance between base and ground for the
transistor with an emitter resistor RE. Recall from Section 4 [Eq. (18)] that the reflected
resistance between base and emitter is defined by Ri = (B + 1) RE. If Ri is much larger than
the resistance R2, the current IB will be much smaller than 12 (current always seeks the path
of least resistance) and 12 will be approximately equal to I11. If we accept the approximation
that IB is essentially 0 A compared to 11 or 12, then 11 = 12, and R1 and R2 can be considered

series elements. The voltage across R2, which is actually the base voltage, can be

+*

Ver

Ry R,
=10

—"

FIG. 36

Partial-bias circuit for calculating the approximate base

voltape ¥ ',lg.

determined using the voltage-divider rule (hence the name for the configuration). That is,

R,V
Vg = —2 cC

= 2rcc 32
R, + R, (32)

Because Ri = (B + 1) RE = BRE the condition that will define whether the approximate

approach can be applied is

BRy = 10R, (33)

In other words, if p times the value of RE is at least 10 times the value of R2, the
approximate approach can be applied with a high degree of accuracy. Once VB is

determined, the level of VE can be calculated from

VE = ‘r”E — VE’E {34]
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and the emitter current can be determined from

V -
I R_i (35)
And | fe, = Ip (36)

The collector-to-emitter voltage is determined by
VCE =VCC - ICRC - IERE
but because IE = IC,

Vee, = Vee — IdRc + Rp) (37)

Note in the sequence of calculations from Eq. (33) through Eq. (37) that b does not appear

and IB was not calculated. The Q-point (as determined by ICQ and VCEQ) is therefore
independent of the value of p.

EXAMPLE 9 Repeat the analysis of Fig. 35 using the approximate technique, and com-
pare solutions for I, and Vg,

Solution: Testing:
BR; = 10R,

(100)(1.5k€2) = 10(3.9k(2)
150 kQ) = 39 k() (satisfied)

R)Vee
R, + R,
(3.9k{))(22V)
30 k() + 3.9k}
=2V

Eq. (32): Vp =

Eq {34\] VE = VE - VBE
=2V -07V
=13V

Ve 13V |
I{_"Q = .lr;_.' = — = ] = .867 mA
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compared to 0.84 mA with the exact analysis. Finally,
Vee, = Vee — Ic(Re + Rp)
22V — (0.867 mA)10kV + 1.5kQ)
22V — 9097V
12.03V

EXAMPLE 10 Repeat the exact analysis of Example 8 if 8 is reduced to 50, and compare

solutions for ICQ and VCEQ.

Solution: This example is not a comparison of exact versus approximate methods, but a test-
ing of how much the O-point will move if the level of 8 is cut in half. Ry, and Evy, are the same:

RTh = 3.55 kﬂ ETh =2V
Et, — Ve
Ry, + (B + DR
2V - 07V B 13V
3.55k) + (51)1.5k()) 3.55k0 + 76.5k0)
= 16.24 uA
Ic, = Bl
= (50)(16.24 nA)
= 0.81 mA
Ver, = Vee — Ic(Re + Rp)
=22V — (0.81 mA)Y10k{) + 1.5k(})
= 1269V

Tabulating the results, we have:

IB:

Effect of B variation on the response of the
voltage-divider configuration of Fig. 35.

B IC‘Q (mA) Fﬂfg (V)
100 0.84 mA 12,34V
50 0.81 mA 12.69V

The results clearly show the relative insensitivity of the circuit to the change in b. Even
though B is drastically cut in half, from 100 to 50, the levels of ICQ and VCEQ are
essentially the same
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EXAMPLE 11 Determine the levels of I~ , and Vg, for the voltage-divider configuration
of Fig. 37 using the exact and approximate techniques and compare solutions. In this case,
the conditions of Eq. (33) will not be satisfied and the results will reveal the difference in
solution if the criterion of Eq. (33) is ignored.

18V
1

gﬁ.ﬁ k€
§32m }ic, 10uF
¢
I/ +
. | ;
V' a__'l l”f_,‘f‘.{} ﬁ = 5'0
10 pF —
§ 22 kQ e
=

FIG. 37
Voltage-divider configuration for Example 11.

Solution: Exact analysis:
Eq. (33):
BRy = 10R,
(50)(1.2 kQ) = 1022 kQ)
60 k() = 220 k() (not satisfied)
Rm = Ri||Ry; = 82kQ[22k0Q = 17.35kQ

g _ RVec _ 22k008V) o
™™ R +R 82kQ +22kQ 7
Em— Vae 381V — 0.7V 3.11V

= = = = 30.6 uA
R + (B+ DRz 1735kQ + (51)(1.2kQ)  78.55k0 K

Ic, = BIp = (50)(39.6 nA) = 1.98 mA
Vee, = Vee — Ic(Re + Rp)
18V — (1.98 mA)(5.6 k{2 + 1.2k{))
= 454V
Approximate analysis:
Vp = Em, = 381V
Ve=Vp — Vgrp =381V — 07V =311V
Vg 311V
T Ry 1.2k0Q
Vce, = Vee — Ic(Re + Rp)
= 18V — (2.59 mA)5.6kQ + 1.2k(})
= 388V

Ie, = Ig = 2.59mA
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Transistor Saturation

The output collector—emitter circuit for the voltage-divider configuration has the same
appearance as the emitter-biased circuit analysed in Section 4. The resulting equation for
the saturation current (when VCE is set to 0 V on the schematic) is therefore the same as

obtained for the emitter-biased configuration. That is,

Vee
— = = 3
IJ':'--:5;;11 ICJTIJ..\‘. RC + RE { 8)

Load-Line analysis
The similarities with the output circuit of the emitter-biased configuration result in the same
intersections for the load line of the voltage-divider configuration. The load line will

therefore, have the same appearance as that of Fig. 25, with

'i,.-’
Ie — _ e (39)
Rc + Relyy=o0v

Vee = Veeli=oma (40)

The level of IB is of course determined by a different equation for the voltage-divider bias

and the emitter-bias configurations.
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6.4 Collector Feedback Configuration

An improved level of stability can also be obtained by introducing a feedback path from
collector to base as shown in Fig. 38. Although the Q-point is not totally independent of
beta (even under approximate conditions), the sensitivity to changes in beta or temperature
variations are normally less than encountered for the fixed-bias or emitter-biased
configurations. The analysis will again be performed by first analysing the base—emitter
loop, with the results then applied to the collector—emitter loop.

base—emitter Loop Figure 39 shows the base—emitter loop for the voltage feedback
configuration. Writing Kirchhoff’s voltage law around the indicated loop in the clockwise
direction will result in

VCC - ICRC - IBRF-VBE - IERE =0

It is important to note that the current through RC is not IC, but IC (where IC™ = IC + IB).
However, the level of IC and IC~ far exceeds the usual level of 1B, and the approximation
IC~= IC is normally employed. Substituting IC = IC = BIB and IE = IC results in

VCC - BIBRC - IBRF - VBE - BIBRE =0

) S

FIG. 38 FIG. 39
DC bias circuit with voltage feedback. Base—emitter loop for the network of Fig. 38.

Gathering terms, we have
Vec — Vee — BIg(Rc = Rg) — IgRp = 0

and solving for Iy vields

_ Vee — Vee (41)
Rp + B(Rc + Rgp)

Ip

9
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Collector-emitter Loop
The collector—emitter loop for the network of Fig. 38 is provided in Fig. 40. Applying
Kirchhoff’s voltage law around the indicated loop in the clockwise direction results in

IERE +VCE+IC"RC-VCC=0

Because I- = I and [ = I, we have
Ie(Re + Rp) + Vg = Ve =0

and Ver = Voo — Io(Re + Rp) (42)

which is exactly as obtained for the emitter-bias and voltage-divider bias configurations.

FIG. 40
Collector—emitter loop for the
nerwork of Fig. 38,

. _______________________________________________________________________________________|]
EXAMPLE 12 Determine the gquiescent levels of !rr:@ and ""C‘!-.'.;; for the network of
Fig. 41.

250 ko2

:-_
e @
) o :
8

FIG. 41
Network for Example [2.

i Ve — Vg
Solution: Eq.(41): Iy = % +C£Ef e ff— %

B 10V — 0.7V

T 250k + (9047 kO + 1.2kLD)

B 93V 93V

250k + 531k 781 kO

= 11.91 pA

f('@ = JBI;;, = (90K 11.91 A
= 1.07 mA
Vee, = Voo — IdRe + Rg)

= 10V — (1.07 mAN4.7 k) + 1.2kQ)

— 10V — 631V

— 369V

10
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EXAMPLE 14 Determine the dc level of I and V- for the network of Fig. 42.

18V

91 k€2 110 kL

10 uF

FIG. 42
Network for Example 14.

Solution: In this case, the base resistance for the dc analysis is composed of two resistors
with a capacitor connected from their junction to ground. For the de mode, the capacitor
assumes the open-circuit equivalence, and Ry = Ry, + Rp,.

Solving for Iy gives

I = Vee — Vi
Ry + B(R- + Rp)
I8V — 0.7V

T (O1kQ + 110kQ) + (75)33kQ + 051 kQ)
B 17.3V 173V
201k + 28575k 486.75 k)
= 355 A
I = Bl

= (75)(35.5 pA)

= 2.66 mA

Ve = Vee — I¢cRe = Ve — IcRe
= 18V — (2.66 mA)33 k)
= 18V — BT8RV
= 022V

11
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Saturation Conditions

Using the approximation IC~ = IC, we find that the equation for the saturation current is
the

same as obtained for the voltage-divider and emitter-bias configurations. That is,

Vee

I- =1 = 43)
Gau ™ Cm R+ Ry {

Load-Line analysis

Continuing with the approximation IC™ = IC results in the same load line defined for the

voltage-divider and emitter-biased configurations. The level of IBQ is defined by the chosen
bias configuration.

EXAMPLE 15 Given the network of Fig. 43 and the BJT charactenistics of Fig. 44.

a. Draw the load line for the network on the characteristics.

b. Determine the dc beta in the center region of the characteristics. Define the chosen
point as the @-point.

¢. Using the dc beta calculated in part b, find the dc value of I,

d. Find IL"O and ‘;L"I-_'Q-

ie (mA)
BV

150 kQ2 360 kQ
40pA
10 uF 30 pA
Vio H
20 pA
10 pA
50 uF OuA
| |
2 3 50 Vg (V)
- I 0 10 20 30 40 M Vgl
FIG. 43 FIG. 44
Network for Example 15. BIT characteristics.
Solution:
a. The load line is drawn on Fig. 45 as determined by the following intersections:
) Vo 6V
Vep = 0V: - = = = 11.88 mA

Re+ Ry 27kQ + 3300
Ie = 0mA: Vep = Vee = 36V

12
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& 1o (mA)

60 pA

50pA

e A LA

— 30 pA

I~ 4 —_—
Co o _‘_\ﬁwlu‘: —20pA
\ 10 pA

{J-point
ra

O pA
o N L
o o | 20 0 | 40 50 Vg (V)
Ver, 6V
FIG. 45
Defining the Q-point for the voltage-divider bias configuration of
Fig. 43,
b. The dc beta was determined using f = 235 pA and Vg about 17 V.
Ic,
— e _ 6.2 mA — 248
IHE' 25 j.,[.ﬂl.
c. Using Eq. 41:
[ = Vee — Vae B 6V 07V
B Ry + B(Re + Rp) 510k + 248027k + 330 0)
- 353V
© 510k0 + 751.44k0
353V
and g = ————— = 28 A
T T 1261 MO K

d. From Fig. 45 the quiescent values are
f{‘ﬁ. = 6.9 mA and Vg;._-{‘, =I5V

13
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7.4 Emitter-Follower Configuration

The previous sections introduced configurations in which the output voltage is typically
taken off the collector terminal of the BJT. This section will examine a configuration where
the output is taken off the emitter terminal as shown in Fig. 46. The configuration of Fig. 46
IS not the only one where the output can be taken off the emitter terminal. In fact, any of the

configurations just described can be used so long as there is a resistor in the emitter leg.

—
¥ EE

FIG. 46
Commaon-collecter {emitter-follower) confipuration.

The dc equivalent of the network of Fig. 46 appears in Fig. 47 DC BIASING—BITs
Applying Kirchhoff's voltage rule to the input circuit will result in

—IpRp — Ve — IgRg + Vg = 0
and using [ = (B + 1)
.Ir,r;R nt JB + 1) BRJ'-.' = 11” - V;,ﬁ;.;

Vee — Ve
s0 tha [ - 44)
so that B= Ry + (B + DR {

For the output network, an application of Kirchhoff's voltage law will result in
—Veg — IeRe + Ve = 0

and v(_‘;._‘ - V;._‘;._‘ - I;._'R;._‘ {45' FIG. 47
dc equivalent of
Fig. 46.

14
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EXAMPLE 16 Determine Ve, and £ o for the network of Fig. 48.

"
V-
10 pF l\ﬁ .
240 kL2 - ve

l!'! |.lF
Re 2 k)
‘# "I.l'.'.:_:—
Ve & — 20V

FIG. 48
Example 6.

—
-_

Solution:
Vee — Vee
Eq. 44: In = — -
: T Re + B+ DR;

. 0vV-0IvV 193V
240k0 + (90 + D2k 240k + 182k0
193V

= = 4573 uA
422 k0 H

and Eq. 45: Ver, = Ve — IRE

= Ve — (B + DR
=20V — (90 + 1)45.73 pAN2 kD)
=20V — 832V
= 1168 YV
Ip. = (B + 1 = (91)(45.73 pA)
= 4,16 mA

8.4 Common-Base Configuration

The common-base configuration is unique in that the applied signal is connected to the
emitter terminal and the base is at, or just above, ground potential. It is a fairly popular
configuration because in the ac domain it has a very low input impedance, high output
impedance, and good gain.

A typical common-base configuration appears in Fig. 49. Note that two supplies are used
in this configuration and the base is the common terminal between the input emitter terminal

and output collector terminal. The dc equivalent of the input side of Fig. 49 appears in

Fig.50.
Yie \
RS N/
G -%_/
' Ry VB

— + _ - +
Ver — Vop = - O _
+ =T Ver—
- -
w
FIG. 49 FIG. 50
i rmamnnm_ e s oo e i Innut de eauivalent of

—
—

fog ¥ —
=]
—
e

N




CHAPTER 4 DC BIASING—BJTS ASST. LECTURER AHMED SAAD

Applying Kirchhoff’s voltage law will result in
-VEE + |IERE + VBE =0 = (46)

R;._'
Applying Kirchhoff’s voltage law to the entire outside perimeter of the network of Fig.

51 will result in

-VEE + IERE + VCE + ICRC - VCC =0

and solving for VCE: VCE = VEE + VCC - IERE - ICRC
Because IE= IC

Vee = Vee + Vee — Ig(Re + Rg) (47)

The voltage VCB of Fig. 51 can be found by applying Kirchhoff’s voltage law to the
output loop of Fig 51 to obtain:

| Ve

VCB + ICRC - VCC = 0 T —
+ u . _
or VCB =VCC - ICRC R Ven _
E —~ c -
Using IC= IE _ RE
Ver — Voo ==_ |

F =T

VCE = VCC — ICRC {48] =

FIG. 51
Determining Vg and Vep.

16
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EXAMPLE 17 Determine the currents I and I and the voltages Vg and Vp for the
common-base configuration of Fig. 52.

FIG. 52
Example 17,

Vee — Ve
Rg
4V - 07V
12k0Q
Ip 275mA  275mA
B+1 60+1 6l
= 45.08 uA
Eq. 47: Vee = Vee + Vee — I{Re + Rp)
=4V + 10V — (275 mA)2.4k + 1.2kQ))
= 14V — (2.75 mA)(3.6 k(})

Solution: Eq. 46: Iy =

= 2.75mA

IBZ

=14V — 99V
=41V

Eq. 48: Ve = Vee — IcRe = Vee — BlgRe
= 10V — (60)(45.08 nA)(24 kQ)
=10V — 649V
=351V

17
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9 Miscellaneous Bias Configurations

There are a number of BJT bias configurations that do not match the basic mold of those
analysed in the previous sections. In fact, there are variations in design that would require
many more pages than is possible in a single publication. However, the primary purpose
here is to emphasize those characteristics of the device that permit a dc analysis of the
configuration and to establish a general procedure toward the desired solution. For each
configuration discussed thus far, the first step has been the derivation of an expression for
the base current. Once the base current is known, the collector current and voltage levels of
the output circuit can be determined quite directly. This is not to imply that all solutions will
take this path, but it does suggest a possible route to follow if a new configuration is
encountered. The first example is simply one where the emitter resistor has been dropped
from the voltage-feedback configuration of Fig. 38. The analysis is quite similar, but does

require dropping RE from the applied equation.

EXAMPLE 18 For the network of Fig. 53:

a. Determine /¢, and VCEQ-
b. Find Vg, Ve, V. and Vg

V(f = 20 V
R 4.7kQ

R 10 pF
y v
" o

6RO k2 C,
10 uF
Vio H ! B=120

FIG. 53
Collector feedback with R = 0 ().

18
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Solution:

a. The absence of Rg reduces the reflection of resistive levels to simply that of R, and the
equation for Iy reduces to

_ Vee — Ve
Ip=——m—m
Rp + BRc
20V -07V 193V
680 kQ + (120)(4.7 k) 1.244 MQ)
= 15.51 pA
fcﬂ = BIp = (120)(15.51 pA)
= 1.86 mA

Ver, = Voo — IcRe
=20V — (1.86 mA)(4.7 k{))

= 1126V
b. Vg = Vgr = 0.7V
Ve = Vep = 1126 V
Vp=0V
Vee = Vg — Ve =07V — 1126 V
= —10.56V

EXAMPLE 19 Determine V- and Vp for the network of Fig. 54.

Re g 1.2kQ
G
4|‘—0 L
10 pF
G
vio— - V' oipes
10 uF
FIG. 54
Example 19.
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Solution: Applying Kirchhoff’s voltage law in the clockwise direction for the base—emitter
loop results in
—IpgRp — Vpe + Vep = 0

and Ip = —VEER_ Ve
B
Substitution yields
L OV -7V
F7 100k0
_ 8.3V
100 k()
= 83 uA
Ic = Blp
= (45)(83 pA)
= 3.735 mA
1”.—: — —f.—:R.—:
= —(3.735 mA)(1.2 k(})
= —448V
Vg = —IpRp
= —(83 pA)(100 kL))
= —83V

20
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EXAMPLE 20 Determine V- and Vp for the network of Fig. 55.

o Vp

FIG. 55
Example 20.

Solution: The Thévenin resistance and voltage are determined for the network to the left
of the base terminal as shown in Figs. 56 and 57.

Ry
R, = 8.2k |22k} = 1.73kQ
8.2
A A 1 o B
R +
R 1
AAA B | ! +
82 kQ +| Ry @ 22KkQ
R, &2.2kQ Vec = 20V - Fr
e - T
Ry Vep — 20V
+ -
= - w -
FIG. 56 FIG. 57
Determining Ry, Determining Ey.

21
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Exm
I:VCC_VEE: 20V + 20V _ 40V
R, + R, 8.2k} + 2.2k 104 k()
= 3.85 mA

Eth = IRy — Vg
= (3.85mA)(2.2k()) — 20V
=—1153V
The network can then be redrawn as shown in Fig. 58, where the application of Kirch-
hoff’s voltage law results in
—Emn — IgRmn — Vg — IpRg + Ve = 0

+ Rm -
A A
1.73 ka2

Ig

Ep = 1153V
+

-

Vee =20V

FIG. 58

Substituting the Thévenin equivalent circuif.

Substituting I = (8 + 1)Ip gives
Vee — Etn — Vpe — (B + DIgRg — IgRtp, = 0
Vee — En — Ve

and Ip = R ~ (B + DR
20V — 1153V — 07V
CL73KO + (121)(1.8kQ)
177V
~ 219.53kQ)
= 35.30 uA
Ic = Bl
= (120)(35.39 pA)
= 4.25mA

Ve = Vee — IcRe

20V — (4.25 mA)2.7 k)

53.53V

Ve = —Emm — IpRmy
= —(11.53V) — (35.39 pA)(1.73 kQ)
= —11.59V

I EEEEE——————————————
22




CHAPTER 4 DC BIASING—BJTS ASST. LECTURER AHMED SAAD
TABLE 1
BJT Bias Configurations
Type Configuration Pertinent Equations

Fixed-bias

I — Vee — Ve
# Ry

le = Blp g = (B + Dy
Vor = Voo — I Re

Emitter-bias

Io— Vee = Vae
B~ p (8 + 1R
Rs+ (B + DR,
le = Blglp = (B + Diy
R =B+ DR,
Vee = Voo — Ic(Re + Rp)

Voltage-divider
bias

RaVee 1ATE: BR, = 10R,
EXACT: Ry — R[Ry, Eyy — R2VCC_ APPROXIMATE: BR; = 10,
Ry + Ry v KaVec Ve — Vo —
L= Erp — Vg Bo R +RE R HE
B R+ (B + DRe Lo Ye, Ik
le = BlgIp = (B + Diy E R B+

Vee = Voo — Ic(Re + Rp)

Vee = Voo — Ic(Re + Rp)

Collector-feedback Ve
Re
~ ;o Yoo = Vi
5 Rp + B(Rc + Rp)
2 Ie = Blg.Jg = (B + g
Vee = Vee — I (R + Rp)
Rz
Emitter-follower ok
_ _Ver— Ve
B Ry+(B+ 1)
R I{c' = B“j.f.{; = [B + lﬂﬂ
J Ry Ver = Ver — IeRe
Ve

Common-base

Ver — Ve
Iy
Iy = B: o le = Bly
Vee = Veg + Voo — Ig(Re + Rp)

Ves = Vee — Icdfe
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