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6- 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. 4.49 . 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. 4.49 appears in Fig. 4.50 .
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FIG. 4.50
FIG. 4.49 Input dc eguivalent of

Common-base configuration. Fig. 4.49.



= DC Biasing =

Applying Kirchhoff’s voltage law will result in
Vet IR+ Vige=0
[-=Ve= Ve /R (4.46)
Applying Kirchhoff’s voltage law to the entire outside perimeter of the network
of Fig.4.51 will result in
Vet IRer Vet IRc- V=0
and solving for V' .:
Vee= Vieet Ve 1R~ 1R
Because /.= /.
Vee= Vet Ve Ie(Ret Ry (4.47)
The voltage V' . of Fig. 4.51 can be found by applying Kirchhoff’s voltage law to
the output loop of Fig 4.51 to obtain:
Vgt 1cRc- Ve =0
or Veg= Ve~ IR
Using /IC= IE
we have Vi z= V.- IR, (4.48)
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EXAMPLE 4.17 Determine the currents /-and /;and the
voltages V_-and V ., for the common-base configuration ;
of Fig. 4.52 . f—f -

Solution: Re -
Ie= Viee= Ve /Re Vigp =
=4V-07V/12kQ T
= 2.75 mA -
l,=1./@+1)=275mA/60+1= 2.75mA/ 61 fe aey
=45.08 pA Determining Vg and Vg
Eq. 4.47: Voe= Vet Voo I (R+ Ry
=4V +10V - (275 mA)(2.4 kQ + 1.2 kQ)
=14V - (2.75 mA) (3.6 kQ) p=60
=14V -9.9V oY v,
=41V el
Eq. 4.48: Vo= V- I.R.= V.- BLR, feg l2ka "i“ *
Vee—4v Voe =10V
=10V - (60)(45.08 mA)(24 k) +L =T
=10V -6.49 V bl
FIG. 4.52

=351V Example 4.17.
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EXAMPLE 4.18 For the network of Fig. 4.53 : Yo =20V
a. Determine /., and V., R Satia
b. Find V,, V,, V,and V. Re 10 uF

v
Solution: our ‘ 680K G
—— p=12

a.The absence of /-reduces the reflection of resistive levels
to simply that of R, and the equation for /; reduces to

lIg= Vo= Ve /Rg+ BR, o s

Collector feedback with Rg = 0 ).

=20V -0.7 V /680 k + (120) (4.7 k)
=19.3V/1.244 MQ =1551 pA
Ieo =B1,= (120) (1551 mA)
=1.86 mA
= V- 1R
=20V - (1.86 MA)(4.7 k) =11.26 V
b. V=V, =07V
V.=V, =11.26V

VCEQ

V=0V
Vo= V- V=07V -11.26 V
— '1056 V FIG. 4.54

Example 4.19.



EXAMPLE 4.19 Determine V_.and V,for the network of Fig. 4.54 .
Solution. Applying Kirchhoff’s voltage law in the clockwise direction for the base-
emitter loop results in
IgRg- Vet Vge=0
and /5= V= V- /Ry
Substitution yields
/;=9V-0.7V/100k
=8.3V /100 k=83 pA
IC= BIB Vio "
= (45)(83 pA) 10 uF
=3.735 mA
V.=-1.R, e
=-(3.735mA)(1.2 k)
-4.48V

Ve

FIG. 4.54
-(83 mA)(100 k) Example 4.19.
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EXAMPLE 4.20 Determine V_.and Vfor the network of Fig. 4.55 .
Solution: The Thévenin resistance and voltage are determined for the network to
the left
of the base terminal as shown in Figs. 4.56 and 4.57 .R 4,
R=82k | 22k=173k
7o find E 4,
I=(V+ V) /(RL+ R2)
=(20V+20V)/(8.2k+2.2Kk)
=40V /104 k_
=3.85 mA
Ern=1xRy- Ve
=(3.85mA) (2.2k)-20V o—)
=-11.53V

+
R 222k0 Ve = 20V = Em FIG. 4.55
Example 4.20.

FIG. 457
Determining Ey,.



The network can then be redrawn as shown in Fig. 4.58 , where the application of

Kirchhoff’s voltage law results in
~bgy = gy - Ve~ IeRe+ V=0
Substituting /.= (B + 1) /,gives
Vee= Ern = Ve~ (B + 1) lgRe- IghRr, = 0
And /= V- B = Ve /Ry + (B + 1) R,
=20V-11.53 V-0.7V/1.73 k +(121)(1.8 k)
=7.77V [ 219.53 k
=35.39 mA
Ie=Blg
=(120)(35.39 mA)
=4.25 mA
Ve= Ve IRe
=20V -(4.25 mA)(2.7 k)
=8.53V

Vg = -Eqp - IgRm,
=-(11.53 V) - (35.39 mA)(1.73 k)
=-11.59V

FIG. 4.58
Substituting the Thévenin equivalent circuit.
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Table 4.1 is a review of the most common single-stage BJT configurations with their
respective equations. Note the similarities that exist between the equations for the various
configurations.

TABLE 4.1
BJT Bias Configurations

Type Configuration Pertinent Equations

Fixed-bias Voo

I, = VC'C - VBE
Re B Rg
IC=HIBSIE={B+ ]]IB
B

VYee = Voo — IcRe

Re I — Voo — Ve
gf"ﬂ B Rg+ (B + DRg
lIo=Blglg =8+ Lig
B By =1(B+ 1Re

VCE = VC‘C - IC{RC + RE]

Voltage-divider e Voo
bias

R RVee APPROXIMATE: R, = 10R
© | BXACT: Ry = R\|Ry, Ery = —2-5C ARy 2

R+ R, RoVeo
= EH_VB:E B_R1+R25VE_VB_VBE
B B Ry +(B+ DR Vg Ig

Ig

Ic = Bla g = (B + Dig TR R+
Re Veg = Voo — I (Rg + Rp) Ve = Voo — Ie(Rg + Rp)
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Collector-feedback Vo
Rc
- Voo~ Vs
B Re+ B(R-+Rp
B I = Blg.Ig = (B + D
Vee = Voo — Ic(Rc + Rg)
L
Emitter-follower
I = Vee — Veg
g =
Rz + (B + 1)Rg
R Ie=BlpIg =B+ g
Rg Vee = Vee — IgRg
Ve
Common-base Vee — Vag
y / L
E
Re ke Ig
—_ i_l. Iﬂ_ﬂ_l_]!‘rﬂ'_yg‘rﬂ
=t | Veg = Ve + Vec = Ie(Re + Ro)
* T- Veg = Voo — IR
- CB cc c
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7- DESIGN OPERATIONS

The design process is one where a current and/or voltage may be specified and the
elements required to establish the designated levels must be determined.

One of the most powerful equations is simply Ohm’s law in the following form:
Runknown = VR//R (4'49)
In a particular design the voltage across a resistor can often be determined from specified
levels. If additional specifications define the current level, Eq. (4.49) can then be used to
calculate the required resistance level. The first few examples will demonstrate how
particular
elements can be determined from the design specifications. A complete design procedure

will then be introduced for two popular configurations.



EXAMPLE 4.21 Given the device characteristics of Fig. 4.59a , determine V., Rz and R
for the fixed-bias configuration of Fig. 4.59b .

Solution: From the load line

.“'.-: (mA)

Voo
V=20V '
IG=V /R "
VCE: oV Re
and R.= V,./1, _\_.. QO-point  /Bg= 40 pA
=20V/8mA=25Kk
Ig= (Vo= Viee) /Rg l!
R=V v /] Tng
(b)

=20V -0.7V/40 mA DY Ver
=19.3V /40 mA
= 482.5 kQ ®
Standard resistor values are
R.=24k, R;=470 kQ
Using standard resistor values gives
/;=41.1 mA

which is well within 5% of the value specified.
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EXAMPLE 4.22 Given that /.,=2 mA and V,= 10V, determine R1 and Rfor the
network of Fig. 4.60 .

//

Solution:
Vo= LR = IR, T

=(2mA)(1.2k)=2.4V
Vo= Vgt V,=07V+24V=3.1V N R Joue
Vo= R, V./ (RL + R2) oy —ov

=3.1V Ho—|
and IB kil

(18 k) (18 V)/ R1 +18 k=3.1V 2 ki
324 k=3.1R1+55.8 k T
3.1R1 =268.2 k e acd
R1=268.2k/3.1=86.52k Exampls 4.2,
Eq. (4.49): R= ]
Re = Vee= Ve /e
with V.=V, + V,=10V+24V =124V
and R=18V-124V /2 mA
=2.8k
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EXAMPLE 4.23 The emitter-bias configuration of Fig. 4.61 has the following
specifications:
lcq=("2)kat, /[Csat = 8 mA, V=18V, and 3 = 110. Determine R, R, and Rj.
Solution:
leq =(1/2) IGat = 4 mA
Re = Vie/ Icq
= Vee= Ve /g
=28V-18V/4mA=25k
leat = Vee/ (Re+ Re)
and R+ Re= Ve /I
=28V /8 mA=3.5k
R.=3.5k- R,
=3.5k-25k=1k
la =1leg/B =4mA/110=36.36 mA
Isq = Vee= Ve /(Re+ (B +1) Ry
and  Rp+ (B+1) Re= Ve Vi /Ipg
with  Rp=( Vo= Ve /1go)- (B +1) R,
=(28V-0.7V /36.36 mA) - (111)(1 k)
=(27.3V/36.36 mA )- 111 k
=639.8 k

For standard values, RC=2.4k RE=1k RB =620 k



