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Approximate Analysis

Voltage-divider Bias

Exact Analysis
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and solving for Iy yields
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Approximate Analysis | Voltage-divider Bias | gxact Analysis

EXAMPLE 4.8 Determine the dc bias voltage Vg and the current /¢ for the voltage-

divider configuration of Fig. 4.335. +212 v
Electronic Devices and Circuit Theory 11th Ed, Boylstd
Rin = Ry|R>
(39 kO N3.9 kD) SHER
= - — = 3.55k()
39 k() + 3.9k() 10 uF
RV ” AL
Brh: = Ry Ry
_ _(B9kQ)22V) 5 v ora
39k + 3.9KkO
PRSI . V. )
s Ry, + (B + DRg
B 2N — 0TV B 1.3V
355k + (101X1.5kQ) 355k + 151.5kQ
= 8.38 uA
= Blg Vee = Vee — Ic(Re + Rg)
=22V — 9.66 V

= 0.84 mA
= 1234V




Approximate Analysis

Voltage-divider Bias || gyact Analysis

EXAMPLE 4.9 Repeat the analysis of Fig. 4.35 using the approximate technique, and

compare solutions for ICU and V(EQ. 22V
Solution: Testing: I
BRr = 10R,
(100)(1.5kQ) = 10(3.9 k) ke
150 k) = 39 k() (satisfied) 10 uF
o SV o
" ORtR Ve= Yp— VEE 3.9kQ
_ (39 k)(22 V) =92V — 0.7V
39k() + 3.9k() s
_ v = 1.3V
7 R Vee, = Vee = Ie(Re + Rp)
st o O N e = 22V — (0.867 mA)}10kV + 1.5k{))
leo = I = = - = (.867 mA '
=T Ry L5KQ ’

ol

The results for I~ and Vg are certainly close,
Q Q ’

22V — 997V
1203V

The larger the level of Ri compared to R2, the closer is the approximate to the exact

Py N



Approximate Analysis | Voltage-divider Bias

Exact Analysis

The larger the level of Ri compared to R2,
the closer is the approximate to the exact

18V
BR,L = H)Rg I
(50)(1.2k€)) = 10(22 k§2)
60 k2 # 220 k() (not satisfied) 82kQ
Comparing the exact and approximate approaches. | “
o K

Ic, (mA) Ver, (V) ) 10yF Wiy
Exact 1.98 4.54 §22 k& 12k
Approximate 2.59 3.88

=

v" The results reveal the difference between exact and approximate solutions.
v’ Ica is about 30% greater with the approximate solution,
v VCEQ is about 10% less.




Voltage-divider Bias e

» From the collector—emitter loop appears in Fig.
+IERE o o VCE o I('RC — VCC = ()
Substituting I = I and grouping terms gives
Vee = Vee + IdRe + Rp) = 0

and VCE o VCC — I({RC 2 R[‘)

> The addition of the emitter resistor reduces the collector saturation level

A IC




Voltage-divider Bias

Boc effect (Stability)

EXAMPLE 4.10 Repeat the exact analysis of Example 4.8 if 3 is reduced to 50, and com-
pare solutions for /¢, and Vg, .

+22V
i
This example is for testing how much the Q-point
will move if the level of Bocis cut in half 1R
39 kQ 4 | 10(.:»‘__ "
RTh = 3.55 k{1, ETh =2V — -+
Iy = ; Etn — Ve vi ) I Vee B=100
Rt + (B + 1Rg [ -
B 2V =079V B 1.3V 3.9m§ %ﬂ_ |
T 355k + (SI(1.5kQ)  3.55kQ + 76.5kQ i SR souF
= 16.24 pA 2 2
Ic, = Blg Effect of B variation on the response of the
= (50X 16.24 pA) voltage-divider configuration of Fig. 4.35.
= (.81 mA
Vee, = Vee — Ic(Re + Rp) B Ic, (mA) Ve, (V)
= 22V — (0.81 mA)(10k{) + 1.5k()) 100 0.84 mA 1234 V
= 12.69V 50 0.81 mA 12.69 V

» The results show the relative insensitivity of the circuit to the change in Bbc.
» Even though Bbc is drastically cut in half, the levels of Ica and VcEq are
essentially the same.




5-3  OTHER B1AS METHODS

» four additional methods for dc biasing a transistor circuit are discussed.
» These methods are not as common as voltage-divider because of the stability

» The more stable a configuration, the less its response will change due to
undesireable changes in temperature and parameter variations

» If the Q-point is highly dependent on Boc of the transistor, the configuration is
not stable.

» Boc is temperature sensitive, especially for silicon transistors, and its actual
value is usually not well-defined,

» Common Assumptions that could be

1. Base Bias used for simplification (if needed):
2. Emitter-Feedback Bias Vee = 07V

3. Emitter Bias

4. Collector-Feedback Bias lg=(B+ Dl = Ic

V Ic = Blg 8




2 5-3  OTHER B1As METHODS

1. Base Bias (Fixed Bias)

+Vec

* This method of biasing is common in switching circuits.
e The analysis of this circuit for the linear region shows
that it is directly dependent on Boc

» The Kirchhoff’s voltage law around the base circuit:

Vee = Vg, — Vee = 0
Vee — IpRy — Vg = 0

Then solving tor Iy,
Vie — Vie

REE

g =

» The Kirchhoff’s voltage law around the collector circuit:

Ve — IeRe — Vg = 0

Substituting the expression for /g into the formula I = Bpelp vields Solving for Veg,

Vee = Vi )
Ry

Ic = /30(1(

Vieg = Vor = IcR




5-3  OTHER Bi1AsS METHODS

1. Base Bias Q-Point Stability of Base Bias

v’ Since Ic is dependent on Bbc
v’ That a variation in Boc causes Ic and, VCE to change, thus changing the Q-point

of the transistor.
v This makes the base bias circuit extremely beta-dependent and unpredictable.

** BDC varies with temperature and from one transistor to another of the
same type due to manufacturing variations.
*¢* For these reasons, base bias is rarely used in linear circuits

10



5-3  OTHER BIAS METHODS

2. Emitter-Feedback Bias

v If an emitter resistor is added to the base-bias, the result is
emitter-feedback bias

v’ The idea is to help make base bias more predictable with
negative feedback (negates any attempted change in collector
current with an opposing change in base voltage).

» If the Ic tries to increase, VE increases, causing an increase in VB because:
VB = VE + VBE.
’ . 0 . 0 0
» This increase in VB reduces the voltage across RB, thus reducing IB and keeping
Ic from increasing.
% A similar action occurs if the collector current tries to decrease.

While this is better for linear circuits than base bias, it is still dependent
on Boc and is not as predictable as voltage-divider bias.

11




§5—-3  OTHER Bi1As METHODS Vec

2. Emitter-Feedback Bias 3
v’ Calculating the emitter current: Ry
write Kirchhoff’s voltage law (KVL) around the base circuit.
+Vee — IgRg — Ve — IgRg = 0 &

lg = (B + Ly =
Vee — IgRg — Ve — (B + DIgRg = 0
Grouping terms then provides the following:
—Ip(Rg + (B + DRg) + Vee — Vg =0

solving for I, gives
5 BE _ Vee — Vi

f_
B Ry + (B + DR

v The emitter current can be approximated by : IE=B Is

_ Vee — Vae
Rg + Rg/Bpc

12



Stability Comparison between Emitter-Feedback Bias and Base Bias

EXAMPLE 5-8 Determine how much the Q-point (I¢, Veg) for the circuit in Figure 5-20 will change
over a temperature range where Bpc Increases from 100 to 200.

For BDC == 100, Vi
Vee — Vms) (12V—o,7v) F12V
Icqy = = 100 = 3.42mA
i BDC( Ry 330k ‘“
oo s
Veeay = Vee — IcayRe = 12V — (3.42mA)(560 2) = 10.1V Re o
For Bpc = 200,
Vee — VBE) (lzv —0.7V)
lea) = = = 6.84
C(2) BD(‘( R 200 330KQ) 6.84 mA

VCE('Z) - VCC = IC(Z)RC = 12V — (6.84 mA)(560 Q) = 8.17V

The percent change in /- as Bpc changes from 100 to 200 is
Icizy — Icqy

%Al = ( )100%

Icqry
6.84 mA — 3.42 mA
= ( [2.42 = =3 100% = 100% (an increase)

The percent change in Vg 18

Veeey — Veem

%AVCE — ( )l()(_)%

Verm

817V — 10.1V
- ( 100% = —19.1% (a decrease) 131

10.1 V




Stability Comparison between Emitter-Feedback Bias and Base Bias

» As you can see, the Q-point is very dependent on in this (very unreliable).
» The base bias is not normally used if linear operation is required.
» However, it can be used in switching applications.

EXAMPLE 5-9 | Determine how much the Q-point will change if the same circuit is
used but converted to emitter-feedback bias with RE = 1000 ohms

Fmﬁm:=um,10“: L Vee — VBE & lzvf—Q7Y = niegaan
Re + Re/Bpe 1k + 330kQ/100
Veen = Vee — IeayRe + Re) = 12V — (2.63mA)(560 Q@ + 1kQ) = 7.90 V
For Bpc = 200, I AR Vee — Vie i 12V -=-0.7V
CERT R T Re + RafBpe | 1kQ + 330kQ/200
VCE(2) — VCC T IC(Z)(RC + RE) = 12V — (426 mA)560 () + 1k{)) =535V

The percent change in /¢ is

Iepy — 1 426 mA — 2.63 mA
%Al = ( .= C"’)lOO% = ( 2 2 }100% = 62.0%

= 4.26 mA

i 2.63 mA
Veeey — Veem 790V — 535V
%AVep = ( ST ))l()()% = ( )m()% = —32.3%
Veem 7.90V

» Although it significantly improved the stability of the bias for a change in Boc

compared to base bias, it still does not provide a reliable Q-point. 14

-



2. Emitter-Feedback Bias

v’ Load Line equation: (Output loop similar to voltage-divider bias)

» From the collector—emitter loop appears in Fig.
+IERE o o VCE o l('RC o VCC = ()
Substituting I = I and grouping terms gives
Vee = Vee + IdRe + Rp) = 0

and VCE — VCC = I({RC 2 R[:)

> The addition of the emitter resistor reduces the collector saturation level

A IC

15



3. Collector-Feedback Bias

v" The collector voltage provides the bias for the B-E junction.

v" The negative feedback creates an “offsetting” effect that g b
tends to keep the Q-point stable. L+

v" Although the Q -point is not totally independent of beta
(even under approximate conditions), the sensitivity to
changes in beta or temperature variations is normally less
than encountered in other three types

» Base—Emitter Loop Vee — IERe — IgRy — Vg — iR = 0
Jrfr' — Jr,L“ -+ Jrﬁ-

However, the level of Ic and Ic’ far exceeds the usual level of I8 ;l,’, == _r‘_,,
Substituting I~ = I~ = Bly Ir = Ip
The new equationis: Veo = BlgRe = IgRy = Ve — BlgRp = 0
Gathering terms, we have  Vec — Vee — Blg(Re + Rg) — IgRp = 0

T QY BAL ' L (G Voo — Vg
and solving for /5 yields O~ s i 4 16




3. Collector-Feedback Bias

;= Yee — Ve
* " Rp + B(Rc + Rp) b
This can be written as: g = 4 L,
57 Ry + BR'
Because IC‘ - BIB' Bv' V'

Ie, = -
“ " Rp+BR Rg + R

Ry
In general, the larger R' is compared with —, the more accurate the approximation that

v' The result is an equation absent of Bboc, which would be very stable for
variations in Bbc.

17




3. Collector-Feedback Bias

Output Loop Equation

IILQRE -+ V(_'E - l(_LRC = VCC = 0
Because I~ = I-and I = [, we have

Ic(Re + Rp) + Vg — Vee = 0

Vee = Vee — Ie(Re + Rg)

Other Biasing :

EMITTER-FOLLOWER CONFIGURATION

COMMON-BASE CONFIGURATION

18



4.11 DESIGN OPERATIONS

Electronic Devices and Circuit Theory
11th Ed, Boylstd

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.
The path toward a solution is less defined and in fact may require a number of
basic assumptions that do not have to be made when simply analyzing a
network.

If the transistor and supplies are specified, the design process will simply
determine the required resistors for a particular design.

Once the theoretical values of the resistors are determined, the nearest
standard commercial values are normally chosen and any variations due to not
using the exact resistance values are accepted as part of the design.

This is certainly a valid approximation considering the tolerances normally
associated with resistive elements and the transistor parameters.

19




EXAMPLE 4.21  Given the device characteristics of Fig. 4.59a, determine Vi, Ry, and R

for the fixed-bias configuration of Fig. 4.59b, Vee Mc (mA)
Base Bias (Fixed Bias) B
Solution: From the load line
VC(‘ p— 20V
_ Vee
1(_‘ e e
Re lve=0v 0l 0V Ve
Vee 20V
Re = —< = ~ 2.5kQ .
I 8mA Standard resistor values are
= V(“(‘ o VBE RC = 2.4 k()
B Rp Ry = 470k
Ry = VC(‘I_ Vbi Using standard resistor values gives
B —
20V -07V 193V Ip = 4l.1 pA
40 pA 40 pA which is well within 5% of the value specified.
482.5 k()

EEDP - Basem EIHalawany 20



EXAMPLE 4.22  Given that Ic, = 2mA and Vg, = 10V, determine Ry and R for the
network of Fig. 4.60.

18V
Solution: T
Ve = IpRp = IcRg R,
= 2mA)1.2kQ) =24V
VB s VBE + Vl:' =07V 424V = 3' \Y%
RV I8V — 124V
Vi =ie — =31V Ke= Tk I8 kQ
TR = 2.8kQ
18k ,
( =3V -
R, + 18kQ
324 k{) = 3.1R; + 55.8k(} * The nearest standard commercial
3.1R, = 268.2k{) valuesto R1 are 82k and91 k.
268.2 kQ) * However, using the series combination
Ry = 3] = 86.52 k) of standard values of 82 k and 4.7 k =
86.7 k would result in a value very close
Vi, Vee — Ve h i
Rpi= — to the design level.
I I¢e
V(* - V(T: + VE =0V +24V =124V

EEDP - Basem EIHalawany 21



Design Technique to obtain a given specification (operating point) 22

1. The supply voltage and operating point were selected from the
manufacturer’s information on the transistor used in the amplifier.

v" The selection of collector and emitter resistors cannot proceed directly from
the information just specified ( two unknown quantities (Rc and RE) ]

v RE cannot be unreasonably large because the voltage across it limits the range

of swing of the voltage Vce

v' The examples examined in this chapter reveal that the voltage from emitter to
ground is typically around (1/4) to (1/10) of the supply voltage.

2. Selecting the conservative case (1/10)

A 7 R I
Ve = Ve = w(20V) = 2V
Ve _ Ve 2V
Rp=—=—-= = 1k}
[y lc  2mA
5 Vee Vee=Veg—Ve _20V-10V=-2V 8V
O I 2 mA 2 mA
= 4kQ
B ﬁ_ 2mA ,
Iy = T 13.33 uA
‘e Vee—Vee— Ve 20V —07V -2V
I(B — — =

I A 13.33 A

emitter-bias

( ac
output

* lopF

Vg 2N4401
(B =150




Design Technique to obtain a specified operating point 23

Use the technique for voltage-divider bias

Design of a Current-Gain-Stabilized (Beta-Independent) Circuit
EXAMPLE 4.25 Determine the levels of R, Rg, Ry, and R, for the network of Fig. 4.63

for the operating point indicated.

Vi = 1Vee = 5(20V) = 2V
Rg=ﬁ’=-ﬁ= 2V e
Ig Il 10mA
. Vee _ Vec—Veg = Ve _ 20V -8V -2V _ 10V
S Ip 10 mA 10 my
= 1kQ

Vo= Vop + Ve =07V H+2V =27V

Vee =20V

i

§ R
C,

“".I § "
I~ =10 mA ‘ ". ac
¢ + W output
10 uF

Vee,=8V  Bimin) =80

C
ac \l

input n
¥ 10 uF

R,

v Assume that the current through R1 and R2
should be approximately equal to and much
larger than the base current (at least 10:1).

FIG. 4.63
Current-gain-stabilized circuit for design considerations.

T Sl
Ry = {5BR: R, = 1(80)(0.2kQ)
R> = 1.6 k()
Ve = R, + R, Vee (L6220 V)

Vg =27V
. 2 R, + 1.6k

27R, + 432k = 32k0
27R, = 27.68 k()
R = 1025kQ  (use 10kQ)



