The AC equivalent circuit of the BJT amplifier

Is obtained according the following steps as shown in Figs. (10-5a, 10-5b,
10-5c¢): -

a) Setting all dc sources to zero and replacing then by short cct. equivalent.

b) Replacing all capacitors by a short cct.

¢) Remove all elements by pass by the short cct. equivalents introduced by
steps a and b.

d) Redrawing the circuit.

VCC

;REH

c2 i

1

Rs

— 3

L=

Fig.(10-5a) transistor circuit under examination.

§REI1 RC
Wi
C

B Fa,

Rs

W

Fig.(10-5b) the network of Fig.(10-5a) following the removal of the dc
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supply and inserting short cct. for capacitor.

B | Transistor small C Yo
— ¥®signal ac equivalent—*%——*
A cct.
;Rs
§R51IIREE §RC
B
+ .
vy | Vi
@] o
Zi 70

Fig.(10-5¢) circuit of fig(10-1b) redrawn for small ac signal.

NOTES

1- The hybrid parameter equivalent cct continuous to be very popular.

2- Manufacturers continue to specify the hybrid parameters for particular
operating region on their specification sheets.

The parameter of the re-model can be derived directly from the hybrid
parameters the hybrid equivalent cct suffer from being limited to a
particular set of operating condition.

The hybrid equivalent cct suffer from being limited to a particular set of
operating conditions.

The parameter of the other equivalent cct (re-model can be determined for
any region of operation within the active region and are not limited by the
single set of parameters provided by the specification sheet.

3

S
1

ol
1

Transistor hybrid equivalent cct (h-parameter)

- For the basic three terminal electronic device or system. It is obvious, from
fig(10-6), that there are two ports(pair of terminal) interest . For our purpose
the set at the left will represent the input terminal and the set at the right, the
output terminal.

-For each set of terminals, there are two variables of interest.

-For the general hybrid two-port system of fig (10-6):-

le ° . o 2
li |o
1" e ——— . e 2
Fig. (10-6).
Vi=huli + hi2Vo...e.eene... (10-12a)
lo = hatli + h2aVo ... (10-12b)
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The parameters relating the four variables are called h-parameters from the
word hybrid. The term hybrid was chosen because the mixture of variables (v
and i)

hi = \% =hi (Q), short cct input impedance parameter (10-13a)
i lvo=0
V, _ .
h1o =V = hr (unitless), open cct reverse transfer voltage ratio parameter
0 11;=0
..(10-13b)
hyy = 'I—" =h¢ (unitless), short cct. forward transfer current ratio
i lvo=0
parameter ...(10-13c)
I
h22 :V_O = ho (S), open cct. admittance parameter ...(10-13d)
0l1;=0

-Since each term of eq(10-12a) has the units of volt, let us now apply
Kirchhoff’s voltage law in reverse to obtain the circuit of fig (10-7).
-Since each term of eq(10-12b) has the units of volt, let us now apply
Kirchhoff’s voltage law in reverse to obtain the circuit of fig (10-8).

+Vi Ti| kit o +Vo
- » A, *——9
hig Vd Q het li < hee
Wi WVa
L &
Fig(10-7) hybrid input Fig (10-8) hybrid output
equivalent cct equivalent cct

-The complete ac equivalent cct for the basic three terminal linear device is
shown in fig (10-9).

Vi L h lo +Vo

— o i ¢
hr Vo Q hfLL ho

-4 o

L L

Fig(10-9) complete hybrid equivalent cct.

From the BJT hybrid equivalent cct of fig (10-9) Eqgs.(10-12a) and (10-12b)
becomes
Vi =hili+hrVo....... (10-14a)
Io = hf Ii + ho Vo ........ (10'14b)
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- The circuit of fig (10-9) is applicable to any three- terminal electronic device
or system with no internal independent sources.

- For the transistor, it has three basic configurations they are all three
terminal configurations, so that the resulting equivalent cct will have the
same format as shown in Fig. (10-9).

- In each case the bottom of the input and output section of the network of fig
(10-9) can be connected as shown in Fig. (10-10), since the potential level is
the same. The hybrid equivalent network for the C.E is shown in fig (10-
10).Note that:

| i—= | b , | o— | c ) Vi:Vbe ) V0=VC6
C E hie c
—& L AVAVAY *
«— —> «—
|c |b T |C
B @hre Vee hie [k hoe
._
— L/L
Ib Vbe l VCE

0 E

Fig. (10-10) C.E configuration.

For C.B hybrid equivalent network is shown in fig(10-11) .Note that:
li=le ) o=l¢ ) Vi=Ve Vo=Veb

E hik [
AYATLY
<—
& Ie
b — hrhk Veb hik e hob
le lc
) llb E ‘ Veb T l Vcb
3

Fig. (10-11) C.B configuration.

|

Types of hybrid parameters
Since there are three possible configurations for BJ|T, there are three
different sets of h-parameters.
A second subscript has been added to the h-parameters
hie, hfe, hre, hoe : C.E h-parameters
hic, hic, hr, ho : C.C h-parameters
hib, hm, hm, ho : C.Bh-parameters
- If all of h-parameter values in one configuration are known, then the values
corresponding to any other configuration can be determined
- The C.E values are the ones most often given.
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- Table below lists typical parameter values in each of the three-transistor

configuration.

h-parameter C.E C.B C.C
hi 1400Q 14Q 1400Q
hr 2*10*4 4*10-° 1
ht 100 -0.99 -101
ho 2*10°S 2*10°7'S 2*10°S

Approximate C.E and C.B hybrid equivalent cct

Since hre , hrp are normally a relatively small quantity ,their

removal are

approximate by hr=0, h,=0 and hrVo=0 , hitV,=0 resulting a short cct for the

feedback element as shown in fig(10-12a).The resistance determi
and 1/ hep are large enough to be ignored ,in comparison to a
,which can be replaced by an open cct. as shown in fig(10-12b).

ned by 1/ hee
parallel load

+Vi +Vo +Vi i +Wo
-—— & - A I ']
T l To li lo
ki @hﬂi @hﬂi
Vi Vo Vi -To
L ‘ & L | I &
Fig.(10-12b) Fig.(10-12a)
For the C.E configuration the approximate equivalent model will appear as

shown in fig(10-13), it is obvious that

+¥Wi b Z 4+WVa
—y— — *3&—
li Iy Ic lo
— : Wik
Zi hie Z0
i ‘ -Wao
L &

Fig. (10-13) approximate C.E hybrid equivalent model

I, =1,

Ic
Ai zl__hfe

b

Vo Vo
A/ _V_i_ Ibhie
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The re model

The re model derived below will permit the determination of an equivalent
cct. using the dc operating point condition of the network (but the hybrid
parameters specified at a particular operating point).

1- C.B transistor configuration
The derivation of the alternate equivalent cct. Begin with approximation
of the input and output of the C.B transistor configuration, as redrawn in
Fig. (10-14).
Note that straight line segments are used to represent the collector
characteristics and a single diode characteristic for the emitter cct. resulting
in equivalent cct.

1 Saturation region E Active Region — ;
7 ) o H A
6 6MA ie(MA)
AMA
5 R
ama
i A
3 imL
2ma
o A
iF=1Ma
) |
L eoms Vea(Volt)
L ———— 02 04 06 08 1 Ves(Volt)
O/P characteristics I/P characteristics
Fig. (10-14) approximate C.B characteristics
—>
|i=|e —_—)
BE—p» — & g lo=lc et
| E L | >
le Ic
Vi Vo Vi 4 <‘|‘ el Vo
4} 4} 4} 4}

Fig. (10-15a) C.B configuration  Fig(10-15b) approximate C.B equivalent
cct as defined by Fig. (10-14)

For ac condition, the input at the emitter of the C.B transistor can be
determined using the dynamic resistance of the diode, which can be obtained by
using the following equation
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26mV
re=

ohms................. (10-15)

Substituting re will result in the re model of the C.B configuration as shown
in Fig. (10-16). I

lo

—> —>
=] C
&
le Ic
—> — >
Vi § re <T>|C=|E Vo
h h
Fig. (10-16)

Note the similarities of the re model of fig (10-16) with approximate hybrid
equivalent model of fig (10-12) for C.B.
A comparison of the two models (h model and re model) shows that:

Nib=re cceeeeevneennnnnns (10-16a)
Nb= -1 ceeeeieiiniennnn (10-16b)

For the C.B model of Fig. (10-16) the following parameters are defined:
Ii:|e , ZFI’GQ ; Zo=OOQ , Iozlczle

2- C.E transistor configuraion

For C.E configuration appearing in Fig. (10-17a) the input and output
characteristics have been approximated by the set appearing in Fig. (10-17b)
and Fig. (1017c).

L iC (mA)

=l Active Region _,
. 1 70 UAa i
ie(mA) } 7 | T
60 WA
& oo
50 LA
B Vce=1V 5 40 LA
Vce=10V 4 -
solla
E Vce=20V 3
20 LA
> =
10 a
i |
iB=0 Mi
p— VBE(Voh;) & +5 +10 +15 +20 VCE(V0|t)
- —

Saturation region Cutoff region

02 04 06 08 1

[a] [b] [c]
Fig. (10-17): [a] C.E configuration [b] I/P characteristic [c] O/P characteristic

The base characteristics are approximated to be those of a diode and

Fac= 2™ e (10-17)
IB

But le=lc=BIs and IF%
26mV 26mv 26mV

r = = —

T Ty T
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Fac=Pre  coeeevvvennnnes a 0-18)

The common-emitter re model is shown in fig(10-18)
li lo

_> 44—
+¥i b 4V
8 —8—8

Iy Ic
e 4_

Vi E e EIb Vo
Wi ‘ Vo
- o

Fig. (10-18) CE re model

A comparison of the two models (hybrid and r.) shows that:

B=hte eeeerrrrrrrrinne (10-19a)
Bre:hie . cececescssssesee (IO'lgb)
From fig(10-18)

li=lp , lo=1=PBIs
Zi: Bre ) Zo=00 Q
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BJT small signal analysis

1- Common-emitter fixed-bias confiquration

The CE fixed bias amplifier is shown in Fig. (11-8). The small signal
analysis begins by removing the dc effects of V. and replacing the dc
blocking capacitors C1 and C2 by short cct. equivalent, resulting in the

network of Fig. (11-9).

Note in Fig. (11-9) that the common ground of the dc supply and the
emitter the relocation of Rg and Rc in parallel with the input and output

section of the transistor.

Substituting the approximate hybrid small-signal equivalent cct. for the

transistor of Fig. (11-9) will result in network of Fig. (11-10)

+Wee

——a—9
T lo
Wa W i |-"/
& - L |"A\ §
RC
E
Zi ;RB l Zo
_> 4—
Fig. (11-9)
Vi li E Ic Vo
[ L L L ]
_> 4—

L | DO

Fig. (11-10)

a- Zi: Fig. (11-10) clearly shows that
Zi:RB//hie Q




b-

C_

For situations where Rg is greater than hie by more than a factor 10:

Zi= hie if Re>10 hje ........... (11-4)
Using the re model equivalence will result in the following equation for Z;

ZicPre Q eevveerennn. (11-5) Where re= 26|"‘V

E

CE re model

+Vi B C Vo

—a

Ere l :-'BIb

-1 ‘ -Wao

&

Zo: The output impedance of any network is defined when Vi=0.For Fig.
(11-10) when V=0, I; and therefore 1,=0 and hflp=0

Zo=R:Q ....(11-6) for both the hybrid and re model.

Av: Voltage gain:\%

If Re»hie than 1p=l;
Vo=-loRc=-hfelbRe==-hreliR¢
Vi Vi
But Ii=— than Vo=-ht(— )R
" hie o=he( g IRe
_Vo _ hfeRc
Vi hie

The negative sign in the resulting equation explains that an 180° phase
shift occurs between the input and output signals. Substituting

hm:B
hie=Pre for re model
Ay=- hfeRc __PRc
hie pre
Av=-% where re= 26|mv ........... (11-8)
E

Ai: Current gain:II—(_)
|
lo=htelp=hreli

izl—(.)zhfe
l
For the re model A=
Note the relative simplicity of moving from one model to the other,
simply recall that:
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hfe=B
hie=Bre

EX11-2: Determine Zi, Zo, Av and A for the network of Fig. (11-1) using h and re
models. When h#=100, h;e=1300 Q at Ic=2mA.

+1 2
&

lo

§5an k Ohm 3k Ohm
¥ Yo
L]
[
Vi _
|t
| L
| [ —»
Zi Zo
_> 4_

Solution:
Zi- R =560k >> hj. =1300Q
Zi (Eq11.4) Zi =hie=1300Q
Zo(E 11.6) Zo=R.=3kQ
_—heR.  —(100)(3kQ)
Ay (Eq 11.7) Ay = T 13 230.77

Ai(Eq11.9) Ai ~hs =100

re-model:
) V.. -V 12-0.7
DC analysis |lg =& —EE — =20
ysi e =—"g 560k M
Ic=BI Bz(lOO)(ZOuA):ZuA:IE
- 26mv _ 26mv 130
I 2mA

Zi[Eq 11.5] Zi =Bre=(100)(13)=1300Q
Zo[Eq 116] Zoch =3kQ

Ay [Eq11.8] A, =- % - 31‘—3'“ _ 23077

e

Ai[Eq11.10] Ai ~B=100

2-Common-emitter voltage divider bias _configuration
The voltage divider bias configuration is show in Fig. (11.14). Substituting the
approximate hybrid equivalent cct will result in the network of Fig. (11.15). Note
the absence of Re due to the low-impedance shorting effect of Ce. That is at the
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frequency or (frequencies) of operation, the reactance of the capacitor is so small
compared to Re and the network it is treated as a short circuit across Re.

YCG

Wi
L
Fig. (11.14)
+Vi li Ic-¥o
| SEe— ——*
RB1 RB2 hie (lv)hfe Ib | 2 RC
-vi 4 Z0 —vyo
L I T &
Fig. (11.15)
The parallel combination of Rgi1, Rs: is defined by
Rge= Rg1 Re2/ Re1+REo............ (11.14)
a) Zi: from Fig. (11.15)
Zi= Rgg /lhie ........... (11.15)
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For re model
Zi- Reg// Bre............ (11.16)
b) Zo: Zo= Rc for both model.......... (11.17)
c) Av:Vo=-loRc=-hrly Rc
Vo_= - hre (Vi/ hie) Rc

Av = Vo/ Vi =- (hfe/ hie) RC ............ (11.18)
For re model
Vo =-lo Rc = - BlbRc = -(BViRc/pre) = -ViRc /re
Av=Vo/Vi =-Rclre ............. (11.19)
Ii Ib |
— —>
L L L
RE2 RB1 hie
L
Ai:
I — RBBIi
" Ry, + hie
. I_b _ Res
1, Rgg +hie
But 1, = hfel,
|

.. —2 =hfe
|

The current gain A :'I—O:'_bx_O

- A

- A

b

RBB

=hfe—2—
Rgg + hie

_ MR (11.20)
Rgg + hie
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If Ry, >> hie

- A = hfe
For re-model
I — RBBIi
Ry, + fre
PReg ;i hie=/
o =ply=———— :
Res + fre hie = fre
A=t e 11.21
oA T R e (11.21)

EX 11.4: Determine Zi, Zo, Av and A for the network of Fig. (11-16) using re-
model and h-model. if g =hfe=90 and hie = 2.835KQ.

+22

Iol
56 k Onm 10 k Ohrm

1 uF o
| ] -
i 1uF | .
¢ s
Z0
Z.
i § 5.6 kOhm 15 k0Ohm _—— 0.1 uF
Solution
DC:
VBB = RBZ Vcc = (SIGKQ)(ZZ) =2V
Rg, + Rg, 56KQ +5.6KQ
R, =R, /IR, = (56KQ)(5.6KQ) _5.09KO
56KQ +5.6KQ
Voo — V 2—-0.7
BB Be = 9.18uA4

I = =
B Rpp+ (1+B)Ry 5.09k2 + (1+90) X 1.5K0Q
I =1, =90x(9.181A) = 0.836mA

re= 2™ _ 3150
E
AC:
Zi: from eq (11.16)
Z R, Il fre= 5.09KQ(90x3L5) 4 00

5.09KQ +90x31.5
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Zo: fromeq (11.17)
Z, =R, =10KQ
Av: from eq (11.19)
__Re __10KQ_ 15
re 315
Ai: fromeq (11.21)
PRes  5.09KQx (90)

A= R,, + fre  5.09KQ+ (90)x (31.5)

3-CE unbypassed emitter — bias configuration
The network shown in Fig. (11.18) includes an emitter resistor unbypassed in the
AC domain. substituting the approximate hybrid equivalent model will result in

the configuration of Fig. (11.19).

YOO
RE l0l>Re
c2
[ v
[ .
C
- (" -
| > Mk,
Zi Zo
_’ 4—
§RE
Fig. (11.18)
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Fig. (11.19)

Applying Kirchoff’s voltage law to the input side of fig (11.19) will result in
V, =1, hie + Rc (1 +hfe)l,

Z, = \Ii = hie + R (1+ hfe)
b
The result as displayed in Fig. (11.19) described that the input impedance to a
transistor with an unbypassed resistor Re is determined by
Z, =hie + R.(1+hfe) ceurennennn. (11.25)

Since hfe is normally much greater then, the equation reduced to
Z, =hie +Rchfe.eeeuenennne. (11.26)

But hfeRe is much greater then hie
cZy =hfeR cevivninnnnee (11.27)

For the re-model , the following equation is normally applied
Z, =pB(re+R.).....(11.28)

If p>>1..Z2, = AR, .....(11.29)

Zy

!
—¥i le fﬁ —¥o

Fig. (11.20)
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a) Zi : returning to Fig. (11.19)
Z =R, 11Z,.....(11.30)
For both model

b) Z, : with Vjset to zero ,Ip = 0 and hfel, can be replaced by an open circuit
equivalent
. Z, =Rg eeeee(11.31)
For both model

c) Av:
LV
b — Zb
V, = -1 R. =-hfel,R,
V, = hfeV—i R
Zb
V hfeR.
LA =2=——TC L. 11.32
A v 7 ( )
For the approximation z, = hfeR,
hfeR; R
LA =— =——C% . eee 11.33
A hfeR; Re ( )

Which also applied to both models, due to the absence of any device parameters.
d) Ai: returning to Fig. (11.19)
_ RB Ii
Ry +Z,
. Ib _ RB
1 Re+Z,
Out 1, =hfel,

:—°=hfe

I,

I hfeR,
A== .eee(11.34
A= Ry +Z, ( )

For re-model
Ryl
Rg +Z,

I, =
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I I
SO A =bxo_-_~18 (11.35)
i b RB +Zb
+v | Iy b c +V¥o
._,# — > &
B re (l)B Ib
§ e
RB Zo
! —
Zy
—
le RE
—Vi —Vo
™ ' .

EX 11.5 Determine Zi, Z,, Av and A; for the network of Fig

hfe=120, hie=560€).

WCC=20V
L L ]
Iol R
5.6 k Ohm
FB
§2Tﬂk0hm szuF
.| | v
L ]
0 uF I
Wi I; l/
|| A
[ — Fa.
Zi Z0
_> 4_
FE
1.2 kOhm

Solution
Zy from Eq. (11.25)
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Z, = hie+ R. (1+ hfe) = 0.56KQ +1.2KO(1+120) = 145.76KQ

Z; from Eq. (11.30)
Z, =Z, IR, =145.76KQ// 270KQ = 94.66KQ

Z, from Eq. (11.31)
Z, =R. =5.6KQ

Av from Eqg. (11.32)
_hfer. _~ (120)(5.6KQ) _

A = =-4.61
Z, 145.76KQ
A from Eq. (11.34)
A - Rehfe _  (270KQ)(20) o,
Ry +Z, (270KQ)+(145.76KQ)
NOTE

Applied the approximate equation for Zy, we find
Z, = hfeR. = (120)(1.2KQ) = 144KQ
Z, =Ry /1Z, = 27T0KQ//144KQ = 93.91KQ
. R _ 56KQ
Re  1.2KQ

Which are very close to result (94.66K(), -4.61) obtain above

4-EMITTER — FOLLOWER CONFIGURATION

When the output is taken from the emitter terminal of the transistor as shown in
Fig. (11-22), the network is referred to as an emitter follower. The emitter follower
output voltage is in phase with input voltage. The fact that V, follows the
magnitude of Vi with an in-phase relationship. The voltage gains for emitter —
follower A, =1 the most common emitter follower configuration as shown in Fig.

(11.22), because the collector is grounded for ac analysis, it is actually a common —
collector configuration. The emitter follower configuration is used for impedance
at the input and a low impedance at the output, which is direct opposite of the
standard fixed bias configuration. The resulting effect is much the same as that
obtained with a transformer, where a load is matched to the source impedance for
maximum power transfer through the system.

Substituting the approximate equivalent circuit to the network of Fig. (11.22) will
result in the network of Fig. (11.23).
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VoG

— & =
§F{EI
. 1
5:', T . I
|| —» o7
| |
|
Zi RE Z0
Fig. (11.22)
+' lp
~—

ghie G)hfe Ib

§HH i
Zy
—>
le l §HE
Fig. (11.23)
a) Zi
Z =RglZ,eeieeiiiannnnn (11.36)

Z, =hie+ @1+ hfOR; .ueeen... (11.25)
If hfe >>1
~.Z, =hie+hfeR.  .eeenneenn (11.26)

If hfeRe >> hie
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nZy=hfeR.  eeeeinns (11.27)
For the re-model

Z, =B(re+Ry)  ceevernien (11.28)

If p>>1

SZy =R eeveeeeen (11.29)
b) Zo: 1, :Z_L

|

I, =1, +hfel, =1, (L+hfe)

V.
I, = (1+hfe)
= (Ui

b

Substituting for Zy
1+ hfe)Vi

* "~ hie+ (L+ hfe)R,

| Vi
¢ hie
1+ hfe
If now construct the network defined by Eq.

(11.24) will result: -
To determine Z,, Vi is set to zero

hie
Z =R/l —— vevvennes 11.38
° F14nfe ( )

+R:
(11.37) the configuration of Fig.

hiE,i"l:1+th} VYo
STAYAY : ]

le

Fig. (11.24)

The network seen by the emitter branch is the input voltage Vi in series with a
hie
)

resistance determined by the hybrid parameter hie and hfe. The resistance (1+ o

is usually quite small, dropping Z, well below the Re level.

c) Av: Fig. (11.24) can be used to determine Av

R.V,
R.+( —
E (1+hfe)
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DA = Te (11.39)

Note the absence of a negative sign to indicate that V, and Vi are in phase and

. h'ﬁfe) is the only reason V, dose not equal V.
+

recognize that the factor (

d) Ai: from Fig. (11.23)
_ RBIi
" Ry +Z,
. Ib RB

1, Ry +Z,
I, = (L+hfe)l,

IO

® =1+ hfe

o

Io Ib
JOA =—=—X
AT I

A 1+ hfe)R,
' Ry +Z,

RB

Yoo (enie
Ib

B+b

eeeenen(11.40)

re-model
The equation for the re-model can be determine directly from the above simply by

substituting hie= gre and hfe=p

v i b <
— —5 -
hie (J' hfe (Ib
RB = Z0
4—
Zi A
g - le lg e
a) Zi
Z. =R, 1Z,
Z, = pre+ Re
Z,=pBre+Ry) If p>>1.......... (11.41)
b) Zo

—
Il

V_i

Zy
le=1,+/8,=1,1+/)
eV MAEA)

Z, pPre+Rp)
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vV,
e R " BrerR (11.42)

1+ 4
If now construct the network defined by Eq. (11.42) will result: -

e +Vo
"N . .
le l
RE
Om o |
—Vo
L L

To determine Z,, V; set to zero
nZ,=Rgllre .o..eeel(11.43)

C)Av:
V. = IR, ReV,
re+Rg
Vo Re (11.44)
V:, re+Rg
d) Ai
Rgl;
I, =
Rg +Z,
L_ R
|i_RB+Zb
I, =1, =1+p)I,
.-.'—°=1+ﬁ
Iy
ot e R+H)
|i Ib RB+Zb
ca PR 11.45
oA R 7. ceeeeeene(11.45)

EX 11.6: For the emitter follower network. When hfe=98, h;e=1275 Q.
a) Find expressions for Zi, Zo, Av and A; using h parameter.
b) Determine Zi, Zo, Av and A..
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VCC—+1 ay

§ 220 |< Ohr‘n

0.1 ufF |

3z
[ [— 0.1 ufF vD
| ]
[

ba
3.3 l-: Ohr‘n
4_
Solution

Z, = hie + (L+ hfe)R. =1.275KQ + (1+98) x 3.3KQ2 = 327.98KQ
Zi:
Z. =R, //Z, = 220K //327.98K2 =131.68KO)

(11.25)

Zo:
=R =3.3K0N 12750 =12.90
E/’f1+hf = 33K/ eg T 12
Av:
R, 3300
= . = =0.996=>1
A hie 3300+12.9
e+ ( )
1+ hfe
Ai:

_ (+hfe)R;  (1+98)x220KQ

- =39.75
R, +Z,  220KQ+327.98KQ
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