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BJT Small-Signal Analysis  Purpose of SSAC Analysis

Purpose of SSAC Analysis

The purpose of small-signal AC (SSAC) analysis to determine the three parameters of an
amplifier input resistance, output resistance and gain. In this course, we are mostly
interested in the two-port voltage-gain amplifier model shown below.

R, R, Zop

+
+ >
Us ’\I v; ::Ri ’\/ Ayv; Ry v,

m Input resistance R; is defined by the no-load input voltage of the amplifier divided by the
no-load input current to the amplifier, i.e.,

Vi

R; =

i

Rp=c0

NOTE: Input resistance cannot include the source resistance Rs.
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R, o
+
>
:Ri ’\, Ayv; Ryr vo

|

m Output resistance R, is obtained by the test-voltage method, i.e., by dividing the test
voltage value with the measured test current value. In the test-voltage method, load is
replaced with a test voltage vtest and the independent power sources (vs or is) are killed,

i.e., vs =0 or is = 0. Thus, output resistance R, is given by

Vtest

R, =

Ttest

vs=0,R[, =Vrest

NOTE: Output resistance cannot include the load resistance Ry .

m No-load voltage gain A, (or Ay, ) is defined by

m When load is connected, the voltage gain will decrease due to the voltage-divider
consisting of Ry, and R,. So, voltage gain with load, Ay, is given by

AV:UU:( Vo ><Auv1): Rr A,
v Ay v; Ro + Ry,
m Current gain A; is defined by the output current versus the input current, i.e.,
AL:&:M: RZAV:L
i vi/R; Rr Ro + Rp

m Finally, overall voltage gain Ay is given by

Vo v,
Ay = — Ays = = =
Vi |R=c0 Vs
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BJT SSAC Analysis Steps

1. Draw the SSAC equivalent circuit

i. Capacitors are short circuit

ie., Xg — 0.

re model).

2. Calculate the three amplifier parameters: R;, R, and A,

Vi

a) Calculate no-load input resistance, R; =

ti |Rp =00

b) Calculate output resistance, R,.

c) Calculate no-load voltage gain, A, = %"
i

Rp=oco

a) Draw the AC equivalent circuit (signal frequency is infinity, i.e., f = 00)

i. Kill the DC power sources (i.e., AC value of DC sources is zero).
b) Replace BJT with its small-signal equivalent model (e.g., hybrid equivalent model or
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BJT Small-Signal Models

A small-signal model is an equivalent circuit that represents the SSAC characteristics of the
transistor. It uses circuit elements that approximate the behavior of the transistor.
Two commonly used models used in SSAC analysis of BJTs are given below:

m hybrid equivalent model

m 7. model

Mostly, we are going to use the hybrid equivalent model. But, we are going to introduce and
provide results for the r. model as well.

NOTE: Small-signal equivalent model and its analysis are the same for both npn and pnp

transistors.
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Hybrid Equivalent Model

Parameters of the hybrid equivalent circuit provide the entire set on the specification sheet of a
BJT and cover all operating conditions. Generalized hybrid equivalent circuit for any transistor
configuration is provided below.

BJT Small-Signal Analysis BJT Small-Signal Models

For a specific configuration, the model parameters modified with the label of the common-mode
terminal in their subscript. So, common-emitter and common-base configurations and their
hybrid equivalent models are shown below, respectively.

2y hie
b +
i 1 = P
i hi ° 4
o + =
+ i | +
Ube Vee
. 1 - ie -
v; hyv, I\; ; hyi; = Vo le
| o
o —I 2 ie h, 2
= ib <<
Here,
= Broves 1\, ‘ hpie @ L
b
m h;: input resistance + - +
m h,: reverse transfer voltage ratio (v;/vo) Veb - Veb
. . . - “ -
m hy: forward transfer current ratio (io/i;) ‘b
m ho: output conductance m For the common-collector configuration, we always use the common-emitter hybrid
equivalent model.
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Simplified Hybrid Equivalent Model

Because h, is normally a relatively small quantity, its removal is approximated by h, ~ 0 and
hrvo = 0, resulting in the simplified hybrid equivalent circuit shown below. In this course, we
are going to use the simplified hybrid equivalent model.

ii

2o

—: -

Los * O

+ | +
. 1

v; h; ‘ hyi; = v,

| o

This circuit, can be further simplified if a value for the parameter h, or 1/h, is not provided. In
that case, we can safely assume that h, = 0 or 1/h, = oo resulting in the approximate hybrid
equivalent circuit shown below.

i io

—— -

+ | +
<

v ng } hsis v
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Common-Emitter Hybrid Equivalent Model

i ic
—— -
bo | c
hie { hpeiy @
hoe
. | .

Here, the h-parameters are defined as below

OVeE

hie = BE = ...see diode dynamic resistance section
OIB |qQ-point Ipq
I,

hfe = e = Bac
915 |Q-point
IV V, Ve

1/hoe = ——— = Ya+Vorq ... Va4 is the early voltage and V4 > Vopg

olc Q-point Icq

Typical values of hy. run from 50 to 200, h;e run from 500 to 7k, and 1/hee run from
40 k€2 to 100 kS2.

BJT Small-Signal Analysis  BJT Small-Signal Models

21-Apr-2018 10 / 59

iy, ic
oy -
b | c

hie VAo

: | e

>
$

Note that, as Icq = BIpqg and Ipg = (8 + 1) I, we can also express hj. in terms of Icq
or Ipq as follows

hie = ——
Ipg
5
—h
Lfe Teo

= (hse +1) IL
£Q

where v = kT'/q is the thermal voltage and have fixed values for a given temperature, e.g.,
v =26 mV at room temperature 7' = 300 K.
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Common-Emitter r. Equivalent Model

One-to-one correspondence with the h-parameters are given below,

BJT Small-Signal Analysis ~ BJT Small-Signal Models

i ic
— -
b | c
Bre { B P
[ | —0 €

hfe =p
hie = (B+1)re 2 PBre
1/hoe = To.

Thus, B =hye, Bre = hic and 7o = 1/hoe.
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Common-Base Hybrid Equivalent Model

e ic
c

Here, the h-parameters are defined as below,

BJT Small-Signal Analysis BJT Small-Signal Models

Qe ic
- -

>
< .
hiv 1: ‘ hsvie

e

e
hob

, | .

Note that, the relationship between h;;, and h;. is given below

hie = (hge + 1) hip

h.
or hiyy = ———.
he+1
)% y . . . .
hip = — BE - ...see diode dynamic resistance section
(2247 Q-point Igq
h dlc Qge =
fo == 27— = —Qac = —
OIE | g-point
AV
1/hop = B ~ 00
dlc Q-point
Typically, hy, = —1, and hgp, run from 5Q to 502, and 1/h,y, is in the megohm range. Thus,
1/hop > 1/hoe.
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Common-Base r. Equivalent Model

e ic

Te ’ aie To

One-to-one correspondence with the h-parameters are given below

BJT Small-Signal Analysis BJT Small-Signal Models

Phase Relationship
The phase relationship between input and output depends on the amplifier configuration circuit
as listed below.

m Common-Emitter: 180 degrees

m Common-Base: 0 degrees

m Common-Collector: 0 degrees (Emitter-Follower)

hpp = —a
hiy =re
1/hop = To.
Thus, @ = —hjg, 21, 7e = hj, and 7o = 1/hop =2 co. Note that, minus sign is due to the
direction of the current source.
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Common-Emitter Fixed-Bias Configuration

Common-emitter fixed-bias configuration is given below

Vee

>
<
S Re

3 bs

SRy 1 4

S Co—F——ovo

i B &
v li
fa) R,

—=
R,

Let us start SSAC analysis by drawing the AC equivalent circuit as shown below

Vo
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Vo

Then, we are going to replace BJT with its common-emitter hybrid equivalent model as
shown below

i ic
o & O
el | o+
v 7 1
i Ry hie ‘hfezb = Re o
=
-
— R, _
O

m Obtain hy. and 1/he. from the specification sheet of the transistor or by testing the
transistor using a curve tracer. Calculate h;e using the DC analysis values as
26 mV 26 mV
ie = =hfe—F.

Ipq Icq
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Input Resistance Voltage Gain
. i ic
ic — -~

= e o *

lig + >
Vi Ry :: Re Vo
- _

R, _
O
No-load voltage gain A, is given by
Input resistance R; is given as A Vo ( Vo ) (hfﬁib) (zh>
v Vi |Ry =00 - hfeiy ip v;
Ui
Ri= — = Rp||hie 1

g el — (=Rel1/hae) (hse) ()

o ~ hge (Rol|1/hoe)

m If Rg > 10he, then R; simplifies to R; = hje. = *7;%

= Input resistance R; according to the 7o model is given by m No-load voltage gain A, according to the 7 model is given by
R; = Rg||re 4, = fcllre
Te
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i ic .
> ~ Output Resistance
= | [
> > > e test
< .S 1 < < -«
v R hfeiy, & 7— QRe o 0
P4 P + pd hoe pd - —
= K3 R,
— R, — 8
< . <1 <
Ry Q hie ; hpein Q5 QRe  Vrest
< [Cance <
m If 1/hoe > 10R¢, no-load voltage gain A, reduces to l -
O
hfeRc Rc
A, = — e ...7e model: A, = ——<
hie Te . . . . . . . .
Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test
m For the circuit above, we can obtain the current gain A; as follows voltage circuit above. Note that in the circuit i, = 0, so hyei, = 0 as well.
vo/Rc R vo Vtest
A=le_volflo _ Rive R, = Utest = Rell1/hoe
vi/R; C Ui Uest lug=0,Rp=viest
_ Ri A
- v . e
Rc m If 1/hoe > 10R¢, then R, simplifies to R, = R¢.
C P! C
m If 1/hoe > 10Rc and Rp > 10h;e, current gain A; reduces to m Output resistance R, according to the re model is given by
Ai = —hy. .re model: A; = —f Ro = Rel|ro
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CE Voltage-Divider Bias Configuration

Common-emitter voltage-divider bias configuration is given below

Phase Relationship
V%(

Common-Emitter Fixed-Bias Configuration

BJT Small-Signal Analysis

Vee
- 3
SRe
R¢ R <
SRB
O
S v, 0 t
log
v;
= Corresponding SSAC equivalent circuit is shown below
. i
. . . . b & ¢ -
m The phase relationship between input and output is 180 degrees as shown above. -
% *zn +
Th i i in th | in f las indi he i ion. R; <
u e negative sign used in the voltage gain formulas indicates the inversion ” &, R . ; hgeis :, 1 Re o
S hee
- e l e Ro —
L =
®
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Input Resistance Voltage Gain
it i
i > b ) o <=
e b jib c ) b | .
+ ‘zﬂ +
RN g ' I T P s 3
R; 0 R R, . hpeis @ 1 . o
w Sk Sk Qe | i 1 o “ s$ho sk Sid ¥ onein g Foe ke "
b3 b3 Q & hoe = l R, —
- - e e °
e e
I T
= —— = p =
P
. L No-load voltage gain A, is given by
Input resistance R; is given as
Vo Vo hgeip ip
Ay = 2 = (5 i K2
Vi v; = Lfelb i Vi
Ri= 2 = RallRelhse Ri=e Ay
i |Rp =00 1
= (=Rol1/hoe) (hye) ( —
hie
m Input resistance R; according to the 7. model is given by hfe (Rc||1/hoe)
) hie
i = Ra||Ral|Bre
m No-load voltage gain A, according to the 7. model is given by
Rel|r
Ay = cllro
Te
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m Phase relationship between input and output of a common-emitter amplifier configuration
if always 180 degrees. This is independent of the type of the bias-configuration.
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i e H
= T g Output Resistance
e ‘ #zq +
7 > > P Pe
- Sk, S &, She { hpein @ L Re . S P
S s S b I b A Lt e
_ . | ’ o = =
ps I ‘ R, *
) ' ) Sk Sk Sh } nre S Sk
< 1 L] § Nie feth & < Vpest
b3 b3 l > hoe b3 ¢ test
. . ; -
m If 1/hoe > 10Rc, no-load voltage gain A, reduces to =t s T
hseRo R i i
Ay = —eC ...re model: A, = ——<
hie Te ) . . . ) .
Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test
m For the circuit above, we can obtain the current gain A; as follows voltage circuit above. Note that in the circuit i, = 0, so hy.i, = 0 as well.
= offic  Hive R, = Jtest Rell1/h
- N - 7 o= T = C oe
;;L/R, Re v; Utest |v,=0,Rp =viest
= Rl Ay
‘C m If 1/hoe > 10Rc, then R, simplifies to R, = Rc.
m If 1/hoe > 10, and given R’ = Ry||R2, current gain A; reduces to m Output resistance R, according to the 7 model is given by
/ R
Aj=—hfe—— ...r¢ model: A; = ———F— Ro = Re|r
: TR hae ¢ T OR/B+re o= el
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Phase Relationship

CE Unbypassed-Emitter Bias Configuration

Dr. U. Sezen & Dr. D. Gdkcen (Hacettepe Uni.)

Common-emitter unbypassed-emitter bias configuration and its SSAC equivalent circuit
are given on the left and right figures below, respectively.

_)i,, c
+ I B V" +
S e
—_— < g
R, Ry <= hie ‘ hyeiv
| R,
>
< <
w Ry Q ke
< N <
)*ia:(hfs‘*'l)ib
<
R
b3

m When Rpg is not bypassed, we normally assume 1/hoe = oo in order to reduce the

calculation complexity. Because of the feedback, even 1/hoe # oo the results do not really
change at all.
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Input Resistance Voltage Gain
i = b N c
—_ b o c + _1 [ - ‘ +
by ) | Py T g »
| = = 7 R | Y
e ing S e Vb ‘ -
R pS —
| R, w Ry Re v
> >
w RB: ‘:R( v i Jiem a0
. X
= (et i - -
L}
.- T
by No-load voltage gain A, is given by
A Vo _ ( Vo ) (hfeib> (Lb>
1 H 1 v — - 7 . - —
Input resistance R; is given as Vi |Ry —oo hyeip iy v;
v, 1
Ri=— = Rp||Ry < Ry =hic+ (hye+1) R = (—Ro) (hse) (;)
% |Rp =00 b
hfeR,
= Rp|| [hic + (hse +1) Rp] =- feC
hie + (hje +1) Rp
m Input resistance R; according to the re model is given by m No-load voltage gain A, according to the . model is given by
Ro
R; = Rp||(B+1)(re + Re) = Rp||B (re + RE) Ay = —
re + Rp
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e b c H
: L e T Output Resistance
| hie b e
| “r b . iteat
i
- . ' \ -
Jrmtnni :: hie } i :
% ] ‘
- - >
= 24 QRe  eeat
.
w If (hfe +1) Rg > 10he, no-load voltage gain A, reduces to &S
>
<
R R, -
Ay =--FC ...7e model: A, = ——<
RE ) =
m For the circuit above, we can obtain the current gain A; as follows Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test
4 io  vo/Rc R; vo voltage circuit above. Note that in the circuit 4, = 0, so hy.i, = 0 as well.
=2 = 20 e
i v; /R; Re v;
. Vtest
_ R A, Ro= 2 =Re
R test lvy=0,Rp=viest
= Resultant current gain A; is given by m Output resistance R, according to the 7 model is given by
Rp Rp
A =—-hfe—— ...7e model: A — _
i Ry + Ry i Rp/B+re+ Rp R, = Rc¢
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Phase Relationship

C E

itter Unbypassed-E

itter Bias Configuration

BJT Small-Signal Analysis

Emitter-Follower Configuration

m Phase relationship between input and output of a common-emitter amplifier configuration
if always 180 degrees. This is independent of the type of the bias-configuration.
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Emitter-Follower Configuration

Emitter-follower (common-collector) configuration and its SSAC equivalent circuit are
given on the left and right figures below, respectively.

Dr. U. Sezen & Dr. D. Gdkcen (Hacettepe Uni.)

m When Rp is not bypassed, we normally assume 1/hoe = oo in order to reduce the
calculation complexity.
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Input Resistance

e b X ¢
. i
+ oo

4
< :
— | — > heiy
R, Ry :) Pie { eto
vi Ry
. Lip:(hf,-#l)x‘b
| LAY
3
< +
io| Ry Q T
bY v

Input resistance R; is given as
Vi
Ri= — = Rg||Ry
% |Rp =00

= Rp|| [hie + (hfe + 1) Rg]

...Ry = hic + (hfe + 1) Rp

m Input resistance R; according to the r. model is given by

RE
Ri = Rp||(B+1) (re + Re) = Rp||B (re + RE) Ap=—F o~
Te + RE
Dr. U. Sezen & Dr. D. Gékeen (Hacettepe Uni.)  ELE230 Electronics | 21-Apr2018 37 /59 Dr. U. Sezen & Dr. D. Gékeen (Hacettepe Uni)  ELE230 Electronics | 21-Apr2018 38 /59

BJT Small-Signal Analysis Emitter-Follower Configuration

Voltage Gain

| S |

= (hyet 1)iy

No-load voltage gain A, is given by

= () (2)
= [(hse + 1) Re) ()

_ (hfe + 1) Rgp
hic + (hge + 1) Rp
m No-load voltage gain A, according to the 7 model is given by

Vo
Ay = —

Vi

... Ry =hic + (hje +1) Rp

BJT Small-Signal Analysis Emitter-Follower Configuration

\
— } i
|

l i = (hyet )iy

m For the circuit above, we can obtain the current gain A; as follows

4 _ o _Yo/Rp _ Rivo
‘"4 wi/Ri  Rpu

— Ri Ay voltage circuit above.
Rg .
Vte
, o R, = Vtest — Rp||—ttie
m Resultant current gain A; is given by, Utest luy—0, Ry —viest hfe+1
Rp Rp ! . L
Ai = (hpe +1) —— ..remodel: Ay = —— 2% m Output resistance R, according to the 7 model is given by
Rp + Ry Rp/(B+1)+re+ Rp
Ro = Rg||re
m If 1/hoe # oo, then replace R with (Rg||1/hoe) in R;, Ay and R, calculations.
m If a voltage source with source resistance R is connected to the input, replace h;. with
(hie + RB||Rs) in R, calculations.
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BJT Small-Signal Analysis Emitter-Follower Configuration

Output Resistance

Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test

BJT Small-Signal Analysis ~ Emitter-Follower Configuration

Phase Relationship

= Emitter-follower (common-collector) configuration has no phase shift between input and
output.

BJT Small-Signal Analysis  Common-Emitter Collector Feedback Configuration

CE Collector Feedback Configuration

Common-emitter collector feedback bias configuration is given below

Vee

i — Ry +
i B F c .
‘ia - +
o
R .
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Voltage Gain
i; g =R+

o

O . -
. - + e &zo - +
R,
hget R,
Rc o5 j- felb c vo
No-load voltage gain A, is given by
R hie ) hie + hyeRc . A Yo _ (hfeRF —hw) (*RC) i hie+hfeRCZ.
;= = Te = LI o= — = - cdf =
' Rp=cc 1+ hz;;rif};"c ! Rp+Rc °© Vi |Ry =oo Rp + Ro hie ! Rp + Ro
F C
h¢eRp —Re
hie g( fe )(7 <o hgeRp > hie
= e o hyelic > hie Bp+Re )\ hie g
hfeR
Rr + Re zfif; & ...Rp > Rc
m Input resistance R; according to the re model is given by e
R~ Bre m No-load voltage gain A, according to the 7 model is given by
e — 0
BRc Rc
1+ e Ay~ ——5
Rr + Rce Te
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BJT Small-Signal Analysis  Common-Emitter Collector Feedback Configuration BJT Small-Signal Analysis  Common-Emitter Collector Feedback Configuration
Qi B —Ret+ ¢ 0 R .
> A AAY - r—— utput esistance
+ — ‘u -— T llc *zu -+
R; is
v, hie V ohein QR N B —Ret+ ¢ et
m For the circuit above, we can obtain the current gain A; as follows
i _ve/Rc _ Rivo
"4 wi/Ri R _ : - ) . )
R Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test
= R—L v voltage circuit above. Note that in the circuit i, = 0, so hy.i, = 0 as well.
C
. . Vtest
m Resultant current gain A; is given by, Ro = — = Rc||Rr
Utest ly,=0,Rp=viest
A __hje(Rr+Ro) ...re model: A; = __Br+ERc m Output resistance R, according to the 7 model is given by
Rp + (hfe + 1) Re Rp/B+ Rc
Ro = R¢||Rp
m If 1/hoe # oo, then replace R with (R¢||1/hoe) in R;, Ay and R, calculations.
m If a voltage source with source resistance R is connected to the input, replace Ry with
[Rp (Rs + hic) / (hfeRs + hic)] in R, calculations.
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BJT Small-Signal Analysis ~ Common-Emitter Collector Feedback Configuration
Phase Relationship

m Phase relationship between input and output of a common-emitter amplifier configuration
if always 180 degrees. This is independent of the type of the bias-configuration.
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Common-Base Configuration
Common-base configuration is given below

ii
—

ie i
. — <y
— : i -— +
+ E c ‘u, =
w Ry Re v
B
_ T Vee T Vee _

Corresponding SSAC equivalent circuit is shown below

i

—r-
-
— - D
* m iy i “m, *
s 5 >
< < <
S S . ; S R
v 3 Ry T Bo I Rpie 3 R v,
hie 26 mV

m Here, hy, = and hjp = —aac = —1.

hfe+1 Igq
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BJT Small-Signal Analysis  C -Base Configuration BJT Small-Signal Analysis  C -Base Confi
Input Resistance Voltage Gain
) i
i =
i
+ = n
e ] | W T, g =¥
>
5 > 5 . S R b3
< < v; SR < hay
v; QR 2 hy [ > R 0 S >
S R b3 b I Fbi, S Re v, < <
. L. No-load voltage gain A, is given by
Input resistance R; is given as
Vo Vo hypie ie
Ay = =2 =5 i e
R; = E = Rp|lhis Vi |lRp =00 fble e Vi
Yi IRy =oc0 1
= (=Rc) (hysb) e
ib
m If Ry > 10h;p, then R; simplifies to R; = hyp. Rc h 1
= Chpp = —
. . o hi 4
m Input resistance R; according to the 7. model is given by i
m No-load voltage gain A, according to the . model is given by
R; = Rg||re R
A, = €
Te
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BJT Small-Signal Analysis ~ Common-Base Configuration BJT Small-Signal Analysis ~ Common-Base Configuration
i .
= 5 | o Output Resistance
v Re ha } hpie Re v, dtest
e
=
I _ ! -— +
- e R,
> > >
< < <
:: Ry :; hay } e :; Re  test

m For the circuit above, we can obtain the current gain A; as follows

_ vo/Rc R Vo
vi/Ri  Rc v
R,
Rc

m Resultant current gain A; is given by,

_ Bellre |

|

Output resistance, i.e., Thévenin equivalent resistance, R, is calculated using the test
voltage circuit above. Note that in the circuit ic = 0, so hypic = 0 as well.

= Re

vs=0,R[ =Vtest

Vtest

Ry =

test

m Output resistance R, according to the r. model is given by

RE||h
A, = Bellha ...re model: A;
hip Te
o = Rc
m If 1/h,p # 00, then replace Ro with (R¢||1/hop) in R;, Ay and R, calculations
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BJT Small-Signal Analysis Common-Base Configuration BJT Small-Signal Analysis Common-Base Configuration
Phase Relationship E—C . [hr=te—2m
R.=1009 C, e Vpe =0TV
- . . . . ¥ =kT/q=26mV
m A common-base amplifier configuration has no phase shift between input and output & c L /
vs 4.7kQ v,
10kQ
= R:=30kQ | R,=180kQ =
ICJ I Vee=10V
Example 1: Consider the common-base BJT amplifier in the figure above.
a) Perform DC analysis and find the Q-point.
b) Evaluate the overall voltage gain Ay, and the current gain A;.
c) Sketch v, on the AC4+DC load line graph when
i. vs = 100sin (wt) mV,
ii. vs = 900sin (wt) mV.
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BJT Small-Signal Analysis  C

Solution: a) Let us

= 30k

-Base Configuration

first draw the DC equivalent circuit first as shown below,

Vo= 10V

R, = 4.7kQ

Ves
180k 4g, =

Here, Rp = R, + R, = 0.2k + 1.5k = 1.7k,

Now, let us calculate Vg, Rep, Icq, Verg and Vogq

30k
Vep = [ ————— ) (10) = 1.43V,
BB (30k+180k>( ) k
Rpp = 30k||180k = 25.71 kS,
1.43-0.7
Iog = Ing = 0.4mA,

= 25.71k/201 + 1.7k
Vepg =10 — (0.4m)(4.7k + 1.7k) = 7.44V,
Vopo = 7.44 — 0.7 = 6.74V.

BJT Small-Signal Analysis  C “Base C

b) In order to calculate the voltage gain, we need to draw the common-base SSAC
equivalent circuit. As it is not given 1/h,, = co. Let us now calculate h;;, as

26m
hip = —— =65Q.
0.4m
So, the small-signal equivalent circuit is given below
R, i Ret i,
E c <
1000 * 2000 o
“ Vi ReS15kQ  hyS65Q heie ReS 47K RiS10kQ Vo

Hw

Now, let us calculate input resistance R; and voltage gain with load Ay as follows
Ri = Rp,|| (Rp1 + hip) = 1.5k[|(200 4 65) 2 225Q

= () () (4)
v; hypie ie v;

= (-Rc¢

14

1 Rel|RL
o o) () =
Rp, +hip Rg, + hip
4.7k 3.
_ ATH[10k _ 3.2k 12.08.
200 + 65 0.265k
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BJT Small-Signal Analysis  Common-Base Configuration BJT Small-Signal Analysis Common-Base Configuration
R, W Rer |, Note that, maximum available undistorted swing amplitude is
ooe * wn |- ¢ W+ min (Vepqg, IcqRae) = min(7.44, (0.4m)(3.2k)) = min(7.44,1.28) = 1.28 V.
. W ReSiske mSesa i R4k R Z10k0 e Thus, as Ay, = 8.36, maximum input source a.mplltude which gives an undlstortl.ed output
« is max(vy(p)) = 1.28/8.36 = 153.1mV. If the input source amplitude exceeds this value,
- B we will observe distortion at the output.

Thus, overall voltage

Aye =

A=

c) Let us write down

Vo = Vep = —ic(Rc

vCB
vcE — VBEQ
VCE

So, Rae = Re||RL

gain Ay, and current gain A; are given by

Vo _ (V) (U 24y B _ 1208 225
ve \vi) \ws Ro+ R; 100 + 225

= 8.36,

i R R 0.225k

do _vo/Br _ \ Bi 508 >

i vi/Ri Rr 10k
=0.27.

the AC load line equation for this common-base amplifier, noting that

||[RL) = —icRac and vep = Vee — Vpe = Vee — ﬁihm“ N Vee)

= —icRac + Vg + IcqRac ...Vepg = Verq — VBEQ
= —icRac + Vorq — VBEQ + IcqQRac

= —icRac + Vopq + IcqRac

...vcB ®vcE — VBEQ

= 4.7k||10k = 3.2k, and similarly we obtain Rpc from the C-E loop as

Rpc = Rc + Rg = 4.7k + 1.7k = 6.4kQ.
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i. For vs = 100sin (wt) mV, we are going to observe an undistorted sinusoidal output
with an amplitude of 0.836V around Vopg = 6.74V as shown below.

ey o A
2

B £} ™
e b o
& TR B e
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BJT Small-Signal Analysis  Common-Base Configuration

ii. For vs = 900sin (wt) mV, we are going to observe a distorted output as shown below.

w4

2

o A

Dr. U. Sezen & Dr. D. Gékcen

. i
C T et
T - 1 Y
& T R 5 Taw

(Hacettepe Uni.)  ELE230 Electronics | 21-Apr-2018 59 / 59




	BJT Small-Signal Analysis
	Purpose of SSAC Analysis
	BJT Small-Signal Models
	Common-Emitter Fixed-Bias Configuration
	Common-Emitter Voltage-Divider Bias Configuration
	Common-Emitter Unbypassed-Emitter Bias Configuration
	Emitter-Follower Configuration
	Common-Emitter Collector Feedback Configuration
	Common-Base Configuration


