DCI lin
The cut-off point for this line is where Vce=Vcc. It is also written as V¢ (cut-off)
saturation point is given by Ic=Vcc/Ry.. It is represented by straight line
AQB in Fig.1.

AC load line
The cut-off point is given by Vce(ut-ohy=VcegtlcoRac ,Wwhere Ry is the ac

load resistance. Saturation point is given by Lo = Lo Verg/Bo

It is represented by straight line CQD in Fig.1. The slope of the ac load line is given
by y=-1/Rq.

It is seen from Fig. 1 that maximum possible positive signal swing is = lcqRac.

Similarly, maximum possible negative signal swing is Vceo.

Example: Draw the dc and ac load lines for the CE circuit shown in fig. below, (a)

what is the maximum peak to peak signal that can be obtained?

Solution:
DC load line

Vce(eut-ofy=Vec=20V. (point A)

lcsay=Vec/(RL+Re) = 20/5 = 4mA (point B).

Hence, AB represents dc load line for the given circuit.

Approximate bias conditions can be quickly found by assuming that Igis too small
to affect the base bias as in fig. below V,= 20 x 4/(4 + 16) = 4 V. If we neglect Vg,
Vo= VE;

VB4
F Ry Ry 2
=2mb

Also, Ic~1g =2 mA. Hence, Ico=2mA.
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AC Load Line

Cut-off point, Vceeut-ofy = Veeot lcoRac

Now, for the given circuit, ac load resistance is R,.= Rc = 3K.
Cut-off point =10 + 2 x 3 = 16 V. Saturation point,

Lisay=lcp+ _2- =2+ 3 =5.13mA

Hence, I|nejom|ng 16-V pointand 5.13 mA. Point gives ac load line as shown in
Fig. (b). As expected, this line passes through the Q-point.

Now, lcq. Rac=2 x 3 =6V and Vceg= 10 V. Taking the smaller quantity, maximum
peak output signal = 6 V. Hence, peak-to-peak value =2 x 6 =12 V.

Vo 20V mA,
: 3I¢§R e 513 acLoad Line
R |
1316K | “C‘Q ) 4. 8c. Laad Tine.
“ 728 I
T8 T
N
Vs R;§4K % I::gzxcvg L NI6_ A
l vy | * 0 5 10 15 20V
- - g A —»VcE
@ @®)
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What are h-parameter?
These are four constants which describe the behavior of a two-port linear

network. A linear network is one in which resistance, inductances and capacitances

remain fixed when voltage across them is changed.

Consider an unknown linear network contained in + O

I Linear
V, £

a black box as shown in Fig. 1. As a matter of Cireut

convention, currents flowing into the box are taken
positive whereas those flowing out of it are Fig.1

considered negative.

Similarly, voltages are positive from the upper to the lower terminals and negative
the other way around. The electrical behavior of such a circuit can be described

with the help of four hybrid parameters or constants designated as h, h,,, h,, h,,.

In this type of double-number subscripts, it is implied that the first variable is
always divided by the other. The subscript | refers to quantities on the input side
and 2 to the quantities on the output side. The letter 'h' has come from the word
hybrid which mixture of distinctly different items. These constants are hybrid
because they have different units. Out of the four h-parameters, two are found by
short-circuiting the output terminals 2-2 and the other two by open-circuiting the

input terminals I-1 of the circuit.

(a) Finding hyand hy from Short-Circuit Test

As shown in Fig. , the output terminals have been shorted so that v, = 0, because no

voltage can exist on a short.

The linear circuit within the box is driven by an Ll
input voltage v,. It produces an input current iy Y i Vz%v)
whose magnitude depends on the type of circuit o )

within the box.



by — — output shorted

= — output shorted

These two constants are known as forward parameters. The constant h, represents

input impedance with output shorted and has the unit of ohm. The constant h,,
represents current gain of the circuit with output shorted and has no unit since it is
the ratio of two similar quantities.

The voltages and currents of such a two-port network are related by the following

sets of equations or V/I relations

Vizhy iyt by 1,
5= Dy iy sy V,

Here, the hare constants for a given circuit but change if the circuit is changed.
Knowledge of parameters enables us to find the voltages and currents with the help

of the above two equations.

(b) Finding h,,and h,, from Open-circuit Test
As shown in Fig.3 , the input terminals are open so that i, = O but there does appear

a voltage v,across them. The output terminals are driven by an ac voltage v, which

sets up current I,.

F a
ha F_I — mput open Yo _ jh +
2 Vi Limesr 13
) Clrendt
I < _
.Iii —= - 1=
22 v, mput open o



As seen, h,, represents voltage gain (not forward gain whichis v,/ v ). Hence, it

has no units. The constant h,, represents admittance (which is reverse of
resistance) and has the unit of mho or Siemens, s.

Itis actually the admittance looking into the output terminals with input terminals

open. Generally, these two constants are also referred to as reverse parameters.

Summary of b-parametens
k., = mput impedance jl with output shorted

h,, = forward current gain
h., = reverse voltage gain with mput open
h = output admittance

While using h-parameters for transistor circuits, their numerical subscripts are

replaced by the first letters for defining them.

hy, =h =mputimpedance 7| output shorted

h,.= h. = forward current gain
-

h..=h =reverse voltage pain

JJ; = h g = output admittance mput open

A second subscript is added to the above parameters to indicate the particular

configuration. For example, for CE connection, the four parameters are written as
hie, hte, hre, hoe. Similarly, for CB connection, these are writtenas h,,, h,, h, and for

CC connection as hic, ht, hrcand hge

Ihe h-parameters of an |deal CB Transistor
A CB-connected transistor has been shown in Fig.4 (a), connected in a black box.

Fig.4 (b) gives its equivalent circuit. It should be noted that no external biasing



resistors or any signal source has been shown connected to the transistor.

(a) (5)
Fig. 4

(i) Forward Parameters
The two forward h-parameters can be found from the circuit of Fig.4 ( a) where a

short has been put across the output. The input impedance is simply re.

The output current equals the input current i.e. Since it flows out of the box, it is

taken as negative. The forward current gain is

[,
hg — 1

I,

(It also called the ac a of the CB circuit.)

(ii) Reverse Parameters
The two reverse parameters can be found from the circuit diagram of Fig. ( b). When

input terminals are open, there can be no ac emitter current. It means that ac current
source (inside the box) has a value of zero and so appears as an ‘open'.
Because of this open, no voltage can appear across input terminals, however, large

V, may be. Hence, V;=0.



L,
- -
| |
.":_. '\_I ;‘ 7 ‘ \ ._.'5- ~
() e =\ le L= Open | vy~
(a) (b)
Fig.
V 0
h, — — 0
Vi |

Similarly, the impedance, looking into  the output terminals is infinite.

Consequently, its admittance (= 1/0) is zero.

fi, =10

The four h-parameters of an ideal transistor connected in CB configuration are;

h,=r : h,=-1., h,=0: h

ify & i b rir ¥ ob

The equivalent hybrid circuit is shown in Fig. 5.

| [
A

hibﬁ% O

| The,i,

Fig. 5.

In reality, output impedance is not infinity but very highsothat h is extremely

small. Similarly, there is some amount of feedback between the output and the input



circuits (even when open) though it is very small. Hence, h is very small.

Fig 6 (a) shows a CE-connected ideal transistor contained in a black box where shows

its ac equivalent circuit in terms of its  and resistance values.

Fig. 6.

(a) Forward Parameters
The two forward h-parameters can be found from the circuit of Fig.7 (a)

Where output has been shorted. Obviously, the input impedance is simply Pre

h, =pr,
The forward current gain is given by

f_.i :"l
;1‘_.-;_. — . -
fy Iy,

(Itis also called the ac beta of the CE circuit)

(b) Reverse Parameters

These can be found by reference to the circuit of Fig.7 (b), where input terminals
are open but output terminals are driven by an are voltage source v, With input
terminals open, there can be no base current so that i, = 0. If i,= 0, then collector
current source has zero value I,and looks like an open. Hence, there can be no v

due to this open.
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Again, the impedance looking into the output terminals is infinite so that

conductance is zero -- B =10

B C B — | C
ib ‘ J | [ L] r C I
(~ Bz v Pz Open | Vy(~)

. | Biy

E

.
E

(@) (b)
Fig. 7.

Hence, the four h-parameters of an ideal transistor connected in CE transistor are

h, =Pr,: h = B, hr=0; h _=0.

The hybrid equivalent circuit of such transistor is shown in fig.8.

iE:l i
Bo— p L «—C
h-i|: T’ { -':._Ih:-‘,_ic
Eo E
Fig. 8

. brid ival Sircui
(a) Hybrid CB Circuit
In Fig. 9. (a) is shown an NPN transistor connected in CB configuration. Its ac

equivalent circuit employing h-parameters is shown in Fig. 9 ( b).
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The V/I relationships are given by the following two equations

FE'.II.? - hn’; '!e + hn'; v-r.'f}

i =h

b 'i'a' T hm’i Fi.'.ll.i

These equations are self-evident because applied voltage across input terminals

must equal the drop over h, and the generator voltage. Similarly, current i. the

output terminals must equal the sum of two branch currents.

g lo Db e
-r.-—»ML' -
E 1. . . C AN / 2 T
TR AT & Vel \/ "r!x 2hob v,
Veb ik Veb hygVey, hy,i.
X ! S B
B . .
(a) (b)
Fig. 9

(b) Hybrid CE Circuit
The hybrid equivalent of the transistor alone when connected in CE configuration is
shown in Fig.10 (b). Its /I characteristics are described by the following two

equations.
= F + _—
'I-’m hre' l".ll.i' hﬂ' v&'-l’.‘ 3 iy Bi 'y h“i | s {;
L} L} C i
£ b og e Vhe &) : . A ) shy, v
\..TE ce be \o W : ce
z } hn:""ruc . h fl:ih
; . i
(a) (h)
Fig. 10.
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(c) Hybrid CC Circuit
The hybrid equivalent of a transistor alone when connected in CC Configuration is

shown in Fig.11( b). Its /I characteristics are defined by the following two

equations :
- B Uic lp E
V. = h i+h v B B d “3
he e'h o Tre e . T |
i = hi+th v .~ |EYTE A )
¢ fe'b o e b WYAR: e O 2hoe v,
— ¢ i howl
C C L
- C
(a) (b)
Fig. 11

We may connect signal input source across output terminals BC and load
resistance across output terminals EC to geta CC amplifier.

In the table below are given typical values for each parameter for the broad range of

transistors available today in each of the three configurations.

Parameter CB CE ccC
h, 25 Q 1 K 1 K
h, 3x10° 25x10° =1
h, 0.98 50 50
h, 0.5x10°S 25x10°°8 25x10°S
. brid |

The approximate hybrid formulas for the three connections are listed below. These
are applicable when hyand h;is very small and R sis very large. The given values
orripand r

refer to transistor terminals. The values of r. will depend on

in(stage) o(stage)

biasing resistors and load resistance respectively.
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frem CE CB cC
o h,, hy, h, + hﬁ,R ~
1 1 Ao
™ P fup h g
A, he.= B hg =1 hy, = B
A, ﬁ,-;::.: ii} R 1
i h- lysi

The h-parameter equivalent of the CE circuit of Fig.12 , no emitter resistor has

been connected.

Ry |
A ZR

(@)
Rz Rz
~._| «N
L ERy 3R
=3 [
()

yo

Fig. 13

B if=i iy=i,
: 'y Cr ]l"h - . X} 9.
"'VC(. = &
X zh;, T ol
. 3Ry | Ty | B < :
o o Lo 5
Vi ™V "?-Rl” Rz— ¢ T huu ‘E HL Y%
i \ 1
-V j hvo | ey  J
& E
L 4 & \t.-
(b)
Fig. 12
1 B =i 1= &
V - T O L -l h O
CC [ ghh_ Y 5 y
gRb Ui I il A
r 1?' . h & S ’
| LS o L
Vi V1 2Rl R\, heiy V' 7 Boe IR, e
o —_ E
IV ] *—
Fa | _I ' o s
= R :j* I
| s |
(B)

We will now derive expressions for voltage and current gains for both these

circuits.
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l. Input Impedance
When looking into the base-emitter terminals of the transistor, hie in series with hg no.
For a CE circuit, heis very small so that h V. is negligible as compared to the drop

over hi.. Hence, rin=hie.

Now, consider the circuit of Fig.13. Again ignoring h V, we have

v, =h i, +iR.=h_i,+(i,+i) R,
= h, i, +i, R+ I:ﬁ,EbRE (C i hgiy)
=i, [,-':w+ R (1+ ;';ﬁ.]]

v v
= =L b (U hp)Re*

Fow rurr?x.r.'.:ej o E.I i

=R, Ryl ",

J'dﬁﬂ' OF ¥, in{base)

infbase)

2. Output Impedance
Looking back into the collector and emitter terminals of the transistor in Fig. (12

b), o= 1/hee.

Asseen, r," of ro 0 =7, || Ry =(1/h,) || rp { n R)
Since 1/h_,is typically I M or so and R, is usually much smaller,r " =R, =r,
3. Woltage Gain
1
4, 2 =
' L4 Vin
Now, v=-i R; and v, =i h,
i iR i R ARy
Elb J!]I:' € EIJ’; }*e h i
Now, consider Fig13( b). Ignoring i _,v_, we have from the input loop of the circuit
Vi = 8 (1+ I;ﬁ,]] proved above

4 e i.R; hRy
" Vin iplhe Re(l he)] he (1 he)Re

Vv

'

Ry —if (1+ k) Ry>>h,,
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4. Current Gain

i hp :
A = ' hg,
i G T hy fe ik <<l
B Ry||IRy
¥ RR

5. Power Gain

A= A% 4,

Common Collector h-parameter Analysis

The CC transistor circuit and its h-parameter equivalent are shown in Fig.14

i B i i C
1;; -y 8, 'P‘b 7 l';lc 0 { i
) 2 ce s
Rz Ry =] 3 hie Y I I,
F ] o gRS r’m rm\ A il
I_-L,x.-'\_. \) — h'uvﬂ A

-] = T = < .y T V=Y
J_Rs 1 Vi Y Ryfl Ry 7 hgip ¥ b, %RL 1%
[ R, iR ~ [E” |
oy ok E (~_ . : T’
) Y A Re2li

v - E 4 t
= o = - k | 'S .’!

(@) (b)
Fig.14
l. Input Impedance
Prn o i-.ll.? hrc+ hn‘.‘ _Ut'r_ ibjfrc_k Vt‘r_ Eb hrc+ ia'RL . .
=ih, th i, R =i (h, +h,R) i, =hgi
'L.l.
Tin % B heRy
b
As seen, rr:rf.';.ragej a rr.rrrfx.r.';e,l ” RI ” RE a rmffx.r.‘;e} ” RBthm RB_ RF ” RE‘
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2. Output Impedance

Vo
¥y — |v' 0 T v 0
iy .
Now, i, =i= kﬁ I= hﬁ-";
Since v. =0, 1s produced by h_v =v
& i L3 Ll

Hence, considering the input circuit loop, we get

i Vo Vo
b
he (Rsl| R || Ry) M. Rsl| Rg
h H vﬂ
i heip X
h. (Rs| Rg)

Vo I (RsllR|IR)
i, hg
rq’.? ” RL

¥y

;filsn, B ™
3. Voltage Gain

where R, =R, || R,

heRpy

L
o

PR
W Vin
Now, vﬁ=.r'eRL=hﬁiﬁRL and i,=(v, —v. )/ k&,
he Ry hR,
L I.:.I—M ¥in VYo ) or vy 1 J;]“-
v hgRy/h

4. Current GGain

flﬁ,RE
F i RE

I

b ol g
"41 j:I 1'}3 hfe?"ir.r
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where R, =R || R,
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