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Bipolar Junction Transistors

Emittere—— p n p —— Collector Emittere—— n p n s Collector
J Base J Base
pnp transistor npn transistor

* Bipolar: both electrons and holes contribute to conduction

* Junction: device includes two p-n junctions (as opposed to a “point-contact” transistor, the first
transistor)

* Transistor: “transfer resistor”

When Bell Labs had an informal contest to name their new invention, one engineer pointed out that it acts like a resistor,
but a resistor where the voltage is transferred across the device to control the resulting current.

(http://amasci.com/amateur/trshort.html)
* invented in 1947 by Shockley, Bardeen, and Brattain at Bell Laboratories.

* BJT is still used extensively, and anyone interested in electronics must have at least a working knowledge
of this device.

* “A BJT is two diodes connected back-to-back.”
WRONG! Let us see why.
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Bipolar Junction Transistors

Consider a pnp BJT in the following circuit:

Ri g c R

1k h pq g D2 L 1k

5V ls O1ov

Assuming Von = 0.7 V for D1, we get
_5vV-07V
= T
I = 0 (since D2 is reverse biased), and 3 ~ I} = 4.3 mA.

I = 4.3 mA,
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Bipolar Junction Transistors

Using a more realistic equivalent circuit for the BJT, we obtain,

Ry E aly c Ra
> N —VWN
1k h B b 1k

We now get,
5V -07V
I = —F = 4.3 mA (as before),
1

I = ah ~ 4.3 mA (since a = 1 for a typical BJT), and
/3111—/2:(1—()()/1%0/4.
The values of I and |5 are dramatically different than the ones obtained earlier, viz., h ~0, I3~ 4.3 mA.

Conclusion: A BJT is NOT the same as two diodes connected back-to-back

(although it does have two p-n junctions).
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* When we replace a BJT with two diodes, we assume that there is no interaction between the two diodes,
which may be expected if they are “far apart.”
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Bipolar Junction Transistors

What is wrong with the two-diode model of a BJT?

* When we replace a BJT with two diodes, we assume that there is no interaction between the two diodes,
which may be expected if they are “far apart.”

Emittere—— p n p = Collector
l Base
Emitter M m Collector
D1 I Base D2

* However, in a BJT, exactly the opposite is true. For a higher performance, the base region is made as
short as possible, and the two diodes cannot be treated as independent devices.

Emittere—— p n p = Collector

i Base

* Later, we will look at the “Ebers-Moll model” of a BJT, which is a fairly accurate representation of the
transistor action.
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BJT in active mode
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* In the active mode of a BJT, the B-E junction is under forward bias, and the B-C junction is under
reverse bias.

- For a pnp transistor, Vgg >0 V, and Vg <0 V.
- For an npn transistor, Vg > 0 V, and Vgc <0 V.
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* In the active mode of a BJT, the B-E junction is under forward bias, and the B-C junction is under
reverse bias.

- For a pnp transistor, Vgg >0 V, and Vg <0 V.
- For an npn transistor, Vg > 0 V, and Vgc <0 V.

* Since the B-E junction is under forward bias, the voltage (magnitude) is typically 0.6 to 0.75 V.

* The B-C voltage can be several Volts (or even hundreds of Volts), and is limited by the breakdown voltage
of the B-C junction.
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* In the active mode of a BJT, the B-E junction is under forward bias, and the B-C junction is under
reverse bias.

- For a pnp transistor, Vgg >0 V, and Vg <0 V.
- For an npn transistor, Vg > 0 V, and Vgc <0 V.
* Since the B-E junction is under forward bias, the voltage (magnitude) is typically 0.6 to 0.75 V.

* The B-C voltage can be several Volts (or even hundreds of Volts), and is limited by the breakdown voltage
of the B-C junction.

* The symbol for a BJT includes an arrow for the emitter terminal, its direction indicating the current
direction when the transistor is in active mode.
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* In the active mode of a BJT, the B-E junction is under forward bias, and the B-C junction is under
reverse bias.

- For a pnp transistor, Vgg >0 V, and Vg <0 V.
- For an npn transistor, Vg > 0 V, and Vgc <0 V.
* Since the B-E junction is under forward bias, the voltage (magnitude) is typically 0.6 to 0.75 V.

* The B-C voltage can be several Volts (or even hundreds of Volts), and is limited by the breakdown voltage
of the B-C junction.

* The symbol for a BJT includes an arrow for the emitter terminal, its direction indicating the current
direction when the transistor is in active mode.

* Analog circuits, including amplifiers, are generally designed to ensure that the BJTs are operating in the
active mode.
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BJT in active mode

E o—»—

le

p n p C E C E o—=— P n ] E C
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hB Is 1'3

Bl Bl B gile
alg alg

E > ' N’ C Ee— C
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Ig Ig
B1 B

* In the active mode, Ic = alg, a ~ 1 (slightly less than 1).
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BJT in active mode

E o—»—

p n p C E C Ee—=—7 n P n ] E C
Ic e\ Ic le Ic le Ic

hB Is 1'3

B1 Bl B B Ig
alg alg

E > ' N’ C Ee— C

le lc le Ic
Is ls
B1 B

* In the active mode, Ic = alg, a ~ 1 (slightly less than 1).

* IB:IEflC:IE(lfa)-

* The ratio Ic/Ig is defined as the current gain 3 of the transistor.
@

Ic
5_13_170/
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BJT in active mode

Ee—=— p n p ] E C Ee—=— n p n C E C
Ie Ic e\ Ic Ie Ic Ie Ic
hB Is 1'3

B1 Bl B B Ig
alg alg

E > ' N’ C Ee— C

le lc le Ic
Ig Ig
B B

* In the active mode, Ic = alg, a ~ 1 (slightly less than 1).
* /B:/E—IC:/E(I—Q).
* The ratio Ic/Ig is defined as the current gain 3 of the transistor.

«

Ic
g=-"C= _
Ig 11—«
* [3is a function of /¢ and temperature. However, we will generally treat it as a constant, a useful
approximation to simplify things and still get a good insight.
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BJT in active mode

E o—»—

le

n C E C Ee—=— n p n C E C
Ic le Ic le Ic le &_l_/ Ic
ilB Ig {ls tl
B B B B*®
alg alg
E Dt = o] Ee— o]
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BJT in active mode

E o—»—
13

alg
E 4t ' N’ C
I Ic
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BJT in active mode

le Ic le Ic le

Ee—— p n p C E C Ee—=— n p n C E C
Ic le &_I_/ Ic

E >t > c Ee— o]
I Ic le Ic
Is IlB
B B
Ic «
p= Ig - 11—« . -
B * [3 increases substantially as o — 1.
« B * Transistors are generally designed to get a high value of 8
0.9 9 (typically 100 to 250, but can be as high as 2000 for
’ “super-g" transistors).
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BJT in active mode

Ee—— p n p C E C Ee—<—ma9 n p n

C E C
le Ic le Ic le Ic le XT/ Ic
L 1
B

E >t > c Ee— o]

I Ic le Ic

Is IlB
B B
Ic «
p= Ig - 11—«

B * [3 increases substantially as o — 1.

« B * Transistors are generally designed to get a high value of 8
0.9 9 (typically 100 to 250, but can be as high as 2000 for

’ “super-g" transistors).
0.95 19 . L
* A large B = Ig < Ic or Ig when the transistor is in the

0.99 99 active mode.
0.995 | 199
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A simple BJT circuit

10V

VCC

11<§RC

B
2V

®
100k @
Ves R : ®

100k al

Vee Rg s

M. B. Patil, IIT Bombay



A simple BJT circuit
10V Vee
10V Vee 1k§Rc
kS Re lc
i
100k (p) : © 100k ol
Vee Rg Vee Rg s
2V ® 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.
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A simple BJT circuit
10V Vee
10V Vee 1k§Rc
kS Re lc
i
100k (p) : © 100k ol
Vee Rg Vee Rg s
2V ® 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.

_ VBB_VBE:ZV_O.7V:]_3’[J,A
Rg 100 k '

Ig
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A simple BJT circuit
10V Vee
10V Vee 1k§Rc
kS Re lc
i
100k (p) : © 100k ol
Vee Rg Vee Rg s
2V ® 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.
Vg — V, 2V -07V
Ig= B8 _ TBE _ 0.7 =13 pA.
R 100 k
Ic =B x Ig =100 x 13 uA = 1.3 mA.
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A simple BJT circuit

10V Vee
10V Vee 1k§RC
1k § Rc lc
<+ 1\(/)V @ |
-Jvce 100k @ 100k al
Vee Rg : Vee Rg s
2V @ 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.
Vg —Vge 2V -0T7V
o Rs 100k

Ic =B x Ig =100 x 13 uA = 1.3 mA.

VC = VCC_ICRC =10V—-13mAx1k=87V.

IB =13 ,uA.
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A simple BJT circuit

10V¢ Ve
10V Vee 1k§RC
kS Re lc
{
100k () © 100k al
Vee Rg : Vee Rg s
2V ® 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.

I = Ves — Vge _ 2V -07V
Rg 100 k

Ic =B x Ig =100 x 13 uA = 1.3 mA.

VC = VCC_ICRC =10V—-13mAx1k=87V.

Let us check whether our assumption of active mode is correct. We need to check whether the B-C junction is
under reverse bias.

=13 pA.
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A simple BJT circuit

10V¢ Ve
10V Vee 1k§RC
kS Re lc
{
100k () © 100k al
Vee Rg : Vee Rg s
2V ® 2V

Assume the BJT to be in the active mode = Vg =0.7 V and Ic = alg = B I.

I = Vs — Ve _ 2V -07V
R 100 k

lc = B % Ig =100 x 13 A = 1.3mA.

VC = VCC_ICRC =10V—-13mAx1k=87V.

Let us check whether our assumption of active mode is correct. We need to check whether the B-C junction is

under reverse bias.

Vgce =Vg— V=07V -87V=-80V,

i.e., the B-C junction is indeed under reverse bias.

=13 pA.
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A simple BJT circuit: continued
10V ¢ Vee
10V Vee 1k§RC
kS Re le
<+ 1\9V @ |
) Vee 10k @ 10k al
Vee Rg : Vee Rg s
2V ® 2V

What happens if Rg is changed from 100 k to 10 k?
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A simple BJT circuit: continued

10V

Vee

1k§Rc

2V

®
10k ® :
Ves Rg @

What happens if Rg is changed from 100 k to 10 k?
Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic =B Ig

10k al

Vee Rg s
2V
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A simple BJT circuit: continued

10V

Vee

1k§Rc

2V

®
10k ® :
Ves Rg @

What happens if Rg is changed from 100 k to 10 k?
Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic =B Ig

- VBB—V5572V—O.7V

I
B Reg 10k

10k al

Vee Rg s
2V
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A simple BJT circuit: continued
10V ¢ Vee
10V Vee 11<§RC
kS Re le
U
10k @ @ 10k al
Vee Rg : Vee Rg s
2V @ 2V

What happens if Rg is changed from 100 k to 10 k?
Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic = B I.

Vas — V, 2V -07V
Ig = BBR BE _ ok = 130 #A = e = x I =100 X 130 4A = 13mA.
B
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A simple BJT circuit: continued

10Vy Vee
10V Vee 11<§RC
kS Re le
{
10k © 10k al
»—«M@K —>
Vee Rg Vee Rg s
2V @) 2V

What happens if Rg is changed from 100 k to 10 k?
Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic = B I.

Vas — V, 2V -07V
= B8 “BE _ =130 pA — Ic = B x Ig = 100 x 130 pA = 13mA.
Rs 10k
VC:VCc—IcRC:10V—13mAX1k:—3V

Is
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A simple BJT circuit: continued

10Vy Vee
10V Vee 11<§RC
kS Re le

10k al

10k @ @
Vee R : Vee Rg s

B

2V @ 2V j&?
— IE

What happens if Rg is changed from 100 k to 10 k?

Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic = B I.
Vg —Vge 2V -0T7V
- Rs B 10k
VC: Vcc—lcRC:10V—13mA>< lk=-3V
— VBC: VB—VC207V—(—3)V:37V

Ig =130 pA — Ic = B x Ig = 100 x 130 yA = 13 mA.
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A simple BJT circuit: continued

10V ¢ Vee
10V Vee 11<§RC
kS Re le
U
10k @ @ 10k al
Ves Rg : Vee Rg I
2V 2V

What happens if Rg is changed from 100 k to 10 k?

Assuming the BJT to be in the active mode again, we have Vge ~ 0.7 V, and Ic = B I.

s = Vs — Ve _ 2V -07V
R 10k

VC: Vcc—lcRC:10V—13mAX1k:—3V

— VBC: VB—VC207V—(—3)V:37V

V¢ is not only positive, it is huge!

=130 pA — Ic = B x Iz = 100 x 130 uA = 13mA.

— The BJT cannot be in the active mode, and we need to take another look at the circuit.
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Ebers-Moll model for a pnp transistor

Active mode (“forward” active mode): B-E in f.b. B-C in r.b.
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Ebers-Moll model for a pnp transistor

Active mode (“forward” active mode): B-E in f.b. B-C in r.b.

aIE
Ee—=—"1 p n p C E C | E > 1 — C
le Ie e\ le Ie j e
+ —
hB Ig Is
o o o
-+
Reverse active mode: B-E in r.b. B-C in f.b.
ar(—lc) =l
Ee—— p n p C E o] E - ' K3 C
le Ic le I 13 Ic
- +
lg Ig Is
B B B
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Ebers-Moll model for a pnp transistor

Active mode (“forward” active mode): B-E in f.b. B-C in r.b.

aIE
E o—»—] n p C E C E > ' —
le Ie e\ le Ie j e
+ —
hB Ig Is
o o o
-+
Reverse active mode: B-E in r.b. B-C in f.b.
ar(—lc) =l
E oe——] n p o} E C | E N 1 K
le Ic le I 13 Ic
- +
lg Ig Is
B B B
+ —_

In the reverse active mode, emitter <> collector. (However, we continue to refer to the terminals with their

original names.)
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Ebers-Moll model for a pnp transistor

Active mode (“forward” active mode): B-E in f.b. B-C in r.b.
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In the reverse active mode, emitter <> collector. (However, we continue to refer to the terminals with their
original names.)
The two a's, ar (forward o) and ag (reverse a) are generally quite different.
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In the reverse active mode, emitter <> collector. (However, we continue to refer to the terminals with their
original names.)

The two a's, ar (forward o) and ag (reverse a) are generally quite different.

Typically, ar > 0.98, and ag is in the range from 0.02 to 0.5.
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In the reverse active mode, emitter <> collector. (However, we continue to refer to the terminals with their
original names.)

The two a's, ar (forward o) and ag (reverse a) are generally quite different.

Typically, ar > 0.98, and ag is in the range from 0.02 to 0.5.

The corresponding current gains (8¢ and Sg) differ significantly, since 8 = a/(1 — «).
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Ebers-Moll model for a pnp transistor

Active mode (“forward” active mode): B-E in f.b. B-C in r.b.

aIE
Ee—=—"1 p n p C E C | E > 1 — C
le Ie e\ le Ie j e
+ —
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Reverse active mode: B-E in r.b. B-C in f.b.
ar(—lc) =l
Ee—— p n p C E o] E - ' K3 C
le Ic le I 13 Ic
- +
lg Ig Is
B B B

In the reverse active mode, emitter <> collector. (However, we continue to refer to the terminals with their
original names.)

The two a's, ar (forward o) and ag (reverse a) are generally quite different.
Typically, ar > 0.98, and ag is in the range from 0.02 to 0.5.
The corresponding current gains (8¢ and Sg) differ significantly, since 8 = a/(1 — «).

In amplifiers, the BJT is biased in the forward active mode (simply called the “active mode”) in order to make

use of the higher value of 8 in that mode. M. B. Patil, IIT Bombay



Ebers-Moll model for a pnp transistor

The Ebers-Moll model combines the forward and reverse operations of a BJT in a single comprehensive model.

Ee—— p n p F—=>=—C I arl!
13 I — N /N\YFlE
hB LE, D1 lc
B 1 Eo— +———C
(p) D2 (p)
Ee—>— ,—=—C AWV K—
IE IC aRIC llB |€Z
Ig (n) B
gl
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Ebers-Moll model for a pnp transistor

The Ebers-Moll model combines the forward and reverse operations of a BJT in a single comprehensive model.

Ee—— p n p F—=>=—C I arl!
13 I — N /N\YFlE
hB LE, D1 lc
B 1 Eo— +———C
(p) D2 (p)
Ee—>— ,—=—C AWV K—
IE IC aRIC llB |€Z
Ig (n) B
gl

The currents /£ and I(- are given by the Shockley diode equation:

VEB VCB
Ié:IES |:e><p (7T> 71}, Ié:lcs |:exp (TT) 71:|.
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Ebers-Moll model for a pnp transistor

The Ebers-Moll model combines the forward and reverse operations of a BJT in a single comprehensive model.

Ee—— p n p F—=>=—C I arl!
13 I — N /N\YFlE
hB LE, D1 le
B 1 Eo— +———C
(®) D2 (®)
Ee—— C / ™~
IE IC aRIC llB |€Z
l Ig (n) B

The currents /£ and I(- are given by the Shockley diode equation:

VEB VCB
Ié:IES |:e><p (V—T> 71}, Ié:lcs |:exp (TT) 71:|.

Mode B-E B-C
Forward active | forward | reverse 1> 1
Reverse active | reverse forward | I{ > If
Saturation forward forward I£ and Ié are comparable.
Cut-off reverse reverse I£ and I{ are negliglbe.
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Ebers-Moll model

pnp transistor

U
ET N L L v c e agly
T
iIB le_ D1 e It = les [exp(Ves/Vr) — 1]
5 E—— +——cC
(P 5‘2 (P Ie = lcs [exp(Ves/Vr) — 1]
E C
le L[[ I arle llB - A
Bl . (n B
/
E .—<I— n p n —<I—. C <|L > ﬂFlé
E C Y N i
1|B e D1 e It = les [exp(Vee/VT) — 1]
(n) D2 (n) I = les [exp(Vec/Vr) — 1]
Ee— - C - D——-
13 Ic arle TlB I
A () B
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Ebers-Moll model

pnp transistor

U
ET N L L v c e agly
T
iIB le_ D1 Ic It = les [exp(Ves/Vr) — 1]
Ee— ¢ — C
B
. (P) Pj (P) Ie = lcs [exp(Ves/Vr) — 1]
Eo——m
le ‘[[ I arle llB - A
Bl . (n B
’
E-—<—I n p n —<—-I (¢} e > arlt
E C K Ao .
1|B e D1 Ic Ig = les [exp(Vee/VT) — 1]
Eoe——+4¢ ——— - C
B
] . (n) D:\.2 (n) Ie = lcs [exp(Vec/VT) — 1]
-— e T
: c E A T
. le (p) B
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Ebers-Moll model in active mode
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Ebers-Moll model in active mode

pnp transistor

E °—I>— p n p _T_. C L N aglg
E c > . /N /
iIB le_ D1 Ic e = les [exp(Ves/VT) — 1]
B E © )
. (P) (P) le = lcs [exp(Vep/VT) — 1]
E
| |
E c llB lc=arlg=0lg
. le () B
U
E ._TE_ n p n —<|C—° (¢} e P _ <_m:li;
™
ilB e D1 Ic Ie = lgs [exp(Vee/VT) — 1]
B E C )
(n) (n) le = lcs [exp(Vec/VT) — 1]
Eoe -C
| |
F ¢ TlB lc=arle=fBrle
. le () B
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BJT /-V characteristics
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BJT /-V characteristics

Ves llc
®

Ve
®

Ve llE

* Since BJT is a three-terminal device, its behaviour can be described in many different ways, e.g.,
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* Since BJT is a three-terminal device, its behaviour can be described in many different ways, e.g.,

- Ic versus Vg for different values of /¢
= Ic versus Vg for different values of Vgg
- I¢c versus Vg for different values of /g

* The [-V relationship for a BJT is not a single curve but a “family” of curves or “characteristics.”
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BJT /-V characteristics

C
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v Jle
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EENOIPAC,
Be—— Vce
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Ve llE

* Since BJT is a three-terminal device, its behaviour can be described in many different ways, e.g.,

- Ic versus Vg for different values of /¢
= Ic versus Vg for different values of Vgg
- I¢c versus Vg for different values of /g

* The [-V relationship for a BJT is not a single curve but a “family” of curves or “characteristics.”

* The Ic-Vg characteristics for different /g values are useful in understanding amplifier biasing.
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BJT [-V characteristics
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BJT [-V characteristics
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BJT [-V characteristics
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Ve
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E
le lc (n)
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aF =0.99 — fF = =99
1—af
or =05 f= O =1 e les [e(Vee/Vr) - 1)
—or

Ie = lcs [exp(Vec/VT) — 1]

Ic = af lg = B Igin active mode

les = 1 x 10714 A
les =2 x 10714 A

* linear region: B-E under forward bias, B-C under reverse bias, Ic = felg

* saturation region: B-E under forward bias, B-C under forward bias, Ic < Gelg
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BJT [-V characteristics
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* linear region: B-E under forward bias, B-C under reverse bias, Ic = f¢lg

* saturation region: B-E under forward bias, B-C under forward bias, Ic < G¢lg

E Vee (VOItS)

Vgc (Volts)

n | | n n |

7S‘at lin ‘ ‘ T ‘
i s — 10 iA
Ic (mA)

| | |

0 0.5 1 15

Vce (VOhSS)




BJT [-V characteristics
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* linear region: B-E under forward bias, B-C under reverse bias, Ic = f¢lg

* saturation region: B-E under forward bias, B-C under forward bias, Ic < G¢lg
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A simple BJT circuit (revisited)

We are now in a position to explain what happens when Rp is decreased from 100k to 10k in the above circuit.



A simple BJT circuit (revisited)

We are now in a position to explain what happens when Rp is decreased from 100k to 10k in the above circuit.
Vgg — 0.7V
Let us plot Ic — Vg curves for Ig =~ BB~ 2" 7 for the two values of Rg.
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A simple BJT circuit (revisited)
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We are now in a position to explain what happens when Rp is decreased from 100k to 10k in the above circuit.

Vgg — 0.7V

Let us plot Ic — Vg curves for Ig =~ BB~ 2" 7 for the two values of Rg.
B

In addition to the BJT Ic — Vg curve, the circuit variables must also satisfy the constraint,

Vee = Ve + IcRe, a straight line in the Ic — Vg plane.
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We are now in a position to explain what happens when Rp is decreased from 100k to 10k in the above circuit.

Vgg — 0.7V

Let us plot Ic — Vg curves for Ig =~ BB~ 2" 7 for the two values of Rg.
B

In addition to the BJT Ic — Vg curve, the circuit variables must also satisfy the constraint,

Vee = Ve + IcRe, a straight line in the Ic — Vg plane.



A simple BJT circuit (revisited)

saturation

— | —

— linear
15 T

:f s = 130 A (Rg = 10 k)

Ic (mA)

'ﬁload line

ls =13 A (Rg =100 k)

0 . | . [ | . |
0 2 4 6 8 10
Vee (V)

We are now in a position to explain what happens when Rp is decreased from 100k to 10k in the above circuit.

Vgg — 0.7V
Let us plot Ic — Vg curves for Ig =~ BB~ 2" 7 for the two values of Rg.

B
In addition to the BJT Ic — Vg curve, the circuit variables must also satisfy the constraint,
Vee = Ve + IcRe, a straight line in the Ic — Vg plane.

The intersection of the load line and the BJT characteristics gives the solution for the circuit. For Rg = 10 k,
note that the BJT operates in the saturation region, leading to Vg =~ 0.2V, and Ic = 9.8 mA.
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BJT circuit example

Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and
VBC:]-V (Oé% 1)

Ic

Re
5V
o
T U

Ve

5V

A

7
Vee

(e}
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BJT circuit example
Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and

VBC:]-V (Oé% 1)
e, E c o
\
Re B Rc

5V 5V

o\ o\

" J_ "
Vee = Vee

Veg — Vee + IERe =0
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BJT circuit example
Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and

VBC:]-V (Oé% 1)
e, E c o
\
Re B Rc

5V 5V

o\ o\

" J_ "
Vee = Vee

Ve — Vee+IERE=0 — IR =5-0.7
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BJT circuit example

Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and

VBC:]-V (04%1)

le, E
Re
5V 5V
S—1—6
Vee = Vee
4.3V

Ve = Vee+ IeERE=0 — IR =5—-07 — Rg=— =215k
2mA
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BJT circuit example

Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and
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5V 5V
o\ o\
1T v

"
Vee Ve

VBC:]-V (04%1)

(e}

4.3V
Ve — Vee+ IeERE=0 — IgRE=5-07 — RE:ﬂ:2.15k.
m

Vgc +IcRc — Vec =0
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BJT circuit example

Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and

Re
5V 5V
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"
Vee Ve

VBC:]-V (04%1)

(e}

4.3V
Ve — Vee+ IeERE=0 — IgRE=5-07 — RE:ﬂ:2.15k.
m

Vgc +IcRc —Vec =0 — IcRc = Vcc — Vae.

Since ax 1, Ic ~ Ig
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BJT circuit example

Assuming the transistor to be operating in the active region, find Rg and R¢ to obtain /g =2mA, and

VBC:]-V (04%1)

e, E c o
\

RE B RC
5V 5V
S0
Vee = Vee

Ve — Vee+ IeERE=0 — IgRE=5—-07 — Rg=— =215k
2mA

Vgc +IcRc —Vec =0 — IcRc = Vcc — Vae.
4v

— IgRc~5—-1 - Rc=—— =2k.
ERC c SmA

Sinceax1, Ic =~ Ig
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