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Frequency Response of Bipolar Transistors
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• In forward active mode :
• Currents Ie

,
Irs

,
and Ic flow through the emitter, base,

and collector
, respectively

• Charge is stored in the emitter base junction, in the base
,

and in the base - collector junction

• If Vce is constant & VBE is modulated by an amount Tse :
• JCB = - OBE
• stored charge in each of these regions must change
• variation in stored charge is supplied by Ie , Ic ,and IB
• Finite amount of time required to modulate stored
charge → delays
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To analyze device frequency response:

  - Calculate all delays in device (charge control model)

  - Create small signal model that incorporates all delay effects as well as
     other extrinsic effects (e.g., contact resistances, etc)

  - Nodal analysis

Emitter-base junction:
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Base:
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• It can be shown that the base delay
T, is equal to the transit time Tt that

it takes an electron to transit the

base width Wrs .

• The expression T =
WBI is valid for

t 2Dn
electron diffusion across the base

.

• Tt (and therefore Trs) can be reduced by
grading the bandgap in the base

, thereby
creating a quasi E - field that results

in electron drift across the base
.
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In this case : Tt=w÷=9Y÷q=Y3÷.2k
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Base-collector junction (2 delay terms):
#

• To = collector junction charging delay
• Td E collector junction drift delay
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Note : if we account for
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Small-Signal Model
-

SC
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Cie = (÷!÷v⇒ . cnn.jo?fTe,] ( as before)

Cx = gmTt ( gm -

- IIF)

(µ = Cjc t gm Td
T
as before
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Nodal Analysis:
-

is = I
,
t is t iz t in, = Ese [SF t jw(Cpt CjE t Cn))

To = gmise
- in = Ese [gm - jwcm]

hfe = short circuit current gain
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We = angular frequency for unity current gain
( theft )

gm
'
t w µ

'
= 954 t win (Cat CjE t Cu)

'

L

ca g m2 ca g m2

W
,
= Gmc
at CjE tCM

f
,
= current gain cut -off frequency

f-i-LIT-2.fi?Tje+q)-=2#tot
Ttot=TetTttTctT#

Te = gtmcje
I = gtmcjc (Cjc = tt)
Td =L Fat

← for graded bandgap
Tt = YB÷n . IT

in base

SEG
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To maximize ft :
• Make Wrs small and grade bandgap in base

(minimizes Te)
• Optimize we to minimize Tet Td
• Operate at high current (maximizes
gm , thereby minimizing Te and Ts )
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IKirk

Jkirk = 9NDc Vsat
I Kirk = AE . Jkirk
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Kirk Effect:

- High-Level injection of electrons into base-collector depletion region

- Base push-out

-
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