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BJT Unity-Gain and Beta-Cutoff Frequencies {}PEARL

AThe current gain of the transistor decreases as the frequency
increases and can be modeled by a single-pole transfer function.
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Frequency-Dependent Transistor Models ;
Hybrid-Pi Model for the BJT Z*PE/ARL
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ACu is the capacitance of the reverse-

biased collector-base diode:
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AThe frequency dependence of the BJT in
forward-active region can be modeled by adding
capacitors C, and C. to the hybrid-pi model.

AC. models the change in base minority carrier
charge as the base-emitter voltage of the
transistor changes:

gm': }Vi C = ng Vv-ttu‘;'ovx (&P
where, [ is the forward base transit-time of the
transistor, the time a carrier takes to cross the
base region. For BJT,
Q =Q/i;=W¢?/(2D,)
where, Wy is the base width, D, is the diffusion
coefficient.
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Beta-cutoff Frequency (¥ ) of BJT &PE RL{
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@ AWe calculate the cutoff frequency
for the short-circuit current gain
using the circuit model given here.

AThe right-half plane transmission

f@): T/l
Te) = @,.- 9G) Viggls)

- P . S
Veats) = L05) 6 o) H
N
B\("\ :*o \ Qe
$CGrt (g T\

zero ¥ ; = +g,,/C,, occurring at high

frequency( above Mbd8) ¢

nezlected.
SN 3

SClntpnH St

e

B) QLG)

heve Wy fillakln)] 15 the betn— et otf
froqeny

© Power Electronics And Renewable Energies Lab

ShanghaiTech University



Unity-gain Frequency (¥ ;) of BJT F¥PE/ARLS
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AWe can rearrange the current gain
expression to expose the unity-gain
frequency ¥ ; of the transistor.
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High-frequency Model for the MOSFET"&PE RL

AAt frequencies above dc, the input resistance and current gain of the MOSFET
is no longer infinite. The pi-model for the MOSFET includes the gate-source and
gate-drain capacitors Csg and Cgp.

Gate

CI‘GID Source T Drain
G D
I v I
+ C(}\U ((\\ ("U.‘( C(}D()
S R T 1
Cos ——= Yes Snfes <1 Lt T
- T Co T n-type channel Cos T
P-[)"pﬂ substrate
S NMOS device in saturation J)
Bulk
Cos = ZCact CaoW (- i
by = 5 “acT g o= CaW  where  Coe= (ox WL

© Power Electronics And Renewable Energies Lab ShanghaiTech University






