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Bipolar transistor structure
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Base charge storage (1)

n,(0)=n,, exp(V}, /7))
n, 0%, =n,, exp(V;, | V,)
V.=kT/q

_ 2
n,=n /N,

depleted
'

N, = base doping

electron concentration

np(xZ w,)

position, x

x=Wb



Base charge storage (2)
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Normally: collector-base junction reverse-biased:
Vie <0, |V, [>>V,, son,(W,)<<n,

. qAEDnnpo
= Emitter current =/, = T exp(V,. / V)

b

electron concentration

Stored charge in base:
_qn,(OW, 4, _qW,4,n,
2

—exp(V,. /7))

Comparing this to the expression for /,
O _W, &

I, 2D °

n

W'b2

Q=rt,1, where 7, =

n

electron concentration

_n (x=0)

~1.=qA.D, Z—n =qA,D,n,(0)/W,
x

position, x
x=W,
A
n (x=0
_n (x=0)

base stored
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Collector charge storage

Current in collector depletion region =/,

electron velocity in depletion region = v_, ~10"cm/s (Si)

negative electron charge in depletion region=—1.W_ /v _,

electron charge balanced by + charge in base, collector.

Equal + charge in base and in collector

— +charge on base side of deplection region =+/ W, /2v_. E B
Q - [EVV:: /2vsat

WC
2v

sat

Q=rtl, where 7, =
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Total stored charge and diffusion capacitance

Total stored charge

QF:(Tb+Tc) I,=71, 1

7. = forward transit time = 7, +7,

Diffusion capacitance

400, _ 00,
“ aI/be al (& aI/be

— ngF

Car = &nTr [ /np(x=0)

C, 18 @ mathematical trick to turn transit time into capacitance.
C,.» 1s nevertheless 100% real and measurable.

diff
...1t 1s just not a parallel plate capacitance.

electron concentration

position, x
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Depletion capacitances

Cbe,depl = Cje - grgOAEVVeb

In a real transistor, the area of the base-collector junction

is much larger than the area of the base-emitter junction.

In a real transistor, the base-collector depletion depth 7,

is much larger than the area of the base-emitter depletion depth W, .

In a real transistor, the current transiting the base-emitter

depletion region adds additional terms to the expression for

Cbe,depl :
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Fairly accurate high-frequency bipolar transistor model

Rbe = ﬁ/gm
T,=7,+7T,
o 20 I y C.,.
"oV, (nkT/q) Ly
g =g, e’ 0<y<l (typically ~0.8) R chi R
B bb 1/ cC
__/\/\, 1 &—/\/\—
+ :
JOT
C s Cois Cop - depletion capacitances Rbe§ T T V;)e * Em I/bee
Cye.aiy - diffusion capacitance
7,7, . carrier transit times in base and collector Cbe, diff =&, T 7 C}'e $ R ox

R,,R,, R : parasitic resitances

This is called a hybrid-7 model
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Simplified high-frequency bipolar transistor model

=plg,
T,=7,+7T,
g, = a[C — e where V. = kT / g 3 Cdijj” Cje Rbe C mee R

oVy Vi

| (
© A
+
c..Cc, ,C depletion capacitances T T $ Vbe ‘ $

je? ~chi? cbx'

Cbe Jdiff

7,7, . carrier transit times in base and collector

o C

. diffusion capacitance

OF

This is called a simplified hybrid-7 model

....we will use this model in this class.



Short-circuit current gain.
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f =short-circuit current gain cutoff frequency
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Variation of 7. with current
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Getting high-frequency BJT #s from SPICE mode
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Getting high-frequency BJT #s from data sheet

&

g ’ s - o /. o - 4 --.. "
_— ,':""L;/l:_’"ﬁF Ss@zf frsacidy S ve pa =y .::—/,,-p Tty oS K.b
i ; - .
[ o8 .
‘ == = =
- - % r . f“_’l ”
Soer. #Ed F e Cob Lo 7~ L8
- l
2 +ir

F 4 A —

. - ]
~ HSL &y i8S > o T o I (rep/
ol - b
' N\

4 . e o rd
— [fst & & ATt o CGSHESE

7 / .
A i * o . .
— [ Cssg” +rr G& Cavent 7 ol EEST

14



MOSFET physical structures

class notes, M. Rodwell, copyrighted 2012-2023
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Physical structure and capacitanes
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Gate-channel capacitance:

1 - T N 1
Cgate—channel Lgngrgox LgWngemi
&. = gate insulator dielectric constant
T, = gate insulator thickness
c,,,; = semiconductor surface capacitance per unit area.

-depends on bias (V,, —V,)

-even in strong inversion is not infinite (see 137A notes)

gate-channel
capacitance

Inter-electrode capacitances: G, o< W,

Gate-source capacitance: C,, =G, +C

gate—channel

Gate-drain capacitance: C,, = C;

nt

Note also the source, drain capacitances to the substrate

— ] e

&g
= > S w
@\ g

inter-electrode
capacitances

Ny N
channel
— buried SiO2
T~ T~ .
\/ P &

substrate

capacitances
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Simplified Model of MOSFET capacitances

C

In modern MOSFETs, inter-electrode capacitances are large. s ng En? gs DS

V R, C

db
G
This tends to "hide" the variation of C,,, ;... With bias 5 | ( oD
: : I\
We will use a very simple model: -
T~ Vgs $ T~
Gate-source capacitance: C,, = kW, -
Gate-drain capacitance: C,, = k,I¥, v
Source-substrate capacitance: C, =k, | ( |
Drain-substrate capacitance: C,, = kW, $ = C,
k,...k, will be specified. . Coo Cot 8.V Ry
This model neglects the bias-dependence of all capacitances. ° I{ s
I\
+

To make problems easier to work, we will usually neglect

)|

/1
=
M

C, and C, , even though this is a poor approximation. :
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MOSFET short-circuit current gain
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