Electronic III

Bipolar Transistor Models
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Simplified Bipolar Operation

When the emitter junction is forward biased, it conducts. It consist of majority
carriers from emitter (electrons here) and majority carriers from base (holes
here).

Since emitter is much more heavily doped than base, injected electrons from
emitter are many more.

Assuming collector voltage is high (collector-base is reversed biased) no holes
from the base will go to the collector.

However electrons that travel from the emitter to the base, where they are now
minority carriers diffuse away from the base-emitter junction due to the minority
carriers concentration gradient in base.

n+ P n- n+ °

| < Holc
‘ Electrons >
emitter base collgetor

Fig.2.1
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Simplified Bipolar Operation

Any of these electrons that get close to collector-base junction will immediately
be “whisked” across the junction due to the large positive voltage on the
collector, which attracts electrons.

In a properly designed vertical bipolar, the vertical base width W (next page
figure) is small, so almost all of electrons that diffuse from the emitter to base
reach collector-base junction and are swept across junction.

So the collector current very closely equals the electron current flowing from the
emitter to base.

The much smaller base current very closely equals the current due to the holes
that flow from base to emitter.
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Simplified Bipolar Operation

Fig.2.2.The vertical npn bipolar transistor in IC ‘
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The Hybrid-mt small signal model

‘ Fig.2.3.The hybrid-r model of bipolar transistor ‘
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The Hybrid-mt small signal model

\7
le=1s eXP(qu/ET) 2-1
2
IS:qAEBDnnl (2-2)
Qe

Qg = Ny W, is the integrated charge (per cm? emitter area) in the base.
N,is base doping concentration (m-3).
Wds the base width (m).
A, is the EB area (m2).
D, is the diffusion constant for electrons (m?/sec). It is related to mobility by
Einstein’s relation, given by: .D, = u, (KT /q)
n; is intrinsic silicon electron concentration (at a given temperature) (m-3).
(@ room temperature  n; =1.5%10"/¢m’

The Hybrid-smt small signal model

Tranconductance g,

— dic — IC
Tdvge KkT/q

In 2-3)

Directly proportional with I.. Doubling the current doubles the Tranconductance.

@ room temperature larger than the MOST counterpart.

W _ 1

I. KT 26mV
21

gp=——2% = for V, =02 -In -2
Veso —Vin log 02 100mV
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The Hybrid-mt small signal model
Input Resistance r,
The ratio of the AC V. and the AC I, is
the AC input resistance. It is called r, as
follows:
_ Ve _ Ve dic _ By
©odlg  dlg dly g,
Its relationship with B and g,, is depicted
in figure.
On e = Bac 2-4)
Fig.2.4
8
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The Hybrid-mt small signal model

Output Resistance r, v
r, is the ratio of the AC V. to the AC I 4 :TCE
c
V,
le =1l exp(ﬁ
=9 As Dy N
) Q
AV = AV + AV = - AV Since Vg =cte
r= dVee :_dvsc :_dvsc ((i"Qe) (2-5)
c

°Tdl,  dig | dQ,

Increasing -Vy. by — AVg. increases the width of the depletion layer as shown in next
figure. The depletion layer charge increases by AQj.

So less Qg is left (the base charge is decreased by the same amount AQ,.

The Hybrid-mt small signal model

—(Vge +AVgo) =Vep + AV
—_—

VEC
—*
Cic
E B I c
Qs 4Q,

Fig.2.5. Relation between AQg and AV, through Cic

Also the variation of the depletion layer charge AQ is linked to the depletion

capacitance Cy (in F/cm2) as:

AQq — - —dVee :i
Alg ! -dQ; Cji

q

c

dvge

dQ,

9 Ac D, 1
=—EF 0 Lexp(Vg /V;) = -
QB * ! dQB Qg
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The second term in r, = (%)“.(2—5) is derived from:
c

2
I de :'qAEB Du 1 exp(Veg /Vr) =~ le
Qs

2-7
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The Hybrid-smt small signal model
dVee Ve | dQ q Qe q Qs
= pp = (e = (- - LS
di, dQ, " di, Ce 1o Cp lo
Defining Early voltage as:
ro:VA:“,A: 9 Q9 A Q 5 g
Ic c ic C jct
c jct = Asc C jc
Ay is the total base-collector area. Represented by C, in the hybrid-ir model
Cc. is the total base-collector junction capacitance.
il
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The Hybrid-mt small signal model

Small-Signal Voltage Gain A,
A=0n T,

I A A
IC

gmzi ,h= > Av:i

v, Vv, KT/q
ForV,=50V= A, 2000 V/V or 66 dB
In comparison with BJT gain of MOST stage:

Vel 1w
A 12V, Vg

(2-9)
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The Hybrid-mt small signal model

« Capacitances

C,=C,=C;+C,

Where Cj is the depletion capacitance of the base-emitter junction. For forward
biased junction:

c
chl:iA; B me=1/3 (2-10)
(1.&)"‘,&
Pieo
Cie ®2A:Cpy 2-11)

- Diffusion Capacitance C,
A variation in base-emitter voltage Av,, causes a variation in injected charge AQ;.
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The Hybrid-smt small signal model

This leads to the physical interpretation that 7 is the average time in which the
electrons diffuse through the base from the emitter side to the collector side.

It is a measure of the max. frequency:

f 2-13)

Tmax = 2nr,

Wy 1. wy |

Co=rigy=No g - L T Y
D FIm m 2
So physically (5’," is dirécthin pESpHITAT with 'WBZ(@(G% of base region squared)

and the collector current, y, and kT/q are constant.
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The Hybrid-mt small signal model

This is the charge of minority carriers in base (electrons in npn). This variation
causes a variation in majority carriers charge in collector (as explained in BJT
operation).

AQg/Avye has the dimension of capacitance and is called the diffusion capacitance.

dQe _ dQ. dic
= = = 2-12
Wy i dvy T O 271D

- Base Transit Time 1.

We can write the current in BJT as follows:

The more injected minority charge into base, the more current to collector.

The faster injected charge reach collector (smaller 7. ), the higher collector
current is.

- W, . ) }
As it will be seen: 7 =ﬁVsat is the saturation velocity.
sat
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The Hybrid-mt small signal model

The diffusion capacitance is much larger than the base-emitter junction
capacitance. It increases exponentially with Vg, whereas Cy., increases only with
the square root of V.

C

Fig.2.6

Omid Shoaei, Univ. of Tehran




The Hybrid-mt small signal model

Collector Junction Capacitance C,

C, models the depletion capacitance of the collector-base junction (normally in
reverse bias). Since this is a graded junction:
A.C
C,=Cy :c,Ch:Vi'“ (2-15)
(1+-C8y1?

co

Where A. is the effective area of the collector-base interface.

Junction Potentials:
D = k—Tlu("lﬁizr\“*) ~0.95V
q n;

Des =%ln(%) ~0.73V
i

Ng =10"/em® Ny =2x10"7/em® N, =2x10"/cm’

Small Signal Model for Forward-Biased Diode

r,=-T .C,=C,+C, (2-16)

Cy=r o ,C,~2C,, @-17)

c - [as NoN, _ [a5iNo
\= -
! 2‘/’0 NA+ND Na>>Np 2500
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The Hybrid-smt small signal model
Base Resistance rg
The active region of the bipolar transistor is located directly underneath the
emitter. The base region is contacted by means of ohmic regions that add series
resistance as well as additional capacitance.
For example, a series base resistance r, is present between the base contact
metal and the active base. It is the most important parasitic series resistance and
is included in the hybrid-m model.
C B g E
(n+ J Kp \ g_j/ \
n
Fig.2.7 19
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A Simple High-Freq. Model for CE with Current Drive

In first example we want to realize a
current-gain  amplifier.  For  this
purpose a BJT amplifier, which has a
large input source resistance Rg.

The AC signal is amplified, then is
short circuited by a large cap. C, to
ground, through which we can measure

lout-

Fig.2.8-a

Cu i

out= ic

Il *\
i
—FC” Vee Gm Vee

Fig.2.8-b

s

iin
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A Simple High-Freq. Model for CE with Voltage Drive

In 2nd example we want to realize a
voltage-to-current amplifier. For this
purpose a BJT amplifier, which has a
small input source resistance Rq.

The AC signal is amplified, then is
short circuited by a large cap. C, to
ground, through which we can measure

Tout
Fig.2.8-a
Zn *A s g Cu four=ic
A ] =)
|
| 1
Vin ! Iy 9m VBE

A Simple High-Freq. Model for CE with Current Drive

Since output is short-circuited r, can be left out. A current i.= i, flows in the
output short circuit.

Rs >> r, + ry therefore the transistor is current driven. Its input current is
approximately i;, = v;, /Rs .

Rs = =, so from Fig.2.8-b one could say since the input impedance of device is
very small compared to R so the input current is almost equal to v, / R .

Fig.2.9
21
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A Simple High-Freq. Model for CE with Current Drive
A common indicator for the speed of a BJT is the frequency at which the transistor
current gain drops to unity, when the collector is connected to a small-signal
ground: f; = Unity-Gain Frequency
So for Rg >>r, +rg:
rrr
s(C,+C
Ve =ia e ST
7 s(C.+C,) r +; l+sr, (C,+C,)
i s(C,+C,)
. i gn T
and ic=9,V, L=—_Smr
This is true for e = OnVee iy 1+sr. (C.+C,)
the frequencies
near fy if: ic Pac 1
t=—=% _  where f,=——— and =0,
fr<<dgn!C, ip 1+jf/f, # " 2mr,(C,+C,) Frc =On'
Note: !i(m) - T for £ f,
lg w(cfﬁfcu)rn
i g g
for | S (o)|=1 = =20 or f, = o 2-18
i, (w)‘ “r¢,+c, "~ an(C,+C,) @-18) 2
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s Cu iout=ic
||
T
iin s —F" }Vss Im Vee
Fig.2.8-c
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A Simple High-Freq. Model for CE with Current Drive
) i B
Blio)=A =-om = o @-19)  |Al
i . f
in I+JT/j logﬁAcLL\._
f -3dB ) .
slope Tor
= :H/:c (2-20) 20 dB/decade
g : :
,f =——="—— Unity-Gain Frequenc
' 2n(C,+C,) Y q Y
> f,=f,, forcurrentgain A log 1 ) n f
<A
0 f
-45°
-90°
Fig.2.10
24
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A Simple High-Freq. Model for CE with Current Drive

fo_ On _ 9n
" 2r(C,+C,) 2m(Co+Ci+C,)

and C, =9, 7
f, = In
2n(ngF+CjEl+C‘u)
1 1 1 |
= = fi= <
2n7e 1+CIE(+CH " onr, I+ 1c(Cx +C,)
On 7e On Tk

1 I
V.

T | 4 (C +C )T
TF

(2-21)

1 IS
fr=—
2nre lo+ gt
kT /
IC'T:(CJE(+C;1) 7 g (2’22)
F
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A Simple High-Freq. Model for CE with Current Drive

Example:
Calculate f; and f; for I.=0.01 mA, 0.1 mA & 1 mA ?

If r.=30 Q, what is the f;, ., ?
What is the value of transition current (Iq) ?

p=100,7. =025ns,C =5pF,C, =1pF

Solution:

kT /q
—— =7 +(Cg +C,)——
27[fT F ( JE u) Ic
1. =00lmA = =0.25x107 +(5+1)x10"* x 25mV =15.25x10""
- 0.01 mA
f; =10.6 MHz
for lc=01mA = f; =88MHz
lc=1mA = f; =393MHz
! ! =636 MHz

frm ===
™ omre  2mx0.25x107
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A Simple High-Freq. Model for CE with Current Drive

f; is reached to its max. value at medium and high currents. The transition

current at which this occurs is denoted by I :

e 1
! 2n f;
e g i lope (Ce +Cu)%

0 le
IC!T .
Fig.2.11
Finally, f; is specified for a bipolar transistor with a short-circuited (for AC signal)
collector. If an ohmic series resistance r. is present, the output can be shorted

1/1g

but there is still some collector resistance that remains.

(2-23)
26

KT /
=7 +(Cp +C,) 9irc,

o
2n f;
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A Simple High-Freq. Model for CE with Current Drive

Addition of r =

=7 +1.C
Mt "
! =568 MHz

1
£, = =
T T 2n(r +1.C,)  2m(0.25x107 +30Qx1x10"?)

=

kT /q o 25mV
IC,T:(CIE(+C”)T:(5+1)><10' 0 25%10° =0.6 mA

f; =318 MHz=1/2f, .

Ic~06mA
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A Simple High-Freq. Model for CE with Current Drive
i o p

1 1
sC[sCHC] I+r. C, s
] f e B AN R e~
1 1
{4

“s C.)(s C,+r, i . or, s (C,+C, )+ . C, C,
sC, sC,

Voe I I+r. C, s

i s (C,+C,)+s’ . C, C,

"a=0:>i£ 9o I (41 C, 3)

iB:1+s [, C,+r, (C,+C )]+s* r, . C_C,

i

Note: for m <<

orrg C, s<<l

r C,
One can see S’ r. . C C,=(rC,s)r, C, s)<<(l)r C,s)

“

A Simple High-Freq. Model for CE with Current Drive

So we can ignore the s? term compared s
term in dominant as well as

rc C, s term in numerator:
9n Iz
I+s[r,C,+r,(C,+C.)]

1 i
for w << = S(s)=
e " Ig
1

fp=0en— 2-24
/7 2m[(C,+C,)r, +C, 1] =29

Much more accurate approach:
The voltage across C
Ve ® Voo = (=05 IeVie) = Voo 1+ 9 1)
So one can simply replace C, with (1+¢,r.)C, in previous equation for f; (2-18)

P R
2n (C,+C)) 2n (C”+Cﬂ+gm r.C,)

29
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CE Configuration with Voltage Drive
Tranconductance Ag = iy /Vj,
The configuration is the same as below figure but R is much smaller than r, . The
small-signal model is shown below (for zero R).
veo
" & B ﬁl 4%= °
R I
" C. Vin I —‘70" Vee 9m VBE
Fig.2.12-a Fig.2.12-b
Low-Frequency:
Neglect all capacitances.
forry<<r, = 'ﬂzgm
vm
N
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> fi=— (2:24)
2n (@4. rccu)
9n 30
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CE Configuration with Voltage Drive
High-Frequency
Vee = % Vin
95 +[9. +s(C,+C.)]
low =0, Vge Neglecting C,
9n 9e
o ool Ve % _ (8a*0)
Vo Vee Ve " Ge+[g.+s(C,+C)1 | C,+C,
Ont0s
for gz>>g, Or ry<<r, = Qz+0,=0,
o o o Un
ou = = low _ 2-25
Vi pCutCs A v, 1+jf/f, ( )
+5
gB
where fB:% (2-26)
2nrg (C,+C,)
32
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CE Configuration with Voltage Drive

= fy="f,, for transcondu ctance current -gain

low

Ac|=

I e —

slope 1or
20 dB/decade

log 1 f
2 i

Fig.2.13

Unity-gain frequency for A; (Tranconductance) is meaningless, i.e. we are not
interested to know where g, =1 A/V!!

33
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CE Configuration with Voltage Drive

9n 7
b (C,+C,)=rg (Cy+C+C, )=, (Cg+C, )[Hﬁ]

Defining: 7y =1y ( C +C, ) (2-27)
9n ¢

b (Cgx+C, )= T+ | (1

9o T _ le 7

=1+
mtC, %r (Cgr+C,)

Besides: 1+

KT /q

Te

and I 1 =( C+C, )

1+

On Tk _q, I :Icn+|c (1)
Ci+C, leir le
from (I) & (IT) we can rewrite f; as follows:

— 1 _ loir
2m ry( C”+C”) 2 5 (le+lgir )

(2-28)

B
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CE Configuration with Voltage Drive

Note: Can be modified as follows too (by adding collector resistor related time
constant):

Tg=ry ( CJE‘+C# )+ rCC“
1 1
2ty 2m[ry (CiE‘+C“ ) + I C“ 1

f

Bmax — fs“c N

I
from fy=—— ST plotof f, vs. I, is as follows:
2n 75 (letlcqr)
f

L
2nzy Y

B

Decreasing |, results increasing
of corner frequency of f; (Pole
of transconductance) but reduces
the value of g, =1./V;.

| I, Fig2.14

citT

35
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CE Configuration with Voltage Drive

1
2n 1y (C,+C
o _2mf (GHC) _r so fg > f, ifr >r
£, 1
2m 1, (C,+C)

So voltage drive BW is larger than current drive BW for r_ > r , which

o

is almost always the case; i.e. always 1, >ry
So fy> f; ifry g,<!l or ry;<1/g,
ry could be smaller than 1 / g, for small g, (or small I.) values.

Definition: for I =l = KT /g

B
The max. value of fy is reached for current smaller than I ; .
1 1

forl, >0 f = =
¢ B0 oty 2w [y (C+C, )+ C, ]

Omid Shoaei, Univ. of Tehran

we have f; = f; becauser; =1 / g, .
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CE Configuration with Voltage Drive

This maximum depends only the base resistance and both collector and emitter
junction capacitances, and as can be noted it is independent of the base transit
time 7!

In general, it can be verified that only ry limits the high frequency performance of
bipolar junction transistor. For ry=0 infinite BW can be achieved!!!

CE Configuration with Voltage Drive

Example:

Calculate f,, fy, lorg forlo =0.01 mA, 0.1 mA, I mA ?
f if1o =30 Q 2

B =100, 7y =0.25 ns, Cig +Cic, =6 pF, 1; =100 Q

from previous example: f, =10 MHz, 88 MHz, 393 MHz respectively for
Ic=0.01 mA, 0. mA, 1 mA.

tg=ry (Cg,+C, )+r. C, =100 ( 6x107)+30x1x107"% =630x107" sec

f

1 loir

= fy= —_—
2n 7 lo+loqqr

fg =248 MHz, 216 MHz, 95 MHz respectively for 1. =0.01 mA, 0.1 mA, 1 mA .
1

T Ty

=252.6 MHz

Fomu = B

38
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CE Configuration with Voltage Drive
0.6 1

le =1 =0.6 mA fg =—-——————=126.3 MH

¢ Tl =00 MAZ b = ) 2n x630x10" §

The frequency that the f; reduce to one half of its DC value

I = KT/g_2smv _ oo

Iy 100
The current | that the f, = f;
f,( 1. =025 mA )= 0.6 mA L 177 Mz
025 mA+0.6 mA 2rx630x107"

39
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Conclusion

fg, fr and fy are the most important “frequency” parameters of a bipolar junction
transistor (BJT). They all depend on the parameters shown in Fig.2.6:

ie. B, Oy, T, Iz and Junction capacitances Cje,, C, .

Fig.2.4

f and 7. are determined by technology.
g,, can be varied by varying the current | ..
Iy can be varied only by taking different (larger) layouts.

40
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CC and CB Configurations

Zn
Rs s
Vin
Fig.2.15-a Fig.2.15-b
CC: two bias sources: 1{ bias voltage at base
2t emitter current source

low-frequency

I with 1/B margin error is equal to I.. Having a fixed I, requires a constant Vg,
so only a DC shift from base to emitter and v,,. = v,, and Z, =

M
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CC and CB Configurations

Impedance is converted from high to low:

Ry+rg+r
Rogs =5 8% 2-29
'OutLF 1+ﬂAc ( )
for p,.>>1 wehave:

1 Rg+r,
OUTLF ”a* SﬁAcB
Note: For MOST Ry, =———~

IntOm+tY%  On
i.e. source follower
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CC and CB Configurations

High-Frequency
At high frequencies caps have to be taken into accounts:

s

Rs.

Fig.2.16

(1) h+9y Vee+( g, +5 C.) Vge =0

(2) (9,45 C) Vee+( g+s C,) (Vge+V, )=0 where g=

ry +Rg
() > Ve [ 9,+9+s (C,+C,)]== v, (s C,+g)
- (sC,+9)

= = - w57
g.+9+s (C,+C,)

Vee v, — into (1)

43
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CC and CB Configurations

(Ont0,+s C, ) (s C+0) |
g.+9+s (C,+C,) *
~7z YV, g.+g + s (C,,+C,,)
i (9,408,458 C.) (g+s C,)
1es &G
9.+9 9.+9

(gm+g”)g(1+s c. ][H&]
9n+ 0. 9
1 1
—+
_ [r” Rs+rsj 1+j /1,
1

N 1 (l+j f/f0) 1+ f/16,)
O r,) (Rg+1y

1
2 (C.+C, ) [ I (+R )]

=Sh== Ve (Gn+9g,+s C. )=

f, = forRg=0 & ry<<r, f,~f;

Omid Shoaei, Univ. of Tehran
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CC and CB Configurations

ar C.  2n C.
[¢] 1 . .
= = Very high frequency, that can be ignored.
2 C, 2z (Ri+n) C, e frequency €
1
+
Rs +1y _Ry+rg+r, 1 R+

+i 1 = 144 z;m* 5 =Rour ¢
O r Rg+1y
So Provided g,,(R; +15)C, <C, ie. f, < f,:

_ 1 _ 1 leir
2nrp (C,+C, ) 2m rglc+lcyq

+9, m
foo-OntO  On g

for =

fB

- 4]t Ty =T (CIE‘+IC‘, )+ C,
our =Poure THTEE e (o30)

2m e lo+leiq
kT/q 1 KT /q
——, ——— =7 +( Cg, +C
o 3m (GG

lerr=(Cg,+C, ) +r. C,

45
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CC and CB Configurations

|
c

CC and CB Configurations

1+jf/1,
1+jf/f

. 1
= \zmufﬂ,%:[g—]xf—
m B

Zour (JF)=Royris

neglecting Retry

In

(1) 27(C,+C))
I S
2an(C”+C“)

L

\Zmuf)\,%:[g ](gmr5>=rs

m

So for every I. the output impedance of the emitter follower at very high
frequency is equal to r. |

So note that at Iz we have Iy :g—

Vi

tetes ere

41
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mA
10 fs fr
1 b I =0.62mA
lers = 0.25mA
0.1
0.01 L I
0.1 1 10 100 1000 MHz f
|Zowr |
I =2.5uA
10kQ
capacitive
1K 25 1A
1000 lers =0.25mA Onfs =1 resistive
SsmA Fig.2.17.
0Q ————— inductive Position of pole and zero & bode diagram of Z; of
emitter follower for 8 =100, r;=100 Q, 7= 0.25 ns
. . . . ,Ciet+ C,= 6 pF.
0.1 1 10 100 1000 MHz 46
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CC and CB Configurations
In previous figure, the asymptotic values of f; and f; are plotted versus I.. This
plot gives the positions of the zero and the pole with I. as so is called pole-zero
position plot.
@ I 9 s = 1 : fr = f3 50 @ pure resistance results, i.e. ry.
At lower I, f; (pole) < f; (zero) so the output impedance rolls off vs. frequency
(capacitive).
At higher I, f; < f;. so there is a region in which output impedance increases with
frequency. This region is called an inductive region.
This inductance could cause instability if combined with parasitic cap. at output
terminal, so it is safer to reduce the biasing current.
48
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CC and CB Configurations

Note previous results obtained for
Ry << 1y <<r, = f, = f

However, for (perhaps more practical case)

1
2n 1, (C,+C, )

moves to a lower frequency

fp<<r,<<Ry=f, ~f,=

c
f, = fr unchanged; and f, = ?” =RC,

moves to a higher frequency

49
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CB Configurations

The input impedance of CB is exactly
the same as the output impedance of
the Emitter-Follower. So the same
pole-zero position plot can used for CB
input impedance.

Particularly the previous assumption
for the source impedance could be
more practical:

Ry <<rg<<r, = f, = f

Comparison between MOSTs and Bipolar transistors

Maximum Frequency of Operation:
f; is assumed as the parameter (unity-gain of amplifier can be discussed too!).
from bipolar:

— where =We
for MOST, it can Benshovg that: v

sat

_ L
Tp=—o0

v,

7, (traffsit time) for bipolar is likely to be smaller for a bipolar transistor than for a
MOST because the vertical Wy is easier to make smaller than the lateral L. [for
0.1 pm, this time constant is about 1 ps <=> f, 2160 GHz]
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Comparison between MOSTs and Bipolar transistors
t .
Bipolar 2 W,
e
MOST ﬁ
: . Fig.2.18
When saturation velocity and so the drain saturation current happens well before
pinch-off!
Io =V Qg =V W Cq, (Vs =V ) (2-31)
= Ona =W Co Yy (2-32)
o m o Tm L WC Yy T Ve 53y
21 Cqe  21W L, C, 2mly
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Comparison between MOSTs and Bipolar transistors

In long-channel since the quadratic relations already exist:

1 W 2 W
Io :E/‘n Cox g(ves Vi) = 0, =4,Cy g(vcs Vi)
C, W/ Vas =V,
= el LG Ve ) Lt vy, ) 2-34)
2nCes 27 WLy C, 2 Ly

In short-channel considering short-channel effects (i.e. mobility degradation

|D=lyncmﬂM where 0=
2 L 1+0(Ves =V ) Ly Ec
As shown in the Fig.2.18 increasing I beyond some point makes f; saturated. This
can be somehow explained by equations 2-32 & 2-35. Increasing I, is done by
increasing (Vgg-Vqy). For very large I, and so (Vgs-Vqy) if 8(Vgg-Viy)>>1 then 2-
35 becomes:

(2-35)

1 W
E/Un Co T 1 V.
:T(Ves Vi) :E”n EcW Cp (Vas =V )24y = Ecl

I (2-36)
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Comparison between MOSTs and Bipolar transistors

Hoy

Fig.2.19
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Comparison between MOSTs and Bipolar transistors

Tranconductance-Current Ratio:

n 1
| KT /q bipolar

1
kT /q

drive capability

MOST

Fig.2.20

Weak Strong Velocity
invertion invertion saturation

Bipolar offers a better current drive capability. Less input voltage is required to
drive a larger output current!
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