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Model for general Amplifying Element

C., and C,, are coupling capacitors (large) = uF

C.,and C,  are parasitic capacitors (small) =» pF
Rg CC1 ROUt CCZ
— W] °a | -
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Midband Frequencies

- Coupling capacitors are short circuits

- Parasitic capacitors are open circuits

R R
g out
+
- -
Vm() R|n <T> Avab R|_ Vout
©°b
A — Vout — Rin A RL

Rout + RL

n
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V. Rg + R,
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Low Frequency Model

- Coupling capacitors are present
- Parasitic capacitors are open circuits

RQ Cei Rout Ceo
[ | | |
— W] °a | °
+ +
Vin CD Rin Avab RL Vout
op - —o
VmRm Vinj a)CclRin
VY b = ==
a 1 .
R, +R, +— 1+ joC, (R, +R,)
.]a)Ccl
Rin ja)Ccl (Rg + Rzn)
vab =V

"R, +R, | |1+ joC, (R, +R,) |
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Low Frequency Model

1 1

d = 4 Jin=
eﬁne fll 27Z'(Rg T Rin)ccl v fl2 272-(RL T Rout)CC2

vV =V Rin . ]f/]FII
ab ~ Vin .
Rg+Rm 1+ jf/ 1,

R, . J I
RL+R0ut 1+]f/ﬁ2

Similarly, v = Av,,
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Low Frequency Model

Overall gain = You _ R, ‘A R, Jftw i

Vin Rg+Rin RL+R0ut 1+]f/](ll 1+]f/ﬁ2

Vout :A ) ]f/ﬁl i ]f/ﬁ2
v, L+ fy 1+ f LS
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Example

R, =3 kQ, R=200 €, R, =12 kQ, R,;=10 k)
C,=SuFand C,=1pF

1
- 27(12,200x5%107°)

e =2.61 Hz

1

— — 122 Hz
27(13,000%x107°)

Jix
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High Frequency Model

- Assume coupling capacitors are short
- Account for parasitic capacitors

R R-::put

+
Vin&) Cin J— Rin ) Avab Cn::'ut RL Vout
o b O
R
" VinRin
Potential Thevenin —AWW- Vthl —
equivalent for input as see | Rg + Rl.n
by C. i
Y %in Vihi () — Cin
Rthl = Rg || Rin
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High Frequency Model

V _ VinRin . 1
ab — .
Rg + Rm 1+ ]C()CmRth1
v. R. 1 1
v, =—t— where f, =
Rg +R, 1+ jf/ fu 27R,,C,
. . Av R 1
Likewise v, = ab” L .
Rout + RL 1 T ] a)Couthh2
Wlth Rth2 — Rout || RL
Av . R 1 1
Vo= ab” L . . where f,, =
RL + Rout 1 + Jf / .]Fh2 27Z-Rth2cout
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High Frequency

Overall gain is:

Vo _ 4. R R, 1 1

vi Rin+Rg RL+R0ut 1+]f/ﬁzl 1+Jf/ﬁ12

or

V_OZA 1 1

v A jf L fy 1+ fon
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Example
Example: R,,, = 3 kQ, R =200 Q, R, =12 kQ, R,;=10 k)
C,, =200 pF and C_,=40 pF

1
Jn = 27 x2x107° % (12,200]| 200)

1
T 27 x40x107% x (10,000 || 3,000)

=4.05 MHz

=1.72 MHz

Jio

Summary: low-frequency < 12.2 Hz, High frequency > 1.72 MHz

6
log 405x10° 1 _ 5.52 =5 decades
12.2
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MOSFET - Gate Capacitance Effect

1
Triode region: €, =C, = EWLCOX
. . 2 0
Saturation region: C,, =§WLCOX C, =

Cutoff. C,,=C, =0

C,=WLC,
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MOSFET - Junction Capacitances

Overlap capacitance (gate-to-source): C —— WL OVC ox

C = Csbo Gate
sb V
1+ 22 Ra
Vo :
Y Cap Cag
R.
C Source —-'VS\F Drain
C _ dbo
b o Cps
i VDB SB
+ Body
v,
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MOSFET High-Frequency Model

Go

gd

14
gm :luncox L I/eﬂ

gmb :ng =

o II. LINOIS

- IV, Imb Vs
L, gy e

——C

N o—

o
B

\/21LlanZ1D :ﬁ

L Vg

4
226, +V,

Em

ECE 342 - Jose Schutt-Aine

d

oD
Mds
—_—C
db C
Cdb dbo
1+@
v,
V=
/1[
2
C,==WLC, +WL,C,

ng — WLovcox




BJT Capacitances

Base: Diffusion Capacitance: C,, (small signal)

¢ -9,

dv,,

e

where 0, 1s the minority carrier charge in base

di l
e _ r.g = ric
dv,. V.

C

e

:’Z'F

where 7. 1s the forward transit time (time spent crossing

base)
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BJT Capacitances

Base-emitter junction capacitance:

C.

jeo

C.= —
Ve
Voe
C

00 18 G at 0 V. 7, 1s EBJ built in voltage ~ 0.9 V
m 1s the grading coefficient (typically, 0.2-0.5)
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BJT Capacitances
In hybrid pt model, C,,+C;,=C,

Collector-base junction capacitance

C

J77

Y7 m
1+@
Ve

CoisC, at0 V.V, 1s CBJ built in voltage ~ 0.9 V

C . 1s around a few tens of pF
C, 1s around a few pF
m 1s the grading coefficient (typically, 0.2-0.5)
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High-Frequency Hybrid-r Model

X CM
B O—JVVVV\;— I I oC
+
r. V. ——C g.v ry
I Il _B
_-C _1 4 _
gm — ro — rﬂ- -
T C gm J)
E
Em
Cﬂ_l_C,u_Z > Cﬂ_cde+cje9 Cde_ FEm
T T
C, =22, m=03-05 f = Em
V
(HCB 27(C, +C,)
Voe
e
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CE - Three Frequency Bands

Ry
Vaig —
o A
V.| dB)
- Low-frequency —2=r= Midband -

]
|

band | )
| * All capacitances can be neglected
|

* (Gain falls off
due to the effects
of Cry. Ceas
and C,

20 log |A,,| (dB)

High-frequency band

= Gain falls off
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of C,and C, of

the BJT
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Unity-Gain Frequency f;

f;is defined as the frequency at which the short-circuit current gain
of the common source configuration becomes unity

ng ly
-
|
Define:
|_ Cgs :: g V rd .
i m " gs S S — ]a)
! o—
(neglect sC,,V, since C,,is small)
_ /
Il —nggS—SC V To _ Em
- ]i [i S(Cgs+cgd)
]0 :nggS gS S(CgS+ng)
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Calculating f;

For s=jm, magnitude of current gain becomes unity at

g g
@, = = f = L
C +C, ! 27z(CgS +ng)

f7~ 100 MHz for 5-um CMOS, /.~ several GHz for
0.13um CMOS
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BJT - Short-Circuit Current Gain

== __n [———

1

— B
V_ = 1
—+5C, +sC,
rﬂ'
~rre
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BJT - Short-Circuit Current Gain

Define h,, as short-circuit current gain

A _]C: &n —SC,
S PR SN
]/-——I_S( 7[+ ,U)

g, > sC , at freq. of interest

p e 8

T l+s(C,+C,)r,
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BJT - Short-Circuit Current Gain

B
e l-I—S(Cﬂ-I-Cﬂ)Vﬂ

Define h,, has a single pole (or STC) response.
Unity gain bandwidth is for:

hfe_1+s(q,+cﬂ)rﬁ_1 ” 27sz(c,[+cﬂ)_1

In some cases, If Cﬂ IS known, then
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BJT - Short-Circuit Current Gain

__ &
fT_Zﬂ(Cﬂ—I-Cﬂ)

From which we get

C +C =-5n —5n
g 2rf;, o

Thus, C,+C,=°2=C =n_C,
a)T a)T
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