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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 (I:i:1 Rout (T(iz
I | ©a I | +O
+ e + |
Vln Cin 1T Rin Avab T COUt RL Vout
ob o
e
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Midband Frequencies

- Coupling capacitors are short circuits

- Parasitic capacitors are open circuits

RQ Rout
—\WW~ °a
Vin Rm AVap
®
©°b
Al\/l . Vout - Rin A RL
B = —
Vin Rg + Rin Rout + RL
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Low Frequency Model

- Coupling capacitors are present
- Parasitic capacitors are open circuits

Rg Cc1 Rout C02
—WW—| °2 | -
Vi“i() Rin T b RL Vout
o b - o
V. = Vin Rin _ Vin ja)CclRin
ab — ;
R, +R, +- 1 1+ joCy (R, +R,,)
JoC
Rin ja)Ccl(Rg T I:\)in)
Vab

— V. :
"R, + R, |1+ jaC, (R, +R,) ]
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Low Frequency Model

define f, = = and f, = =
27(R, +R;,)Cy 27(R, + Ry )Cos
v —y R _If/T,

"R, +R, 1+ jf/f,

R, i/,
R +R, 1+jf/f,

Similarly, v , = Av
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Low Frequency Model

Overall gainzv"ut __ R A R Jf_/ Ty Jf_/ fs
v. R,+R R +R, 1+ Jf/f, 1+ f/f,

In g In L out

it g,
1+t /1, 1+t /1,

out AMB

|n
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Example

Rout = 3 KQ, R;=200 Q, R;,=12 kQ, R, =10 kQ
Cyu=5uFand C,=1pF

f,, = - =2.61Hz

277(12,200x5x107°)

f, = . =12.2 Hz

277(13,000x10°°)
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High Frequency Model

- Assume coupling capacitors are short
- Account for parasitic capacitors
R

R out
— AW °a o
+
+ C +

Vin() in —p— Rin Avab e Cout RL Vout

Oob o]

R
Y Vin Rin
Potential Thevenin —WW\- Vthl —

equivalent for input as see Rg + Rin

|
I
O

by C;, Vi1 () in
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High Frequency Model

Vlann 1
Vab — '

Ry + Ry, 1+ JoC, Ry,

V. R 1 1
V, =—"—1—— where f,, =

R, +R, 1+ LA™ 27R,,C..

. Av_ R 1

Likewisev  =—23 .

Rout T RL 1+ ja)Cout Rthz

with Ry, = R IR,

AR 1 1

V where f,, =

TR +R, 1+ jf/f, 27R,,Coy
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High Frequency

Overall gain is:
v R R, 1 1

0 A In

V. R, +R, Ro+Ry 1+ /1, 1+ i/ 1,
or

11
1+ jf /., 1+ jf/f,

VO —
=P
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Example

Example: Ry, = 3 kQ, R,;=200 Q, R;,=12 kQ, R, =10 kO

out
Ci,= 200 pF and C, = 40 pF
f = — = = 4.05 MHz
27t x2x107" x (12,200]| 200)
f = = =1.72 MHz

27 x40x107* % (10,0001| 3,000)

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

6
0Q 40510 =5.52 =5 decades
12.2
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MOSFET - Gate Capacitance Effect

1
Triode region:  Cg =Cy =§W|—Cox

. . 2
Saturation region: C =§WLCOX C.,=0

Cutoft. C, =C, =0
C,, =WLC,
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MOSFET — Junction Capacitances

Overlap capacitance (gate-to-source): COV =WLOVCOX

C _ Csbo Gate
sb V
\/1 4 YsB R %
V, ]
Gs | 1 ce Con
R
C Source v J *
dbo
Cdb o

% AN- Drain
— Cpg
\/1 n VDB e !

ECE 342 - Jose Schutt-Aine 13

cor
Electrical and Computer Engineering
University of Illinois at Urbana-Champaign



MOSFET High-Frequency Model

ng
Go " I I oD
Vgs b Cgs ImVgs ImbVds e
——C,,
C Cdbo
C — Csbo db V
sbh — V Csb 1+ ﬂ
14+ =B s V,
Vo
B r, =V, /1, /ﬁ
gm — :unCox vaeff = \/ZlunCox WT I D — \Z/I s 2
eff C, :EWLC +WL,,C,,
/4
gmb:ng: gm C :WL C
2\/2¢F +Vsb gd oV - oxX
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BJT Capacitances

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

Cde = dQn
dv,.

where Q,, IS minority carrier charge In base

di T
_ C _ _ _F
e_TF__TFg —_r

C. d V
VBE T

where z- IS the forward transit time (time spent crossing
base)
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BJT Capacitances

Base-emitter junction capacitance:

C.

C je — Jeo -
_Vee
VOG

Is C;e at 0 V.V Is EBJ built in voltage ~ 0.9 V

C

jeo
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BJT Capacitances
In hybrid pi model, Cy+C;,=C,

Collector-base junction capacitance

C, —
1+\@
Voe

C,oisC, at0 V.V, is CBJbuiltin voltage ~ 0.9V

C _Is around a few tens of pF
C, I1s around a few pF

ECE 342 - Jose Schutt-Aine

cor
Electrical and Computer Engineering
University of Illinois at Urbana-Champaign



High-Frequency Hybrid-r Model

X u

B o—AMM - | oC
+
=V, ——C_ % o, r
e N8
gm_ , ro_ ! rn_
VT IC gm

E

C.+C, = gm , Cﬂ:Cde_I_Cje’ Cde:z-Fgm

Cjco g
C, = 7 M=03-05 f — m
[1+Vcs 27(C, +C,)
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CS - Three Frequency Bands

VD[ ]

V.,
C.
Rbl_l:_‘ Cl
Ry
Vi R Ij_ -
Y, A
—* |1 (dB
b{"e Ll ' : | ; :
. > |‘ Midband "“l‘ High-frequency band
Low-frequency = :
band * All capacitances can be neglected I
L . o Gain lalls off
* Gain falls off q -
t | 'y + | due to the effect
due to the effect| 3dB | e 5
iz iy g i ] P g o PR of C,.and C,;
of C¢y, Cs, _,f g i
and C~ | |
| |
| |
| 20 log |A | (dB) |
| |
I |
I |
I |
| ( | o
b} -
i Ju [ (Hz)
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A
(dB)

CE - Three Frequency Bands

Low-frequency
band

* Gain falls off
due to the effects
1]|. (t B (.‘r
and C;

Midband

* All capacitances can be neglected

20 log |Ay,| (dB)

High-frequency band

* Gain falls off
due to the effects
of C,and C, of

the BIT
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Unity-Gain Frequency f;

f-i1s defined as the frequency at which the short-circuit current gain
of the common source configuration becomes unity

ng ly

|I £
|| L=

Define:
Ii(b gs —] ImVgs fas S = Ja)

O
|
|

(neglect sC,V since Cyyis small)

= g,V —SC_ V. o On

~ V= i
= ngs ’ S(CgS +C )
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Calculating f-

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

O
27z(c:gs +ng)

f; ~ 100 MHz for 5-um CMOS, f; ~ several GHz for
0.13um CMOS
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BJT - Short-Circuit Current Gain

X # IC
—> AW | -
+ -
VB rn V ::Cﬂ ng?t I'0
IC :(gm—SCﬂ)Vﬂ |
_ B
Vﬂ— 1
—+sC +5sC

r # i

T
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BJT - Short-Circuit Current Gain

Define h,, as short-circuit current gain

hoode o 9nmSC,
fe IB 1 C C
rﬂ+s( .+C,)

g, > sC, at freq. of interest

node _ Ol
o, 1+S(Cﬁ+Cﬂ)rﬂ
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BJT - Short-Circuit Current Gain

h ﬂo
© T s(C,+C,)r,

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

_ Inl, _ I _
h‘“e_1+s(cﬂ+cﬂ)rﬂ_1 o 27sz(cﬂ+Cﬂ)_1

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

f =—9In
" 2z(C,+C,)

From which we get

C +C =—9m _Zn
Y 2nf. @

Thus, C,+C, ==n=C_=In_C
@; @;
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