. Frequency Response Review

A. Phasor Analysis of the L ow-Pass Filter

* Example:

* Replacing the capacitor by itsimpedance, 1/ (jwC), we can solvefor

the ratio of the phasors Vg / Vi,

Vout _ _ 1fjwC
R+ 1/jwC

out = Phasor notation
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B. Magnitude Plot of L PF

* Vout/ Vin | -—> 1 for “low” frequencies

* Vout/ Vin | >0 for “high” frequencies

Vour Vour
Yn \n
log scale Break point
1 e 40 dB
scale
01t —8dBT 120
1
—==0.707
J2
0.01f Vo dB +-40
~20gecade
0.001 4-60
0.0001 L L L . L —-80
001 01 1 10 100 1000 w

The “break point” is when the frequency isequal tow, =1/ RC

The break frequency defines “low” and “high” frequencies.
dB =201og x ----> 20dB = 10, 40dB = 20, -40dB = .01

At w, the ratio of phasors has a magnitude of - 3 dB.
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C. Phase Plot of L PF
o Phase (V! Vi, ) = 0° for low frequencies

o Phase (Vt/ Vin ) = -90° high frequencies.

Y
Y
0° Break point

_45°

-90° |
-135° |+

_1800 1 1 1 1 1

0.01 0.1 10 100 1000 w

. 0.1 1
RC RC RC RC RC RC log scale

+ Transition region extends from w, / 10 to 10 w,

o At (), Phase = -45°

D. Review of Frequency Domain Analysis Chap 10.1
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1. Small Signal M odels for Frequency Response

A. Bipolar Transistor

Cu
Be H eC
r é Vﬂ — CT[ l ngT[ ;ro
Ee O E
@
B.MOSTransistor - Vgg =0
Cyd
Ge H oD
\65 — Cgs l gmvgs ; I'0
Se ® S

(b
* Replace Cys for C;
* Replace Cyq for C,,

o Letr >
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I11. Frequency Response of Intrinsic CE Current Amplifier
Rg--->0 & R =0

A. Circuit analysis- Short Circuit Current Gain | //lij,

C

u |
[ °
N

oD e s

» KCL at the output node:

I, = ngn_anpr
» KCL at the input node:

\%
_ _n i = 01 0
Iy = > +VT[JooCu where Z = rﬂHDjooC a
Tt Tt
» After Algebra
O jwC 0O O jwC 0O
g, - —+0 B, 0L - —E0 1-j2
o _ 0 9m O _ 0 9y O -5 w,
. 1+jwrn(CT[+ Cu) 1+joorT[(Cn+ Cu) 0 1+j2
“p
Im 1
W, = — W =
Z
C“ P (C + Cu)
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B. Bode Plot of Short-Circuit Current Gain

I0

Iin

Bo =9

CT[+ Cu

1 9m_ m w
fTKQﬁCu) CT[+Cu Cu log scale
@
1 9m w
— =y = log scale
G+ G Cu

(b)

 Frequency at which current gain is reduced to O dB is defined at f+:

T er(Cc_+ C)
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C. Gain-Bandwidth Product

* When weincrease 3, we increaser ;BUT we decrease the pole
frequency---> Unity Gain Frequency remains the same

o

Bor ——

BOZ

1 1
9m Im —_ 9m @)
Bol(cr[ + Cu) BQZ(CT[+ Cu) (A)T CT[ + CU |Og 333'6

Bo1 > Boz

D. Examine how transistor parameters affect wy

* Recall
Cn = CjeJ'ngF

» The unity gain frequency is
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| ~/V

o = C" "th
T U /v, bi_+C. +
oc’ Vina'F c je Cp
f+ dominated by diffusion
fr capacitance
1
21 \
f; dominated by depletion
capacitances Cu and CJ-e

Ic

 Atlow collector current f1is dominated by depletion capacitances at
the base-emitter and base-collector junctions

 Asthe current increases the diffusion capacitcance, g,,,Tr ,becomes
dominant

» Fundamental Limit for the frequency response of abipolar transistor
IS set by

E. TolIncreaseft

 High Current - Diffusion capacitance limited - Shrink basewidth

* Low Current - Depletion capacitance limited - Shrink emitter area
and collector area - (geometries)
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