ECEN 607 (ESS)

HOW TO APPROXIMATE AN EXPRESSION FOR
3dB BANDWIDTH OF A MULTIPLE POLE SYSTEM?

Let us consider an all pole system

A(s) = Aq
(1+ S/copl)(1+ S/(Dpz)(l-l- S/(opg)--- (1+ S/oapn)
Ajo) = &

1/2
b 0/0,}) 0 /0, 1) 6 00, F)-]
The 3dB cutoff frequency w, is defined at magnitude value A, /~/2, therefore
2 = (1+ (m3dB Jaarn )2 )(1+ (033d8 [, )2 )(1+ ((ogdB RO )2 )

Since @,y < @y, ,®,, -+, ®, ~ ONe can approximate

2;1+m§d3( 12 + 12 + 12 +j
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Hence
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Another approach to obtain the m,; is by means of "The Time - Constant Method".

Consider the network consisting of capacitors, resistors and depending sources

C.
||
|1

(Network) L Cs
Circuit Containing __l_
Only Resistances —_|:

And Controlled T Cn
Sources

C;

The transfer function of the network above can be expressed as

N(s
H(s) = ()2
1+a,S+a,8 +-----

It can be proved that a, is the sum of the time constants and a, is the sum of the product
of time constants.

Lets consider the case of three capacitors,
thus

a, =R;,C, +R,CL, + R3.C,

where Rj,,R3,,R3, are the zero frequency resistances seen by C,,C, and C, respectively.



For example to compute R;, the circuit shown is used

C:L::r N :

|

0
Rll
Thus if we obtain R, and R3, in a similar way, one can express a, as

d; = iRﬁ C = iti
i1 i1

a, can be seen as the sum of open - circuit time constants. Thus an approximation of m,,,

can be as 1 1 1
C03dB == n — n 1
1 ZTi >
i=1 i=1(

For the sake of completeness let us discuss how to compute a,
a, =R}, C,R},C, +R}; C,R;, C,+ R}, C,R5;,C,

Where R} is the zero - frequency resistance seen by C. when C, Isshort - circuited.
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C, is short- circuited C, isshort-circuited Rés

C, is opencircuited C, isopencircuited

o0— E— O SRR
N 1

— _qT

C, isshort - circuited RZ,
C, is open circuited
Notation Remarks

Riji , 11 Indicates the terminals at which the resistance is computed

J denotes the capacitance that is shorted.
The general form of each termin a, is

R2C,RLC, =R%C,RiC

For instance if R), C,R%, C, is replaced by RS, C, R3, C, the value of a, is not modified.

Ref. J. Millman and A. Grabel “Microelectronics”, 2" Edition, New York, 1987.



OPEN - CIRCUIT TIME CONSTANT TECHNIQUE:
A NESTED Gm-C EXAMPLE

3

+
Vin (f)gm\/| §901 —_—C (‘)gmz\/lggoz §gof —C,

Small signal equivalent circuit model J7

There are three capacitors, therefore 3 times constants.

First short-circuit v;,
v, Cn
LA

5901 —C, G)gmzvlggoz ggof ==c,




Time Constant Associated With Cp

V1

i
5901 \t/t Cngzvlggoz‘i'gof

Therefore

Rt thevenln 1/901 = Rg ! p p/gm

Time Constant Associated with C,

—OV/

1 /l\iT
=0,, O IGM =00+ Jor

V,=0
Thus R; = 1
gOZ + gof
CL

g02 + gof



Time Constant Associated with C

+Vt-

=
O
t mo Vi
Jo= \fl i = (902 =90r)
Vi=1i/9u
KVL

Vt = Vl + (gm2V1 + it)/(g02 + gof)
Thus

- 1] Om 1
Vi =13 (001 + G0y + 9 ) [+ 72 }
t t{[ 1 ( i f) ] gol goZ+gof

RTzvt: 1,1 (1+gm2J=R°
it gol goZ + gof gol "

T, =Cm{ 1,1 (1+ Img ﬂ
gol goZ +gof gol




Thus the approximated w,,; becomes

1
W3 =
Ty + T+ T
1
W39 =
C.+C
nPiC, B 14 Ime +CL
gol goZ + gof gol goZ + gof
Note that t, <<, , thus one can approximate
1
W3 =
Tm +’C|_
Also
. = 1 ~ goZ +gof ~ goz+g0f
" T~ 9
2
|1l | O
gol o
(DL — 1 — goZ +gof

T C.



Open-Circuit Time Constant for Amplifier with Current Buffer
’<l_H7
-A;  Cn

|+ VA

Im1 ::Cp 9m2

+ i -AiIX IX g T OVo
Vin ngi Jo1 TCP gmz\/l 2 —/—C,

First Short-Circuited V;,

\A

. II OVO
Ony Vi

From previous example
C C

1 =—=and 1, =—"

goZ gol

I—
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Time Constant Associated with C_, is considered next



=, Ak ®ic |, O ey, Za,
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+
Ix - It : Vo - _Vt
Vi = +9Al,
KCL

V0902 — ngVl + it
Vtg02 — gm2901Aiit + it
1
Vt = (gm2901Ai +1)g—
02
RT — 1+ gm2901Ai

92
T, = 1+ gngolAi Cm
g02
. = goZ ~ goz
" (1+gm2golAi)Cm gm2901AiCm
N 1 1
0)3d|3:]7/0)m+]7/(0|_ Tm+TL
~ goZ
W34 =

gngolAiCm + CL
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Let us illustrate how to compute a, using the amplifier shown in Figure of
Slide 5. Thus for a two capacitor system*

a,=R°C,R’,C, =R%C,R"C,

The open-circuit resistances R and Ry, are known since they were derived

previously
R = 1 + 1 (1+ %j
gol goZ + gof gol
Ro= 1
gol
To illustrate the analysis we will obtain Ry, and R7'  using the following circuits
R® p
R
:‘"5:“: b .
i %904 % %gmz\/l%QOZ—i_gof
~ ) 1 Lo___] )
V;=0, thusRl, =————
902 79
Therefgre c i fC c
a,=—2C m Sl

* We will ignore initially C_
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b=
Oma + 902 +Jor + 0, In g4 oz Tt
gol gol

Thus

= RmCng]C

a1y 1 {1+gm]Cm gj/gol

gol goZ +gof gol

C.C
a, L
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901(902 + gof )

4 m2 + g02 +gof

gol gol



Let us consider C,

\4
§ 201 l CD &y Vi § (g02+ Eof ) ﬁ

O

1

Note R =R =
gm2+goz+gof +gol

Thus

aZZR?nCng]CP_i_R(r)nCmRTCL+Rm+RSCPRECL



The dominant term of a,when C << C_ C, becomes

a, =R, R['C,C.

Thus

1

azz{ 1,1 (Hgmzj} 0o c
gol g02 + gof gol 1+ ng + gOZ + gof

gol gol
CmCL
gol(gof + 902)

112

d,

Ref. 2:

R.T. Howe and C.G. Sodini, “Microelectronics An Integrated Approach”, Prentice Hall, Upper Saddle 1997
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