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LECTURE 090 - MULTIPLE-STAGE FREQUENCY RESPONSE -1
(READING: GHLM - 516-527)
Objective
The objective of this presentation is:
1.) Develop methods for the frequency analysis of multiple stage amplifiers
2.) Ilustrate by examples
Outline
* Dominant Pole Approximation
» Zero-Value (Open-circuit) Time Constant Analysis
* Examples

Short-Circuit Time Constants

Examples
e Summary
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Dominant Pole Approximation

If one of the poles is significantly closer to the origin of the complex frequency plane, its
magnitude is a good approximation to the —3dB frequency.

Consider the following general transfer function:

N(s) o+ ais+aps?+ -+ aps" K
A(S) =D(s) = bo+bys+bys?+-+bys" T(  sY s LS
“P1) P2\ Pn
Equating denominator terms gives,
n
1 1 1 1
b1=-p1 P2 pn = 31 [ Pi]
1 1
If Ip1l<<Ipyl, Ipsl,...  then by = " D1 and W.3qB = Ip1l = by
Complex frequency plane:
jo
s-plane I
HK—X X > G
p3 P2 p1
Fig. 090-01
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Open-Circuit Time Constant Analysis
This method is suitable for finding the dominant pole of a

. . . . . n-port
circuit with multiple capacitors. e
Consider the following n-port network, T J_ -
We may express the nodal equations as, I Vi CT

_ 1
Iy = (@u+sCPVy + g2V + gi3Vz+ - o
L= gnVi +(gutsC)Vy +g23V3+-- 2 J_
I3y= g1V + gV +(g33+sC)Va+ - b v, | ==
: e
The determinant of the above can be expressed as ; ; J_
3 3 T~
As) =Ko+ Kys + K2S2 + K3S3 =Ko(1 +bys+ b2S2 + b3s3) 16
Wherf: Ko = A(C; = 0)'for all i = A_O | | Fig. 090.07
Consider now the K| which involves a single capacitor and is
given as

K| = h1SC1 + thC2 + h3SC3
The h; terms can be evaluated by expanding the determinant about each row:
First row: A(S) = (g11+SC1)A11 + g12A12 + g13A13 = hl = All(CiIO, iil)
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Open-Circuit Time Constant Analysis - Continued

Second row: A(s) = g21A412 + (822+5C2) Ao + 823423 = hy = Ayp(Ci=0, i#2)

Third row:  A(s) = 231431 + 232432 + (g33+5C1)A3z3 = h3y = A33(C;=0, i#3)
K1 = C1411(C=0, i#]1) + CrAx»(Ci=0, i#2) + C3A33(C;=0, i#3)

Finally,
K A(C=0, i#1) A (Ci=0, i#2) A33(C=0, i#3)
: - o . Vi An
If we realize that the driving-point impedance of the i-th port are expressed as T = AGs)
A 1(C=0, i#1) Ap(C=0, i#2) Az3(Ci=0, i#3)
then Rlo = AO R R20 = AO \ R30 = AO S e

are the driving-point impedances at ports 1, 2, 3,... with all capacitors set equal to zero.
bl = R10C1 + R20C2 + R30C3 + .-
where R;,C; are called the open-circuit time constants.

If there are no dominant zeros, then the dominant pole, py, is given as
| ol 1 1
@348 = 1 P1 =b_1=R1 C1+R2C2+R Cy+- — &
0 0 3043 i§1 (Rioci)
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Example 1
A more exact model of the common- [{ Cy
A

emitter BJT is shown below. Using the R; o Cr
open-circuit time constant approach, find —MW\—T— I °
an expression for the -3dB frequency. rn%w : J_ <+> R, % ;
i EmV1 out
T 5

Solution A

The procedure involves finding the open- Fig. 090-03
circuit time constants.

R;,(Corresponds to C;): -

Rip = rall(rp+R)) RS nZ en,

O

Ry,(Corresponds to Cp):
Vi=Lgl(rp+Rp) + (I8, VRL
Vi = Lrgll(rp+Rp) = IiRj,
Vi=IRio + [RL + I;igmRioRL
Rfy =Rjp + Ry + gmRioRL

Fig. 090-04
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Example 1 - Continued ;
R, ,(Corresponds to C,): t@
+ -
V,= I(rz +rp)IR; + kg VDR, DV R
Vi = LIRr/(Ry+rp+ry)] |
V= 1(rp +rp)\R; + LR + LR [(rp +rp)lIR]] kg Ylg N s
Ryo = (rp +rp)liR; + Ry + gl Ryr /(R +rp+rg) IRy, Fig. 090-05
1
0-3dB = RiOCi + RfOCf+ Rxocx
1
@O-3dB = rll(rp+R)) CHRip R +8mRioRL) Cr+{(rz +rp)IRAR 48, R [Rir /(R4 r )]} Cy

1 .
@348 = 701, *R)C; + [8,uRL(rr IRYNCr+Cy) 75 =0

Let Ry = 1kQ, ,=200Q, Ic= 1mA, ,=100, fr = 400MHz (Ic =1mA), C,=0.5pF, C, =0,
R; = 5k{, and find the —3dB frequency.

B, 1

'z =g, =10026)=2.6kQ, 7y =757 =398ps = Cz = guT-Cy = 15.3pF-0.5pF = 14.8pF
10-9 109 ]

S 03dB = 2 6l11.2(14.8) + (5000/26)(2.611)0.5 = 12.2+60.4 = 12.3x10°rad/s (1.95MHz)
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Example 2 - Cascade Voltage-Amplifier Frequency Response

Calculate the —3dB frequency of the cascade voltage amplifier shown which has the
following parameters:

R; = 10kQ Ry = 10kQ R;> = 5kQ
Cgsl = 5pF Cgs2 = IOpF ngl = ngz = 1pF
Cpa1 = Cpaz = 2pF gm1 = 3mMA/V gm2 = 6mA/V

Vbp Vbp
R ngl ngz
R; < o
+
M1 M2 D 1
) Vout Vin R RS Vour
Vin o = g”I V1 de 5“2 sz Chd{ ]
L L 1 " Fig. 090-06

Finding the open—01rcu1t tlme constants:
Ces1: Rgs01 = Ry= 10kQ2 Ces2: Rgs02 = Rp1= 10kQ
Cgq1: (Use the model to the right)

Vi=IRr+ (s + gm1 VORL1 = IR + (Iy + g1l RDR L)

V,
Redo1 = T: = R+ Rp1+ gmiRRr1 = 20kQ + 300k = 320k€Q - = =

Fig. 090-07
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Example 2 — Continued
Coap: (Can use the results of Cyyp)
Rea02 = Rp1 + Rio+ gmaRLiR 2 = 10KkQ + 5kQ + 300kQ = 315kQ

Cpa1: Rpao1 = Ry = 10kQ Cpoa2: Rpaoz2 = Rpp = 5kQ2

1 1
@-3dB = 57 = Rey01Cos1+Rg502Cs2+Rga01 Coa1 R a02C ot Rpa01 Cod1 +Rpa02 Cha2

109 109

= T0-5+10-10+-320-14315- 14102452 = 815 = 1.227x10° rad/s — f.3qp = 195kHz
» Computer simulation gives poles at —205kHz, -4.02MHz, and —39.98MHz and two
zeros at +477MHz and +955MHz.

* How important is it for the circuit to have a dominant pole for the open-circuit time
constant approach?

For a circuit with two identical poles, the —3dB frequency is

Wagp = OAN2 - 1) = 0.64m,

The open-circuit time constant approach gives
W.3gg = W, /2 = 0.50, —  22% error and is pessimistic
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Example 3 - Cascode Voltage-Amplifier Frequency Response

Calculate the —3dB frequency of the cascade voltage amplifier shown which has the
following parameters:

Ry = 10kQ Rpp = 10kQ Cont = 2PF
gm1 = 3mA/V 8m2 = 6MA/V ras2 = S0kE
Vop rds2
R gdl
R o L Dl= sz D2 o
1
|
- Vs Vou
v. + Mi LV Voul‘ D CgslI V1 CII CzIRLz t
( f GG2 _T_ - = Cpg1+Cys2 C2= de2+ng2

- - - - Flg 090-08
Finding the open-circuit time constants:

Cgsl: RgsOl = R]: 10kQ I
Coa1: Rgao1 ="
Vi= LR+ (I + gm1V)Rs2 = IR + (I; + g1l RPRs»

Vi
Rea01 =T, = Rr +Rs2+gm RiRs2 = Ry +Rso(1+8 1 Rp)
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Example 3 — Continued
But what is Rg,?

Using the model shown, we see that

rds2 Vi raotRpp
li=8mVi\rgotRn| = R2=T, = gyaran
Note that unless r ;> Ry, that Ry is greater than 1/g,,.
ras2tRio = =
. Roao1=Ry +(148,1Rp)| 5~ | =10kQ+310.2kQ =16.2kQ Fig. 090-10
raso+Rpo
Cli R01 = RSZ = gl dsd = (0.2kQ Cz: ROl = RL2 = 10kQ2
1 1
@-3dB = 57 = Res01Cos1+Rgd01Coa1 +R01 C1+R02Ca
1
= Rgs501Cgs51+Rgd01 Cod1 #R01(Cpa1+Cos2)+ Ro2(Cpar+Coa)
109 109

=T105+16.2-1+0.2-12+10-3 = 64.8 = 15.43x10°rad/s — f;3qp = 2.46MHz

Note that the Miller effect, Rngl» is less in the cascode amplifier (16.2k€2 compared with
320kQ).
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SUMMARY
* Developed the background for the open-circuit time constant analysis

- Good for amplifiers with multiple capacitors

- Works well if one of the poles is dominant, okay if not (pessimistic approx.)
e [llustrated the open-circuit time constant analysis

- Cascaded MOSFET amplifier

- Cascode MOSFET amplifier

* The input impedance to the cascoding stage depends on what is connected to the
output of the cascoding stage.

R — Vi raptRin
2= I ~ gmards2
We will continue the multiple amplifier analysis techniques in the following lecture.
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