Chapter 5: Frequency Response

5.1 Nodal Analysis

Fig. 5.1: ECL pair with passiveload

Differential mode (Half circuit)

Fig. 5.2: Half circuit and SS model
Cm: CJC

Cp=Cje+ Gy =Cie+ Ontr

Assumptions: Neglect I'm ro, Ces
Node 1: u+V—"+vpsCp +(vp -v,)sC,, =0
RS + rb rp
Y
Node 2 : (V, - v, )SC+ 0.V, +E°:O
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Solving for vo/vi: g 9|
=- R R
Ao =GR iy
Neglect 1 = gm/Cm>> Wr = gn/(Cp + Cp) ;
Typicaly, C, >> Cpy,
Coefficient a= C,R_ + CiRr + CoRr + gmR.RrCrn where Rr = (Rs+ 1p)|Irp
Coefficient b = R RrCCp

Denominator = 1 + as + bs?

_-azxsa’-4b _ agH 1 4bu
pl’pZ Z:) Zbe_ ag

For practical circuits, b/a? << 1

SO [p2| >> [ where (joz| > w)

Fig. 5.3: Location of polespi, p»
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Example:

Fig. 5.4: ECL pair with passive load - example
Cm=Cjc=05pF
Cp = Cje+ Ontr = 2 pF + (1/52)0.5 ns~ 12 pF
rp = b/gm = 100 (52) = 5.2 kW
p1=1/a=11x 10° r/s~ 2 MHz
p2 ~ alb =2 x 10° r/s ~ 300 MHz
Z= gm/Cm=40x 10° r/s = 6 GHz

Fig. 5.5: Approximate Bode Plot
So there are 2 poles and 1 zero where p, >> p1 and z >> py

Here p; predicts the frequency response until f = po.
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5.2 Analysis of CE amplifier using Miller approximation

Fig. 5.6: General Technique

IX_vX-AvX:vX b7 = Z
Z, zZ, Y-

IX_VX-AVX:_ Avxp z7 =
ZX ZZ

if ..ZX: <

-1 _»p (1- AlC

7 dLl- AC
- A (1- A)

Z, = b C

* d1- Ac - A

An exact answer can be obtained if A = A(S) is known.

Miller Approximation:

Since we do not know A(s), we can use A = A (s = 0) asaway to predict the first pole
because A(s) is quite close to A(0). However, results for the second pole may be quite

inaccurate.

Applying the Miller Approximation to CE analysis:

Fig. 5.7 SScircuit for CE amplifier
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Since input and output loop are not independent, analysisis a bit tricky. With Miller
approximation, we can split Cn,

Fig. 5.8: SScircuitsfor CE amplifier —Miller Approx.
Miller Approximation: Use A ~ Agc = - gnR_
So then, from the left half of the circuit, the first pole can be estimated,

1
Re+ 1)1, JIC, +C @+ g,R )

|p1|=[(

Compared to the first pole obtained by nodal analysis in the previous section,

1
R, +r,) Il Jc, +C,@+g,R)+C, &

- 1.
PR

The second pole, however, is quite inaccurate in the Miller approximation,

1 1

di+g.R)/ U RC,
RiCng 0.RE

|p,| =

p2 = 30 MHz in example compared to 300 MHz from the exact analyss
There is no zero provided by the Miller approximation.

The Gain Bandwidth (GBW) product then,

r 1 . 1
r.p + rb + RS [(RS + r.b)” r.p ]l_Cp + Cm(:|'+ ngL)J (RS + rb)Cm

GBW =g, R

Note that the GBW is independent of R. = Rc which indicates the tradeoff between gain
and BW. Maximum GBW achieved for minimum values of R, rp, and Cp,
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5.3 Frequency Response of multistage amplifiers

If we assume no dominant zeroes:

b, +bs+..+bs” . b b,

0 0

A K K,
A/

where n = number of an independent energy storage element

Vo _ Ky
Vi &, S0 §[+19
§ P& Pup

If we compare the co-efficients of the above two equations,

&:i+i+i+"_+i@i
bo pl p2 pg pn pl

since, in most practical multistage integrated circuits, there is one dominant pole.

Fig. 5.20: Polelocation in multi-stage amplifiers

If the dominant pole is on the negative real axis,

Fig. 5.21: Bode plot showing effect of dominant pole
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We need to find by/bg!

Here, we introduce zero value time constant analysis that gives by and by exactly even for
complicated networks

f-3dB @—
Zp&blg
%, 5

Consider an example of the CE amplifier using ZVTC anaysis,

Fig. 5.23: CE amplifier circuit

Fig. 5.24: CE amplifier SScircuit
Start by open circuiting capacitors and turning off independent sources,

RpeQ

Roeq = (Rs*ro)l|rp
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Fig. 5.25: SScct to extract equivalent resistance for G,

Rreq
Fig. 5.26: SS cct to extract equivalent resistance for Cy,
Node 1:
Vp = it Roeq
Node 2:

it + Om it Roeg + (it Rieg —W)/R. =0
Rieo =Wit= Roeg+ (1+ gmRoe)RL
ReQ =R (1+gmR) + R

1 1
W = =
*® 4T, C,Re+CuRuo

If Re= 10 kW, R_ = 10 kW, I = 100 A, Cje = 1 pF, Cjc = 0.5 pF, tr = 0.5ns, b = 100

Om = 1/260W; rp, = 26KW; Cp, = 1 pF + gt £ = 3 pF; Waags = (22 ns+ 150 ng)™* ~ 6 MHz
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5.3.1 Limitations of ZVTC analysis

Does not predict zeroes or work with dominant zeroes
Example: emitter follower

Does not work with complex poles

Fig. 5.27: Bode plots

When there isn't one dominant pole, the predicted w.sqg is less accurate.

For example, in a cascade of identical amplifier stages,

Fig. 5.28: Cascaded amplifiers

Here,
v, K K
=2 = 2 = L p, =—=;n=#stages
| §3+i%..§[+ig &S0
plg pnﬂ plﬂ
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v, _ 1 _ 1
whenw = W.3gs L= - =
vV, - 6203 ’\/E

91+ae/vi_

& &Phog

and Wy =P 2% -1

n W.34B (€xact) W.34 (ZVTC) % error
1 P1 P1 0
3 051 p; 0.33p1 35

Fig. 5.29: Comparison of ZVTC and exact analysis for more than one dominant pole

5.4 Frequency response of the 741 OPAMP

1

W =
- 3dB
afo

Fig. 5.30: Simplified 741 opamp schematic for frequency response calculations

Look for the node with the highest resistance and capacitance! For 741, an internal
compensating capacitor of 30 pF has been added so this part is easy.
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Consider the output of stage 1:
R = Ro1||R2 = 6.8 MW || 5.5 MW =3 MW
Consider the output of stage 2:

R = Ry2||R3 = 83 kW|| 9.0 MW = 82 kW

Fig. 5.31: Second stage of 741 opamp
Gn = 1147W;
Reo = Ri + Ry + GRiR: = 3MW + 82 kW + (1/147)(3M)(82k) ~ 1.7 x 10° W

Therefore, f.348 ~ (20 IR’EQCcomp)'1 ~ 3.1 Hz (inredity, if SPICE smulations are
performed, you will calculate this value to be around 5 Hz)

Using the Miller method since Ceomp IS @ Series capacitor,
Cwm = (1 + GnR)Ceomp = (1 + (1/247)82K)(30pF) ~ 16,765 pF
Therefore, f3gs ~ (20RiCeonp) ™ ~ 3.2 Hz

There are the other norntdominant poles namely the Q.3 PNP emitter follower,
active load and the PNP level shifter (Q;, Qq)

Adding the internal compensating capacitor had the beneficial effect of moving
the dominant pole far away from the other poles so one gets a stable, well-defined
gain function.

However, this comes at alossin gain at higher frequencies since the pole

introduces a -20 dB/decade dope in the gain function at the very low frequency of
S5Hz
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