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Bode plot
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Power
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Bode plot
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Single time constant (STC) circuit

V,(jo)
V.(jo) R -

Vi (jo) @ High pass filter & = %)
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T(jow)= /(R : ) " (R+R)C (i) 1-jo, /o
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(STC) circuit: Bode plot
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(STC) circuit: phase
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“Poles and zeros”

STC has one pole
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Short cut

. C
1]
| | + o) =Tt
l+w,/jo
Vi(jo) @ R, v, (jo) 1
B LR +R,)C

The corner frequency (the pole) is one over a time constant
— just find the RC time constant.

Kill the voltage source and find the Thevinen equivalent
resistance that the capacitor sees.
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Short cut
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Now analyze this circuit

VDD

\
i R,
/

= | undstrom=2019
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First corner frequency

1
+R;, IR, )

W, = CCl(R

series

Expected be small (which is good)

Important: While we compute this corner frequency,
we assume that the other C's are shorted
— this produces a STC circuit.
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series

Second coupling capacitor

VDD

= | undstrom=2019
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Second corner frequency

1
Cer(R,+R,)

W, =

Expected be reasonably small (which is also good)
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Third coupling capacitor

VDD

series

- 19
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Third corner frequency

1
Dus = Cs (R 1(1/g,))

Expected be the largest of the three.
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Result
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Select the capacitors to:

Voo Make f, = 100 Hz
RGI:IOmeg RD:ISkCCZ

-— g, =1mA/V R =15k
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Bode plot

4,|dB
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Select the first capacitor

Voo Make f, = 100 Hz

R, =10 meg R =15k

C2

CCI

=100 k

series

R, =15k
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Source capacitance

Cs is expected be the largest of the three. It require the
largest C to make the Corner Frequency spec.

= l =27 x100

Dus = Cs(Rs11(1/g,,))

/g =26Q
Now make the other two
corner frequencies 5-10 X

1
— =628 %26 smaller.

S

C,=62x10"°F
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Select the second capacitors

Voo Make f, = 100 Hz
RGI:IOmeg RD:ISkCCZ

Rseries
—HF
N

\I_,/
o
i
S
<

R, =15k
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The second capacitor

1

W, = =2 x10 10 X smaller
O Co (R + Ry I R,,)

series

Cer=[628%(100x10° +4.7x10°) |

C.,=33x10"F
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Select the third capacitor

Make f, =100 Hz
R_ =10 meg R, —15/1(—

4 \
|
/

R, =15k
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The third capacitor

1
= =2n x1
,, c.. (RD +RD) %10

-1

C., =(62.8x30x10°)

C.,=05x10"°F
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Now analyze this circuit

VDD
RBI RC C
C2

Ry l)
||

CE
R
B2 RE




Answers can be written down by inspection
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CB: CC Example

l

[, =101 mA
g, =38..7mS
r, =524k

o

RB
10

[., =086 mA
§RC §R12
4k 300k 8= 33.3mS
Pl e r =617k
S00F N VPN
2N2222 C3
C1 : |
S00uF

REZ2
43k

§R|
60k
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Example

~18dB V{(n@06) 100°
-21dB— — 80°
—24dB— — 60°
—  40°
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...................................... - 9°
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-45dB— “\--100°
_48dB 1 ll”"l | L ll”"l | L lll"ll | ll”"l | L llll"l | L lll"ll | L llll"l | L AL _1200
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series

Our CS circuit

CCI

_

é

Cs
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Our (simplified) approach

38

1) Short two of the capacitors (they are supposed to have
essentially zero impedance at the frequencies of interest).

2) Evaluate the STC circuit:
W, = 1/(C1Rth1)
3) Repeat for the other two capacitors.

4) Estimate the frequency response the amplifier as:
_ A, (mid)
\/1+(a)L/a))2

Ay (w)| W, =0, +0, +0O,
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Our (simplified) approach (ii)

This approach assume that the overall transfer
function is the product of the three STC
circuits:

| ! 1 1
Au(a’):Av(mld)(1+a)L1/ja)j(1+a)m/j(0j(1+wm/jwj

T(w) =1 (w) XT, (w)x T (w)

There is no guarantee that this will always
work, but the procedure often gives us a good
estimate for the corner frequency.

How would we solve the problem correctly?
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Exact low frequency response of CS amplifier

wZ
1+$
A, (0)= i /
RN % Y 5
I+—— (| I1+— || 1+—
Jjw jo jo
(See Appendix)

Almost the product of 3 STC responses, but there is an

additional zero.
1 1

T re (Rs111/g,)C,

N

So the zero is not important - it does not affect our
conclusions about the LF corner frequency.
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Short-circuit time constant method

42

1) Short the other capacitors (they are supposed to have
essentially zero impedance at the frequencies of interest).

2) Evaluate the STC circuit:
W, = 1/(C1Rth1)
3) Repeat for the other capacitors.

4) Select the largest corner frequency and estimate the
frequency response the amplifier as:

A, (mid)

i+ (o, /o)

4, (o)

W, =0, +0;,+0,,
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Exact low frequency response of CS amplifier

series

44



I_____'___CCI___i
= V()
| R
"y | Vile)= 1Y
R.+R_
‘/s(w) RG — RG1 || RG2 I G series ijC1
| R !
— G
— | ‘/i(w)_(R +R,, j W,
— G series J | + C
- _=_] jo
0. — 1
o (RG +Rseries)CC1

Exact low frequency response of CS amplifier
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Exact low frequency response of CS amplifier
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Exact low frequency response of CS amplifier

Vi(o)
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Exact low frequency response of CS amplifier

I,=gV

m gs
VgS:I/i_]dZS
V.
P
l+g Z,
Y
l,=8V ———
‘ Yi+g,
|
YS:R—-I‘](UCS

S
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Exact low frequency response of CS amplifier

l,=g.V, s Y—i+‘a)C
d ml)/S+gm S_RS -] S

After some work, we find:

)

1+—= 0 {
JO _
=8 0, = Y
d 1+& (RS“l/gm)CS ’ RC
jo

In addition to the expected pole, we find a zero.
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Exact low frequency response of CS amplifier
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Putting it all together

(w) Ce:

We find the expected pole.
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Exact low frequency response of CS amplifier

V(@)= ~(R, | R, )—p—1,(@)
1+—<2
Jjo
1+QZ
,(@)=g,—=V(o)
1+—
Jjo
R 1
Jj
V@) ()= =B g R IR, x
V(@) ™ Ri+ R )" 77

L+2£
Jjo

1+g?l 1+35— 1+9?%
Jjo Jj@ jo ) %2



Exact low frequency response of CS amplifier

wZ

1+—=

A, (@)=A, (mid) 2
(1+?Clj(l+%j(l+%2j

jo jo jo
: R,
A, (mid)=- P g, (R, IR,)
G series

Almost the product of 3 STC responses, but there is an

additional zero.
1 1

T re (Rs111/g,)C,

N

So the zero is not important - it does not affect our
conclusions about the LF corner frequency.
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