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!'_ Research Goal

@ To establish
systematic design and analysis methods
of RC polyphase filters.

@® To derive
flat passband gain algorithm for 2"d-order filter

@® To demonstrate usefulness of Nyquist chart
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!'_ Features of RC Polyphase Filter

@ Its input and output are complex signals.
@® Passive RC analog filter
@® One of key components in wireless transceiver
analog front-end
- I, Q signal generation
- Image rejection
@® Its design and analysis methods
have not been fully developed yet.



!'_ First-order RC Polyphase Filter
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I, Q Signal Generation From

Single Sinusoidal Input
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!'_ Cosine, Sine Signals in Receiver
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!'_ Pure I, Q signal generation

3rd-order harmonics rejection

Iin= cos(wypt) + B cos>(w;pt)

| lout = Acos(w;pt + 0)
& C Polyphase

Filter |,
\g C | Qout = Asin(w;pt + 0)

Qin = sin(wypt) + Bsin® (w;pt)

With Without
3rd-order harmonics 3rd-order harmonics

10



Simulation of
!'_ 3rd-order harmonics rejection
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!'_ Image Rejection Filter

I;, = (A + B) cos(wt)

Polyphase
Filter
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!'_ 2"d-order RC Polyphase Filter
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!'_ 3rd-order RC Polyphase Filter

Amplitude difference
problem is
further alleviated.
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!'_ Transfer Function of RC Polyphase Filter

= Complex Signal Theory

= Complex input l Vi, jw) = Ly, + j0in,
= Complex output Vour @) = lout + jQout

= Complex V.. (jw)
Transfer Function ‘ G(jw) = Vo, jw)




Transfer Function of
!'_ 1st-order RC Polyphase Filter

Differential signal

[in(t) = Iiny (8) — lin_(2)
Qin(t) = Qins(t) — Qin_(t)
Lout (t) = Iout+(t) — Loyt (1)
Qout (t) = Qout+ (t) - Qout—(t)

Complex signal

Vin(t) = Iin(t) + jQin(t)
Vout(t) = Loyt (1) + jQouc ()
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Transfer Function of
!'_ 1st-order RC Polyphase Filter

_ |Gifien)]
Transfer Function 1.4
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Explanation of
!'_ I, Q Signal Generation by Gi1(jw)

Qin(t) =0, [in(t) = cos(wt)
Vin8) = 1n(®) + ] Qun(8) = coswt) = 5 [/% + eI}
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Transfer Function of
!'_ 2"d-order RC Polyphase Filter

Transfer Function

(1 + (,()Rlcl)(l + (,()R2C2)
1— Cl)zR]_ClRZcZ ‘I‘_]C()(ClRl + C2R2 + 2R162)

G,(jw) =

Derivation is very complicated, so we used “"Mathematica.”
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!'_ Contents

@ Flat Passband Gain Algorithm for 2"-order Filter
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!'_ Why 2Md-order RC Polyphase Filter ?

@® 1st-order RC polyphase filter
@ Performance is limited.

@® 2"d-order
=) Handy, good performance

m) Widely used.

@® 37d-order
) Circuit is complicated.
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Need for Flat Passband Gain Algorithm
!'_ of 2nd-order RC Polyphase Filter

Transfer Function
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Four Design Parameters
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!'_ Two Constraints from Filter Spec.
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@® We use the third constraint X =
for passpand gain flattening.

RyCq

@® The fourth constraint is left for ease of IC realization.

!'_ Proposed Algorithm Uses Third Constraint
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Nyquist Chart of G2(jw)

Gain characteristics |G2(jw)]| Nyquist chart of G2(jw)=X(w)+j Y(w)
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Our Idea for Flat Passband Gain Algorithm

Gain characteristics |G2(jw)]| Nyquist chart of G2(jw)=X(w)+j Y(w)
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If we make|G2(jw1)| =|G2(jw2)| =|G2(jvVwiw2)]|,
gain would be flat from w1 to wa2.

29



!'_ Solving Third Constraint

Our algorithm

|G2(Jw1)| =1G2(Jw2)| =[G2(jvwiw2)],

!

awsy + fwy +y =0

We need a positive real solution of w2i.

W1 =

R (4
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Condition for Solution

. . — 2 __
Third constraint | wy, = - = A VE* = 4av

R,C; 20

a=6w?+ 6w3 + 4wiw, — 8w, (w1 + wy)
,8 - 66()% + 60()% + 100‘)1(1)2((1)1 + 0)2) — 8*\,’(01(1)2((1)1 + 0)2)2

]/ = (Ui} + CU£21- + 26[)1(1)2((1)% + (U% + 5(1)1&)2)
— 4[5 (w7 + Wiw, + ww3)

- w
For a positive real w21 = 0.79142 < w—l < 12.63556
2

This is obtained from numerical calculation.

31



Numerical Simulation Result of
Our Algorithm

Gain characteristics |G2(jw)| Nyquist chart of Gz2(jw)=X(w)+]j Y(w)
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Passband gain becomes flat.
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Image Rejection Ratio (IRR)

1.6
1.4

7
1.2 /
. /
[
/
f

A

(D os

— 0.6

2
G @) = Y2t Ve

~

. ‘ (@7 — V@1)* M\
|G (—jVwiwz)| = . K - Jv /
U Yo
10 5 0 5 ] 10
-2 Stop band -Wi1 1 Pass band 2 W

1 1 2
K — wlwz(w1+ + )

Wz Wi2
] 2
Passband Gain Vw2 +/wq
@®Image Rejection Ratio = : —
(Stopband Gain)pax VW2 —/®1

33



Y(w)

1
12
14 @2

Nyquist Chart & Image Rejection Ratio

2o

J SRS N
N

v

(
\| 7
\

-1.5 -1 -0.5 0 0.5 1 1.5

X(w)

1)
‘ 1 \~\ 7
Vw0, Fﬁ passband —— \N\
~
S
~

Nyquist Chart

Nyquist chart visualizes image rejection ratio.
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!'_ Summary

@® We have clarified operation of RC polyphase filters
using their complex transfer functions.

@® We have derived
a flat passband gain algorithm for 2nd-order filter

@® We have demonstrated
usefulness of Nyquist chart
for algorithm and image rejection ratio derivation.
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Thank you for listening
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