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Research Objective

Fine CMOS process=— Low voltage

.

Analog band-pass filter
* Switched Gm-C integrator

* Digital schemes
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e Switched Gm-C Band-pass Filter




Proposed Switched Gm-C Integrator
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Proposed Switched Gm-C Integrator
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Continuous Adjustment of Switched Gm-C Integrator
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Integral Part Adjusting
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Adjust Fractional Part by PWM
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Gm l i N
| Tr

l - Integral part tuning

Switched Gm-C Integrator

4{>;r_ OFF —
M-2

M =D-Gm
Vin

D — TOI’I

T,,+ T

on

PWM control

12



Adjust Fractional Part by A2
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Input and Output Waveforms of Switched Gm-C Integrator
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Input Voltage Amplitude and Pulse Density with AZ Adjustment
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Gm-C Second-order BPF
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Gm-C Second-order LPF

P o P u P~

Gm1  TCl-Gm2 Gm3 ICZ -Gmd

—

Another node of the filter

oV GmGm __ Ko,
H (S) __m _ . ml 3 a H (S) = — )
V. s°CC,+sC,Gm,+Gm,Gm, S +65+a)0
o |GMGm, 0- CGemGm, . _ Gm’Gm,
’ C.C, C,Gm? C,C,Gm,

17



::c'l

M ,N
M,N,N,

0| Vi

Cl3 1

Gmd

-
Clk32

|
L
Gm3

|1\..|—.

4Gm3

Cl2.1

=-Gm2

-
Ce22

A

- Gm2

Clk24

s

~4Gm2

Proposed Digitally-controllable BPF and LPF

Ciki1

Gml

/\

Gmi

Chki.4

|~

N

4Gm1

18

2
1

|

M, N, N,
M,N;




Outline

e Center Frequency Tuning
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Whole Tuning Scheme

oo
"o

" O
-0

\\_h

I"'a.\“lin _d—_-

X

)
=
o

Register
Register

Filter

Vref () o
Sin(wot)

Venst %’)

T

kv

A 4

Vier

e

CLK

CLK

Charge
pump

4 bit

1
ADC

o

e Suitable for digital low voltage implement
* Require a reference frequency

20



Center Frequency Tuning Part
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Proposed Center Frequency Tuning Method

Magnitude characteristics
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Principle for Using Phase Characteristics
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Signals of PFD
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Operation of Charge Pump
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Input and Output Waves of BPF
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Center Frequency Tuning Simulation Result of BPF

Simulation Gm=5x10"S C =1.59pF
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Center Frequency Tuning Simulation Results of LPF
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e Q-Value Tuning
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Q-value Tuning Part
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Q-value Tuning Method
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In Case Q is Smaller than Desired Value
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Output of Comparator
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Output of Charge pump
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Output of ADC
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In Case Q is Bigger than the Desired Value
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Algorithm of Q-value Tuning
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Input and Output Waves of BPF
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Q-value Tuning Simulation Result of BPF

Simulation
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Q-value Tuning Simulation Result of LPF

Simulation Gm=5x10"S  C=1.59pF
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Conclusion

* Propose a digitally-controlled Gm-C band-pass filter using
switched Gm arrays

> Fine CMOS wm) Low voltage

* Digital tuning schemes
» Center Frequency w====) Phase property

Orthogonal Determined by Gm3, Gm4

» Q-value =====) Gain property (Center frequency has been adjusted)

Determined by Gm2

* Present SPICE simulation results
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