
マルチビット化の利点
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測定サイクルを!としたときの比較

"#$%&の場合 '#$%&の場合

マルチビット化することで短時間で高線形性に測定可能
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Simulation Conditions
Delay of !" TDC (! ) 200ns

Input frequency 1MHz
Phase variation of CUT 10kHz

The number of !" TDC data 4096
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Simulation Conditions
Process 180nm CMOS

Delay of !" TDC (! ) 500ps
Input frequency 10.24MHz

Phase variation of CUT 10kHz
The number of !" TDC data 4096
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Conventional Phase Noise Measurement

! Spectrum analyzers are necessary

! Measurement for a long time

Very costly!!

In order to test many LSIs in parallel...

Many spectrum analyzers
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Sigma-Delta TDC
Good linearity

Small circuitry

Fine time resolution

The  phase  noise power spectrum
can be obtained by FFT of !" TDC output

Measure the phase noise without a spectrum analyzer

Low Cost & High Quality Test

!"#$%&'()*+),&#-&.(*,)/'0"1)&2'3

M
U
X

M
U
X

! Phase
Detector

Analog
Integrator

CLK1

CLK2

-

+
Dout

Clock
Generator

CLK1

CLK2

"#
TDC Dout

0 0 1  0  0  1  ・・・
・・・

#T #T #T

Up

Down
M
U
X

!"#$%&'()'*)+,-.%/0#12%)304

CLK1

CLK2

Dout
0 or 1

!" TDC

Delay :!

!

- !

The number of output pulse ‘1’ 

"T
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! Small circuitry

! Fine time resolution
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The longer measurement time, the finer the time resolution.
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Various frequencies

cause errors in communication systems
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Its measurement & testing is necessary 
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! Proposal of phase noise measurement 
using sigma-delta TDC.

! Verification by MATLAB and SPECTRE simulations. 

! A multi-bit sigma-delta TDC 
with linearization techniques
can further reduce the measurement time.

! Low cost and high quality phase noise test
can be realized.


