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Purpose

* To develop jitter generation methods
for high-speed 1/O interface testing
- Low cost
- Flexible jitter generation
- Easy to design
- Suitable for BOST

BOST: Built-Out Self-Test
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Application

PHY Bitrate (Ghps)

Jitter generator for high speed I/O interface tolerance testing
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Jitter tolerance testing Is necessary at low cost
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Innovation

Proposed method I Proposed method II
Using “inter-symbol interference” Using “digital modulator”

| |

Mostly digital implementation

B

Low cost & Easy to design

Conventional methods

S

Difficult
to Design

BERT(Bit Error Ratio Tester
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OUTLINE

» Proposed Method 1
 Inter-symbol Interference (I1Sl)
 Jitter Generator with ISl
« Simulation
 Summary

» Proposed Method II
« Jitter Generator with A% Modulator
* Multi-bit
 Simulation
 Summary

» Conclusion
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OUTLINE

» Proposed Method 1
 Inter-symbol Interference (I1Sl)
 Jitter Generator with ISl
« Simulation
 Summary
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/ Jitter Classification
Timing
— "‘*ah_h‘h
Random Deterministic
— h‘“‘ﬁnhh

Data Dependent Periodic
/ \

\ Inter-symbol interference | Duty Cycle Distortion

~

/

¥

Preceding signals » Subsequent signals

T
NI

affe

ct

010101110

A 0101010%

[ NN\

R

7/34




Proposed Circult
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Operation Principle
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» State canceling signal
Previous signal influence cancellation

» Jitter control signal
Jitter amount control for target signal

» Target signal

Shifted by jitter control signal



Parallel Operation(®
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Parallel Operation(2
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Simulation of RC LPF & Buffer
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Dout
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ransient Equation (Input = VbD case )
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ransient Equation (Input = 0 case )

) tn-S _ ‘tn-z v tn—l v tn

IL R

‘ Uc'(tn—3] Ve(tn-1) M\
©, @ V(t)
Voo / %\ c - V¢
| VUc (tn—z) Ve (tn) I
When V(tn): . -
D ve(ty) = ve(th—1)exp(— %)

@) v (tn) = Voo + (v (ty2)exp(=2) = Vpp)exp(~ =)
©) ve(ty) = °



15/34

Validation Policy

Circuit simulation “ Numerical simulation
(Spice) (Scilab)

tr
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)

L L CHOIN )
. 1024 =026
: PIWLIO0 100100103 20 4260100300 30010 2 kn 3 400K 0690 60010 3 80 8.001H07n 070010 2 80 )
AC10
¥ @




3.3V

16/34

Circuit & Numerical Simulations
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Circuit Simulation Condition
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» Simulation software : Spice
» Model parameter: TSMC180nm

Inverter threshold = Y22/,
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Input Signals of Simulation Circuit
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SPICE Simulation Results

Clock Signal
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Jitter amounts can be digitally controlled
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Summary

Proposed Method 1
Jitter Generator with I1SI

® “Inter-symbol interference” positively using method

010101110
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A\
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» Jitter amount can be controlled with full digital

» Circuit operation was confirmed

by numerical simulation / circuit simulation
Scilab Spice
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OUTLINE

» Proposed Method I
o Jitter Generator with A% Modulator
« Multi-bit
* Simulation
« Summary
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Proposed Circuit

Digital AZ modulator + Small analog circuit = Jitter generator

(DAZ modulator can be realized by software on ATE
@I, 4 is switched by AT modulator output
@ Power reduction by feedback output

III"'rf[:ll:l 1|""'.[ll-[ll-
| IperT Ioea
AZ Modulation |— @DC
(DSoftware Jitter
W . lf}itter " 7 '
/ ; + {
CLOCK _.'_{"\-_" p— J_—_ 'Ideal clock o
C I Vref
_ Delay
T @ Feedback




Operation Example

Operation

1. Iy is switched by A2 modulator output
2. Current accumulation in capacitance

3. Output rises when V. exceeds V.. ¢

4. Clock resets the capacitor.

&

1 cycle of pulse including jitter

AZ Modulation f—s

AV
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Jitter Equation

Jitter deviation range
Wpulse_ref = ] itter < Wpulse_max
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Multi-bit A2 Jitter Generator

» Changing single-bit quantizer to multi-bit
» Each current value Is constant.

» Iy IS always connected 2%pcs (bits)
VDD VDD VDD VDD
Shit IDCl : IDCZ : IDCB : IDC4
o s | APV PN
uiti-ol
‘_ Z — Quantizer T * ¢
v )

Multi-bit AZ Modulator —l—_ V}'itter
‘ Z, _T_ Vref
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Circuit Simulation Condition

Simulation software : SIMetrix
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Circuit Simulation Results
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Numerical Simulation Condition

Simulation software: Scilab —— Validation ltems ——

O Generated pulse trains
O Jitter amount

\'} V
- s O Spectrum of jitter amount
fin:1kHz
Vip: £1V l,
‘l/ IDCl IDCZ
AZ Modulation f— 1mA | 1mA

fsampling = 1MHz
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é _]_100pF
CLOCK
L
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Numerical Simulation Results (Single-bit)

€ Spectrum of jitter amount
» Input frequency : 1kHz
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Numerical Simulation Results (Multi-bit)

€ 2-bit A jitter modulator
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20 40

Frequency [kHz]

Harmonic components greatly reduced due to multi-bit




31/34

Summary

Proposed jitter generator II
Jitter generator with A= modulator

¢ ‘A2 modulator” using method

Realized by software
on ATE

» Jitters can be generated with digital circuit & small analog circuit

» Circuit operation was confirmed
by numerical simulation / circuit simulation

Scilab SIMetrix
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OUTLINE

» Proposed Method 1
 Inter-symbol Interference (I1SI)
 Jitter Generator with ISI
« Simulation
 Summary

» Proposed Method I
o Jitter Generator with A% Modulator
e Multi-bit
* Simulation
 Summary

» Conclusion
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Conclusion

Proposed jitter generation methods

1. Using “inter-symbol interference” 2. Using “AZ modulator”
CLKin Generat‘:n creut_ |2l cu(q _[>—|:‘l L l/ CLKout1 éfm lyer

||-—||l

Dlg:::.laiil‘z;nlciﬂfl Dentrizr— Din2 —— V2N , I: Victer
i clk :?er l—:: J—f L~ CLKoutz;L: m@_‘ _ 1S
' Mostly digital implementation ‘

Jitter generators become low cost & easy to design

Future works

Implementation & Experiment
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Final Statement

Nature prefers fluctuations.

Albert Einstein




