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Research target

High-speed I/O interface signal timing testing
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Enable to test at low cost

SAR : Successive Approximation Register 5
TDC: Time to Digital Converter



Application
x Large amounts

Multi channels

ATE : Automated Test Equipment 3



Innovation
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Research objective

To develop time-to-digital circuit with small size,
low power, fine time resolution

& one-shot timing signal measurement capability



Approach
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Enable to measure one shot timing
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Problem of SAR-TDC & remedy

Voltage can be held

Time difference be held

— Suggestion

Time difference can be held !

J
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Suggestion

START

|

SAR

i L_i | | STOP

|

Dout

TDC '

" SAR TDC + Ring Oscillator
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Measure one-shot timing
. Full digital circuit

$

Full digital FPGA implementation
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ATE system & TDC

@® “Timing” is very important
In ATE systems

@® Many high-performance TDCs
are used there.

Such as
for clock timing, jitter measurements

[1] K. Yamamoto,at. el. (Advantest Corp.),
“Multi Strobe Circuit for 2.133 GHz Memory Test System,”
IEEE International Test Conference, Paper 6.1 (2006). 12



Analog/mixed-signal BIST, BOST

@® TDC can be used for BIST, BOST

|
Chip design time become longer Long time to market
Chip become larger Costly
Difficult to assure its reliability Should be simple
@

Design / implementation after tape out attractive

BIST : Built In Self Test

BOST : Built Out Self Test s
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SAR TDC architecture

D-FFs can be greatly reduced
by using MUX

Circuit operation loop can be made
with successive approximation
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SAR : Successive Approximation Register SAR TDC



SAR-ADC Vs. SAR-TDC

Comparator

SAR ADC : Digita
output

® DAC

SAR TDC :

® Delay line,MUX

SAR-TDC 16



SAR TDC operation
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SAR TDC operation
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SAR TDC operation
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SAR TDC operation
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SAR-TDC employing 2-ring oscillators
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Ring oscillator timing chart
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Low frequency clock measurement
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for low frequency repetitive timing
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Simulated circuit
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One shot input timing signal
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D-FF output signal at each steps
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Input output linearity

00

~

(o))

(9))

B

w

N

[

—
©
£
&)
)
©
N
)
-
o
)
>
O

SAR TDC employing 2 ring oscillators input & output have linear relationship
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Summary

>

timing can be measured with SAR TDC

» Ring oscillator can generate

> Implementation employing ring oscillators.
Suitable for high & low frequency repetitive clock timing
v'Small circuit v'High linearity
v'One shot timing v'High resolution

v Full digital
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Future works

» FPGA Iimplementation
» Experiment using sighal generator

» Calibrate oscillation frequency
mismatch of ring oscillator
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Thank you for your attention
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Q&A(2)
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Q&A(3)
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Flash TDC vs. SAR TDC
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High & low frequency clock measurement

High Frequency

CLK1 | L
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Low Frequency

wa i 0.01Hz
ReadyJ

START

_ 10ns X 10 = 100ns

Ring Oscillator |

for low frequency repetitive timing >




