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Analog-to-Digital Converter
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SINCE 1983

Research Background and Objective

Research Background

High-frequency, wideband signals become more utilized
in electronic and communication systems .

Their acquisition with S/H circuit is very important.

&

Fundamental theory of S/H circuit has not been established yet.

Research Objective ]

Fundamental trade-off clarification of S/H circuit design.
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Configuration of S/H Circuit

BOpen-loop S/H circuit:
Switch and Capacitor
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SSSSSSSSS Operation of S/H Circuit

® SW : ON
Vout(t) = Vin(t)

Sample mode

® SW: OFF
Vout(t) = Vin(toeg)

Hold mode

Vine SW

Vin — Vout
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Configuration of Wideband S/H Circuit

Signal Source S/H Circuit
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Configuration of Wideband S/H Circuit
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Two Time Constants T4, T, In S/H Circuit

Signal Source S/H Circuit
SW
’\M o/c o
R
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B Two Time Constants in S/H Circuit
® 7; :(Rget Rpp) XC

® 7, . Switching time window
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Two S/H Circuits

Track/Hold Circuit
To > Tq

Impulse Sampling Circuit
T, < T4 (narrow window)
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Our Challenge !

Track/Hold Circuit
To > Tq

Impulse Sampling Circuit
T, < T4 (narrow window)
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Operation of Two S/H Circuits

Track/Hold (7, >» 14) Impulse Sampling (7, < 74)
1
Step
. Input ‘
Wide pulse >, |Narrow pulse
Switch S T, H t Switch SiT, H t

Output

-

Complete charge
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Frequency Transfer Function
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of Two S/H Circuits

Track/Hold (7, >» 14)
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of Two S/H Circuits

Track/Hold (t, >» 14) Impulse Sampling (7, < 14)
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R —_
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Bandwidth and SNR of Two S/H Circuits

Track/Hold (t, >» 14) Impulse Sampling (7, < 14)

1
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2
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Bandwidth, = 1/14 Bandwidth, = 2.78 /1,

SNR, & \/T; SNR, X T, /JT1

7,  RC product
T, - Switching time window
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Bandwidth and SNR of Two S/H Circuits

Track/Hold (t, >» 14) Impulse Sampling (7, < 14)

1
1+jtyw

H;(jw) =

. T2 . (T2 —jk2

H,(jw) = —=sinc|—=w)e’2¢

2
Tl 2

Bandwidth, = 1/14 Bandwidth, = 2.78 /1,

ITrade-off I Trade-off

SNR, & \/T; SNR, X T, /JT1

Fundamental Trade-off

7,  RC product
T, - Switching time window
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switching time window time
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Derivation of Unified Theory (2) 26/45

~ Fourier Transform of Impulse Response ~
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Relationship of

T/H, Impulse Sampling and Unified S/H. Circuits

Unified Theory
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le»l (Impulse Sampling Circuit)j




28/45
Gain Characteristics of Unified S/H Circuit
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SSSSSSSSS GB Product and Switching Time Window T,

of Unified S/H Circuit
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GB Product and Switching Time Window T,

of Unified S/H Circuit
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GB Product and Switching Time Window T,

of Unified S/H Circuit
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GB Product and Switching Time Window T,

of Unified S/H Circuit
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of Unified S/H Circuit

SSSSSSSSS
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of Unified S/H Circuit
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of Unified S/H Circuit
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SNR and T1 (TZ o 10_12)

of Unified S/H Circuit

xNalale
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Rigorous Formula
Bandwidthwg,, of Unified S/H Circuit

_TI2 ;
1 T1(1+]T1(1))}

{1—8

Transfer function : Hy;(jw) =

1+j'l'16()

!

Bandwidth wgy, * [Hz(jwpws)| = \/—15|H3(]'O)|

- L= 21 )
L1 costwrn) + (e Binwry) = LG

J1+ t2w? V2

Analytical solution is difficult to obtain.
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SSSSSSSSS

Bandwidthwg,, of Unified S/H Circuit

Assume first-order system, W _ 2.20
deriving wpgy, from t,19_9g BW3
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SNR Under Constant Bandwidth 41/45
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of Unified S/H Circuit
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Conclusion
BTwo S/H Circuits { Track/Hold Circuit (t; K T1)
Impulse Sampling Circuit (7, > 14)
-
Bandwidth, SNR
==) Trade-off

==) Theoretical limitation

BUnified S/H Circuit Theory

¥

® GB Product: Impulse mode is 2.8 times larger than T/H mode
® Maximum SNR condition:
T,/1; = 1.3 Under Constant Switching Time Window
T,/1; = 1.5 Under Constant Bandwidth
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Final Statement

- BRI

Deep consideration
would advance modern technology.



Kobayashi
Laboratory
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Characteristics of S/H Circuits
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DC Gain

Characteristics
of S/H Circuits
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Derivation of the transfer function
of the impulse sampling circuit

1 1
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