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4- bit AaA Y A/ Dzl A AY A E A4 5 o} Successive approximation
algorithmo] ¥ 83 #-42 7| 5& CCADC( charge coupled A/D converter)el= mono —
lithic chipe @ 4#&3lgch. CCADC+ P-channel Aok g4zt A 27l ot nbgel 3
ow, chipai® & o 4,200 mil® ojgivh.  F3 clock F3b4 g4 &= 500Hz ~ 200RHz = “tebyto
o, o] Fud Y uol 4 of 2.4 Voltsl 2 BE ¥4 1 [SBclok #7119 £5 2 Wik
ramp U ¥ 4 Eel oh5ked 16 72| binary code 7 WA glo] A= givh MEBwt+¢ LSBR +
A2 A Astg ol 22 3.6pC, 1.8pG, 0.9pC, 0.45pC 3l 4742 o4& potential well( M-
well)7he| =iajul & (8:4:2:1)2 A7 4% 4A7 2 3l EEsdet. o2, A
5 A/DH@7ld 314 #53 conversion nonlinearityel dale| =+ dumpslot mol o
sl dwjstg e, dump sloto @ olgt 5%+ %7 HE Hye =4 slot zeroAbd U4 A
okstm olol wiwr AFHAE A4 EA

Abstract

Experimental results on a 4-bit charge-coupled A/D converter are described. Major
operations in the successive approximation algorithm are implemented in a monolithic chip,
CCADC, which was fabricated usir 3 p-channel CCD technology, with its die size of 4,200 mil®
Typical operating frequency range has been found out to be from 500Hz to 200kHz. In that
frequency range, no missing code has been found in the whole signal range of 2.4 volts for
ramp signal slewing at 1 LSB/(sampling time).
techniques to conserve the nominal binary ratio of (8:4:2:1) among the areas of four adjacent

A discussion is made on several layout

potential wells (M wells), whose charge storing capacities correspond to each bit magnitude -
3.6 pC, 1.8 pC, 0.9 pC, and 0.45 pC nominal in the order of MSB to the LSB. The effect of
‘dump slot’, which is responsible for the excessive nonlinearity (2%LSB) in the A/D
converter, is explained. A novel input scheme called ‘slot zero insertion’ to circumvent the
deleterious effects of the dump slot is described with the experimental results.
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Fig.1. Schematic layout of a 2-bit
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Table 1. Fabrication process of CCADC.
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first aluminum doss ¢ €lectrodes

500 A° thick Al,0;film
(inter- aluminum in
sulator)

anodization (ap-
plied voltage :40v,

ammonlum tartrate
3% solution

second aluminum g, 41, e€lectrodes,con
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Fig. 2. Layout of CCADC (monolithic part
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Fig. 3. Photomicrograph of the CCADC.
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Fig 9 (upper) : Ramp input signal and the

reconstructed staircase waveform,

(lower) : Quantizing error as a dif-
ference between the original and the

reconstructed waveform
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Figl0. (a) Triangular input signal.
(b) Reconstructed triangular waveform,
Glitches are observed at the lowering

portion.
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Fig 11. (a) Schematic layout in the neigh -
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(b) Surface potential profile along
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Fig12. (a) Input signal waveform (upper)
and the reconstructed waveform
(lower) in the slot zero inser -
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2 7z 3t CCADCS & WEE 10 uA/cnf HE 24,
#H4 MOS uix A 7| goll 4 dofx & B2 A ol
10nALm?2e <k 1000W F=z 34 vepyieh
2, A ztx) 4-bit A/D wW3trje F254
Table 2. Performance characteristics of the
experimental 4-bit A/D converter,

number of bit 4 bit

dynamic range|( 2. 4 + 0.1 volt
input signal
DC offset range -5 volt ~ —9gvolt

magnitude of 1 LSB 0.15 vott, 0.45 pc

input capacitance 3 pf

input resistance > 108 ochms

conversion nonline ~ <1/, LSB (3% of full

arity scaie)
throughput rate 500 Hz ~ 20 KHz

(in conventional input
range

scheme)

250 Hz ~ 100 KHz
(slot zero insertion
scheme)

i 20| w<el throughput ratee] Fpge dryice &
A% chipg yAAH AR 2AE 4 o A
Fal Fo|l &A% geolel, &2 clock Fal49o  ER
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Ebubr) Al Zske oA qhg ol@cote) capacitance of
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