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Optical Neural-Net Analog-to-Digital Converter:
Implementation and Application
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Abstract- A parallel analog-to-digital converter with neuron-like elements is designed and
optically implemented. Its operation principle is based on the simultaneous estimation of bit
values for a given analog input. The architecture of the proposed analog-to-digital converter
is simpler than that of an earlier one designed by the energy 1auinimization technique, and its
digital output is independent of the initial state. Mixed binary-to-full binary converters are
also designed by using our analog-to-digital converters as basic computing elements. These
converters have very simple structures and fast conversion times compared with earlier ones.
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approximation 24 ixg] &,
(b) successive approximation ulwl o]
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Fig. 1 (a) Successive approximation algorithm

e oz

for 3-bit analog. to-digital conversion.

(b) Discrete operation network for a par-
allel version of the successive-approxim
-ation method. The circles are threshold
units whose output values are 1 or 0,
and the numbers on the connecting lines
are the weights of units.

2o 8 xof o8] most significant bit (MSB) o}
4] €] least significant bit(LSB) 7}z zal#lz &
2 oA EgS Ak Nbits zhe A/Dw g
71l BE HFEHE ‘%‘{-fﬂ Nwl o] # 4}4] 7ho]
S, 2wl 3le Ez9le] £ successive
approximationy}# o} %JE]ES’.&’ rzjal 2~
wheh A AL U—]—'f—_o]»Z] ¥ 31 ©hg] thresholding 4 =}
oAl o] Walatgo] Adojuis E I Aolrh, 18
1(biel A 4 bit A/D‘ﬁ%/]? vYebiol =, 1 %
2o Gk goh, e oldE o e 2E bito)
FAlel alzbdel, 2z bite] DC bias -2 thre-
sholding level-2- vtepulic}, ulek x7) (.53 ¢} 2k
ob 4bit® 5 7} 04bel7h Eek, x7b 0.5% ¢ 27
v 2o 1.58. e} zepd LSB Vot 12] Abefzt 5



BESE H0 8% 105 19895 108

At ovhe - m- 09 Abefelch, abel x7b 158
o} azuh e 25n ek geb AE Vool Virt
o] Awizh " 4 Qlzlut Vo4 Vo2 feedback
wffoll Vear AAE 101 Al vh o s1A Eskal 09
A b s, sbakzbal g el A ode]vba] xgtell o
T g H AR o B P
A "k, elwtA o g N bit A/DHE7 9 ¢ 7t
bit& o} &+ *OLEH%: e e pAez AR
e,

o

N
V= E T Vitx - (2005) (1)
V=6(V) (1b)

o714 Vi M AZadel 38 $54eol
2, x¥ Y8 oidEaghelw, HH ist j
W N maE, 7 eAgel GAREE o
Bl W b ohea gel Aeldie,
=20 0f J>i .

T”:{ 0  otherwise. 2)
9(.)= thresholding 34 ojv Heaviside stepdt
o] oty 4l (1), (@)% AHese 3E9
updating rulec| -7} 443k Al4du A/DH 3
7| o]»] successive approximationy®-& WA %
2o g A3 Zolzta & 4 9l

29 FEAS ADE 4y 97 e
Nog mule) dhozsy AT £ ok F,

c,dd‘y:—r—r+zruv +x—(22—05) (3a)

V.= 6(u) (3b)

ol 7|4 e A Al ARt FYEfteln

Ci, R 774 A Al7Aaxiel qjedriols ¥

Sob Bepd Rerst 57 AwA dojelth ¥

v

@715 ofdx His ez A
Hopfield A/DH 8151 vlavslsd 741 6121
e Huhe A e el el

o A% |"1*47L° ol el whef A off 1 ‘L’-ﬁ,
A4 v NI 1)/2:2 41 Tank-Hopfield A/Dw 8}~
of S ‘EW Aupabel] =2 gfov], wgl ol ’.z"’oLi
of wishao o4} Aatele) Alvkrb 4318 AitE

2 Agdejdaie, Al2)olA oﬂ*al BN

A, Aol 9 age slne 24
"o JAIgol &a aH xou o) sl Alnt A A5

1
I

Lol
Sule o A8 grolebt A% Halg & ek o

25

BAUAY A/DEHY TH R EF

L Tank-Hopfield A/D¥ 377} 2k=] 6l o
4 F8.3 A ol

ol7d @ed Tob dhAel W, Aoz sl%w
= oseas grHew shdshes A% B oA

oor| 329 Llapunmﬁ‘} £ Aegte gz F
$ele] glme dd T

W) 4 ot e §
e}

vl ol vt shviel Eamdl 4R A kA
A Al gob o1l F. Torb A
Zogge skl wish wpe ejd 544
Aol st (felel A g ol
el 3§24 #45¢ feedforward !

a
"
feedbackward®] 2.2 Aztst 4 gl7] w)Fo|c},

2.2 J1&9 A/D BErigae] din

A/DE A2 of e 7b deb[10), 2 HE
Aal 7 =WAAE 4sskw, Counter Ramp A/D
W gh7], Tracking A/D¥igl7], ool d o7 &
Mstedt] Successive Approximation A/D g7,
Double Ramp A/Dﬂi 2}, L ¢} 3. High Speed
A/DMiEy] H% E 4 o ol% A/DHEIE
of FAMS BRAULE BoEE 108 Fue]
upebih, ok FlolE, Aol ddsidin 417
4 ADENAT EHedl, oF ADESATE
w3l xob 3|29 complexity & vERH Ao}

At A/DH B S §4E4e] A2 ThEn g

wu hzs) w Rl shbe] sFelA W] o
2]z ul synchronous mode® F23 AL the
clockg 7}Fo2 39 asynchronous mode=

Earabe 7Ze gate HolAzb(AA4E A/DW 87
o] 7% threshod4=}e] = AX|7hHE 7|Fos
sk, b4 shvtel clock4] 7k gatedhrholl A 9]
Aol A7tk A, gate oA Aled A7k
Z<+Ad o 2 threshold 4=} ghrlell 2] =l 271w
ot Aok Floll4l X3 ule} o] High Speed A/
D wgrlel Mas s Azn A/DH S Y W@
Exol AARsA 1 eo| ek, b Y&
comparator (4] i 7]) 92} % # 3 combinational
logice] &5l complexitys} wi$ Acvl =
Counter Ramp A/D¥ 3k7] 3= 17§¢] N bit binary
counter?} D/A (digital-to-analog) #H3t7)7} 49
vl mlad bbbt Alzdak A/DE gzl v
spul o} 8 complexity s} ¥, WHEE o

Ll Hojrf,

2.3 AlZdar A/Duigsie] My HEtE ¥

sl 2(a)el »}EM 4bit A/DH 72 g A
2AA4AA5E e 2@ 2(b): # o}z

797



E: 3 4 el 7F=] N bit A/D w3k 7] %

Trans. KIEE, vol 38. No. 10 OCT. 198%

2-0) v gl w9} 8] & o] complexity

Table 1 Conversion times and circuit complexities of various N bit A/D converters
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operation circuit

modes complexities
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9N iclocks

Sync. N bit binary converter,

D/A converter
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2N iclocks sync. N bit up-down binary
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High Speed ~N logic async. 28~ lcomparators,
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Neural net :
Tank-[l()pficld

N eural Net~

Ours

N thresh()ld
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async. N threshold units,

N(N - 1) connections

N threshold
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where 1, is the amplifier input resistance.
() Experimental result of the implement-
ed 4-bit A/D conberter when the analog
input is a ramp function that increase
linearly from 0 to 10 V in a horizontal

time axis.
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