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A P、WM Analog NIemory Programming Circu i t for F1 oatmg‐Gate MOSFETS
with 75 ‐ メ ‘s Programmmg Time and l l ‐bit Updatmg Resolu tion

S騙 そgeo Kmosh ita、 Takash i ハ4one , ハ4ako[o トJzl lg ata, and At s u sh i lwaね

A"sか“℃ムーThis paPer descr i bes a P ro卸ralmming Circui t gor
ana l og memory usi ng pulsewi dth n1odulatmn (PVV=" si gnals a nd
the Circu it per鉛ormance obta ined from measurements using a
noating‐gate EEPROM dev ice . This programming circ u it atta i ns
both hi gh Programming sPeed and h igh Prec is ion . W俺 fab rica te証
the Programming ci rc u i t us i n g standa rd o . 6-粁m CMOS tech -
nolo薹野 and constructed an anal og memory using th e programming
ci rcuit a nd a f1oa ti ng‐ga te NIOSFET. The mea s u rement resul ts
i ndi ca te that th e analog memory attai ns a p rogramming t ime of
75 糾s, a ll uPda t ing resolu ti o n of 1 l bit , and a memo iy set t i ng
PreC 1s 1 on of 6 .5 bit . This p rogramming Ci rc u i t Can be used 知r
i n te l l igen t in知rma t ion processi ng hardware such as self- lea lming
VLSI neural networ短s as wel l as mul ti l evel nash memory.

メ“““兀 解“肋s--Ajnalog memory , EEPROM, nash memory, mul -
ti leve l programming, Pulsewid th modulatioロ.

I . TNTRODUCTION

IJTHOUGH IIMmy VLS1 dig ita l s torage tec hn ique s have
been deve l oped , d irec t an alog s torage or mul t i l eve l dig‐

i tal data s torage is more e f絶c ti ve m aPP 1 i c at i on s such as vo ice
reじQ rdmg u ] , [2 1 , neu ra l n e tWorks [ 3 1 、 [ 4 l . Or mu1 t i val ued l og ic
s y s tems ･ 八4u l t i l eve 1 P ro鱒a1α1mmg i n Hash memory i s al so reC‐
0gni Zed as an en｢ec t ive techniq ue For h i gh - d e n s i ty mas s S torage
[5 ] .

F1 oat i ng‐ga tc dev i ce s can re tai n an a log dat a For l ong period s
and con s t i tu te pract ical nonvo l at i le aIはa l og memory m the
presen t LS I techno l ogy . There fo re、 many analog memoIy
ci rcu i ts and dev i ce s u s i ng noatmg ‐gate s tnlc tures ha ve been
p ropo sed [ 1 1 I2 1 , [ 6 1一[ 1 1 1 . 1n the se reports . I11o st Programming
c i rcu i t s for conven t i onal n oaung ‐ga te s tmcul res u se 危edbac k
con trol i n th e p rogramming l oop cons i s tm8 Qf wri te and
read/vcd等 periods u l , [ 2｣置引 ‐ Becau se th e wri te proces s
u sual l y u s cs Fow ler一Nordheim tunne l i n8 Wh i ch has expone n -
t ia 1 Charac teri s t i c s to the apP 1 i ed Vo l tage 、 Wn te pu l s e s wi th a
con s tan t vo ltage arc used to improve the Con tro l l abi l i ty, In these
俺edb zlc k controhnethods , s i nce wri te pu l se s w i 姉 a con s tan t
W id th and vo l tage are u sed , a tradeo f了 between programm1ng
speed and preci s i on i s emp l oyed. Fo r examp l e, progran1m i ng
t i n1e o f a 危w h und red mi cro seconds i s requ i red for ach i ev i n8
6二8 ‐ b i t preci s i on [5 ] .
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叺者e have a l re ady ProPos ed new programm i ng c irc u i ts u s i ng
pulsew idth n1odu l at i o n ( P、WM ) s i gnals for nonvo l a [i lc an a l og
men1o呼 日 2 1 . We have al s o den1on strate d bo th hs t s Peed and
h igh p reci s i on by mean s o f C irc u i t S imu 1 at i o n ( 日SPICE ) ‐ Th e
p rog ranuning C i rc u i t s c armpdate mc ーno ry i n bo t h i n c rcmen tal

and decremen ta l d i re ct i o n sand t hじy a l so at t a in h i g h u Pda t i ng
rcso lu t i on , wh i c h i s importa n t fo r app l i c a t ion S i 11 n e u ra l net‐
works い J , [4 ] .

l n this p aper, We repon the me をIS u re 1T1e n t res u l ts o f m anal og
memo“ us ing a noati n著gate EEPROM dev i ce contro 1 l じd by
。ne 。f the progranm1 i ng c i rc u i ts p roposed i n t 1 2 ] th at has been

des igned and 鮠bri c ated u s i ng s t : 1n d ard cMOS tec hno l ogy ･ S ec-
t i o n u deS cn bes the des igned p rogramming C i rcui t . S i nに this
Progran1m lng C 1 rc u l t gene r:l tC s a sy nd1 ro nou s con t ro l p u l s e s , i t

c a n opera te i ndepじnden t l y . There fo re 、 i t a uows Fas t er p rogram-
mmg than doe s [he s y nd1ronou s u pdati ng drじu i t . S e じ t i on I I I de-
s cnbe s the fabri c ate d d1 i p and i ts 危ed‐ fo rward contro l d1 z1rac-

tens t i cs ･ S e c t i o n TV de sc r i b es t he measurement re s u 1 t S o f the
analog memQ穹‐
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= . A P、WM PROGRAMM I NG C IRCU lT

Fig ･ I S hows an m1a l og memoly C i rc u i t C on sは t i ng o f me
P rogram lmn忍 Ci rql i t 。 a n飢饉 ngg zl te MOSFET、 a 11 d two

h i gh‐ vo l tage sw i tc h cs ( HVSWS ) . Th i s programmmg c i rcu i t
gene rated P、WM s ignal s b L1s ed on me vo l tage d i 什efe nce
between t he s td‐ed dともに1 , もち 【一 T ‐ 1、 a nd [ne t とt rge t ･ しTAR ‐ nhe
n。と1u nggl te MOSFEr update S i t s S to red Va1 LIe もち 〔 字 T by
n1 Cans of th e pwM S i gnmN ･

This Prog ram n1 i ng C i rul i t md udes a d i fFerenu a l mnP l iner
( AMP ) . a c{) n1 para tor ( CMP ) , a l atc h c i rc ui t ( LバrCH )〆md a

dock pu l se gene ra tor ( PGEN ) . As show n i n t hc t i m i ng d i aぎam
in Fi g . 1 , the programming opc rat i o n i s 【ー Sy n ch ro nou s and
autonon1ous .

The progrmn ln讃唱 ope ra t i o n proce ed s as fo l lows . Here , me
numbe rs o f th e p are n the s es co ITe sPond to tho s e i n t he t i 1 1ung
d i ‘1 g rmn shown i n F ig . 1 .

1 ) I n i t i a l i ze : by c l ock の L ' sw i tc hes 8 L ‐ 執 and 筑 me dosed‐
Both i nPu ts o f AMP are set 【l t t/をA R an (l n od e 〃は i s set at
the t h re s ho l d Yo l tage o｢ i n verte r rノ ー . Th i s ope ra t i o n C om-
pen s a tcs for t he o ffs e t of AM[P and i nve rtc r で ノ ー .

2 ) C 1 oc k pu l s じ 与ら2 i s g e n er【1 t cd by pGEN : b y t he ter ーmnを
t i o n m dock の 1 ( D , node琵 .K i s sd at t h c ““′! lev e l (2)
bec au s e t he re i s no W ri te pu l se a t e i the r node 〃 6 or 7↓ 7 .
Then . capac i t o r で/{ i s con neじ t ed to cu rre n t So u rce を and

i s charged u p ( 3 ) . A t [he s ain e t i n1 e , c k)ck pu ke ダリ aひ
PCars at nodeノ ゾー 。 ( 3 ) .

3 ) S w i tc he s 刊 鑓1d $4 are opened by t h e term i n at i o n of
dock qぅ L . and sw itchc s sさ げ3 m1d ぶり are c k)S ed by c l ock
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di 2 ‐ Vo l tage s しろ t T T an ( l も 、A R are fed i n k) AMR and node

- " 2 i s s或は me outp u t vo l tage 蛍鰯P,
。 4 ) I f tノ リ Lー ー亀 く しキーA Iも C nP 41C i to r ( ノ i s d1 ‘1 rged uP ‐ CdnPqrato r

- CMP ddcじts wh i c h larger 鞍洸T or t/午粘添加d LATCH
J hokl s t h i s mfo r 【 11 :t t i on . T ー 1 th i s c ase 、 n ode "ん直s seにlt 行忍 ん ,

and th e outp u t o f LATCH . n a me ly 掟 き 、 a l so ho l d s th じ Hfg ′ !
･ l ev e l “ ) .

5 ) When th e Vo l tage 。 f node “ ‘ } じ XC じed s thじ th re s ho l d　 　 　 　
- VO 1 r age 。f the in vertげ び" ( 5 )Pu I Se うら2 te rm i n ate S ( 6 ) ･
" N ode 乱 b i s N e t := 日ノヌカ ( 7 ) . A t th c smne t i mc 、 sW itd1 e s

l sきV3and SF, a re 叩mじd md sw i td氾s SG and ぶれ1 re
も じ l o*d . S i n cじ node ′ 7 3 i s “馨な sw i tc h ゞ8 tu rn s on . Capac -

1 tor で は Conncc tじd to c L1 rrc nt so u rc e r L and d i scharged ‐

Thus ‐ t he vo i 【age 。 f node ? る 2 1 0wcrs ( 7 ) ･ B ec au s e 葡江 s

set at “f琥mode "8 i s set at な州' ( 8 ) , and CapaC i t o r dR

is di sc h薊ged (9 ) .

6 ) When the vo l tage o f node 籠っ fal l s . i nv erter でれ i nve賃 s
( l o ) . and node 刀÷ i s s c t f1 t な〉 しゞ ( 1 1 ) . Then 、 node苑 f; i s a l so

s じt at Lo w ( 1 2 ) . Thu s , a PWM Wri te pu ls e i s generated

at node! z ‐ G ‐ = Supp l i e s high - VO 1tage t ′1憾 to the con [ro 1
g ate 。 f th e noと1 tmg 一 g ate MOSFET dunng th e penod 。f
the pu l sew idth 、 and 弱火TT nses and app roache s t午A R .

on the oth er h and , せ 灰×駐 > し乙rA R . c apac i tor で is m i -

t i a n y d i scharged . Node 刀 う i s set a t と“w and sw i tc h 89 tums

on ･ CaP ともC i to r G is Charged uP 、 and then a p、WM wnte Pu l s e aP -
Pears at node“7 ‐ Vo l tage もち C T 1 owers and aPProad1C s も TAR ‐
Fi nal l y 灰)Ur becomes equal to もノをAR by repe と1 tmg t h i s ope rを
t i on . The o什set c omPen s at i on oPcrat io n t門8gered by ck)ck の l i s

performed onl y once at t he f1 rst step of t he en t lre p ro。mammlng
ope rat 1 o n ･

The pK)g rammi n8 Speed and re sol u t i o n depend on th c gai n
o f AM[P as we l l as th e charac te 【増 s t i c s o f cu rrent sou rc e s ノー and

ね . The re fo re . thes e d1arf1Cteri st iC s shoukl be care fLI 1 l y adj u s ted ･
on the o thじr h and、 th e s at u rat i on Characted st i c 0 f AM【P reduce S

thc p rogrammmg speed When 残) UT i s far fron浅咋AR bec aLl se
the W i d th o f th e p、WM uPdating S i g n al s 貸 S i i m i ted ･ Howeve r･
th i s non l i neてば Charac ted st i C i s u sCfu l bcCau s e t hc gai n c an be

adj us tじ d a rbi tr こもr i 1y i rrcSPecnve 。f t h e l i n1 i ted ou tput range o f
AM[ P.

T I I . Fハ B RICATED CHI E) AND ITS PERFORMANCB

ハ . 費わ"で“花“ ℃′2 !P

W/e fab r i c :もted th e Progranm1 i ng C i rcu i t by u s i ng a o ･ 6事n1
doub l e - po 1 y tn p l e -me t a I CMOS proccss ･ Fi g ･ 2 S how s the
n1 i c ro-PhQtQg raph of t he prog ran1m ing C i rc u i t ･ The C i rc u i t S i ze
i s 2 1 5 × 1湖“ ‘m｣ ‐
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PWM(+ ) i

l pw※- ) y bに 23V

Vbn = 1 . OV - - ; V b = 2 . 2V

　 　 　 　 　
Vbn = 1 . I V :

一 ミ ･ V bp = 2 ･ 1 V

‐0 . 3 ‐0 2 ‐0 . 1 0 0 1 02 03

VoUT - VTAR [V 1

-0 . 0 1 ‐0 . 005 0 0 . 005 0 . 0 I

VoUT - VTAR [V I

F唱 . 4 . Magn i 6C澁o n of th c rcg km ne ar 院M r T - t をA R = Q m F喀 3 .
F i g . 3 . M e瓱u reme n t re s u l t s of me prQ8mnm1 I l 1 g d rc u i t m fじじd forward

operan o n 、 w h忙 h sh ow s the re l a t i o n sh i p be t ween ( 簸川 【 - - し鴇、 R ) an d [hc

Pu l seW i d辞めf PWM outp u t s i g n a I A Vo I t ag塔 t 転ぶnu t も r a re the b ias vo l t ages
of “ - and メトMOSFETs u sed as c u ITe n t so u rc es ノ ー and / , show n m Fig . 1 ,
r e spec t i ve l y 、 W h虻h are the paran1e te r s re lated to mじ pu応じW i d th CQ nver s i on
ra t i o ･ PWM ( 十 ) i nd i c zt tじ s pwM puささ i nc reab ing 乾) 【一 j h and pwM( 一 )

i nd i qはC s 止め父 煕じre as i ng 幅 MJ T ‐

β . を“(“★〉 ′･もて““ ℃‘〃ぼれひ‘ ℃〆 ! ‘磁化;｢けれゞ｢にv 可･ ｢た で
　　　　　　　　　 　　　　　 　

We measur鋭 the 1eed fo r*1rd cmrz1c te r i s t i c s o f t l1e fab ri c ated

Programnung drcu i t ‐ We fed vo l t age s しtxT and もキハ R mto

th e programmmg drcu iに遜 thじ i npu t s i g na l s . こu1 d ob served the

pwM 0uq) u t s i g n a I S ･ The s u l)p i y vo t tage waS 3 ･ 3 V･

Fi g ･ 3 S hows the meas u remen t re su l ts o f th e p r。gmInm in8

C ircu底 wh id1 demms trate s th e re l at i o n sh i P be tween ( しも むm -

しいR ) md th e pu l s ew i dth o館ーe PWM ou tp u t s i g nal s . The s at睫
rat i on d1 :m1C te ri s t i c s S hown i n 日立3 rened 【 l1e d1 Lu‐aじ te r i s t i C o f

AMP‐ When ( t も じ T - 、触、 凡 ) i s 1 Lt rg e . th e Pul s ew idd1 i s ahnost

max i mum and con s t a n tand the re fo re thc updatc i s max imum .

When me d i ffC rcnce i s S rn a I L me pu 1 S eWidth i s p roport i o n a l to

the d i 仔ere n c e . The re fore. しあ い 1prcc i s e l y そ 1P Proz 1d1 e s t / 中田- .

Fi g ‐ 4 n1 agn i巨 e s t he reg im near tち び I ･ 一 ↓ てい lむ = o m Fi g ‐ 3 ‐

The n1 m1 i Inun1 Pu l seW i d t h i s abou t 20 n s . a nd the min i I11um

vz1 l ue o f l も′ ひ いT 一 ･ノ;rA R I i s abou t l n1V‐ I f t he fu l l sc a l e o f tもじT
i s as sumed to bc I V、 th i s i n d i cate s l obl t re sohl t i on .

IV. ANA LOG MI日MORY PERFORMANCE OF A FLOATING‐GATE

MOSFET CONTROLLED B Y TH E F八BR I(,頬輩D PR0GRAMMING

CIRCU IT

A . Etのど ′“““ ! r‘! ノ 5で在り)

叺ノe IT1e a s u rCd t h e pじrfonnancじ Q f anal og memory us i ng a

n。at i n g一g :1に MOSFET Con tro l i ed by ou r fab r i c a t ed P rQ g rztm -
mm3 C i rc u i t ･ Th e noat i ng - ga te MOSFET used Wa s fab r i c ated

by u s i n g a conven t i 馴胆 I EEPROM Pro c ビ s s . 俎1d i t s ga te l e ng t h
and W i d th We re 0 , 7 5 鱒n 俎辺 2 . 2 川n , re spec t i v c l y .

Fi g . 5 s how s th e expen lnen tm se t up . Each o f h i gh vo l t ag e
s w i tc h e s ( HV S 、W s ) C on s i s t s o f two rC s i s t i ve - l o ad NMOS

1 nve rters u s l n 8 C0nMne rc i a l l y a v :1 i l ab l e MOSFETS ( 2S K27 3 l )

F ig ･ 5 ･ EXper i n1e n ta l se tu p for analog memo“ Qpera t i on u s i ng 止1e fabri じated
PrL' g ra nMn in B C i rcu i t an d a floa tmg ‐ ga te MOSFET･

a nd l oad re s i s tanc e o f l oo ‘ と . PWM pu lsc s pwM (十 ) and
PWM ( - ) arc 発d i n to th e HVSWS 、 a nd convened i nto

h i gh ‐ vo l tage PWM signa l s ‐ The hi gh vo ltage 垢pg o r らps i s
s upp l ied to thじ n oat i ng - g atc MOSFET du ri n g t he peri od of
the Pul sew idth . Thu s瀞も UT i s uPdated and (1P P roach e s むら、R .･
I n orde r to achi ev e 目玉S t and h igh 一Prec l s l on p rog ram n1i ng , We

perfom1ed a symme tnq)rog r俎nmi ng by S et t i ng しP pg ≠ むらps ,
i ‐ e ‐ ' t h e uPdate ra te Was s e t large When tもじ ‐r > ‘なさ R , and
i t was s et S ma l I When t ′ て-) U T < tキハR [ 1 21 We reCo rdCd the

numbe r of pu l se s app l i ed to t he noat i nggate MOSFET. 八郷m se ,

a nd the n1e n1or i zed vol t age Vt‐灯 T .

　 　 　　　　 　　　　　　　　 　　　 　　　 　　　 　 　　　　　　　　

Fig . 6 s h ()W s the PK) grammmg perbnnancと me re I と1 t i 。nsmp
be tween "pu lゞ 剥1d tも U T . The so l i d l inC s hows a programエロlng
resul t o f ou r s y s te m s h own i n Fi g . 5 . S i n c e t h e as vn1met r ic がひ
gran1m i ng n} eth。d was u s ed ･ t h i s re s u l t S h ows th e wQ rs t case
fro 1n thc v i ewpoi n t of p rogrammi ng spced . At the beg i nn i n g of
p rog ramm i ng きり V r = L 6 V ) ‐ th e pu l scw idt h o f pwM Wdte
s i g n a l s wa s l . 8 “s . 0n t he o the r ha nd 、 when し あ げ ー . app r硼疎“
to むを‐、 R きる U T = 2G V ) ‐ th e Pu l sew idth was 2m ns ‐

窃 02
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Fig . 6 . PK)gran1mm1g pcrforn1ance ; rじねt i 0 ns h i p be tween m e nun1ber 0 f wnte
pu l se s ふp咀* and 鵡川 T T ‐ rnhe so l i d l i ne sh ow s a Prog ram rn ing resu l t () f ou r
Sys tem . Thc tw。 broken l i n c s shOW rCS u 1 t S W i t h Co n s tan t 一 W id th pu 1 Se S h av i ng
the i n i t i a I Pu l sew i d t h ( 1 ･ 8 メ察 ) ‘md the 臼 na l o ne ( 200 n s ) 、 re sPeじ t 薹vd y .

In order to d とばi ｢y tbe e ffCC t i vene S S 0 f our V ar i ab 1e - pu l seW id th
programini ng me t hod, We als○ perfo r i 1 1ed th e c0nvじnn○na1 p r0‐
granuni ng met hod u s i n g con s t ant ‐w i dth Pu l scN whe re t he wnte

, Pu l seW i d t hS T･V i , l t h とぼe 1 ･ 8 終 S and 200 n s/n1C re S u 1 [ s are al s o
shown m Fig . 6 .

l our PWM mc thod required 50 pu l se s i n orde r that 掟) Ur co丹
vergcs to も今A Iも wh i ch i ndi c ate s a programmmg t ime o f 75 メ焔 .
When WC u sed Con s t ‘1 I1 t Pu l se S Who se W idth ( ′ん,d l h ) was L 8
畑を叡一 丁 T amved at レ艶、 l t b y 30 pu ls兆 . Th i s i s fa s te r th an t he

PWM n1ethod 、 bu t と1 la rge update Vこも l t Ie o f 1 4 mv lead s tQ lowe r
resom [ ion around 6 b i t whcn d1e ft I 1 l S ca l e i s as s un1 ed to be 1

V. 1 n C ont rast . mc p、WN[ n1e t hod c an upda te W i t h a rCs0 1ut i o n 0 f

abou t o ‐ 5 mV neこぼ し 斥幇る . wh ic h Co rre sPonds to l l ‐ b i t res。 l u ‐
【ion .

on th e oth er h a nd, i f we wan t to ob ta i n an update re s() l u t i o n

of o . 5 mv us i ng con s t nn t pu l se s , t hei r w idth mus t be 20o n s - In
mis c ase , 3 500 pu l seS a re requ i red to rend1 tたい R ･ Th i s InCan s
that t he p rQ8ranun i ng t i 『 1 1e i s more t h an 7欲 ) 科さ Thusよhe p 、WM
method Can ach i evC anak) g prQ8 rL1mn1 i ng ten t imes fas ter t h a n
the me t hod u s i n g con s tant‐ w i dt h Pu l se s .

I t i s n oted th at the rel at i o n bet ween t o t a l pu l seW idth (風Mth x

刃p 、 ,な ) and もも , , ｢ i N d i ffe re n t fo r th c c as e o f 雪、. id t h = 200 nS and
mat 。 f 7灘d t h = ー . 8 “s . Th i s i s bec au s e the ou tpu t pu l s e s o f
the HVS 、WS have g radua l r ise C h araじ ter i s t j c s 、 Wh id1 i s u suauy
requ i re d fo r i mp rov i n g th e re 1 i ab i l i ty of n。atmggate deY i C e s i n
the writc/erase operat i o n .
Fig . 7 s hows the s e t tmg e行o r o f 擬式 ; T as a funC t i o l1 o f 玩 ･A R .

Bec ause o f a syn1 【11 じ t r i C u pdat i nさ しも F T a l way s nPP roach t仲AR
unde r t he Condi t i o n t h at ･も じ T 、 く VAR ･ If the con t ro n ab 1 C

Fange o f 脳でr i s as sumed to be from L 6 V to 2 ‐ 6 V, t h e max -
1mum erro r i s u IT1V･ Tms ach i e v es 6 5 -b i t p rec l S l o n ‐
Here 、 1et u s di sc u s s the tempe rat ure dじpendence o f thじ

- Pe滯onmnce . I f th e read飢ー [ tem pe ratu re d i ffers from the
　 　 　

F i g . 7 - Se t u ng c貰いr o f 転用 T あ き l fu nd i t) n of 、 1、 R . ･ b v r i s a lway s lowe r
t ha n も も r .ミ R heC 【I tl s じ U f asymmeuiじ u p(mm1g ･

P rogran1 m i ng tempe ratu re , an e rro r Can ocじu r bec a u se o f
th e temperature dependence o f the noat i n g - g ‘1 tじ MOSFET
cha racten st i c s . Th i s e rro r、 however. c ‘u1 be 【n i n i n1 i zed by u s i n g

a MOS FET that h as the s ame ten1 pe rut u re depende nに as [he

noat叢 n ggate MOSFET in ste a d 。 f th e re s i s to r R Th i s i s bec au se
･も げr i s de ter l1 1 i ncd by t he rat i o bdweじn the ""- re s i s tance o f

th e fl oat i n g ‐ ga l e MOS FET and t he re s i s tan ce 費 .
The re ten t i on t i n1e of the noa t i ngga te menmry dev i ce al s o

depend s on the 薊nbi ent te n1pe ratufe , Fo r an a l o g n1 Cmo ry ope r-
at i o n 、 th i s eH℃Ct was eval uatCd u s i n g re akle v ic e s ‐ I t h as bee n re‐

port ed t h at t he rete nt i α1 accu racy Was abou t 6 b i t tt ) r 1 5 ye ars at
n1 ore than 1 2 5 0 ℃ [4 1 . A 1though d1 i s res u l t was ob t a i n ed u s ing a

d i 伴e re n t d ev i ce fr。 n1 that u sed i n t h e ex pc r imen t de sc ri bed here ,

1 t s u pPo rt S o u r ass ert i o n th at th e anal og n1 en1ory de sc r ibed herc
c a n ma i nt a i n the above set t i ng Prec l s l o n ovじr a w i d e ra nge of

【1 rnb i e n t ten1 P e ra t u re s .

V･ CONCLUSK)N

we I1℃と1s u red the pe r formance o f anak)g memory CQn S I S t l n g

o f ou r pwM prQgramm i ng c i rc u i t fab r i c atcd us i n 8 St andard
CMOS techno l ogy and a noat i ng ‐ ga te MOSFET fabncated

u s i n8 EEPROM technok ) gy ･ The n1 eas urじ n1ent re s u l ts s h ()wed
6 , 5b i t se t t ー n g p rec ー s ー o i逍nd l l . b i t u pdat i n g re so l u t i on w hen
th e vo l ta ge se tt i n g range Wa s as s田ned t o be l v, l t s Program -
n1i n g s peed was 7 5 メ f s i n t h e Wo rs t C a s e u s i n g th e as y 1nmdri c
upda[ i n g oPerat io n , A comp逕i son w i th the eXpen n1en t ah･e su l t s
u s は1g con stan t -w i dt h Wr i te pu l sc s con fi rmed t1ぬ t o u r PWM
prog ram n1 i ng met hod h a s 30 t i me s f1 n じr updat i n g re so l u t i on or
l 0 t ime s ねste r p rogran1 m i ng spじed t h an c。nvじ n t i o服涜 n1 e thod s ,
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