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Abstract 

2 ne»ly developed Aci'og Memory Unit (AMI'] are 
TLe device contains 256 analog storage celfe con-

•an^stors, a storage capacitor and a differential 
By addressing tbr storage cells seej-jenlialiy, the 

sbspr of the signal prewnt at the inpal can be recorded in tide. 
Fir! response aid good amplitude rcjolotio^ were the design 
g r s j far tie develop—eat Measurements on individual device* 
»j!l be presentee and !be status of hybridism! subsystems con
tain.nc eight .*.M:*B d:«r":cr-d 

1. latrodact iaa 

I:J modem bi bb energy experiments large cumbers of rap'dly 
changing analog signal* must be recorded as a function of h. • -
and with high accuracy This a ceeded io order to disentangle 
the partially overlapping *:£nrut from several elementary event* 
arriv.ng in any of the many detecting elements, e.p., ,-ise wires 
in a prcp-n^nal chamber TVo mua approaches jave been 
used to handle :bts problem on a large scale. 

Tee most attractive solution, since it presents tbe 
sac-test Fatb to tie cesjtd result, is to dig ;li*e tbteig 
r.ii amplitude io each cl.~zz.tl at a b'tgt rate tsiag Eyb 
Â >̂  £ and faj-: buffer memories Large systems witb 
IOLI IJHs ixupluf rat; l i d six cr i tvts bit accuracy 
have been reAî e-d, but any significant improvement ID 
accu,--'y and, or sampling rate raises the coat cf such 
tjF'.e—j to qu;!e prohibitive levels 

Tbr second approarb that baa received much rup-
F> r: .i based on the Cbarge Coupled Device (CCD) Is 
IEJ« taĵ r tbe jof: r.na'.icn is entered in arjaiog form ana 
2.1 i b=frb rale inti* the storage device and is subseejoently 
re"-?ve: more ulr^ly for ccaveriicn irito digital form 
Achievable accuracies art generally higher than for flash 
ADt • but limited to about aire bits. The maximum 
frequency ti generally below 100 MHi witb low cast de
vices operalicg i: tbe 20 MKi raage Htgber (arnpliEg 
frequeocies an .*eacbed by icterleaviDg taeaaure^neota io 
several devices, 

Acabg systeru based o^ tbe storage of charge in a c lp i ; 
ilor are capable of coisiderabijr higher axectracy than the two 
devices roeotioEed above- FOT (ystetEJ cooitructed frcn dis
crete composecte, tbe dynamic rrcge approaches 13 bits, whilst 
fcr a commercially produced monolithic derice of the capacitive 
otsrage type1 a dynamic range of It bits was measured. The de-
vire io question coctaiped 32 analog cells is one chip, allowing 
a ir.uch higher packing density than with discrete compctnents, 
but not oompetitvc with flash A DCs or CCDs. 

let vtew of the good performance of analog systems based 
o; storage of charge in a capacitor, SLAC initiated a collabora
tive effort vt-iih lfc» Integrated Circuits Labor? -ny of Stan/ord 
University to develop a new drvicr cf this kind,. .aking us* of tbe 
latest advances ia very large scale integration The Erst device 
res'jlting from this collaboration and to tw described here is cp 
limited to s-Jsieve good time rt-olotion (A second device with 
aa ejnpbas;s en optima! amplitude resclntion is ready for pro
totyping) The device t ies NUOS technology with a minimum 
feature sire cf 3 ^m, a procesa wb:ca is routinely bodied by 
many s:l-con foundries A contract for tbe manufacture of pre-
prodscSicn qnutittes cf the device has been awarded by SIAC 

2. Description of the A s c l s g Memory Unit (AMU) 

2 1 CELL STEVCTL-EE 

Tbe legi; structure of thesJorage cell for analog informatrcn 
is sb s*ra in Fig 1 A storage capacitor is c i - ' « : t ed tbro^gb FET 
switch** to the t;goi! inp-t and disconnected when tbe gate volt
age CE CE* of (be fXTs drops below threshold. Two FET retches 
are used in series so that the 256 cells c! the dev;:t cac t ; ad 
dresstd in the form cf a 16x16 matrix The tirst constant cf '.be 

? i~:-
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Fig. I. Circuit diagram for one storage cell cf tne devrce. 
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F.g : B:. :i i.ag:*:.- ''• '•-' W T ; i t u ^ f**̂  If" e l t t e dev::e 

ia;jl : :r . i . i i : ;r ; j »;;rax::aate!y 1 at (1 kfj asd I pF) 
re-::iag is i i i s i « . i i i . s! gr-.-aler ihta 100 Mia Tfct £ m 
FET a cealreiitd t j ece cf '6 exteraally rspplied fat; etrabc 
cgaall »bjlt tbt *rrc: J r£T u (elected by the iateraaEj gerer-
at-: row *t!trt ecgra: j j - j t accsraitty, each row i» bicker, in 
t»c gmsg 32 tit? rcw* altersately ccaatcled to (fee 6r*t or *« -
c== graap of <:£-! fan »ircbe* At a rtii'.l, the etitc: atgcal caz 
ia J i ap is. a Litf raw d-_nag cat hail re» eyJ*, t i e s there a the 
aci:«e cycle lis*, eg e:gb: fas» •:»&* cycles, acd tits t- followed 
fc) aaslhtr bail row cycle dariag which tbt (elect (igsal decays. 
Ar aii!:g reel J frevrfri at i t * clerag* capacitor whilst a 
t!w.riSg trasjat-T : w l i t iapat provide* additioaa] iselalraa 
cf l i t ttarage capsoif r dunag reai est el the asalag isfcnsaii-ra-

Ti t wide dyciraic raage efthe device t* baiicaUy dsefa ice 
cc-.F*rat:vt!y large tiered charge, apprexuaateiy V? dectrca* 
at fai; tcait. react ^trr l iao fcr ("CDs- The high n t * eapafcSily 
of ibe au:~ a ati-ered tbrcaga tbe parallel aceest to the cell*, 
• l ira circassvrst* tbe -iiSc-ii-y cf pash:sg charge at bigb rate 
Ihroagi a aicgitr part 

Read est of tfct aaalog itfermitioa proceeds tbrcsgb a 
matched pair of •carce follower* with a refrreacc isp-jl atxat-
tib!t from the oateide as tbat Bailable eerreetias I m l i can be 
injected 3 recjsirfJ Tbe acslof isfairaatha a fated throagh 
two ltveb co-Tcjpaadicg to colama u d row adores asd orriv=s 
is difJcrestiaJ (aim a the two i>«a!af output ?:t». 

Tee input* of tbe JM incmt^ eelb of Ibe dreiee are cm 
Dt:tri is two gro-jps of 128 ceJi eaci to tbat two indrpecrfest 
tigcab cas be recorded ID 126 lima Bsclarb m M allemalin lo 
oat rigsal Milfa 2SC tisiisg rRtatnreraeak*. 

7,1 C1SCU5S107I OF ON-OOP LOGIC FOB 
WHITE kKti BEAD 

With the except!:: of tbt fati rlrase* «btcb an ex-
tersaUy capp!ied is order to achieve (be bigbeal poauble 
«pe«d, all etbtr cestro) eigaab are isiereatty gtaerated is 
retposae to ezlersal aigsaSa. Tbe block diagrasa cf tbe 
logi: eilcsitrjr of l i e device a (bows ia Fig. 2. Bcw ad-
dna* atassg write b asppSed by a 16- bit dvaask abiit 
nsnter. Betb ball eelj of each abift legifttr risgt are 
saed to addnoa twr atqcestial baL' rowa Eacb of tbe tara 
cc:-c«er!app::g cbcl psitet ad«a=ces tbt bse addraa 
t r cse baU salt Celacu atlect dsrisg read, s* costrelied 
t-. a 16-alage dysasse cbiii regiifr A etcesd je-eligr 
• i A regUtef MjstatiaUy addrew* l i e 16 rcwa asd a 
adns:«j by eae for eacb txr-.yltlt cyc!t ef tbe c c i - c i 
addrea Tbt coatrsl ligsab ended Is: tbe write aad 
read est eb:fl regatera V 

rr<e1 chx i l isbibit reiect 
« i . t dock} iai it . ; recircaiate 

Tbe tagk gtseratea as esd eigsai spes terss:»t»= 
of l i e cjeJe, wb:tb <» card aa a carrjr a^=al for caKad-s; 
e! sa:t;p!t MTV: 

Tbe feferes:* ceS ab?wa is tfce il:<k diagras: a a 
aar-Ft-sg c«J idtst::«! to a^ c:ie.- ceUs :: t i t aystcs «x 
cep". tbat it baa aeoarale i^=a> azd gale i s ; ;U a=!< :u 
n : d:5«r«a::al ovtpsl* It* parpcoe ii I ; eerie •> a c:=-
iu.- !sr arv i isd ef dr;!t wt:ri cny ve e-<}>e;)essed by ai: 
ct-j Tie oalpsl cf t ie re-'erecce c-'.: cas tba) !>t ated 
l i geseraSe a cssipeuaalt:: >:gsa: » i : t i cas te fri back 
i i t: l ie referes:t ispat ef l ie dev::e Tis vst t! lit rr't: 
eon cf- bat bets isade i- tn i seu.;rt=e:i> K fa.' a=d 
i: -. jiy ap:L':ati:ai si est Etcesary n ai; 

S. Brport o s Teata asd M e a n r e s i c a U 

Tee £rat eel ef cseanrese^t? w be yjesroitj a tbt res?^=» 
of ali sbt cr'-!» h ose device to •ariosi PC feveb at tbt s p a ! 
Figue 3 tb-?wt tfce rti oil obtaisvi at a aa=pb=g rate tf I SO MHi 
• ;0 i spa t e^=«li tet loO, 100. asd t i e s a 100 a V iscresesta 
cp ;o I9C0 c=V. Vafjaticsi b ce3 m p : i » t i a level cf a!»3t 
£-t prr:tit cf fall tcale are appareat. coat c! wbtcb duappea; 
wiea a ce3 by cell pedertal cabt^ctioa a rza=> Upca farther 
U I - ^ M cat aote* a a:a:a:f:rc;:r/ i: ga:: a i e i g t i t «I1> at 
tie 1.5 Si irvt! ard a nruli pea;tive camture is tbe rapcEtte 
cbaractemtr; Oae ra=n apply ccrFKtkiat far ali (beat effects 
if a rcsalaliaa of better Ibaa 10 t:U a recjuired Tbe KM! tni 
far repeated ta»p!« at tbe o s t iapat level was t/1000 cf fall 
acaie wiicb abcjld b* cosaidered o=ly as aa apper Lsu: fsr tie 
perfcrsisst of tbe devtie itteli KSCC CO eyelesjati; atarcb fsr 
tbr origia c! l i e observed case bat bees .sdertabea 

Tbe data «es* £»ved ceQ by ceS to three parasttera. cfttt , 
gai; a=d ccrvxtcre. Oar/ eigil ost of 11 carves were used ia t i t 
Gu which tbaa had i degreca of (recdoa. Tbe reaidaat* fsr t i t 
tbret paractter fit were 3 lo 4 taV, wcrae tbas the expected 
leveb cf accuracy. However, are kecw fron experitaca thil it 
tibe* a .oag ticse to lose aa aaafcg ayatea to it* s a s i s s s per-
faroasre, partitelarhr is Ibis caw where caaay isttftal Codes ef 
tbe device are isacecaaibte to probiaj, ra tbat tbe iafaraatisa 
abaal tyi'.esi behaviour essit to oblaised by a cosbisaliaa ef 
raadel calealaliosi9 u d isdirocl isfereacea. (Tbe aero veil caJ. 
ibratiaa curve a irregular beeauae the oegalive etep iadacad by 
gale CHIC5 Jroc^ l i e rtortd Intl belsw groaod polealial). 
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Tig i Ca&baSios data lakes JUIW MKS sa=p!ag rate. 

The aal MI of atuarenstali concern tie bif s freqces:}-
nrpczse t! the asaleg etmsry. Fig- 5(») ticwi & KID :a 100 pi 
dtp* Ibtesgh Ibe edge of i sigcal o! 3 cs fall liae. The edge 
•tew* sp nharpiv tad with to degradation et fill lice. la fact 
tit nspSed fall lime (S u ] a (ligblly (barter (baa the fiU 
lis - sf tes (igaal, which is dot to lb* saapSeg occhasisa asd 
cas be «xp!»iced with Ibt bc!p ef Fig 5b Ttc pas (n^uis: 
Isna eS wfcea the differcBC* between gate tad î eaJ rehire 
irtimi threshold. Ai shove. Kfceaaiicaty ia Fit Sb, dee to 
ifce fiaite faB t=T.r of the gat* i!pa! this shortest tie sa^pie-i 
rdge by spsnxisately I e* A lx:g edge wi!) be iscasared 
ccire*rc:£i££!f loafer. 

ID order to cbtaia a cere cosprebeassve picture of ibe t.-gh 
(tcqsuey bebanst ef ail «2a 1a the device, • SS Wta «=* ™»ve 
of a=;!itade 1.2 V p-pwith an offset ct 0.9 V Or Wis n;«lH 
tits the alcsal -aaas. Thesa&pbsgfKo.uesc} wisest to JSOKHJ 
(7 cs saispliag ictemb) Ttsrer-ISJ is esiy three sarcf les per 
period ci the iap=t wavefsrs bat these saspies tpaa Stt penrfs 
cf tbe wave, which a a very rcgid ten of l i t tastc&sg qoila 
A £t rf ste Cti3-rt4 passls Is • paie tint wave wilb f==r free 
{orasselen (cSsel, aephtsde, fe*3=ecc]r acd Fhaae) was per
formed aad by aispisg «rreo» of *-EK y» acd -e-7 ciV {c=s 
rf 2300 eaV fall sea''}, » ar* of OBity per poiat was estates 
Tbe cycled encis art sot rafidsa ia salsi* s:«e each Si=:-
F> rj reprodacab!e to 100 pa ia use aad 1/1000 is a=;: •••^•'-t 
A caref-jl sisdji o' cvtteciatic eSects (vanatieas ii ttawrg i=l 
as:r->t-it rf tie • eea fait strobe? dsstcrtrcat c! lie s.-t 
wave) liis'.i r«*-.:ii :a a reduclicc of the ra.-icibi c/jrit; i^cvr 
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T.i * Sa^e ca!ibrat;:a data cmected <eli t> cell tu c5m. 
gi ; a:i carraiat varsatmt. 

w if 

Tif i (a) Scaintj <J! a aigsa! w:lb 3 cs Ca£ line a NO ™ 
itrrrRKU :£ *:g=s: d*!i) (b) ScitSil:: npTeseaUliaa of ibe 
eSe:t ci the usiig cf ibe taaplag pc;:t ca-ard br tbe variati:: 
c! ibt i.£iaJ asp-iEiie 

Fig 6 S-ptrftt.li.s. ef 60 ;y=:ei r! k S* nfili j.jii. 
sarr.p!ed at a Hi tfiti rate Tbe i r a . t i f̂ -.;:» »•» 
corrected far lust walx isdu:e<i h? '.he u.T.;'.;f ;r •= 

t w ' -
;j i« *« ;& tt ti 
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It b cbvic-ja frcni (fce r e s a l e • b c » c here tba*» a «nve?ona 
could be i » p ! e d effectively is fnncb smaller eiep« t h i s «bo*n 
i*re By .=ierieay:tg cearcretEr:!* 13 7 AU('» ©5s*t a t i n e 
by 1 c» relative to » r b o:b*?, e a r n i n g i t a 1 Gtit rate ccs ld 
be achieved 

4 . B y b t t d D e s i g n 

Large r / f t ena eo.-,taiaicg csasy tbc^sasd AMl'i eaa=cJ eas
ily be t s s s t r y d e d f*e.n i=d:v:dui"y pssfcaged dev ir« becacie 

cf i t e airpr Esc&er of external t:££al* (apprm. 10) ceeded for 
eacb LE.I Kc-wever m a i y c? lbr=e fc£2aUai* ec~cst-:i togro-p» 
cf AMi'j asd olibei* ire daisy t ia;ned be lwee i devizes to tb*S 
it b r e e n w adfc-aztagroiis to ccsalrucl >sbu=:li cf nrvcraJ 4Ml'a 
wLjcb are icleraalh ccacetted. Fig 7 • h o « i Ibe (ccsimeri* %Uy 
n a=c!iclurrd) pnn Ayr* Cc" * byfc?:d c o i i i i i i c g $ AHl ! i , thorn-
iz£ lOe etteraal p:vs O.-Iy abc^l 40 of tbete p i s* =eed to be 
eat«rsai!y cc-Lceci-J, "be real are trrc^gbl c a t far dtagccs lh 
psrpcs^s Later v rsici-s cf tbe hybrid wiU sccrporate logk cir
cuitry in i d d . t i c j to I be AWVi lo farther feds te the OwS-ber of 
cecrtsary eatersaJ ccscectrcai. 

" **!*! 1 
Fir, 7 F t ; : = tf p—ls lyps by t rid c; i :» i i ' :=s e i jh: » H l » 

d baj ttarted asd the tal:-
l - « s o b i ^ r d I:: the grc-.o 

<"%"a]̂ ati"i c l the hybrid 

Testing cf tht proictype fcyi 
b.-s::=3 data presented earlier have i -« 
o ' AMT< . - . - c ' . rd c : l i e r y t n j The 
r e p : - ; * Is fast j p r i l ? :? :cz:^-- :rg 
•^ fir It a c tpec t .d l t i t prc i - type wivefr.rro d:g-:t:»en {ceo 
t v i n c . t » : t y i r . ^ j »ac i ' n;;^:=j a-. I M MMi nr- .plj ig rate 
ar:d rjrr*.;i:=£ 5 s :£- i ! : i i r . 2 . - j witlr 511' laznr'.a each wilj r>e 

?3S^!^:t^ry rrrj.i? 

All lesU t f tb t A15U performed *o f»j «how per fcnr icce IL 
kgnes^Lt v i t b tbe design p&ruixter* as fir u tbsJcg accuracy 
i c d unpl i iudt rt»jw=te ire c c i c m e d . Tbe detcroinatica cf 
the tpje iaberest c s i K r e q n i m » m?n csjrfal isrest igit ioo. 
E^wevcr, the present m ^ H i£dtcate* lhal tbe cc iK level b DO! 
rcore t h i r 1/1030 cJ the (ull Kiii nsft. 

A c k a c r v l r d g m e e t 

The aathcrt »i»b to l i i E O w W j e the esatri'-Btras ef 
Mr Sco I i Cbae mho produced the isyost mcrk for t t e irvut 
ard coctr trjtrd t^ary good tdeaa to Ibe i W : g a . 

At SVxC the p*rfcn=a=ce goals wen formalaleH and ih? 
technical ted adz^inblratire^tepi fcr idvacceEieEl cf the project 
were srdertakes by R S. Lars?::. M Bre-.dcobacb aad S Shapiro 
Mary cf car cs!]eap:e» at SLxC he.ped to deSoe * £ - e-.ii;a',ij 

D N e i K i ef stAC dealgced the tsodtile wbida g e a e r a l a the 
w.^^e^-re cf high speed ccs lrs l ligDalj fur the devtce-

B e f e r c c c c a 

1 RS501 32 Parallel b /Ser ia l Oat Aoalc j Si i f ; Reg^-te.-
rriajsufactared b>- Ret icc i /EG-^G 

2 SFirEl A Compiler Profrcru to SintJatt S*ir.iccnd*c:cr 
I'tittJii Lajrtnc* W. Saje l , Metccracdua ERL-MS:o. 
Ci l i e je cf E=gi=e«r J g , L'ctvcnity =f CaLfcfaia, Berkelej 
CA 94710 
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