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o S
DIETRICH R. FREVTAG i
Stonford Limeer Accelerator Cenlter B
Stanford Uxsverauty, Slenford, Cehforniz 94305 L AC-PUR--3 455
and
J. T. WALKER nEes 004357E
Stanford Umiceradly, Stanferd, Celifornia 84385 weEe
Abstrast la view of the good performazce of analog svstems based
o sterage of charge 10 a capaciter, SLAC initiated a collabera-
Tests of a pemy developed Analog Memery Unit {AMU) are lrve cE.::rt with the [ntegrated Circaite Labqr,v wry of Stan/srd

Gewrived  The device contaics 256 aralog slorage cel: coa- Uriversity w:lrl:'clcpa. cew drvice c..’ttu h;a. . .aking use of t.be

giting of pass irazesicn, 3 siorage capaciter aod a differectial  P%C3t 2dvasces io very large acale istegratisa Te Erst device

zecd vat buffer By addreseicg the stcrage cells seguentialiy, the  (TS3MIZE from this collaboratioz and 1o be described Bereis cp
staps of the rignal present 2t tbe input can be recorded iz time. timized to ahieve G_ood time l_'t::;l::::: (A mso:d device wisk

Fast resposie and good amplissde resolgtion were the design 32 C’_’;’k"‘:' c3 °F=_':='! amplizde resclotisa v ready FC'. Fro

goals for the develspment Measzremests ca individual devices  OWFSE) The device uses NMOS techaslogy with a TuBimEa

w1l be presectes and the siatus of bybridired submysiems cea- feature size I 3 #3D, 3 procew which i3 rostizely bandied by
taiz.og eight AMU dierzomd mazy <3 !:::V;'nu A ccztmact for the macufaziore of pre.
prodoctics guastities of the device bas Sees awarded by s1aC
1. Iatroductioa
2. Descriptizn of the Anslsg Memory Unit (AMY)
Iz m:den‘: it ezergy experimezts lamge pumber{l of rapidly 21 CELL STRUCTRE

ckisgig anaicg 8 s must be recorded as 3 foectica of v, - -

ac? witk bigh atceracy This is ceeded in order to disentangle The lagiz etructure of the mlorage cell for asalsg informatios

ke partially everlapping a:gzls from several elemestary events ipetowniz Fig 1| A slomage capasitor is ¢ ~ected throcgh FET

armivibg it any of the many deieciizng elemments, e.g., .mse wires switehes to thetigral input and discozceried when the paie voli:
iz 3 preporuoral chasmter Twe malo approaches uave been age oo coe of cke FETy drops below threskold, Two FET rwitiher

used to bandie itk problem e a Jarge acalde: are ussd iz series 50 1hat the 236 cells cf the devize c30 b 22

Tte mos: atiraclive solutics, sipze il preseats the dressed 1z the form of a 16216 mattix The tume cozstast of the
shortest path to ile dexred resull, is bo digitize the aig
sal ampliude 3 eack chanoel 31 2 bige rate vsizg Basy . - .
ADCs and faur bufer memeries  Large systems witk < ¢ E
1G0 MHr eamplog rate acd six or seves bit accuracy = - - . -
have been reaied, bul apy sigoificast improvemneat 1o S5t e ey e 2t T e <,
atcuis~y zod, or samplizg rate raises the cost cf such el - - i - o
Ey£iems 1o Gquite prohibutive levels e = -~ - ¢

Tbe eecozd approach that bas received much sup- - - - -
71 o8 based oo the Charge Coupled Devize (CCD) Iz T 007 - =
thie cass the infe mnaticn is estered 1o aoaiug form and e:_ o -
2t a bigh rate izto the sterage devize and is subsaguently ' e — —
reirove:d more slowly for conversien into digital dorm BET -
Achrevable azcuracies are gecerally bigher than for flash - -
abes but Lmnited to about zize bBils, The maxicmum e et -~
frequezcy 8 geoerally below 100 MH: with low cost de- ! - ) -
vizes operaticg 12 the 20 MHz range Higher eampling R i i
{requescies are *eached by icterleaving tozasuremests in 2T Tz -
several devices, r 1
Acalog systems based oz the storage of chasge in 3 capc- PR L

ttor are capable of cozsiderably higher atcuracy thao the two - =

devices mentioned above. For gyslemns construcied {rem dis . .

crete compopents, the dysamic racge approackes 13 bits, whilst - . )

fer 2 commercially preduced monolithic device of the capacitive e (E- - - -

storage type! a dypamic range of i1 bits was measured. The de ¢ s

vire in question cortained 32 analeg cells in ozt chip, allowing z; =

a much bigker packing dersity than with discrete caroponents, — L e

but nos competitve with fash ADCs or CCD2. YrwsE i ez § jare

P, . .

* Work supportied in part by by the Departacnt of Energy, WER ¢ .
contract DE-ACO3-765F00515 and DARPA, coptract MDA - e ’ -
803-54~L-0062. . -

Fig. 1. Circuil diagram for ooe tcrage cell of tze device. £ ¢
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Fg o Biok dagras of the write azd read logis of the devize

prexcmately 1 os () RO azd 1 pF)
1k c! goeater than 100 Mis The €m
oze of 16 exterzally supplied fant strabe
s:5sals while tbe seroz 4 FET 1 selecied Ly the internally geoer-
atez ww gelerd gmal Mot accurately, each row bs Breken iz
ez gwizg 32 622 rows 2lzernately coazected to the Gt o sec-
2 graup of axght fast gircbes A9 s reauly, e seleci igmai e
dzpiz 2 talfcowm dunizg cae kol row cyde, Len tbere nite
ative cycie lass =g e:ghs fasr s3rcbe ¢ycles, acd o i- {clowed
&y anctler Balf row cycle during wbich the seloct sigzal decays.
Az azalsg reset o provaded at the sicrage capacitor whilsl a
tlamping trassstor cear bie st provides additisnal iclatinn
cf the stzrage capacator dumsg read ost of the analog izformatisa.

Tae wide dyzamic razge <f Lbe device is basically due &> tke
cemparatively jargr stered chasge, spproxmately 107 dlectrezs
at [zl Kaie, muck mere than for CCDs The bigh rate capabiliny
of the AML o3 acteeved Lhrosgh the paraliel access to the orlts,
which circumvente the dificnily of pushizg charge at bigh rate
throcgh a mcgle port

Read outl of the acalog icformalion proceeds throsgh a
malched pair of source fslicwern with a reference icpst acces-
sible from ke outside 8o that mitable cormeciics levels can be
icjected f requited  The acelog izfortuation is gated throcogh
two levels comrespozdicg to colume and row addrew acd asrives
iz difieregtial form 2t the two rualog cutlpyl Dits.

Tee ispuis of the 256 memory cells of the dewiee are con-
pezted io wo groups of 128 cels each o0 that two independent
sigaals cas be rezerded in 126 titoe buckels os 4 alternative to
o3¢ rigoal wilh 256 timicg measurements.

3.2 DISCUSTION OF ON-CHIP LOGIC FOR
WRITE AND READ

With the exception of tbe fart sircbes whith are -
teroally supplied [ order to achieve tte bighest pos:ble
speed, all otber coztre! aignabs are izterzally geserated in
resposse bo exteroal sigoals. The block diagram of the
logiz circzitry of tte device oy odows is Fig. 2. Rew 2d-
dress duricg wrile is sapphed by a 16-bit dynarmic ahilt
regoter. Both ball cells of each shift register stzge are
weed 15 3ddrem twe sequential batf rows  Each of the b
cozcresiappizg clock polses advazces the Lrne 3ddress
by ese Balf soit  Celoms eelect dusing read i costrolied
bt 2 16-stage dysamic sbift reginter A seesd 16-slage
ot:f register pagoestally addresses 1ie 16 rews azd
advaz:zed by cze for sack complrie cycle of the cclucs
addzem  The control sigoab ceeded oo tie write azd
read oct eb:fl regisiere ave

e clockl
nat cloek?

Tle Igic groerates as o34 sigmal ©pos Sermuzatess
of the cycle, whizk is coed 28 3 cammy spmal for cascadng
e =altple AW,

tshitil pelect
inkhit:t recreulate

Tie seferecte cell sbrus 5= the Block dagram 3
sazaplig cel adestnal 19 al ctler colly = the gystem ex
cept 1bat it Bas separale s:vzal acd gate 1apcis a=d o1
cwz iferestia) oulpsly Jts parposc iz eenve wa oz
itor for asw disd ef dnift which may ve expenesced by al
ce.s The ootpat cf the referecte coll cas tbus be vred
Ls geoerdie 3 compeusatios o:igual whoch cas be frd back
isic tbe reflerenie inpul cf he device Nouse of the refer
esce cell bas bees made iz test easiresests i far acd
120 WSy BPFuUisYIISe i) OOt Tecemary al al

3. Report on Tests and Measurexents

Tere £rat sel cf mmearsremsats 12 be preseszied o ibe reponee
of al zbe cehs in coe devive 19 maricss DC leveb at the soput
Figare 3 shows the ressll oblaioe? al 3 )a=plog rate of 150 MM
wiit woput egods set 100, 100, a0d 1hen 1z 200 mV idcremezts
o 33 19 V. Vanutwzs i cel reopozee 3t 2 leve! o about
Eve peisest of fall ecale ace apravest, st of wiish daappear
wiez 3 cel by cell pedestal scbisaciion o =ade Upoa forther
aTaly®s cr Toles 3 mostaiformiy it gacs asteg tde cels at
1he 15 K irve! and a small pogstive curvalure i3 the rapezoe
damcterat:ic Oze mom apply comrectiozo (o7 all these eZecty
if a resziziica af betler \ban 10 tis o requived Tie RMS errcr
for repeated samples at the game tapot level was 171000 of foll
acale which ebculd be cozsidered ozly a3 3 upper Lzus for 1ke

crance of the device itdel! wnte no aystematic erasck for
abr arigea cf tte observed coise bazs bees _adertaken

Tte data wede £3ved cell by cell 10 three paaetern oZors,
gaiz 3cd cervatere. Ooly €552t o3t of 11 curves wers caed in t2e
Gis which thas Bad § degrees of freedom. The reaiduals for 1ke
three pararceter B3 were 3 fo ¢ oV, werwe thas the expected
fewels of ascuracy. However, we kcow from experieace that it
takes 3 ;sag tirze to to2e an anakg eystem to ils canimaD per-
forcuczre, particclatly in this cace where many istertal todes of
ke device are ivaccemibie to probing, ro 1hat the informatios
abogl eysiem bebaviour mest Lo oblaized by o cexbination of
model calculations? and jadirect izferences. (The gero valt cak
ibration cutve i .rregular because the negative step induced by
gate cubcd Jdrops Lhe sored ievel below groond potestial).
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F.i ¢ Same cabbratzzz data corvesied celi by cell foo cBrer.

ga.2 azd curvaiude varalios:

Fig 5 (a] Scazzrzg of 3 signal with 3 o3 fall time @ 200 e
isctrmess = sig=al delay  (b) Schemutiz represesiatias of the
efezt oz ke tumizg of shesasmpleog peist cacend by the variasiz:

cf ike n.gzal amplicde

The pext set of Deasurersents concerns the biph frequen:
respcose &f the analog memory. Fig- 5{a) tbowsa mcap ia 200 pe
ateps thiough the edge of & aigoal of 3 oo fall time. The edge
skows op ebarply aad with co degradavioz of fall tie. I fact
the sampled fall time {2 oo} D alightly storter kdaz the fall
iz - of the aigmald, which is due Lo the sampling meehasism and
car be explaiced with (ke belp of Fig 5b Tle pam trazsator
tnrna of wheo the differeoce between gate azd mgnal vcltage
craees thresbcld. As showe schematically in Faig 8b, doe to
ibe Ezite fali tize of the gate sigzal this shertens the sampled
edge by spproximately ) &3 A rrzg edge will be measored
correspesdingly longer,

Io order to cblain a mere comjrelenmive piztnre of the bog
fregseacy belawror of all 2elin i dke deice, & 55 MHs mTe wave
ef axmpitnde 1.2V p-p with an cfiset <1 0.9 V DC was i2;cct=d
izte the aigmal inpor, Thesamplisg freguescy was ot to 150 3
{7 os samplizganiermals) This reszite o o3iy three samples pes
perod of the izpot wavelors but these sampler 3pad 80 pericds
e the wave, wkizh s a very r:gid test of tie rampliiog qualts
R 5t of t2e rmesaired poizis Lo 3 pate wice wave with isr free
pasamele’s [cOsel, at=phiade, frequescy acd phase] was per-
formed 32d by asspning errom of +-206 2 and +-7 &V {oxz
of 2300 =V foll scalr}, 3 x7 of gsity per poist was oblaned
The guoled emrom ate oot random in nature oivee eash s
P reproducitle to 100 ps in Lme 223 171000 i ayiiote
A carefz] study of evslematic eSects (vamatiozs iz timang a=d
ampllude ¢f tie ¢ een fast otrobes dastorlices of tle oo
wave] ntosid ressit is o Peductics of the res:dualy qurted ateve
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It is cbvious frem the resnlts sbows Bere that a wavelorm
cculd be sampled effectively ic mack smaller steps thas skown
tere By ictericavicg measuremects iz 7 AMUs ofset n tize
by i te relative 10 each otbe?, sammrlog at a 1 GKe rate could
be aztieved

¢. Hybdrid Design

Large systems costainisg masy thorsand AMIs canzet eas-
iy be ca csted feom izdividually packaged devices because
of the jarge zomber of external 2igz3ly [apprex. €0) ceeded for
eact vzl However many ef thee Egmals are cores 1o groups
ef AMUs and otbers we dabsy hained belwees devices so that
it becomes advaciagraus to coantruct ssbazily of exvera) AMUB
wiich are iciernall: cosnected. Fig. 7 shows the (commen. nlly
r azuiaciured) prow dype [o0 3 Bybnd containing 8 AMUs, show.
oy 108 extercal pine Urly abost 49 of these pins Seed Lo be
eaterpally cozpectZ, *be rest are broogli cut for diagoosiic
porposes Later wrsiozns of the bybnd will zcerporate logic cir-
cuniry io add.licy to tke AMUy Lo farther redute the nuimber of
cecessary eaterual cezoecticns

Fig 7 Phowoc!pretotype bybrid coztaining elght AMUs

Test:izg of ke prototype bybrid bas staried and the cali-
4 {z: tke grouo
of the bybnd
Ty Tesulis
efnorn digitreny {coa.

]

bratico data presecied e
o' AMY's .
respines Lo fas
oo far

DISCLAIMER

oy of wogh s

an pISE -
= g Stazge GTEIEE e

A gk " " ~y 3 =
:J% eé EXTRI=Y (reneromest AT v apeE
[ -

Cozclusion

Al tests of the AMU perforised mo far s2ow performance ic
agreemect with the design parameters aa lar as timing accuracy
acd amplitude rewpozee are cczcerned. The determinatica of
the true izkerez) polse requirem a mere careful isvestigation.
Bowever, the presest result indicates 1ha% the noipe level by pot
more thar 171020 cf the full scale range.
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acd cozirtuted mazy good ideas to the dosign.

A1 SEAC tke perfocrmance goals were formulated ard 1ke
techaical 20d adminisirative stepa for 2dvaccestest of the project
were uodestakes by R S. Larsec . M Bredeobach asd § Shapiro
Mazy of cur colleagues al SLAC be.ped to define acs evaliate
e testy

D Nelxz ¢f SLAC desigued tke module whizh gecertes the
s esce of bigh speed cozirol signals tur the device.
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