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~ ABSTRACT

We :eview soiﬁe-of the recent advarices in sblid- state
. circuifcfy wh}ch pérmit the readout of large érrays of closeiy
spaced Wires. We present a scheme fchaf allows charges as
small é._s 10‘.,1‘3' coulomb to be read from lines spa_ced‘63 mi-

crc.)n‘é‘ apart.’ Pr"ojectedi chip cost i's SQ‘ceﬁts/line. :



1. INTRODUCTION |
..For man.y apphcatmns of mu1t1w1re part1c1e detectors, it
is suff1c1ent to perlodlcally scan the wires and reduce the readout
to a s1ng1e data 11ne Recent advances in the large scale ‘1ntegra-
“tion of sohd state C1rcu1ts make pOSSlble the autornat1c‘ scanning
of large arrays of closely spaced wires. -

By "scannlng” a multiwave partlcle detector, we mean

that the charged lines are 1nterrogated sequent1a11y, to determ1ne |

-whether they have ga1ned any charge since the last time they were
scanned This is d1fferent from the faster but more expensive
scheme of hawng only the charged lines transfer their charge in-
formation and location. | |

in this paper we deScrihe a large—scale integration svx;itch-
ing dev1ce currently used in conJunctmn with a photodiode array.
A rather small mod1f1cat1on of the productmn mask would enable
it to be used as a self-SCanned array to switch 128 wires spaced
on 0.005-in. centers, at a frequehcy of 1 to .10 MHz. The device
uses FET gates and has a switching noise below :tO-13 bcoulomb.,"
making it suitable for reading out mhltiwave detectors in which a
noble 'iiquid is used. It may ialso be useful for other detectors in
which the charge de've'loped is aborre 1 picocoulomb. The pro-

ject-ed cost if the chips are purchased in quantities is 30 cents/

- line.

For the purpose of proportional mode readout, we also de-
scribe a different scheme using what is called a "bucket—brigade
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stora'ge device. " This circui_t provides a temporary storage of the

anaiog' charge‘ from each wire, andvobviate's the need for a fast and

_expen51ve analog ~-to- digital converter

When better time resolution is requ1red an additlonal '
sche'me can be used 1ncorporat1ng fast switches, storage capac1tors,
and"a‘ scanned readout. The time r‘e‘solution could bel made less

than 100 nsec.. |

2. READOUT BY SCANNING

Readout by scanning requ1res a relatlvely 51mp1e electromc
gating system which can be integrated on a 51ngle chip with small
spacing hetWeen adjacent gates. The anode wires are s'canned after
the passage of a nuclear ’particle, and the serial information of
charge 1ocation (and magmtude) appears on a 31ng1e output line. In
order to process the high rate of information at say, 1 to 10 MHz,
a buffer storage register can be used until the computer is ready to
read the data 1nto its memory.. This allows us to "freeze-" the
track information after isolating it from the chamber wires.

Unless an additional gating is provided (see Section 4), the
time resolution invvolved:is the tirne reqnired to go through one
scan cycle. Our vdesign is based on the requirements of the pro-
posed noble liquid detec‘lzori’2 in which the distance between ad-
jacent conductors is on thevorder of a few thousandths of an inch.

A useful electronic rotary switch- would be a monolithic
device in which the spacing between the bonding pads (input con-
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nections)‘ is close to typic:al s‘dpacling betvreen the detector wi'r’es.

The des1gn should also allows several ch1ps to be connected in ser1esv
so that they can act as a s1ng1e larger ch1p, scann1ng thousands of
w1}res ‘The s1ng1e ch1p descr1bed accommodates only 128 wires or
less. The sw1tch1ng characterlstlcs should produce a minimum of

noise at the single o_utput connection.

3L UTI"LIZA’I"I‘O'N" OF A SELF-SCAN ARRAY

An ."electromc rotary sw1tch" can be eaS1ly constructed w1th "
any of the 8- or 16- channel mult1p1ex switches shown in Table I
Such sw1tches can be constructed to service Inany w1res,r as shown
in F1g 1. The number of lines that.can be serv1ced per ‘scaler (up-
| counter) is determ1ned by the size of the scaler.  Due to hlgh cost
~ per line and packag1ng d1ff1cu1t1es %a:s system would be su1tab1e only
for a small number of 11nes (say, several hundred) and spac1ng not
smaller than 1 mm. A charge level of 1 to 100 p1cocoulomb .such
as in the noble 11qu1d detector, will. provide a signal well above the
switching noise seen at the common amplifier. |

By utilizing the larg'e-scale integrated (LSI) circuit technol-
ogy, itis posvsible to produce a monolithic device that would employ'
the' principle shown in Fig. 2. In th.i"s_ device the driving circuit and
-the. switching gates are all inte‘.grated on one chip, and the detector:
wires are bonded to the bonding pads on the chips.

| ' A self- scanned.array such as that shown in Fig. 2 can be

produced by many manufacvturm‘svof integrated circuits. Since the
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apphcatmn is intended for many thousands of w1res, we have the
1ncent1ve to reduce the cost per 11ne as 1ow as poss1ble At the
sarhe t1me we requlre a large array and small Spacmg between
wires. A practicaiA:'iirnit‘ fer ‘the sizev ’cf‘the‘ chih considering the
state of art is about '0 .5 in. The spacing between vyires is 1irnit.ed'
by the convement size of the bond1ng pads and by the. "ON" v:re-
51stance, which must be low for quick drain of the charge |
the wire A reasonable spacmg range Would be 0.004 — 0.007 in.

'Mr. Don Peters of SIllC0n1X7 1nd1cated that his company

. has the capab1l1ty and the 1nterest in manufacturlng such a self-

scanned array on short notice. For a productmn run of 5000 to‘
10 000 ch1ps in the first year, the. cost is expected to be on the
order of 20 to 30 cents per line in an array of 128 lines.

Recently, a promxs1ng dev1ce became avallable from Fair--
child Sem1conductors.3 The Fa1rch11d FPA600, is a linear array
of 48 photodiodes en 0.005-in. centers. Each photodlode has as-
sociated with it a_silicon field-effect transistor. Integrated into -

the same silicon chip is a2 two-phase dynamic shift register used to

.’_sequentially read out the photodiodes at 1 MHz. This device could

-satisfy many of our needs provided a'metallic bonding pad could be .

made in place of the photcdiodes. From the d‘i‘scussion_with-'the_ de-
signer of the device., Mr. Gene Weckler of Fairchild, it appears
that a rather minimal alteration of the production mask would pro-

vide these bonding pads. A modified FPA600 is shown in Fig. 2.



4. HIGHATIME—RESOLUTION SCHEME —=

When a narrow time- w1ndow feadout is requ1red 8 the se‘lf—
scanned a.rraty can be used in conJunct1on with a w1ndow generat1ng
array (see Fig. 3) 'A bleeding resistor comb1ned w1th the cham-
ber w1re capacltance prov1des a memory long enough for a , subse-
quent evaluation of the event (say '100 500 nsec) When an event
: of 1nterest is detected A is turned ON In this condition,' the
| charge rece1ved by the wire is shared with the storage capac1tor..
After ~4100 nanoseconds, A is turned OFF and the charge can be
read by the self-scanned array | |

| The time resolutlon pos ;sible with a P-channel enhancement-
mode: MOS} FET transistor is less than 100 nsec. By assuining
a 0.'1-pA’ lee,katge current in the OFF position _and‘ a 10 pC cherge
on the ‘storage capecitor in thevwindow-ge.nerating' array module,
'."one would expect a charge leakage time constant of 100 sec, much
longer than any 'stotage time needed in pre.ctice;

In Fig. 5, the window-generating array is shown as a mono-

lithic device separated from theb self-scanned array. This sep‘aré-_

tion is done with the consideration that a self-scanned array is a
general device and its development cost can be distributed over

many applications.

.



5. PROPORTIONAL COUNTER READOUT

| When operating in a proportional counting mode, in which
the charge level on the wire is prOportmnal to the energy loss of
the 1ncom1ng partlcle, we would 11ke to store the analog charge
level. When a scanned readout is used the data comes out seri-
ally at a rate of say 1 MHz | -
‘Two ways of storxng the analog data are con51dered here
'1) D1rect storage of the charge data on a w1de band instrumen-
tation taperecorder preserves both t1m1ng and pulse helght in-
formation. This is done by synchronous operatlon of the tape and
the driving frequency. The driving frequency must be lower than
the frequency response o'f the taperecorder used. Taperecorders
of 2- MHz response are read11y ava11ab1e
‘ "In an apphcatmn where the detector is scanned at large

1ntervals (on the order of seconds or more) and the stopp1ng and

starting of the taperecorder is not pract1ca1 ‘an analog disc re-

corder can be used (Ampex9 corporation produces up to 12-MHz
disc recorders). Here the data generated during each scan cycle
is dumped on a 51ng1e track wh1ch can store a strmg of data 16-
msec. long, then the recordmg head moves ‘to the next track
ready to accept another str1ng of data 900 tracks per disc are
available.

2) The data is processed by analog -to- d1g1tal conversion and

the blnary information is transferred to mem01y However, an
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A/D converter operat1ng at 1. MHz is rather expenszve and reoulres
comphcated fast control log1c We can avo1d this difficulty by uti-
hz1ng a newly developed analog sh1ft reg1ster made by Ph111ps, >
known as a Bucket Br1gade c1rcu1t (see Fig. 4). |

The wires are scanned at 1 MHz and the charge is sh1fted in-
to the Bucket- Br1gade c1rcu1t for temporary storage Now ther.e is
suff1c1ent t1rne to 1nterrogate each analog register, usmg a slow
less expens1ve analog- ~to- d1g1ta1 converter An A/D converter op-
erating at 10 kHz may cost an order of magmtude less than one run-
ning at 1 MHz. Or, a fast A/D converter can now be time-shared
.by many self-scanned barvrays.

F. J. Sangster of the Philins Corporation4 »reports storage

of 1 second on a 72-stage register without appreciabie loss of charge.

The charge'i’s stored in an array of capacitors not directlyas a
charge level but rather as a charge deficit‘. ‘The capacitor is an

: enlarged parasiticv Miller capacitance ofA the series-connected tran--
sistors. This scheme provides very little degradation of:the orig-
inal'charge level on each capacitor. (See Ref. '4-for complete ex-

planation) .

6. ORGANIZATION OF COMPUTERYINTERF'ACE
One possible organization of a complete readout scheme for

self scanned array is shown in Fig. 5. Here we want to know only

what line was struck and not the amount of charge deposited. For
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the pui‘pose of dei'nonstration we use the Fairchild FPA600 al-

though any of the other dev1ces shown on Table I could be ernployed

Let us assume we have a detector made of 4608 w1res, us-
1ng 96 mod1f1ed FPA600 dev1ces or. 48 ser1al pa1rs A start 51gna1
from the computer (or external csource) starts dr1v1ng the series-
connected arrays at 1 MHz. This causes an integrated 96-bit reg-
ister"(‘s‘uch as the Plessey MP 225B, Ref. 6) to be loaded with bits
corresponding to the .st'ate ofl‘charge of fﬁe wires. | At'the end of“the
96-microsecond cycle this information is'\%raiti.ng'to be s'evria‘liy reed
into the cemputei‘. ' | " -

'.A tyéical cycle time of a smé.il computer is between 0.8 and
1.5 psec. Assuming a 1-MHz‘c‘omputer with 16 data lines, it will
take 288 usec to put all the data into memory. _Ma;{imum size of the

data block is based on one bit per wire, or 4608 bits. This means

that only 1/15 of the memory of a 4-K 16-bit computer is utilized

for data storage.

The logic design would be extremely simple in an experiﬁent
where the count fate is low, such as a eosmic ‘ray experiment. Be-v
cause of the low count rate, time permits all the detector wires to

be read sequentially, and sent directly to the computer. This

_ meane that all the self-scan devices (such as the FPA 6:0‘0) can be

connected serially and a continuous string of data can be sent di-

rectly into memory.
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' FIGURE LEGENDS

.. A"Se.r1es connectmﬁ of 2 rﬁu1t1p1éx sw1tches

. ',"‘Self-scanned sw1tch1ng array c1rcu1t d1agram
Narrvow t1me-w1ndow ‘scheme.

. Analo g 1nformat10n readout

.- An exa.mple of computer 1nterfa.ce orgamzatmn.
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