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ABSTRACT

+

v; A scaling ayatem {e described whose automatic readout can ‘record

gi

;’,from an unlimited number of scalers or other digital equipment The z-ea.d-

.+ out system normally controls a paper-tape punch at 60 characters per second"g;“. |
“ora typewriter at 15 characters per aecond, but magnetic-tape output has also

" been used.

The scaler has a dead time per count of less than 100 nsec, Nixie- .

tube display is p‘rovidqd and a wide range of qperatihg modes are péasible.
" Planar silicon transistors and diodes are used exclusively in both the scaler

,, and the read-out.
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1 IN’I‘RODUCTION | s | | | o '. ' o
L | A scaler system with Ia.cilitiea for visua.l typewritten. and computer- L
oriented readout hae been developed and ia now in production The syatem_r" .
" '-:can operate with any number of scalers, and is parti¢ularly useful for
- 'Teezperimente where automatic counting and recording of large amounts of .
. 5 | data {s requireo. The scalers in a single chassis may be used separately
with manual controlv. _ | |
. - Each scaler chassis %contains two six-decade scalers capable of
. counting at rates up to 10 Mc/sec. Visual readout is provided by six "the" 3
vtube.e.. so that the contents of either scaler may be visually displayed. Dee-
| ades and control circuits are built on separate plug-in cards, Each scaler
. j has its own discriminator with front-panel sensitivity contiol. The block
diagram of a typical scaler and readout system is shown in Fig, 1; a photo-
" graph of a small scaling assembly is shown in Fig,2. Only two ''stations"
R are shown, each containing two scalers, but any number of additional stations
~ can be used without any modifications.
A remote Control Console accepta binary coded decimal {(BCD) infor-

S mation fz-om the stations in serial form (i.e., one decimal digit at a time),

N i S : then processea the data and records it on a typewriter and/or paper-tape
e "punch The Control Console provides for remote gating, reset and selection
: | of dieplay mode, It can operate an un;imited number of oca.lera. since all

eoht_rpl 'aigg_ml'e are rvegez_ierated in each scaler chassis and the control cables ‘
L ke connected In serlés betwsen scalers. The BCD information from the dece
ades i8 fed to the Control Goneole on four wire‘a. An additional four wires o
are used to transmit parity check, end of line, a'ndv alphabet codee. The |
t'parenel-to-serlla_l conversion or "gcanning" cireuitry is contained in each
.“-_‘ac"aler chassis and is interlocked so that only one ecaler at a time is aeannedl'-.. .

. during read-out.
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¥ 'l‘ho read-out logic allows the addition of more stations toa system‘ |
f:_" 'without any modii‘ication to the original equipment. 'l‘hua a scaler can be .
g_;‘added to an operating syatem by merely connecting a cable from the extra v-: :
-,i,r""':"acaler to the scalers already in operation. Other devices can of course be
read out, and a‘magnetic core store and a panel of decimal switches have
- been designed and read out as part of one of theee syatema.. A buffer statioxr
"":'.‘.":»",hae aleo been built to allow RIDL or Victoreen pulce-height ana.lyzers to be
" read out as one of the atatione of a lyatem. In another application, a mage
- netic -tapo unit has been uaed to repla.ce the Control Console and paper-tape |
p\mc!i.. | ' |
‘ | Approximately 25 of the scalers have been used for about six months'. :
S Tlxey_ have required very little maintenance after initial chock-out‘. No dif-
- flculties have been experienced with spurious signals even when operatiné |
“in the vicinity of spark chamboral. | _ . - _
Planar silicon transistors and diodes have‘ been used thooughout the
system and of the £our failures reported during uee. none were due to conr- o
.,' ponent failures, two were caused by poor solder connectiona. and two were

due to mechanicai difficulties with the electric typewritere. |

ll DUALSCALER - APPSR ,
B A block diagram o! the Duai Scaler ia uhown in Fig. 3. “

) ‘rhe 12 decado carde have a common react line, Both manua.l and
‘ a\;tomatic reset facilities are availablo. In the automatic mode a awitch
allows the counts stored in the saaler to be sdither erased or retained after
a Count-Prirxt cyclet Ancther switch allows the carry output from any deca-defi;?

~to be applied to the "'decade out" connector. ‘



:-'A Dlncriminetor | e
The dlecrlminator epecmcatione are as followe o '; e
| 'rhreshold.,./; L s | ., . B " _ . et
Range: +0 1 to +11 v or -0 2 to .zz V varia.ble by meane of

.8 10-turn potentiometer and a >< 10 attenuaxor.
Linearity: 21%, integral, BT e i
 Stabllity: < 0.5% shift per oo
;!nput Pulse Widthz 5 nsec to 200 p.eec.,,,;___,z
vCouuting Rate: . 0 to 107 pulses per sec (pps)
-'Input Impedance: 128Q,
| Outpute. 5.0 V 25 nsec into eceler

\ - 2,5V, 25 nsec into 125-Q load : o R
; A block diegram of the discriminator is ehown 1n Flg. 4 The tun.nel N

diode 10 biased and loaded so that 1t remaine in the high-voltage etate as long

as the input eignal exceeds the threshold, up to 200 usec, so as to avoid

v double pulsing,

- The blocking-oscillator output etage delivers en output pulee with

_ ,7‘ shape end size conetent to within a few percent over the renge specified above.

{:?(1[ B, Scaler Card _ v | - |

" The circuite ueed in the eculer card are eomewhat unueual and wm

be deecribed in detalL 'rhe echemetic diagram is ehown in Fig 5. It 18 a

multipurpoee acanng unit. cepa.ble of eculing puleee by a fe.ctor of 16, 10, 8, ,
.or 5-, a.t input rites up io 107 pps. Feedback from FF-4 to the gate anowe |

the natural scale of 16 to be converted to a scale of 10 with a 1&2-4-8 ontput -

1,2)

code The ge.te is normally open a.nd counting proceede mturally until R v

"the mput count of 8 when all ﬁip-ﬂope are in the "O" state. except FF-4 A
which is eet to "1 " Due to the feedback the gate is now closed. On the ninth
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.‘ count. FF~1 sets to " 1" and on the tenth count resets to. "O" causing & n
carry pulge to reset FF-4 through the emitter-follower Q-9. - The gate now .
. opens to allow for ancther cycle of 10 ‘counts. |

-~ .. All flip-flops are reset to 0" by a common reset line, . Facilities

T "are provided for individually setting a '"4" in each flip-flop.

As 2ll the flip-flops are very similar, description here will be re-

L - stricted to FF-1,": Transiators Q-3 and' Q-4 will be- recognized as a ﬂip-ﬂop ".‘ .

.' 1" with emitter degeneration, Triggoring {s at the collectors via 0-14 and 0«2,

.~ whose emitter-base Jjunctions act as steering diodes into the flip-flop., In-

addition, Q-1 and Q-2 act somewhat as. common-base transistors, and
voitage gain is obtained at their c‘onectorsv.» This arr#ngemenj: will be ex-. :

"~ plained further. | '

A Output logic levels in the scaler system were chosen as +4V, a a"_i“".v
vand -1 V; a.,"O.. " . Since total current can become a ?roblem in large. o

counting systems where many scaler cards may be required, transistors -

‘ - are operated at as low a current level as possible, consistent with a 10-Mc/sec

'switching frequency. The ZNT706 was chosen as a widely used inexpensive
) reliable silicon transistor. For this type of tranaistoi‘:‘ft = 250 Mc/sec, and
Cep = 6 pF (+2 pF stray = 8 pF), when I.=5mA and V= 6 V. Thecharge

. into the base required to increase the collector current by 5 mA is given by

q= e = 5X 10 5 = 3,2X40° ~12 coulombs (reference )),
2rf 27X ZSO)( 1G T :
t

i - VI but the cha.rge required to change the conector voltage by 5 V is given by

-12 2

qSCV=8X10 X5 ﬂ40>(10 -coulombs,

B Cy
A‘At

Over twelve timgs as much charge is uaed eo ehange the collector voltage as

S 13 required to awitch the tranaistor. Optimum design therefore calls for a |

B T R e T S - e =
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much smaller change of voltage at the collectors of the switching transiste're,‘

The arrangement shown in Fig, 5 was suggested by F, S. Goulding of our

o c Labora;tory.' The volﬁege change'at the collector of Q-3 and Q-4 is about

1.5 Vaiat'thev c'eliecvt-er of (Q;i and O-2 the change is from 44V to -1 V.

The gate takes the form of a current switchi 0-6, Q-7, and 0-8..

L Asa decade scaler the base of Q-7 is directly coupled to the "set out" of

R FF-4 which—when the flip-flop is in the "0" state-is normally at -1 v,

but due to variations in transistor characteristicn it can vary by about =.':O 5 V.‘ :

The baee of Q-b is returned to -2 v, therefore 0-6 is monconducting. The

G differentiated carry-pulse from FF-41 is about +2 V in amplitude, triggering
the switch and preeenting a uniform positive pulse to:the input of FF-2, V

"When FF-4 18 set to " 1" and the base of Q-7 rises to +4 v, carry-pulses

at the base of -6 are now unable to trigger the s'w'itch' and the gate is closed,

Traneistor Q-8 is a constant current aupply for Q-7.

C Dieplay and Scan Circuite .
| The "ecan gates" are logical "AND" circuite and allow the 4- 1ine

BCD code from each decade to be presented /1n turn, to the "Ni:de‘&ecoder,"

and gleo to the Control Console., Twelve such gate circuite are ueed, one

for each decade.

The Nixie decoder converts the 4-line BCD input to & 10-line decimal

- '  outpﬁt. Connection is then made in parailel to the app:opriai:e Nixie-tube
.cathodes;. Selection of the appropriate Ni:d.e tube m made by gating the anode
ok through the "Nisxie gate" card; while the BCD code from the correeponding '

decade is selected through the scan gates. By the use of diodes in thn '10 «line

i Ni:de decoder output, both odd and even parity check bits are generated




“of diodes into the program card in BCD code and appear on the. printout along

Ewit_h the scaler atored count, _

A"E. ‘Sequence Generator and Station Cohtrol ‘

The source of the gate pulses is the uequence generator card, which

isa ring counter with 32 positions and is" ‘similar to thwt described by Leng )

g

, Except during remote read-out. the Bequence genera.tox is driven by
& 2-ke/sec clock to allow continuous visual display, The clock eigna.la are - ‘ ‘ o
geneuted by the '"station control' card which also conta.ins the logical con= *
- trol circuits uud Ln the a.utoma.tie printout of the. ocaler, as described below o
under Control Logie. The numbers stored in a decade are decoded and dis~

pla.yod nnder the influence of the internal 2 kc/aee clock; but during remote -

: readout. the scanning and dacoding circuits operate under the influence o! o
"- the Control Console. | | o
") m, CONTROL CONSOLE.
g The Control Ccmsole can be used for eontrol and read~out o! aay ;

Jsgwgm number of remote ' stations," A atatlon unuany ccntainu a.ndun.l scaler, but *'w i

: &«";’it' ma.y contain other devices, Y Bo 8 pulneohetght a.nalynor or & panel of
T, 4 :‘k"

":’« ‘“4' awttchen. giving details of the experimeml conditions,
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“Te ucm..-mos
- As a part of the Dacimal Scaler and Read-QOut System, the Control’

Console ¢

(a) controls the scaler's visual display, |
:  {b) controls the écvaler‘dita-acéumﬁlation gates, and provides for preset

" "'{¢) operates through the station control card of each station to g'e'nerate_ :

control logic and handle data for automatic scaler read-out onto a Tally

*, “’*  paper-tape punch and/or an IBM Series 73 Selectric typewriter. |

" A. Control Logic

"' " ¢hronological sequence of events in the normal automatic read-out operation

%, " . of several Decimal Scalers, with both a papeerape punch and a typewriter

f;{y’» - recording, is given below.

e 4, A read-out operation can be ihitiafe:dfjoy apushbutton or from a preset-
e "time or preset-count electrical pulse,
2, Immediately after the arrival of a "start read-out" signal the scaler .

. data gates are digabled and the tape-motor gate is enabled, (The tape-motor

" A simplified Control Conaole block diagram is shown in Fig. 6. The o

‘i gate uses a ailicon controlled rectifier switch to control ac line power to the ¥

tape-punch motor ) |
‘ 3 After a0.2-sec delay to allow forx the tape-motor starting tra.nsient; '
'v Ca start cycle is initiated that causes a typewriter carriage-return and en-
codes a "start code' on the paper tape, |

. 4 ﬁpon completion of the start cycle & "frint command" {s generated
i“*that acte through the station control card in the stations to disable all s‘calerv
. 8canning circuits. Then 20 usec later a Utransfer' ‘signal from the Control |

Console enables the scanning circuits of the ﬁrst ata.tipn but leaves the

internal ch/ sec scanning oscillator disabled.




o L VNIRRT LY S USRI A WS LN o ’ R it e Nk M A o ot g e e . oo OO

! N

. -8- . . - UCRL-11303
5 The information or “"character" from the ﬁrat ecanned position of ‘_

the first aca.ler is recorded and an "aduance" aignal then stepe the scanner

‘to its next position, ii;hi.e advance aignal is generated at the Control Console
o by meena of a feedback signal from the typewriter or,;- aiternatively, i;f the tape-
- pnnch is recording with no typewrite r; an electronic feedback loop with.a -

. 49-msec period.

- 6. When the last oharact_er in a scaler etation has been inspected, .the

: ncnnning circuitry in that stntion is again disabled and a transfer signal s :

;”paaaed to enable the next station's scanning circuits,

7.‘ The transfer signal from the last scaler will normally stop the read-

: _out operation, | | K

y 8 Several optiona are available for the "stop read-out" cycle, In each a

case, completion of this cycle leaves the scaler data gates and visual acan;;_ .

| ning enabled and the tape motor turned off. .

| e, A tape leader can be generated automatica.lly, the length determined

by a tape leader" switch,

: b, Scaler data fates can be enabled automatically at the end of the read-

out operation or left disabled until enabled manually by depression of a

momentary-on toggle s\vitch The mode is selected by a front-panel switch _
c A aafety feature {8 included which will end the read-out operation if

: .vall’ information lines show logic "0"'s for more than 10 consecutive fead'—ou; -

cycles,

‘* B. Data Handling | |
: B Referring to the block diagram, Fig. 6, the eight input infoz?mation : .' -

.. lines are fed thro\'xgh a "buffer store," inspected by the "parity control," and ) L
N then routed to the tape~punch and typewriter decoding and driving blocke.

The buffer atore consists of eight gated ﬂip-ﬂope, which accept the o
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aoline input information d.imlng a l-p.eec interval at the start of each eycle. -
: ; This prevents errors in format even if the code from a etation should lcha.nge/ .
. "‘-zfxduri.ng a recording cyole.' .‘The buffer store also regenerates the logic levelbs,j»?'%’f‘ 2
rejects noise, endr;eeriiee as a convenient comndop information-line gate. .

A parity generating circuit inspecte seven of the buffer store outputa a.nd

'ggfv"'produceea parity bit to be punched on the paper tape. _'I‘his parity bit is also
};_; compared with an externallj generated parity bit from the station. A dish -

4 crepancy will result in the recording of an "error" code and the ligh.ting, of -

L The IBM Selectric "golf-ball"‘typewriter was chosen'as a read-out'
f device becauze a complete alpha-numeric code totalling 41 characters and
5 functional operations can be typed by using only 11 solenoids, and becauee |
"‘-~"‘~;=__the masimum z_'epetitionrate is 15 cps as opposed to 10 cps for a convention_a.l .

typewriter. ‘Six solenoids drive a six-<bit mechanical bina.ry-to-decimal

" anism. -Additional solenoid are used for space, tab, ;carriag,e.qreturn, .and -
. other functional operations, . _ _
-Continuous a.ppllcution o€ drive voltage to the tape-punch or typewriter A
solenoids could case overheating Therefore, the solenoid~driver circuits .
. are etrobed in a redundant fashion 8o that no one component fa.ilure can reeult -
in continuoue drive current to the solenoids. .
l The code generated for the paper-tape punch is IBM 7090 BCD for :

'l_: compatibimy with Laboratory computing equipment. - The IBM Selectric -

‘ typewriter uses a modified BCD code which can be d'bta.ined from the ordinary

' DI . S P 8
N5 AN N ALY TP SN ; . - O

' a "parity alarm' light, if the error-code switch is in the appropriate position, ..

i decoder which is an integral part of the Selectric character-selection rnech-
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Operation Selectrlc BCD 904 solenoid

 1BM 7090 BCD bit -

X (B) N ) Inverted always ' i S -T2
0 (‘A)- | | Inve_rted always :' T
8 o - »‘FInverted always . - ‘RZA
2 o Inverted always R  : R4
4 " Inverted only when .v-‘v'._' - Ra S
i a-bitis mon L e IR

. Inverted only when .-~ .~ R5
8-bit 1s "1 e e T
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. .¢.<D\vxrfng, read-out an .:-';’:’
identlfying code and the stored data iu read from each station in .
g turn. Since tho control aignale are regenerated at each etation, any

-number of etations can be included in an experlmental setup, Any

| ':4_1 'ntation can be ekipped during read-out by means of a front-panel

’WitCh S . ;':‘-‘4 i Ca el o SRR TR 4 o

Fig. Z A small sceling and readout auembly The system shows two i

| ‘ ecaler ""stations" and a Control Console. Each of the scaler statione |

contains two six-decade scalers, . | | | |
Fig. 3. Logic diagram of a scaler "eta.tion.';' .'fv: Each station can hold two '

:  six-decade scalers, together with the ccanning circuitry n’eceesary; .
tor display and remote read-out, , .

'.Fig.‘ 4, Simplified circuitry for the diecrim&nator. Input slgnele at ratés

" upto 107 pps can be accepted. FDG 1147 is similar.to, AN 904,

F‘lgs - Scaling-card circuitry, The circuitry as shown will ‘scale by io B
i sorae minor change will convert it to a scale ofzib.'. _ Each of the £cmr
mp-flope are 1dent1ca1 to FF-1,. t e :
Fig. 6. Control Console logic. Data is accepted from the.ecalere and
o recorded. ueing either a paper-tape punch, a typewriter, or both.

Scaler gating signals are also generated and provision is made for

- automatic recycling after a'preeet- time or ’f)reset count,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






