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Abstract

This document specifies a multi-channel latching scaler with memory

interface.

Reference Documents

2.1 IEEE Standard Modular Instrumentation and Digital Interface
System (CAMAC), IEEE Std. 583-1975.
2.2 ‘printed Circuit Board Fabrication and Assembly Specification,

Document No. TFTR~10A2-H54B.

2.3 Electronic Schematic SPecifiéation, Document.NO- TFTR—-10A2~
H55.

2.4 Printed Circuit BArtwork Specification, Document No. TFIR-
10R2-H53A.

2.5 = Reliability, OQuality cOngrol and Temperature Cycling.

Document No. TFTR-10A2-H58.

2.6 Remote Memory Module, Document Wo. TFTR-10C6-H903.

Introduction

- The CAMAC module defined by this specification will be used as an

interface between elements of the Tokamak Fusion Test Reactor (TFTR)
and the Central Instrumentation Contreol and Déta hocguistion (CICADRA)
compuﬁer system.. The subject module is a 32 channel latching scaler
with memory interface. A suggested front-panel layout is given by

Figure 1.

Figure 2 is the system block diagram of a typical input into one

scaler channel, associated memory, and timing connections.



Performance Specifications

'4-1-4

4.2.1

Scaler Signal Inputs

Each scaler input shall be optically ;sblated; The Heglett-
Packard'HcPL-2601 optical coupler, or éguivalent, shall'be
usea ag the input device.

The ' signal-input cable termination shall: be as shown by
Figure 2. .

Each scaler shall respond to inputs which cover the fregquency
range from 1 Hz to at least 4 x 106 Hz. The minimuﬁ count
pulse width will be 160 nanoseconds as shown Ey the worst
cage waveshape in figure 3.

The scaler signal input connector shall be the KINGS KrLOé

1904-1 or equivalent.

The signal shield connection shall be brought into the scaler

through one of the connector  pins. Provisions shall be made

internally, close to the bulkhead connector, %to optionally:

" {1) AC ground the pin using a 0.01uf, 100V ceramic capacitor,

or (2) not connect to ground. As delivered, the module will

be supplied with option {(1).

Count Enable

The externally generate& {non CAMAC-dataway} count-enable
(CE) signal is the “zample window" for all 32 scaler
channels. CE shall have no effect unless the subject scaler
is in the Armed Mode {seé paragraph 4.5.2}).

The CE sigral source wiil have the following characteristics:

{a) Balanced differential signal

(b) Enable is active low {on non-inverting input)
e
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{c)

(d)

The

Active width of 50 p sec or greater
The interval between CE events will be greater than or
equal to 1 p sec (CE timing is giveh by figure 4).

CE input receiver circuitry shall use a DS8820A line

receiver or equiwvalent.

The

CE signal shall enter the scaler module through a KINGS

K-LOC 1904-1 type connector, or eguivalent.

The
The
Pin
Pin
Pin
Pin

Pin

CE output signal shall also be the KINGS K-LOC 1904-1.
CE and signal connector pin assignment shall be:
1 Non-inverting input

2 Inverting inbut

3 Shield
4 Shield
1 of both CE connectors and Pin 2 of both CE connectors

shall be wired together using twisted pair shielded cable as

shown in Pigure 2.

For

large scaler arrays one CE source will drive a number of

“"daisy-chained” scaler modules. The last module in the chain

will have its output connector externally terminated with a

120

ohm load resistor.

Scaler Counters

Bach scaler "counter” shall have the capacity of 12 binary

" bits.

Each counter shall have the ‘data format and overflow

‘indication given below.
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SCALER
MSB LSB
Zero Counts . O .0 0 0 0O 0O O © 0 0 O O

4094 Counts T 1 1 1T 1 1 1 Tt 1T 10
Overflow®* 1771 1t 1 11T 11 1 1 1 1

*211 "ones" indicates count of 4095 or greater.

An internal circuit-board dip Sswitch connection shall be
provided to alldw the scaler tol reset from all "ones"” to all
zeros at input pulse 4096, and to count normallly
thersafter. The single overlflow connection ghall be coﬁxmon
to all counters in the module. The overflow swi£ch state
shall be a compenent of the scaler status word. See
paragraph 4.6.5.

Scaler/Memory Interface Requirements

External CBMAC-resident memory modules will be used jin
conjunction with this specified Scaler Module. Sees "Remote
Memory Module”, Re%erence 2.6, The Scaler Module ghall
accommodate the referéncea memory modules to achieve parallel
expandability to 32 modules (1 megaword by 12 bits wide).
Logical adaptation to memory expansion shall be dip switch
caontrolled. The memory expansion dip switch shall be

contained on the Scaler Modunle and shall be a component of

the Scaler Status Word. See paragraph 4.6.5. The memory
ax}éilable to each Scaler channel! shall be determined by the

number of active channels. See paragraph 4.5.2 and Table 1.




4.5.2

The Scaler Module shall interface to the Memory Module(s) by
means of a thirty-six (36) "pin rear edge card connector.

Pin-outs and corresponding signal functions are given in

Figure 5. Auxiliary memory bus-driving circuitry shall be

implemented using TTL tri-state devices. The bus~drivers
shall have the capability of driving as many as thirty-twe

auwxiliary memory medules. The memory module will not load

" any interface point with more than one standard TTL load.

Scaler Operating Modes

The scaler module can be placed in one of three operating
modes :

{a) Standby Mode

{b)} Armed Mode

{c) Readback Mode

The three modes are described below.

Standby Mode

The module-shall be in this mode when first powered-up, upon
receipt of a CAMAC clear or initialize command and upon
reeeiving'the appropriate command {(see paragragh 4.6.1). 1In
this mode, the module shall ignore count inﬁuts and will not
accept a memory readback commznd. If a2 memory readback
command is attempted when in standby mode a2 Q = 0 signal will
be returned.

Armed Mode

In this mode, the module shall accept count inputs during the
active count enable time. The module shall go into the armed

mode when it receives the appropriate CAMAC command ({see



paragraph 4.6.2). The ‘Scaler Module shali always.put the
first count word from channel into the first memory
location. The first count word from channel 2 shall be
placed into the second meﬁory location and so on. The
organization of count data in memory is shown in detail in

Table 1.

When in this mode, and only tﬁis mode, count enable (CE)
input pulses shall be counted by a 20 bit counter and saved
for reading ﬁn the Dataway. See paragraéh 4.6.6. The CE
counter shall Se cleared when the Scaler is in Standby Mode
or when the Scaler is commanded teo go into the Armed Mode.
(paragraph 4.56.1 and 4.6.2}. The CE counter shall be
incremented on the low-to-high transition of the CE signal.

{See Figure 4).

The Scaler shall ignore count inputs ané the count enable
input if the end of external memory is reached. If external
memory is full, it shall not be allowed té "wrap aroun@" and-
the count enable pounter shall not be incremented. If the
memory is full a bit shall be set in the status register {(see
?aragraph 4.6.5). If the attached memory is not an integral
multiple of the active channels the last memory segment will

contain only a partial data set.

—

1f memory readback is attempted while the Scaler is in this

mode a value of ¢ = 0 shall be returned.



Readback Mode

In this mode, the Scaler Module shall allow data to be read
back fréom the external memory medules on to the CAMAC
Dataway. The Scaler module shall go into Readback mode ‘;:hen
‘it_ receives the appropriate command (see paragraph 4.6.3).
The data field of this command will contain the memory
address of the first word to be read back and the memox;'y
address increment for subseguent words to be read bacl-:. The
memcry address of the first word read back can take on the
values 0 to 1,048,576. See.Table 1; Aftér_the first word is
read back, the Scaler m.odule shall automatically increment
the memory address by a value from 1 to 256 as specified in

paragraph 4.6.3. A value of @ = 0 shall be returned if an

attempt is made to read beyohd the end of memory (i.e., 32K.

for 1 external memory module, 64K for 2 external modules,
etc.). It shall be possible to read the memory back at the
staﬁdard Dataway rate. The Scaler shall ignore count inputs
when in readback mode.

CAMAC Commands

Standby Mode F{24) « A[0)

This command shall put the Scaler into Standby Mode. See

paragraph 4.5.1. In this mode the count enable counter and

the memory full bit in the status register (R4} shall be’

cleared. @ = 1 and X = 1 will be returped in response to

this command. This command shall be accepted at any time.
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Armed Mode F(26) » A(0)

This command shall put the Scaler into the Armed Mode. See
paragraph 4.5.2. This command shall clear the count enable
counter and the memory full bit (R4) in the status
register. © = {1 and X = 1 shall be returned in réspopse to

this command. This command shall be accepted at any time.

Readback Mode F(17) « A(n) « Write Data Field

This command shall put the BScaler into the Readback Mode.
See paragraph 4,5.3. © = 1 and X = 1 shall be returned in
response to this command. This command shall be accepted at

any time.

The value of n in the subaddress A{n) shall set the memory

readback increment as defined below:

n Memory Incremeﬁt
0 1
1 Number of active channelé f% to 32}
g;) 2 times the number of active channels {2 teo
64)
3 3 times the number of active channels (3 to
96)
A 4 times the number of active channels (4 to
128)
5. 5§ times the number of active channels (5 to

160)
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6 . 6 times the number of activé chanels {6 to
192)

7 7 times the number of active channels (7 to
224)

8 8 times thelnumber of active chahﬁels (a.to
256)

Values of n from 9 to 15 shall be ignored and treated like a

value of n = 1.

The bits in the write data field are defined as:

Wi ~ W20 = Encoded memorf address of first word to be read

|
back, from (171;0" 1,048,576 with the LSB on Wi.
W21 - W24 = 0.

Readback Data F (0} - A(D)} « Read Data Field

This command shall place the 12 bits of memory data at the
current memory address on Dataway read lines R1 to R12 with
the LSB on Rt and then increment the memory address by the

value specified in paragraph 4.6.3.

The Scaler shall set bits R13 to R24 to 0. Q@ = 1 and X = 1
shall be returned in response to this éommand when the Scaler

ig in Readback Mode, except if the current memory address

exceeds the memory address of the ‘external memory modules, in

which case @ = 0, ¥ = 1 will be returned and bits Ri to R24
will be set to 0. Also, this command shall only be accepted

when the Scaler is in Readback Mode; at any other time a



4.6.5.1

4.6.5.2
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value . of D = 0, X = 1 shall be returned and bits R1 - R24

shall be set to 0.

Read status

These commands shall pwt the contents of status register on

to the Dataway read lines. Q = 1 and X = 1 shall be returned
in response to these commands. These commands shall be

accepted at any time.

General Status F(0) + A(2) » Read Data Field

The bit assignments for the read data lines shall be as

follows.
R R1
e ' o Standby Mode
0 1 - Armed Mode
1 0 | Readback Mode
R3
1 Counter &an overflow
G ‘ tounter ecannot overflow
R4,
1 Memory full
o Memory not fuli

Memory F(0) + A(3) » Read Data Field
The bit assignments for the read data lines shall be as

follows.

/RB



4.6,5.3

4.6.6

4.6.7

11
RY - RS = Encoded value of external 32k memorf modules
with LSB on Ri.

R6 - R24 = 0.

Active Channels F(0) » A(4) « Read Data Field

The bit assignments for the read data lines shall be as

follows:
R1 = R5 = Fncoded number of active scaler channels with
LSB on Rt.

R6 - R24 =0

Read Count Enable Counter F{(0) « A(1) « Read Data Field

This command shall put the contents Of. the count enable
counter in bimary format on to Dataway read }ines R1 to R20
with the LSB on R1. O = 1 and X = 1 shall be returned in
response to this command. This command shall be accepted at

any time.

Read Module Tdentification F(6) + A(0) « Read Data Field
This command. puts the module I.D., decimal %11, binary

000000000000091J10001111 on the Dataway read lines with the
) [

[ i g

LSE on R1. £ = 1 and X = 1 shall be returned in response to

this command. This command shall be accepted at any time.

\

Clear or Initialize C + Z

These Dataway signals shall be accepted at any time and shall

put the Scaler into Standby Mode.-

/RA



12

LED Indicators

The LED's defined below shall be wvisible from the Scaler

front panel {see Figure 1}:
A red LED (N) shall flash for 100 milliseconds (£20%)
whenever the module is addressed.

A red LED () shall flash for 100 milliseconds (x20%) .

whenever the module is addressed and Q=1 is returned.

2 green LED (A) shall ‘be 1lit when the module is in Armed

Mode.

A green LED (R} shall be lit when the module is in Readback

AMode.

A red LED (RB) shall be lit when the module is reading back
daté or for 100 milliseconds kiZO%), whichever is greater.
Five green LED's {(C) shall be lit to indicate the number of
active channels.

Five green LED's (M) shall be lit to ipdicate the number of

attached external memory modules.

Memcry Increment

The memory increment sent to the Scaler depends on two
factors: the desired method of reading data back and the

number of active channels.

If it is desired to have contiguous words read back from the
external memory represent the same evgnt time iIn contiguous
channels, then the memory increment sent to the Scaler will
be 1. {The appropriate CaMAC set-up command is F(17) « A{0},

see paragraph 4.6.3}. When the data from the first event in
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all active channels has been .read the Scaler shall
automatically continue with the data from the second event

and s0 on.

If it is desired to have contiguous words read back from
memory represent the data from & selected channel, then the
memory increment sent to the Scaler will be a mﬁltiple of the
nuber of active channe;s. .For egample, if the number of
active channels is 24 and it is désired to read back évery

word from channel 3, then the starting memory address will be

.3 and the increment of 24 corresponds fto a CAMAC set-up

command of F(17) . A(1)., If every second word is to be read
back from channel 3, then the starting memory 9, address will
b2 3 and the increment of 48 correspoﬁds to a CAMAC set-up
command of F{17} « A(2). In the channel readout mode, the
SBcaler shall jincrement by a value which takes into account
the number of active channels and the suﬁaddress A(n} in the

F(17) A{n) command.

Mechanical Characteristics

5.1

This module shall conform to the mechanical requirements
outlined in‘reference'specification 2.7,

The electrical components of this'module are to be mounted on
a high quality flame retardant epoxy  glass printed circuit

board such as NEMA type FR~4 or eguivalent. See reference

specification 2.2,

This module is to contain all necessary mechanical components

for insertion into a standard CBMAC crate. Sze reference



14

specification 2.1.

5.4 311 components are to be identified with a étandard
manufacturer's part number or standard method of mérking
(e.g., resistor color coding) .

5.5 All electrical components are to be mounted on only one side
of the board. Theré shall be neo hardwired connections
between boards. |

5.6 The condition of this module is t§ be monito;ed by LED's
which can be viewed from the module front panel. See Figure
1 for the suggested front panel layout. The front Ipanel‘
‘shall be of aluminum and both sides are to have an iridite
(conduéting) finish. The color of the letters shall be
chosen to contrast with the iridite finish and may be
engraved or silk screened.

5.7 ‘The 36 pin card edge connector shall mate with a Viking 3V18
connector (or equivalent). The card edge connector ghall be
marked with pin 1 on top and pin 18 on the bottom on e;ch
side of the card. It is not necessary to mark each pin.

.5.8 all compoﬁents are to be asigned an identifying part name
{(e.g., RY, C2, etc.) which is to be cross-feferenced to the

manufacturer's part number on the electrical = schematic

associated with this module. See reference specification
2.3.
6.0 Electrical Characteristics
6.1 This module shall. conform to the electrical reguirements

outlined in reference specifications 2.0.
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6.2 Whenever possible, low power circuitry (such as the 74LsS
series) shall be used to ;inimize power dissipation.

€.3 The moaule shail derive its input power from the standard 24
.vclt and 6 volt CAMAC supply voltages.

6.4 The +6 and -6 volt supply voltages shall be bypassed on the
module with electrolytic- capacitqrs of at leést 33 micro-
farads. The +24 and -24 wvolt supply VOItaggs shall be
byéassed. with electrolytic capacitors of at least 6.8
microfarads. .In addition, at leést half the integrated
circuitsiéhall contain a ceramic bypass capacitor of at least
01 microfarads on their ‘sﬁpply voltage lines. The - .01
.microfarad capacitors should be located as close as possible

to the integrated circuits and distributed equally across the

board.

Environmental Data

7.1 o The module shall - operate as defihed over an ambient
temperature range of 0 to +50°C.

7.2 The moduie gshall bperate as defined over a relative humidity
range of‘10% to 90%. It is not a-requirement that the module
cperate‘uhder conditions of water condensation..

7.3° The module shall operate as défined in the presence of an
exterﬁal magnetic field changing at a maximmm rate of 200
gauss per second with a peak nmgﬁitude of 100 gauss in any
direction.

7.4 The = module shall operate, as defined, in a radiation

environment as follows:
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Neutrons 2 x 107 n/CMZ/sec
Rad-dose - 5 x 1072 rag (S81i)/sec
Integréted Dose ‘ 200 rad (si}

Safety

All components of this module shall be of flame retardant material.

Testing

The module shéll undergo all tgsts normally performed by the-
Seller. A description of the tests performed on this module and the
results obtained shall be furnished by the BSeller. Successful
performance of the tests does not relieve the Seller of the
responsibility of certifying that all regquirements séecified herein
are met. The vendor shall provide a test pfocedure and, with PPL
approval, it will be incorporated in this specification as paragraph

11.0.

Quality Control

This eguipment ghall meet all applicable requirements specified in

reference 2.5.

Test Procedure
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Table 1

MEMORY ORGANIZATION

" Data From Count

Data From

Channel Nﬁmber

Address Enable Number
0 1 J 1
1 1 2
2 1 3
3 1 4
Lasﬁ Active Channel (L.A.C)-1 Last Active Channel (L.A.C.)
L.R.C. 2 1
L.A.C. + 1 2 2
L.A.C. + 2 2 3
é L.A.C. = 1 2 L.A.C.
2 L.A.C. 3 1
2 L.a.C. + 1 3 2
2 L.ACo + 2 3 3
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Suggested front panel layout
Figure 1

LATCHING SCALER
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‘ ' FIG. 2
‘ . System Block Diagram
|
\

’r———-32 CHANNEL SCALER, TFIR

<: ; :> CAMAC
DATAWAY

AUX. CONNECTOR

SIGHAL
“TYP OF 132

/A HCPL-2601

" To Other )
Scaler Modufes é PO
: COUNT ENABLEL—
- (CE) ‘—
- MEMORY .
-~ "TFTR-10C6~H903 - T
32KW to 1MW
: AUX. CONNECTOR"
o % CAMAC
b : DATAWAY
POWER
- ONLY
[ TIMING
SOURCE N — . ' CAMAC
' N DATAWAY
s ,
- Optional shield grounding by jumper - Zg} Vendor shall provide pads

l 3
Line terminations not used for > W. RESIStOI

Terminate HCPL with a 100 OBM +5% resistor as shown and Shunt
Diode Schottky type HP-5082-2835

. B E
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|
I
|
|
|
l

.COUNT ENABLE TIMING

met—— 30 psec MIN.———pmd 1 usec LQ—SO Jsec MIN.;"—p-l

TTL MIN.
HIGH !
v

LATCH | - LcLear

COUNTERS £ OUNTERS

AND INCREMENT

CE COUNTER

FIG. 4
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a
3V MIN. _
5V MAX. — -1
DIFFERENTIAL
: 0 VOLTS
DIFFERENTIAL
25 ' 25
—8 o j———160 NS MIN - 40 NS MIN<®
, _ |
= 250 NS MIN. -
FIGURE 3 INPUT SIGNAL WAVESHAPE INTO TERMINATED

LINE (SEE FIG. 2) FROM BALANCED
DIFFERENTIAL LINE DRIVER
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Figure 5 Auxiliary Conpector Pin Assignments
Pin Function Pin Function
1B MAB 19 1A MAB 1
28 MAB 18 24 MAB 0
3B MAB 17 34 GND
4B MAB 16 4A DB 11
5B MAB 15 54 DB 10
6B MAB 14 6A DB 9
7B MAB 13 7A DB 8
8B MAB 12 8A ‘DB "7
98 MAR 11 9A DB 6
10B MAB 10 104 DB 5
11B MAB 9 114 DB 4
12B MAE - B 124 DB 3
13B MAB 7 134 DB 2
1438 MAB 6 14A DB 1
158 MAR 5 154 DB 0
16B MAB 4 leA GND‘
17B MAB 3 174 Write Strobe
18R MAB 2 184 Read Strobe



