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SYNOPSIS 

A system has been developed that interfaces nuclear-instrument data modules and a multichannel 
analyser into a computer. The interface converts 4-bit binary-coded decimal (BCD) data into 8-bit packed 
BCD data, and converts the parallel data into serial data. The data are transmitted up to a distance of 
500m at a transfer rate of 153,6kbaud via an RS422 transmission link to a central computer system. 

One or more multichannel analyser systems can be connected to the system via a routing device. The 
routing device serves these analysers on a first-come-first-served mode. 

The data transmitted to the computer system are recorded simultaneously on a digital magnetic-tape 
drive to provide a back-up facility. 

SAMEVATTING 

Daar is 'n stelsel ontwikkel wat kerninstrumentdatamodules en 'n meerk; naalontleder in 'n rekenaar 
in aanpas. Die koppelvlak omskep binêr gekondeerde desimale (Bk 1) 4-bis-data in gcpakte binêr gekodeerde 
desimale 8-bis-data, en die parallelle data in seriedata. Die data word tot 'n afstand van 500 m teen 'n 
oordratempo van 153,6kbaud via 'n RS422-transmissieskakel na 'n sentrale rekenaarstelsel oorgestuur. 

Een of meer veelkanaalontlederstelsels kan via 'n roeteertoestel aan die sf.lsel verbind word. Die 
roeteertoestel bedien hierdie ontleders volgens die beginsel van wie eerste kom, die eerste maal. 

Die data wat na die rekenaarstelsel oorgesend word, word terselfdertyd op 'n digitate magnetiese 
bandaandrywing geregistreer om 'n dekkingsfasiliteit te verskaf. 
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1. INTRODUCTION 
Many investigations in which the technique of instrumental neutron-activation analysis (INAA) is used 

involve the processing of large numbers of samples. In the laboratories of the Activation Analysis Research 
Group (AARG) of the Council for Mineral Technology (Mintek), formerly the National Institute for 
Metallurgy, several geologica' and mineralogical projects, each of which involves the multi-element analysis 
of hundreds of samples, are usually in progress simultaneously. Typically, each sample must be measured 
at several decay times, and the available counting systems must be used efficiently. 

In the system that was in use before this investigation was undertaken, the multichannel analysers 
transferred the data to a magnetic-tape system. This resulted in an excessive turn-around time because the 
tapes could be processed only after a batch of samples had been counted. In addition, magnetic tapes required 
special handling, which made an on-line processor necessary. 

Although computer-based analyser systems with sophisticated capabilities are commercially available, 
the lack of large storage and library facilities made it necessary for a different approach to be adopted. 
It was therefore decided that a central mini-computer system should be installed that would not be dedicated 
to neutron-activation analysis (NAA) but could also be used for other computational tasks. However, this 
would require the development of a system with the ability to interface several multichannel analyser (MCA) 
systems into a central computing system. 

The system developed (Figure 1) consists of a high-speed (153,6 kbaud) computer interface model 8128 
that transmits Tile coding, ancillary information provided by nuclear-instrument modules, and the data of 
the multichannel analyser. The data are routed through a first-come-first-served routing device, model 8203, 
making it possible for several analysing systems to be connected at one time. The serial data are converted 
at the central processing unit (CPU) model 8130 to byie-parallel data, which are fed via the universal logic 
interface into the selector channel of a Perkin-Elmer 3220 computer system. 

The transmitted data are recorded simultaneously on a nine-track digital tape-recorder to provide a 
back-up facility outside the computer system. This makes it possible for the analysis system to be used 
without interruption at times when the computer is not available. 

2. DESCRIPTION 
The interfacing system (Figure 1) consists of six distinct units, as follows: 
(a) the computer interface (model 8128), 
(b) multi-input data router (model 8203), 
(c) CPU interface (model 8130), 
(d) the Perkin-Elmer Universal logic interface (model M48-0I3), 
(e) the magnetic-tape controller (model 8132), and 
(0 a magnetic-tape transport. 

2.1. The Computer Interface 
The computer interface is built into a NIM module of double width. It contains the tag-word generator, 

the interface for the NIM daisy-chain data module, the interface for the MCA, and the coding generators. 
The data from the data modules and the MCA are made available in binary-coded decimal (BCD) 

format, and are converted from 4-bit BCD to 8-bit packed BCD format. 
A universal asynchronous receiver-transmitter' (UART) transmits the data in serial format at a data 

rate of 153,6 kbaud. 
When the transfer of data is requested by the MCA (Figure 2), a 'Look at me' (LAM) signal is generated 

at 2-second intervals until the computer acknowledges this interrupt with a 'Read' (RD) command enabling 
the transmission oscillator after a delay has elapsed. The data Tile to be transferred is coded from 1 to 
999 by a 3-digit file generator programmed by the use of thumbwheel switches that can be preset. In addition, 
each file is tagged by a 3-digit tag-word generator, which is incremented after the file is sent by the 'End 
of file' (EOF) code. 

The 'File' and ' i _g' word is followed by the ancillary information. These data are retrieved from the 
nuclear-instrument module (NIM) daisy-chain data modules of which there can be 42. Since the ancillary 
data are followed immediately by the MCA data, the number of ancillary data words is kept constant, 
having been selected by use of a switch on a counter that facilitates the sending of a constant word block 
of ancillary data. This is done so that the data can be separated from the MCA data under control of the 
software. 

The MCA data may vary in length and, at the end of the data transfer, an EOF signal is transmitted, 
signing-off the system. 

i 



COMPUTER INTERFACE 

The computer will respond with an 'Acknowledge' signal (ACK), and a new analysis can be started. 
However, if errors are detected in the data transfer, a 'Not acknowledged' signal (NACK) is sent that 

allows for a repetition of the analysis. 
An example of the sequence of the data transferred is shown below. 

_.. ,. File word 1 to 9991 Packed into a 
Tag words 1 to 999 j 3-byte word 

Data modules (I) Time of day in hours, minutes, seconds 
(2) Day of year 1 to 366 
(3) Distance of sample to detector, up to 1000 mm in increments of 0,01 mm 
(4) Sample numbers 1 to 200 
(n) Space for 38 data modules 

M r , j Counting time in channel 0 
( Number of data channels 

EOF signal terminating transfer of data. 

2.2. The Multi-input Data Router Model 8203 
The data router makes possible the connection of several MCA systems to the central computer system 

on a first-come-first-served mode. 
A block diagram is shown in Figure 3. Each MCA system is connected to a line-driver receiver module. 

When any one of the connected MCA systems generates a LAM signal, the negative-going pulse triggers 
a timer of that channel. The triggered timer output disables the remaining line-driver receiver modules for 
approximately 3 s. The timer is retriggered when a repeat LAM signai is generated after 2 s or when the 
data are transferred. When the last bit of data has been transferred, the channel remains enabled for 3 s 
before enabling the remaining channels. A time of 3 s was chosen because the LAM signal is repeated every 
2 s, and allows the computer I s within which to acknowledge. This mode of operation allows for as many 
systems as can, in practice, be connected. 

2.3. The Central Processing Unit Interface Model 8130 
The CPU interface is built into a standard rack cabinet 19 inches (48,3 cm) wide, and is situated inside 

the rack of the computer system. 
Figure 4 shows a block diagram of the Perkin-Elmer model M43-013 Universal logic interface (ULI), 

and the CPU interface model 8130. 
The CPU interface converts the serial data into 8 bits parallel, and decodes the LAM and EOT status 

bits. The error signals are generated by the UART. An error bit is generated when a parity, framing, or 
overrun status occurs. When any one of the three bits is set, the 'Examine' (EX) bit is also set. The 'Device 
unavailable' (DU) is set by an interrupt signal for approximately 3 s and will remain set for that time until 
the last interrupt signal has occurred. The 'Busy' (BSY) bit is set by an interrupt signal and reset by a 'Data 
received' (DR) signal. Control commands are supplied by a 4-bit command register of the ULI. They generate 
the 'Read' (RD), NACK, and ACK commands. 

2.4. The Perkin-Elmer Model M48-013 Universal Logic Interface 
The Universal logic interface (ULI) is manufactured and supplied by Perkin-Elmcr. A description and 

the documentation are available in the Perkin-Elmer manual M48-0I3. 

2.5. The Line Drivers 
Many of the multichannel analyser systems are based at different locations, and may be as far as 500 m 

from the central processor. The RS422 communication link2 that has been implemented offers high-speed 
operation, a high common-mode rejection ratio, a comparatively low-cost transmission line, and party-line 
operation. (The party-line operation is used in the magnetic-tape back-up system.) 

The Belden Datalene cable, type 9184, that is used gives reliable results at a transmission rate of 
153,6kbaud over distances of up to 1000m. 
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3. THE MAGNETIC-TAPE SYSTEM 
The magnetic-tape system operates in conjunction with the interfacing system. It facilitates the recording 

of the data being transmitted to the computer, acting as a back-up system. Should the computer fail or 
not be available during a maintenance period, all the analysing systems can continue to opeiate by recording 
the data on magnetic tape. The format of the data recorded on tape is exclusive, and can therefore be read 
by this system only. 

Because all the analysing systems transmit their data via the single communication link, the recorded 
file can be identified only by the tag word that was recorded at the beginning of the data file. 

The controller has a tag-word recognition facility that enables all the data files on tape to be read; 
alternatively, a single file can be selected by the setting of the data-file number and the tag word, or all 
the data files on tape can be read sequentially by disablement of the tag-word facility. 

3.1. Writing on Tape 
The serial input and output lines of the controller are connected to the transmit and receive lines of 

the interfacing system (Figure 1). The serial data are converted to byte parallel by means of a UART (Figure 
5), and are recorded on tape. When a LAM signal is transmitted to the computer (Figure 6) and acknowledged 
by an RD command, the tape starts and comes to full speed during Delay 1. After Delay 1 has elapsed, 
a 'Look at me tape' (LAMT) code is written on the tape. This code is generated by the internal LAMT 
generator of the controller. A gap is created on the tape by Delay 2, and thereafter the data are written 
on tape in one block. When EOF is received, the tape stops and is ready for the next data file. 

Figure 7 shows the format of the tape recording. 

3.2. Reading from Tape 
There are three modes of operation for the reading of tape. 
(a) The reading of all data files on tape. 
(b) The reading of selected files by the programming of the file. 
(c) The reading of a selected file by the programming of the file and tag word. 

3.2.1. The Reading of All Data Files 
In the 'Read-all-data-files' mode, the tape is started, and each data file is read sequentially under 

computer control. 
When the tape is started and a LAMT is detected (Figures 5 and 8), the tape stops and backspaces 

to the tape LAMT mark, and a hard-wired LAM generator is initiated. This transmits a LAM code to 
the computer every 2 s. When the computer acknowledges this with an RD command, the tape starts and 
the data are read into the computer. If a manual operation does not stop the tape, the computer searches 
for the next LAMT code mark. When this is detected, the process is repeated. If it is not detected within 
4 s, the tape stops. 

3.2.2. The Reading of Selected Files and Data Files 
The tag-word comparator is divided into two sections: 
(a) the file word (most significant digit (3MSD) selected files), and 
(b) the tag word (a least significant digit (3LSD) selected data file). 

When selected files are required (Figures 5 and 9), the tape is started and is searched for the file word. 
When the file word is found, the tape stops and backspaces to the LAMT mark. The hard-wired LAM 
generator is started and transmits the LAM command to the computer every 2 s. When acknowledged, the 
tape is started and the data file is read into the computer. 

If a selected data file is required, the tape is searched for the file word and tag word. When the correct 
combination is found, the tape stops and the process is repeated. 

3.3. The Magnetic-tape Drive 
The magnetic-tape drive used is a standard 9-track NRZI drive unit of 800 bits per inch (bpi). It is 

commercially available and operates at a tape speed of 24 inches per second (ips) in the 'Write' mode. In 
the 'Read' mode the speed is reduced by approximately 10 per cent. This provides compensation for the 
tape flutter as the strobe pulse initiates the transmit cycle of the UART when the data are being read from 
tape. If such compensation were not provided, a loss of characters or overrun errors could occur. 

3 
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4. CONCLUSIONS 
The effective use of INAA depends on the availability of a suitable processing system. The interfacing 

system described was specially designed for use with existing multichannel analysers. 
The transfer of data over long distances at the high transmission speed of 153,6 kbaud renders the 

basis of operation of 'First-come-first-served' a viable implementation. For example, the transfer of a single 
spectrum of 4 k channels with 24 bits per channel takes less than 0,9 s. 

The short transfer time to the computer makes it possible for many systems to be connected to the 
central processing system via the routing devices. 

The tag word generated at the beginning of each file guarantees individual identification. 
The ability to take NIM units, e.g., scalers, into a daisy chain, which provides data related to the system 

and the analysis, has proved to be an important feature of the system. 
The back-up system, i.e., the magnetic-tape recording system, assures the security of the data. This 

back-up facility, which does not depend on the availability of the computer, is a unique feature of the 
system and cculd be important in many data-logging applications involving a computer interface. 

Lastly, the interfacing system that is described provides autonomy for the computer and analyser systems, 
..l that neither controls the other. This makes it possible for the computer to be used for many other processing 
requirements, and contributes to the savings in cost provided by the complete system. 

5. REFERENCES 
1. GRUNENFELDER, P.R. A universal asynchronous receiver transmitter. SEMICONDUCTOR 

CIRCUIT DESIGN, vol. IV. Bedford, England, Texas Instruments ltd. April 1975. 
2. PIPPENGER, D., and MANN, R. Line drivers and receivers. SEMICONDUCTOR CIRCUIT 

DESIGN, vol. III. Bedford, England, Texas Instruments Ltd. April 1974. 

6. ABBREVIATIONS USED IN THE REPORT 
ACK Acknowledge 
ATN Attention 
BCD Binary-coded decimal 
BOT Beginning of tape 
bpi Bits per inch 
BSY Busy 
Or Clear 
Ck Clock 
CMG Command generated 
CPU Central processing unit 
DR Data received 
DRG Data received generated 
DKR Data received reset 
DU Device unavailable 
EF Error flags 
EOF End of file 
EOFT End of file tape 
ERR Error 
EX Examine 
F Figure 
FWD Forward 
GW Generator wri»e 
ips Inches per second 
LAM Look at me 
LAMGEN Look-at-me generator 
LAMT Look-at-me tape (code) 
LED Light-emitting diode 
LSD Least significant digit 
MCA Multichannel analyser 
MSD Most significant digit 
MTU Magnetic-tape unit 
NACK Not acknowledged 

4 
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OE Overrun error 
PMF Previous module finished 
PR Preset 
RBR1:8 Receiver buffer register 8 bits 
RD Read 
REV Reverse 
SATN Set attention (a Perkin-Elmer interrupt signal signifying that data are available) 
SELCH Selected channel 
TBR5:8 Transmitter buffer register 4 bits 
TBRE Transmitter buffer register empty 
TBRL Transmitter buffer register load 
TC Transmit command 
TMF This module finished 
TRF This register empty 
UART Universal asynchronous receiver-transmitter 
ULI Universal logic interface 
WD Write 

5 
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APPENDIX I 

THE PRINCIPLES OF OPERATION OF THE SYSTEM 

1. THE COMPUTER INTERFACE MODEL 8128 
The computer interface model 8128 is divided into four sections. The Control Section handles the 

command and code functions. The tag-word generator provides the identification number transmitted at 
the beginning of each file. The 4-bit-to-8-bit converter converts the 4-bit parallel data retrieved from the 
data devices to 8-bit parallel. The Receiver-to-transmitter Section converts the 8-bit data to serial and is 
transmitted to the interface of the central processing unit (CPU). The receiver provides the commands received 
in serial, and these are converted to 4-bit parallel. 

1.1. The Control Section 
When a data transfer is required (a simplified control diagram is shown in Figure I-l) , 'Start' becomes 

active (low) and flip-flop A6a is set, which presets flip-flop A6b. This flip-flop activates monostable B ; . 
A LAM code command is transmitted anu can be repeated every 2s until the computer responds with a 
'Read' (RD) command. The RD command sets A2a, activates the A3 data gate, and triggers a delay 
generator. After a delay of 53ms, A2 b is set, disabling B2 monostable and enabling Bl a , which will be 
triggered by the 'Transmitter buffer register empty' (TBRE) supplied by the Universal asynchronous receiver 
transmitter (UART). Bl a triggers Bl h after 26/*s, and this supplies 'Transmitter buffer register load' 
(TBRL) to the UART. Monostable Bl is now in a loop, and remains in this loop until the data transfer 
has been completed. The first data transferred are the tag-word and data modules. When this transfer is 
complete, the block counter is enabled, which activates gate Bl, sets A5, and enables retrieval of data from 
the multichannel analyser (MCA) devices. When the transmission is complete, the 'Start' goes high and 
activates the 'End of file' (EOF) gate, A3. The EOF signal is transmitted and, when TRE is provided by 
the UART, flip-flops A2a and A2h are reset and the transmission is terminated. 

A timing diagram (Figure 1-2) shows the relation in the timing and triggering of the data transfer 
described in Section 1.1. 

The numbers showing integrated circuit positions on the simplified diagram (Figure I-l) relate to the 
circuit diagrams of the computer interface model 8128 (Figures 1-3 to 1-5). 

1.2. The Tag-word Generator 
The tag-word generator (Figure 1-4) has 3 decimal counters C4 and C3, the contents of which are 

displayed by a ?-digit light-emitting diode (LED) display. The counter is incremented by the EOF pulse, 
and can be preset by an internal oscillator, D3, which functions in step mode when the 100/if capacitor 
is charged via the 470Í2 resistor, or will pulse at a rate of approximately 10 pulses per second when the 
capacitor is not shur'^d. The thumbwheel switches provide the file word. Data transfer is accomplished 
when 'Pri'.it' goes io'v, disabling display oscillatoi 2D3. When 'Previous module finished' (PMF) goes high, 
counter C3 is enabled via 3D1 and 3D2, and 6D2 data are made available to the data line via C6 and scanned 
by 'Print advance' from 10' to 10". After the last character has been transferred, B5 is clocked and a 'This 
module finished' (TMF) signal indicates the completion of the data transfer of the tag-word generator. 

1.3. The 4-bit-to-8-bit Converter 
The converter makes use of 4-bit register files. These files are addressed sequentially as the data are 

retrieved from the device. A pulse is obtained from 'Transmitter buffer register empty' (TBRE) output 
of the UART and is fed to a monostable A) (Figure 1-3). The outputs of the monostable are fed via 
differentiation circuits to gate Bl. This gate divides the pulse into two clock pulses, which are fed into 
decade counter El (Figure 1-5), and converted to decimals by decoder E2. The decoder provides the output 
for the decade drivers and the channel advance pulse. Simultaneously, the pulses are routed through X2, 
delayed by monostable X3, and differentiated by XI, to provide data-loading pulse 'Generator write' (GW). 
The writing and reading of the files are accomplished by the selection of XI inverters for writing, and E5 
and E6 drivers for reading. Figure 1-8 shows the timing relation diagrammaticaliy. 

1.4. The Universal Asynchronous Receiver and Transmitter 
The Universal asynchronous receiver and transmitter (UART) is a large-scale integrated device that 

provides 8-bit registers for reception, transmission, and logic, for the conversion of parallel data to serial 
for the Transmitter Section, and serial data to parallel for the Receiver Section. The information is presented 
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in 8 bits, and comprehensive control logic is incorporated. The relationship between the operation and the 
timing of this device is described fully in the data sheet for the UART. 

The Transmitter Section is used for the transmission of data to the CPU interface via line driver C4. 
The receiver provides control functions such as 'Read', ACK, and NACK. 

Crystal oscillator E3 provides the clock rate, and divider E2 allows the clock rate to be changed so 
that lower baud rates can be obtained (Figure 1-7). 

2. THE MULTI-INPUT ROUTER MODEL 8203 
The multi-input router model 8203 (Figure 1-9) operates on the first pulse received on any of the four 

inputs by the triggering of a timer for that channel. If a timer is triggered, the Q output goes low and disables 
all the remaining line receivers and transmitters via B3 and B4. The timer works in a retrigger mode, so 
that the timer will complete its cycle after the last bit of data has been sent. As soon as the timer has completed 
its cycle, the channels are enabled and are ready for the next request for data transfer. 

The four channels are OR wired through B4 and routed to the central processing unit (CPU) interface 
model 8182. 

3. THE CENTRAL PROCESSING UNIT INTERFACE MODEL 8130 
The CPU interface model 8130 converts the serial data into parallel data with the aid of the UART 

(shown at C3 in Figure I—10). Data are presented to the Universal logic interface model 3220 (ULI) in parallel. 
The ULI provides commands in 4 bits that are converted and sent in serial to the computer interface model 
8128 by the UART. 

Status and command byte data are provided as follows. 

ERR: the ERROR bit (Bit-0) is set on the following conditions. 
(1) OE, the 'Overrun error', indicates that the data-received flag was not cleared before the last 

character was transferred to the receiver buffer register. 
(2) FE, the 'Framing error', indicates that the first stop bit was invalid. 
(3) PE, the 'Parity error' signal, indicates that the received parity does not match the parity that 

was programmed. 
(4) OL, the 'Off line' signal, indicates that the device is disconnected from the transmitter. 
(5) DC, the 'Device disconnected' signal, indicates that the device has been disconnected from the 

ULI. 
EOF the 'End of file' bit, is Bit-1. This is set when the end of a data transfer is detected. 
LAM the 'Look at me' bit, is Bit-3. This is set when a device is signalling for data to be transferred. 
BSY the 'Busy' bit, is Bit-4. This is set when data are available to the processor and reset by 'Data received 

generated' (DRG) when data are read by the 'Selected channel' (SELCH). 
EX the 'Examine' bit, is Bit-5. This is set to indicate that one or more of the higher-order bits (ERR, 

EOF, LAM) have been set. 
DU the 'Device unavailable' bit, is Bit-7. This is set if the interface power is in the off position, and 

no data have been received within approximately 4,5 s. 
CMG indicates that a 'Command byte' is being sent to the ULI from the processor. 
DRG 'Data receiver generated', indicate-; that data are being read from the ULI by the SELCH. 
SATN a Perkin-Elmer 'Interrupt' signal, signifies that data are available. 

Options are available that enable the CPU interface to operate in the following modes: 
(a) on-line, 
(b) on-line but CPU does not respond, and 
(c) off-line data stored only on magnetic tape. 
When the system is in the 'On line' mode, the computer provides the commands. If the computer 

experiences a malfunction, all the counting systems stop as no data can be transferred. For this reason 
a timer, D5a, is built in, as shown in diagrammatic form in Figure 1-11, and is programmed for 15 s. When 
the cycle is completed, monostable D5h is triggered, causing D3 to provide an RD rommand followed by 
an ACK command. Then D5h is programmed for 1,5 s, and when an EOF is received, D5h is cleared by 
the ACK signal on the negative transition. When the unit operates in the 'Off line' mode, data are stored 
only on magnetic tape, and the command signals RD and ACK are provided by D3, and D3h. 

The ULI is described in Instruction Manual No. M48-0I3 supplied by Perkin-Elmer. 

4. THE MAGNETIC-TAPE CONTROLLER 
The magnetic-tape controller is divided into two sections, designated 'Read' and 'Write'. 

16 



COMPUTER INTERFACE 

4.1. The 'Write' Section 
When the magnetic tape is placed in the 'Write' mode and the tape is at the 'Beginning of tape' (BOT) 

mark, a forward command is generated by AS through A2 on the 'Read' control board shown in Figure 
1-13. The tape moves approximately 52 mm away from the BOT mark that is incorporated to prevent the 
fírst LAMT mark on the tape being i sed when the first record is read. The gaps generated are small, 
and a BOT mark causes premature stoppage of the tape transport when it reverses to the LAMT mark. 

When a LAM signal is sent, the computer responds with an RD. This sets flip-flop C6 on the 'Write' 
control board (Figure 1-15), and the tape moves forward (FWD) through D3 and A2. Simultaneously, a 
delay of 26ms is generated by B4 and triggers B2, and a LAMT is generated on tape via buffer C4 on 
the 'Write* board. The data transmitted to the CPU interface arc also received by the MT controller and 
converted into parallel by the UART. The 8-bit data are presented to the magnetic tape, and even parity 
is generated by the parity generator CI (Figure 1-14). Strobe pulses are obtained from the 'Data received' 
(DR) signal of the UART, and are delayed and generated by Bl. EOF i:- detected by Dl, and is delayed 
and generated through C7. This causes the tape to stop because flip-flop C6 is reset. 

4.2. The 'Read' Section 
The tape can be read in three different modes as follows: 
(a) the reading of single records by the selection of 'File' and 'Tag', 
(b) the reading of all records on tape of a selected 'File', and 
(c) the reading of all records on tape. 

4.2.1. The Reading of Single Records 
A forward command is programmed by the setting of a flip-flop (FF) C4-C3 (Figure 1-13). Gate A2 

goes low, and the transport moves the tape forward (FWD). Flip-flop B2 is set, and is reset when the selected 
tag word is found. This, via gate B2, causes the tape to reverse (REV), and sets FF B3-B2. When 'Look 
at me tape' (LAMT) is detected, the tape stops and A4 starts the LAM generator (LAMGEN). 

The LAMGEN C2 will trigger TBRL via the gate C3. The LAM code is hardwired by D2 (Figure 1-12). 
The LAMGEN will repeat the LAM code every 3s, until an RD is received by the UART A5 (Figure 1-15) 
and is decoded by gate D4, resetting FF B3-B4 (Figure 1-13), setting FF B3-A3, and enabling gate A2, 
which provides FWD transport. Gate 8A3 enables the strobe of the tape to the UART to start TBRL. The 
tape runs until EOFT is detected, resets FF B3-A3 and disables FWD and STROBE. 

4.2.2. The Reading of Selected Files 
The operation of this mode is similar to that of the previous mode, with the exception that the tag 

word is disabled via switch S2. In addition, the 'Read' FF C4-C3 is set when an EOFT is received after 
a delay of 0,5 of a second, and is triggered by 5E6, causing the tape to search for the next selected file on tape. 

Flip-flop C4-C3 remains set by monostable C5, which is triggered either by a manual start or when 
the LAMT is detected. If no LAMT is detected within approximately 4s, the monostable completes its 
timing cycle, resets FF C4-C3, and stops the tape. 

4.2.3. The Reading of All Records 
The operation of this mode is similar to that of the previous mode, with the exception that the file 

and tag words are disabled via switch S3. 

4.3. The Tag Words 
The ;..£ words are written in 8-bit format, are decoded into two binary-coded decimal (BCD) characters, 

and are displayed on six model TIL 308 digital displays, which have built-in latches. The latches are strobed 
via counter E4 (Figure 1-12), which is reset by LAMT, and enables gate 3D5, which clocks the counter 
with strobe pulses via C5. The counter controls the BCD to decimal converter E5. E5 enables gate D5 
sequentially and strobes the latches of the displays. It should be noted that the first gate, 10D5, is enabled 
after the second-sfobe pulse preceding the LAMT mark. When the data are transmitted, the first two 
characters are meaningless. This is because the 4-bit-to-8-bit converter requires two clock pulses before 
it can complete a valid conversion. For this reason the first two clock pulses are ignored. 

5. THE MULTICHANNEL-ANALYSER EMULATOR 
The emulator functions as a device for the collection of data when tests are carried out on the interfacing 

system. A four-decade counter (Figure 1-16) counts the channel advance pulses. This counter can be preset 
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to imitate the number of channels being transferred. Data can be programmed with a set BCD code, which 
can be set at ea:h alternate word or alternate character, whereby the even or odd decode can be selected. 

6. THE INSTALLATION OF THE COMPUTER INTERFACE MODEL 8128 
The computer interface model 8128 operates on input power furnished from a nuclear-bin power supply. 

The power supply should have outputs of ± 6 V and ± 12 V. The data modules can be installed in the 
same bin. 

6.1. Interconnection Between the Units and the Modules of the System 
Figure 1-17 shows the interconnection between the modules and the units associated with the interfacing 

system. 
A total of 42 data modules can be used in the ancillary data-printing ;oop system. The computer interface 

has internal switches that can be preset according to the number of data modules used. 
For example, if 4 data modules are used, the switch setting is determined by the following equation: 

(42 minus n, NIM used) CHARACTERS = n CHARACTERS 
(42 minus 4) 6 = 228 (•-•) 

The 8 switches form an 8-bit binary number where switch 1 represents I and switch 8 represents 128. Thus, 
if the switches 8, 7, 6, and 3 are set to 'On', 228 is ti.v- number. 

If no data modules are used, a cable must be connected from the 'In' to the 'Out' connector, and 
the switch set to 252, i.e., switches 8, 7, 6, 5, 4, and 3 are set to 'On'. 

7. THE SYSTEM CONNECTOR CABLES 
7.1. System Connectors for 'In' and Out' Signals 

The signals listed in Table I-l are included in the two 14-pin rear Amphenal connectors of model 8128, 
and in the connectors of each of the other units designed for use in the printing loop system. Al! but one 
of these signals are common to both connectors. The difference is in the signal on pin 7. On the 'In' connector 
the signal is 'Previous module finished'. On the 'Out' connector the signal is 'This module finished.' The 
pins that are not used in this module are wired from 'In' to 'Out' and can therefore be used in other modules. 

TABLE I-l 

System connectors for 'in' and 'Out' signals 

In connector Out connector 
Pin Description Pin Description 

1 Data 1 I 
2 Data 2 2 
3 Data 4 3 
4 Data 8 4 
5 5 Print 
5 6 Print advance 
» Previous module finished 7 This module finished 
8 8 
9 9 System gate (optional) 

10 10 
11 11 Ground 
12 12 
13 13 
14 14 
Note : Signals are TTL level and a :tive hig h 
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7.2. The Line Connection 
The line cable consists of a two-pin twisted, screened cable. For distances over 5 m Datalene 9184 cable 

is used, because it meets the standard RS422 requirements. It will support a transmission link of 500 m, 
and Table 1-2 lists the connector configuration. 

TABLE 1-2 

The timing relation between LAM, DATA, 
and EOF 

Pin Description Pin Description 
A 
B 
D 
E 
H 

TRANSMIT 
TRANSMIT 
RECEIVE 
RECEIVE 
SCREEN 

A 
B 
D 
E 
H 

TRANSMIT 
TRANSMIT 
RECEIVE 
RECEIVE 
SCREEN 

7.3. The Cable for the Multichannel Analyser 
The cable that connects the computer interface to the Intertechnique multichannel analyser model SA44 

is detailed in Table 1-3. 

TABLE 1-3 

The connecting cable for the multichannel analyser 

Intertechnique multichannel Computer interface 
analyser model SA44 model 8128 

Pin Description Pin Description 
A (1) Data 1 1 Data 
B (2) Output 3 ( Input 
C (4) TTL level 5 Í TTL level 
D (8) 7 ) Active high 

J Start/Stop command 9 Start: +5V 
Stop: 0 + 0.4V 

U Blocking during 11 Block: - I V U front panel operation 11 Block: +3V 

M Address advance 13 TTL level 
Active high 0,5 ^s 

N Ground 20 Ground 
W lOM 25 \ Decade scanner output 
X 10' J 23 J Logical I: + 11 V>26JJS 
Y 
Z 

'^ > Interrogate 
I02 I 

21 
19 I Logical 0: 0 + 0.4V 

a 10' ] 17 1 
b 10" ' 15 / 
E Free 16 Free 
F Free 14 + 5V 
K Free 18 

25 
- 5 V through I kl) 

26-p in male-Amphenal 
18 
25 •pin male type D 

connector #200512-2 C( jnnector 

7.4. The Cable for the Magnetic-tape Unit 
The cable that connects the magnetic-tape unit (MTU) is detailed in Table 1-4. 
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TABLE 1-4 

The cable connection of the magnetic-tape controller 

Pin 1 Description [ Pin i Notes ; 

J32 TRANSPORT j 50-pin type i 
D connector ; 

C FWD ! 34 \ 
E REV j 35 
K WRITE PERM 36 
M O N LINE ! 37 
P FILE PROT ' 38 
T READY 39 
U EOT i 40 
R BOT J 41 
J 
8 

LINK SELECT A • 

I 

J32 Write ! 
j 

I A | WRITE STROBE j I 
1 | G R O U N D 18 

j B i READ PERM 42 
! 2 ! GROUND | 
j I. | WRITE 4 (P) | 2 
! 10 | GROUND 19 
j M i WRITE 7 (0) 3 

I I I GROUND 20 
: N I WRITE 6(1) 4 
; 12 | GROUND j 21 
j P | WRITE 5 (2) ' 5 Ground hoard 2 
| 13 | GROUND 22 
i R ! WRITE 3 (3) 6 
j 14 i GROUND 23 
1 S : WRITE 9 (4) 7 
j 15 • GROUND 24 
1 T ' WRITE 1 (5) 8 

16 j GROUND 25 
U i WRITE 8 (6) 9 

17 GROUND 26 ! 
V WRITE 2 (7) 10 

18 
• — ' 

GROUND 27 !, 

J33 READ 50-pin type 
D connector i 

1 READ 4 (P) f I I 
A GROUND 28 

2 READ STROBE 12 1 
B GROUND 29 | 

3 READ 7 (0) 13 ! 
C GROUND 30 

4 READ 6(1) 14 
D GROUND 31 

8 READ 5 (2) 15 
J GROUND 32 Ground hoard 1 

9 READ 3 (3) 16 
K 33 

14 READ 9 (4) 50 
R GROUND 49 

15 READ 1 (5) 48 
S GROUND 47 

17 READ 8 (6) 46 
U GROUND 45 ! 

18 READ 2 (7) 44 
43 J V [ G R O U N D 

44 
43 J 
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7.5. The cable for the Central Processing Unit 
The cable that connects the CPU interface with the ULI interface is detailed in Table 1-5. 

TABLE 1-5 

The connection of the central processing unit model 8130 
and the Universal logic interface model M48-013 

Pin Description Pin 
JI ULI connector J3 CPU interface model 8130 
01 GROUND 28 
02 GROUND 34 Jl = 25-pin jack-
03 DUO 17 type D connector 
05 EX0 18 
06 BSY1 15 P2 = 25-pin plug-
07 LAMO 19 type D connector 
09 EOF0 37 
10 ERR0 36 J3 = 37-pin jack-
19 DIN070 1 type D cr.mector 
20 DIN060 2 
21 DIN050 3 
22 DIN040 4 
23 DIN030 5 
24 DIN020 6 
25 DIN010 7 

8 
P2 ULI connector 

7 

8 01 DIN00O 

7 

8 
02 SATN0 16 
03 CMG1B 13 
04 COT070 9 
05 coroóo 10 
06 COT050 11 
07 COT040 12 
08 DRG1B 14 
24 GROUND 27 
25 GROUND 20 

7.6. Miscellaneous BNC Connectors 
ACK 10 ms "N 
NACK 10 ms / 'Transistor-transistor logic' (TTL) level 
DISABLED OUT - ( active low 
ONLINE OUT - ) 

8. A MODIFICATION FOR THE ACCOMMODATION OF CONTROL SIGNALS 
In order to accommodate the control signals, the circuit shown in Figure 1-18 must be incorporated 

in a data-collection device (any commercially available multichannel analyser can be used). In this 
investigation the MCA Intertechnique SA44 was used. 

RE 1 controls the sample transfer, and control can be obtained from the CPU or MCA by the 
selection of SI accordingly. 

RE 2 provides the start of analysis obtained from the sample-changer or from the CPU via the 
NACK. A clock signal is generated to store the time when the analysis is started. 
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APPENDIX II 

OPERATING INSTRUCTIONS 

1. HARDWARE 
The software controlling the on-line system is not subject to these operating instructions, which deal 

only with the operation of the hardware. 

1.1. The Computer Interface Model 8128 
Select file and tag word as required. 
Programme Series B on the multichannel analyser (MCA), which selects model 8128. 
Depress 'Digit'. This starts the 'Look at me generator' (LAMGEN) after the analysis is complete. 
When acknowledged, the 'Busy' (BSY) lamp will indicate until tne data are transferred. 
When both the LAM and the BSY indicators are unlighted, the data transfer has been completed. 
The 'Off line' indicator will light up when the transmission line is disconnected or when data are read 
from the magnetic-tape unit (MTU). 

1.2. The Data Router Model 8203 
Programme the channel to be used by setting the appropriate switch, which is situated on the printed 

circuit board in .̂de the unit. 

1.3. The Magnetic-tape Unit (MTU) Controller 8132 
1.3.1. To Write Tape 

Load magnetic tape onto the drive unit. 
Programme the drive unit 'On line'. 
Set the 'Read/Write' switch to 'Write'. 

Magnetic tape will move forward 52 mm from the BOT mark, and all the data transmitted will be 
recorded. 

1.4. To Read Tape 
Remove the file-protection ring from the tape. 
Load magnetic tape onto the drive unit. 

1.4.1. To Read Single File 
Set the 'Read/Write' switch to 'Read'. 
(Note: During the 'Read' operation all the data accumulations are disabled.) 
Select the 'File' and 'Tag' number on thumbwheel switches. 
Set the 'File' and 'Tag' switches to 'On'. 
Depress 'Start', and tape will run forward. 
When the file is found, the tape stops and a LAM signal is generated. When the signal has been 
acknowledged, the tape will transfer a single record into the computer. 

7.4.2. To Read all Selected Files 
Select the file number on the thumbwheel switch. 
Set the file switch to 'On' and the 'Tag' switch to 'Off. 
Depress 'Start'. The tape will run forward until the selected file has been found, when the tape stops 
and LAM is generated. When the LAM signal has been acknowledged, the tape transfers a single 
record stop for 0,5 of a second, and searches for the next file. 
(Note. If no file has been found within 4s, the search is terminated.) 

1.4.3. To Read all Records 
Set both the 'File' and the 'Tag' switch io Off. 
Depress 'Start' and the tape searches for each record on tape. When the record is found, the tape 
stops and generates a LAM signal. 
When this is acknowledged, the tape transfers the record, stops for 0,5 of a second, and searches 
for the next record. (Note. If no record has been found within 4s, the search is terminated.) 
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1.4.4. CPU Interface Model 8130 
The CPU interface is controlled by the computer, and control is required only when the computer 
is not available. In that event, set the switch to 'Off line', and the interface generates the command 
signals without delay. 
When the computer is 'On line' but does not respond within 15 s, the interface generates the command 
signals. 
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Corrigenda: Report M52 

(1) Page 11. The caption to Figure 6 should read as follows: 
Flow Diagram 1 showing simultaneous recording on tape and 
outputting to the CPU 

(2) Page 13. The caption to Figure 8 should read as follows: 
Flow Diagram 2 showing retrieval of data from magtape 

(3) Page 14. The caption to Figure 9 should read as follows: 
Flow Diagram 3 showing magtape search for tag word 
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