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A system for control of radiochemical processes has been
designed and constructed Control passes through a single
8-bit port (6522 VIA) to up to 64 on—off sensors and 64
on-off switches The outputs are latched, they are switched
one at a time

Introduction

Transforming the radiochemical manipulations developed
in the laboratory to “production™ operations 15 strongly
dependent on automation This dependence denves from
the needs for reproducibility in the radiopharmaceutical
products, low radiation exposure for production workers,
and (for short-lived nuchdes) optimization in tming in the
overall process There are secondary advantages, such as
mproved documentation of individual batches The prn-
mary disadvantage of automated radiochemical processing
1s that many standard laboratory operations—particularly
transfers of soltds, such as addition of powders and col-
lection of precipitates—do not admit easy automation

Systems based on microcomputers are programmable (1 ¢
conventently changeable in the sequence and tirmng of umit
operations) A fundamental hmit of a microcomputer is the
amount of mformation 1t can process at one time (in
“parallel”) Although 16-bit computers are entering the
price range acceptable for controllers, more commonly the
low cost computers are 8-bit devices That 1s, the informa-
tion handled in a single step mught correspond to the states
(open or closed) of eight switches This 1s an example of
“input”—information coming from the laboratory to the
computer Stmularly, 8 bits of “output” might be commands
to eight valves to open or close In order to overcome this
limitation we have constructed an interface which uses
multiplexing logic to control up to 64 input and 64 output
bits

Dedicated, microprocessor-based controllers are available
commercially Some of these are quite inexpensive, but our
interest in documentation as well as control ruled out these
devices In designing the overall system we have benefited
from reports of remotely-controlled radiochemical pro-
cedures (-9 These are “manual” systems as opposed to
computer based, but Davis er al ® used a complex switch
with parallel control of 15 components

The 1mitial designs for radiochemical procedures to be
used at the University of Michigan Cyclotron/PET Facility
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clearly required at least 15 switches and 10 test points The
test points correspond to a vanety of sensors or transducers,
and i some mstances finer distincttons than yes/no or
open/closed would be desirable In addition, the valves and
other typical devices receiving commands from the com-
puter are not directly responsive to the signals (TTL levels)
the computer can produce, level translations (dnvers) are
needed Therefore, a complete system mvolves more than
Just transmission of mformation However, even simple
chemical processes may require some multiplexing 1n order
to interface to more than 8 control or monitoring points

Interface Design
Logical design

Details on the 6522 interface “chip” and machine lan-
guage programming of the 6502 microprocessor have been
described by Leventhal ¢® The principle of the design 1s to
permit many 1nput or output connections one at a tine
rather than a few simultaneously The 8 I/O lnes are
logically divided into six address lines (64 addresses), one
bank select line (to select the input bank or the output
bank), and one data ine The six address lines are sub-
divided into three lines to select 1 of 8 groups (chip select)
and three hines to select | of 8 lines through a given chip (line
select) In practice we have used a somewhat less direct
approach for bank selection and data (We wanted to
reserve one of the I/O lines for future “global™ functions
such as an emergency nterrupt to meet conditions not
anticipated 1n an automation program ) The design of the
interface 1s given in Fig 1 The lower part of the Figure
corresponds to the output bank and the upper part to the
mnput bank Line select and chip select correspond to PAQ-2
and PA3-5, respectively, from the computer For output
(but not input) CB2 1s the bank select ine and PA7 1s the
data Iine For input PA7 1s the bank select line and CAl 1s
the data hne into the computer

Setuing output lines

Setung an output line 1s somewhat simpler than readng
an mput The computer program which accomplishes out-
put 1s gven 1 Fig 2 (Refer to Fig 1 for definitions of the
vanous lines ) The operations assume that prior steps have
placed the output bit address (line 38 out of the 64 possible
output hnes) and data (high m this dlustration) in location
1000 (hexadectmal address $03¢8) The computer 1s
configured with the 6522 VIA occupymg computer ad-
dresses 59456 (3¢840) through 59471 (S$e84f) Bit 4 of a
control register mn location 59468 controls CB2 The first
two lines of machine code define constants which will be
used to control CB2 The third line mnsures that CB2 1s low
The fourth line gets the information concerming which
output line 1s to be set and which state is to be set Line five
sets the address and data, line six strobes the latch so
selected, line seven disables the setting mode (leaving the
output line “latched™ 1n the desired state), and the last line
returns computer operation to other processes

Reading wnput

Reading an input requires extra steps to set, read and
reset the interrupt register In short, an input 1s read by
determining whether a transition 1s seen on CAl when the
addressed line 1s connected into that line

Use of PA7 for both mput and output operations does
not cause conflicts The fact that data may be presented to
pin 3 of the latches 1s not important except when the latches

908



Technical Note

4 po—
3 o
Master 2 po—
Muiti~ 1 po—
plexer 15 jo—
T4LS151 14 fo—
13 5 out q
5 7 9-11 12 S out 4 po—0 Muiti—~ 3 fo—
Muiti— 3 p—1 plexer 6 2 jmo—
plexer 7 2 jo—2 74L51%1 1
7415151 1 fe—3 15 po—
18 fp»—4q 7 enable 14 po—
r? enable 14 fo—5 [ 13 po—
—— 13 fe—6 9-11 12 f—
CAt - 9-11 12 po—17 7

PA7
PA6

4

PAS
Computer PA4 Chip select
(6522 VIA) ::: Address ]
PA1 Line select \C
PAQ \l \
cez2
6-8 3 9 }—=eo0
data 10 p— 1 6-8 3 9 b
11 b2 date 10 p—
Latech O 12 p—e3 11—
MC14099 13— 4 Lotch 1 T
14 a5 MC14099 —
1§ —= 6 —
6 1-3 15 4 write 17 —
14 4 write 1iPM—
13 —
Decoder 12 pb—
74L5138 11 p——
10 p——
9 h——
by Al S

Fig | Diagram of the interface

are enabled (by CB2) Conversely, although the data used
for output might enable the mput bank, any transition on
CALl 1s ignored

We have found that I/O operations can be carried out
roughly 1000 times faster when controlled by a machine
language subroutine as opposed to comparable BASIC
statements For this reason we have chosen to handle all
interface control with machine language subroutines

Output drwer

The devices which are controlled 1n our system require a
12V power source This power 1s switched by the circuit
given m Fig 3 Each device has a control as given in the
nght side of the Figure The left side permuts switching to
manual control, which has been found quite useful in setting
up chemical procedures When the relay 1s in the position
mndicated in Fig 3, the mechanical swmitch n the device

Setting an QUTPUT Line
MACHINE LANGUAGE

af cf LDX # 207
a0 ef LDY # 239
8ed4ce8 STX $e84c
ade8 03 LDA $03e8
8d4f e8 STA S$e84f

8c4ce8 STY $e84c
8edce8 STX $e84c
60 RTS

BASIC

Set CB2 low
Get address +data*128
Put address on PAQ-7
Set CB2 high
. . low
Return from subroutine

POKE 59468,207

POKE 58471,PEEK(1000)

POKE 59468,239
POKE 59468,207
RETURN

Fig 2 Commands for setting outputs
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Fig 3 Output dnvers

control section controls power delivered to the device When
the relay 1s in the other position, each device is controlled
by “data” from the computer to the gate of a VNSSAF
transistor The indicator lght-emitting-diodes facilitate
interconversion between manual and auto control, by
fupping the auto/manual switch one can confirm that a
computer setting 1s the same as the manual setting

The nput circuits require no dnvers In effect each input
device 1s a SPST switch connecting a particular multiplexer
line to ground CAI senses when an addressed mput 1s at
ground potential

Discussion

We have used the ““8 to N” interface for over 2 years and
with several different radiochemical procedures The con-
troller 1s a Commodore 8032 computer, which has an
mternal clock for iming the outputs and logging the inputs
This information 1s stored on “floppy” disks for documenta-
tion of each run The system 1s quite powerful in spite of its
relatively low cost Essentially the same interface and con-
trol programs could be used with even less expensive VIC
20™ and Commodore 64® computers More complex paral-

lel I/O can be easily added to this system by dedicating some
of the 64 output bits to controling I/O buffer chips
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