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INTRODUCTION

The trend in modern instrumentation is computerization and
automation. Most new commercial instruments are provided with
input/output ports for control and data collection. This control
is designed to be provided through compatable data stations.
Instruments developed in the research laboratory may also utilize
components which may be computer controlled. The cost of
providing instrument control in such situations can be very
large, yet the versatility and expandability of the control units
is usually limited.

We describe here an expanded interface based on a Tandy TRS-
80 microcomputerl. This interface can provide parallel and
serial data handling capabilities useful to a wide variety of
instrumentation. The TRS-80 1is a Z-80A CPU based microcomputer
which may use as much as 128 kilobytes of random access memory.
The TRS-80 can support one to four 5.25" floppy disk drives and
comes equipped with a serial port and communications software.
This microcomputer is a very good choice for an intelligent
interface, since several useful data storage and transfer
functions have already been implemented. The TRS-80 also
supports a wide variety of programming languages, including
assembly language, Basic, and Pascal.

Examples of the application of this interface to a
commercial Photochemical Research Associates Fluorescence
Lifetime Instrumentation (London, Ontario, Canada), and an in-
house, multidimensional fluorescence detected circular dichroism

spectrometer are provided. These applications demonstrate the
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i constructed from double sided copper clad boards and electronics é
artwork supplies. Connecting the interface to the microcomputer ‘

| is simple since the major signals from the TRS-80 to the E-
peripherial parallel (PIO) and serial (SIO) interface chips are Si
available through a 50 pin 1I/0 connector on the CPU motherboardz. ‘o

Four address lines are used by the interface to control the -

selection of peripherial devices. Addresses 80H to FFH are ;
reserved for system use. Care must therefore be taken to insure %

that these addresses are not assigned to a periphrial device. E‘

Address 1line A7 1is used to enable a 74LS138 3-8 decoder =
demultiplexer for peripherial chip selection. Address lines A4- :

A6 are used to select which of eight possible interface chips are Es
enabled. The selection of control and data bytes passed to the E:
peripherial interface chips is made by address line Al. Each PIO ?'

and SIO contain two data channels which are selected by address E

line AO. This addressing scheme provides a total of eight E;
peripherial devices or sixteen data channels. With 128 out of p

256 possible Z-80 input/output ports available on the TRS-80, the i

number of data channels could be increased by further address f

line decoding. Each port is accessable through the OUT and INPUT ?:

Z-80 machine code commands. :'

In addition, as diagrammed in the schematic in Figure 1, the E?

eight chip enable outputs are gated through a 74LS30 8 input %
positive NAND gate. This output is then NAND gated with the :E
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versatility of the basic interface design presented here.

INTERFACE DESIGN

The interface described here may be cheaply and easily

R S5

-
e e L

a a\Y
-~



logical NAND of the 50 pin 1/0 IN and OUT signals by a 74LS00

e e

| positive NAND gate. This signal is sent through the I/0 bus as
the EXIOSEL for the I/0 port. The recoding of the chip enable "

lines is necessary only for input operations from the peripherial

-

devices. The microcomputer will not relenqguish control of the

), o o

data bus without EXIOSEL.

L o -

Eight data lines are also available from the I/0 connector.
These lines carry eight bit information to and from the PIO and [
SI0 interface chips. These lines are driven by buffers in the !
TRS-80, so0o no drivers are needed for the interface board. .
However, it is best to minimize distance from the 1/0 connector
to the interface chips to decrease noise on the connecting cable.

Other signals which are required for P10 and SIO operation
are M1 and RESET. These signals are directly input as SIO
control signals. The logical AND of these signals is input to
the M1 on the PIO using a 74LS08. Several signals needed to "
drive Z-80 peripherial devices are not provided on the 1I/0
connector. A clock signal to control PIO end SIO timing, RD and
IORQ signals for 1/0 operations are needed. These signals are 0
supplied to the interface by soldering wires to the appropriate
pins of the Z-80 microprocessor. X

The Z-80 system PIo3 has two eight bit parallel 1/0 ports on
each chip. Therefore, sixteen bit numbers can be input or output
from the interface wusing only one chip. Each port has o

handshaking lines which can be used to control the transfer of

data to and from the PIO. Port B on the PIO chip has a driver

circuit capable of supplying 1.5mA at 1.5V to drive Darlington
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transistors. We have no difficulty in sending information over §
distances of up to ten feet using either port A or port B. r
Beyond this distance, line drivers and receivers may be needed to .:'
insure that interfacing cables do not pick up noise. . .'.'

The Z-80 8103 also contains two serial I/0 ports which can ’
transmit up to eight bit data and the desired number of parity Ej
and stop bits. The output baud rate is generated by an external ]
clock signal input to the SIO chip. This signal may be generated :
by constructing a circuit to divide the microprocessor clock to 'ﬁ
an appropriate frequency. We accomplish this using an Intersil :’
ICM7240 programmable timer/counter and an 74LS93 4-bit binary :
counter. This signal may be further divided by software control _:
of the SIO. The number of data and stop bits, parity, and E
generation of modem control signals are all set through control :
bytes output to the SIO. The SI0O has an extensive command :
library. Also, I1/0 buffering of up to three characters 1is also -E‘
provided along with several status registers.

Although the hardware design shown in Figure 1 is not N
designed for interrupts, the Z-80 interface chips may be easily :..:
configured to service mode 1 Z-80 interrupts. Hardware 5
considerations in this event require that the interrupt enable ."'
(IEI) line from the peripherial chip with the highest priority be ‘
connected to the chip interrupt enable of the chip of next .-f
highest priority to <create a "daisy chain". The 2Z-80 23
microprocessor must be setup in the proper mode to allow é
interrupts and an interrupt vector must be supplied by software K
to service the interrupt routines. E
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In some cases, some of the control 1lines from the 2Z-80
microprocessor and TRS-80 I/0 connector must be filtered to
remove spurious signals from the lines. This may be accomplished
using simple RC circuits with time constants in the hundreds of
nanoseconds. We found the need for these filters was different
for each interface built in our laboratory.

All chips on the interface board require 5 volt power supply
and ground. The power supply for the TRS-80 is not designed to
support additional peripherial boards. However, simple 5 volt
power supplies are easy to construct and may be activated from
the TRS-80 main power switch. It is also necessary to maintain
logical ground between the TRS-80 and the interface described
here.

APPLICATIONS

FDCD. The TRS-80 and interface system has been used to control a
multidimensional fluorescence detected circular dichroism (FDCD)
spectrophotometer4. This instrument is a special type of
fluorometer which acquires fluorescence information as a function
of multiple excitation and emission wavelengths as well as
excitation polarization. The computer controls the acquisition,
transfer and some mathematical manipulation of 512 data points
read from a diode array detector system each second through the
interface. Since the data volume is high, the interface must
work fast. Assembly language routines allow the development of
very fast data acquisition and manipulation programs.

The inteface system must also control several I/0 functions

necessary to operate the spectrophotometer. Figure 2 shows the
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peripherial devices that are included in the instrument. These

devices must send and receive eight and sixteen bit data between
the microcomputer, steppermotor controllers, and the fluorescence
detector. The TRS-80 performs several mathematical calculations
on the data as it is acquired. For example, the data from
repetitive scans of the diode array detector are signal averaged
to increase the signal to noise ratio for the measurement.
Additionally, the 512 data points for each scan are spectrally
averaged by the microcomputer to 32 data points. The data is
then sent over a sixteen bit parallel interface to a Hewlett
Packard 9845B minicomputer where it is permanently stored and
displayed as isometric projections or contour plots. Figure 3
shows a typical fluorescence detected circular dichroism spectrum
for the drug salicylic acid when it is bound to human serum
albumin protein.

Fluorescence Lifetime. The interface described here has also
been used to automate a Photochemical Research Associates
fluorescence 1lifetime instrument as shown in Figure 4. The
experimental data is collected by this instrument in a Tracor
Northern TN-7200 multichannel analyzer (MCA). The MCA 1is
equipped with a RS-232 serial remote control option and and
additional serial port for data output. The operation of the MCA
is fully controlled through the Z-80 SIO on the interface. 1In
addition, excitation and emission wavelength, sample holder
positioning, and lamp aperature are selected by stepper motor

controllers. These controllers are operated through the

interface PIO chips. Finally, the fluorescence rate of the




.....

sample is read from a photon counter equipped with a parallel BCD
output. This data is read by a PIO and converted to binary
representation.

The data from the MCA is recorded by the TRS-80 on diskette.
These data files are transferred to a Microvax II minicomputer
via a standard TRS-80 serial port. This port is used to log onto
and transfer the TRS-80 file to the MicroVax. Each data file has
VAX VMS commands embedded which create a file on the MicroVax and
store it on disk. The data are analyzed using a computation
intensive non-linear least squares curve fitting routine.
CONCLUSION

The interface described in this paper may be utilized in a
variety of ways. The number of serial and parallel I/0 channels
can be tailored for many laboratory data collection situations.
The hardware considerations are straightforward and sophisticated
instrument control software algorithms can be developed and
implemented. The total cost of such a system is less than $1500
for the microcomputer and electronic component parts. The use of
an inexpensive microcomputer-based interface allows one general
interface design to service a variety of computer data
acquisition and control needs. The flexibility of such a design
offers a useful solution to changing laboratory interface needs
and may easily be used as a universal laboratory interface.
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FIGURE CAPTIONS

1. Block diagram of TRS-80 compatible interface.

2. Block diagram of TRS-80 interfaced to a fluorescence detected

circular dichroism spectrophotometer.

Tt e

3. Isometric multidimensional projection of the FDCD spectrum of

L
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salicylic acid bound to human serum albumin protein.

jo.r

4. Block diagram of TRS-80 interface coupled to PRA Lifetime
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