
S-100/Z80 microprocessor-based scanning 
microdensitometer and signal processing system 

K. L. Sala, R. LeSage, and R. W. Yip 

Division a/Chemistry, National Research Council a/Canada, Ottawa, Canada KIA OR6 

(Received 1 February 1982; accepted for publication 27 July 1982) 

A S-100/Z80 8-bit microprocessor-based system which is used to digitize, reduce, and smooth 
picosecond data is described. Utilizing real-time signal sampling combined with a software­
controlled signal averaging, the system uses, to the maximum extent, all of the information 
obtainable from the microdensitometer. The versatility of the system, in terms of both the 
hardware and software, minimized the need for extensive in-house interfacing and makes it 
possible to scan a film containing six spectra (6 X 40K raw data points) in 16 min. The use of a 
LS 1 stepping motor controller chip is described. 

PACS numbers: 06.50.Dc 

INTRODUCTION 

In picosecond absorption spectroscopy and other appli­
cations such as gel electrophoresis, a system is required 
to digitize the analog film data, reduce grain and other 
noise, and carry out data processing (to account for char­
acteristics of the film and of the particular experiment) 
before the information can be used. Because of the mas­
sive amount of information contained in films, a com­
promise is usually made in the amount of information 
which is extracted due either to time constraint or to the 
complexity and cost of the system required. In our specific 
application to process film data from picosecond spectro­
scopic experiments, we required a microcomputer and 
recording system capable of driving an existing (obsolete 
but mechanically sound) microdensitometer, acquiring 
an amplified photomultiplier tube signal, and carrying 
out fast Fourier signal processing and data reduction. We 
further required that the maximum possible available in­
formation be acquired in the shortest time possible (scan 
limited only by mechanical considerations), a minimum 
of in-house interfacing, a minimum of expense, and rapid 
postsignal processing. In this article, we describe a par­
ticular hardware/software configuration based on real­
time sampling and signal averaging which meets our ob­
jectives. 

We chose an S-100 bus based Z80 microprocessor sys­
tem l with CP/M2 operating system, assembly, and FOR­

TRAN language capabilities. Our choice was based on the 
need for hardware versatility afforded by a standardized 
bus system, and a compiler-based language such as as­
sembly or FORTRAN for speed (interpreter-based BASIC is 
too slow to be useful). Use of a standardized bus system 
which can directly accept plug-in interface and fast A/D 
converter boards from any number of manufacturers 
greatly simplified the need for in-house interfacing. In 
addition, the availability of a large number of scientific 
and mathematical programs greatly facilitated implemen­
tation of the overall system. 

The system functions as a computer-controlled micro­
densitometer with real-time signal sampling and averag-
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ing capabilities. An amplified photomultiplier signal de­
tecting a 240 Hz chopped light beam is digitized by an 
A/D converter at the chopping frequency. The digital 
buffer on the A/D converter board is, therefore, being 
continually updated. The current value stored in the 
A/D converter buffer is read by the microprocessor at the 
stepping motor frequency. Providing that the chopping 
frequency is greater than or equal to the stepping fre­
quency, real-time sampling is realized. Averaging of the 
data is carried out by the microprocessor after sampling 
(i.e., under software control) and is, therefore, indepen­
dent of the hardware. This technique differs from that 
using a conventional tuned ac amplifier with a dc output. 
Because the dc output is obtained by rectifying and fil­
tering the signal, the time constant of the output severely 
limits the scan rate. For this reason, we bypassed the orig­
inal electronics on the microdensitometer (Baird-Atomic 
model RC-2) and sampled the (amplified) chopped pho­
tomultiplier signal directly. The maximum scan rate is 
presently limited by mechanical considerations to 2.7 
min./scan (7.5 times faster than before). For a total scan 
of 40960 steps (at 2.1 !lm/step), 1024 averaged sampling 
points are derived and stored on a 8-in. floppy disc. The 
increased scan speed also means that the reliability of the 
results is less dependent on the long-term stability of the 
electronics. 

I. DESCRIPTION 

The system block diagram is shown in Fig. 1. Two 
functional modules can be seen: (1) a stepping motor 
controller which provides the microdensitometer scan, 
and (2) an interrupt-driven data-acquisition system which 
records the analog signal from the microdensitometer. 

ASCII instructions are transferred from the micropro­
cessor to the stepping motor controller by a handshake 
sequence. The instructions specify the number of steps, 
rate, direction, ramp rate at the beginning and end, and 
when to start. On each step, the stepper controller outputs 
a pulse which is used as an interrupt for the micropro-
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FIG. I. Block diagram of the microprocessor­
based scanning microdensitometer system. 
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cessor. Digital data held in the A/D converter buffer is 
transferred to the microprocessor memory on each in­
terrupt by an interrupt service routine (in assembly lan­
guage). The circuit diagram of the stepper motor con­
troller is shown in Fig. 2. The heart of the module is a 
40 pin LSI chip, the CY500.3 Signal to (data out) and 
from the CY500 (data in) can be grouped into three sets 
of 8-bit signals: (1) data out (ASCII program instruction 
for the CY500), (2) control signals out to the CY500 (step­
per command), and (3) data into the microprocessor (sta­
tus information about the CY500). The three sets of signal 
lines are connected to the parallel ports of an S-IOO plug­
in interface board ("Interfacer II," Godbout Electronics, 
Oakland, California). The latter two sets of signals provide 
the necessary control for the CY500 and the handshake 
sequence for data transfer between the microprocessor 
and the CY500. The positive "pulse" signal (pin 35 on 
the CY500, see Fig. 2), generated on each step, triggers 
the 74LS123 on the negative edge and provides the neg­
ative pulse (PINT) for the microprocessor interrupt. 
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B 

MICRO-
DENSITOMETER 

Several aspects of circuit shown in Fig. 2 require com­
ment. Pins number 28-30 in the CY500 for external hard­
ware start/stop control were not used. The stepping motor 
on the microdensitometer, a 3V SLO-SYN HS-50 (Su­
perior Electric, Connecticut), requires a drive circuit with 
transistors having low turn-on voltages. A higher input 
voltage stepping motor is preferable. The 74LS08 con­
nected to the input and ouput pins of the CY500 were 
used, in our case, to protect the CY500 against damage 
from transients and accidental connections rather than 
for added drive. Depending on the interface, the 74LS08 
can probably be safely omitted. We have not, however, 
tested the reliability of the CY500 under these conditions. 

The signal from the microdensitometer is derived from 
a 240-Hz chopped optical beam which is detected by a 
photomultiplier and amplified. A negative pulse (sync 
pulse) synchronous with the signal pulse from the micro­
densitometer is used to start conversion on the A/D con­
verter. The digital data in the A/D buffer is, therefore, 
updated at the chopping frequency. The A/D converter 
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FIG. 2. Stepping motor controller. 
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(California Data Corp., Newbury Park, California, AD-
100-4) plugs directly into the microcomputer S-100 bus. 
It has 12-bit resolution, software programmable gain of 
up to 1024, and a gain dependent settling time of 40-400 
JlS. The sync pulse line from the microdensitometer, an 
open-collector TTL ouput, is directly connected to the 
trigger input of the convert register on the AID converter 
board. The Z80 assembly language subroutine for the 
CY500 stepping motor controller was obtained commer­
cially.4 

A typical "raw data" spectrum consisting of 1024 sam­
pled microdensitometer readings, with each reading rep­
resenting an average of 40 values, is shown in Fig. 3. 
Following acquisition, the raw data for a complete set of 
five transient absorption spectra is smoothed by means 
of a FORTRAN module which is automatically loaded and 
executed. The smoothing process consists of a simple low­
frequency-pass step truncation of the Fourier spectrum 
in which the Fourier coefficients above a cut-off frequency 
are set to zero. The Fourier coefficients were computed 
using the IBM Scientific Subroutine "HARM" which is 
based on the fast Fourier Transform (FFT) algorithm due 
to Cooley and Tukey.5 The result for the data of Fig. 3 
using a cut-off frequency of -0.20 of the maximum Fou­
rier spatial frequency is shown in Fig. 4(A). The figure 
shows that the high-frequency "noise" originally present 
in the film transmission is eliminated by this filtering 
whereas the overall envelope of the spectrum, the low­
frequency component, is undistorted. There remained in 
the low-pass filtered spectrum, a constant-frequency mod­
ulation associated with the laser-generated "continuum,,6 
probe beam. This modulation was attenuated by FTT­
based convolution,7.8 that is, by multiplying the data Fou­
rier cos and sin coefficients AK and BK with those for a 
rectangular, unit area 'slit' function (width D.K) according 
to: 
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FIG. 3. A raw data spectrum of the absorption of the Reinecke's salt 
[KCr(NH)h(NCS)4] in ethylene glycol. The calibration line (530 nm) 
is due to scattered laser pump light. 
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FIG. 4. Data smoothing by low-frequency-pass truncation of the raw 
data fast Fourier transform spectrum: (A) without convolution and, (8), 
with convolution (slit-function width = 20 sample points). 

where 

(

IrK) ,/ sin( D.K ;~) \ 
CK = cos (3 - D.K) 2N (, 

(
. IrK) 

\, D.K sin 2N 

sin(D.K~) 
D K = sin( (3 - D.K) ;~) 

(
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D.K sm 2N 

Note that the coefficients CK and DK include, in addition 
to the convolution, a shift by M/2 points of the data set 
to lower wavelengths to eliminate the effect of partial av­
eraging of the first and last M/2 data points. The result 
with D.K = 20 is shown in Fig. 4B. Further postdata re­
duction unique to picosecond transient absorption spec­
troscopy will be reported in a separate publication. 
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