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AKIMOTO et af: DUAL-PARAMETER MULTICHANNEL ANALYZER 

displayed in t11e appropriate location by a color related to the 
·counting values. In the isometric display, the data are 
displayed monochromatically at intervals of 16 channels. 

The amount of data stored in this system is enormous (128 
kbytes to 512 kbytes); thus a considerable amount of time is 
required for the graphic display. But the time required for the 
graphic display can be reduced by writing the data correspond­
ing to display locations directly into the graphic video random 
access memory (VRAM). The VRAM displays information in 
three colors plus intensity: blue, red, green; each dot on the 
display corresponds to a data bit of VRAM. Since the VRAM 
can be accessed only one byte at a time, the VRAM address 
(one of the 8 dots) must be determined for each of the four 
screens to make one dot of a particular color on the display. 
After determining the bit corresponding to the dot to display, a 
o or 1 value with respect to the color to be displayed is 
assigned to the bit. 

In the contour display, all data are displayed in 16 colors 
corresponding to counting values. The time to renew the 
graphic data changes with the counting value, because the 
number of accessed VRAM's (0-4 times) changes. The time to 
renew the graphic data in the isometric display is smaller than 
with the contour display and is nearly constant, since sampled 
data and monochrome graphics are employed. 

E. Performance of the System 

The performance of this system is as follows: 

maximum conversion gain 

count capacity 

minimum data processing time 

coincidence resolution time 
time to renew graphic data 

x X Y = 2 18 channels (for 
example, 512 X 512ch); combi­
nations of X and Y can be 
determined arbitrarily 
232_lIch (216_1/ch at512 X 512 
ch) 
13.6 ± 1 p.s (at 256 X 256 ch, 
2-byte-Iong data) 
about 200 ns 
3 ± 0.5 S/216 dots (contour 
display); about 0.10 S/(216/16) 
dots (isometric display). 

The maximum conversion gain is held within X X Y = 2 18 

ch (count capacity 65535/ch) due to the capacity of the 
computer memory and the operational mode of the CPU 
(80286). With appropriate software, arbitrary combinations of 
X and Yare feasible. The minimum data processing time (not 
including the ADC conversion time) is 13.6 ± 1 p's (in the 
case of 256 x 256 ch and 2-byte-Iong data). The data 
processing time is 15.6 ± 1 p's for 256 X 256 ch and 4-byte­
long data, and 14.0 ± 1 p's for 512 X 512 ch and 2-byte-Iong 
data. Because of the 16-bit data processing, there was no 
appreciable difference in processing time between the case 
with 2 and 4 bytes. The time to process a large input pulse such 
as 8 V (linear input range of E-551 is 0-8 V) is about 33 p'S 

(256 X 256 ch and 2-byte-Iong data), including the deadtime 
of the ADC. 

The probability that the two input signals actually arise from 
the same event becomes higher as the coincidence resolution 
time becomes. shorter. If required, the resolution could easily 
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Fig. 5. Block diagram of electric circuit. 

be improved to about 10 ns by using a coincidence circuit of 
the two ADCB's. 

The personal computer in this. system employs a p.PD70 116- · 
10 CPU (V30), which is equivalent to a 8086, together with a 
80286 CPU. The speed of data processing and graphics with 
the V30 CPU is lower than with the 80286 CPU. With V30 at 
256 X 256 ch and 2-byte-Iong data, the minimum processing 
time is 30.0 ± 2 p's; the time required to renew graphic data is 
5 ± 2 s12 16 dots for contour display and about 0.17 S/(216/16 
dots) dots for isometric display. These are about two times 
longer than with the 80286 CPU. 

m. EXPERIMENTAL RESULTS WITH THE MCA SYSTEM 

The measured results of the response function for the liquid 
scintillator NE213 (5" </> X 5 1f t) using a spontaneous fission 
source 252Cf are detailed here. The 'purpose of the measure­
ment was to obtain the response function of ·NE213 by a 
combination of the TOF method and pulse-height analysis with 
252Cf as a pulsed neutron source [8]. The fission time is 
determined with a plastic scintillator NE 102 in close contact to _ 
the 252Cf source to detect the gamma ray emitted following the 
fission. Neutrons emitted by the fission are detected with 
NE213, 1.5 m from the 252Cf source. The neutr.on energy was 
determined by the time difference between the arrival at the 
two detectors receiving the input signal. The pulse height of 
signals from NE213 caused by the same neutron was measured 
simultaneously. The pulse-height distribution for different 
neutron energies was obtained by a two-dimensional measure­
ment of energy and pulse height. The block dia'gram of the 
measuring system is shown in Fig. 5. 

Fig. 6 shows results of the measurements by a 16-color 
contour display, and Fig. 7 shows results of the measurements 
by an isometric display. Fig. 6 shows all measured data, but in 
Fig. 7 the row data (time of flight data or energy data) are 




