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ABSTRACT 

The design, construction, and;testing of a small, low-cost 256-
channel pulse-height -analyser is briefly discussed. The analyser, intended 
for use in the setting up of experiments in high-energy physics, is fully 
compatible with the CERN/NTM nucleonic instrumentation. It has a digital 
display of channel and content as well as outputs for printing, plotting, 
and binary transfer. The logic circuitry is made with TTL integrated cir
cuits and has a static random-access MOS memory. Logic and timing diagrams 
are given. Detailed specifications are also included. 
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- v -

1. INTRODUCTION 
2. DESCRIPTION 
3. CONSTRUCTION 
4. TESTING 
5. OPERATING EXPERIENCE 
6. COSTS 
SPECIFICATION 
FIGURES 

CONTENTS 

Page 

1 

1 

2 

2 

2 

2 

4 

6 



1. INTRODUCTION 
This 256-channel analyser has been designed specifically to fill the need for a simple 

instrument with facilities useful to this laboratory; it would be simple to operate and 
would need as few peripherals as possible for basic operation. Nevertheless, interfacing 
circuitry has been incorporated to extend the facilities if desired. 

2. DESCRIPTION 
Two linear signal inputs are available: one gated input for acceptance of charge sig

nals directly from a photomultiplier, and a second input for slow voltage signals, for 
example, from a time-to-amplitude converter. 

The analog-to-digital converter is of the Wilkinson type with an 8 MHz clock. Non-
linearities at the low end of the scale are removed by a fixed value of digital subtraction. 
The resultant loss of dynamic range is compensated for by injection of a pedestal signal. 
The channel in which pedestal signals are counted may be changed by the back bias adjustment. 
This latter control gives approximately a 100-channel shift throughout its range. 

Figures 1 and 2 show, respectively, a block diagram and a circuit diagram of the linear 
section. 

The memory is composed of 16 integrated circuits, each a fully decoded random access 
memory of 256 channels of one bit. These are MOS units compatible at input and output with 
TTL logic elements. All associated circuitry is made with TTL integrated circuits and as 
much as possible with MSI units to reduce the bulk and complexity of the analyser. 

The number of preset adjustments has been kept to a minimum (the two logic cards have 
only one trimmer capacitor). Memory sequencing circuits are timed with tapped delay lines; 
oscillators and monostables are RC-timed with fixed value components, the tolerance of these 
being R = 5%, C = 101, this giving an acceptable variation. 

Figures 3 and 4 show the logic diagrams of the two logic cards and Figs. 5,6, and 7 
the timing diagrams. 

Display is by external oscilloscope, connection being made by three standard 50 ÎÎ Lemo 
cables for X, Y, and Z signals, so that no special cables are necessary. 

During analysis, display is present but does not contribute to the dead-time of the 
analyser, as an event may interrupt a display cycle at any time without loss of memory con
tent. 

Read-out may be obtained by four different methods. The first, by hand, requires no 
additional equipment apart from the display oscilloscope. Eight solid-state numerical in
dicators are mounted on the front panel, and indicate the channel number and content when 
Display mode is selected. The channel is selected by a multiturn potentiometer and is in
dicated on the display oscilloscope by a super-brightened spot. 

The second method is by printer, whole or part of the spectrum being chosen by front 
panel switch. The starting channel for partial print out is chosen by the position of the 
super-brightened spot. 
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The third method is by plotter. The speed of plotting is determined within the ana
lyser. Printing and plotting may be done simultaneously. 

The fourth method conserves the data in binary form for transfer to a larger store, 
for example, a computer. Circuitry is included which is compatible with the Hewlett 
Packard 2100 series computer micro-interface card. This same dialogue is used in the CERN 
CAMAC interface type 134, so that connection to the computer may be made via CAMAC. 

Cycles of Analysis, Print, and Erase may be made with the use of an external timer. 

3. CONSTRUCTION 
The unit is housed in a triple-width N M unit. It consists of three printed circuit 

cards. The centrally mounted card is fixed, the two outer cards hinge outwards for ser
vicing. Interconnection is made with flat 14-way and 16-way cables which use dual in-line 
sockets. Transistors and integrated circuits are fitted with sockets to facilitate set-up 
and servicing. 

Figure 8 shows a view of the analyser. 

4. TESTING 
Linearity tests were carried out by accumulating a "flat spectrum" from a precision 

pulse generator. 
This spectrum was transferred to a Hewlett Packard 2100 computer (as described in the 

text on read-out), which calculated the best straight line by a least squares fit. 
Integral linearity is expressed as the percentage deviation of this line from the ideal 

horizontal line at the first and last channels when the two lines are made to intersect at 
channel 128. Figure 9 shows this curve. 

Differential linearity is expressed as the percentage deviation of each channel from 
the best fit line. Figure 10 shows the differential linearity curves, a) for the slow in
put and b) for the fast input. 

5. OPERATING EXPERIENCE 
The units have shown no failures apart from some memory-integrated circuits. These 

faulty pieces all came from one supplier. A second source of supply has revealed no faults. 

6. COSTS 
Cost of components, including all mechanics and printed circuits, 

not more than SF 4000 
Cost of wiring by commercial source, based on the average of six 

offers for wiring six units and valid at January 1973 SF 820 
Approximately two man-days are necessary to commission a unit. 
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SPECIFICATION 

NIMBER OF CHANNELS 1 x 256 

2 x 128 selected by switch. 

The second group may be selected by pulse when the 

first is selected by switch 

The first channel of a selected group is not a true 

channel 

(PUNTS/CHANNEL 65,535 

SWITCH-SELECTED LINEAR INPUTS 

Slow input d . c . connected 

Z in 50 Û 

Polarity: negative or bipolar 

Voltage range: 0-800 mV 

Min. width: 1 usee 

Peak should be reached by 700 nsec 

Integral linearity: better than ±1% 

Differential linearity: better than ±1% 

Temperature stability from 10-50°C: Û . 2 0 W C 

Fast input d.c. connected 

Z in 50 Q 

Polarity: negative 
Charge sensit ive 
Sensitivity: 0.4 pC/channel 
Max. amplitude: 800 mV 
Differential l inear i ty : bet ter than ±31 
Temperature s t ab i l i ty from 10-50°C: 0.40%>/°C 

GATE INPUT d . c . connected 

Z i n 50 n 

Operates only on fast linear signal 

N M level: -800 mV 

Min. gate width: 10 nsec 

Rise- and fall-time: 2 nsec 

Width determined externally 

Triggering gate creates a pedestal which falls in 

channel 10 at zero back bias and is completely inde

pendent of gate width when the slow input is selected. 

In the case of the fast input the gate should not affect 

the pedestal position by more than one channel from 

10-100 nsec gate width. 

The fast linear input and the gate input should be 

timed to be coincident at the respective input plugs 
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BACK BIAS 100 channels over ten turns of potentiometer 

OPERATIONAL MDDES 

Display mode 

Count mode 

Print mode 

Test mode 

Erase mode 

DISPLAY OSCILLOSCOPE DEFLECTION 

Display, Count, Print, Test, and Erase 
Selected by five interlocked push buttons 
Selection of Display mode stops any other mode 
The channels are addressed in sequence and the content 
examined. In addition, a "Look Spot" may be moved over 
the entire display. It permits examination of the 
channel on which it is resting, by displaying that 
channel number and its content on eight numerical in
dicators mounted on the front panel. 
Overlap: the two halves of Display may be overlapped 
for comparison 
This permits linear signals to be analysed. Display 
will be active during quiescent periods between counts. 
This facility does not add to the dead-time of the 
analyser. 
Counts may be added or subtracted. Switch selected. 
The channels are addressed sequentially, a single scan 
being made. Conversion from binary to decimal is made 
for each channel. This BCD information is available on 
a front panel connector for connection to a printer. 
All levels are TTL. 
A second outlet may be used for connection to a plotter 
or for outputting binary data to a computer. Fixed 
links in the cables ensure in the first case a constant 
plotting speed and in the second that the data is re
tained in binary form. 
Printing and plotting may be done simultaneously 
Deflection voltages for plotting are "X" and "Y" 0-1 V 
negative full-scale deflection 
The channels are addressed in sequence, one count being 
added to or subtracted from each 
The channels are addressed in sequence and are re
written to zero. One Erase cycle approximately 2.5 msec. 

"X" and "Y" 0-1 V negative full-scale deflection 
"Z" ±6 V with offset in each case to ±6 V 

PARALLEL ADDRESSING The address register may be parallel loaded. TTL levels 
are used: 

"0" = +3.5 V minimum 
"1" = 0 V. 

In addition a load signal must be supplied. Minimum 
width: 50 nsec. TTL level negative polarity. 
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Fig. 9 
Integral linearity 
Horizontal axis = Channel number 
Vertical axis - 0.2%/division of 
channel content 

a) Slow input 
= 18,000 counts/channel 

Fig. 10 
Differential linearity 
Horizontal axis = Channel number 
Vertical axis = Deviation from best 
fit line 

b) Fast input 
- 10,000 counts/channel 
Gate = 30 nsec 


