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ABSTRACT 
This report describes a 32 channel, 24 bit, 40 MHz single width 

Camac scaler based on the memory increment technique. The character
istics of the module are given and its logic is briefly described. 
Circuit diagrams and component lists are given. 
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INTRODUCTION 
The design of high-density scaler systems cannot be achieved with 

conventional medium scale integration counter circuits as they are not 
dense and are not easily multiplexed at read-out time. Until now, a 
maximum of 16 scalers of 24 bits could be housed in a single width 
Camac unit and the design involved expensive techniques such as hybrid 
circuits and multilayer printed circuit boards. 

The module described in this report is based on the memory 
increment technique used in the on-line programs to count the scaler 
overflow pulses. The module name, MIMOSA, is an acronym of Memory 
Increment MOde ScAler. The design uses conventional low-power Schottky 
integrated circuits for hardware associated with fast level converters 
for the input section and a few Schottky circuits for the control 
logic. The component cost is very low and the module can be easily 
manufactured. The next section describes the module from a user's 
point of view. Sects 3 and 4 give information about the actual design. 

MODULE SPECIFICATIONS 
MIMOSA is a single width Camac module with two MBNIM [1,2,3] input 

ports, INO and INI; each port can accept 16 single-ended, positive 
logic ECL signals of width i 12 ns (a distinguishing feature of MBNIM 
is the replacement of conventional miniature coaxial cables by a 
40 wire flat cable bus. There are 9 general purpose MBNIM modules 
covering the basic functions that nowadays appear in most trigger logic 
for large high-energy physics experiments). 

Three control signals (fig. 1) are available on the module front 
panel. They are: 

- The disable DIS, 16 mA/50 ft NIM compatible input, active low, which 
stops the 32 scalers. 

- The trigger TRG, 16 mA/50 ft, NIM compatible input, minimum width 
30 ns. This signal prepares the module for read-out and it is an 
alternative to the Camac NF(26) command (see below). 

- The overflow OVF, 32 mA current source, active low, which may be tied 
to any pull-up network as long as the voltage swing remains between 
-2 V and +5 V. This signal goes low as soon as any one of the 32 
channels overflows. The overflow bit is switch selectable, and can 
be either the 16th or the 24th one. The OVF outputs of a scaler 
system can be wire-ored and used to interrupt the host computer 
and/or stop the input pulses until the necessary action - e.g. 
read-out - has taken place. 
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The module responds to the following Camac commands: 

NF(0) - Read scaler, prepare next scaler data, X = 1, Q = 1 until 
32nd channel has been read (Camac STOP mode). Partial read
out can be achieved as long as one reads an odd number of 
channels. 

NF(2) - Same as NF(0) except that the 32 channels will be cleared as 
soon as the scalers are re-enabled (see DIS input and Camac 
Inhibit). No constraint on the partial read-out. 

NF(9) - Clear the 32 scalers, X = 1. 

NF(25) - Increment the 32 scalers, X = 1. The scalers must be dis
abled. 

NF(26) - Prepare the module for read-out, X = 1. This command must 
be executed before each read sequence: 

I - inhibits the 32 channels, 

C,Z - same as NF(9). 

Three important remarks; (a) read-out should start at least 12.8 ps 
after the module has been disabled; 

(b) there is a 100 ns dead time when the 
module is re-enabled after an NF(2) 
command; 

(c) the module can be read twice as long as 
the 32 channels have been read during 
the first read sequence. 

It is readily seen that the module is compatible with the 
ROMULUS/REMUS system [4], and that it is ideal for the histogramming of 
an array of trigger counters in an MBNIM trigger logic system. 

The module requires 2.6 A on the +6 V and 1.1 A on the -6 V 
supplies. 

THE MEMORY INCREMENT MODE 

Fig. 2 describes the memory increment mode principle used in the 
design of the module. Each channel drives a fast frequency divider (or 
scaler) with p+1 binary stages, thus giving a 2 division factor. 
The n Qp outputs of the scalers are continuously scanned and compared 
to their previous values. Whenever a 1 to 0 change is detected, the 
preset scaler which drives the memory input increments by one the con
tents of the corresponding location. 
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Let T be the time required to: access the memory, load the preset 
counter, increment it and write it back into the memory. It can be 
seen that the shortest average time between two pulses at the scaler 
input for which the module will function properly is 

t = T x -£- . 
2 P 

A typical value for T is 200 ns. If t = 25 ns and n = 32, then 

p = log 2 (n x J) = log 2 (32 x^§§) = 8 . 

Thus, a p+1 = 9 bit counter can be used for the scaler front end. 
However, this value is not convenient, as most counter circuits have 
four bits. A better optimization can be obtained with an intermediate 
memory stage simultaneously scanning two scaler outputs and driving the 
main memory at the required rate. It is easy to erase the memory con
tents as the first 1 to 0 transition of a scaler Qp output occurs at 

P+1 least t x 2 r = T x n x 2 after the beginning of a counting phase. 
The method consists of steadily clearing the preset counter during the 
first memory scan, thus writing zeroes in all locations. 

4. THE MODULJE HARDWARE 

Figs 3 and 4 show the detailed logic diagram of the MIMOSA 
module. This section gives brief indications about the various parts 
of the circuit. 

4.1 The timing generator 

The timing generator is composed of a 20 MHz oscillator driving a 
three-bit, 40 MHz Gray counter (quadruple input NAND gate, 20 ns delay 
line and three D type flip-flops in the middle of fig. 3 ) . A binary 
decoder D and a few gates are used to generate the control signals 
shown in the timing diagram of fig. 2. 

4.2 The memory section 

The memory section involves: 

(a) a 16 word x 4 bit 74S289 memory Ml, which simultaneously scans two 
outputs Q70 and Q71 of the front-end scalers, and 

(b) two 64 word x 9 bit 82S09 (Signetics) or 93419 (Fairchild) 
memories M2, which contain the 16 higher order bits of the 32 
channels. 
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The counter at the output of the memory is a low power Schottky 
synchronous counter type 74LS161, C2 (4 integrated circuits). 

4.3 The scaler section 
The scaler section is shown in fig. 4. Each channel uses a 

74LS393 counter CI as 8 bit frequency divider. The input pulses are 
converted to TTL levels with an ECL differential current line driver 
type 10192. A read-out clock CK, can be fed at the scaler input and 
between the fourth and the fifth stages of each counter (CK). 

4.4 The Camac read-out 
The read-out of the memory contents is straightforward and easy to 

understand. Unfortunately, the 32 x 8 bit scalers cannot be bussed for 
read-out and the following method must be used: 

- in between two Camac commands, 8 clock pulses are fed to each half of 
the 32 scalers (CK and CK, fig. 4), and the transitions on the selected 
Q3 and Q7 outputs are detected (fig. 3, bottom right); the scaler con
tent can be deduced from the number of clock pulses that have been re
ceived at the time of the transition, and thus stored into D type bi-
stables (C2, FF and TFF, fig. 3). 

4 .5 The address counter 
The address counter uses an adder and fast Schottky D type flip-

flops in order to minimize settling times and propagation delays. 

5. CONCLUSION 
The techniques that have been used for the design of the MIMOSA 

can be used to achieve either higher frequencies with a smaller number 
of channels, or lower frequencies with a greater number of channels, 
e.g. 2 MHz, 64 channels. 

The module is one of the 9 standard modules of the MBNIM [1,2,3] 
trigger logic system currently used by three large experiments at the 
CERN SPS, ISR and pp collider. 
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APPENDIX 1 

LIST OF MNEMONICS FOR FIGURES 3 AND 4 

ADD 4-bit binary full adder with fast carry, type 74LS283 
B Bias current to compensate for GATE feed-through 
CI Dual 4-stage binary counter, type 74LS393 
C2 4-bit binary counter, type 74LS161, synchronously presettable 

with asynchronous clear 
Read-out clock (8 pulses per Camac word) 

CK Complement of CK Ored with F(25).S1 
CL Clear to front-end scalers 
D One-of-ten decoder, type 74LS42 
DIS Disable input 
DS Quad two-input multiplexer, type 74LS157 
Dl Hot-Carrier diode, type HP5082-2900 
D2 IN4446 diode 
FF Hex D type flip-flop, type 74LS174 with common clock and clear 
GATE Gate signal to the 32 inputs 
Ml 16 words x 4 bit random access memory type 74S289 
M2 64 words x 9 bit random access memory type 82S09 (Signetics) or 

93419 (Fairchild) 
OS Dual monostable, type 74LS123 
OVF Overflow output 
Q30 Fourth-stage output of scalers 1 to 16 (multiplexed) 
Q31 Fourth-stage output of scalers 17 to 32 (multiplexed) 
Q70 Eighth-stage output of scalers 1 to 16 (multiplexed) 
Q71 Eighth-stage output of scalers 17 to 32 (multiplexed) 
READ Read signal, on during the preparation of the data for read-out 
SA Scaler address 
SEL READ.STOP switches the multiplexers during the preparation of 

the data for read-out 
SFF Hex Schottky D type flip-flop type 74S174 
STOP Stops memory scan 
SW Change-over switch 
TDS 8 input multiplexers with three-state outputs, type 74LS251 
TFF Octal D type flip-flop with three-state outputs, type 74LS374 
TRG Trigger input 
Tl pnp transistor type 2N2907A 
T2 npn transistor type 2N3904 
T3 pnp transistor type MPS3640 
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LIST OF SEMI-CONDUCTORS 

APPENDIX 

ECL 10.000 Series 10192 

Low power Schottky TTL 74LS00 
74LS02 
74LS04 
74LS10 
74LS32 
74LS42 
74LS74 
74LS86 
74LS123 
74LS157 
74LS161 
74LS174 
74LS251 
74LS283 
74LS366 
74LS374 
74LS393 

6 
4 
5 
1 
1 
2 
2 
2 
1 
9 
5 
3 
8 
1 
3 
1 
32 

TTL standard 

Schottky TTL 

7405NS3 

74S04 
74S05 
74S74 
74S140 
74S174 
74S289 

Other integrated circuits DM8837 (National) 1 
82S09 (Signetics) or 
93419 (Fairchild) 2 

Transistors 

Diodes 

2N3904 4 
2N2907A 1 
MPS3640 3 

1N4446 2 
HP5082-2900 2 

-2 V regulator MC7902CT 1 
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Fig. 2 Module schematics and timing diagram 
for the memory increment mode sec t ion 
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Fig. 4 Detailed logic diagram of the scaler section 


