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DIGITAL DELAY CAMAC MODULE 

WITH 550 MHz PRESET COUNTER (TD-2) 

Kazuhiro ISHII 

National Laboratory for High Energy Physics 

Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan 

Abstract 

The RF frequency of TRISTAN is 508 MHz, so that the digital delay 

module with the 508 MHz preset counter is necessary to the synchroniza

tion between the RF buckets and the injection bunched beam. This delay 

module (TD-2) has been developed as the single-width CAMAC module which 

has a multilayer circuit board (five layers) and high speed ECL cir

cuits. The preset counter is a 13 bit binary one (max. counts 8191) 

and its maximum toggle frequency is 550 MHz. The mininum step of delay 

time is about 2 nano sec. and the jitter of the output is less than 200 

pico sec. 
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1. OUTLINE OF THE DELAY MODULE 

The digital delay module has the following features. An input 

tinrinQ pulse into the module is delayed by a preset counter which 

counts standard clock pulses. Therefore the resolution of the delay 

time is decided by the frequency of the clock pulse. 

The block diagram of this delay module is shown in Fig. 1. Mainly 

it i's composed of a 550 MHz preset counter, a flip-flop to start/stop 

counting, an AND gate to detect the coincidence with the preset data, 

and an up-down counter which registers the preset data on it. 

The head of the preset counter is a 650 MHz flip-flop (F/F) circuit 

with set and reset. It has been employed since a preset counter chip 

operating above 400 MHz does not exist. The preset counter of 13 bit 

binary operates as an up counter, and one's compliment numbers as the 

preset data are loaded on it. The flip-flop for the count start/stop 

is to start counting the clock pulses when an external start pulse 

comes in, and to stop counting them when an output pulse goes out. 

When the status of the preset counter gets to the maximum count 

that means its output Q's are all "one", the AND gate detects the 

maximum, and an output pulse which is delayed by preset time from the 

start pulse goes out. In this case, the preset counter need not be a 

synchronous one. It is due to the following reason. Before the last 

clock pulse for the maximum count comes into the preset counter, the 

all output Q's except the least significant bit (LSB) already become 

all "one". Then the AND gate for the maximum detection waits for the 

LSB to become "one". Therefore the features of the head flip-flop of 

the preset counter and the maximum detector determine the time resolu-
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tion, so they are of great importance for the module. 

The up-down counter operates as a register to store the data from 

the CAMAC bus. To load the one's compliment number on the preset coun

ter, the data from the CAMAC bus are loaded on the up-down counter in

verting "zero" and "one". Also it can be loaded manually by means of 

an up-down switch on the front panel. To increase the preset value, the 

down clocks are given to it, and vice versa. 

The internal synchronous oscillator starts synchronized oscillation 

with the external start pulse. Instead of the external clocks, it can 

be used as the count clock pulses. It is useful for the jitter-less 

output. 

The LED display of the preset value displays the normal number (not 

compliment) in hexa-decimal of three figures and a half. 

2. DESCRIPTION OF THE CIRCUIT 

The circuit diagram of this delay module is shown in Fig. 2. The 

head F/F ECL of the preset counter F11C70 (1) is a D-type flip-flop with 

set, reset and count enable terminals. Its maximum toggle frequency is 

650 MHz. Bias voltage of its count pulse input terminal (CP) is about 

-1.35 volt, and input level of the RF clock is about 600 mV RMS. 

The F100136 and two MC10136's operate with asynchronous coupling, 

and their terminal count (TC) outputs become low simultaneously at 

maximum of their all Q's output. These signals are given to the NAND 

gate MC1688 (9), and the output pulses go out both in MIN level and in 

TTL level through a pulse transformer. 
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The F/F 11C70 (8) works to decide the pulse duration time (̂  100 

nsec) of the output and to eject the output pulse when the preset value 

is "zero", that is, the preset counter is loaded all "one". In this 

case, the start pulse into the counter goes through to the output ter

minal. The output pulse is divided to the reset of the 11C70 (2) and 

to the pin 7 of the MC1662 (2D), and makes the counter stop and load. 

In addition to this loading, it is excuted in the following three 

cases: 

turning on the power supply, 

loading the CAMAC data on the register, and 

loading the up-down counter by manual preset and pushing the 

load switch. 

The timing diagram for loading on the preset counter is shown in 

Fig. 3. First, the F11C70 (1) is set and the F100136 and MC10136's 

become the state of preset mode. If the Q of the F11C70 (1) is high 

level, the loading clock pulse can not go to the F10O136. Because in 

the (wired) OR circuit of ECL, the high level has priority over the low 

level. Next the F100136 and MC10136's are loaded and finally the F11C70 

(1) is loaded. At loading on them, they need a count pulse into the CP 

pin. In Fig. 2 the set and reset, the Q and ^ of the 11C70 (1) are in

verted respectively for convenience sake. 

The start of the F/F UC70 (2) for the count start/stop is inhib

ited by the 1NH input. The CAMAC command A(0)F(24) also makes the F/F 

11C70 (8) for the output inhibit, and the command A(0)F(26) releases 

inhibiting. 

When the up-down counter of 13 bit binary works as the register to 

load the CAMAC data, it is loaded in one's compliment. The inverted 
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data from the CAMAC bus are loaded on it. When it works as the up-

down counter by operating the up-down switch on the front panel, the 

count pulses are given to the down terminal of it to increase the delay 

time, and vice versa. The frequency of the count clock is 2 Hz or 20 

Hz selected by the switch of the fast or slow. 

The LED displays of 5 x 7 dots display the delay value in hexa 

decimal, that is not compliment. 

The internal synchronous oscillator generates the clock pulses 

synchronized with the start pulse. It is composed of a gate circuit 

and a delay line which determines the oscillation frequency. The 

maximum frequency is about 250 MHz. Since the stability of the fre-

quency is about 10 , it should be avoided to set the delay time more 

than 100 counts. 

The input and output level of this module is NIM level, except the 

RF clock pulse and the TTL level output pulse through the pulse trans

former. 

The voltages of the power supply are +5 V, -5.2 V, and -2 V. The 

-2 V is for 5Qn.terminatorsof the ECL output. 

A multilayer PC board for the ECL circuits is used to eliminate 

ground loops caused by the signal return paths through the power feed 

lines and ground plate, and to provide the transmission lines with 

uniform characteristics. The board layer orientation is shown in Fig. 

4. Crosstalk of adjacent signal lines can be reduced by separating the 

signal planes by the voltage planes, that is, the voltage planes are 

between the two signal ones. Ground lines between parallel signal lines 

on the same signal plane give additional protection against noise 

coup!ing. 
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3. RESULTS 

The specifications of this module are shown in Table 1. When the 

clock frequency and the preset value are 510 MHz and (FF),g respectively, 

the waveforms of the output are shown in Fig. 5. In this case the 

start pulse is synchronized with the clock pulses, so that the jitter 

of the output is about 100 pico sec. 

The preset counter works well in the clock frequency range 5 MHz ^ 

550 MHz. But there is a problem in detecting the maximum of the counter 

caused by the time delay (̂  4 n sec) of the F100136's TC" output. When 

the prese* value is two, that is, 11101 in binary, the first 

clock int.. ! ;ie counter makes the F100136's TC low and the second one 

makes the counter all one, that is maximum. However, due to the delay 

time 4 nsec of the F100136's TC, the fourth clock pulse gives the out

put, not the second one. Therefore the delay time of the output is in 

excess by two counts with respect to the preset value, in the frequency 

range above about 400 MHZ. The timing diagram to explain it is shown 

in Fig. 6. 

As there is the transition frequency range between 350 MHz and 400 

MHz, the use in its range should be avoided. 

The following three countermeasures are accepted to resolve the 

problem. 

(a) Delaying the 11C70 (l)'s Q output into the max. detector by about 

3 nsec. 

(b) Using the QQ ^ Q, outputs of the F100136 as the input signal into 

the max. detector. 

(c) Adding another F/F 11C70 between the 11C70 (1) and the F100136. 
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Although the excessive delay does not affect serious troubles to the 

synchronization of TRISTAN, we will investigate the best method to 

avoid it. 
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TABLE 1 SPECIFICATIONS 

(1) STRUCTURE 

(2) INPUT 

MAX. FREQUENCY OF THE RF CLOCK 

RF CLOCK VOLTAGE 

START PULSE 

INH. LEVEL 

(3) OUTPUT 

UNIT 1 CAMAC MODULE 

550 MHz 

500 ^ 800 mV P-P/50 Q 

NIM LEVEL/50 $2 

NIM LEVEL/50 a 

^ 2 n SEC 

8191 

OUTPUT 1 

OUTPUT 2 

RESOLUTION OF DELAY TIME 

MAX. PRESET VALUE 

PULSE TRANSFORMER OUTPUT 

TTL LEVEL 4 V/50 Q 

RISE TIME < 5 n SEC 

PULSE WIDTH * 100 n SEC 

NIM LEVEL/50 Q 

RISE TIME * 1 n SEC 

PULSE WIDTH % 100 n SEC 

JITTER < 200 p SEC 

(4) COAXIAL CONNECTOR ALL LEMO TYPE 

(5) INTERNAL SYNCHRONOUS OSCILLATOR 

OSC. FREQUENCY 100 * 250 MHz 

STABILITY OF THE FREQ. -v 10"3 

(6) CLOCK FREQ. FOR MANUAL LOAD 2- Hz or 20 Hz 

(7) CAMAC COMMANDS 

LOAD THE CAMAC DATA ON THE REGISTER 

AND LOAD THEM ON THE PRESET COUNTER. 

A(0) F(Z4) : INHIBIT THE OUTPUT. 

A(0) F(26) : RELEASE INHIBITING 

0.4 A/+6 V, 1.8 A/-6 V. 
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A(0) F(16) 

(8) POWER SUPPLIES 
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Fig. 1 The block diagram of the delay module. 
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Fig. 3 The timing diagram to load the preset data on the preset counter. 
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Fig. 4 The orientation of the 

multilayer PC board. 

Fig. 5 The waveform of the output at 

510 MHz, 255 count delay, 

upper: the delayed output pulse . 

100 n sec/div. 

lower: Its expansion waveform by the 

delayed sweep. 200 p sec/div. 
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Fig. 6 The timing diagram of the 11C70(1) Q, the 100136 TC 

and the output at preset count 2. 5 n sec div. 

' : « . • • ?&kV ••'•::'YrlOGnS 

•4<>50n5 

Fig. 7 The waveform of the output and the 

clock pulse at 510 MHz. 

upper: the delayed pulse at preset 255 

middle: the expansion clock pulse 

lower: the expansion output by the 

delayed sweep. 

Fig. 8 The photograph of the 

dealy module. 
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