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Address 

00-04 

05 

06 

07 

Input 

XXXX 

H r n  
--NZN1 

ABCD 

TABLE 1 

FUNCTION ADDRESSES 

Display 

XXXXBY 

HHWSS 

--N2N106 . 

ABCD07 

M2"1 MON M$1MaN08 

Same as 08 Except Display Address 

HHMM H M 1 2  

Same as 12 Except Of splay Address 

Function 

General informat ion channels. B Y  i s  Address. 

Time-of-day i n  hours, minutes, and seconds. 

Reference frequency r e p e t i t i o n  rates. 

A: Tr igger Select 
8.C: RTC Delays. 
D: Internal .  Tr igger Repet i t ion  ate. 
TI s tar t  rim - vl~O x id' microseconds. 

T I  Stop Time. T2 S ta r t  Time. T2 Stop Time. 

RTCl Start. Time Given as Time-Of-day 

RTCl Stop Time. RTQ start Time, RTCZ 
Stop T,ime - . - - . . - .- . 

t r i gge r  repe t i t i on  ra te  i s  given as 10' microseconds. 
where G=0 t o  7. 

Delays are  programned as s t a r t  times i n  microsec- 
onds a f te r  a t r i g g e r  event. Pulse widths are detenfned 
from. s t a r t  time t o  a 'stop time. The stop time i s  a l so  
pragrananed i n  mlcmseconds a f t e r  the  t r i g g e r  went.  
The TI and T2 s t a r t  and stop t i m s  are programed from 
the f r o n t  panel t o  RPJ4 addresses 08-11. See Table 1. 

The times are given as M,MIMR X loN microseconds. where - . -  
M2M1MO=000 t o  999. and N=O t o  7. Programed s t a r t  and 

stop times stored i n  latches are compared to elapsed 
tlmes i n  counters t o  generate control  pulses to set and 
c lea r  output latches. I n  add i t ion  t o  the gat ing pulses, 
each o f  the TI and T2 c i r c u i t s  generates a delay pulse 
t ha t  i s  ac t i ve  during the delay time, a short  s t a r t  
pulse a t  the beginning o f  the gating. pulse. and a short  
stop pulse a t  the end. Typical cont ro l  and output . 
pulses are  shorn i n  Figure 1. 

.. 
I Starttlms ! 
r ~ n p s e c  

Tx stop n 

Figure 1. Typical Pulses f o r  Tl and T2. 

Time-of-day Clock Circui ts.  A 24-hour time-of- 
day (TOD) clock has been b u i l t  i n t o  the PRMT. The TOD 
clock i s  shown i n  the simplified block diagram o f  Fig- 
ure 4. The preset f o r  the clock i s  accolrrplished from 
the f r o n t  panel t o  RAM address 05 by select ing the ap- 
propr iate funct ion address. se t t ing  the time-of-day i n  
hours and minutes i n  the data thumbwheel switches. and 
depressing the STORE pushbutton. The STORE loads the 
time t o  RAM and presets the clock. A t  preset, the 
seconds timer i s  cleared t o  zero. Once every minute, 
the time-of-day i n  RAM i s  automatically updated. The 

time may be displayed by select ing the appropriate func- 
t i o n  address, and pressing the DISPLAY pushbutton. 
Tfme i s  displayed i n  HRS-MINS-SECS and i s  automat ical ly 
updated every second. 

Two sets o f  t iming gates (RTC1 and RTCZ) may be 
generated from the M D  clock. S t a r t  and stop times f o r  
the gates are programned as a time-of-day i n  hours and 
minutes and loaded i n  the RAM. Programed s t a r t  and 
stop times f m m  RAM are compared to the TOO clock once 
every mlnute. Comparator outputs are fed to latches t o  
generate the t iming gates. Delays up t o  three days may 
be programed f o r  both sets o f  t iming gates. The RTC 
delays are programmd to the PRMT v i a  the  RAM address 
8'1. See Table 1. The B and .C d i g i t s  o f  the input  data 
word are the s t a r t  and stop delays respectively. Delays 
o f -  0. 1. 2 and 3 days are determined by input  d i g i t s  1, 
2. .4 and 8. A front-panel toggle switch selects RTCl o r  
RTCZ f o r  delay programolng. Input  delay data i s  loaded 
t o  latches. . For each gat ing pulse, shor t  s t a r t  and 
stop pulses are  generated. Typical pulses are shown i n  
Flgure 2. 

Figure 2. Typical pulses f o r  RTCl and RTQ. 

P r i n t  Interface. The PRMT module has been designed 
t o  be connected i n  a standard ORTEC p r i n t i n g  system. A 
s imp l i f i ed  block diagram i s  shown i n  Figure 4. The 
p r i n t e r  used i n  t h i s  system i s  an ORTEC Model 777A L ine 
Pr in ter .  The PRMT can be inserted a t  any pos i t ion  wi th-  
i n  the loop. The PRMT data fed t o  the p r i n t e r  I s  s ix -  
teen channels o f  four  BCD d i g i t s  each. The data comes 
from the RAM w i t h in  the PRMT. The purpose o f  the p r i n t -  
ing  capab i l i t y  i s  t o  obtain a hard-copy output of the 
PRMT operat ing parameters along w i t h  accumulated data 
from external -counters, timers, e t  a l .  The 16 output 
channels include several channels f o r  general infor-  
mation (not  used i n te rna l l y )  and may be programed as 



the operator sees fit. Possible information may be 
date, run number, etc. See Table 1. 

Memory Addressin . Address generation for the RAM 
originates from threeqources. (1) I n  Figure 3. BCO 
data from the user-controlled function address switches 
i s  converted to  binary and fed to  a data selector i n  
Figure 4 as a function address. (2) Once each minute. 
the TOO clock triggers the MEMORY CONTROL c i rcu i t s  i n  
Figure 4. The MEMORY CONTROL outputs feed a binary 
counter i n  'Figure 4 that automatically generates f i v e  

Miscellaneous. The PRNT contains a data coin- 
cidence c i r c u i t  that i s  a function o f  the TI gate and 
data. The output o f  the c i r c u i t  i s  a coincidence gate 
to enable a pulse height analyzer during Tl time. The 
c i r c u i t  i s  designed to hold the coincidence gate off 
i f  the leading edge o f  the T1 gate attempts t o  go H I  
a t  the same time a data pulse i s  being input to  the 
analyzer. The gate goes H I  a f te r  the data pulse goes 
LO. This prevents the analyzer from t ry ing t o  pro- 
cess distorted data pulses. A toggle switch i s  avai l-  
able to select posit ive o r  negative logic data pulses. 

memory addresses to update the TOO i n  memory, and to  
output data f o r  the RTC gating pulse comparators. ( 3 )  A TRIGGER DELAY input i s  avallable t o  disable the 
Ourlng a PRINT cycle, the PRINT CONTROL c i rcu i t s  i n  Triggered Clock Circuits without removing the applied 
Fiaure 4 aenerate.mmorv addresses 8-15 t o  o u t ~ u t  data trigger. This allows some automatic data acquisition 
to-the exiernal printer: One o f  the address sources capabi l i ty- 
(1). (2). o r  (3) i s  fed to the RAM through data selec- 
tors shown i n  Figure 4. 

CONCLUSION 

Reference Frequencies. Three independently pro- 
gramnable periodic pulse t ra ins are generated i n  the 
PRWT mdule, and are available a t  BNC connectors on 
the f ront  panel. Two o f  the outputs are generated 
as outputs only, and are not used internal ly.  These 
are the Reference Frequencies 11 and 12. The t h l r d  
pulse t r a i n  i s  used primari ly as an internal tr igger 
for the Triggered Clock Circuits and i s  available-as 
an incidental output. If either internal o r  external 
tr iggering i s  used f o r  the Triggered Clock Circuits. 
the internal t r igger  may be programned fo r  a selected 
rate, and i s  available as an output a t  the "Internal 
TriggerU output BNC. The reference frequencies are 
programned from the f ront  panel v ia  RAM address 06. 
See Table 1. Reference frequency repet i t lon rates are. . . .  

N given as 10 microseconds, where NEB to 7. Pro- 
gramning i s  accomplished by selecting the approprl- 
ate functlon address on the t w - d t g i t  address 
thumbwheel switches, sett ing the required repetl- 
t i on  rates on the data switches, and depressing the 
STORE pushbutton switch. The data i s  loaded t o  RAM 
and data latches. 

The programnable multi-t imer now i n  use a t  the 
Idaho National Engineering Laboratory has been 
developed primari ly fo r  a series o f  experiments con- 
cerned wi th  TRU waste analysis. The natUR o f  these 
requirements has resulted i n  a f l ex ib le  timing mdule 
that meets a l l  the requirements. and can also serve 
as a general-purpose timing unit .  

The present mdule has been designed using l o r  
power Schottky lTL devices. Consideration was given 
to  a microprocessor-based unit, but the requirement 
f o r  handling four o r  m r e  values simultaneously a t  
a one microsecond repeti t ion rate precluded the use 
o f  standard microprocessors. 

The input/output (110) interface c i rcu i t s  have 
been designed f o r  use with an exlst ing hard-copy device. 
an ORTEC Model 777A Line Printer. Future versions of . 
the timer w i l l  have t o  be interfaced t o  computers for 
processing. Appropriate I / O  interface c i rcu i t s  w i l l  
be designed. 
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