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ABSTRACT. 

This paper discusses the simulation of analog signals from a nuclear radiation detector tele 
scope . This goal is reached by means of a generator who reads 39 pairs 01 digital data punc-hed 
on a paper tape and presents , as output , the corresponding analog pulses at a frequency, vadable 
up to 60 kHz . 

1. - INTRODUCTION . 

T he identification of the mass of charged particles emitted in nuclear reactions is a con 

stantly recurring problem (for an extensive bibliography readers <'ITe referred to ref . ( 1)) . 

Related to this problem is the manipulation o f LIE and E signals arisin~ from a detector 

telescope, to optimize the parameters characteristic of a specified and more generally of the 

electronic and data collection apparatus. 

So far, the experimental set .. up was usually tested by means of stancial'd generators (as 0.E:. 

tee 41 9, BNC PB - 4, etc.) or more sophisticated pulseI' , as Ortec 422 Dual decade attenuatol', 

which simulates a single pulse pair. In this way it is impossible to test the performances of the 

expel"ime nt al a'pparatus as lion beam!!, i. e. with a lot of coincident pulse pairs, corrcspo'1ding 

to particles of differen t mass and energy. 
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For these reasons, we have designed and built - up D . A . G . , a digita l to analog gp.nerator of 

coincident pulse pairs . It reads, by means of an optical paper tape reader , 39 pairs of digital d~ 

ta and converts these into analog pulse pairs , simulating the L1E and E signals. 

2. - DESCHlPTION AND BLOCK DIAGRAMS. 

A simplified block diagrams of the pu lse generator is shown in Fig. 1. A punched paper t~ 

pe with 40 pairs of digital data is read by means of a simplified optical reader , th r ough that th e 

tape is runned by hand. 
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In this way the 40 pairs are stored 0:1 a 

t'2mporary memory periodically inquired at 

the chosen frequency . The single digital data 

of each pair are sha red out by a distributor t o 

two latches and then converted , by two D, A . C . 

(digital to analog converter). into analog pul 

ses , whose height corresponds to the digital 

values punched on the paper tape . 

The analog pulses are thereafter s t ret 

ched and gated in the output circuit to assure 

pairs of unipola r, positive and coincident puJ:. 

3es of fixed width . 

The block diagram of the data input sec 

tion is shown in Fig . 2a . For each pair , the 

first value is read as LiE . the second as E . 

Each datum - necessarily of four figures (for 

example 0001) - is separated from the other 

by one o r more not numerical characters . The 

first pai r must be of zero content , oth erw'ise 

the content is assumed as zero , because this 

first pair is used as a clock generator for the 

advancement during the data storage . 

The first figures (ASCII code) of the first 

da tum read , are stored in the temporary me 

mary (trivially converted in BCD code). 

FIG. 1 - Simplified block diagram of the 
pulse :~enerator . 

. Automatically, the BCD-Binary conver

sion starts. The BCD value is d ecreased in 

step of one and correspondingly the binary memory (12 bits) is increased at a 2 MHz frequency. 

The non-numeri ca l charactel ' between the data allows the conversion and consequently the 

storage of the binal~y datum in the shift memory . In the same way the second datum of the pair is 
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COI1\'e r't cd and stored in the shift memory. 

It is clear, from the Figs . 1 and 2a, tha t the dE and E data of each pair run sequentially 

tl1l'oll gl1 tile same circuit to the distributor. 

Th e other steps of the conversion continue during the reading of the remaining data as long 

as the 40 th pair is read . A t th is moment the reading circuit is stopped 8_11owing the emission of 

analo.l! data pail' S . The switching off of the "READ TT light informs about the right completion of the 

The block diagram of the recycle and output section is shown in Fig. 2b. 

Thp timing was controlled by the transcoding circuit during the reading cycle, while in the 

f'l.' cyC'Ic it is controlled by an internal oscillator of about 10 kHz or by an external generator . For 

eflch timin g th e clock causes two read in g steps tn the shift memory (80 words of 12 bits which 

constitute the 40 data pairs). Then the data are separated by the distributor in dE (odd position) 

a m i I;: ( c\"(~ n position) terms , fillin g the two latches, and subsequently are processed by two D.A.C. 

:11 nl !'t' ('sented to th e M . O . S. switch . 

:\ "C~\LI1 switch sets all the latches bits on, i . e . a datum equal to 4095 is presented to the 

t wo 1) . :\ . C .. Two len turns potentiometers provide the gain control of the D. A , C . ' s (within a 

t':1I1l!C of : 15 ~o) . By doingsoit is possible to normalize all the data pairs , for the LiE or E chan 

nels separa t ely . 

Ano'.he r tr ick is the zero content detector, a t the O:.ltput of the shift memory , used fo r the 

pha se adjustme:1t of the pulse pairs, It occurs during the computing of the first pair of data , 

who3e content is ze r o . Every zero content inhibits the M. O . S . switch, causing a dead time of 50/0 

<l.nd a live f t'equcn cy of 9 . 5 kHz. As previously shown (Fig . 2b) each branch of the output circuit 

{'onsist~ of a linear gate and stretcher, triggered by the clock signal. In ou r case the st r etcher 

IH:('ds only a signa l integration to simulate the pulse shape of an arr:tplifier output. 

All the outputs have an impedence of 50 Q. 

1\ trigger output of 4 V amplitude, coincident with linear pu l ses , is also available . 

f\ 11 the ciccuitry is designed and built-up with low cost standard components. 

1 . - ()PE:1\,~TI;-:G INSTRUCTIO'lS .~ND RESULTS . ---------
I\i'>sumingt.he study of t.he inter'actionof apr-ot on beam impinging on a 1GO target , we can si 

rlllLl all' II.\" mpans of D.I\. G. the final results, as usin g a detector telescope, 

In T;,.ble I, th e Q_v altles(2) for the reactions producing protons , deuter'ons , tritons, Heli

UIl1 - .1 and alphas , are r e por ted . 

TABLE I 

--,-
R eaction 

P. p ~ p,d P. t p. 3I1e p.a 

(~-\'allie 

i\IeV a 

I 
-13.4434 - 20.·1055 - 15.2426 -5.217 5 
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From the specific energy loss tables for siliC'on(3) WP have taken the energy loss in JE de 

tector (for example S . S . D. thickness equal to 50 ,urn) for the different particles. 

In Table II ar e reported the pairs LI E and E tot at discrete values of the total ener,gy , rang 

ing from the intrinsic threshold of the .dE detector to the maximum energy due to the kinematics 

(for example Ep 0 36 MeV, {liab 0 300 ), 

TABLE II -----

! 
I I 

p , pl p,d p, t p,3He p,a 
, 

E LIE E LIE E LIE E
tot 

LIE E LIE tot tot , tot tot I 

2,084 :-
---"-- -------. . ---

2, 4 1,505 3, 0 3. 2 2 . 694 7,6 6,714 8, 4 i 7,659 
3 , 0 1, 154 3, 4 1, 791 I 3 , 6 2 314 7 . 8 6, 320 8 , 6 

I 
7 , 252 

3. 6 0, 964 3 , 8 1, 593 4 , a 2. 066 8 , 0 6,003 8, 8 6 , 922 
4 , 2 0,840 4 , 2 1,447 4 , 4 1,882 8,2 5,741 9 , 0 I 6 , 642 
5,0 0,7 22 4 , 6 1,330 i 4 , 8 1,735 8 , 4 5,524 i 9 , 2 I 6,407 
5,6 0,656 5 , 0 1,237 

I 
5 , 2 I 1. 616 8 , 6 5,333 9, 4 6 . 199 

6 , 0 0 , 619 5 , 4 1. 156 5 , 6 ! 1. 518 8 , 8 5, 156 9 , 6 6 , 010 
6, 6 0,573 5,8 1. 089 5,8 i 1,473 9 , 0 5,003 9,8 5,837 
7 , 0 0, 546 6, 2 1,030 6 , 0 , 1, 431 9, 2 4,863 10 . 0 5,678 
7 , 4 0,522 6, 6 0,979 6, 2 1,394 9,4 , 4 , 729 i 10, 5 5,343 , I 
8, 0 0, 488 7 , 0 0 , 933 6 , 4 1. 356 9,6 4,609 i 11, 0 5.057 
8 , 6 0 , 463 7 , 4 0,891 6 , 6 1, 324 9, 8 I 4.498 I 11. 5 4,815 
9 , 2 0, 437 7,8 0,854 6,8 

I 
1,292 

, 
10,0 i 4, 394 11. 7 4, 700 

10 , 0 0, 409 8 , 2 0, 82 1 7,0 1, 261 10,2 
I 

4,300 i 12,0 4 , 601 
11,0 0, 379 8, 6 0,7 90 7 , 2 1,233 10,5 4 , 165 , 

12 . 5 4 , 409 , 
12 , 0 0,354 9, 0 0, 762 7,4 I 1. 206 I 10,8 4,030 13.0 4,2 43 , 
13.0 0,330 9, 4 0,736 7 , 6 

I 
1,181 , 11. 0 3, 965 I 13 . 5 4 , 085 

14, 0 0,312 10, 0 0, 703 7,8 1, 156 11, 3 I 3, 840 

I 
14 , 0 3, 950 

15.0 0, 293 10, 5 0, 673 8 , 0 I 1,133 
i 

11, 5 3. 785 14 , 5 3,820 
16,0 0, 280 11 , 0 0, 649 8 , 2 I 1. 112 11 ,7 3, 700 15 , 0 3,700 
17 , 0 0,268 11 , 5 0, 628 8, 4 

I 
1, 091 12 , 0 3, 620 I 15, 5 3, 592 

18,0 0 . 256 12, 0 0, 609 8, 6 1,071 I 12 , 3 3, 02 0 16,0 3.489 
19 ,0 0, 245 12 , 5 0, 585 8,8 i 1.051 ! 12 . 5 I 3, 485 16,3 3,400 
20 , 0 0 , 235 13 , 0 0 , 568 9,0 1,033 

I 
12,8 

! 
3, 400 16,5 3, 395 

21,0 0, 226 13, 5 0,553 9.2 ! 1, 015 13, 0 3, 358 17 . 0 3,308 
22 , 0 0,218 14,0 0,538 9,4 

, 
O. 998 13,3 3, 300 ] 7.5 3,220 

I 
, , 

23 .0 0,210 14 , 5 0, 524 9,6 I 0, 981 13 . 0, 3, 242 18,0 3, 145 
24,0 0 , 203 15 ,0 0.509 , 9, 8 O. 966 14,0 3, 134 18,0 3,071 
25.0 0, 197 15, 5 0,494 10 , 0 i 0 , 950 14 . 5 3,036 19, 0 3,003 
26,0 0, 191 16,0 0 , 486 10,5 0,915 15 , 0 2,945 19 . ~ 2,933 
27, 0 0,185 16, 5 0,470 ! 11,0 0,882 15 . 5 I 2,860 20.0 2,872 
28 , 0 0, 181 17,0 0, 462 

I 11. 5 0, 852 I 16 . a 2, 780 21. 0 2,7 57 
29,0 

, 
0, 175 17 , 5 0, 448 12,0 0, 822 1 G, 5 2, 708 22,0 2,653 

30 ,0 0, 171 18 , 0 0,441 : 12, 5 O. 802 17, 0 2 , 637 23 ,0 2 , ,553 
31 , 0 0, 166 18, 5 0 , 431 

I 
13,0 0, 776 17.5 2, ,571 24 . 0 2,465 

32 , 0 0, 163 
I 

19, 0 0, 422 13.5 0,756 18 , 0 2,510 25,0 2 . 385 
33,0 0, 158 I 20 , 0 0 , 404 I 14 , 0 0,732 18, 5 2 . 453 26,0 2 , :l09 
34, 0 0, 155 , 21. 0 0, 391 14,0 0, 714 19, 0 2, 397 27,0 2,23R , 

I 35 , 0 0, 15 1 I 22,0 0,375 I 15,0 0,694 19, 5 2 , 345 28 , 0 2, 175 

All the energy values a r e in MeV. 
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T he above values must be converted into mY, usin g for instanc e a 0. 1 mY/ keY conversion , 

befo re punching the papertape. 

The Fig. 3 shows a photograph of the oscilloscope t r ace of the Li E and E signals corre 

spon ding" to the alpha particles. 

In Fig . 4 is shown, for all the particles of Table II, the thr e e - dimensional display of the 

L1 E vs the E s i gnals. T hese re sults have been obtained directly connecting the LIE and E out

puts of D. A. G. to the Y and X inputs of a Multichannel Analys€l:.' . 

. ! 

, I.·i'· , . - -r +-+--I---1-, ,-,-,+-'-'-r---.. . 
" I' . - ~, +--,-,ior....t-'-'-'-t-+-+--+--1, --_ . ..... 

I • : r I I • 

l 

F tC . 3 - A photog raph of an oscilloscope 
trace f o r .d E a nd E o"Jtputs for the alpha 
r artic l e s reported in Table II. T he hori 
zontal scal e is 1 ms / large division . 

Counts P - d t 

I I I 
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."". , .. ,,; " 

10:! - .. 

10 1 , 

FIG. 4 - A photograph of a three - dimen 
sional display of the .1E energy loss vs 
the E energy loss for all the par ticles 
of Table Il . 
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Channels 

F'TG . ....:~ - Th e m ass iden t ifi ca tio n spectrll m obtained with a 423 Ortec 
Pa r ticle Id e ntifi e r and the input values li5 ~ G d in Table II . 
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Fig. 5 shows the mass identification spectrum from a 423 Ortec Particle identifier . The 

D . A . G . outputs were connected d irectly to the corresponding 423 linear inputs and the suitably 

delayed trigger output to the enable input. The input data are those of Table II. The exponent va 

lue of the a l gorithm used by 423 was set at 1.7 6. 

Another useful application of D . A. G . may be 

the calibration of the anal og to di gital converters 

(A. D. C. ) used with computers on line or mu1ticha~ 

ne l analyzers. In this case only one output , d irectly r--l-~-! 

connected w ith the A . D . C ., is employed . V",re have 

used, for this purpose, 39 values equispaced from 

100 mV to 3900 mV , as shown in Fig. 6 . 

The data, converted by an A. D. C . SILENA ) 

mod . 7420, have been analyzed with linear regres- 1ioo..:!"'1I:!!' 

sion methods. The results compared with those ob 

tained with a ENC PB-4 pulse generator , are shown 

in Table Ill. 

TABLE III 

FIG. 6 - A photograph of 39 pul ses 
ranging from 1 DO mV to 3900 mV in 
step of 100 mV . This pul se sequen
ce is used for A, D. C. calibration. 
The horizontal scale is 0 .5 fJ-s/lar
ge division, the vertical one is 0 .5 
V/large division . 

, --- -----
Pulser BNC ~ PB-4 D.A.G . 

Parameters 

Offset, mV - 22 . 0186 - 22 . 0087 

Conversion gain, mV/ch 0.4567 0 .4527 

Regression coefficient 0.999999 0.999986 

--

4 . - GENERAL SPECIFICATIONS . 

The primary parameters of the generator described in the present work fulfil the following 

requirements. 

Triggering: the pulser has two triggering modes, internal and external. 

Trigger output : this output is a logical positive unipolar pulse with amplitude 4 V and width :l fJ-s. 

It is coincident with linear pulses; its impedence is 50 Q . 

.1E and E outputs : these are two linear, positive, unipolar , coincident pulse s of variable amp~ 
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tude and impetlen c e 50 fl. In Fi g . 7 is shown a typical I 

sil1(!Je pul s e. 

-
F'r cqu pncy ran ~e: in the internal mode the trigger has a I \ 

r \ fixl'd f r'cquency of 9.5 kHz, while in the external the fr~ 

qucn c:.' may range from < 0.01 Hz to 60 kHz {random and 

pt'!"i odi t:: modeL 

-- - --

,\ mrlii:.ude !"ange: from 0 . 01 V to 4 V , the amplitude of 

linear pul ses can be adjusted by step of 1 bit, i. e, the 

nlinilllum ste p of converted signal is 1 mY . 

I 

11=t: 

\ 
\ 

-
~ 

ni sI:.! t ime: :'l OO ns . 
FIG. 7 - A photograph of typical calJ. 
brati on pulse . T he scal es are the sa 
me as in Fig . 6. 

P uls e width: 3 J.Ls. 

'\mr!i tuclc stability: better than 1 mV/ 72h. 

;\11 the !lormal input and output signals of the mOQule are BNe connectors and the input po 

wer is via the AMP 202515 - 3 connector o n the rear panel. The dimensions are conforming to 

1 -tJ l1it :\I),J module. 

Tile Piggs . 8 and 9 show the front and side view respectively of the pulse genera tor. 

It r.FEJ(E:-ICES. 
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FIG. 8 - A photograph of the front view of D . A . G . . At the 
bottom can be seen the optical r eade r. 
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FIg.:.....2 - A photograph of th e side v i ew of D. A . G . , 
showing the components . 
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