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A one-nanosecond r e s o l u t i o n t i a e - t o - d i g i t a l conver
ter for the S?£S I detec t ion system near Saturne II has 
:een b u i l t . Fu l l ranges are I _s or S j s . A 125 MHz g a 
tes o s c i l l a t o r tr iggered by the s t a r t g ives a f t e r a 
four-phase d é m u l t i p l i e r a s ec of 16 s i g n a l s of 32 ns p e 
riod delayed by i n s . The stop aesscrizes 32 d i f f e r e n t 
conf igurat ions for the f ine count in Cray code. The d i f 
f e r e n t i a l non l i n e a r i t y i s - 3.25 ns. 

with Lxclusive-OR gates and priori:-.- encoders : . v . 
b i t s for the f ine count . The '::. i give:- a a l i e ; 
gram of the c o n v e r t e r . This pr n c i p i e i s quitt zic-
to the p r i n c i p l e described in .-.eference 

CIP.CUITS DESCRIPTION 

Z. Jnzed ;3c-.l'.zzjr xnd ieiulz'zlier 

I.mODLTTION 

For the SPES I spectrometer de tec t ion near Saturne 
I I , we have b u i l t a one-nanoaecona r e s o l u t i o n c ime- to -
d i g i t a l conver ter . This nodule i s in CAMAC standard, 
while the inputs are in fast .VIM e l e c t r o n i c l o g i c . The 
f u l l range i s s e l e c t a b l e : e i t h e r 1.024 us or 8.192 a s . 
The 8.192 as range i s used f o r the measurement of d r i f t 
time in 50 cm long d r i f t chambers (Horizontal coordina
te ) and the 1.024 us range i s used for the measurement 
of time d i f f e r e n c e in the cathode delay l i n e read out 
(Vert i ca l c o o r d i n a t e ) . 1 The coding i s performed during 
the time between s t a r t s i g n a l and the s top s i g n a l . 

CONVERTER PRINCIPLE 

The s t a r t s i g n a l t r i g g e r s a 125 MHz gated o s c i l l a 
tor . This s i g n a l drives a four-phase démul t ip l i er device 
that c o n s i s t s of two c i r c u i t s of two-stage ring counter . 
One i s driven by the d i r e c t s i g n a l , the other i s driven 
by the out -o f -phase s i g n a l . We obtain four 32 ns period 
symmetrical s i g n a l s delayed by 4 ns each froo the o ther . 
One of these 32 ns per iod s igna l s i s counted in a b ina
ry counter as a coarse count during the time d i f ference 
between s t a r t and s top s i g n a l s . Each s igna l from the 
four-phase d é m u l t i p l i e r i s delayed succes s ive ly by 1, 2 
and 3 n s . Thus we have 16 s igna l s of 32 ns period d e l a 
yed by one nanosecond. These s i g n a l s generate in Cray 
code 32 d i f f e r e n t conf igurat ions which correspond with 
"0" co "31" values of the f ine count. The stop s igna l 
memorizes th i s conf igurat ion in a 0 r e g i s t e r . When the 
time d i f f e r e n c e changes for 1 ns, there i s only one b i t 
that changes, the other remaining s t a b l e . A decoder made 

The s t a r t and the stop s igna l s are t rans la t ed to 
ECi. l e v e l by 10190 t r a n s l a t o r s . The gated o s c i l l a t o r i s 
b u i l t with a MC 16b0 g a t e . A s impl i f i ed schematic of 
t h i s o s c i l l a t o r i s g iven on the F ig . 2. The delay cao lê 
and the propagation delay of the gate assure the f r e 
quency t o be 125 MHz. The two démul t ip l i er s t a g e s are 
ring counter made with 1IC70 D f l i p f l o p . The timing of 
the s i g n a l s H A , H B , H c and HD at the outputs of the d e 
v i c e are shown on the top of the Fig . 3. 

II. Configuration decoder 

After de lay ing each s i g n a l by 1, 2 and 3 n s , the 
16 r e s u l t i n g s i g n a l s (J; to » . , ) are fed as data to a 

MC 10131 D f l i p f l o p r e g i s t e r . The clock of the r e g i s 
ter i s the scop s i g n a l . *, t o $ l f which are delayed by 
I ns to the o t h e r , are memorized to g ive 32 d i f f e r e n t 
c o n f i g u r a t i o n s . One conf igurat ion d i f f e r s to the next by 
only one b i t . This i s a Cray code in a "thermometer 
s c a l e " . These 32 conf igurat ions oust be decoded i n 5 b i 
nary b i t s g iv ing the f i n e code. This part of the c i r 
c u i t , a f t e r the memorization, i s b u i l t in TTL l o g i c ir. 
order to be read by CAMAC. Vhe decoder c o n s i s t s of î x -
c lusive-OR gates and o f two p r i o r i t y encoder c i r c u i t s 
shown on Fig. 4. The l o g i c equation i s the fo l lowing : 
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S. t o S. ; are applied co Che inputs o: Che cascaded 
p r i o r i t y encoders. 
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Fig. 1 - 31ock diagraa of the c i m e - c o - d i g i t a l converter . 
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Fig. 2 - Simplified schematic of the gated osci l lator and of the démultiplier. 

Fig. 3 - Timing of the converter. 

III. Coarse aount 

The s i g n a l Hg in coincidence with che PDC r e g i s t e r 
giver the s igna l CK which i s counted in a binary coun
ter ** che coarse count. PDC r e g i s t e r i s a synchroniza
tion of che c ine di f ference between s t a r t and stop s i 
gna l s , r e la t ed to che phase of H. s i g n a l . An overflow 
flag i s provided t o che CAMAC bus . 

ERROR CORRECTION SYSTEM 

We have b u i l t 
the arr iva l of the 
i s changing from "3 
count may have an e 
c i r c u i t , we do not 
jus t puc an error f 
che CAHAC. We coopa 
counc to Che MBS s i 
3S j u s t ac the time 
bic 3S has twice th 
there i s no error , 
l a t i onsh ip between 
fol lowing equation 

a c i rcu i t to d e t e c t error caused by 
stop s ignal j u s t when the f ine count 
I" to "0". In th i s case , the coarse 
rror of i 32 n s . To have che s implest 
build a s e l f correccion system. We 
lag read wich che numerical value by 
re che f i r s t b i t BCK of the coarse 
gnal which i s che semorized s t a t e of 

of the s top s i g n a l . This addi t ional 
e period of H A . (See on F ig . 3 ) . If 
BCK and MBS must keep a cons cane re-
Chem. So che value of £ g iven by che 

BCX • MBS • E, 

muse be equal co I for che configuracions "0" Co "IS", 
and muse be equal co 0 for che configurations "16" Co 
"31". Error flag given by Che following equacion : 

ERROR FLAG - (E • 3*77) .17.3AL, 

is generaced only when B« • 1 (chat Means configurations 
"24" to "31" and "0" co "7"), and during 3AL when che 
conversion is completed after the trailing edge of ?2C. 
BAL is reset after the reading sequence by CAMAC. Be
cause of thac error occurs just at the time o- the chan
ging of the fine code from "31" to "0", it occurs du
ring, may be 0.3 ns for the whole period of 32 ns. Fora 
given spectrum, che number of false codings is not very 
important ; i.e. few ?.. It is not a waste of time of 
treating this error by software in che daca acquisition 
program. When an error occurs, we have to add or sub
tract 32 ns to the converted number : we add 32 ns whtin 
the fine count is "0" and we subtract 32 ns when the 
fine counc is "31". Thus, we avoid che use in che module 
of adders and subcracters like in Reference 2. 
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Fig . 4 - Schematic of conf igurat ion decoder. 

DIFFERENTIAL SON LINEARITY 

The • f l i p flop used in the conf igurat ion memory 
have d i spersed Se t up times and Hold t i n e s . A l s o , the 
width i n time of each channel i s not a constant . In our 
c a s e , with a not so hard sort ing of these D f l i p f l o p , 
the d i f f e r e n t i a l non- l inear i ty i s about r 25 Z. The F i g . 
S g i v e s the spectrum obtained with random time d i f f e r e n 
c e s . Each channel on che X-axis represents the width of 
the r e s o l u t i o n : 1 a s . On che Y-ax i s , there i s the coun

ting rate which has a aean value of about 17 000 per 
channel. The spectrum should be f l a t , because each 
channel must have the same p r o b a b i l i t y to be f e d . The 
pattern of d i f f e r e n t i a l n o n - l i n e a r i t y i s , of c o u r s e , 
periodic with 32 as per iod . The channel width v a r i e s 
from 0.75 ns to 1.25 o s . A very severe 3 f l i p f lop sor
t ing would improve che d i f f e r e n t i a l n o n - l i n e a r i t y . 
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"ig . 5 - Spectrin of random time d i f f e r e n c e s showing the d i f f e r e n t i a l n o n - l i n e a r i t y . 



The Fi£. r> shows a view of the a o a u i e . V* car. see 
the :"ront panel :cur t e s t outputs tor checking the 

H,, Hr and H-j s i g n a l s . A fas t c l e a r mpuC i s provi-
or. the front panel to avoid a conversion bef jre i s 

c o c p i e t e d , th i s input i s in fas t SIM standard. 
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"S?-S 1 detection sysce-' ; Coapce Âer.cu i'Act 
du Oépartemer.t de Physique Nucléaire '.*•'* . "••£ 

Note ClA-S-::07, ? . ::;., section IV.;. 
ï. Festa and S. ïeiiea, 'A auitistop tioe-to-a 
converter", Nucl. Instr. Meth. 188 v1981) 99. 
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r i g . 6 - View of the module. 


