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Abstract A k r y t r o n pulse generator is used to gate a n 
op t i ca l mu l t i channe l analyser. T h e pulse generator c i rcu i t is 
descr ibed a n d the performance o f gat ing is analysed. 

1 Introduction 
O p t i c a l mu l t i channe l analysers consis t ing o f a detector a r ray 
a n d a s ignal process ing console have p r o v e d to be power fu l 
detect ion systems. T h e gat ing o f the detector heads facilitates 
their use i n studies w i t h p icosecond a n d nanosecond l ight 
signals due to r educ t ion o f b a c k g r o u n d l ight ( D ö r r et al 1976, 
Oster tag 1977). R a t h e r expensive gat ing pulse generators are 
offered by the manufacturers o f op t i ca l mu l t i channe l analysers 
(e.g. m o d e l P A R C 1211 b y P r i n c t o n A p p l i e d Resea rch a n d 

m o d e l B M 5800 b y B & M Spectronic) . H e r e we describe a n 
inexpensive k r y t r o n pulse generator a n d analyse its ga t ing 
performance. 

2 Description of krytron pulse generator 
T h e op t i ca l mu l t i channe l analyser O S A 500 (B & M Spec-
t ronic) used i n ou r experiments needs a negative h i g h vol tage 
pulse for gat ing. A k r y t r o n system is bu i l t -up to generate the 
requ i red pulses. 

F i g u r e 1 depicts the c i rcu i t o f the k r y t r o n system. It consists 
o f four parts, the trigger sect ion, the avalanche t ransis tor 
cha in , the k r y t r o n tube a n d the output pulse stage ( L e y et al 
1970, H y e r et al 1975, C u n i n et al 1977). T h e trigger t ransis tor 
Qi is swi tched b y a posi t ive vol tage s ignal o f 1-5 V (dura t ion 
> 5 n s ) to 5 V (dura t ion ~ 0 - 5 n s ) . T h e co l lec to r -emi t te r 
vol tage o f t ransistor ß i is regulated near to its b r e a k d o w n 
voltage ( £ ; 2 0 0 V ) w i t h resistors R3 a n d R7 ( R y d e r - S m i t h 
1961). V o l t a g e d iv ider R4, R5 generates a synchron i sa t ion 
pulse o f about 5 V after swi tch ing o f Qi ( t ime delay ~ 5 ns). 
T h e voltage across the avalanche transistors Q2-Q1 is f ixed 
to F i n = 350 V (b reakdown vol tage ~ 360 V ) . T rans fo rmer 
T i generates the f i r ing s ignal for the avalanche t ransis tor 
c h a i n a n d the capaci tors are discharged (Be l l 1964, H e n e t r y 
1961, L u n d y a n d P a r k e r 1978, M a r t i n a n d K u i z e n g a 1978). 
A h i g h voltage pulse is fo rmed ( Ä 2000 V ) w h i c h switches the 
k r y t r o n K R (type K N 2 2 o f E G & G Elec t ro-opt ics d iv i s ion) 
in to the contac t ing state. T h e keep-al ive current o f the k r y t r o n 
is regulated to 300 w i t h resistor R23. A t the sockets S i a n d 
S2 a cable L G o f length IG is connected. It is l oaded f r o m the 
h i g h vol tage p o w e r supply H V m th rough the recharg ing 
resistor R24 a n d the two impedance m a t c h i n g resistors R25 a n d 
i?26. T h e t ransmiss ion l ine L G is d ischarged w h e n the k r y t r o n 
is b rought to the con tac t ing state. D u r i n g the discharge the 
t ransformer T 2 generates a negative output vol tage pulse 
Vout w h i c h is used for gat ing. T h e cable length IG determines 
the gate w i d t h tG ( t a = / G M vxlOO m m n s - 1 ) . T h e t ime delay 
between trigger input at T r i n a n d the onset o f the output pulse 
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Figure 1 K r y t r o n pulse generator. Res i s to rs : Ri = 1 k O , 
R2 = 47 Q , 7̂ 3 = 510 k Q , i ? 4 = 50 O , R5 = 1 -5 O , R<> = 50 Q , 
i ? 7 = 680 k Q , R8 = 47 Q , R9 = 56 Q , R10 to i ? 2 i = 150 k Q , 
R22 = 50 O , R23 = 9\0 k Q , R24 = 40 M O , R25 = i ? 2 6 = 45 O . 
C a p a c i t o r s : C i = 1 0 0 n F , C 2 to C 8 = 2 - 2 n F . Trans i s to r s : 
Q i , 2 N 3 7 0 0 ( N a t i o n a l semiconduc tors ) ; Q 2 to Q 7 , 2 N 5551 

Kry t r on output 

( M o t o r o l a ) . D i o d e D , 5 A V 6 0 ( Internat ional Rect i f ier) . 
T rans fo rmers : T i , core F e r r o x c u b e F X C 3 B d a m p i n g pear l 
( V a l v o ) , turns ra t io 1 : 1 , 4 turns. T 2 , r i n g core F e r r o x c u b e 
F X C 3 H 1 ( V a l v o ) , for d imens ion see text. K r y t r o n K R , 
K N 2 2 ( E G & G ) . F o u r avalanche transistor stages are 
omi t t ed . 
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at S3 was f o u n d to be 40 ns w i t h a j i t ter o f ± 2 ns. Res i s to r 
R22 a n d h i g h voltage d iode D protect the avalanche t ransis tor 
c h a i n f r o m damage due to feed-back f r o m the g r i d o f the 
k r y t r o n . 

F i g u r e 2(a) shows output vol tage pulses f r o m the k r y t r o n 
pulse generator for a cable length o f / G = 10 m a n d va r ious 
i n p u t voltages H V i n . A r i n g core F e r r o x c u b e F X C 3 H 1 
( V a l v o ) w i t h 23 m m outer diameter , 14 m m inner diameter 
a n d 7 m m height was used for t ransformer T 2 ( p r imary 3 

w i d t h (FWHM) o f 12 ns is ob ta ined . T h e output vol tage 
saturates to Vout, max ~ — 500 V for h i g h input voltages o f 
H V m > 5 k V . 

A k r y t r o n system w i t h the same c i rcu i t as s h o w n i n figure 1 
was also used to trigger a Pocke l s ce l l shutter for single pulse 
select ion f r o m a m o d e l o c k e d r u b y laser ( B i l l m a n and B u r n h a m 
1970, L e y et al 1970, H y e r et al 1970). O n l y at the ou tput 
sect ion the t ransformer T 2 was r emoved a n d t w o charg ing 
lines L i a n d L 2 l eading to the Pocke l s ce l l were connected at 
S i a n d S2 (see figure 3). 
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Figure 2 V o l t a g e pulses o f k r y t r o n pulse generator. Vout is 
measured across 50 Q . (a), D i m e n s i o n o f t ransformer r i n g 
co re T 2 : outer diameter da = 23 m m , inner diameter 
di= 14 m m , height h = l m m . C a b l e length IG= 10 m . 
(b), T rans fo rmer d imens ions da = 14 m m , d± = 9 m m , 
h = 5 m m . C a b l e length / G = 1 m . 

turns, secondary 8 turns). T h e output voltages V0ut were 
measured across a 50 Q l o a d w i t h a transient digi t iser 
( T e k t r o n i x 7912 A D ) . A t input voltages H V l n > 4 k V the 
ou tput voltages begin to saturate (V0ut, max - - 8 0 0 V across 
50 Q ) . T h e rise a n d decay t ime o f the ou tput pulses is 11 ns. 
B y adjust ing the cable length IG the gate pulse w i d t h c o u l d be 
va r i ed between 20 ns a n d 200 ns. 

F i g u r e 2(b) depicts ou tpu t vol tage pulses ob ta ined w i t h a 
smal ler t ransformer core (Fe r roxcube F X C 3 H 1 ) o f 14 m m 
outer diameter , 9 m m inner diameter a n d 5 m m height (turns 
r a t io 1:1, 3 turns). A cable length o f IG= 1 m was used. T h e 
rise a n d decay times o f the pulses reduce to 5 ns a n d a pulse 
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Figure 3 E x p e r i m e n t a l setup. P i , P2 G l a n polar i sers ; 
P C Pocke l s c e l l ; L lens ( / = 1 m ) ; B S stack o f p lanpara l le l 
glass plates; F i , F 2 f i l ters; P D photode tec tor ; K i , K 2 
k r y t r o n pulse generators; L 1 - L 4 , L G , 50 O c o a x i a l cables 
R G 5 8 C / U ; S I T , s i l i con intensified target v i d i c o n ; O S A , 
console o f op t i ca l spectrum analyser. 

T h e described c i rcu i t a l lows h i g h repet i t ion rates u p to 
50 H z . T h e repet i t ion rate is l i m i t e d b y the recharg ing t ime o f 
the t ransmiss ion l ines a n d by the recovery t ime o f the k r y t r o n 
tube ( E G & G data sheet K 5500B-2) . 

3 Experimental system 
T h e exper imenta l setup for testing the synchronised gat ing o f 
the S I T tube ( T h o m p s o n C S F T H 9659 noc t icon) o f the O S A 
500 system is s h o w n i n figure 3. T r a i n s o f p icosecond l ight 
pulses are generated by a passively m o d e l o c k e d r u b y laser 
(see e.g. Shap i ro 1976). A single pulse is selected f r o m the pulse 
t r a in w i t h a n electroopt ic shutter cons is t ing o f a P o c k e l s cel l 
P C (type P C I 0 5 o f E lec t ro -op t i c developments) a n d crossed 
G l a n polarisers P i a n d P 2 . T h e P o c k e l s ce l l is operated b y 
k r y t r o n system K i (see above) w h i c h is tr iggered b y the ou tput 
s ignal o f photodetector P D . T h e separated l ight pulse is 
focused w i t h lens L a n d spli t in to a n a r ray o f beams w i t h a 
series o f glass plates B S . F i l t e r F 2 i n front o f the S I T tube 
reduces the intensi ty o f the l ight beams. T h e S I T tube is gated 
b y the k r y t r o n pulse generator K 2 w h i c h is tr iggered b y the 
synchron isa t ion output s ignal o f k r y t r o n system K i . T h e 
difference o f the cable lengths h + U-li determines the gate-on 
p o s i t i o n o f the S I T tube w i t h respect to the open ing m o m e n t 
o f the Pocke l s ce l l shutter. A short length o f / 4 ~ 1 0 c m was 
used to a v o i d p rob lems o f impedance m a t c h i n g o f cable L 4 to 
the S I T tube. 

4 Performance of gating 
T h e gat ing performance o f the op t i ca l mu l t i channe l analyser 
is presented i n figure 4. 

T h e vol tage K o u t ,op t for o p t i m u m gat ing varies w i t h gate 
w i d t h tG (figure 4(c)). F o r to = 12 ns ( / G = 1 m , sma l l trans­
former core, see figure 2(b)) a vol tage o f Vout, opt = - 4 5 0 V 
was necessary to ob t a in a sharp pic ture wh i l e at tG = 50 ns 
( / G = 10 m) Vout, opt reduced to —220 V . T h e open ing t ime o f 
the S I T tube was f o u n d to be approx ima te ly equal to the gate 
du ra t i on . 
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Figure 4 Pe r formance o f O S A gating, (a), T o t a l O S A 
s ignal against gate pulse vol tage Kout no rma l i s ed to 
ungated opera t ion , (b), B e a m focus ing o f S I T tube against 
Vouu WN ungated s ignal w i d t h (6 channels) , WG gated s ignal 
w i d t h , (c), O p t i m u m gate vol tage against gate w i d t h 
( F W H M ) . (d), S igna l height across the target no rma l i sed to 
ungated s i tua t ion . 

T h e to ta l s ignal EG integrated over a l l elements o f the d iode 
a r ray o f the S I T tube is s h o w n i n figure 4(a) as a func t ion o f 
gate pulse vol tage Kout. T h e integrated s ignal is no rma l i s ed to 
the to ta l s ignal EN ob ta ined b y ungated opera t ion . O p t i m a l 
s ignal th roughput is ob ta ined for K o u t > Pout, opt. 

T h e focus ing o f the tube is analysed i n figure 4(b). A n a r ray 
o f 18 focused laser beams was incident to the pho toca thode o f 
the tube. T h e w i d t h o f a single beam at the ca thode was 
150 jixm (measured w i t h ungated S I T tube, six channels) . T h e 
ra t io o f the s ignal widths at n o r m a l opera t ion WN to gated 
opera t ion WG is depicted. A t K 0 ut , opt the gated tube produces 
the same sharp signals as the ungated tube (WN/H>G=1). F o r 
higher a n d lower voltages the detected signals b roaden . 

T h e s ignal heights o f the a r ray o f l ight beams across the 
detector target were c o m p a r e d at o p t i m u m focus ing cond i t ions 
(Vout, opt) w i t h the ungated s i tua t ion . F i g u r e 4(d) shows the 
r a t io o f the s ignal peaks ob ta ined by gat ing S G to the s ignal 
peaks S N measured wi thou t gat ing. F o r the v i d i c o n channels 
30 to 470 s ignal heights are not mod i f i ed ( S G / S N = 1). O n l y at 
the edges (channels 0 -30 a n d 470-499) the s ignal height is 
reduced b y gat ing. 

the opera t ion o f op t i ca l mu l t i channe l analysers at day l ight 
w i t h increased signal-to-noise ra t io . T h e d i s c r i m i n a t i o n 
between l ight signals o f different d u r a t i o n o r o c c u r r i n g at 
different times is made possible . 
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5 Conclusion 

T h e descr ibed k r y t r o n pulse generator operates re l iab ly for 
ga t ing o f a n op t i ca l mu l t i channe l analyser. W i t h a slight 
m o d i f i c a t i o n at the output stage the k r y t r o n system was also 
successfully app l i ed to single pulse selection f r o m a p icosecond 
laser w i t h a Pocke l s ce l l shutter. W i t h o u t gat ing, op t i ca l 
mu l t i channe l analysers integrate l ight signals u p for a d u r a t i o n 
o f about 0-1 s i n single shot experiments . T h e descr ibed gat ing 
reduces the in tegra t ion d u r a t i o n d o w n to the ns range. It a l lows 


