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1. INTRODUCTION

The purpose of this paper is to describe a trigger device 

with picosecond time dispersion particularly useful in real time mea

surements of mode-locked laser pulses.

With the developement of ultra-fast streak cameras with 

10 ' s resolution it is now possible to make unambiguous determina

tions of the width of the individual light flashes of a mode-locked 

pulse train. The capability and the versatility of performing accu

rate measurements of the temporal structure of the light pulses are 

related, independently of the intrinsic timing characteristics of 

the streak camera, to the linearity of the sweep voltage and to the 

time fluctuations between the trigger initiation and the start of 

the sweep. Furthermore, it is well known that the measurement techni

que used to determine the shape of single subnanosecond light pheno

mena by means of wide-band oscilloscopes badly needs a sweep trigger 

device with low temporal jitter.

In experiments for the determination of the intensity pro

file of light pulses using mode-locked lasers, the experimental arran

gement (Fig. 1a) basically consists of :

(i) the Q-switched and passively mode-locked laser ; the 

essential components are the optical cavity, the active medium, 

the dye cell DC containing the non-linear absorber and the pump pulse 

system PSG initiating the lasing process. This light source delivers



a pulse train (Fig. 1b) of several hundred ns in length having a 

gaussian envelope which does not alter significantly from shot to 

shot (less than 30 % variation in amplitude). The individual pulses 

are typically separated by few ns and present a duration of the order 

of 10 ps ; the delay between the pump signal SP and the mode-locked 

laser output SL is in the hundred p.s range. In Fig. lb is schemati

cally illustrated the laser pulse train SL and are mentioned the 

corresponding widthes and delays for a typical mode-locked Nd: YAG 

laser. Frequency doubling of the 1.06 pm output beam can be achieved 

with a non-linear optical crystal.

(ii) the detection system is either a picosecond streak 

camera or a wide band photodiode-real time oscilloscope combination. 

The image converter incorporates a streak tube (EEV-P855) and a four 

stages magnetically focused image intensifier (EMI 9912). Its charac

teristics and performances have already been described f 1]. The ra

diation detection apparatus is a 5 GHz bandwidth and a 100 mV/cm sen

sitivity oscilloscope associated with a vacuum biplanar photocell 

(LEP-HR06) of 70 ps rise time. The inclusion of a microchannel plate 

electron multiplier near the phosphor screen of the broadband cathode 

ray tube (LEP-TMC4A) leads to important improvements : high vertical 

sensitivity, fast writing speed (50 cm/ns) allowing sweep rates as 

fast as 100 ps/cm and high brightness of the trace [2,3] • For both 

systems, the horizontal deflection voltage is derived from step vol

tage generators built up with avalanche transistors ; their amplitu

des are respectively ± 2 kV and ± 500 V r 4].



We have designed a trigger device that reduces 

in spite of the lack of repeatability in amplitude of the laser 

pulse train, the time dispersion between the instant of occurence 

of the electrical signal delivered by the photoelectric detector 

and the start of the sweep voltage. For a variation of the light 

intensity of a factor 5 the time jitter (FWHM) is less than 30 ps.

2. TUNNEL DIODE SWITCHING DEVICE

2.1. Principle of operation

Although the time jitter of a specific device depends on 

all circuit elements involved as well as on the tunnel diode, the 

switching speed of the diode alone determines the high end of the 

performances. The transient analysis of the dynamic monostable in

cluding a tunnel diode shows that the switching speed is mainly rela

ted to (i) the peak and bias current of the semiconductor, (ii) the 

width and the overdrive of the incomming pulse. It may be remarked 

that the switching time is notably reduced by choosing a high peak 

current and a low capacitance diode. Furthermore, for a bias point 

near the peak current, the trigger time delayis a decreasing function 

of the amplitude of the input pulse r 5]. In order to meet these re

quirements, we designed a tunnel diode trigger with the following 

characteristics :

- the peak current and the capacitance of the diodes are



respectively 50 mA and 5 pF ; the intrinsic switching time is of the 

order of 50 ps.

- the nominal bias current is determined for each laser 

shot, by means of a bias circuit that registers the accurate peak 

current corresponding to a change of the state of the diode : this 

procedure reduces the variations of the bias point due to tempera

ture fluctuations and consequently diminishes the fluctuations of 

the trigger delay.

The synoptic diagram (Fig. 2a) shows the major block cir

cuits of the tunnel diode trigger and Fig. 2b illustrates the states 

of the block circuits at the different time sequences. The time se

quence generator TSG initiated by a signal SP synchronous with the 

pump flash light delivers 4 timing informations T^ through T^ lasting 

respectively 5 , 50, 20 and 80 jxs. The tunnel diode TD is biased at 

0 V via the reset circuit TDR during the intervals T^ and T^, and is 

operated in a bistable mode BM by T , and T^* During the period 

T 2 , the applied signal allows the tunnel diode bias circuit TDB to 

increase the bias until the diode changes to its high state (bistable 

mode) ; the TD high state drives the state comparator SC which in 

turn causes the TDB circuit to hold the value of the polarization 

current used for arming the diode during the interval T^. During the 

last sequence T^ the tunnel diode is operated in a monostable mode 

MM. At the instant t (T^ + T ^ + T ^  < t <  T ̂ + T 2 + + T^) the detected

laser pulse train SL triggers the tunnel diode (Fig. 2b) ; the dead 

time of the diode operating in the monostable mode is such that only 

one over two pulses are efficient. The binary counter BC is reset



(t>,T„,T.5) and is made ready at the beginning of T . The output 

pulse produced by the binary counter corresponds to the second effi

cient pulse of the train (i.e. the third pulse of the laser train 

exceeding the triggering level of the tunnel diode).

2.2. Circuit description

The following section presents a brief description of the 

time sequence generator TSG and the associated circuits (Fig. 3 ), 

and an analysis of tunnel diode trigger system (Fig. 4 ).

The period generator TSG built up in TTL logic (74 series) 

is initiated by the flash pump signal S P . Transistors P - Pg and 

S - S 2 provide the reset and the bias of the tunnel diode. The state 

comparator (transistors Q - Q  ) allows the memory capacitor CQ to 

register, for each laser shot, the value of the peak current corres

ponding to the high state change of the diode (Fig. 2b). Finally, 

with the aid of the components R and R2 , the diode is operated either 

in monostable or bistable mode, and the binary counter is armed at 

sequence T .

The signals driving the bias-reset circuits and bi-mono- 

stable modes circuits of the tunnel diode are applied to the tran

sistors u and Ug.  For the sequences T ^ - T ^  these components are 

respectively on and off. The 0 V output of the BM circuit is applied 

to the emitter TJg. At the beginning of the period T^ the output is 

switched to - 0 .5 V and the diode is polarized by the bias voltage 

determined at sequence T 2 ; in absence of any imput signal, the



components remain in their previous states. At the appearance of 

the first pulse of SL overdriving the threshold of the tunnel diode 

the voltage of the base U 2 increases and consequently (resp. U 2) 

turns off (resp. on). This in turn causes a decrease of the applied 

voltage to the base U 2 and turns on'. Three interesting features 

may be noticed (i) the relatively slow switching speed of and U 2 

determines the width of the pulse generated by the tunnel diode 

(« 7 n s ) , (ii) the time (14 ns) at which the diode is ready to be 

triggered once more depends on the magnitude of the inductance LQ ;

(iii) the overshoot caused by the latter lowers the triggering 

threshold for the third laser pulse (Fig. 2b, magnified view) ; par

ticularly, the trigger level of the diode is a function of the delay 

of two efficient pulses : the value L Q can be adjusted so that the 

threshold corresponding to the third pulse is reduced by a factor 5 

in comparison to that of the first pulse. On Fig. 5 are reported the 

variations of the ratio of these trigger levels with the delay bet

ween the two signals ; for an inductance LQ = 1.2 p.H and a delay eqfual 

to 15 ns one remarks a gain of 15 dB of the trigger level with res

pect of the first pulse.

The broadband differential amplifier ( U ^ - U ^ )  shifts the 

dc levels and adapts the amplitude of the diode signal to the values 

required for MECL3 logic. The binary counter delivers a sole stan

dard output pulse that corresponds to the third pulse exceeding the 

trigger level of the tunnel diode.

In order to reduce the mismatching of the input circuit



Input signal 

Amplitude 

Rise time 
Width

£ 50 mV
< 0 .5 ns
< 1 ns

Time jitter < 30 ps

Input-output delay 7 ns

Output signal 
Amplitude 
Width

- 5 V 

15 ns

TABLE I : Characteristics of the trigger device



coupling the tunnel diode to the fast photoelectric detector the 

semiconductor is mounted in 50 Q stripline.

Table I summarizes the main characteristics of the tun

nel diode trigger.

2.3« Experimental results

The experimental system for the generation of 30 ps dura

tion pulses used to demonstrate the performances of the trigger de

vice is depicted schematically in Pig. 1a. The mode-locked Nd : YAG 

laser, described in detail elsewhere T 4] is initiated by the pulse 

pump generator PSG. The electro-optical shutter PC selects a fre

quency doubled pulse from the mode-locked pulse train ; the light 

flashes are analyzed either by a streak camera, or by a photodetector- 

oscilloscope combination. These devices are triggered by the above 

described tunnel diode circuit T (Fig. 1a) associated with a fast 

photoelectric diode D ̂ (LEP-HR06). The variable delay D allows to 

apply an electrical signal to the Pockels cell PC (CD A crystal) in 

coincidence with a definite single event of the laser pulse train ; 

the signal of width near 6 ns and of amplitude equal to 2.2 kV+ is 

delivered by the avalanche transistor generator PG. By adjusting the 

optical delay and the threshold of the trigger device T a single 

light pulse is either cut from the leading part or from the trailing

+ This voltage yields a retardation equal to tt for an incident light 
beam of wavelength 530 nm.



part of the train envelope and may be visualized by the detection 

system.

in order to evaluate the time jitter introduced by the 

tunnel diode device, the laser vas operated in such a way that the 

amplitude fluctuations of the pulse envelope were highly increased 

(corresponding to a variation of a factor 5 ). In Fig. 6A is reported 

an oscillogram representing the registration of 15 single light pul

ses obtained for a low triggering level (50 mV) and corresponding to 

the 5th pulse after the first pulse of the train overdriving the 

trigger level. It may be remarked that the deduced time jitter dis

tribution curve (Fig. 6B) presents a full width at half maximum 

(FWHM) equal to 24 ps ; this curve has been established by determi

ning the abscissa of the peak of the various signals appearing on 

the scope with the aid of a TV camera digitizing system r6' allo

wing the numérisation of single shot oscillograms (for a sweep rate 

of 0.1 ns/cm the accuracy on time measurements is about 4 p s ) . On 

the same figure is illustrated a streak photograph obtained for the 

same operation conditions of the laser showing i) the registration 

of two pulses separated by 200 ps f 1] , ii) the recording (center 

streak) of more than 10 single consecutive laser pulses. The deduced 

width of the light pulse (single shot measurement) is 30 ps.

For the same laser fluctuations and for a moderately high 

triggering level (» 200 mV), the figure 6D represents an oscillogram 

that corresponds to the recording of 15 single pulses ; the electri

cal and optical delays are adjusted so that the Pockels cell PC gates



the laser pulse which triggers the tunnel diode. It appears that the 

apparent variation of the laser pulse height is notably reduced ; 

the corresponding amplitude distribution is shown in Fig. 5E : the 

pulse height fluctuations is less than 20 % for an incident laser 

train variation of a factor 5 .

CONCLUSION

From the above results and descriptions, it can be seen 

that an image converter camera fitted out with fully transistorized 

sweep and trigger circuits with low temporal fluctuations (< 30 ps) 

and operating at moderately high repetition rate (1 kHz) allows mea

surements of subnanosecond, repetitive and wealc light phenomena by 

accumulative recordings.

++ The broadening of the pulses is due to the length (» 7 m) of the 

bandwidth limited coaxial cable needed for the observation with the 
scope.



ACKNOWLEDGMENTS

It is a pleasure to acknowledge the technical help in 

electronics construction of Mr. P. GEIST, A. MARTZ and G. SCHMIECHEN 

which deserve many thanks.



L.A. LOMPRE, G. MAINFRAY, J. THEBAULT, Appl. Phys. Lett., 26,

501 (1975)

B. SIPP, J.A. MIEHE, G. CLEMENT, J. Phys. E 8, 296 (1975)  - 

B. CUNIN, F. HEISEL, G. O I S P E L ,  J.A. MIEHE, B. SIPP, Proceed. 

2nd Ispra Nuclear Electronics Symposium (1975)  EUR 5370e.

3. CUNIN, J.A. MIEHE, B. SIPP, L.A. .LOMPRE, G. HAINFRAY,

G. THEBAULT, Proceed. 12th International Congress on High Speed 

Photography, 1-7 August 1976, Toronto, Canada.

W.F. CHOW, Principles of Tunnel Diode Circuits, John Wiley 8c 

Sons, Inc., 1964*

M., KIENLEN, G. KNISPEL, J.A. MIEHE, B. SIPP, N U c l . Instr. Meth., 

in press.



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

FIGURE CAPTIONS

1a Schematic of the experimental set-up. PSG : pump generator;

T  : tunnel diode trigger ; D1 and D2 : high speed photode

tectors ; D : electrical delay ; PC : optical gate ; PG : 

pulse generator.

1b Characteristics of the laser pulse train SL and of the 

pump signal SP.

2a Synoptic diagram showing the major block circuits of the

tunnel diode trigger. SL : laser train signal ; SP : pump

flash signal.

2b Time sequence diagram.

V : time sequence of the TD polarization controlled by 

TDR and TDB.

V d : driving signal of BM and MM.

V c : signal delivered by CU.

Vp : signal available at BC corresponding to the first effi

cient laser pulse.

VQ : output pulse of BC corresponding to the second laser 

pulse.

V e : voltage appearing on TD ; peak voltage TD ; V^> V 2 

threshold levels of TD (magnified v i e w ) .

3 Time sequence generator circuit ; C Q  : memory capacitor.

4 Tunnel diode trigger circuit ; LQ : pulse shape inductance ; 

TD : tunnel diode.



Fig. 5 Variation of the triggering level with the delay between

two incident pulses.

Fig. 6

A Oscillogram showing the time jitter for an amplitude varia

tion of the laser envelope of a factor 5 .

B Temporal distribution (FWHM = 24 p s ) .

C Streak photograph illustrating the sweep rate of the image

converter and the low jitter capabilities of the trigger 

device.

D Oscillogram of the pulse height fluctuations.

E Amplitude distribution (resolution «  20 %) .
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