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Energy measurement of high-repetition-rate pulsed laser
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Abstract; A peak value hold circuit is developed for the energy measurement of a high-repetition-rate pulsed
laser. The circuit consisting of four modules including a charge integrator, a 2nd-order Butterworth low-pass
filter, a time-delay trigger and a peak-value-holder is designed to convert the photocurrent pulses to voltage
pulses which are linear to the energies of incident pulse laser. The experimental measurement results indicate
that this circuit is suitable for the pulsed laser with a width less than 10 ns and a repetition rate over 2 kHz.
The results show that the circuit has a dynamic range about 140 times and works stably. It can be used to a-
chieve a high spatial resolution in photodiode measurement systems.
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1 Introduction

When the far-field density distribution of a diode
pumped laser is measured, a typical method is to
use the photoelectric detector array. The diode
pumped laser is characterized by short pulses ( about
10 ns) and high repetition rates ( =2 kHz). To
measure the pulsed laser, the energy of each pulse is
expected to be acquired and an ultrafast Analog-to-
Digital-Converter ( ADC) must be used. However,
when a high spatial resolution detector array is
empolyed, more than three hundred detectors would
be contained and using an ultrafast ADC for each
channel seems impossible. So some improvements
must be done on the conditional circuit. A peak
value hold circuit was designed in this paper. The
circuit converts current pulses to voltage pulses and
then broadens the pulse width to a proper duration.
Thus multiplexers and low speed ADCs could be
used and a higher spatial resolution could be
achieved.

Now, there are many ways to implement the

[1-10]

peak value hold circuit , including a monolithic

peak detector, PKDO1, from Analog Devices,

Inc"'. Unfortunately, some of those circuits are too
complicated to apply in a multi-channel system and
some circuits can only receive pluses with a slow ris-
ing edge, while others were designed to record a sin-
gle pulse, not for repetitive pluses. In this solution,
a charge integrator is constructed to convert a current
pulse to a voltage representing the energy that pulse
contains, then a low-pass filter is inserted to reduce
high frequencies and increase stability. Finally, a
peak-value-holder following the filter will track and
hold the peak value of every pulse. An output of low
frequency squarewave makes signal acquisition and

data processing become more flexible.

2 Circuit design

2.1 Architectural overview

The circuit is primarily made up of four mod-
ules besides a high-speed silicon photodiode, inclu-
ding a charge integrator, a 2nd-order Butterworth
low-pass filter, a time-delay trigger and a peak-val-

ue-holder. Fig. 1 is the functional block diagram.
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Fig. 1 Functional block diagram of the circuit

2.2 Charge integrator

A high-speed silicon photodiode with a bias of
12 V is used to convert the optical power to an elec-
trical current. An optical pulse will be converted to
an electrical current pulse with the same profile. By
using the charge integrator, the electrical current
pulse will be converted to a voltage proportional to
the energy the pulse contains.

The charge integrator is mainly composed of an
operational amplifier and an integration capacitor.
The operational amplifier should offer high slew rate
to deal with the short pluses. And in order to reduce
the input bias current, FET inputs are necessary.
When a pulse arrives, the integration capacitor is
charged and the operational amplifier’s output raises
until the pulse ends. To measure repetitive pluses,
the integration capacitor should be discharged before
the next pulse arrives. A resistance is connected in
parallel with the integration capacitor to simplify the
circuit structure. Parameters of the capacitor and re-
sistance should be carefully calculated. First, the a-
mount of photocurrent should be estimated based on
the optical power and the responsivity of the photodi-

ode. Second, the value of the integration capacitor
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can be calculated based on the photocurrent and the
operational amplifier “s output swing. Finally, the
value of the resistance should be determined accord-
ing to the repetition rate and the RC time-constant.
When an integrating approach ends, the integration
capacitor would discharge through the resistance. So
the integrator will output a series of voltage pulses
with fast rising edge and exponential falling edge.
The peak value of each pulse is proportional to the
energy the corresponding optical pulse contains.
Fig.2 is the schematic circuit diagram of the charge
integrator. A photodiode and the noise filter are also

illustrated in Fig. 2.
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Fig.2 Schematic circuit diagram of charge integrator

2.3 Low-pass filter

The rising edge of the integrator’s output is so
fast that it may cause the circuit unstable. To resolve
this problem, a low-pass filter can be inserted be-
tween the charge integrator and the peak-value-hold-
er. A 2nd-order Butterworth low-pass filter was de-
signed. The filter is made up of only five compo-
nents, which includes an operational amplifier, two
resistances and two capacitors. In order to deal with
high speed analog signal, the operational amplifier
must be high speed operational amplifier. For this
design, the cutoff frequency was set at about 10
kHz. The cutoff frequency can be easily adjusted by
modifying values of the resistances or capacitors.
The filter also outputs a series of voltage pluses, but
with slower rising edge.
2.4 Peak-value-holder

The filter outputs pluses with slow rising edge,

which means that a compact but effective peak-val-
ue-holder could be used. Fig.3 shows the schematic

circuit diagram of a peak-value-holder.
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Fig.3  Schematic circuit diagram of peak-value-holder

As shown in Fig. 3, a dual operational ampli-
fier, a diode and a hold capacitor were used to con-
struct a peak-value-holder, as well as an analog
switch. The two amplifiers works as a voltage follo-
wer, while second one( U1B) offers the output drive
capability and makes the leakage current of the ca-
pacitor( C1) much lower. When a pulse arrives, the
diode(D1) is conducting on the rising edge and off
on the falling edge. So the peak-value-holder will
output a voltage equal to the peak value of the
pulse. The analog switch ( S1) is controlled by a
digital signal. Just before a pulse arrives, the switch
is put off when the peak-value-holder would track
the input signal and hold the peak value. Some time
later the switch will be put on and the output will re-
sume to 0 V.

2.5 Time-delay trigger

A time-delay trigger is designed to realize self-
trigger, 1. e. the system will trigger itself by the in-
put pulse, but not an external signal. The unit ac-
cepts the low-pass filter's output as its input and out-
puts a control signal for the analog switch. Putting
on the analog switch will reset output of the peak-
value-holder to 0 V, which should be accomplished
before a next pulse is on the input pin.

To construct the trigger, a comparator is used to
convert an analog pulse to a digital pulse. The digit-
al pulse will be delayed for about 400 s, which can

be adjusted if necessary, and then puts on the ana-



42

FENG Gang,et al:Energy measurement of high-repetition-rate pulsed laser 199

log switch. A dual non-retriggerable monostable
multivibrator is used to implement the time-delay
function in the prototype design. A Complex Pro-
grammable Logical Device (CPLD) used in a multi-
channel to do this will be more effective and helpful.
The delay time can be adjusted by modifying the de-
sign parameters, no need to change the circuit struc-

ture.

3 Testing results

The prototype circuit is tested in library under a di-
ode pumped laser with a repetition rate of 2 kHz and

pulse width of about 10 ns. Some typical waveforms
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Fig.4 Typical waveforms

are shown in Fig. 4.

As shown in Fig. 4, width of optical pulse is a-
bout 10 ns. The width is broadened after the integra-
ting approach, but the rising edge is still very steep.
When the Butterworth filter is applied, the high fre-
quencies are filtered and the rising edge became
smoother as shown in Fig.4(c). Waveforms in Fig.
4(c) show that the peak-value-holder can perfectly
hold the peak value of the pulse as expected. Some
testing results are shown in Fig. 5, in which x-axis
represents the energy of a single pulse, while the y-
axis represents the voltage outputs by the peak-val-

ue-holder.
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Fig.5 Testing results

A cross-zero linear fitting curve in Fig. 5 shows
excellent linearity of the circuit and the linear dy-
namic range is more than 140 times. Good stability

can also be achieved.

4 Conclusion

A peak value hold circuit was designed for the ener-
gy measurement of a high-repetition-rate pulsed la-
ser. The circuit can accept a series of pluses as its
input and output a squarewave with adjustable dura-
tion. Thus multiplexers and low speed ADCs can be
used to achieve higher spatial resolution when a de-
tector array is empolyed. The pulses with width less
than 10 ns can be measured and the measurable rep-

etition rate is not less than 2 kHz. The whole circuit
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is made up of two dual-amplifiers, a comparator, an
analog switch and some passive chips. High spatial

resolution, good linearity and stability can be a-

chieved by employing this design. This design can
also be applied in other fields where pulse energy

measurement is needed.
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