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MEASURE PULSE-TO-PULSE ENERGY UP TO
200 kHz WITH THE MACH SERIES
kHz ENERGY METERS

B it wasnt long ago that you had no choice but to grab a

to pulse energy.

Our Mach Series started with a challenge
from several of our customers who were
using pulsed DPSS lasers at 30 and 50 kHz
and didn't have a good way of measuring
pulse energy in real time, other than the
method described above. Many of the
applications for these lasers required
accurate delivery of pulse-to-pulse energy
and a need to know that every pulse was
above a process energy threshold and that
none were Missing.

So we got to work on this challenge.

It all started with the task of designing
and verifying performance of a family of
fast pyroelectric probes. They had to be
sensitive enough to measure from 10 nJ,
fast enough to measure at greater than
100 kHz, and accurate to a few percent
over a wide range of average powers and
wavelengths. We accomplished this by
designing three fast probes, one featuring
a silicon PIN photodiode, one an InGaAs

or Fiber Laser.

photodiode and the other a Pyroelectric
detector. Each was mated to a small
integrating sphere, with flat spectral
reflectance which helped keep the sensors
small, enhanced the spatial uniformity and
offered some attenuation to avoid
saturation and/or damage due to high
peak power levels. Our pyroelectric probes
include a miniature thermistor mounted
inside to monitor the sensor temperature as
it changes with average power. This allows
our Mach Series to thermally compensate
the sensor response. You've got to have it!

Next, we had to develop fast digital
electronics that could capture every pulse
at 100 kHz (and now 200 kHz), digitize and
process them for accurate peak, baseline,
period and temperature measurement.
The new instrument had to be able to store
a bunch of data in real time, about 4 million
data points in 40 seconds at 100 kHz.

Thermal Power Meter, fast photodiode, a set of ND filters, a fast
Digital Scope and Data Acquisition software to be able to try to
measure the pulse energy performance of your 100 kHz laser in
real time. And you had to have considerable expertise and time to
make this work repeatedly, and you still didn't get accurate pulse

Stop! You don't have to do this anymore. We have completed

our development work on the world's first 130 & 200 kHz Energy
Meters, the Mach Series. This is today's way, and the most accurate
way of measuring the real time performance of your pulsed DPSS

Then it had to be able to download this
data to a PCin a hurry to make room for
the next set, so a full speed 2.0 USB was
required. Our Mach Meters just plain fly's
(no pun intended)! Before we start to
describe the particular attributes of one
detector versus the other, it makes sense
to spend a little time giving some general
technical information about what each is
and how they work.

And finally, we wanted the Mach Series to
be simple to operate but have plenty of
powerful laser diagnostic capabilities and
features. We chose to write our Applications
Software in the almost universal laboratory
language, National Instrument's LabView.
Our software is standalone (you don't need
to own LabView) and includes a set of very
useful drivers for those who want to
integrate Mach 5 or Mach 6 into their
existing test setups.
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Now let's look at how you can use our Mach Series Joulemeters to measure and analyze your high repetition rate pulsed laser. E
Here's a partial list of things you can do: g
o
(@]
5]
el
(9]
» Accurately measure every pulse at greater than 200,000 Hz
S
» Capture and store up to 4 million plus pulses, 40 seconds of data at 100 kHz o
o
» Measure pulse energy, frequency, and jitter 8]
2
» Measure the number and timing of missing pulses, or pulses below an energy threshold that you set
g
» Display your energy data in a strip chart, histogram or statistics window 3
3
» Log test data to a file for analysis later i
3
» Use the FFT (fast fourier transform) feature to look for periodic phenomena you'd otherwise not see iy
2
» Set up an automated “Life Test" for your laser, just push start and walk away =
o
=)
m
» Calibrate the M5 or M6 probe against your in house standard Thermal Power Meter in a couple of simple steps (User Probe Cal) m
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Let's look at a few examples of how we were able to use the Mach 5 and Mach 6 systems to analyze the performance
of our pulsed 10 nsec, 100 kHz, Nd:YLF laser.

EXAMPLE 1.

WHEN SETTING UP OUR MACH 5 OR MACH 6 IT IS BEST TO START IN THE
"LIVE DISPLAY" MODE.

In the Live Display mode, you will be able to e Display i

. | . T
view the measurements made at a 10 Hz Pulse Data Sampled Auto Scale () Temp Comp (FL0) ol Temp STene RTIEmE |.—= .
rate. This allows us to display pulse energy aEE0FIE e fmg on Mo I Jioes Jossr BlCusorl 0 O00MED | |

i i i 171 ear Plot {f _l 4 BIDOE6 -

vs. time, live for use when optimizing your |w .
laser setup and preparing to take a batch e
of pulse energy data. The Auto Set feature

Enengy (1)

makes it very easy to get started. Click on |?.539E-6 |

the button and the Mach Joulemeter will set

Temperature (<)
the trigger level and range as required to 259 ‘
start making measurements. Frequency (Hz}
49816 |
max man Hange (FB) Trogger Level (%) Triggered Live Enabled Outof Range  Over Temp
[aseaes  [rames W :_1 ],-'—-" Ij Ij D .
i
mean dard deviati Trigger Source {F7) Trigger Polariy (F8} (Bt Oniy) Trigges Delay ns]  Factor
W W Buto Set (F2) I Intemal 5 { f Rising Edge | o, W
VISA resouree (Tn) Dies File

i USBO:0 ADS: 004 2: M- VISA-10003: |0 a |
L

EXAMPLE 2.

USING THE INSTRUMENT CONTROL SCREEN TO SET UP A BATCH SIZE
AND ARM THE INSTRUMENT.

The Instrument Control screen is where T R ggpbaion Verias L ... . e o T ] i
you set the Batch Size and ARM the e

instrument (i.e. start taking pulse

\ntraran: Corered 5nmmum.|mam| Seatmics | FFT | ProbaOwes | Bl cucetng Bl cewene W Wy Lo On = Tupl:m.cm:

. f . :wm | Bt Mnih S Fovad  IUikzaes Compleie
energy data). Itis also where you'll find mor e [ e harrend 5 5 ) |
other important features like Wavelength St Lot
and Temperature Correction, Run Life Test, (Zocadee S R licTonn | mach 6 200kHz

T Leval Tactieg
Zero Baseline, and much more. miv e e Joulemeter
o Applications Software
’“g‘l | Chei Fubie Mgy DO R il Bratinavaie) Sengs | Igsurm-ﬁm Ay
o
oyl Vneran D
v  Gparry Humbae Sz | ] Seatictiox Coten: | [k Snanrane |
Bppd Diutn Fix Path
e B gentec-€»

Fioquerniy S1sny Tagges Thirs Trge EE
Runge A1 Trigue Searce IFT)- Teiaze: Frisryy (a1, Con 58] Tharsshold %) Lewel (%) Delrg sy 408 (i)
I | el - | Pt Bl deamnk For Rating | Fi & ] i i 3 =]
. Puiis ieaglh  fwrasion |

Apeitis
b e A TerE) W:":lw Factoe
b {Aasct P Ptervioey (122 | [ s 1o taver Eacpny 117, ] Ef 00t i i T 1
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EXAMPLE 3.

PPLICATION NOTE

MEASURING PULSE ENERGY WHEN THE LASER COMES OUT OF THE STANDBY MODE

We set the instrument up for a data set of
200,000 pulses and set the laser to run at
100 kHz. We ARM the instrument and push
the "standby” button on the laser. Within
seconds, we have captured and now are
displaying the 200,000 pulse energy set on
the Data Strip Chart. And look, we can see
the pulse energy ramp over the first 100
msec. Now let's use the zoom feature in
LabView to look closer at the leading edge.

It is not a smooth ramp. There is some
funny time-based oscillation at the
beginning of the ramp. You wouldn't have
seen this using a Thermal Power Meter or
any other Energy Meter.

Tnstrument Corkrol | 42 Strp Chart |mman] sastics | BT | Proberscs | [ owcenmnge [l oweenp S wwecoron G tespcomon

[ Mach 5 Application Version 1.00
Fin  Heip

Ak Scale

[Tove Gvmernds) 8] 2] 258 | WMo
o Eu.wun |J-"'I""J

inf - Trecws =
Mo ot W 4_] _<8>] @] reecse BB

Normalize o Mean
| [

Flace Curcor

o Min

| [o

Flace Cursor
o Mae

2 285

Tmi';m\dsi.
MesmPukes  Frewencr(Rd  MberofPukes M Mo s seend  wanson  StandadDevision Trond Siop
in Jo.umEia T YT {14z |5.704E-6 [o.0a7E-1 | 1230640 14,407 [1.0636-7
Flwmm T Signa lor
PRarn {F6) “rigger Source (7). Trigryer Polarity (k. Gnky) (F8) hereshold (%) w% TrggerDeley (re)  STOEV
mw =l Irkernal 5| Risig Edge m Jl ) .’-fé | &0 4
A (10 ;I .!zmo ead Fubse Memary (F u!j Peive to Nﬁt[nﬂ' 21:2 I .' 2, 000E -6 :1[ :g'.:r.-‘ :*z_oon

B Mach 5 Application Version 1.00
Fin Mep

Instrument Cortrol mmwlmm|m|m|mm|-wuam Bl oty Bl weecoron B tewecom on

[Tivws (smcmds) | B4 00N Cursar 1 -Inf ==
ALt Sesle nf

e | - .zl e <8>] 4] roora |
663066

Worr BN

# ¥
(j” 0. 000D0E4-0 100G o -
a . L .05 f 025
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] |2.976E 44 | 200000 |2.9506-7 |43 |5.794E% {5.057E-1 112340 144937 {1 .0836-7
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EIE [ | Riseng Eckye | [semch o b puises (Fy i} ! &4 4o Jl

Apmtie
hatch sizn Area{on™Z)  Wavelerngih (o)

- cia 15_ ’ﬁaono:o an'lhlvl'\'h-mtgltlzl mmw\rr)mgwll fzu‘:&%ﬂ _lil :{:-'I.z l‘ﬁl.mﬂ

GinpP

GMP SA Tél. 021 633 21 21 GENERAL SYSTEMS FOR INDUSTRY
Av. des Baumettes 17 Fax 021 633 21 29 MICROTECHNOLOGY RESEARCH
CH-1020 Renens info@gmp.ch - www.gmp.ch & PHOTONICS TELECOM & MEDICINE

SH0.123130 O10Hd  SYOL1313A HIMOd HOIH  SHOLD3L13d 43IMOd SH0123130d ADH3IN3T SHOLINOW

S¥0.12313d ZHL

o
m
<
o
m
4
m
M
a9
o
el
w

S10Nd0dd 1vI23dS

H SJILSONOVIA NY3d



ndr
entete-bas


PPLICATION NO

EXAMPLE 4.

MISSING PULSES CAN BE CRITICAL TO A LASER PROCESS APPLICATION,
THE "ND FILTER TEST"

o ND Filter
o Holder
Q o ND Filter

GimpP

GMP SA Tél. 021 633 21 21 GENERAL
Av. des Baumettes 17 Fax 021 633 21 29 MICROTECHNOLOGY
CH-1020 Renens info@gmp.ch - www.gmp.ch & PHOTONICS

Let's set up the laser and
introduce some missing pulses
so that we can show you how
Mach 5 or 6 handles this.

With the pulsed laser running

at 50 kHz and the instrument
set up to collect 3 seconds of data
(i.e. 150,000 pulses) we dropped
an ND 0.3 filter in holder through
the beam. In the Data Strip
Chart mode you can see where
the beam was totally blocked

or partially transmitted as the
filter dropped through the beam.
These data points are equivalent
to "missing” pulses and "below
threshold” pulses.

Now, we move to the Statistics
screen, click on the Search for
Missing Pulses button where

we see that there were 541 pulses
below trigger and 31 pulses below
threshold. We had already set

the pulse energy threshold to
2.0.10°® joules. Note the many
other values presented on the
Statistics screen, i.e. Min, Max,
Mean, Spread, and much more.

SYSTEMS FOR INDUSTRY
RESEARCH
TELECOM & MEDICINE
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EXAMPLE 5.

PPLICATION NOTE

FFT SCREEN REVEALS HIDDEN PERIODIC FLUCTUATIONS IN PULSE ENERGY

If you were concerned about the
performance of your pulsed laser over

time as it relates to the power supply

(i.e. 60 Hz ripple), or the Q-Switch electronics
modulation, you'll be pleased to know that
our Mach Series include an FFT (Fast Fourier
Transform) mode. The laser is running at 50
kHz and we're set to take 2 seconds of pulse
data. We introduced an optical chopper
running at 327 Hz to give us period modified
pulse energy.

In the STRIP CHART mode (zoomed) you can
see the effect of the optical chopper.

Pulses are blocked or passed as the blade
closes and opens.

What we see in this FFT amplitude window

B Mach 5 Application Version 1.00
Fis  Help
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o
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= Mach 5 Application Version 1.00
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I APPLICATION NOTE

EXAMPLE 6.

LIFE TEST MODE PROVIDES AN

This example should be of special interest
to Manufacturing Test Engineers who

are tasked with the responsibility of final
test. You will find the Life Test mode
tremendously useful and convenient. You
won't need a bench full of equipment, you'll
just need our Mach Series Meter and the
appropriate Probe.

In the Mach screen above you can see that
set up of a laser life test is easy! Enter

the Number of pulses in Batch (i.e. 10,000
pulses), pick the Test Interval (i.e. 0.0167
hrs) and press Start Test (F2). Or set a Start
Time and Stop Time, then walk away and
come back later with the Life Test complete
and the raw data or selected Statistics filed
on your test PC like we've shown below.

The Life Test data file shown includes user
selected statistics (min, mean, max, STDEV)
for each of 5 tests taken over a 4 minute
period. It also lists complete Mach 5 set

up conditions and any additional file
description that the user has added.
Whether your test lasts minutes, hours or
days, you'll find Life Test incredibly valuable
to your product development or production
test efforts.

Z)
2 =
3

B Life Testovi

Start Test (F.
[start usng current Tme (73) |

Test (r4) |

Ext: 1est (kec) |

File Edit Format Vew Help

INCREDIBLY USEFUL FUNCTION

- Tests of Stats storage made.

| €\ Pux o o] S| O Dkl S e Tesd sl

Ddld Sel Tdakern @ 5:28:05.640
7.669E-6,8.398:-6,9, 232E-6, 2

Data Set Taken : 5:29:05.750
7. RRIF-A,R.ITIZ-R,0.17RF-A,7

Data Set Taken @ 5:30:05.781
7.637E-6,8.412:-6,9. 225E-6, 2

vata -eT laken @ 5:31:06.000
7.6B82E-6,8.412:-6,9.173E-6,2

Data set Taken : 5:32:06.093
7.676C-6,8.4123:2-6,0. 18066, 2

min, mean, max, STDEV, Tlags

Tests of stats storage mode.

PR 17,12 /2008
.316E-7,0
PM 12/12/2008
_7REE-7, 0
PM 12/12/2008
.256E-7,0
M 12/12/2008
.236E-7,0

PM 12/12/2008
_244E-7,0

mach 5 Instrumznt Information

Range :
Trigger
Trigger
Trigger
Trigger

20u]
Leval : 2 %
source : Internal

polarity : Rising Edge

Delay : 0 ns

Batch Size : 11000 pulses
Number ot Batcaes
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EXAMPLE 7.

USER PROBE CALIBRATION: A FEATURE YOU'LL FIND VERY HANDY?

This example explains how to use our
latest software feature User Probe
Calibration. This mode allows you to
calibrate the Mach 5 or Mach 6 probe at

a particular wavelength against your in
house standard Thermal Power Meter or
Energy Meter. You can access this feature
when the Mach is "triggered", by selecting
the Probe Data tab and then selecting the
User Probe Cal button. The screen shown
below will pop up.

PPLICATION NO

Here's a brief explanation of how this works. Measure the average power of your laser with your power meter. Let's say your working

at 1064 nm. Enter the measured average power measurement in the Measured Average Power window (like 0.5 W), then select the

Read Average Power (F2) button, which ARMS the Mach Joulemeter to take a power measurement (i.e. pulse energy times average

frequency). Now push the Calculate Probe Response (F3) button and the Mach joulemeter will calculate the new spectral response factor

and then write it to the Mach’s probe memaory. Probe response is then calculated and displayed (25.7%) and a new Correction Factor (#9)

of 1.168 is shown for the 1064 nm wavelength. The Mach Joulemeter is now calibrated, at 1064 nm, against your in house power meter

standard.

Should you want to abort this operation simply press "Exit". At any time in the future you can also access this screen and push the

Load a Default Probe Response (F4) to get back to the factory settings.

GMP SA Tél. 021 633 21 21
Av. des Baumettes 17 Fax 021 633 21 29
CH-1020 Renens info@gmp.ch - www.gmp.ch
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APPLICATION NOTE

=
o
=
5]
EXAMPLE 8.
PULSE ENERGY, TIME STAMP, PROBE TEMPERATURE AND ERROR FLAG o
8
1.612E-4,1.998730406E+1,15. 000,0 When you save a data set to a file, what =
1.611E-4,1.558732355%E+1,15.000,0 is stored for every pulse is the following: m
1.814E-4,1.9987343097E+1,15. 000,0 . 5]
1.613E-4,1.998736395E+1,15. 000, 0 pulse energy (I}, a time stamp (sec), probe &
pulse energy, time stamp, probe temperature, flags temperature (°C) and an error flag
. . . ]
Test 1 of 1. Test Started at 10:26:32.421 AM 8/31,/2009 (if required). When you retrieve the test =
data file (when the Mach Series software 2
mach 5 Instrument Information is not running) you will see it displayed a
Range : 200u3 as shown below, in a Windows “Notepad” %‘
Trigger Level @ 5 % format. In addition to the pulse data, you'll 7
Trigger Source : Internal L I
Tr"]gger" polarity : rRising Edge also see a full description of the Mach setup, %
Trigger Delay : 0 ns batch size and date and time taken. e
Batch size : 1000000 pulses o
Mumber of Batches : 1 g
=
z
g
EXAMPLE 9. R
MEASURE PULSE JITTER WITH NANOSECOND RESOLUTION g
L e — = The Mach Series Applications Software has
Fle Hip —
been modified recently to take advantage of &
Taiairu G | Caba 99 Chint | Dastisgn Seves | ory | prtavats | G o nree B oeree B waecoece B seoomm i ) ) o
i cpraad Mada. the high resolution (10 nsec) time stamp that u
7.878E-8 4.348E-2 [B 139E-8 ! Joules is captured with every pulse. It now makes 3
' a calculation of the average Pulse Jitter for &
= S— the data set you've taken and displays it
e data set you've taken and displays it on
8.161E-8 8.775E-2 |D the Statistics screen in a Pulse Jitter window, g
Man Standord Deviation {151gmal  Pulses Below Trigger seen in the example below as 1.752.10” =
8.594E-8 7.430E-10 |u T seconds, or 175.2 nanoseconds. o
o
wmﬂ-ﬁ] Mded b F'|.|I:II p.a!:nm g
- - L dwngs i i
100001 8.138E-8 (‘m = In conclusion, our Mach 5 and Mach 6 High
e Speed Digital Joulemeters are pulsed laser 2
diagnostic tools that are sure to enhance g
e = "‘_‘"”“""f;' iy “‘;""* : Fﬂﬁ"ﬁm _]rr.m::zhrw ﬁi_r' your ability to fully characterize your high §
: : H__ - 52 : .' Irt“?ﬁun K_“E'r_-a R .m rep rate DPSS or Fiber Laser. Whether you're %
L xnru § (T IO EEErem RS 0 o 'j'"“‘ designing, producing, integrating or just plain o

testing a high rep rate laser you will want
to have a Mach 5 or Mach 6 system on your
laser test bench.

o5}
m
=
=<
S
=
@)
=
o
v
=
I}
w0




