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BbICOKWUE TOKWU ANOAA
C YIbTPAKOPOTKUMMU
UMMYNbCAMMW, TEHEPUPYEMDIE
BbICOKOMPOWU3BOAUTENbHBIM
APANBEPOM JIA3EPHOIO
AUOAA

K. IlImébe, MESSTEC Power Converter,
www.powerconverter.eu, 'epmanua

[ONna MHOrMX NPUKNAAHbIX J1a3epHbIX NPUJIOXKEHUN,
TaKMX KaK MapKUpoBKa, aaAUTUBHbIE
TexHoN0rmmu, o6paboTka MaTepuanoBs, Hay4YHble
uccneposaHus u T. 4. [1], Tpebyertca nasepHoe
M3siy4eHue C KOpOTKUMU UMMYJIbCaMU, FreHepupyemoe
Anoaamm c NCNoJsib30BaHMEM BbICOKMX TOKOB.
[ng 3TMX ycnoBUM YacTo TpebyloTcsa AUoAHbIe TOKU
o1 100 A f0 200 A n 60nee C AINTENIbHOCTbIO BPEMEHU
HapacTaHusa nMmnynbca 20-50 Hc. Kpome Toro,
MMMYJbCbl A0/DKHbI UMETb YeTKYI0 NPSAMOYroJ/IbHYIO
¢$opMy C KOPOTKMM BpeMeHeM HapacTaHUs UMMNy/bca,
KPYTbIM nepegHUM GpOHTOM nmMmnynbca, 6e3 BbiI6pocoB
WM Nynbcaumn. B paHHOM ctaTbe 06cyxparoTes
¢u3nyeckme orpaHMYeHMs Ha NOJlyYeHne Takux
¢dopM ToKa N 06DBACHAIOTCA TEXHUYECKUE pelueHus,
peanusyeMbie C MOMOLLbIO ApaiBepoB J1a3epHbIX
AnopoB. Takme gpanBepbl o6ecneymBaloT paboTy
NasepHbIX AUOA0B C BbICOKMMU TOKAMU B peXume
CBEPXKOPOTKUX MMMY/IbCOB U3JTy4EHUS.
H cXemMa HCTOYHHKA MOUTAaHUS S1, BBICOKO-
MIPOM3BOAUTENBHOTO OHOAHOIO ApaKBepa
(MmogmynsTopa) M1 u naseproro nuoga D1. Hax mopo-
FOBOM TOYKOM ONTHYeCKass MOILHOCTb yBeIHYH-
BaeTCsI B OCHOBHOM IIPOIOPLIU-

4 PpHc. 1 IIpencraBjieHa IIPpHHIHIIMATIbHAA
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VERY SHORT PULSED HIGH
DIODE CURRENTS GENERATED
BY A FAST LASER DIODE DRIVER

K. Stobe, MESSTEC Power Converter,
www.powerconverter.eu, Germany

For many laser applications, such as marking, additive
manufacturing, material treatment, scientific
research, etc. [1] short pulses with high diode currents
are required. For these applications diode currents

of 100A ... >200A with rise times of 20ns ... 50ns are
often needed. In addition, the pulses shall have a
clear rectangular shape with short rise time, steep
rising edges, no overshoot and no ripple. This article
shows the physical restrictions and explains technical
solutions how laser diode drivers can realize high
diode currents with very short pulse lengths.

circuit diagram of a power supply SI1, a fast
diode driver (modulator) M1 and a laser diode D1.
Above the threshold point the optical power
increases basically proportionally with the current
through the laser diode. Only with a real current
source the diode current and so the optical power can
be controlled precisely [2]. Modified standard voltage
supplies can never control the diode current in the
requested way and have a high risk of current peaks
which damage the laser diode. A real current source
has the inherent advantage that the output voltage
of the driver adjusts itself automatically to the diode
voltage.
Therefore, all the following explanations refer to a
driver as a real current source.
The biggest physical limitation for a very fast rise
time <1ps are the parasitic inductances between driver

The following drawing Fig. 1 shows a principle

and laser diode [3]. In parallel cables these inductances

OHAJIBHO TOKY 4epe3 Jia3epHBIN
nuof. TonbKO IIPU KCIIONIB30BA-
HUM peasibHOro MCTOYHUKA ToKa 1
TOK [HOJa KM ero OIITHYecKas s1

MOLIHOCTb MOTYT PperyJaupo- Ul
BaThCsI MaKCHMAaJbHO TOYHO [2].
H3MeHeHHBI CTaHAApTHBIE
MCTOYHUKHU HaIpsIKeHHU
HUKOIZIAa He CMOTYT yIIPaBiIsiTh
TOKOM JHOZA IOJIKHBIM 06pazom
U 001aaloT PUCKOM BO3HUKHO-
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Puc. 1. MpuHuunuanbHas cxema 3nexmpuyeckux coeduHeHul
Fig. 1. Principle Circuit Diagram
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Messtec Power Converter

(frepmanHus) @PC
WWww.powerconverter.eu S
Mpoun3BoanTeNb ApanBepoB A5 Na3epHbIX ANOA0B
Cc 6onee 25-1€THMM OMbITOM paboTbl. KomnaHms
NMeeT COBCTBEHHbIN 3aBOA, C NOHLIM LIMKJIOM MpO-
M3BOACTBA, HA KOTOPOM OCYLLECTBASETCS 3N1eKTPOH-
HOe U MexaHM4yecKoe Mpou3BOACTBO KOMMOHEHTOB,
a Tak>xe cbopka 1 TeCTUPOBaHME YCTPONCTB U MOAY-
nen. ACCOPpTUMEHT MpOoAyKLMWU BKIKOYAET B Cebs
FrOTOBble YCTPOMCTBA, BAOKM MUTAHUS, CUCTEMDbI
OXNAXAEHWNS, NAHENN YNIPaBAEHUS.

KomnaHma O3C "CneuynocTaBka' npeacTas-
NiSeT BecCb cnekTp npoaykumm MESSTEC Power
Converter Ha TeppuTopun P® 1 npegnaraet Hambo-
Jiee BbIro4Hble YC/I0BMUS MOCTABKM NPOAYKLMUN, MOJI-
HYIO TEXHMYECKYI0 NOAAEPIKKY, @ TaKXe MOCTaBKY
06pasuos.

BEeHHS BBICOKHMX ITHKOB TOKa, KOTOpBlE Pa3pymIAIOT
7Ma3epHbIN AuoA. IIpsIMOM HCTOYHHUK TOKa HMeeT
M3Hava/IbHOe IIPeHMYIIecTBO, COCTOsIIee B TOM,
YTO BBIXOLHOe HaIlpsKeHHe JpariBepa aBToOMaTHde-
CKH aJallITHPYeTCs K HAIIPSIKeHHUIo Auoza. IlosTomy
BCe cefdyouue oObsICHeHHUS, IIPUBeleHHbIe B JaH-
HOY CTaThe, OTHOCSTCS K [pariBepaM, IpeACcTaBIsIO-
MM CO6OM IPSIMble UCTOYHUKHU TOKA.,

Camoe 6onbmoe ¢GHU3NYecKOe OrpaHUYeHHe,
HaKJIaJblBaeMoe Ha JJIUTeIbHOCTHh OBICTPOro Bpe-
MEeHH HapacTaHHs HMIIyabca <l MKC, COCTOMUT
B HAJUYUMU [ApPasUTHOM HHIAYKTHUBHOCTH, CO3[a-
BaeMOH Mesky APaHBepPOM U 1a3epPHBIM AHOAOM [3].
B mapannensHBIX Kabensx 3Ta HMHIYKTHBHOCTH
OYeHb BBICOKASsl U KpaKHe 3aMeliseT Heobxonu-
MYI0 OBICTPYIO IJIMTENBHOCTh BpPeMeHH HapacTa-
HUS uMIyiasca. Ciaenymomas gopMysia Ioka3plBaeT
pacueT MHAYKTUBHOCTH AJIS [IBYX IIapajlelbHBIX
Kabemer [4]:

L=l (10 (d/a)+v/2).

[Toka3aHo, YTO MHAYKTUBHOCTh B OCHOBHOM pac-
TeT B 3aBUCHMOCTH OT yBeJIHYeHHs [JIHHBI Kabe-
net (I) 1 paccTossHUS MeXAY Kabensmu (d).

YTo6Bl CHH3UTH BEIHYUHY 3TOM MHJIYKTHUB-
HOCTHU, HYXHO CTPEeMHUTHCA CHejaTb PacCTOSHUE
MeXAy AparBepoM U AUOJOM MHUHHMAJIBHBIM. DTO
O3HayaeT, YTO JHOA AOIKeH OBITH BMOHTHPOBAH
HeIOCPeACTBeHHO B ApaniBep. KpoMe Toro, kabenu
IOO/IKHBI OBITH 3aMeHEeHBI IapalIeIbHBIMU IIPO-
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are very high and slow down the required fast rise
time tremendously.

The following formula shows the calculation of the
inductance for two parallel cables [4]:

L=“?01(1n(d/a)+Y/z).

This shows that the inductance mainly increases
with the length of the cables (1) and with the distance
between the cables (d).

In order to reduce these inductances the distance
between the driver and the diode must be as short as
possible. This means that the diode must be mounted
directly to the driver. In addition, the cables must
be replaced by parallel conducting sheets as close as
possible and placed in a way that the inductances
compensate each other.

A fast control of the diode current is required for
very short rise times of 20ns ... 50ns as well as for high
frequencies up to 30MHz or for fast alternating set-
points. A further requirement is a clear signal shape
without overshoot above the set-point which could
damage the laser diode. Very fast pulses are used e.g.
for medical applications.

The best technical realization for a precise current
control is a fast analog circuit without microprocessor
in the control loop which has the disadvantages of
delays caused by internal cycle time and jitter.

High accuracy control of the diode current is
needed for the conversion of the input set-point into a
precise diode current as well as for fast compensation
of ripples.

Also for this requirement an analog controller with
high precision electronic components is preferred
because limitations by digital bit resolution of
analog/digital converters are avoided. Additionally,
an optimized PCB layout prevents from interferences
and deviations of fast electronic signals.

Puc. 2. Bvicokonpou3so0umenbHbil duoOHbIl dpatieep
Fig. 2. Fast Diode Driver
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BOOSAIIMMU IIJIACTHHAMM, PacIONOKeHHBIMHU KakK
MOXHO OnHsKe, W pa3MellleHBl TaKHUM CII0COOOM,
YTOOBl MHAYKTUBHOCTH OblIa KOMITIEHCH PYIOLIEeH.

BbiCTpoe ynpaBneHWe TOKOM Auopa Tpebyercs
JJISI CBEpXKOPOTKOM [JJIMUTEIbHOCTH BpeMeHHU
HapacTaHHsA UMITy/Ibca 20-50 HC, a TaK>Ke A/ BbICO-
KHX 4dacTtoT mo 30 MIL wuau mis 6b1CTporo yepe-
NOBAaHUS IIUKOB. [JpyrumM TpeboBaHHeM SIBIISIeTCS
yeTkasi ¢opma curHasna 6e3 BrIOPOCOB 3a Ipefersl
IIHMKa, KOTOpble MOTYT Pa3pyLIUTh J1a3epHBIH AHOL,.
CBepx6BICTpBle MMITY/IBCH HCIIOAB3YIOTCS, HAIIPHU-
Mep, I/ MeAUIMHCKOro 060pyJoBaHHUS.

Jlyuiias TeXHUYECKAs peajqrsalius 4151 TOUHOTO
yIIPaBJIeHHUSI TOKOM - CBepxObpIcTpasi aHaIoroBas
cxeMa 6e3 MHKpoIpolieccopa B KOHTYpe YyIIpaB-
JIeHHsl, KOTOpBIM obnazaeT HeJOCTATKOM B BHe
3aJlep>KeK, BBI3BAHHBIX BpeMeHeM BHYTPeHHero
LIUKJIA, U KOIeOaHUSIMHU 3aJePKKHU.

BbICOKOTOYHOE ynpaBJieHMe TOKa AHoJa Heob-
XOLKWMO s IIpeobpa3oBaHUsI BXOLHOTO CHIHasa

High short pulsed diode currents >200A can be
generated by special power transistors with fast
switching times, low internal resistance, good
avalanche behavior and good heat transfer. High
currents with short pulses are required e.g. for
material treatment.

Capacities at the output side of the driver can cause
energy peaks which occur e.g. in case of a defect of
a single diode within a diode stack or if the diode is
disconnected and connected to the driver again. These
energy peaks will damage the laser diode. In order to
keep the diode current unchanged capacities at the
output side of the driver are not allowed.

Another physical restriction is the skin effect [5]
which is contra-productive especially for high currents.
A DC current or a AC current with low frequencies
uses the whole wire cross-section. However, due
to the skin effect the conduction electrons for
currents with high frequencies are forced to the
surface of the conductor. Therefore, the full cross-
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Puc. 3. FapmoHu4eckue cUHycouddnbHble 80AHbI
Fig. 3. Harmonic Sine Waves
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B TOUHBIM TOK AHOMA, a Takxke AL OBICTPOHN KOM-
[eHCAllMK IyIbCALHH.

Tak>Xe nAas 3Toro TpeboBaHUS MpeNOYTH-
TeJIbHeH HKCII0/Nb30BaTh aHAJIOTOBBIM KOHTPOJLJIEP
C BBICOKOTOYHBIMHU D3JIEKTPOHHBIMH KOMIIOHEH-
TaMH, [IOTOMY YTO MMeHHO TaK MOXHO H36eXkaTb
OrpaHUYEHHUM, BBI3BAHHBIX LHUPPOBBIM OHUTOBBIM
paspelleHHeM AHAJIOTOBBIX/IUPPOBEIX KOHBepTe-
poB. Kpome TOro, ONTHMHM3HPOBAHHOE pacI0JIO-
JKeHHe Pa3BOJKK Ha Ie4aTHOM IJIaTe 3allUIlaeT
OT IIOMeX M OTKJIOHEHHH CBEPXOBICTPHIX 3/€KTPOH-
HBIX CUTHAJIOB.

BblcOKMe TOKM AMOAA C CBEPXKOPOTKUMU UMMYb-
camu > 200 A MoryT 6BITh CreHepHUPOBAHBI CIIELIHU-
aJIBHBIMH MOIIHBIMH TPaH3UCTOPaAMHU C OBICTPBIM
BpeMeHeM IIePeKIIYeHHs, HU3KUM BHYTPEHHHUM
COIIPOTHBJIEHHUEM, XOPOIIMMHM JIABUHHBIMU XapaK-
TepHUCTHKaMU U MOAXOA AN TellJIooTAa4ve . Brico-
KHe TOKH C YJIBTPAaKOPOTKHUMHK HUMIIYIbCAMHU Tpeby-
I0TCSI, HallpUMep, A5t 06paboTKU MaTepHaloB.

EMKOCTH Ha BEIXOJJHOU CTOPOHE IpakiBepa MOIYT
BBI3BATh JHEpreTuyeckume MUKW, KOTOphle BO3HU-
KalT, HaIpuMep, B cjly4dae gedexTa eIUHCTBEH-
HOTO JHOJA B AHOAHOM 6JI0Ke, HJIH eCIH IHOL
OBLI OTK/IIOUEeH W IOAK/IIYEH K AparBepy CHOBA.
OTU 3HepreTHYecKHe IMHKHU IIOBPeXIAIOT Jja3ep-
HBIN A10[. YT0ObI O Iep>KHUBATh HEM3MeHHBIH TOK
OHO0Ja, MPHUCYTCTBHE eMKOCTH Ha BBIXOJHOH CTO-
POHe ApaliBepa He AOIyCKaeTCs.

ApyrumMm ¢usruyeCKUM OTpaHHUYEHHEM SBJISETCS
noBepxXHOCTHbIN 3¢dekT (ckuH-apdekT) [5], KOTO-
PBII SIB/ISIeTCSI KOHTPIPOAYKTUBHBIM, 0CObeHHO
O/151 BBICOKHX TOKOB. IIOCTOSSHHBIM HJIM IlepeMeH-
HBIM TOK C HM3KHMMH 4YaCTOTaMH HCIIONb3yeT BCe
IomepeyHoe cedyeHHe IpoBoma. OmHaKo H3-3a
CKUH-3PeKTa 3JeKTPOHBI IPOBOOMMOCTHU IIpHU
BBICOKOYACTOTHBIX TOKAaX JIOKA/JM3YIOTCS B IIPUIIO-
BEPXHOCTHOM CJIOe IIPOBOAHMKA. [lo3TOMy BCs I1J10-
maab OIEePeYHOro CeYeHU s He MCIIONb3YyeTCs /i
BCero TOKa JKO0Ja, a TOJIBKO IJIO[alb ITIOBEPXHOCTHU
IIPOBOAHHKA, YTO IIPUBOAUT K 6osee BBICOKOMY
OMHYECKOMY COIIPOTHUBIEHHUIO.

Tpebyemble MPSIMOYLOJIbHBIE CHUTHAJNBL [JIsI
HMIIY/IbCOB SIBISIOTCS NPHUYKMHOK 3TOro 3pdexrta.
CornacHo aHanu3y ®Pypbe, 3TH CUTHAJBL COCTOSAT
M3 HaJIOKEeHHSI MHOTHX BBICOKOYACTOTHBIX Tap-
MOHHUYECKMX CHHYCOHULAIbHBIX BOJH. IJTO HOIIOJ-
HUTEJbHOE OMMHYeCKOe COIIPOTHBJIEHHEe 3aBU-
CHUT OT 4YaCTOTHI; HaIlpUMep, INyOMHA CKUH TOKa
c yacTtoToH 10 MTI'11 Bcero 21 MKM.>

[TosTOMYy  [OOJIKHBI  HCIIOJNIB30BAThCs
CKHe MeTajJ/IMYeCcKre IIJIaCTUHBI
nuHuH) (6]

Jjio-
(rmosmockoBbIE
CO CIIeIIMa/JIbHBIM IIOKPBITHEM [JIs

i1

Toxk I, OTH. ef,

Bpemsat, oTH. ex.

Puc. 4. Yucmebili cuzHan
Fig. 4. Clear Signal

sectional area is not available for the whole diode
current anymore, but only the surface areas of the
conductor which leads to a higher ohmic resistance.
The requested rectangular signals for pulses are the
reason for this effect. According to Fourier analysis
these signals consist of an overlay of many high
frequency harmonic sine waves.

This additional ohmic resistance depends on the
frequency; e.g. the skin deepness of a current with
10MHz is only 21 pm.

Therefore, flat metal sheets (striplines) [6] with
special coating must be used in order to achieve a
higher surface cross-section for the current flow.

There are inductances and capacities within the
laser diode caused by internal electrical wiring and by
assembly of diode components as well as inductances
and capacities in the connection between driver and
laser diode.

These physical effects influence the control mode
for the diode current. Therefore, in combination with
the control parameter of the driver there is a high risk
that the whole system "fast diode driver - laser diode"
will show severe oscillations which could damage
the driver and / or the laser diode. The following
figures show a clear signal and an output signal with
oscillations.

Therefore, the control loop of the fast diode drivers
must be adapted and optimized to the inductive and
capacitive load situation.

This adaptation and optimization must be done
in two steps. In the first step a short mechanical
connection according to above described measures

PHOTONICS vOL. 12 N2 6 (74) 2018 579
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OOCTHXXeHHSI 0ojiee BBICOKOTO ITOBEPXHOCTHOTO
[IOIIePeYHOTr0 CedeHU s /ISl IPOXOXKAeHHUS 3/1eKTPH-
YeCKOro TOKa.

[Ipu 6osee mEeTAaJIbHOM PACCMOTPEHHHU TaKKe
HabmomaeTcss UHAYKTUBHOCTh U €MKOCTb B JIa3ep-
HOM J[HoJe, BbI3BaHHAasi BHYTPeHHel 3eKTpo-
IIPOBOAKOM U COOPKOM MAHMOAHBIX KOMIIOHEHTOB,
a TaK>XKe MHAYKTHBHOCTb U eMKOCTb B COeJUHEHHU
Me>KJy ApanuBepoM U JIa3epPHBEIM JHOLOM.

OTHU du3UYeckHe 3PPeKThl BIUSAIOT Ha PeKUM
yIpaB/leHHsl TOKOM Auoja. II03TOMy B COYeTaHHHU
C IIapaMeTpoOM YIIpaB/eHHs [palBepa CyllecTByeT
BBICOKHI PUCK TOTO, UTO BCSI CUCTEMa 'BBICOKOIIPO-
H3BOAUTE/NbHBIN OHOAHBIN AparBep — Ja3epHBIH
nuon' 6ymeT meMOHCTPUPOBATh Cepbe3Hble Koneba-
HUs, KOTOpble MOTYT IIOBPeIUTbh JpariBep U/HIH
nasepHbIY AUOA,. CllefyoliKe JaHHbIe II0KA3bIBAK0T
YHMCTBIM, He 3aIIyMJIEHHBIM CHUIHAJl K BBIXOJHOM
CUrHal ¢ KonebaHUsIMU. I[103TOMy KOHTYp yIpaB-
JIeHHUSI BBICOKOIIPOM3BOAUTEIbHEIX JHUOLHBIX Hpal-
BepOB JO/KeH ObITh aJalmTHPOBAH KU ONTHMM3U-
POBaH K CUTYallUH C HHAYKTHUBHOH KU eMKOCTHOH
HaTPy3KOH.

9Ta apanTtauus M ONTUMM3ALMUSA OCYILeCTBIIS-
eTcsl B [1Ba 3Tama. Ha mepBoMm 3Talle AOIKHO OBITH
ONTHMHM3HUPOBAHO KOPOTKOe MeXaHH4YecKoe Coelu-
HeHHe COIJIaCHO BBIIIEYIOMSHYTBIM OIHMCaHHBIM
MepaM. Jlajee, Ha BTOPOM IIare HeobXoqHMo aatm-
TUPOBAaTh IIapaMeTphl YIIpaB/leHHUSs, TaKHe KakK
P- KOMIIOHEHTBl U [-KOMIIOHEHThI, K XapaKTepHu-
CTUKaM YIPaBIeHHUS BCeH CHUCTEMBI 'BBICOKOIIPO-
HM3BOAUTE/NbHBIN NHOAHBIN AparBep — Ja3epHBIU
nuon'. Llenb - moOUTBCS CBEPXOBICTPBIX JHHAMHU-
YeCKHX XapaKTepPUCTHUK C CBEPXKOPOTKOM JJIHUTENb"
HOCTBIO BPeMeHHU HapaCTaHHS M cpe3a UMIIY/IbCa,
KPYTHIM IlepeHHUM U 3aJHUM QPOHTOM HUMIIY/IbCa,
a TaKk>Ke C IpefoTBpalleHHeM BEIOPOCOB.

HHAOYKTUBHOCT M OMHYeCKHe COIPOTHBIIE-
HUSI AJIVHHbIX Ka6eneih NUTaHUS MeXAYy HCTOYHH-
KOM NuTaHHUS S1 M gpamBepom Ml (cM. puc. 1)
MOT'YT IIPHUBECTH K IPob0SM HANpsKeHUS Ha
BXOJHOM CTOPOHe [palBepa BO BpeMS BBICOKO-
3HepreTU4YeCKUX HMIIYIbCOB KK BBICOKOCKOPOCT-
HOM MoAynsluU. HeobXxoguMo [OOIMOTHUTEIBHO
paccMaTpHBaTh 3TH XapaKTepPUCTHUKH ISl OLleHKH
[IepeMeHHOTr0/IIOCTOSIHHOI0O TOKa HCTOYHHKA
nmUTaHus Sl.

Kpome kabesiert ¢ 60bIIMM IIOIIEPEYHBIM Cede-
HUeM, 6ypepHBII KOHIEHCATOP C AOIOTHUTETbHOM
BHeIIHell eMKOCTbI0O Cpyp obecredrBaeT 3HepPruio
KPaTKOBPeMeHHOIO [NeHCTBH .

Ha puc. 6 u 7 mokasaHBl Ilejlble YCTAaHOBKH,
coCcTosIiMe U3 Ja3epHOTO0 MAHO0Ja, BBICOKOIPO-

530 ®OTOHUKA TOM 12 N2 6 (74) 2018

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
NA3EPbI N IA3BEPHbBIE CUCTEMbI I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Tok I, OTH. ef.

Bpems t, oTH. ef.

Puc. 5. CuzHan ¢ KonebaHusmu
Fig. 5. Signal with Oscillations

must be optimized. Then in a second step the control
parameter such as P-component and I-component
must be adapted to the control behavior of the whole
system "fast diode driver - laser diode". The targets are
the fastest possible dynamic behavior with short rise
and fall times, steep rising and falling edge as well as
avoiding overshoots.

The inductivities and ohmic resistances of long
supply cables between the power supply S1 and the
driver M1 (see fig. 1) can lead to voltage break downs
at the driver input during high energic pulses or
fast modulated operation. This must be additionally
considered for the rating of the AC/DC power supply S1.
Beside cables with a higher cross-section a buffer
capacitor with additional external capacity Cpyp
provides short-term energy.

Fig. 6 and Fig. 7 show whole set-ups consisting of a
laser diode, a fast diode driver and a buffer capacitor
completely assembled on a heat sink.

A ripple in the diode current will be transformed
into a ripple in the laser light emission. This is
an undesirable effect and affects the laser process
negatively. Standard drivers cause an alternating
output signal on top of the diode current due to
internal switched-mode technology. In the opposite,
drivers based on a linear current controller technology
do not have this effect. The input control signal is
exactly converted to the output current without
disruptions and alterations.

Unfortunately, linear current controllers have the
disadvantage of higher power dissipation. But for
short pulses with a normally low duty cycle this power
dissipation is manageable.

Formula for short pulses with duty cycle, see fig. 1:

P,<(U,-Uy)1,-duty cycle.
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Puc. 6. YcmaHoska ¢ byepHbim KOHOeHCamopom u 0uooom
DILAS
Fig. 6. Set-Up with Buffer Capacitor and DILAS Diode

M3BOAUTENBHOTO AHOAHOIO IpaliBepa U Oydep-
HOTO KOH/I€HCATOpa, IIOTHOCTbIO COOpaHHOro Ha
TeIJI00TBOJE.

Mynbcauus B ToKe nuoja byger mpeobpasoBaHa
B IIy/JIbCALIMI0 H3JIy4eHHS J1a3epHOro cBeTa. ITO
He>KeJIaTeJIbHBIU 3QPeKT, KOTOPBIK OTPHUIIATeIbHO
CKa3bpIBaeTCs Ha Jla3epHOH reHepaunuu. CTaHAAPT-
Hble JpanBepbl BBI3BIBAIOT IIepeMeHHBIH BBIXO[-
HOM CUTHa/ Ha BeplIMHe TOKa AHOJA H3-3a BHY-
TpPeHHeHN TeXHOJOTHH KOMMYTHPYeMOILO peKHMa.
HanpoTuB, [OpaliBeppl Ha OCHOBe TeXHOJIOTHH
JTHUHEHMHOTO KOHTPOJIJIepa TOKa He HMeIOT 3TOTO
3bdexTa. BXOmHOM CHUTHANA YIpPaBJIeHHUS TOYHO
npeobpa3oBeIBaeTCs B BBIXOJHOM TOK 6e3 cboeB
Y U3MeHeHUH.

K coxkaneHHUI0, HeJOCTATOK JTHHEHMHBIX KOHTPOJI-
J1epoB TOKa COCTOMT B 6ojIbIleM paccesiHHH MOII-
HOCTHU. Ho [/ KOPOTKHMX MMIIYJIbCOB C HHU3KHUM
paboYnM IIMKJIOM 3THM PpaccesHHeM MOIIHOCTH
MOSKHO yIIPaB/ISATh.

dopMysna IJsi KOPOTKHUX HMMIIYIbCOB C pabounm
IIMKJIOM, CM. pHC. 1:

P,<(U,-U;) I, paboyunii UKII.
IIpumep:
P,=<(12 [B]-9 [B])-200 [A] - 0,05=30 [BT].

MexaHUYeCcKkUu IHJII/I(l)OBaHHaH IIOPOIIKOM TOH-
KOTO IIOMOJIa U ITOJIMPOBAHHAA IIJIACTHHA, HCIIO]b-
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Example:
P,<(12 [V]-9 [V])-200 [A]-0,05=30 [W].

A precise mechanically fine grinded and lapped
base plate of the driver in combination with heat
transfer paste and a heat sink - ideally made of copper
for high requirements - guarantees a sufficient heat
transfer from the diode driver to the heat sink which
is cooled by air or water.

With the above described measures and with the
right electronic design the following further technical
requirements can be fulfilled:

+ The driver does not need a fan. Fans are noisy

and have often a low reliability.

» The dimensions of the driver are small (approx.
100mm-60mm-20mm) and the weight is
low (approx. 250g), so that the driver can
be assembled directly to the diode even in a
moving laser head.

« The driver has two overlaying set-point inputs
and one BIAS potentiometer so that a CW
operation, a pulsed operation, a modulation
or any mixed signals with arbitrary curves are
possible.

« The fast precise analog electronic circuit also
allows a monitoring of the actual diode current
in real time.

In the following table the main fast diode driver

models are shown.

Puc. 7. YcmaHoska ¢ duodom BWT
Fig. 7. Set-Up with BWT Diode
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OCHOBHbIEe MO N BbICOKOMPOU3BOAUTENbHbLIX ANOAHbIX ﬂpaVIBepOB

Main Models of Fast Drivers

Makc, Tok Makc. TOK gnopa Bpems
Hanpsxe- BbixogHas
anona (HP), (kop. umn.), HapacTaHus YacToTa, Maxc. noteps
1 1 HVe anopaa, MOLLHOCTD, 2
A A B BT MMMynbca ML MOLLHOCTK, BT
Max Diode Max Diode Current Diode Outbut oK., HC? Frequency, = Max. Power Loss,
Current (CW), (short pulse), P Rise Time, MHz?2 W
A A Voltage, V Power, W ns2

VFM 60-06 60 120 4,5 270 20 30 90
VFM 60-25 60 120 24 1440 20 30 90
VFM 60-50 60 120 49 2940 20 30 90
FM 100-06 100 200 4,5 450 50 20 150
FM 100-25 100 200 24 2400 50 20 150
FM 100-50 100 200 49 4900 50 20 150

Makc. TOK, AOCTYITHBI MOZ€/JIH C MEHBITMM TOKOM.

Max. current, models with lower current avialable.

3aBUCHUT OT JIa3epHOro Juoha 1 I<0Hc1>urypaunu CHUCTEeMBL “BbICOKOHpOI/ISBOHI/ITeHI:HI)II:I MUOMHBIN /:LpaﬁBep - na3epH1>1171 nuon», yIiloMsHY-

Tasi AJTUTE/IbPHOCTb BpeMEeHH HaPaCTaHH A KMITY/1bCd M HaCTOTA MOTYT BApPbHPOBATbHCA B 60}1]:111)710 H MEHBIIYI0 CTOPOHY COOTBETCTBEHHO.

Depends on the laser diode and configuration of the whole system "fast diode driver-laser diode"; the mentioned rise times and frequencies

may deviate upwards or downwards accordingly.

3yeMasi B AparBepe B COYETAHHUM C TePMOIIACTOM
M TeIJIOOTBOAOM, CAeNaHHAs M3 MeAH, TapaHTH-
pyeT OOCTAaTOUHYIO TeIllollepefaudy OT AHMOAHOIO
IOpaliBepa K TeIlJIOOTBOAY, KOTOPBIM OXJIaXKZaeTcCsl
BO3/1YXOM HJIU BOZOM.

Crenys BBIIIEOIIMCAHHBIM IPUHIIUIIAM U CO6JIIO-
Ias IIPaBHUJIbHOe IIOCTpOeHHe 3IeKTPOHHOM KOH-
CTPYKLMH, MOKHO JOCTHUYb COOMIOmeHHU S 3aJaHHBIX
YCIOBUM U BBHINIOJIHEHUS CJIeYIOMIHX TeXHUYEeCKMX
TpeboBaHUM:

+ [lpaiiBepy He HY>XeH BeHTHJIATOp. BeHTus-

TOPBL — HOIOJHUTEIbHBIM HCTOYHHUK IHIyMa
M 9aCTO OHU UMeIOT HHU3KYIO Ha/le>KHOCTb.

e TabapuTHBble pa3Mepsl AparBepa Malsl (IPU-
6nusuTtenso 100 MM x 60 MM X 20 MM),
KakK U Bec (okoso 250 r). IlosToMy nAparBep
MOXHO CMOHTHPOBATh HeNOCPeACTBEHHO
Ha JAuolle Jake B ABHKYIIENCS Ja3epHOM
rOJIOBKeE.

o JlpariBep HMeeT [Ba IIePeKPHIBAIOIIHXCS

BXOJa YCTAHOBKM H OUH IOTeHIMOMETP
BIAS Tak uTob6Bl 06eCIeuYuTh BO3MOKHOCTH
HeIlpepbIBHOM, HMIIYyJIbCHOM paboThbl, MoOAy-
JSALUKA HIK AI00bIX CMeIIaHHBIX CUITHAJIOB
C IPOM3BOJIBHBIMH KPHUBBIMH.

*  BBICOKOIIPOM3BOAMTE/NbHAS TOUHAS AHAJIOTO-
Bas 3/7eKTPOHHAas cXeMa II03BOJIsieT KOHTPO-

MESSTEC Power Converter has developed fast laser
diode drivers which have integrated best technical
solutions and above explained advantages. They can
operate in CW, modulated or pulsed mode with any
arbitrary curves and can be used in combination with
all laser diode manufacturers.

MESSTEC also delivers complete set-ups and
electro-mechanical modules with diode driver, laser
diode, heat sink and optimized control loop.

List of industries for which MESSTEC drivers are used:

+ Additive Manufacturing

« Sapphire Class Treatment
« Railway

+ Printing Industry

« Marking, Engraving, Labeling
« PCB Manufacturing

e Material Heating

» Surface Processing

« Medical Devices

+ Pumping for DPSS Lasers
+ Nano Processing

« Very Fast Pulsing

+ DPlastic Welding

« Military

» Safety Technology

* Research Institutes

+  Universities
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NHUPpoBaTh GaKTHUUECKUI TOK JHOMA B peXKHMe
peanbHOTo BpeMeHH.

B Tabnuile mpejcTaBleHB OCHOBHbIE MOJeNH
BBICOKOITPOM3BOJUTENBHBIX JHOJHBIX APANBepPOB.
Kommnanusi "MESSTEC Power Converter” paspabo-
TajJa BBICOKOIIPOM3BOAHUTE/IbHEIE [IPaliBephl j1a3ep-
HOTO AMO0Ja, B KOTOPBIX MHTEIPUPOBAHBI JyUlIHe
TeXHH4YeCcKHe pelleHHs U OINMCAHHBbIe BBIIIE IIpe-
umymecTBa. OHH MOryT paboTaTh B HeIPephIB-
HOM, MOAYIUPYeMOM HJIH HMIIYJIbCHOM peskuMe
C M06BIMH NPOM3BOJIBHBIMU KPUBBIMHU K MOTYT
HCIIO/NIB30BAThCSI B COYETAHHUHU C JIA3ePHBIMH [IHO-
OaMU TI00BIX TPOU3BOAUTENIEH.

MESSTEC TaK:Ke [10CTaBJIgeT IIOJHbIe YCTAHOBKU
Y 37IeKTpOMeXaHHU4YecKHe MOAYIH C JHOJHBIM Jpak-
BEpOM, JIa3epPHBIM JHOJOM, TEIlJIOOTBOJOM H OITH-
MHU3HPOBAHHBIM KOHTYPOM YIIPaBIeHHS.

Crnucok oTpaciei, B KOTOPBIX MCIIOJNB3YIOTCS
IopariBepsl KOMIIaHUU MESSTEC, 06IIHPHBIL:

e AIIUTHBHBIE TEXHOJIOTHH.

+ O6paboTka candpupoBOro CTeK1a.

*  JKene3HomOpOKHAs OTpPacC/ib.

e Ilonurpadus.

¢ MapKHPOBKA, FPAaBUPOBKA, IITAMIIHI.

+ IIpoM3BOACTBO IeYaTHBIX ILJIAT.

» HarpeBaHMe MaTepHaoOB.

+ IloBepxHOcTHas obpaboTka.

* MegUIMHCKHe YCTPOMCTBA.

e Hakauyka [ TBepAOTeJIbHBIX

C IUOJHOM HaKa4yKOM.

e HaHo-obpabotka.

* YnprpabbicTpas mynbcalus.

+ CBapka miacTMacc.

* BoeHHas MIPOMBIIIIEHHOCTb.

» TexHonorus 6e30MacHOCTH.

e HayuHo-HcclefoBaTeIbCKHE HHCTUTYTHL.

*  VYHHBEPCHUTETHI.

na3epoB
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CAMBIE KOMITAKTHBIE B MHUPE
BOJIOKOHHO-OIITHYECKHE
MACCHBBI ATTEHIOATOPOB
OT KOMIIAHHH AGILTRON

C pasBuTMeM Mpoms-

BOACTBA 6onee MoL-

HbIX ynn-nasepos "
U HeobXOAMMOCTbIO

cosfiaHng bonee uys-
CTBUTE/IbHLIX MHTErPUPOBAHHDLIX HOTOLETEKTOPOB, A TAKXKE BOMHO-
BOAHO-UHTErpupOBaHHbLIX OAHOPOTOHHBIX AeTeKTOpOB, BO3pacTaeT
NOTpebHOCTb B KOMMOHEHTAX WHTErpupoBaHHOW GOTOHUKM Ans
MCNONb30BAHMS OMTMYECKOTO YNPaB/eHNs MOLLHOCTLIO Yepes nepe-
CTpauBaemble onThyeckue atTeHoatopbl (VOA). MHorve us npume-
HEHWUN TPebyloT UCMONb30BaHNUS COOPOK U MACCUBOB U3 TaKUX KOM-
MOHEHTOB, HO N/OLAAL MUKPOUMMA OFPAaHNYKNBAET WX pa3mepbl.

Mo3aTomy Takwe y3ibl JOMKHLI ObITb KOMMAKTHLIMK, & Tpaau-
LIMOHHAs TEXHONMOrMs, MCMo/b3yeMas B MepecTpamBaemblx ONTW-
YeCKWX arTeHKoaTopax, CO3[AaHHLIX HA KPEeMHWMM, OCHOBAaHA Ha
1CnoNb3oBaHUK 31eKTpoHHOro PIN-Anoaa. ToT npegHasHaveH ans
VIHXEeKLMW HOCUTeNel 3apsaaa Yepes nonepeyHoe ceyeHme KpemHu-
€Boro GOTOHHOrO BOIHOBOAA.

Komnauua Agiltron (CLIA) npou3BoAuT BONOKOHHO-
ONTUYeCKMe aTTeHATOPbl BLICOKOW MNPOU3BOAUTENLHOCTU
C HU3KUM YPOBHEM BHOCUMDbIX MOTEpPb W ABNSETCH BeAyLWUM
npoussoguTenem B 3ToM oTpacau. Cepus MM VOA nonHo-
CTbl0 COOTBETCTBYeT CTaHAApTaM HAAEXHOCTM KOMMYHUKALMOH-
Hou komnaHuu Telcordia 1209 1 1221.

B aBrycre 2018 roga koMnNaHWs npeacTaBuid YHUKANbHbIE Mac-
CMBbI ATTEHIOATOPOB C 8-10 KaHanamu. Ha cerofHsWHWA AeHb OHU
SBIAIOTCSH CAMbIMW KOMMAKTHbLIMMW B Mupel

HoBasl nMHenka MOHTMpYeMbIX HA NAATy MUHWATIOPHLIX BOMO-
KOHHbIX NepecTpamBaeMbiX ONTUYECKUX aTTeHtoaTopos (VOA) cno-
CO6CTBYET Nyylen MHTErpaumum ONTUKK C 3NeKTPOHUKOW. HoBbIe
nepecTpamBaemble aTTeHATOPbl OCHOBAHbLI HA 3aMaTeHTOBAHHOM
TEpMOAKTUBMPOBAHHOM 3epkasie Agiltron ¢ MukpoobpaboTkon.
3epkano MMeeT BO3MOXHOCTbL Mepemellatbcsi BAONL W nonepek
pacrnpocTpaHeHnst OMTUYeCKoro Jiyya. Takas YCOBepLIeHCTBOBAH-
Has KOHCTPYKUMS WCKNIOYAeT MHOrMe HepfocTaTku, npucylme
CTaHAAPTHbLIM  MMKPO3/IEKTPOMEXaHMYeckuM cuctemam (MEMS),
1 obecneymsaer:
®  BbLICOKYIO CTAaBUALHOCTL U HAEXHOCTD;

m OTCYTCTBME HABOAOK, BbI3BAHHLIX HAKOMIEHHLIM 3NeKTpuye-

CKUM 3apAfI0M;
®m  HeyyBCTBUTENLHOCTD K BNAre.

KomnaHus "03C CneunocTaska" npeacTaBnseT BeCh CNeKTp npo-
aykumn Agiltron Ha Tepputopun PO u npeanaraet Haubonee
BLIFOAHbIE YC/I0BUS NOCTABKA MPOAYKUMK, MONHYIO TEXHUYECKYIO
NOAAEPXKKY, & TAKOKe MOCTaBKy 06pasyos. MoayynTh AONOAHUTENL
HYI0 MHPOPMALIMIO Bbl MOXKETE HA CaiTe KOMMAHWUU 0eSSp.ru.

Mapus Xykosa
000 "03C Cneunocmaska”

Driven by Innovatfon”






