KntoyeBble npobnembl

OrpoMHbie TEIJIOBBIJIEJICHHA B AKTUBHOM cpeie TPpeOyIoT:

[l BbIcokoro KII/I

[l opranuzanumn 3¢(peKTHBHOIO TEMJIO0TBOA

[l mopaBaeHUs U/UIN KOMIIEHCAIIMH TEPMOONITHYECKHX dY(PPeKTOoB
B AKTUBHOH cpe/e

[] yuera TenaoBbIx 3¢¢eKTOB B APYrUX ONTHYECKHUX IJI€MEHTAX




YMeHblUueHue TennoBbIiX 3hdeKkToB

Intelligent design of the geometry; pump, laser medium, resonator
= rod, slab, thin-disc, fibre geometry.

Reduce the quantum defect.

Use a brighter (longitudinal) pump and longer absorption length.

Increase the thermal conductivity: cryogenic cooling (for crystals).

Coherently add beams from several thermally isolated systems.

“Point design” optimized for a given thermal lens (Inflexible, unable to
correct higher order aberrations)

Adaptive optics (complex, expensive).
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Mone3Hble TexHoNorun. AganTMBHaA OonNTUKa

JIBA BUJIA AI[AHTI/IBHOI71 OIITUKMU:
Heaunennasa - OB®

JInHenHasa - nedopMupyeMbie 3epKaJia

JIBE ®YHKIIUU AJAIITUBHOU ONITUKU:
KoMmneHcanus (TenjIoBbIX) HCKAKEHUH BHYTPH CaMoOIo Jiazepa

KoMneHcanus HCKaKeHUH, BHOCUMbIX arTMoc(epou Ha Tpacce



[MTone3Hble TexHonorun. AganTuBHasa onNTUkKa

/ JIA3EP AN

.El,aTtwu( BOHHOBOFO

Oedopmupyemoe
k3ep|<ano j

AO loop open, Coarse Track

Max intensity = 300



[lone3Hble TeXHONIOMrnM. CyMMVIpOBaHVIe KaHaJ10B

£ Amplifiers

E, AO Q 0

5
AO
O 0 =
Feedback
control

Master
oscillator

Successfully tested with 10W Yb fibre amplifiers
S.J.Augst, T.Y.Fan, A.Sanchez Opt Letts 29, 474, 2004



[lone3Hble TeEXHOSTOMUN. CyMMVIpOBaHVIe KaHaJ10B

MeToabl:
- HennHenHan onTuka
- MMpsamoe nsmepeHue pasbl U aganTUBHOE ynpaBrieHUe
- CymmunpoBaHue cnekTtpoB Ha audpakLMOHHOU peLueTKe

[eomeTpuUsA:
- CymmunpoBaHue pe3oHaTopoB
- CymMmmupoBaHue ycunureneu




[MTone3Hble TexHoNnornn. KomnosuntHble maTtepuansi

YAG
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[Basic ] z00m
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YAG
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YAG ceramic
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[ Yb:YAG single
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[Tone3Hble TexHonormn. OxnaxaeHuve ao 77K

boabmas temsonpoBoaHocTb: YAG (10pa3), GGG (6pa3s), candup (25pa3)

Menbie kK03 PUUUEHT JUHEHHOT0 PACHIUPCHUS

Menbuie dn/dT
T
boJbiie ceyeHue nmepexoaa E

OnycromeHne HUKHEro JIAa3ePHOro YpoBHA B Yb

l;&' __,..:_-::".-"",:;:-:.:

=m Cu Block

[l Sideview | [N,/ /

= cross-section || | &

of Cu brocks | % Temperature Sensor I
il
Ilpumep ¢ TMCKOBOM L L 6.8 i Al s SRS
reoMeTpueii =T '
< — N 1.5 mm thick Sapphire

\ AR coated surface




Tone3Hble TexHonormn. OxnaxaeHuve ao 77K

CaoiicTBa candupa (C TATAaHOM):

100 — R . 12x10°8

® k bhc
o k_b

10’ \\ﬁ

101_ . 3 IR | S : : , .
1 10 100 1000 50 100 150 200 250
T [K] Temperature (K)

—- 477 nm -+ 501 nm
—A—~ 552 nm -# 603 nm
- 654 nm —x~ 701 nm

K [Wm/K]
HIA
dn/dT (extraordinary ray)

T. Suzuki et. al., Frontiers Science Series No. 41 A. C. DeFranzo, B. G. Pazol, Applied Optics, 32,
(FSS-41), ISSN 0915-8502 pp. 2224-2234, 1993



TennoBas nuH3sa B Ti:AlLO, npu 77K

1 P |1d ari\n—1
— 4 " ra C. ¢n3 + 0( )
f kA|2dT ’ L
', dn/d T, and a depend on material temperature
Temperature 300 K 77K
The[:/r\r/\ilmc_?rlﬁ?]ctivity, K qe8 . 30x hlgher
e R R I
Thermal expansion coefficient, « 14x lower
[Cm-B K-1] 5.0 x 10° 0.34 x 10

For a given thermal lens value, the pump power can
increase by a factor of >200 at cryogenic
temperatures!
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Thermal modeling of amplifier crystal at 80K

300W, 80K, f.I.~215mm

0.600
\ Note the deviation from
1.2mm a quadratic profile
0.500 within 1/e? radius.
)
e /
2
> E 0.400 1en2
S radiu
8 \\
2
80 0.300
82.855
85.709 0.200 . | b .
0.000 0.100 0200 0.300 0.400 0.500 0.600
88.564
distance from center (mm)
91.418
94.273] - .
97.127 10mm
99.982
102.836
105.691
Temp (K)

11



Sample Commercial System: Legend-HE-Cryo
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» Oscillator, stretcher, regen, cryo-cooled multipass amplifier, high power corﬁpressor.
« >7TmJ @ 1kHz, <40fs, <1% RMS stability




Hakauka.

CerogHsi AMoaHasi Hakayka — LUIMPOKO Intersonnect o comact
peknamMmmpyemMbin U npoaaBaeMbin NPOAYKT |j""e‘3'
Oxide —
MOV —
n-Contact ———=
n+

. E%S Decade Optical Systems, Inc.

e 720-bar QCW array: 1.7 mm pitch at 55° emission angle
including fast axis collimation optics; 72 kW of output.
http://Iwww.sslasers.com/Laser_Diode_Arrays.htm

XapakrepHas uena 10-20%/Bt, BKirouas oxjiaxkiaeHue

HUKAKOHW AJBTEPHATUBBI IMUOJHONU HAKAUKE HET

1



Nd:YAG Yb:YAG
OnvuHa BOMHbI HaKa4yKn, HM 808 941
CeueHue nornowermsT, 10-22orif—— 6.7 0.7
LLinpnHa nonocsbl H-aleaﬂi(-u,—;'M—— <4 18
NHTEeHCMBHOCTb HACEIIERWS HakaIku, KBT/cm? 12 28
MuUHMManbHas UHFeHenBHOETHEIRYKM, KBT/cM? 0 2.8
AnvHa BonNHbI YCUNEHUS, HM 1064 1030
Ce r2—2 on o4
0. Hpen cTBa Y AIBHO IIPEBOCXOAAT €ro HeJOCTATKH,
il XOTS O O IDIIITHERegE aa3ephbl Ha Nd 0oJee
3 Ch) C L‘HQEH > E DJIOTI'NYCCKHU
Bpems )KM3VI BHS, MKC L T | 250 970
HedeKT KBaHTa 0.24 0.11
AHeprusa Tennosbl eHusi/hv 0.37 0.11
MnoTtHoCTL Tennoaﬂﬁggﬂwﬂ npuv yc”{ZBl34 0.05¢cm™’, Bt/em?® | 51 55

114




OnTtnyeckasa cxema. C ycunutenem nnum 6e3?

N YgI/IJII/ITeJIB _

N\
N\

AN

s nazepHoro apausepa ajas Y TC BbI0OOp OHO3ZHAYEH

JJ151 JIa3ePHOT0 OPYXKUSA — KOHKYPEHIMA MEKIY ABYMS
APXUTEKTYPAMH B IOJHOM pa3rape

18K



Bbi60op MaTpUuubl.

B nacrosee Bpems Ha Y TC, HO B
S-FAB wmiam crTekj0 |OyaylieM ux MOTyT BBITECHUTH U
OTTy/a

J1J1s1 BOJIOKOHHBIX JIA3€POB :
KBapu
Kpucmaniuyeckue BOJOKHA ?!

Jl1ss HEBOJIOKOHHBIX Jia3epoB 3 KaHAUAATA:
YAG - Temj1onpoBOIHOCTD

GGG — aneprypa, Ka4ecTBO
Kepamuka — 1enJionpoBOAHOCTD, ANIEPTYPA, KAYECTBO ......

1A



[eomeTpUs aKTUBHOM cpeabl. 5 BapuaHTOB.

KJi1roueBoi BOIPOC — OTHOBPEMEHHO OPraHU30BATH MOTOKH
HAKAYKH, FCHEPALUUA M OXJIAKICHUA

CTEPIKECHbD CI130 JUCK  AKTHUBHOE 3€PKAJI0 BOJIOKHO

YAG
GGG
KepaMHuKa

2D reomerpus

CyMMupOBaHHE KAHAJIOB - ?
77K — NepCreKTPUBHO !

KoMmno3urHsbie cpeabl

[ |

—




[eomeTpua akTUBHOMU cpeabl. S BapuUaHTOB.

KJi1roueBoi BOIPOC — OTHOBPEMEHHO OPraHU30BATH MOTOKH
HAKAYKH, FCHEPALUUA M OXJIAKICHUA

CTEPKEHD CI120 JIUCK  aKTHBHOE 3€PKajl0  BOJIOKHO

2D reomerpus

CyMMupOBaHHE KAHAJIOB - ?
77K — NepCreKTPUBHO !

KepaMHuKa

3UTHBIE CPelbl

[ |

—

\lll

1Q



[eomeTpUs aKTUBHOM cpeabl. 5 BapuaHTOB.

KJi1roueBoi BOIPOC — OTHOBPEMEHHO OPraHU30BATH MOTOKH
HAKAYKH, FCHEPALUUA M OXJIAKICHUA

CTEPKCHb cin0 JINCK AKTHBHOE 3€PKAJI0 BOJIOKHO
2D reomerpus I | AL
GGG
CyMMuUpOBaHHE KAHAJIOB - HET KepaMHKa
TIK -?

lll

10



[eomeTpUs aKTUBHOM cpeabl. 5 BapuaHTOB.

KJi1roueBoi BOIPOC — OTHOBPEMEHHO OPraHU30BATH MOTOKH
HAKAYKH, FCHEPALUUA M OXJIAKICHUA

CTCPIKCHb CIIN0 JTUCK dAKTHUBHOC 3CPKAJIO BOJIOKHO

YAG

GGG
KepaMHuKa

3D reomerpus

CymMMHpOBaHHE KAHAJIOB - HET
77K — NepCreKTPUBHO !

# A MIIO3UTHEIE CPelbI
\

—

N



[eomeTpUa akTUBHOMU cpeabl. 5 BapnaHTOB.

Ki1roueBo# BONIPOC — OTHOBPEMEHHO OPraHU30BaTh MOTOKH
HAKAYKH, TeHePali M OXJIaKIeHNS

CTEPIKCHD cin0 IIACK AKTHUBHOE 3€pKajio0 BOJIOKHO

2D reomerpus

CyMMupoBaHHEe KAHAJIOB - 14

77K — nepcneKTPUBHO ! —

= <

> 4




[eomeTpus akTUBHOU CpeAbl. 300 Bt moasp. (2005)
1.4 kBt HenmoJasip. (2004)

2.65 xBT (2002) Bo Bcex reomerpusix
NPOAEMOHCTPHPOBAHA MOIITHOCTh
KHJIOBATTHOI'0 YPOBHSI.

IlepcnekTuBbl 10cTHYb 100kBT
IMPUMEPHO OMHAKOBBI.

30 kBT 1cex (2004)
16 kBT 4cek (2004)

HiN ...
/A

|
/ —
lhnl-,':ﬁf ¢ 'TE_‘T“";I
.||_w| b =i
<7, 7 Q
4.5 kBt (2004)

1 kKW-level (2004)
A |

12+12=19xBT (2006)




O630p aencreyrOwmux npoekroB. Northrop Grumman

---------

|
]
I
[}
I
Il
I
iy
d

Image relayed,
angularly
multiplexed power
amplifiers

e

Tiled output beam
100 KW nominal

) .

>

L4

Beam Preamps.
expander

M

™~ AQO and
piston
correction

Wavefront,

phasing
sSensors

Nl = W =

Master
oscillator

Nd

Ci30b1

I'eneparop - ycmiaureiab
8 kanajoB mo 12.5kW
4 ci130a B kKaHaAJIe

CymMMHpoOBaHHE — IPSIMOE U3MEPEHUE

Mai 2004 — 4.5kBT1 ¢ ogHOro0 /1302

920




O630p AenctByrOWMX NpoekToB. Raytheon

Preamplifier

Preamplifier

oY

Power
amplifier

Qutcoupler
" Master
K _. oscillator
25kBT

Yb

YAG

Ci30b1

I'eneparop - ycumiure/b

OB®D — TtenjgoBas
HEJIMHEHHOCTD

1 kanaa 25kBT

+ 1-2 yemoureds -100kBr

2002 — 2.65 kBT (cTep:kHM)

MY"N




O630p aeuctByrowmx npoekros. Jinusepmop (HCL)

Nd:GGG (kaagunr Co:GGG) O,O ' !

Jlucku

I'eneparop

Hedopmupyemoe 3epkaJjio

9nuckoB (¢ HakoruieHueM Temaa) 14x14cem -100kBt

Maii 2004, 3 nucka: 30xkBt (1ceynaa)
10kBT (4 cexkyHabl)




O630p AencTBYOLWNX NpoeKToB. Boeing.

= | e ﬂ
Heat - Pump Diode
Rigid / Assembly
Substrat Undoped
Optical
Tapered Medium
Hollow /
Duct
Lens
Nd:GGG
AKTHBHBIE 3epKaJia
auamerp 15cm
Diffusion bonded
Collimator iacer Cain Compos_ite G
Medium Medium
Assembly

CAMIL-SP module is very compact
" 11x85in 4] | vﬁl



O630p aencTByOWMUX NPOoEKTOB. Boeing.

 Self-contained
« Compact
 Lightweight

* Rugged

Electrical Feedtrough

End Mirror Optical Bench

Resonator
Layout

Outcoupling
Mirror
Module A
: ( NG £ . Electric Power Bus
A =

Window

Resonator
Integration

|

I'eHeparop 0e3 ycuiauTeas

Coolant
Feedthrough

Jepopmupyemoe 3epkaio

Integrated 16 quckoB -100kBT (mpoekT)
Laser

o

Enclosure

Coolant Manifold

1&C Feedthrough

Device



O630p aencTByOWMUX NPOoEKTOB. Boeing.

& Adobe Reader - [Large-aperture Disk Lasers For DEW Applications 4th ADES 1.11.2001.pdf]

=[5 x]
¥ File Edit View Document Tools Window Help 1=l ;_]
? =
" = = = PR
L Size & Weight Scaling Model
, / Point design for a 100 kW CAMIL System L&EOS
gl
2 X
; Coolant Pump  Controls Amplifier
o and HEX (dry) 4% Modules
L] T 23%
2 ower
i Laser Device Conditioning
g i 11%
(== 15cm 9 Nd:GGG disks,
ﬂe-o = 200/0’ Electrical Bus OP;‘“;:I Bench
t
op,w = 172 W/kg, 7% 16%
GP = 68 W/liter Coolant Lines &
M Manifolds Resonator Enclosure
4% Optics & 17%
Mounts
l 7 %
Laser System (w/o BCS)
100 sec (up to continuous) firing with a 30 minute recharge ¥ —o
Wet Weight DiStribttécs)%r Volume Distribution J
" Thermal
device
Thermal 27% mgmt' !—-——"""——-——.-
mgmt. 21% L
39% aser —=— Weight
device
47% - -® - Volume
| |
Power Power 0 100
supply supply _
34, 329 Run Time [seconds]
+] 1ix8.5in 4] | ;l;l
| 14 <4 13 of 18 S bl & | [ BT COT




& Adobe Reader - [Large-aperture Disk Lasers For DEW Applications 4th ADES 1.11.2001.pdf]

O630p aencTByOWMUX NPOoEKTOB. Boeing.

- &[]
',?-__J File Edit View Document Tools Window Help -5 %l
é SL - ] CAMIL™
3/ SSHEL Pod for Tactical Aircraft Lesos

I Pages “ Layers\‘ Signatures

Beam Director \

A

HEL integration into TAC could be in a form of a pod that could be shared by many different AC
Weapon commonality would increase applications and reduce cost of deployment

AT- FLIR pod for F/A-18

Adaptcr\ Environmental Control
&3 7,
e
< e a

Power
Supplies

Control

r
LESS Processors

Roll Drive Unit

Electro-Optic Sensor Unit

« CAMIL with multiple laser disks
placed on a common substrate

Power Supply
Laser Device

L

Thermal Management

Beam Control & Roll Drive

e
11x8.5mn 4] | |

|4 4 14 of 18 PPl O O [0 H H o



O630p aencrTByOWUX NpoeKToB. JluBepmop

Reader - [LLLN_CAMIL_2001.pdf] : : [ i Fl _[&] %
IEdit View Document Tools Window Help @77 IT: Select Text ~ ;:-‘:: @\ . xj @ 300% - ® 18| x|

. . - ~ 200 um Yb3*:YAG 1.3 mm cladding
dielectric HR + gold \
/ pump delivery
¥ —

\ !
\ l’ :
cooling p-channels >\~/—' Jl 4

laser beam

low Fresnel /V’

number resonator

Yb:YAG

concentrator
AKTHBHBIE 3epKaJia

YAG /Yb:YAG
composite thin disk Pe30HaT0p
heat flow Diffusion bonded

25 bar diode stack (1.25 kW)



O630p aencTByOWUX NpoeKToB. JlIuBepmop

I& Adobe Reader - [LLLN_CAMIL_2001.pdf] [Basic ] [zoom ' i =18 x]
) Fie Edit View Document Tools Window Help EWIﬁWW‘"ﬁ}-%@\'ﬂ@m% - ® =181
'TTCBUI_WUCVPUTI_UU'D b = _ﬂ
£
§ output
|
f beam concentrator
& backplane
Vg cooler
L 10 m
I
g
v
A A .
gain element pump /ASE “horn”
1m » telescope \

ASE limited
sub-apertures _|

- Conceptual design for a 100 kW class laser weapon. The Yb:YAG d




0630p aeuctByrowmx npoektoB. Northrop Grumman

Large-core double-clad

DFB fiber 250 MW 2 W 7 W A2 hi-bi Yb-doped fiber
laser, 80 myWY, 3 W
1060 nm YDFA, YDFA,  YDFA, 4 lsolator A\ . % y 04V
(single- —=»-NON- —-NON- -—=-NON- > N-FR- /- \
frequency, P P P i i DM
single- Lens Lens | Pump Lens
polarization) Polarizers thi Angled ends
- ¥
\ SBS Diode pump
monitoring source, 975 nm
“Northrop Grumman has already
combined beams from a linear array of
four fiber lasers in a project for the
HEL-JTO; the company is now trying to Yb

combine outputs of a circular array of
o Boaokno PM
\seven fibers”.
Pe3onarop — yeumuureab 265BT

CYMMHUPOBAHHUC

19



OG30p AencTBYHOLUX NMPOEKTOB (He BONTOKOHHbIX).

reometpusa | dmnpma WOH | Ycunu- matpuy | Cymmu- ApanTtnBHas
Tenb a poBaHue OonTHUKa

Oncku LLNL Nd |HeT GGG HeT 3epkana

AkTuBHbIe |Boeing Nd |HeT GGG HeT

3epkana

AKktnBHblie |LLNL Yb HeT YAG HeT

3epkana

cnab NG Nd |ma 8 kaHanoB | 3epkKana

cnab Raytheon |Yb aa YAG HeT BTP

cnab LLNL Yb |pa S-FAP

cnab OsakaU. |Nd |pa CTEKNO |HeT BPMb

22
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