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Bonding technology for DFC Powerchip

Arvydas Kausas, Jun Kobayashi, Vincent Yahia, Hideho Odaka, and Takunori Taira
Division of Research Innovation and Collaboration

Recent advancements in Giant Micro-Photonics toward ubiquitous power lasers have enabled the generation of
extremely high powers, opening the door to numerous applications in fields such as nonlinear frequency conversion,
terahertz wave generation, laser ignition, Master Oscillator Power Amplifier (MOPA) systems, and laser material
processing, like laser peening [1-5]. However, the development of high-power, high-field solid-state lasers is
constrained by the heat generated in the gain media during laser operation. The resulting high-temperature gradients
in both the transverse and longitudinal directions of the crystal induce the so-called thermal lens effect, which includes
spherical aberrations that require additional compensation within the system. Furthermore, depolarization losses can
significantly reduce energy extraction from the amplifier.

In conventional laser amplifier systems, side-pumped, non-bonded Nd*":YAG rods were commonly used to achieve
sub-GW peak power at a low repetition rate of 10 Hz, primarily due to thermal effects that limited operation at higher
repetition rates [4]. Several efforts have been made to enhance heat removal from gain media. Hanson et al. reported
a single-disk structure of YAG/Nd*:YAG/YAG fabricated using diffusion bonding technology, allowing heat to be
removed from both faces of the Nd**:YAG layer [6]. Divoky et al. demonstrated a kilowatt-level average power output
of 150 J, 10 ns pulses at 10 Hz, achieved with Yb*:YAG ceramic-based multi-slab configurations utilizing large-scale
cryogenic gas cooling in the amplifier system [7]. More recently, an upgrade to 100 Hz operation with 10 J of energy
output was reported [8]. Since laser pump diodes constitute a significant cost for solid-state lasers, it is crucial to
identify gain media that support reduced diode usage while offering long storage lifetimes or superior heat dissipation
capabilities.

To develop a compact, sub-nanosecond, giant-pulse, tiny integrated laser for high-repetition-rate and high-field laser
systems, a novel Distributed Face Cooling (DFC) architecture is proposed [9]. This involves fabricating a monolithic
multi-disk structure with distributed transparent heatsink (e.g., sapphire) interspersed between thin gain media (e.g.,
thin Nd*:YAG) using Surface Activated Bonding (SAB) technology. By combining gain materials of low thermal
conductivity with crystals of higher thermal conductivity, efficient heat extraction is achieved, as the effective thermal
conductivity of the composite material is enhanced [10]. The composite structure allows for the use of various doping
concentrations and crystal thicknesses, enabling a more uniform thermal distribution across the composite chip. This
results in lower temperatures within the crystal, thereby reducing overall beam distortions caused by thermal effects (Fig.

1(a)).

The DFC laser with a monolithic multi-disk structure combines the advantages of both conventional rod lasers and thin-
disk lasers. Firstly, the DFC structure provides a flexible means of achieving the high gain cross-section characteristic
of rod lasers. It also facilitates direct diode end-pumping, leading to a compact and simplified laser system, distinct
from the parabolic mirror-based recycled pump scheme employed in thin-disk laser structures. Secondly, the composite
structure design effectively suppresses parasitic oscillations in high-gain laser materials [11].

The crystal bonding was performed using an inter-layer (e.g., amorphous layer) assisted surface activated bonding (il-
SAB) method, which is suitable for optical materials, such as YAG or Al:Os crystals. The first demonstration of SAB
was reported by Suga et al. for bonding of Al-Al or AI-SnsN, materials [12]. Applied at room temperature, the il-SAB
method has sufficient bonding strength, unlike other direct bonding methods where moderate or high temperatures
are required to facilitate the bonding. Therefore, the il-SAB method is suitable for joining dissimilar materials, as
no additional stresses are introduced to the bonded structure. Before the bonding process, two crystals are acetone-
cleaned and placed in a vacuum chamber (<5X10~° Pa) where material surfaces are irradiated by an argon fast-atom
source. During the bombardment with argon atoms, the oxide layer is removed from the top of the material, which
leads to the formation of an amorphous surface with many dangling bonds. Finally, crystals are contacted together
using a mechanical press to facilitate the formation of chemical bonds. This bonding method enables the fabrication
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of composite structures comprising different materials and surface conditions, including optical coatings. Figure 1(b)
shows the bonding machine used to fabricate up to 10 mm aperture crystals suitable for the oscillator and amplifier
systems.

a)
Coating Distributed Face Cooling

Xl -~ Coating
Gain Transparent
heatsink

With the invaluable support of the Machine Shop, our group at Institute for Molecular Science (IMS) successfully
manufactured Distributed Face Cooling (DFC) composite chips. Various material designs were meticulously modeled
and produced using a custom bonding machine developed in collaboration with Mr. Takuhiko Kondo. This collaboration
has been pivotal in advancing bonding technologies, enabling the exploration of new machine designs that further
enhance the capabilities of composite material fabrication. Leveraging this innovative bonding technology, we achieved
the development of a J-class energy amplifier system, which is ideally suited for demanding applications such as
electron acceleration. These advancements highlight the transformative potential of tailored bonding methods in high-
power laser systems, paving the way for new scientific and technological breakthroughs.
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24A09  |ByRAS e 24Cl14 | —T v _X—2 (~“ULF=FETH)
24A10  |Si INENR LA AR 24C15 |7 ATk

24A11  |Partl for SS-4BG 24C16  |M63BH1 T

24A12  [FRAMOER AR (MCT) [H & B 24C17  |TAITL—LAvh

24A13  |FRBHEE & 24C18  |SUS430 vk

24A14 |7 ZUNVER GBI L 24C19  |pre FroN—EEH WD (5HE)
24A15  [EEE S LB 24C20 |[TAMINT. 3=

24A16  |EZE BRI A — 24C21  |HATETEE

24A17 H1f5 7L —h ver.2 24C22  |BEEHE

24A18  |DC E—X—[ETE. 24C23  |R=[nldsE A #Hloy R R
24A19  [FUERR A —IBINT 24C24 | ZHETER [BE]

24A20  |FEbRAL A — 24D01  |JEEHRNLH —

24A21  |MCT EEE 2 24D02  [CCD i H 2845 Vet FH R IR
24A22  |AFM FEElRL 2 — 24D03 | MEHF T LY RAR—REB 2
24A23  |WREEVRE. 24D04 | FAT 7T b7 AR S
24A24 | TATREE LV — 24D05 L —W—<—H—3 iR

24A25 | 74—RZ)— SHV 75Dl 24D06  |EZEHINEART —

24A26  |DFC Ik Z — 24D07 | AT Iy —IL

24A27  |Lens Holder 24D08  [JEEEMEAL & H— N —
24A28 ColdGonio#2 Insulator 24D09 T FAANHE— R
24A29 BENTAVA o2 —H M0.4-8T B =4 F7T 24D10 CBG temperature gradient holder
24A30 AL FEE L 24D11 R AR AR L & —

24A31 |7 ZUNAREIV R ZBHIT 24D12  |ARPES H—#il/ £ /11

24B01  |M3,M4 xR BITREIRLZ — 24D13  [TAIFTR—X—

24B02  |EZZ /X)L 24D14  |CMOS DA HET X 7 H—
24B03  |Tholab ft#IRFT— 7 &7 4 24D15  |#BEAT— HSCD H

24B04  |EBFREHEE SR 24D16 |25 mml—/L/T. 90 mm

24B05  |ICF70 752 ~DHHia & e ih B 24D17  |CMOS WAZ7ua L b RTH T H—
24B06 Hh AR LA 24D18 gy 7a—7

24B07 |72V HAA—BIIT 24D19  [®L X< b

24B08 [Ty wH—_R—R 24D20  |B\EEXPE AN T 7V OER
24B09 (oo RiBNL 24D21 | TLIMR

24B10  |MCC HAR—¥ 24D22  |[HFEIEVEIEIRE

24B11 | ER 7 7 AN—BUT =T b 24D23 |37 —~<U VMR

24B12 |7 IS —h 24D24 | T ZUNAR

24B13 M8 T M 24D25 CBG temperature Gradient holder
24B14 | &R LED B R—k 24D26  |ELZEZAE F AR AL H —
24B15 |3F—=~wr b 24D27  |NFL AT 7 F a—TIEERE
24C01  [@MIAKHAZRIBI (a—hROdHE) 24D28 | BT X T H—

24C02  |[WEFHEHEE A-B 24D29  |AFLL AL RF 0—T
24C03  |Shutter base—R2 24D30  |AFM IR A —

24C04 | TRV LT NRNE — 24E01 |7 ZUVHRE BN T
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24E02  |MCT [E €15 E. 24G07 | AT —k

24E03 |77 L —AERHEAN L 24G08  |DFC holder short

24E04 [V NIV E — 24G09  |Manipulator /S—>Y 1T
24505 B2 24G10 7B T

24E06 SAB $E& 24G11 AT A ERR

24E07  |UVSOR & &/ 24G12 | T —H—iR—h
24B08  |BRIEH o EIT TR A 24G13  |RANITGL T T H—H A
24B09  |Pad connecter 24G14 (BTN E —

24E10 oy RZEHa A 24G15 [T ARy T A

24E11  |XRD f#ro T kg — 24G16 | RIRL A —
24E12 [S-MCL Holder Moonshot 24H01 M EAT— (Thorlabs)
24E13 New GA Holders 24H02  |ICF70 7HyF Ak
24E14 S deasillE H o U ER 24H03 |7 AT

24E15 |77V ¢ 20 24H04 | 7T UVRHE

24E16 XY AT —VHYS 24H05  |JifE E AL H—

24E17  |hy 7 7L—h 24H06  |Z&A5TR

24E18  |[L—P—TL—]h 24H07  |SAB- 77X 7% —

24819  |~AruFo S —H 24H08 |/ 2 #lT =4 [BE]
24F20  |AEEEM 24H09  |ALAEEER

24E21 IR VUSSP R 24H10  |Fr—AhNL

24E22  |SUS Ay = EEMORIE 24H11 BTl ——h B
24F23  |W@EYV TR L — 24H12  |FFv AT 7—IBE A
24E24 AT UVAL UV RAF a—T B 24H13  [MCT [EE7RE.

24F01 Beam displacer 7% 7% — 1B HH 24H14 DFC 7s/L& —

24F02 kiR E [BE] 24101 Au <A 4 FE

24F03 |~ A/l E—/LR 24102 BmARAS 'L

24F04 PBS cage adapter 24103 M4 2RIV Ir—A
24F05 EET L — o fYE 24104 ESVZIND

24F06  |BENTAVA Yo & —HE =4 FT 24105 HAZ<7 Mt

24F07 | AA—R<DL N —T 24106 7y MBI
24F08 | —#hE B LA — 24107 FoH—T— BT
24F09 LD <~k 24108 Alphalas fork ( 7 /L7 7T 287 +—7 )
24F10 | ALy —R— B 24109 BEMAREH Y7
24F11  |5ptasHAY YR 24110 ROA—ET T WNASAT ZAEIFAEMT X T H
24F12 ARPES F @A B ZE IAA~ZBRF NV F — [BE] 24111 CR:LiSAF DFC HOLDER-2
24F13 | WAT[EER 24112 FIZR H#E R L4 —
24F14 |8 T 24113 2 A A RO S
24F15 Moonshot Cr:LiSAF DFC molder 24114 HENE 25 F R AGE I T
24F16  |BEZETxv7 24115 B F LN —TR A —
24F17 | AT TRRR 24116 L7y 7T

24F18 ARYRAa—7 IT7— W L4 B 24117 SUS <w&7

24F19  |LEED HAAT <D b 24118 DFC /L& —

24F20  |YAB ZURH)LIR)LE — 24119 ARE RO Y)W

24F21 XY AT —I< ok 24120 H—I7 s MRV —

24F22 |V T—[EHESL B 24121 TAIL—Z— i

24G01 [T F — 24122 DFC ARvZ— (UB—h)
24G02  |[FyoX—ZEERRE [BE] 24123 CPO6F /M ablation
24G03 | HrFLN—=7 b 24J01 G R VA

24G04  [AMP3 (16LD) H Leg plate 24J02 SUS R

24G05  |MCT M2 E & 24J03 O

24G06  |FRLF—IBINT 24]04 AT UV AR, A== LN — (LRI
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A 241.02 |UVSOR #IE /v
24J06  [JNZA Ta 24103 JeRstv

24)07  [RLEVIFZTL 24104 |DEC 777

24J08  |MPC fi-i#/r—= 24105 |k f~D b
24J09  [BAREZEF vy kB 24106 [IEETV—bORUER OEE 7L —hORYE
24J10 I3 2 dih= =4 24L07  |STM $t7-/v4 —iB N
2411 [UoAF AR MNEA B 24108 |BNC g7 2 7%
2412 RT—ANE— (THTH—) 2409 X AT —VEEMIGE
24J13 1/2 AT [EERRIE 24L10 | TR E R AV
2414 Py BN 24L11 |7 IR 7 ZBIT
24115 |V T RAME 24112 |ZRAEAVVS —
24116 | BB L 24L13  |TM HiERAFHFRLL —
24]17 ArL—t— 24114  |&EHOIF

24]18 B FLN— AT — 24115 |[FEZ AR

2419 INENEERE T 4T A MRFFE 24116 |&JE5OIF verl
24120 LIV 2 — 2 24L17  |farET ARG (M15)
24J21  [Bovx 24118 |&EIL T T 7L —b
24J22  |ICF34 il 772 P NI 24119 |[FHRUBIT L —
2423 L —P—2ARy = H— 241.20  |Pt B

24K01  [CD B2V —FR xR 24121 |BR#tAFRVF—

24K02  |LSEEE, Tv7DENT

24K03 (A —H—

24K04 CBG temperature gradient holder

24K05  |BT7Ivrbe—H—HB RS KL

24K06  |[IERDEH A, B

24K07  |STM $#tHhL# —

24K08  |FUEHIIEARIEII T

24K09  |DLC &R/VZ — AS /LR

24K10  |PLD Ty /\— 58

24K11  |KON-23I15 /L& —B AN L

24K12  |[FEARTBY

24K13 |7 Z7UAMGEIN T

24K14 |/ AmA—H ik E

24K15 IR EIFEMR OB T

24K16 |7T71

24K17 heatsinkb

24K18  |gliEHEBRHE

24K19  |T v r—H— « IR—Fh

24K20 [ EHR~T

24K21  |BLAU R~v=a/ AL —%

24K22  |faiEET ANAE

24K23 RV T F N AA—REEH TS

24K24  |fram_V2 #iBh &

24K25 |y BN

24K26 |7 IR I A

24K27 A 8mmY 7NV é 12.7 mmT ¥ S HZ

24K28 |FZ7 2

24K29  |[T—#—[HE Ver.4 Verd-1

24K30  |REIEALF—1, 2, 3

24K31 |/ S— T 2 BT

24101 [P Var x4 —REEAiEE
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3D TYA (208 #4)

(B T | 24C16  |Hr 12C AHE EL £V a— /L AKX R
24A01 polarisplate v26 & v25 24C17  |L FE—HuiFFvr 7w
24A02 POLARIS-K1E3-Step v19 & VV0 & v21 24C18 ® 10mm AX—
24A03 stagel,2,3 24C19 PMH-CS-type-V6-r1 & PMH-CS—-type-V7-rl
24A04  |koheronIVcase v5 & 6 24C20 [ l—A—HFE
24A05 [T~y RE—HHUE A /N— 24D01 [N —R—H—7R )L —
24A06  |PiCamera )i, FREFHHRLA 24D02  [DMD &3y ba—L 45 R —R &N CCEET Db
24A07 THNAT—ROESFHEE B 24D03 camera_sasae
24A08 POLARIS-K1E3-Step v28 & v31 TAVA ¥y X —ariag—FH A r—=A
24D04 ; :
24A09 koheronlVcase v8 & v9 ArduinoMicro it
24A10 PiCameraV2 15 Bt 1 /3 — 24D05  [24C24 &1
24A11 KON-AC_ im) A—% —jigu 24D06  |board stand r2
24A12 | - BELHLAG FE—4 24D07 | —T UARSZ EB L
24A13 sampleholder_new v22 & sample_locker v12 24D08 fiber holder2
24A14 HBENT AVA Yo X —BEFE2 24D09 Cleaner Tool 001
24A15  |POLARIS-K1E3-Step v33 24D10 I NHTY
24B01 [V hAA YT Hft _TU-TR.V2 - test 24D11  |[EEE.
24B02 POLARIS-K1E3-Step v35 24D12 KON-24C09-02
24B03  |TR Side A & B 24D13  |EBENTAVARL ¥y & —
24B04  |[POLARIS-K1E3-Step v39 24D14 L — N—IfF L —]
24B05 EFTAVAS LA —a s a—F A — A 24E01 receiving dish
24B06  |[DCmotorhex v30 24E02 IR R EH 71 —a [BE]
24B07  |TEL-bracker %% 24E03  |/SAmEA—Z—[FHEE
24B08 KON-SAB4_T _holder-01-ver7-15 24E04 KON-24D11-02
24B09 [V RAAYFHUT TU-TR V4 55 24505  |[KON-24D11
24B10 stage3_hole 11.8 24E06 MonopoleGear & SphericalGear
24B11 TR_Side_V3 % 24E07 MonopoleGear3 & rod
24B12 JOREEH L 78R E 24E08 FZ7KB
24B13 base Dk B 24E09 KON-24D11-02-ver3
24B14 IrisShutterControllerd <w b 24E10 MonopoleGear4
24B15  |POLARIS-K1E3-Step v39 24E11 7TULL XYStage [H&H., 2ED [HE
24B16 POLARIS-K1E3-Step v42 24E12 —WRNBE Ayt~ 7 o b
24B17  |PiCameraV2 5/ LED JL3E & i St /L4 24E13 | —MRABH A A8E
24B18  |PiCameraV2 1538 LED JKEA /N — oyp14  |SphericalGear sasae hole & SphericalGear_
24B19  |PiCameraV2 73/ LED HLEL MR ARV A — Ver2 sasae_tap
24C01 Culture tank 24E15 KON-24E07-01 and KON-24E07-02
24C02  |PiCameraV3 & LED #L5E & H/3— 24E16 piller-A_r2 and piller-B_r2
24C03  |PiCameraV3 =& LED ¥45E 24E17 KON-nano
94C04 P%Camera\/?) B JFE LED %}ﬁ%ﬁj]/\:& 24E18 cable_guard_r2
PiCameraV3 158 LED $L5E 71 /324U 24E19  |coil & TriCoil ¥
24C05  |24A24 HhEE 24E20 |7 yRAR—K v9
24C06 MY-24A24~dai 24F01 ICF70-FH_Ohta_SP
24C07 LEED #j/3— 24F02 SW_box
24C08  [fiber holder & JEhgT 7 24F03  |ICF70-FH Ohta SP FDM Jiit
24C09  |r—T DR LIS OE 24F04 [ AAY TRy IRET—T NI —R
24C10 S50B4FEA 7= IMS &50 ver 24F05 sphericon
24C11  |MY-24A24~dai ashi_jig 24F06  |or—T N — R
24C12 band & bobin 24F07 E24F01 A enclosure
24C13  |Part2 & Part3 #AEHB5 24F08 |V AT AT 47 [EE ,V1,V+5mmV+10mm
24C14 MPMS XL7 & MPMS7 & MPMS3 straw new bold 24F09 ceramic_t2_2
24C15  |/\U—RA—H— 2K REAME 24F10  |HPEEHTL—]
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24F11  [DNA F/#5EIR [EE] 24113 ATATHga va—F i —A
24F12 | I—Rr T ANRN—T 4T A NRBR F R 24114 e LFIN AR~ Rk

24F13 |7 AL aB A B 24115 THz B 7 —4Av 4 — &
24F14 alignmentplate_OD v9 24116 fixBracket_F

24F15  |KON-24E22- % 24117 BAEEE )~V T o —RE

24F16 |2y REE up, Down 24118 THz BEfE T — R Z —3T7—[E T A
24F17  |KON-24E22- 27 -01 24J01 THz BEBCE RS T — A2 —3 7 —[E &
24F18  |KON-24F20-01 & KON-24F20-02 24J02 87 WE VT ARINLIR~ T Foh

24F19  |[KON-24F20-01 ~ 03 24J03 Oy G~ Foh 2 Fl

24G01 BAGEI T —a =y [BEE] 24]04 sentan_cover

24G02 21.—Airpipe_ana 24J05 4inch_clamp

24G03 [N= e 24J06 ICF152 [& & E.

24G04  |SHV T Diffais B 24J07 — AR~ 1)

24G05  |EXEF20-10-19 SB + SG v4 24J08 WD BLEEDIF

24G06  |EDWARDS_AIR_COOLING_UNIT 24J09 BRIV —

24G07  |ABS TO XM S1T AR 24J10 777 EL

24G08 ba 7 — R E2 24]11 cantilevermount

24G09 a7 o — K% 24J12 irairabou_goal2 & irairabou_cap2
24G10  [IMS-50 &7 /L& ABS fI:£§ 24]13 Hp2Tr—% 2 v0

24G11 |50 JEFFLEFEH D /)T 0 —ZZAERK 2414 3chiiEar re—FHr—2

24G12  |KON-24C09-02 2415 T —[EHE

24G13  |BL1B HUfTH BL6B Yo7 Lk L7 — 24J16 EIAT =K 2 v2

24G14  |BL1B HUfTF BL6B Yo7 L ikL A4 — 24J17 TR_Side & dh

24HO1  [128x64 Ry NEHE EL T A2 LA HIBERNTIG B | [24)18 holder V80OPA r4 & base stand D
24H02  |[KON-24G07-01 24K01 |50 JEAEFL &M 2~ LT o — A E
24H03 box_ue_25 & box_ue_30 24K02 HB AT —U 2z v2 kB A—V 3
24H04  [positionnerl v1 24K03 £ —H —[EE Ver2

24H05  |#F 12C A# EL £ 2 — VAX Rk 24K04  |TA =72 R "—

24H06  |table_ashi 24K05  |Fiber Clip r2 ®—#B&=2 24k,

24H07 table_ashi 2 24K06 cable_fix v1

24H08  |TA mount cover r2 24K07 LS oY —3iEfic

24H09 | T FREET OV —RERE) Ver EF 24K08  |LS B P —L oo~ ver.2,3,4,5
24H10 ST AD I NR—DFRAE 24K09  |Fiber Clip r4 3R{Eik B

24H11  |¥p{ki SR TE F A — & 24K10  |FFU @i ha—54—2A

24H12 |7 F Moo —lHK _wide38 & 42 24K11  |TR®®» E

24H13  |{RFEHN— 4 wide20 & #EH 24K12 |3y AZ—HlR ORI B 1L OER 5
24H14 | WEPULRTEE#E~S 2k 24K13  |Angle Cover vl

24H15 | S M5 AT Rpi WATEY 22— )LAr—A 24K14  |Microstat %o 7 /L)L A —

24H16  |cantilevermount_1 v80 24K 15 HRAVEHIEY T (F4)

24101 LR T /N — 4 wide20 & 24K16 | AmA—Z 1L E

24102 Rb =7 %k 24K17 |50 AR &AL ALT

24103 Part2 24K18 | T~ 2wk (TrE'=T)

24104 20240910 SHT31 B P —4—A vl 24K19 |77Vl N—

24105 RZZ7 Ml =y N —X 24K20  |EMO AT —

24106 B —RERE T FREET LD "o —FE R 24K21  |RIGOL A+ a7 /7 vhk

24107 EBAE A NVINT B E. 24K22  |THz BRI 7 —HR A2 —HH 2
24108 desk Ashi cover 24101 nozzle_jig_58_ver2

24109 SHT31 oY —~—2= 24102  |LS B —sEiRE

24110 fixBracket E & CornerBlock C3 24103 T AN—=0)7 v4 B

24111 cap_zentai 24104 alignmentplate_large

24112 nozzle_jig_pipe 241.05 Z4— M Rpi EETRE
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ILY rOZHOR -3 (146 )
24106  |PDMS AT — Rk (REEF 5 |l
24107 [N RLT A R—E A 24A01  |APM B T#EF V2 [BE]
241.08 base stand Drs 24A02 L —HF—RFA4 3 DC EIR
241.09  |PDMS AT —3 2 24A03  |AFM FABHIELEE f
241.10 alignmentplate_large v4 24A04 Exchange SMA(Channel port) of Picoscope
24111 THz BESE T — R Z —HE 2-test 24A05  |BIN BT X 7%
241.12 transfer adapter parts 24A06 PCA Y/=&7 T HEH
25A04 | T TN — 24A07  |[MCT U7 7 HERS—7 v
24A08 |BENTAVA~D U ZHarba—T
24A09 TAVA X —aha—F  AruduinoMicro fit
24A10  [AFMGHRRIEHA 74—y 7HE& HV 7V TR
24A11  |GHEIZHABCE S —7 1
24A12 |74 —R2L—f})@ SHV 7 —7 )L
24A13  |SHV 74 —RAL—ft@Elr—7 v
24A14 | NAT AR a—/ A7 4L %
24A15 Powrline cable for diode
24A16  |DIO-Dsub ZH#ar—=>7 1
24A1T (AR T HEAANVERER [BE]
24B01 SHV r—7 /1
24B02 |G T T AT 7 v =T
24B03  [L—Y—FAF—RRIANHEHr—7 ) - Bilf
24B04 | —W—RIANNT E=4 ] BNC r—7 )L
24B05  |L—F—FAF =R DC BIED AC B/ —7 Mt N AR
24B06  |SHV-BNC ZEffazipn s %
24B07  [L—Y—RIABI O DC EFR%E
24B08 SHV r—7 )V EE T
24C01  [KEBER S AT DR IG
24C02  |F7— - HIHERH AC200V 7 —7 /v
24C03 |Tu—THTX S Z
24C04  |FFU fillffl==> b V2( 5 4 RBHZE )
24C05  [U—HF—FIA\BLOEM DC ERKE (F2%k) [BE]
24C06  |[R—HT NAE a—K—
24C07  |AFM &7y 7e—2 Ml (v
24C08  |Detector Signal Splitter V2( {E#H )
24C09 Detector Signal Splitter V2.1
24D01 TAVA o —a  a—7
24D02 |V VB ARy AMEE
24D03  |VIvhAAwF BOX thfE
24D04 | E S — T HEIR
24D05  |Kessil LED ON/OFF i) fl% &
24D06 @ CMOS ZAZH LEMO 47— /L
24D07 High Voltage Low—pass Filter
24D08  |IF 77/7“ T HEIROERE IE
24E01 R R E R A EE ] =R T AN
24E02  |AFM ﬁﬁ Short Length BNC 4r—~>7 /L
24E03 | Ao —ZHlfEHl =k V2
24E04 e AT — T4
24E05 | ?7?7‘ frEFEBRZRA AC EEFr—7 L
24B06  |WEIE - BB E E 2SS B eV AT DS ER U R
24E07 A 77/4 Az R —H
24E08  |HV 77" 1 SHEEF]
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24E09 X MRETEEH 7Ty Nr—T )L 24106 T IARERTFHENa 7 — 7L —h
24E10  |AFM E Bt 7 1 — Rk E 24107 ATV T H—H—RTANBOX RTA/ AZHh
24E11  [B207 Z& A4 ] ACL00V W N7 — ARRELRE | [24108 NeoDry R F&EJR=— R DIER
24E12  [B—HRTA N — e {E TR A W N BB 24109 B8 LT 2T 7B
24E13  [18-8 sV A AR — /LR —T L 24110 ATATHERIERE [BE]
24E14 (X RErEEH 77— 2 [ ) 24111 Zl Ul DG ROGEEE H LED BUES 27 A
24F01  |iE{kL —F—FEEEa ha—F— D-sub - BNC-] 254t | {24112 D BiEBR= ACL100V 777 hT A
24F02  |TELEDYNE #! TIPA |l DC %2 &{bER 24J01 7 4 WA — R AR A X B
24F03  |AFM EEHH 74—\ o V2 [BE] 24702 BT v N—NRBHR A~V TF o+
24F04  [[EHHF—V R — R avhp—7— [BE]
24F05 | A 2% i [ B IR 24J03 AruaAa—7 R 7 ADEE
24F06 Material Temperature Controller 24]04 vI3ve—2HER I —7 L
24F07  INILHY D/A {5 S INEE AT #E oajo5  [EEETV—F— S FITUTYED
24F08 Soldering, Connecting terminals il R 7 MigESE (10 A )
24F09  |MpikiEiEmR I EEE [BEE] 24J06  |APM JEEL[AIEE )37 7 e GTIR
24F10 |74 AA—FH DC & 24J07 u u —A-Meter
24F11 | BRE) & £ R R 2408 DTWIARERFH T — A7 —b GBS )
24F12  |BIN IR X 74 24J09 24ch & d A8 BRI 8 2R i AR R
24F13 | KFR G EBREOBRE T —FF R AT A 24J10 L —HP—RIAfRarbn—J&EE [EE]
24F14 |7 HPF AA—F S13995-01 F2%E 24J11 D-sub — BNC 7 —7 /L
24F15 | EBRHH 5F UV YERO T — 235 24]12 L —LE=HV T E S BLEY 2 —L
24G01  |CCD Zfiiit=r+a—F 4 DC24V &R 24K01 |V =ERI 7 Ml =k
24G02  |ARM =t 7 0 — R S 78S Vo & 24K02  |BZEF v N—NETIyse—H—arfa—T—
24G03  |TEC & Thermometer =y s -EHE 24K03 T L — Ty F U T T B D
24G04 |7 AR AF—NR S13995-01 2% (2 A1 H ) iR 7 Migg (11 H )
24G05  [3ch iiEartn—TF [BEE] 24K04  |EZ25 — TV DIE PR A
24G06  [250W L —HF —Z A F—RRFA 24K05  |AFM Ht®73v7be—2 0 A (&fE )
24HO1  |FEBREE 100V 7 —7 LR 24K06 | —H—H A A —RRTA\EJR EN 155 H 1800
24H02 L —Y—F A —FHIr—7 1 (F2K) 24K07  |u u —~A-Meter {EER
24H03  |200V F7—HERr—7 /L 24K08  |wifi BEfEAT v RV T —H O — AR
24H04 |{REo I a—FH—T7 1 24K09  |INEIPAENVEXEY 2 — L B
24H05  [RE=ba—TF7—T7 )L 2 KH : R5FA) 24K10 L= = A+ —RRIANER ENEEHEMN QB E)
24H06  |AFM H&EIR7 —7 VI K 24K11 | AA LR T ENRANVER
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