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Micromachining of high-aspect-ratio grooves and their application

for micro heat pipe
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£ JHAE B9 ohle}t Aladly 0 FAE #fdEe 4z mé E g3 Ul HUE
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€ 3 1459 JEFG|ZE AR YalMe QAGAFI & F& AR Fo] Fx
ol7} A& AN Y HAESE AXY & Je 2D 7HErIEc] Basit
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AYPHR glon olF o] &3 d¥yo] glv $58 FH vihE % vAFY 5 22 F
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um °87tA 8] 2D 7hFo| e JbE A4 2 I A 2 niRge @R b
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22 AANE AA}E #HolA olBd o)M(laser ablation) 7}Fo| ®is] €< (heat affected
zone)7t fle ZARE Y FXRES ARG § don, dite ¥A4s o HolA 2P
OJFAIZNEA AT FFAA AFAHRN LAY AAL T2 FAo] FAl doluA e FH
E3l(direct writing) 7]&2 HEo R vlndy AA AL NFL & 5 U

E AFAME B &9 5"33’—} U3 UR] BE EAFS A DPSS #olAF o] &
st WEAY, 5% 712 € ¥ GASASFE HAE 2H A" 2"(0]8 'STS-304)
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Z=E3UTh E3, 3 ETe|X A H3 HAE wgog HFY I 2UE o&3d 1
Ay PAlE T2 wolaz FESCIZE AFAstn 2 54 B
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AAZH P AE AZES A dolA o1F ¥ FXE Fig 1] YERAR}. 532nme)

ofy
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o4 2 8We Ho) 3L ztE diode-pumped solid-state(DPSS) CW #H o] A7} AlH 3} of A
€Y Atolo] AFF 3 WS FEdle ddo AMEHUT DPSS oAy Ald 3
AX FE B82S ol W A2 Ao o e BIAEY BRI E 93 5 HAYrE A
A5 A¥8RVIe 1/4530 S T3 d¥UBo R wPET AF¥VE @ HoAN S
EHBOR wEE olfE AW FHOEZRH WAEE W o dolA Axde &AL
BRI FAO WR dEe ©E kE Ane] HstE Hassty] Aol [7]. 1/45-3 %
< E93% do)AEe JEAZNIR, 55, N.A.=0.14, DOF=14ym)E E3 A HWd I&H
o ool gt AHe] FI FHE XY-Z A ojdA ol A= glon 3 s
BAE7] st HEE(Teflon®) A2 ARHAJT WA o)A AL/ um EHEZE
TEHU PCAl A mA o]FA AARXE ol &Fte AW olF ARE AHAT.

1718 3 AL 4D $A FIA 1S T wAsE wAVIEE oA 24 £
02 AANY 9%t AF YELE olfe] A% §AL FFHoz FHAROH
e 9 REe MY(quart) oz AFse] o gdel §32 WARAG a: AlRo|

. Dess
Nd:YVO, uset

Fig. 1 Photograph of the experimental setup for laser-induced eiching
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dA¥se A FA4L charge-coupled-device(CCD) 7lwlgte F3alo AAztez FAHYY =
3, AP ALEE AlHS STS-304(AISI 304, Fe72/Cr18/Nil0, t=500um) ¥w}Ho 2 712, A2
€ 247 lom 272 7133 F EE S Avistd AME-stgon, oY 842 ALHHPO, 85%)
02X FHRTd EF3NY v E A IEA AFEHAT

m d# % 23
78 HEEAE 7}11%5 NAE F2E AZE AMME & AW A oA
FRHOZ FASEE FET 98 UES dodle v HolAe] AHA g FEA
Me 4A 7Feel HA ?% o §94& Mdddte Aol FARTGRE Fasith 1 olf+= mA
& FZE e vtolaz dEFo|z B, ATE ¥ X A vAE At 22
o Bee 2R w2 AALE Ze AF &AdX AW JtFHAE fAE Ax A, F
o] Fo] FFHoE YojArg F3 & Aolg AL HAEr] P, dIHFHor F

7H-’1“-§ B 7HAZ 7 Q7] gEoiv. dge A7l st STS-3049) NS fstd i

& Y(H:S04) 0} ®o] o] &HA7] W& [89] B AFeNAE FFEA(HS0)F oh2d 2
HZE 8t APFEA(HPO)NME AP S WPt Figure 2+ 10% HoS0.9 10%
HsPOol A 2tz Azd wAEe] Fd7 d8S vl Atk HSOoNA Azd vl A&
3%, Fig. 2 (@ollM g} 2ol £ oA gd 2sted Fof Fo] Y1 EFHFHQ Ty 7x&
e @ 5 Atk BF, dolA 23 FANA AL £2 FFE FolAdd o3 EHo]
F8A XY @4e B v, Fig 2 (b)ol A9} o] HiPOoA Azd vAEL o] ¥
Fog FUsA ZtEE BT ol ARG I FHL VAT dS F2F AL Fig. 2
@AM = 200um § HF& JFA= WA Fig. 2 (b)dlA 9k 2] HaPOsoll M= 150ume] & HA
o2 7hEHATE Aot F, HPOolA e 8 F& FFez vAEy Azx7} 73tz
vlo]a 2 FETO|Z Ax A, ¥ B F 72E FAHL F Atk wEA B d¥dAME 1A
2y wAE F2E A7) A% HPOE o3 §402 o] &3

Fig. 2 SEM photographs for etch width and depth of microgrooves fabricated in the conditions of
P=2W, V=10ym/s, N=5, and two different etchants; (a) 10% H;S5O4 and (b) 10% HsPOj4
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Figure 3& 10%9} 40%2] 24z g2 F FE9 HPOA HolA &9 W wa A=
| uAFe F, ol aa MA¥ e HistE dehd adxolh. vlAFe 3 el ws
Mg 2 FFe vAE 3 HMEE oA 24@P)eEA 7MY (Gaussian) £ XEE 2E
oAy Ao dyo] Jhudn. F, oA £¥ol ¥ A, A 829 FH F
ZAAMG G FE7E 7HFel 7H5d EE(threshold) ool HER nigyyoz
% V #49 Fol 21¥HT 1 AT Fig. 3 (a)1Ae #ol 20um o]} % 7}
o 39, 90] FIkske] FFeAG 22X A F90] % EHE o)Fe] Hog=E
Z wge AA A ged 1 olfE JHeAL FHY spEAE] FE oA
ol os) Wzso] Aun oy S4o FgS =Y + gVl oz dddt £
AolMe B, o) WFeR P& F FEEF U] Ak ¥ 7bEe] B BEd oA
AN AR5 Hstd N=191A 10714
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Fig. 3 (a) Etch width and depth variations of microchannels fabricated at different etchant
concentrations. Other process parameters are V=10ym/s and N=5, and (b) the corresponding aspect

ratio

Figure 4% 1AAH vlME 729 mlo]laz 3EF|Z AxE A3 449 HAH9 24
@2 7h3d vMEY Eud dug Rzt dHEFe ¥ d¥ FA wg=
P=1.75W, V=10um/sec, N=5 18]3 10% HsPO,7} ©]-&5 {1t} Figure 4 (@)l A RE upo} 2
o] 10%9 ¥& F=dA 71FE T2 AH ZAAARE #gddAA dAHCRE F FL& U
A ot 2 E shxu [10], 2 Z3} 10 o)A T2 AA8E 7IATE AL Fig. 3 (b))
A BAE 4 9ick w3, Fig. 4 (D) 2o 5% 49 s BRI 7Y L sHAE
oA 8 B E Az7} shEsith

Ao M9} o] WAE AZE s 4AE HAHY T xR0 B AFdAE 2R
A E T2 @Y rlo]3 2 JETO|ZE STS-304 AAS o] &3t AFstHAtt. Figure 49
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(a)
Fig. 4 Etch (a) depth and (b) depth of the microgroove fabricated in the conditions of P=1.75W,
V=10um/s, N=5, and 10% HsPO,

A Alz" 2A02 500um FH Y STS-304 utite] 50mm Zelo vHEE ZZ 1504 4%
7 &ge] LA £, RN AxHE I o ZHE FE KA EAE F
A F7 F2ETE H3d ‘FZJ,'S‘I_]'TS'_' A Eey E2e 3712 3A AFE o8 ARt
Aot £7] E279 9HAL Imm’ 2mm x 0.5mm)elt}. Figure 5 (a)= oA o TF
2 QP aAFY uAE L 2 vlejag sEde|z g Aud st 13 FIWL YE
Aok FF FA9 983 FAL A5t A9 AdREd JAE Imm FE] vlMNTFEE HA
1oz FAsAT oA ARy 4%, FUW, FAS JFF F oA & &4
7Y vle)ag 3 ETO|ZE Fig. 5 (b)dlA RYE 3AF A9 FY& A3 713E 2He
vl A 7ol 7 Imme] gFe STS304 #-& £435tn HE 44d By vio|az I Ego|=
9] Z7]E 56mm(l) x 6mm(W) x 1.5mm(H)oln A 54 H/IE 93 &5 FAEAN F
FE ol &3A

Lr@'ﬂr

@
Fig. 5 Photographs for (a) the top, middle, and bottom plates before laser-welding for packaging,
and (b) the completed flat micro heat pipe with a STS-304 tube for the supply of working fluid

Figure 62 A& E viol=z 3JENo|ZTo &ust dAd EAHL
2 STS-304 mlola 2 FEFo|ZE= oF 35W7RA] dry-out QLo B4
Astgct. @A, AZY vlolaz HET|Ze F o FAE 54
Zolo.
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Fig. 6 Wall temperature distribution along the axial direction of micro heat pipe
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