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ABSTRACT

An MCP (Microchannel Plate) is a secondary electron multiplier to detect and amplify electrons. An MCP has many
microchannels whose diameters range from 10 to 100 um and whose lengths range from 40 to 100times of the diameter. Each

microchannel of the MCP amplifies electrons over 1000times by the secondary electron emission. Even though MCPs have
high performance for electron amplification, the application of MCPs is limited to high performance electronic equipments

because of their high fabricating cost and the limit of increasing their size due to the conventional fabrication process.

Therefore, in this work, microchannels of the MCP are manufactured by micro-drilling to reduce the cost of the MCP and to

increase their size. Alumina green body with epoxy binder was machined for fabricating microchannels using a high speed
air turbine spindle and micro-drills with diamond grinding abrasives. Then alumina MCP was fabricated through the sintering

of the machined alumina green body.
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MCP (Microchannel Plate)= A& 10 ~ 100 pm &
e vhge] vjasdE o] folx glom, 7pzbe
g A%l oA Ax g Fabe Wb
£ 10004} ol FEAZIG nlaade ZHole
739 40 ~ 100 vf olv, & H hst zojol vl &
(L/D)E vlaaide Hxb FEujo] d&dg &v)
[

Z1E9] MCP Az i v g ol
(Etching)el %)= o] #el4df (Core Glass Fiber)9}
off Jol &% ok Ald #FeEAA/ (Channel Glass
Fiber)i &3 3., ofe o] ]t;'} (Drawing) 2t
& Bstol Fo] [ R HAAEE Foli, AF
w3 e Fate Rel A :Or vheb-g whE T
o] fel AR uhehrg kAl =231 (Slicing), vl
(Polishing)3} o 1013% (Wafer)2 9531, 9o 5] &
off Aate] mol FElWHFE AR F, dolsie 3
Hyp otefo] A& Eold MCP Ax7F ¢u€
th o olgp e V&Y W ew Azg MCP & &

ob;

A7 7F¥), Alumina green body (%5t 2’ e,

g Ao b Ag 9 oA ojHFeg Azt
ZbAe] T oA MCP o A&7t o7 qf R e
MCP ¢8| &&& 2459 Az Aol =3y ot

MCP Azefl #gof sbad vlixid Az 2y
& AR At FYEdey, £8E AF4E 899
st vhE 3 #vh Ly, RO H ¥ [2]2 LIGA (In
German . Lithographie, Galvanoformung, Abformung)E

£t Fefol MiAvRE WMEe P distd
‘?‘i'il% 33890 0. 0] | Bossel, M. 5 [3}]& REZ&
2~ % (Photo- plasitc)m o] &3lol nipdE WFe
ool et Aty Aot shAgE, ol #
L ZH‘J Az ”“’J-—Tr & MCP Al WHE
& 71E) MCP AErhs A WA T BEd
_04“1 thd 2 MCP Al#to] o W& b1
k.

Hodte A MCP AEME vE3n g
MCP 91 AxE 7hsskA s Siske wlAgrt
& UHlE olfstuA ghu}. FarAl (Workpiece)?l
MCP 98 Age FEAelx, Y EdHds Mgo,
Si0,, K T3 &2 ojadz ¥& EHo =Y
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(Coating)E o} ok 7] wiFo) MCP & 2AE H2A
400 °C o]/}e mEoA dd & e Ay A8
7b ZHgatch 451 AR, 2 AR, 2 ddx
T 9 HAHE JHAE MY Aae daAelr] o
Fol Agtel B (Powden)® m¥EA AgA
(Polymer Binder)2] 35 dFojvt 2w
(Green body)® MCP AZE % vlAErtyel
garAZ AA At (6]

Aziel a2 wide] B4 9 JhFe @3ty 7]
g d+E a99dd oS 2ok, Kumar, D. B.
R. & [7]2 2&x AgAY HFEldol&E (Glass
Transition Temperature)?} 1% 7+% (Green Strength)
of mlA= P&l sty A3 E FYRoH, A
T AR NE L9 HAULE Wyl Hgd 4
Al k2™ AEA (Acrylic Binden)d & A3}
Att. Maier, H. R. ¥ [9]2 &Fv)y 29 whr 9
Mt 71 AEE B3t SR, ol & xR, HA
Holg) Waltel) w2 Tl A7) Ao tizte] A
T5 FHEHE. Imen, I T [10]2 CO, laser § ©f
£3le] PVB (Polyvinyl Butyral) ¢ AE A1 &8 &
Fojvp a2 wioje] vty & I, Al
d ddo] 7lgeix gAog shasel Ad g+
Kol E59 AFo] AEe AolE Hoh.

ole} o] oy wir)e] BA W shxe] BE v
o] Ago]l FHHUARE, FR vkl Hat
7FEAA AL nHE 4
Fepw i, 228l wirje] mATHrbyel I o
Fe vlulgk Aol £, gy AT ES
7hgel HASG m¥R AEANE FrhaA
(Thermoplasitc)& A3t AR, w7
Aol AAFddA drtad FA A7 A
Aol 3] %2 F, driayd FA7E FT
o ¥ ¥ (Loading)] ¥tAAsAl v}, whepa],
i) vl AT E7bE e A el Anbrbg e e
AH AFgAY HdFo] HQEF. wE, MCP 2
At g wol7] AalME ol FH5EE Folil ¥4
+1g gdok dRE, olFHErt dF v 1™
e} vlAgy st vA= FEn by ZR3e)
& rtol A2 =Y (Micro-dril)e] FH o Fel gt
A7 H et

wabd | ¥ Aol = dAHAAYFA (Thermo-
set)Q) ol FA] (Bpoxy)E ¥ AFAMER ALR31o]
erFmiy 1y wid & Az, Axd oUFn
U oy wpde] viATEtE g 3o olFELR F
7hell ©hE Harede] WaE FA&eH, S 7
He o&ay) 9% 712 deo|e|E vpHAET 95
o] UtejopEx A2 §JA  (Diamond  Grinding
Abrasive)?t HFE F73 02 mme] vlelAZ S¥E
ARE-8Fe] o]l£ S5 E 20 mm/min, H2EE 1.6m/s 7}
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2. Dj&PYHNS

2.1 AH®

AlEe A dFeiut od vidE gFolu
47 nEA dgAe EFEolH, dFot 2
4 ovide] Zeve ZgAe] FH uet degAn
Aty o2 [0 MPa ©ldty W& & HE=Th [8]
A FA dEAe 4Fov 23 gy 23
Al A AA7E ofede Aol AL & HHe
M OAMEE AJHe EAE 1.5Smm & gFy] WEel A
Aol AAzE folstrh wietd B AT E 7
AR Hsol +53tm FEst H& FEE (casting)
N EAE pEA AFAz HAste dFojt 29
o & Alzstdck. B o dFelA ALgE g9y
e B AT R (Sumitomo)AtelA A ZE H
ZAA27] 0.5 um, £E 99.99 %2 AKP-20 o] 1 o]
EA FgAe AFEYCAAM Azd FES
(Casting) °I&FAl  F#3  SK-3060A 9}  FHskA
SK-3060B ©} t}.

AHY AL viadde widn vlojag =
Yol dolE mEsle] % 30mm, Hol 30mm, FA
1.5mm 2 FA e ov], GFujitel o HA] A4
9] EgHE IR AMEEHE rpolotEE A g
27 HAE vtolmg m¥Ye §AE uste] o
Ao Agsle Aot Fygrbae] Eg] Abo)
el 95Swit%  Swit% (FHEF 85:15)2 A AsA
o} [8].

ooy 19l omhoje] Hze] Alg® o EA A
A Aoyl EBubel wishA] AMg o] Ao A
A el AR UF E7] @i o FA
AEANE ofAlEo] =l F, 2Fvly Euy ¢
sarhk. adol # oRoAE Hie ARG
Iyl obrle YUng Ao fske UEs M2 vE
arEuiy a9 wide) 4AF AdE FEsdn A
Az Ry GFut oY vt e] Ryl o
3 AU E 65 %E vt ol HE dFoly
Fonprl AHY AAUEE 65 %2 AP,
AEAZ Al 30mmx 30mm A E 3] &Y S vt
o] dFojLp-o HA] B UE 65 %A F
PR AT ebEE ehFEeju-ol FA EdEel FHE
= 9 EZFdelH (Autoclave) Wl A 90 °C oA 30
B #AAA ol ES AAT F, 120 °C oA 2
A 7HERE FAAIHEE <Fig. 1>
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Fig. 1 Curing cycle for alumina green body

22 732U

B2 AT E 0.1 um 2 ¥ S zte KAIST
NAZETNA AAE FHEY CNC Ax7le d&
NSK (Nakanishi Inc.)AF2} AMS-1600 324 oo E|¥I
A2PES FAoz s AAE vihtYrtE
229} 54 FHIE (Wet Drilling) 948 283}
of &Fujtt oY wiele] viATYrtE & vk
2N YUSHIRO 3}&Ate] ELID NO. 35 84
Jatd g Atgatdon, vlelrig =Y 1000
Al (Mesh)e] tholetx qlatzt Aatd d¥ FSK
Inc. °l AAR72 tholot L vplolag & AR}

Bl Ag® 1& o] HW suse
SA%E ool ©E s gast 27 dgo

zugel Al Ha FAH5 150,000 pm 2
2 wFste vaTYsty 49 FYSAT o
£&45 Z7to] wE HANY wWEE A8ty gE

A HAEL 16w, o1FH5 5 20 ~ 60 mm/min
°] ’}g‘iﬁ"ﬂ"i TP o, Frey oFHE
93t 71&x diolel & vlwEr] ¢ 0}(’1 HuEL 16
m/s, 01%\'1‘5. 20 mnvmin & 7} EZANA wlola g
el ghEo] elojd miAA] nAFANEE FY
gt 7 ddelx HMYZ FFFYA  (Tool
Dynamometer)& ©| §3tol FH3gon], nlo]ag
=g 8l 7hEe viATHEe 34 SEM # FEd
v] A& ol &dte] #gstRvh

23 A¥ 4

A4 1.6m/s, °l 5 &S 20 ~ 60 mmy/min & 7}
FRAAA olF&S Frbe] g Hary WHilg
3% A3= vg3 2o

Fig. 2 & o Z A A Swiv)yE AHES A F o
U oo owpde] eapg s ol 4R rﬂi}
of up Aty WEkE vehde], 2 Tels] dY
o FAE e zZzhy old & ol 4l
Hate ghe) Hygtoleh Fig 2 oA dag e ol
#xel Zvie] wel MdFdo g Free A& B

F gt

Fig. 32 10~60mm/min 8] Z7] & ol$455 8
7t3E PlATEY AAR A4S delhdn, 24
g AAL 7} ojFSxeir} 10 /N viaTY HA
& F33d BEe ol vATHEY AAEL
ol el @AGC I #E e, sty
oA ALY AFut Fd Hol maNd Yoz
EEe P SAHE i He virg
Aste] vtolzg =Y AA9 A 190 ym Ko}
¢k 20um 2 210um A9 & e
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Fig. 2 Cutting force of alumina green body w.r.t. feed

Fig. 3 Micro-hole size of alumina green body
according to feed

AMNEL 16mis, o] FHE 20 mm/min o 7HE R
AellA wolz2g =¥e| ghdo] oid w7tz ¥
g AAF Frtel WE HAHS SAS A v
&1 Z

Fig.4 £ wlolaR =Y 9 stdEo] dojd w7tz
K AR Friel & Fatgel WEE uEhd
c}. Fig. 4 oA 53 A A% 49mm’ o] el s A2ty
ol M¥Aog Fystr AFE Holuy, By AA
Z 49mm’ ol Fol= Habelo] G743 Fristed Ry
H A 68mm’ oA vlolm g e e] mhso] WYt
At

Fig. 5& 217} %5 A A 6,28, 34,49, 60mm’ ol
A FAe ¥ & ADF a4 (Cutoff Frequency) 3
Hz & AF3 e (Low Pass Filtering) 3t “12| 0]
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O Fig. 59 JeiZo)x o 2 2%E 627A4AE &
Fujy a3 v A" AFEA 38 Fagoy
6% olF& uFvivt 2¥ uir AW BF F A
¥ FAZel AAE ¢Fuiy 2Y v ¥ Backup
Plate)E 7}33t9AM A8 Aot B3 A|H
F 3mm’ olde AAY oYz N2 v A
g e 3 AAF Fote) ne 34"e) F
74 2AA detdxg, 33 AAF 49 mm® o) ¥ o
A oz e Fof (Loading) WAl 9lélo
A2t Wzt Aste] ¥3 AR Fobe] g A
248 F7b7 ZA vdebdd B3 AAF 34 mm® o)
F5E Jdelds 713 AARRe] #ay g
(Peak)= ¥3 AAF Frto) wa} & Zeog F}
3t mlojag tgYs] shEo) Yojus By
Hd IN 7R FopEo
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Fig. 4 Cutting force of alumina green body
w.r.t. volume of cut
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Fig. 5 The shape of cutting force w.r.t. volume of cut

Fig. 6 = AH83HA] & rlolaz =4 9 (Tip)
o ANLE L6mvs, OlEEE 20 mmvmin o PR
M 6 mm’ 7tA 7tES vlolag =Y d 9 7
< AFEAANA 68mm’ 74A] 7FEF wlolaw =Y
& 45° A Eolr SEM & ol g3te] &g Atalo]
Y ARSE A g vlo)ag =Y gL iR
ololg = A4 gxtEe) UHAE IY (Coating)s
o] ¥ 4L AAY ST Fol thololBE o
A Ao #"HE YA mzg st rjojoj
E A YA Aol Jedrt B3 A AFo]
FNHETEH U A Matrix)®] slRgE F7ts
of thololE = At Qe ¥o)7} ¥obAy, mlo]
A2 59 g9 BAMg (Edge) ¥¥# TAH i
A FE zole] o3t YA zaje vixzk zlolm
late] stojaz &Y Y ZMFFEPol 52 ¥
4& A dv YA 2ae nir: ooy B
2 el {Fol odted dojud, Fig. 78 tholot &
L A gz FA9 YA 2o verd #§ A
= (Scrawch)2 2 3 HFo) 9 YA mA oprA
WAk Zojh

[

Fig. 6 SEM photograph of the micro-drill tip
Volume of cut : (a) 0 mm®, (b) 6 mm*, (c) 68 mm’

ACCY Spul Magn WIS Exp b iy
VO DKY 30 bOdDx  SF /6 98

Fig. 7 SEM photograph of the scratch on the nickel matrix
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ol|gt APANFREE HAY FAG Ft
7b vERve Ry AAZE F7 9 ii Eles
g 4 e, FAEE 16 mis, OlFESR 20
mm/min & 7FFZ A 1000 WA ThojetRE A
2 ozl A& A 02mm vlojAam =de ¥
T+ FEe 2y AAZF 49mm’ 7t @}

3. &4

3.1 &2 AO|E

dupE oz Mzgy B 4£FL mdHA
(Surface Energy)’} & F @3 Hol H&EPE o,

ai‘ﬁoﬂdxla Ze ET B @& miolid

21% Zte Wog °ilL1X17} 294 Azt
7t Zﬂéz*ﬁ} (Recrystallization)s] &= @422 w3
(Melting Point)®] 75 %Rl e dojuys, 23
F dolo] FFo] WSt [11] AFoivt 1YW wt
te] &3 Aol ol E A AFAIE &8 AAH HA
dow o FA &stgo] dFuivt Edo AFAs
£ WA HEz, 4Fot g v A4
S o ZA AgANe AAE Y9 2Fe:
olde] moM FAL FAAIE HHE TEE
th ¥ Ao dEuit 29 sioE 800 °C oA
2 N FAANA AEA] AGAE AAE F, 1500
°C oA 3AT FAAA BFu} FLE SFAY
= Fig. 8 9 & 44 1ol & (Sintering Cycle)& At
f3lo] dE0 @ (Plate)2 2 A 231 ok

32 AEdD

249 «Fvy @ dxE dFvy ds
3970 kg/m® 2] 96 %3kQ) 3820 kg/m’ &2 FHA H it
Fig. 9 © 42 dF9 vasy H3& F&dv
& ol &3le] #HFF Aoz, 23 A naTYY
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Fig. 8 Sintering cycle for alumina green body
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Betfore Sintering After Sintering

Fig. 9 Micro-hole before and after Sintering

4. HE

P d7odE gFoy ad sigy uaFy
7bEg o]£3ted MCP 9 mlAaAdE Az
Agel 228 m2TPrtd $AE §4 FPNT
olnf, 1000 WA & tlololgE A 9iabrt A
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45 q 7Ry g HAY Hile FTFF

AE AHgstel H3sdn, UA ZAg viRo

gt FF 4 st SEM & ol&3led 3R
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o}]-‘?—}s] BFAE 5 wi% AHEE Ry o
it E ol F 550 Frtol wep Aabgel dygez
F7HshH, 60mm/min o]l e] olF &Sl Habyg-e
HA2a59 6 wxvh A2 FAE Ber dagx
1.6 mfs, ) F4 % 20 mm/min &) 7FZEZA A 1000
A dolob# = a7t A=E A 0.2 mm vhol
2 =99 HAEE 2y AAF 9mm’ ¥E F

%3] F7batm, o) ¥3] AAFo| wlo]AR =YY
FFEgol € ¢Folu a9 vrel 73 E o)
ATPe AAL 2FE Bt T 13% FhA
7 4 9god, AA02mm tolAE YR R
A% A7 183um 9 vlaAd Azst bEsioh
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