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2 Ao M= 2l (glass)2F 419 (quartzyS A2 2 ARE-510] MEMS(micro-electro mechanical systems) 373 53l
7171995 (electrophoresisyS $18t microchips A Z8IATE UV o] A2 (siliconys FH8HA] k= el 2k,
A% g (polycrystalline Si, poly-Si) 5 A ©]9]¢] el SHAIZ] 33 2pkioptical slityell <]3l del=t
AFE UV 32 415 A2 (signal-to-noise ratio: S/N ratioys 7] IFAIZTE. Glass chipollXe T2 poly-Si &
o] 212} k2 (etch mask)®] S3he = sAloll HEFREHE 21435] Pl 4= 3 (anodic bondingys 757 st
St Quartz Ho]Hol vl EoES Wol X8k glass o]l ErHo] AR Ald UR-E A5 o Al
584 wAgk 5ol JFE nIX|A et o]o Wk, HFS} NH,F £-lfol] &gt Z3} 212}l (etchant)ys =351 3
W AANE XA 7 S5 ARE AR Ade] Felek 2715 328133, microchip electrophoresisel] 2]
43 A3} quartz} glass chip®] H714HF 554 (electroosmotic flow velocity)”} 0.52} 0.36 mm/sZ 7 T},
Poly-Si 5ol 23t 3 xjekate] =xof 2J3)], peak®] S/N ratior= quartz chip®] oF 28] ==, glass chip®] °F 3uf 4=
o= IEUA, UV g e 44 oF Ledll 2 L7 e STkl

Abstract — We developed two kinds of the microchip for application to electrophoresis based on both glass and quartz
employing the MEMS fabrications. The poly-Si layer deposited onto the bonding interface apart from channel regions can
play a role as the optical slit cutting off the stray light in order to concentrate the UV ray, from which it is possible to
improve the signal-to-noise (S/N) ratio of the detection on a chip. In the glass chip, the deposited poly-Si layer had an
important function of the etch mask and provided the bonding surface properly enabling the anodic bonding. The glass
wafer including more impurities than quartz one results in the higher surface roughness of the channel wall, which affects
subsequently on the microflow behavior of the sample solutions. In order to solve this problem, we prepared here the mixed
etchant consisting HF and NH,F solutions, by which the surface roughness was reduced. Both the shape and the dimension
of each channel were observed, and the electroosmotic flow velocities were measured as 0.5 mm/s for quartz and 0.36 mm/
s for glass channel by implementing the microchip electrophoresis. Applying the optical slit with poly-Si layer provides that
the S/N ratio of the peak is increased as ca. 2 times for quartz chip and ca. 3 times for glass chip. The maximum UV absor-
bance is also enhanced with ca. 1.6 and 1.7 times, respectively.
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Hto vl W ovle] @740 kel wht mAISEREA Al
El(micro total analysis system: uTAS)l| thdt A7} vl ks
] bio-MEMS 7|52¢] 3142 7Hlo] =] Qlok. pTASOlA] 352 1]
%= XAkl 2):= microchip electrophoresis= = 7|& A]F.2] #|
], WhE EAAIE B)wA] 7hAg Z22F 23 buffer §9 AkLe)
HAash 5 FHOoE AES B =R A FEEIL Sl 1-4].
271952 shAE QIxtEo] Ak Qli= Aol Yzl 7]
ol &3t x5 Y27} 71218, microchip electrophoresisell
st P U EAE = T, DNA, of) Ak, AlEYIR} 5 Tk
B}t}. B9 single-channel microchip®] 7= E-E0]L, capillary
array electrophoresis®} 0] 7R 71558 73l Qli= 4 3]
2 oA 2has] AEF] AL QITHS).

Microchip electrophoresis®ll4] chip®] N AAZ glasst}t quartz
£ AR UV HE71E B9 7 ok UV AE71E 33dHE
7] T3 22 O Aol vls) AdrhA o ® u8- AgebHA =
2k vl A Ask o] gk ¥ uv HE71E A st
microchip electrophoresisellAl= UV Fo] Ald o]2]e] FaiollA=
AP S5 ekl @ 24 A el JFE Al ste] 1 A7) peak
O AEMNE Zol= 7S ZESE chipe A8k A7 25
Ao}, o] 714 peake] AZAN71= UV 32 215 A451] (signal-to-
noise ratio: S/N ratio)°l] 3T}, o]} Fwdste] HA) FPH o=
AF-== 749+, AE7]13(channel plate)?} reservoir 7% (reservoir
plate) Ato]el] Si/Si0, Fo] /=0 UFe] 3 APt optical slit)
AGE g 4= Qli= chipo] quartz AT F5keto] FlEkE]of glck
[6, 7]. olell w2} F Xpeiwte] A|zte]] et 43} Ao} B vk
sk AAC] chipell it -§-& el #et A7 .= Qi

B Aqtof| A= 217} vk (etch mask) &sho] 71s3t thAA A
2l Z(poly-Siye Aglslo] P AetaS A7 glass®} quartz A
2] F F5F chipS 390 AlZsh= MEMS 3742 3191
th. On-chip W29 AxpA|Zte] Qlo] ARE-E = tharz]l A=<l
glass®} quartzS W] WKW, UV-VIS-IR T35 W27} quartz=
170~3500 nm%A] glass®] 300~2200 nm&.} BT} ]2k quartzS]
Feta] B4 BBl HojA uv HEo] foldhe EEol, B
o ot ] FANEE A8 7 QIoHS8]. Rhell chip A%}

A . ok

o - 2

o

[}

el Aol H441 ¢ o] Tk Glasse B2l Nay0,
Ca0, MgO, Al,O3, Na, Li 52 U 357 el uv A% &

£ quartzol] B]8] "HojAt}, A, chip A& ollA quartzell H]
3l 2)7h S wEAN drjFow o] A7 Y WS 3
gt EAskaLal sk AR89 nAld S5 IS vFIth
olof] wt & Aol A= 217+l (etchant) /ol et HA2A-E
LSlsle] 3 ARVE FA AR

B AFollA AlEE3E poly-Si S5 glass 712l =918 chip] #|
A2 o ZofellMi= obA HAarHA] ok lTeltt 53], glassolA
Ad71stel F2H poly-Si T+ HFoll 2]8h 5212]ZH(wet etching)
Igelr] 2zh wpaz10] oeke sh= SAlell AE7185 reservoir
71k Apolell AetamE astHor JAsto] = A (anodic
bonding)e 7Fe Al g g8kl

2. 00|32 A< X|ZH(microchannel fabrication)

A719% A oA BAE= ofe] T2 vlAg weks A
A1 I8l BeEo] Haolar o] & AvkE borosilicate A4
9] glass |3 (Pyrex 7740, Corning), quartz %3] (Semi Materials
Co., A 28]3 A7 9o)3(LG-Siltron Inc., P-100)E T
33t} o] #lo]H e AF-2 4 incholal, FAI= A7 |H g0
3= 0.5 mm, reservoir 7| S5o4+= 1 mmo]ch.

Fig. 1@t AN A2l gk viag AAIEEA, A2 10 um
olar 170 chip®] 7= 712 AlZ7) 3.5 em®} 1.25 eme]th. Fig. 1(b)
+ reservoir A|Z] Q3 v AALZA, 1709 chipolli= A&
2.23 mmQ! 4719 reservoir?} o}2#] A& 1.0 mm?l 2719 HH v}
F(align mark)’} $IA|%}. Pt A= T2 918 =¥ Fig. 1(c)°ll
VERITE BE A7 AutoCAD 2006 1851111, Ad A7)
59} reservoir A = Y& #4129 (photo lithography)el] A-8-5}
7] Sl EE vk E AFsigleh g 9 vle]a® o] AA Al
2d-& FRbste] Fig. 20 veRllar, 2F dArE g vk
2t

2-1. Poly-SiE2| &k (deposition)
Al Z2of oA 9o]HE Piranha §9)(H,S0,:H,0 = 1:3)°
108 F7FsS § 2ol lA N, 713%5 olgslo] AH3itt. o]
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Fig. 1. Layout designs for fabricating (a) microchannel, (b) reservoir and align key, and (c) electrode.
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Channel plate Reservoir plate
I
| [
\ PR coating | DFR coating
‘ |
— — -— — -
——
| Exposure S Patterning
+
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Fig. 2. Fabrication process for the microchip with poly-Si layer.

o)A spin dryeroll 10% 7A2A1Z1 o] 9]ol] LPCVD(low pressure
chemical vapor deposition, APEX Co., % 3¥)Z poly-Si& %
ZAZILE AR YT Ak Zekznl 2 zbel| oJeiaint Al A H
3, U] 5212407 3g el HEFell 93k ke ) ok=1}9,10].
AHFA 0 7 poly-Sie 25~150 Pa2] W2 3} oF 600 °C 270l
A g dsato] Hi=tl, 1 S <> 95 71A19] ¥
Hzol ©3]3) 7V delM o] #d Rauks, <> ol hatel
3t glelgso] 7l o] BHAY, <> FE A7 (film
precursor)5-2] 7| T & <1v> S&E HE AtAQ] 7]
ool mAgE @ ek <v> B FHykSo) o5t uhul §
3 9 3wk AN ES] 4, <vi> g whe AR B
2 gl 7PFe e o)l <& whgo] zlEri10].

B AFlAi= 540 °C 9F 250 mTorr (33 Pa)ollA] silane (SiH,)
71AE 50 scem@E S2i= 2ACZ, glass $l0]¥ = 15087 %18
3} poly-SiZ 5000 A F7Z, quartz $1°0]3E 8047t Ray5lo]
2,100~2,400 A F71Z F2AIF Y, Silane 71A2] Gl WM,
SiH, — Si + 2Hy)ell 213l], Sit= 719 EHe) F&E 3 FAV A=
220} doprhar A= glo]H flol= poly-Sivh B ¥

2-2. ZE 2|AT2|(photo lithography)d 2[gF ZHE m{E
ok BAE dols o) sk wapel A AeL P
Aot} 7H3A (photo resist, PR)S] E41< o]g-310], sh= sel
o] PRATIE ASSlo] He M0 R RO AREO A PRzl
9} FA3 HE1S FASR= X E 2219 E =48I Positive
PRE] 9= TF Al ol ol o] ofeled], o= o]
5 $fo Zito] EASHE Aol TS AR spin 31 o]l
SR AR SR slol) EAS 1551955 pRE] o]
O P& hexamethyldisilazane(HMDS)E =¥ 3=t} Sit 371

ZollA 2 20~50 A F712] k2 native oxideZ HoI3e] HMDS
] Si-NH-Si 7]9} ¥kg-3to] sxellx] et A 3-s I 1.

0] o] A, positive PR(AZ4620, Clariant Corp., Somerville, NJ)=
2,000 pm O & 35% F<tF FRAIA 10 um FAZ 2 T, hot plae®
110 °CollA] 21 30% 52} soft bake 3t} Fig. 1(2)2] & vl~=19)
mask aligner(MAG6, Karl Siiss, Germany = 0] €3l 34 mW/iecm29)
VAR 40x4 30 =331t} @739 (developer)?! MIF 400 K
T AL gol2FR AlFsh, Ad o] A)ztE o] fah=
glo] /4% flolHE L=t} du7d 3} profilometer(Alpha Step
200, Tencor Instruments)S- ©]-8351] Ad%3} Zlo| & F7si] A
e grol fojxlow, 130 °CollA] 3%7T hard bakegttt. o] W A
AE AGEL oF 10 umo]aL Zo]= oF 10 umo]Th.

2-3. A'de| AlZk(etching)

2-3-1. 712212} (dry etching)

Poly-Si] 712]217}k8- 317] Ao fllo]s S| pvC UV BES
F-2A]7]3=4], ©]:= RIE(reactive ion etching, 790 Series, Plasma-
Therm Corp., Switzerland)oll ]38t 712217} 3Py efa] X gro] ¢b
SHA| Jetell WE flolH TRk Fatelx e B2 a3 A7k
A7) f1gtelck, niek glols 2] poly-Sizh 2142412k
741 HF F2217)) mZw o] =33t A s 7oA fck

RIE 37g°lM= 213 19171004 849 ol 9 2feze] A%
ARl T 4717 Ao o3t 7o R AR dEHel FEskaL
AP gele] £ A pm FAIE FtoRditH{12, 13]. Fig. 3
off Zek=rtel] oJ3k RIE 4217} $45 UERiSItt. 100 mTorr
oA SF2t 0, 71AIE 27} 20 scem®} 5 scem @& Z2]HA] 120 W
£ 10% 52t 718l vk RIES] 7B-9= £ 21717 sleh4] 2]
Zto] FAlell dojufE® AL $+3] 1]5 Y (anisotropy) ZEN
7} ok, ¥ o vl5HA FEHE Adohd v 8 =2 ol
AollA 4L sllof =, o] 7oA HhEshe AR
H A7 E (mean free pathy’} 2121 zlo|®o} 341 AA D23t
| nskd gAkse] v By s FEste] Ax AQde ¥
W o] go] 2Z7}E]7] wjitolt}, Poly-Sie] 712]24)7to] ki
go] 27 A|Z 3}

of

® 0O
G_'. O@
1. Generation of
Etchant Species O
O

> © -
oo & Fum

Fig. 3. Schematic of plasma etching process [10].
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2-3-2. %’i].’ilz.]'(wet etching)

Glass®} quartz= silica(SiO,)E 73 %] ltt. Sie HFO|Y NH,F
oo oJsto] - =t o= Pl 93l sivt g3l )
o)t} FA1A7R- 4HE(l) + SiOy(s) — SiF,(g) + 2H,0(1)2) W&
of] o]t} Quartzi= HF 84 (49 wt%)C. 2, glassi= B 9l
3 9 7Ho]HS wekel7] 8l HF (49 wi%)e} NH,F (40 wi%)
FEAE 119 BIER 41 EF A ow F2427F 3lrh9).
Profilometer® 573+ 2121455 glass?} quartzZ} 242} 0.2 pm/min®}
1 pmy/min®A], kAo ® def Q= Asd 2o glass 4-97F
U =3, ol =Y &3 A7tele] 24 wioltt. dxFe
2 274 Ad zlolE gRletHA dsk= A7 Ugkod opAlE
o 1033F B7F PRE A|ASIL, 47t 250} Al Zske] 22t o
A FT5 el A Hokl= poly-Sig MWt PVC UV
HE-L mask aligners ©]18-51] 300 ml/em??] AUA S ZAFSH]
A|71gc}. Channel o= UV Fo] F3=0] peakE H=3loF 8}
22 399 poly-Sit o] W o2 3] AASIEL.

3. 00|32 Z H|Zt(microchip fabrication)

Fig. 29| A3l wzha] ebA $HIAIT poly-Si 52157 A
gio] A% 7| FS reservoir 7]} HE3F] microchip
< AL Dry film resist(DFR)Z & 8 $of] djelyd 248 A
% reservoir 7]l sand blast 715122 1709] chipell thalA 4
M€ reservoirs} 27119] HE wia 185 FABIRITH14].

3-1. Glass YO[EH2| A= HFl(anodic bonding)

Glass®} Si(poly-Si)2] o= g 71 2] 71E-&- glass gllo]uo] &
¥ Na 2 Li o] &(Pyrexi= tI2F 3~5%2] Na 23HE9] o] g o2
A, LEE 2O glasste AT Qe 1A Aajo] o] Na7k
5= o g o]FahdA] HEgHT Na2 o5 A3 glass9l 2z
O] Al 8T FAdE 1, u-Ee] Adsks o] ¥t
3F Aol AR BAETE Glasset A Atole] & 71782
AAA S o)1, 5 SO R glass AT} A Alo]
ofl T-AE-S d4J3H} 15, 16]. Wafer bonderE ©]-83}19] hot plate
= 360 °CE 71dstar A& glassoll S35 247F 44
3lo] A5 power supply= 800 V ZZelA 3087t 3 kg/em? oF
< 7lsto] A el EAlsks Adlo] #71 o](+)e] glass®
Aol ()} A st AEd ) Sebdst HEgow A
%)= pin-hole T/do] A9 gli= FEgh 5SS HERITH

Hoo)

[y

3-2. Quartz 9JO|EH2| HF Hgt

Quartz 91°]3 2] 7$+=, PECVD(plasma enhanced chemical
vapor deposition, 790 Series, Plasma-Therm Corp., Switzerland)E ©]
f3lo] A7) ge] 28 30%7F SiH,2 N,0 71AIE &9 Sio,=
1,000 AFAZE SHAA A 1A F4330, Q9737 reservoir
712k Abolell HF 8-H0.5 wi%)ys T48tar, FEst Fof wafer
bonder(TPS-100A-AF-A, BNP Science, 747]%)% ©]€-3}°] 110 °C
oA 4 kgfem??] o7 30%7F AT, 17, 18].

3-3. M= ZZ=(electrode deposition)
Pt =S 2HE]™H (sputtering)s}7| Mol AFo] SakE RS

Slstast Hl443 5= 20064 108

Fig. 4. Photograph of the shadow mask.

Do Vacuum
Chamber
Power Plasma
Supply
+ Shadow Mask | — Gt Inlet
Substrate | — asnie
L |
|
€1

Fig. 5. Schematic of DC sputtering of electrodes.

AP dols] AdellA Nd:YAG 2ol A= %<& shadow maskE: Fig. 4
o} Zo] AFLint. Ai AE|Pel| gt A= S TIAE X
& chamber QFO. 2 F=913}0] 35 (target)?] PYTiol FEAI7
ZetEnkE AT § o] & V)l ZHAI7E oIt AR &
HE 2 AR} vhakgo] FA7E A2 nlEsiE® 2do] fal
whakZo] w9 7 A3kl 2 ollUX] TS BN FEAAET) =
= &3o] drt10].

2 AelA= Fig 59F #o] BaEAS 5508 VWE S
OF 3l B2 71AIRL Arg ARSI A RS vk
THE Ar 71AE S5 FollA] WEd AR} S5t o3t
old] Aro] AAE WEFHHA] LX) 7} W& 11, glow discharge
7} aAyEto] o] AL FEske Hehle] HEkhvlEs Bt
Zekambo] Arf ol T AL o3l S WO R Y5y
of HaEA Y FEsH, T4 PxkEe] Flojuks) 7]l
kS Asiet, AP AlFE st oy 7S AdEekal
chamber W7} 7 mTorrol A Ar 71415 913 5 100 we] #1¢1
< st} pe] SEANE Fol7] Y8l WA Tis 20 nm AR
FAAZ F PEE 500 nm FAE SRS T2 £55 10 nm/min
o]ar A2elA B3t

ol

4, Znt I F

Fig. 6 &3} 2)7kole] o]3)] ¢ $lo]9E Nd:YAG #o] -2
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Buffer Reservoir Sample Reservoir Buffer Reservoir
(Inlet) (Inlet)

N (Outlet)

Sample Reservoir = :
(Outlet) Align Mark

M7 om o
f—

500{'“" Reservoir plate

? == | :i: 49 m
Channel plate
7

Poly-Si layer

Fig. 6. Close-up view of the microchip for electrophoresis, where
cross-sectional view is taken along A-A’.

(c)

Fig. 7. SEM images of the channel plate obtained by wet etching with
HF (49 wt.%) etchant: (a) cross-section of the quartz channel,
(b) cross-section of the glass channel, (c) bottom surface of the
quartz channel, (d) bottom surface of the glass channel.

Aedsto] Al #et microchip©]tF. Microchipe] A'd -3+ Al5el
gt d7]19E sl d&de 71A= TL2% 2Rlo|th FE-SEM
(field emission scanning electron microscope, S-4700, Hitachi) #5
©7 2 microchip®] g FH|9} 71E Fig. 79} o] vlas}
Sitt. o7143=, glass chip?} quartz chip B HF S0 2 5242
7} 3lod7] wiell 7Aoo & Ao v Pz 58 (isotropy)
U, quartz chipe] & B HIS I AltklES LRSIt o]
HF §olol ofat &44704 A1) Zlo] W v % o] 47}

49 wlol== A At 517

~ " - Bottom’ -

.

Side-Wall

16,06V 18, 2mar %20 0k SEU) -

(b)

Fig. 8. SEM images of side-wall and bottom surfaces of the glass
channel obtained by using two different etchants: (a) HF only
and (b) mixed of HF and NH,F.

45 19| glassol A= 1.09:10] 1L, quartzoll A= 0.83:191 =4 4
Iz | SEE ARdet) $hE, Ao vt S Eas ol
Z3SE glass®] A7 F0 AR AEIYSE B 5 vk Ad 37
= quartz chip> 745 AEZo] 135 umo]al Zloli= 50 ume|3tt.
Glass chip?llA= HF §-97t0 2 2178 7= 293 146 um, 2
©] 61 pmo]il, HFS} NH,FS] &3 5§07 2745t Z-9+= )
9Z 117 um, Z1°] 49 umo]JTt.

UIHA O 7 olass®] -9+= X3 EE uhtel 2149y Foll
SR pin-hole?} 22 @402 54 341 HtapdeolA
o] A Ad UF-E FA3ste] A5 D buffer &9 wAS 55
of] J&L u|xA AL} o] F WAE] 213 HF49 wi% )2+ NH,F
(40 wt%)2] &3+ 217 oo A, HF:= oxide 212}l 2480l E 3y
NH,FE A4S 24st] 7dAS 4 she g5-8-99) o3t
= 3t S, HF — H' + F oA Yol pHE: NHF —> NH," + F €]
ol BFETRS 53, HF| oF8 PR 522]7)0] £ w7k
278 BEs|Ec). Fig 8ol 71552 HF §93} &3 2zt o
E A2o] NS rlo]a R Ad WF-e] 1¥ AEE SEM #HE0
2 8|Stk $2k0] Aol 2755 02 pm/min & A5}
QAR A WS EEo]a npehHelA w112 EANEE B
o] 3231 9t} Microchip electrophoresis®] AA|AQ1 5-851Hof|A]
B, Su)Re] AR 24 Asg B 7] s AUy
EdE e B84, s1ekA] Alofel st A F a3t vlsS gk
AN

A& glass chip?} quartz chip®] 718491 #4458 ERIsl]
$13ll microchip electrophoresis®MCE2010, Shimadzu Corp., Japan)
A1) neutral markerel] T3t H7]4HF 554 5 (electroosmotic
flow velocity)S B 3F3ACE Buffer £2Q1 Tris 50 mM2 pH 10.7
2 FAA, A7) 500 VF 5~10 pA, neutral marker® =
benzyl alcohol2 AE-3IATE. Fig. 99l oi%l nlel 20], quartz chip
©] glass chipell ¥l UV &3 757} o] $=r3taL, o] e 7

Korean Chem. Eng. Res., Vol. 44, No. 5, October, 2006
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351.1

-93.2

0 : : (mm)

256.9

(mAbs)| T

-263.3

Fig. 9. Electropherograms and gel images for the electroosmotic flow
of benzyl alcohol in the channel of (a) quartz chip and (b)
glass chip.

Table 1. The change of peak properties according to an existence of
the optical slit with poly-Si layer

Quartz Chip Glass Chip
Peak Properties Without With Without With
Optical Slit Optical Slit Optical Slit Optical Slit
S/N Ratio 2.7~3.5 6.1~6.7 5.5~6.6 15~23
Max. UV Absorbance 188 +3 295+5 118+ 4 195+5
(mAbs)

%ﬂ Sltt. 93714 UV Holg4 Z=+ quartz chipZ} glass chip®]
F2F 29545 mAbs®} 19545 mAbs®| 1L, A7 S 555 quartz
chlpLP glass chipoll ZH2t 0.5 mm/s®} 0.36 mm/so 2 AHEE ),
SHA, peak S/dx]ell thallA] poly-Si 5] 33 Ajkto] ¢li= 7d-9-9}
o) WABE Table 10] AT, 2 Hvigee] wajol <la
S/N ratior= quartz chip®] F 28] =29 & glass chip®] ©F 34l =
Fow e 0% ekt olge] UV AohER e of
L6 W 17 R 242t Bkl e o 4 vk,

3l5kast 443 HI5S 20065 108

54 E

UV AZ ¥21€] microchip electrophoresis?l] -6-& 7155t glass®}t
microchipS poly-Si 2}, 521 W AAAZ}H H3la)
= MEMS 374e] oJ3) AlZ3ISIc). Sisio, 5-& =%
ISl ZlEdT el DH/] B AFrellA D719 reservoir 712

Atolell GAAIZL oly-Sl o x}\ﬂrﬂr,] oJsko. o]yl A7}
a9l Agkgm o 249 293 /)15 % Al 3Eii). 3], 3 A}
we] o3k uv Jab] S/N ratio%} #Jal s SAIAA A7)

T Y el AgHor A8 71EY AT ] A= ThEe}A]
7] kS glass chip®] 7= Ok Hato] Lol whel 1A A

BEHE Zh=), 2 AFelldeE &%
3}3IT}. Quartz chip Glass chi
o wjrE] PR A3k EAJL X

A M; Eqlstol o}
ulal] Adufi-o] x9
]'Oﬂr/]' SHH, 5 572 chip
of thgt AV E5&5Ee] 54 ]/\1 microchip electrophoresis®]]
o] A& 7Fs/do] ERIEAL, quartz chip®] glassell B3] UV <]
T4 A7t 9slglth. Peak 57d& Tk SN ratio®} -3
el S AR VL B, polysi SO TS
o) el AHA 02 Sol32 ALt

HH T1 0o
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