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ABSTRACT

An experimental comparison of the detection properties between imaging plate and film for recording the electron dif-

fraction pattern was carried out on a radiation-sensitive material, an aluminum trihydroxide (gibbsite, y-A{OH);), through
the electron beam irradiation. Because the imaging plate has a wide dynamic range sufficient for recording extremely
low- and high-electron intensities, the range of spatial frequency for the diffraction pattern acquired by the imaging plate
was extended to two times larger than the range by the film, especially at a low electron dose condition (<0.1e /um?). It
is also demonstrated that the imaging plate showed better resolving power for discriminating fine intensity levels even in
saturated transmitted beam. Hence, in the respect of investigating the structures of radiation-sensitive materials and cryo-
biological specimens, our experimental demonstrations suggest that the imaging plate technique may be a good cheice for

those studies, which have to use an extremely low electron intensity for recording.
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miya & Miyahara, 1988; Mori et al., 1988, 1998; Shindo et al.,
1990, 1991, 1993, 1994, 1998; Isoda et al., 1991; Shibahara et
al., 1995). o|2]% imaging plate®) AFA EH Hx-g 2o
Sel3x) 7% ohAle) B4HAE HlRae] 7% Ahme) B
Qo <277 chiRie) ek A7) o7 A7AEel
28] A==l Sk (Mori et al., 1990; Isoda et al., 1992; Oika-
wa et al., 1994; Taniyama et al., 1996, 1997; Zuo et al., 1996;
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Fig. 1. Linear dependences of signal intensities as a function of ele-
ctron dose for the detectors, imaging plate (IP), conventional EM
film, and HV-MSC camera, respectively. For comparison of the detec-
tor characteristics, the data related to IP and conventional EM were re-
generated from the results of DITABIS AG, Germany (see reference).

Kim & Kim, 2003). 32 E-o]4 CCD (charge-coupled devi-
ce) 71}e) Aol vlepeo s Walsked dynamic rangeh
imaging plate®] A% HZusty 7|8<4x w3t TV-rate
ol 2A3}7] Wl 2] Halte mResos BAME
27t 9l& A% CCD 7pielr} 23] o &4 wHolA
F2l8l A2 gloh(Downing et al., 2008; Tsung et al., 2008).
a3 oA 7R SAAE Y] A BAE 84 A CCD
7helete]l A% dynamic range®) AJgol FE31A| £a}H,
7]2 %3} (saturation)2} blooming & A}af o 7}8 3)A w]
5} okt 34 W 9] A& 7= o] oj2ch Imaging
plate= A3 dynamic range7} 16~20 bite]s] 213 7t%
(sensitivity)7} BE3} CCD 7u 2o nls)|H L53] 45}
7] Wl 3PAg AF EMel 712 o)AHe A%
AFgct oA eAg 72 H3ke Add FAxtae) W
sht 3 We] 7w Wzt du)z) S E akge) A
7P 78§ Aeg L33 Fig 1o AAt Ak w2
imaging plate (DITABIS AG, Germany), 82, HV-MSC (high
voltage multiscan CCD, Gatan Inc., USA) 7}4|gle) 237} %
o} A¥AE wmatslet o714 imaging platest B&2] 7
#3= DITABISAMY 7|4 AeE #osted Jehiglot
(DITABIS, 2008). 413 dynamic range7} 229 A ¢F 2
orders 9ol A ¢l7 HV-MSC 7}H)el= ¢} 3~4 orders
H$ el (Kim et al., 2007), imaging plate®] 7= oF 6
orders W91 E 2Tt 8BS FFY AL B AR Al
BlolA9] A& Zh=7} imaging plate®] A% u-$ 25}
£ Zolt} o) A2 imaging plate7} Az} B ]

o 72 97} oyoEM AE A9AY o e A
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Fig. 2. Detection quantum efficiencies (DQEs) as a function of ele-
ctron dose for the detectors, DITABIS 1P, FUJI IP, slowscan CCD ca-
mera, and HV-MSC camera, respectively. For comparison of the
detector characteristics, the data related to IPs and slowscan CCD ca-
mera were regenerated from the results of DITABIS AG, Germany
(see reference). If the electron dose that is known to be a threshold
value (1 e /A% for cryo-EM is incident to a specimen, the electron
doses incident on the imaging plates are calculated to be about or less
than (A) 0.005 ¢”/um? and (B) 0.05 ¢ /um? at the microscope magni-
fications of 100,000 X and 10,000 X , respectively.

Ab AR T8
) gt

715 Atge] FALX 715 WA R BAE AYA
(linearity), MTF (modulation transfer function), @24 (uni-
formity), DQE (detection quantum efficiency)So] A3}
o (Kim et al., 2007). o] & He}elelES MTFa sz A
A ZARF ulel 1 A%l Aolg meld 1 FA Al
dHoz AAHE 7P 323 892 35T oAk =
o]z EA-& vjebi= DQEv}. Fig. 2¢) Az} :Algko] uhz
imaging plates} CCD 7} 2te] £50) wle} 22] A==
DQE A%& vehglet 3714 imaging plateS-(DITABIS
IP and FUJI IP)3} slowscan CCD 7})g}ke] DQE &4 A}
£ DITABIS Ak 71& A5% &43l9 el gisH(DITA-
BIS, 2008). dut Ex Az 3u] A o4 F83)= slowscan
CCD 7lvlgle= e =] MA}& HV-MSC 7}9)2} (1,250
keV)el| B3l 2 A} AN 7]5 k9] DQEZ} A
v o2 2481 o7& slowscan CCD 7Hglr} @43
YAG (yttrium aluminium garnet) scintillator& AR8-3} scin-
tillatorell 24 AA} 2AME W7) B 455 A= A
HkA 9] Hat phosphor B} scintillator® &-8-31= HV-MSC
Fhefiete]l wla) A5 Zt=s} WA E7] o)Fo|c} (Ishizuka,
1993; Zuo, 1996). Fig. 22 ¥ imaging plate= CCD 7}
2t DQE B4 22 A A 24} dd)x DQE~}
719] 0.8~0.98 velix lm 2388 ¥ M ==

A7) gAY V)% AR

Loy
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JeolNE wolzrl Flshe e wels Yoz
Al cryo-EM Aol M 9] 9A AR (e /AN S A9A
Az} FAbeFo 2 ALS-E 739 (Echlin, 1992), imaging plate
o AEE AR ;AR @07 wl& 100000814 oF
0.005¢ /um’Be} AA FHo, 10,0000 2] -3l 0.05e /um*
B} AHA AArgek olAE A7 Fig 244 (A2 (B)=
A& CCD 7ietse] xolz Ayie 22 o]
g e Ax 2L 27]3}el| A imaging plate®] DQEx 7]
2 WAzt 7 4 Qe FHUY 248 vehlr] ol o
o 718 AT 3 A WA 24 AN 4 S5 o
3 F48 epickn ¥ & Qe

Aluminum hydroxide= o} dZu| AL == g-alumi-
nad T4l 9% e Kol AlgHos FoF
EA olch(Wefers & Misra, 1987). 2ol vt 27| el
Nl @4 2 44 477} 2 3503 9le] A =219
AR MY Ao} B Ut FANE ATt AF o
o} (Laine et al., 2006). ToFdt B0 #4 7led
aluminum hydroxide @ 33 Hol|AE9] T2 ol H4
Moz HEHT 9ot 9oz UAT o-aluminag
A 9)8}31 aluminum hydroxidet} 49} HolA}E-L Az}
W 24 S8l 2 727} ke T2 Asee HEAQ
Ax Y 24 07 BBl et obsba AR
2Alo] % 72 Ao] Ho) ¥HA gobr] o F AR E
EAE o dFxpEui M2 oE A8 W 3 (Ko-
gure, 1999; Arami et al., 2007). Zeoll= o] Wz} &4 A
A W A7 v 2l delM 2 g Wt Fe
Roz QA get AR AR U A4 272
84L& 44 o 718k sid. ool wket $-2]% imaging
plate 7|48 AH4sled x&22 aluminum hydroxide 9]
shtel gibbsite (y-AOH)) 2} &AL ¥ Z=AF Al ob& A
Sty 42 94 e Ades ¥ Kim
etal., 2008). ¥ =FoME A iz 24 717 B4
gibbsite®] Tk 9 2 el AT Ee Alx DA
#} A3 dynamic range® }ER 3= imaging plate® ¥-4-3}
Ae o 9 Fr AYA AHEE T¥HTA ek olst
P 24 Ao} A4des s 44 B9 A=
Guls o T AN, A HAHY AT A% 71
o) A 224 9] imaging plate®] g FY A 27X 7]
29 28 Assks vlwakgch

Mz # Ud

fEAdel Aa W A W3t Alg2A aluminum trihy-
droxide (gibbsite, y-Al(OH);, NOC-30, Alcoa Inc., USA) 2
% A ALash & AsE BE 97l 30 umels)

AAbe] A #Aate] Alshy] Wi Fol BT B4 W FAF A
2] A& 7A gibbsite colloidal §Y& S F carbon
holey Z2)= $lell Aelste] FohaAEA ARE BEY
v (Kim et al., 2002). AR}EA 7185 25 omegadl 9] ol
WA PElE AT 120 keVellH 45 oA <3
E 34 #}8 v) A (EF-TEM, Energy-filtered transmission elec-
tron microscope)2 &3}l (EM912Q, Carl Zeiss Inc.).
2E AREA Alge duvx BHE ARSEl urkd A
g 235 s At 7| 531

Az} 8 2 ) EF gibbsite Al 29 T2 W3lE AA
oz BN S EHAEeAY A2 24 23E

Mz A oot o, & 97l &83F EF-TEM
o] A$, Azt W A} 2712 faraday cupd} pico-ampere
meter® 4316 B AT} Gibbsite HA} W FAF 3
AN B4t el 9 del wRopt oz FE7h
WEl7] o o] Al Wl &3} radiolysis damage”} AHA o
9] F8 7)F-o|. o|& &t radiolysis damagey AL ¥
o A7} S5 BEE WA 2AFS FFl wlE
&t} (Egerton & Malac, 2004). AgH o2 gibbsite] FA}
Aol dodle 94 Hal 2ARE oF 1x10°%e /m’E
259 ch(Kim et al., 2008). ZaLg gibbsited] AbA o] =
A 9A AR} =AM Als T dFE A dEH
et Algrt A4S AR F2 HEY] AzkE
AA87] o8] Fol) ety EAoz ou] gle= A
A @A AB7) ¢HE4s o Ag3] {58 4 e
2 A¥e] Ao Alge] 7 BELS (electron energy loss
spectroscopy) 57 &2l 28l ¢F 60nm=z H7FE %A
Agreos Az I ARE 75T o 1ol &
T 7 270 Qleh AAE 715 s A A= AR "
Z2AE Hashs Alojgh aietA 715 A] F8 AR =
Agko] BA Alge] Tz Wl 3 v|X|A] gole T
ot EA 2 A SHREE VS V1S A Vs 2
2 e d AR 2AF 21 Ao of ¥k
dbd oz AzEA 2] Al 2ely A 271 54 4
wal ohe} 3 8B =l YT A3l o] el
715 232 qlsle] imaging plate® F-43viel= 3 =
89 A FAo] ErPsdiA Huh £ AFME 045x
10%e /sec - nm*9] A} 2A02 1927F 71& v »&
slo] Ax3)A 22 7)E3) AlH| HEk A A
Felgko g oF 8,500e /nm’e] sse oFolth Apwo
715 Al Ag3t At 2AF 271025 gibbsited] Aol S
delr] flslAl o 378 FF 2AME sledof H7] d#e
A 288 715 Fol FUR AAl 2ARFS gibbsite2] A
Aolel Asl G v)AA geckn wakeh 2 A
AHEE 2 AR 2AF 2702 [001] gibbsite] A o
Bl-g imaging plates} g0 2 7|53 AAE Fig 39 (b)
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s} (o)oll 47 el sich Fig. 38 (a)= A& 57 60nm
d A4 [001] gibbsiteo] sl AAd $HaA 3d -
ojch. AlAtgl A siEls} Aoz H5F A Amny
FE E¥Ub vad Mz & dAse Hes B 9, )=
Al AL AR 2AF 27 0] A8 A3} o3HE w]X]
2 decky 213 £ vk =8 B 7)1 2746 23
Al imaging plate®] 73-$-, Az} ¥l 2A} A7k mE) PE3
AAARES] 715 23} dojuix] 97| wFe] Az W

2R Yozd 72 We AgHes 24T 4 9
%t Gibbsite2] A FAlolg do7]7] s A48 Az}
ZAF 278 oF 334 x10%e /sec - nmolglem Azp Wl %
A AR 32 FRE gibbisite®] F2 w3yt AlztE gl
(Kim et al., 2008).

ztzke) Az W ALl wiel wWstsle AREAARE
-2 imaging plate (17.5 um in pixel size, DITABIS AG Co.)2}
IE(SO-163, Kodak Co.)& HZe} 71 718318} Imag-

Imaging plate : Film

Fig. 3. (a) A simulated dynamical diffraction pattern for [001) gibbsite. The specimen thickness of 60 nm that was experimentally estimated by
EELS method was used for calculating the dynamical diffraction. The experimental diffraction patterns, (b} and (c), for [001] gibbsite were ac-
quired by imaging plate and film with the same recording condition, respectively. The figure (b) was reprinted with permission from Elsevier [see

Note].

0min

| min 120 min

Fig. 4. A series of electron diffraction patterns to represent the structural change from [001] gibbsite to a transitional phase as a function of elec-
tron beam irradiation time. The diffraction patterns in the rows of (a)-(d) and (e)-(h) were acquired by film and imaging plate with the same re-
cording condition, respectively. The figures, (¢) and (h) were reprinted with permission from Elsevier [see Note].
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ing plate®} Dol 712 AR 2L S =

A3 el Al=H(Cat. No. 10093, Emnest F. Fullam, Inc.)& &
g3led o AFzANAM Al AlHY HHIHE 7158 F
olg BA 71Foz Algter AYPH BAAE &3l W
7} Al 234 9xk& 0.5% 502 FFYrHKim & Kim,
2003).

Zn g ma

Gibbsite A 8.9] A} ¥ 2ALe] oj3t Aol AAE &
43} AA 9] £x9} Al ofo]& 9 FFo Aujd FAe| 9
Z310y, Az} Wle] Aol uie} whe g4}, w7 g
9 v 2R 4 gAz FEHe] AsPF(Wang et
al., 1998; Kim et al., 2008). |2 A A o] A7} TR =
o] 8- gibbsite?] ZA} ?&i—‘?—‘éﬁ 7]218}c} (Saalfeld et al.,
1974). Gibbsite®] FZoll= Al 4 FHA2 FAH FA
z71e) Agclelz A= hydroxyl o] & (OHHEF} AH
2 | EA13e hydroxyl o] 2&0] glom o]5] Zilel
A= Mz gad 28w Az Wst o] AR Fe
B8] As2-2-2 radiolysis damageo]7] W] FUH
Az} ol A]e] Zafol] o&Esle] &hdl AFo] $AHoR

e Hioh geba) Ak 9 2l ojs) FHF gibbsite
o 7z 33r} ok we Lis HH o F, 4o

Hhe oo wiel FAE Fo Aol JIAgeR Bl
M2g Ho|AEo] HalHow JAHch o AT ¥
AA7re] He] b3 FE IAAE FAoR Yol
Z AA3AE Az J—Q b A 3 = o
wi7h wlg- =Ze] ZARE SR A FeEe] wiHr) o
B A s Agdoz &3 x| geow A FHel
LFE e At olgdl A A x| WEHE
A8 A wl$ G Al 2A} 2708 AHEER] 7
372 AE9 718 =3}z WA|ste{of gt Fig. 4o Az
W FAL AlZbol W} gibbsite2 B Heo] dFelpites
Hilsls FAE BoiFe 49 AXIA AmE e
gt 2l whe FAA Y A A wE Az E 7
Fol Higt 2L olv] Baslgr] W] & AHME
o}& o2 ¢& Holoh(Kim et al., 2008). w7t 715 w4
Zpolof wel Ve e A BF Rpolg Edkaat et Fig
49] (a)~(d)29 A EE Y& 7|5 Ao, (e)~(h)
49| FHA8LE imaging plate® 7|58 AFojct vl ¥
Az 2A} 276M 71 SEHRA7] dEe] e Hd JE
deox & Vet gley ujAEt F2 wEE el
Aui Yoo 7257 Qoid), okt A 2 A
o) 7%, Fig. 1ol viePd ube} Zrof, 7] 5w A of ‘%‘MX]
A} zAREFe] 0.1e7/um’ o]sto]7] wjio] HEo] H
¥ A3 dynamic range& ot o elch webA ol
we 7w Jz AREL Ygouk 7S £ oe

pan

r; 20 = o o rle
i

Fig. 5. Comparison of diffraction
patterns for a transition alumina ob-
tained after the electron beam irradia-
tion for 120 min. (a) Imaging plate
and (b) film were used as a recording
media at the same recording condi-
tion, respectively. Surface plots cor-
responding to each diffraction of (c)
and (d) are represented to show the
intensity distribution in three dimen-
sions. The figure (a) was reprinted
with permission from Elsevier [see
Note].
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Signal intensity (a.u.)

(220)y

Fig. 6. Diffracted beams correspond-
ing to (a) (220) and (b) (202) planes
of y-alumina, respectively. A intensi-
ty profile in the solid line marked in
(a) reveals the existence of ¢-alumi-
na as shown in (¢).

© Measured intensity

AR Eo|th & 7w
oAl AR zAlFE
38 s w3tz 2euelor & 34 ASel stz 1}
eyl Wl Al W 11z Alwe] Al Fx W A

55 71537] Hs Hgel
2?471] =l @A 71Esd Rl

A3 YA FAS Ags) & 4 9ok wbd imaging
plates Bl Hla} 2~3 orders -2 HA} W& AT 5
o= 2 (Fig. 1), Fig. 49] (e)~(h)Fell ehd nje} ko
Axp B ZAL A Zbe]| el WEshe Ko] 72 ARE P
8] " 3ot welA imaging plated] 7]15¥ 7p7ke] 3
WES A :4& 53 9893 A $AT Ao] dRu}
o] ¥ AIAFE AA 2AlE 42 v|lwd At
A 71 4 ¢)o} (Kim et al., Unpublished data).

o} 12087} gibbsiteol] M} W ZA1SHA H y-okzn]
v 712 o-dFurt FAES oW Algel] FU"
AA AAp vl zAEEES oF 2,400 x 10%e /nm’el| 33T}
Fig. 5o ale 2719 A}3)A #pge] H3 imaging plate
% 9F 715 Z2F4E vlmste] vep ok Imaging plate 2
7158 34288 74 (Fig 59 (a), $7439] A= 4
< Wedske 2 Mot HE83] vledEe] sz, AN o-
dFuhtel 2B -AdFu e WskRA g A g $A
5 oe AL A wbd gEoz 7159 Alwe
imaging platee]] ®]&}] spatial frequency 37} Zubdloe) o]
22 3 y-3Fuu gof o-dFete EAE FAY
wel 3z ARE sty glA 9} Imaging plate} 3
ol 7159 28] A A8 E Aoz HEsle A
Atz Well 284 3A 7t=2 225 Jeplid F 7|5 |
Az e A AR XelE ghwel vlwd 4= ST (Fig.

Reciprocal distance (a.u.)

5(c), (d)). Imaging plate®] 7% %3} W& A|9slxz 32
WEL A 715 23| o]z
A e A vuedsla gle wbd @8 = F9
34 Wlge] oln| 7|5 Z3FYT ¥ G| A E
< 7153HA R3] Wil Agtg
AeE @ 5 od AAR 98 7|5 A9 ST alu-
minum hydroxidesl] 8} A=A} W] ZA} AA o] F-E 53]
g AT AFAEAN A FAHY {7 I3oM BAE D
ATk A2 W FAbe] 28 gibbsitel #F Ho]A} §-U-Fn
vz Wiy A8 347 A7) 9lew (Kogure, 1999),
AR e HE Holite] o-UFriz Wity ¥ d
A= 9ok (Arami et al., 2007). o-g=uu}e] (214) @
(113)7el| a3l 32 HEL cubic spinel 725 2=
Aolduub4}e] (440)H (1.4A) 9 (4000 (2.1 A)oﬂ s
3= HAH HED A 27 i i 7S £31d A 2w
2x S TEE 4l gdouz A A 278 W
7] 4=} (Kim et al., 2008).

y-3Fuvke} 0-4Fu v cubic spinel Fx o) o] &
F27t ve A {110y Ee] uhs 2EHos zhgs)
o] Ael7} o] FeAlrt uletr sl 3)A WlEolA ulA)
& 3 Zl=e] Wl dAsHA Hez o-gFuive &
AE #lsr] A ol 3d WEe s wWie A
Moz FAHYE 4 glojok 3ttt Imaging plated] 7)=3
{110} =) s Fah= y-GFrvke] (2200 9 (202)H el
& 314 WEE Fig 69 ()9} (b)oll 22 ehligle) =5
715 237} HA ol IAE Wl F9o] o-LFt
{110} &4 Vepl = 34 7b=r} ubed=e] gle Ae &
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4> 9lc} Fig. 69 (a)oll A3 AlAel] B3t 3|4 7= pro-
fileS Fig. 62 (c)ol] el 7= profiled deconvo-
lutionshd 22l y-akFlt ool o-bFulo} EA g
RS 1 g 78T 4 8l °|A¥ imaging plate
o %9 APARE A3 o) el Aedshe F
2 34 HE9 7e wste A H A Y A=
9] F4eA s o] AdFnVMAFE A FAY
4 9l7) HEe BHow ou gl AR 2ANFE A
& 4 9Jo}(Kim et al., Unpublished data).

34 sl 2 W AL, 72 Wl A ARE
whedsls QA grom WiRE- 715 3y} dejur] wWE
o] Fz Mo &83}x ¢ki=t} Gibbsite?] A} ¥ A}
o &8 27 F2 W vhx| vAA} H AAH Bl
WA 18 ool x-dFulE Helr} o] FejFt y-dF
vz 727 uiRe BACA ol v A HE el
= 4 3A go] =3 o= Jeh A Hied 498 7S
A= o] whadsix] Fatoh(Fig. 7(2)). Zehvt o]t A
A k=] 31 ] Aol M= imaging plate: HRE F
AE] 7153 4+ o (Fig. 7(c)). ol imaging plate”} 2

Fig. 7. Transmitted beams recorded
by (a) film and (c) imaging plate at
the same acquisition condition, res-
pectively. The intensity contour maps
in (b) and (d) indicate how fine inten-
sity levels can be discriminated on
each transmitted beam of (a) and (c).

|'

AR} ZAF 240 QoI E BERo} 2~3 orders 2 A
A Hg YA oz 7158 4 9l7] dEo R (Fig. 1). BF
7} imaging plate2 £3} W& 7|53 A9 34 = £

£ contour map 2.2 t}A] Z¥3PH Fig. 79 (b)) (D)2
A7 deld 4 slek ol A= RE 9 vmg Fo, A
2 7}=e] 1 o8] A= imaging plate®] AR A+
gol AR Pl g AT F Jon, £ Am2y
B gibbsiteo] X y-&Fuvte HelEE 2] AN o
24nme] @9 FHYo] $AAHE Ae & 4 9l o]
A& 2AF A e] HHYAM hexagon Feo] AR 5%
FAe 7 AR A 5AA wste #A-F ] e
o] Bio| Wl mEsys £ Ade} ARsle e
=9]% oA o]} (Kim et al., Unpublished data). E-U 38 FA}
2N Foh U 1589 dge] Lo 2] 2
Hozuy| 7}3 WMol BB} imaging plate?] A
o] 718 x3=3F ¥|2F 4 Y A 23}, imaging plate
¥ Pgd vdl 51+15% A= ¢ S 23} vepd
9t} o)A FE 3} imaging plate7t2] A1¥ dynamic range
9] nj@e w&E3HA gojt= imaging plate2 7123 Az}
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313 ARl 715 Z3h A% 38 A 299 ul4 7
= 24 Pohise] BBl Wl ) o Spaloie AL W
o3,

A

rh

=4l A W 24} w7 B F9 shel gibbsite
(F-AI(OH);)9] A=} ¥l A} A o] ¢ Fel|A] imaging plate
712 Az A Rae A3 A ARE A F3 o
A& imaging plate7} ©h2 7]1% vjAEx} 53] 48
¥ 4% =9 A3 dynamic range 7t7] @ o). &
dAtlMe A Arr) d4- o0z Wlsiy, 314 Fher)
AAx oz depa 43 Az Az Hulz) o) s 2 A
el M, AF AAHH 475 98 715 WA =2 imaging
plate7} ZH= A%-& Aoz Hrlsigdct vl$ 2 A
A z2AF 27(<0.1e/umd)ellq FL8A A5 28 4
she} v]ws}elS- o, spatial frequency W9, & 3)d A u=
< imaging plate7} & v o] et w3}, 1 ov] A 7}
£9] %o % imaging plate7} AAfA oz Yo 2 x3}
=5 vehly] dfol 715 z37) dAs FdAele )
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