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BE. £AHK ASAGESEPHFA(UV-IL) &£ 2 in.Si/Si0, £ Ti/TiIN/Si,Sh,Tes(SST) $ LA BHE T F
BEH 3.8 M/In? 69 AMONIL 2844, 8t R B & F 247 2140 T A SST M5]; & 2 5 bk b B AR F
SST £ PCRAM #4477 SET/RESET 21/ £ 4.4 3048, 1-V ML A, A B4 1.18 V, b, B Ao #
XRD BAzpw it A F SST B L5 # E /LA, SST My 48 T K £ 200 C ~ 300 T,

%x 2
5325 TN305

#§: UV-IL;SST EEF ; PCRAM; FFH5 55T
SCERKRIRAD:A

1 3§

RZRIE Kohit BENS T EFHESERLLEE,
FA3E 7#4% 28 (phase change random access memory, PCRAM )i
FHANERS, REEREE, MAEHH(PCM) BEE
BRI - H SR L. LB EEREARRRE
B, RARTHRES FEBFRAGER S FAMEMT
BEROFRRAZEE M, REEFHRAFESH N BEN
BEERMASE, REFXBAES, FTUF TR EH
BREETERERAMKREOEE. WHEIED(UY
imprint lithography, UV-IL)EAR S LRI i E X BEH L
BEE CHENHEEFHEREH, AERES BER BE
& R+ —BHE S FRHMGSHRA0 -5, EFHRFH R IE
EMFEHMIRRERE, REXKNEF AL BT
RN T R H R, BARXMEARNMEEKFERLS nm,
Lee H % ABFT T UV-IL %1k Ge,SbyTes FIZREEH2), Yang
K-Y 2 ABFET UV-IL B4E Ge,ShyTes SBFEHIE), T
PR R E, Zhang T AU B SR, SiySh, Tes
(SST) H: Ge,Sb, Tes B EIF BB AR N AR EE EFEH
S5 E 1 0 58 A% 0 B £ F L Zhang Y ZAPVIRIE, i B
Shy Te; AL Ge,Sb, Tes HAXAA ERAMRILEEMERH
ESHE, XERR KB SiShTe M EHARER HEFHE
GRS, HiL, ZXHAE UV-IL fl&KERFHEE
¥HEL SST BE51, #155 PCRAM FF 6858 5T, RN EE 7 # 7E A1 41

W5 H 39 :2008-07-22; #£17 B A : 2008-08-20

A PCRAM FR IR RIKIE.
2 XE

UV-IL BI{EARZE# R SSTREFI T MBI A 1 iR,
HRERRES S0 (ZREE4 R ) AR R Rk
AT Ti, TiN #1 SST, B E 4 51 £ 100 nm, 40 nm #
150 nm,SST #HFF Si, Sh 1 Te ALMGT, REEHL P
B 100 nm EH W FE UV-IL B (HE 1a)o HEF IR
BB PR R R B RERGE , EED R B A Y
IR TS AR E AL 45 min /5 150 CTFBA 1 h, 7EER
SEMREHR—EZEL Teflon R K H AL LS FHE, UB
IR B S EORZ MMM A BEEREAR
HEPHITH, REEHSRERR—ZHE7H 380 nm
FSMNEEDEE AMONIL MMS4 (AMO, GmbH, #H), 10/ 1b,
REKEFMNENR OSSN E FaIR L 100 TR
1 minB/5, A 2 in. HEEME EVG620(EV Group, R H
Fl) ERBESNEEN T ¥, B0 ) FIR L 8T 8] 42 514 70 kPa
#1300 s, 200 1c 01 1d, FEED/E , AR A % F %) (RIE) {4k
TZEAEZRREKR, AEHARTEKKZIM W, SST #
TiN B,/ 1e f 1f Fi/R, LR MS-350(ROTH & RAU,
#mE) L#T,

IR R SST A5 Hiy A8 40 A8 £ 0 R 1 B STHRIE R+
EAR PCRAM 775 82 70 By H3 2 ¢ ¥ 43 B3 i XRD(X Pert
PRO MPD, Panalytical, i % ) #1 SEM (S-4800, Hitachi, H )
AR Bk 55 & 4 28 (Agilent 81104A)KR1E.

BE4TE  BREARER R R BN H (2007CB935400) ; LT B R E R SBH A BT DY BIA B (06520m052;
0752nm013;0752nm014) ; FiH 8+ /E B AR ESWHT H (07R214204) ; P EIB /SR 3 2 2 W BN B (20070420105)
B EB1968 - ), B RIFE A, BIEEE, B 1, NBEHAIN TEA REEME FRFFHONANE.

* EiREE



6 oI AR

2008 4F

SSTRER T

e ERARE 1
B 1 UV-IL §i4E pCM BRI BT EE
3 £R5ite

3.1 PCM SST Ry4BEEiEE
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SAEARHE A S, B 2 (b e RA  TER (T
XRD hntitaeh , 3 SES SST #FHE 200 CUUT A AR
A B BER ETE, PR B B A8 2 R ARt
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3000
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AN . TR ANETE T B R Ay sk
AR, (5] B 0 10 L B0 1k A Bk 2 o e R A7 4 S S R ER S
(AMONIL) e e 3 MU B A0 i TAERE ok AR E
ERCR R AR SRR W R EDRUR R A T B R
E R R B Tl A R LUR R A R
1 FHEER i P AR S H 5 R B R TR I He 7 FE LY B
(ERERR S FEEPREST S (RRAD) B MR TR M 5 A A G, T e
FEENRIRR IR A 2B AR M R T RE, LI E B E,
| RASMEA A AL A AR (E 3) EE R
BB S R A B, R SRS, 448 T 45k
Wi BT RTHE R E T R E B S e R
HRIEES], M 4 FTR B R SHREEI R0 s BT, SR
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B RmaE AR T AR TR R R S S
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EEPRE S RIEG A SEGEREAZN—TEER
T ERRERAFIER S8 T B EER
ENCHEE, Hit, A ERENRE S EREGNTA—1
(RAE. XRAET L, NEBEEEE TR ELE2ERT
AMONIL 2812 ; Fi & CF R SESIEMNRLAER
WET LIt B M B, ML TVTIN Bl 2 FRIB TR

_ LIS SRR SST AR 5 iR,

ATz EFHERR ™ E RS R T
— Bt , Bt 2SS B xR R AR A s Ak 2l bk
TZ BRHETEBSEME, BT MES G, & 6af
6b 4r 51 0, i B M4t HThE S AMONIL. CF, i f#*f SST
1 AMONIL flZl# 2

RE AFM (B 2)#0 SEM (B 3 fE 4) WE, B,
AMONIL 1 SST BREF| B TTHFIE R ~F ¥9( (25 R FE5) 4
1% 10.2 pm(S).9.6 pm (R) # 9.4 pm(E), BE7 % i
3.8 M/In? JFE., UV-IL HESEE J,(J,=(1- IR-51/8) x
1009 )4 94% , %2 B T R 4b 20 70 B ) e 2 T ) B v 221
PRI J.(J.=(1-1E-RI/R) x100%)K 97% 8%
BTAmEFAREEEFEERWE., XRVESENLEN
HEFREARVBAFHERHELT ,SST BEF £Taon L
WE(J=J,x J)BE2% EEERREERMENEESLE
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J SST EF5I#950 PCRAM F 8 80T, 3l daE kR
R, B 7 PAYEEE 100 um® (9 SST FFHEHLTT
FHrEE, FTRESHMERE T LRMZIHE, 5%
REFESHTT -V ERE, B 7 Mg AR, FHRT
I-VERFEHLE, & WL E 2 6] 2 AT i B 52
A SR RS e, RIE T RAFAREE
.

REHE(HEAR)ESIEFHESEERLH—TER
{547, KWl i o8 M 55 Bk 3 (R-Tyeser ) FrHE T LARAE, 3R
HHAMFHATHEMEERT (0 V) BEZHEMAAE
Bkob, 3F ENEHEBUER BB, 18 8] R-TresprFrtE TR 0B 8 F7
77, VA B Bt o Bk b 6 BE R 8 A 1O T B Bk o 9 FE A 3
i, £ FetizE PCM KSR AREZHHE N, 4 PCM K
SR A S BUSE 2 |, 3 B B ohRESEaT &) 3R 2 R
RS, LB T PCM NSRBI ERMEE, TRT
RESET 7, RIME R-TopprME LR HH T EEFEA
£, FFRBEEAE AT 30 5, 3F B0 B ELE 18 kO A
600 O A4, AT AR L EEERN AL AEH
(B, WEIZEEIZEEE & 100 ns 5 R 7F G 52 70 {5 BEL 21 5 PR
REHTHRERNDTEE  XERHEABREZNFTESH 2
PCRAMAEfE B TTEH HREMMEBERFNSRITHLES

159%10°V, 92% 107 A) 5
P

LR/ V
B7 VR GEER SST Ef s iRE)

& EAEHENGREEE KBRS GZEETHE.

[ EE , % i B0, TC s A 78 0 8, 44 o o e B B
i B e AR e B, 16 B P S K R R-Tepr 1R
%, fE6 VHHERNERT, MilE R WA 9 BiR, B R-
ToprMZZ T W, SHk b AL 155 ns B, MR B T EHZE
A S AR, XRE N JERE RN BT
18, B F AR (] A, JERHs L T B2 [6] PCM A4
SIBEELA b BEF KRR, POM KRB SRR E AN N, 2
BRI —E B E FRARERZ MM PCY B4 RIRE
Z EEAREZT 3 Bk s R (a] 2 AR IE @A AT
PCM LI T RBIZ RAvSL, TR BB N
kP %, AT SET &8, RIALE R-TorhZk B AT 2
HTBEAS MR RIRE A 155 ns REFHE P TN EE
BUEFREHTEMRERMEE, XERERBEENEE
8, H N EHE AT # (SET)S (RESET ) 8 tE R R E K )
#& PCRAM WA BB IR,

Wiz T SST EHIERL/E | 2 i fin 88 B2 2 3 m )
o 1 5 S 30 77 B B T X6t T ) o, 3, 3 1T 4 L G {E M 3
(1) MBESRE(V,). BTREZEMESSBELIFHE
TCH AR RE R hn , 4 IR 4R (O 2R BB (E 75 SST S TTREH
HWEISREEZ PSR T, PCM SST S8 T AIAE&
FIE BT SIET HAMENEFTL, RITE -V FFit
gk EMI BT AR SRR ML, E 10 iR, fET
R EFEBENEEFSIAT 1.18 VG, Fd MR E R %
PRI\ 96 pA BRERE] 1.5 mA, RIAFEAEEAICH 1,7 Vi 8IR
96 pA F11.18 Vo, T4+ BRH SST FERIIFEA TR HERER 25

XE SET EmIE AT -V ity v, REEEE
-V SR b e I A SR AR A 4 8 L FEE 200 ms HUFEZEAS
Z T R-TepriBfEPIEMA R B EE S MM ES. B
4,1V Bl (F S0 SST BT B— a2, #
RRBUREH A T/ F R-TserF I SET BEE,
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A CERE PCRAM FF & 61 Y1 5 35 i ) K T BUE 31
& XA, B AL R i A RRPEM TR
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THREATHRARUBTENTEHETESIAXEEART (4] Ito T, Okazaki S.Pushing the limits of lithography [J].
FE2in.Si E TINTi BRELHET 3.8 M/In® PCM Science, 2000,406:1027 - 1031.
SST %Y, 3418 T SST-PCRAM FFEE iy fRiZ123h88,  [5] Lee J J,Choi K B,Kim G H, et al. The UV-nanoimprint
2 SST-PCRAM BT F R RH T LRIKE, HREN . XL lithography equipment with multi-head imprinting unit for
IR RSN R LTSRN —RERE sub-50 nm half-pitch patterns [ J] . Microelectronic
B, MH,SEREPZIE T E SR E S REET] Engineering, 2007, (84) :963 - 966..
R~ G, USSR T B B AN [6] Yang K Y,Hong S H,Kim D K,et al. Patterning of Ge;Sb; Tes
KRREFER GBI EER, phase change material using UV nano-imprint lithography
[J]. Microelectronic Engineering,2007,84:21 - 24.
BEH: [7] Zhang T,SongZ T,Rao F,et al. High speed chalco-genide
[1] ChouS Y,Kelmel C. Ultrafast and direct imprint of nano- random access memory based on Si;Sb,Tes[J].Jpn J Appl
structures in silicon[ J] . Nature, 2002, 417 (20): 835 - Phys,2007,46(11):1247 - 249,
838. [8] Zhang T,Cheng Y, Song Z T,et al. Comparison of the
[2] Lee H, Hong SH, Yang K Y, et al . Fabrication of crystallization of Ge-Sb-Te g,nd Si-Sb-Te in a constant-
Ge;Sh, Tes based PRAM device at 60 nm scale by using temperature annealing process [ J] .Scripta Materialia,
UV nanoimprint lithography[J 1. Microelectronic Engine- 2008,58:977 - 980.
ering,2007,84:573 - 576. [9] Zhang Y,Feng J,Zhang Z F,et al. Characteristics of Si-
(3] ChouS Y,Krass P R,Renstrom P J .Imprint lithog-raphy with doped Sh, Te; thin films for phase-change random access
25-nanometer resolution[ J] . Science, 1996,272:85 - 87. memory[ J]. Appl Surf Sci,2008,10:1016 - 1020.

Fabrication of Phase Change Materials Large Area
Array by Using UV Imprint Lithography

LIU Yan-bo'', NIU Xiao-ming', SONG Zhi-tang?, MIN Guo-quan', WAN Yong-zhong',
ZHANG Jing',ZHOU Wei-min''?, LI Xiao-li',ZHANG Ting?,ZHANG Jian-ping'
(1. Laboratory of Nano-technology, Shanghai Nanotechnology Promotion Center, Shanghai 200237, China;
2. Laboratory of Nano-technology,Shanghai Institute of Microsystem and Information
Technology, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract; The Si;Sb, Tes(SST) array was fabricated by UV-imprint lithography (UV-IL) instead of optical lithography and PCRAM
memory cell with 18M/Inch? was constructed, the array is the size of 2 inches. Memory switching from high resistance state to low
resistance state has been achieved, with a resistance ratio of 30 has been achieved. In typical I-V curve, display threshold voltage to be
1.18 V. Structural transformation of SST film in heating process was in situ studied by means of time-resolved X-ray diffraction. This
shows that the SST material phase change occurred in the range of 200 °C ~300 C.

Key words: UV - IL; SST array; PCRAM; memory cell
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Microscope, Measurement, Microfabrication & Equipment

Fe BV A 1l 3 B8 03 25 152 S1Sb, Tes ZEAHAE A 1% F% 5]

X F4a0, REA, REXL ABRK,
g‘& %1’ }K &2, 7-7-7‘k‘1719 é’\]‘ﬁ’ﬁq’ g&@]_“zl
. LT AAMREALEEREPS BARIERAERE, LF  200237;
2. PEMFR LERAGALEEZEBEARAFALAN HEARRAMLE, £H  200050)

BE: RAKAL, BREDEFRAZATHSEAREAMSE (PCRAM) AiHs ¢4 &,
F & # Si,Sb,Te; (SST) #7#tH 85 4 G bit/inch? A4 5, AHLEALGRHA 0.04 ym’®; # A
SEM 2] /& ¥p 35 73 69 6 5 B B % M5 A B &I 4k B 8 SST A i3], R EASNHH AR H A —
sb, BEAKERTH I BAFALN DT 6nm; #M AFMART SST A LW [V 4k,
RELEH1.56V, &, KLEAMETHALHIAKER, FRLERAAT SST HHHRE
R AE PCRAMEG A P& AN,

K@ KA HEAMEARERS; SiSh,Tes AHEL; AL ()5 A
RESEES. TN305 XERIAM: A XEHFS: 1671-4776 (2009) 01-0045-05

Si,Sh,Te; Based Ultra-High-Density
PCRAM Arrays Fabricated by UV-IL

Liu Yanbo'?, Min Guoquan', Song Zhitang’, Zhou Weimin',
Zhang Jing', Zhang Ting’, Wan Yongzhong', Li Xiaoli', Zhang Jianpirg'
(1. Laboratory of Nano-Technology, Shanghai Nanotechnology Promotion Center, Shanghai 200237, China;
2. Laboratory of Nano-Technology, Shanghai Institute of Microsystem and Information Technology ,
Chinese Academy of Sciences, Shanghai 200050, China)

Abstract; High-density phase change material arrays fabricated by a low cost and high efficient
method were considered to be able to speed up research and development of the phase change ran-
dom access memory (PCRAM), which was characteristic of low-voltage, low-power, fast read-
ing/writing, The Si;Sb, Tes (SST) based PCRAM array with density of 4 Gbit/inch? was fabri-
cated by UV-imprint lithography (UV-IL), the PCRAM cell was with size of 0, 04 ym?. Dimen-~
sion stability of the array cell was analyzed with SEM, in each case, the 3¢ values was less than
6 nm. Due to ‘the small size of PCRAM cell, IV performance was measured by a conductive
nano-tip on an atomic fore microscope and the typical IV curve of the cells was with a threshold
voltage of 1. 56 V. The resistance contrast of high-resistance state and low-resistance state is
more than two orders according to the -V curve. The results show that the SST and UV-IL have
potential enormous application in the low-voltage, high-speed PCRAM chip.

WAEH: 2008-09-09

ZEWH: BREAHEFRUHURHTME (2007CBI35400); L@HAF AR (06520m052, 07520m013, 0752nm014); L ¥ 18
+E%ES (07R214204); PEM IS XS (20070420105)

E-mail: liuyanbo@snpc. org. cn
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MBS EFRANEATE XK SiSbTe, £ K5 5 B A

Key words: UV-imprint lithography (UV = IL); high-density phase change random access mem-
ory (PCRAM) arrays; Si;Sb,Te; (SST) memory cell; standard deviation (g); phase change

EEACC: 7360P; 8130H

0 3

HAZFFE2% (PCRAM) EEFR¥EFHERHSHEL
BET-REGEFHEBSEENRE, BLFIAA
4% FLASH GRATRAN T—REANIEER
FRERZUY, BRRE,. KIHE, BF. &
EHEEERGELLER, PCRAMBYREFX
Fhe. ERESH, DBAHERE. REHEeE
FERE., KPHaE (PCM) HE RS —
teHl & 25 E PCRAM £ BRI R — KRR E,

EFMHERFE, —LEELENHEAN
Ge,Sb,Tes IR R B M ZM HEE L B R B, W0
Si,Sb,Tes. T. Zhang % 2% EU-* ) BF 5% & 9,
Si,Sb, Te; (SST) L Ge,Sh; Tes A& EiF A5 $E
GROABESE, EXNRTRENERGBES
Wi Y.Zhang Z¥EPHIEHT Sidk Sb,Te, ¥
it Ge,Sb, Te; MIRAH EMABHLREMER
R ARME, & THE{E PCRAM {44 RESET
B, XERBER S SiShTe IR AR ERTE
FEUE R EERS.

EHBGERTF LI E, FERTE/XMT
TZERBEBE. YBHEHEA om REJF,

i

RAEFREE. REEFRAEBRESFFAY
MM THARMFRRA 2B M, RHRFH A
FEMHBERBERAESE BEAFLAEELE
B, TH MBI ESNER (UV-IL) AR LA
ERXERERFLEH, A#BEHHESEHERS
W, BARARE. HER. HES. R+T—H#ES
FEHOESHET, HEBRFHBIFEERN
FRELEHNARTEEFRABEEENERREZ
—., H.Lee £ X" HH UV-IIL £ SiZEHE £
Hill & T MZRLH Ge,Sb, Tes PCRAM E#, K%
60 nm; K. Y. Yang 201 Si & FHET
Ge,Sb,Tes s, /MRt 200 nm, HETZHEAR
BARR, BREKFLHAS nm,

AR UV-IL HA % Si,Sb, Te;-PCRAM
MEEFEES, ATRIEFE R T8, B
BEESEFERA, BRESE. RAst, ETLUH
BRSNS L BISE/MERE . NED)REH
B K. 3R T 25 b 2 F1 8 % E PCRAM
FREAAEEEXL,

1 % B
UV-IL it SST BEFIMAE MM 1 i,
DAL

I

i ‘-‘.Pﬁ ‘7“ ii4 " 3
e

HE
(e) UV-NIL

(e) ZBRBRERE

H1 UV-IL $i4E SST P B &R
Fig.1 Schematic of 35T array fabricated by UV-IL
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HNEEE: EOEANEEHEK SiSh,Te, EAHEFHEF

W% Si % SiO, (ZAREMEER, BHE
500 nm) R 8 £ 8&4 E R UIAR Ti. TiN,
SST A TiN, JEHEE4513% 100, 10, 20, 10 nm,
HeEB1 ) FIrRgES, RETNRZEATING
SST HH BA M TR RH 5.

EENRT, o5 S BEAERRREE R
—BeF R = RS (silane. 1H. 1H, 2H,
2H-perfluorodecyltrichlorosilane (CF, — (CF;), —
(CH,), - SiCy), FDTS) HA¥MK. BB
BEXHE N, RPNFERAAMRT.

BEUERGERER-ERANATHLE; &
5. WEW % 4 FE B0 B8 AMONIL MMS4 (AMO,
GmbH, f#E) 230 nm, WA 1 (b), BEESH
MEPBEA R HEFEMARE 100 CHM
1min, /G, A1%T (2.5em) AEBERE
EVG620 (EV Group, Ri#F]) 58 B % 7 KEED
I &, EepAf fugead@Esy 5 h 60 kPa, 100 s,
mE1 (c). (d).

EEjE, ARME T (RIE) RETZH
AERBREK, AEAAELEKKZ M TN,
SST. TiNE, @1 (e). ) Fim, ERE
MS-350 (ROTH & RAU, #E) Fi#47.

B EAEE R BT E R T MR TH
V¥4 513852 SEM (S-4800, Hitachi, H#)
# NTEGRA Prima SPM (NT-MDT, &% #) i#
TRIE,

2 ZRMR

21 EFHmMT
ERdBRFEREMSENREFZR. FE
RE, BERRSEHRRSE (B BEH IR
K, BB RAERE, BT LUE BTG HS % G AR
HRERELAB/ DM L TE,

FRAFDTS MG HAELER (AE 2 (a)
EHBENERSENRTELHE, BEH BB
AL, KB THEWTE. %MK AMONIL
MMS4 #EFIMAE 2 (b) iR, LRERTEH A
SHAREERMALEEEER (SAM) SF[E
BT AHREARARERGERTRE, KRB/ TH
WSz A TR, AR T R HE
MM, Bob, BWEAKBARREAREMAS

2009% 1 4

BOMABIBATUVHERER, XS RIET
Ak FDTS 4y A B, B4 52 %M MMS4
B, REABAR T ZARRES 7R RS
RS R A BB . MMS4 B 5 % 1 % 4.
ERABRGRATEDNRRM T LA RE.

(b) AMONIL MM54

000000

coZo 8o
afiafiulizfelia]

(c) SST
M2 WEEEF SEMER
Fig.2 SEM images of high-density array

FEENR % 6 2 RN 2 51 %ot ez e —A4
BEXH, REXLERRER, HRIEFLHH
IZEMB¥HEBRELNEE, AL, ARERE
HEREEREGMIH - XBEE. TRA
C,/Ar RESE THARAKZMBITZ, 2
10 nm, 524 %K T AMONIL MMS4 REE. 3t
WEMBSS AR (CF./0, 1 CF,/Ar) % RIE
AMSEBEABRRIET HBRE, BEE Ti/
TiN 834% 2 F 278 T 4 Gbit/inch? 8B & SST
AEEME2 (o) iR,

SEM MRERIHIH . MMS4 71 SST BEF) 3 04
ERTHEMI FIREE (30) 250 208. 7,
4,7 nm, 195.4.5.0 nm, 209.7.5.5 nm, F#Y
550 EHR . MMS4 #1 SST K% oh ¥ 51 446 B9

ek THAFOEEIR 47



MEES: EGHARNEEREN SiShTe, BHEFHES

5 AREERKBAARRGEIMAR 25 (5X5) NMETT
$EER T4 SEM P2, W& 1, 3o EHH/PF6
nm, L03FFRERIC A B — B,

£1 HERTHRERE
Table 1 Summary of the measured values of the

critical dimension

BAMTHERT/om BMI BAM HE ] 3a

£ 206 214 208.7 1.568 4.705
MMS4 192 199 195.4 1.660 4.980
SST 204 215 209.7 1,837 5.513

gREmRENREL. HBREEURAMRT
LEREBSUMSHFER T, Hilk, #%iL
EE . wh# TZH 98— 5 R I7 S RES 49 in T
BEf—8tk.
22 SST-PCRAM TFff 8T B2 451E
PCRAM T H/RAEATHEMBEERS
MZ Az &AM AT, #FAMZESRES
ArhEAL RSN KR HECRE LK.
it 1 GO 7 TR EE R ~F 4 209. 7 nm, A
% 400 nm, B]7E AFM & FFIH S @ AKEEH
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