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BB % F PRAM # GeSbTe &4 40 K A %
Y i 05 A ML ¥ X B

F/FEIF (L. B Kpaagaz, T THRE

HAEREYIE6E8 (PRAD BERER. MEE. MRS, EFERRE
B, BIAARBRATTRERNEN T —RF R AR . PRAEIGeSbTeZ K
MR RIA BIFF 6 H i), GeSbTefI4H 2R B 5 1 BIPRAMRI R B . DIFER (R R
HXEtR, X HBTHARFTEERN AN EREASX— KB AR TN,

BRSO TTRE R — R ARSI £ 5%, AREMMNS, B 6ST
LHEEREAOHE LR EHAEMSER. XXM T PLD BAMF GST
EHWATHEREENH&ESE . FRRAKPBOCUTR 5w LA AR S %
GST . Hl&HRIPER, XML, REHIH, Bite HREESHE
BEHITHAE, RMMERREAZERSHRAOAEL, FREHENEN. RN,
MR T & oL B MBS KRN, RIABOCRE RN PE—KRBSH
ERSEREREN GST HREAFERNSEREE ., MBCLRETREERT
BEKEAFF GST M4 & HEFET a5 BOks B RS, dRmat
FIRGERBE L EMAAT X,

BHfidK—ER PR BN —MEKEE. £, B, BBRETEHE
R ER KK PRAM 'S8, MAXERNMET H—FHEBFAB RN
FE AR, SRENRBR—FEEMT & ST AR, BT
Bl H—AHERE T RLEE, N\TIRE T PRAM EREIFET HRFFRHE.
%t Cu-GST 4k XRD 4+ #7RHL, 7E GST [RA K fec/hex LRFFAZRKIFRS, HH K
FAHETE . RARENFERNFEBRES FEHFNRFAUEWHER. HTHR
B EYRERTREME SR EFHT§, BNERETRULEMRNE
FPRERE, ITIES GST FRPHERMEIN, — e AR T HEER RN

MR RARS BRI 6, A CKARMBHENERHEI T
GST LA A B 4 6ST KM ILiE . 8T GST 45 miti2+ 2 5 538 KET A%




MR RER TR

%, R EAL B PR IRIE RIS T GST B2 ¥ JMAK %5 5 R 3, T8 Ge,SbyTes
BRI BIERE D 2.11 £ 0.18 eV, Avrami RE n b F 2 3 4 ZfE]. NBRLUE
Ge,Sb,Tes KRB RERINZE K 2.88 £0.27 eV, Avrami Z¥LTF 1.5 5 2 Z
. BT EAETURBHERER. 4R ER Ge,Sh.Te; M1 N-Ge,Sb.Tes H Y
HERESZHHR. E—NSRKBEFXRIEE « UE, ENHEFERE
T, THIETPHEITUFR o =0, -(0, -0,)exp(-kt") XF. FREET

HBIATE ST & RFAKIRE, RUEBR/E GST BAHZEIEREIE M, Avrami
AN, HERTRESEBRE5EM ST SRBMEREBAERRELY
FEAS T UK R FY BA X,

RER—GHERNE, BARMEEH. RIENEZHNERFR. £XH
e T WRERGSTHERKATITH . $Fa iR E . FAEFMAFOE KR
R LRIGSTHEBER ¥ 3T TR, RIAERGSTHEEZRT400
FEARSEPMERFHA AR, PLERIEA L1008 2005 2 16, P20 FiEfr
FE250 F350 B 2 1], T X foc i MIGSTH AL I#AT W FEMIAR PLIERHIL, XY
BB hex & HMGSTHBLRT AN E, P1. P2EIANHEL, {REAP1ES5GST
B3R BAEBIL T AR (amo. —fce) HRF R MP2E5GSTHRMISLITHEEIANT
# (fec —hex) HEH R, TRRH, PIERP2EMABEMFEEEL X,
AKissinger kAR . MB TPUEP2ERT NI RE. R LREREKH, GSTHE
SREAHHEIRTHERRRQ ®= Q' (=)HQ' (<) Q'(O)lexp(-t/ 1), #
AT R — KA 208 1A GSTHE A AT R 3T, Kt — S RIT
TT—EE.

KR GeSbTe &€, Bk, A, BAHECIR
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THESIS: Study on the phase change of GeSbTe alloy used in PRAM

SPECIALIZATION: Physics
POSTGRADUATE: Hu dazhi
MENTOR: Professor Jinsong Zhu and Member of the Chinese Academy

Science Yening Wang

Phase-change random access memory (PRAM) is a new non-volatility, high speed
and Integration memory. Its development is fast and could be used to substitute
FLASH. PRAM is based on the high difference in electrical properties between the
amorphous and crystalline phases of GeSbTe alloy films. Therefore, In PRAM, the
performance of memory cell is largely determined by the properties of GeSbTe alloy.
And it is important to study the kinetics of phase change in GeSbTe. It is just the
purpose of our work.

Pulse laser deposition (PLD) is a familiar method in film preparation. However,
in the preparation of phase change films, it is never used by other investigator. In this
thesis, we analyzed the feasibility of using PLD to deposit amorphous GST film and
the fit parameter of the technique. The result shows that PLD also is a feasible
method to prepare GST film. The samples prepared by PLD were no obvious
different than those prepared by other technique in micro-configuration, surface
morphology, electric properties and the temperature of phase change. Meanwhile, we
studied the effect of laser energy on the structure and properties of GST, and found
that the effect is ignorable. The amorphous GST films prepared by fit laser energy
have the highest speed of crystallization, and too low or too high laser energy would
depress the crystallization of amorphous GST. The micro-grain induced by high
laser energy and the incomplete cauterization due to low laser energy was used to
explain the case.

The high writing current is all alone an important problem in PRAM. Therefore, O,
N and Si etc were used to dope into phase change Medias. In this thesis, we
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introduced another doping, Cu doping. We found that Cu doping would increase the
resistance of crystalline GST which is helpful to reduce the writing current of PRAM.
Meanwhile, the crystallization temperature of Cu-doping Ge;Sb,Tes increased with
the increasing Cu doping content. XRD shows that Cu will lead to produces new
compounds. These new compounds could be responsible for the increasing of the
crystallization temperature because the new compounds make the total diffusion
distance for crystallization become longer and therefore increase crystallization
temperature of GST. Moreover, the new compounds change the resistivity of GST thin
film.

An electric resistance measurement was used to study the crystallization process
of Ge,Sb;Tes (GST) and N-doped Ge,SbyTes (N-GST) films. The relation between
conductivity and annealing time was investigated and the crystallization parameters
were determined directly by resistance measurement during isothermal
crystallization process in the amorphous GST and the N-GST films. This work adds
the information got by resistance measurement. The results show that the

crystallization processes in both GST and N-GST films are layer by layer. Their
conductivities satisfy the equation, o =0,—(0,—0,)exp(-kt") after time T,

where 1 is a temperature-dependent time in the process of crystallization. The
activation energy for crystallization of amorphous GST films was 2.11+0.18 eV and
the Avrami coefficient was between 2 to 4, And after N doping the Avrami
coefficient decreased, while the activation energy increased. Possible reason was
given to explain the observed results.

In addition, we analyzed the feasible, feature and advantage of using an
audio-frequency mechanical spectroscopy system to investigate the internal friction
of GST. And found two peak of internal friction in the process of annealing the
amorphous GST film to 400 °C. The first (P1) is between 100 °C to 200°C and the
other (P2) is between 250 °C to 350 °C. Annealing a crystalline GST film with fcc
structure only observed the P2 peak, and annealing a crystalline GST film with hex

structure didnot observe any peak of internal friction, which means that the P1 is due
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to the phase change between amorphous and fcc while the P2 is due to the phase
change between fcc and hex. Moreover, the position of P1 and P2 peak were affected
by the velocity of annealing. It meets the Kissinger equation. Otherwise, when the
amorphous GST film was isothermal annealed, its internal friction meets the
equation: Q'(t) = QN (w)+[Q(0)- Q(0)]exp(-t/1). To our knowledge, our work is
the earliest report about using internal friction to investigate the phase change of

GeSbTe alloy, and offers a basic for further study.

Keywords: GeSbTe alloys, Doping, Phase change, Pulse laser deposition
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B 1950 4510 Sk BB Wit E—& BEFEEFIIEERTHE L EDVAC
DAk, HENMEFEVE K CEKBEERITFFEERNRE. TERFESR
MHEBEX, BKAE. DARENF, 2007 E£MHMER 1169. 7 ZART,
WKIERILE 37.6%. SR, FMBANNHASAMULERTHEN, REH
TR mEN. mp3. HEHVAHFERIEH LB AEROMER. &£
BAIXAE PC IR, FHESE EREEXITHIE, BFEERFEEATHE
k. EAEES, REBEATANEMLRE: DRAMEERERAFERNE, &
KR T EELTERE, BLEEBFEHE. BNEBsIFHERE LERAR
ATz K 2 INFF FLASH,

ETEME (floating gate) MNFRFAEE. KINFE. ERAAEKL
. EREMBAET/HE: D NENEERAER, HREEE. MEHt
DRAM (Dynamic Random Access Memory) k8%, EAR B AKBMTE 1us £4;
2) WAEMBRS BEIIRE, BT FMENERRE, RFFNRT5E IR R e
F32mm(1]; 3) fEAEER, HFEKR; ETXEHEARRE, M7 FLASH R
WET—RIEERMMIEHSBOESR. Eik, BarttR ELFREHETIT
W E3k4n IBM. Intel. Samsung. ST Z#B7EFK FLASH HRIBABIA,

B AR HAIRIAROFTREEBRAREIEFT KR AEILFMES
(Ferroelectric Random Access Memory, FeRAM). BEfTFENIFME2E (Magnetic
Random Access Memory , MRAM). LA RAHZEBENIFE44%% (Phase change Random
Access Memory, PRAM E¢ PCRAM) %,

FeRAM 4k B B HL7Z % 28 7] F R b KL EE B 3 A B, R ERIIE SR AR AL
Y625 1 A0 0 RGBT 68, CHERERATELL, tBATER DRM
—HEREMERIE, RIESHRME. RBEFEBEAREER, BH RAM —FE
, EEIHIRIK, FFFEM E2PROM IR K BN IR B E R . (E52 8k el M k4
P2y, FRAMAE BRI G REMRE. 55, REEESHORERES
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BE 2 kB AR B R RE RO/ TR,  ELERF 1T-1C 5R 2T-2C S54RI T E/RFF
tEFEERS, ATEREENER2],

MRAM REFTRENLAERE 38 2 B K& (Infineon) 5 IBM P 2 RIAF & H)—FF
F P RETT SRAE SR I FEE N . MRAM B IREUR &, ViR EEHRILAFERKR
W3R RIEE, B MRAM T 4 L 1bit MR ERERNFRNEE -G A%. B
FKATHEINA, MRAM A{UK R AR EEZEA S, 12 DRAM 5 SRAM BIEHF A
EHE, KACHBECHE—RERBENE. B2, —EPREHO MRAM
RERBIHINGEAERETHRST. REXCEANRSE, BITNFFERTHR
<t 0. 1&micro;m&sup2;, T 16M bit MRAM {5 H{UE ] 1. 42 &micro;m&sup2; .
55k, MRAM AR BB RMNA/PIEE. BE=EHETE2005F7H 22 H
HHANAYERESHETE%SHSETN “EEREEYFMES (NVRAMD
MIRERRK” RS L, MBRTHEEEREAERRKSIE. B,
GEERBNREERENFALATRULAXRER, BT ARELR
& RAM B\ EBREH o

AHAZBEHLA745 2% (PRAM) BV 2R 35 32 7 3 fa U 45 — 77 /% 28 (Ovonic unified
memory, OUM)., B #B3E#r% (Stanford Ovshinsky) 7E 1968 EXR T E—R K
FERAEHEEHRI, QTR GLEHE. —FUE, hERBERTET
MEBERHEEER: MEBESERERRAEE, BREERFRERES, K
B RARE 2R R R RO B E, FHib R RIERSE
BFHBRE “0” M “1” RIFMEIE. FR, AMIKX—FURAYRHFHE
PR, HAFESEETRBEHERNKITH, EtarshRHEN
MV H—AE 2% (OUM) . XE KA “0” M “17 KRFEREEHME
ERBSMETZ @A REIN, FUBERAMHEF#ES.

1 FLASH A Ltt, PRAM MRS S B EREBEM /DR~ E. PRAMAT “0”
“17 REIHERENERSZENHERTEY, XHHZEERAFLH
ns BATLASERR, HINERBE. 4 2007 ERERFRE BB ARIES (Intel
Developer Forum, IDF) bi%Z & i1 ® EHAR E Ed Doller $&Hi PRAM HE BAH 5
F FLASH 4 1000 &I e #E R LRI 1/2, HAMERBBEEARNER
BERANKTFHENBBREELE. “/% DRAM —HMPERMNE” ZXaiER
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BUTRATHEEERNEE. 5—FHE, PRAMERERE LRFEXKE
5. HERRHBT PRAM FIAFEAL T IE S AR SR # B HE R ZH 2 HRR
“0” F “17 o B LRV GBI /NRIA BLRET LUIE b 77 45 88 B0 — M
(bit) . ABRTE B A B IFHIMARFEM KL GeSb.Tes B, F AR/ A
JUAS nm[3-5]. Dong-Seok Suh & ¥i¥ Ge,Sh.Tes 4i/NE 10nm F54R AT LAILHY
Bl Btk R (5] . ANTELRRHI2RMEF, PRAM HIFGRERSMBR T AHAR 0%
MRS, EESEER, B RSTIRE BRE. BRTItHE AR
iRk, —ERE LRSI T PRAMERENRE. BR, LFTUEENE,
BEEMKBARNKE, X—AEGX07]m#. FHik, Intel £ 2006 F5 21
BIEHER L SHANEES LR “32nn UG RATEMENRA”. IEEH
FREERARAHEL, PRAM 5 —ANSEAE AT SRR B AT - PRAM IHIE T EMIRAT
MRTEHA. XREREES FETXN R RESTROBOEM T4,
ERAKRFAT E=RA. & 1.1 5T PRAM FIE /LA A8 ERELLER (6],

<33 SRAM DRAM FLASH MRAM | FeRAM | PRAR
R 50-80F | 612F -1 B 20F | >0F | 5-8F
5 k¥ 5 #H # 2 3 ”
B/i#AhN FR/RR | AR/FR | 10/FR | 10YFE | 102102 | 10%FRR
wige BARKYE | ¥ R Y | BUE | FeNY
Thi % % # % ik e
B/ W/ 8 f/ns 8/8/8 5075050 | 10%/10F-10%60 | 30/30/30 | 80/80/80 | 10/50/20
HCMOS A 32 ¥ By Ll ? LI 33
1 17 64 & % ;- & ] 3
A ;] & % ? # 3
P I1MRad | <50kRed | <30kRad I1MRad | 1MHad | 1MRad

k1.1 AT A4 EF € LA A48 S M AL LA [6]

PRAM E# “#£ DRAM F FLASH fE S F—SMH B FMEE A", BHTHER
e, BERSHMATHANTH. EZFNRAERARKNKAOBE.
Ovonyx AFZERFEES BT, BRERTIRZARRE T KHEIHIEH.
2005 45 B, IBM. # %% (Infineon) fl Macronix EAMBK A AAHRIF1E2E,
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IBM %7, HHE NIRRT 2010 E/5HEH . TIFEILZ AT Samsung 2 &) 3K73 Ovonyx
ATBBGHTIIR, BM 2004 LR, ZECSHEHT 64Mb T 256Mb HY
PRAM 3T 2006 5 9 A AFF /R T KA 90nm TEHIER 512M bit AHZRIFMEE.
2007 £E 10 A LS4 (Hynix Semiconductor) AFEM, HIZAFEIR
78 PRAM £ RFF & # Ovonyx EFIZAL, EXMAT|HARE TS X F 4 A PRAM
FERTIREE PR, EREHHFTANLTP, Intel REFH A, 2000 4,
R RFFOA N Ovonyx, M/E N IRV SEBFHIT PRAM OBFAR. EHF/R
BA4INY, 5 MRAM F0 FeRAM BiAR#HEL, Ovonic ZE—7FfiE (OUM), BIAEZRfEGE,
BENEHEESRE . BEFNEREESBERT -RIKAARZETSE 2
AEAFEMEPRMNRIEA “Alverstone” HEFERFEAER, XRFME
BTWRER LH—AEENERER. REFEHERENH LEMRTNEES
VR B AS AR B R Th AR S (B AR RSB EOR [ AL AL B AR SUE I T —2.

§1. 2 HHEFMHRIFEEFMSE

§1. 2 .1+ L 7FHEF ¥ (phase change memory materials)

A f74% 3% (phase change memory, PCRAM)iE % f#H] AgInSbTe (AIST).
GeSbTe (GST) ZFKW AW ELAFTEMEI[6]. XE UK GeSbTe £FFLL Ge.
Sb. Te ZF&BAMEHERFLERRMEE, —HH GeTe—Sb.Te, —JuHE,
1 Ge,Sh.Tess Ge,SbTern GeSh.Te: « Ge,SbiTes LA GeTe il Sb.Tes %,

AT — N RN A ESSMELSHEBHEN R E
EHRERNEN (—RAEE 2 ETAAKELR) [7-9]. FERSHOMHBFEMHR
HFETFHFERERF. BHBETEER. BGkE. BEA KR ENER;
i A KA R MR 2N EFHSKERF. REHETERE. R3S,
EBHST. BRSTER. HEFMHE PMARFAZMEHERSNERSARN R
REEERNER, W0, DRETIAFEE K. FASRHE EFZERHRTLH
SRVEMI A 456 (phase change disk) , T F HaBEL 2R b iy 22 5w LA SR AE
AER— T AH S RENL A RE 32 PRAM o BT B8 5 3 7 2 o 25 Y 48 — A7 0 2%
OUM. TCitRAZFEAEN A phase change disk ERAHEBENFi42% PRAM, H
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“07. “1” REHTAABMESEREREHMEL, HEZEALAENH
F . MBI LRE, MERFENHRRT, MHZEHEFEREPR%R B
% T HBCEERNREFAMER . HTFATRE ErRHEBTFE2E PRAM, &
SC B AR A AT VO .

A M ZEIFEM R, AgInSbTe EARZEMA HHAFFAIE S [10-12] 1
7£ PRAM 77 IR B9800 . B AT PRAM AEHIBIATEL R BE L #90 GeSbTe & F. W
GeTe-Sb,Te, {4 —JCL ) GST RIIBM AL & 1.1 RIb&E&RMAEE [13].
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B 1.1 GeTe-Sb,Te,th = T&440HE[13]

1 AT LA ¥ GeTe—Sb,Te; — T8k GeTe M HMZE, 45 8hRREEEHE,
Sh.Te, ) Z Bik%, FRIERABIK. XZHEN Ge. Sb Fl Te =M TH, Ge Ky
WREN AR IR B, A ATT JE, T Sb B(€4-93 BE, Te MIBXHILHEARRAE 12
BEL6]. G H R, 45 i BERAIPDEHES Sl R (8 AR A B2 - ShuTes RO%S



R R % PR

R BT 100 B, 7EEIMIFBE T, Sb.Te, JE S MEAR L T AR RA, XHH
TR T RCEBOR M) 9t AT AL B EE 4 44 (13] . GeTe HZE dbifm BEHFIT 200
BE, oAb SR At B4 i E RIS AR TR0 T/EEE . N/
BERUE, ARZEEGEAR BN XM B e E N TAEERRM T HNEE. B
1.2 R T GeTe-Sb,Te, f —Jt GST #)4 &, H Ge.Sb.Te, 45 MIRBEAE 140 2
A (REEEMFHRERE X)), FEAB TR IEREREZT 8 tFRE A
BIRREE A2 — 0 i [14] . RRNZAES RERR, 8w BULR
51 FRFEJL+ ns BIATSEK AL, ik, BRT%EINY Ge.Sb.Te FRikthRERLT,
B AR AR %

bl }'\
cee o\
SN
/ mA\ \ AN
' i/ /
g N
\ i .
m G“gﬂ. ti§5 \\ ‘?n / ‘ft&.\ \\K
L\ / Pk
c"sn?:’" \k‘ 1c,4." :z: ?\3““
i m' R
_ ?W / P \
':q'r"-'r:r*s"’r“ & wsa—;:"a"m S

A 1.2 GeTe-Sb,Te,th=st.494 dh[13]
EB Smw S ABH T GST 694 T8, & GST #94ahiBE

§1. 2 .2 Ge,Sh,Tes HIAAZE

i T H % HGe.Sh.Test R b FAERA, HREHBAKT10°Q/squ. R
PRI R . BRI AN (ARERMFHEERER), X
EASLTT B B 58 (Fm3m), MHASEGEREA2. 24£0. 1levZAEA (7,8, 14], BAHL
WEEMEFHETINEESR, XiAERI L FPEMPES Yanada®s AHIHT
5K,  JHETGeShTesfh A UL BINaCI B, s % Hafe0. 6nmA 4 [15] .
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WEL 35w, 4(a) I EEMETe 58, 4(b) AL EHCe40%, Sba0% iy /LERFEHL
518, BE0%BILRAZM. TUEH, GeShTekRARIERENRELEME
—FHTEO L A G (fec) o X T HI{EGe,SbaTes A R I 3E f 25 7T LAFE IR 46 i B
WA Gk, TEBRRMT: (1) 7EGeTe-Sh,Te &% EEUARMEFATELS
£ KBE B AT LA [ e e Ak AR BEP ;. (2) ERAHICeShTe R L R EFH K
ELIL T A BT, XRxHE S RAARRENEFIHHNESES
SRR, FEEXFHHAZENERATERRIRTIES); (3)GeShTeHZIERKE
MIERSESHAOLHTEMZ EFERREE, XHEXNERERZRE R
HIHESN 77 .

Vacancy
Ge/Sh
—_— ——
/ ___,(

/:?/
-~ 4
Te S aA
] S -
. 3A
B " & /w" o
- - e
3A 3A

A 1.3 Ge,Sb,Te, &5 fec 44 = &EE([17]

BT 6ST lHiEG M fec EHMBEETIRLSEHERWE POM HWEEHEE, B
LMEZANBXE, ABRRIMNFAIANEESZ — AXEERENE
FEEEARITE.

HEFRF] 310 BEEAN GZRESFHRFERAER), GeSh.Tes ANELILT
GBI M (P3m), SEH%H % a=4. 20020. 0024, c=17.27240. 0194,
Ge,SbTe; i foo & hex BIBUEREN 3.64+0. 19ev(7], FAPIX TR 2 MEEREK.
AR & BEIEEE. 5T GST i fec [ hex G5 HIHEILFE, Zhimei
Sun ZANBH[16], 7F fec ZHIA hex Z#I Ge-Te, Sb—Te BEKJLFMHE,
BT LA GST M fec Z5HIH hex MR % BHE KIMBEFHE). fec &HE (11D F R

7



1 hex Fy£E#I1 (0001) J7 A1 IR F &5 9 E R ARL. WA 1.4 Fos, JET R84
BP0, HEEEAWE fee SN Q1D FmEER (210) H, FHERS
hex 56484 . B GST M fec 4% hex M RFE T AHEAR, MEH
NEMRERAHEE. BERHTXFLUERIH GST RBHRASHMM fcc
M)A B hex 4544 .

[0001]

(1 (0001)

B 1.4 GST & fec 4494 hex &4+ E A[16]

54h, mELETHMNRESEREN R, TR HRERE R (618 B
PLE, BEFABSHER TR TR GARE. EEREHESE, R
MRS, RS ERHImmad. B R H®E Ltk (X
Ge,Sh.Tes KUk K T 10°K/s), WIEFERA L EHHFIE B RS, HEHDIE]
TAERE. B 15 Ry 6ST MAHEELENT].



R A iR % Fie

B 1.5 GSTé9ARETAL(17]

BIMEBEBHLE, AMIRI[18-21], ¥k % H K GST Ik & EEMAT
BRARTEREEFRENERER, SREEFHELEHAR, FEN
7 SR —AREE. HERE Min Soo Youm AN K [21], #mSWIRIIIERE
R YRTFEE hex SHIRIEIRL, IXLETRAEMEE RO GU LR FET —Fd
BAER, IET MRS,

§1. 2 .3 PRAM HERBENFHERRE R TERE

PRAM #AZEBEHLTFA% 28 2 — N PIm AR, 7EARARRFAEAOR P 1
AR, XEEEFEA W, TiW. TN DU TIAIN ZER s8R, XE—A-2TH
IR T TR RO (bits). BRI AN T7 LA K HHZE. B 1.6
7= PRAM B — MR AL,

B 1.6 PRAM #9—A~/mEI[22]
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PRAM HUER(EERIE 1.7 Bizs: B8ME (BEF RS B#HTTLR
RITESSFMEME LB KT RE R, ErERMEFRERAUE, £
BUERFZANAERLR. BRME (&SRS RELEFESHEL
M—ApERMERR, EAEAE, XMNBERTHENEREETRTE
Mo MBAERESENE RS, ERELETM—KIRKBELEMH L,
HIWTA R BE AR R T

HAB

B2 05 Bovh
2 s Bk v i bknh
LI 1

A 1. TPRAM 2458 bk &Rk 2 H (6]

I—ViEtEanAE 1.8 BizR, Vo2& PRAM RRMERE, PATIERER T/EBEN
FRFIXAME, BHKRMEMAEOMEMSESHERSTERMNERL, 10° 5K
10°, BEMZE 100 FLU L, BEBRANREAE.

21 - 1y, z
ReadRange  Program Range '
r- A -y f/km.m.\ Y
= .4 Arophces
Wrta iy
; / g" ,
g 4 el 7 g “‘f‘ ] Wire 0
0 ?X 11104
o g M
ww"”< Vi (N P;Mmlm/ U
T . V' 1L % S—— v
[ 83 1 15 2 25 ] 0z e st 3 1 [P IR V]
Vottage (V) Cureent (mA)

A 1. 8PRAM ) I-V 14 [22)
(I 1.8 ATLAE i PRAM KBt (MBI HIERFIAZA) £0.4—0.8mA Z
[, MEHK MEBEEBERS) BiE 1. omA Bl L, BRAXMEERE
MR GPREEHEMERBROENEERSFLER, (BEAEHE, PRAMEK

10
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TAEH TS RIET AT KR LN AP AMIERN R EZ —, MEdS R0
FVEREFEIE hex SRR AR, WTUl—ERE LRERILE BRI [23-26].
2006 4, HILFEREITR T —FEBRHM GeSbTe HlEMMALHEM, I
H L)L S (R (O THEE S SR bl o T R BRI G T 7EMEA 1.5V sBRFR IR AT, iX&fr
BT B E 100pA HIHBRRA. B2, THNSHRE T HZERTIOARE
ASET BRI, XER T S HENRE R EZS LT, FiRgEE P
MEAEIhEE. 53K, ZAFAFEET —FRAFERENTHEEAR, RNLR TR
D TAEAEE MR . FIARMBEARENT —FEMZR RN EL (6]
T B 8 TaxOs 11 J2 O TT 1 454 . 3X A Tay0s KO 57T 2 7T LA 1L #i il i #4
Bk, BEit, HREENERERDGRIERA, AR NIhRIEREA.

. wL st i
B 1.9 B 2 femhif AT A A PRALRE

SESMER—RIE, 1B Min Soo Youm HAMMRE [21], HEHKRELIR
HEERTEERENRERE EEMARSNIER), WA 110 fix, K
ERERANREGIESMEPEE hex LANER, NET FHEE&ELTE.
B 110 AN BT, REENAEMNEE A RRERYE. LELK, M
EHEEAARBEA, SRAIENSBMME A AER, HELLIR &
EEEREHHEE.
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Current (mA)

o
3]
A

o
o
1

2

8 A: As-dep. GST
o B: Once melt-quenched GST by 7 V RESET pulse
1-4s C:Once melt-quenched GST by 10 V RESEY pulse w
| e D) Onice melt-quenched GST by 13 V RESET putse g
—v— E: Second melt-quenched GST by firat RESET pllIuoHGV
and second RESET pulse of 10V o

V=41V
' 5

Voltage (V)

FIG. 1. IV characteristics of the edge contact type PRAM cells. curve A:
as-deposited amorphous GST, curve B: once meli-quenched GST by 7V
reset pulse, curve C: once mel-quenched GST by 10 V reset pulse, curve D:
once melt-quenched GST left in partially crystalline state by 13V reset

pulse, and curve E: second melt-quenched GST by first reset pulse of 13 V
and second reset puise of 10 V.

A 1.10 Sitkakted K73 A £ ERe AL /E[21]

PRAM FOfR A . EERMFHER—RERELEY TERE THERZ D
{75 10 DL _E . BFFT R B [27-30], PRAM 7E 110-130°C 33E T REMR#F 10 L L,

mE 1. 11 Fis.

Data Storage Lifetime

Log Time of Set{8)

bubadentoTPureRNedy

400 *C

/ 10 Yearn

Ba - 37 W

1%

2% 20 a8
AT (V)

B 1.11 PRAM #94R 345
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B 1. 12 Bi7n i 2 PRAM BOBUIE 5540, X P B PRAM LR35 5K T 107,
T AR 77 i 88 AU HUIR ST PEAE 10°-10° 2 (A3 138 (28-31] . /AL, 4 SR A PRAM
% FLASH %46 U £, Bh UBNEBESREAEKRE, RFURFHERARMBA
I}

Cycle Life > 10" Write/Eraseo Cycles

8 -
sanen e ag SRRy, g, J"
g 51
3
g Programming Pulse Width: 50 nace
3 ‘1 Programming Current; 1 and 1.7 mA
>
8
£ 3
IR R LR R RN NN e ’w
2 'L—*—-——‘l ! [ E—
2 4 8 8 10 12 14
Log Numbar of Programming Cycles

A 1.11 PRAM &47% Fr4&it

§1.3 FitXWHARBHRAE

RAEHBE RO TLLEH S 40 487, B R, NERMBXERKE,
BHMMARREA LD, BFERPEFESETE. BiCHNXTHER
FiRBBREKREREEES KRN BRATEX—SHERERE T KEKK
R, EMRFEAOHEBEERERER.

AT, GST B8 K% B R ARG I ST [32-34] . #ZER [35]. AL#EVARTT
36 %A, BKrPEOLTRE (Pulsed Laser Deposition, PLD) {EA—%
R & v, HEHEMMME[37-41], T 6ST ZHL MR H& L&
HRIEFREG, KBS T REARAE A, M ETREA L
BERFLER B I 40 T B AR T GST &M ITHEREENHESH.

Bt K—H 2 PRAM I — N KA, i K5 BRI E RAMN
{2 PRAM ThEid &, BRI R BHHTREYE, ATFHRELETEHN—RT
HEE W, & PRAMERBALTERAE Sz —. Bk, £, &, Bk
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%775 P PR PRAM B 3, TZEAXCHE =%, RBTHRED SR FSBRI
SRR AR, RILFRE T AR BIRBIEER .

MEIRZERAEEEEAROER . FEEPHRERE B THERZE
B, BGHENRTESHNHE, KA XEHFEENEANE. FXHE
. FHEHGESXITEKNFEE.

TFFLR B, GST HI%: & KBUH & IMAK 578, HIZWIERE fa, Avrami RE n
% MAK SRR & K% KA DSC42] . JeEtE BliR [14, 43-45] 5RE Fa BT
[46-481 K. HEREMHENRE THERERBIERR fa. E£XXH
BNE, BERABRENENTZEEE MK £R&SH. AHETEMRLLERTFL
T, ¥ MK REAMHEH BB RE—E, HFT PRAM SB4FAUBHUFINY
H.

F—FTH, HERIREE (Internal friction) Xt E AL HIMBRIEHEE
B ERBURYE[49-51], BN RGBS YENM R E N RPHLGHL 28
MF. IERXT Snoek ML AEIBHAR, FHAFRLFERAN THHNEERK
BT EBRRENRERFBRZ—, FEATIN A FEEENENRER
%1, MBEFANE (F%EE) FEFHR ST AR CHALEHAMRERE, MR
FRREFEAL, ERFHEAERE GETF DSC), MM BIHI AT
FRERLE R (TVEDBEIAL R0, JPHR P EREREE LA R S R A
AR T/ AN . MRRHE, B4RAE RINRRETH
3 GST WAEERIRIE . AXERERMN BRI EAT 6ST A TR —&4]

EANBRGWHS, BET AR T—FTHEET —TRE.
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HRAZEERT £ GST MMEORAECETREASE

EE GSTHEERBIBKITHICTRE AR &

GST #EM4&, EHFEANERBMERARZNTERMBEERNE
[1-3], 2005 fELASSHIEHAREFRBRER 4], WESHITIR (MOCVD) [5]
S EvESIR T GST M. TWoRkir#OEiiE (Pulsed Laser Deposition, PLD)
e —ME RN EERN &S, FRESNNE[6-10], (HTE ST FAHAHEK
HE % LD RRE. AEETR T ZEARR A, REAT 6ST #l&HM™1T
PEfEERE b, BT T PLD kM4 GST MBI A . ERIhHIRE) ST HARKE
Rk, HE T &% 2 50k 5 R BB B0 A B0 % R B9 GST MR RER)
gm, FothTHER.

§ 2.1 BkidESIRBEARE T
§2.1.1 BBEETIRHEARHERFE

B 80 4E{UK PLD H7EREEWYESHENTIH ERBERRINZ
B, CEEEMA. EYME. Kk, LA BME SN & B
T RA6-10]. HET, PLD BAARHR HHI& MR BRITFTiEZ—.

TR

2.1 PLD2%iR&H
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