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Abstract

The principles, important applications, and advantages of chalcogenide nanowire-based phase-change
random access memories were introduced in this paper firstly. Secondly, research progress on the
preparation, doping, multistate storage, and phase-change mechanism of chalcogenide nano-
wire-based phase-change memories was reviewed. Finally, the future research directions of chal-
cogenide nanowire-based phase change memories were proposed.
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1. 518

FHAS 174% 2% (phase change random access memory, PCRAM), K B 3E 5 bt % i . w4 (~50
ns). &M ZFardc. M@ G, Pr . SMAEERBN TZMHBASEM A, P NRER KRR
(T —ARIEFER AR, W 2 A TS FEE . BT IEN SR & B AEL] [2]. ARG
SR FH R R A PITE B G B Bk /B R ) SR S B i A5 5 3R S S 2 (R AE B ok AR5 BN, KT
PRI ER L] 1 [3]. haSAIIE S A A B3 AN R R 27 SR S AT FiBEL, 56T St 26 A ] (1 AH A2 S i (1 €D
DVD)F CL i, kT AR PCRAM O Gb Z5= fh il th, 557 &t O FH 214§ ri 3
FHAERER & 4] [5]. KRB, HEfETHEAMER PCRAM IHIGE 2 W, . © 5i
J(RESET ML) K. AekEim, BRI RESET ML i BRI S AR R IKE), 3458440 1)
FAOHER, AR T % BRI @ BEE 2T 50 RS IRl N R BE R DR IR G, 284 5 1) ) 2 25 R
SRR/, AR T AR AR A T R TR AS I, AR RO 45 R 410 P B R P T i 2
oA A AR AR i, T E R SRR R LSRR R, IR ST A B R R I PR AR
JERdE— e s,  RIR T E G2 T PCRAM IR AFIEBAL RO N« 22 #E PCRAM FIALER 4 Rl
s, L PCRAM MBSl Ha 1284, JCHRAE A 2 % O AR, RS 2tk 311
TARERTLGK, TAERPPRRET, MR 2 RILVE 2 R AR .

B El30F S WA
s e S~ o N S &
Q. -g T ) 5 Tt ? -g A
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Figure 1. Schematic diagram of phase change storage [3]
1. HEEFHIEREREESI]

YT R — GEGNOR R AR AR A A BT B R Rl AR R AN SR R [6]. 5
R E A B PCRAM AHLL, 9K Zk PCRAM A U1 N R E R 21 © 99KZ PCRAM EA (K1) RESET
HRAIHFE, X EZREF = HREK, H—RHT49K% PCRAM AR 24 XIS/, H 2 H
TR RIRAEGOR K E T e T, = TR ST 108 S B RHEE B IK[7]; @ gk
LR TTRIRST /N, T s AL T AR EAE A e R, (3 99K 4 PCRAM B W TE 18 = A7 it % FE (8]
@ KLk PCRAM BA BEARKIFHAAERS, AR T m2 - 1l et 2B RE )« A M BHESE R AL
T A I A R AR A RS 7 PR R A 845 A o A PR PR 2 B S [ ARttt i 35 m, B R P RV R TG
Mitra 55 N [Q]/IWF AR B, PR BA MR AR, 5 TEIRR A R R R 7y, (Rl B A B &
BN AR : @ —EGREMER IR, RN LK S N AR AR RS 24082 F S
. AHASHLIR SR OCHE in) REER AL T 5 AN EE B 7T B [10]
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2. MENSYNREREFHENOTTHER
2.1 REHIHIE

I R EAKL G BUE PCRAM R HTHE,  WRIRNBE T HLHI LA . 9KZR 0 RT S54
AAAFIMEREZ DA DG, WOH S A1 () RESET MLIRAIINFE . #4407 R I L&A i Th e B
ANHIZR IR N 2 nm [11], TIXTAKERT S, FISHF L R IS PR L BRI, b s AEE
RN, 4R IR IN[12]. R, UKL EAM TGS AR B, H T CHRIE S S PR %
WRE| =ML © A SAHTTRIE(CVD). CVD il % 4K 2 B 45 Ge,Sb,Tes [7] [8] [9141 GeTe [13] [14],
i1, Sun %5 A\ F B4 20 nm 1) Au BORLVE A AE KAL), i3S CVD J7ikMil#% 1 B4 40~80 nm ) GeTe
KLR[13], Wi 2 ios. @ HALZETTRR: . Xiongtu Sun 2 AR HEAL S TR 45 HY B2 50 nm, K
FETUAEPK RN UMK A SER) GeTe 91KZi[15]. @ & @AM AHITRZE(MOCVD). MOCVD J; il 4 44
KLEELHE GeySh,Te, [16]41 GeTe [17], i, M. Longo %5 Nk MOCVD 7724l % H E.4% N 40~60 nm,
[EikE] 4 mm 1) GeTe PUKZ[17]. HHTH|&PUKLR B Z L SARGTRNE, SHIER & 2
Au LTINS - W - BI(VLS) A KL, BRIt FRATTA 226 VLS ML — AN EAR MR . Hailin Ma.
Marolop Simanullang 55 N1z FZHLER /34T T oK 2 4R K [18] [19]. i%HLEE T GeTe KL A K HIMFIT %
N BN GeTe BiRIEIRIX 78K, SRIGTERS(AN) MRS tdk, FHg 2 AKX, gkifi 5 i 7I1E
RS Au BURLTE LG & S0 . BEE R SR> THE ORI, Au-GeTe & &0 1A B AN
A, 5 GeTe WILIER T T G . BT A IRIEARI GeTe AT HM AN B & &+, Fri
AT ARSI A ST GeTe /4 T AW 4 b, XK GeTe 4R &AW A K. VLS
MLERAEKA — MrEENILER, &M SRR TN . R R ECE B8 T 2Rk
2, (HHRSFAIEM G AR A, BRI T: © SRIgUREIESIAR AT, A HIRTRL R A
B8] AEAGTER 106 HKOR SR 3K SRR 4% & BURSHAE A @ A UTRRE H RTRERS & ik
IR LR RN T4 BR T ELA 25 A s @) A AR I BLARARX K, — At 50~200 nm 2 [f], fif
LEAE 20 nm DA 9K MaE .. HATH) VLS AL, EZEd Au IR R T8 Au - JE B
SRIERIAPRLE I E AR, o Au fEAFIRUR 5 B8 I b 2 A BT T %, BT AR R~ — e K
(10~60 nm) [14]-[20], T Au BT R AE P A7 ZE ™ B RURL & ORI R [21], 33 BUE KR I
WSTR[ & U 9K 4R AR R R

- A R
e A
\)

o
%
AN

1 7y, \ e

N RSN |
7k X R
idhm AN
N3 >
2

Y O AN
S DX T~
.’. Q o <
'AM~.
Figure 2. GeTe nanowires prepared by chemical vapor deposition. Inset is a close-up view of a catalyst bead at the tip of the
single GeTe nanowire. Scale bar (inset) is 200 nm [13]

2. WESHRBUEHI R GeTe HRL, HEIREA GeTe PAXKETIRE[13]

DOI: 10.12677/app.2020.102013 112 S A B


https://doi.org/10.12677/app.2020.102013

FHKE 25

2.2. MRZABRMR

PCRAM P RE il AR M RL B DIAE DG, S FAER AR, Ge,Sb,Tes HIMEREARNT BRI,
WA TR % . WA HE i Ge SboTes I ahas P . BRI sy A AR AR =R R 77, DASRAS BEAR D)
¥ EARE VERIM BT — L& PCRAM SIS RTITIE 9T, MiiB et — DM RS R AT < A R 5
e BN Zn, Ni BN REFIRT 42 55 Ge,ShyTes MK fAS HFH . S BIE RE R 45 SR IE BE[22] . Ag #5264
GeTe W LIRE H1 200 CHEm 2 225°C, A &b Mk A AR g e E[23]. B ALk, AT
VR L AT B A ) 45 A MR 9, KRR 3B 4 TR X /b . ML Longo 55 NI B AN [H & &1 Ge
(1%~13%) 3| Sh,Tes GoKZH, M2 T YKL M LA FITESR, B0 520 9 K 2 A7 i 28 i P e [24] - Di Wu
S NAEF Ga 2% CdSe 4kek, W35 2% Ga 1) CdSe KLk fEfl 2R L RIF M7 mEReE, Ak
PEARAEIS )8 10% s, TAEHEART 2 V [25]. Gelie Zhang %5 Af# [ Bi $52% GeTe 4k2k, HRUEm T
PORLP) fn 2 R FEL AN GG d s 22 . an &) 3 FoR[20], B4R JE AR ER b A AR dt A8 (0 FRBE ARG n 1 2 M e,
L4 s TRk 31 50 ps, L ARB 2% Bi BIGKLR S S R4 %6 1 20 £
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Figure 3. (a) Typical I-V curve of a single Bi-doped GeTe nanowire device with the phase-change behavior. Low-resistance
states initially (b) and high-resistance states after an amorphization pulse (c) as well as low-resistance states after a crystalli-
zation pulse (d) of a undoped GeTe nanowire device and a Bi-doped GeTe nanowire device, respectively [20]

[&] 3. BIR Bi 2%k GeTe YKLk AV REE]: (2) BiiSZt GeTe YKLk I-V BIZRE; (b) GeTe 44Kk, Bi
B¢ GeTe ZKEHY |-V HIZKE; (c). (d) 477079 GeTe #AK%k. Bi $84¢ GeTe YRLMBILFHY I-V phEEIFNIER L
faH 1-V BhZk[El[20]

2.3. MRENSSERTAR

Z AR A A B EE T B, AT EANPRARAEAE 0 R IR N A R 3G in s A7 T AR A
it B o A RIFM B 2 EAAR R, ERRIEA T, BT S ZMMAPERARE, SAHE R EHA,
Al LA R Z A &, MISEEL L2 S17%. GeTe/GeSbTe [26]. Sb,Tes/GeTe [27]125 k%7 45 /4
KR CHUF S A RUFI =AM . 2 TPRE M 2 SIS T R, Jung 55 Adid <
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FHEAI 2 T Un1El 4 Fos i) Ge SboTes/GeTe 724K Lk, Bon R = F ke I [8]. FHASH R 5 &b
PEBEA — 8 R 55 88 hn (2 3.58%~6.80%) [4] [28], IXKAEM R4 —E IR f1. FElEN T2 2
R B AL KL, BT AHIEAR AR DRI s B R, SRR AR R BRI R TR E s [F]B, A
AR ) 0 BV R AN R A 2 36 N G A B4 B 3R BN 77, IR FioAE AR J2 (] R I 6 B A0 e 26 (A1 AR 2= 1%
MR IR REAN T SEME . Lee 55 NG A ARITES Sb,Tes/GeTe #Z 79K L5 14[27], 25 KK W,
KL FEGOR LT LI BAEGE, WRIE T ENH TR AT . th4h, N BAARR MR — st
I AHAS AEA% 2% 22 S AFE T RE G %07 . Yunfeng Lai 25 A4 N 32410 GST #5[29], WFst&w,
FAN-GST 3R 2« dh A S AR S S 75 77 AH 2 A1 HL P 26 22 57, BB 7E [R]— /M7 B e I =ANRE,
T S BAH AR A7 25 16 2 A BT RE o IX PRI 78 0715 AR Gl I 15 4 S 2 AP Rt T S5
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Figure 4. (a) Scanning electron microscope image of Ge,Sh,Tes/GeTe core/shell nanowire; (b) elemental mapping image
showing spatial distribution of Ge, Sh, and Te in a Ge,Sh,Tes/GeTe core/shell nanowire. Scale bar: 200 nm; (c) 1-V sweep
characteristics of a 200 nm Ge,Sh,Tes/ GeTe core/shell nanowire device to compare electrical behavior of the nanowire
starting from fully crystalline (blue), partially amorphized (red), and fully amorphized (black) states. The two-step threshold
switching (marked by arrows) is clearly resolved in the 1-V sweep of the fully amorphized nanowire; (d) variation of resis-
tance of the same core/shell nanowire device as a function of current pulses with varying amplitudes [8]

4. (a) Ge,Sh,Tes/GeTe #FTANAK L MR IRIE ; (b) Ge,Sh,Tes/GeTe #FTHK LRI TR 5370 B (EL IR = 200 nm);
(c) GeShyTes 2R MR R M AERSEER), MAERU(LE)MEIIERNLEE)RE IV FIEHhLE; (d) F—&%
UMK Lk 2R 1 B FR BE BB ER SR Ak ot K /N ZE K B 2[RI 8]

2.4. MRENBBFHEINIETR

YRR A AR A LB AT DA B AfIAR O SET (#%, “0” )R RESET(H, “17)MAidfE. —kms,
PCRAM [t AH AR i 4 2 2 FBK P R SEIRIRT o X AHAS A bt I A X 652 9 LA ) U s ko, sd i FE
PO A RPN 25 S AR T A, MR AR RSN A, R AE AR AR R I AR B g S S 2R
KA, XM SET. ik 5 LI OK f e o] DUSE AR M BHE Sl NIk, OB, AHAS R R
HRIIAL 25 B 2 A T W T AL T A RICRAS o FERUE Kb i — B 1], AHARARLE I — AP K R,
MRS RAESS, XN RESET, H RN AS[30]. EE SET fil RESET #{E{gin]
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S RCRAM YW IS ARAS#AE, BI “0” A1 “17 (A#AK[3] [4]. Nam S5 Ni@id@ i s Be ek I, Sl
mn Ay Ge,ShyTes YK LR 7 F kb IVE I RS2 0B (1 k% « B s A 15 3, AR N3RS [10]. Xiangying
Ji FEMCEEA 18 F BB A R RA T AL F kiR R 9K 2R 3R AL AR LB LB, nl&] 5 Fom. fEH
JkER R, AoKERRIR S TS, SIS BRI, HEEE MR . TR E, 9KE
WEBIREL, HFHAE K, 4K AEMR1L[31].
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Figure 5. Schematic diagram of the dislocation-templated amorphization of a Ge,Sb,Tes (GST) nanowire under electric
pulses. The color represents the dislocation density, i.e., the amorphization extent, with red meaning full amorphization [31]
5. Ge,Sh,Tes AR IE R B R B E (&R XK RAENEZEE . ERUERE) [31]

3. 45

ZE LRTIAR, AR TR AR A WA LA B 2 R B . N A3, A — B R R R
THIMRLEERRME T 2B M E. ACNGPRENT & B4 257 MR ENEESE T, 2R T
BT AL AR MEMPT EEE, N PCRAM [t B 0 4R T A28 M2 % . HinflLis
SRR A AR I S PP VERE, MG AT S AR BT EMN/NRGE . RIhFE. SR REEZT,
TEMNMRL WL, S5 T2 Z ML EZE BT, X2 ARR T — P AR,
PCRAM 4G 5 ) il B2 FH A e ok . it — DIt S v SR AE LU R T L

1) PCRAM (1)1t B 5 K e 1 RS B UIAH G, 9K 2k () ELAR AR R b 52 1 21 234 (1) RESET FLANZFE -
RIRHTII A T 120 & EAR T/ NIGIKER, i/ MERE RIS, N XS AR, B R T AR
PCRAM [ RESET HLyFITIFE, LA DIHE = % B A A7

2) PCRAM HItERE 518 FIAHE M BHE DA, Bt — PR R T 2 B R 7% KIE
SN AT4E I 72 (FE W B T NIR) SR GO AT e B4, A B TG RE IS 5 R 40K 22 PCRAM;

3) [ FHERZE ST B SR PIK L M R ALAE AR AR, A B T 1 /R 9K A AR AR LB 5

W FEEEGPOKR LR Bos Y RIF 1 2 SRS, D MU IR B AL e S5 MUK R, FRARAZ 2 R
FIRTEMAR S RPN Ty, WG BT3RS v SE I 2 /7% PCRAM ZK 2234+
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