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Tém tit. Hop chat ho Chalcogenide trong d6 Ge,Sh,Tes dugc xem la tng ctr vién dic biét, duoc sir
dung trong céc thiét b luu trir théng tin, boi chu trinh luu va x6a thong tin rat 1on (10° — 10 Ian) va thoi
gian luu, x0a, doc thong tin dién ra rat nhanh (50s), gap 102 1an so véi nhitng bo nhé dang flash. Bong
thoi viée luu va xoa thong tin dién ra khong yéu cau ton nhiéu nang luong. Hiéu tmg “switching” va hiéu
ng nhé 1a hai hiéu (g song song, rat dic trung cia Ge,Sh,Tes. Qué trinh chuyén trang thai tir dién tro
cao dén dién tro thip va nguoc lai dudi sy tac dung cua xung dién di tao tién dé cho viéc nghién ciu va
ché tao té bao nhd pha (Phase Change Memory). Ung dung tinh chat quang cua hop chat nay da c6 mit
trén thi truong. D6 1a viéc sir dung hop chat Ge-Sb-Te trong 16p luu trix thdng tin cua dia quang nhiéu
dang khéac nhau (CD-RW, DVD-RW, Blue-ray). Vi vay, cac nghién cuu trong bai béo nay tap trung vao
tinh chat dién, hiéu tng “switching” ctia hop chat Ge,Sb,Tes va ing dung ctia chdng trong cong nghé ky
thuat.

Tir khoa. Chét ban dan ho Chalcogenide, b nhé chuyén pha, vat liéu thong minh, dia quang

SWITCHING EFFECT OF Ge2Sbh2Tes AND ITS APPLICATION IN
MODERN TECHNOLOGY

Abstract. Thin films of materials based on chalcogenide semiconductor Ge-Sb-Te (GST) system are cur-
rently intensively studied due to their successful applications in devices of phase change memory (PCM).
Such materials are particularly used in optical rewritable disks with different formats (DVD-RW, Blu-
Ray) and nonvolatile memory cells of PCRAM (Phase Change Random Access Memory) type. The work
of such devices is based on rapid reversible phase transitions “amorphous « crystalline state”, which take
place in nanovolume of material under low-energy external influences: a laser beam or an electric im-
pulse. These phase transitions are accompanied by abrupt changes in optical and electrical properties of
the materials. Despite the relatively simple phenomenology of the phenomenon, the microscopic nature of
phase transitions "amorphous <> crystalline state" in GST thin films under external influences is now a
subject of discussions.
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1. TINH CAP THIET CUA VIEC NGHIEN CUU HQP CHAT GST225

Trong nhitng thap nién gan day, cac nha nghién ciru khoa hoc dic biét quan tim dén hop chét chat
ban dan vo dinh hinh ho chalcogen (tén goi tiéng anh “Chalcogenide Glassy Semiconductors”, viét tit
“CGS”), boi nhirng tinh chat vat 1i va héa hoc dic trung cia nd. Qua trinh chuyén pha thuan nghich
“trang thai v dinh hinh < trang thai tinh thé” cua hop chit CGS dién ra nhanh chéng, xay ra dudi tac
dong cua nang lugng ngoai thap: tia laser hodc xung dién. Do két cau phan tir cia CGS ¢ hai trang thai vo
dinh hinh va trang théi tinh thé hoan toan khac nhau, dan dén cd su khéc biét rat I6n trong tinh chat quang
hoc va dién. Dya trén su khéc biét nay, hop chit CGS di dwoc st dung rong réi trong cac thiét bi luu trit
thdng tin. Sy thanh céng cta viéc (g dung hop chét nay 1a dang 1am 16p luu trir dit liéu trong dia quang
hoc ghi lai nhiéu lan (CD-RW, DVD-RW, Blu-Ray).

Hién nay, cac nghién ciu tap trung cho viéc ting dung CGS vao cong nghé ché tao té bao luu trix
thong tin PC-RAM (Phase Change Random Assess Memory). Trong sé do6, hop chat Ge-Te-Sb (viét tit
GST) dugc tng dung rong rai nhat vi trang thai cua hop chat nay 6n dinh trong mét thoi gian dai, khdng
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thay d6i & diéu kién thuong (nhiét do phong), va thoi gian chuyén doi trang thai rat ngan (20-150ns) [1].
Trong ho GST, hop chat Ge,Te,Sbs (viét tit GST225) duoc ngién cau nhiéu nhat. Hop chat GST225duoc
tong hop tir hai hop chit GeTe va ShsTe,. O hop chiat GST225, quan sat dwoc rd rang hién tuong
“switching” [2]. Trong doi sdng ky thuat, cac cong ty & Nhat, cu thé 1a Sam Sung d bat dau ap dung hiéu
g “switching” trong viéc san Xuét cac thiét bi luu trir thong tin va dua ra sir dung trén thi truong céng
nghé.

Do d6, viéc hiéu rd ban chat cua hiéu tmg “switching” va qué trinh vat ly dién ra khi luu trir théng
tin trong té bao nhd PCM hop chat GST225 la diéu can thiét. D6 ciing la tinh cap thiét cua dé tai nay.

2. HIEU UNG “SWITCHING” VA HIEU UNG NHGO CUA HQP CHAT CGS

Hiéu tmg “switching” cua CGS thé hién & su thay doi gié tri dién tré cua vat chat mot cach dot ngot
tir trang thai dién tro 16n (trang thdi dong - off state) toi trang thai dién tra nho (tragng thai mg - on state)
tai mot gia tri hiéu dién thé nhat dinh. Gia tri hiéu dién thé nay goi 1a ngudng dién &p (threshold voltage -
Vin).

Tai thoi diém ban dau, CGS ¢ trang thai dién tro 16n, trang thai dong (dién tré sut co gia tri ~10°
Q.cm). Puong dic trung phu thudc giira (1,V) 1a tuyén tinh, theo dinh luat Ohm. Khi hi¢u dién thé dat vao
CGS tao ra mot dién truong cé gia tri ~10* V/em, thi sy phu thudc tuyén tinh trén chuyén thanh phu thudc
theo dang ham mii (hinh 1, nhanh off state) [3]. Khi gia tri dién thé dat ngudng dién &p Vi ~ 10° V/cm, sau
mot khoang thoi gian tré (delay time — tg) rat nho, khoang vai chuc micro gidy, dién ra sy chuyén doi gia
tri dién tré cia CGS dén trang thai dién tro nho (hinh 1, mdi tén dat, huéng vé on state). Thoi gian
chuyén doi (swithing time — ts) rat nho so véi thoi gian tré, khoang vai chuc nano gidy (tw <« tq) [3]. Gia
tri cuong do dong dién cua trang thai dién trd cao tai ngudng dién ap Iy ~ 70 pA ting nhanh, dén gia tri
lon ~ 550 PA cua trang thai dién tre thap [3]. Tai trang thai mé (on state), gié tri dién tré cia CGS giam rét
nhiéu, ~ 10° +10° lan. Pién tré suat caa CGS Ilc nay c6 gia tri khoang ~1 Q.cm [3].

R - o Hinh 2. Hiéu &ng nhé [4]
Hinh 1. Hiéu ting “Switching” [4]

Trong trudng hop, ngay sau khi chuyén trang thai, cuong do dong dién cua trang thai ma tiép tuc
giam, dén gia tri Ir ~150 pA tuong ng vé6i hiéu dién thé gitr (holding voltage) Vi ~102 V/cm, ldc nay dién
ra sy chuyén doi nghich dao. Dién tré cua CGS chuyén tir trang thai dién tré thap sang trang thai dién tro
I6n, trong khoang thoi gian phuc hoi (restore time) t, nho (vai chuc micro gidy) [3] (hinh 1). Vi vay, trong
thuc nghiém, dudng dic trung (I, V) c6 dang hinh chit S. Do tinh chat thuan nghich caa c4c trang thai, cac
tai liéu tiéng Anh thuong goi hiéu (g “switching” 1a hiéu (ng thuan nghich.

Trong trudng hop nguoc lai, ngay sau khi chuyén sang trang thai ma, néu hiéu dién thé Vse va cudng
d6 dong dién It qua CGS duoc duy tri khong ddi trong mét khoang thi gian ter nhat dinh, khi do, trang
thai mo van s& dugc giit nguyén sau khi ngat hiéu dién thé (hoic giam dan vé gia tri 0). Hiéu tng nay
duoc goi 14 hiéu tng nhé (hinh 2). CAc gia tri cia Vet & Von, lset = lon Va tser phu thudc vao tung loai hop
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chat ho GCS, trong k§ thuat ¢ tén goi lan luot 1a hiéu dién thé, cuong d6 dong dién va thoi gian luu (ghi)
théng tin.

Hiéu ng “switching” xay ra c6 lién quan véi qua trinh chuyén doi cau tric phan tir tir trang thai vo
dinh hinh sang trang thai két tinh (hoic nguoc lai) cua GCS [2,3]. Can luu y rang, qua trinh chuyén doi
nghich dao tir trang thai mo sang dong trong hinh 1 xay ra khong do bién doi trang thai cua vat chat, ma
don thuan do sy thay doi trang thai hoat dong cua cac electron tir ving niang luong dan dién sang ving
nang lugng hoa tri (hoac nguoc lai) [2,3,4].

Trang thai vo dinh hinh cua CGS la trang thai dé dang bi thay d6i dudi tac dung nhiét. O nhiét do
phong, thoi gian dé qua trinh két tinh caa CGS dién ra la rat 1au [2]. Tuy nhién, néu CGS dugc lam néng
t6i nhiét do 1on hon nhiét d¢ két tinh Ty mot chdt, thi qua trinh két tinh s& xay ra trong mot thoi gian rat
ngan. Vi vay, dé chuyén trang thai cua CGS tir trang thai vo dinh hinh sang trang théi két tinh (qua trinh
lru), can nung néng GCS dén nhiét do Ty (d6i vai GST225, Ty ~ 200°C [2,3]), gitt CGS & nhiét do nay
trong mot khoang thoi gian nhét dinh te dii cho qué trinh két tinh dién ra, sau do tir tir [am lanh. Khoang
thoi gian nay tuy thudc vao ting lai hop chat, dbi véi GST225, tse ~ 100ns.

Reset

Time
Hinh 3. Biéu d thé hién su phu thudc nhiét d6 vao thoi
gian cua qua trinh x0a (reset) va luu (set) thong tin [3].

Pé chuyén ddi trang thai cua GCS quay Vé trang thai vo dinh hinh (qué trinh x6a), cin nung néng
CGS trén nhiét d6 ndng chay Tm va nhanh chéng 1am lanh (thoi gian 1am lanh treset rit ngan ~ 10+20ns)
(hinh 3). Nhiét d6 Tm cia GST225 khoang 600°C [2,3]. Trong truong hgp nay, cac phéan tir CGS khong co
du thoi gian dé két tinh va van gii trang thai vo dinh hinh.

Qua trinh chuyén dbi tir mot hop chit vo dinh hinh sang hop chét két tinh ciing c6 thé thuc hién bang
cach nung néng ving hoat dong bang mdt xung anh sang va dugc thuc hién lan dau tién trong nghién ctu
[3]. Cho dn nay, cac nghién ciu cho thay, chuyén doi trang thai caa CGS chi xay ra dudi tac nhan la
xung dién hoac xung anh sang.

3. UNG DUNG TINH CHAT PIEN CUA GezSh.Tes TRONG KY THUAT LUU TRU
THONG TIN — TE BAO NHGO PCM

3.1. Giéi thiéu bd nhé chuyén pha

Hién nay, PCM dang bét dau duoc sir dung vao céc tng dung bd nhé dién tir va bit dau thay thé bo
nhé flash dua vao silic trong mot sb loai dién thoai théng minh. Céc thiét bi logic va bo nhé nhé nhit dya
trén silic co kich thugce khoang 20 nm - méng hon soi toc khoang 4000 lan - va dugc ché tao theo cac 16p.
Khi cac thiét bi duoc ché tao ngay cang nho hon dé ting sé lwong thiét bi trén mot chip, dan dén nhing
khoang tréng gitra cac 16p s& tré nén qua nho, do dé cac dién tir duoc trit & mot sb viing cua céc thiét bi
bo nhé flash s& thoat ra khoi thiét bi, va mat dir liéu. Cac thiét bi PCM c6 thé khic phuc dugc han ché vé
thu nho kich thudc. CAc thiét bi PCM gan day duoc chirng minh thyc hién logic trong bo nhé nhung van
tdn tai cac han ché, nhu chung khong thuc hién dugc cac tinh toan ¢ tée do twong tu nhu toc do cua silic
va ching boc 16 sy thiéu on dinh trong pha khoi dong vo dinh hinh [5].
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Tuy nhién, cac nha nghién ciru Cambridge va Singapo cho thay, bang cach thuc hién quy trinh hoat
dong logic nguoc lai - bat dau tir pha tinh thé va sau d6 lam tan chay PCM trong cac té bao dé thyc hién
cac hoat dong logic - vat liéu vira 6n dinh hon vira ¢d kha ning thuc hién céc tinh toan nhanh hon. Viéc
chuyén d6i noi tai, hay két tinh, tbc 6 caa PCM hién tai 1a khoang 10 nano gidy, l1am cho ching thich
hop dé thay thé bo nho flash. Bang cach tang toc d hon nira, dudi 1 nano gidy [6], PCM c6 thé thay thé
bo nhé truy cap ngiu nhién dong (DRAM) cua may tinh.

Trong mot hé thdng dira vao silic, théng tin dwoc di chuyén xung quanh, dan t6i su tén kém ca thoi
gian va nang lugng. Nhung st dung céc thiét bi logic PCM, thdng tin van ton tai ¢ noi né duoc tao ra,
muc khoang 2 nm [6]. Khong giéng nhu bo nhé truy cap ngiu nhién RAM, PCM khéng bi mat dir lidu
khi khong c6 ngudn dién (luu trir vinh vién).

3.2. Nguyén ly hoat dong ciia bo nhé PCM

Céc thanh phan cau thanh PCM ton tai ¢ 2 trang thai co ban gom: dang vo dinh hinh (kha ning dan
dién kém) va dang tinh thé (kha nang dan dién tét). Hai trang thai vat ly khac nhau nay gay ra khac biét
I6n vé dién tro va déy 1a co sa dé "doc™ ching ra cac bit 0 hozc 1. Chinh dic diém dya trén trang thai nay
ma chung duoc goi la bo nhd chuyén dbi pha.

Dé luu trit dit liéu nhi phan 0 va 1 (con duoc goi 1a bit) trén mot 6 nhé cua PCM, mot dong dién co
cuong do manh duoc dat cho chay qua thiét bi. Khi do, 0 co thé duoc lap trinh dé ghi vao pha vo dinh
hinh va 1 dugc ghi vao pha tinh thé hoic nguoc lai.

Dé doc dit liéu, mot dong dién c6 cudng do thap duge dit cho chay qua thiét bi.

3.3. Qua trinh vt ly dién ra khi luu trir thong tin trong té bao nhé PCM
M® hinh thé hién qua trinh luu, doc va x6a thdng tin cua mét té bao PCM duoc thé hién (hinh 4). Bé

cho hop chat GST225 trong té bao PCM chuyen tir trang thi két tinh sang trang thai vo dinh hinh can Iam
nong baoi mot xung dién co do dai khdng qué 100ns. Toc d6 1am lanh

. ry Nhiét d6
Liru théng tin (trang thai "1") 4
........................................ Nhigt 4§ néng chay
J/_\\ Nhiét d5 két tinh
Cudmg d§ dong dién nho, thai gian dai Thai gian
Nhiét dc)‘k
Liru théng tin (trang thai "0")
"""""""""""""""""""""" Nhigt d6 nong chay
J \ Nhigt dé két tinh
Cuong d6 dong dién 16n, thoi gian ngan This gian
Nhiét do,
---------------------------------- Nhi¢t do néng chay
Nhiét da két tinh
Hoidc
Curomg &5 dong dién rit nhé Thar gian

Hinh 4. Qua trinh luu trit thong tin trong té bao PCM [7].

té bao PCM phai that nhanh dé c6 thé thu duoc trang thai vo dinh hinh. Khi d6 dién tr cia té bao PCM &
trang thai vo dinh hinh c6 gia tri khoang 1MQ (rat 16n), twong (rng véi gia tri “0”.
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Dé ¢6 thé tro lai trang théi tinh thé ban dau, nghia 1a luu trit dit liéu dudi dang gia tri <17, can phai sir
dung mot xung dién nho hon vé do I6n nhung dai hon vé thoi gian tac dung. Khi d6 ving c6 dong dién
chay qua s& dugc 1am nong dén nhiét do két tinh Ty, Qua trinh két tinh dién ra trong thoi gian khdng qua
100ns. Tai trang thai nay dién tro cia té bao PCM c6 gia tri khoang 1KQ (nho).

Qua trinh luu va x6a thong tin trong té bao PCM dua trén hiéu ung “switching” va hiéu tng nho. D6
1a su chuyén di thuan nghich nhanh chéng giita 2 trang thai dan dén su thay ddi tir dién tré 16n sang dién
tré nho dudi su tdc dung cuaa dong dién.

Dé doc thong tin da duoc ghi can sir dung dong dién khoang 50-100mmA. Thai gian doc thong tin 1a
50ns [7].

3.4. Céu tao té bao PCM

Céu tao cua té bao PCM rat quan trong. Cén c6 kich thuéc nho va cach nhiét tot dé giam sy mat mat
nhiét va tiéu hao nang luong khi lam néng, nghia 1a lam giam mot cach dang ké gia tri cua dong dién di
chuyeén trong té bao.

Top contact

PCM

Active

region Resistor

Bottom contact

Hinh 5. C4u tao co ban cia mot té bao PCM [8].

Mau té bao PCM thudng dwoc cau tao tir mot transistor va mot resistor (hinh 4). Resistor duoc
ciu tao boi mot 1op GST225 dugce dit gitra 16p trén 1a kim loai va 16p duéi dién cuc. Dién tro cua té bao
PCM phu thugc vao trang thai cua lop GST225 (vo dinh hinh hoic két tinh). Bé duy tri cac trang thai trén
khéng can phai ton nang lwong, vi vay bd nhd pha dugc xem 13 bo nhé khdng phu thude vao ning lugng.
Khi d6 viéc chuyén ddi trang thai dong nghia voi qua trinh luu va x6a thong tin duoc dién ra dudi sy
nung néng hop chat GST dén mot nhiét do nhét dinh dudi sy tac dung cia dong dién.

Khi ¢o dong dién vai thoi gian tuong tdc 50-100ns chay trong té bao PCM, hién tuong d6i pha
xay ra trong mot viing nhét dinh. Ving nay nam gan véi dién cuc phia dudi, thuong duoc goi 1a dieén cuc
lam néng. Hinh dang va kich thudc cua dién cuc 1am noéng nay duoc lua chon dé han ché ving ma dong
dién chay qua, giam sy mat mét vé nhiét. Phan con lai cua l6p GST225 nam gitra ving lap trinh va dién
cuc phia trén véi muc dich tao sy tiép xtic dong thoi c6 tac dung nhu mot I6p cach nhiét giira ving lap
trinh va dién cuc & phia trén. Nhu da biét GST225 dan nhiét rat kém, o dan nhiét tham chi nho hon SiO».
Transistor c6 tAc dung nhu mot cong tic thay doi dong dién chay qua té bao PCM trong qua trinh Iuu tri,
x06a hoac doc thdng tin.

4. KET LUAN

Hiéu g “switching” va higu ang nhé 1a hai hiéu tng song song, rat dac biét cia GST225. Qua trinh
Chuyén tir trang thai tir dién tro cao dén dién tré thap va nguoc lai dudi su tac _dung cua dong di¢n da tao
tién dé cho viéc nghién ctiu va ché tao té bao nhé PCM. Mot huéng phat trién trong tuong lai cua viéc
nghién ctu va ang dung GST225 vao trong Ky thuat la thém mot so nguyen t6 dong Vi véi mot trong cac
nguyén t6 chinh ciia GST225. Muyc dich thém cac nguyén té ddng vi vao nhim 1am tét hon cac hang sb
phan quang va dién, dé théng tin c6 thé dwoc luu trir trong mot thoi gian dai hon, qua trinh doc thdng tin
khong xay ra sy thay doi trang théi va thoi gian chuyén doi giira cac trang thai nhanh hon.

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



HIEU UNG “SWITCHING” VA UNG DUNG TRONG KY THUAT CUA HOP CHAT Ge,Sh,Tes 35

TAI LIEU THAM KHAO

[1]. N. Yamada, E. Ohno, K. Nishiuchi, N. Akahira, and M. Takao, Rapid phase transitions of GeTe-Sh,Tes
pseudobinary amorphous thin films for an optical disk memory. J. Appl. Phys. 69, 2849 (1991).

[2]. S. R. Ovshinsky, Reversible electrical switching phenomena in disordered structures. Phys. Rev. Lett. 21, 1450
(1968).

[3]. S. R. Ovshinsky, Reversible structural transformations in amorphous semiconductors for memory and logic. J.
NonCryst. Sol. 2, 99 (1970).

[4]. N. A. Bogoslovskiy and K. D. Tsendin, Physics of switching and memory effects in chalcogenide glassy
semiconductors. J. Semiconductors, Volume 46, Issue 5, pp 559-590 (2012).

[5]. R. Krishnamurthy. First Volume Production Phase Change Memory by Micron, Chipworks. 23 May (2013).

[6]. P. Clarke Samsung moves phase-change memory to production, EETimes. 22 September (2009).

[7]. T. Kato, K. Tanaka, Electronic properties of amorphous and crystalline Ge,Sh,Tes films. Jpn. J. Appl. Phys. V.
44, p. 7340 (2005).

[8]. I. Friedrich, V. Weidenhof, W. Njoroge, et al., Structural transformations of Ge,Sh2Tes films studied by
electrical resistance measurements. J. Appl. Phys. V. 87, p. 4130 (2000).

Ngay nhdn bai: 04/01/2017
Ngady chdp nhdn dang: 25/04/2017

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



