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BO NHO TRUY XUAT NGAU NHIEN TU TRO
MAGNETORES STIVE RANDOM ACCESS MEMORY

VoW W CHCAY VLSO

O MRAM:

Trong MRAM, mai bit nhé chiém di¥ mot 6 va cling dwoc goi 1amdt bit stack né bao
gdm mdt vai 16p mong. O day hiéu (ng tir tré xuy én ham TMR (Tunneling
Magnetoresistive) duoc str dung. Khong st dung hiéu (ng tir tré khong 16 GMR (Giant
Magnetoresistance) bai vi tinh hiéu qua. Thuc vay bit duvoc doc mét cach chinh xac dwa
vao si thay d6i dot ngdt dién tré (v akéo theo ca dién thé) co thé dé dang nhan biét
dwoc: tin hieu TMR & mUc cao tach biét kha I6n so véi mic thap vé mat dién tré do vay
nén hinh thanh trang thai cla hai bit.
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Hinh 1: Tin hiéu TMR khi cap ttr trvdng ngoai, Xuat hién hai trang thai bit r 6 rét

Nhiing dot pha gan day trong viéc ché tao 16p két ndi xuyén ham da dua tin hiéu TMR
dat t¢i gan 70% trong CoFeB/AlIOx/CoFeB va 200% trong | 6p két ndi vai 16p rao can
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dwong ham MgO. Nhung & giai doan nay trong viéc phat trién cong nghé MRAM, gia
tri MR cho nhitng linh kién tich hop chi yéu trong khoang 30-50% (NiFe, NiFeCo).
Nhitng thanh phan co ban cia 6 MRAM bao gom mot 6p ti€p xic xuy én ham tir tinh
vGi hai dién cu sat tir ngan cach bdi mot 16p cach dién. Lép phia trén ciing la vat liéu tir
mém (NiFe), véi vat litu nay do tir hoa dé dang dao nguoc. DEé tang tinh bat dang
hwéng bit stack cd dang chir nhat hodc oval véi canh song song d ai nhat. Lép tiép giap
xuyén ham duoc ngan cach béi 16p cach dién AlOx thuong la Al,Os. B0 tir hda cla 16p
day dwoc gilr c6 dinh. Khi c6 tlr truvong ngoai [6p tw do sé quay theo cung huéng cla tir
treong ngoai. Trong khi d6 16p tir hoa cd dinh sé gitt nguy én khong do6i. Nhuw vay co thé
sap xép cdu hinh cla bit stack nhu sau song song (bit = 0) hodc phan song song (bit =
1).
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Hinh 2: CAu hinh cla Iép tiép giap xuyén ham ti tinh phu thudc vao tir trudng ngoai,
chi rd hai trang thai bit

Bit dién trd chinh xac dinh hang s6 thoi gian RC v & thoi gian doc di liéu, vi du 6 ¢6
giatri dién trd 10 kQ cho phép thoi gian truy xuat c& nano giay (ns).

Tich dién tré xdién tich (R x A) duoc xéac dinh do cao rao chan xuyén ham ¢ va do
day t.

Gia tri dién tré dao dong xung quanh tdm phu thudc vao |6p ti€p gidp, diéu chinh
dwong kinh va do day hang rao ngan cach khong dong nhat gay ra béi su ghd ghé cla
dién cwc. CO6 thé gilr tin hiéu TRM cuc dai voi gia tri RxA trong khoang 100-106
Q.um?, do day 16p AlOx trong khoang 9 A va 20 A R4t nhiéu nghién ctu da thuc hién
nhim giam gié tri RxA xudng t¢i 1 Q.um? nhwng van gitt day dd tinh chat TRM dé cho
phép sir dung chuyén doi spin dé dao nguoc do tlr hda va ghi céc bit trén 6. Bit trén 6
cling dwoc quét giatri RxA thap vagilr giatri bit dién tré xac dinh, trong khi 6 bit thap
hon 90 nm.
Quatrinh doc

Thiét bi dwoc doc bang cach do dién tré tac dong cla cau trac, nd cé li én quan toi
chirc nawg trang thai clia I6p khong tir. D€ | am dwoc diéu nay 16p khong tir duoc két
ndi voi modt day dan dién, duoc goi 1a bit line, va 16p day duoc két néi vai mot
transistor cé thé déng (turned on). Sau dé cép dong dién cho bit line, dong dién sé chay
qua bit stack va dong thoi cling qua transistor.
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DE truy xuét trang thai bit, dién tr¢ bit duoc so sanh véi gia tri dién tré nam gilra gia
tri bit cao (Rhigh) va bit thip (Rlow). Giatri dién tré man trong khoang Rhigh va Rlow
phai dwoc gidm khi. Vi vay ton tai mot gia tri dién thé thuan loi dé doc | axap xi 30 mV.
DAy la gia tri kha cao so véi nhitng mach tich hgp ng ay nay.

Small sense
current flows
through bit

Isolation
Transistor

= “ON”

Hinh 3: Qua trinh doc mot bit

digit line

Quatrinh ghi

Mot bit dwoc ghi bang cach cép tir tridng ngoai cho 16p tw do (free layer) dé dao nguoc
sy tir hda. dé 1am dwoc viéc nay transistor tat (turned off) va nhitng day dan dién khéac
dwoc thém vao phia duw6i bit cell, dwgc goi la digit line hay word line. Khi cdp nguon
cho ca hai day bit line vadigit line, chiing c6 thé tao ra hai tir trvong, khi chiing két hop
lai c6 thé dao nguwoc s tlr hoa cla 16p tw do (free layer). Dong dién trong digit line
dwoc gitk co dinh, né tao mot tlr trwdng doc theo truc kho bi tir héa (hard axis) cla 16p
tw do. Hwdng cla dong dién trong bit line cd thé dwoc chon, do vay tlr tredng tao ra cé
thé &m hodc duong. T truong nay duoc phan bd doc theo truc dé bi tir hoa (easy axis)
cta lgp tv do.
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Easy axis field

Hard axis field
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Hinh 4: Qua trinh ghi mot bit

Hai tir treong dong vai tro quan trong trong viéc thay doi hwdng cua 16p tw do, néu
tach riéng tlrng cai thi chiing réat yéu.

Khi ning lwong cuwce tiéu hoa chi ra rang tir trwong cla truc dé bi tir hda He giam khi
cung cap dong thoi tir tredng thv hai truc giao véi tir trvong doc theo truc khé bi tir hda
Hh. Tacd céng thirc hinh sao.

HP 4+ HFP = 2K/ M;)2 3

Trong d6 K 13 hdng s6 bat dang hudng va M, do tir hda bdo hoa. Hinh 5 thé hién db thi

hinh sao. St chuyén mach xay ra khi bét ct tlr tr wong két hop nao nam ngoai hinh sao.

* l‘,(won:l line)

-X---@ Write 1

Hinh 5: D6 thi hinh sao chi ra rang cau hinh I6p tv do khi chi cap mot tlr tr wdng (Cac
diém mau xanh da trdi va mau xanh 1a) va ca hai tir truong (diém mau do)
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Truwong cla digit line sé ¢6 dé tir hda nghiéng cht it so véi truc khé bi tir héa (hard
axis), va sau do treong clia bit line du dé dao nguwoc do tir hoa.

Truong sé am hay dwong va tir truong 6 16p ti€p giap xuyén ham song song hay phan
song song phu thudc vao chiéu clia dong dién trong bit line. Hién tugng tir tré dam bao
rang mot bit duoc viét hay bi xda, cau hinh s& dwoc gilr lai, khong thay d6i: bit nha
khong bién hoat (non-volatile).

without with
digit line digit line
current current

Hinh 6: D0 tlr hda nghiéng khi cé trwdng cla truc kho bi tir hda
Kién trdc cia MRAM
DE thiét ké mot linh kién MRAM, céc bit stack d uvgc xap xép trong mot ma tran hinh
chi* nhat cla bit line vaword line. Thé hién trén hinh 7.

Hinh 7: Céac bit cell dwoc sap xép theo ma tran

Khi mot bit cell transistor déng (turn on), D ong dién duoc cung cap cho bit line, xac
dinh bit, va nhu vay bit duoc doc. BE viét dwoc thi quan trong la hai trvong dién tir: khi
chon bit transistor tit (off) vanguodn cung cap cho bit line, word line v atat ca nhirng bit
doc ca hai line sé dwgc ‘chon phan nira’ (‘half-selected’), nhuwng tong tlr trivong sé chi
da & giao ctia chiing. Khi chon bit cell thi chi bit nay bi thay déi. Hinh 8 md ta qua trinh
viét clla mo6t MRAM ma tran.
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Hinh 8: Qua trinh viét cia mot MRAM ma tran

Dong dién ¢ 5 mA cd thé thay doi trang théi ctia mot MTJ. Nhitng dong dién nay kha
|én so v&i chuan ctia mach tich hop vi vay nén né tao ra mot trd ngai rat 16n khi thiét ké
mach dién viét cho MRAM.

Nhing cai tién

Dé tao mot I6p ghim tham chi khong thdm thau tlr trvong ngoai, co thé thay thé bai
hai |6p sat tir ngdn cach bdi 16p két ndi mong dién h inh nhu Ruthenium. DO tir hda
trong hai 1¢p khi cdp ddi song song manh c¢é thé anh hudng béi truong ngoai.

-
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Write Word Line

Hinh 9: Coupling Layer

Nhirng qua trinh viét khac nhau

Qua trinh viét don gidn mo ta & trén dwoc st dung réng rai. N6 dwoc goi la phuong
phap Stoner—Wohlfarth chon bit trong mét MRAM ma tran Tuy nhién, né c6 mot so
nhuwoc diém, do laly do tai sao hau hét cac nghién clru cho t€ bao MRAM hién dang
lien quan dén qua trinh viét. Trang thai viét bang phuong phap nay phu thudc vao
hwdng cta dong trong bit line. Thuc té phuong phap nay doi hoi dong dién dugc ngat
theo mét vai cach dac biét. bén canh do tir treong sinh ra gay anh hwéng lIén vang gan
0, 1am cho chang sinh nhi &t nhiéu hon va cé thé lam sai 1éch céc bit trong ma tran.
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Viét Toggle

Trong qua trinh viét toggle, bit line vaword line 1&éch goc 45° so vdi truc dé bi tir hda
cla bit. Khi cho tr trvdng di qua mot hoac ca hai line. B0 tir héa cua bit sé wu tién theo
hudng vudng géc vai hwdng clia nd. Hién twong nay co thé st dung dé lam xoay do tir
hoda cua l¢p tv do.

Pau tién bit line dwoc tao ra bdi tr tredng, sau do ca bit line vaword line va cubi cung
chi word line. D6 tir hda sau d6 tw nd sap x&p thang h ang theo truc dé bi tir hda nhu vay
dan t¢i dao nguoc trang thai ban dau.

Diéu nay co6 nghia rang trang thai bit phai dwoc doc trude khi viét, bdi vi khi viét ludn
luén dao nguoc dong trang thai. Uu diém cla phuong phap nay so véi phuong phap
Stoner—-Wohlfarth la dong dinh huéng.

Word line field
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Hinh 10: Qua trinh vi ét Toqgle

Viét hd tro nhiét

Bang cach d6t nong 6 nhd MRAM c6 thé giam ¢ wong do cua tir trwdng dé diéu chinh
do tir hoa cla 16p tv do. Khi nhiét do cla vat lieu dat dén gan nhiét do t¢i han Curie sy
tlr hda co thé thay di rat ré rang. CO nhiéu cach dé 1am nong 6 nha. Phan 1on 1a g
mot dong dién qua bit line hodc word line tham chi truyén qua chinh & nhé. G d ong
dién qua bit/word line cling sé 1am néng nhitng 6 nh¢ khac trong cung mot khoi.

Chuyén d6i spin xoan

Phuong phap dugc tim racho 6 nh@ MRAM trong twong lai la momen spin hoac
chuyén déi spin xoan (spin-torque transfer). V@i cdu tric nhé hon 100 nm c6 thé phat
hién thdy rang mdt dong electron phan cuc spin co thé thay déi hudng tir hoa.

Thuan lgi I&n nhat ctia phwong phép nay lakhong can bat cl tir triedng nao dé chuyén
d6i bit. Mémen tlr spin cla electron twong tac truc tiép voi vat liéu sat ti.

K¥ thuat khac

Dynamic RAM (DRAM), dwgc st dung rong ra nhu bd nhé bién hoat (volative
memory) trong may tinh va nhitng noi khac la b6 nhé tich hgp ky thuat cao. Mot 6 nhé
DRAM bao gdm mét bd tu vamot FET don gian. O nhd DRAM can lam tuoi lai dé gilr
trang thai bdi vi tu dién ludn bién doi do qla trinh xa dién. hién twong nay xay ra trong
vai chuc milli gidy. Do vay nén nguén cap cho DRAM luén I6n hon MRAM. Hinh 11
mo ta cau trdc cia md DRAM
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Hinh 11: DRAM

Satic RAM (SRAM) labd nhé bién hoat (volative memory) dugc st dung trong bd nhé
cache (b0 nhé truy cap nhanh) bén trong bd xi ly hodc bén trong nhitng thiét bi tich
hop. Mot 6 nhé SRAM dién hinh bao gdm sau FET, bon trong s0 nay tao thanh mot
flip-flop dé gilr gia tri. Hai FET con lai két ndi 6 nh¢ tdi line chung va line ddo nguoc.
Vi FET c6 dién dung rét thdp nén thoi gian chuyén doi rat nhd, va SRAM laloai b nhé
rat nhanh.
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Hinh 12: So @6 mach dién ctia mot SRAM dién hinh

B0 nhé Flash 1abd nhé khong bién hoat (non-volatile memory) dwoc st dung pho bién.
né dwoc st chi trong dung lwong nho cho thé nhé (memory card), hodc nhitng san pham
nhiang (embedded products). Nhung trong nhitng phat hién gan day vé mat do dir liéu,
bd nhé flash dugc phat trién trong dia sir dung chét ran thay thé cho dia cirng. Mot 6
nhé flash don gian gdm mot FET véi hai cong. Mot dé tich nap duoc cét gilr trong cong
floating ngan céach vai cac electron. Cong diéu khién (control gate) dwoc cung cap dién
thé cao. Nhitng electron tir kénh n cé thé nhay qua cong floating. D€ x6a mot 6 thi phai
cung cap mot dién thé déi nguoc véi dién thé ciia mang (drain), do vay cac electron tir
cong floating c6 thé chui ham do.
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Trong mai chu ky hoat dong linh kién sé& bi hao n om. Vi k¥ thuat flash cho phép thuc
hién hanh triéu chu ky viét thoi gian doc cltia bd nhé flash khdng d woc t6t nhw DRAM
vathoi gian viét chu mot chu ky lau hon.

Source
Line

Bit Line

| Word Line
Control Gate

Float Gate
- ] -

Hinh 12: B6 nh¢ flash

Lich sir va quatrinh thwong mai héa

Sau khi kham phéara hiéu (ng tlr tré khong 16 GMR nam 1988. Chi dén nam 200 IBM
vainfineon thanh lap mot chuong trinh nghién ctru chung dé nghién clru vé MRAM.

Nam 2002 Cypress Semiconductor 1a cdng ty chuyén ché tao chip nhé daky mot thda
thuan trao doi cong nghé vai NVE, trong dd von co rat nhiéu sa htru tri tué li én quan
dén MRAM. Cypress bat dau ban cac chip MRAM v a0 nim 2003, v&i dung lwong
128K bit, san xudt cong nghé 180nm. Tuy nhi én mat do nhé thap va gia cao dangan can
né tré thanh san pham thwong mai. Thang 3 nam 2005 Cypress ban nhitng thiét bi phu
tro clla MRAM vathay thé cac chip trong danh muc dau tw ctia minh bang mot chip
SRAM magilr gia tri ciia né thong qua mot tu dién .

Motorola hang chuyén ché tao microchip hang dau, bat dau ban chip MRAM 4 Mbit
vao thang 7 nam 2006.

Renesas, nganh ban dan lién doanh tir Hitachi va Mitsubishi ctia Nhat Ban, céng b
vao thang 12 ndm 2005 rang ho mudén bat dau san xudt md -men xo&n spin chip MRAM
chuyén trong mot quy trinh 65nm trong hop tac véi cong ty my Grandis rat som.
Grandis |a mot céng ty nghién ctru chil yéu laban s hitu tri tué. Ho c6 mot sd bang
sang ché lién quan dén md-men xoan spin chuyén valam thé nao dé dau tu sir dung
cdng nghé 6 nho.

Lién quan dén tién bd cong nghé, trong thang 6 nam 2004 céng bd mot chip Infineon
mau thir nghiém voi cong suét 16Mbit.

Sony c6ng b6 vao thang muoi hai ndm 2005 rang ho d&co mdt mau thir nghiém trong
phong thi nghiém lam viéc cia mot chip MRAM c0 spin chuyén giao str dung mo -men
xoan.

Trong thang tam nam 2007, IBM va TDK daky thoa thuan hop tac véi nhau trong
nghién ctru cong nghé MRAM véi hy vong gidm chi phi clia ho khi két hop lwc | wvong
clia ho trén dwong dén mot chip MRAM canh tranh.

Tuwong lai cila MRAM
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Do hiéu (rng tir siéu thuan tlr (superparamagnetic effect) 6 nhd MRAM chi c6 thé co
t&i mot gia tri xac dinh. Khi chiing nam du¢i mot kich thudc nhat dinh, wéc tinh co
khoang 10nm, dinh huéng tir tinh ctia I6p thdng tin khéng cé thé d woc gitr lai.

chip MRAM hién dang trong san xuét chil y&u | & ché tao bang céach st dung cng nghé
180nm cii hodc 90nm. Tuy nhién, theo 19 trinh phét trién cla nghanh ban dan cho thdy
cong nghé ché tao 10nm sé dat dwgc vao khodng nam 2015.
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