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SO SANH MO HINH MEMRISTOR VA UNG
DUNG MO HINH DIEN AP THICH NGHI BE
THIET KE CONG LOGIC

V6 Minh Huéan
Khoa Dién — bién T, Trwong dai hoc Sw Pham Ky thuat TP.HCM

Tom tit: Memristor 12 mét linh kién dién tir méi c6 rat
nhiéu ing dung hizu ich trong thiét ké bg nhe tich hop, cong
logic, mach twong tir, hé thong tinh todn noron. Memristor la
thiét bi hdp ddn do tinh khéng bay hoi, kha néng tich hop cao
va twong thich véi CMOS. Bai bao si dung ngdn nge Verilog-
A dé md hinh héa cac méd hinh vat ly cia memristor nhir mé
hinh tuyén tinh, md hinh phi tuyén, xuyén ham Simmons, mo
hinh nguwéng dién &p thich nghi diéu khién theo dong dién
(TEAM), va mé hinh nguong dién dp thich nghi diéu khién
theo dp (VTEAM) dé c6 thé so sanh danh gid wu nhwoc diém
cac mo hinh md phéng trén phan mém chuyén dung cho vi
Mach Cadence. Mé hinh VTEAM dwoc xem 1a giong véi dac
tuyén 1-V cua memristor thuc nghiém. Vi vdy, bai bao ing
dung mé hinh VTEAM nay dé thiét ké céc cong logic si dung
memristor nhu AND, OR, NAND, NOR, XOR, XNOR, b¢ cong
ban phan, bé céng toan phdn lim co sé dé thiét ké cac mach
s6 phirc tap khac.

Tir khéa: memristor, mo6 hinh memristor, dac tinh 1-V, lai
CMOS-memristor, Verilog-A

. MOPAU

Nam 2008, R. Stanley Williams cung cac dong nghiép da
cong bé céc Chl tiét v& dién tré nhé véi mot sb kha nang tuyet
voi cia nd trong bai bao: “How we found the missing
Memristor” [1]. V6i su két hop transistor Vé6i dign tré nhe,
R.Stanley c6 thé tang hiéu ning ctia cac mach sé ma khong can
thu nho cac transistor lai. Sir dung cac transistor hi¢u qua hon
c6 thé gidp chang ta duy tri luat Moore va khéng can tsi qué
trinh nhan déi mat do transistor vén tén nhiéu chi phi va ngay
cang khé khan. Vé lau dai thi dién tré nhé tham chi con co thé
1a buéc ngodt danh diu sy xuat hién cua cac mach tuong ty
biét tinh toan nho sir dung kién triic giéng nhu kién trdc cua bo
ndo. Qua bai bao nay, Ong ciing trinh bay so bd Ve dic diém
Cua memristor. Dién tré nhd (memristor) 1a tir viét gon cua

“memory resistor” vi d6 chinh la chirc nang cua nd. Mot phén
tir dién tré nho cd hai cuc, véi tré khang caa né phu thugc vao
do Ion, chiéu phan cuc va khoang
thoi gian cua dign thé &p Ién nd. Khi tit dien the nay thi dién
tré nhé van nhé muac tré khang ngay trude khi tit cho tgi lan
bat 1én ké tiép, bat chap viéc nay ¢ xay ra sau d6 mot ngay
hay mot nam.

Bén canh nhiing (mg dung dang dugc nghién ctru nhu xay
dung hé¢ thong neuronorphic ing dung trong tri tu¢ nhén tao
[2], thiét ké bo nhé tich hop cao [3], memristor con ¢ nhi€u
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g dung trong thiét ké cong logic boi kha ning tuong thich
v6i CMOS [4-6]. Memristor hop v6i cac CMOS truyén thong
dé tao ra cac cong logic dugc thiét ké theo phuong phap goi la
cong “kéo theo” tir p suy ra q [5-6]. Memristor duge xem la
nhu 1a mot dau véao véi dit lidu duge luu trit trude d6 va thém
mot memristor luu trir dit lidu dau ra. Céng logic duoc thiét ké
theo ti 1¢ trd khang [4] dd sudt ban, trinh bay cach két ndi
memristor cling nhu tich hop memristor véi cong nghé CMOS
dé tao ra cac cong logic voi mat do tich hop cao hon bang
cach diéu chinh ty 1& cac gia tri dién trd sao cho hop 1y nhét.
Céc cbong logic nay thuong duoc thiét ké dua trén mé hinh
tuyén tinh v6i dic tinh 1y tuong cua memristor [4-6]. O do,
cac md hinh thyc t& cia memristor thudng khac nhiéu so voi
cac mo hinh 1y tudng theo phuong trinh tuyén tinh nay. Vi vay
két qua md phong dic tuyén cong logic c6 thé s& khong ching
minh dugc nguyén tac hoat dong khi memristor dugc san XUuét.

Memristor da dugc md hinh héa trong mé hinh vat ly dua
trén nhiéu md hinh khac nhau nhu trén SPICE [7-8]. Nhiing
md hinh ndy c6 nhimg wu nhuoc diém ma kha ning 4p dung
vao thyc té con chua dung véi dac tuyén 1-V thuc nghiém sau
qua trinh san XUit. Sau d6 nhidu mé hinh memristor khac duoc
thiét ké lai nhu cua Shahar Kvatmsky trong mé hinh TEAM
[9]. Sau d6 ong tlep tuc cai tién mo hinh nay thanh VTEAM
[10. O do, ong da tong hop va so sanh cac md hinh memristor
véi nhau. Qua d6, dac tinh dong — 4p cia cac mo hinh da dugc
thé hién mot cach rd rang hon.

Trong bai bao nay, tic gia mo phong cac dic tuyén cua
memristor dua trén ngdn ngir Verilog-A, mdt ngon ngii dugc
su dung dé mé hinh hoa céc linh kién dién tr c6 thé cdu hinh
cac tham sb dé phuc vu viéc thiét k& mach trén phé”ln mém
chuyén dung Cadence, tir d6 so sanh dic tuyén I-V lam viéc
clia memristor gitta cac mo hinh khac nhau, dong thoi ap dung
md hinh VTEAM, m6t mé hinh ngudng dién ap thich nghi mo
ta dac tinh I-V sat v&i hoat dong ciia memrsistor thuc té dé
thiét ké cac cong logic OR, AND, NOR, NAND, XOR,
XNOR va mach cong ban phan 1bit, mach cong toan phén 1
bit, 1am co s¢ dé thiét ké cac mach sb phirc tap va cac tng
dung thiét k& tinh toan mang noron (neuromorphic).

II. SO SANH CAC MO HINH MEMRISTOR
A. M0 hinh tuyén tinh
Trong md hinh tuyén tinh [1], hai dién tro duoc ndi ndi tiép,

mot dién tré dai dién cho vung pha tap chét (dién tré cao) va
dién tr¢ thu hai dai dién cho vung oxit (dién trd thap).
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Hinh 1: D&c tuyén 1-V cia md hinh tuyén tinh (a) Hau vao
dang song sin véi tan s6 w = 2nf = 4w (b) Dau vao dang song
sin véi tan so w = 20m.

Céc vong duong cong ludn di qua gdc toa dd do khong co
su léch pha gitra dong dién va dién ap. Vi mdi quan hé giira tir
thong va tan s6 1a nghich dao, & tan sb rat cao memristor thuc
té s& hoat dong nhu mot dién tré. M6 hinh nay gia dinh réng
cac 16 trong ty do di chuyén xung quanh toan bo chiu dai cua
thiét bi. Do d6, mot trong nhitng vu diém cta md hinh nay la
hinh dang véi hinh thirc dong va dé sir dung.

B. Mb hinh phi tuyén

M©6 hinh phi tuyén [11] gia dinh rang c6 sy phu thudc phi
tuyén giita dién 4p va cac trang thai phat sinh bén trong no,
dic tinh chuyén mach khong ddi xing. Hinh 2 mo ta ddc tuyén
I-V ctia md hinh phi tuyén gidng nhu 1a mét parabol.

Mo hinh nay ciing gia dinh ring dic tinh chuyén mach
khong ddi ximg. M6 hinh ndy tao ra cac dudng cong cua
memristor, nhung no6 cling c6 mot s6 han ché vé dién dong luc
hoc. Cac nghién ctru va thi nghiém di chimg minh ring céac
ddc tinh ctia memristor thyc hién kha phi tuyén va mo hinh
nay la khong di su chinh xéc. D6i véi mot sé ing dung nhu
céc mach logic, ddc diém phi tuyén 1a can thiét. Do d6, cac mo
hinh phu hgp hon can dugc phat trién.
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Hinh 2: D&c tinh dong-ap cda memristor (a) Dau vao dang
song sin v6i tan sO w = 2xf = 7 (b) Bau vao dang song sin voi
tan s6 w = 2.

C. Mé hinh dién tir xuyén ham SIMMONS

M6 hinh dién tir xuyén ham [12] nay thé hién dic tinh
chuyén mach phi tuyen va khong ddi xtmg. Chiéu rong rio
can dién tir xuyén ham Simmons la bién trang thai x va duogc
xem nhur 13 véan tdc trdi ctia cac 16 tréng oxy. Day 1a M6 hinh
vat Iy chinh xac nhat cia memristor, nhung phuc tap, khong
tong quat, dic tuyén mdi quan hé I-V 1a khong rd rang va
duoc thé hién nhu hinh 3 a.

Tuy nhién, n6 c6 mot sb van d& nhu mé hinh kha phc tap,
mdi quan hé giira dong dién va dién ap 1a khong rd rang. Hon
nita, diy khong phai 14 mé hinh téng quat, co nghia la no
khong dugc ap dung cho tit ca cac loai memristor va n6 chi
phu hop vai mét loai hinh cu thé cia memristor.

D. Mb hinh TEAM

Mb hinh TEAM [9] dugc dé xuit bi Kvatinsky 1a mot md
hinh chung va tong quat, glong nhu mé hinh vat ly Simmons
nhung v&i cac biéu thirc don gian hon nhidu va tinh toan hiéu
qua hon. Trong mé hinh nay memristor dugc gia dinh sy phu
thudc mot ngudng dong dién c6 thé didu chinh duoc va phu
thudc vao bién trang thai bén trong. Mdi quan hé dong dién -
dién ap co thé biéu thi theo dang tuyén tinh hodc dang mi.
Pay la sy cai tién mo hinh dién tur xuyén ham Simmons, dat
dugc thoi gian tinh toan hi¢u qua hon véi d chinh xac chap
nhén duogc.
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Hinh 3: Ddc tuyén I-V (a) mé hinh dién tir xuyén ham (b) md
hinh TEAM

E. M6 hinh VTEAM

M6 hinh VTEAM [10] két hop nhiing wu diém cia mo
hinh TEAM (don gian, téng quat, chinh xac va d& thiét ké) véi
mot dién ap ngudng diéu khién thay vi mot dong dién ngudng
cua m6 hinh TEAM. M6 hinh nay gia dinh sy phu thuéc mot
dién ap ngudng co6 thé diéu chinh dugc va bién trang thai bén
trong. VTEAM 1a sy cai tién tir TEAM va c6 thé phi hop cao
hon theo thyc nghiém so véi cac mé hinh khéc va dé dang tng
dung trong thuc té. M6 hinh nay dugc xem nhu mot md hinh
mb ta dic tinh ciia memrsitor phi hop nhat. Tuong tu nhu
TEAM, mdi quan hé dong dién - dién ap co thé biéu thi theo
dang tuyén tinh hodc dang mii.

Su phuy thudc ctiia dao ham trang thai bén trong vé dién ap
ngudng va bién cta nd co thé dugec md hinh héa bang cach
nhan hai ham doc 1ap: mot 1a ham cua dién ap va ham phuy
thudc vao trang thai bién w. Do d6, dao ham cua cac bién
trang thai sé la:

aofs
koff.<#— 1) Sorr(w), 0 <vppp <v
dw(t) off

dt kan.<1;(—t) - 1) " SonW), V<, <0 (1)

on

0, Von <V < Vopp
Trong d6 Ko, Kons Ooff VA 0on 12 hing s6 (Ko™ 0, Ko <0).
Vorf, Von 12 di€n 4p ngudng va x 1a bién trang thai. Cac ham ctra
sO fon, Torf chita cac duong bién phu thude vao bién trang thai
[10].
Su phu thude tuyén tinh cua tro khang va bién trang thai co
thé dat dugc, & d6 mbi quan hé dong dién va dién ap 1a:
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Hinh 4: Bac tuyén I-V md hinh VTEAM
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; _ FF_— ToN
|(t)— RON +W(W—Won) V(t) 2)
off on

Trong d6 won VA wosr |2 giGi han cua bién w, va Roy va
Rorr 12 dién tré twong tng cua thiét bi khi cac bién trang thai
twong wng 1a won VA wesr. NQOAai ra, diac tinh dong ap phu
thudc ham mii cua bién trang thai co thé dua ra nhu sau:

(A (W=wpn)
e \Woff~Won on

RO’H.

i(t) = v(t) 3)
Trong d6 A 1a mot thong s6 lua chon va Ryn, R 12 dién tro
tai diém gioi han, thoa mén % = e*. Theo Kvatinsky, Md
ON . .
hinh VTEAM la m6t m6 hinh chung cé thé phu hgp véi nhiéu
md hinh memristor. M& hinh ndy bam sat hiéu qua vai dir liéu
thuc nghiém.

Bang I: So sanh déc tinh cac md hinh memristor

M@ hinh | Tuyén tinh | Phi tuyén | SIMMONS | TEAM | VTEAM
K§ thuat | Dong diéu | Ap diéu | Dong diéu | Dong | Ap diéu
didu khién|  khién khién khién diéu | khién
khién
Méiquan| Rérang | Quanhé | Chuard R6 | Rérang
h¢ dong- I-V: Rd rang rang
ap va suy rang; trg
hao tré khéng
khang nhé nhé:
Chua rdo
rang
Phu hop Céo Khéng Khéng co Co
v6i dinh
nghia
memristor
Do chinh |  Khéng Khéng Khéng co Co
X&c so
sanh véi
memristor
thue té
Tén tai Khéng Khéng | Thuctéco | Co Co
ngudng
thich nghi

ll. ’NG DUNG VTEAM TRONG THIET KE MACH
LOGIC
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A. Céng OR/AND

Ca hai Cong logic OR va AND bao gdom hai thiét bi
memristor noi tlep nhung phan cuc nguoc nhau nhu thé hign
trong hinh 5 (a) va 5 (b). Cuc ngd ra 1a nit chung cua cac thiét
bi memristor, trong khi cac tin hi¢u trén thlet bi du cubi cia
ting thiét bi memristor 1a dau vao ciia cac cong logic.

Do su phan cyc ngugc cia cac thiét bi memristor trong

cong logic OR nay, khi dong dién chay vao cong logic thong
qua mot ngd vao, trd khang cia thiét bi memristor nay giam.
Tuong tu, tai cong logic AND, cuc dugc dit dbi dién voi thiét
bi trong cong OR nén tro khang cua thiét bi memristor ting
khi dong chay qua thiét bi.
Dé kiém tra hoat dong logic cua cac cong logic. Ngd vao cua
cé hai cong logic OR va AND dugc dua vao twong ty va gidng
hét nhau véi ca hai ngd vao 1a logic 1 hodc ca hai déu la logic
0. Pbi v6i dau vao gidng nhau, sy sut giam dién ap giita hai
dau vao bang khong nén khong c¢6 dong dién chay trong mach.
Do d6 dién ap ngd ra ra sé& bang véi dién ap ngd vao Vi, =
Vot Nhu vay, truong hop ca hai ngd vao véi dién ap cung cap
tai ngd vao la logic 0 (1), dién ap va trang thai logic cua ngo ra
lan luot 1a loglc 0(1).

Dbi véi truong hop cac yéu td ddu vao khac nhau, nghia
la mot ngd vao la mirc logic 1 va ngd vao con lai 1a mirc logic
0, dong dién di tir dién ap cao (thiét bi memristor noi ngd vao
1a mirc logic 1) t6i dién 4p thip (thiét bi memristor noi ngd
vao 1a muc logic 0). Vi vdy tr& khang cua ca hai thiét bi
memristor bj thay d6i. Truong hop niy, cng logic OR duoc
minh hoa trong hinh 5 (c). Trd khang cua thiét bi memristor
két ndi voi logic 1 ngd vao Ry 1a thap hon, va trd khang cua
thiét bj memristor R, 1 cao hon. Qué trinh tinh toan cubi
cung, tré khang cua ca hai thlet bi memristor xip xi Roy VA
Roff twong tmg 1a dién tré cuc tiéu va cuc dai cua thiét bi. Gia
st Rot >> Ry, dién ap ngd ra cua cac céng logic duoc xac
dinh bang dinh luat phan ap trén ca hai thiét bi memristor.

_ Ropr V. 4)

Roff + Ron high
Trong cong logic AND, memristor phan cyc nguoc lai so véi
cic cong logic OR. Pbi v6i trudng hop cac ngd vao khac
nhau, tr& khang cta cac thiét bi memristor 1a ¢ gia tri trai
nguoc véi cong logic OR. Pic tinh nay duoc minh hoa trong
hinh 5 (d). Dién ap ngd ra cia cong logic AND trong truong
hop nay la:

Voutor = -Vhigh ~

Ron

———— Vpign= O 5
Roff+RON high ( )

Vout,anp =
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Hinh 5: So' d6 két néi va déc tinh cda céng OR/AND

(IN1)

(IN2)

@

OR

(b)

AND

(©
Hinh 6: Két quéa m6 phdng ctia céng OR, AND Vi (a) la gid tri
ngé vao, (b) la gia tri ngé ra cong OR va (c) la gia tri ngé ra
cong AND

B. Cong NOR/NAND

Cong NOR va NAND dugc thiét ké tuong Gmg bang cach
két hop cong logic OR va AND 6 trén v6i cong inverter dung
transistor CMOS. So dd két ndi dugc thé hién nhu trong hinh

7@ va7(b)
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Hinh 7: So dd két néi céng NAND(a), NOR (b)

(@)

0 50.0
time (ns)

, o)
Hinh 8: Két quéa mo6 phdng céng NOR (a) va NAND (b)

Céc gia tri ngd ra ciling dat dugc nhu bang gia tri sy that cia
cong logic NOR/NAND truyén thdng dugc biéu thi nhu 8(a),
8(b) voi gia tri song ngd vao nhu hinh 6(a) theo moé phdng trén
Cadence.

C. Céng XOR/XNOR

Bang cach két hop cac cong logic AND va OR cung vai
inverter ta c6 thé tao ra cong EXOR theo nhiéu cach khac
nhau. Tuong tu nhu vay, tr cac cong logic dugc thiét ké tur
memristor, ta cling co thé tao ra cong EXOR. Mach thiét ké
cong EXOR c6 thé duoc tao ra tir 2 AND, 1 OR va 2 inverter.

Céng XNOR duoc tao ra béng cach thém 1 inverter nira tai
ngd ra ciia cong XOR.

Cac gia tri ngd ra clng dat dugc nhu bang gia tri sy that
ctia cong logic truyén théng duge biéu thi nhu hinh 9 (a), 9 (b)
véi gid tri ngd vao nhu hinh 6 (a) theo mo phong trén
Cadence.

(@)
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(b)
Hinh 9: Két qud mé phdng céng XOR (a) va XNOR (b).

D. Mach cong

Mach cong ban ph?m 12 mach t& hop thyc hién chitc nang
cong gia tri hai ngd vao tin hiéu A va B, khong tinh dén co
nhé. Ngd ra mach cong 1a gia tr tong S va c& nhé sinh ra,
Cout, tir két qua cong. Tur vi€c cac memristor cd thé ung dung
trong cac cong logic, ta ciing c¢6 thé thiét ké mach cong ban
phan (Half-adder) 1 bit st dung memristor thong qua mot
cong EXOR va mot cong AND nhur két qua md phong trong
hinh 10 (a).

Mach cong toan phan (Full-adder) 1a mach to hop thuc
hién chtc ning cong gia tri hai ngd vao, A va B, ¢o tinh dén
¢ nhé ngd vao Cin. Mach cong full-adder 1 bit ciing thiét ké
dugc dya trén memristor dugc két qua mo phong nhu hinh 10
(b) gdbm céc cong logic két hop voi nhau.

Gia tri logic ngd ra S va co Cout ngd ra ¢ ca mach cong
ban phin va toan phin ciing dat dugc két qua nhu mong mudn
trén mo phong nhu hinh 10.

1@

! (Cout)
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L (A)

= (B)

. (cin)

()

(b)

Hinh 10: Két qué mo phdng cda mach céng(a) ban phén
Haft-adder va (b) toan phan full-adder. Cac dang song theo the
twrla ngd vao A, B, co C va ngd ra S = XOR(A, B, Cin), Cout =
A.B + Ci*XOR(A, B)

Tir két qua thu dugc ta ciing c¢6 thé ap dung dé thiét ké bo
cong n-bit hay cac mach logic khiac nhu mach nhan, mach
chia.

IV. KET LUAN

Cac md hinh memristor ¢6 thé dugce thiét ké trén Cadence
dung ngdn ngit Verilog-A, duge sir dung dé thiét ké vi mach
vi n6 dé& str dung, chtra cac tham sé toan hoc, c6 thé d& dang
thay ddi, cting nhu c6 thé bd sung thém vao. Cac md hinh lan
luot ra doi ngay dan hoan thién va phu hop véi thuc nghiém
hon. M6 hinh VTEAM st dung dién ap ngudng diéu khién mo
ta chinh x4c dic tuyén vat 1y cia memristor va dugc ap dung
cho mdt s6 mach bo nhé va logic. M6 hinh nay tich hop
nhitng vu diém ctia md hinh TEAM vé tinh linh hoat, tong
quat va chinh xac. Cac cong logic dung memristor tiéu ton it
dién tich hon so vdi logic CMOS do kha nang tich hop cao. Sy
tuong thich cia memristor va CMOS duogc khai thac dé ting
mat d6 logic. Thiét ké nay mo ra co hoi cho cac cAu trac mach
lai gitta memristor va mach tich hop CMOS dé tdng mat do
logic. N6 mé ra kha niang méi 1a phuong phap két hop mé
rong cong nghé¢ CMOS va tang cudng kha nang tinh toan cho
céc mach tich hop k¥ thuat s6 thé hé tiép theo.
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MEMRISTOR MODEL COMPARISON AND
APPLYING VTEAM MODEL TO DESIGN LOGIC
GATES

Abstract: Memristor is a new device which has many useful
applications in the memory, the logic design, analog design,
neuromorphic system. Memristor is non-volatile memory,
compatibility with CMOS technology. The paper uses verilog-
A language to characterize memristors using linear model,
nonlinear model, Simmon model, Threshold Adaptive
Memristor Model (TEAM), VTEAM model to compare the
advantages and disadvantages among various models on
Cadence software. The VTEAM model is considered to be
identical to the -V characteristics of the experimental
memristors. Then, the paper applies this VTEAM model to
design logic gates using the memristor such as AND, OR,
NAND, NOR, XOR, XNOR, haft adder, full adder as the basis
elements for other complex digital circuits.
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V6 Minh Huén nhin béing dai hoc va
thac s§ chuyén nganh Ky thuat Dién Tu
Vién Thong nim 2005 va 2007 tai Dai
hoc Bach Khoa TPHCM va bang tién sy
tai Pai hoc Kookmin, Seoul, Han Quéc

nam 2013. Anh ta hi¢n tai 13 gidng vién,
dam nhiém chitc vu Phé truéng khoa,
Khoa Dbién bién Tt Pai Hoc Su Pham
K§ Thuat TPHCM. Linh vuc nghién ctru hién tai vé thiét ké vi
mach tich hop, cong nghé IoT, t6i wu cong suat thap.
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