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TOM TAT

Thiét ké mach nhdn dang ki tw ving dung memristor thong qua phép nhan tin hiéu dwoc trinh
bay trong bai bdo. Mach nhén dang sir dung 7 cong XOR dwoc thiét ké tir memristor. Bang cdch
diéu khién hoat déng ciia memristor phit hop, ta sé thu dwoc dién dp ngé ra twong vmg voi timg
tdp dir liéu ngo vao. Dwa vao dién ap ngo ra va tdp mau div liéu ¢6 san, ta xdac dinh dwoc ki tw
can nhan dang. Dac biét, ngo ra dugc luu trir trong cac phﬁn to memristor, khong bi mat dir liéu
ngay ca khi ngung cdp nguon va dix iéu ngd ra co thé truy cdp lai dwoce sau dé. Cau triic mach
nhén dang ki tw ¢é vmg dung memristor givip tiét kiém dwoc ning heong tiéu hao, qud trinh xir
Iy nhanh va mdt do tich hop cao khi s6 ngd vao cang Ién. Bai bao st dung mo hinh memristor
ly tuong. Tét ca két qua nghién ciru duge mo phong bang cong cu Cadence.

Tir khéa : memristor, cong XOR, phép nhan tin hiéu, nhdn dang ki tir.

ABSTRACT

A character recognition based on memristor via resistive logic signal multiplication is
introduced. The integrated circuit uses seven memristor-based XOR gates and XOR gate is
made by the combination of Memristors. By controlling the memristor’s operation suitably,
we obtain the corresponding output voltage according to the inputs. The interests of this
circuit structure is the output registered in the nonvolatile memristors, so that the computed
output can be stored without power supply and accessed anytime later. This circuit structure
saves energy, the processing speed is fast and the integration density is high for the large
number of inputs. The report mainly focuses on the model of ideal memristor. All the simula-
tion results are studied using Cadence tool.

Index Terms: memristor, XOR, signal multiplication, character recognition.

I. GIOI THIEU

thiét bi memristor[1], [2] hoat dong nhu cac
chuyen mach, c¢6 kha nang diéu khién duoc
bang dién ap ludng cuc, da dugc st dung dé
xay dung 1én cdc mach ban dan mat dd cao.
Ngoai ra, memristor con c6 mdt dac tinh quan

Viée xu ly thong tin ngady cang phurce tap doi
hoi cac hé thong trong twong lai phai ¢ do tich
hop cao hon, dé vuogt qua dugc gidi han hién
tai cua cong nghé CMOS truyén thong, cung
véi gidi han cua phuong phap “quang khac

Dinh luit Moore’s Law ciing dang dan tién
dén gi6i han ciia minh vi kha ning tich hop
ctia cong nghé CMOS 1a c6 gidi han. Dé dat
dugc yéu cau vé do tich hop ngay cang cao,
thi cdc cong nghé, chét liéu mdi ciing da va
dang dugc nghién ciru nhidu véi myc dich 1a
thay thé dugc cong nghé CMOS hién nay. Cac

trong nira 1a kha nang luu triv trang thai tror
khéang trudc do, ngay ca khi ngung cap nguon
cho mach. Mo ra kha ning ap dung cac thiét bi
memristor nay vao cac by nhd khong bay hoi,
céng logic, FPGA v6i mat d§ cao hon, quan
trong hon la c6 kha nang thich nghi vdi cong
nghé CMOS [3], [4]. Do d6, céc kién tric tinh
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toan nano dua trén memristors hira hen sé tao
ra dugc cac ung dung tinh todn mat d cao va
tiéu thu cong suat thap.

C6 rat nhiéu co hoi nghién cuu dugc mo
ra cho cong ngh¢ memristive (tré khang nho).
Vi du nhu céc ung dung: bo nhd khong bay
hoi tich hop mat dd cao, bo xu ly tin hi¢u [5],
synaptic neuromorphic networks [6]... Dua

vao cac bai bao da nghién ctru, bai bdo nay sé

gidi thiéu vé mot kién tric tinh todn tré khdng
nhé mdt dé cao dé nhan dang cac ki tw thong
qua muc dién ap ngd ra tinh toan duoc, dua
trén nguyén ly cua bd nhan tin hi¢u co ban.
Trong nghién ctru nay, thi bd nhan tr¢ khang
nhd s€ dugc nhing vao trong mach tich hop
lai, gdm c6 cac phan tir memristor 2 trang thai
va chuyén mach CMOS. Mach nhan dang nay
sé dwa trén nhiéu cong logic XOR, dong vai
tro nhur bd nhdn tré khdng, duwoc két néi voi
nhau. Cu thé la, mét day song song cdc cong
XOR duoc két hop voi nhau dé tinh todn cdac
phép nhdn mot cach dong thoi va duoc tong
hop két qua & ngd ra ctia mach.

Bai bao nay duoc trinh bay nhu sau. Phan
I giGi thiéu tong quan vé bai bdo. Phan II s&
trinh bay vé dic tinh ctia memristor. Phan III
trinh bay nguyén ly hoat dong ctia cong log-
ic XOR str dung memristor. Phan IV 1a thiét
ké mach nhan dang ki tg st dung memristor.
Phan V mé phong mach bang cong cu Ca-
dence. Theo sau do, phén VI s& két luén dé tai.

II. TINH CHAT CUA MEMRISTOR

Memristor dugc phat hién béi Leon Chua
vao nam 1970, dong vai tro nhu nguyén to
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mach co ban con thiéu, bén canh dién tré,
cudn day va tu dién. Memristor thé hién moi
quan h¢ gitta dién tich va tur thong nhu hinh 1
[8]. Nhung dén nam 2008, mot nhém nghién
ctru cua R.Stanley Wllhams O phong nghién
ciu HP mdi cong bd sy ton tai ciia nguyén
t6 mach nay. Nguyén liéu chinh sir dung xdy
dung memristor la mot 1dp titan oxit mong.
Khong gidng nhu cac nguyén t6 co ban khac,
memristor c6 thé thay doi dugc trang thal tro
khang. Ngay ca khi ngimg cung cép ngudn thi
memristor van ghi nhé duge lugng dién tich
da chay qua. Néu str dung mot ngudn dién ap
nhé dé diéu khién, thi chung hoat dong nhu
céc thiét bi mach tuong tu; nguoc lai, néu st
dung nguon dién ap 16n, thi ching hoat dong
nhu cac thiét bi s voi 2 mirc trang thai tro
khang va duoc diéu khién bang 2 mirc dién ap
ludng cuc [8], [9], c6 dac tuyén I-V nhu hinh
2(b).

> )
Fesistor :
dw = fdi i
w
{ .‘\":
Inductor Memristar
dqd =Ldf dp = Mdg

Hinh 1: M6 ta méi quan hé gitra dién tich,
dong dién, dién ap, tir thong

(b)

Hinh 2: (a) Memristor; (b) Pic tuyén I-V cua memristor khi st dung dién ap 16n
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Bai bdo nay chi tap trung phan tich vao
khia canh hoat dong nhu mdt thiét bi sb cia
memristor. Nén dic tuyén I-V trong truong
hop nay gidng nhu hinh 2(b). Hinh nay thé
hién mdi quan hé gitra dong dién va dién ap,
thong qua d6 cho thay tinh chét tré khang cua
memristor. Trg khang s& duoc giit khong doi
khi dién ap dat vao (V) khong vugt ra ngoai
ngudng [V oo Veosel V@ ddo trang thai tro
khang khi st dung di€n ap ngoai ngudng [V
\Y

PEN? CLOSE] :

Khi d6, memristor dugc xem nhu mot thiét
bi tr& khang nhé ludng cuc, gom cb 2 trang
thai tro khang. Tro khang & mirc thap duoc ki
hi¢u R, tré khang & mure cao duoc ki hi¢u la
R [10]. Tro khang gia dinh s€ chuyén trang
thai tr R .. sang R | (hay R, sang R ) vdi
khoang thoi gian chuy€n mach T = 0 khi dat
vao 2 dau memristor mot muc dién ap V
(hay V) v6i bién d6 16n hon (hay nho hon)
muc di¢n ap ngudng YCLOSE (hay V ,.\)- Dong
thoi, qua trinh ndy can phai thuc hién trong
mot khoang thoi gian T, phu hop [11],
[12]. M6 hinh dac tinh cia memristor dugc
mo ta bang ngdn ngit Verilog-A. Cac thong sb
thiét bi duoc sir dung trong phan sau cua bai
bdo nay: R .. =5 kQ, R, =1kQ, V
3.5V,V ey =35V, T=0,T,, ,=10us, R
=1kQ,V, =5V, V., =-5V.Vdiqui udc:
muc logic ‘1’ nghiala: V,=V_ R =R,

SET

CLOSE

and R,= R . Muc logic ‘0’ nghia la: V, = 0,
RY: ROFF’ and RP: ROFF'

III. NGUYEN LY HOAT PONG CUA
CONG XOR SU DUNG MEMRISTOR

CAu triic mach XOR sir dung 2 memristor,
3 chuyén mach CMOS va 1 dién tré [13]. Vi
kha ning tich hop cao clia nguyén to memris-
tor nén ciu tric mach c6 mat do tich hop cao
hon cong nghé¢ CMOS truyén thong. Cau triic
mach chi tiét dugc trinh bay trong hinh 3(a),
vOi 2 ngd vao: ngd vao di¢n ap V, (x) va ngd
vao memristor R, (y), 1 ngd ra 1a memristor
R, (p’). Khdc v6i cong XOR truyén thong,
qua trinh x1r ly cua mach thuc thi qua 2 budc
nhu trong hinh 3(b). Va bang su that tuong
ung gitta 2 ngd vao vdi 1 ngd ra dugc trinh
bay nhu trong hinh 3(c). Ngd ra & budge 1 1a p,
ngd ra ¢ budc 2 1a p’, day 1a két qua cudi ciing
cua ngo ra. DPé mach hoat dong hi€u qua, thi
gia tri cua V,, V, phai dugc lya chon phu hop
va théa man 4 rang budc [7] ( voi a =R/
R, and B=R__/R)):

Vser <2 X Verose (1)
Vsgr 2 (ﬁ) X Vv, + (1 + ﬁ) X Verose 2)
Vser > (14 B) X Ve, = 2+ B) X Verose 3)
Vser < (ﬁ) X Vv + (1 + ﬁ) X Verose 4)

Hinh 3: (a) Mach c6ng XOR sir dung memristor, (b) Qu4 trinh xt 1y,
(c) Bang su that cua cong XOR
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Giai h¢ 6 thu duge: i, = 0.64 mA;
i, = 1.18 mA; i, = 1.82 mA. Nén

vao dugc gan gia tri trude. Sau dd, trong bude
1,V, =V, S, = 1", S, = 0", nén R, dugc
ndi tat xudng dét, va véi mirc dién ap V,, &
chan V, dugc dat hoan toan 1én R,, 1am cho
tr¢ khang cua memristor R, dugc dua vé mirc
‘0’ (R,

OFF
thai nao.

), bt chdp ngd vao x, y dang & trang

Trong buéc 2, V, =V, S =0, 8, =" 1".
Khi x = ‘0, thi S, khong dan, R, va R, duogc
mic ndi tiép va ndi xubng dat thong qua S,
nhu hinh 4(a), V,,=V, XR/(R,+ R)Néuy
=0, thi V,, = 2.5 V, tro khang R, khong doi,
nénp’=‘0". Néuy="‘1", thi V=416V, tré
khang R, ddo trang thai, nénp’ = ‘1.

Nguoc lai, khix = ‘1", hay V, =V__ (>0),
thi S, dan, R, vaR, s€dugc mic song song va
ndi tiép véi R, nhu hinh 4(b).

EVL

Néu y = “0’ thi ta ¢6 hé phuong trinh (5):

5L1_5L2=2
511+13=5

)

Giai phuong trinh 5 thu duge: 1, = 0.77 mA;
1,=0.37mA; i, = 1.14 mA.

V,, =1, xR, =3.85 V. Nén R, s& chuyén
trang thai tr ‘0’ sang “1’, hay p’=“1".
Tuong tw, néu y = ‘1’ thi ta c6 hé phuong trinh

(6):
il + iz — i3 =0
5i1 - iz =2
5i1 + i3 — 5

(6)

2 3
Ve =1, X R, =3.2 V. Nén R, s€ gilt nguyén
trang thai ‘0’ hay p’ = ‘0’.

Vp=Vser Vp=VsiT Vx=VEevL
+ 3
Rp I: VRI VRP R\'
® V.
Ry RY
+
r— V)(:O

Hinh 4: Mach hinh 3 duoc vé€ lai: (a) Budc 2
vo1 Vx = 0; (b) Budc 2 v6i Vx =V, >0

IV. THIET KE MACH NHAN DANG

Ki TU SU DUNG MEMRISTOR

Trong nhiéu tng dung nhan dang mau cua
am thanh, ki tu, hinh anh, hay trong nhiéu
phan tich dir liéu khoa hoc cua khi hau, khong
gian, y hoc..., phép nhan gitta mau dir lidu
ngd vao va dir liéu tham chiéu duogc luu trix
trude 1a mot phuong phap nhim xéc dinh sy
ddng dang co ban dé nhan dang cic mau dit
liéu ngd vao.

Cong XOR xay dung tir memristor dugc st
dung nhu 1a mot phan tir nhan, ding dé thiét
ké mach nhan dang ki tu. Mot trong hai ngd
vao ctia cong XOR duoc dung dé luu trit dit
liéu tham chiéu (R,), ngd vao con lai (V,)
dung lam ngd vao cua mach. L phan tir nhan
XOR duogc st dung dé xdy dung mach nhan
dang ki tu nhu hinh 5. Ngd ra cua mach la dién
ap V, dat trén dién tr¢ R . Ngoai ra, mach co
thém mot ngd vao diéu khién 4p V, Vi vay,
néu dung L cong XOR, thi mach s& gobm L+1
ngd vao va mdt ngd ra nhu hinh 5(b).
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Xo

Sp

X)

:

Rp

XL-1

Vi

(a)

(b)

Hinh 5: Mach nhan dang ki tu st dung bo nhan: (a) Véi cong XOR thong thuong;
(b) Véi cong XOR sur dung memristor

Hinh 5(a) la mot dang mach nhén dang, su
dung cac phan tr nhan XOR theo cong nghé
CMOS truyén thong. Ngd ra cia cac cong
XOR nay la dién ap, mang 2 muc logic ‘0’ va
‘1°, khong thé két hop truc tiép voi nhau, vi
Vay phai st dung thém mdt bd cong ngo ra.
S6 ngd vao cua mach cang 16n, thi cdu tric bd
cong cang phtc tap, thoi gian xur ly cang lau.
Trong khi do, hinh 5.1(b) 1a mach nhan dang
str dung cac phan tir nhan XOR ¢6 chira mem-

ristor. Ngd ra cta cac cong XOR nay 1 trd
khang R, nén c¢ thé két hop v6i nhau, tong
tré cua cac ngd ra ciia cac cong XOR duogc
tinh thong qua dién 4 ap V, ma khong can dung
thém bd cong. Vi kién truc mach nay, thi toc
d6 xu 1y hoan toan khong phu thudc vao s6
luong ngd vao, viéc thém, bdt ngd vao ciing
khong gay anh huéng dén toan mach. Cau tric
chi tiét cua mot cong XOR dua trén memris-
tor dugc st dung trong mach nhan dang nhu
hinh 6.

f T

X

vV
’ Yij

i
=
(xt} Ry (1)
Rg
Vol Sl
Rp TS, -rs, =
Sr)-r ny (C;)

Hinh 6: Cau tric cong XOR sir dung memristor

Cau tric cong XOR trong hinh 6 tuong tu
nhu cong XOR trong hinh 3, dugc thuc thi

qua 3 buéc, va ¢ thém 2 chuyén mach S, va
S, dung dé tinh dién ap ngd ra cua mach o
bu0’c III nhu trong bang 1.
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Bang 1: Trinh tu thuc thi cia mach nhan dang ki tu

Buée |V, [S, S, S, S, |Chédd

I Vier |1 0 1 0 |Reset

11 Ve, |0 1 1 0 [XOR

11 Voo |0 0 0 1 |Evaluate

Ngd vao R, (y,) cua céc cong XOR déng
vai tro Iuu trit dir liéu tham chiéu, va duogc
dat ¢ dinh 1a R (‘0’). Cac ngd vao V, (x)
la cdc ngd vao cia mach. Qua trinh xu ly cua
mach nhan dang dién ra theo 3 budc nhu bang
1. Trong budc I va II, cac phﬁn tir XOR thuc
hién phép nhan mét bit nhu cong XOR trong
hinh 3, d¢ tinh toén tr khang cia R .. Vi ngd
vao R, déu duoc c¢b dinh 1a R, nén khi ngd
vao V. co6 gia tri logic 1a ‘1°, thi R, s& dao
trang thai 1én ‘1° (R ); nguoc lai, khi V. ¢6
gia tri logic 1a ‘0’, thi R, gilt nguyén trang thai
‘0” (R pp)- O bude 111, cac chuyén mach S, S,
S, déu ngung dan, S dan. Cac memristor R,
duogc cach ly voi mach va két ndi song song
v6i nhau nhu hinh 7.

T
____ R, v
o] xy
[ Ly
R..
[T —J " Rp
.r |—: —J RPL-l

Hinh 7: Mach hinh 5(b) dugc vé lai ¢ budce 111

Theo hinh 7 ta co:
1 1 1 1 )
Rp Rpo Rps Rp;_,
VPXRD VEVLXRD .
Vyy = = (8)
RP+RD RP+RD ’

O budc III, V, va R phdi thda man rang
budc sau:

Voo <(V

OPEN

- ny) <V (9)

EVL CLOSE

Két hop (8) va (9) ta dugc:

< Verose (10)

Vay khi V, va R duoc lwa chon phu hop
voirang budc (10), ta sé€ tinh dugc dién ap ngd
raV,, (thqo cong thuc (8)). Gia tri dién ap
Vi ‘thay doi theo ngd Vé}o V,, cua mach. V('?’i
so do mach nay, ta cé thé nhan dang duoc bat
ki mau ki tu nao, bang cach quy udc mdi ki tur
mudn nhan dang Gng v6i mot truong hop ngd
vao. Va dua vao dién ap ny do dugc ¢ ngd
ra, ta xac dinh dugc ki tu can dugc nhan dang.

V. MO PHONG: MACH NHAN DANG
Ki TU BANG CONG CU CADENCE

Pé tai di duoc mo phong bang cong cu Ca-
dence, cong cu chuyén st dung trong linh vuc
thiét ké chét ban dan, véi 7 cong XOR (L=7),
R, =1kQ, V_ st dung 2 mic dign ap 5 V
va -5 V tuong rng voi 2 muc logic ‘1’ va ‘0’
(trong budc III). Cac ngd vao R, da duoc dat
¢6 dinh muc ‘0°. Vi vay, mach c6 8 ngd vao va
1 ngd ra nhu hinh 8(a). Ciu triic cia mot cong
XOR trong Cadence duoc thiét ké nhu hinh
8(b). Trong md phdng nay, muc ti€u la nhan
dang cac ki tu trong tr “MEMRISTOR”, nén
dé tai da tién hanh ma hoa twong ung 16 ki ty
chit viét tir ‘E’ dén ‘T’ trong bang chir cai. Bo
16 truong hop ngd vao cung véi 16 muc dién
ap ngod ra s€ twong ung vadi 16 ki ty nhu trong
bang 2.
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Hinh 8: (a) So d6 mach nhan dang ki tu trong Cadence; (b) Cau tric 1 cong XOR

Bang 2: 16 ki tu ‘E’ dén ‘T’ twong tmg 16 trudng hop ngd vao va ngd ra (theo tinh toan)
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So d6 mach duoc thiét ké nhu trong hinh 8
bing cong cu Cadence. Qud trinh thuc thi dién
ra theo 3 budc theo bang 1. Va véi 16 ki tu
chit d3 dugc ma héa trude nhu bang 2, dé tai
da tién hanh nhan dién 7 ki tw: E, I, M, O, R,

File Edit Graph Axis Trace Marker Zoom Tools Help
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S, T trong tir “MEMRISTOR”. Két qua dang
song tra vé chinh 1a dién 4p ngd ra V,, nhu
trong hinh 9. Va dién 4p do dugc (¢ budc 1)
tuong tng véi cac truong hop ngd vao dugc
téng hop trong bang 3.

ERIEEOFS []Label |

Transient Response

(=T MW e on

V]

dn s W om

0 30 60 30 120

150 180 210 240 [us)

Hinh 9: Dang séng ngd ra cia mach nhan dang ki tu

Bang 3: Dién ap ngd ra do dugc ¢ budc III twong trng véi cac ngd vao

Ki tu M E M R I S T o R
Vxy do duoc (V) |2.917 [-2.917 [2.917 4.2 -4.1 4.3 4.4 3.75 4.2
Vxy tinh toan (V) |2.917 [-2.917 [2.917 [4.219 [-4.107 [4.306 |4.375 |3.75 [4.219
Do chinh x4c (%) | 100 100 100 |99 99 99 99 100 |99

Trong hinh 9, mdi bd ngd vao dugc thuc
thi qua mot qué trinh trong 30 us gém 3 budc,
moi budc thuc hién trong 10 us. Trong budc
| Vf‘l 11, ,SD = ‘0’, ngd ra V, bi céch ly, ndi
xuong dat thong qua dién tr6 R ,nén V, =0
V. O budce IIL, S = “1°, di@n ap ngo ra (V,,)
co gia tri va dugc dung dé nhan dang ki tu
trong mdi qua trinh (két qua do luong cu thé
nhu bang 3). Cudi cing, tra dién 4p ngd ra Vi
do luong duoc ¢ bang 3 véi két qua tinh toan
theo ly thuyét & bang 2, ta xac dinh dugc ki tu
can duoc nhan dang.

VI.KET LUAN

Bai bao nghién ctru tap trung vé céu truc,
dac diém cua cong nghé vi mach méi — dién
tro nhé (Memristor). Qua do, ing dung mem-
ristor dé thiét ké mach nhan dang ki ty. Trong

diéu kién ly tuong, bd qua dién dp ti€u hao
ctia mach, thi két qua nhan dang chinh x4c dén
99%. Nhung mach lai cé han ché, d6 1a muc
d6 phi tuyén cua két qua 16n, véi mic ngudng
thip nhét gitta 2 gi4 tri ngd ra lién tiép cua
mach 1a 0.071(V). Tuy nhi€n, mic ngudng
thip nay co thé khic phuc duogc, bang cach
tang s6 luong ngd vao, lua chon lai gié tri v,
va R phu hop.

Véi viéc su dung memristor, kich thudc
mach nho hon, ) luong phén tir mach it hon,
va nang luong tiéu hao thép hon vi cac phén o
memristor c6 kha nang tich hop cao, va duy tri
duogc trang thai ngay ca khi ngung cép ngu(‘A)n.

Tuy nhién, day la linh vuc kha mdi, tham
chi mdi c6 mdt vai cong trinh nghién ctru thuc
té va chi dugc nghién ctru trong phong thi
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nghiém 1a chinh. Nén ddy 1a mot thach thirc  trién tiép theo sé tap trung véo tdc do chuyén

khé 16n, dong thoi ciing chira nhiéu tiém nang  mach cua memristor, img dung cong nghé mdi

de phat trién cong nghé vi mach hién nay. nay vao cac mach t6 hop truyén thong, va thiét

Sau khi hoan thanh dé tai nay, huéng phat k€ cac bd nhé véi do tich hop cao hon.
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