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A memory device is disclosed, which includes a memory array for storing a plurality of vector data.
Each of the vector data has an MSB vector and a LSB vector. The memory array includes a plurality of
memory units, each of the memory units has a first bit and a second bit. The first bit is used to store the MSB
vector of each vector data, and the second bit is used to store the LSB vector of each vector data. A bit line
corresponding to each vector data executes one time of bit-line-setup, and reads the MSB vector and the
LSB vector of each vector data according to the bit line. The threshold voltage distribution of each memory
unit is divided into N states, where N is a positive integer and N is less than 2 to the power of 2, and the

effective bit number stored by each memory unit is less than 2.
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[ 7 32HH 4% ] MEMORY DEVICE AND OPERATING METHOD

THEREOF
(3]

HiEn—HECEGEE  BEEREY > ANEEZERER
ke ZREEREA AW T(MSB) [ &S EAF XL T(LSB)[F & -
selERE B E S EECEE T - SBETERAE T kE
—fIt R EFS R EEREIMSBEE » 5 L T N EF S
[m 82 ERHYLSBEE » & 3% [0 8 &R HER — L m & 81T — KA
TLAR e E 0 AR IR 8% 1 T 4R BE HL A5 8% W B B R HY Z MSB A 8 Bl
LSB [ - %3018 B0 (9 B 55 BB 43 1 43 By NEHRAE » N IERE s L
NN T » &30 BT G M S LT U 2 -
[552]

A memory device is disclosed, which includes a memory array for
storing a plurality of vector data. Each of the vector data has an MSB
vector and a LSB vector. The memory array includes a plurality of
memory units, each of the memory units has a first bit and a second bit.
The first bit is used to store the MSB vector of each vector data, and the
second bit is used to store the LSB vector of each vector data. A bit line
corresponding to each vector data executes one time of bit-line-setup,
and reads the MSB vector and the LSB vector of each vector data

according to the bit line. The threshold voltage distribution of each
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memory unit is divided into N states, where N is a positive integer and
N is less than 2 to the power of 2, and the effective bit number stored

by each memory unit is less than 2.
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[ £ 32HH 4% ] MEMORY DEVICE AND OPERATING METHOD

THEREOF
CEFIEEED

[0001] A $& R BE Y — 8 - B e 48 B K HAR(E 77 7% Rl A
Bl s —FEEC IR AG R B N G IR AR N LAY 7 0% -
CIESI(D

[0002] AT REAVEREMEEERE - g A B=RERHITA
THESRHERAIMGER - FEGNECREER  AIAINANDRHY
seiEA=fEs - A B E A2 Y B (in-memory computing » IMC) LI
TALEZNER EFHRTALEZSE AOERR RN

(Multiply-and-Accumulate - MAC)EEIF > LB AE[EY| A F{H 1R

i

B
JC AR SR P A TR AR HH SR R T AR > AR [E Rz TR BRI
BRMEE BZINERER -

[0003] FracagpeEs > DUEEE 77 24T MA C 5 ] 23 2 e bt
MRS - 28000 > IR T M AV E A (overlap) A fE 25 F &
A o TR E A M -

[0004] 55—77TH - & EEGEC IR A RS GEER BRI > 7TAE
AT 2 AL TC &R E% E (bit line setup) [T FEEE 2 KXY E E B (setup
time) - [N FEREF T -

il
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[0005] g4k - & 50 18 B8 B 51 £ H % IS 50 18 B2 JC (multi-level
cell - MLC)(=if B " —FERCEH T, RIFE AR > o BB ITAyEE R

Bt HAR 2B ENREE » K EEEERE RN E R MmSE /N > 7]

i B E HUR E Y $E R -

[0006] Ay b af il R » AR il S8isk =2 #H BE 78 5 2 5l A

SHRETIN I BEL R R BT I FF RS R IMCET YR AE T4 - PUE
FHER S FOERRT -
(CELEINESY

[0007] 745 7R 2 it 75 Z f i it LLSC AR PR 5 BT B 75 =X
Hy MAC 35~ /D aC IR BT YR S BB AT R IR G R B ~ T ir T
SRECE R KB > DAITETHE RS 4 E R B H AR -

[0008] fREEAG Rz —J7H » Rt —FECERER - WELE
Rzfy] - AREFZEREEN > SREEREARERIIT(MSB)
mE A NT(LSB)H & @ siEieE | A2 ERIER T &5E
BHITAAS T kB ot Bt HRE#F SR EERT MSB
Mg BoUTHREFESREERME LSB & - & HEERHIE
Y L TC 8 AT — KAVAL TR 5% € > WARIR AL T 4R 58 AL (| E B R AY
MSB [r] 281 LSB [m & - %50 8 B T R SR B BR oy Afil& o7 By N (R R
N BIEREHBH NN 28 2 105 > SacBEICEHFE ot BUNR
2

[0009] fRiBAIGRZ S5—T7H » Rt — T B A E N IR Ty
> A BB ARy soiRe YR 2 EEEE T

%2 H > 221 HEEYEETE)
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FRLBE TR ASR T KB ot BIE N AEE TR - (7
Z{EEEREMFEEREY] > SHEEBMEAESAMLT(MSB)[AE
BERAMALT(LSB) M & » fFESAEERI MSB MERE LT -
FFS A EEREY LSB [MERS it - BNSZEEERHEN—
L TTE T — REVAL TCRELE » AR RZ AL T AR E HL 5 3% [ & B RV 3%
MSB [ EHF%Z LSB [ & » HaLiE BT ER A& & N (ER

N BIEREH N/NR 28y 2 K757 > LB BRIt FEIIFERLTE

N 2

rlﬂﬁ

[0010] ZEEREIELL N E = - 4R AL K BB B EHE > o
SR R Z HA J7 T DA R (B R
[ A ]

[0011)

FIAB /AT —EROINCEBSEENRER -
1B B A AB R EBEERITH M
55 2A [B By E AT 2 fir T MLC 2018 B T 1Y B LR JBR 43 A7 19 R
R EE -
% 2B B At —EHAIEY 1.5 fizyr MLC 5018 8ot By i 57
B AHR B R B E -
3 EAAETHNEERBERERITHN MAC ER Y 5—Fi
{51 9 7 A2 B
55 4A~4D [E K ARG R AR ERFIAY 1.5 izt MLC SR

TT HY B 5B B 3 A B R B AR |
3 H > 421 HEWRREE)

H
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HIARRE Y R B [ -
[ & 771

[0012] A&RBAHF N Rl FRE & BAR i HiE 2 HE AL
WA HFEHE 7 HEAE IS HEE &R > Z o AE 2 B %
DIAREHE ZSHEER A& - AEZSHEERG 2 EH—
2% R T Rr i - FE R BEE Y ATEE T AR g SH ik B A 85 A
oAk PP R MR M E N ( — M R B 0 B BR Y R flo R AR o BiE
R S A2 e it 8 R BB O B B MY Rl FE AU DA dH A& e

[0013) FE1ABAAE R — BNV EBIE 1000 197~
HlE - FE2RFE 1A E > LERLEE 1000 iEIERES 100
F A& B &k $H {7 85 (data latch) 210 ~ 220 K 230 - [ BERREE
1000 7] B FA #1017 50 1% 88 9 # & (in-memory computation IMC)»
BIanEh 17 2l F5 2 i (multiply-and-accumulate - MAC) & - 7
EMES » RETHEEEEE 1000 ARSiTE ey MAC EE DL
RAEBSFEL - ERHEFSE 21007 A "TE—&R#EFsS,
EREFER 220 OB A T EEREHERE , o WH > BRHEFES

230 o] f &y " HhEEREHEFE S (common data latch » CDL) | » H
F4H 21 HEVERIAE)
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E B EAE4EE 1000 AV A/ H /1 -

[0014] ZCEEEMT] 100 EAIEHR BT T WLI~WLN > it
Ly m 4k WLI~WLN (NG — & a7 —(E[ &(vector) Bl - &
SRR EE 1000 H BT AP E BAM MAC EE T » N {F
Az F1~FN WY& & (feature vector) ql~qN A TH 5 & 7 10 5
BRI Y] 100 By T4 WLI~WLN - 141 - 55 1 & Afg F1 15
Bom & ql A 20 {d fii ot @y = # fi(binary)& K

T00110011001100001111 | &N F 04 WL » 8 2 {# A B8
F2 AR A & q2 B 20 (B e &R 11001100110000001111
i TR Fr 4% WL2 > K L5 -

[0015] A H » A RAYCEBEEHSY] 100 2 R AR E T
1.5 izt Z Z IS B ot (multi-level cell » MLC) » AHER A
Y 2 froez MLC B EHE T (AT R8EE "2 it MLC ) » Kig
Y 1.5 itz MLC REHETT(LL TR E T 1.5 fust MLC )
HEFNEMERD > FRot® A 1.5 irje - 1.5 firyt MLC By
il 18 At 7 1% 5

[0016] &l E8 47 2230(H) - S E E kI H{F 28 (CDL)) 7 B 7
HECEAESE B 10008 dm A HY 1 2B K - & 81T AR P s A iR
MR I AR FORY R m Ep0nl /NI i A R0 R A4
BE1000( & F R ERHF 3230 R m Ep 0Bl 40 £ 2 0@ fiz 7T 7Y

T11111111000000001111 4% » 5 B A S p O B & iS4 17 22230

#FS (transfer) EHFHEHF 210 -
55 I 21 HEREES)

HI

HI
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[0017]) wfEzCEAEFES] 100 HhshfT " BN U 4R B BV (F
(selective BL read) ; £ T4 WLI~WLN 73558 KU A &
ql~qN > BEE THBEAURF I B ARBET NI - fFHRD
FEUDE po Mol E "W ARHEE p0,y  HACHENFEN
B ql~gqN AL " MERENE qi, > i=1~N - BEET4HE
HUEFr Zim AREE p0 HMEERBOE  (YRBER -
EREEE p0 (VLTS Ea & qi (VEEMTE R T 1 B o
FEAL TR IR E R R e & qi Az frcsl il "1, - B
s p0 VAT "0, R EITE qi (VEEM TR "0y B o
B TR ETRF A SR SR R qi ABZALTEEL "0, - B
I - B B A T 4% S HURE 3 RV (L 45 53R qi’=p0*qi- @ &5 R qi”
Ma R "R ERmE qr, o Pl FFEEE po=
"11111111000000001111 , - 55 1 (A Afe Fl (WEHEE ql=
"00110011001100001111 5 - BEFEEAr yr 43 o8 AL 1F 15 2 AT 4
MR q1l’="00110011000000001111 | - [fif% » 4 5 E
B qU A B AERM#EF s 220 -

[0018] ifife » "N ERISHIEES 220 E{F A H R m =
qQUBIT RINES - LRI SR E gl 2 F ey " 1 izt -
fERINEE N — Rl T 2B E 1000 7] BT 85 BR L Ju et B
i < (fail-bit-count) DL ¥ R i s B & q 117 5F B 1F
(counting operation) - DI @ £ % & m B ql’=

700110011000000001111 & HHy8{#Efz7;x BO~B3B12 -

%6 H » 21 HEVRRIE)
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BI13-B16 - -B17 & "1, @WHFEHEE U HEFB&ER C1 K+
T8, FFEER CLEIAREEE p0 EEHEE ql AR
RIS R MACL - ffifg > 5HEEE R C1 AR 2 5 R 785 230
WA ETEEE R Cl I 2L AR E 1000 AYFMES -

L0019 1 A fix Wk st BOE o - THL GEAA Y AR F 1AL 155 Y
AR FO ZEMHMIE R R BSEME p0 BFEHE ql 47
AfE(inner product) " |lgLllllpOlicos6 ; - & AMz F1 B2 Afg FO Z
FAYME LIRS - A o, MEBERRE > KFEEE po BEEE
A& ql FYATEELR T llgllilpoll, - At - "TRER AR po
R AE ql ASRBERING R MACT 545 A g F1BLEFHE S A
fig FO 2 MR HE LS -

[0020] %5 1B @ /ARG rHIEC BHGEEE 1000 $fTHY MAC
HEEAERE - 5275 1B E(EEG2 A% 1A BV ERE
B 1000)  fE20 5% S102 - R RFHEE ey A FO BV U= & pO A
HEE A (feed) ERCBAEEE 1000 - B EE p0 A EHENER 4
Fzs 230 -

[0021] Tff& » 4E20 8% S104 » H KRR & p0 (EERHHF &5
230(B0 > FEEFHSHT S (CDL) W EH5 R HG 4 210(80 > 55—
EREEFES) o & > AE2PER S106 - AT BRI U S s BUER1F >
DI st iR A i) 100 Y7 T ek WL I~WLN o o3 Bl 58 B 5 20U &

ql~qN - S ¥ H AT R E R o 5 15 L T 4R 58 HUR (F = 20 /Y B o

ETH 21 HEVRRIE)

111120620 REHRE AOLOL 1112029544-0



202329121

FrRUE R qU ~qN’ B EEE ql~qN BEE R E p0 (YRR - @
HREHE qU~qN AR FEF R ER#HFES 220

[0022] ifif% » fE20 8% S108 » 73 HIH A &R 88 220 (K7
WHENEERHEEE qU~qN ST BIRE UG R &GS R C1 -
Mt » 208 S110 - s &SR C1 ER £ & HFES 2300
A EREF S 230 i sHBEER C1 -

[0023] S5—J7H FESRE I RE2- £ | fim BBl
HYH LAY 2 fiz ot MLC Y ERIECE (data allocation) DA_1 « 5LiE
R P S Y — (8 B He H i ) B RS % (E A H A > 140 & H i (high
page) MK H E (low page) » LU KIHY 2 fizjt MLC K6 » & HIH
HiEE MLC SUBEB TS —fzt CBl1  (RH E¥HEE MLC 3L
BITHYEE —firot CB2 « fELLEBIMERIECE DA 1 9 - RAFEAYA
fR R & W oy B REE R & B EER B A > f140 0 Afg FI~FN
ZHHSE 1Rk A FIIWREIRE ql RS HEE > 5 2 5k AR
F2 R R E 2 FFERNEHET -

1 (ERHE DA_1)
= HH ANkg F1 (VR & ql

(% —fuzjt CB1)
& H NBg F2 IR R & q2

(25 —fzjTt CB2)

[0024] % 2 PR B AR RHY 1.5 fiiyc MLC WYEREKE
8 H 4k 21 HE@WIREE)
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DA_2- "1 AN HyRr B R & H & 8 i ey E R & 7 R s A
fir Jo(most significant bit> MSB)EL & H & fiz Jc(least
significant bit » LSB)AJ[M & (vector) « 4l > & Afw F1 0YFF
& ql &5 f MSB W EEL LSB @2 MSB @& LSB [ &4l
Mz AA4EIT-MSB AENER EEER SMEFR = H
LSB mENER EEZEERMEFNEER - B8 > T —@EA
B F2 VR B0 E q2 Y MSB mE/MER S HE HEEE q2 1Y
LSB W &f#FNEHRA - L H - @ HEHEEZEXRXEF R 1.5 o
MLC #y5% —fzst CB1 » (REHEHEZE 1.5 fizjt MLC 85 {1 7T

CB2 -

* 2 (EFACE DA_2)

= HH ANig F1BUR=0A | A F2 BVEF 7
= ql Ay MSB 1 | @& q2 By MSB

(F£—frc CB1) | & Sk

(=g ABg F1 88 | ABe F2 AV &
EqlBJLSBHE A& q2 4y LSB

(%8 —fiz 7t CB2) A &

[0025) £ 2A Bl B 2 {ir 70 MLC 49 5 BLE BE 4 16 0 4R

FEMV R ER - B 2BEIAAE R—FHAIHY 1.5 {7t MLC AYEE R
BRI T AMAYARBERY R BB > ]R8 1.5 fir ot MLC By -

[0026] 3552 R4 2A @ - a /R U BE THVEE R B Vi 45
BRAENERALE  RBEERVEFER Ve oAMm > EHR

FE9H 21 HEVRRIE)
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2 firjt MLC o[ B 4 {ERA& S1°~S4” - ,fRAE S1°~S4 My E &' 4 |
SR 20 2 RTT -

[0027] H - iREE ST/t Ov(ZHEAL) BEEEEE Ve Z
[ > ARAE S27 /MR R Vi BLEEHEE R Ve, ZfH - IRAE S3°
R EEERE Ve, BEEEUER Ve 2/ > AREE S4° 47172 38 HUE B
Vs Bl 8B Voo 2 « BEHEY 2 it MLC Al 2 @A 7T
I ERI(CB1,CB2)- H o JREE S 1" ¥ FE R E R (CB1=1,CB2=1) »
KRG S2VH FEHY B RH(CB1=1,CB2=0) > jIRRE S3 ¥f JE it &

(CB1=0,CB2=0) » jJkAE S4 HJENEFR(CB1=0,CB2=1) -

lk*

&

i

3%

FY 2 fi ot MLC HYRRE S1°~S4° ¥ JEHY EE B U] BE W 17~ W4 i

-

A AE L ECE R (CB1,CB2) A 5 HL ¥ 5 » A 1 6k 48 50 fR 8 T 4
W MAC EHER)HY E BB EY -

[0028] #52 A5 2B @ - DAAE R 1.5 irt MLC i & >
WESLEEE Ve By oA fE & B N EARRE » N/ 2 89 2 RT7 - B

40> N=3->H] 1.5 fir;t MLC B A 3 {lijRA& S1~S3 - H 1 jjkR& S1

1

~~

T Ov(ZEEA) FENERE Ve 2 REE S2 /PR EEIE BE Vi,
BIEEUEE B Viro Z[E]RRE S3 /P N EEEUEE BE Vi, BLAE M TR Vo,
ZME e 1.5 it MLC A EFIE R ZF0 i8R 1.5 it > &
o GRAE ST HIERER(CB1=1,CB2=1) > jRkRE S2 HIENEFR
(CB1=1,CB2=0)"fR&E S3 ¥ FER E R (CB1=0,CB2=0)- = >

1.5 izt MLC A HEEER(CB1=0,CB2=1) - Al E MR 2 fLT

MLC HYREE S37 BLRAE S4° 7 fy 1.5 i1 st MLC Ay B — (B iR 7 S3 -
5108 - 4621 HEIRHE)
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1.5 fir 7t MLC #Y;ikR& S1~S3 ¥ fEAYE B E W1~W3 R HE M
iy 2 fir7t MLC BYERERIFE W1°'~W4° > 1.5 fii;t MLC W& H
(CB1,CB2)HyE HUIEME R A [N L $2 7T -

[0029] % 3 AR B —firot CB1 BAEE —firjr CB2 WA
By —fE ] AT B R 1.5 fiz ot MLC 9 &R (CB1,CB2) Bl E AT 2
fir 7t MLC Z &Rl -

7= 3

Y 2 fir ot MLC

= E M % —froc CB1
10010100

EEN] 5 —fir ¢ CB2
01011011

1.5 fir7C MLC

=S EHH ¥ —frc CB1
10010100

RE m = fir ¢ CB2
00010000

[0030] AfF REVECIEAEEE 1000 BR7EHMA 1.5 itz
MLC D37 &R RV I AR - f£EF F > so i8R %EE 1000 7
VU ER (redundant) BY L L &R 5 E (BL setup) By {E - LUV &
o B EE HLER AE BT /5 A B ]

[0031] WX FEHRE 2 i MLC s > EEBENE LT

11 H - 3521 HSERRIE)
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CB2 Y 58 BU45:1E 35 AT — AL 7T 43 5% 78 G i — 2R A 28 HUL 26 B
Viy o —REVAL T AR ENFHE t_BL_S Fl41 % 60us » Jifi il — AY

il HUER R Vi, ¥ FEAYSEHUF[E] t_Vread B4R 15us - Bl 55 {1
7t CB2 (Y58 B AR 0y BT I R KRB0 60us+15us=75ps° 55— 75
H o HERSE T CB1AYEE HUEAF 7 80T — ROV AL TR E
T 0 WA R SE R R Viey ~ Vs o Bl > 85— fz7C CB1 HYREH
TEOVRATHF R R BB 60ps+2*15us=90us - B E > WY 2 fiLoT
MLC Hy & H %K H i #Y & FH(CB1,CB2)HY 38 HUIF R 2 Ay
75us+90us=165pus ¢

(0032 gt 4 » M H B Ay 1 iz T Ay B[S 50 1 B o
(single-level cell » SLC)IMF » N EHAY | fizit SLC Ef#EF 1
{Efr eHyE R > SEHL 2 (A7 7o #Y E R ZERT R GE HUR AT -

I WU A 78 BT — A A7 7T 4R 5% 8 M e 0 — KA S HUEE S ViR,
HATHF IR E R 60ps+15us=75ps « KL > HEHLAY 1 7T SLC 3
Y 2 &l fir. 7C /Y FORHEY 38 U R R BBy 2% 75us=150ps -

[0033] #H¥ti > A RAVECIEABASE 1000 fEETE 7T
CBI1 % {7t CB2 Ay TR ME I (€ T — Ry fu o s s e - |/
B TR FE S — RAVAL TR s E R [ t_BL_S=60us - i H » KGR
ECIEAS S E 1000 FRAAY 1.5 firye MLC E#(E 7 2 {8 A E R
Ver~ Veo o B I 5 FE & B XA 3 BLEF ¢ _Vread - Rl
2%15us=30pus - (. > 1.5 ¢ MLC 095 H S8 5 E e gk

(CB1,CB2)AYREHURF ] K2R 60ps+30ps=90ps - UL > M
5128 - S 21 HEIREE)
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HALHY 2 iz MLC BYEE HUEF [ 165ns Ko MHY 1 iz e SLC YA
HUBF ] 150ps> ARG REVECEAR R E 1000 ST (£ ¥07T — KW AL T
4% B EC & W 1.5 fizot MLC 0 #% & ifi 75 38 B 0% [ 2
(latency) EfE % N iiE 0 -

[0034] 55 3 @ R/ AHG RHYECBASSEE 1000 11709 MAC
BZH—HmPINRERE - F2 A% 3 E - 25 S202 §1 - A
RLIEAG RS E 1000 AR M (condition) - & HETECEARIEE 1000
HFETT MAC Ry - g #E{T20BE S204 - fE 1.5 ot MLC &
FRHYECIE AR P A1 100 T 5 LR R & qi BVERE - Bl - 09T 28 5%
fir 7C &% SH HUIR AE AU 5 < > BT — AL JT & 5 I HE 0 W 2K 58 B2
BE Vi~ Vea DLEEHEL 1.5 iz 7t MLC WY& — & R (CB1,CB2) « 3¢
RS 100 VS HHEG#FAE —t CBl HENRTHEE qi
fy MSB [m & » [REHEF#EFE 0 CB2 HENFFEEE qi
Hy LSB A& - Al ¥ /> MSB [ E L LSB @ E 7 H#{T A EEMNE
AVET B ME > DIETTRINER -

[0035] 55— 77 m  {E2F Bk S202 - & HIET LR AR 2L & 1000
K BR (remove) B Rty - #E& #E (T BR S210 © WIPR&E R - f40 >

MR EC R AG 5] 100 FHFAY N (S5 ZUR & ql~qN -

[0036] 55— {220 8% S202 & HE AR EEE 1000
RFEE L (create) B ~ f A (insert) Bt SO (update) Bl
PEHETT VB 8206 - EAb(quantize) Wt HE L& (revised) Y FF

W qi - BE > BETSE S208 : BREERNBEHEE qi W&
%13 121 HETERES)

]

BB
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FHEIZ 5 A(program) SLIEBE MY 100 « Fiffm & qi FYE R
ABEMEATIRIESE 2B EfTRAY 1.5 fiijt MLC (& REE((data
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