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S5 () ofol Al 2

AA ATd e 519 %
K

(54) I o] WA 74 WEHT I FF

(57) 8 °F

2 AN o wd MEA A FHE: 715 A (weight) MIES} vk 7bEx] WEE ARshe viny A
s, ] Aatel] Al JHE AFshs Al A= 2d(word line) I A2 & ATats A2 A= #HAL £3)
sk A= 2l AESH AL 9t 7 HEsk] Al it At A= AL vEZRIS, A2 gt W

A 7t HEZE 34 Aste A3E 285t A2 v E 918 ¥},
o F - =1
Accu lator

igital
mul:
.

Digital
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A A AW A 27— 2] FFaAE o]&e uAFA A AW HFY-
QI-wEg 3|2 9 of7|Ex /%

71 oq & 1/1

A58 7] AA gkl

ATF7I7E 2020.07.01 ~ 2020.12.31
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2

AT 9

A1

"

"

\

AO

o $lofA,

&

A3 10

Al

W

A2

(W: 7F&A1, ¥:

11
ol 9loiAl,

5}
)
71 A2 4
7] (accumulator)
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FHEE7F 7] G E3E 'l 2 H|E(turn-on bit)2] MEE AFEE WA}

Iy
i)
i
o
N
i)

s (o
=)

m
(o3

X
¥

7F MAC A4 49-9] F=9] k #a vt w], A4 w3 (sensing margin)©] &
ZFIEE W E gel A dA4 AE S HE U (ke 2 ol A4

I ® e WEe A 7] 98 e S
QLAY BYAES Holm 2] o] A7)

471 BE 2l A 84 MRS ST e,

wE MEND FU% AE PHoE
ool 98 MESS AFshs vAsh

e} A7) Qe g

)

2 H|E(turn-on bit)e] /NFE AlFste dAS,

Ag A} 7] ' & HlE9 Ji¢r NAC A4F 99 o k B oY ul, Y] JhE7E 4] e vEZE
WA bl e wES 4] rd dE T ATee vt

Al’d ml- (sensing margin)o]l S7FSIE=SE HIE Rl et FA AFS SV AE YH. (k2 o)
Al %)

AT 17

EHOl 4¥ HESS Agdhs 9 T 7] JREEVE 7] Aol E£3E ® 2 v E(turn-on bit)
= =

A3 18

A% 19
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Ar ERALE O B AbE FIHAA 3

o
o
rir
k)
i
o
i

e 4y

(<3

Qeldel A @
EBEERE

g
EEERL

2 o] dole A7t e wel dioly o]F Ao Bt =
&2 (bott leneck) o] HAEe] 2 (delay)e] H(overhead)o] WS Z7}8te=
Zol7] Y&l wWE ol AarS 423)35t= CIM(computing in memory) 7]&©o] 5743}

w59 1§

S| dste= A

719 CIM %% HE " E@multi-bit) A wlRle] ZAE ddsr] fste 948 HEES AE=2 AFste] 7}
FTA ot 74 Aaksta FA4ske] MAC(multiply accumulate) 4FS S=askgich. 28 o]gidk B|E Al 4 (bit
serial) 22 A F(throughput)o] Hth. o]& sf&xsl7] st 9] HE & S7RA7IH A4 mhx9
A7 st AE e 5ol dstdrt.

=
o3, 2 VleR ddsty] A 3

A9 @2
2 Ao o3k wd WESNT A A= X (weight) HES} Wb JhEX] M EE A St WREEY &
Zpeh, WE2E Ao Al 48S AFstE Al 9= ZFA(word line) Tt A2 P&& AFste A2 J= FUAS
EEeE A= 2l AES, Al 4893 7t HESe] A A4t AUt FA4EE AL HESIY, A2 ¢4E
7 9bd 7hEA HEVE 34 dibd AnE SEEe A2 HE gls xS
2 AAee A gl o3t
H AL SIHE; Al ==
I AAE A1 A5 Al

A5 A2 A= g3 AZ" Ao WSS 7H= A2 29AE e,

B oANele] 9 el o, A FAL, AL WIE el W A2 wE s AAHY, 47 EN wE
9ok bR WES AgeE B4e) W 25w, Bee) Wz adel 247 Al 9en A2 A9
AFSHE Bro S g AEES o TP, Beel vre axjel 22 ATE AL YL AEA W=
Shel @xt ABES AL HIE ele] FAH] P, Bl vme] sl 47 AFE A2 AU} wA
hEA vEste] Qb AREE A2 wE Fhele] FAHo] PyATh

®oAAele] Bkl sk, A R, AL HE el T YR A A AFea, /FE A
Gt Wt 44 FEE o L3

A Egel ojstw, Al WE ehele] FAHel FHE AN Ade ey (T =
FAET (W 7], X Al 9=

1
>
2
o
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X)o] Algd s AT =deltt. = 3(b)= Al JAME D7 =d 295 F9s8ta, A1 9= #10L
D& &kl =g 2% ZHe] Al 4" X0l Aled s oA =doltt. = 3(c)e= All AMEAD7F =

g selg s, Al A= AAOLDE Ftel =8l shol Felel AL GH0o] AFH FHE AT W
e, % () AL A7 e sels Fdska, Al A= AANDE Eajo] =al =9 e Al
X0l AZH FUE AT Erolth,

£ 4@ A2 AMED7} =2 SolE SR, A2 A AAMDE okl =2 dol gl A2 A

(Dol Agd s A =delvt. = 4(b)= A2 AME(12)7F =] stolE &9staL, 12 = 1L
2)& 8o =2 29 AEe] A2 fdH)e] Aled FEE A =doltt. & 4(c)= A2 IHE(12)7F =
=

gl 295 F9sta, A2 A= ZAR1(N2)E Fate] =2 sto] el A2 dH (Vo] Aed FeE A =
oltt. = A(d)= ] AME (12)7F =2 295 F9sta, A2 A= 2A2)& Fsto] = =29 deje A2

dHY)o] Agd FHE AT =Holtt,

UEe YA Fe 7AFA
o] atel A= o B AAdE Ayt & 12 2 Ao o3¢ w4 WEYA At G
A (1) <] H = , = AAd og Fd UEA dA FA (D)= THEA
(weight) HIES} Wb 7}5x] HIEE A st w2 24100, 100, 1003, ..., 100,) ¢}, wlE2l A=(100;,

1003 100; ..... 10011)01] Z‘“l A4 Z‘“%—S = Zﬂl —‘HE E‘r‘ﬂ(word line, WLH, Wle WLU ..... WLln)J’}‘ Z‘“Z )

g5 AT A2 A= AWML, Wop, Wls, ..., WLo) = sl 9= 2kl AEWLS,, WLS, WLS;, ...,

WLS)SH, AL Qeish AAEA mEske] F4 A A3k FAEE AL WERIBLT, A2 AT WA AR
HEZE 4 A AnE Fshs A2 HE Sel(BL) S T,

T 2% o= g wEE 22(100)9] MLE EAS EARAE #E FE2Eort, B 1 W & 28 3

e A2H100)= A1 JAME (1D A2 AWME(12)9F, A1 ¥E ZIBLD Y A48 Al A5 Al 9= &
(LD 25 Ao AFES 7HAE Al 29X (TRD) 2 A2 HE 2 @BL2)3 9248 A1 A3 Zﬂ A= E‘r
AL2) 7 AAE Aol AFS 7HAE A2 2R (TR2)E 283, Al AHE (1D YHLS =

Z9e A=, Al AHE D] 92 A2 AWE(12)e] ol AZd=}.

1% & 28 dad AAde wEY 22 (10002 F 719 JIAHEE o] &3t 75X H|EeL jEd 7h5X] v
EZ A% SRAM(static random access memory)g dAlSCE. A1 A (TR = Al Y= AW E3H
AzE 49 Xoll o5t =F B Adho] AlojHEtl. Al ALA(TRD7F £F B/%e atdrgd wel A1 v E
JABLDY A4 ezt ‘ﬂﬁ} F Ak, A2 29A(TR2) = A2 9= FRA(W2)S &3 ATH 49 vl o
o =% 9 Ago] AojHTE. mPAVIAR ) A2 AX(TR2)7) &5 Z/EE Apckge] uke) A2 v Eg1(BL2) <
A71A gezp Wsket 5 °1E‘r AR elol A Al 29 A (TR A2 291X (TR2)= B NMOS E#A] 2~H <l
AL Attt 2ey, B=AEA 2 AAdelA, Al =X (TR1) R A2 29X (TR2) F o= 3fvt o]
< PNOS ERX 2B E 7" & vk X 28 oAlE Aol o] Aol A ] AREE = oM e EA
2HE o] &3l SRANS o] &3o = ‘?374] oA FEslE Ax FFS AT 4 .

= 3(a)w Al IHEAD 7 =2 295 F93ta, Al A= FHAWLD S Bk =2 sto] el Al 94

X)o] AT FeHE dAs Z=dolth. oltelA e, Al F= AWML o] =8 shold vl dHEXE “17 <ol
3 &3, Al A= FHRJAWLD o] =7 25¢Y JHXE “07 olghar ghvh. gk, Al JAWEI(I1)S] EFH o
v 29Y W(A2 JAWE(12)9] F9o] =g stold o) =R (100)] AFH 7teA HelelE 17 olgtx
star, A1 AWME (119 &0l =7 0}0101 (A2 JAME (12)9] EHo] =8 4 wf) == (100)°] AgF=H 7t
F2 "elHE 07 ol drh. & 2 E & 3(a)E FHEIH, Al A= FJAWLDE S3te] =2 o] AdH <
A1 JHEX) o] AlFHol uwpt Al &.HX](TRl)ﬂ TEAY. weld, ZAA (pre-charge)d Al HIE el
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(BLDE =58 Al 292 (RD3 A1 AWE(11)S Eato] WA (discharge) ATk, A1 HE 2 (BLD oA E
ATE QA L0000 AGE AFAG FA 1 of o% e 7714 gt daE

= S0 AL WD el 258 FHT, AL A= AALDE Sofel &2l 23 gefe AL 9
(Vo] ATE AU A Eholth. ® 2 ¥ ® 3(b)F FEW, Al 9= PANLDS Bate] =g 2%
Aol Al A= (00 AFH weh Al 294 (IRDE Aert. web, o) 2A (pre-charge)d A1 ¥]E
FABLDES Ze] AHE A4S FAGH, AL HE FAGLDAAE ATE E0F #we (10009 AgE

s E e B R VI B o) =i P B B A B A

T 3(c)v Al JIME D7 =8 stels %Eﬂ—é}ﬁ Al Y= FANLD S F3ke] =2 dto] el Al 99
(X)o] AlFd FEHE AAE Zyeltt, &= 2 9 = 3(0)8 #FFI, Al 9= a}O1(WL )S F3ke =¥ 3ol
AEfel Al dH(X)e] AsHe] Al 2 (TR 7} 25D % B4, 41 3 wrd Aot
FAHA etk webA | ZelAkA] (pre-charge)® A1 HIE 241 (BL1) 2 =2 x}ﬂﬂ “ﬂe FrA sk, AL A
E ZRIGBLD A= Aldd 48 00# |z (1000 Ag| 7Fexlgke] 5wl “17 o st d714 et
EERE=

L 3(dE Al JIHHUDZE =8 stol& E43ti, Al 9= fJANLD S S35t =g 29 e Al 949
X)o] ATE FHE AN =¥oltt. & 2 @ = 3(dE FxIW, Al A= HJANLD S F3to =8 2§
AEe] AL JE X)) ATEER Al 29X (TRD & G TH whabA, 33] 2HA] (pre-charge) ¥ #11 HIE <l
(BLD)2 2z A" FJeHE /X ]3}&1 A1 HE ZRJABLDAAE ATHE G0 w=2(100)0] AFH 7H5
A gkel J1 17 o] Agshe A71A AEivE g

=, 9ol “17 o]ar, WE(100)°l AR 7R ‘17 4w ZejxAE AL HE ZABLD A B
(discharge)©] dojtr,

T 4(a)e A2 AWE12)7F =8 stolE F¥eta, A2 A= #HQ1(W2)E Fate] =8 dtol EY A2 ¥
(Vo] Alzdl FHE dAlg EHo|tt. olsleA=, A2 9= 3}0 (WL2)o] =¢] steld uf g (V)& “17 ol
I star, A2 9= ZRI(1) o] iﬁ] 294 v dHM)E 07 olgkar k. w3, A2 IWE(12)9] =Y o
v gtold wi(A1 JAME (1D E9o] = =94 w) #EZ(100)e] AFH 715X HelsE “17 o1
staL, A2 < 3113(11)4 % o] =] E5Y wW(Al IWEI(11)9] &Ho] =] stold wf) W= (100)o] A%
H 7bsA dielgE  “07 olgtal gtk & 2 3 & 4(a)E FESIH, A2 9= #RA2)S Fste] =7 3ol

FEfel A2 j=E (Vo] Aol wel A2 =X (TR2)7F BFrh. 22vh, A2 IWE(12)E Skl W3 F=
7b HAEA kol T AAH A2 HE 21 WA (discharge) F1A @t wEkA], A2 HE 221 (BL2) o)A
= A 48 )3 wdE sFeA gl w5l “0 of &&sh= A71A Ei7t 9.

£ 4(b)E A2 ANHI27 =Y sl Fstn, A2 A5 HALDL Fael el =9 gEel A2 9
(el AZH AUE G 2Wel, & 2 % % 4B)E FESW, A2 A5 AAMDE Foel v 29
el A2 Qo] AT ek A2 A9 (R Ak, Gebd, LA (re-charge) 8 A2 v
Shel(BL2)e el AAE AUE FAS, A2 HE GIELAAE ATE GHWI wAE A gel F
Q0 A AT 414 B BYEL.

= do)= A2 AHE(12)7F =9 295 F9sta, A2 = 29I2)S §38t
(el Agd s A =doltt. &= 2 B &= 4(0)E Fxshd, A2 9=
JEfel A2 AH ()] AlFH A2 2HA(TR2)7F =FHaL, A2 JIHE(12)E 3 W 427 9. o
2hAl, 2 apA] (pre-charge)d A2 HIE 2kQ1(BL2)2 A2 JIWE (12)E T3l € *oﬂlﬂ FA4HEH, A2 vE
ZFAIBL2) M= Algd JH V) e 7AsAgke] w51 “17 o deshs 714 vt @49,

L A(de A2 AMEI2)7F =8 &9 % Z93tar, A2 9= #RJA0L2)E F3t =8 25 FEHe A2 99
(Vo] Alzd FeHE AN ZHoltt. & 2 ¥ & 4(d)E #HEsHH, A2 9= #A0L2)S Bt =8 2§
BEHe] A2 dE(Y)o] ATEHEE A2 2AX(TR)= AdETh, weps, LA (pre-charge) ¥ A2 HIE <l
(BL2) =g AA"E AHE FX8 A2 HE g BL2)AAE Aed Jd (V) w2e(100)d AFH 7=
g w17 o A&k A7A AErE A9, S, 4E @00 (17 oA, ¥kAdE JksAZE (17 (A2
AHE7E =g 295 298 ) ZgxpAE A2 HE 241(BL2)¢] W (discharge) ¥l T.

o =2 sto] e A2 <fE
Zhl (IL.2)S E3te] =g 3lo]

il

g

= Sa)= 2 AAldel ofgt g HIESIA Ik A Ak HAE dAshr] 913 Erelth. & 5(a)® oA
¥ oAk FA el A WEE A2AE (100, 1005, 1005, ..., 100,) F #HE(100;, 100,)7 7HEx2 “17 A3
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AEHE gAEtE. Al WA An Y=g AEWLS, WLS,, WLS;, ..., WLSpd Z&H Al 9= A5,
Wiz, Wiz, ..., WLi)& 3l 489 (X1, X2, X3, ..., Xn)o| AlFHT}.

B YdEXI, X2, X3, ..., XnEANA X1 E X2 ¥k ‘17 o]z, YA JYELS BF 407 A Ao, AT
%‘E—ﬂ.ﬂ Tt ke wAl dito]l v, Adkd A= Al HIEE}?J(BU of FAHEY. fJdA Ay wf
Fol QJgfo] “17 o]a, Z}EX|7F “17 & of 2 A d HE ZRI(BLL) oA el dojdrt.

ole} o] WHEo FAHHE HE gJABLDY A2 2 dF X0 Tk w4 ALk A3
multiply and accumulate)® Heol &-&stt. HIE A (BL1) S #X
259 7l AG(ref)Z vlaEo] JHX)H 7M=&

N

N

2 d

—~
—

Z27](SA, sense amplifier)
b ARy AEEd. w4 94

jud

né o m

g3} Ho] 2HEn
A"z dge ik dabs obgfe] oAyt o] FAE 4 9low, o|25E ¥ X 7R o &=
SolstA A = A,

D(AVy) = Y WX

(DCAV,): HIEZRIo] o] e S "Ad=z W& g, W kA, X0 949)

gAg3te dx A= gAY 53 7] (accumulator)ol] &Jste] AJZE 2R3 AxE $ Q. A A2, 4E
o] LSB}F MSBE *&3st= 2 HIES] Ao, gAY FH7]= Hx 48 HEQ LSBoll that A AE AZE
stal, HF 97 H]EQ NSBel thit dal AnE =gste] ¥ 4 .

E 5(b)E oAjE A4k FXollA wlEE] A2AE(100;, 1005, 1005, ..., 100,) = W X2 (100, 100)el % 7}5X]
2 41 AZE AE dAagch. A1 WA An g=E2Fe) AEWLS,, WLS,, WLSs, ..., WSl Z3td A2 ¢
= A5 (Wlor, Wloo, Wlos, ..., WL2,) S E3ke] 9= (Y1, Y2, Y3, ..., Yn)o] A=},

AZTE =Y, Y2, Y3, ..., YmEolA Y3 @ Yn o] “17 o]a, UM YHEEL BFE 407 A AL, AT
H Q™I whd spERele] FA dAate] FalE L, AXNE AxE A2 B ED(BL2)o] FAET. oA A
H oupel o] 1¥o] “1” o|a, wkAE J}EX|7} “1” A w T AP ¥E gl (BL2)o] WHH P, Hhdo] &

E
o WIE g}Ql(BL2)o] sk ZF A= (V) wkd spFAeke] wAl Ast A3y A MAC, multiply and
|

et whd shE kel FAl Qdate] FAE Ash obgfe] e 29 o] AR 4 it}

S84 200 Z1AE wks} o], A2 A= a}o (NL2)o2 AT V)5S wd® 71529} F4 Ao
Aok weby, Zhe Ak 54 Adso] rAE g(ZW)E 97 fstels Abel 7
o] gl H(xY)dlA A2 v EGABLIAA A4 AL (V,)S vXdz Hgst =

shefof @it
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