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JURY. HAT, AN AT RGBS B RERE BT Tk B SR, R R R R A
RIEB R Z MFFFRRRZ, LS 47 1R 55 R (quality of service, QoS)« AMLAZ HAISEH
FACR. PRI — R Eias, MRSt i e & 3 SRSk, SRR EAR T

o BEHE RIEASEOR IR RE, REIHI YOIk 1 2 SR AN AL B Hodle B 2 BRIV I I

o S I AR IE AR A7 TEAT R, BIER A 5G BoR tafk DU b Hds 2 K 844

o iU AIREVRBE R AT B, XS M T8 RES I RERER ) 1 S 2K,

o FE G (VIR SR 7 AL B AR 5 B2 AU 1O N T8 B A 55 I DOFEAL G« AR BRAIR.

N T REXIR kAL, B E0THEVE A R G Bt 5% (N THEL L B THRAE ) 1E R BRI 1Y)
Kk, UAFWTHE NG, BN RE S - K E (von Neumann) 2RI H RS Al
St B DL XA AR AR s AEAR SR - R A R o SR A BT B, TR A AR ERR R
LM% (deep neural network, DNN) 2 & (¥l 5 S AT 55 16, 75 B2 1 A0 HE 38R 77-0% 9% 2 A4 25 it
ACHRHAE, TR T R G RE R TDFER —ASE U, AL R, W5 S0k o A% D) g
BB A AR AR Tz T, TSR 1 A A4 10 A, AR R BEAR . BRAS AN SR Ty T Rt 7 —
G0 A0S 2L AR IR I A At 8 BOR BN ], A2 55— AR AL 8070 3R] LA N 55 SR AR AR 53 SR AR 2.
A& @ T SRAM (static random access memory) (3% DRAM (dynamic random access memory),
i EAE R GLA SRR RTINS R AR BB 2 J5 3 (BU4E RRAM (resistive random access
memory), PCM (phase change memory), MRAM (magnetic random access memory) 5581 17 fifi # B A
FEA) WAAT BESSPR. T 3E 5y RAEAE S — AL T RETH BREF S DAL, IR R AR E AL e
BN TP IR (TG RTINS R AN S35, TR I 2 R 2 R AR I S FH e i R 2 — B,

KYUANB T —FETHAHE R EARAE S R ERS (system on chip, SoC) N IR A il
SKHLAR™S, 12 28 98 R St 2R P M ot A S A RO AR 22 I 28 s i, JF 45 1 IE T 20, Rk it AN
RGERT H)— R QU BRI TS, H H AR R L im B (hAR . i 95F) 2RI DL T IE &
FEEIIRT. A SCH) EEZ QR A8 T

o JE T SCHE R VMR 1A S5 A E M RD S & B S NEOR, SBL T BRRT 7 EERR RO RE DI RE, T
B KR 3 8 v B S B0l 1) A7l i PR RS A TR AR

o FEH TR TIER S ] BB R E DR, RN GRAR T B VAR 38 Ja B T S AT
T, AT 25 o 1 A e A PR AR A [

o BTAFHE ML SoC SEBL T — 3K H 2 R U™ i, BA BV DA IRAMN HAREE A0S,
FE S A FE R AESEELR T 10 TOPS/W IAERIR 94.8% (115K

2 ETHHEFIMRAFENTFE—HULR ERS

2.1 PUHRNEMSRGE

ASCHIAE S — A b AR SRR Lo P S AR Al o A A PSP A7 SR — AR B 27, T s e
W4 2% e [ B AR R AR IR — QB A, SEBRMLAT AR, 38 H R 72 4 A\ H R R 7R S A\ ) A4,
SRR B A AN A2 R o HEL S SRR s Ao 2 W 2 A R (YRS, S o 2 b SRR L 2 NS 21
Fe iz FAEREAEE ERAR. AR THENE U, ARIEIRE R (Kirchhoff) HL IS AT HLJREE A AT A1,
ISR EGHAT 2 LURF AL (A2 55, U8 v R RS B B 22 7™ A% R R R A

RSO, R T R A A R 3 o o) A R A e A R R R TSR, ERAR L ETOX &5
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1 (MEMRFE) (a) PLRAM SRHERRERE; (b) WMHRHGHITESERMBERZRENTEE; (c) 21
PLRAM 2543 EEBRMBIZEEMNIEL; (d) £ 876x128 MEFINIR FHRIZER, ERMYIEE 7 thi/ &
TLHIRIZREN]

Figure 1 (Color online) (a) Illustration of PLRAM devices[4; (b) operation scheme for gradual erasing and programming;

(c) single cell current response of PLRAM to constant-voltage erase pulses; (d) programming results of an 876 x128 sector,
demonstrating 7-bit/cell capability

Ha) 1451 SRR IR it A 2 A K DR B A 9 2 S AR A, (R A — RGN X T 2847
i R SR AL GEAT A AT AL 22 5t AR GoAPAk dn B s N R VB 2 T, TR M 28 TSR fL
HAAAG 5 JUE T ARTEE, PRI SR S A2 B AR X T8] N T AL T~ 2 X, AT DAASE FH ) R F s Y
HH ECAF S R S A BR. T R — e i@, (] BALE RIS A v St 1 — b et 2R v i A
4 161 ¥ Hoiy 2 N AT gm R 2B HEBENLAZ i 8% (programmable linear random-access memory, PLRAM).
A g R R T 2 A T (floating gate, FG) A1 HIM (control gate, CG) HEE1E— LT K
1 Etox &514, PS5 2 A1 —ANEFESEER M (select erase gate, SEG) FH T 326 18 AR ] 2 FR 1A .
A XA F-N B2, X —Fr A S SE I T B T S R RN (A AR (HEER)
(B 1(a)~(c)). EIENHTH, SEG St 6 T R HE, 1 CG St b AR H &, TSl se T
F-N B H TN (B 1(b)). X — AR AN R 4% Gt A7 A Y ) B B TN, RE B8 BE 2%
B BT AR . P I BE N R R EERR AR, PLRAM BRI REfS £ IR 715
B ESRHL 7 LR/ B ARG FE (B 1(c) A1 (), AT PRIUE &84 S AR B A DRSS . 255 AT
BN AN, PLRAM Re 881 9 wh 22 00 2 0 i 25 r (10 2 5 i B 50 S B s R A7 N T

2.2 RGLEH
2(a) JE/R T T st R M R AR E BT T OAE N T SoC I R SIS, 1Z RSB HE PLRAM 2%
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@ In-memory computing SoC (b) Die photo of CIM SoC

Input PLRAM array Y TN
signal s » \
(e.g. image, = g Analog f?’ ,fy M{/‘V} _{%
specch, 2z | | inpu NN /
video =}

% i [=> plock (= £} {&’ '&’ (&’ PL I;/_\_M/

< ) -
Output g S‘" (incl. E 4 (‘if J/&’ .y./&, based
signal (eAgA- = DAC) > /y" /y’ y" ,/4{ compute-in-
neural 2 ¥ 23K 28K memory
network device
output)

\ X Mux /
. L2
Instruction <» Registers & Analog output block
control logic (incl. ADC)

B 2 (MERFE) (a) ETRHEFMREERTHOEE—FUR ERFRSHREN, 88T EE—FLEY R
BUGA R HAR R IEHIZEREORR; (b) FE—UR LRGHIYR A (Hexagonal )

Figure 2 (Color online) (a) System architecture of the in-memory computing SoC designed based on novel flash memory;
(b) die photo of the in-memory computing SoC chip (Hexagonal-A01) based on novel flash memory

PR B AF S — RS | B AR (5 T BUb e 4 B 70 DAC (digital-to-analogue conversion))
R G AR (R L B0 ADC (analogue-to-digital conversion)). #E il H#AEEAN 1/0 £ 11
R, F AT ST IR T S, 15 B S R NS S R RE A — LRSI R, 1 Sl 12
BECSEN IR LE VR VN S e R R SE K Y R X (B e T S M e STV N U E DR ey L2 S S
IAZEE R s E IR LA N TH LA R, e 1/0 Bt ai .

BAPIAEHE— R SoC W& 22T 90 nm CMOS (complementary metal oxide semiconductor)
T2 ESEHE (K 2(b)), Z LT G RMIRA K INEM JIT R AEW LI PLRAM /75— k1L 5
JEHT R T2, A HAS SoC B U7l RS IE £ 2048x3096, &AL 600 J3H
PLRAM #.70. RUEERICRENSAA i 7 LURF B S, U HOR R RESE BB B A- i A B 42 6
AL, T2 T U U R v ) — R A 8 X A A A B 1 AR A 2y Sy B A A U A
SR, AERE T, Z RS A BT R G — TR T AT SN SR, RBLTH I
NOR Flash AI#RAFRE; AR, W] DU AT 5108 £ 38008 B 51 h (1 — >3- BE A AT e in v 5.
FEALEEZ JRAR M 2% () TH S, )2 0 2 A 2R RN 10 Kb [ SRAM 27 R T — 2
N, BERZ W R M AEHIE 5. 78 2.3 A1 2.4 N KRR TSR N AT e B ) VR4
Bt %,

2.3 RIUBANERAYIZ T

Bl 3 e TR B N GZ P A AT 8 AL EBL A 46 T e I B AU AR 50T 7 2. fERX — b, A
=S R OE TP 1 € 74 Ao awa sl U X =1K (A = S o= W il o Sl e VAT = 5 O B e AL
PR RIVETE T LL (W/L) $28 1:2:4:8:16:32:64:128 [ ELAI LT AT A R IALAL, BATTIAE F 2 REs
A N T v G TR B 80 A S5 L A9 ) L Y SHE Y 5 81 S o

WKl 3(a) B, B4 AN SR = A2 () B ra it nT DLd i — AN H B AL o H L e, it in 2147 55—
ARSI A NG s b H, XA B BT AR — 8 BB B3 2k AN 1) 7 B A0 = A P — AU
FEHR AR AP A, DR R AN (R N 2 2 () e B FELECRD A R 1 T g 2 72 AR K (M ), 32 A AR i 1)
F T FEARAT S — PR TSR B2 O T M N LS 1) B il 8, AR SCH T 4 P 3(b) Firos AR
FNHGR T, 2T R — N A A AR FR PR PR AR SN . SR XA, AT DLIE T 1
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L. —L=1:2:..:128
L, L L,

dbedl el A

To PLRAM

PLRAM . + array
n array
R th—{ | M,,,

3 BEHUANERFBEREEE. (a) RS RN RAE R TR HEgE, HBEE TR EEE AR BE;
(b) RAFWEEMETHFREAERE TREME, B THRERKE-R

Figure 3 Circuit diagram of the analog input block. (a) DAC based on pull-up transistors and a pull-down resistor; (b)
DAC with a trimmable floating-gate transistor replacing the pull-down resistor, which helps to compensate the mismatch

M, : a floating-gate transistor

problem of the circuits

(a) : BL+or BL- ®)

;! 3 VDD
BLO"‘+ BLom_

SL

Differential

ADC
BL,,
-2V -2V
4 EMERROERRIEE. (a) TARRRKEKERBHBVMAR, ATERMEBERRBE; (b) E0R
i, ATRESEANENRFRMLNRMERBRARLITTESR

Figure 4 Circuit diagrams of the analog output block. (a) Sense amplifier with cascade current mirror for output voltage
sensing; (b) schematics of positive and negative output subtraction with differential ADCs

BE FHOR SR A AR (Mbias) (RIS5ER80H B, A5 AT BoRE % e a6 AR R O A\ Bt 28— 3
R ASEAUL FR T, AT VR R A B0 A SR X — e B R P T e A S e o B B 2 B UL IRE (trimming).

2.4 REHHARRAVIZ T

P 4 R 1 B e AT BT 7 8. 12 AR e — ZH R K 1 2 o) RO AT PR R FLR B A — A
P Aer I o 45 SR 22 1 BB s AL . OB HLBE T LUK A 2 b 25 A7 B — A Ak B e R A s At
FER R A 255 8% 1, T R A R 28 TR, A SR A SRR SR 1 IR OB 73 B A7 Ak 1 )5
R, BRI — X2 b7 At v SRR B B IR B A SR UE 0 f, i 22 0 A e A
VU 52 K P 2 7 26 PR HL AR AR D A EH TSR 48 R 2R A s 10 i R R 2O 10 bit. EAES— 1R 1L
TEAHAERE EAR AT T, R TH A Aoy e 7 BUEE MEh A a8 158 1 Fha kg it
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