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Fig. 1. Schematic diagram of the GPT-2-124M model algorithm: (a) Overall algorithm flow of GPT-2-124M; (b) masked multi-head

attention computation flow; (c) forward fully connected layer computation flow.
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Table 1.  Partial parameter table of the simulation platform.
ZH Bl ZH4 il
Quantization bits g Block setup time s ) 5 4
Current mean /Scale A AS LR A B hrif 2 WL switch time P ] 5 %5
Blocks/Operation BYT TR E R Block Bt TSG switch time I R] 5 4
Max current sum FRYCHHER AN B AL BL switch time I I
Symmetric mode R xR E TIA conversion time s ) 5 4
ADC multiplexing factor ADCH Hi%k ADC conversion time I I
X path current 5 1) 3 3 LU Planes/Die (THLRE
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i=1 i=1 i=1
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+ + +
r r Current sum by SL

(source line, SL) fE N4 th. Blth Winse, Wirss
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(most significant bit, MSB) Fl &z {k fii bit (least
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Fig. 2. Vector-matrix multiplication operation and its circuit schematic of 3D NAND flash memory.
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FEAB A TE RBUGRF] (20 — 1) x (27 — 1), FEfE T E
K.

TR, HRiT 3D NAND (1) 3 Flvi A
A TSG/WL(word line) /BLI213 fy i 57 £ 22 40 24
A, ASCHE BL #i A, SL i A 2Rk LA 12
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SL slicing) &4 FI T A 3 R RGF B AS1H5 [)
BF i T — o o 2R3 ) e = A £ 2
FEARILT SL I K B /N [l e J Xt LAk )
AT RGBT ELAL.

4.1 3D NAND-SS ZE#3#E s

Wilsl 3(a) Bz, B4 3D NAND-SS it i 70
3D NAND-SS [451 | Bl HL % (sensing circuit, SC).

IEFBAI L (adder & shifter) , ZF/74R (register).

I/O #1 (I/0 interface) FZH| %% (controller) 75K
5. & 3(b) ARSI LR, 1T R G2

IO o

------------------------

SERCERIE R, BRI 1) 3D NAND-SS [4:51]
TR RIS B 5E RN, VMM 8 2) B IR
w2 SC FIESBH AL K4S (transimpedance amplifier,
TIA) ¥4 )5 # i ADC ¥4k 3) 87 2 5
FREALFEC TN L B 56 WGB3 A AR, D9[] 5
LA AE A AR B ) A 4) ARSI A
it 1/0 42 LS NIRRT 58 B 32 46k

4.2 SLYIDFER

& 3(c) fiizs, 3D NAND-SS % H#niERY 3D
NAND [R5 T 20 Fn A H 3 1, (RS AE 1 1
TE N B DI T2 R RN B 2 il R
HEATZ0 ik, 4B Block B TRZE N B £ f ik X
BIE B Z A~/ SL 43 X (AR fafig 4 IX), SL
Y IX I EAATE SN 4 Fin gy, SRJ5 78— R 5l
(AN A 5L ADC R TTA S84MBI L i, B
30 3 it ) B 5 A RN 5 (BRI TR R RE5) A 1
P4 T S J R . v R ]I %) R B £ T %
3D NAND [30 B 7= A (AR FL R AN (fRf e N
SROFME) SEA AR 4, 30 5 A5 007 B S 43
FEL G 38 X R A iR 1T, T LATE B0A B
3D NAND il #& T 25 T A i 28 2 b T2 B
ASEEE CIM ZhAE, AR, 24t a:1> Block A LA
M7 1) SR 24 X SR FNE, o T 2 mi
A~ Block HAT—~ SL - & FE W [R]8, AR Kb Y Jie
TR LG I D

SR, X SL X Bt AT U1 7395 iy WL 7 1 Y
B 1) A BL 5 ) A1) AN 7 1), TR B LA
3 AR A TR R

________________________________________________________

SO Nans <=

| 3D NAND-SS P
@ MRS @iﬁﬁﬁkﬂfé b

K P
I/0%:H I
5 e O b

DRI A

B2k

— JEMCMOS '
T i

— LYy
NANDF45 |
Hif

EHcMOsS

Kl 3 3D NAND-SS B8R & (a) RAELMRZE; (b) Bl #8854 40 (c) 3D NAND-SS [4:31) 75 & &l
Fig. 3. The 3D NAND-SS architecture: (a) System architecture diagram; (b) controller data and instruction flow; (¢) 3D NAND-SS
array diagram.
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.b‘
i

Kl 4 A Block MYV ZE N B 2 Wik X 28 ) 43 5 OB Ak
M SL 43 X AR AL P /R R 1

Fig. 4. Top and oblique views of the SL partitions formed
by segmenting the source-line N-type polysilicon region in a
single block.
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AT B, X R A ER () S A AN AU A BRA
e, VI5rECk 18, BERIE SR Block AITH L.

2) ff ) A ] I V) A O B K 4, A 4
(EEEPN BRI STRIN 14 LY INTNE S (3 N N]
S BURE A BT R IR B R A, [R] I AR 2 1
ADC Fl TIA HLEKEE, 7 R85 M D FE A AR
.

3) R 7RI 53 X SR FIE 2 AT DA 43 FE Y
Y153 Ja BN 53 X AR ] 1) Y8 3 LA 7E— N Bk
{8, Bl ADC fe Rop .

FET 9% 128 )2 3D NAND &4k, ol L)
ST RIR R B LT IRES IR 9% L, HAksy
AT

Blane_RJ > R
L=1-(]2 | +1)x , 6
(\‘ R+ Blost plane ( )

Hrfr, Biog {URR RN Y) 70 2 Bk 19 BL BUiE,
WRIEEAR T ZMIE; Bprane A HAFIHTHY BL £
R ADC Fe R . A AT I A 61 81
(04T, RO TR D34, Block Z M4 2
(23 [6] JH 0053, 1E51 Block Z M BT U1 732 fix
B PR, R ] B MRS 5 G R AT LARE R 0, A

PIITEFL. Heha, FEAR SO T 2855 TR S 5UR
AT IR 3R 3%, 764 BRI A T8
TLREIN. FEHARZESSEE, W24, Block R/
VMM -5} 16 B 57 B ] S5 2500, AR SCH A=
i 3D NAND frEF— 2 DL s/ MEAE i FE 51 9 2
. &5 b, 3D NAND-SS HARZERg S 5N 2/ 1.

#% 2 3D NAND-SS {24
Table 2. 3D NAND-SS hardware configuration.

244 fH WS4 {1
Plane$(H i 4 Layer¥tAits 32
Block#$#Plane 216 EADRIE o 216
TSGH i Block 10 11 15351 1024

BL¥%5Plane 131072 | ADCEKAMFER 128

*RUR RO TR0 I, SPRr™ o 128)2

4.3 VMM IHMAFR

4 THE 3D NAND-SS 2245 |- 528 VMM it
B T EIG EO R AT sh A Rk, 4R 3D
NAND-SS AJ DUARHE £ R B 5 H i At A fe 1)
iy AN FIACHE 52 JBEAE, VMM 3158, R SCR ] SLC
(single-level cell) LG K AE i 1 bit BI1F B, HRHE
FEAN BT B B F R i (IR S B T 0 0 1, AR R
FER IR 1, m B E o R TR 0, JFR
FH 4 A48 8 AN HLIT R RN SERE ) INT4S 5 INT8
AR, TS R A BL Ay 2Ok FR
f A, B n bit BHAH n 4 BLORFER, [FHEEH
H R RO ZR 1A 0. AR Tk 19 BL fis A
J5 2, 38 i S T AT LA e R S A B B g A )
. 1325 T 3D NAND JA B4 ELE], vT LA
TSG Fl BL A8 Xk H{E: 5 Block H I 4E &I 1E
fL, 15 WL R % b @ EOE 2, AR
WL il I Pass & B AT 35 ) 4 326 o 1838 £ L H 9
16 2 BT T A A .

FE LAAT (0 B s Bk 0710210 vy 22 JRf 45540
14 % A RSB B S5 B R 5 22 5 il — A A B Tk
SEEHYLIE £ 5 il R ARE A, X R LY 9% T AE A S ().
Kb, A SCIRETE T — 2SR A, B A R A
FR RS 198 T U s AV 4 4 B A [ 11 43 DX
i 3 A8 Sk R R AT A A A S B A A
Pkt 5 NI D, ARAT 2k e
i 7. £ #£ 4 LLM(large language model, LLM)
THAA I v A ] AN # I Plane, TSG, Block
H1 Layer (17 84K S A B BEF) oG i,
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| | ! A !

AR SO INALR T A~ 43 A AU (21 7
TS BB R RN ia B e e ke o
P75 B (ER ANAS 2) de 2 A 5 1 sl i A
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7=0 i=0 c=0

Hrb, X FRPAmE A XA o BL By
BN, W, RaBEmE « NMrIXAE /R BL LK
B, N RO, C, o ADC fe KO PER.
FEIAT o KRS, S5 % 3D NAND
%) B2 [ 371 52 BSAH R BBt B, /T 0.4% 19 B2 B
GG RCRAR E, FRATTAY I T LA AIE 10% 15
JEBESBEROR, WA T T M5 A 308 . )
BF, B0 DXAR RS B —A~ TIA Hi 3% 58 BV H I L R
AL LML ADC #1754k, PRIt 3E J) F1 ADC
B R FER LS TIA L B BGR A G, Bk 0
(8) K FR:

ol o

RXMTIAX2

TOPS = 8
KT (®)

L3 8 38 38}

Blocks

- -
- —— -
- E—— -
- E—— -
Block; B oo ===
- —— -

11k

Block;

! (7—8)><(—) = 7X34(—8)x7=0111x0011+1000x 0111
| N OME HIN AR

_____________________________________________________

| TR AR A

:|» TSGy — TSGy

AE “0011” Fl “01117 #7H
NS ) 2 2 R N
43X (A Block A IS )
AR TSGAZE L (HamiE 2L
2L BRI BT I TS Go)

P ANIUSTES

:|» TSGo —TSGy

L BERPRRALZE S N

DN 01117 1 0011" HEIRNAE BT RS BRI 31X e
U (128 BLA I YIS ) I BLALE B (H A Y BLFIBL, )

¥ 5 3D NAND-SS #ai A FIAL T Bt 7 52, i A RIACEE B0 it A U2 A 1 bit B T B PIAS T 1) HE AR
Fig. 5. The 3D NAND-SS input and weight mapping scheme: Both inputs and weights are quantized into multiple 1-bit data

arranged in horizontal and vertical directions.
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5 5 U AR TR _
L A
N—1 N—1¢p—1

o= ¥ Yx;.wi. 2]‘+i(,1){
j=0i=0é=0

RPNy = 10%

Final output

XN-1, O~en—1

Cm

Bl 6 3D NAND-SS T35 72 51 7 2
Fig. 6. 3D NAND-SS computational process array schematic diagram.

ROLHAE W LS 8]

TSGHE A

1

T

O
[ tas ]
|

ST

{7 3D NAND-SS 14 ik &iit, 4 ¥ 2 TIA & ADC [ fif it
Fig. 7. The 3D NAND-SS array computation pipeline design for handling multiple TIA multiplexed ADCs.

Hopr R — R SE BB R BFE; Mps £ R
TIA MBS, BI—Wn] UL 2 DA 0 X3
B, REBIRBA G XAE X ) )30 8 FLE, R’
ADC W53, X T A4EE KT RGN, 75
SR AT Y SE T R IR, 43T
J5 SR BRI — U 2 W ARTESRAE R, R — K4
YEALE T — U A — i,

4.4 K&t
WRAEFE—R VMM H& -, [ 1A

1Y) Block 1 BL, W2 [ i tH L+ 5443 XK
FME, 2B AR, TIA B 05 o [a] i ot
W2 AR R 58 A, PR | AT K Rk T2
A LER. nE 7 BR, 4567 4.2 3R
AEE A A B RS T s, AT T — 2 T 3D
NAND-SS it H 82 i Block HIT /KL )7 %,
A AR FRAE A T TTA H AR 1 40 X AR FME.
[FE, 76 STCO &ttt i, FAiTEREZE ADC
FTIA B TAEBR BEAATE IR 25 5, iIX 3L
ADC TEHERGE K L 228 4b 25 TR 1 L
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BT LAUGE 38> ADC i JF-34 in TIA i %0
KIE K. Tk DIifS A~ ADC H
H ] 47 BT 224 TIA B B 45 SR A Ak, ARiIE
BT RN B 5 Bk Ak. AR SCRER Y ADC T
YES %8 500 MHz, TIA T /ES 3% % 4 MHz, 4
22125 %, R FH/KL AT LU 4~ ADC 5t
AEFE 12541 > TIA 45

5 FRAGA A

PEH GPT-2-124M BiAY | S S 405 R 124M,
7E INTS sAL T 47 TR mHEE B, 74T REEW)
THE B ] FIDIHE.

N)‘?E%%EP TR 5 R AL A R ik 1

BB A QKV AR R 2 )2 Bl
(multi-layer perceptron, MLP) 5 £ [ £& P 4% 52
JZLLK MLP R 08 2 2R fig e Ae i, K
AR AR WOE 0 — R R 2EE R L
BRI AEH CPU 8 GPU AR, PRI FRATT 2L
A JZ RS SR N A7 -k g 922230 e A7
FHEE, A ETA BT R AR R I A Z VMM
. GPT-2-124M BB AR Z40F Bk 3
JI 3.

EWEFERR S 00

P 8 Fir s S 1 B0V 13 B4 B AL e 43 MR Y o0 A
i B, Hoh B 8(a) AR EAL bit BCF Y

5.1

SepR bt 3D NAND-SS 224523 VMM fr%;ﬁn BRI A token A% HH ML, A T7EARTE BT
# 3 GPT-2-124M #ERISHL
Table 3.  GPT-2-124M model parameters.
i) =24 T ZHOBIR SR (INTS)
A CPU/GPU (50256, 768) —
QKVIE 2 3D NAND-SS (768, 2304) 13.5 MB
R CPU/GPU (FFIKJE, 768) —
HREIVEMERGY 3D NAND-SS (768, 768) 4.5 MB
ZRFAWL Bz 3D NAND-SS (768, 3072) 18 MB
O PR CPU/GPU — —
ZABANL T %) 3D NAND-SS (3072, 768) 18 MB
Z 2L A2 3D NAND-SS (3072, 768) 18 MB
H—1k CPU/GPU — —
BREEVERE CPU/GPU — —
R 3k CPU/GPU (768, 50256) —

e AU R AN R B SR . TSR E T, R BHLEE R LR, XTGP T-2-124MER R S 12)2.

(®) INT16 40.348
BATAF J0.261
40.174
What How The Is  10.087
L 0
0.376 o= INTS 1
0.282 F|40474F ]
0.188 |
o 0.094 | What How The Is
"é»g 0 —r— 1
= INT4 {0.348
755 10.261
i 10.174
What How The Is 10.087
n 1 1 —— O
0.376 Ham= FP32 A
0.282 || BATHE ]
oot What  How  The I
0 . .
1 2 3 4 5
Token& 5|

& 8
BRI i

(a) ANIE B AL T LY token 2R (

(b) 0.04 —
WITFF A How
—¥— The - Is
0.02 | ‘What
ok
= —0.02
B

—0.04
—0.06 |

0 05 1.0 1.5 2.0 2.5 3.0 3.5
TFSALPREZE /n A

j#7R1): “How is the weather today?”); (b) ARIFFAHF/TAE F GPT-2-124M 5% # 4i

Fig. 8. (a) Token probabilities of the model under different quantization bit widths (prompt: “How is the weather today?”); (b) out-

put probability distribution of the GPT-2-124M model under different open-state current distributions.
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R B, X INT4/INTS/INT16/FP32 47 F—
token 43 i B Top-1(# KM R token) — E K Fl
Top-k (k= 5, 10) f§ 7 3¢ 4E LLXT. S5 K B INTS8
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7N T AR A H O 43 A1 soken %t ABE 238 3 A1
FIBREHE R 20 A0 22 (B R 2 ). 25 R R FE B UK
128 MEASTH RGO T, SRR E R
160 nA W}, FFAH PR MEZE < 1.5 nA RIA]fR1IE 22
54 0, BRAE4> 4 B2 56 21 2.5 nA, A5 R0 25 A B 1
Pt T DUSIE token TR A4 AR X I 6 A2
52 IR =

A TTESZBRIEAT VMM THER, Xt AFIALE
KA R, X a5 A RILIR2E MO IR
JE RS B RS 2 AN R AT, T
GELU Wi eRECSUE 1 55 AR 340 , K A 1158
AT T s, S A KR I s s 2 LR Y
TS, B AR SR s AR X R b &5 AR
RIIRZE. (RS, JEXTAR R AL 5] ABRI )
PETTSRP IR, Jy 1 S Bs A RS, T a5/
AU i A R FR AL A RE (R, [RIAE AT
LU 3D NAND-SS ifi A J& GPU/CPU ¥ it%
fif it L .

fifE e D it E PR (9) PR:

D = (Sin - sw) © (M — 0y - myy) , 9)

Hr, my, NEALGE N ZZBANL T B EREE
MRS T ] LSRRI 2, sin R sy R0 A FIALEE
AR I &, o A ATEX FREAL Y EF
SRBE I, M oA E B A RIS 13 5
. (9) X, A m, mEHEFHIMTE, 8
il — 1y Z2 )2 BN T B 2 AGE, IR A
WE N4 1, RIS A5 7 0] Rk Fnit
BLONE 9 R, 78 GPT-2-124M R AR 12 1
BB 2 D2, X (INT4/INTS/
INT16) x (XF AR /AEXTFR ) 414 0 F5 10 S 35 45 22
/e INTS 2514 F R FHAE XS R AL g 0 ik i AL 44
R22 %2 39.1%; INT4 F[% 17.8%; INT16 &
2.2%. FWAEXTFR A LE 4 LR 98 (INTS) Bl
e, B HEE (INT16) T bRl s s, mifk
Fbdr (INT4) 2R fbiR2E £ 5.

[C]INT4 [CJINTS [ INT16
100 [ X#rEfk E|up7seia |
101
]
o
102
10,3 N NN N ﬁ

01234567891011
RRIERS|

B9 R AR X R G A R0 X R ik AL T 0 2 2 BT 4%

R 2EXT L

Fig. 9. Comparison of computation errors in the MLP

down-projection layer under asymmetric and symmetric

quantization.

5.3 HFEFOThFE

MG FRAT35E 7= 2% 3D NAND 2%, 3D
NAND-SS 1) #8158 37 sk () F00RSE 44 H, 37 2 %0
e 4 pra), Horp WL ) gt 7 B [a] R[] B S /0
Block i&% bnum 759\%

% 4 3D NAND-SS &N E{F ES5

Table 4.  Simulation parameters for 3D NAND-SS com-

putation time.

SR B SR i1
Block #SZHHA] /us  7bnum X L /mA 96.732
BLYJ#ET ] /s 13 Yl L /n A 150
WL H] /s 2 Veo/V 2.5

TSGYMRATH] /us 0.8
TIA FiE /us 0.25 — —
ADCHAR I H] /ps

ADCHTIAYIR /mW 0.5

0.002 — —

T Xl AR E B Plane 1 @ 37— Block 19 T WLHL T
T A T] N B 2T L3 Y S F AR A B Plane 7 — N BLAT
AP .

7E GPT-2-124M FHI N AEH 10 4> tokens S
[ ZH RN 10(a) s, 22N E T2
SRl R, A S F S e i
AR [N 497 ms, 1 49.7 ms 4bH—A4>
token, HLA7 A [E] Y token A= B H3E T K 20 tokens/s.
[F] I L 7E GPT-2-355M 5 A ik 47 ] [A] FN T #E 53
B, A2 B R 8.5 tokens /s, fHIEREFE L 124M
RERVSE T T 21%, J& IR 3 B2 A8 % OB A 1 A 1k
.
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N QKV&EE

151.8 ms

(30.7%)
114.5 ms 1(12?5%(;:‘)5
(23.1%)

ERIBEE
LRGN

0.113 J
(18.7%)

Z R T2
SR

(11.3%) .

0.008 J
(2.1%)

0.043 J 01

(1.8%)

0.032 J
0:032 7 (8.5%) 0,059 J

(8.5%) (7.4%)

0.110 J
(20.8%)

¥ 10 (a) The 3D NAND-SS 2244 £ 1% 10 tokens AYHT[HIZH ; (b) 3D NAND-SS 4244 45 i 10 tokens Y ) FE2H 1
Fig. 10. (a) Time composition for generating 10 tokens in the 3D NAND-SS architecture; (b) power composition for generating

10 tokens in the 3D NAND-SS architecture.

ARG IIFEEE A LAY R 3 4 ER 4,
K 10(b) frzs. 55 10 2 1 W AL E 325 Fl CIM
TEE R A (R B B IhAE (1 0 X k), 26 2 37 2
TIA F1 ADC A AULH 6 A SR DI HE (B IX B ); i
J& — o R FUR AT F B 1 DA, PR
SR RN F B ) T FE AR AL L B AR /DN,
TEATT B 2200 NIIFELL R ] LU S D #E
dSTIRER 1/3 ify, TEARARK A ILALES ).

Zi b, FRATTE A 005 B AR X 3D NAND-
SS FELARPEREBEAT 00T, Fh T Bk = X KA AL £
3D NAND ZEitit5z, 6 FH 11 4k ResNet-18 ALY
3D NAND ZEA8 FNAS SCHRA AT L 8. 3k 5
B, AT7 GEIE I IRL Y 53, 43 DX WS R K 2 B,
A BES A AN A BT A B B T, SCE
T RIEW K F AR T, B AR N Y
UIFE LARARIE: 15 IR S I ST i i T T
b SRR, IR R 35
[ &S

x5 LGEXLL
Table 5. Benchmark.

0. 32nm3D  40nm 3D 40 nm 3D
AT ANDIl NANDSS  NAND.SS
ADCHEEE /bit 7 7 7
Cell# ¥ /bit 1 1 1

i /mm? 17.91 40 40
REMHER/% 33.5 @INTS 17 @INT8 60 @INTS8
% J1/TOPS 0.0018 4.57 4.57
y (Tﬁgi%v 1) 12.95 @INTS 5.93 @INT8 7.17 @INTS
FARMEA ResNet-18  GPT-2-124M  GPT-2-355M

6 % W

ASCET R B AS M AL 25 1 ) S Rk
BOBRAR, $2 T — ST 2% 3D NAND (A7
A E KRR G fRR T R, ITa 6 AT G i
137 SEREPERE T

1)@t SL#HYI4r 1.2 (3D NAND-SS
AN, TEBA T 2560 H AU —2 ZIE 5, /)
A SEEE Block W23 XTI RE ). T
G TRy HITE 3% VAN, iR A A HAR %
BRI ADC/TIA ML, 25T T R R 3R
FH RN R ASE TRUAS R W 5 ) R T

2) H & T 5T A5 E0E b VMM
WL, 25 A KT, AR T ]
FIINRE. O EL5 R LW, 12280 nl 528 4.57 TOPS
P )y, B AR INT8 GPT-2-124M 5 7)
R TR F] 20 tokens/s, DIFELLIA 5.93 TOPS/W;
X INTSGPT-2-355M LRI B 3K 8.5 tokens/s,
AEELIA 7.17 TOPS/W, H A7 KA R () Th#E
L LAY 7. BRSO B AR 37 IR T b iR
2%, AT 1EH AT 55 1y .

3) K AHHEXT PR i At 22— 2D 4R T T #E
PHORG FE. T30 3 % H 3 2 A1 RN bR 25 ) R GE )
15 BLIE, UESE T 2EF97E 160 nA SF-1FF 5 HLIR
o < 2.5 nA JEFEP AT EEE.

A B Al 1 A NAND s F B4 R
B2 NAND S R S 2@ 8, K 4L Tt
IR K AREAL. A SCHIRAEREF= 3D NAND
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SR S OGE F R R GERIE, $ T A AU I
14 3D NAND 7755 — M8 g e 4 it 1 nf
FrieAt. %I H AR O7 K4 A BT 3D NAND
W5 TR o3 B AH DG PERE, BT I3 58 B 1) R G071
Je SEF IR R AETE 3D NAND [ #s FgetE Rk
s Has ik oe i b, se B0 Ban ik B kA fe
GitHub #H X, #EXEEHE G0N : https://github.com/
zhenghao21/CIM-Simulator-based-3D-NAND.
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Abstract

The rapid advancement of large language models (LLM) such as ChatGPT has imposed unprecedented
demands on hardware in terms of computational power, memory capacity, and energy efficiency. Compute-in-
memory (CIM) technology, which integrates computing directly into memory arrays, has become a promising
solution that can overcome the data movement bottlenecks of traditional von Neumann architectures,
significantly reduce power consumption and achieve large-scale parallel processing. Among various non-volatile
memory candidates, 3D NAND flash stands out due to its mature manufacturing process, ultrahigh density, and
cost-effectiveness, making it a strong contender for commercial CIM deployment and local inference of large
models.

Despite these advantages, most of existing researches on 3D NAND-based CIM remain at an academic
level, focusing on theoretical designs or small-scale prototypes, with little attention paid to system-level
architecture design and functional validation using product-grade 3D NAND chips for LLM applications. To
address this gap, we propose a novel CIM architecture based on 3D NAND flash, which utilizes a source line
(SL) slicing technique to partition the array and perform parallel computation at minimal manufacturing cost.
This architecture is complemented by an efficient mapping algorithm and pipelined dataflow, enabling system-
level simulation and rapid industrial iteration.

We develop a PyTorch-based behavioral simulator for LLM inference on the proposed hardware, evaluating
the influences of current distribution and quantization on system performance. Our design supports INT4/INT8
quantization and employs dynamic weight storage logic to minimize voltage switching overhead, and is further
optimized through hierarchical pipelining to maximize throughput under hardware constraints.

Simulation results show that our simulation-grade 3D NAND compute-in-memory chip reaches generation
speeds of 20 tokens/s with an energy efficiency of 5.93 TOPS/W on GPT-2-124M and 8.5 tokens/s with
7.17 TOPS/W on GPT-2-355M, respectively, while maintaining system-level reliability for open-state current
distributions with o < 2.5 nA; in INT8 mode, quantization error is the dominant accuracy bottleneck.

Compared with previous CIM solutions, our architecture supports larger model loads, higher computational
precision, and significantly reduced power consumption, as evidenced by comprehensive benchmarking. The SL
slicing technique keeps array wastage below 3%, while hybrid wafer-bonding integrates high-density ADC/TIA
circuits to improve hardware resource utilization.

This work represents the first system-level simulation of LLM inference on product-grade 3D NAND CIM
hardware, providing a standardized and scalable reference for future commercialization. The complete
simulation framework is released on GitHub to facilitate further research and development. Future work will
focus on device-level optimization of 3D NAND and iterative improvements of the simulator algorithm.
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