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Abstract Chiplet-based multi-chip integration designs provide a flexible and scalable solution that surpasses
traditional SoC (System on Chip) monolithic integration. However, inter-chiplet communication has become a
significant bottleneck affecting overall system performance. The Network on Interposer (Nol) plays a pivotal role
in multi-chip systems, directly influencing both performance and development costs. This paper reviews the
communication topologies of Chiplet-based Nol structures and delves into the design and implementation methods
of current inter-chiplet communication architectures. It comprehensively covers the communication process from
protocol, interface, to application layers, classifying interconnect topologies based on structural configurations, and
providing in-depth analyses and cross-comparisons for each category. Additionally, this paper explores the future
directions of inter-chiplet communication technologies, emphasizing technical challenges and potential solutions,
and highlights the importance of workload-oriented, reusable interposer layers and topology design. This review
aims to provide researchers with a clear overview of the current state and future trends in Nol technology,

emphasizing its key role in advancing next-generation semiconductor devices across a wide range of applications.

Keywords Chiplet, Topology, Silicon Interposer, Network on Interposer(Nol), Network on Chip(NoC)
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Table 1 Comparison of design cycles, costs and features of different integration technologies
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Table 2 Comparison of Representative Chiplet-based Communication Architectures
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HAR T E A A RIS T R
B2 F Nol ZER Y IE I PERIPERE TR 2. 8
PR P S h ek Toik 3 it due e O GEAE 280, X T
R TAE G (BlinTh s 4R 70 . Ml s 4R 7
RAET) Kb J2 ] 5 A AT AR R IR
W7, 544 Chiplet 117 Nol Z4t4 T ks ki, %
FEAL A 7 3onk S8 45 14 2% 32t 22 AR oK, TR
tH 38 F T T A A A EL AN 0 A B R] =
SriE WA, Oy 7 et Ay A A R AT A
BB R RE, ff Chiplet it 8 BURAS AR RE T
ANRURIRZE TSR AL, A L ZOREA R iR
AR HT R AR SR ) B R A SR RO,
3 M iR Ao SR B A5 P 3 5 B B A AR S 1k g
HAAIEAERACTT 1] (3R 4 XPATTHR 2] Nol 4641
SERREAT T BT D

2 4 Nol #i4MEEH EWLx EE

Table 4: Intuitive Comparison of Nol Topologies

Topology Characteristics Advantages Disadvantages Cost&Complexity
j Closed loop, each node Simple, easy to implement, Single point of failure, Low complexity, low cost.
Ring connects to two adjacent reduces coherence scalability issues with latency

nodes. complexity.

Nodes connect through a grid
Mesh pattern, suitable for medium-
scale systems.

Combines features of ring
Torus and mesh, with additional
connections for higher
efficiency.

Simple, robust fault
tolerance, flexible routing.

Higher communication
efficiency and bandwidth on
larger scales.

and bandwidth as node count
increases.

Increased latency and energy
consumption with network
scale.

Medium complexity,
moderate cost.

Complexity in connections
increases implementation
difficulty and cost.

High complexity, higher cost.



Multi-level switching nodes

High bandwidth and low

High implementation Very high complexity, very

Butterfly forming a structure similar to latency, smaller network complexity, may require high cost.
a butterfly. diameter. sophisticated routing and
management.
Flexible node connections Customizable for specific High design and debugging High complexity, variable
Irregular tailored to specific needs, high-performance tasks, costs, may lead to increased cost based on design
optimizing performance. adaptable. development effort. specifics.
i Combines multiple Optimizes latency and High design complexity, High complexity, typically
Hybrid topological advantages, bandwidth, flexible and often comes with higher costs higher cost.
optimizing data paths and scalable. and power consumption.
bandwidth.
Nol f2Ei 2 —, i E—MEIES R LERN
A~ Chiplet, SZHL T 73 A A ELE ARG i L Y 2
85658 FEPERE M DIFETT AR NS T B35 82T, BEfS AR AR
£1% 896 ML, I T BA LR /A X HE M
El b

EEEETEL
K 6 S Nol R HHIMNA 1
Fig. 6 Typical Nol network topology
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K& 1 (1) NN-Baton ZERR T T ORI, HIE T
% M % F T Deep Neural Network (DNND ) Nol 4%
K, JFURAh T Simba ZER A N TAE AU R
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BERER R mBAS HOR . AT RN OUE HEI R 4R
TR, IR AL, AT R A AR LS
IR, wE 6 (o) Fin. XPhEs iR TEE X
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FIRDREFEFNIEIE, fR MM IR, H
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(40 SIMBA F NN-Baton) , 3% FH{RBEFERISEIR
[52]. U4k, Feng %5 N T BT8R %
Fy 4732, WG 2D Rk NoC [ Chiplet i&4
B i F AN 45 TR [42]

2.2.3 R & A 3% % F 49 Nol 464 A

TEARRIRL S, 4% Nol b g it 75
WIEAHR ARG IR, MR R A LR SEBl
MR A2 T &R . 3T X2 HE1L Nol iR dhgh
PR PE RO 0 HE, DU S50 #r 1 — Lo it 70 B i 3
b 9N E W YA ECEE virk e 73 8

THEEER RN A

TR RS F R W R KB HATS,
B T8 AR EE AR (1) Nol 2844 LA Sz 3545 % (1 45
FERIANPGE R Chiplet [MIB(E. X TAE M2
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EIHEFL A, SRIMCTIRE R = R . R B
A GE BT A o X A A % B A1t 1 A 5 A
RAEIR A5 AR, T AN B L5 75 oK

E €/ p i) VAL

Kot 2 5 R B 8 E W R KB 1 B A E A
PIAE T 1), R S AE DI GRIR FE e R 2% . %8l 4>
BRI AL B, 75 TSR ) () N A7 FTAT i 1%
o KT BT DR 1A PR A VT ) RN i 800 B A
DA S KRR A A0 A 1 b ER R AR S IR SRR T
A REAE PR AL 2 PR ARG R TUR M, & B K
ERACEE RGN

RAETIR A
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B, AR S LRSI B EAUT S, AR
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FS S TR . T A SR A 40 P S5 H g
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TR, BT v 0 7 i B R B AR K IR

FEBETE A Chiplet [ Nol SBA5 34N, RiAR
W BN g SO R R G ER PN 2R, GE

FHAE IR ER R, PASIE I 5 1 E A RSA 2 2t

PR A FLAE Nol 4K 73 LR NI, TN 5
AU AR SROES 1 38 45 AR A A E ] A 2 R
JERMSIHE, N REFHhBHEMHLT. &
2 45 7 Nol M5 ZEMIIASRT %, JFxR R3]
WIJTEREAT T H

SEE TR, BEAR AR LB M AR
BAEPEAEAEIR . LR R DIV AL,
AL ] 5E A S M R AT e e 22 R4k, IE AN
(7] G 28 ) A 5 P PR A AR A I R Be/)s Chiiplet 5
I 2 I A T3 T W B B Ao D X I S 3

W FEN AT AR I 3 25 H & M $h 45 #4) AR RE B
MG, DAL B 1 f B A2 OF gl 23R o RIS
82 FH 08 s 47 B AN RE AL HE s, A B T BRI
9 ORI FE . AL Tt A AT 3 A SRR 1) S8
L AR R T RGN AR R G, 8
SR LE NIRRT . I A 2 R R AN
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IR

3 Chiplet &%t 5 Nol ZRAga9 14 BEITME S 1L

fE b XA EA A ZIR R MR
LRI, DLRANE AR G 3806 Nol 75 R 73-#r
Fenih b, AR 25 e T B R O A
Chiplet F#Zt4eH, LAIPAG AR SLPR TAE AT
PERERIL . XL AL, eSS B IR AN EE
fi# Chiplet [AIE(5H1 Nol Z2M it 2, JHER
AR B AN A SRS X RGEPERERI 2, AT
R 5 LR B R A

3.1 Chiplet iB{55 Nol 2#MHETLR

PG Nol 14 fE 7 225t (R BRI AR R AL HEAS
SRS LA R B M AL, DLPRIEIR R AL
B AR, SEURRE TAR R T R RE . &
SREHTHE LTI T Nol PEREVEAS IO TR, Hidid
By FEBLA ) NoC BLfBLas, WFFEA B3] LIAE
B Nol ¥4l TEIF R SERZ AT, % Nol I RE]
(GRSl

# 5 M A Chiplet AH0L3% 1 HL i

Table 4 Comparison of Currently Used Chiplet Simulators

Supported Architectures GPU

Power System-level

Detailed .
Programming

Simulator Name Chiplet Support N R Timing . . Additional Notes
(Types) Support Simulation . h Simulation Language
Simulation
v
ARM, x86, MIPS, (Via C++,
GemS[53](54] etc. gem5_chiplet v v v v Python
extension)
v
Sniper[57] Primarily x86 (Via v C++
chiplet_sniper)
GPGPU-Sim v
(shared CUDA GPU (Via shared v v C++
memory)[58] memory model)
GPGPU-Sim v
(message CUDA GPU (Via message v v C++
passing)[59] passing model)
Deep neural networks v Python
SIAMI43] (DNNs) (Chiplet-based v v v C++
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imc architecture)

HeteroGarnet Multi-clock domain,

[56] frequency-crossing v
Gem5-Chiplet
extension ARM, ):S MIPS, v v
[55] '
Chiplet-Sim[60] Systolic array-based v
accelerators
Muchisim[50] Multi-node, multi- v

chiplet tile-based

C++, Supports diverse
v v v Python interconnect systems
Extension for gem5,
CH+, 3
v v v enhanced for chiplet
Python . .
simulation
v - Python
C++,
v v v Python

1% Gem5 XFEM) NoC FEILAS AT DAR HE sz 36 2
SRRVEMIXS Chiplet JEAEEATHEIL, B Nol Al

NoC. Z5JEH] Nol 43l 2 BUEHER . 798,

kR AT FESE 2 PR R, R U 75 A A
L2535 2 R IX EE 4R bR .

5 BT M 2 AE A Chiplet BT
HTEVE. Gems[53][54] M ¥ i B ML 1K) Gemb-
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Z 0B AR AE X, R R 2 B I T R
g8, Xfif3EE R4 Chiplet #it A .

Sniper i@ i Chiplet_Sniper ££, S7HF x86 Z244[57].

GPGPU-Sim jfiid 3t = i 17 [58] F1 i S5 15 18 [59] 45 Y
% #f CUDAGPU. Muchisim £EF 2 Chiplet it
bk e AT BERE 2> #T[50]. SIAM[43]413E T SCALE-
Sim K Chiplet-Sim[60] , & ¥ T B 51 in 3 % .
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FIFR P SR T 1 1) RGP RE[64] . AR AL Ty
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B, BRI MR EIR . DFE.
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HH UL RMITE67]. Pal 25 NFF R T 3T 852k
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THAN G AR . XL T IR RS ) TAE R AR BT
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[ I A 25 ) % b A F i, 22 ik R T
M RS ROk BEbr i B 5k, DUERE
AR B T A R R A, B R AR AR
Graening 25 \XJ 52 Chiplet 288 A (<8 N &
BT T EACFIEEAE[68], ik — Bt T IR
I TE A5 380 PR 35 A0 0 5 v 3 1 0 1°F & 10U R SR I
&, HATAAAL .

£ Nol BEitrh, BERTERE. e eh & m HCEL
LR X R /N A T 45 TR P LR S T R R S
IR IhEE., REFERLETEAL. AR Nol 48443 ZEfE
6 H 2 i AR A RE RS KR A T, X
TR R R . B MR A, R
ATTAT DASE A 240 50 0E 7T 5 A )2 AR, AT
W] TR R &, Nol MR/
TELEPERE . AERE. THIBLAN G I A 22 1) HEAT AL
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4NoC 5 Nol £5& ZRHg R K BEAR DT K
Rz F
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Metal routing ---- :
B Deadlock
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Fig. 7 Schematic diagram of Nol+NoC topology

A FEBE S Bl RAL

FERI T E AT/ ER Nol+NoC 45k, £
A~ Chiplets [ FLI% 9 45 H-CR R M R JC AL Bt % 1R
— MR PR . AR SR AN T A R A )
B H 7 ¥ DA AR U E B R AR I SR I
[701[71][72], PR AR A Chiplet A/ ZEA
BEA, AHAE R E Al — B 3 rh e 5 SUR K SEHI[73]
G 7 aagiskin) o Nk, FEHRNITIE
SRR PIX—HRIR[2][74]. B UL NoC ffuk 7 SnT

LY Ryl Gy G55 0 52 DA K L B W 2 T v
XEETTVETT N Nol+NoC 5 i iR I %
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MR EEdE, 40 [90][91][92][93] 3 & Bl %
B4 . o T I T R R R B AR 2 R
AN UREEST AR TR, 1 Chang %5[90] A
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T ) A B A 1 9 AR T A B A 7 ) B eR VR AR T
RGUAEVERE, B8 M S ) SR A i 9% B
AR st i, G DeFT LA LRI 3EF 2 FLR9 2% (1)
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