
先进封装与集成芯片
Advanced Package and Integrated Chips

Lecture 1 : Introduction
Instructor: Chixiao Chen, Ph. D



Overview

Ø Course Overview

Ø Review of Conventional Packaging

Ø Introduction of Advanced Packaging

Ø Chiplet and Integrated Chips



Course Information

ØInstructor I: Chixiao Chen
Email: cxchen@fudan.edu.cn

ØInstructor II: Wenning Jiang
Email: wenningjiang@fudan.edu.cn

ØLocation: JA202, Jiangwan Campus

ØTime: Monday Night 18:30 - 21:05

ØWebsite: https://cihlab.github.io/course/chiplet.html

Ø WeChat Group Chat

陈迟晓 江文宁

https://cihlab.github.io/course/chiplet.html


Textbook

ØEnglish version can be
downloaded if you have
Fudan account via
Springer website.

ØChinese version can be
purchased.

ØHigh speed D2D Circuits and Systems: 
https://people.engr.tamu.edu/spalermo/ecen720.html



Contents, Exam and Score

Ø Motivation: This course is not an packaging course, but a circuit and system
design guide with advanced packaging knowledge.

Ø 3 parts: 1) Advanced Packaging by Chixiao Chen
  2) Inter-chip communication circuit design by Wenning Jiang
  3) Integrated Chips Architecture by Chixiao Chen

Ø Exams: 1) Option 1: Presentation (Related Papers form ECTC, ISSCC …)
  Option 2: Project Design (UCIe Package/PHY/Controller Design)

Ø Score: 20% Attendance/Quiz + 20 % Homework + 60% Presentation/Project



Schedule

Ø Lectures from 2.17 to 4.28
Ø 4 weeks for Advanced Packaging
Ø 4 weeks for die-to-die circuit design
Ø 3 weeks for integrated chips system

Ø Project and Presentation: May 12/19/26
Ø 5.5 is劳动节-Holiday
Ø 6.2 is端午节-Holiday

Ø ISCAS Week (May 26-28) may affects pre.

Ø清明节 校庆、运动会do not affect us so far.



Electronic Packaging



Interconnect via System Packaging

Courtesy
3DPRC, GATech



Conventional IC Package Types

Ø There is a number of package types, among which BGA (ball grid
array) has the most interconnect.



System-in-Package

Ø For smaller form-factor, and higher performance, multiple dies and
flip-chips are placed within one substrate
ØDie-stacking was available
ØLocate fingers are placed around each die with minimal wire ponding
Ø multiple-layer of substrate using new special films, Ajinomoto Build-up Film



SiP Gallery ( From Internet )



Flip Chip and C4 Bump

Ø Today, the controlled collapse chip connection (C4) bumps are the 
most used interconnection structure.

Ø C4 bumps uses SnAg and has a pitch of
150 μm, and 90 μm pad opening



Why We Need More (Than Moore)?

ØDeep Learning Algorithm doubles per 3.4 months (10+x every year)
ØMoore’s Law doubles per 1.5~2 year
ØVon-Neumman Architecture (CPU) doubles per 20 years 



The Interconnect Problem / Memory wall

Ø High performance computing requires both more logic gates and 
higher rate processor-memory communication.

ØBut memory interface grows more slower
than Moore's Law, 16x in 20 years.
ØLogic density increase by 1000x in 20 years.
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Monolithic SoC Performance Limit

Ø Monolithic (Single Chip) SoC is limited by the maximum fabrication area due to
lithography, known as reticle size (since DUV, it has been 858 mm2)

Ø State-of-the-arts GPU maintains its area near 820 mm2.
光源

光罩/掩膜
版

透镜

制造晶圆

光刻工艺

现有i193/EUV光刻
机的最⼤光罩尺⼨
为26x33=858mm2。

GPU NVIDIA
H100

NVIDIA 
A100

NVIDIA 
V100

NVIDIA 
Tesla P100

晶体管数 80B 54.2B 21.1B 15.3B

芯片尺寸 814mm2 828mm2 815mm2 610mm2

架构 Hopper Ampere Volta Pascal

工艺节点 TSMC
4N

TSMC 
N7

12nm 
FFN

16nm 
FinFET+

GPU 集群数 132 108 80 56
CUDA 核心 16,896 6912 5120 3584

年份 2022 2020 2017 2016



Yield Limit of the Large Chips

Ø Advanced technology involve high cost due to yield loss：If chip area is greater 
than 500 mm2, yield is normally less than 20%.

Ø 200 mm2 is selected as a sweet yield point for most advanced technology.



From SoC to Integrated Chips

Ø System-on-Chip (SoC): Integrating multiple IPs and billions of transistors inside a 
monolithic die.

Ø Integrated Chips: Design and fabrication Chiplets with certain functions, and 
integrating them into a larger scale system by advanced fabrication technology.

Apple M1 Processor
Monolithic SoCs

Apple‘s M1/M2-Ultra chip bridging two processors



Roadmap of Heterogenous Integration

Ø Compared with conventional PCB/SiP substrate, advanced packaging introduces 
semiconductor fabrication technology to implement finer interconnect

ØThe bump size is reduced to 10um pitch, the line width/space is reduced to sub 
1um ,  therefore the number of interconnect can improve by 10-1000x.
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2.5D Integrated Chips improves Performance

Ø2.5D集成技术基于半导体工艺的无源硅Interposer/RDL Interposer/硅桥，大幅
缩小互连凸点的尺寸/间距，增加互连线密度和通信带宽，并降低延时。
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Xilinx V72000T
4颗相同FPGA芯粒
2.5D集成 2层堆叠
先进封装概念被提出

英伟达 GP100
GPU+DRAMx4
2种芯粒共5颗

2.5D集成 2层堆叠

华为昇腾910
AI+DRAM+IO
3种芯粒共6颗
2.5D集成
2层堆叠

14nm 14nm 14nm

5nm

Si Interposer 2.5D集成

多个14nm芯粒集成后，
在规模上可达到5nm单
芯片的规模。



Technolgy of Advanced Packaging

ØSilicon interposer (semiconductor wafer) replaces the conventional substrate in 
advanced packaging.

Ø Die to wafer bonding / through silicon via (TSV)  become new technologies.
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Top Die Wafer

Interposer Wafer

微凸点植球
Chiplet切割

微凸点植球
TSV Mid/Last制备 Chip-on-Wafer

堆叠键合

晶圆减薄
C4凸点植球

集成芯片
切割划片



Cross section photo of 2.5D Integration
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Note the Pitch size
- Micro bump – 40um
- C4 bump – 130 um
- Solder ball – 0.5mm



2.5D Integration Exceeds the Area Limit
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3.3x
reticle

1.4x
reticle

3.3x
reticle

5.5x
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8x
reticle

2016 2020 2023 2024 2025 2026 2027

Silicon
Interposer

RDL/FanOut
interposer

Overall Area
Soufce: TSMC

Ø The computing performance inside one package can be continuously scaling 
through 2.5D integration, another path beyond Moore’s Law.

Nvidia B200 GPU with 2 
GPU dies and 8 HBM dies 



3D Integrated Chips improves Performance
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Ø3D集成技术通过2个以上芯片的堆叠，实现升维，提升投影面积上的晶体管密度。

Ø基于上述方法，集成芯片的能效提升接近于“摩尔定律”尺寸微缩。
2018年 2021年

三星/海力士 HBM
长江存储 X-Stacking
多层存储3D集成

DRAM/Flash + PHY
高密度存储集成芯片

2022/23年

Intel PV AMD MI300
3/4层堆叠3D集成

Base-有源硅Interposer
+ Top -处理器/存储器芯粒
高性能处理器集成芯片

AMD 3D-VCache
平头哥 ML处理器
2层堆叠3D集成
处理器+存储器芯粒
高能效处理器集成芯片

全局长连
线被短距
离垂直互
连钱取代，
降低功耗。

A

B

C
D

三维堆叠集成芯片

14nm

14nm

5nm

单芯片



3D Integrated Chips improves Performance

p N层三维堆叠集成芯⽚的逻辑与存储算⼒密度可提升N倍，（N=2时等效2-3代微缩）
p三维堆叠的互连界⾯⽀持⾼密度铜-铜直接键合，凸点密度可达106个/mm2。
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3D Stacking Memory Technology
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Ø High bandwidth memory (HBM) is a type of multi-die stacking DRAM for 2.5D 
integrated systems.

Ø It is evolved from HBM1 to HBM 4, which has 16 die stacking.

HB
M1

HB
M2

HB
M3

层数 4 8 12 16
容量 1GB 8GB 24GB 48GB
带宽 128GB/s 307GB/s 819GB/s 1.6TB/s
I/O 1024 1024 1024 2048

Source: SK Hynix, IMW 2024

HB
M4



Integrated Chips is a major trend in HPC chips
Ø Using advanced packaging for high performance computing chip design is a 

very HOT topic.

26

排名 2023 新进超算一 2023 新进超算二 2022 Top 500 第一 2022 Top 500 第二

超算
中心

美国 橡树岭 Frontier 美国 劳伦斯 EL CAPT 美国 橡树岭 Frontier 日本 富岳 Fugaku

总算力 2 EFLOPS 2 EFOPS 1.102 EFLOP 0.442 EFLOP

芯片组

Ponte Viecchio MI300/300X AMD Zen3+MI250X

集成芯片
Chiplet数

GPU+SRAM+HBM
+Act Int. (47)

CPU+GPU+HBM
+Acttive Int. (21)

CPU：9
智能计算：2+HBMx8 1+HBMx4

Fujistu

AF64x


