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Advanced Package and Integrated Chips

%1% Lecture 1: Introduction
"2 Instructor: Chixiao Chen, Ph. D



Overview

» Course Overview
» Review of Conventional Packaging
» Introduction of Advanced Packaging

» Chiplet and Integrated Chips



Course Information

»Instructor |: Chixiao Chen
Email: cxchen@fudan.edu.cn

»Instructor Il: Wenning Jiang
Email: wenningjiang@fudan.edu.cn

»Location: JA202, Jiangwan Campus
» Time: Monday Night 18:30 - 21:05
»Website: https://cihlab.qgithub.io/course/chiplet.html
» WeChat Group Chat



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

Textbook

»English version can be
downloaded if you have
Fudan account via
Springer website. La

John H. Lau
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» Chinese version can be Semiconductor
: Advanced
purchased.  _ween | Packaging

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

John H. Lau

Chiplet

Design and
Heterogeneous
Integration
Packaging



Contents, Exam and Score

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

1) Advanced Packaging by Chixiao Chen

2) Inter-chip communication circuit design by Wenning Jiang
3) Integrated Chips Architecture by Chixiao Chen

> Exams:

1) Option 1: Presentation (Related Papers form ECTC, ISSCC ...)

Option 2: Project Design (UCle Package/PHY/Controller Design)
» Score: 20% Attendance/Quiz + 20 % Homework + 60% Presentation/Project




Schedule

> Lectures from 2.17 t0 4.28

» 4 weeks for Advanced Packaging
» 4 weeks for die-to-die circuit design
» 3 weeks for integrated chips system

» Project and Presentation: May 12/19/26
> 5.5 is &) -Holiday
> 6.2 is ir - -Holiday
» ISCAS Week (May 26-28) may affects pre.

> HHET RIK. 1za)=do not affect us so far.
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Electronic Packaging

Electrical connectivity:

Power distribution to all components and chip
circuits.

Connectivity between various chip circuits,
devices and components.

Thermal sink:

Removal of heat generated by chip circuits
during processing for continued performance.

Mechanical protection:

1.

2.

Mechanical structure and stability to allow for
manufacturability.

Protection of devices and components from
environmental exposure and damage.
Shielding chip circuits from external

electromagnetic (EM) radiation or interference.

Silicon Chip

Microelectronics
package
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Interconnect via System Packaging

Chip level Board level

I SURRY oS packaging packaging

Final system Consumer

Parameter Chip level interconnect Board level interconnect Conventional Package

Level Chip-to-package Package-to-board Architecture

Pitch 10s of um to ~200um Hundreds of um to ~1000 pm Chip level
Bump Plating, jetting, dip transfer Screen-printing, ball drop, jetting Interconnect

2D conventional,

2.5D w/ organic RDL Underfill

Assembly 2.5D w/ Si interposer Reflow, mount

3D Chip-wafer, wafer-wafer attach

Solder, flux
materiae LNGEITIN, MOIC 3?\Icc1’:rrf'il:luf):)r limited applications

Thermal interface materials ( PP )
Interconnection Limited Most applications Courtesy V. Smet
rework

Board level

Cast Low-moderate (depending on assembly As low as possible interconnect Courtesy

architecture)

3DPRC, GATech
L



Conventional IC Package Types

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

QFP

e

&3
%‘35

S0T23 S0T223

0.0875mm / 3.4 mil
Space




System-in-Package

» For smaller form-factor, and higher performance, multiple dies and
flip-chips are placed within one substrate

»Die-stacking was available

»Locate fingers are placed around each die with minimal wire ponding

» multiple-layer of substrate using new special films, Ajinomoto Build-up Film
Through

Bonding wire
silicon via

Stacked .
Dies / Pad Finger

Flip-chip

Metal
Package wire

layers
Ball

POPO0PO®

Ball
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Flip Chip and C4 Bump

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

» C4 bumps uses SnAg and has a pitch of Al, NI, Cu UBM
150 um, and 90 um pad opening Al Pad

(a)C4bump e g RS,
) N &ﬁ MM

Die Passivation

'y \ (1) Redef. Passivation (3) Spin Resist  (5) ECD Cu, Solder (7) Etch CulTi
Device | A v v yUV T
Wafer | / T,é Mask '

e (2) Sputter Ti/Cu (4) Patterning (6) Strip Resist (8) Flux, Reflow



Why We Need More (Than Moore)?

»Deep Learning Algorithm doubles per 3.4 months (10+x every year)
»Moore’s Law doubles per 1.5~2 year
»\Von-Neumman Architecture (CPU) doubles per 20 years

4 Peta-FLOPS
le+4
¢, AlphaGoZero End of the Line = 2X/20 years (3%/yr)
le+2 | Neural Machin(-_; ? Amdahl's Law = 2X/8 years (12%)/year)
" Translation ,I. T17 Dota 1v1 End of Dennard Scaling =+ Multicore 2X/3.5 years (23%/year)
e Vi CISC 2X/2.5 years 1 RISC 2X/1.5 years
VGG 4 ¢ ResNet (22%/year) (52%/year)
le-2 AlexNet/e 100,000
. °
led Deep Belief Net *1 3.4-month doubling s
layers-wise pre-training / ~ 10,000
° L. ° :El‘
le-6 >
- TD-Gammon v2.1 = o
) L--e g ; 1,000
1e-8 - Bi-LSTM for Speech g
NETtalk _ -~ o LeNET-S 8 100
le-10 L | RNN for Speech @
- ALVINN E
s £
le-12 | _ -~ " 2-year doubling ( Moore’s Law ) g 10
-
le-14 = f.’P;rceptron & First Era Modern Era - i
i 1980 1985 1990 1995 2000 2005 2010 2015
1960 1970 1980 1990 2000 2010 2020 Year




The Interconnect Problem / Memory wall

» High performance computing requires both more logic gates and

higher rate processor-memory communication. =
Memory Readé MAC’ Memory Write " 2222
filter weiqhtg ALU %4000
image pixel: ®_Lf|\ u £ 3000
. : : updated
i WorstCase:aIIme:rforyR/Ware DRAM accesses e = . | ‘ |
e Example: AlexNet (nips 2012) has 724M MACs L2 Ssnmc,\,,os;(::ssmde 5 7
-> 2896M DRAM accesses required
»But memory interface grows more SIower [ . = sese TR SRS
than Moore's LaW, 16X in 20 years_ DDR2 2003 4n 1.8 400-1066  512Mb - 4Gb
»Logic density increase by 1000x in 20 years. | o e w1 oo seceose
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Monolithic SoC Performance Limit

7906

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

» State-of-the-arts GPU maintains its area near 820 mm?2.

' ¢ SR
GPU NVIDIA | NVIDIA | NVIDIA | NVIDIA
| WAi193/EUVE] H100 A100 V100 | Tesla P100
4 | mﬂgﬂik%ﬁﬁ# SISEL 80B 542B | 21.1B | 15.3B
: 7326x33=858mm?,
%E/ﬁﬂﬁ ﬁ oARYS | 814mm2 | 828mm2 | 815mm?2 | 610mm?2
hi e Hopper | Ampere \Volta Pascal
. o s TSMC TSMC 12nm 16nm
R 12w AN N7 FEN FinFET+
4 B AIE GPU SEB#8 | 132 108 80 56
CUDA #i1l» | 16,896 6912 5120 3584
~— HliEmE =l )0) 2022 2020 2017 2016
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Yield Limit of the Large Chips ):
SO0
» Advanced technology involve high cost due to yield loss: If chip area is greater
than 500 mm?, yield is normally less than 20%.
» 200 mm? is selected as a sweet yield point for most advanced technology.
Same DO Die Count VS Yield Correlation Chart
. i 100.0% ) 5 93.6% 95.1%
90.0% = = :
- -
= - ! 60.0%
= 50.0%
' 40.0% 378
I 0.0%  2.1%
20.0%
10.0% I
395 chips = 362 good die 192 chips = 162 good die 0.0% | _ . | ; . | |
(8% yield loss) (16% yield loss) 2 E L T e T "



From SoC to Integrated Chips

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

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

M1 Max die
Cupper pillars

Apple M1 Processor
Monolithic SoCs

Substrate core



Roadmap of Heterogenous Integration
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» Compared with conventional PCB/SiP substrate, advanced packaging introduces
semiconductor fabrication technology to implement finer interconnect

» The 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.

2D

REfE. 5%
BERERE B
Fine pitch C4 Micro C4 bump Cu pillar bump Flat Cu pillar

Bump-less

- BEENRE
= A &
u-Cut& V-cache smers [ s
ENERE CoWoS
Wafer Level FanOut

HBM2 IP ASIC Die
N W

=SEEBHLER
MCM

Package Substrate

100
rce: Open-Silicon

1K

10K
BEZEE (10/mm?)

100K



2.5D Integrated Chips improves Performance

> 2. 5DER B AREFESHF T ShIFLRIEInterposer/RDL Interposer/iEtF, Kig
BPMEELSRRT/ERE, IBINEEZZENE
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Technolgy of Advanced Packaging

$\3NW6%
802
Interposer Wafer S STk '
TSV Mid/Last 4% Chip-on-Wafer aa (B - Y7y
\,) = ) \ N
_ o A AE TR padksoe ace PRGN AR
Top Die Wafer Chiplet £ ey f Package Substrate

Q0000000000000 00000000000
Circuit Board

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

» Die to wafer bonding / through silicon via (TSV) become new technologies.

20



802
T R Interposer Metal : :
IR NN NN, | avers Note the Pitch size
C4 Bumps Metal - Micro bump — 40um
Package Devices Contacts
R (Cannot ses) - C4 bump — 130 um

- Solder ball = 0.5mm

Interposer

y4=149 X688

2T TeRIN eT"S0  Jom »RDLs: 0.4um-pitch line width and spacing
y »Each FPGA has >50,000 ubumps on 45um pitch
The package substrate is at least (5-2-5) > Interposer is supporting >200,000 pbumps

21



2.5D Integration Exceeds the Area Limit

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

Overall Area

Soufce: TSMC
Interposer
RDL/FanOut
interposer

reticle

1
|
|

R

1 reticle ~ 830mm?
2020 2023

2016

Nvidia B200 GPU with 2
2024

2025 2026 GPU dies and 8 HBM dies

2027



3D Integrated Chips improves Performance

> 3DERRAEI2MNA ES RS, SCAE, RARSEN LNRAERE
>BF LidpiE, S hRINGEIRHEET "ERER" RIMWNY%A.
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DRAM

VERTICAL STACKING (3D)

f | LEIKE
=887+ HBM AMD 3D-VCache Intel PV AMD MI300 4ﬁ4ﬂ4ﬁ4ﬂ Zane
;T 77 fif X-Stacking SELE MLALTE S 3/aEHEBIDE MK Hl_“# Snm SEEEE
ZEFE3DER 2EEB3IDER Base-fiE&EInterposer ZERLE (L
DRAM/Flash + PHY  SMER+ZMBER  +Top - MEBEMBETR s apn el

EEEEHERTE SENLESERTHE  SHeLmEsms s : FEEINEE.



3D Integrated Chips improves Performance

|:| NE=Z4HEERSCHRFNZBESFHRENEE _HIE}I‘NF:?.
@SN EEREXFS

ubumps array

=i 00
>

2353 - SIEERE B ETA104 / mm?.
106 | @ p - f: Top Die
\ 3D-mEEE 4 =
~ ‘| eﬁé ) '--:—‘ ===
N \
= \ >1000X Si Bottom Die
% 104 ; 3D'Hﬂ'£‘ ‘
g =
o - = =
S == =
% 102l Dk h— Si
I 2.5D-R{O= ‘
> e v
Flip Chi st
19 i E e ——
0 50 100 150 Si

DR/ ESHITIEE (um)

(N=20FF 30 2-3K 7 48)

HBI Pads
+ Specially
fabricated
dielectric

surface

Room
temperature
initial attach

High
temperature
anneal



VNI Vé:?

=

3D Stacking Memory Technology

» High bandwidth memory (HBM) is a type of multi-die stacking DRAM for 2.5D
iIntegrated systems.

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

o 2 [

HBM2

HBM (high bandwidth memory) T T T T T T
Jafulilfal @
gl ITTIT
Falepekae]
pi:il::r I I I T I T B 4 8 12 16
{2l IlT XE  1GB 8GB 24GB 48GB
i | I I $=k I #% 128GB/s  307GB/s  819GB/s  1.6TB/s
Myl Logic Base Chip /O 1024 1024 1024 2048

Source: SK Hynix, IMW 2024
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» Using advanced packaging for high performance computing chip design is a
very HOT topic.

Integrated Chips is a major trend in HPC chips

HER 2023 FmHiss— 2023 Fm#EE— 2022 Top 500 55— | 2022 Top 500 %_
#ﬁ% e . o I AL m: ]“ﬂWIWﬁ:K
FF'I:.‘ pie L =
XEE 1&WlS Frontier | ZEE FH{EBF EL CAPT | EHE &84l Frontier
285 2 EFLOPS 2 EFOPS 1.102 EFLOP
SRE | W W [ | a=s
Ponte Viecchio MI300/300X | AMD Zen3+MI250X
it B | GPU+SRAM+HBM CPU+GPU+HBM CPU: 9 1 +HBMxA4
Chiplet#§ +Act Int. (47) +Acttive Int. (21) | &&it&H: 2+HBMxS8




