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GUC Advanced Package Technology (APT) Development

» 3D stack PV
e Multi-die IR

* Interposer design 7.2G
« eDTC insertion
» 3D stack PV & Multi-die IR

* TK1 pilot
* Bottom Die: N28 SoC
Top Die: CLO13 DTC

IR drop 20% = 14.7% for
multi-core ramp-up

> DTC Die

J\
°

Improve Vmin 20mV in
. SoC Die ACSCAN ATE test

a Bottom Die N28 Logic y

* Hybrid-bond Planning

» Cross-die STA signoff

* Multi-die IR & 3D stack PV
* Thermal analysis

* TK1 pilot
* Bottom Die: N7 SoC
Top Die: N7 Cache Memory

Hybrid bond

M1

I EELL-TE

GUC

The Advanced ASIC Leader

* Local Silicon Interconnect
 eDTC insertion
» 3D stack PV & Multi-die IR

>

3D hierarchical low power
design (8 blocks + 2 tops)
CTS plan for cross-die OCV
reduction, MMMC-STA
critical corner analysis

PG TSV #/pitch plan, BTSV
array macro design
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3DFabric — Versatile from 2.5D to 3D Chiplets GUC :

The Advanced ASIC Leader

TEAL T
AN

™

Memory
Hybrid bond

Micro-bump ™

W1
\— | LIT==T 1

Flip-chip bump (C4)

seavars ( C C C C CC CCCCC

F=EALLT
« Benefits in heterogeneous integration and  « Benefit with smaller chip size
flexibility. » Use hybrid bonding connects dies and
« Use TSV to connect stacked dies vertically provides better PPA
— More complex issues like stress, thermal and others e Use TSV through |0gica| dies to connect to
 Deep trench capacitor can provide good PI substrate. Challenges SoC PnR, thermal,

& Sl performance and PI
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GUC
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2.5D CoWoS Design
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2.5D CoWoS Design Challenges GUC

The Advanced ASIC Leader

Interposer size getting bigger and bigger
— Important to do cross die bump assignment for better IR quality

— Increased iterations of cross die micro bump assignment update
— More assemble issues on the die floorplan — Implicit uncheckable rule handling

Micro bump location needs to be frozen in early stage
— Interposer stitching is important in SoC floorplan

Need robust die to die routing pattern to meet the performance spec

* Interposer eDTC capacitor is needed in high power design 3.3x reticle
 SI/PI simulation takes long time for all channels
— Need to make sure channels are balanced _ 2X reticle S0
1X reticle

SoC L

Soc / SoC
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CoWoS Die Planning and Prototype
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CoWoS Top Die Floorplanning with Synopsys GUC

The Advanced ASIC Leader

3DIC Compiler
« Multi-die bump planning

— Top die floorplan

— Bump mirroring from top die to interposer
— SoC IP and partition block floorplan

» Quick verification on planning stage
— Bump alignment, logical connectivity, probepad connection, route-ability check

Il
of 50 B

nnnnnnnnnnnnnn
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— Early stage to check SoC IP harden correctness
— Flyline check routability
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CoWoS Bump/DTC PDN Co-design GUC
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Synopsys 3DIC Compiler can help with bump mirroring and provide stacked view

« Use combo C4 bump to have better power performance Micro bump/ C4 bump
) i combo cell Assignment
* Reduce PG bump change iterations
* Deep Trench Capacitor PDN co-design
* Interposer single-die IR verification I) e»
— Quick static IR verification from ubump to C4bump (J \S
— Attach power on ubump as the current sink Interposer PDN Creation SoC Floorplan/PnR

\ 4

Early PDN Analysis

with eDTC

\ 4 A 4

Interposer Standalone

IR for hotspot Analysis Single Die IR Analysis

\ 4

A

3D Assemble

Interposer single die IR SoC+lInterposer cross die IR ICRroSs_s,-Di]?f o I
igno




CoWoS HBM D2D Routing GUC |
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« GUC in-house routing pattern can overdrive HBM3 to 7.2bps

........................................

« Synopsys 3DIC Compiler D2D Routing Pattern
— Work at 7.2Gbps through SI simulation
— Shorten channel signal routing runtime by 50%

— Easy for channel routing balance




Synopsys 3DIC Compiler HBM Auto Router GUC

« HBM3 Sl Analysis @ 7.2Gbps

— Result with simple ground shielding
— Result with default GUC PG pattern
— Result with PG and shielding fine tune

D2D Router

A

Shielding

U]

Power/Ground
Tuning

4

Si Analysis —

The Advanced ASIC Leader

0.1UlI

0.3Ul ~ 0.5Ul

4

0.685Ul
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Summary
Synopsys 3DIC Compiler addresses design challenges

* Need to have a useful router
— 3DIC Compiler can easily modify width, spacing, shielding style
* Need to have a good PG structure

— GUC has in-house power/ground pattern

 Need to handle critical electrical effect
— Return loss, crosstalk, insertion loss, etc.

* Need several iterations of pattern fine tune
— Reduce the iterations with 3DIC Compiler

Initial Adjust RLC extraction,
Develop Pattern Sl simulation
Scripting weeks days

3DIC Compiler router days hours Weeks to Days

Fully Layout weeks week

oo

GUC

The Advanced ASIC Leader

D2D routingf

L\
PDN opt

—

eDTC cap insert

A 4

RLC model ext

\ 4

SI/PI
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3DIC WoW Design
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3D Stacking Design Challenges

» Die-to-die interface hybrid-bond
assignment

» Cross-die hierarchical block stacking & flip
alignment for 3D hierarchical design

« 3D clocking for cross-die OCV reduction
 P/G and signal hybrid-bond co-design

» 3D-stacking power plan, IR/EM sign-off
« Power consumption, TSV #/pitch estimation
« P/G BTSV array macro design

» 3D-stacking STA: cross-die coupling
extraction and process variation

» 3D-stacking thermal analysis
» 3D PV: DRC/LVS/3D-stacking check
» DFT scan scheme for fault detection

GUC

The Advanced ASIC Leader

SRAM Die
™
Hybrid bond
™ _ _
Logic Die

M1
Ur— \J LTSS | ]

Clock OCV mitigation Increase clock common path by
additional clock entry btw Dies

detection

SNUG SILICON VALLEY 2024

Scan wrapper for HB fault
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GUC is Adopting 3Dblox Design Flow

« 3DDblox is a specification of chiplets stacking and
connectivity to enable 3D fast prototyping

— 3Dblox spec (3dbv/3dbx) is defined and fine tuned in early 3D design

planning, that verifies the 3D design intent

— Golden spec to streamline flow integration of P&R, sign-off

* GUC is adopting 3Dblox in 2.5D / 3D chiplet design

— Synopsys 3DIC Compiler eases adoption of 3Dblox

Design:
name: system_top

external:
verilog_file: [system_top.v]
Top Die (MX) upf_file: [system_top.upf]
ChipletInst:
u_logic_die:
master: logic_die
external:
verilog_file: [logic_die.v]
upf_file: [logic_die.upf]
sdc_file: ...

u_memory_die:
master: memory_die
external:
verilog_file: [memory_die.v]

Bottom Die (RO)

upf_file: [memory_die.upf]
sdc_file: ...

GUC

The Advanced ASIC Leader

Netlist/ .,
Tech files Libs UPF/ STA
SD

“ 3 ¢

3dbv/3dbx PV
—»

3DIC Compiler APR
(each die) IR
implementation

stack-planning
& verification

| | Hybrid-bump
o U memory die: : , ;
IR | Vemory Die

Z: 500.0
face: down
orient: R180
root: false

i u_logic die:
loc: [0.0,0.0]
z: 0.0 '
face: up
orient: RO
root: true

u_menlory_die

u_Iog'c_d\e

Stack spec Connection spec

SNUG SILICON VALLEY 2024




2.5D/3DIC Implementation with 3Dblox GUC
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| BD/b'i ICC2/Fusion Compiler
Synopsys 3DI_C Compiler . sDIC Corflpiler SoCl/Interposer Die
« 3D Prototyping & Early Verification Early "' Partition/Floorplan
— Cross die bump assignment Verlflgatlon v
— Early PDN verification 3D Prototyping Implementation
« 3D Assemble & 3D Verification c v
— Bump alignment check 3D Assemble Assemble
— Path Assertion v
— Synopsys StarRC cross die VIB extraction 3D Verification Signoff-tools,
« Signoff by using 3Dblox to physical I Per-die Verification
verification and RC extraction | 3Dblox d ;
Stacked-die
Verification
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GUC

ri: The Advanced ASIC Leader

Synopsys 3DIC Compiler

3D Bump Assignment and Alignment Check

« 3Dblox specify regions for bump
assignment. It's useful for the partial
bump update

r3: backside C4 bump

« 3Dblox path assessment can quickly ZEREE

Connl:

. . top: u_bot die.regions.rl - u bot die.reqgi .
check cross die bump alignment b0t oy die repione. 1| i-hon-gic reoion®

“\u/top die.regions.

Conn2: Pathi: _ _ i .
top: u bot die.regions.r2 - u bot die.regions.r2 Bot Die
bot: u top die.regions.r2 - U top die.regions.r2
thickness: 8.0 - u_top_die.regions.

« Cross die bump alignment check helps
physical and logical verification




Power Plan with BTSV Array Structure

_______________

GUC

The Advanced ASIC Leader

€BTSV has OD/PO/NW keep-out spacing, a trade [ors

off between power and routability

Kdep out Jpacing

€ Achieve it with considering metal width, bump

pitch, BTSV array size

—_— e e ==

Powerplan Width/Pitch tuning e e e
¥ P PRk
BTSV array SIZIng I'lllll.ll E I B B N EE N BN

¥ 1O O R R
HyBond/BTSV re-assignment :I:L : &
; 571 71 7 CF RO

APR & IR Analysis HEEH;FE““““

& Synopsys 3DIC Complier rail analysis

Bot Die

mlLeverage in-design Ansys Redhawk SC with early PG constrains for quick early

IR analysis. It reduces our design iterations.
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3D Cross-Die VIB RC Extraction

e For cross die STA, it needs to consider interface
RC parasitic

« Synopsys StarRC support cross-die virtual
interface block (VIB) RC extraction

« Synopsys 3DIC Compiler integrate VIB extraction
by verifying interface alignment with 3Dblox and
generating StarRC VIB configuration
— 3Dblox specify DEF, LEF, LIB, RC files for each die

« GUC used to achieve it with scripting on die
stacking and bump alignment, a long
development to pipe-clean the flow

GUC

The Advanced ASIC Leader

Die-Wow-1-B1 Die-Wow-2-B1
Die Interface
(Virtual Block) Die-Wow-1-T Die-Wow-2-T

Substrate / Interposer

3Dblox

Verify bump alignment

A

A

Extract sin

gle die RC

3dblox::

generate_chiplet_rcxt

A

y

Generate VI

configuration

B extraction

3dblox::

SNUG SILICON VALLEY 2024

generate_all vib_config files

VIB config

VIB RC extraction
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Conclusion
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Conclusion GUC

The Advanced ASIC Leader

« 2.5D/3DIC have become more and more complex. It's essential to have an
assembly tool to handle whole design in 3D view.

« Synopsys 3DIC Compiler improves our HBM routing results, simplifies
3DIC stacking, and improves design quality.

« 3Dblox facilitates the specification of 3D design intent, good for data
preparation, version control, and easy communication in design hand-off.

« With 3Dblox & Synopsys 3DIC Compiler, we save humerous design
iteration, resulting in much shorter time to market.

SNUG SILICON VALLEY 2024
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