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Package Assembly Design Kits

What are they and how they can benefit the packaging community
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Chiplet-Based (Heterogeneous Integration) Architectures
The transition from system on a chip (SoC) to system in a package (SiP)

Multi-Chip(let
LT oo ooy riucion 51o7) ARG

1. Heterogenous
MCM/SiP : Integration
Unpackaged die < Chiplets
I I I I I I I I Laminate Silicon
Substrate  Substrate
PCB to MCM/SiP Benefits SoC to HI Benefits
Smaller footprint Reduced NRE costs
PCB simplification Shorter time to market
Higher bandwidth Larger than reticle size designs 1 N\
Lower power More flexible architectures ( 2))
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000546 cadence



Device Packaging Conference 2021 - April 12-15, 2021

Packaging Technologies Being Targeted for Heterogenous Integration

Laminate
BGA/LGA

Embedded
Bridges

Silicon
Interposers
(2.5D-IC)

000547

Density
RDL
(FOWLP)

Wafer
Stacking
(3D-IC)

\\

9 ) ||
%))
cadenc eﬂ



Outline
N\

‘ Market Trends

\

History and purpose of a PDK

Why it's time for PDK-like solution for package designers
[

‘ Contents of an Assembly Design Kit (ADK)
/

N\

) )
%))
000000 cadenc eﬂ



e Packaging Conference 2021 - April 12-15, 2021

History and Purpose of a Process DeS|gn Kit (PDK)

The original concept of PDK (Process Delivery Kit) came out of Texas Instruments
in January of 1991 with a goal of providing IC designers with everything they need
to know, based on the manufacturing process, to design their chip. And to deliver
this knowledge through EDA design tools/flows

— In other words...to connect the manufacturing process with the design process

— Cadence adopted the concept and renamed the term PDK to Process Design Kit (PDK) in 1993

Paul Koch — Retired Semiconductor Executive

Foundry

Technology
Constraints EDA VendOr(S)
Models Design tools End User

Libraries Design flows
Rule Decks
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Design and Verification is Only Getting Harder
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Design Tool/Flow Challenges for the Package Design Team

based packages require =
pecialized layout features and formal physical/logical verification

capabilities
 Layout features specific to silicon substrate designs

silicon-

chip(let)

* Advanced multi-
S

— Progressive shape and pad degassing algorithms

— High-capacity design support
» Mask-level accurate output data (GDSII) from substrate layout tool

— Advanced filleting and trace widening

— Advanced arc vectorization

« Seamless inte
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gration with IC physical verification tool with feedback

level DRC

Mask
3. Region specific advanced metal fill (balancing)

2. Connectivity verification (LVS
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loop to layout
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It's time for package designers to stop guessing and start knowing

Why We Need ADKs

Silicon
Interposers
(2.5D-IC)
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ooo00 7 EDA Vendors End User
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|IC designers are new to packaging and package designers are new to IC/silicon substrates - ) )
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(Package) Assembly Design Kit (ADK)

* Looking Beyond Design-Rule Manuals and Reference Designs...

Assembly Rules Compliance Kits Manufacturing Rules Rule Decks

TechFiles Design Libraries

Layer stack-up
Material
Properties

Thickness

Physical/Electrical
layout constraints

Footprints

Discrete
BGA/LGA
3D Mechanical

Bond-Wire profiles
IO models
Thermal models

Power models

Device placement
constraints based
on assembly pick &
place equipment

Die to die spacing

Device to device

Device to obstacle

Electrical spec
validation of
chip(let)-to-chip(let)
interfaces

Jitter tolerance
Insertion loss
Return loss

Eye mask

Board/substrate
manufacturing process

Substrate checks
Soldermask checks
Soldering issues

Silkscreen checks

Foundry/semiconductor
manufacturing process

DRC

LVS
Metal fill
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Tech File

& Cross-section Editor - O X
Export Import Edit View  Filters cadence
.
« ASCII file —
Objects Thickness P Physical Embedded
Value
— Easy to manage and share or | Mater | cmbedded saus
.
* Read, write and compare
) Dielectric
Conductor
Dielectric
Conductor
* Re-use
Dielectric
Conductor
Dielectric
Conductor
» Contents

— Substrate stack-up physical and

. Minimum cavity gap for merging
I t . I d t 'I 3. Placebound to via keepout expansion
elecCtrical aetalls <ot ooty oo
. Via connect height

Default via connect padstack

— Physical/Spacing signal

constraints e
— Electrical signal constraints o

All Layers v advwlip_artwork_2

— Constraint groupings
— Assembly/placement rules
— Test rules

DP_TXDATA1 DEFAULT
DP_TXDATA2 DEFAULT
DP_TXDATA3 DEFAULT
DP_TXDATA4 DEFAULT
DP_TXDATAS DEFAULT
DP_TXDATA6 DEFAULT
DP_TXDATA7 DEFAULT
| r Spacing RXDATAO DEFAULT
. Same Net Spacing RXDATA1 DEFAULT

A = RXDATA2 DEFAULT
( Assembly
RXDATA3 DEFAULT

Manufacturing

Y Y¥YVYVYVYVY VYV VYV VYVVY Yy

RXDATA4 DEFAULT

L4 Properties

" DRC All Layers

Width which can be used to necktnough tignt areas (MIN_NECK_WIDTH) Unit: um
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Design Libraries and Models

» G
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* Footprints
— JEDEC standard BGA/LGA and SMD

— Padstacks

— STEP files (true 3D rendering)

3D Bond wire profiles
— Model based on bonding equipment
— Required for 3D DRC

/O models
— Behavioral (IBIS)
— Transistor-level

Thermal/Power models
— Chip(let)-level thermal and power models
— Static and Transient Power information

< S&Y
£

SR PN

LB layer Device layer
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Design for Assembly

BB Assembly Design Rule Checks - X

Rule Selection Tombstone Check

v M & AllRules
v B % Design

GUI driven assistant to ease setup [

% Die Flag

B ¢ Die Flag to Die Flag Spacing

B © Die Flag to Discrete Component Pac!

Unique to device DFA outline :

In-design direct feedback during
component placement and move

Table-driven with user defined
component categories

Die Flag to Finger Spacing

Die Flag to Package Edge Spacing
This rule checks all two-pin discrete components. It checks
that the area of exposed metal on one side of the component is
® Center to Center Delta, Extents Base within the user-defined tolerance specified for the area of
exposed metal on the other side of the component.
Center to Center Delta, Pins Based
Die Stack Height

Die Stack to Die Stack Spacing

‘mw Miscellaneous
B ¢ Conductor Shape Void Overlap
Degassing Void Overlap
@ Tombstone Check
Optical
% Package Substrate

Any Metal to Any Metal Spacing Eensienes

Cline to Via Overlap

Conductor to Package Substrate Ed:
adre_report.bt

Edit Constraints Clear Existing Rule Violations

B Assembly Design Rule Checks
Rule Selection

v M % AllRules
B & Design
> B i Acute Angle Metal
>l = Cavity
v M & DieFlag
M © Die Flag to Die Flag Spacing
B ¢ DieFlag to Discrete Component Pac
B Die Flag to Finger Spacing
B Die Flag to Package Edge Spacing
Die Stack
Center to Center Delta, Extents Base
Center to Center Delta, Pins Based
@ Die Stack Height
Die Stack to Die Stack Spacing
Miscellaneous
Optical
% Package Substrate
% Any Metal to Any Metal Spacing
Cline to Via Overlap
Conductor to Package Substrate Edi
Discrete Component Pad To Finger ¢
Discrete Component to Package Edg
Exposed Metal To Exposed Metal Sp

[SHSHSH N R4}

Edit Constraints

Die Stack Height

This rule applies to all die stacks in the design. It checks that
the total height above the substrate top surface and below the
substrate bottom surface is within the specified value. You can
specify different values for diestacks on the top and the
bottom. The height takes into account die stacks in cavities.
This rule targets only die-stack entities and not wires.

Report File Name

adrc_report.bxt

Clear Existing Rule Violations

BB Active Design DFA Table:

Basic mode (table) and advanced
mode (Constraint

Rule definition setup can be done
In separate tool at the library level

DISCRETE

anager -

® Off

® Batch

50:50:50:50 Apply to selected cells

DISCRETE FLIPCHIP

FLIPCHIP

SUBSTRATE

Top

Add symbol name to table

Browse for Symbols...

Symbol names:

000558

SUBSTRATE

Add dlass name to table

DFA Spread Sheet Format: (Side to Side):(End to End):(Side to End):(End to Side)

Microns

Table utilities

cadence’

Purge unused symbols

py top table to bottom

Add Embedded/Constraint Layer Tab

Show symbol classification:

Purge classified symbols
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L] L L] L] L] Ll
 Electrical validation of cl 1P |et)-tO-C| 1P Iet) Interconnect iy
] | Tx0P LINE P L_IN
WX M-TX | 3 MRX WRXPIF
T TXON R N T
Voltage (v) { PINs I
04 r T s . E
: R Ciipa B 2 B! s W l 5 LINE -
031---- ' ; =2 Gt o W ke iVt e S S | | v} v [-oUek 5 G ri]
3 | { @ WTXPIF M-TX | - o] mRx WRKPIF @
. : : : i z z
i : S A e ! 3 = p-
01 : + < : w w
; ! : i E S
O fmmnintnin frtennces = e e —— - I =
] T i l PINS
01 i : . = : | rxor LINE reoF
; i e B T | wmre 1 MRX IO MTX [ e
1 z 1 ‘ s " 2 ]
03 : : ‘ -
¢ ; : t SUB-LINK
04 ] i ;
0 01 02 03 04 0s 06 07 08 09 1
Bit Periad (UN)
@RSystemsl - [Serial Link Analysis : D:\kenw\Working\sla_test\sla_test.ssix] .. X
¥& File Edit View Setup Tools Compliance Window  Help cadence -18/x §
NEH 9 -0y BHRODO L UIP AIRNEXIUVDSEETD Bk b ; i i S
= : MIPI-M Compliance Kit =
Serial Link Analysis ¥
— A S . =3
SFP+ Compliance v : : * Includes automated jitter —
HDMI Complianee v L == = e tolerance sweeping :
P Compliance v 2 | ‘
= [ I |
10GBASE-KR Compliance ¥ L B e L [ 1 |
USB 3.0 Compliance ¥« ] J ! Choose compliance item ! } {
|| Prope X
ciacaidne iz Sy g P = C
Channel Setup ® BockName: [Prg1 | FieNeme: Summary of Results ——
Choose a Template Conn. Port Connect To | Block Name Conn. Port [Connec ) i #
Edit Channel Models } =[connec The channel simulated passes the MIPI compliance requirements.
Set AMI Parameters o =) Tmn DL e I =
. ’ tx_primary = ™ Tx_Out * [Ground 2
Simulation Setup @ a rondg TX Eye Mask Values [
i ansnitttnel A = [signal N
Choose Compliance item * 1prim_p I.} I ¥
Check Compliance :[ZMD;"E\H Parameters Value Simulation Results Pass/Fai | p>058 UD) 4
plmsation Besuis 4 x1 Eye Height 0.08V VDIF AC HS 63 TX 0.292 Pass ‘ — —
Results Summary | _AC_HS G3_ ‘
Export Results :wﬂ Eye Width at Zero Crossing 0.55U1 TE&E_H,S_G;_TX 0.830 Pass
Show Simulation Cu e
View Compliance Curves [ | Eve Mask Eve Mask Pass L
Build AMI model ¥ ends bk j
| P —— S [ Channel Tolerancing Eye Mask Values 2 ol
e | Avout Extracti Parameters Value Simulation Results PassFai C3 Cancl -
Eve Height 008V VDIF_AC_HS 63 RX 0.265 Pass
Eye Width at Zero Crossing 0.58 U1 TEvE Hs 63 RX 0.630 Pass
Eye Mask FRREED Eve Mask Pass
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Design for Manufacturability (DFM) — Laminate Substrates

* Rules aligned with substrate . n
providers
— Conductor rules
— Soldermask rules
— Annular ring checks
— Silkscreen checks
— Slivers and islands

» Rule aggregation to support o - e o
multiple sources EEET SR e —— SR

7777777777777

* In-Design checking to
assure first-pass
CAM sign-off

* Automation all DFM
documentation
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Rule Decks — Semiconductor Foundry Process

- DRC

— Including 3D stack pin alignment

* LVS
— Chip(let)-to-Chip(let)
— System-level

« Metal fill

— Smart metal balancing
[ |
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Conclusion
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PDKs have been successfully leveraged by the IC

design community for decades

i
“

Packaging technology is exploding in complexity and
designing in the dark is no longer an option

V]

New challenges face both package designers and IC
designers and require different solutions

i

It's time for the package design community to embrace

the Assembly Design Kit (ADK)
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