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PDN In 3D-SIP

Distributed dies Stacked dies
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Power Integrity Assessment
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Interference Issues in PDN

» Influence from adjacent circuits
» Die location dependency

» Coupling through Package

-> Simulation needs to efficiently reflect
conjunctions between those “elements.”
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Influence from Adjacent Circuits

1O cells layout
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Die Location Dependency
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3D-SIP structure trade-off

- Wide 10 band width with less power consumption
- Tighter interaction between dies in a localized PDN
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Coupling through Package

g A siw Chip/interposer PDN

N Highly resistive, high loss
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High loss chip PDN

—> Power rail noise Is spread out thru package.
—> Effective area of on-chip decap is limited.
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System-level Co-simulation Workflow

1.Noise Source Generation
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2.Chip Model Generation
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PDN Modeling Strategy

» Model resolution

» Chip-centric observation

» Model connectivity
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Model Resolution

Pin location resolution Circuit (cell/block)
placement resolution

Per-pin loop inductance (NH)  +w I
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» Power/ground pin characteristics > Simulation priority
are sensitive to the structure. —> accuracy with detailed placement
—> faster run time with rough floor plﬁn
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Chip-centric Observatlon

» Nodes/Ports on the device layer
are necessary as well as
bump/pad layer.

ports on Bump/Pads .
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Model Connectivity

» The model connection scheme affects simulation resolution
and accuracy.

» Per-pin connection is important in order to predict localized
propagation/distribution of PDN behavior of 3D-SiP.

I—MCF Editor (D:¥Y_2nd_Drive¥Sigrity¥Investigation¥110212 Large Pin Count MCP & CPM¥sig_CoDesign_ _ATE2_die_ MCP_..

[ Jtnternal Circuit: | sig_CoDesign_WTEG_ATE2_die MCP_sig_i| [ Janternal Creuit: | sig_CoDesign WTEG_ATE2 pkg_rec | ||

Connection: EFSB |PCB |._|_:'E‘ T | Connection: !diEJUD | : Type: |DIE |DE| '
! Ckt Mode(*) Net(®) ¥ (mm}) ¥ (mm) Pin(*) Net(®) ¥ (mm}) ¥ (mm) )
| FSi CO4 VDD_RX 29,7856 29,292 S 0co4 VDD_RX 29,7856 29,293
i GND_1 29.7856 LG 0cos GND 29.7856 204794
| VDD_RX 29,7856  29.6568 == 0Cos VDD_RX 29,7856  29.6568
| GMD_1 29.7856 29.8392 - 0co7 GND 29.7856 29,8392
| VDD_RX 29,7856 30.0216 — ocos VDD_RX 29,7856 30,0216
| GMD_1 29,7856 30.204 i ocos GMND 29,7856 30.204
| VDD_RX 29,7856 30.3864 = ocio top, 0CO4 VDD_RX. 20,7856 30,3864
f GMD_1 29,7856 30.5688 — 0C11 GMND 29.7856 30.5688
VDD_RX 29,7856 30.7512 b 0ci2 VDD_RX 29,7856 30,7512
Pin name pattern: e.g.A[N] will give A1, A2, ... in which, [N] stands for the auto-generated number. M start from:
Filter: |:|I SFL i| ﬁl Connect

-Coordinate based matching settings

Position Tolerance {mm) Angle Tolerance (deg) | _P_gfauh.._ .!

Coord Match: 5869 matched, 0 unmatched. | Dietail |
5:! Use manual match — 1
i | Coord Match |

Example : Automat =™ o D
for WraF de: F5 ; ] 4 | : i t I | Flip pins

O Result

i-_.Merge drauit... | Sayi HTE

service
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Unified Protocol for Model Connections

In order to achieve ...

» Automation in simulation setup.
—> ease of use, reduction of engineering time.

» Mixed simulation environment.
—> various model resources and methodology.
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Example of Proposed MCPTM (Model Connection Protocol)

.subckt package pl p2 p3 gl g2 g3 sl s2

*

*

*

* [MCP Source] package extraction tool

*

[MCP Begin]
[MCP Ver] 1.1
[Structure Type] PKG

[Coordinate Unit] um

*

*

[Connection] chip Ul 5
[Connection Type] DIE
[Power Nets]
Al p1 VDD 0 O
C3 p2 VDD 200 200
[Ground Nets]
A3 gl VSS 0 200
Cl g2 VSS 200 O
[Signal Nets]
B2 s1 101 100 100

P T 1 | R T S S S

[Connection] board U2 3
[Connection Type] PCB
[Power Nets]
al p3vbb 0 O
c3 p3 VDD 1000 1000
[Ground Nets]
a3 g3 VSS 0 1000
cl g3 VSS 1000 O
[Signal Nets]
b2 s2 101 500 500

*

[MCP End]

--- SPICE contents ---
.ends

n ATE
service

pin_name | node_name | net | coordinate

MCP connection to Package

wirebond chip model

MCP connection to Die

package model

MCP connection to Board

OO0 OO

MCP connection to Package

board model

2
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Connection Density Control

» The difference of node resolution between the models can be
handled in MCP™,

» But it is desired that a model have the the same pin resolution as
the destination circuit.

Package PDN Model
S-parameter based {—|—

Equivalent Circuit

MCP connection to Bd
MCP connection to Pkg

MCP connection to Pkg
MCP connection to Die

Reference Reference {

g r

A A

Per-pin node Grouped/lumped node @

n per power domain e
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Previous Discussions

> “Model Connection Protocols for Chip-Package-Board System-level Analysis”
Sigrity, Inc.
IBIS Summit, DAC / July.28, 2009

» “An Introduction to Model Connection Protocols”
Sigrity, Inc.
IBIS Summit, DesignCon / Feb. 4, 2010

> “Model Connection Protocol extensions for Mixed Signal SiP”’
Cadence Design Systems, Inc.
{ chip 1

IBIS Summit, Tokyo / Nov. 15, 2010

( chip
Vi GND V2
" Vi1 GND V2

V_1 GND V_2

V_1 GND V_2
F
component ] package package
V.1 GND V.2 ; V.1 GND v_2 . V.1 GND V.2 v
( V.1 GND V.2 V1 GND V.2 V.1 GND V.2 E
board

s :
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3D-SIP Case Studies : Location dependency

Port location
in Chip-A/C layout (top view)| 2ZAmpliude(Ohm) Imput Impedance
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3D-SIP Case Studies : bpie stacking scheme

Z Amplitude (Ohm)

Input Impedance seen from Chip-A

» Virtual model connections for 1
what-if analysis can be easily
performed by MCP™ utilization. ,

0.1 1

i 001 o002 0.1 02 03 1 2 3 4587 10
Observation port »l« Frequency (GH)
Chip-A ¢
w Chip-B ip-
Package Package
il TN 1] | B
VDD  VSS VDD  VSS

n Board Board ATC
service
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Thank You!
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