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Å Interposer SI analysis flow
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Å HBM2/2E IP

o High bandwidth, low latency communications with high-density off-chip memory for graphics, high-
performance computing and high-end networking

Å HBM2/2E PHY Specifications

o Integrated HBM controller and HBM PHY subsystem solution supporting HBM2 and HBM2E JEDEC spec for 
a wide range of technology and foundry nodes. 

o SiFive plays a key role in enabling industry applications that leverage HBM 3D-stacked DRAM technology:

o Early advocate of 2.5D and 3D ASIC design technologies: developer of ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ŦƛǊǎǘ ǎǳŎŎŜǎǎŦǳƭ нΦр5 {ƻ/ SiP

Å HBM2/2E Interface

o CMOS I/O with programmable drive strengths

o 3.2Gbps/1.6GHz DDR with light output loading

o Up to 5mm interposer trace length support meeting 3.2Gbps per pin date rate

o Electrically compatible with JEDEC HBM2/2E spec

o Optional differential receiver

SiFive HBM2/2E overview
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2.5 D IC Architecture
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Å Multiple dice placed on interposer
Å HBM2E Die from HBM vendor
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Å Technology:TSMC 65nm CoWoS (Chip on Wafer on Substrate)

o CoWoS is a2.5Dwafer-levelmulti-chippackaging technology

o Incorporates multiplediceside-by-side on asilicon interposer

o Achieves better interconnect density and performance

o Individual ICs are bonded throughmicro-bumpson silicon interposer forming a chip-on-wafer (CoW)

o A CoWoS package is completed through bonding to a package substrate

Å Metal stacks: 

o 3 Metals + Front-side Al pad + Back-side Metal for C4 bump (stack used for the current design)

o 2 Metals + Front-side Al pad + Back-side Metal for C4 bump

Interposer Fabrication Technology overview
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Interposer Design Flow
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SI Analysis Flow
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Extraction
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I/O model extraction with XcitePI
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I/O model extraction with XcitePI: Inputs

GDS.tech .map .ict W
o

rkflo
w

 to
 g

u
id

e
 yo

u
 h

o
w

 to
 g

e
n

e
ra

te
 I/O

 m
o

d
e
l

i. Tech Info
ii. Lists of Nets to be 

extracted
iii. microbump and 

TSV Model

Layer 
mapping 
between 

gdsand ict
files

Complete 
Technology 
Information;

From 
Foundry

Interposer db



CONFIDENTIAL ςCOPYRIGHT 2018 SIFIVE.  ALL RIGHTS RESERVED.111111

Signal

Å Signal Trace R, L, C Values

o Trace mismatch

Å Signal Trace RC values 

o Indication of timing mismatch or timing problems

Power and Ground

Å Power/Ground mesh resistance at each P/G Micro bump

Å Indication of IR drop

Å Hint on performance degradation/improvement

Analysis of Extraction Output
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Electrical performance assessment 

Frequency 12 GHz 

Å There are multiple external components in the design (interposer), user can set observation path in 
the paths between external components table
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SIGNAL TRACE INFORMATION: Lumped RLC and RC values

RC value sorted from high to low

Resistance 2D view

16 bits E channel

16 bits A channel

Indicates 
Timing 

Performance
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P/G Connection Analysis: lumped R, self L and total L values

High resistance per bump : hint to improve 
routing

Less resistance per bump, implies good 
power supply connectivity
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P/G Connection Analysis: lumped R, self L and total L values

2D Resistance layout of VSS bump

Å High resistance: bad connectivity
Å Check routing for these bumps and improve routing 

Å Low resistance value: good supply 
connection
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Å XcitePI outputs P/G mesh resistance per bump, which helped in optimizing power 

routing

Å Helped to pin-point bumps with non-optimal connectivity easily with RL 2D view

Extraction Summary
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SI analysis
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SSO/SSN Analysis with SystemSI

Memory IBIS Model

ASIC Die
SPICE sub-circuit

Power apply at 
BGA of the package

Package SPICE sub-circuit

Interposer SPICE sub-circuit

Å System topology editor with SPICE sub-circuit modeling approach
Å I/O modeling flexibility with power-aware IBIS model

ASIC IBIS Model
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Å Trace delay and delay mismatch

Å Effect of IR drop

Å IO Buffer limitations (rise/fall mismatch)

Å ISI

Å SSN

Å Crosstalk

Various effects analyzed using SI analysis
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Å System SI enabled quick routing analysis and helped arrive at optimal interposer routing

Å A good debug tool in identifying root-cause of performance issues

o SSN, crosstalk, delay mismatch across bits

o Easy to identify victim bit

Å Other effects analyzed

o Resistance variation across metal stack

o Non-optimal placement  of P/G  bumps, non-optimal P/G routing

Å Setup and Hold margin analysis

Å All analysis results presented are based on timing analysis and eye diagrams

Usage of SystemSI in analysing various routing Configurations
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Analysis for Various Routing Configurations

Analyze  the routing for various effects like Cross Talk, 
Transition degradation, Skew etc. 
Extract the best performance under given constraints.


