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Decent Growth of Semiconductor Industry

Source: WSTS
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Moore’s Law is the Biggest Contributor

Source: IMEC
An Steegen, 2015

Moore’s Law 

is not Dead
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There Is Always New Market To Fuel The Growth

Source: WSTS
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The Era of Internet of Everything – Even Bigger Market

Power consumption
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CMOS Will Provide What IoT Needs, …

• Good process needs to 

provide improvements 

in power, performance, 

and area (cost) – PPA

• No problem on power 

and performance, but 

what about cost?

Source: IMEC
An Steegen, 2015
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• 3D packing, MEMS, near threshold or 

subthreshold operations, …

Together With “More-Than-Moore” Technologies

Source: http://electronicdesign.com/archive/3d-ic-technology-delivers-total-package



PAGE 8

IoT Devices Are Simple, But …
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IoT is a very 
fragmented 
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building blocks
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unit price = R&D cost+Mask cost+Package NRE
# of chips

+Per die cost+Per package cost

Economy Of Chip Design Doesn’t Work Out

R&D cost Increase

Mask cost Increase

Package NRE Increase

# of chip Decrease

Per dies cost Decrease

Per package cost Flat or decrease
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Example - R&D cost $50M, Mask cost $7.5M, Per die cost $1, with100% ROI 

requirement

Requires 10s of Millions Units for The Same Design

50% margin, $2.00
$1.00

$10.00

$100.00

$1,000.00

Price vs. Units
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Challenges for SoC Companies

Moore’s law is not dead, just not affordable

Moving down technology nodes can improve 
Performance and Power, not Price

Harder for smaller company to compete
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chip price = R&D cost+Mask cost+Package NRE
# of chips

+Per die cost+Per package cost

Finding More Cost Effective Solutions

Reduce R&D Cost

Increase units of chips sold

Stay in old geometry longer by decomposition

Improve architecture
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Reduce R&D Cost

• Make design flow simpler

• Reduce silicon re-spin

• Shorten software 

development cycle

R&D Cost ≈ Man-Years
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IP & 
System 
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Higher level languages

Enablers Behinds Software Industry

• Linux

• Andriod

• Apache

• OpenStack

• Caffe

• …

1972

1983

1987

1991

1995

~2000

2003

2006

C

C++

Perl

Python, Visual Basic

Java, PHP, Ruby, Javascript

MapReduce

Scala

Pig

Function

Task, Application

Open Source
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Software programming has moved up to more abstract layers – e.g., from 

Hadoop to Pig

Learn From Software Industry
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MapReduce is Power, But Still Hard to Program
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Much Simpler In PigLatin
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module Max2(

input [7:0] io_in0,

input [7:0] io_in1,

output[7:0] io_out

);

wire [7:0] T0;

wire T1;

assign io_out = T0;

assign T0 = T1 ? io_in0 : io_in1;

assign T1 = io_in1 < io_in0;

endmodule

High Level Synthesis

import Chisel._

class Max2 extends Module {

val io = new Bundle {

val in0 = UInt(INPUT, 8)

val in1 = UInt(INPUT, 8)

val out = UInt(OUTPUT, 8)

}

io.out := Mux(io.in0 > io.in1, io.in0, io.in1)

}

Verilog RTL Chisel

https://chisel.eecs.berkeley.edu/
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Simulation tools

C/Matlab/Chisel to RTL tools

× Abundant libraries

× Easy ECO tools

× Education

Enable High Level Synthesis

SystemC
Model/Implemen

tation
Simulation

C to RTL

HDL

HDL to Hardware

Implementation

Leverage existing 
EDA tools
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• From direct simulation to constrained 

random verification

• Transaction level modeling (TLM) 

and built-in randomization capability 

reduces engineers’ effort.

• Leave heavy computation work to 

machines

• Maximize component reuse

• Standardization spurs tool 

development and adoption

Reduce Silicon Re-spin – UVM Verification
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1,000,000x speed up → >1,000,000x test cases → Less chance for silicon re-spin

Reduce Silicon Re-spin – Emulation
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Shorten Firmware Development with Virtual Models
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Design Cycle Can Be Shortened to Save Cost
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Reduce R&D Cost

Increase units of chips sold

Stay in old geometry longer by decomposition

Improve architecture
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Increase # of Units by Finding “Common Denominators”
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Modular Chip (MoChiTM)

What about a Lego-like design?

Single-Die SoC

(Conventional)

MoChi Blocks

(Concept like Lego®)



PAGE 28

Optimize Different Blocks At Different Technology Nodes
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Key Challenge Is How To Connect MoChi Blocks

DRAM Access

Point-to-Point Connection

Daisy Chain Connection

Memory Hungry MoChi’s

Close to “Compute” MoChi

Lower Performance Functions

to Far End of MoChi Chain

(Concept like Lego®)



PAGE 30

MoChi Example – Network Attached Storage

6/17/2016© 2012 Marvell Confidential. All rights reserved. 30
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MoChi Interconnect (MCi) Is Transparent

READ bandwidth 
(MB/s)

WRITE Bandwidth 
(MB/s)

R/W Mixed
Bandwidth (MB/s)

Native SATA 515 490 500

SATA through MCi 492 510 501

SOC
SATA 

Southbridge

SATA3 (Native)

SATA3
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Architecture Improvement Becomes More Important

Source: SqueezeNet: AlexNet-level accuracy with 50x fewer parameters and <0.5MB model size  
F. Iandola, etc., arXiv:1602.07360v3 [cs.CV] 6 Apr 2016

• Example – CNN looks feasible in mobile phone with SqueezeNet
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Big Data Deep
Learning

IoT

 

 





Heterogeneous Computing

CPU GPU

CPU GPU FPGA

CPU GPU
Sensor

DSP

CPU GPU TPU
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Challenges In Heterogeneous Computing

• Efficient movement of data

– Coherency

– Precision

– Bandwidth 

• Software tools and programming paradigm

– Who does job dispatch? Compiler, OS, HW?

– Unified programming language like OpenCL and 

CUDA?

CPU GPU

CPU $ GPU $

Fabric
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Summary

Moore’s law is not dead, just 
not affordable

Moving down the technology 
node can improve Performance 
and Power, not Price

Harder for smaller company to 
compete

SoC designers 
need to address 
the cost aspect of 
Moore’s Law

Shorten design cycles by 
relying more on high level 
designs

Learn from software industry, 
is Open Source possible?

Focus on architectural 
innovations

Modular design of SOC to 
increase design reuse


