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Testkonzepte fiir FPGA/ASIC-Entwicklung nach 50 Jahren Moore’s Law

We are

a Silicon Valley based
technology company with
offices in Germany. We are
partner of leading electronic

device and solution providers

and have been enabling key

innovators in the automotive,

industrial, test &
measurement markets to

build better Embedded
Systems, faster.

Our Mission is

To develop and market
technology solutions for
Embedded Systems
Realization via pre-validated
IP and expert application
support, and to combine
off-the-shelf FPGA devices
with Open-Source Software
for dependable,
configurable Embedded
System platforms

Our Expertise is

I/0 connectivity and
acceleration of data
communication protocols,
additionally opening up
FPGA technology for
analog applications, and
the integration and
optimization of Open
Source Linux and Android
software stacks on
modern extensible
processing architectures.



Testkonzepte fur FPGA/ASIC-Entwicklung nach
50 Jahren Moore's Law

» Dipl.-Ing. Lorenz Kolb
Missing Link Electronics
Lorenz.Kolb@MissingLinkElectronics.com
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Missing Link Electronics - Lorenz Kolb

« Diplom-Ingenieur Elektrotechnik Universitat Ulm, 2008
» Co-Founder Missing Link Electronics
«  Expertise
» Flash Memory Testing
UFS
PCle
SATA
SAS

+ Video Processing
* Highspeed IO
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Testing in Microelectronics has a Different Meaning

Typical meaning in micro-electronics
design (“chip” design) of

Operation « Validation = Checking the correctness
\ g:’e':aetli’g:: \ ve'"ai:gti“ . ‘M'a'l:ngggance- S

of the specification (timing behavior,

. Validation

Defimon) | Requirements Verfication performance, resource needs, etc).
Architecture and Validation
Detalied Iqli_:egratiodn, Profect
Design verification  / Testand  + Verification = Checking the

Integration

implementation correctness of thg |m.plementat|on
against the specification.

~
7

Time

« Test = Checking that the “chip” was
manufactured correctly in the fab.
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System-on-Chip (SoC) Design Phases

Time spent on different phases in a typical SoC design project
(shown as a linear diagram, alltough SoC is a highly iterative process)

0% 20% 40% 60% 80% 100%
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Moore'’s Law in Two Pictures

1958 IC - 1 Transistor 2015 IC - 4 billion transistors
(Jack Kilby's first 1C) (IBM Power8 CPU)

=

BCI Express 3x12GB/s ProcéssoriLinks. 3
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Moore’s Law - 50 years and counting (1)
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Moore’s Law - 50 years and counting (2)

10,000,000
al
1,000,000 =
Intel CPU Trends y
(sources: Intel, Wikipedia, K. Olukotun) -
100,000
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Choices for Implementing Digital Processing
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Choices for Implementing Optimized Digital Processing

Application Specific Integrated Field-Programmable Gate-Arrays

Circuits (ASIC) or System-on-Chip (SoC) (FPGA)

« Cost of design (NRE > $50m) « Cost of design (few man years)

« Cost of failure (> $1m per re-spin) * Low cost of failure because of

drives verification needs (man years) reconfigurability in the field

- Cost of test (CAPEX) relaxes verification needs towards a
more software-like debugging
approach

* No extra cost of test

« 1st chip costs $100,
every other chips costs $100

Cost efficient for small to medium
projects in small to large companies.

¢ 1st chip costs $100m,

every other chip costs $1
Typically for ,Big Boys"” only with large
volume (Apple with >100 mio units)
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FPGA as All-Programmable System-on-Chip

Multiple Power Domains

» Application
. Pro1grammable 1/0s ARM rrocessors m"°we"‘"a"age"‘e"‘

IO

(LV
Speed SerDes)

! . ae B 64-bit Quad-C
TL, LVDS, H |gh' cortex AS3 Mthlvmlfi.mza‘:irzn .~ PowerGated Islands

«  Programmable logic

functions _Real-Time

(State machines and ARM Processo = I

dataﬂOW) Cortéx RS Ap'piicatl::r;(?f;road \
«  Programmable block 3

mterconngct )

(Buses and Network-on- & T

Chlp) ;mﬁll Graphics/Video

265 ARM Mali-400MP
?.:ﬂﬁ H.265/264 CODECs

*  Programmable Fixed-
Function Processing
(Ethernet MAC, Video

e, Safety & Reliability
Iso IEC61508, 13026262

I EC System Isolation &
Error Mitigation, Lockstep

Security
Information Assurance,
Trust, Anti-Tamper, TrustZone

Key and Vault Management

Codecs) UltraScale _
. P ble CPU f FPGALogic ngh Speed
r?tgra mmable LFUS ( ?}2 UltraRAM, PCle Gend, Runtime SW & Tools 5:;!33';0;2"56 o
software processing wi 100G Ethernet, AMS 08, RTOS, AMP, Hypervisor 0, PCle Gen2,
or w/o Operating Development, Heterogeneous Debug, | e _Sﬂm' Displayeert
pAYaSld  Hardware/Software Profiling &
SyStemS) Performance Analysis
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Modern FPGAs Enable On-Chip-Debug and Verification

« FPGA is not the DUT!

* FPGA can be the DUT
plus the TestBench
plus extra on-chip debug

«  With on-chip logic analyzers, or on-
chip custom debug circuitry, you can
analyze and fix your DUT without
messy extra hardware setups!
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Agile Design and Verification for Modern FPGAs

Board Level
Electronic System
Level (ESL)
Functional Blocks

Digital Logic

1/0

PCB, chipsets,

interfaces, media, etc.

System-on-Chip

H.264, FEC, AES

FSM, control- and
dataflow

LVTTL, LVDS, MGT

PCB, System Design

GUI, memeory map,
buses, NetworkOnChip

In-house or 3rd party IP-
Core, High-Level
Synthesis

VHDL, Verilog,
SystemVerilog

VHDL, Verilog, Dynamic
Reconfiguration Ports

Rapid Prototyping
In System Debugging

System C models,
Bus Functional Models

Debug, HighLevel SIM,
Co-Simulation

RTL Simulation, Logic
Analyzer

Eye diagrams, Network
Analyzer, Oscilloscope
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Design and Verification for FPGAs - I/0 Programming
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Design and Verification for FPGAs - I/0 Verification
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Design and Verification for FPGAs - Digital Logic Design

Typically Hardware Description Languages
(HDL) are used such as Verilog and VHDL.

Designer must describe all 4 dimensions:
functionality, structure, parallelism, timing
800ns

ENTITY counter 1S
PORT(count_val: OUT integer;
clk: INOUT BOOLEAN);

END ENTITY counter;

ARCHITECTURE proc OF counter 1S

| %—200ns ., . N

—T —— T —— T, 24— T, SIGNAL cnt: iInteger;
CIK | NIV /%zh\T\_/ BEGIN
AgA 6 5.8 X Enhr X I 551 p: PROCESS
AD,s-AD; X EDADy > D > BEGIN
Y ——G— —sep WAIT ON clk”event and clk="1";
ALE 4;,/—\; i i cnt <= cnt+1;
DT/R : ; : END PROCESS p;
RD | O\ S
DEN : | : count_val <= cnt;
READY | | /i N

- ' - END ARCHITECTURE proc;
Bus Timing for a Read Operation
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Design and Verification for FPGAs - Digital Logic Verification
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Design and Verification for FPGAs - Functional Block Design
Use of High-Level Synthesis enables O i

functional IP block design in C, C++, | &
SystemC A O @

RTL Exporn
IP-XACT Sys Gen PCore
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Design and Verification for FPGAs - Functional Block Verification

fi ~ Functional
Specification
S C C C
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Design and Verification for FPGAs - ESL Design

ESL design is the art of re-using, combining and integrating proper functional blocks.
But: “Don't design a printer by putting a monitor on top of a copier!”
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Design and Verification for FPGAs - ESL Verification

Virtual Prototyping allows to run the full system (hardware and software) on your PC

AL
Power  Debg Audol/0  GhE HOMI

Simulate your HW
Platform in your PC

LU SIS
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Design and Verification for FPGAs - Board Level Design

22 11.06.2015

mle



Design and Verification for FPGAs - Board Level Verification

- Hardware in the loop
- System in the loop
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Conclusion

«  Complexity grows exponentially
* Multiple dimensions of testing for HDL

Simulation of submodules

Co-Simulation with Software

In system analysis and debug

Board level testing and verification

Post production verification and classification

*  FPGAs allow post production fixes

24
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Contact Information

Missing Link Electronics GmbH

Industriestrasse 4
89231 Neu-Ulm

Phone DE: +49 (731) 141149-0
Missing Link Electronics, Inc.
15711 E Alta Vista

San Jose, CA95127
Phone US: +1 (408) 457-0700

www.MLEcorp.com
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