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Scope - Instrumentation
 The “traditional” approach ..
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Scope - Instrumentation
 How much has really changed?
<_ JTAG & SW MPU
il L < ~,| DTCM RAM 64KB
= By < — > ITCM RAM 16KB
Cortex-M7 - L:) _
I-Cache AXIM C::)% \ ART CZ:) @ ANG
= qg 5 FLASH 1MB =
e = E S|
K >| SRAM1 240 KB
Ethernet MAC DMA/ g <:>| @8 USB
<::> 10/100 FIFO <::>£ ) SRAM2 16 KB ] [
L I—I—l'_lpnslu“-n — E \-l : AHB2 216 MHz I B
R ) | ==

Source: STMICRO ARM® Cortex®-M7 core datasheet m
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Context - the problem

 Data acquisition & storage
» Local control v [ |

+ Local processing i
— Filtering [T .

— Formatting T T T

» Data transfer il
— Protocols
— Error detection/correction

____._J
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Embedded Sensors
— the challenges

« Sensor Complexity
* Noise
 Flexibility
¢ Size
 Power

RMIT/SECE/2015
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Embedded Sensors- the issues

Sensor Complexity High sensitivity ADC, variable resolution,

e.g., physiological sensor control and timing

monitoring

Noise — Digital interfaces - XA ADC systems

e.g., common mode

Interference

Flexibility — e.g. In-field and post manufacture

multiple protocols programmability,

Size Beyond SMD, SOIC, SOT
personal interfaces Flexible substrates, implanted electronics

Power Flash-based devices (e.g., IGLOO)



® RMIT

Why FPGA Technology?

Performance

— exploiting hardware parallelism
— can do more per clock cycle

Time to Market

— flexibility and rapid prototyping

capabilities
Cost

— low NRE compared to ASIC
— (But) higher compared to microprocessor

Power

UNIVERSITY
L \H
. ® N\
rd i |
I|."|lI |||I II
Oy

http://www.vitalconnect.com/uplo
ad/Documents/AutomatedPredict
ion_2014_|EEE_published.pdf

— Parallel operation with lower clock rates can reduce power

— Ability to “sleep” when inactive

__.__
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The Options?

 The “usual suspects”
— Xilinx, Altera

— tend to be focusing on high
performance & DSP
processing

Louis Renault — Casablanca 1942

 Smaller players — e.g. MicroSemi starting to
offer system on chip

— Low power
— Integrated functions (e.g. analog)

___.__
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Example: “Igloo Nano”
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Case Study 1 — EMG Monitor

ChA-

ChB+

ChB-

ChC+ .

Instrumentation
Amplifier

Ch A

ChB

LPF

ChC-

ChD+

ChD-

Instrumentation
Amplifier

ChC

LPF

ChD

LPF

LPF

ADC

SPI

UNIVERSITY
Push Buttons
GPIO
: UART USB
FPGA g UA%;QQSSB (I
Electromyography
6P Signals
+  (muscles-lower back)
LCD Display

« flexible acquisition
« multiple filters
 signal processing
* interface protocol




® RMIT

UNIVERSITY

Case Study 1 — EMG Monitor
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Case Study 1 — EMG Monitor

ADC
SPI Bus

« flexible
acquisition
« multiple
filters
 signal
processing
* interface
protocols

ADC SPI
Controller

Filter

Coefficients

"—= Filter Unit 1

I

» RMS Ratio 1

"— Filter Unit 2

-t

» RMS Ratio 2

Buttons

"— Filter Unit 3

-t

» RMS Ratio 3

| Float to ASCII

Unit

N Interface

" ool Vst ——— LCD Interface

"—a Filter Unit 4

I

» RMS Ratio 4

System Control
Unit

]

Packet
Conversion
Unit

_| UART Packet

Sender

UART to
—————— USB
Bridge
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Case Study 2 — ®RMIT

“Smart Heart” - miniaturization

o Continuous monitoring for people at risk of cardiac event

* Mecklace stores 24-48 hours of ECG data for download and
analysis by healthcare professional

* \Wearable device that is comfortable and assthetically desirable
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Case Study - Smart Heart

* |nitially intended to record low noise high
resolution ECG signal

e Applicable to a number of different low signal
body sensors (ECG, temp, etc.)

* low powered —ideally, support monitoring of
ECG signhal over several days

 Compact, non-invasive implementation,
compatible with woven and other fabric

holters. -
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Case Study — “Smart Heart”

* Front-end microprocessor (ATTiny)

* Backend FPGA
— Multi-channel signal processing

— Protocol assembly

AMALR WLLUILS Ton
e
|
Subject body | Impedance D I INTESRATCR  CCMPARATCR
.!r- 1‘M\""- ; adﬂp'e’f : ‘il.'r
/ Measurement electrode I! D Vi | 4 @
|

1-BIT
I

Sensor - Aquisition system
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Case Study — “Smart Heart”

AR COULA TOR
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An Aside: Interface “Tricks”
i we FPGA or ASIC

| Digital
Reconstruction i Core K
Filter

* - | }"M il Digital
http://en.wikipedia.org/wiki/Low- T T Output

voltage_differential_signaling

%

Clock
Input

° ”A”-Digita'” ADC B TeR S
— e.g. 11 bits resolution 20 kHz bandwidth
— 14 bits over 500 Hz (= 61UV with 1V reference)

— http://www.stellamar.com/products.shtml#adc -

I
Tl
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Another Aside:
Effect of Description on Performance

» Case study — two description styles
1. Merged synchronous-combinational
2. Separate synchronous-combinational

* |dentical functional outcome

— 15% lower delay along critical paths

e ——sss



always @(posedge System_Clock) begin
//Counter_Preload, Restart_Counter, Cycle_Counter

case(trigger) 2'b10: begin
2'b00: begin //continue, nothing found //counterOVF
Restart_Counter <= 1'b0; //inc count start counter again
Counter_Preload <= Counter_Preload; Cycle_Counter <= Cycle_Counter + 1;
end Restart_Counter <= 1'b1;
2'b01: begin //edge found inc/dec counter preload | Counter_Preload <= Counter_Preload;
Restart_Counter <= 1'b1; end
//always queue counter to edge. 2'b11: begin
Cycle_Counter <= 1'b0; //countinue, clocks synced
if(!Cycle_Counter) begin Restart_Counter <= 1'b1;
// edge found but counter unfinished. Counter_Preload <=
if (Counter_Preload > Pre_Low) Counter_Preload;
Counter_Preload <= Counter_Preload - 1; end
else Endcase

Counter_Preload <= Counter_Preload;
end else begin °e .° .
if (Counter_Preload < Pre_High) Tlmlng RESUIt.
Counter_Preload <= Counter_Preload + 1; 37M HZ
else
Counter_Preload <= Counter_Preload;

end
f\IF\IJ
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wire [9:0] SDMCountinc;
wire [9:0] SDMCountDec;
wire [9:0] preloadSEL;

wire [9:0] counterPrelLoadln;
wire resetCycleCountlin;

always @ (posedge System_Clock) begin
Counter_Preload <= counterPreLoadIn;
ResetCycleCounter <= resetCycleCountlin;
end

Clocked components

Combinational

assign preloadLow = (Counter_Preload < Pre_Low); components

assign preloadHigh = (Counter_Preload > Pre_High);

assign SDMCountDec = (preloadLow)? Pre_Low :Counter_Preload - 1;

assign SDMCountiInc = (preloadHigh)? Pre_High :Counter_Preload + 1;

assign preloadSEL = (!Cycle_Counter)? SDMCountDec: (Cycle_Counter == 1)?
preloadSEL;

assign counterPreLoadIn = (edgeFound_assessPreload)? preloadSEL:counterPreLoadln;

assign resetCycleCountln = (edgeFound_assessPreload)? 1'b1: 1'b0;

Timing Result: 43MHz

____.__

MCountlInc:



® RMIT

UNIVERSITY

Summary

 Meeting Performance, Time to Market and
Cost targets has tended to mean a micro-
processor implementation, BUT...

 FPGA devices are becoming small, low power
and mixed signal

* Aslong as hardware parallelism is available
then performance can be many times better
than DSP

 Added bonus of flexibility

e Still have to be careful about description stile I
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(2) SoC Trends

 What is a SoC?

* Future Trend Drivers
» Current SoC tools

« 3D Chip stacking

« Conclusions
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Scope

e Recent SoC trends

* 3D Hardware Trends
* Design abstractions for SoC models

1041001 G

Ethernef,

UsE

Serial lines

4%t

PCI Bus

DR&M
DR &R
i Interface
W
DRAM Local ey i
-+— -+ -
Ethernat Interface and test logic
block  [*™] RAM Blc
for DSF |
Cache Cache i
USE et Bus
block - - ) Bridge |- - . 140 pins
-q—i—] 2 - - Special peripheral -+ # for special
r r function - = petipheral
UART(S) e 70 Contral DSP + > function
Processar Processar processar - o
ARM ARM
PCIBUS | gl AtaD | -——
interface +—| FIFO Bus Bridge DSP lasl | OMa [*™] channels |a——  An2iog Input
processor
Contraller
icrocontollgr Counter Counter BUS DioA | gt analog Output
style GRIO[™ Tt Titner Titmer e p Bridge channels | s—— o g L/R audio
Black Block
W)
Local 4 ¥ ¥ Misc Feripherals
IOYBUS on the same FCB

& D R
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Definition:

A “system”
includes a
MiCroprocessor,
memory and
peripherals.
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Caveat

* “It's tough to make
predictions, especially about 7=

the future.”

Yogi Berra (b. 1925),
former American Major League Baseball
catcher, outfielder, and manager.
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2014 Embedded Market Study

 UBM Tech (embedded magazine)
— conducts annual online survey of worldwide

embedded systems markets S _

 types of technology used

Europe 22.8%

 embedded development process and )

sia - 14.0%
tools,

Latin America 3.8%

 applications, methods/ processes,

2.2%

. Africa & Near East
e operating systems :

2.0%

 chips, technology and brands

— trended over three to five years.

— WARNING: most focus is on United States
— http://bd.eduweb.hhs.nl/es/2014-
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2014 Embedded Market Study

* Important Embedded System Capabilities

Real-time capability

Digital signal processing*

Networking capability

Analog signal processing**

Wireless capability

Project rugged

Battery-powered

51%

s2% *Addedin 2014
** Added in 2013

W 2014 (N = 2,048)
W 2013 (N = 2,090)
N 2012 (N = 1,704)
W 2011 (N=1,886)

W 2010 (N = 1,559)
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2014 Embedded Market Study

* |f you could improve one thing about your
embedded design activities, what would it be?

Debugging tools
gaging L%

Engineering team skill level
Schedule

Programming tools
Microprocessor

Firmware itself*

W 2014 (N = 1,518)
IDE
2013 (N =2,056)

Interfaces W 2012 (N = 1,667)

M 2011 (N = 1,868)

Other hardware M 2010 (N = 1,541)

Operating system e * Added in 2014

—
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2014 Embedded Market Study
* current main processor size:

.i._

64% 63% 63% gIug 51%

15% 143% 16% 16% 16%

e
11% 12% 13% 13% 14%
T B% 7y g% 7%

3% 3% o0 o9p 2%

8-bit processor 16-bit processor 32-bit processor 64-bit processor Don’t know

W 2014 (N =1,383) 2013 (N=2,056) 2012 (N=1,666) 2011 (N=1,864) 2010 (N =1,527)

—



® RMIT

UNIVERSITY

2014 Embedded Market Study

e current main processor clock rate:

Under 10 MHz E%EE‘*
37%
10 — 99 MHz (Net) %
10 - 24 MHz 2%
14%
10%
25 - 49 MHz 10%
50 - 99 MHz 11%
18% The average processor
100 — 249 MHz 8% clock rate was:
105 428 MHz in 2014
£0=499 Mhz O 485 MHz in 2013
500 — 749 MHz P% o 425 MHz in 2012
B%
750 — 999 MHz 5% W 2014 (N = 1372)
5%
12% 2013 (N = 2039)
1 GHz 13%
39 1% M 2012 (N = 1659)
2GHz+ 4%
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2014 Embedded Market Study

Do you reuse code?

Imperceptible change in code reuse over 5 years

90% -
78 79 7g 80
80% - 78
In 2014, 86% reused code.
70% - In 2013, 86% reused code.
60% - In 2012, 85% reusad code.
In 2011, 87% reused code.
0% - In 2010, 86% reused code.
40% -
20% | 141415 4314 ;315141517
10% -
% _
Mo, all new Yes, reused code Yes, reused open- Yes, reused
software, no code developed in-  source, shareware purchased code
reuse house code

m2014 (N = 1,596) = 2013 (N = 2,065) m2012 (N = 1,659) m2011 (N = 1,862) m 2010 (N = 1,540)
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Market Study

e Does current design use
programmable logic?

B 2014 Currently use (N = 404)
1 2013 Currently use (N = 626)
W 2012 Currently use (N = 567)
B 2011 Currently use (N =690)
B 2010 Currently use (N = 624)

e |f so, which vendor?

E = 8 @ E g £ 7 %
= £ 2 E & £ 2 £ &
»x < 8 T £ 3
3 = 8 £ g =
=2 (G > o

2

b= 5 ~

s 2

5 v

Q

s o

H2014 (N=1,295) ©2013 (N=2,073) M2012(N=1,669) m2011 (N=1,870) M2010 (N = 1,540) 3

2
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2014 Embedded Market Study

* Programmable Logic: Key Messages

— FPGA usage is trending steadily downward
e 45% six years ago to 32% this year.
* may indicate a pause in the trend

— Gradual decline of FPGAs/programmable logic
usage in upcoming embedded projects:

* 60% said “yes” in 2005, down to 41% in 2014
— Not needing the functionality, cost and difficulty

programming are the main reasons for not using
customizable chips/FPGAs.

e ——ssE
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Future Drivers - the loT?

 Sensor interface

* low-energy
microcontrollers

— 8 — 32 bit
* wireless technology
— ZigBee
— 802.15.4 (various flavors)

— Bluetooth low-energy
solution (BLE)

— proprietary standards
o E n e rgy m a n a ge m e nt Source: http://www.eetimes.com/document.asp?doc_id=1321706

* memory _
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2014 Embedded Market Study

* Wireless Designs

Wi-Fi

Bluetooth LE/Smart
Bluetooth Classic
figbee

Cellular

900 MHZ

NFC

Unlicensed 2.4-GHz band
Wi-Fi Direct
315/433 MHZ
Proprietary

Infrared

"Cloud” connection*
AM or FM radio
6LoWPAN

55%
543
55%
2T7%
17%
15%
24%
24%
22%
21%
24%
19%
24%
25%
11%
B%
10%
10%
0%
B%
2%
10%
%
8%
%
%
N 2%
T%
ﬂ% wls
11%
5%
%, m 2014 (N =613)
A 2013 (N = 817)
s ® 2012 (N = 640)
pralihe Only answers 3% or above are shown

3% *Added in 2014
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Smaller
A Pl

- " Lijhir
2 100
d! Rel: 18650s; 2.64h
N 600
11 . W Established technologies
1 50071 et Aa e ' 1 1 Emerging technologies
i WhiL
i 400 -
{1 Ni-MH
Il s
P"' | & mm prizmatic colls < 1300 mAh
i i Ni-Cd

g [ [P

'} ] L] | L} ] ] I F Lbllm
0 100 200 B 400 500 600 700 800
Whikg
Multimedia Terminals Expected Battery Lifetime increase
Laptop Computers over next 5 years: 30-40%

Digital Cellular Telephony

Portability
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Future Drivers - Technology

* Mixed RF/Analog/Digital —

* 28 nm Bulk Transistor

Complexity = ' Performances

\ Cost Low +30% |

Multiple Drains

* 20 nm BulkIssue:

Complexity /1 # Performances

Cost ~+10 % \ ‘ /

Multiple Sources
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Future Drivers - Technology

 UTBB-FDSOI - Energy Efficiency

—~ 14 Vdd: 1.5V to 0.6V step 100mV =~

= I

s .

' 1.2 .

5 BULK-LP .

o

& 1

> 1 (1V, 0.3V) => Ref

T 038 : _—.

()]

E /

& (0.8V, 0V) => -34%

g 06 g | ’ UTBB FD-

v @2 sol
o 0.7V, 1V) => -50% |

0 2 4 6 8 10 12 14 16

Delay (ns) m
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Future Drivers -

3D Packaging DGR D05,

* 3D Stacking Technology [ﬁ

2D SOC PR
“All-in-One chip system integration” N

- | Evolution
or Revolution?
P
2ed/Power High Speed | ' D!::r;.‘:;l;.a tig
Logic

RF T fmea. i

itic Power Critical -
m malCh'ng. NG LE
ige, surface Area
Fo.... ESD | Low V,, op
)

High Voltage Operation, data transfert Memory 45 nm 300 mm

MEMS 130 nm 200 mm

) ) Logic 22nm? 450 mm 7
All functions on 28nm lithography

> Chip area T, Cost |

Source: Yole, 2.5D, 3DIC &
TSV Interconnects Patent Analysis, May 2013

Analog 90 nm 300 mm
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Future Drivers - 3D

Wire-bonded
_Ir' i

e 3D stacking
methods
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Recent Examples - Xilinx

* /Zyng-/7000
— ARME® dual-core Cortex™
A9 processors

— Programmable logic
e Zynqg UltraScale+ MPSoC
— Quad-core Cortex A53

— Peripherals
— Programmable Logic

t

Processing System

Flash Controller Muitiport DRAM Controlier
NOR, HAND, SRAM, Quad SPI DDR3, DOR3L, DOR2

| !

AMBA® Interconnect | AMBA Interconnect

2 50I0
with DMA

2 USB
with DMA

2y Bigk
with DMA

AES, SHA, RSA

¥ EMID
General Purpose ACP  High Performance

RXI Ports AXI Ports

Programmable Logic Pl e
(System Gates, DSP, RAM) 1-8 Lanes
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Recent Examples - Xilinx

High-Bandwidth,
Low-Latency Connections

Microbumps

Through-Silicon Vias (TSV)

C4 Bumps

SLlRo0 +—— 28 nm FPGA Die (SLR)

65 nm Silicon Interposer i
)& R3¢ & o & T & &

Package Substrate

BGA Solder Balls
Source: http://www.xilinx.com/products/silicon-devices/3di




SRV
Recent Examples - Altera

* AMCOR “POSSUM” process

—_— m u l t i - S ta C k e d Package FPGA 40pm-pitch Cu-pillar + p— 200pm-pitch Cu-

Substrate solder cap microbumps post + solder

die without TSVS s

— daughter die I
mounted face T Ly P
to face with |
mother die then

mounted onto e |
Source: http://s3.amazonaws.com/

Package
CPMTDL_Lau_advancedpackaging.pdf H g

older pals

e i

sdieee/1817-SanDiego
FPGA ASIC

A0pm-pitch Cu-pillar + 00pm-pitch Cu-
solder cap microbumps post + solder
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Hybrid Memory Cube (HMC)

The HMC consortium already has 8 members:

4 Micron

4 Samsung

& Altera

¢ ARM

¢ |IBM

€ Open-Silicon
€ SK Hynix

¢ Xilinx

Source: http://s3.amazonaws.com/sdieee/1817-

DRAM Layers

{Memq cube)

ARy

Logic Controller

SanDiegoCPMTDL_Lau_advancedpackaging.pdf m



System Design
Hardware Design

Xilinx Design Flow
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Install Xilinx Tools

Application

v

Vivado IPI : Configure P5

: Develop RTL/IP

: Add/Integrate IP

: Generate Bitstream
: Export to SDK

|

i Development

Fetch Sources: U-boot, Linux; RambDisk

S5DK: Build & Compile
Application Code

System Software
Development

Hardware handoff
(hdf)

h 4

SDK/HSI: Create FSBL

: Create DeviceTree FSBL
———

Build U-boot | Build Linux H‘;:i;t_l‘:h R
Code Binary
U-boot ulmage uRamDisk
Bitstream
SDK/Bootgen: Create Boot Image
¢BDQT.BIM ¥

Booting and Running Linux
Target Platfarm
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Recent Examples - Altera

SoC Hard Processor System

Single- or Dual-Core Processor

HPS I/O
Hard Processor System (HPS)
ARM Cortex-A9 Ethernet
FPGA NEON/FPU UsB OTC g
L1 Cache (x2) (x2)
L2 Cache GPIO FC
(x2)
JTAG 64 KB Timers SPI CAN
Debug/Trace " RAM (x11) (x2) (x2)
NANDFlash QSPI Flash SD/SDIO/ UART
DMA
Hard Memory (12 Controller MMC (x2)
Controller*
Shared Multiport DDR HPSto FPGA to FPGA
Transceivers® SDRAM Controller @ FPGA HPS Configuration
Hard PCle*

*Optional Configuration ™ Integrated DMA @ Integrated ECC
DI\/ ()
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File Edit Source Refactor Navigate Search Project Run Window Help
N-ERe B iw-Dies D E-F-voeorD- B @E
- - y - 3 \ r r = S\
h Debug Cont &3 \EE Project Expl] }gRemute Sys| =) B Commands SS\\H_E History]?}Scriplﬂ = [m] :oo Breakpoints |§;Y E)q:urr;ssiurlsl f() Functions £3 ™ AT = {ml
= HEES-% & Linked: Altera SoC FPGA ~
Bl k| Q-2 p 020D & Linked: Altera SoC FPGA ¥ SRS | Start Address
& Altera SoC FPGA connected —|| wait . || © altera_gpio_get SOX7F000000 ~
era o “ /Il continue . altera_gpio_set  S:0x7F000038 |
(= Active Threads Execution stopped at br?akpoirlt 2: S:0x7FeD0038 o altera_gpio_dir_in S:0x7F000068
@ blinky #4 stopped on breakpoint #2 (PID 481 v ;r?atl;;ead gs(ossghgead id 479) e A e
f arch_loca_l_lrll_save 2y x { @ altera_gpio_save_regs S:0x7FO000F0 ~
= altera_gpio_set+0x8 wait
= gpio_set_value_cansleep+0x6C = SARCINLS L | o | 4
= gplo_setvalue p “|||l Execution stopped at breakpeoint 2: S:@x7FP@0038 P = <=0
gpio_value_store+0xC0 In thread 3 (OS thread id 478) (9= Variables % \__ 7
dev_attr_store+0:x18 S:@x7Feeee3s 85,0 { 4:5 Linked: Altera SoC FPGA ~
E flush_write_buffer+0x40 :gi;inue = Name | Value Type Count|5ize||.ocation‘
= sysfs_write_file+0:108 - =
‘:f: vrite+OxAd || Execution stopped at breakpoint 2: S:0x7FP@8038 H & & Locals 1 variable : :
debaiinn In thread 4 (0S thread id 481) - @ flags 27 long unsigned int 32 SR3
= sys_write+0x40 ||| s:ex7Feeee3s 85,80 { - (= File Statics (current)
o R T < < i ] ' ||& g Globals 954 variables
W Altera 5oC FPGA connected | ‘Command: P (Ctrl+Space) for Content |Submit| < T ] =
™ = N\ o e 7 7 7 7 7 i =
S = O[3} Disassembly 53 A~ = 0|EmEe(fco[MAMT[YEe[Bc(pgrmrx\ " =0
78 * @gpie:  GPIO signal number. ~m &, Linked: Altera SoC FPGA ~ I
79 * @val: Value to be written to specified signal. " - i .
o a fiy & = E v <Netlnstruction> 100 <&, Linked: Altera SoC FPGA ~
81 * This function writes the specified value in to the _1 Address [ Opcode ] Disassembly _ . Name | Value |Size:Access|
82 ¥ GPIO device. S:0x7FEE0024 LDRNE  r3,[ro,#0x58] G & sptimed -
83 */ : 2000
84 static void altera_gpio_set(struct gpio_chip * - s o r3,[r3,%0] & (= sptimerl
g d ..gpio_set(struct gpio_chip *gc, uns o S:0x7Feeea2c LSR ri,r3,ri —
32{ P E S:@x7Fee0D3e AND ro,rl,#1 H ¥ g"‘m
HNS1EN ong ags; 3 S:ex7Feeees4 BX Lr 1 sysmgr
87 struct of_mm_gpio_chip *mm_gc = to_of_mm_gpio_chi = altera_gpio_set F (2= uartd
88 struct altera_gpio_instance *chip = to_altera_gpi _ ‘Igg,gmm MRS r32,APSR : forme & vertl
89 :@x7Feeen i
20 spin_lock_irqsave(&chip->gpio_lock, flags); S.GX? . - . (= usb0
pan_ _1rq P->gp1o_ » B5); S:@x7Feee040 MOV riz,#1
91 B S:0x7FBERA44 P r2,%0 ¥ (= usbl
92 {“‘ Write to shadow register and output */ = 5:8x7FRAER4S LDR r2,[re,#0x54] [;_jPIO_inst_ﬂ
93 if (va]_.) ] . S:0x7F0e804C ORRNE ri,r2,ri2,L5L r. [+ @ PIO_inst_0_DATA Oxee00000E 32 R/W
g: elsechxp—)gpm_state |= 1 << gpio; :::xgimmag E;;EQ r;,rzérié,;gL r; EF% PIO_inst 0_DIRECTION 0x00000000 32 R/W
96 chip->gpio_state &= ~(1 << gpio); :0x77000055 50 STR :::E:ajiais4} DI R D RUMAKE 900000000 22 RIW.
Ié a7 __raw_writel(chip->gpio_state, mm_gc->regs + ALTE - S:Bx7FOeeasC STR r1,[r2,%e] @" PIO_inst_0_EDGE_CAP oxeeeooees 32 R/W
0 . . . ) 5:0x7FERRB60 MSR CPSR_c,r3 |- @ PIO_inst 0_SET_BIT wiiteonly 32 WO
| 99 spin_unlock_irqrestore(&chip->gpio_lock, flags); = S:@x7FRReRG64 BX Lr “ @ PIO_inst 0_CLEAR BITS  write only 32 WO c
ig? i = altera gpio dir in & @ UART inst 0
2/ - SERITOREE s I -||  ®( ITAGUART inst 0
[l T [ind < 0 | b - (Z= SYSID_inst_0 -
D<} Writable Smart Insert 86:25



#® RMIT

UNIVERSITY

Recent Examples - MicroSemi

SmartFusion System-on-Chip FPGA

« Hard 32-bit ARM
Cortex-M3
microcontroller

» Programmable analog
« ADC/DAC
« Comparators
« Analog computation

» voltage/current/
temperature monitors,

FPGA fabric

RMIT/SECE/2015



System Builder
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Libero® SoC
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Some Final Words 'Mﬂ

XCELLENCE IN VIDEO | I
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- Xilinx IP
- OmniTek IP

- Mixed Xilinx/OmniTek IP

-t

( 32-bitSDRAM )

Combiner
Ol.rtput Mux

e

Zyng SoC

300-MHz sustainable video-processing
64-bit DDR3 memory

purpose built signal-processing algorithms ‘

( 64-bitSDRAM |
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Testing of NRC's Kermode FPGA board is nearly complete. The board is being developed for the Advanced Focal
Array Demonstrator (AFAD) and is well suited to SKA1-scale beamforming, correlation, as well as other /O intensive
signal processing.

Based on the Industry Standard AdvancedTCA platform, each
board has eight Xilinx V6-3X475 FPGAs each with two 4GB
memories. The total /'O date rate is 1200 Gpbs via the Zone 3, 2
and four front panel FCM connectors. The board will soon be
available commercially through Mutaq, and uses their board
support development kit to facilitate rapid development. For

more information contact Gary Hovey@nrc.ca

00000
* 8 Xilinx V6-5X475 FPGAS

— each with two 4GB memories

 total I/O date rate: 1200 Gpbs
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— each with two 4GB memories
 total I/O date rate is 1200 Gpbs
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Conclusions — my guesses

* SoC design is hard —and getting harder
— Tools try to help but still [imited

 FPGA usage is trending steadily downward

— My guess is because of perceived design difficulty
combined with ease of software reuse

 Complex programmable SoC devices (e.g. Zynq)
may struggle in the loT space
— Due to cost & power issues
— But might be OK due to flexibility and time to market




® RMIT

UNIVERSITY

Recent Trends in
System On Chip Modeling
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