® RMIT

UNIVERSITY

I | #$$S
% &




® RMIT

( UNIVERSITY
)* + "

e Context A
 Why FPGA Technology? '
 The Options?

 Two Case Studies

e SumMmary

e Short stretch break e Yoo

— 5 minutes

- e—EEE




® RMIT

( UNIVERSITY

),+

e What is a SoC?

e Future Trend Drivers
e 3D Chip Stacking

» Current SoC tools f

e Conclusions “:{‘g —




* The “traditional” approach .

Source: Computers
& Chemistry, 16(3)
July 1992
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« How much has really changed?
<_ JTAG & SW MPU
ETM NVIC
S ~.| DTCM RAM 64K8
<::> ARM e (< > [TCM RAM 16KB
Cortex-M7 X L:) _
I-cache | AXIM C:D% SN ART C::> C:} "
4KB
qg A FLASH 1MB .
e = E S|
K >| SRAM1 240 KB
<::> Ethernet MAC DMA/ g <:>| <;:>§ USB
10/100 FIFO (:::)E P SRAM2 16 KB OTG FS
;l | LJSB |nnnmf I x \l I — 1
s R ey | =]

Source: STMICRO A-R-M® Cortex®-M7 core datasheet -
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« Data acquisition & storage
» Local control SICE '

- Local processing (e, L
— Filtering AH]_ .

— Formatting S W N N S——

° Data tranSfer N 222 iy Host Computer Printer
— Protocols
— Error detection/correction
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e Sensor Complexity
* Noise
 Flexiblility
e Size
 Power
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Sensor Complexity

Noise — SD
e.g., common mode
Interference

Flexibility —

Size L
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Why FPGA Technology?

|| \I"'. battery @ [ l\ |
| 3 [ ||'

http://www.vitalconnect.com/uplo
ad/Documents/AutomatedPredict
ion_2014 IEEE_published.pdf
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The Options?

Louis Renault — Casablanca 1942
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WorstCase Process

2271

. Cyclone V 5CGXFCTC Dynamic Power

—— | Cyclone V 5CGXFCTC Static Power

1801

2145

l Artix-7 XCTA100 Dynamic Power

[ At XCTA100 Static Power

IGLOO2 M2GL0O90T Dynamic Power
B (6L002 M26L090T Static Power*

100C
Worst Case Process
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Push Buttons
GPIO
- UART USB
FPGA , UAT;S;SSB o FC
Electromyography
a0 Signals
v+ (muscles-lower back)
LCD Display
 flexible acquisition
o multiple filters
[ ]

signal processing
Interface protocols
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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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wire [9:0] SDMCountlinc;
wire [9:0] SDMCountDec;
wire [9:0] preloadSEL,;

wire [9:0] counterPreLoadin;
wire resetCycleCountin;

always @(posedge System_Clock) begin
Counter_Preload <= counterPreLoadIn;
ResetCycleCounter <= resetCycleCountin;
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 SDMCountInc = (preloadHigh)? Pre_High :Counter Preload + 1;

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

assign counterPreLoadIn = (edgeFound_assessPreload)? preloadSEL:counterPreLoadln;

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

Timing Result: 43MHz

____.__

MCountlnc:
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e What is a SoC?
e Future Trend Drivers
e Current SoC tools

e 3D Chip stacking e v
e Conclusions ﬁ‘%{ >
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Definition:

A “system”
Includes a
microprocessor,
memory and
peripherals.
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6859 . +

Real-time capability
Digital signal processing*

Networking capability

s2% *Addedin 2014
** Added in 2013

Analog signal processing**

Wireless capability W 2014 (N = 2,048)

W 2013 (N = 2,090)

Project rugged W 2012 (N =1,704)

W 2011 (N = 1,886)
W 2010 (N = 1,559)

Battery-powered
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19%

Debugging tools
gaging L%

Engineering team skill level
Schedule

Programming tools
Microprocessor

Firmware itself*

M 2014 (M = 1,518)
IDE
2013 (N = 2,056)
Interfaces W 2012 (N = 1,667)
B 2011 (M = 1,868)

Other hardware M 2010 (N = 1,541)

Operating system

* Added in 2014
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64% 63% 63% gIug 51%

119% 129 13% 13% 14%  15% 14% 16% 16% 16%

T 8% 7y gw 7%
3% 3% o9 J9¢ 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)
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Under 10 MHz
10 — 99 MHz (Net)

10 - 24 MHz
25 - 49 MHz
50 - 99 MHz
100 — 249 MHz
250 — 499 MHz
500 — 749 MHz
750 — 999 MHz
1 GHz

2GHz+

12%

H
14%
10

10%
15%

15%
18%

16%
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37%
B%

The average processor

clock rate was:

428 MHz in 2014
485 MHz in 2013
425 MHz in 2012
W 2014 (N =1372)

2013 (N = 2039)

M 2012 (N = 1659)
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M

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 13159415 17

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

b

o o

.,..*iﬁn %* ﬁ# S iy ¥

e & 88 ®
= 1] o £
— = = =
X @ 8 <«

Cypress
Cadence

Microsemi

Yes No

Mentor Graphics

H2014(N=1,295) ©2013(N=2073) M2012(N=1,668) m2011(N=1870) 2010 (N =1540)

Synopsys/Synplicity
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® . Source: http://www.eetimes.com/document.asp?doc_id=1321706

._____



® RMIT

UNIVERSITY

6859 . +

¢ S

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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Multimedia Terminals
Laptop Computers
Digital Cellular Telephony
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Emaller
A )
m_
m_
Raf: 18650 2 BAR
m_
B0 Established technologies
5001 Rt a4 aeatne [ %1 Emerging technologies
m-
Mi-MH
:m-
5 mm prizgmatic colls < 1300 mAh
m-
Ni-Cd
100
'llﬂ-ﬂ.':d
ﬂ’ 1 1 1 L] ] 1 ] I F Lbhm
1} [e)1] 200 303 400 500 L] Tan 800
Whikg

Expected Battery Lifetime increase
over next 5 years: 30-40%

Portability
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* 28 nm Bulk Transistor

] - | Complexity = Performances
Source BRERE #

\ Cost Low +30% |

Multiple Drains

* 20 nm BulkIssue:

Complexity /1 # Performances

Cost ~+10 % \ ‘ /

Multiple Sources




2

¢ J"

/

# |

3

—~ 14 Vdd: 1.5V to 0.6V step 100mV

= |

s .

' 1.2 :

5 BULK-LP | | a

O

g 11

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

@ 038 - _.

a

E /
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Delay (ns) -
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#( 3DIC /3D SoC

“De-integrated & Re-integrated SOC”

y / ® RMIT

11
e O +
“All-in-One chip system integration”
' Density, Pn
2ed/Power l . I compatib
itic Power m maE:i;!t;.nlﬁ;a

1ge, surface . 1‘ Area

F,..ESD " | Low V,, 0p.

Evolution
or Revolution?

o

MEMS 130 nm 200 mm

High Voltage Operation, data transfert Memory 45 nm 300 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




® RMIT

UNIVERSITY




® RMIT

UNIVERSITY

Processing System

- R FT888 =

NOR, NAND, SRAM, Quad SP1 [DDR3, DDR3L, DOR2

AMBA® Interconnect

I aX .
CAN
. H . Cortex™- A9 MPCore
. UART I 32/32 KB 1/D Caches
GPlO
2 S0I0
o R F J I ) with DMA
I 2x USE I
with DMA
- W $ :0

— -L $SU 3;;

Processor 1/0 Mux

with DMA Security AMBA Interconnect
AES, SHA, RSA
General Purpose ACP  High Performance
AXl Ports AXIl Ports

1 2 AJE[Iﬁ[:n.ﬁMu:c. Programmable Logic !;c;elsm_:z_’
— ) WCWEDCUS  (System Gates, DSP, RAM) LM

Multi-Standard I/0s (3.3V & High-Speed 1.8V) Multi-Gigabit Transceivers




® RMIT

UNIVERSITY

High-Bandwidth,
Low-Latency Connections

Microbumps

Through-Silicon Vias (TSV)

C4 Bumps

SLlRo0 +—— 28 nm FPGA Die (SLR)

T 65 nm Silicon Interposer i
)& Q8§ 84'¢ & o6 o & @ & O

Package Substrate

BGA Solder Balls

Source: http://www.xilinx.com/products/silicon-devices/3di
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[
I ]
e &'()* +
|
— - % " Package FPGA 40pm-pitch Cu-pillar + 200pm-pitch Cu-
Substrate solder cap microbumps ASIC post + solder

.10
oo

Package Substrate
LA A E AL AL A2 AR AR EEERE L.

older pals

Heat spreader cap

" Paciago swsie [ s
A 4 B N N B E N N B N N

dlpmpitch Cu-pillar + 00pm-pitch Cu-

solder cap microbumps post + solder

Source: http://s3.amazonaws.com/
sdieee/1817-SanDiego
CPMTDL_Lau_advancedpackaging.pdf

FPGA ASIC
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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 _



System Design
Hardware Design

1 $

#*
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Install Xilinx Tools

Application

v

|

i Development

Vivado IPI : Configure P5

S5DK: Build & Compile

System Software
Development

: Develop RTL/IP Fetch Sources: U-boot, Linux; RambDisk
: Add/Integrate IP Application Code
: Generate Bitstream
: Export to SDK
Build U-boot | Build Linux H‘;E;ﬁ:h Soulication
Hardware handoff Code Binary
(it} U-boot ulmage uRamDisk
Y
SDK/HSI: Create FSBL Bitstream
: Create DeviceTree | rspL SDK/Bootgen: Create Boot Image
—
.l,E-DnT.BIM &

Booting and Running Linux
Target Platfarm




FPGA

HPS I/O

Hard Memory
Controller*

Transceivers”

Hard PCle*
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3 11
SoC Hard Processor System

Single- or Dual-Core Processor

l Hard Processor System (HPS)
ARM Cortex-A9 Ethernet
NEON/FPU UsB OTC o
L1 Cache (x2) (x2)
L2 Cache GPIO °C
(x2)
JTAG 64 KB Timers SPI CAN
Debug/Trace " RAM (x11) (x2) (x2)
NANDFlash QSPI Flash SD/SDIO/ DMA UART
e Controller MMC @ (x2)
Shared Multiport DDR HPSto FPGA to FPGA
SDRAM Controller @ FPGA HPS Configuration

rrr ! t !

*Optional Configuration ™ Integrated DMA @ Integrated ECC
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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
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