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01. SoC(System on Chip)
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Challenges in SoC
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Gap Is increasing

Fotential Design Complexity and Designer Productivity
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Year Technology Chip Complexity = Frequency Staff Staff Cost”
1997 250 nm 13 M Tr. 400 210 90 M
1998 250 nm 20 M Tr. 500 270 120 M
1999 180 nm 32 M Tr. 600 360 160 M
2002 130 nm 130 M Tr. 800 800 360 M

@ $150K [ Staff Yr. (In 1997 Dollars)
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02. IP, AL 78t =]

* IP(Intellectual Property, AH| Xp4H
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« HW IP

 Soft IP: Verilog, VHDL 2| HW ?|=%10{ 2 13
* Firm IP: &f“dEl H|0|E +~F2| Netlist

 Hard IP: 27 F10f 2t Layouto| 2HYE P
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IP ReUse

e |IP xH*l._Q_ Development cost

o MAH| A| HZEE| IPE AR ¢ Total costs without IP reuse .

Aj:” | ;C: — lpf |-O —a— Total costs with IP reuse '
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- BBD(Block-Based-Design)
» ASE IPE A|AH 2
 IP THAE:

* 1P KHAFE 2] 32
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« PBD(Platform-Based-Design)
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- SIS MALE

SRAM
SRAM uP core ROM
uP core
ROM o
Logic ATM || Rom I/F
MP .
Complex ASIC Plug and Play
ASIC on DSM with a few IPs System on a chip
Timing-driven Block-Based ‘:D Platform-Based
Design ‘:D Design Design



Platform Based Design
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Processor + FPGA

o« IZ2M|A + FPGA
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Zyng Platform
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Platform Comparison

asic  assp Z2CMP - Zung-7000
Zynq Enabled Low Power
TCO a - - -
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Zyng-7000 SoC Family

Cost-Optimized Devices Mid-Range Devices
Device Name| Z-7007S Z-7012S Z-7014S | Z-7010 Z-7015 Z-7020 Z-7030 Z-7035 Z-7045 Z-7100
Part Number| XC7Z007S XC7Z012S XC7Z014S| XC72010 XC7Z015 XC7Z020 | XC7Z030 XC7Z035 XC7Z045 XC7Z2100
Single-Core Dual-Core ARM Dual-Core ARM
Processor Core| ARM® Cortex™-A9 MPCore™ Cortex-A9 MPCore Cortex-A9 MPCore
Up to 766MHz Up to 866MHz Up to 1GHz!Y
@ Processor Extensions NEON™ SIMD Engine and Single/Double Precision Floating Point Unit per processor
‘é’ L1 Cache 32KB Instruction, 32KB Data per processor
I L2 Cache 512KB
> On-Chip Memory 256KB
a0 External Memory Support'? DDR3, DDR3L, DDR2, LPDDR2
? External Static Memory Support'® 2x Quad-SPI, NAND, NOR
8 DMA Channels 8 (4 dedicated to PL)
a Peripherals 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
Peripherals w/ built-in DMA® 2x USB 2.0 (OTG), 2x Tri-mode Gigabit Ethernet, 2x SD/SDIO

RSA Authentication of First Stage Boot Loader,
AES and SHA 256b Decryption and Authentication for Secure Boot
2x AXI 32b Master, 2x AX1 32b Slave
4x AXI 64b/32b Memory

Security®

Processing System to
Programmable Logic Interface Ports

. AXI 64b ACP
(Primary Interfaces & Interrupts Only) s
7 Series PL Equivalent| Artix®-7  Artix-7 Artix-7 Artix-7 Artix-7 Artix-7 Kintex®-7 Kintex-7 Kintex-7 Kintex-7
Logic Cells| 23K 55K 65K 28K 74K 85K 125K 275K 350K 444K
= Look-Up Tables (LUTs)| 14,400 34,400 40,600 17,600 46,200 53,200 78,600 171,900 218,600 277,400
%— Flip-Flops| 28,800 68,800 81,200 | 35,200 92,400 106,400 157,200 343,800 437,200 554,800
'g: Total Block RAM| 1.8Mb 2.5Mb 3.8Mb 2.1Mb 3.3Mb 4.9Mb 9.3Mb 17.6Mb 19.2Mb 26.5Mb
= (# 36Kb Blocks)|  (50) (72) (107) (60) (95) (140) (265) (500) (545) (755)
= DSP Slices 66 120 170 80 160 220 400 900 900 2,020
£ PCl Express® — Gen2 x4 — — Gen2 x4 — Gen2 x4 Gen2 x8 Gen2 x8 Gen2 x8
E Analog Mixed Signal (AMS) / XADC'? 2x 12 bit, MSPS ADCs with up to 17 Differential Inputs q
oy Security®® AES & SHA 256b Decryption & Authentication for Secure Programmable Logic Config b
& Commercial -1 -1 -1 -1
Speed Grades Extended -2 2,3 2,3 2 H U I N S
14 Industrial -1,-2 -1,-2,-1L -1,-2,-2L -1,-2,-2L Human Imtelligent System




Zyng SoC Block Design

Processing System Programmable

-
Static Memory Controller Dynamic Memory Controller LOQIC
Quad-SPI, NAND, NOR DDR3, DDR2, LPDDR2
System Gates,

DSP, RAM
2x SPI
w/ DMA
2x USB

w/ DMA
2x GigE

w/ DMA
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Multi-Standards 1/0s (3.3v and High-Speed 1.8v) Multi Gigabit Transceivers b )
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Processing System

° A P U Zyng-7000 All Programmable SoC

TS Processing System
Paripharals Application Processor Unit
Geﬁle;jrcal';on Reset SWDT PP
° A R M CO rteX_Ag /] usB FPU and NEON Engine | [ FPU and NEON Engine
TTC
USE 2x USB \_I MMU ARM Cortex-A9 MMU ARM Cortex-A2
PY F P U GigE 2% GIgE SYBTEFI"I- CPU CPU
GigE 2% 5D Level 32 KB 32 KB 32 KB 32 KB
50 Control I-Cache D-Cache I-Cache D-Cache
SDIO IRQ Regs |
[ C h M = || Snoop Controller, AWDT, Timer ‘
ache Memor = oo :
GPIO | |- | ot DMAS l 512 KB L2 Cache & Cummller‘
. O |- UART : Channel
* |/O Peripherals == |
gi: OCM 256K
.| INterconnect | SRAM 1
12C
12C \
* Memory Interface care
SPI Interconnect Interfaces
CoreSight DDR2/3,
° t t 1 niemces [ Components LPDDR2
n e rCO n n e C \ SRAM/ B Controller
NOR y—*—‘
= DAP
OMFI1 1.0 ' _ " ‘
: NAND DevC Programmable Logic to
* Clock generation iy ot

CTRL
i } 444
EMIC General-Purpose OMA IRQ | Config High-Performance Ports ACP
XADC Ports Sync AES/
12-Bit ADC ¥ SHA Programmable Logic
- SelectlC
Notes: Resources
1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32-Bit/64-Bit, AX| 64-Bit, AX| 32-Bit, AHB 32-Bit, APE 32-Bit, Custom

i’ HUINS
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APU

* ARM Cortex-A9 Processor

17

* Up to 1GHz
NEON(MPE) / FPU
Memory Manage Unit(MMU)
|1 FHA], L2 FHA
On Chip Memory

Snoop Control Unit(SCU)
« A0, LT1-L27l{A|, OCM EZIX|

NEON/FPU

ARM
processor 0

[

/

NEON/FPU

ARM
processor 1

yvYy

Snoop Control Unit (SCU)

F
v

/

L2 Cache

Memory Management Unit

NEON & floating point extensions

ARM Cortex-AS processing core

Level 1 cache memory
(32KB each, data & instructions)

Shared Level 2 cache memory
(512KB, data & instructions)

On Chip Memory (256KB)




Memory Map

FFFC_0000to FFFF_FFFF ocMm

e Cortex-A9 Processor FD0O0_0000to FFFB_FFFF T
_ _ FC00_0000 to FCFF_FFFF Quad SP linear address
o 32b|t Add Fess| ng F8F0_3000 to FBFF_FFFF Reserved
F890_0000 to F8F0_2FFF CPU Private registers

* 4GB Address map F801_00001t0 FBBF_FFFF —

— = F800_1000to F880_FFFF | PSSystem registers,
« 2=PS,PL I|:I_:| XOI'X| F800_0C00 to F800_OFFF Reserved

o CorteX_Ag EEA_”*.' D‘”EE' DHIéI F800_0000to FB00_OBFF SLCR Registers
E600_0000to F7FF_FFFF Reserved

E100_0000to E5FF_FFFF SMC Memory
E030_0000to EOFF_FFFF Reserved

e Ox4000 0000: PL AX| SlaveO E000_0000to EO2F_FFFF IO Peripherals
— ' C000_0000to DEFF_FFFF Reserved

. 8000_0000to BFFF_FFFF PL(MAXI_GP1)

* OXOO1 O—OOOO DRAM 4000_0000to 7FFF_FFFF PL (MAXI _GPO)
0010_0000to 3FFF_FFFF | DDR(address not filtered by SCU)
0004_0000t0 000F_FFFF | DDR(addressfiltered by SCU)
0000_0000 to 0003_FFFF ocM (f)

. HUINS
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Peripherals

« MIO - PS&} 54pin 14
« EMIO - PL G| 2|5 | 1A

19

* USB 2.0 OTG/Device/Host

* Tri-mode GigE (10/100/1000)
» SD/SDIO Interface

» SPI, CAN, UART, 12C

EMIO to PL

RGMII
aEthi
MDIO
RGMII
GigaEth1 |-
USE
ssssss
Quad-SPI
Quad-SPI
MAND
State Memery | SRAMNOR
ce Debug
L
. 5P|
| 2 5PI 'J_. SPI
CAN
[ 2 CAN !]_ CAN
—— UART
[ 2 UART |—'| UART
|—| |
I alec |—| 12C

MM N K KM KN XN KX
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Programmable Logic

=k
 Look-Up Table(LUT) ] 4 .,
* Logic Function . .
« ROM(small) 9]
« RAM(small) T 0
|

 Shift Register

a
I

* Flip-Flop
« Sequential circuit(=Xt 2|2)2]| 1 bit 2i{X]

- T  HUINS
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Programmable Logic

22

* Block RAM
« RAM
« ROM
* FIFO buffer

« DSP48E1(ALU)
« 3I7MX| 58| =&
ep=ax(b+d)+c
ep+=ax(b+d)

IH
0z
N

M(Pre) 7t/ 4H7|

Ve IE S

48- E-' mulator/Logic Unit

\4

>
25 x 18
> Multiplier

FPre-adder

Pattern Detector

——




PS-PL Interface

 AXl Interface
e 32 bit Master-Slave interface

« High Performance ports
* 64 bit AXI Slave(ACP) port

* DMA, interrupts, event signals

* EMIO

* Clock(4 PS>PL), Resets(4 PS—>PL)
» Configuration

23

- - - /1

—,—————————————————

PS Power Pins
| pmmm by
DDR Memory | | i A e, ||
} !l DDR Am, ||
NAND, | L | — S
NORJ’SRAM = | |
|
|| DMA Reg/Ack User SelectiO |
Ps CLK, | Y | |
POR_RST_N, [l FClKs || XADC !
SRST N . ! - [ |
Processing \[FTVD Trace, Multi- Ggabrl |
Quad-SPI System | FrMT Trigs — i
| — Transceivers I
Use (PS) || IRQ, Event, |! masxy ||
—] p—
i PS Signals || Sandby || PL Signals ||~
lland Interfaces | S [ misc. R
——— |
| _ MIO Pins, EMIO Signals, JTAG | | Pt
MIO | || Signals |
GigE, SDIO, SPI, A | I
Boot Pins I2C, CAN, UART, o .
GPIO, TTC, SWDT || | | [ M_AXGP ] |
I | | l2x s ax ap | |
JTAG = EMIO |/== = = 4x S_AXI_HP } PL Power Pins
el e | I 11x s_axi_acp| |
| |
| AXl Interfaces |
S —
Programmable Logic (PL)

)
INS
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PS-PL AXI Interface

Interface Name Interface Description Master Slave Processing System | Programmable Logic
M_AXI GPO PS PL
General Purpose (AXI_GP) o s
M_AXI GPI PS PL 13 ‘ y N general
© £ | purpose
S_AXI_GPO G Ip (AXL_GP) PL PS % g M o { interfaces
S_AXI_GP1 eneral Frpose IAAL PL PS g / maxcerno
S_AXI ACP Accelerator Coherency Port (ACP), PL PS APU
cache coherent transaction f E ACP interface
@"‘ S_AXI_ACP
S _AXI HPO High Performance Ports (AXI_HP) with PL PS
read/write FIFOs. - Mo
S5 AXI HP1 PL PS ‘g e N general
S AXI HP?2 (Note that AXI_HP interfaces are sometimes PL PS :_g c i ,t.w.rpuse
I referred to as AXI Fifo Interfaces, or AFIs). E 5 s Mo intertaces
S_AXI_HP3 PL PS Le——>»  sAxGPo
Memcry Interoonnect -

FIFOs T ‘T T - 'T’_ I high performance interfaces
M M M M

S_AXI_HP[3:0]

)

” HUINS
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04. AXI AMBA Protocol

« AMBA - ARMO{| A EYHOF EHA A
* Advanced Microcontroller Bus Architecture

¢ AM BA 20 APB AHB AXI

« AHB (the Advanced High-performance bus)
« ASB (the Advanced System Bus)

AMBA

AMBA 3.0 (2003)

« APB (the Advanced Peripheral Bus) AMBA

« AMBA 3.0 | |

APB AHB AXI ATB

 AXI (the Advanced extensible Interface) |

AXI-4 AXI-4 AXI-4

o AM BA 4 O (Full / Memary Map) (Strea m) (Lite)

e AX|-4
« AXI-4 Lite (f)

25 * AXI-4 Stream HUINS
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AXI Protocol E%!

26

« Address/Control phase?2} data phase L&
» Byte strobeZ 0|83t unaligned data &
 Start address ZFtO £ burst-based transactionsE ArE

« Read?2} Write data channelO| £2|k|11, Direct Memory Access(DMA)
’l5 Ms.

» Multiple outstanding addressS 2t &~ QILCt,
e Qut-of-order transaction= X|¥

Human Intelligent System



AXl4 Variation

* AXl4 - Address/Data
* Up to 256 data Transfer / 1 transaction

« AXl4-Lite - Address/Data
e 1 data transfer / 1 transaction

 AXl4-Stream - Data
* Unlimited burst

- HUINS
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AXI4

28

« SIf X2 = A
* WWrite Address Channel
* \Write Data Channel
» Write Response Channel
* Read Address Channel
* Read Data Channel

* Single address, multiple data
» Burst up to 256 cycle

 Data width
« 8, 16,256,512, 1024

Write address channel

Address
and control
—»
Write data channel
Master Write Write Write Write Slave
interface data data data data interface
—_— —— — —
Write response channel
Write
response
_—
Read address channe
Address
and control
R
Master Slave
interface interface

Fead data channel

Read
data

Read
data

Read
data

Read
data

—— A 4—

H

HUIN

n Inte
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AXl4-Lite

Write address channel

* No data burst s
* Single data transaction —

Write data channel

Master Write Slave
interface data interface

* Data width 32 or 64 bits only —
« Xilinx IP supports 32-bits e

response
*—
¢ SI l la” fOOtprlnt Read address channel
Address
and control
_—
Master Slave
interface interface
Read data channel
Read
data
-

29 Human Intelligent Syste




AXIl4 Stream

* Write data channel only

30

* No burst cycle limit

Master
interface

Write data channel

Write
data

Write
data

Write
data

Write
data

>

Slave
interface




AXI Write Transaction

* Master AGLK
+ sets AWADDR IO S
* sets AWVALID up N \
* Slave
. cats AWREADY weord | W
° M aster WORTA - DATA(AO) m DATA(A1) IDATAA2)]

* clear AWVALID
 transfer WDATA
» sets WLAST up when transfer finished

WLAST

- HUINS
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AXI Read Transaction

32

 Master
* sets ARADDR
* sets ARVALID up

 Slave
* sets ARREADY
* sets RDATA
* sets RLAST

ACLK

) SN —
ARADDR
ARVALID _l \

RLAST J l\_
HUINS
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AXl4, AXl4-Lite

AXI4 AXI4-Lite AXI4 AXI4-Lite AXI4 AXI4-Lite
ACLK WDATA ARID
ARESTN WSTORB ARADDR
AWID WLAST ARLEN
AWADDR WUSER ARSIZE
AWLEN WVALID ARBURST
AWSIZE WREADY ARLOCK
AWBURST ARCACHE ARCACHE
AWLOCK Write Data ARPROT ARPROT
AWCACHE ARQOS Read Data
AWPROT AXI4 AXI4-Lite ARREGION
AWQOS BID ARUSER
AWSIZE BRESP ARVALID
AWREGION BUSER ARREADY
AWLOCK BVALID
AWUSER BREADY Read Address
AWVALID
AWREADY Write Resp.

Write Address b )

- HUINS
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'zvm% 0|2t SoC AdA| 0|8}

CONTENTS | 01. ZYNQ SoC A
02. Design Flow
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01. Zynqg SoC A3|

Xilinx SDK
Xilinx VIVADO
Xilinx, ARM
VHDL/Verilog F—— “ro1=EE
HLS(SDSOC) [[MJ) C/C++ SW IP
AXI HW IP Bare Metal App
freeRTOS, Linux
)
HUINS
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Design Time vs. Performance

Performance
! +
FPGA with
RTL
DSP
+ FPGAwith
x*B6 T
<+ °
86 Dﬁp e | yPiCEI Design Time Limit
L in a Software Project
e GPU
@
-
@ First working version + Optimized version Time

K1M66

x
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SW/HW Partitioning

o~ N
& =
¢ HW - T
o OIS AIAATIQ ¥ cegr N /_ ( Modie )
Lo — 4 = - B c D Operation to be load Madule =
e implemented load B 6
+ StEgo] 214 oo = -
=l E stem Functionali
« 2ARZFHE[(B ) © o ' ()

%
%

THT
i
£

( SW Hardware implementation

* 05 T S
» User Application
« GUI

3 7 Human Intelligent Syste




Profiling

e IIZ 712N E)sll Calls
Function A 2
 Memory
i i Function C 2
e Execution time
Function B 1
* Frequency |
i Function D 1
* |[nstruction usage |
Function E 1
Function F 1
¢ FUﬂCtIOn A, C Function G 1
« Execution time of function call 1 — - =
] Execution Time
* Frequency of function call 1 (Clock Cycles)

)

38 Human Intel IgtSytSm




Hardware - PS Configuration

- PS Configuration il
* |/O Peripherals R o Aortsion st )
« Memory controller M i | e
* Clock generation o = S .
* AXI Interface T ""’"‘““I v ";“ff"“’“'i'““‘“““ =
S | [ -
1 [ T
- ALES P MEH A-™ - - Tl | | i
= | R
e HEE
S

w
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Hardware - Block Design

Vivado IDE Software Development Kit(SDK)
efine PS Subsystem
onfigure MIO peripherals O=2|# 0| SW 7| &t/C|HH 1
esign FPGA Logic SDK-> 8}=90{0]| 2+= BSP FSBL X
onnect PL <-> PS(Block Design R T

45 Debug 52 R|i» =B w Breakpoints &

[function: _exit]
[function: main]

P67_0_axi_pariph

eb st T
bun_siuei_roseqU:0] — % s00Axi [ system.ndf [, system.mss. [ ragne meter.c 7 O 5= Outline 57
ol — #include "u_sonic.h” . a s
[r———] ARESETH = 1% "W
periphars_wesrfe.q s acik W [,  int nain(){ st‘mn:‘
xilo.

QA |
500 ARESETH -X. orpa 41 int segdata;
m Resel ¥ nlp OV sog 7] {2 s0q_out O7-0] : «il_printth
seguom{30] m——{ ) sogeom 03 0] m_100, cm_1@, cm_1;] xparameters h
prARt("Us Range Feter SDK Applicatiom\mr"); fndh

WLARESETH
¥ u_sonich

maing - int

while(1){

- AR Intercanmect m_166 = (U_SONIC_mReadReg(XPAR_U_SONIC_@_S66_AXI_BASEADDR,B) & OXFF);
processing_system7_0 cm_ 10 = (U_SONIC_mReadReg(XPAR_U_SONIC_O_S@8_AXI_BASEADDR,4) & OXFF):
en 1 = (USONIC_nReadReg(XPAR_U_SONIC_@_S@@_AXL BASEADDR,8) & OxFF);

xil_printf(*Distance : ¥d¥d¥dem \n\r", cm_108, cm_10, cm 1);

ke sr i 7N

segdata = (0xB0 << 12) + (CM_100 << B) + (cm_18 << 3) + cm_1;

FCLK RESETO N
FND_miiriteReg (XPAR_FND_&_S@0_AXI_BASEADDR, @, segdata);

D vigger_ou 0

T Proceseg Syoe
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Zyna Bock Desian SummaryReport - 2 console 52 & — DK Log 2 BRE-0

S B B 15:00:00 TNFO  : Registering command handlers for SDK TCF sery ~
PovlcaioaTimmsemrtht AP DT Build Console [range_meter] 15:00:09 INFO  : Launching XSCT server: xsct.bat -interactive
Take pre-build main-build 15:08:09 INFO  : XSCT server has started successfully

a9-1inaro-pre-build-step 15:00: ¢ Successfully done setting XSCT server conmect

e 15:00: : Successfully dane setting SDK workspace

make: “main-build'® =3 & 80 EeUD 15:00 Processing command line option -hwspec C:/wol
15:00: : Checking for hwspec changes in the project sy

15:00:24 Build Finished (took 343ms) -

QiE—— ,

Wiitable | smatinsert | 19:28

o |Earh =

Proanmate oge L)
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Zynqg Development Tool

Zyng /7020
* Dual ARM Cortex-A9
» 85K Artix-7 Logic Cell

1GB DDR3 Memory
Ethernet/USB
Audio/HDMI

SRS

RPS-Z7020-TK 4%

USB 2UART Port +-... :

HEARR] --

UART Connector
T—flash Socket
Giga Bit Ethernet Port

o USB OTG Port
5V X¢d 212 Port - : : . CAN Connector
Audio Port - S SRR s : Bl - SRR ; USB OTG Switch
HDMI Port < (SIS | b A :
4391%| TFT LCD -+ 12 2 R [ 3T ADC Output
T e o8 Reset Button
DDR3 Memory{512MB x 2)
Zyng(xc7z000clg484~1)
Zynq JTAG Connector
DAC Output
Zynq Boot Switch
120pin Samtec Connector
Clock Oscillator Socket
=T s ; iy ol GPIO LED
Text LCD -~ 8 7 g L 1, o 2 PLL System Switch
Camera In&age SEnSOr «-evux AN RS : u
onnector || : GPIO Push Button
7-Segment . GPIO DIP Switch
Camera Image Sensor * Reset Signal Jumper
onnector |

for ARM JTAG

GPIO Connector ------- a8, ARM JTAG Connector

)
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