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ARM in FPGAs

• Xilinx Zynq (~2012)
 Zynq-7000 All Programmable 

SoCs with Cortex-A9 MPCore

• Altera Arria V & Cyclone V 
(~2012)
 Hard processor system 

(HPS) with Cortex-A9 
MPCore

• Actel Smartfusion (~2010)
 Cortex M3

2



Korea Univ

Zynq-7000 Device Portfolio 
Summary

• Block RAM: dual-port, 36Kbit (can be configured 32K x 1, 16K x 2, 8K x 4, 4K x 9 (or 8), 1K x 36 (or 32), or 512 x 72 (or 64)
• 140 Block RAMs = 140 x 36Kb = 630KB



Korea Univ

Zynq
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XC7Z020-1CLG484C

Processing 
System (PS)

Programmable 
Logic (PL)

Block RAMs in purple

DSP (Digital Signal 
Processing) Blocks 
in green

DSP blocks 
in Stratix
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AMBA Open Standard Interconnect 

 High bandwidth interconnect 
between Processing System and 
Programmable Logic

 ACP port for enhanced hardware 
acceleration and cache coherency 
for additional soft processors

Processing System (PS)

Integrated Memory Mapped Peripherals

 2x USB 2.0 (OTG) w/DMA

 2x Tri-mode Gigabit Ethernet w/DMA

 2x SD/SDIO w/DMA 

 2x UART, 2x CAN 2.0B, 2x I2C, 2x SPI, 32b GPIO

Processor Core Complex

 Dual ARM Cortex-A9 MPCore
with NEON™ extensions

 Single / Double Precision 
Floating Point support

 Up to 1 GHz operation

High BW Memory

 Internal
– L1 Cache – 32KB/32KB (per Core)
– L2 Cache – 512KB Unified

 On-Chip Memory of 256KB 

 Integrated Memory Controllers 
(DDR3, DDR2, LPDDR2, 2xQSPI, 
NOR, NAND Flash)
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Address Map
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Application Processing Unit (APU)
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• Cortex-A9 MPCore
 ARMv7

 NEON 128b SIMD coprocessor

 32KB L1I$ and 32KB L1D$

 512KB shared L2

• Snoop Control Unit (SCU)
 Maintains coherency between L1Ds and L2

• On-Chip Memory (OCM)
 256KB On-Chip SRAM, accessible by CPUs, PL, and central interconnect

 128KB BootROM, not user-visible (Zynq-7000 EPP TRM, p678)

• Accelerator Coherency Port (ACP) 
 From PL (master) to PS (slave)

 Can access the L2 and the OCM

 Transactions are data coherent with L1 and L2 $

• DAP: Debug Access Port
• GIC: Generic Interrupt Controller



Korea Univ

SCU

8

• Snoop Control Unit (SCU) is 
responsible for maintaining L1 
cache coherency between 2 
processors

 SCU supports the MESI snooping

 It has 4-way associative Tag 
RAMs, acting as a local directory 
that lists coherent cache lines 
held in L1D$

 The local directory allows the 
SCU to check if data is in the 
L1D$, so accesses can be filtered 
only to the processor that is 
sharing the data

 L1D$s are 4-way set associate 
with write-back/write-allocation 
and MESI
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SCU
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• All accesses through L2 cache 
controller can be routed to the 
DDR or other slaves in the PS 
or PL, depending on their 
addresses
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SCU
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L2 Cache Controller
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ACP
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ACP allows PL masters to share and access processor’s cache hierarchy
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AMBA
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AMBA Buses in Zynq
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PL-to-PS AXI Ports
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PS-to-PL AXI Ports
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DMA
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• DMA transfers use AXI to 
move data between the on-
chip memory, DDR and 
slave peripherals in PL

• Typical DMA examples

 Memory to memory

• On-chip memory to DDR

 Memory to/from PL peripheral

• DDR to PL peripheral 
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PS Clock Configuration
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• The PS can generate up to 4 PLL (Phase-Locked Loop) based clocks for the PL
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Some Notes

• When designing an SoC system with custom 

peripherals, be aware that Zynq pins are already 

assigned on Zedboard

 Refer to the xdc file on the Zedboard documentation page 

at http://www.zedboard.org/documentation/1521

• One DRC (Design Rule Check) error case

 Use PS clock source (33MHz) in the PL logic

 For PL logic, you have to use either PL clock (100MHz) or 

PLL-generated clocks from PS (based on PS clock source)
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http://www.zedboard.org/documentation/1521
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Zedboard (Front)
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512MB DDR3
= 2 x 2Gbit 

MT41J128M16HA = 
2Gb DDR3 with 16bit 
interface

USB OTG

USB UART

• USB OTG (On-The-Go) is a specification that allows USB devices (such as mobile phones) to act as a host, allowing 
other USB devices like a USB flash drive, mouse or keyboard to be attached to them

• JTAG (Joint Test Action Group) is the common name for the IEEE 1148.1 Standard Test Access Port and Boundary-
Scan Architecture

USB JTAG

HDMI Transmitter
(ADV7511, Analog 
Devices)
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Zedboard (Back)
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100MHz clock for PL

33.333MHz clock for PS

• The PS can generate up to 4 PLL based clocks for the PL
• SPI Flash can be used to initialize the PS subsystem and to configure the PL subsystem (bitstream)
• SPI: Serial Peripheral Interface named by Motorola

4-bit SPI 
(Quad-SPI) 
serial NOR 
flash

SD (Secure 
Digital) Card

Audio Codec 
(ADAU1761, 
Analog Devices)
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Zedboard Block Diagram

22FMC (FPGA Mezzanine Card)

• Pmods (Peripheral Modules)
• Pmod is the trademark of Digilent Inc. 
• Pmods are small I/O interface boards that 

offer an ideal way to extend the capabilities of 
FPGA/CPLD and embedded control boards

http://www.digilentinc.com/Pmods/licensing.cfm

http://www.digilentinc.com/Pmods/licensing.cfm


Korea Univ

Zedboard Configuration Modes
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Zedboard Jumper Settings
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Zynq-7000 Configuration and Boot
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JTAG Non-Secure Boot

26• DAP: Debug Access Port



Korea Univ

GPIOs in Zynq

• 54 GPIOs routed to multiplexed IOs (MIOs)

 Zynq PS has over 20 peripherals, which are directly routed to MIOs

• 64 GPIOs between PS and PL via Extended Multiplexed IOs (EMIOs)

 Can be used to take input from and/or generate output to PL

 IO peripheral signals can be routed to PL via EMIOs
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MIO-EMIO Overview
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Base Address: 0xE000_A000 
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Timers in Cortex-A9 MPCore
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Lab 6. DMA
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★
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DMA
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HDMI
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HDMI Transmitter 
(ADV7511, Analog Devices)

I2C interface
(Inter-Integrated 

Circuit)

DE: 
Data 

Enable
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lwIP Lab

33

• Lighweight IP (lwIP) is an open source TCP/IP 
networking stack for embedded systems

• The objective of the lab is how to utilize the lwIP library 
to add networking capability to an embedded system

• The lab design includes the following software 
applications

 Echo Server

 Web server

 tftp server

 TCP TX/RX throughput test
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lwIP Experiment Setup
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Web Server
(192.168.2.7)

Ethernet 
Cable

http://192.168.2.7
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2 Flavors of Apps 
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• The lab design includes the following software 
applications

 Echo Server

 Web server

 tftp server

 TCP TX/RX throughput test

• 2 flavors of apps

 Socket API-based 

• Reference apps are written on top of FreeRTOS

 Raw API-based

• More complicated writing code as it requires knowledge of lwIP 
Internals
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AMP Lab HW & SW Config.
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• Asymmetric Multiprocessing (AMP) is a mechanism that allow each 

processor to run its own operating system or bare-metal application

Cortex A9

(CPU0) 

Cortex A9

(CPU1)

OCM

0xFFFF_0000

0xFFFF_FFFF

0xFFFF_FE00

0xFFFF_FFF0

First CPU1 code

Zynq PS

0x0020_0000

DDR

0x0020_0000

0x0010_0000

0x002F_FFFF

0x001F_FFFF

CPU0 App elf

CPU1 App elf

MMU (TLB) MMU (TLB)

CPU1 start address

FSBL loads 
elfs

0 or 1?

flag location 
for sync.

Check address 0xFFFF_FFF0 for a 
non-zero value and continue looping 

and WFE (Wait For Event)

0x0

Custom 
Interrupt 
Generator AXI

Core1_nIRQ 
(PPI: 31)

Base address: 
0x7860_0000
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MMU, L1$s in Cortex A9
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L1I$: Virtually-indexed, Physically tagged
L1D$: Physically-indexed, Physically tagged
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AMP Linux Lab Config.
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Cortex A9

(CPU0) 

Cortex A9

(CPU1)

OCM

0xFFFF_9000

0xFFFF_FFFF

0xFFFF_FE00

0xFFFF_FFF0

First CPU1 code

Zynq PS

0x1800_0000

DDR

0x1800_0000

CPU0

Linux

CPU1 App elf

MMU (TLB) MMU (TLB)

CPU1 start address

FSBL loads 
elfs

0 or 1?

Check address 0xFFFF_FFF0 for a 
non-zero value and continue looping 

and WFE (Wait For Event)

0x0

Custom 
Interrupt 
Generator AXI

Core1_nIRQ 
(PPI: 31)

Base address: 
0x7860_0000

softUART provides a UART-style 
communication method between Linux 

on CPU0 and bare-metal on CPU1

0x0A?0xFFFF_9004
COMM_TX_FLAG
COMM_TX_DATA

heartbeat0xFFFF_8000 Heartbeat set by CPU1

Linux bare-metal

0x17FF_FFFF

0x0

0x2000_0000

0x1FFF_FFFF

384MB

128MB
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Planahead-based FIR Filter System
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Planahead-based Design
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FIR Filter
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gprof

• Use GNU gprof to get the profile information

 Compile and link your code with -pg option

 Run your code

• gmon.out is generated 

 Run gprof to interpret the information
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