00000
FYS4220

SO

Embedded systems

Hardcore vs Softcore



Microcontrollers




Hardcore vs Softcore

Softcore
— Implementation defined by

VHDL description

— Programming of FPGA needed
to realize CPU system

Hardcore
— Implementation defined in

silicon

— CPU system already present in

silicon

component nios2_system is
port (
clk_clk
i2c_avalon_mm_if_scl_expor
i2c_avalon_mm_if_sda_expor
interrupt_pio_ext_export

std_logic
std_logic
std_logic
std_logic_vector(2 downto 0)
led_pio_ext_export std_logic_vector(9 downto 0)
reset_reset_n std_logic
sw_pio_ext_export :in  std_logic_vector(9 downto 0)
);
end component nios2_system;

u0 : component nios2_system
port map (

clk_clk => CONNECTED_T0_clk_clk, -

i2c_avalon_mm_if_scl_export => CONNECTED_TO_i2c_avalon_mm_if_scl_export, —
i2c_avalon_mm_if_sda_export => CONNECTED_TO_i2c_avalon_nm_if_sda_export, —
interrupt_pio_ext_export CONNECTED_TO_interrupt_pio_ext_export,
led_pio_ext_export CONNECTED_TO_led_pio_ext_export,
reset_reset_n => CONNECTED_TO_reset_reset_n,
sw_pio_ext_export => CONNECTED_TO_sw_pio_ext_export

)i

= 'X');

= 'X")

6.144-Gbps
Transceivers

ALMs and
Distributed Memory

PLLs —

6.144-Gbps
Transceivers PCS

Hard IP Blocks for
PCle Gen 2 and
PCle Gen 1

External Memory

Interface Controllers

Intel Cyclone 5

Image credit: Intel.com

= HPS /IO

ARM Cortex-A9
MPCore HPS

M10K Embedded
Memory Blocks

Variable-Precision
Digital Signal Processing
(DSP) Hard IP Blocks

Up to 469 /O pins
(HPS + FPGA)

Two Core/Transceiver
Power Regulators
Required (1.1V, 2.5V)



Example h

Single- or Dual-Core Processor
HPS IO

L1 Cache

I e

Hard Processor System (HPS)
’ USB OTG
- . NEON/FPU x2)

JTAG 64-KB Timers SPI
Debug/Trace(" RAM (x11) (x2)
NAND QSPI SD/SDIO/ DMA
Hard Memory Flash (12 Flash Ctd MMC
Controller*

Shared Multiport DDR HPSto FPGA to
3.125-Gbps and 5-Gbps SDRAM Controlleri2 FPGA HPS
Transceivers® T T T T l T
Hard PCle*

*Optional Configuration

Intel Cyclone 5 SoC

Ethemnet
(x2)

1C
(x2)

CAN
(x2)

UART
(x2)

FPGA
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ardcore

Processing System

Multiport DRAM Controller
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Flash Controller NOR, NAND,
SRAM, Quad SPI

AMBA® Interconnect AMBA® Interconnect

MPCore
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Processor 1/0 Mux

ARM® Cortex™ - A ARM® Cortex™ - A3

Snoop Control Unit

256KB On-Chip Memory
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2xSDIo
with DMA

2xUSB
with DMA

2x GigE

with DMA AMBA® Interconnect

AMBA® Interconnect

1222
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1-8 Lanes

Multi-Standard 1/0s (3.3V & High Speed 1.8V) Serial Transceivers

Xilinx Zynq7000
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Example Softcore CPUs

Alteras NIOS I Xilinx microBlaze ARM Cortex-M1

Jé pTCM | ITcMm |
5 ZE (m ‘ NVIC Qe — SV
: | i - Mandiedl
_§ o | Multiply
- 7]
| |
o |
| oo |
u External
ios I =1 Intert
weminet Your Design e
3 Here
RISC-Vv°
. . lab4_gsys_gx_1 : lab4_gsys_gx
A soft core processor is a microprocessor fully port map ¢
) ) ) ) 1k_clk = clk,
described in software, usually in an HDL, which reset_reset_n = areset.n,
. . pio_led_external_connection_export => ledr(7 downto @),
can be Synthe5|ZEd N programmable i2c_wrapper_sda_export => sda,
i2c_wrapper_scl_export => scl,
hardwa re, SUCh as FPGAS pio_interrupt_ext_export => (alert_rr & pio_int_rr)

);



Example softcore

Intel MAX 10 FPGA
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Soft core processor

* Pros:
— Include the processor core only when needed
— Include only needed features
— The number of cores is flexible.

— Can reuse the design in newer generations of FPGAs
in the future. (Mostly vendor limited)

e Cons:

— May be slower and simpler than hard processor
cores.

— Less area efficient compared to hard cores (Firm IP)





