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Trend Towards Embedded Processors B

« Embedded Processor well suited to implement control flow based
applications

 Programmable solution allows more flexibility for the design

* On-chip processor gains close interaction with the dedicated HW
logic

« Application specific HW modules can be integrated into processor &
SW environment

 Integrated development tools

120,000

allow fast design cycle time = Wit Ebeded
* Open source & soft IP avoid § eo000
obsolescence

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Number of FPGA/PLD Design Starts
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The Lattice Mico32 Embedded RISC Processor Core T

...... lee

s

* Innovative Open IP Soft Core License
— No Fees or Royalties
— Provides visibility, flexibility and portability

* Interconnect
— 32 bit Wishbone instruction
& data bus
— Shared bus arbiter

 Performance Enhanced Features
— Load/Store RISC Architecture [
— Harvard Architecture
« 32-bit Data Path
e 32-bit Instruction Path * Memory

— 32 General Purpose Registers _ SQr;iEPF“('aeJROW

— Handles Up to 32 External Interrupts - S%VSE/[S)BQI\Z/I
— Optional Instruction and/or Data Cache _ SDRAM
— SPI Flash

— OpenCores WISHBONE Compatible Busses
DMA controller » Peripherals Components
DMA Unit
GPIO, Timer, UART, SPI
12C Master (Opencores)
Tri-Speed Ethernet MAC
PCI Target Controller
Custom User Components

* Rich Peripheral Selection

« Easy to Use Development Tools
— Platform definition .
« Custom Extensions
— C/C++ software development — “Write your Own”
— Debug
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Mico32 Arcitecture

Wishbone Bus - Optional
Instruction 32-pits & 10 Instruction Cache
Control

Instruction Decoder

Optional
Data
Cache

+
v
Control

Wishbone Bus -

Data 32-bits & 10
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Mico32 Configuration Options

&= Modify LatticeMico32

Instance Name | LM32 |

Debug Setting
Debug .
; Enable Debug Interface
Settings Interface ———
[|Use EBRs for Register File # of H/W Watchpoint Registers | o |
Enable Divide [|Enable Debugging Code in Flash or ROM
Enable Sign Extend # of H/\W Breakpoint Reqisters | L |
Location of Exception Handlers | 0x00000000 | [ 1Enable PC Trace
Trace Depth | 1024
Multiplier Settings
|nte rated Shifter Settings Integrated
Enable Multiplier g Bar rel
M u Itl | | er (%) Enable Pipelined Barrel Shifter

(¥) Enable Pipelined Multipl P Shifter

) Enable Multicydle Barrel Shifter {

i) Enable Multicylce {LUT Based, 32 cydes) Mulpher

Instruction Cache Data Cache

Instruction Cache Enabl Number of Sets | 512 | Data Cache Enabled  Number of Sets |112 |

| Set Assaciativity |1 v |
Bytes/Cachs v Bytes/Cache Line | 16 v
Memary Type (%) Auto \w Memary Type (%) Auto ") Distributed F.AM
{DualPortEBR. () ) Dual-Port EBR.
|- and D-
Caches o< J[ concel J[ teb |
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Mico32 Memory System

Wishbone Bus
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Combine Processor Core with Custom Components ‘

« Mico32 architecture can be enhanced by custom
components

— Custom component map to wishbone bus interface
— Easy to integrate via GUI wizard
— Write to/read from external components
— Components can be used as co-processing units to boost
performance
« Component mapped into memory or 10 space of Mico32
« Synchronization via interrupt or polling
* Write to registers may perform side effects
 Examples:
— CRC calculation
— Data extraction from data stream
— Enhance functionality by DSP functions, memories, logic.
— Direct interconnection with FPGA fabric logic
— SW access handled via templates
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Integration of Custom Components

=+ Wishbone bus signals

« Map to custom component internal names

 Clock/Reset

i WRAPPER

* TOP FILE

S1d0d TvYNd31X3

sng auoqysIpn

« Custom component user logic

« Custom component user signals exported to external interface
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GUI for Custom Component Creation

& Import/Create Custom Component -

| External Ports | RTL Files | Parameters :'So&\;uare- :.S-;i':t";laréFiles_!

Component I-I\"Ias;:er}él-ave;or.g
& Import/Create Custom Component -
() Create New Component]

() Open Component XML

datdipiers & Import/Create Custom Component -

Select Component XML:

Part T Componentl — - P o T |5 A, L5+ g e S S
& CIO&P:E:E ClK ? | Component | Master/Slave Ports || External Ports | RTLFiles | parameters | Software | Software Files |
Component Properties ResetPort  RST 1 top-evel module name: | FIFO_DC_WRAPPER |

Interrupt  INTR_O
; ] Delete =
Display Name: | MY_FIFQ_| |Jser RTL Files Source
ine: " RTL File: | | [Browse... ]
yoe: |:E”‘°rY Port Attributes

HTML Help: |: Type |SIavePor Impaort RTL Files

input[31:0] fifo_ADR_I

C:\Mico32_Training\LAB_ 3]

input fifo_STB_I
Port Attributes [ add ] l Delote
input fifo_LOCK_T Port Type: Exte
. Component RTL Files
input[1:0] fifo_BTE I width: |31 Directory: B e
Spiie ASCh el Current RTL Files
FIFQ_DC_COMPOMENMT.v
SRR krey Adg FIFQO_DC_WRAPPER. v

[ Update || add

Please see all details in the Example section!

[ DRC ][ Save ][ Cancel H Reset J[ Help ]
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Mico32 System Builder

& MSB -
File Edit Mavigate

L g

Ei =0 |%|c

Mico32Build - Eclipse Platform

F‘ro]ect Platfarm Toals

Window Help

File Edit Mavigate Project Platform Tools

& MSB - EthernetDemoMSE - Eclipse Platform

Window Help

Von der HW zur SWin FPGAs mit Embedded Prozessoren

14 aAvallabIE Compll © =< - =] B LT E Gl £ — v, 1.: m
o | mee | EEcic+
i%[ SPIFlad .z FRETENS Components X = O || B ethernetDemo. tet [£] main.c E *EthernetDemoMSE 23 =N
= DOR2 5 I - - -
i f}\t DDR SO O 3 @ @ }9 MName Wishbone Connection Base End Size{Bytes) Lock IRQ Diisable #
il On-chipl = @: Memary (0/&) & = ts_mac_core 0
~f% sDram W T - uart‘rSMAc Part 0x80004000 OXEO00FFF si2 O t =
I—I 10 {0,/10) | =
E & R Async SRAM (3.0) UART Port 030006000 OxE000507F 128 O 2
“# GPIO (3 ~f% Parallel Flash (3.0) = LD 0
& orenc ~§¢ 5PIFlash ROM (3.1) GP I/ Port 0x80008000 OxE00080TF O
& master 7 DDR2 SDRAM Cantroller (v6.5) & fash N
- slave - Fg DOR SORAM Controller (v6.5) Data Port 0%04000000 OxOSFFFFFF 33554432 [
RG] & oncrpvenory (30 | e
& Timer ( % SDRAM Contraller (3.2) Read Master Part
~ftg Trisped | = E 10 {0/10) Write Master Port
~f% UART ( & P10 (3.1) Contral Part DxB000A000 OXBOOCAOTE 2z O 3
f oma 3] =--ﬁ OPENCORES 12C Master (3.1) = Rami O
) PTa bof master passthru (3.1) EER Port 0x06000000 OXOE000TF we O
5 @: CPU{0/1) “f% dave_passthru (3.0) = Ram2 ]
4 Latticen i — EBR Part 0x08000000 08000 7FF wes O
& F Timer (3.0 = Fifﬂ;ﬁj u
|||m32 = % Tri-Speed Ethernet MAC (v2.7) i _port Ox0A000000 OxOABNRIF 32 7] 5 D
| 2 = Fi
S :‘@ : 8 LA L) v fifo_port 0x0C000000 OxOCO000IF 32 O 5
ECons e Latticel g | v
Address | D:\Applic3 tab_dma_ctrl 3.0 i | . _l__
éConso{e;@ DMA Controller 23 « i XM T2 0O |% Component Attributes 5% = E
LatticeM Address | D:\Applications\IspLever 72Ymicosystem\componentswb_dma_ctriidocumentidma. htm | Attributs Value Software Constants
ﬁ Mame DMA
Tha;Lattiea @ i ;II:;:;':ZE Mame g;nua
Semicondu LatticeMico32 DMA Controller Base Address 0x80000000 DMA_BASE ADDRESS
— FIFO Implementation EBR DMA_FIFO_IMPLEMET||
evision H The LatticeMico32 direct memary access controller (OMA) provides 2 master read port, 2 master write port, LS Size 178 DMA_SIZE
v z and a slave port to control data transmission. Disable Component  false DMA_DISABLE
4 dalidid, Lock Address false DMA_ADDRESS_LOCK||
| Length Width 15 DMA_| ENGTH_WIDTH|
Parameter Description
Instance Name Specifies the name of the DMA controller instance. Alphanumeric values and v |||z | 5
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Build HW - Write SW - Evaluation Board - Debug

Platform Development Software Development

C/C++ Software Project
Generator Environment (SPE) and
Debugger

Instruction
Set
Simulator

HW Platform

Mico System Builder
(MSB)

FPGA Design Rest of User
Implementation Design in HDL

LATTICE

O
o%ggonmmnun

DESIGN SOFTWARE

Memory

Program FPGA

Configuration

Target Board
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SW Development & Debug Environment

& C/C++ - LEDTest.c - Eclipse Platform

File Edit Mavigate Project Tools Search Run Window Help
M HE B Is E 8§ B0 ™G
T B MsB | BRcic++ | %% Debug
,E_'CjtJrJr ijects 5 & Debug - LEDTest.c - Eclipse Platform r;“EHzJ
= "E-l ] Fle Edit Mavigate Project Tools Search Run Window Help
| B & Lt M @ i O i G- i e - gl o
€ Binaries T mwmse Ggoic++ | % Debug |
:2 lg g:::\;es ifﬁ‘Debug BEN = 5 b _ 2 == i | gBreakpomtsEVariables m@a Maodules | 5 ¥ 7 0O
. E-[Z= Debug =] LEDtest (1) [mico32 instruction set simulatar] MName Value ok
& #;; LEDtest.elf - [nonebe] = wé@ com.lattice.mdk. debug.mico3 2debugger {23.02.09 16:04) (Suspended) 0 54 0
- [et) LEDTest.o - [nonebe] = Eﬁ? T_hread [0] {Suspended: Breakpeint hit.} Wi r2s il
- |Z] LEDTest.d g = 1main( \cyadrive\d\Data\EmbeddedPresentoMico32'\Build\LEDtest\ EDTest.ci42 : L 33602256
L@ drivers.mk : p:j Debugger Process (23.02.09 16:04) e 34502995
| force_dean_archive_ohjs wops] Di\Data\EmbeddedPresento Mico32\Build L EDtest\Debug L EDtest. elf {23.02.05 18:04) e ep 346072972
L@ makefile e e 33555088
. +L@ subdir.mk i ea i
(= Mico328uild 19 ba 0 M
%18 teDTestc 2
LEDTest.ixt & i 5 la s I @
\Z| user.pref = — = = -
!Mico3zsuild | g tEDTest.c | [ LEDTest.c &2 ~ O || outline | o} Disassembly &3 = 0
/% meroll the LEDs, every 100 msecs forever #®/f _J_H_- 0x02000280 «<maintl48>: not rl,xl J_H
while (1) { 0x02000284 <main+lS2>: =W (r2+0),x
| #*{ {volatile unsigned int *) (leds->base)) = ~iValue; MicoSleepMilliSecs (100) ;
&a MicoSleepMilliSecs (100} ; BOx02000288 <main+156>: mvi rl,100
I if{iShiftLeftr — 1) { O0x0200028c <main+led>: calli Ox200283
iValue = iValue << 1; if{iShiftleft = 1){
if (iValue == 0x100){ Ox02000290 <main+l&4>: 1w ri, (fp+- =
iValue = 0x40; 0x020002%4 «main+l68»: cmpnei ri, ri, 1
iShiftLeft = 0: — 0x02000298 <main+l72>: bne rl,r0,0x
¥ iValue = iValue << 1;
lelse{ 0x020002%c «<main+lT76>: 1w i, (fp+40
iValpe = iValpe >> 1: ¥4 0x020002a0 <main+l180>: s1i r1.x1 1 5
| | > | 8 ! 2
| El console 2 _'I'asksEMemory! o = E-
LEDtest (1) fmea32 structon set shugeD
Iwrlte to Ox80000080 length 4 L)
—'|
ol
i
s .
i
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 LatticeMico32 System

* Development Board
— LatticeECP2 available
— DDR SODIMM socket
— 2x128 Mbit Flash + 2x4 Mbit SRAM
— USB 2.0 connector for programming
— Flywire connector for programming
— 9-pin RS232 serial port
— 15-pin VGA connector for 64 colors
— Ethernet 10/100 M full/half duplex
— Multiple USB connectors
— Sigma Delta D/A converter
— Audio interface (line-in and line-out)
— LCD connector for character displays
— 25 MHz oscillator
— Two-character 7-segment display

OO0 0000E K, Ao oy

R e o Bl o5 [
iii1L
TETE L

« Power Supply & USB Cable

 Also other evaluation boards available
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Reveal - Debug Flow/Tool

« Uses Signal-Centric Method
— Eliminates user need to

Edt View Project Desgn Process Debug Tools Window Help
re-gdsirayen)e
'EGBESESCEER A=

B e

v & d ] = QiE B &
B B F

E]

2 8 % [ StertPage [ Reparts [ HDLDiagram (1) | % RevealTnserter= [ |
[B tag_desion | = [Dataset i & x
‘ ‘ - , , W (rxp2-17E-6FT256C B =l ~Trigger Unit
esign™ ana connect aebu TR JIeF+
[ Area - B{ top_LAD name Signals (MSB:LSB) Operator Radix Value adl
1 [ 1/0 Assistant T
2 U2 read_status_fom 2z ~ [RVL_ENUM...  + init v
C O r ( ‘ 3 TU3 write_en_fsm == W IRVL_ENUM... ™ |add_pulses ¥
= 3 InputFies 4 Tu4 delay_read_dock[5:0] == |ln | 0000000 =l
1B top.sh [werig [
B tag_Memary.ipx fre ——
D 4 g Deson T Y Add Remoy 2 Default Trigger Radix  |Bin |
[ B 5
B3 Constr Trigger Expression ::
[ tag_design.ipf rising edge
= |0 Debug Flles RAM faling edge Max Seq Max Event |
R testrul e s EpEson Type ‘Depth Depth Counter
s
e 1 TEL TUL 1E8R w1 1 vit v
— =29 Analysis Fies r
-
). Uinited.pef iy ¥ 2 TEZ Uz EE] w1 2 i1 v =
. < | | 1
and manage design S - A
[*fom | [ search
: - :
Trigger Output & x
Shit ~|| Event Counter
— Analyzer used to connect / Sl soowu
Trigger Out
In LAB_net

program /run / analyze device o

« Powerful Complex Trigger
Functions
— =, 1=, >, >=, <, =<, rising edge,
falling edge
— AND, OR, XOR, NOT, THEN, =
Next

Trace Sianal Setup | Trigger Signal Setup |

Von der HW zur SWin FPGAs mit Embedded Prozes
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A bit on Software

« SW development environment creates all the necessary drivers for

accessing the selected components/peripherals.
— Initialization routines

— Access routines

— Data/address/register structure

— Call init from global init routine

— Interrupt routine

Install Directory Platform Directory C Project Directory

=install_dir=\components\=comp_nama= \=plalforn_name= A=project_name=

« Build process creates:
— DDStrUCtS_C/ h ComponentA.xml Platform.msb C Files

— DDInit.c : . )
PRaLEL foroesroie) Bt DDStructs.h - Defines the
— system_conf.h e e ———. typecef (5 for the i stuct for
— ) e ¥ - each unique component
N . \
y \‘n 2‘ ro o o= W, , 91 -\\
I " - Gomections | DDStructs.¢ - Defi tati
« Custom components will be ComponentBml || ommmere || S Delness s
- Parms (values from DDstructs.h) for each
supported by templates of the o
— Pax u Bt b 4
ab Ove . = i“’:..t:i:uitwl = : ;:;I::::tu:n:r:::“ﬁ V Ire "
DDInit.c - Init function calls
& inserted for each component
instance which has one defined

0

system_conf.h - Declares
component attributes for the
components in the platform
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HW/SW EXAMPLE

Using an FPGA HW module as Custom Extension

'FPGA
Interrupt Lines

I"LatticeMico32

Processor

*7_ Core _‘

HW Extension

Module

To FPGA Fabric

Custom extension - can be any HW functionality, such as CRC

calculation, framing/de-framing, extraction of control
information, signal processing, data/memory transactions, ...
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HW/SW EXAMPLE ? i,

EXAMPLE: CRC Calculation

'FPGA
Interrupt Lines

I"LatticeMico32

Mode Processor

Core

¥ | _ail

Custom extension - can be any HW functionality, such as CRC
calculation, framing/de-framing, extraction of control
information, signal processing, data/memory transactions, ...
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CRC Generation with Custom Component

CRC Generation with Custom Component

Functionality
— Set initialization Value
— Write new data onto CRC
— Read current CRC
— Mode bits, Status bits, Interrupt

Registers
— 0x00: CRC Init Value
— 0x04: CRC Polynom
— 0x08: Write new data word
— 0x0C: Read CRC value
— 0x10: Interrupt Register
— 0x14: Set mode bits
— 0x18: Read status bits

Wishbone Bus

Clock/Reset

Interrupt

Interface
— Clock, Reset
— Interrupt
— Wichbone signals
— Mode/Status (external signals)

Von der HW zur SWin FPGAs mit Embedded Prozessoren Page: 22 Lattice Semiconductor Confidential



HW/SW EXAMPLE N o]

How to Define and Implement a Custom Component
— Definition of the Custom Component (VHDL/Verilog)

— Assign Wishbone signals of the custom component to the Wishbone signals
used by Mico32 for internal communications.

— Definition of external Inputs/Outputs
— Assign design files for HW implementation of the Custom Component.

— Definition of the parameters, such as address range, base address, data
width, interrupts, ...
- This parameters will then be used during configuration of the custom
component

— SW Template for Definition of the used data types

— SW Files Template for access routines, init routines, any other SW aspects
to be assigned to the custom components
- This can be used functionally in the created SW framework
- Init routines will be included automatically into the SW
initialization mechanism

Von der HW zur SWin FPGAs mit Embedded Page: 23 Lattice Semiconductor Confidential



Define Custom Component

library ieee;
use ieee.std logic_1164_all;
use ieee.std_logic_arith.all;

entity CrcComponent is

pork(
-- Global reset and clock
Clk : in std_logic;
Reset : in std logic;
-- wishbone interface
WB_ADR_I z in std logic_vector({7 dowmte 8);
WB_DAT_I : in std logic_vector{15 downte @);
WE_DAT_0O = out std logic vector{1> downto 08);
WB_STB_I = in std logic;
WB_CYC_1I z in std_logic;
WB WE I z in std logic;
WB_SEL_I z in std logic vector(3 dowmte 8);
WB_CTI I = in std logic vector(? downte 8);
WB_BTE_I z in std logic_vector{1 dowmte 8);
WB_ACK_O = out std legic;
-— Interrupt
Int : out std_legic;
-- External Interfaces
Hode z in std logic vector({7 dowmte @8);
Status : out std logic vector{?7 downte 8));

end uart_core;
architecture RTL of CrcComponent is

-- Registers

signal InitValue: std_logic vector{15 dowmto B8);
signal CrcPolynom: std logic vector{15 downto 0)
signal CalcData: std logic vector{15 downto 8);
signal CalcCrc: std logic _vector{15 downte 8);

begill

Von der HW zur SWin FPGAs mit Embedded Prozessore

(VHDL/Verilog)

-- Registers Read/Write
process(Clk ,Reset)
begin
if (Reset '1") then
wb_data_o <= {(others => "0');
elsif rising _edge{Clk) then
if ({wb_cyc_ i '1') AND {wb_stb_i = "1') AHD {wb we_i ="8")) then
case wb_adr_i(2 downto 8) is
when A_INIT => wb_data o <= InitUalue;
when A_POLY => wb_data_o <= CrcPolynom;
when A_DATA => wb_data_o <= CalcDhata;
when A_CRC => wb_data_o <= CalcCrc;
when others =»> wb_data_o <= {others
end case;
end if;
end if;
end process;

= '0°);

process(Clk,Reset)
begin
if {(Reset '1') then
InitValue <= {others =»> '8')
CrcPolynon <= {(others => "@°
CalcData <= {(others => "0");
CalcCrc <= (others => "8°);
elsif rising_edge{Clk) then
if ((wb_cyc_i ‘1) AHD (wb_stb_i = '1') AHD (wb_we_i ="1"}) then
case wb_adr_i(2? downto 8) is

)3

when A_IHIT =» InitUalue <= wb_data i;
when A_POLY => CrcPolynom <= wb_data_i;
when A_DATA => CalcData <= wb_data_i;

when A_CRC => CalcCrc <= CRC{CrcWalue, CrcPolynom, CalcData);
end case;
end if;
end if;
end process;

-- ACK signal generate
process(clk,reset)
begin
if (reset = "1'3} them
wb_ack_o <= "8';
elsif rising edge{clk) then
if {wb_ack_o '1') then
wb_ack_o <= "8';
elsif ((wb_cyc_ i '1') AHD
wb_ack_o <= "1';
end if;
end if;
end process;

{wh_stb_i = *1'}) then

-- Other WB Signals

end RTL;

)r Confidential



Define Component

& Import/Create Custom Component - CrcComponent

Lomponent |Master,|"5|a\.re Ports | External Ports || RTL Files | Parameters | Software | Software Files |

@ Create Mew Component

{7 Open Component XML
Mew Component Mame; | CrecComponent |
Mew Component Directory: | D \DataMico 32\ CustomComponentsiCrcComponent | [Elruwse... ]

Component Properties

Display Mame: | CRC |'u'ersju ) e |

HTML Help: | | [Bruwse...]

D:\Data\Mico32\CustomComponents \CroComponent\CreComponent]

’ DRC J[ Save ][ Cancel H Resst ”_ Help J
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Assign Wishbone Interface

£ Impc-rt."Create Custom Cﬂmpﬂnent - CrcC nmpunent xml

—lilastenSlays Boris
Type I:us'.|:l|.a|1j-I Mame = Prefix  ADR DAT SEL CYC LEgK | SETL| ‘BIE El

---E

8 |
Port Attributes

Type |SIavePurt V‘| Display Mame | wishbone | Frefix | wh |
input{31:0] wh_ADR I | wh_adr_j |input[31:0] wh_DAT I | wh_dat _i |

input wb_WE T mm;lut[ﬂ:ﬂ] wh_SEL T | wh_sel j |
input wh_STB_I I | wh_stb_j |I'rr|put wh_CYC_I | wh_cyc_i ||

input wh_LOCK_I | | input[2:0] wh_CTI_I | |
input[1:0] wh_BTE I | | output[31:0] wb_DAT_O | wb_dat_o |
output wh_ACK_O mnumﬂ wh_ERR_O lwbero |
output wh RTY_O ! _wl:u_rty_n |.|

oo ) (]

’ DRC ][ Save ][ Cancel H Reset J[ t_thelp .]
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External Ports

o In1pc-rHCreate Custom Component - Ircflﬂmponent

Parameters
Port Type Cnmpcnent Port | \Width Direction Active ConnectTo
ClockPort --_
RezetPort RST I imput Reset
Interrupt INTR_O 1 output High Int
ExternalPort Mode g input Mode
ExternalPort Status 3 output Status
Port Attributes
Port Type: laciPort Component Port: | CLE_I
Width: | 1 |Direc1:ion:
Active: Connect To: | Clk

[ CRC J[ Save ][ Cancel ][ Reset J[ Help ,]
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RTL Files

& Import/Create Custom Component - CrcCalc

top-evel module name: | CreCamp |

Lizer RTL Files Source

RTL File: | | [Eruwse... ]

Import BT1 _Fil=e
D: \Data\Mico32\CustomCompanents \CreCompenent\Source \CreComp. v

| add || Dekte

Component RETL Files
Directory: |

Current RTL Files

Delets

|. DRC J [ Save ] [ Cancel ] [ Reset ] [ Help J
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Parameters

& Import/Create Custom Component - CrcComponent.xml

| Component |I.-I';Iaster,|"SIavE Ports | External Ports |_F'.TL Files | Parameters I-één;ﬁ;mare |I§|::_Ftw;eﬁ|;!

Parameters

Hame Text Type Default Value | Widget Setting Flag = Compiler Option | Standard 10

InstanceMame  Instance Mame String  CrcCalculator  Text
BASE_ADDRESS Base Address  Integer Ox80000000  Text

SIZE Address Width Integer 32 Text

Polynom [ CrcPolynom  [Integer fO  JText [ | | [ |
ResetValue ResetValue Integer 0 Text

Interrupt Interrupt Define  undef Check

Parameter Atiributes

Parameter Name: | Polynom | Display Text: | CrcPolynom |
Value Type: | Integer v | Default Value: |0 |
GUIWidget:  |Text s idaet Settings: |
Flags: | sl Compiler Option: | |
Standard 10

| update || add |

’ DRC ][ Save J[ Cancel H Reset ][ Help .]
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Define SW Data Type

& Import/Create Custom Component - CrcComponent

| Component | Master/Slave Ports | External Ports | RTL Files | Parametersl Software | software Files |

ODStruct Settings

Initialization Function Mame: | | MicoCRCInit |
Component Information Structure NamF: | MicoCRC_t |

typedef Struct st MicoCRC_t{
Data Type | Member Name | Value Iz Array
void * Initvalue ResetValue  true
void * CrcPolynom Polynom true
void * CalcData uninitialized
void * CrcData uninitialized
FMicoCRC &
DOstruct attributes
Data Type | void * V! Is Array ]

Member MName | | | Value |ur|'rnitialized »

e [

[ DRC J[ Save ][ Cancel ][ Reset J[ Help ,]

Von der HW zur SWin FPGAs mit Embedded Prozessoren - Octc Page: 30 Lattice Semiconductor Confidential



Assign SW Files

& Import/Create Custom Component - CrcCalc

User Software Files Source

Software File: | | [Browse...

I cof Ei ™ = .
Dt \DataMico 32YCustomCompanentsiCreComponentidriversidevice \MicoCRC.c
D:\Data'Mico32\CustomCompanents\CrcCompanentdriversdevice \WicoCRC. b
D \Data ' Mico32\CustomComponents\CroCompaonentdrivers \service MicoCRCService..c
0 \Data \Mico 32\ CustomComponents\CroComponentdrivers \service \MicoCRCService, h

| add || opelete |

Current Software Files

Directary: |

Current Software Files | File Types

File Type

| | |.ﬁ.|:l|:||i|:aﬁun vl [ Update ]

’ DRC ] [ Save ] [ Cancel ] [ Reset ] [ Help J
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Include Custom Component into Your Design

& MSB - Mico32Top - Eclipse Platform
Eile Edit Navigate Project Platform Tools Window Help

™Sl S N 3 R
T | 0 mes |B&cic++ %5 Debug

f\@).ﬂwaﬂable Comporents e : T, | |
i S R i @ Name Wishbone Connection Base End Size(Bytes) Lodk RO Dizable
Sl BT (L0) Al M2 0O
= Instruction Port 0

: 10 (3.1}

----- OPENCORES 12 Master (3.1 LI 3

: aster (3.1) Debug Port 0%00000000 Ox00003FF 5384 [

ﬂ master_passthru (3.1) o wam 0O

& slave_passthru (3.0) ASRAM Port 002000000 OxO20FFFFF 1048576 [

SRy & flash O

o F Tmer (3.0) Data Port 004000000 O SFFFFFF 33554432 [

fh Tri-Speed Ethernet MAC {v3.1) = LED O

- f% UART (3.49) GP I/ Part 0x80000080 Ox800000FF 128 O

%% DMA(3.1) B uart O
{9 P Target 33 (v6.1) WART R ~ LA0000000 Q20000 2 S i
=-{nd Memory (0/8) B EXT O
o Async SRAM (3.0) GP /0 Port 0x80000000 Ox8000007 128 O

~$% Pparallel Flash (3.0)

~$ sPIFlash (3.1)

- $4g DOR2 SDRAM Controller (v6.7)

~-{§) DDR SDRAM Controller (v6.7)

ﬁ On-Chip Dual-Port Memory (3.00

ﬁ On-Chip Memory {3 E

2 e & Add CRC |

3.1 =

QF"U

(Console | § P10 Core % | | Instance Name | CreCalculator 4 B X O 7 O/ Component Atibutes 2 - g

Address | D:\Applicati L | atribute value | Software Constants
direse [D:eplcatonsV el | pace Address | 0xB0000000 | if

ST, Al

LatticeMico32 GH | Address Width | 32 |

The LatticeMico32 gen CrcPolynom l:l hpped interface between a

WISHBONE slave port Eeither on-chip or off-chip

o Resetvalue |0 |

*If the data sheet faild]
PP TR [ Interrupt e

i
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Custom Component Header File

o ————— */
% MicoCRC.h =/
PR e e *®F

f********************************************************i
¥

#*% Hame: MicoCRC.h

¥

** Description:

x% DPeclares CRC register structure and

x% macros/functions for manipulating CRC
¥

36363636 36 36363636 36 363636 36363636 36 3 I I 36363 I3 IE-IE-IEIEIE-IE-IE I IEIEIE I I I3 I3 IEIEIEIEIEIIH S

;=

6363636 36 36 36 36 36 3636 3636 336 I I I3 IE- I3 36363630 I I I I I I I I I

CRC REGISTER MAPPIHNG

6363636 36 36 36 36 36 3636 3636 336 I I I3 IE- I3 36363630 I I I I I I I I I

=/

typedef struct st HicoCRC_t¢{
volatile unsigned int InitUalue f= RAUN:
volatile unsigned int CrcPolynom f=® RAU:
volatile unsigned int CalcData f=® RAU:
volatile unsigned int CalcCrc f= RAUN:
volatile unsigned int Hode f=® RAU:
volatile unsigned int Status f=® RAU:

¥HicoCRC_t;

Von der HW zur SW in FPGAs mit Embedded Proz

;=
363636 36 36 3636 36 363636 36 36 36 36 36 363636 363636 363636 36 36 3636 36 3636 36 36 36 3636 3 3636 3 6363
MAGROS FOR ACCESSING CRC REGISTERS

363636 36 36 36 36 36 36 3636 36 36 3 I I 36363 IE-I-I-II6IE-IEIEIE I 363636 IEIE I I I

*®/

/* reads data register =/
f#idefine MICO_CRC_READ DATA(X,Y) kY
{(Y)=(({volatile HMicoCRC_t =){(X)->base))->data

/* writes data-register =/
fidefine MICO _CRC_WRITE DATA{X,Y) %
{(volatile MicoCRC_t =){{X)->base))->data=(Y¥)

/= reads irqg-mask register =/
fidefine MICO CRC _CALC CRC{X,Y) X
{¥) = ({volatile HMicoCRC_t =)((X)->base))->irqHask

/= writes irg-mask register =/
f#idefine MICO_CRC_RESET(X,¥) \
{(volatile MicoCRC_t =){{X)->base))->irgHask

{Y)

‘f*************************************************************-
* functions

FE 36 36 36 36 IE 36 I I 36 IE 36 I I 36 IE I I I I IE I I I I IE I IE I IEIE I I I IEIE I I I I IE I IEIE I IE I I I I I I I IE I I I I I

/# initializes HMico32 CRC peripheral =/
void MicoCRCInit{ MicoCRCCtx t =ctx );
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SW generated Files: DDStruct, DDInit

Fe———— *®/f

Fx DDStructs_h =/ fe——— """ ®f

fmmm xf /% DDInit.c =/

Fo——— *®/

/*Device-driver structure for extension=/

fidefine MicoCRCCtx t DEFINED (1) void LatticeDDInit{void)

typedef struct st HMicoCRCCEx t ¢ {
const char= InstancecHame; /* initialize LM32 instance of 1m32 top */
unsigned int BaseAddress; LatticeMico32Init{&1m32 top LH32)};
unsigned int intrLevel;
unsigned int CrcValue; /* initialize flash instance of asram_top =/
unsigned int CrcPolynom; LatticeMico32InitCFIFlashDriver{&asram top_ flash)};
unsigned int data width;
unsigned int input width; /* initialize CRC instance of extension */
unsigned int output width; MicoCRCInit{&extension_ CRC};
unsigned int intr_enable;

¥ HicoCRCCtx t; /*= initialize uart instance of uart_core =/

MicoUartInit(&uart core uart);

F* extension instance CRC=/

extern struct st_MicoCRCCtx_t extension_CRC; /% invoke application’'s main routinex=/
main{};

f#* declare CRC instance of extension =/ 3

extern void MicoCRCInit(struct st HicoCRCCtx t=);
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¥

se
se
s
.
.

System Defines

/

Pl e sesossasa=a *®f

F* system conf.h =/

e *®f

F*
¥ EXT component configquration
*®f

fidefine EXT_HAME "EXT"

fidefine EXT_BASE ADDRESS (0x80000086)
fidefine EXT_ADDRESS WIDTH (8)

fidefine EXT_DATA_WIDTH ({16)

fidefine EXT_INPUT WIDTH {16)

fidefine EXT_OUTPUT _WIDTH (16}

fidefine EXT_IRQ HMODE (@)

fidefine EXT _LEVEL (@)

fidefine EXT_EDGE (@)
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SW Build Process

Build process creates:

— DDStructs.c/DDStructs.h:

Contains data types & device driver
— DDlnit.c:

Initialization routines for Mico32 & peripheral modules
— system_conf.h:

Configuration data such as address range, base address, ...

Application SW (main) can now access to this custom component via
these access routines & defines

Init routines will be included automatically into the SW initialization
mechanism
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SW Usage Model

int main{void)

{

unsigned int ilalue = 8x1;

MicoCRCCtx_t =CrcData = (MicoCRCCtx_t =)HicoGetDevice("Crci™);

*{(volatile unsigned int =*=)({(CrcData->BasefAddress)) = ™~ilalue;
ilalue = c¢_InitUalue;

MICO CRC_RESET(CruvData, 0x0008);
MICO CRC_WRITE_POLYNOM{c_ CrcPolynom);
while(1){

MICO CRC _CALC CRC({(CrcData->CalcData,HewData) \
MICO CRC_READ DATA{CrcData->CalcCrc,CalculatedCrc) b

printf{"CRC: %s%n", CalculatedCrc};

¥

return{ 8) ;
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AGENDA

Overview
Mico32 Embedded Processor
Development Tool Chain

HW/SW Example

Conclusion
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CONCLUSION

Implementation of embedded RISC processor combined with custom
component allows simple & powerful interaction between SW
programmable solution and HW implementations

Processor architecture created by MSB — Mico32 System Builder —
graphical user interface by point & click

Fully supported by GUI for definition of Custom Component (incl.
Assignment of SW drivers)

All relevant SW drivers automatically generated for standard peripherals
and custom components

Ease of use leads to fast path to application programming

Free of Charge Download:
http://www.latticesemi.com/products/intellectualproperty/ipcores/mico32/
mico32developmenttools.cfm
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http://www.latticesemi.com/products/intellectualproperty/ipcores/mico32/

Thank you ...



