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Type Conventions Used in This Document

Convention Meaning or Use

Bold Items in the user interface that you select or click. Text that you type
into the user interface.

<ltalic> Variables in commands, code syntax, and path names.

Ctrl+L Press the two keys at the same time.

Courier Code examples. Messages, reports, and prompts from the software.

Omitted material in a line of code.

Omitted lines in code and report examples.

[1 Optional items in syntax descriptions. In bus specifications, the
brackets are required.

) Grouped items in syntax descriptions.
{3} Repeatable items in syntax descriptions.
| A choice between items in syntax descriptions.
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LatticeMico32 System
Platform for uClinux and
U-Boot

This document describes the LatticeMico32 platform used for the uClinux and
U-Boot port and development.

Platform Prerequisites for U-BOOT and uClinux

The minimum platform prerequisites for working with the Lattice U-Boot and
uClinux port distribution are the following:

¢ LatticeMico32 processor with the following:
Divide enabled

Multiplier enabled

Sign-extend enabled

Shifter enabled

Debug interface enabled

L 2R R R R R 4

Location of exception handlers at 0x04000000
¢ 64-MB read/write memory, starting at address 0x08000000
¢ Atleast one LatticeMico32 UART instance

¢ Atleast one LatticeMico32 Tri-Speed Ethernet MAC instance

Note

Use of the DDR controller and Tri-Speed Ethernet MAC IP in new platforms
requires recompilation in IPexpress and an IP core license. Free evaluation of the
IP on an FPGA is provided with about a four-hour timeout before you purchase a
license. Other IPs are free of charge.

¢ At least one LatticeMico32 timer instance
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¢ One DDR controller for the main 64-MB memory

The platform provided with U-Boot and the uClinux port distribution uses each
of the IPs just listed.

This platform has been tested on the following two DDR SDRAM memory
modules:

¢ Infineon DDR SDRAM memory SODIMM 512M DDR333-2700
P/N HYS64D64020GBDL-6-B

¢ Corsair memory SODIMM 512MB DDR266-2100
P/N: VS512SDS266

Platform Design

Figure 1 shows the platform design used for U-Boot and uClinux
development.

Figure 1: LatticeMico32 uClinux Platform in MSB

W LinuxPlatform_ECP2 X =0
Mame Connection Base End Size{Bytes) Lock IRQ Disable
Instruction Port  e———0
Data port 1
Debug Port + 0x0C000000 OxOCO03FFF 15384 [

= flash O
Data Port + 0x04000000 OxOSFFAFAFF 33554432 [v]

= uart O
UART Port b 0x30000000 Ox8000007F 128 [ a

= timerQ O
5 Port b 0x30002000 Ox8000207F 128 [ 1

= LeD O
GP IO Port b 0x30004000 OxB000407F 128 [

= LED_75egs O
GP IO Port b 0x30006000 OxB000607F 128 [

= ts_mac_core O
TSMAC Port b 0x30003000 OxBO009FFF 5192 [ 2

= timer 1_devonly O
5 Port b 0x30010000 k800 1007F 128 [ 20

= timer2_devonly O
5 Port b 0x30012000 Ox8001207F 128 [ 21

= ddr_sdram O
DOR. Port b 0x03000000 OxOBFFFFAFF 67108364 [

The following sections detail the component configurations used in the
platform.
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LatticeMico32 Processor

Figure 2 shows the component configuration of a LatticeMico32 processor in
MSB.

Figure 2: Configuration of LatticeMico32 Processor (Instance Name:
LM32) in MSB

€ Modify LatticeMico32 X

Instance Name | LM32

Settings
Multiplier Settings
[ Use EBRs for Register File
[v¥ Enable Multiplier

[¥ Enable Divide
% Enable Pipelined Multiplier (DSP Block if available)

[¥ Enable Sign Extend

Location of Exception Handlers | 0x04000000

" Enable Multicylce (LUT Based, 32 cydes) Multiplier

Debug Setting
[v¥ Enable Debug Interface

Shifter Setti =
TR # of H/W Watchpoint Registers | 0 j

¥ Enable Shifter
™ Enable Debugging Code in Flash or ROM

{* Enable Pipelined Barrel Shifter
# of H/W Breakpoint Registers j

" Enable Multicycle Barrel Shifter {upto 32 cydes)
™ Enable PC Trace Trace Depth

| I

Instruction Cache Data Cache
¥ Instruction Cache Enabled [¥ Data Cache Enabled
Mumber of Sets | 512 hd Mumber of Sets | 512 hd
SetAssodatvity [1 v SetAssodatvity [1 |
Bytes/Cache Line |16 - Bytes/Cache Line |16 -

OK | Cancel | Help |
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Platform Design

Parallel Flash
Figure 3 shows the component configuration of a parallel flash in MSB.

Figure 3: Configuration of Parallel Flash (Instance Name: flash) in MSB

€ Modify Parallel Flash X

Settings

Instance Name | flash

Base Address | 0x04000000

Size | 33554432

[v¥ Share External Ports(for HPE_mini board)

Byte signal

¥ Enable Extra Flash Signals v Byte signal " Hold Low % Hold High

Write Protect signal

[V wirite Protect signal ¢ HoldLow % Hold High

Reset signal

Iv¥ Reset signal " Hold Low {* Hold High

Read Latency ls—j
Writelatency 8 -

FLASH Addresswidth [25
FLASHDataWidth [32 -
FLASHByteEnable Width [4 =]

OK | Cancel | Help |
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UART

Figure 4 shows the component configuration of a UART in MSB.

Figure 4: Configuration of UART (Instance Name: uart) in MSB

€ Modify UART X

Instance Name | uart

Base Address | 0x30000000

Uart Settings

Baud Rate |115200 -

Data Bits |5 -

Stop Bits |1 -
Software settings
¥ Use interrupt

¥ Block on transmit

W Block on receive
" |
Rx Buffer Size |4 5
) =
Tx Buffer Size |4 =i

OK | Cancel | Help |

Timer

Figure 5 shows the component configuration of a timer instance called timerQ
in MSB.

Figure 5: Configuratino of Timer (Instance Name: timer0) in MSB

& Modify Timer 3

Instance Name | timerQ

Base Address | 0x30002000

Options
Settings

Default Reload Ticks | 20

Counter Width [32 =]

W writeable Tick Count
¥ Readable Tick Count

[v¥ Start Stop Control

OK Cancel | Help |
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GPIO

Figure 6 shows the component configuration of a GPIO instance called LED
in MSB.

Figure 6: Configuration of GPIO (Instance Name: LED) in MSB

€ Modify GPIO 3

Instance Name | LED

Base Address | 0x30004000

Roees Port Width

{* Qutput Ports Onl
& Y Data Width |8
" Input Ports Only
Input Width
Output Width

" Tristate Ports

T A1 A7

" Both Input and Output

IRQ Mode Edge Response
[T IRQ Mode -
i i+
i+ i

OK Cancel | Help |

GPIO

Figure 7 shows the component configuration of a GPIO instance called
LED_7Segs in MSB.

Figure 7: Configuration of GPIO (Instance Name: LED_7Segs) in MSB

€ Modify GPIO 3

Instance Mame | LED_7Segs

Base Address | 0x30008000

Port Types Port Width

{* Qutput Ports Onl
& Y Data Width | 10
" Input Ports Only
Input Width
Output Width

(" Tristate Ports

T A1 A7

" Both Input and Output

IRQ Mode Edge Response
[ IRQ Mode -
i i+
i+ i

OK Cancel | Help |
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Tri-Speed Ethernet MAC v2.5

Figure 8 shows the component configuration of a Tri-Speed Ethernet MAC
v2.5 instance in MSB.

Figure 8: Configuration of Tri-Speed Ethernet MAC v2.5 (Instance Name:
ts_mac_core) in MSB

€ Modify Tri Speed MAC 3

Instance Name

Base Address | 0x30008000

size | 8192
TxRx_FIFO_Depth |512 |
[¥ Indude Statistics regs [V Use MDIO Interface
IPexpress Interface
ispLEVER. Project | C:/Demo/LinuxPlatform_ECP2lever LinuxPlatform_ECP2 Browse. ..
Generated NGO File |c:.."demoﬂ_inuxPIathrm_ECPchomponents Browse... | Launch IPexpress |

OK | Cancel | Help |

Figure 9 shows the configuration of the Tri-Speed Ethernet MAC in IPexpress.

Figure 9: Configuration of Tri-Speed Ethernet MAC v2.5 (Instance Name: ts_mac_core) in IPexpress

{ Lattice IP Core -- Triple Speed Ethernet MAC 2.5

Configuration | Generate Log ]
TriSpeed_MAC Settings \
b_fifadatal 7: 0] Core Generation Options
wresel_h te_fifnaval €—
— bk B Fifoeof eE— MIIM Madule: * Include " Net Include
ty_fifdernpty €—
—txmac_clk tx_sn;:lpaLT?jtim[‘I éjtﬁ _‘_4— [¥ Caonnect reset part ta GSR
+_sndpavssre
—{mac_ck N Hon [— - _
»ndc ; tx_stateg _b—b Synthesiz/Simulation Toals Selection
% _MAaces
- if_ghil b stafvac] 30 0] m—— ¥ Suppart Synplify
cpu_if_ghit_en 2 tx_[done]—b .
b= _digfrrm —= Iv Suppart Precision
r_fifo_full e— v i
T ignore_ﬁext__pbt-(— ¥ Suppart ModelSim
- T4_tprite —
—{hadd{7.0] kel = M Suppart ALDEC
B r4_stat_vector[31:
i hidatain[7:0] =TT At en— . X
— it = 1 Bt —= Ealuation Generation Motes
wIe_n 1_fifo_errar—=
—hread_n TR_eror—
«—{hready_n rud_pos|e— Implementation of the “reference’’ evaluation configuration
«—|hdataout_en_n mdrxé:lo\fs_gfenj 4_“_ iz targeted to a specific device and package type for each device
syl bt 7 0] 1xd_neg|7:0] family. See user's guide for details.
THEl_pos —
rxer_tneg —
: e
P -
wdl_pog[i:
mdo i o
~=—mdic_en Col fe—
CrsE—
Generate Close Help

LatticeMico32 System Platform for uCLinux and U-Boot 7



LatticeMico32 System Platform for uClinux and U-Boot Platform Design

DDR SDRAM Controller v6.4

Figure 10 shows the component configuration of a DDR SDRAM controller
instance called ddr_sdram in MSB.

Figure 10: Configuration of DDR SSDRAM Controller v6.4 (Instance
Name: ddr_sdram) in MSB

& Modify DDR SDRAM Controller le

Instance Name |

Base Address | 0x08000000

Size | 67108864

|
Command Burst Count | 1 |
DDR. Frequency(MHz) | 100
IPexpress Interface
ispLEVER. Project | C:/DemojLinuxPlatform_ECP2lever LinuxPlatform_ECP2 Browse. ..
Generated NGO File |c:.."demoﬂ_inuxPIathrm_ECPchomponents Browse... | Launch IPexpress |

Ok | Cancel | Help |

Figure 11 through Figure 16 show the configuration of a DDR SDRAM
controller in each tab of the Lattice IP Core dialog box in IPexpress.

Figure 11: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) in Mode Tab
of IPExpress

{ Lattice IP Core -- DDR SDRAM Controller vé.4

Configuration | Generate Log ]
o SOrAN Corle Mode\ Type \ Setting\ Timing\ Sy”‘“ﬁj;l%%?;i?“””\ Info \
Memory Type Selection

—®st_h ern_ddr_clk+{1: 0] p—i =
—>|ck_in em_ddr_clk[1: 0] IS
e [ 3: 0]
= write_data[31:0] [v Connect reset port ta GSR
e 3l 25:0]
i data_mask]3:0] em_ddi_cke[1:0]=
—cmd_valid em_ddr_cs_n[1:0] p—_
—=init_start em_ddr_we_nf—»
e buirst_count[4: 0] em_ddr_cas_n—»
—burst_term
w—iead_data(31:0] em_ddi_tas_nf—>=
w—|iead data valid ern_ddr_addr12: 0] e
w—lirit_dore em_dd_bal1:0]f—w
~&—cmd_rdy em_ddr_data(15: 0] e
~—data_rdy em_ddr_drm[1: 0] p—_-

erm_ddi_dge+[1: 0] =

ermn_ddr_dgs-[1:0] =

Generate Close Help
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Figure 12: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) in Type Tab of

IPexpress

{ Lattice IP Core -- DDR SDRAM

Configuration | Generate Log ]

Controller v6.4

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy

Prittidv iy

data_rdy

em_ddr_clk+[1:0]
em_ddr_clk-1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dgs+[1:0]
em_ddr_dgs-{1:0]

I

XX RN RRY

e o\ st | T | S S

Select Memary: |Eust0m j
Clock: | 100 MHz 10.00 ns
Device: LatticeECP2-D5P
Part: LFE 2-70E-6F3001

Memory Data Bus size: "Iﬁ—j

DO per DES: la—j

[rata_rdy to ‘Write Data Delay: "I—j
Clock width: 2w

CKEwidte [2 w]

DM Selection
" Reqistered DItM

+ Unbuffered Memarny

[ Fized Memary Timing
¥ Command Burst Enable

¥ Use Differential DQS

Generate Close

)

Help
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Figure 13: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) in Setting Tab

of IPexpress

{ Lattice IP Core -- DDR SDRAM Controller vé.4

Configuration | Generate Log ]

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy

Prittidv iy

data_rdy

em_ddr_clk+[1:0]
em_ddr_clk-1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dgs+[1:0]
em_ddr_dgs-{1:0]

I

XX RN RRY

Mode\ Type b semng\ Timing\ it

Address
Fow Size: "IB—j
Column Size: "Iﬂ—j
Bank Size: ’4—j
Chip Select width: [2 w|
[«

EMR Prog During Init: @ Pragram " Mot Program

Auto Refresh Burst Count: |2 j

[~ Esternal Auto Refresh Part

Generate Close

)

Help
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Figure 14: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) in Timing Tab

of IPexpress

' Lattice IP Core -- DDR SDRAM C

Configuration | Generate Log ]

roller v6.4

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy

Prittidv iy

data_rdy

em_ddr_clk+[1:0]
em_ddr_clk-1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dgs+[1:0]
em_ddr_dgs-{1:0]

I

XX RN RRY

Mode\ Type \ Setting\ Timing\ SynthTeDslosls&DS;?;Latlon\ Infa \

Fequired

Active to Readfwite (TRCDE 7 TLK
Active to Precharge (TRASE[E (CLK
AutoRefresh Crd PeriodTRFCE [T0 (CLK
Wite Recoven(TwR) 7 tCLK
Load_Mode Crd Period(TMRDE 2 tTLK
Precharge Crd PeriodTRF): [ tCLK
Active to Active Cmd Different Banks(TRRDE[Z LK
Active to Active Cmd Same Bank(TRCE [ (CLK
Refresh Crnd Interval TREFI): [T040 tCLK

—

—

Generate Close

™ Manually Adjust
3
3
3
3
3
3
3
3
3
3
s

Help
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Figure 15: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) of Synthesis

& Simulation Tools Option Tab of IPexpress

{ Lattice IP Core -- DDR SDRAM Controller vé.4

Configuration | Generate Log ]

DOR SDR&M Controller

—®st_h ern_ddr_clk+{1: 0] p—i

—>|ck_in em_ddr_clk[1: 0]

e [ 3: 0]

e rite_data[31:0]

e 3l 25:0]

i data_mask]3:0] em_ddi_cke[1:0]=

—cmd_valid em_ddr_cs_n[1:0] p—_

—=init_start em_ddr_we_nf—»

e buirst_count[4: 0] em_ddr_cas_n—»

—burst_term

w—iead_data(31:0] em_ddi_tas_nf—>=

w—|iead data valid ern_ddr_addr12: 0] e

-%—{init_dane erm_ddi_ba[1: (1] pe—ie

~&—cmd_rdy em_ddr_data(15: 0] e

- data_rdy erm_ddr_drm[1: 0] e
erm_ddi_dge+[1: 0] =
ermn_ddr_dgs-[1:0] =

Sunthesiz & Simulati
Mode\ Type \ Setting\ Timing\ i -|-EDSIDS|S D;E?;na |0n\ Info \
v Suppart Synplity
-
v Support ModelSim
v Support ALDEC

Generate Close Help
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Figure 16: Configuration of DDR SDRAM Controller v6.4 (Instance Name: ddr_sdram) in Info Tab of

IPexpress

{ Lattice IP Core -- DDR SDRAM Controller vé.4

Configuration | Generate Log ]

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy

Prittidv iy

data_rdy

em_ddr_clk+[1:0]
em_ddr_clk-1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dgs+[1:0]
em_ddr_dgs-{1:0]

I

XX RN RRY

Mode\ Type \ Setting\ Timing\

Memory 1/F Ping
Mumber of Billi Fins = 20

Mumber of Dutput Ping = 28

Uszer |/F Fing

Mumber of Input Fins = 76

Mumber of Dutput Ping = 36

Generate

Synthesiz & Simulation \\‘ Info
Toolz Option

Close Help
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Timer

Figure 17 shows the component configuration for a timer called
time2_devonly.

Figure 17: configuration of Timer (Instance Name: timerl_devonly)in

MSB
€ Modify Timer X
Instance MName | timer 1_devonly
Base Address | 0x30010000
Options

Settings

Default Reload Ticks | 20

Counter Width [32 =]

W writeable Tick Count
¥ Readable Tick Count

[v¥ Start Stop Control

OK Cancel | Help |

Timer

Figure 18 shows the component configuration for a timer called
timer2_devonly.

Figure 18: Configuration of Timer (Instance Name: timer2_devonly) in

MSB
€ Modify Timer 3
Instance Name | timer2_devonly
Base Address | 0x80012000
Options

Settings

Default Reload Ticks | 20

Counter Width [32 =]

W writeable Tick Count
¥ Readable Tick Count

[v¥ Start Stop Control

OK Cancel | Help |
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