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Chapter 1: Introduction

1.1

1.2

Scope

This document describes the Leon Expandable Application Platform (LEAP) design implemented for the CAES
UT700 LEON3-FT processor. The LEAP card design is intended to be a low-cost development platform to
familiarize users with the CAES UT700 processor, as well as allow custom expansion based on application
requirements.

The following hardware and software components are required to use the LEAP evaluation board:
e PC work station running Windows or Linux
e CAES GRMON-Pro

For new users to UT700 software development, the following tools are recommended:
e BCC Bare-C LEON Cross-compiler

e RCC RTEMS LEON Cross-compiler system

CAES LEAP Board Overview

The CAES LEAP provides a flexible development platform for customers wanting to develop software that works
on the CAES UT700 Standard Product with minimal cost investment. The CAES LEAP has the following features:

e A CAES UT700 LEON 3 FT standard product

¢ 8 Mbytes NV memory storage

e 32 Mbytes SDRAM

e One USB UART interface via standard USB

e One 10T/100 Mbit/s Ethernet port

e JTAG interface for programming and debug of UT700 LEON 3FT (requires XILINX USB Platform Cable)
e One 192-pin mezzanine card expansion connector

e On-board Programmable LEAP main clock

A block diagram of the LEAP card is shown in Figure 1.1.
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Figure 1.1: LEAP Top-Level Block Diagram and Assembly (AX9-4250252)
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1.3 AX9-4250252-001 LEAP Board Stack Package Contents (Main SBC Only)

e One LEAP (4350271) card (main SBC & Memory)
e One A/C Wall Adapter

e One Euro-style A/C interface plate

e One US-style A/C interface plate

e One LEAP Board User Guide (CD)

1.4 AX9-4250252-000 LEAP Board Stack Package Contents (Main SBC and
Mezzanine)

e One LEAP (4350271) card (main SBC & Memory)

e One LEAP (4350274) card (mezzanine with SPI display, two CAN bus, two SpaceWire and a dual-
redundant CHA/ CHB 1553B ports)

e One A/C Wall Adapter

e One Euro-style A/C interface plate
e One US-style A/C interface plate

e One LEAP Board User Guide (CD)

1.5 CAES LEAP Board Power Input

The CAES LEAP utilizes one AC wall-adapter to provide the 3.3VDC used to operate the board. CAES
includes the A/C wall adapter in the delivery package to enable “out-of-the-box” software operation and
development. Connect the A/C wall adapter DC port-side cable to the LEAP card as shown in Figure
1.2, the wall-adapter side should be connected to a compatible A/C wall outlet.

A/C Wall Adapter (included) DC Power Side Input Jack/Port

Oz LY LINEAR il
LTMUG16Y ‘ws LEON JTAG

% I
£ IModule '~.;UT700 LEAP Card
e NOSI N2 = 1NITMY AVD A2EN2T1 .

Figure 1.2: LEAP Power Input
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Chapter 2: Architecture

2.1

2.2

UT700 Brief Overview

The CAES LEAP design consists of the UT700 Leon 3FTprocessor and a set of IP cores connected
through the AMBA (Advanced Microcontroller Bus Architecture) AHB/APB (Advanced High-Performance
Bus/Advanced Peripheral Bus) buses.

UsB XILINX JTAG RJ45 Mezzanine  Mezzanine
LEON 3 SOC
=

Multi-core
CAN-2.0

Serial
Dbg Link

LEON3 |mmmm DSU2
Processor

Dbg Link

AMBA AHB

|
|
|
|
|
|
|
|
|
|
|

AMBA APB
AHB Memory AHB/APB 1 i I 1 1 1
Controller Controller Bridge
1552B SPI UART Timers IrqCtri /O port
Lo - - - _ _ _ _** _ _ - —
32-hit memory bus
SDRAM Mezzanine WDOG (LED) Mezzanine

Figure 2.1: UT700 LEON 3FT Block Diagram

The design is centered on the AMBA AHB bus, to which the LEON 3 processor, AMBA APB, and other
high-bandwidth devices are connected. External memory is accessed through a combined PROM/SDRAM
memory controller. The on-chip peripheral devices include four SpaceWire links, one Ethernet 10/100
Mbit MAC, dual CAN-2.0 interfaces, one SPI interface, a dual channel 1553B interface, serial and JTAG
debug interfaces, a UART, interrupt controller, timers and a 16-bit general purpose 1/0 port.

UTZ700 LEON 3FT SPARC V8 Processor

The LEAP’s UT700 design is based the LEON 3 SPARC V8 processor. The processor core is configured
with a cache system consisting of 4Kbyte, 4-way set associative Instruction and 4Kbyte, 4-way Data
cache. The LEON3 debug support unit (DSU3) is a user port for downloading and debugging of
programs through the serial or JTAG ports.
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I'D MMU
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!

AMBA AHB Master (32-bit)

Figure 2.2: UT700 LEON 3FT SPARC V8 Processor Core Block Diagram

2.3 Memory Interfaces

The external memory is interfaced through a combined PROM/SDRAM memory controller core (UT700).
The CAES LEAP card provides 8 MB of Non-Volatile memory and 32 MB of SDRAM for system
program/data memory.

APE  AHE A D
ROMSN[1:0] 5 A
OEM ce  PROM
WRITEM WE o
105N C5 A
L_JoE o o
WE
MEMORY (NU)
CONTROLLER
RAMSH:T] 5 &
RAMOEN]4:0] ce  SRAM o
RWENI3:0] WE (N
MEEN]ZD] MEEM
[18:15
SOCLK CLK | -
— SDESN[TD] e 1421
SDRASH A
SDCASH cas SURAM
SOWEN WE o
SDDOMED] DM
A7)
D[31:0]

Figure 2.3: PROM/SDRAM Memory Interfaces
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2.4 SpaceWire Links

The LEAP design is configured with four SpaceWire links. Each link is controlled separately through the
APB bus, and transfers received and transmitted data through DMA transfer on AHB. All four of the
SpaceWire links can be configured with RMAP support and each of the four SpaceWire Ports are routed
to the mezzanine connector.

Note: SPWCLK is connected to LEONCLKX

SpaceWire g spwoLK (¢ ; 100 101 3 ‘—ggAstrobe_rx_m Ch 11 A
Transmit Clock 5| 102 103 (g~ Adata_rx_in -fanne |
. 104 105
from Mezzanine ; 105 o7 ?D :Sgstrobc_tx_outi /
11 | 108 109 |45 data_{_outi -
131 1010 1011 7 - ~
157 1012 1013 T”—;;B.,trobc ™ in
17 | 1014 1015 g Bdata_rx_in Channel 2 |
751 10158 1017 |—5g
77 1018 1019 55 strobe_tx_outi 7
LEONCLKX 2p————5=— 1020 1021 24 Boata orouti —
55 1022 1023 N
571 1024 1025 g;c.e.lobe ™_in .
o 1028 1027 Cdata_mx_in Channel 3 |
31 1028 1029 32 |
%,_‘ 1030 1031 @g sstrobe_te_out J
— 1032 1033 % J Cdata_| I: outi .
,'-, 1034 1035 g = ~
phy_25MHZ_out >—————35- 1036 1037 ﬁ;glstfobe_rx_m AY
—1] 1038 1039 5 Doata_n_in Channel 4 |
13 1040 1041 35— )
T 1042 1043 |35 EDsl'obe tx_outi |
17 1044 1045 5 Ddata_tx_outi !
39 1046 047 e— ~ ~
=7 1048 1049 55
RSTEY) =3 | 1050 1051 |54
55 | 1052 1033 | &g
5711054 1055 |~£g
55 | 1056 1057 | &g
1058 1059

Figure 2.4: SpaceWire Mezzanine Interface Pinout

2.5 UT700 Timer Unit

The timer unit consists of a common scaler and up to four individual timers. The timers can work in
periodical or one-shot mode. If configured to do so, Timer 4 also operates as a watchdog timer, driving
the watchdog output signal (WDOG) when expired. The WDOG output signal is connected to a LED (see
Figure 2.5) and will illuminate if Timer 4 is configured as the WDOG timer and expires.

System Reset  (JT700 JTAG DSU Port
XILINX Platform Cable II required (not supplied)

Tl LEON JTAG DS
L 55342 SN 1401315

AN AYEN2 T

U700

UT700 Bus Error
UT700 DSU Active
UT700 WDT Time-out

UT700 UART RX Active
UT700 UART TX Active
UT700 DSU UART RX Active
UT700 DSU UART TX Active

Figure 2.5: LEAP Reset and LED Indicators
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2.6

2.7

2.8

2.9

System Reset Button

A method to generate a manual system-level reset to the LEAP card is provided through a momentary
push-button switch (see Figure 2.5). The user can issue a system reset to the LEAP card through a
simple press-and-release action on the System Reset switch

System Status LED

Several LEDs are provided as a visual confirmation/detection of different LEAP card board status
conditions (see Figure 2.5)

e The most basic of the indicators are the DSU and UART TX/RX LED’s. The user should see these LEDs
pulse on and off when transfers are occurring on the serial DSU or serial UART USB ports.

e The DSU Active LED is connected to the UT700’s DSU Active output pin and will illuminate when the
UT700 detects the DSU Enable switch is in the active (down position) and confirms it has enabled the
internal DSU.

USB General Purpose UART I/F

The internal LEON UART is connected to a standard mini-USB connector through a standard USB bus
transceiver. The UART can be used as a general-purpose serial I/O port (see Figure 2.5)

UT700 Ethernet (RJ45 Physical I'F)

UT700 UART (USB Physical I'F)
UT700 DSU (USB Physical I'F)

Figure 2.6: USB and Ethernet Interfaces

UT700 Ethernet Interface

The internal LEON Ethernet (10/100Mbits) I/F is connected to a standard RJ45 connector through a standard
Ethernet PHY (see Figure 2.6). An additional feature of the UT700 Ethernet MAC is the built-in EDCL (Ethernet
Debug Communication Link) protocol. The user can enable/disable the EDCL function by placing the piano
switch as shown in Figure 2.7.
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2.10

EDCL Select (UP=Enable, DWN=Disable)
AMBA NODIV Clock Select (UP=1/2, DWN=1/1)

DSU Enable (UP=Disable, DWN=Enable)
DSU Break (Toggle)

S1 Clock Three position Slide Switch

SO Clock Three position Slide Switch

Figure 2.7: UT700 Mode and System Clock Adjust Selection

System Clock Selection

Two switches (SO and S1) control the main clock frequency input to the UT700 (see Figure 2.7). For this
application, the maximum operating clock that can be selected for the UT700 with the AMBA NODIV piano
switch (see Figure 2.7) set to the down (1/1) position is 133MHz. The positions listed in Table 2.1 outline the
valid SO and S1 position combinations and corresponding UT700 AMBA frequencies.

Table 2.1: System Clock Selection

H M Up/Down 37.50 MHz/75.00 MHz
M H Up/Down 41.67 MHz/83.33 MHz
L H Up/Down 62.50 MHz/125.0 MHz
L M Up/Down 66.65 MHz/133.3 MHz
H L Up/Down 75.00 MHz/Not Valid

Note: The LEAP board is designed to operate at a maximum bus frequency of 125MHz.

2.11

UT700 General Purpose I/0

A general purpose I/O port (GPIO) is provided in the design. The port is 16-bits wide and each bit can be
dynamically configured as input or output. The GPIO can also generate interrupts from external devices. The
16-bit GPIO port is connected to the mezzanine connector enabling the user to define the function & interface
controlling each pin. See Figure 2.8.
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J7-3

121 10120 0121 GPIOO
105 | 19122 10123 GPIO1
127 | 19124 10125 GPIO2
129 10126 10127 GPIO3
131 | 1©128 10129 GPI04
133 | 10130 10131 GPIOS
135 | 10132 10133 GPI106
137 10134 10135 GPIO7
135 10136 10137
ta] 10138 10139 GPIO8
o5 10140 10141 GPI09
o 10142 10143 GPIO10
127 | 190144 10145 GPIO11
175 10146 10147 GPIO12
151 | 19148 10149 GPIO13
153 10150 10151 GPI1014
155 | 19152 10153 GPIO15
157 | 19154 10155
159 | /10136 10157
161 | 1©138 10159

M4 an Im484

Figure 2.8: UT700 GPIO I/F to Mezzanine Connector

2.12 UT700 1553B Port to Mezzanine

The UT700s dual-redundant (Channel A and B) 1553B interface is routed to the J7 mezzanine connector as
shown in Figure 2.9.

Note: the 1553 Clock pin from the mezzanine is a 3.3V logic level input to the UT700 and should be a 20MHz
50% duty-cycle clock if the 1553B port is to be implemented (see UT700 datasheet for details).

J7-2

SPISEL D 11 1060 1061 gﬁ:é SPIMISO
. —a=1 1062 1063 g5 SPICLK
__ __SPIMOSI y>— — 5 1064 1065 |55
—=—1 1066 067 o — — — — — — ‘
|/|_EON15530LK H——B2 1068 1069 29— 1553 1F N
| 1070 1071 Heg— '
73 74 p |
| RXENA Yyt 1072 1073 75 <KTXINB
| 1553 IF |~ o074 1075 [7g— P |
| N | 75 1076 1077 g5 <{{ TXHBB |
| RXOUTA §< = 1078 1079 Hgs— ) |
| RXOUTAB > : 23| 1080 1081 [-3 <CTXIHBA |,
- | 55 1082 1083 gg= — — — — — —
| RXOUTB %> | 57| 1084 1085 g5 < CAN1RX
| RXOUTBB ) | 50| 1086 1087 g5
| TXINBB 00 51| 1088 1089 o> <K CAN1TX
| TXINA 2 : 5311090 1091 o2 P
TXINAB D) : 55| 1092 1093 g5 < CAN2RX
! | —g7| 1094 1095 [~g5—
\ RXENB )p=——————-5"1 1096 1097 g CAN2TX
o BEC A -

Figure 2.9: UT700 1553B I/F to Mezzanine Connector
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2.13 UT700 CAN Bus Interface

Two CAN-2.0 interfaces are available through the mezzanine interface connector J7. The voltage levels are
standard 3.3VDC single-ended signal type. See Figure 2.10.

RXOUTA ;‘5 5 1078 1079 |-g5— ,
RXOUTAB 53 1080 1081 7 \<TXIHBA
. 551 1082 1083 g5 , ~ P ~
RXOUTB 5> =1 1084 1085 |55 < CAN1RX \
RXOUTBB 2> 5| 1086 1087 o5 |
TXINBB 2 511 088 1089 g5 < CAN1TX |
TXINA % o3 | 1990 1091 g4 | P
TXINAB D) o= 1092 1093 g5 ¢ CAN2RX |
. g7 1094 1095 55—, . |
RXENB ) 55 1098 1097 (55 K cAN2TX |
1098 1099 l AN '
101 IN1nn lCvinA 102 N CANTF /"

Figure 2.10: UT700 CAN Bus I/F to Mezzanine Connector

2.14 UT700 SPI Bus Interface

The UT700 SPI bus is routed to the mezzanine connector J7 as shown in Figure 2.11. The voltage levels used
by the SPI interface are standard 3.3VDC single-ended signal type.

. SPILF o
: Ji-2 |
| SPISEL ) 61 1060 1061 gi:gg SPIMISO |
. 65 1062 1063 (55 SPICLK |
' _ SPIMOS| p)——p=—1 1064 1065 [~ /

——————— sg | 1O86— — — — 1087 7 — — — — — —°

LEON1553CLK ))—71 1068 1069 45

1070 1071 [37
RXENA D) 2 1oz 1073 (75 <CTXINB
=7 1074 1075 =g P

Figure 2.11: UT700 SPI Bus I/F to Mezzanine Connector

2.15 LEAP Core

The CAES UT700 SBC design is comprised of various core elements. Figure 2.12 the initial screen-shot and
core listing from a GRMON2 debug session invoked on the LEAP card through the JTAG DSU.
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B File(s)> B hytes
4 Dirds)> 259.869.982.720 bytes free

C:sngrmonZ2swin3d2>ed bin
C:swgrmonZ2swin3d2shin>grmon —xilush
GRMONZ LEON debug monitor v2.8.37 pro version

Copyright <C> 2813 feroflex Gaisler — All rights reserved.
Fur latest apdates,. yu Lo hilp:srwew . yaisler.comns
Comments or bug—reports to supportBgaisler.com

Hilush: Cable type/rev : Bx3

JTAG chain <1>: UT697A
Detected system: UT699E-UT 780
Detected fregquency: 133 MH=z

Component Uendor
LEON3-FT SPARC U8 Processor Aerof lex Gaisler
AHE Debug UART fAeroflex Gaiszler
JTAG Debug Link Aerof lex Gaisler
Fast 32-hit PCI Bridge Aerof lex Gaisler
PCI/AHE DMA controller fAeroflex Gaisler
GR Ethernet MAC Aerof lex Gaisler
GRSPU2 Spacellire Serial Link flerof lex Gaiszler
Serial Link Aerof lex Gaisler
3 Serial Link fAerof lex Gaisler
GREPUZ Spacellire Serial Link Aerof lex Gaisler
MIL-STD-1553B Interface Aerof lex Gaisler
Memory controller with EDAC flerof lex Gaiszler
AHBE-AFE Bridge Aerof lex Gaisler
LEON3 Debug Support Unit Aerof lex Gaislew
AHE-AFE Bridge Aerof lex Gaisler
OC CAN AHB interface Aerof lex Gaisler
Cencric UNRT fNcroflex Gaisler
Multi—processor Interrupt Ctrl. Aerof lex Gaisler
Modular Timer Unit fAerof lex Gaisler
Clock gating unit flerof lex Gaisler
PCI Arbhiter European Space Agency
General Purpose [0 port flerof lex Gaiszler
AHE Status Register Aerof lex Gaisler
SPI Controller fAerof lex Gaisler
General Purpose Register flerof lex Gaisler

Il

Uze command ’info sys

to print a detailed report of attached cores

rmon2 >

Figure 2.12: LEAP UT700 Core List

2.16 AHB Core Mapping

Once GRMON is online and the screen above displayed in the DOS window, typing the “info sys” command
provides the AHB map and associated interrupt assignments of the UT700’s core elements. An example system
information screen is shown in Figure 2.13.
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grliks> info =ys

oo0.01: a Gai=mler Be=sarch LEON3FT 3EARC VB Procem==or (ve=r
ahb master 0
Gaisler Besearch AHE Debug TART (wer Ox0}
ahb ma=ster 1

baud rate S321E00, ahb frequency 74.00

Gaisler Besearch AHE Debug JIAE TAF (ver Oxl}
ahb master 2

Gaisler Besesarch F 32-kbit FCI Bridge (wer 0Ox0}
ahb ma=ter 3, irg 3

ahb: c0000000 -

ahk: £££00000 -

Gai=ler Be=sarch LS b controller (we=r Ox0}
ahb master 4

Gai=mler PFassarch GE Ethe=rnet MAC [(ver O=x0)

ahb master 5, irg 14

aph:

Device ind

edcl ip 192.1E8 r buffer 2 kbyte

Gai=ler Besearch FW2 Jpacewire Link (ver O}
ahb master €, irg

Humber of ports: 1
Gaisler Pesearch GRIPWZ2 Spacewire Link (ver O=d]

Humber of ports: 1
Gaisler Pesearch GR3

apk:
Humber of ports: 1

Gaisler Besearch Clock gating unit (ver O}

apb: B0000E00 — B0OO00O0TO00

GEMMN did WOT enable clocks during initialisation
European Jpace Agency ECI Arbiter (ver Ox(}

Gai=ler Besearch General purpose L/0 port [(ver O=l)
apb: 80000500 - B0000a00

Gaisler Pesearch AHE status register [(ver Ox0]

irg 1

apb: B0000£00 — 80001000

Gaimler Fassarch 3SFI Controller [(v=r OxS5)

18
80100100 — 8010
) depth: 1€, 1 =l zselect signals
bits
purpose registers [(ver O}

Figure 2.13: LEAP UT700 Core Information List

2.17 Non-Volatile Memory Mapping

The LEAP card offers the user access to 8Mbytes of contiguous Non-Volatile (NV) memory storage. The base
address for the 32-bit wide PROM space is 0x0000_0000. The user has the ability to write data into the NV
memory by setting the PROM write enable bit in the UT700 memory configuration register (see UT700
Datasheet for details).

Note: MRAM 4x MR4A16B

2.18 SDRAM Memory Mapping

The LEAP card offers the user access to 32Mbytes of contiguous volatile memory storage. The base address for
the 32-bit wide SDRAM space is 0x4000_0000; all programs targeting the LEAP card should compile programs
using this base address.

Note: SDRAM 1x 1S42532800D
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Chapter 3: Mezzanine Power Interface

3.1 Mezzanine Connector Power

The LEAP card supplies 3.3 VDC (0.75A max) and 2.5 VDC (0.5A max) to the mezzanine connector; each

supply shares common ground (GND) pins. The mezzanine power connector map/pin-out is shown in Figure
3.1.

/ ST T T T T T
T ~ IIII'II/ | v i1
\ 33VDC pumsuiplacs 2.5VDC
r
\-h________ < -
=3 oy — |- — -
2858 2225 cono
EEDE EEmE TEEX
= & Eéé?
S L
5|2 ®(R(E (8
GRD

Figure 3.1: LEAP Power I/F to Mezzanine

CRES 55 - -
A AN s 4350 Centennial Blvd. | Colorado Springs CO 80907 USA | 1-800-645-8862 | caes.com


https://www.cobhamaes.com/
https://www.caes.com

Chapter 4: Optional LEAP with Mezzanine Card

e Base PN: 4250252-000

4.1

Mezzanine Card SPI Interface

The LEAP SBC card routes the UT700 SPI interface signals (Figure 4.1) to the mezzanine connector. The
mezzanine card incorporates a 128x32 LCD Display (New Haven Display PN NHD-C12832A1Z-NSW-BBW-3V3.
Since the LCD display does not have a SPI output port (input mode only), a jumper (P9) on the mezzanine can
be used to loop-back the data sent by the UT700 SPI port to the display. When the P9 Jumper is installed, the
SPI data sent will be seen in the SPI data RX register.

Additionally, the LCD display requires two additional inputs for reset and A0 (command/data). The UT700
GPIO[15] is connected to the LCD AO input; the UT700 GPIO[14] is connected to the LCD reset input.

Note: both GPIO[15:14] are pulled-low via 10K ohm resistors on the SBC card to hold the display in reset and
A0 to a known state after power is applied to the system.

The New Haven Display Data Sheet contains additional information for the initialization and use of the graphic

display.

- .qx‘g,uggii(i'ii'ﬂui(ir d
e b a
'C19 " e Gt
c26’ p:oi T
€33 3 |
SRIS l sPimisol

SPIMISO Jumper

i)
NED-CL2832A1Z

LJ N

a’r

Figure 4.1: LEAP SPI I/F to Mezzanine
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4.2 Mezzanine Card CAN Bus 1 Interface

The LEAP SBC card routes the UT700 CAN bus 1 and 2 interface signals to the mezzanine connector. The mezzanine card
incorporates the CAN transceivers and standard 9-pin DSUB connectors along with the 120-ohm end-bus termination
resistor. For CAN Bus 1, refer to Figure 4.2. The 120-ohm termination resistor can be installed (jumper on P3) or open
(jumper on P3 not installed). The optional ground connection to pin 5 of the DSUB connector can be selected by
installing a block jumper on P4 as shown in Figure 4.2.

)
~_ C27 = .o (25
- 2428 ™C23

GND

SN65HVD230 n
1o
2 o 11
P oEm omm omm omw |y o |
- O
R14 2 i o 2
) a0
120 5% 1/4W, 2 I T_()
| Header2 5 o O
: N | . R DSS B
| - O EE E B . P4
- i ] 1
C: !
I —:_l Header 2 I
(Jl D I
|
I | SRS |
| I

Figure 4.2: CAN Bus 1 Interface

CRES 55 - -
LYANCED o 4350 Centennial Blvd. | Colorado Springs CO 80907 USA | 1-800-645-8862 | caes.com


https://www.cobhamaes.com/
https://www.caes.com

4.3

Mezzanine Card CAN Bus 2 Interface

The LEAP SBC card routes the UT700 CAN bus 1 and 2 interface signals to the mezzanine connector. The
mezzanine card incorporates the CAN transceivers and standard 9-pin DSUB connectors along with the 120-
ohm end-bus termination resistor. For CAN Bus 2, refer to Figure 4.3. The 120-ohm termination resistor can
be installed (jumper on P5) or open (jumper on P5 not installed). The optional ground connection to pin 5 of
the DSUB connector can be selected by installing a block jumper on P6 as shown in Figure 4.3.

U4
SN65HVD230 12

cANTX )——— Lot cANTXIN

R17
CAN2RX D> AANAN
3741%

Vref >5—

5

r------'—1—

I R16 2 b

-
1
I 1205% 1J4\V1— 2 I
I 1 Header2 l_ 51o
" |

17T 1402-97%

ITT 1402-1670

Figure 4.3: CAN Bus 2 Interface
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4.4

Mezzanine Card 1553B Interface

The LEAP SBC card routes the UT700 1553B interface signals to the mezzanine connector. The mezzanine card
incorporates a standard set of 1553B bus transceiver and transformers. For 1553B bus connector orientation,
refer to Figure 4.4. The optional ground connection to the shield of the 1553B bus connector can be selected
by installing a block jumper on P7 for CHA and P8 for CHB as shown in Figure 4.4.

f ¢ T

C27 » nn.EZS
BN

Figure 4.4: 1553B Bus Interface
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4.5

Mezzanine Card SpaceWire Interface

The LEAP SBC card routes the UT700 SpaceWire interface signals to the mezzanine connector. The mezzanine
card incorporates a standard set of SpaceWire transmitter/receiver interface devices ported to the 9-pin micro-
D SpaceWire connectors. The SpaceWire bus connector orientation is shown in Figure 4.5. Only two of the
four SpaceWire channels are provided on the mezzanine card. These channels are Port 0 (P1) and Port 1 (P2)
of the UT700.

SpaceWire I SpaceWire
Port0 ¥ Portl

Figure 4.5: SpaceWire Bus Interface
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Chapter 5: Software Development

5.1 “Out of the Box” Experience

The LEAP board comes preloaded with a “hello world” program, and after applying power to the board, it will
display the “hello world” message on the Terminal, see Figure 5.5. To display messages on the Terminal, the
LEAP board connects over a USB serial connection (UT700 UART), see Figure 2.6, with the following

information.

Port number

Window: COM<port number>

Linux: /dev/ttyUSB<port number>

Connection Speed: Default baud for the LEAP board is 38,400

Other options

Data: 8
Stop bits: 1
Parity: none

Flow control: No

5.2 Tool Chains
The LEON3 processor is supported by several software tool chains:
e Bare-C cross-compiler system (BCC)
e RTEMS cross-compiler system (RCC)
e Linux
e eCos real-time kernel
e VxWorks
e ThreadX

All these tool chains and associated documentation can be obtained from www.gaisler.com.

5.3 Downloading Software to the Target System

LEON3 has an on-chip debug support unit (DSU) which greatly simplifies the debugging of software on a target
system. The DSU provides full access to all processor registers and system memory and also includes
instruction and data trace buffers. Downloading and debugging of software is done using the GRMON debug
monitor, a tool that runs on the host computer and communicates with the target through either serial or JTAG
interfaces.

Please refer to the GRMON User’s Manual for a description of the GRMON operations at www.gaisler.com.

5.4 Bare-C cross-compiler system

The Bare-C (BCC) cross toolchain is a set of software tools for building computer software. The software is
built on a host computer but builds programs to run on LEON3 processors, i.e., when developing applications
for embedded systems. Besides the binary utilities, BCC includes the GDB source-level symbolic debugger.
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BCC consists of the following packages:

e GNU GCC C/C++ compiler

e LLVM (Clang) C/C++ compiler

e GNU Binutils (assembiler, linker, ...)

e Newlib embedded C library

e Low-level I/0O routines for LEON3, including interrupt support
e GDB debugger

e Linux and Windows hosts

5.4.1 Installation
BCC needs a working native toolchain and build tools on the host PC.
To work with BCC on a host Linux computer, the following are system requirements:

Linux: Linux-2.6.x, glibc-2.11 (or higher)

The latest BCC cross toolchain is available at: www.gaisler.com/index.php/downloads/compilers

BCC is provided as a bzipped tar-file. The compressed archive files should be unpacked in the /opt directory of
the host.

$ mkdir /opt
$ cd /opt
$ tar xf ~/Downloads/sparc-elf-<version-number>.tar.bz2

After the installation, set the environment variable by adding /opt/sparc-elf-<version-number>/bin to the PATH
variable.

$ export PATH=/opt/sparc-elf-<version-number>/bin:$PATH

5.4.2 Application development for BCC

BCC provides all the different phases that all programs go through: compiler, assembler and linker. The
compiler transforms the C program into an assembly language program. The assembler transforms the
assembly language into an object file, which contains the file header, text segment, data segment, relocation
information and debugging information. Finally, the linker places code and data modules symbolically in
memory; determines the addresses of data and instruction labels; and patches both the internal and external
references.

BCC useful options for compiling applications are:

-g generate debugging information - must be used for debugging with GDB

-msoft-float emulate floating-point - must be used if no FPU exists in the system

-mcpu=v8 generate SPARC V8 mul/div instructions - needs hardware multiply and
divide

-02, -0O3 or -Os  optimize code for maximum performance or minimal code size

-qsvt use the single-vector trap model

-mtune=ut699  set UT699 specific parameters (gcc-3.4.4 and gcc-4.4.2)

-mfix-b2bst enable workarounds for LEON3FT store-store errata (GRLIB-TN-0009)
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5.4.3

-mv8 generate SPARC V8 mul/div instructions - needs hardware multiply and
divide
-mflat do not use register windows (i.e. no save/restore instructions)

To use BCC cross toolchain, every command needs to prepend the target name, i.e., sparc-elf-gcc, when
compiling applications with gcc, as the following line shows.
$ sparc-elf-gcc “02 —msoft-float -mv8 —o helloworld helloworld.c

To run the application “hello world” on the target’s RAM, attach grmon2, see 5.3, to the target board using the
serial debug link (DSU), see Figure 2.6, Figure 5.1 and Figure 5.2.

$ grmon -uart /dev/ttyUSBO

grmon2> load helloworld
40000000 .text 23.6kB / 23.6kB [ >] 100%
40005E70 .data 27kB/ 2.7kB | =] 100%
Total size: 26.29kB (104.80kbit/s)
Entry point 0x40000000
Image /home/jaguas/projects/sparc-elf/apps/hello/helloworld loaded
grmon2> run
Program exited normally.
grmon2> load helloworld
40000000 .text 23.6kB / 23.6kB | =] 100%
40005E70 .data 27kB/ 2.7kB | =] 100%
Total size: 26.29kB (104.80kbit/s)
Entry point 0x40000000

Image helloworld loaded

grmon2> run
Program exited normally.

Figure 5.1: Loading the application using grmon2

From Terminal Window:

|‘ Hello, World! ||

Figure 5.2: Application output from Terminal

Booting with mkprom2

Once the application is compiled with BCC, mkprom2 can create a boot-image to run from PROM on the LEON3
processor. Mkprom2 utility is freely available at:

www.gaisler.com.

To generate a boot-prom from the above compiled “hello world” application, use the following options as in
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Figure 5.3.

mkprom?2 -freq 50 -nosram -sdram 32 -memcfgl 0x1803caff
-memecfg? 0x89a06005 -memcfg3 0x08184000
-baud 38400 helloworld -o helloworld. prom

LEON2/3/ERC32 MKPROM prom builder for BCC, ECOS, RTEMS and ThreadX v2.0.60
Copyright Gaisler Research 2004-2007, all rights reserved.

creating LEON3 boot prom: helloworld.prom

Searching for compiler to use (sparc-elf, sparc-rtems or sparc-linux):

sparc-elf-gce (BCC 4.4.2 release 1.0.44) 4.42

Copyright (C) 2009 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO

warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

Figure 5.3: Making the boot-prom image

To run the hello world app on the target's PROM, attach grmon2, see 5.3, to the target board using the serial
debug link (DSU), see Figure 2.6, Figure 5.4 and Figure 5.5.

$ grmon -uart /dev/ttyUSBO0

grmon2> mefgl
mcfgl: 0x1803c2ff

grmon2> mefgl 0x1803caff
mefgl: 0x1803caff

grmon2> load helloworld.prom
00000000 .text 20.0kB/ 20.0kB |
Total size: 19.97kB (111.59kbit/s)
Entry point 0x0
Image helloworld. prom loaded

Figure 5.4: Loading the boot-prom image

From Terminal Window:
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5.5

5.5.1

MkProm?2 boot loader v2.0
Copyright Gaisler Research - all rights reserved

system clock :50.0 MHz

baud rate : 38343 baud

prom 1512 K, (2/2) ws (r/w)

sdram : 32768 M, 1 bank(s), 9-bit column

sdram s cas: 2, trp: 40 ns, trfc: 80 ns, refresh 7.8 us

decompressing .text to 0x40000000
decompressing .data to 0x40005¢70

starting helloworld

Hello, World!

Figure 5.5: Output from Terminal

RTEMS

RCC is a multi-platform development system based on the GNU family of freely available tools with additional
tools developed by Cygnus, OAR and CAES. RCC consists of the following packages:

e GCC C/C++ compiler

¢  GNU Binutils (assembiler, linker, ...)

e RTEMS C/C++ real-time kernel with LEON support
¢ Newlib embedded C library

e GDB debugger

e Linux and Windows hosts

For RTEMS installation, see documentation available at

www.gaisler.com/anonftp/rcc/doc/rcc-1.2.pdf

RTEMS using Eclipse

Eclipse is an integrated development environment (IDE). It integrates cross toolchains and other tools,
debuggers and plug-ins for managing software projects. For the LEAP board, Gaisler provides gdb on Eclipse
for fully remote debugging applications running on the LEON3 processor. C/C++ development is supported on
Eclipse using the C/C++ Development Tooling (CDT) extension.

For Eclipse installation, see the documentation available at

www.qgaisler.com/index.php/products/compilers/51-section-software-category-ide/148-leon-cc-ide-for-eclipse
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5.5.2 Configuring Eclipse for Cross Compilation

Open MSYS, change directory to GRTools, launch Eclipse.exe and on Workspace Launcher click OK (Figure
5.6).

$ cd “"C:\Program Files (x86>\GRTools"

eclipse.exe

Figure 5.6: MSYS Terminal

To create a new project, right-click on the File menu and select New -> C project, as pictures shows and
click Finish, see Figure 5.7.

> C Project - O 3N

C Project —

Create C project of selected type

Project name: rtems-task

| Use default location

Project type: Toolchains:
GNU Autotools SPARC RTEMS
s Executable

@ Empty Project
@ eCos example project
& RTEMS Tasks example
@ Hello World ANSI C Project
Shared Library
s Static Library
Makefile project

| Show project types and toolchains only if they are supported on the platform

? Next > Finish Cancel

Figure 5.7: RTEMS project

Configure Eclipse to include RTEMS and CPU=v8 by selecting Add ->File system..., then browsing to include
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the file shown in Figure 5.5 and choose the settings shown in Figure 5.8 and Figure 5.9.

3 Properties for rtems-tasks - O
| Paths and Symbols YD w
» Resource
Builders
» C/C++ Build Configuration: Debug [ Active ] v | Manage Configurati
4 C/C++ General
» Code Analysis -
Documentation (5 Includes | # Symbols [ B Libraries I ™ Library Paths l 2 Source Location l References
File Types
Formatter Languages Include directories | Add..
Indexer _ GNUC (% C:\opt\rtems-4.10-mingw\sparc-rtems\leon3\lib\include o
Language Mappings Assembly (® C:/msys/1.0/mingw/include -
S0 o Dol (® C:/msys/1.0/mingw/lib/gcc/mingw32/3.4.5/include Delete
grq;:xescsor l"df‘de - (® c:/msys/1.0/mingw/include
pwje'; ;(::e:::f""“ (8 c:/msys/1.0/mingw/lib/gec/mingw32/3A.5/include Expoc
Figure 5.8: RTEMS include file
] Properties for rtems-tasks - O IEN
type filter tedt mw \;D v vy v
» Resource A
Builders
4 C/C++ Build Configuration: | Debug [ Active ] ¥ Manage Configurations..
Build Vanables
Environment
Logging ) Tool Settings = # Build Stepsl ’ Build Artifad] i) Binary Parsers | © Error Parsers
Tool Chain Editor 4 %) SPARC RTEMS C Compiler | (V] Soft float (-msoft-float)
b C/C++ General (3 Preprocessor []V8 Extension (-mcpu=v8)
Project References (3 Symbols [C]Flat Register Window Model (-mflat)
Run/Debug Settings (2 Directories [[] Compile for LEON2
» Task Repository (& Optimization
WikiText (3 Debugging
(@ Warnings
(3 Hardware
(& Miscellaneous
4 %) SPARC RTEMS C Linker

Figure 5.9: RTEMS SPARC V8
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Once Eclipse is configured for cross compilation, right-click on rtems-tasks project and select Build All, see

Figure 5.10.

-
Eile | Edit | Source Refactor
| @ Ryv i iwt

[ ProjedExp. 2 | gHRemotesy. = O

5| @
4 [15 rtems-tasks|
> ‘::,' Binaries
» [ Includes
4 58 sre
I8 rtems-tasks.c
4 = Debug
& src
5. rtems-tasks - [sparc/be]
& makefile
L& objects.mk

5 sources.mk

5 rtems-tasks

5.5.3

C/C++ - rtems-tasks/src/rtems-tasks.c - Eclipse

Mavigate Search Project Run Window Help
RN R AERACESE -3 ar Ra Nl No=i il 2]

[€] tems-tasks ¢ &3
®/* Test_task]
#include <rtems.h>
/* functions *
rtems_task Init(
rtems_task_argument argument
)i

rtems task Test task(
<

[*. Problems 52 <
0 errors, 6 warnings, 0 others
Description -

& Warnings {6 items)

Resource

- o

Quick Access

: || B ot

=B Fom @m™ =8
Ll vEEZRY o%
W rems.h ~
+  Init(rtems_task_argui
“+  Test_taskirtems_task
® Taskid: rtems_id]]
@  Task_name : rtems_r
U bsph
A & ~OAKICICHIDE IKT A
> <
» “=0o
Path Location Type

Figure 5.10: RTEMS project build

Remote Debugging with GDB

GDB makes it possible to remote debug with Eclipse by enabling control on execution steps and viewing debug
messages and memory values directly from within Eclipse on the desktop.

Right-click on the rtems-tasks project and select Run->External Tools ->External Tools
Configurations..., see Figure 5.11.
] C/C++ - riems-tasks/src/rtems-tasks.c - Eclipse - B “
File Edit Source Refactor Mavigate Search Project | Run | Window Help
o | ® - % LT ¥ Step Into Selection Ctri+F5 RN B, e = | e
L Run Cd+E11 Quick Access : B9 | | €/C++ | %5 Debug
. = . |, Deb Fi1 - _ N - -
PojectEp.. X | #HRemoesy. = O [Gng 0 0 B SEouine 2 @ =g
egle © % Run History v " SRR e % w7
& 25 tems-tasks Run As L Y rtemsh A
,1;" Binaries Run Configurations... £+ Init(rtems_task_argument) : rtem
Bl Includes ) ++ Test_task{rtems_task_argument)
B sre Debug History ' @  Taskid: tem
4 (= Debug Debug As L @ Task name: it
& ) Debug Configurations... o bsph
ﬁ rtems-tasks - [sparc/be] - - # CONFIGURE_INIT
[ command-line.txt oggle Breakpoint Ctri+Shift+ B # CONFIGURE_APPLICATION_NEEDS_CONS
& makefile Toggle Line Breakpoint # CONFIGURE_APPLICATION_NEEDS CLOC
& objects.mk Toggle Method Breakpoint o # CONFIGURE_MAXIMUM_TASKS
Ligh sources.mk Tl Wb " e Tt Tt T -"__._.“_.-._)
oggle Watchpoint
s, Skip All Breakpoints
o 5 T = M
Remove All Breakpoints e Sl ® .
Ereakpoint Types >
Q External Toels v G 1 GRMON_SERIAL
Run As 4
External Tools Configurations...
Organize Favorites...
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Specify the right com port < com3 > under Device and click Run, see Figure 5.12.

> External Tools Configurations
Create, manage, and run configurations

L x| 8 3~ Mame: | GRMON_SERIAL
type filter text
4 /&R Gaisler Tools
G2 GRMON_SERIAL
G, Program Executable | Choptigrmon-pro\win3Z\grmon.exe

= Meili\: B8 Environment | ] Common |
Target [GRMON v =

[ Browse filesystem... | [ variobles...

Werking directory | S{workspace_loc:/rtems-tasks})

Browse P [ Browse fil M. ]

GRMON startup options
Connection Options
User Command Medule

Interface | Serial ~]
! Browse...
Device | com3 ~ & Mo SRAM
Baudrate | 115200 ~ [] UART Loopback
[CLEON 2
-
Filter matched 3 of 3 items Apply Rewert
@ Run Close
Figure 5.12: Grmon Terminal Settings
Remember the interface port number < using port 2226 >, see Figure 5.13.
: C/C++ - rtems-tasks/src/rtems-tasks.c - Eclipse - B “
File Edit Source Refactor Navigate Search Project Run Window Help
e [ v Rv i AR Y@ Y QT QM A e e e e
Quick Access ll B i :ﬁm <3 Debug
[ ProjectExp.. 33 d Remote S = 0 I8 tems-tasks ¢ 3 = o 55 Outline 33 (& Maks = 8
2%l ®/° Test_task] A BV o %|v 7
< 2
“«= n:ms '”fks #include <rtems.h> U emsh L)
» %=, Binaries +  Init{rtems_task_argument) : rtems_
) Includes /* functions */ ++ Test task(rtems_task_argument) : rte
&8 src 3 @ Task.id:rte
4 (= Debug rtems_task z"‘t( @ Task_name
& st ).rtess_tas _argusent argument % bsph
%5 rtems-tasks - [sparc/be] ¥ # CONFIGURE_INIT
[Z] command-line.tt rtems_task Test_task( # CONFIGURE_APPLICATION_NEEDS_CONS
& makefile rtems_task_argusent argument # CONFIGURE_APPLICATION_NEEDS_CLOC
|5 objects.mk )i v # CONFIGURE_MAXIMUM_TASKS v
G sources.mk . e~ — =
[, Problems < Tasks [ Console 2 [l Properties [k Remote Shell | X %| g8 @| HEsri2s0

GRMON_SERIAL [Gaisler Tools] C:\opt\grmon-pro\win32\grmon.exe
GRMON LEON debug monitor v1.1.61 professional version
Copyright (C) 20@4-2011 Aeroflex Gaisler - all rights reserved.
For latest updates, go to http://www.gaisler.com/

Comments or bug-reports to support@gaisler.com

gdb interface: using port 2226

Figure 5.13: GDB Terminal display
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Right-click on rtems-tasks project and select Debug As ->Debug Configurations..., see Figure 5.14.

[ ProjectExp

22 #HRemotesy. = O

[& tems-tasks.c &2

=8 S Outline &2 @ 1 =0
New A Bl o %|e ~
4 25 tems-tasks o rtemsh N
» o Open 2 % ey
» %, Binaries i ++ Init{rtems_task_argument) : rtems_task
#)) Includes Open With #+ Test_task(rtems_task_argument) : rtems ¢
8 sic = Copy Ctrl+C ® Task.id: rte j
4 (= Debug |l 2 @® Task_name el
2 Paste Ctri=V t
& src = bsph
(55 rtems-tasks - [s % Delete Delete # CONFIGUREINIT
] command-line. Remove from Context Ctri+Alt+Shift+ Down # CONFIGURE_APPLICATION_NEEDS_CONS
L& makefile Move.. t # CONFIGURE_APPLICATION_NEEDS_CLOC
Soviecsmk | = ‘ # CONFGIREMAGMUMTASS
@ sources.mk < >
g2y Import...
4 Export... ert Remote She | x 2 S8 #B8~-r3-v=0
S Refresh In-pro\win32\grmon.exe
Make Targets » | professional version
Profile As » | Gaisler - all rights reserved.
Debug As » | QR 1LEON C/C-+ application
Run As » | [€] 2Local C/C++ Application
Profiling Tools 4 Debug Configurations...
Clean Selected File(s)
Build Selected File(s)
Compare With »
Mo rdcc dectemticcraeee o Ranlara With »

Figure 5.14: Debug Configurations

Port < 2226 > should match the target device’s port. After the configuration has been set, click Debug, see Figure
5.15.

- ] Debug Configurations

Create, manage, and run configurations

CEx| B3~ Name: | rtems-tasks Debug

type filter text ] main | ﬁ Debugger

s Source | ] Common
a [€] C/C++ Application B
[€] rtems-tasks
[€] C/C++ Attach to Application
[€] C/C++ Postmortem Debugger

[€] C/C++ Remote Application

Debugger: LEON Debugger w

[¥]Stop on startup at: | Init Advanced...

# Launch Group Debugger Options
4 GR LEON C/C++ application GDB debugger: sparc-rtems-gdb Browse...
GR rtems-tasks Debug
GDB command file  Chworkspace\tems-tasks\Debug\command-line.txt Browse...
(Warning: Some commands in this file may interfere with the startup operation of the debugger, for example “run®.)

External target Connect to remote target ~ New... Edit.. Delete
Host name or IP address localhost
Port number | 2226
(#] Attach to running application

w
A Revert
Filter matched & of 8 items oply

'® | Debug Close
Figure 5.15: GDB Host Settings

Once GDB for the target and host have been configured, all debugging commands should work. Single Step
Over a few lines, see Figure 5.16.
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2 Debug - rtems-tasks/src/rtems-tasks.c - Eclipse -8 “
File Edit Source Refactor Navigste Search Project Run Window Help
¥ Gl N TR R o e B e e O QU O O S g [ G s
Quick Access ! o5 | E&c/C++ |35 Debug |
35 Debug 2 Fewt|iv T = O  o=variables 52 kpoints 4} s R = M =9
4 ® Thread [0] (Suspended: Breakpoint hit.) ~ ot B ‘ R %Iree T
B Nome
# Cworkspace\rtems-tasks\Debug\rtems-tasks (9/24/15, 924 AM) 7 09 ek per:second 110654414,
e S N E A ey
< >
[ tems-tasks.c 53 (S| stantS = m 2= Outine £2 = 0
static inline routine to make obtaining ticks per second easier. ~ 2R o % 7
= rtems.h ~
static inline uint32_t get_ticks_per_second( void ) ¥+ Init(rtems_task_argument) : rtem
{ £+ Test_task{rtems_t !ask nlgument) '

rtems_interval ticks_per_second;
# | (void) rtems_clock get( RTEMS CLOCK GET_TICKS_PER_SECOND, &ticks_per_second )3
<

® Taskid:rte
return ticks_per_second @ Task_name

> < >

[ I

B Console 2 ¢ f i Y
rtems-tasks Debug [LEON C/C++ ion) C:' ks\Deb

PP P U i)

*x M@ rB-rs-=n

ks (9/24/15, 9:24 AM)

Writable Smart Insert 102:1

Figure 5.16: Debugger Prospective

5.5.4 Running RTEMS applications on the LEAP board

From the Window menu, select Show View -> Other..., see Figure 5.17.

Project Run | Window | Help
FoliE  NewWindow Ry vt et e e
New Editor
Hide Toolbar
¢ nems-ta
&/ T Open Perspective ’
| Show View » | 0§ C/C++ Projects
#incl .
Customize Perspective... © Console Att+Shift+Q, C
.
/* fu Save Perspective As... 3 Include Browser
rtems Reset Perspective... (Qf M’k‘e Harget
rte Close Perspective :" Navigator
)i Close All Perspectives o= | Outline Alt+Shift+Q, O
rtems T 5 4 Problem Details
< SNiganen [2 Problems Alt+Shift+Q, X
= Preferences [ Project Explorer
1.._\‘ plublvlll o . oy D Propg;“es
0 errors, 6 warnings, 0 others & |search Alts Shift+Q, S
Description . X .
. E] TaskList Alt+Shift+Q, K
& Warnings (6 items) Tt
i Tasks
[ Other.  A+ShifteQQ |

Figure 5.17: Selecting Remote Window

Choose Remote Systems, drag and drop it to Project Explorer, see Figure 5.18 and Figure 5.19.
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> Show View - o I

type filter text

Make ~
Myityn

Profiling

Profiling

(= Remote Systems

25 Remote Monitor

= . Remote Scratchpad
" Remote Search

. Remote Shell

25 Remote System Details
(&8 Remote Systems]

2. Team

=) Terminals

ey

\
!

= Team
= Tracing ~

: OK ] Cancel

Figure 5.18: Remote System

[ Project Exp_.. | 88 Remote Syw.. =2 = OB
- & | < SR B = = N
a EF Local

a ¥ Local Files

= ::——:5 Py Home
a o Drives
- = O
= CO Apps
= [ DELL
= 3O Dirivers
= O Intel
= O misys
= CO opt
= [ PerfLogs
= [ Program Files
= 3 Program Files (x86)
= O Temp
= [0 Users
= O Windows
] |[E5- wcl-rkspacel
= [0 RemoteSystermsTempFile
= O rterms-tasks
=l hiberfil.sys
=l pagefile.sys
I aEm DM
=% Local Shells
-« >

Folder: Choworkspace

Figure 5.19: Local Project

Right-click on workspace and select Launch Shell, see Figure 5.20.
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File Edit Source Reé New <
o P s I Go To >
B Showin Table
| &1 Monitor
(S ProjectEx.. AR
< | 27 Refresh FS
= | H
< &5 Local | i Rename... F2
« *2, Local Files | Delete... Delete
3F MyHon'" i) Copy
# o Drives St S
- S cC\ | =
> A; <3+ Move...
> LEJ D' 77 Search...
> 5 D)
> O In Export From Project...
> 5 Import To Project...
> 5 of -
h h
> G Pl Synchronize Cache
> p.: Create Remote Project
> O Py User Action >
> GO Vimns -
> O3 Uii- Launch Shell ]
> 5O W Properties Alt-Enter
- ‘e workspace;

3 RemoteSystemsTempFile
» O rtems-tasks
5 hiherfil cuc

Figure 5.20: Shell

Change directories to <project>/Debug, see Figure 5.21.
* Problems v Tasks () Console [ Properties [} Remote Shell &3 BB ER =8
M Local &2 ‘

BN C:\workspace>
cd rtems-tasks/Debug

I C: \workspace\rtems-tasks\Debug>

I C: \workspace\rtems-tasks\Debug>

< >

Command <d rteﬁs-tasksmehud

Figure 5.21: Project Debug Directory
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Run grmon, load and run the program. The COM port is under Device Manager; see Figure 5.22 to Figure
5.24,

", Problems -] Tasks () Console () Propertes (1 Remote Shell 2 LBBHR Y=
¥ Local 2 |
AHB status register Gaisler Research A
SPI Controller Gaisler Research
General purpose registers Gaisler Research

Use command 'info sys' to print a detailed report of attached cores

grlib> grlib>

v
< >
Command 870N -u -uart COM3| AV

Figure 5.22: Grmon Connecting to Remote Target
¥ Problems ./ Tasks () Console [ Properties T Remote Shell 7 LBRBE =08
B Local 32
downloading: 147456 A
downloading: 155648downloading: 163840downloading: 166848 section: .
downloading: @downloading: 4608 section: .jer at Bx40029dco, size 4
downloading: 4
read 990 symbols
entry point: 0x40000000
W grlib> grlib>
v
{ )
Command | load rtems-tasks A Y

Figure 5.23: Loading Executable
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5.6

5.6.1

" Problems i Tasks [ Console [ Properties [ Remote Shell &7 4B HE Y=8
¥ Local
TAL - rtems_clock get - @9:01:13  12/31/1938 Al
TA2 - rtems_clock get - 09:01:15 12/31/1988
TAL - rtems_clock get - 09:01:19 12/31/1988
TAL - rtems_clock get - @9:01:26 12/31/1938
TA2 - rtems_clock get - @9:01:27 12/31/1988
TA3 - rtems_clock get - @9:01:29 12/31/1988
TAL - rtems_clock get - @9:01:32 12/31/1988
¥
{ »
Commend U AV

Figure 5.24: Running application

VxWorks

The VxWorks BSP contains a set of drivers for the SpaceWire core in the LEON3 SOC design. The operation of
the driver is described in the VxWorks-drivers manual. The supported hardware is summarized in the list below.
For documentation about a specific core’s driver please see the LEON VxWorks Driver Manual.

CAES provides a SPARC/LEON architectural port for VxWorks and a UT700 BSP. The BSP contains drivers for all
UT700 peripherals. Refer to www.gaisler.com for more information.

VxWorks Kernel

VxWorks kernel is configured by default with the target server, auto-memory configurations and some basic
features. To add more components, use the project tool in Workbench.

To Start Workbench, double-click on the Workbench icon on the desktop. From the File menu select New
-> VxWorks Image Project. Specify the project hame as LEAP_VxWorks_ Kernel and click Next.

Setup the project:
Based on a board support package
BSP: gr_ut700leap

Tool chain: gnuv8

Click Finish.

Include the following VxWorks components:

Spy, greth, ifconfig, external symbols, isr show, shell banner and ping.

In the Project Explorer view, right-click on LEAP_VxWorks_Kernel and select Build Project.

The build produces the WxWorks image, vxWorks, for the target system.
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5.6.2

5.6.3

VxWorks Kernel Module

Create a new VxWorks Downloadable Kernel Module project. From the File menu select New -> VxWorks
Downloadable Kernel Module. LEAP_VxWorks_Events for project name.

Active build spec: SPARCgnuv8
Click Finish.

Import events.c from /where/downloaded/events.c into LEAP_VxWorks_Events project.

¢ Right-click on the LEAP_VxWorks_Events project and select Import....

e Expand General and select File System from the Import dialog box.

e (Click Next.

¢ Click Browse... on the From Directory field.

e Browse to events.c dir and click OK.

e Select events.c and click Finish.

¢ In the Project Explorer view, right-click on LEAP_VxWorks_Events and select Build Project.

The build produces the DKM module: LEAP_VxWorks_Events.out.

Booting with Bootrom
To build the bootrom, reference Gaisler’s LEAP VxWorks BSP manual:

www.daisler.com/doc/vxworks-ut700leap-bsp.pdf

To run the bootrom image on the target’s PROM, connect the LEAP board’s DSU serial port cable

To the host serial port, or DSU connection of preference and load bootrom, see Figure 5.25.

Windows: >grmon.exe -uart <com3>
Linux: $ grmon -uart /dev/ttyUSBO

$ grmon -uart /dev/ttyUSBO

grmon2> mcfgl
mcfgl: 0x1803c2ff

grmon2> mcfgl 0x1803caff
mcfgl: 0x1803caff

grmon2> load bootrom.prom
00000000 .text 21.4kB / 21.4kB [ =] 100%
00005590 .data 382.8kB /382.8kB [ =] 100%

Total size: 404.13kB (91.57kbit/s)Entry point 0x0
Image bootrom.prom loaded

Figure 5.25: Loading the boot-prom image
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In Workbench, open the Terminal view, Window -> Show View -> Terminal, set the setting values as show in
Table 5.1.

Table 5.1: Terminal Settings

Settings Value
Baud Rate 38400
Data bits 8
Stop bits 1
Parity None
Flow Control None

After resetting the target, the bootrom application tries to load VxWorks image. To stop auto boot, press
any key, see Figure 5.26.

VxWorks System Boot

Copyright 1984-2008 Wind River Systems, Inc.

CPU: UT700 LEAP Board

Version: VxWorks 6.7

BSP version: 1.0.15/9

Creation date: Apr 20 2016, 09:48:33

Press any key to stop auto-boot...
2

Figure 5.26: Loading the boot-prom image
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[VxWorks Boot]: p

boot device

unit number
processor number
host name

file name

inet on ethernet (e)
host inet (h)
gateway inet (g)
user (u)

ftp password (pw)
flags (f)

:greth

:0

:0
:10.5.233.136
s vxWorks
:10.5.233.215
:10.5.233.136
:10.5.233.1
ranonymous
Tuser

: 0x80

In the Terminal view, type p to view the boot parameters, see Figure 5.27.

: boottest

target name (tn)

Figure 5.27: Boot parameters

To change the boot parameters to your particular values, type ¢ at the boot prompt, see Table 5.2.
Table 5.2: Useful keys

Key | Description
Backspace Change last character typed
. Clear current entry
- Go back to last parameter
Ctrl+D Return to boot parameter prompt
Ctrl-U Erase current line and retain existing
parameter

After setting the boot parameters, to boot the VxWorks system, type @ at the boot prompt, see Figure 5.28.
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[VxWorks Boot]: @

boot device : greth

unit number :0

processor number :0

host name :10.5.233.136
file name : vxWorks

inet on ethernet (e) :10.5.233.215:FFFFFFOO
host inet (h) :10.5.233.136
gateway inet (g) :10.5.233.1
user (u) :anonymous
ftp password (pw) suser

flags (f) : 0x80

target name (tn) : boottest

Loading... 1358624 + 281376
Starting at Ox40003000...

Adding 5507 symbols for standalone.

CPU: UT700 LEAP Board . Processor #0.
Memory Size: 0x1fff000. BSP version 1.0.15/9.
Created: Feb 13 2017, 18:17:56

ED&R Policy Mode: Deployed

WDB Comm Type: WDB_COMM_END

WDB: Ready.

->

Figure 5.28: Booting the Target

5.6.4 Debugging with Workbench

Workbench is based on the Eclipse framework offering end-to-end, open standards-based suite for device
software design, development, debugging, test and management.

More information on Wind River Workbench is available at www.windriver.com

5.6.5 Configuring the Target Server/Manager

With VxWorks running on the target, in the Remote Systems view toolbar click on Define a connection to
remote system icon:

a
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s &1 & =

b HA VxWorks6x_10.5.233.255 (wind Rive
- 92 yxWorks6x_192.168.0.215 (Wind Riv

In the New Connection dialogue specify VxWorks 6.x -> Wind River VxWorks 6.x Target Server Connection as
the Remote System Type, and click Next.

Backend: wdbrpc
Target name/IP address: 192.168.0.17

Change IP address <192.168.0.17> to your particular value.
Click Finish.

5.6.6 Debugging the Target Device

Note: there are at least 3 ways to accomplish the same task in Workbench.

In the Project Explorer, right-click on LEAP_VxWorks_Events.out, select Download VxWorks Kernel
Task, and select your specific target to download to, i.e., VxWorks6x_192.168.0.215. In the Remote
Systems view, you will see the LEAP_VxWorks_Events.out under you target connection.

From the Remote Systems view, debug a running task.

Right-click on s12u0 and select Debug -> VxWorks Kernel Task, Workbench switches to Device Debug
perspective and the attached task is listed in the Debug view, see Figure 5.29.

Device Debug - LEAP_VxWorks_Events/events.c - Wind River Workbench

File Edit Refactor Navigate Search Project Target Analyze Run Window Help

B v s (% 0 Q- ¥ TR OSes ™5 | @ B oaE e s 7/ [BDevice De. ™
e o
[75 Project Explo 3 . £% Debug Symbo = O/ [ creation.log (¢ events.c 2 i eventlib.c ! = B | % Debug 2 =8
= & - #include "vxworks.h" 3 >
. #include “eventLib.h" S e [
= & LEAP_VxWorks_Events (Wind River Vx\ #include "stdic.h” C
- - : o 0 & 51200 : 0x4039e3f0 (Running)
< [y Build Targets (SPARCgnuv8 - debug) E| #include “taskLib.h ¢
b [f) LEAP_VxWorks_Events (LEAP_VxV

.- . | dnt  eventsToRequest; < o SPARC-LEON: VxWorks 6.7 (Task Mode)
| LEAP VxWorks_Events_partiallme 1 .
void eventsTask(eventsTorequest) < @ tEventsTask : 0x404b38d8 (Stopped - Breakpoint Hit)

P g Wind River Launches { = eventsTask() - events.c:16

b 4 Binaries UINT32 =pEventsReceived = (UINT32 *)calloc(1,4) =' uxTaskEntry() - vxALib.5:67
P i Includes

-
[=
= G eventsTask - LEAP_VxWorks_Events.out - VxWorks6x_192 ISS(H
a

= A tEventsTask : 0x404b38d8
b (% SPARCgNUVE EDREVER - i )
zl printf("waiting for event(s): %d \n", event : =
T ol e
03 eventReceive(eventsToRequest, EVENTS WAIT £ . . -
i Remote Systems 32 =0 % & W g BB "
- printf(*event(s) received: %d \n", *pEvents ¥ & /LEAP_VxWorks_Events/events.c:16 (*Planted*, Restricted Scopt
o }
HEIOEIE - ) ! n
8, ipcom_syslogd: 0x40402dc(] 4= Variables &2 - i Registers| &4 Expressions [ Memory =a

B ipcom_tickd:0x4039 ] o, | X -
i (e # B | [ &

8 miiBusMonitor.0x40 QIEr ¥ & Tas |PTer [ Pro EPro | @euil[@con| =0 h

@y tEventsTask:0x404b38d8 [£f8 Workspace Log I P Name Type Value

@ Pend] | b - = eventsTi int 0

@y, tEventsTask:0x40493570 |type filter text b pEvents UINT32 * 0x40401078

@, tExcTask:0x4018fa4 I« —

& HakTscl nvanas7han (oan 2] Message Plug-in = 5
[ i [>) I i | B i )

g &Debug 68Mof119M | Click to switch to "Workspace 2"

| @ hostsh... || [ [jaguas... | @ jaguas... | [@ [jaguas... | & [jaguas... [ 3 Device ... ] 4 [emacs... | @ jaguas... | @ debug i... | @ Desktop || ] VxWork... | | @ gl .
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5.7

5.7.1

Figure 5.29: Workbench Debug Perspective

To suspend the task, select the task in the Debug view and click the Suspend button

To resume execution, click Resume

To set a breakpoint, first suspend as above, and double-click in the blue gutter to the left of the line.
After clicking the Resume button, the breakpoint is encountered immediately.

Single Step Over a few lines.

Linux

Linux is a full source package, containing kernel, libraries and application code for rapid development of
embedded Linux systems. The LEON port of Linux on the LEAP systems supports the MMU configuration, V8
mul/div instructions and the floating-point unit (FPU). Below is a list of supported hardware:

e LEON3 with MMU, FPU, MUL/DIV

e GPTIMER System Clock Timer

e IRQMP interrupt controller

e APBUART system console

e GRSPW SpaceWire

e GRETH 10/100 and 10/100/1000 Network driver using the MDIO layer
e GRPCI Host support

e OCCAN implements the Linux socket CAN 2.0b interface

e GRGPIO supports the generic General Purpose I/O model of Linux

e SPICTRL supports SPI master interface through the spi-fsl driver

Linux Embedded System

CAES provides the LINUXBUILD utility as a quick way of getting started with Linux development for the LEON
architecture. It ties different components together to build a complete Linux environment. Settings for standard
LEON Linux configurations are available within the LINUXBUILD package and custom configurations can also be
created by the user.

The LINUXBUILD utility documentation is available at www.gaisler.com/doc/linuxbuild.pdf

Table 5.3 Project directory layout

Bootloader Mkprom2

images The binary images of the bootloader, kernel and root filesystem
Kernel The operating system (0OS) running on the target

Rootfs The root filesystem as seen by the target’s kernel at runtime
Tools The complete cross-platform development toolchain
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5.7.2 Booting Linux with mkprom2

Once the Linux image, image.ram, is created from LINUXBUILD, mkprom2 can create a boot-image to run
from PROM on the LEON3 processor.

To generate a boot-prom from image.ram, use the following options as in Figure 5.30. Change mkprom2’s
options according to the particular hardware settings.

S mkprom2 -freq 50 -nosram -sdram 32 -memcfgl Ox1803caff -memcfg2 0x89a06005
-memcfg3 0x08184000 -baud 38400 image.ram -0 image.prom

LEON2/3/ERC32 MKPROM prom builder for BCC, ECOS, RTEMS and ThreadX v2.0.60
Copyright Gaisler Research 2004-2007, all rights reserved.

creating LEON3 boot prom: image.prom

Searching for compiler to use (sparc-elf, sparc-rtems or sparc-linux):

sh: sparc-elf-gcc: command not found

sh: sparc-rtems-gcc: command not found

sparc-linux-gecc (sparc-linux-ct-leon_multilib_basic-0.0.7) 4.4.2

Copyright (C) 2009 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO

warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

Figure 5.30: Mkprom2 options

To run the image.ram on the target's PROM, attach grmon2, see 5.3, to the target board using the serial
debug link (DSU), see Figure 2.6 and Figure 5.31-Figure 5.33.

S grmon -eth 10.5.233.215

grmon2> mcfgl 0x1803caff
mcfgl: Ox1803caff

grmon2> load image.prom

00000000 text 6.2MB/ 6.2MB [===============>] 100%
Total size: 6.16MB (1.52Mbit/s)

Entry point Ox0 Image image.prom loaded

Figure 5.31: Loading Linux boot-prom image
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MkProm2 boot loader v2.0
Copyright Gaisler Research - all rights reserved

system clock :50.0 MHz

baud rate : 38343 baud

prom 1512 K, (2/2) ws (r/w)

sdram : 32768 M, 1 bank(s), 9-bit column

sdram 1 cas: 2, trp: 40 ns, trfc: 80 ns, refresh 7.8 us

decompressing .text to 0x40000000
decompressing .data to 0x400010f0
decompressing .vmlinux to 0x40004000
decompressing .startup_prom to 0x40846880

starting image.ram

PROMLIB: Sun Boot Prom Version O Revision 0

Linux version 3.10.58 (gcc version 4.4.2 (sparc-6
bootconsole [earlyprom0] enabled

ARCH: LEON

TYPE: Leon3 System-on-a-Chip

Ethernet address: 00:00:7c:cc:01:45

CACHE: 4-way associative cache, set size 4k

OF stdout device is: /a::a

PROM: Built device tree with 25547 bytes of memory.
Booting Linux...

PERCPU: Embedded 7 pages/cpu @f0af3000s6272r8192 d14208 u32768

Figure 5.32: Booting from mkprom2

Mounting /tmp /sys and /proc filesystems

Mounting /dev/pts

mkdir: can't create directory '/dev/pts': File exists
mkdir: can't create directory '/dev/shm': File exists
Starting ifplugd...

Starting telnetd...

Starting shell

leon login: root
login[88]: root login on 'ttySO*

BusyBox v1.23.1 (2015-08-2515:24:32 MDT) built-in shell (ash)
Enter 'help’ for a list of built-in commands.

~H

Figure 5.33: Linux Login
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Chapter 6: Benchmarks
CAES provides a Benchmark Performance White Paper of the following benchmarks:

e Dhrystones Benchmark
e Coremark Benchmark
e Flops20 Benchmark

e Stanford Benchmark

e Whetstone Benchmark

The benchmark plots and results are shown in the white paper that can be found at:
www.cobhamaes.com/products/radiation-hardened-solutions-high-reliability-components/computing/microprocessors
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REVISION HISTORY

REV | Revision Date Description of Change Page(s) Author
1.0.0 12-04-2014 Initial Release --
1.0.1 12-20-2016 New Format Sim,
Jose
1.0.2 06-07-2017 1.1,1.2 Update Company Name, 1.4 correct title, 4,24,28,39 Sim

2.10 spacing, Remove version number 5.2 &5.6, ,47,50,51
5.4 update list, 5.5 update list, Remove feature list
5.6. Remove Nucleus (No longer supported),
Remove Snapgear Linux, only support standard
Linux, 5.7 remove text and update list, 5.7.1
update text, chapter 6, Dhrystones benchmark

1.0.3 10/27/2017 Add more benchmark results 49-56 MTS

1.0.4 11/28/2017 Remove benchmark results and add reference to 49 MTS
Benchmark White Paper

The following United States (U.S.) Department of Commerce statement shall be applicable if these commodities,
technology, or software are exported from the U.S.: These commodities, technology, or software were exported from the
United States in accordance with the Export Administration Regulations. Diversion contrary to U.S. law is prohibited.

Cobham Colorado Springs Inc. d/b/a Cobham Advanced Electronic Solutions (CAES) reserves the right to make changes to any
products and services described herein at any time without notice. Consult an authorized sales representative to verify that the
information in this data sheet is current before using this product. The company does not assume any responsibility or liability arising
out of the application or use of any product or service described herein, except as expressly agreed to in writing; nor does the
purchase, lease, or use of a product or service convey a license under any patent rights, copyrights, trademark rights, or any other of
the intellectual rights of the company or of third parties.
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