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1 DOCUMENT INTRODUCTION
11 Scope and Purpose of the Document

This document provides a User's Manual and Interface document for the “GR716-CPCI-
DEV” Development and Demonstration board within the activity “GR716B Rad-Hard
Microcontroller for Space” initiated by the European Space Agency under ESTEC contract
4000130767/20/NL/MM/gm.

The work has been performed by Frontgrade Gaisler AB, Goteborg, Sweden.

1.2 Reference Documents

[RD1] GR716A, Data Sheet and User's Manual", Frontgrade Gaisler, GR716-UM-DS,
available from http://www.qgaisler.com/index.php/products/components/GR716

[RD2] GR716B, Advanced Data Sheet and User's Manual, Frontgrade Gaisler,
GR716B-UM-DS, available from

https://www.gaisler.com/index.php/products/components/qr716/gr716b
[RD3] GR716-CPCI-DEV_schematic.pdf, Schematic
[RD4] GR716-CPCI-DEV_assy_drawing.pdf, Assembly Drawing
[RD5] GRMON4 User's Manual, available from:
https://www.gaisler.com/products/grmon4

[RD6] GR716A/B-BOARD, GR716A/B-BOARD User Manual.pdf, User Manual,
https://www.qgaisler.com/products/qr716-board

2 ABBREVIATIONS
ADC Analog to digital converter
ASIC Application Specific Integrated Circuit.
DAC Digital to analog converter
DSU Debug Support Unit
EDAC Error Detection and Correction
ESA European Space Agency
ESD Electro-Static Discharge
ESTEC European Space Research and Technology Center
GPIO General Purpose Input / Output
IC Integrated Circuit
110 Input/Output
IP Intellectual Property
LDO Low Drop-Out
LVDS Low-voltage differential signalling
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PCB
POL
SOC
SPW

TBC
TBD

Printed Circuit Board
Point of Load
System On a Chip
SpaceWire

To Be Confirmed

To Be Defined
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3 INTRODUCTION
3.1 Overview

This document describes the GR716-CPCI-DEV Development Board Figure 3-1.

Together with the GR716-DEV board, this equipment is intended to be used as a platform
for the demonstration of the Frontgrade Gaisler GR716 RAD Hard Microcontroller.

Furthermore, this board provides developers with a convenient hardware platform for the
evaluation and development of software for the GR716 microcontroller and allows the
GR716-DEV board to be installed in a CPCI rack for further integration with other
development equipment.

The GR716 microcontroller features a fault-tolerant LEON3FT SPARC V8 processor,
communication interfaces and on-chip ADC, DAC, Power-on-Reset, Oscillator, Brown-out
detection, LVDS transceivers, regulators to support for single 3.3V supply, ideally suited for
space and other high-rel applications.

GR-TEST-MEMORY

GR716 A or B-BOARD

Figure 3-1: GR716-CPCI-DEV Development Board
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The board contains the following main items as detailed in section 4 of this document:

CPCI 6U format (233.35 x 160mm)
two sites for plug on modules with two 2x32 pin stackable 0.1” headers
plug on board for configuration of interface routing to peripherals

connector for single VIN power input (+5V to +12V recommended operating range,
+14.5 Vmax)

front panel with

o 0.1” header connectors for 64 GPIO signals (plus ground)

o LED’s as status indicators for GPIO signals

o two Spacewire connectors (MDM9S) (Note*)

o connector for SPI4Space interface (MDM9S)

o DIP switch for bootstrap settings

o mini USB connector for FTDI-USB interface

o LED indicators for Power and ResetOut status

o RESET_IN and DSUBREAK push button switches
on-board headers for ribbon cable connection to

o Packetwire interface (only available for GR716A)

o CAN interface

o DSU plus UART interfaces

o MIL1553 interface

o SPI peripherals
miniature coax connectors for 8 x ADC and 4 x DAC analog signals
jumpers for power supply configuration
on-board regulators converting from VIN to 3.3V & 1.8V
sockets available for optional on-board oscillators

o SYSCLK

o SPWCLK

o MIL1553CLK

o PWMCLK For GR716A

» For GR716B PWMCLK is generated internally inside the ASIC

Note: When GR716A-BOARD is mounted then two SpaceWire interface possible, one with
on-chip LVDS and another with external LVDS. Note the GR716A has single SpaceWire
node interface with redundant ports.

When GR716B-BOARD is mounted then only one SpaceWire interface possible. Even
though the GR716B device consist of a SpaceWire router with two SpaceWire ports (with
on-chip LVDS) this GR-CPCI-Dev board only supports one SpaceWire interface. The
CMOS SpaceWire interface is not available in the GR716B.

GR716-CPCI-DEV-UM Frontgrade Gaisler AB
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3.2 Handling

ATTENTION: OBSERVE PRECAUTIONS FOR
ALUaS HANDLING ELECTROSTATIC SENSITIVE DEVICES

This unit contains sensitive electronic components which can be damaged by Electrostatic
Discharges (ESD). When handling or installing the unit observe appropriate precautions
and ESD safe practices.

When not in use, store the unit in an electrostatic protective container or bag.

When configuring the jumpers on the board, or connecting/disconnecting cables, ensure
that the unit is in an un-powered state.

When operating the board in a 'stand-alone' configuration, the power supply should be
current limited to prevent damage to the board or power supply in the event of an over-
current situation.

This board is intended for commercial use and evaluation in a standard laboratory
environment, nominally, 20°C. All devices are standard commercial types (except the
microcontroller), intended for use over the standard commercial operating temperature
range (0 to 70°C).

GR716-CPCI-DEV-UM Frontgrade Gaisler AB
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4 BOARD DESIGN
4.1 Board Block Diagram

The GR716-CPCI-DEV Board provides the electrical functions and interfaces as
represented in the block diagram Figure 4-1.

FTDI USB < —
GPIO (64x) < —
GPIO-LED ‘_D_I
(64x)
SPW < Ll =
)
SPl4s - g —
=
SPW/SPI4S < (ZD —
CAN Dw_ 5 L
- EXPANSION
7 x UART D-— O —»  SLOTFOR
< GR716-BOARD
PW Dw_ 8 I—-
~ ]
u Q
Z MIL1553 D-— I —>
< L
o o
e 2x SPI Dq— .
8 Z
LL 4 x DAC Dd— -
8 x ADC D - —
BOOTSTRAP < —
EXPANSION
SLOT FOR
GR716-TEST-
MEMORY
3.3V VIN
e DCDC | e— OR USER
EXPANSION

Figure 4-1: GR716-CPCI-DEV Board Block Diagram

Note that not all features and interfaces are simultaneously available since the pins of the
GR716 microcontroller have multiple functions. The available interfaces depends on the
configuration and programming of the registers of the GR716 microcontroller, and on the
connections made by the Interface Configuration Module.
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4.2 Board Mechanical Configuration
The board (233.35 x 160mm) and can be used 'stand-alone' on the bench-top simply an
external +12V power supply connected to connector J32.

A 6U format, 2 slot sized CPCI front panel is fitted to allow the board to be installed in a
CPCI rack. The dimensions of the board are provided in Figure 4-2.
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Top Side Components
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Figure 4-2: GR716-CPCI-DEV Board Dimensions
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4.3 GR716-BOARD and Expansion Boards

The GR716-CPCI-DEV provides two sites with two 2x32 pin headers to allow the board to
function as a carrier board for the GR716-BOARD (Figure 4-3).

The first set of headers (P1, P2) is intended for mounting the GR716-BOARD as shown in
Figure 4-4.

The second set of headers connect with a one-to-one correspondence with the first set
and is intended for the mounting a GR716-TEST-MEMORY board (Figure 4-5).

Alternatively, the second set of headers provides a convenient way for User Defined
interface boards to be developed and connected to the GR716-CPCI-DEYV, if other
functions or features are to be demonstrated.

Figure 4-3: GR716A-BOARD
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Figure 4-4: GR716-BOARD mounted on a GR716-CPCI-DEV Carrier board
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Figure 4-5: GR716-TEST-MEMORY BOARD
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44 Interface Configuration Board

Since the GR716 microcontroller has pins with multiple functions, it is necessary to have a
way to route pins from the GR716-BOARD to the interface circuits in a way that prevents
signal and interface conflicts.

This is achieved on the GR716-CPCI-DEV board by means of Interface configuration
Boards as shown in Figure 4-6.

Figure 4-6: Interface Configuration Board

These boards can be configured by means of installing or removing solder bridges in order
to route connections from the GPIO pins of the GR7716-BOARD to the interface circuits on
the GR716-CPCI-BOARD.

The organisation of the solder bridges corresponds with the organisation of the 10
Configuration Options shown in Table 7 of [RD1].

The Interface Configuration Board mounts on to the GR716-CPCI-DEV board underneath
the Expansion Board, as shown in Figure 4-7.

Figure 4-7: Installed Interface Configuration Board
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4.5 GPIO

All 64 GPIO pins can be connected from the GR716-BOARD via the Expansion Connector
to the GR716-CPCI-DEV.

These 64 general Purpose Input Output signals (3.3V LVCMOS voltage levels) are
connected to a set of 0.1” pitch pin headers and from there via ribbon cable the front panel
of the GR716-CPCI-DEV board, thus allowing easy access to these signals, either
individually, or with a ribbon cable connection. A series protection resistor of 470 Ohm
(Figure 4-8) is included on each signal at the front panel connector.

To indicate the state of the GPIO pins, LED indicators are provided on the front panel.

10
64
GR716- CONFIG- , GPIO[63..0] .
BOARD | URATION ny j—|:<_> PIO[63..0]
SERIES
BOARD RESISTOR

470R

(x64)
S

PCB

Figure 4-8: GPIO interface

Note that the state of some of the GPIO pins are sampled at power-up or reset of the
processor in order to determine initial conditions of a number of internal features, as listed
in Table 22 of [RD1] and as described in section 4.16.

4.6 SPW

The GR-CPCI-DEV board provides LVDS transceivers to connect the dedicated
SpaceWire interface signals of the GR716 microcontroller to a 10 pin header J7. This
header is connected with wire tails to a MDM9S connector on the front panel to provide a
standard SpaceWire interface.

4.7 SPI4S

The GR-CPCI-DEV board provides LVDS transceivers to connect the dedicated
SPI4SPACE interface signals of the GR716 microcontroller to a 10 pin header J8. This
header is connected with wire tails to a MDM9S connector on the front panel.

GR716-CPCI-DEV-UM Frontgrade Gaisler AB
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4.8 LVDS

The dedicated LVDS interface signals from the GR776 microcontroller are connected to a
10 pin header J6 Figure 4-9. Depending on the configuration of the GR716 microcontroller
and Interface Configuration board, this interface can be used as SpaceWire or as a
SPI4SPACE interface.

This header is connected with wire tails to a MDM9S connector on the front panel.

SPW/SPI4S connector

SPW SPI

RXD SCK
RXS MOSI
TXS MISO
TXD SEL

J6

w N = o K

1
2
3
4
5

cCOON®

1 {DGND
10WAY-PINSTRIP(5X2)_CEN

SHD1

R72

.
C15 10k

100p

DGND

Figure 4-9: Dual purpose LVDS Signal Header

This equipment has SPW ports that use Low Voltage Differential

Signalling (LVDS) which has limited common mode voltage protection.
A To avoid damage to the SPW interfaces due to common mode voltage

the following actions should be performed before the equipments that
will be connected by SpaceWire are powered on.

e Before connecting any SpaceWire cables, make sure that there is no voltage
difference between the different equipment grounds. E.g., measure the voltage
between the different equipment grounds with a voltmeter. The result should be
close to 0 V.

e After the SpaceWire cables are connected, make sure that the equipment grounds
are low ohmic connected to each other. E.g., measure the resistance between the
different equipment grounds with a multimeter in resistance mode. The result should
be less than 1 Q.

The SPW standard specification specifies that the cable side outer shield is bonded to the
connector shell but does not say anything about the grounding/bonding of the connector
side shell. So, you can’t be sure that the different equipment grounds are connected only
by the SpaceWire cable.

In this equipment the SPW connector side shell is not connected to the local GND of the
SPW circuits. The users connecting the board to other equipment only via SPW should
ensure grounding via other means (e.g., a dedicated wire).
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4.9 UART-A/ UART-B / UART-C

Three 20 pin headers are provided on the GR716-CPCI-DEV board to allow various
combinations of UART interfaces to be connected with a ribbon cable to a GR-ACC-6U-
UART accessory board. This can provide up to 6 UART interfaces with RS232
transceivers and standard DSUB-9S connectors (Only RS232 available on the
development boards).

The Headers provide the following combinations of interfaces:

Header Header Header J11 |Comment
J9 J10
UARTO UART2 UART4  |RX, TX, CTSN, RTSN signals
UART1 UART3 UART5  |RX, TX, CTSN, RTSN signals
UART2 UART4 UARTO  |RX & TX signal
UART3 UART5 UART1  |RX & TX signal
UART4 UARTO UART2  |RX & TX signal
- UART1 UART3  |RX & TX signal
UART-DSU - - RX & TX signal

Table 1: UART interface Combinations
410 CAN

When GR716- BOARD is used then the CAN signals from the GR716-BOARD are
connected to a header J12.

To provide the necessary CAN transceiver circuits, this header can be connected with a
ribbon cable to a GR-PCI-CAN accessory board.

4.11 CAN-FD

When GR716B- BOARD is used then the CAN signals from the GR7716B-BOARD are
connected to a header J12.

To provide the necessary CAN transceiver circuits, this header can be connected with a
ribbon cable to a GR-ACC-GR740-CANFD accessory board.

412 MIL1553

The MIL1553 signals from the GR716-BOARD are connected to a header J13.

To provide the necessary MIL-1553 transceiver circuits, this header can be connected with
a ribbon cable to a GR-ACC-GR740 accessory board.

413 SPI0 / SPI1

The signals of the SPI10 and SPI1 interfaces from the GR7716-BOARD are connected to a
header J14 & J15 respectively.

This header can be connected with a custom cable to a GR-ACC-GR740 accessory board.

Frontgrade Gaisler AB
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414 PACKETWIRE

The signals of the Packetwire interfaces from the GR716-BOARD are connected to a
header J16.

This header can be connected with a custom cable to a GR-TMTC-PW accessory board.

Note though that the GR-TMTC-PW does not accommodate the TX_READY and
RX_READY signals.

The packetwire interfaces are not available in GR716B.
415 DACO0-3 & ADCO0-7

The four DAC current outputs from the GR716-BOARD are connected to a miniature
MMCX coaxial connectors J17 to J20.

The eight ADC voltage inputs to the GR7716-BOARD are connected to a miniature MMCX
coaxial connectors J21 to J27 and J29.

4.16 Bootstrap Signals

A number of features of the GR716 microcontroller are required to be set at power-on of
the processor, by means of bootstrap pins. A number of GPIO and function pins are pre-
defined for this purpose, according to the definition Table 22 of [RD1].

To define the desired setting, an 8 pole, DIP switch (S1), is provided on the front panel of
the GR716-CPCI-DEV board to connect these signals to DGND or via pull-up to 3V3.

Note: A DIP switch for setting these Bootstrap signals also exists on the GR716-BOARD
([RD6]). The DIP switches on the GR716-BOARD should be set to ‘float’ to ensure that
there is no conflict with the DIP switch settings on the front panel of the GR716-CPCI-DEV
board.

Pin Function Open Closed |Default
GPIO0 Disable EDAC “’ 0 ‘4’
GPIO17 Bypass Internal Boot Prom 1’ ‘o ‘o
GPIO62 Enable Memory Test 1’ ‘o ‘o
GPIO63 Redundant Memory Available 1’ ‘o ‘o
DSUTX Copy ASW image/SPW default frequency 1’ ‘o {0}
SPIM_MOS |Remote Access/Boot from Memory 1’ ‘o {0}

I

SPIM_SCK |Boot Source 0 1 ‘o ‘o
SPIM-SEL |Boot Source 1 9’ ‘0 ‘0

Table 2: Bootstrap Resistor Settings
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417 Debug Support Unit Interfaces

Program download and debugging to the processor is performed using the GRMON
Debug Monitor tool from Frontgrade Gaisler ([RD5]). The GR716 microcontroller provides
a UART based DSU interface for Debug and control of the processor by means of a host
terminal, as represented in Figure 4-10.

Four control signals from the Debug Support Unit interface to the processor are
implemented:

DSUTX Debug UART Transmit

DSURX Debug UART Receive

DSUEN This signal is pulled high on the board to enable Debugging
DSUBRE  This signal is pulled low on the board

These signals are connected via the Expansion Connector interface from the GR716-
BOARD to an FTDI USB interface. This allows a USB connection to be made to a host
computer.

DSUTX«—

FTDI

DSURX—

HOST
TERMINAL/COMPUTER

GR716-BOARD

EXPANSION
CONNECTOR

},— DSUEN—

DSUBRE—

Figure 4-10: Debug Support Unit connections
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418 Oscillators and Clock Inputs
The GR716-CPCI-DEV Board provides four DIL sockets to allow an external oscillator
clocks to be connected to the following clock inputs of the GR776 microcontroller:
EXT_SYSCLK
EXT_SPWCLK
EXT_1553CLK
EXT_PWMCLK (only for GR716A)
For more details of the internal Crystal Oscillator, PLL structure and clock gating features
of the GR716, please refer to sections 9 and 10 of [RD1] and [RD2].
419 Power Supply and Voltage Regulation

The power configuration is represented in Figure 4-11.

The main voltage supply input can be provided from one of the following sources:
1. VIN input supply via connector J33.
2. VIN input supply via connector J34.
3. VIN provided via CPCI Backplane connector.

VIN is regulated on the GR716-CPCI-DEV board to with a local Point-of-Load DC/DC
converter to generate a +3V3 voltage supply for the local circuits on the GR716-CPCI-DEV
board.

VIN is also connected to the GR716-BOARD via the expansion connector P2, where it is
further regulated for the GR716 microcontroller, as described in [RD6].

The VIN voltage should have a nominal value of 12V. However, due to the wide input
voltage range capability of the POL DC/DC converters used, the input voltage may range
from 5V to 17V.

Note though that, due to the 15V transzorb protection diode on the GR716-CPCI-DEV
board, the input voltage on this board should not exceed 14.5V.
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+VIN

5V min
12V nom
14.5V max

J32

EXPANSION
CONNECTOR
P2

J33

+3V3

EXPANSION
CONNECTOR
P4

+3V3
DCDC

CPCI
CONNECTOR

LMZ21701

Figure 4-11: Power Regulation Scheme

4.20 Reset Circuit and Button

The GR716 microcontroller includes an internal RESET circuit with Brown-out detector to
reset the processor and its peripherals (see section 8 of [RD1] and [RD2]).

The resulting low reset signal is present on the microcontroller pin RESET_OUT _N. This
signal is connected to the expansion connector, P2.

A manual reset of the microcontroller can be generated using the RESET _IN_N signal.
This signal is present on the expansion connector P2, and can be driven from an external
circuity if required. A miniature push button switch is provided on the front panel of the
GR716-CPCI-DEV board to pull this signal low, when the button is pressed.
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5 SETTING UP AND USING THE BOARD

The board is provided with a default configuration set by bootstrap settings.

For additional information, refer to [RD2] and for information about the Bootstrap signals,
refer to section 4.16.

To operate the board stand alone on the bench top, install the power configuration jumpers
appropriately, and +12V supply to the board connector J32.

ATTENTION! To prevent damage to board, please ensure that the
correct power supply voltage and polarity is used with the board.

Do not exceed +14.5V at the power supply input, as this may damage
the board.

The POWER _3V3 power good LED on the front panel should be
illuminated indicating that the power supply is present and the board is
generating the supply voltages that it requires.

This equipment has SPW ports that use Low Voltage Differential
Signalling (LVDS) which has limited common mode voltage protection.

A To avoid damage to the SPW interfaces due to common mode voltage
the following actions should be performed before the equipments that
will be connected by SpaceWire are powered on. Refer section LVDS
4.8

Upon power on, the Processor will start executing instructions beginning at the memory
location 0x02000000, which is the start of the external SPI Flash. If the SPI Flash is
'‘empty' or no valid program is installed, the first executed instruction will be invalid, and the
processor will halt with an ERROR condition.

To perform program download and software debugging on the hardware it is necessary to
use the Frontgrade Gaisler GRMON3 debugging software, installed on a host PC (as
represented in Figure 4-10). Please refer to the GRMON3 documentation for the
installation of the software on the host PC (Linux or Windows), and for the installation of
the associated hardware dongle.

To perform software download and debugging on the processor, a link from the Host
computer to the DSU interface of the board is necessary. As described in section 4.17 this
is achieved via the FTDI USB interface.

Program download and debugging can be performed in the usual manner with GRMON3.
More information on the usage, commands and debugging features of GRMONZS, is given
in the GRMONS3 Users Manuals and associated documentation,[RD5].
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6 INTERFACES AND CONFIGURATION
6.1 List of Connectors

Name |Function Type Description

Pl EXPANSION-1 2x32 pin 0.1” Header |Expansion connector-1

P2 EXPANSION-2 |2x32 pin 0.1” Header |Expansion connector-2

P3 EXPANSION-1 |2x32 pin 0.1” Header |Expansion connector-3

P4 EXPANSION-2 |2x32 pin 0.1” Header |Expansion connector-4

J1 FTDI-USB Mini USB FTDI Serial to USB interface

J2 GPIO[15..0] 2x17 pin 0.1” Header | GPIO signals 0-15

J3 GPIO[31..16] 2x17 pin 0.1” Header | GPIO signals 16-31

J4 GPIO[47..32] 2x17 pin 0.1” Header |GPIO signals 32-47

J5 GPIO[63..48] 2x17 pin 0.1” Header | GPIO signals 48-63

J6 SPWO0 2x5 pin 0.1” Header Connects to front panel MDM9S
connector

J7 SPW1 2x5 pin 0.1” Header Connects to front panel MDM9S
connector

J8 SPI4S 2x5 pin 0.1” Header Connects to front panel MDM9S
connector

J9 UART-A 2x10 pin 0.1” Header

J10 UART-B 2x10 pin 0.1” Header

J11 UART-C 2x10 pin 0.1” Header

J12 CAN 2x10 pin 0.1” Header

J13 MIL1553 2x10 pin 0.1” Header

J14 SPIO 2x6 pin 0.1” Header

J15 SPI1 2x6 pin 0.1” Header

J16 PACKETWIRE |2x10 pin 0.1” Header |Interface signals for Packetwire interface

J17-J20 | DACO-3 MMCX

J21-J27 | ADCO0-6 MMCX

J28 EXT_SYSCLK |MMCX

J29 ADCO-7 MMCX

J30 EXT_SPWCLK |MMCX

J31 EXT_PWMCLK |MMCX
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Name |Function Type Description

J32 POWER-IN 2.1mm, centre +ve VIN (nominal +12V)

J33 POWER-IN 4 pin MOLEX Alternative power in connector (nom.
+12V)

J34 POWER-OUT 2 pin MOLEX6410 Header for TBD use

J35-J37 | IO-CONFIG HIROSE FX11-100S Connectors for IO ‘personality’ module

3)1PCI- CPCI CPCl interface connector — power only

Table 3: List of Connectors
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Figure 6-1: GR716-CPCI-DEV Front Panel
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P1 P2
GND} 1 2 {DGND DGND 1 2 DGND
EXT SYSCLR ! 12 i EXT_SPWCLK GO 1z ben
GPioso  DGND s 6 {DGND (5040 axp p DGND ? 8 DGND gy »
GPIO52 JA GPIO51 RX1 P JA RX1
23854 "o 23853 RX0 P O RX0
56 55 1 |
GPIOS8 B, GPIOS7 Tx2_ p___ DGNDI B 1DGND 1y5
GPI060 e GPIO5G TX1 P ol T N
GPIO62 1o GPIO6] TXO P 1o TXO N
=] =]
GPIOO 21 22 GPIO63 DGND} 21 22 |DGND
DGND} 23 24 {DGND VREFBUE 23 24 VREFIN
GEIO2 ' 25 26 i GPIO1 AGNDJ} 25 26 JAGND
GPIO3 el GPIOS GPI048 I o o 1 GPIO47
gjge e oo gjgs GEI046 Se oo GPIO45
8 7 I |
GPIOI0 o GPIOD GPIossa  AGNDJ i 1AGND G040
GPIO12 e on GPIOTT GPIO43 Se on GPIO41
GPIO14 GPIO13 , ;
GPIO16 A GPIO15 GPI04p __ AGNDI A 1AGND Gpiogg
Gplots  DGND| a1 42 {DGND 5/ GPIO39 41 42 G037
43 44 AGNDJ} 43 44 JAGND
GPIOZ20 PR GPIO1S SPIM MOSI I PR 1 SPIM_MISO
GPI022 Pl GPIO21 SPIM_SEL P SPIM_SCK
GPI024 GPI023 - :
GPIO26 el GPIOZ5 pm spa  DGNDF el IDGND by 5oL
GPIO28 oy o GPI027 RESET OUT N s o RESET_IN N
GPIO30 2 o GPI029 DSURX e DSUTX
GPI032 2 oo GPIO3] DSUEN = oo DSUBRE
1 | L ]
DGND| 59 60 |DGND apioas  DGNDL 59 60 {DGND 5,056
9) @& GPIO 5 G GPIO34
DGND| 63 64 |DGND 33 63 64 2
HDR2X32
Table 4: Expansion connector P1 & P2 Pin-out
P3 P4
GND} 1 2 {DGND DGND 1 2 DGND
EXT syscLR ! 3 i ] EXT_SPWCLK e Y2 pen
apioso  DGND} ; g {DGND (51040 ax2 p DGND 5 & DGND pyp
GPIO52 O GPIO51 RX1 P I R N
GPIO54 O GPIO53 RXD P o RX0 N
GPIOS6 13 14 GPIOSS DGND} 13 14 IDGND
GPIO58 e e GPIO57 X2 P J e e J e
GPIO60 e GPIO59 X1 P o I
GPIO62 1o 20 GPIO61 TXO P Yo 50 TXO
GPIO0 GPIOES N .
21 22 DGND} 21 22 |DGND
DGND| 23 24 |DGND VREFBUF 23 24 VREFIN
GRIO2 ' 25 26 : GRIO1 AGND} 25 26 | AGND
GPIO4 57 o8 GPIO3 GPIO48 I 57 28 1 GP1047
GPIOG 2o a0 GPIO5 GPIO46 % 50 GPIO45
GPIO8 GPIO7 1 |
GPIOT0 ne GPIOY GPIO44 _ ACGNDI e 1AGND Gpiogp
GPIO12 fr GPIOTT GPIO43 o GPIO41
GRIO14 37 38 cladiegk AGND} 37 38 |AGND
GPIO1E S0 40 GPIOiS GPIO40 f 20 40 ! GPIO38
DGND} 4 42 |DGND GPIO39 41 42 GPIOS7
GRIO18 43 44 GRIO7 AGND} 43 44 { AGND
GPIO20 e e GPIOT9 SPIM_MOSI f preep I SPIM_MISO
GPIO22 8 GPIOZ1 SPIM SEL P SPIM_SCK
CPIO24 49 50 GRIOZ3 DGND| 49 50 IDGND
GPIOZ6 21 o GPIOZ5 _PM SDA r 51 o 1 PM_SCL
GPIO28 o o GPIO27 RESET OUT N o o RESET IN N
GPIO30 o oe GPIO29 DSURX e DSUTX
GPIO32 2 o GPIO31 DSUEN e DSUBRE
L ] L ]
DGND| 59 60 |DGND opioas  DGND 59 60 {DGND 5,035
5162 GPIO23 ) G GPIO34
DGND 63 64 {DGND 83 64
HDR2X32 ZEXZHAH

Table 5: Expansion connector P3 & P4 Pin-out
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Pin Name Comment
1 VBUS +5V (from external host)
2 DM Data Minus
3 DP Data Plus
4 ID Not used
5 DGND Ground

Table 6: J1 USB type Micro B connector — FTDI Serial Link

Function

GPIOO
GPIO1
GPI02
GPIO3
GPI0O4
GPIO5
GPIO6
GPIO7
GPIOS
GPIO9

GPIO10

GPIO11

GPIO12

GPIO13

GPIO14

GPIO15
(+3.3V)

Table 7: J2 GPIO Header Pin out

Connector Pin

3 |oo| 4
5 |lobo| 6
7 oo| 8
9 |obof 10
11 |oo| 12

13 |loo| 14
15 |oo| 16
17 |oo| 18
19 |oo| 20
21 |oo| 22
23 oo 24
25 \oo| 26

27 (oo 28

29 |ool 30
31 |oo| 32
33 |obo)| 34

Function

DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
DGND
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Function Connector Pin Function
GPIO16 1 mo| 2 DGND
GPIO17 3 |oo| 4 DGND
GPIO18 5 |ool 6 DGND
GPIO19 7 |obol 8 DGND
GPI1020 9 |oo| 10 DGND
GPI1021 M |oo)| 12 DGND
GP1022 13 |lobo| 14 DGND
GPI1023 15 |oo| 16 DGND
GP1024 17 |oo| 18 DGND
GP1025 19 |oo| 20 DGND
GP1026 21 |oo| 22 DGND
GPI027 23 oo 24 DGND
GP1028 25 oo 26 DGND
GPI1029 27 |oo)| 28 DGND
GPIO30 29 oo 30 DGND
GPIO31 31 |o o) 32 DGND
(+3.3V) 3 |oo| 34 DGND

Table 8: J3 GPIO Header Pin out

Function Connector Pin Function
GPI1032 1 mo| 2 DGND
GPIO33 3 |ool 4 DGND
GPI034 5 |ool 6 DGND
GPIO35 7 |obol 8 DGND
GPI0O36 9 |oof 10 DGND
GPI037 " |oo)| 12 DGND
GPIO38 13 |oo| 14 DGND
GPIO39 15 |oo| 16 DGND
GPI1040 17 |oo| 18 DGND
GP1041 19 \oo| 20 DGND
GPI1042 21 |oo| 22 DGND
GP1043 23 oo 24 DGND
GP1044 25 |oo)| 26 DGND
GP1045 27 oo 28 DGND
GPI1046 29 oo 30 DGND
GP1047 31 |oo| 32 DGND
(+3.3V) 33 |o ol 34 DGND

Table 9: J4 GPIO Header Pin out
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Function Connector Pin Function
GPI1048 1 mo| 2 DGND
GPI1049 3 |oo| 4 DGND
GPIO50 5 |ool 6 DGND
GPI0O51 7 |obol 8 DGND
GPI052 9 |oo| 10 DGND
GPIO53 M |oo)| 12 DGND
GPI1054 13 |lobo| 14 DGND
GPIO55 15 |oo| 16 DGND
GPIO56 17 |oo| 18 DGND
GPIO57 19 |oo| 20 DGND
GPIO58 21 |oo| 22 DGND
GPIO59 23 oo 24 DGND
GPI1060 25 oo 26 DGND
GP1061 27 |oo)| 28 DGND
GPI1062 29 oo 30 DGND
GPIO63 31 |o o) 32 DGND
(+3.3V) 33 |oo| 34 DGND

Table 10: J5 GPIO Header Pin out

J6

W =
Ooo~NdD

10 |DGND
10WAY-PINSTRIP(5X2)_CEN

Table 11: J6 SPW/SPI4S Header
(Pins 1-9 connect 1:1 to MDM9S on front panel)
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o b g
— 1 6
RXS0 F 2 7
S 3 8
%00 4 9
== 5 10 |DGND
10WAY-PINSTRIP(5X2)_CEN
Table 12: J7 SPW-0 Header
(Pins 1-9 connect 1:1 to MDM9S on front panel)
J8
SPI4S SCK P 1 6 SPI4S SCK N
SPI4S MQSI P P 7 SPI4S MOSI N
3 8 SPI4S MISO P
SPI14S MISO N 4 9 SPI4S SEL P
SP14S SEL N = 0 DGND
10WAY-PINSTRIP(5X2)_CEN
Table 13: J8 SPI4S-R Connector
(Pins 1-9 connect 1:1 to MDM9S on front panel)
Jg J10 J11
A RBX y 2 A TX RXD1 5 TXD1 RXD3 9 2 [XD3
RXD4 1 TXD4 RXDO ; 0 TXD0 RXD2 I TXDo
RXD3 5 6 1XD3 RXD5 5 5 XD5 RXD1 5 5 TXD1
RXD2 7 8 TXD2 RXD4 7 8 TXD4 RXDO0 7 8 TXD0
CTSN1 9 10 RTSN1 CTSN3 9 10 RTSN3 CTSN5S 9 10 RTSN5
RBXD1 11 12 TXDA1 RXD3 11 12 TXD3 RBRXD5 1 12 TXD5
CTSNO 13 14 RTSNO CTSN2 13 14 RTSN2 CTSN4 13 14 HTSN4
RXD0 15 16 TXD0 RXD2 15 18 TXD2 RXD4 15 16 TXD4
+3V3i 17 18 i+3\/3 +3V3 17 18 +3V3 +3V3i 17 18 i+3\/3
DGND} 19 20 {DGND DGND 19 20 DGND DGND} 19 20 JDGND
Table 14: J9, J10, J11 UART Interface Headers
J12
CAN SEL1 1 > CAN TX1
CAN RX1 3 n CAN SELO
CAN_TX0 CAN RX0
5 6
_— 9 10 ——
—_— 11 12—
— 13 14 —
— 15 16 —
+3V3 17 18 +3V3
DGND 19 20 DGND
HDR2X10

Table 15: J12 CAN Interface Headers
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J13
—_— 3 4 —
1553RXENA 2 G 1553RXENB
_1553TXINHA S & 5531 XINHB
553TXA 5 553TXNA
G53AXA S 553RXNA
15531 XB he da 15531 XNB
1553RXB 1553RXNB
15 16
+3v3i 17 18 i+3v3
DGND} 19 20 |DGND
HDR2X10

Table 16: J13 CAN Interface Headers

J14
1 2
3 4 —_—
SPISCKO. El =T R—
SPI_SCK S S
DGNDi 9 10 DGND
+3V3] 11 12 +3V3
HDR2X6 HDR2X6

Table 17: J14 & J15 CAN Interface Headers

J16
TX VALID 1 2 RX_ABORT
TX CLK 3 4
TX DATA 5 6
TX ABORT 7 8
RX_BUSYN 9 10
TX READY 11 12 TX BUSYN
RX_READY 13 14 RX _DATA
RX_VALID 15 16 RX _CLK
+3V3 17 18 +3V3
DGND 19 20 DGND
HDR2X10

Table 18: J15 PW Interface Headers

Pin Name Comment
Inner SIGNAL | Signal
Outer AGND Ground

Table 19: J17-J31 MMCX miniature coax connectors

Pin Name Comment
+VE +VIN Inner Pin, +5V to +12V, typically 1 A
-VE DGND Outer Pin Return

Table 20: J32 POWER — External Power Connector
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Pin Name Comment
1 +VIN +VIN (+12V nominal)
2 DGND Ground
3 DGND Ground
4 nc Not connected

Table 21: J33 POWER — External Power Connector — Alternative

Pin Name Comment
1 DGND Ground
2 +VIN +VIN (+12V nominal)

Table 22: J34 Power-Out connector

J35 J36 J37
GPIOO GPIO1 ATSNO XPIOO RX_BUSYN XPIOS0
GPIO2 1 % [Grios CTSND 1 1% P RX_GLK 30 xPios
GPIO4 5 o GPIOS TXDO 5 = XPIO2 RX_DATA S XPIOS5,
GPIOG qooE GPIOT. AXD0 - XPIO3 X_ABORT - XPIOS:
GPIOS 5 & GPIO9 CTSN i & XPIo4 X VALID g & XPIOS.
DGND—— Gt Gi0 ——|DGND DGNDb—— Gt G10 ——{DGND DGND} G1 G10 |DGND
GPIO10 GPIO1 RTSN1 XPIOS RX_READY XPIOSS
GPIO] § o [—cro TXD1 8 5 xPoe X VALID & 5 xPowm
GPIO1 8 93 GPIOT5 RXD1 8 b XPIO7 X _CLK H 93 XPIO57
GPIOT 5 & GPIO17 CTSNZ 5 5 XPIo8 BUSYN & XPIOS8
GPIOT B O] ATSNZ - XPIOS EADY & XPIO59
5 B
GPIOZ, o & 02 TXD2 sOA XPIO10 ATA T XPIO60
GPI0Z2__| 1, a9 GPIOZ RXDZ o XPIO11 ABORT 8 XPIO61
GPloga | |2 22 GPIO? CISNG B % XPIO12 e & XPI062
GPIO26 GPIO2 RTSNG XPI013 XPIO63
“Ghiogs | 14 & GPID29 XD3 LA XPI014 & by
15 86 15 86 15 86
DGNDp——— G2 G9 +——DGND DGNDp——— G2 G9 +——DGND G2 G9
GPIO30 GPIO31 RXD3 XPIO15
Grioaz | 18 % GPID33 ATSNE g &2 XPIO16 B
17 84 17 84 — 17 84
GPIO34 GPIO35 TXDa XPIO17
18 83 18 83 18 83
GPIO36 B = GPID37. AXDA e XPIO18 B
GPIO GPIO CTSNa XPI019
20 81 — 20 81 20 81
GPIOA GPIOA CTSNS XPI020
21 80 21 80 21 80
GPIO4 GPIO4 RTSNG XPIO21
GPioas | 22 79 045 TXD5 27 Pz =
23 78 = 23 78 23 78
GPIO4 5 047 AXD5 N XPI023 SR
GPIO4 25 78 GPIO4g EXT_PWMCLK 25 18 XPl024 25 76
DGNDl—— G3 G8 ———|DGND DGNDl—— G3 G8 ——|DGND G3 G8 |DGND
GPIOSO | .0 4 GPIOS1 553AXENA o XPIO25 o A TX
GPIO52 GPIO53 S5ITXA XPI026
27 74 27 74 27 74
GPIO54 GPIO55 S53AXA XPI027
GPloss | 22 73 057 SS3AXNA 28 73 ploss 2o
29 72 — 29 72 = 29 72
“GPIosE | 059 S53TXNA XPI029 DGNDF__| __DGND
30 71 —ame— - 30 7 30 7
GPIO60 GPIO6T 553 TXINHA XPI030 X
31 70 - 31 70 - - 3t 70
GPIoBZ | 55 &9 GPIO63 T1553RXE 2o XPIO31 2B
— — S53AXNE XPI052 DGNDF__| —ocno
33 68 — 33 68 33 68
553AXENE XPIO33 X
34 87 ATXD 34 67 P04 34 67
35 66 35 66 35 66
DGNDp—— G4 G7 ——|DGND DGNDp—— G4 G7 ——|DGND DGND} G4 G7 {DGND
3% 65 CLK1253 38 65 —abi35 — 3% 65—
1553 TXNE XPIO36
37 64 37 64 — 37 64 —
38 63 1553 1XINHB a8 63 SEIO. — 38 63 p—
CAN TX0 XPIO36
39 62 - 39 62 — 39 62 —
a0 61 CAN BX0 a0 61 2039 — a0 61
4 60 CAN_SELO a1 80 XPlOA AGNDR] 4y gg L_TAGND
oS CAN RX1 ol XPIO41 DACO o DAC1
d = CANSED B % g DAC2 'ﬁh a3 58 —LIN
a4 5 - 4 57— AGHD "2 AGND
45 56 45 56 NDFL_] 45 55—t IAG
DGNDp———{ G5 G6 m=———]DGND DGNDp—— G5 G6 ——|DGND DGNDp——{ G5 G& =——]DGND
5 2 .= e
47 54 47 54 Bioes AN 47 54 TN
DGNDF__1 43 53 [—JDGND 48 53 LdeD AGNDF_] 45 53 —JAG
XP1048 ADC4 ADCE
49 52 49 52 b Shes 49 52 Ao
50 51 50 51 - 50 51 -

HIROSE-FX11LA-100S/10

HIROSE-FX11LA-1008/10

HIROSE-FX11LA-1005/10

Table 23: J35, J36, J36 Connectors for Interface Configuration
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6.2 List of Headers
Name |Function Type Description
JP1 RESET/BREAK |2x2 pin 0.1” Header Conn. to front panel push button switches
JP2 12C 2x3 pin 0.1” Header Enable 12C connection to FTDI interface
JP3 UART-0 2x4 pin 0.1” Header Enable UART-0 connection to FTDI
interface
JP4 UART-1 2x4 pin 0.1” Header Enable UART-1 connection to FTDI
interface
JP5 SPI4S 1x2 pin 0.1” Header Disable SPI4S interface
Table 24: List of Jumpers
6.3 List of Oscillators, Switches and LED's
Name Function Description
X1 EXT_PWMCLCK 8 pin DIL socket for TBD MHz 3.3V oscillator
X2 EXT_SYSCLK 8 pin DIL socket for TBD MHz 3.3V oscillator
X3 EXT_SPWCLCK 8 pin DIL socket for TBD MHz 3.3V oscillator
X4 EXT_MIL1553 8 pin DIL socket for TBD MHz 3.3V oscillator
Y1 FTDI clock 12 MHz crystal, SMD soldered

Table 25: List and definition of Oscillators and Crystals

Name Function Description

D1A/B-D32A/B |GPIO 64 LED indicators for GPIO signal status
D33A POWER _3V3 3.3V power good

D33B RESET_OUT RESET_OUT signal from GR716-BOARD

Table 26: List and definition of PCB mounted LED's

Name Function Description
S1 8 pole SPDT DIP Pull-up/Float/Pull-Down Bootstrap settings — see Table
switch 28

Table 27: List and definition of Switches
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Name Function Description
S1-1 GPIOO0 Disable EDAC
S1-2 GPIO17 Bypass Internal Boot PROM
S1-3 GPI1062 Enable Memory Test
S1-4 GPI1063 Redundant Memory available
S1-5 DSUTX Copy ASW image
S1-6 SPIM_SEL Boot Source 0
S1-7 SPIM-SCK Boot Source 1
S1-8 SPIM-MOSI Remote access/Boot from memory

Table 28: Definition of Switch S1 functions
(refer to [RD1] and [RD2])

6.4 List of accessory boards

Name

Function

Description

GR-ACC-GR740

Accessory board

To communicate using CAN, 1553, UART and SPI

GR-ACC-6UART

Accessory board

To communicate using 6 x UART
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Figure 6-2: PCB Top-View
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REVISION INFORMATION

Issue |Date Section / Page Description
0.0 All Draft Issue
0.1 2019-11-25 [4.15 Updated default values
5 Updated boot start address
6.3 Updated function for GPIO[0] and GPIO[17]
0.2 2019-05-02 | Ay Corrected typos
0.3 2020-09-29 | Ay Corrected name for accessory boards:
e GR-ACC-6U-6UART
¢ GR-ACC-GR740
1.0 2023-10-23 | Ay Updated company name and template
4.8 Handling instructions for LVDS added
1.1 2024-06-12 | a1 Added information for using the board with GR716B ASIC
1.2 2024-12-03 | Al Added information relevant for GR716B-BOARD
1.3 2026-05-28 | A1 Added information relevant for GR716B-BOARD
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