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8¢ Kyutech BIRDS Project

O Acronym for Joint Global Multi-Nation BIRDS Satellite Project

] Targets non-space fairing countries
4 Build, test, launch and operate 1U CubeSats in two years
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M PROJECT % ( &% BlBDS-d\.’
BIRDS-1 BIRDS-2 BIRDS-3 BIRDS-4
Japan Japan Japan Japan
Ghana* Bhutan* Nepal* Paraguay™*
Mongolia* Malaysia Sri Lanka* Philippines
Nigeria Philippines

Bangladesh*
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BIRDS-5
Japan

Uganda*
Zimbabwe*

*country’s first satellite



A< BIRDS Standard Bus System @
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Implemented backplane

approach

= reduce use of harness

= smaller connectors

= easy to integrate and
disassemble

ok

Backplane

BIRDS CubeSat internal view



A< BIRDS Configurable Backplane
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6x 50-pin board connectors (C101-C106)

4x 2-pin deployment switch connectors (SW1-SW4)
5x 12-pin panel connectors (SP1-SP5)

1x JTAG for CPLD programming
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SP1

CPLD




A< BIRDS Configurable Backplane

I.a SEINE

1 Routing between system bus and mission payload is done by re-programming CPLD.

BIRDS-3
Standard Bus
system

BIRDS-3
mission payload
(Camera, ADC,

*Complex Programmable Logic Device

OBC Board A
Mission board A
OBC Board B
Mission board B

Tumenjargal, T., Kim, S., Masui, H., Cho, M., CubeSat
bus interface with Complex Programmable Logic
Device, Acta Astronautica Vol. 160, 2019, pp. 331-342
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Nanosatellite launches by types www.nanosats.eu
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A< 6U CubeSat
/

= 3sections: 3U Camera
payload, 1U payload, and 2U
main bus

= Sections are inter-connected
through backplane

Camera
Payload
3U

Payload
1U

Main
Bus
2U
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= 12x 50-pin board connectors (6x main bus = 3x 2-pin deployment switch connectors
+ 6X payload) = 3x panel connectors (2x 12-pin, 1x 25-pin)
* 6X 4-pin board connectors = 2x JTAG for CPLD programming
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FROM TO
Board Pin Description Board Pin Description
OBC 37 ADB 11
ADB 12 OBC 38
ADB 21 EPS 21
EPS 22 ADB 22 |EPS1-ADB BAT_VOLTAGE
OBC 42 ADB 41
ADCS 38 ADB 43 |ADCS-ADB SS_MAG (ADCS_to_ADB)
ADCS 39 ADB 44 |ADCS-ADB MOSI_MAG (ADCS_to_ADB)
ADB 45 ADCs 40
ADCS 41 ADB 46 |ADCS-ADB SCLK_MAG (ADCS_to_ADB)
ADCS 42 ADB 47 |ADCS-ADB DRDY_MAG (ADCS_to_ADB)
ADCS 43 ADB 48 |ADCS-ADB Reset_MAG (ADCS_to_ADB)
OBC 10 |OBC-ADCS DIO (ONOFF MainPIC_to_ADCS) ADCS 10
OBC 27 |OBC-ADCS UART (MainPic_to_ADCS) ADCS 27
ADCS 28 OBC 28 |OBC-ADCS UART (ADCS_to_MainPic)
ADCS 31 OBC 31 |OBC-ADCSSPI_CS (ADCS_to_FM2)
ADCS 32 OBC 32 |OBC-ADCS SPI _MOSI (ADCS_to_FM2)
0BC 33 ADCs 33
ADCs 34 0BC 34
OBC 11 CBAND 41
CBAND 42 OBC 12
CBAND 40 OBC 40
OBC 41 CBAND 39
OBC 43 CBAND 46

[ 22 pairs of connections (UART, SPI and DIO) routed through main bus CPLD
1 1u payload has its dedicated CPLD for routing digital signals

I.a SEINE



ispLEVER Project Navigator - [KITSUNE_EM_MAINBUS_CPLD.syn]

amm C

A< CPLD code and verification T lo;;u;; ﬁgﬁ -

EAS - IR T

Sources in Project:

I.a SEINE

Processes for current source:

v WaveForms {new workspace)
, , (=] KITSUNE_EM_MAINBUS_CPLD &, Hierarchy Browser
Viorkspace  Settrgs  Vindow  Help : . . .
— g e ~ e 3 Lattice Synthesize VHDL File
Welcome ¢ Help P supptes L] B Patterns £ [ Pl ogic 1 £ = s = ) .
g —— = LC42567E-TTH144] 3 Compile EDIF File
= Bt ; -[¥) [MAINBUS_CPLD (kitsune_em_mainbu [E) Compiled Equaticns

u.m;_’__me. @w___m_ Bl [SHUS m m m m Vel
10 i Input _ Output palr 02 v Bese: 510 usfdv v ':- ®# Text Editor - [kitsune_ern_mainbus_cpld.vhd]
[ [ﬂ] File Edit View Templates Tools Opticns Window Help

O — BEE ] )

| T = i g S g I ] RS P . [ g (S gy A= i
. | lih i :
.—l L ] L] = L L_J l—_-l —_r e | uéer?;ge%zlig_lugic_llsel.all;

use ieee.=td_logic_arith.all:;
uze 1eee.=td logic unsigned. all;
librarvy HACH:

usze MACH. component=.all;

7 S 1 e G ) R oy O o O oy
i1 [] entity MAINBUS CPID i=

port
cpld_IN: in std_logic_wector (0 to 21):
cpld OOT: out =td logic vector (0 to 213

W !
= =nd
: e architecture MAIHBUS of MAINBUS_CFLD i=
x> -2,02mse 1,51ms Lms 0.9ms U.Ow 0.53ms 1.04ms 1.55ms 2.05ms 2.57ms 308 ms & begin

Manual Trigger | | DDiscovery SN:210321ABME3USS. |0 cpld OUT <= cpld IN:
end HAINBUS;

1 Voltage/ Signal follower using
VHDL code.

T V7 g # U Input-output signal pair was verified

FETTRARSEEEEET . using logic analyzer.

AT BT i W

10



A< Thermal vacuum test

Temperature[degC)

80

=20

—— C-Band
2UMB OBCEPS

Battery top

Mainbus

— Battery bottom
Backplane (-Z)

i I
20 40 50 80
Duration[hour]

= \Worst hot: +60°C
= \Worst cold: -15°C

= Cycles: 2

100

GS

LN2

C-band demodilator

Power Serial
supply monitor

Deployment
switch

To Access and Deployment Board
{21 Main bus)
To Access Board

N
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A< Vibration Test gﬁ’

I.a SEINE
Acceleration

Random Vibration QT Profile sensor
Envelope (QT)

Freg. (Hz) PSD (g2/Hz)

20 0.04

igo 8822 Vibration

230 0.062

1000 0.009

2000 0.0026

Overall (Grms) 5.77

Duration (s) 120

Sine Burst Vibration QT

SINE BURST QT
Freg. [H T
Direction a. [Hz] Q -
Number of waves Acceleration [G]
Vertical axis (Y) 10~40 11.25
. . 10 or more 11.25
Horizontal axis (X, Z) 10~40 1105

(a) -Z axis-Front view (b) +Z axis Back view (c) +Y axis- Top view

12
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Summary &3>

s

I.a SEINE

A backplane was designed to demonstrate the scalability of programmable interface
board.

It is used in a 6U CubeSat which houses a 3U camera payload, 2U main bus and a 1U
payload.

Complex programmable logic device (CPLD) ICs were used to route digital lines
within the backplane. CPLD has flight heritage from BIRDS project.

The satellite passed space environment tests (i.e. TVT and vibration test)

The satellite Is targeted to launch by end of the year.



Platform-payload interface G@’
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BIRDS-3 mission
BIRDS-3 Standard payload

Bus system (Camera, ADC,
LDM)

*Complex Programmable Logic Device 14
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What will become majority in future?
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Figure 4: Types of digital communication (CubeSat
developers)
Tumenjargal, T., Kim, S., Masui, H., Cho, M., CubeSat bus Cho, M., et al., CubeSat Electrical Interface Standardization
interface with Complex Programmable Logic Device, Acta for Faster Delivery and More Mission Success, Small
Astronautica Vol. 160, 2019, pp. 331-342 Satellite Conference 2020

1 Routing between system bus and mission payload is done by re-programming CPLD.
d Digital communication between bus and payload are the same.
1 Digital communication is limited to UART and SPI.

15



K Goal b
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To design a CubeSat interface that is

= able to route digital connections between platform (bus) and mission payload
= capable of handling communication protocols needed by satellite developers

= capable to bridge platform (bus) and mission payload which use different
communication protocol

(Platform)

(Mission)
Payload

Interface

Bus System ) A

*Aand B are communication protocols

16



MachXO - Interface Bridging

MachXO family of non-volatile, infinitely

reconfigurable PLDs designed for
applications traditionally implemented

using CPLDs or low-capacity FPGAs.

L ATTICE
=

MachX02 i

MachX02 — Flexible Interface
Bridging FPGA

Mach® 02 FPGA device for quickly
implementing system control functions
for routars, base stations, servars,
storage, industrial and medical

applications

I.a SEINE

MachXO
La.l.-l:":em I?C Slave to SPI Master Bridge

mEE Semiconductor
=== Corporation

December 2010 Reference Design RD1094

Introduction

IC and SP| are the two widely-used bus protocols in today’s embedded systems. The I°C bus has a minimum pin
count requirement and therefore a smaller footprint on the board. The SPI bus provides a synchronized serial link
with perfermence in MHz range. As embedded systems are redmre-d to suppert an |nc:re35|ng number of protocols

This reference design implements an I°C slave to SPI master bndge It serves as an mterfece between the stan-
dard IPC bus of a microcontroller and a SPI bus. This allows the microcontroller to communicate directly with the
5Pl bus through its 1°C bus.

I2C to SPI Bridge

SCLK_MASTER

scl_in MOSIL MASTER
SS_M_MASTER_O

sda I-zc Slave Data SPI Master 55 M _MASTER._1 -
= | Interface [T Buffer 7| Interface SS_N_MASTER 2 _
5SS _MN _MASTER 3

intn S5 N _MASTER. 4

MISO_MASTER

Tclk TIHESEI’

http://www.latticesemi.com/
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N WaveF orms (new workspace)

Vicrkspace  Settings  Window  Heb

I.a SEINE

Welcome & Help P Supphies [ P Pattems: 0 [ ogc1 B3
Ele Control Mew Viindow -
m — = — — —lMedem — (SRepemted— — = —Tigge oty — — — — — | —gempie— = e — —Protomi — Petiteni— (539w — — — — — &}
< ::: Q e m-s“* ‘“"" Buffer: [0 [l Source: DIND.23DI02 v | Base:  |S5i0usidv %a
& S IS 3 b= Input - Output pair >
T N o % S .- N,1. < ;
@ ‘ P é e = c T riame pn T [_Busy ] 32768 sampies at 5.8824 Mz | 2020-11-% 18:20:56.09% rEEag!
QO == S Q s | D024 b N O e B L] L1 L
= e < B e 3 e i = i
~ DIO 25 X . ‘
= s DIO 29 ok X | 5
; 3 DI0 26 X LI 1 1
. ) ; bIo 30 5o b T | ! :
Tumenjargal, T., Kim, S., Masui, H., Cho, M., R e 0 L T 1L ‘T 1 ‘I T1 ‘1 1
CubeSat bus interface with Complex oo 31 g% L [ 1 I L i3 1 T {1 7 |
Programmable Logic Device, Acta |
Astronautica Vol. 160, 2019, pp. 331-342 | |
Xv -2.02ms Sims 1ms 0.9 ms 0.024p 0.53ms 1.04ms 1.55ms 2.06 ms 2.57ms 3.08ms

1 FPGA can replace CPLD to work as
signal follower, and a bridge.

St b, Yoy

NOME

Manual Trigger | DDiscovery SN:210321A5AAE3 USB
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