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PCB Board design in Clark Sat-1

Solar panel , Antenna panel
 BIRDS3 based
* Change PCB color (blue)

Backplane Board
* Change 50pin connector pin spacing due to larger battery case
* Reduced Mission boards from 2 to 1

Mission Board

e Camera, IMU, Audio data transfer to COM board.
e Without attitude control

Addition of COM board Function
 Narrow FM mode for DigiTalker, SSTV operation.

Establisment of BIRDS satellite development system
* Test cables, boards for Programming/debugging

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Clark Sat—1 Hardware Backplane Board

 BIRDS-3&4 based
* Move OBC & COMboard connector position

* Reduce Mission connector

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1



Clark Sat—1 Hardware Backplane Board Schematic
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Clark Sat—-1 HBPB OBC—Mission—RAB

PINMAP between Mission & RAB

e Connect same pins from BUS

e Mission to RAB GIO bus (20)

Most connections are unused

BIRDS BUS Ope

MSNZRAB_GIO1 1
MSN2RAB_GIO2 2
MSN2RAB_GIO3 3
MSN2RAB_GIOY 4
MSN2RAB_GIOS 5
MSN2RAB_GIO6 6
FAB2RAB_GIO1 7
FAB2RAB_GIO2 8
FAB2RAB_GIO3 9
FABZRAB_GIO4 10
FAB2RAB_GIOS 14,
FABZRAB_GIO6 12

BPC_MSN1

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10

P12
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FAB_to_RAB_GIO6

BPC_RAB

MSN2RAB_GI01 rigi o

MSN2RAB_GID2 2 |psy

MSN2RAB_GIO3 3 |p3

MSN2RAB_GIO4 & | py

MSN2RAB_GI05 5 |ps

MSN2RAB_GI06 6 |pg
FAB2RAB_GI01 7| thnto_ran_cios R o] MSN2COM EN
FAB2RAB_GID2 o8 | tante Ran cio3 18 o0 | MSN2COM
FABZRABGIO3____ 9 | hp'ti RAB /03
FABZRAB_GIO4 10 | FAB to RAB_GIO%
FABZRABGIOS 11 | ran'+i paB 6105
FAB2RAB_GI06 12
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SAL__ 40 | oo "o T4 | cuneaye
15 fsupsvo
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Clark Sat—1 Mission Board
MCU1 function

e Camera

* FM data player

MCU2 function
 9DoF IMU

 Universal Area & IO (experimental)

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Mission Board Block Diagram

Mission Board

BIRDS BUS Open—source Webinar: Clark sat—1

W ¥ J Z-—]
Enable—»{ LDO 3V3
\ 4
Debug UART / UPDI 9DoF
IMU
UART TX/RX to OBC EMX
MAIN PIC
3V3 2 T
Enable———»{ LDO 3V3 Onewire
COMPIC
Debug UART / UPDI v
i Load
UART TX/RX to OBC Enable—»S'vitch
EN UART TX to COM
v
| 3state
i buffer 3V3
12C BUS
Y
SPI MUX SPI BUS
I
Miss ArduCANM
s MicroSD FlashROM1 FRAM oyt
FlashROM Card Socket 128Mbit 1Mbit Plus
1Gbit
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FM transmit mode Operation design

Enable— LDO 3V3

COM board NFM output procedure

COMPIC MAIN PIC

UART TX/RX to OBC

1. Enable UTX (COMPIC) e TeaseereT
2. Send FM Mode command (via UTX config < oer [€
UART (COMPIC) Y — e
3. Enable Mission Data Line (MainPIC) T I T —
4. Streaming PCM data (Mission) Faso e e e
Format: signed 8bit 8ksps WAV - . ¥y g
i
Design points T e
* Minimize risk for downlink data line T
(OBC to COM) L,
* MainPIC handle Streaming data input —ii ]' E:

BIRDS BUS Open-source Webinar: Clark sat-1

2022/6/8
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Debug Board development

Design Policy

* Simplified assembly & Test procedures

* Reduce harness complexity & Human errors

* Off-the—shelf harnesses
(MIL-C-83503, IDC Ribbon Cable)

* Maximize electrical test opportunity

* The interface board can be used in the same way

for post—assembly satellites.

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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FAB / RAB access pin to Flat cable conversion board

* 1.27mm pitch to 2.54mm pitch conversion

e MIL-C-83503 Connector

e | §

Lo e o ..

llllllll ‘"".“ 'i

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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FAB Interface pin assignment

BIRDS Onboard I/O MIL40PIN Onboard /O BIRDS
EXTPower 1 2 EXTPOWER
3 4
DEV1 PIC_PGC 5 6 PIC PGD DEV2
DEV3 PIC_MCLR _FP F§ 8 PIC_MCLR_RP DEV4
DEV5 PIC_ MCLR_CP 9 10 PIC_MCLR_MP DEV6
3V3 FAB(OUT) | viARGET | 1t B o
SRC_Vmoni 13 14 BATT_Vmoni
RAW_Vmoni 15 Bl o
17 18
19 20
21 22
23 24
25 26
Power FAB20OBC1 MainPIC_RS232 TXD| 27 28 |MainPIC_RS232 RXD|FAB20BC_GIO2
DATA SIGNAL FAB2RAB_GIO1 | MSN2COM_Enable 31 32 MSN2COM_DATA [FAB2RAB_GIO2
STATE_SIGNAL FAB2RAB_GIO3 BC TEMP_IN 33 34 BC CTRL FAB2RAB_GIO4
ANALOG Voltage FAB2RAB_GIO5 MSN2_PWRCTRL 35 36 MSN1_PWRCTRL |FAB2RAB_GIO6
No connection CPLD4 MSN_SAP_BUS1 37 38 MSN_SAP_BUS2 CPLD5
BUS ceoe [N -0 | 40

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat—1
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Clark Sat RAB

Features

BIRDS-3 based
Add OBC—-BUS debug output
Add 3 LEDs. (near CN2) for test

2 control from Main OBC GPIO
1 control from Mission MCU

Add EMI Filter

PCB:2—layer, t=1.6mm

2022/6/8 BIRDS BUS Open—source Webinar:
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RAB Interface board pin assighment

BIRDS Onboard I/O MIL26PIN Onboard I/O BIRDS
MSN2RAB_GIO10| MSN2 DEBUG_TX [ —— 2 3V3_2
MISNZRAB. G109 | MSN2_DEBUG_RX 80 oo 0
MSN2RAB_GIO8 | MSN1_DEBUG_TX o 6 MSN_ROM_SCK
MSN2RAB_GIO7 | MSN1_DEBUG_RX : ': 8 MSN_ROM_MOSI
MSN2RAB_GIO6 | MSN2 PROG_CLK i 10 MSN_ROM_MISO
MSN2RAB_GIO5 | MSN2_PROG_DAT oo 12 MSN_ROM_CS
MSN2RAB_GIO4 MSN2 RESET 0 = 14 MSN2 UART_TX OBC9
MSN2RAB_GIO3 | MSN1_PROG_CLK : : 16 MSN2_UART_RX OBC8
MSN2RAB_GIO2 | MSN1_PROG_DAT o o 18 MSN1_UART_TX OBC7
MSN2RAB_GIO1 MSN1_RESET £ d 20 MSN1_UART_RX OBC6
GND - 22 RAB_LED RED OBC5
24 RAB LED GREEN OBC4
Power
o
DATA SIGNAL
STATE_SIGNAL
ANALOG Voltage
No connection
BUS

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Backplane Board for Table Sat (DebugBPB)

Backplane board for test and
software development

« FAB, RAB interface /
* MIL connector i

C
D
RAW_PWR <

5VO0
4 [E@SlPr Jumeer
‘ o o B9 s
. | : / u03 JUMPER
e 2.94mm pitch header V2§ ‘ V32
. EMP5 J [ O]P4 JUMPER
UNREG2

* FAB Power INPUT & =3 S / | et 0 e,

Deployment switch A ECF B R e
* Mission 50pin
* COM control I/0 ' B @ n*“é::!fcr.tf:z;:zz::z

CW=KEY |© OfAN_COM_TEMP
AN_com_Rrss! (O eno

cne DEBUG BPB

10 2022 HBPB V1.2

. . T Lo 7 5 | 15 = ‘
. SMA pOﬂ Wlth mlcrOStrIp Ilne (for Illl/?lll[ll!,IIII[III/IHI/IIIIIHHIIIIIlll”lnlIIIIH’HH’IHI’HIl'l!ll’llll'llllllllllllIIIIIll||lll|lIl||lllI‘Illl\ll|l\l|II‘ll\l\lll|\|I\\\\III\ll\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\
COMboard)

e 200x150mm 2-layer PCB

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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DebugBPB with internal boards

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Clark Sat external Interface board (Debug FAB)

« FAB/RAB Interface (Two MIL connectors)

* External power input

* Power BUS voltage monitor

« OBC/FAB PIC programming interface (PICKIT4 header & MCU select Switch)
 Main PIC RS232 level Converter to FTDI header

* Two Mission MCU Program/UART Debug Interface

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Clark Sat external Interface board (Debug FAB)

FAB/RAB Interface (Two MIL connectors)

External Power

BUS voltage monitor Input

OBC/FAB PIC MCLR
select Switch

/ \ Mission MCU Program &

Main PIC RS232
To CMOS UART PICKIT Header UART Debug Interface

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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External Interface board & Tools connection

b 2
ng
5 st
m 2o
im

BIRDS BUS Open—source Webinar: Clark sat—1

2022/6/8



AnalogDiscovery2 for Debugging

Scopei1Negative
Scope2Negative
GND
V- PowerSupply
WaveFormGen2
GND
Trigger2
Digital I/O
Digital I/O
Digital I/O
Digital 110
Digital I/O
Digital I/O
Digital I/O
Digital /O

Scopeipositive

Scope2positive
GND
V+ PowerSupply

WaveFormGen1
GND
Trigger1
Digital I/O

Digital I/O

Digital I/O
Digital I/0O
Digital I/O

Digital I/O

Digital I/O
Digital I/O

~ AR & N EYE-

rl ArkEdgeSpace

AD2 BASIC functions

Scope, Voltage monitor

Power Supply (1to5V)
*  MAX 2A with External power
source

Signal Generator

Digital 1/0
» Static I/0 control
* Logic Analyzer
* Protocol TRX
(UART,SPI112C)

2022/6/8

BIRDS BUS Open—source Webinar: Clark sat—1
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Hardware Control with AnalogDiscovery?2

W WaveF (temp) = [m] X .
Works:::e ongson::p Settings  Window Help A D 2 B AS I C fu n Ctl O n S

Welcome Help Windows b . =]E

Supplies X

File GControl  Window . - L] Power Supply (1t05V)
l P Mestor Enshle .00 *  MAX 2A with External power
source

J Positive Supply (\+) On Voltage: |35V v| s '

[ Trackine

& Negative Supply (V-) Off Voltage: 8y ' .
) o -  Digital I/0
Auxiliary powered, allowing up to 2.1 W or 700 mA output per channel.

e hﬂ;ngm‘:;ohage; 5044 Y AUX Voltage: 5077V Temperature: 4375° C/11075° F d Stati C I/O COntrOI
USB Current: 28 mA AUX Current: 4365 mA .
* Logic Analyzer
StaticlO X
File Contral View Window ‘ e Protocol TRX
5. | llv-A | 1. . | n._ w._ 9. s,_ ]-g (UART,SPI,IZC)

1 1
L ‘ ‘ ) [ ‘ = = % 0/1 =

- r = = - - 0 - - 0 - -0

DIO 15 | | [uncmo | | [um<RxD || [UTXConfie | | [cWEN | | [umEn | | [owkev | | [msnacoMEN |

T 6. 5. 1. 3. () 257 O Uic o 0. ()
= = = = - - - - - - -
DIO ‘ ‘ ( ‘ , ‘ ‘ _ 7 -z 2 _
-0 . \ ) £ = & £
= = - - -0 . -0 -0 -0
b0 7 | | [po6 | | [pos | | [po4 | | [cAMERAEN | | [MUEnable | | [RABLEDI | | [RABLED.2

Script: Supplies run{)/stop() Manual Trigeer | | Discovery? G SN:210321B202A4 USB | | /WF3.18.1 Status: OK .

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Table Sat configuration

Unit test with
AnalogDiscovery2

(example: RAB LED ON)

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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COM board unit test with Debug BPB

COM board unit test on Debug BPB

AnalogDiscovery2 config

e Static IO control
e UTX power
« UBTX power
« CW-KEY

« UART(protocol)
e UTX config command

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat-1
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Digitalker / SSTV transmit test (movie)

AIRSPY SDR# Studio v1.0.0.1854 - AIRSPY R2 / Mini

=0+ H#0 435.130.000 4» @ s

AW W AP APV LA AT AR A ANt W VA0 A

70cm Ham Band

“Xnote: audio parameters and data streaming jitter have not been adjusted

2022/6/8 BIRDS BUS Open-source Webinar: Clark sat—1



