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» 2 FPAEQM (including hardware detail drawing and software/FPGA source code)
» 1 FPAEQM EGSE (including hardware detail drawing and software/FPGA source code)
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»  3FPA FM (including hardware detail drawing and software/FPGA source code)
» 1 FPA FM EGSE (including hardware detail drawing and software/FPGA source code) > EQM
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1. Definition:

® FPA EBB: Includes circuitry board, is not necessary the final configuration as Flight Model.
The electrical function and performance shall comply with the requirements in the FPA
Requirements Document (FPA functional description & electrical interface control document).
TASA shall support the mechanical and thermal design. The EBB design shall be electrically
as close to the FM as much as possible.

® FPA EQM: Includes circuitry board and mechanical chassis, is necessary the final
configuration as Flight Model. The electrical function and performance shall comply with the
requirements in the FPA Requirements Document (FPA functional description & electrical
interface control document). TASA shall support the mechanical and thermal design. The EQM
design shall be electrically, mechanically, and thermally as same as the FM.

® FPA FM: Includes circuitry board and mechanical chassis, is necessary the final configuration
as Flight Model. The electrical function and performance shall comply with the requirements
in the FPA Requirements Document (FPA functional description & electrical interface control
document). TASA shall support the mechanical and thermal design. The FM design shall meet
electrical, mechanical, and thermal TASA requirements.

® EGSE : The hardware and software to simulate Electronic Unit (EU) interface function, store
and process the output raw data from FPA for analysis. It also contains all necessary algorithms



2.

and software to perform the data processing and analysis applied in FPA tests and
measurements. The EGSE shall have user interface for the operators.

FPA EBB/EQM/FM

Design the FPA EBB/EQM/FM with the functions and interface comply with FPA
Requirements Document.

Acquire the parts and materials according to TASA requirements
Manufacture and assembly the FPA according to TASA requirements.
Following the requirement of FS8-Plan-0001 and FS8-Plan-0003.
Perform the following tests and measurement (73 Bl3&#7 3 H%k5t)
» Functional test
» Performance test (baseline + all operation modes + high-low temperature)
» Environmental test (EV test, Contractor shall conduct and pass the following test) : (TBR)

B Thermal cycle test

B Radiation test by 30MeV proton at parts level and 200MeV proton at board level
(Total ionizing dose (TID)=10K) > DUT exposed in Co as well.

B Electromagnetic Compatibility (EMC) test
B Environmental Stress Screening (ESS) test
B Thermal vacuum test

B Vibration test

B Shock test

B Burn-in test

W Life time test

R TR enAd & d B 3117 33 3§ TASA EV specification #75 38 p > ~ %7 %@ EBB -
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» Mechanical positioning

B The product shall fulfill TASA’s mechanical requirements. (Contractor should
provide the preliminary PCB layout and connector information before WSD+1
months. The requirements shall be provided to contractor before WSD+2 months)

3. Electrical Ground Support Equipment (EGSE): Provide necessary functions to perform FPA
EBB/EQM/FM test and include the following functions.

® Providing power
® Command and telemetry
® Receiving and processing of image raw data

® Recording the FPA output without data lost while FPA is operating continuously in any mode
for 30 minutes

® Image data storage volume for 80 minutes FPA output

® Real time image raw data display (zoom, image display, raw data value display, meet TASA
requirement)

® Real time telemetry display, debug information display.
® Real time image data mean and std calculation and display.

® Selectable recording function. Eg. Recording all lines, recording only even lines, recording one
line every 256 lines input, recording one line every 5000 lines input, etc. (TBR)

® Remote control (EGSE shall be remotely operated TASA requirement)
® GUI for operator, GUI functions shall be decided by TASA.

® Shall contain all necessary algorithms and software to perform data processing and analysis to
all FPA tests, measurements and post processing

® All the program and related source code shall be included

® Provide two PAN images output, one MS1~MS6 image output via SerDes interfaces for EU
processing. The simulated image is from user defined files

® Mass: =20kg, Dimension: =500(L)x1000(W)x1000(H)mm(TBR)

® Provide thermal control function to keep FPA in constant temperature. (mass and power for
this function are excluded from previous specification)

® EGSE shall include the hardness connecting FPA, EGSE and all necessities supporting
environmental tests.
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® Operation Modes:
» Standby mode
» Test Mode: Generate test patterns continuously
» Image Mode

® Normal Image Mode shall have configurable integration time(line rate), TDI stage, gain
and selectable output bands at least.

® Power Input: +4.5 ~ +5.5V power consumption: <18W, FPA to IPU grounding isolation
shall be implemented

® Controller: Microsemi Polarfire M5P500-FC1152 for EBB, space-grade for EQM and FM
(TBR)

® FPGA Configuration Memory if required: industry-grade MRAM (preferred) or space-
grade NOR flash memory (TBD)

® Data Memory: K4B4G0846B DDR3, if necessary (TBR)

@® Connector: compatible with sensor high speed data rate >= 2 Gbps

® Command and Telemetry Interface(4- EICD ¥ i » & %k 3+ 78 &2 TASA /53l
» Protocol: RS422/UART, Baud Rate at 115.2K
» CMD:

B Command for CMOS sensor control, and FPGA controller including , TDI
stage, gain, integration time, etc. (TC/ TM *4 i*)

B Bilevel command: if any
> Telemetry: (4= EICD *t i > & 33K 3 JF &2 TASAFEin
B RS422/UART: Power, FPGA and linear TDI CMOS sensor status including

B Analog telemetry: Temperature of FPGA, linear TDI CMOS sensor, power
voltage of FPGA and linear TDI CMOS sensor, etc.

B Bilevel telemetry: over-current flags of FPGA/Memory, and linear TDI
CMOS sensor

B Others if any



® Test Pattern: Two kinds of test pattern provided at least in FPA for test mode, and shall
approved by TASA

® Image Data Interface: (4= EICD ¥ » % %3k 2+ &2 TASA Fa:d

» 5 separated PAN1, PAN2, MS1+MS2, MS3+MS4, MS5+MS6 data to next EU
interface.

» Protocol: CML/SERDES/LiteFast, Date Rate is >= 2 Gbps, format is defined by
TASA.

» The pixel values shall be reconstructed into 12 bits Big-endian format.

» The FPA shall reorder the image data, such that, for each exposure, the output pixel
values of one image line shall be output consecutively and follow its spatial order.

® Start Imaging Status: an image valid signal in LVDS level when start imaging shall be
provided to IPU

® SEU Mitigation: EDAC shall be implemented for memory if memory is integrated on FPA,
SEU Mitigation of FPGA designed shall meet TASA requirement.

® SEL Mitigation: Over-current detection and shut down the device shall be implemented,
the trig level shall be 1.8~2.5 times of the maximum load current, the trig time constant is
2ms(configurable)+/-10%, latching current limit shall be 2.2~2.8 times of the maximum
load current.

® Physical Characteristics: Mass: = 2.5kg, Dimension: = 200(L)x240(W)x150(H)mm |,
should meet TASA requirement (TBR)

® Interface Control: providing EICD/MICD based on TASA requirements, TM/TC ICD
based on TASA format

® PMP (Parts, Materials, and Process):

» EEE parts: industry grade, or automobile-grade, or military-grade, and approved
by TASA

» Mechanical parts, materials and process: coordinated and approved by TASA
» PCB material should be ceramic or polyimide
® Manufacture: IPC class 3 for PCB and PCB assembly

® Board Configuration: One linear TDI CMOS sensor shall be mounted for accuracy
requirements

® EBB Configuration: The EBB design shall be electrically, mechanically, and thermally as
close to the FM as much as possible.

® EQM Configuration: The EQM design shall be electrically, mechanically, and thermally
same as the FM.

10



® Thermal Design: The design of linear TDI CMOS sensor heat dissipation path shall be
considered and meet TASA requirement, EBB, EQM and FM should provide the
temperature of sensor-off state.

® \rification Test: Follow FPA Test Requirements, max inrush current = 5A with TASA’s
EU provide the power.(TBR)

® Operation temperature: +10~+40deg C(TBR)

® Non-operation temperature: -30~+70deg C(TBR)

® Model: 2 EBB, 2EQM, 3FM

® FPA Operation Mode Transition Diagram 4] 1 #7151 o

All the methods, equipment, facilities and procedures of each FPA test shall be approved by
TASA in advance.( 34 {7 % /f & % 4p B iRI32 425 » 22 TASA @ (F3dshREARFEA D)
® Functional test: (TBR)

» functional test shall include the following items

Interface
Command and telemetry

Operation Modes

> End-to-end test with EU

® Performance test: (TBR)

» Each performance test shall include the following test items

Photon Transfer Curve (PTC)
SNR

Dark current

PRNU

DSNU

DTC

Input radiance vs. response
Integration time vs. dark current

Modulation Transfer Function (MTF)
11



Note: Histograms shall be calculated for all measurements of each test item
except MTF.

» The items above shall be performed w.r.t different bands, w.r.t different operation
modes and w.r.t different temperature.

» TASA may modify test items depending on development status

» Raw data shall be provided to TASA. The data shall be delivered in hard disks with
data on it.

» All data processing and analysis programs shall be deliver to TASA, including
algorithms, source codes, executable files and user manuals.

The measurement accuracy shall be better than 95% absolute accuracy.

To show the performance of linear TDI CMOS sensor is not reduced by the FPA circuitry, the
FPA shall demo its electro-opto characteristics (SNR, dark current, dynamic range) are not
degraded comparing to the sensor specification or the results measured by sensor’s
development Kkit.

® Environmental testin 8 2 :
® Performance vs. temperature test.

® Board Level Radiation Test: FPGA TMR and scrubbing, memory EDAC, and power
OVCP shall be implemented for test. Functional test and Performance tests shall be
measured before and after radiation test.

® The environmental test standard is the FORMOSAT-8 Component Environmental
Specification, FS8-SPEC-0017.

3. % £ Z & Contract Data Requirements List (CDRL)
® FPA Schematic Diagram: CDRL-01
® FPGA Code: CDRL-02
® FPA Layout Gerb file: CDRL-03
® FPAEICD (electrical interface, pin-out, timing diagram): CDRL-04

® FPA TM/TC ICD(follow CMD/TLM format to define all the Telecommand and Telemetry
List including Mnemonic, description, address, etc. ): CDRL-05

® FPAMICD: CDRL-06

® Test Plan & Test Procedure (functional test, all of environmental test, sensor soldering etc.):
CDRL-07

® Test Report (functional test, all of environmental test, radiation test): CDRL-08

12



FPA Design Report and User’s Manual: CDRL-09

FPA EGSE design report (electrical, mechanical) and user’s manual: CDRL-010
FPA EGSE source code: CDRL-011

Requirements Compliant Matrix: CDRL-012

Declared EEE Parts List: CDRL-013

Declared Mechanical Parts, Materials, and Process List: CDRL-014

Meeting presentation slides

13



w1

Notes:
1. CMD/TLM function shall be in
function in all modes

2. Operation sequence:
+ Command to set the
operation mode
+ Command to start the
operation mode
+ Command to stop the
operation

Power off

Configurable frame rate,
integration time, output
bands, TDI stage, gain

®] 2 ~ Environmental test profile (TBR)

B Thermal cycle/ Thermal Vacuum test (8 cylces)

OFF Mode

Standby Mode

2hrs soak
Non-operating|
High

Hot — —

Ambient

[ ]

L

Cold e

Non-operating |
Low

2hrs soak

—

|

---------------

2hrs soak

® Poweron @ Power off A Functional test

14




B Radiation test by 30MeV proton at parts level and 200MeV proton at board level (Total
ionizing dose (T1D) = 10K) (TBD)

Beam Conditions
> Scanning area : 180 x 120 mm? (uniform area)
» Beam Energy : 200 MeV
> Fluence : > 1*10™ proton/cm?
> Flux : 5.12*107 proton/(cm?x sec)

m  ESS(TBR)

15



B Vibration (TBR)

B Shock (TBR)
Qualification Level = Flight Level + 3dB
Shock test : two sets of test (one set of test includes + and — direction individually) per axis for

qualification and one set of test ( one set of test includes + and — direction individually) per
axis for acceptance

corner (386, 272)
SRS(g)

(100, 53)

v

10000 ?
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