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China Space Station Facts

China Space Station
- (41°~43°,383km ~403km) ; I R S
" (~100T, 3 module) - -Cargo Spaceship o “ gt - China Space Station Telescope
K ‘ — e ) (same orbit with CSS)
(15.5T, ®4.5mx 14m without panel)

China Space Station Telescope (CSST)

210 years, trytoreach

Aperture: 2m; FOV: 1.7sqdeg;
3 Angular resolution: 0.13"
spectrum: 255nm ~ 2.5um

1 launch/6 ~ 9 months, >

2 launch/year, >300kg Upload cargo, >50kg return cargo S payload

Uplink: 3 ~9Mbps Uplink: 3 ~ 9Mbps
Downlink: 1.2Gbps Downlink: 1.2Gbps
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Experiment
Module-II

Space life science and biotechnology

 Ecology Science Experiment Rack (ESER)
» Biotechnology Experiment Rack (BER)
» Space Radiation Biology Exposed Payload

Material science in space

« Material Furnace Experiment Rack (MFER) ‘
+ Electrostatic Levitation Experiment Rack (ELER)

» Material Science Exposed Payload

Microgravity fluid physics & combustion

+ Fluids Physics Experiment Rack (FPER)
+ Two-phase System Experiment Rack (TSER)
» Combustion Experiment Rack (CER)

Multipurpose

« High Micro-gravity Level Rack (HMGR)

Fundamental physics in micrograv » Varying-Gravity Experiment Rack (VGER)
« Scierice Glove-box and Refrigerator Rack (SGRR)

it
~+ Cold Atom Experiment Rack (CAER) - Online Maintenance and adjustment Operation Rack

.- » High-precision Time-Frequency Rack (HTFR) : (OMOR) -
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Carrying out syStematic and internationally frontier space science and application research and new technology demonstration,

China National Space Laboratory

continuously producing major scientific and technological achievements, and continuously obtaining comprehensive
application benefits.

Research
Fields

Space Application

Space Life Science and
human research

Microgravity Physics

Space Astr

Earth Science

onomy and

Space New Tech and
Utilization

Research
Topics

Space
basal
biology

The impact of
spatial
environment
on human

physiology

Origin of
Life,
Frontiers, and
Intersections

Microgravity
Fluid
Dynamics
and
Applications

Near
flammability
limit and
basic
combustion

Gravitational
physics and
complex
plasmas

Optical
Survey,
Cosmology,
and Celestial
Bodies

Space
Environment
and
Forecasting

On orbit

manufacturing and

construction
technology

Robotics and
Autonomous
System
Technology

Common
Basic New
Technologies

The First Report on Scientific Research in China Space Station (2024)
https://www.cmse.gov.cn/xwzx/202412/\W020241231661310955564.pdf
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Increasjngly daunting challenge : significantly reducing costs while maintaining

high reliability.
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- COTS & Customized Components @ CSU
» CSU has been undertaking the development of China Manned Space

Prog?am since 1992.

» Neither as conservative as traditional practice nor as open as the
commercial aerospace companies.

> Total 91184 pcs of 949 types of COTS components in CSS, including IC ,
connector , optoelectronic devices, and BME MLCC, etc.

» Customized components based on commercially mature technologies,
such as radiation-hardened fiber, PLC splitters, and optical transceiver

modules.” 2
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 CSU EEE Selection Policy

I Il 11 \Y)
Minimum Mil and

Selection Requirements SRl el il ez Mil complaint Automobile

Requirements Policy COTS not COTSnot  Auto, Commercial  Auto, Commercial
it recommended recommended  +board screening  +board screening

€ 24/7 Operational Level | Payload :
v Information System: 24% COTS, incl. 20 kinds of IC
v Solid-State Power Controller(SSPC): 21% COTS, 38 kinds COTS
v Including total about 50,000 pcs of COTS BME MLCC in orbit

‘Zero com ponent failures ﬁﬁ;caenl.rief;: :;i::ce and Microgravity Physics ggftcr:]esi?;rnocr;omy and 3zz§:t:\:)enw Tech and
in nearly four years in R
orbit, with 107 research E"V" - 'i
. ~ projects implemented oKD T T
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~ CSU EEE Screening and Evaluation

Automobile

Level | ,
Commercial

Automobile

Level Il ,
Commercial

Automobile

Level Il ,
Commercial

Automobile

Level IV

.\/
.\/
.\/
.\/
.\/
.\/
.\/
.\/

Commercial

v/ *Board screening is implemented to effectively address cost pressures.
v Case-by-case principle: dedicated quallty assuranee plan for each |nd|V|duaI
. . payload and for each individual component y
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Evaluation: Trust the power of commercialization and Focus on Necessary Verification

Item Method #5435 | Incoming Inspection

I

GJB548 method 1010 :

W |Screening

UG AEGTEC I: 200cys ; Il: 100cys

X ray GJB 548 Method 2012 : P e
Thermal : Sroup EFFE

C-SAM GJB 548 Method 2030 Cycling IR
)

XEIEAGE

Radiation Evaluation

Electrical test datasheet

PCB assembly soldering

IR J) i
5%%*)1)

12.5TC@-40~+85°C, oard
Min4dh@high-temp phase Board with 4 ]

Min240h@125°C Tj (hottest ~ samples from Elect test @H\L\R tomp
point) Group A ey

A

Board screening

HTOL

FRASTAER

Temperature Step 5°C each step from RT until PCB Assembly
Test (not as criteria) abnormal é

DPA GJB4027

Radiation Evaluation Test and FMEA
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An example of COTS BME MLCC Evaluation

Make technical judgments to maintain
the cost-efficiency and ensure reliability.

Probe 10 exert bending force

v Most of qualification tests based on : 77
military standards are redundant. - Displacement

v’ Some screening is necessary based on
critical weak points

BOARD FLEX TEST AEC-Q200-005A 2mm

A Counterexample: 217/2400 failed burn-in, MLCC failed the 2mm board flex test

& failed the 2mm board flex test

—
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A Lesson from a COTS Failure

oA payload failed twice, with the digital isolator

ISOW7841 being a contributing factor In 2019 KRN A

® Short time into the market for massive
product since 2017, with frequent datasheet
revisions.

® Reliable use of the product depends on
stringent user design criteria

Changes from to Revision G (March 2017)

« Changed part numbers in the Power Ratings table (previously Power Dissipation Characteristics) .. o

« Changed the input-to-output test voltage parameter to apparent charge in the Insulation bpnmﬁuaﬂons
* Added the Receiving Notification of Documentation Updates ser’uun 4

Changes from Revision E (March 2016) to Revision F (April 2016)
+ Changed the number of years for the isolation barrier life in the Features section ...
« VDE certification is now complete ..

Revision last updated in 2024 where revision F was relased in
- 2016, actually previous revision F released in 2019

W To help ensure reliable operation at data rates and supply voltages, adequate decoupling capacitors must be
located as close to supply pins as possible. The input supply must have an appropriate current rating to support
output load and switching at the maximum data rate required by the end application. For more information, refer
to the Detailed Design Procedure section.

End of text

11 Power Supply Recommendations Revision F (MarCh 2019)

To help make sure that operation is reliable at data rates and supply voltages, adequate decoupling capacitors
must be located as close to supply pins as possible. The input supply (V-c) must have an appropriate current
rating to support output load and switching at the maximum data rate required by the end application. For more
information, refer to the Detailed Design Procedure section.

ISOW784x integrates a synchronous, isolated DC/DC converter along with isolated data channels. Due to finite
efficiency of the integrated micro-transformer, for any given output load current, the input current will be
proportionally higher. Thus, the input supply (V::::::) decoupling capacitor also needs to be sufﬂciently larger than
the output supply (V|so) decoupling capacitor. It is recommended to have an input capacitor that is larger than

put capacitor by a It is also recommended to have an input power sUpply to ISOW784x with
sufficient current limit t&—=apport output load current requirements. For_an output load current of 130 mA, it is
recommended to have >6 nt limit and for r_output load currents, the Tnput current limit
can be proportionally lower. When the input supply is Tower than 2.7 V, the device can go into a protected under-
voltage lock out (UVLO) state per the UVLO thresholds specified in datasheet. Under UVLO state, it is
recommended that the output voltage also be discharged to less than 2.1 V. This can be accomplished by having
an input capacitor that is 100 pF larger compared to the output capacitor. It also helps to have a small load (~10
mA) at the output capacitor to bleed off any unwanted, residual charge. To make sure ISOW784x quickly
transitions from UVLQ state to powered state, it is recommended to have an AputSupply rise ime of less than
10 ms.

and an example of reset mechanism can be found in Oven/oitage p!otecnon for iso/ated DC/DC converter

Datasheet in 2017 and 2019
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‘High Grade # High Reliability

® Ball Iiftsd on three consecutive batches
of H-grade DC/DC converters from a
foreign manufacturer.

® High-grade # Zero risk

® DPA is necessary

® Space-grade DC/DC converters are
now available from at least three
Chinese manufacturers.(100V input,
100W output with 5V, 12V, £12V, 28V)

c SWH156MMbRH
H(EK)

1| HOCDI00-5400/3P-A MuCR

20386657
/)

1802 batch
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High Reliability Standard Test Method Iss_ues for COTS

® Delamination Is a particularly common
ISsue el
® \Which to depend on, C-SAM or "
electrical test and burn-in? 2000C {e
® Effectiveness is worth futher study Delamination expanded after
_ 2000TC (-65--+125°C) , still well performed
v' C-SAM is costly : .

v Immersion in water followed by heat drying

O'cils

may bring oxidation of pins, especially for
y J P P y Delamination, failed to elec test

small size COTS after 5cycles TC on poor-quality PEM
v Not applied to some plastic packages 4 :

o> k-

MLCC Delamination, screened out by burn-in
13
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Customized Components

€ Some components originate from commercial technologies and manufacturing
processes
» Optical fiber drawing, coating, on-line tensile strength
» Fully Automated Process of Plastic Encapsulation for Integrated Circuits
» the typical manufacturing processes used for optical transceiver modules
In the communications industry
& Actually, we are transitioning from traditional high-reliability processes to
a large-scale commercial system

mo [ T B

8*8mm small-size plastic 18Mrad(Si) G652 - = ).\\I/?

encapsulated Rad-tolerant Rad-hard Optical V

MCU,32bit,LS132R,8/10MHz  Fibre 4.25Gbps water-sealed high-reliability optical
transceiver module with bare die inside
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Another Challenge Example from Commerc_ial' Technology

® Coating “CRACK” firstly found, acceptable in space?

® Thorough test and analysis: CT/Tg/DMA/TMA/DSC test and Mechanical
/thermal analysis and test, as well as coupling analysis, the worst case
verification test

® In fact, the “CRACK” has no impact on the long-term reliability.

® Problem that may be encountered when using commercial products.

Normal 2-layer coating optical fibre “CRACK” found in the coating
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Space-Grade Components

& Core and scientific-grade components are essential and irreplaceable.

Eiuls
 LS1E300

PJOOOO00000000006000800¢
POOBOOO0OO00000000060¢

UV-enhanced Visible-enhanced T g .
Quantum Efficiency @-85°C Quantum Efficiency@-85°C s $s :" i LS1E300 CPU LS1F300 CPU
T e s Ll ey s S 30bit GS232,200MHz  32bit GS132E,66MHz
o 7 A Supports 128-bit Bus: EMI , PCI, ISA,
vector operations. 1553B, CAN , UART,
300Krad (Si) SPI, 12C, SpaceWire;

SEL>75 MeV/mg/cm? Interface: AD, OC,
PWM , PCM , PPC,

Dark Current  5\]1201A-1 astronomical CCD Quialified for CSST ?opc;zad (Si)

Full array @-85°C _ _
(9220 (H) X9240 (V) Pixel size: 10um X 10um SEL>75 MeV/mg/cm?

Readout Noise@<40s readout: <5e7/pix) Total more than 500 LOONGSON
China electronics Technology Group Corp.No.44 Research Institute CPUs in orbit

16
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Challenge from COTS Radiation Effect

> 48 Soli_d State Drives(SSD) from 3 different manufactures 24/7 running in orbit
» 300TB scientific data stored and downloaded

» Some SSD are extremely sensitive to SEE and TID (even below 5Krad).

> Neutrons can effectively be used to select SSDs

» Abnormal is normal in space for COTS as long as predicted

> RAID redundant is necessary and Firmware Refresh is effective

Abnormal Av SSD Abnormal distribution in CSS
SSD Model | Number In Period  © — ,
(Individuals,days)
Type |
Type Il

Type lli
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Rich Resources for New Facilities

50+ Exposed Standard 3 Exposed Large
5 Express Racks Payload Adaptors Payload Adaptors

Express sub rack payloads:
12 SDU, or 8 SPU

Standard Adaptor payload:
up to 160kg

Large adaptor payload:
500kg~2000kg

N I~ Payload
adapter

exposed
experiment A M exposed
" = 77
platform [ experiment B R /Payload
platform N adapter

TTTTTTT

ma:aa‘gs; exposed
eeeeeeee experiment

Payload
platform

adapter

SiC MOSFET, with 400V SEE immunity, is currently undeggoing in-orbit ve/rification, along with 260 COTS
_ supercapacitors supporting this verification
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~ International Collaborations

Previous Activity
—Joint Experiments

Current Activity with ESA

10 undergoing cooperative projects
for the first round, 158 labs from 95
organizations of 23 countries

Team Composition

United States =
United Kingdom s
Slovenia =

Singapore =
Sweden =
Russia =
Poland =

Netherlands
Japan =
Italy
Ireland
Hungary
Greece =
France
Spain
Denmark =
Germany msss—
Czech Republic =
China

Switzerland ==
Canada m
Belgium  mess—
Austria =

0 10 20 30 40 50 69

Space Materials
Science

Current Activity with
UNOOSA

7 projects from 12 countries will be
launched on board the China Space
Station




Our Lab is Open!

Welcome international partners to
join our missions in advancing life
on Earth, enabling future space
exploration, and deepening our
understanding of thwiverse!
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Technology and Engineering Center for Space
http://english.csu.cas.cn

China Manned Space
http:// en.cmse.gov.cn
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