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* Space power management systems
supposed to do

-- what they’re

* Power Bm:m,mmaw.i wﬁﬁim.go_:zo: -- from Cassini to
X2000 and Beyond =

. _umnxmm._:m_wmcmm:ma @_cn_mm

S

-

S



Key Functions of Space Power Systems _JIDL

Deep Space One
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Key Functions of Space Power
Management Subsystems

— Omc::m, fault v_‘oﬁ_mn:o:um:n switches to turn power

- on/off to spacecraft loads
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and regulate power to
from the load and the bus

jon system from load




Space Power Management
System Evolution

AJPL

2000 and Beyond

Cassini . EuropaOrbiter SGMS

8 Power Distribution Subassemblies : . Distribution Power Switching
2 Power Control Subassemblies 6 Valve Driv nics Sli ____Power Converter Slices

2 Pyro Distribution Subassemblies ower Control Slices = Valve and Pyro Drive Slice

1 Shunt Regulator Subassembly Batte ontrol . Battery Control Slice

2 Pyro Drive Electronics Slice - Power: 50 W

Power: 900W _ Power System Mass: 10 kg
Power System Mass: 222 kg o




Physical Characteristics of Typical Power
Management Electronic Assemblies

SPL

Large, Odd
to Single-

-Shaped Components Compared
Chip IC Packages

Thick, Wide Package Leads
for Heavy Currents
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Bolted-Down Packages For Low
Resistance Thermal Interfaces




Space Power Management Systems Must
¥ Survive in Severe Environments — Radiation

Power Activation and
Switching Module

4 mrad TID at Die Level



Space Power Management Systems
Must Survive in Severe JPFPL
Environments--Impact Shock

Deep Space 2 — Mars Microprobe

Power Management Electroni

\ Water Deteclion
Experiment

Microcontrolise
Powar Elecironics

Instrument Elactronics 11 » -._.033383 Sensor
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Candidate Packaging Technologies
for Future Spacecraft
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Typical Examples of MCM-D for Space
Power Management Subsystems
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“Chips First” Approach
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eep Space 1 Power Activation
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Typical Examples of MCM-D/L
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T 2 to 3 Layer MCM-D Decals Attached
Fine “Microvia” Layer =~ . to Selected Areas on Core PWB
Over Core PWB .




Chip-on-Board Comes in Several Varieties _JIPL

‘Reworkable Approach

Bl S R T © C O p—
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Encapsulant Covers Top of Die Only

(TR

Total m=omvm=_m=~ verage

Non-reworkable Approaches ,Onm_r...oé Cost; Reworkable Approaches
Permit Electrical Test/Component Replacement After Encapsulation



Evolution of Single Chip Packages SJPL




Near-Term Approach to Avionics Systems JPL
Packaging for NASA Spacecraft

* Enable technology for “System on a Chip”
* Free up internal spacecraft volume

* Minimize traditional cabling mass
(~30 — 60% improvement)
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— IEM/Base Pedal Assy

* Maintain rework capability

Y-Axis Connector

Network Bus

mwmno,ﬂ.,.:m_ Panel



me.n.._..m:: Approach to Avionics
Systems Packaging for NASA Spacecraft: _J
Preliminary Layouts

Layout Power Switch Slice (PSS) Layout Micro Controller Slice (MCS)
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Cube (HMC)
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Z-AXIS INTF SURFACE

GUIDE PIN/RETAINER 9 g e .
_w_ T “/— 22X Z-AXIS CONNECTOR
JPL P/Ni 10185248 L S E-AXIS CONNELTLR
P/Nt 380-02-075

Q

3.937¢100.00>

. HMC FRAME
~JPL P/N: 10158229

il &

Single Wide Slice - Horizontal Mounted

JPL

Y-AXIS CONNECTOR
TELEDYNE 90° 112P
P/Ni ASO1UL10G

Highlights

* 7075 Alum Frame

» A286 Guide Pin/Retainer

* Polyimide PWB

* Ablestik Adhesive

* CINCH Z-Axis Connectors
* Teledyne Y-Axis Connector




Possible Intermediate Steps in Evolution JPL
of Space Power Management Systems

Space For Power Supply Components

Exploded Assembly: Power Supply Side Up
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Management In a Single Electronics Assembly

g S 7




Power Management Aspects for
Systems-on-a-Chip

SPL

* Key technologies for tight integration of the power
system on chip

— _<__o_‘o-=,m:m3_.3m_.,w. ‘
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Thermal Management Issues JPL

* Thermal Bm:mmmami is :m:m__< dead last on the
system ammmm: _u_.mo_‘f :ﬂ

* Current ﬁmo_,_zo_om< n_d n_m_,_:n_omﬁm. _oqu power
dissipation at the m<ﬂm3w_m<m_ as well as less space
to get zn_ 9. waste heat

. o:.nxw, accurate metho o_om< ,,,,, fe or _u_‘mn__ﬂo::n power
n_mm_um:o: is required



Approaches to Thermal Management
for Spacecraft Electronics

Conduction/thermal

radiation
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Heat Pipes for Electronics Cooling
ome in Two Basic Varieties

Vapor Chamber

Individual Heat Pipes Inserte

festie A

into oo,_a.,ﬁm_ Frama
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in Cold Plate Frame

* Higher Performance
» Higher Cost
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Heat Pipes Require Careful Design
and Attention to Detail

SPL

Monel/Methanol Embedded Heat Pipes
Thermal Cycled from -55 to 125 C

e

Things to Consider for Successful Application of
Heat Pipes to Microelectronics Thermal Management

e Operating temperature

« Environmental temperature range

* Fluid compatibility with :m& pipe wall and wick materials

* Area for :mm:_.,m:,m*mq out of the heat pipe

* Post _uqoommmm..._m of electronic assembly after heat pipe fabrication




Convective Cooling of Spacecraft
Electronics was Demonstrated on the JPL
Mars Pathfinder

CRUISE STAGE 1PA (HRS)
N I !

R i L.
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LANDER
HRS TUBING

INSULATED STRUCTURAL HEATSHIELD
ASSEMBLY (ISA) AIRBAG
VENT C
THERMAL CONTROL
GASFILLPORT oo o ... .HERMALCONTROL -

VENT B
ACGUMULATOR G 5
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FiLL PORT
o BYPASS OUTLET

....... LANDER b dpover b« F= - o o = = . ] CRUISE RADIATOR
e ELECTRONIKCE:

LOWPATH = < - = FLOW PATH EXTERNAL TO [PA

* Successfully flew on Pathfinder
* 18 months of continuous operation on JPL Life Test Bed Setup
* Uses mechanical centrifugal pumps to circulate Freon-11 in the Spacecraft




Summary SPL

i

* Power szmum.smi subsystems on NASA spacecraft are
evolving towards smaller, lighter form factors

— Component size _m_n_mo_.mmm__:m .
— >n<m=om nmoxmm.:m vm_,_.::m closer component

. d_mqam management issues nex a,,ﬁo.@mmmuz with earlier
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