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Permittivity Probe on ROSETTA’s Plasma Monitor SPEDE on
Comet Lander PHILAE SMART-1 satellite
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Constraints for Instrument Electronics

The requirements especially for planetary exploration
are partly contradictory:

» High demands on processing speed but low power
consumption

» Low mass and small volume
» Operational at extreme low and/or high temperatures

» Hardened against large accumulated radiation doses
but low mass allocation (shielding ?)

» Recovery possibility from many failure causes
without requiring extra resources.
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Rosetta/Permittivity Probe Controller SMART-1/SPEDE combined Controller-
with analog electronics + separate DPU DPU with analog amplifiers
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Power Consumption Control

- Separately Powered Electronics Groups

Rosetta / SESAME / PP Electronics Design
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Power Consumption Control

- Software / Hardware controlled clock

- Optimized clock speeds for different application areas

FPGA
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Control ontro
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Power consumption with disabled clock: 50 yW
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Low Mass / Small Volume

* Integrating most components into 1 chip saves both.

 Many earlier available radiation hardened components
are no longer available. Rad.tolerant devices need
extra mass for shielding.

« Digital implementation offers raditation hazard
avoidence techniques without excess shielding needs
(majority-voting logic, error-correcting codes)

 Reducing amount of components reduces needed
connections, solder, cable
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Operation at extreme low / high temperatures

« Removing component types reduces temperature
optimization to fewer problem areas

 Low temperature limit of electronic components often
defined by ceramics carrier, not the die itself

Example: APX on Pathfinder, Rosetta etc uses standard
dies, but selfmade high quality ceramics and bonding.

Temperatures of < -180°C were be reached

Bonding to carrier can be done with high-temperature
welding, extending upper temperature limit

5th Planetary Probe Workshop, Bordeaux, 25-29.6.2007 10



ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

SMART-1/SPEDE:

Langmuir Probe/

ElFlseld STIISOI' +45, £15,+5,+3.3V,+2.5V
CNnsor
i CAN-

BUS

16.777216MHz

Voltage/
Current Bias

LP/ELF iel Sensor

Sensor 2

5th Planetary Probe Workshop, Bordeaux, 25-29.6.2007 11



Processor Characteristics

* 16-bit RISC processor code, 510 modules in FPGA
» 8-bit external memory architecture

 Sequencer, Telemetry and low-power events directly
mapped into flag register: no interrupts needed

« RISC instruction set includes conditional subroutine
return definition for each instruction

« Memory management system separates code from
data area by hardware

 Page control system allows simple cross-page
subroutine calls and returns
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Software Characteristics

« Strictly sequential code with endless main loop

 Real-time aspects are handled by separate sequencer
block

- Software language: Specialized assembler
 Extremely compact code:

Total code size including wavelet data compression and
telecommand/telemetry handling < 16kByte
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Software Integrity Checks

Boot code implemented in hardware inside FPGA
Software pages are checksum protected

If uncorrectable error dected during boot phase or if
software crashes (SEU,error,..) system boots
automatically from other memory page.

Per telecommand inter-page copy / refresh can be
initiated.

Allows co-residing of different software versions for
different operational scenarios
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FPGA-BASED DAC

« Software controllable analog voltages are generated
by a combined serial-parallel resistor network
connected to the FPGA 1/O-ports.

* Any precision, dynamic range and characteristics can
be implemented

« Conversion time is extremely short. Only 1 external
buffer-amplifier for decoupling and passive resistors
are needed.
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[ |
| T T 1 p—o

Reference I .............. I I I I

Voltage | || I FPGA I/O Ports
oV \ VAV " Inverted logic
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FPGA-BASED ADC

 Analog voltages are converted to frequencies by small rad-
hardended Voltage-To-Frequency Converters

« Frequencies are compared to system clock
a) Number of pulses per integration window

b) Number of system clock pulses per pre-defined number of
converter pulses

c) Combination out of a) and b)
Note: c) was used for Huygens/HASI pressure sensor data digitizing

‘—’ Advantage: Integrating, no loss of information
L L L L Disadvantage: Slow conversion times.
N Pulse-
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INSTRUMENT CONTROL & SIMULATION

* A highly integrated system needs good verification tools
 FPGA constructs were directly transferred into C-language
* Connection between simulator and GUI via network port

« Simulator includes hardware access option for direct
iInstrument control

« Concept allows identical environment for FPGA
development, software development, hardware testing and
flight operations. GUIl and hardware interface can be at
different network nodes
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SPEDE EGSE Interface

ser Interrace Vs

~@- minus_data ~@-plus_data

0.00015 —

, Raw Data TM/Ctr
- Cal Bias Hz/¥
TM-Backg Hz/V

.~ Raw Data TM/Ctrnl
~~ Cal Bias HzfV
-~ TM-Backg Hz/¥
» Cal Data ATV 4 Cal Data ATV
~ Callog APV ~ Callog AV

Re-Display | _| Freeze g, o Re-Display | _| Freeze

Read Table | \Write Table ‘ Set Mode HW-Access ‘

Link UP Page: 0x B 00 Number: [ 2 S D ‘ Verify table ‘ Tmctr: [0 HNo: Tvoe:
offs: 0x | o000 ype:

Stop Link ]_UDUU -X-Start: Time-Incr: 256 Check Stat Status: ,— ‘—07
-X-Incre:
Iglvees ) i D [ Send Request [ _X-Stho: Repit-Time: | 320 DAC-X: 126
Rec:No: TM HK-Values +X-Start: . I DAC+X: 128
Time: | +X-Incre: Ho of Repit: 1 WD-pg:

e — : % +X-Stho: No of Freq: 10 SW-vers: Delay: [zss
al in H 101 ;. .
i Upload 0/0 Contr. -X: 0% | 15 Bias -X: 128 Res-X: - .
B 183 ' indow-X: 16000000
I conte. 0 [ 75~ Bos x| T

20l o of Points: [ 77 Meas-Time: Window+X: 16000000
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SPEDE EGSE Interface

ser Interrace Vs

~@- minus_data ~@-plus_data

0.00015 —

Raw Data TM/Ctrl
Cal Bias Hz/V
TM-Backg HzfV

¥ Cal Data A’V

, Callog AV

Raw Data TM/Ctrl
Cal Bias Hz/V
TM-Backg Hz/V
4 Cal Data AV
~ Callog AV

Re-Display | _| Freeze Re-Display | _| Freeze

Read Tahle | Write Table ‘ Set Mode HW-Access ‘

Link UP Page: 0x B 0o Number: | 2 Save table ‘ Verify table ‘ TmCtr: 0 Ho: - l—
offs: 0x s 0000 ype:

Stop Link 0000 -X-Start: Time-Incr: 256 Check Stat Status: ,— W

-X-Incre:
[TM-Type: [— Load from file Send Request -X-StNo: Repit-Time: 320 DAC-X: 128
Rec-to: TM HK-Values +X-Start: ] | DEST T
Time: I . T +%-Incre: No of Repit: ,1— WD-pg:
] ’ +X-StHo: Ho of Freq: 10 SW-Vers: Delay: 255
_ Star ata Logges | —_— T A L A——
I . = Contr. +X: 0% [ 15 Bias +X: 128 _—

No of Points: Meas-Time: Window+X: 16000000
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Dump Read Table | \Write Table ‘ Set Mode

| 00 Number: | 2

Type:
nooo
[—UDDU -X-Start: Time-Incr: 256 Check Stat Status: I— 07

-X-Incre:
-X-StNo: Repit-Time: 320 DAC-X: 128

Save table ‘ Verify table ‘ TmCtr: [ 0 Mo

Send Request ‘

TM HK-Values +X-Start: S

+X-Incre: No of Repit: ’ 1 WD-py: Cur-py:
10 +¥X-StNo: Mo of Fr'eq: ’ 10 SW-Vers: Delay: 295
101 : S

Bias -X: 128
Res-X: 5
Window-X: 16000000

183 Bias +X: 128

Res+X:

200 Meas-Time: Window+X: 16000000

DAC+X: 128

Read Tahle | Write Table ‘ Set Mode HW-Access ‘

Type:
0000 E— —

Stop Link T ["10 Time-Incr: [ 256 Check Stat Staws: [T
————— -X-Incre: 29}
-X-StNo: \ 10 Repit-Time: 320 DAC-X: ‘ 128
TM HK-Values Start: 10 _

XIncre: 25 No of Repit: | 1 cur-py:

%Stho: [ 10 Noof Freq: [ 10 : Delay: [zss

Link UP 3 pumier | Savetable | Verifytape | MO |0 Me: T
[ 07

Load from file Send Request ‘

DAC+X: 128

I - [m
Start Data Logging ‘ [z

L )
-X: Bias -X: 128
| R : | 183 R i T Window-X: 16000000
" Contr.+X:0x | 15 Bias+X: | 128
SimCmd ‘ c : | No of Points: Meas-Time: WindowsX: [ 76080000
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Ijnk u P 0 D ~@- plus_data

IW
Memory Load /
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Stop Link
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Dump Read Table | Write Table ‘ Set Mode HW-Access |

Link UP Page: 0x Page: 00 Number: | 2 Save table | Verify table ‘ TmCtr: 0 No: Type:
Offs: 0x 0000
Stop Link 0000 -X-Start: Time-Incr: 256 Check Stat Status: ,— ,T

-X-Incre:
Load from file Send Request -X-StNo: Repit-Time: 320 DAC-X: 128

TM HK-Values *X-Start: l DACHX: 128
+X-Incre: No of Repit: 1 cur-py:
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File Edit View Terminal Tabs Help

SPEDE Simulator Version 26.2.2007

SPEDE Simulator: Waiting for interface connection... Connection established
> Initializing from program file spede082.lst ... Initialization completed
No of command lines: 2255, Address range: 0x00000-0x01648

> EEPROM Data-area initilized from file sim _eeprom. int

EEPROM Program-area initilized from file spede076.asc

00249:00000 F3018200 LXIW R1, prog_vers

> Running...CAN-in pck: type=0x5F, len=8 (DataStart) APID=0x1400

CAN buffer accepted

CAN-in pck: type=0x61, len=4 (DataEnd)

CAN buffer accepted

CAN-in pck: type=0x61, len=8 (DataEnd)

CAN buffer accepted

CAN-in pck: type=0x61, len=8 (DataEnd)

CAN buffer accepted

02314:010E8_ 1110 CPI R1, 0
> 02315(010FR) 7D00 BRI NZ get rt lsword 0

|
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... And Corresponding Code Part

r

% ConTEXT - [E:\akt\Planetary-Probe-Workshop_2007\Material\spede082.Ist]

C File Edit View Format Project Tools Options Window Help

O & i & (& gh B, 4L 8 @ © 8. 8 | SPEDE Assembler
E@ spedeﬂBZJsll

get_rt lswoxrd:

IN

IN

CPI

BRI NZ

IN B , 1io0_time+l
get_rt lsword O:

O 0000

"

1 save

w o

w

o wWw W

Ln1,Col1 Insert Sel: Normal UNIX  [File size: 139414
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if (iocmd
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf ("
printf (" g n
printf ("> "),; fflush(stdout):;

w

oo oo

w0
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PP EGSE User Interface ¥516.01,.2004

=10ix|

HW-Registers CONTROL Transmitter

Link UP

Stop Link

Start Data Logging J

T 0E R w Get Generator Settings |

CLK [0 PWR [0 INT [n
Res [1 ADE [ DAE [1 MEA [0

w I

Status | W Si

No of Samples:) 65

Update Config I Set Generator Settings [

_| HW-Interf
1 Auto-Run
i PP-ON

‘ HK-current || 0
l Read Mem: #Bytes: |

256

NoofRep [ 1
Time Diff(1/16s) | 1
Noof Freq<2l | 1|
Tx-Amplitude Div| 0
Number of Waves rT
Electrode 1: | 1
Electrode2: | 3
Monitor Elec: | 1
{400 800 1000 1500 20

Power [ 3 Tx-Amp%x100:
Rx-Amp%x100:
Tx-Phase x10:
Rx-Phase x10:
Tx Offs:
Rx Offs:

Tx Noise x10:

Mux | 93 R
|AD-Div |
\

Memstpl 1407 R

R |
R | w
[ 735 R \
|_w
49 R
pacstp| 254 R
te-piv[ o R

[Memory| 0
|

DA-Div |

Freq.: Rx Noise x10:

L

Receiver

Freq.:

65

\rite Sim.Cofig I

a0
50
1}

20
140

- mux_data.
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LP-Inter (s): 0
LP-Value: 0

Manual Read
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Detector Simulation: Added Noise

ser Interrace VsZo.
HW-Registers CONTROL Transmitter Receiver Langmuir Probe

status | OF R w ® Simulator Get Generator Settings Freq.: 400 LP-Inter (s): 0
[ Mo of Samples:’? LP-Value: ,f
CLK ]E PWR ’E INT IE Update Config ‘ Set Generator Settings ‘

) - Manual Read

Start Data Logging [ Res [T ADE [1 DAE [T MEA [0 _I HW-Interf No of Rep 1 Write] Sim:Coflg ‘
I o[ G R | w | (D Time Diff(1716s) [ 1 Tx-Amp%x100: &0
Mo B | B v i) Gl No of Freq<21 1 Rx-AmMp%x100: 50

ux
HK-Current ([ 0 | Tx-Amplitude Div [ 0 | Tx-Phase x10: [
AD-Div 195 R w Number of Waves H 2

Read Mem: #Bytes: ‘ lI] B Phaselx1( 20

Memsty| 7407 = - —256 Electrode 1: 1 Tx Offs: 140
Electrode 2: 3 Rx Offs:

DA-Div 49 R ‘ w ‘ Monitor Elec: 1 Tx Noise x10:
DACSW[T R w Freq.: |400 800 1000 1500 20 Rx Noise x10:

wpiv[ 0 L‘ v

Link UP

Stop Link

Memory| 0 L‘ L‘

~@- mux_data ~@-rx_data -@- wave_data
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Summary

« Using a system approach which covers all aspects of
an instrument up to operations and data analysis,
highly integrated solutions with minimized resource
demands might be possible.

 Current FPGA components allow integration of many
instrument control electronics functions into a single
chip, which can be optimized for harsh planetary
landing environments.

* High-performance processors are not always the
optimal answer for a set of requirements.

 Remaining analog functions can be integrated into a
hybrid solution, partly available in rad.tolarant

technology already today.
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