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Purpose

➪ developmentprocessof theelectroniccomponentsof amedicalinstrument

➪ specialrequestsby theareaof application

➪ hardware/softwareco-designfor optimizingthedevelopmentprocess

➪ utilizationof Smartmodelbasedsimulation

➪ projectmanagement
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Outline

➪ Purpose

➪ Medicalbackground

➪ Thefinal product

➪ Specialrequirementsonmedicalequipment

➪ Targetdesign

➪ MARS MainboardSystemChiparchitecture

➪ Designprocess

➪ Co-design

➪ Projectmanagement

➪ Conclusion
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Medicalbackground

➪ MolecularAdsorbentsRecirculationSystem

➪ removal of
proteinbound
andwater
solubletoxins
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Thefinal product

➪ theartificial liver is thefirst albumindialysis
system

➪ amedicaldevice for theperformanceof theliver
supporttherapy MARS

➪ usedtheexistingdialysisequipment

➪ designedin cooperationwith dialysisspecialists
andnurses

➪ ClassificationprotectionClassI TypeB
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Specialrequirementsonmedicalequipment

radiation
electro-magnetic

tolerance
electro-magnetic

reliability

self-monitoring
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Targetdesign

ROM ROM

RAM RAM

µC1 µC2

µC3 LCD

Keyboard

D/A I/OCOMSpeech

➪ i8051derivatebased
redundant

� C-system

➪ fully decoupled
systemsfor
increasedreliability

➪ accesscheckfor
sharedresources

➪ selfmonitoring
ability
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MARS MainboardSystemChip (m2sc)ar-
chitecture

µC1

dualported RAM

µC2

Shared Register File

µC1−Reg. µC2−Reg.

µC1−
Interface

µC2−
Interface

I/OCentronicsWatchdogs

Debug

➪ FPGA
implementation

➪ scalablearchitecture,
currentlyonly 2 � C
implementthe
redundantsystem

➪ memorymappedI/O
architecture

➪ communication
throughshared
memorysegment



9

Accessandresourcecontrol
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Busstructures

µCX

µCX−
Interface

Pad
internal µCX Bus

Debug Bus

Debug−
controll

µCY

µC...

Debug Interface

➪ scalablecountof
participating� C

➪ limited gate
resourcesdueto
FPGA
implementation

➪ utilizationof
overheadon
availabletristate
elements

➪ bussesdividedinto
anexternalandan
internalsegment

➪ additionaldebug
interfacebus
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Designprocess- organization

MARS
Molecular Adsorbent Recycling System

− MARS−technology
− system design
− software development
− certification
− fabrication & marketing

− system design consulting
− m2sc development
− verification
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Hardwaredesignflow

Simulation

Backannotation

Backannotation

Simulation
VHDL

SYN−SCRIPT
Synthese

Simulation

P&R−SCRIPT
Place&Route

Production
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XILINX
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Softwaredesignflow

Real world test

Board Simulation

i8051 Simulation
C for Low−level function

C for function modules
i8051 Simulation

Main program
Board Simulation

Production

ok?

ok?

ok?

ok?

ok?

Keil

SYNOPSYS
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Co-design: example interrupt on resource
accessconflict

➪ verification of inter-
ruptgeneration

➪ difficult to testwith-
outco-simulation

➪ validationof thesoft-
ware answeron the
interruptpossible
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Co-design: discovery of the multiple reset
bug

➪ problem: internal
resetfails on the
realdevice

➪ undetectedin the
pure VHDL sim-
ulation

➪ co-simulationre-
veals the bug af-
ter thefirst reset

➪ bug: incomplete
VHDL descrip-
tion resultingin a
circuit which has
beenremoved by
XILINX P&R
tools
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Projectmanagement

VHDL-project
➪ makebasedpreparation
➪ handmademakefiles
➪ separatetreefor simulationandsynthesis
➪ rcsprojectmanagement

C-project
➪ wintel pchosted
➪ ide from Keil with projectmanagement

Co-design
➪ makebasedpreparation
➪ sparc/solarishosted
➪ co-simulationwith SynopsysSmartmodel
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Conclusion

➪ presentedthedesignprocessof themedicaldeviceMARS

➪ ashortintroductionof thespecialrequirementswhendevelopingmedical
equipment

➪ verificationby co-simulationreduceddevelopmenttime

➪ designbugrecovery time reducedaswell

➪ reductionof computingtimeby utilizationof Cyclonefor largeco-simulation

➪ futureuseof automaticmakefilegenerationfor preparationof synthesisand
simulation(likevmkr)

➪ integrationof aprojectmanagementfunctionalityinto thesynopsystools
wouldbeuseful


