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Abstract  

This paper discusses some o f  the  design problems t h a t  we are now 
addressing i n  cons ider ing  a m ic rocon t ro l l e r  f o r  our upcoming GAS payload. 

- W e - w i l l  be us ing  m i c r o c o n t r o l l e r s  t o  run  our experiments and c o l l e c t  and 
s to re  the da ta  from those experiments. 
m i c r o c o n t r o l l e r  are t o  be small , l igh twe igh t ,  have low power consumption, 
and h igh  r e l i a b i l i t y .  Th is  paper w i l l  d iscuss some o f  the  so lu t i ons  t h a t  
we have developed t o  meet these design requirements. 
s t i l l  i n  the  design stage and our f i n a l  design may change from what we have 
now. We are con t inu ing  t o  look f o r  new in teg ra ted  c i r c u i t s  t h a t  w i l l  do 
what we need a l l  i n  one package. 

Some o f  the  requirements f o r  a 

A t  present we are 

1. I n t r o d u c t i o n  

M i c r o c o n t r o l l e r s  w i l l  be used i n  our GAS payload t o  au tomat ica l l y  run  

our experiments. 

t h a t  can be used t o  c o n t r o l  the payload. When the command i s  received t o  

There are o n l y  3 cont ro ls ,  operated by the astronauts, 

s t a r t  an experiment the  m i c r o c o n t r o l l e r  must prepare the experiment and 

then run it. The m i c r o c o n t r o l l e r  must a lso  c o l l e c t  the da ta  from the 

experiment and s t o r e  i t  f o r  use back on ear th .  The m i c r o c o n t r o l l e r  w i l l  be 

i n  c o n t r o l  o f  almost every th ing  i n s i d e  the  payload. 

I n  des ign ing our m i c r o c o n t r o l l e r  we considered a number o f  design 

c r i t e r i a .  Some of these were r e l i a b i l i t y ,  power consumption, weight and 

compactness. High r e l i a b i l i t y  was very impor tant  t o  us and played an impor- 

t a n t  p a r t  i n  the dec is ion  fo r  the bas ic  design. There are two ways o f  

assur ing h igh  r e l i a b i l i t y .  

ors, a l l  checking one another. Th is  was determined as too  d i f f i c u l t  t o  

One i s  t o  have th ree  or more p a r a l l e l  process- 

implement on our scale. The next best a l t e r n a t i v e  was t o  have a separate 

m i c r o c o n t r o l l e r  for each experiment. If one c o n t r o l l e r  f a i l e d  i t  would n o t  
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jeopardize all of the other experiments. Our design goal was to develop a 

microcontroller that with a few modifications or additions could be used 

with many different experiments. 

a 

2. Power Consumptlon 

Designing a microcontroller with a low power was very important, as 

By limiting power consumption we batteries are heavy and take up space. 

can reduce the size of batteries that are required and utilize the weight 

and space saved for the experiments. 
t 

In considering available integrated circuit technologies, it was deter- 

mined that CMOS was the best choice. Most of the popular microprocessors 

and microcontrollers are available in a CMOS version. Several companies 

are also making the 74HC series of digital integrated circuits which will 

also be needed in the microcontroller. This new generation of integrated 

circuits combine the low power requirements of CMOS with the high speed of 

the older TTL circuits. 

There i s ,  however, one major drawback to CMOS circuits. They are very 

static sensitive. If the devices are mishandled or if the circuit takes a 

static shock, the electronics can easily be damaged. We decided that with 

proper circuit board and enclosure design, static electricity should not be 

a problem for us. 

3 .  Size 

Because of the small size of the GAS canister, space is at a premium. 

Reducing the size of the electronics would leave valuable space for the 

experiments, Besides making the layout of the circuit boards as efficient 

as possible, reducing the number of integrated circuits used is the best 
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way t o  reduce the s i z e  of the  e lec t ron i cs .  

the  major f a c t o r  i n  s e l e c t i n g  the c i r c u i t s  we p lan  t o  use. 

Reducing the  dev ice count was 

A s ide  b e n e f i t  o f  reducing device count was t h a t  i t  would a lso  reduce 

power consumption. 

have a lower power consumption than the t o t a l  o f  a l l  t he  i n d i v i d u a l  

devices, so wherever poss ib le ,  we t r i e d  t o  f i n d  c i r c u i t s  t h a t  would do as 

much as poss ib le  i n  a s i n g l e  package, 

A device t h a t  rep1 aces severa l  i n teg ra ted  c i r c u i t s  w i l l  

4. Device Se lec t ion  
a 

Taking these design c r i t e r i a  i n t o  considerat ion,  we had t o  make our 

se lec t i on  o f  the devices t h a t  we were t o  use fo r  our m ic rocon t ro l l e r .  Most 

o f  the popular microprocessors are ava i l ab le  i n  CMOS versions, so power 

consumption i s  no t  much o f  a problem. However, microprocessors r e q u i r e  

support ch ips f o r  t imers,  i n p u t  and output,  and memory, which leads t o  

increased device count. We then looked a t  mic rocont ro l  l e r s .  These devices 

have RAM, I/O, and t imers  a l l  i n  one package. 

c o n t r o l l e r  t h a t  we looked a t  i n  d e t a i l  was the INTEL 80C31. This  device i s  

o f  the CMOS va r ie t y ,  has 4 8 b i t  1/0 por ts ,  and 128 b i t s  o f  random access 

memory for temporary da ta  storage. 

what we needed. 

The p a r t i c u l a r  micro-  

This seemed t o  f i t  the  requirements f o r  

However, we i d e n t i f i e d  severa l  problems w i th  t h i s  device. It has on- 

The c h i p  board mask programmable read on ly  memory which we cou ld  n o t  use. 

can be programmed t o  use ex te rna l  RAM, b u t  we lose  the  use of 3 1/0 p o r t s  

f o r  address, data and c o n t r o l  l i n e s .  Th is  l e f t  us w i t h  1 1/0 p o r t  and 

i n t e r n a l  t imers, so we s t i l l  have a reduced dev ice count. 

For our program memory, we have chosen a CMOS PROM device from Har r is .  

I t  i s  an HM-6616 CMOS PROM package w i t h  2048 by 8 b i t  memory arrangement. 
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On our previous GAS package t h a t  we sent up (GAS 009), EEPROMS were used 

fo r  da ta  storage. 

t e r ,  some o f  i t  seemed t o  have been a l t e r e d  and i t  was suspected t h a t  cos- 

mic r a d i a t i o n  could change a few b i t s  here and there. This  i s  very  undesi r -  

able i n  the  program memory because i f  a b i t  i s  changed, i t  could r e s u l t  i n  

the  m i c r o c o n t r o l l e r  l o c k i n g  up. We decided, therefore,  t o  use a PROM 

device. I n  a PROM, se lec ted  conductors are a c t u a l l y  destroyed l i k e  a fuse 

t o  c rea te  the ones and zeros and i t  would n o t  be poss ib le  f o r  cosmic r a d i a -  

t i o n  t o  change them. 

When the  data was read out  a f t e r  t he  r e t u r n  o f  the  can is -  

, 
To s to re  da ta  c o l l e c t e d  dur ing  the  f l i g h t ,  we decided t o  use an EEPROM 

device. 

EEPROM ch ips  come w i t h  s i n g l e  5 v o l t  supply requirements. 

are t e s t i n g  i s  a NCR 52832, a 4096 by 8 b i t  low power EEPROM memory package. 

One t h i n g  t o  note about EEPROMS i s  i t  takes as long as 10 m i l l i seconds  t o  

permanently w r i t e  data. 

m i c r o c o n t r o l l e r  device, so the c h i p  must be bu f fe red  f rom the  micro-  

c o n t r o l l e r .  Further,  the m i c r o c o n t r o l l e r  must go i n t o  a de lay loop wh i le  

the dev ice burns i n  the  data. 

r e g i s t e r ,  so 16 words can be w r i t t e n  a t  one time, 

the  EEPROM requ i res  a l o t  o f  power, so w r i t i n g  16 words a t  a t ime w i l l  save 

power. 

We wanted t o  keep the power supply a t  5 v o l t s  and some o f  the  new 

The dev ice we 

This  i s  much longer  than the c lock  cyc le  of the 

The p a r t i c u l a r  dev ce we chose has a 16 word 

Dur ing the w r i t e  cyc le  

We are now look ing  a t  severa l  analog t o  d i g i t a l  conver ter  packages. 

We are look ing  a t  a few CMOS A/D devices t h a t  have an e i g h t  channel m u l t i -  

p lexer  on board. Th is  w i l l  a l low 1 c i r c u i t  t o  read e i g h t  d i f f e r e n t  analog 

inputs .  Th is  again combines several  ch ips  i n t o  one and reduces the  device 

count. 

i ngs throughout the can i s t e r  . 
Th is  ch ip  w i l l  be used t o  c o l l e c t  temperature data or  vo l tage read- 
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The rest of the support devices that we will use are from the 74HC 

series of integrated circuits. These are CMOS versions of the 7400 and 

74LS series of TTL chips. 

5. The Microcontroller Design 

We are presently working on 4 experiments that require micro- 

controllers. There will be two other experiments in our payload, but they 

are passive. For reliability each experiment will have its own micro- 

controller. 

for all the experiments will include a microcontroller circuit, a PROM for 

program memory, and an EEPROM for data storage. 

foundation of our microcontrollers. Other circuits will be added as 

The basic design of our microcontroller that will be common 
, 

This will serve as the 

required by the different experiments. 

The first experiment we are working on will measure the noise, shock, 

and vibrations that our payload experiences during 1 aunch. 

on using a new kind of structural support for our canister using graphite 

We are planning 

fibers. 

determine the effectiveness of our new design. 

speed analog to digital converter to the basic microcontroller to measure 

the outputs from the accelerometers. 

For the second experiment, the microcontroller will be taking and 

We intend to measure the stresses involved during lift off to 

We will need to add a high 

storing temperature data taken at various points in the canister. 

pose is to measure the effectiveness of the thermal blocks whose job it is 

to maintain the temperature in the canister. The microcontroller will 

require an A/D converter, but because the sampling rate will be slow it 

does not need to be high speed. We may need to use a high resolution 

convecter depending on the accuracy of the measurements that we need. 

The pur- 
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The third experiment is the materials processing experiment. In this 

experiment tin and zinc carbonate are melted to form a "foam metal" 

The microcontroller for this experiment will be interfaced with a switching 

circuit to control the heating of the metal. It will also have an A/D con- 

verter circuit for temperature measurement inside the oven. 

The fourth experiment will be this data telemetry experiment. The 

microcontroller for this experiment will collect data and status informa- 

tion from the other microcontrollers through a serial communication network. 

This microcontroller will be interfaced to a speech synthiser device t o  

produce English speech. The output from this circuit will go t o  a radio 

transmitter to transmit the data back to Earth. 

and the status of the canister on a real time basis. 

This i s  so we can get data 

This will be the only 

microcontroller that does not require the EEPROM in the basic design 

because no data will be stored by this microcontroller. 

Not all of the experiments will run immediately when turned on. The 

data telemetry and the materials processing experiments will be run only 

after certain prerequisites are met. The astronauts will determine when 

these prerequisites are met and will signal for the experiments to commence 

through the use of the GCD relays. 

able to read these switches. The 1/0 port on the microcontroller circuit 

will be used for this. 

The microcontrollers will have to be 

6. Concl us i on 

We recognize that the design described here is probably not the best 

design possible. 

payload. It is hoped, however, that what we have described are the 

problems to be solved and how we have chosen to meet them. 

Design requirements will probably change from payload to 

We would like 
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t o  hear about any ideas on how t o  meet these requirements i n  a b e t t e r  

fashion. We are always open t o  ways o f  doing th ings  be t te r .  

One o f  the  new ideas t h a t  we are consider ing i s  t h a t  a new micro- 

c o n t r o l l e r  device t h a t  has an auto r e s e t  feature.  It i s  a t imer  t h a t  

counts down. If t h i s  t imer  i s  no t  r e s e t  by the program (because, fo r  

example, the  m i c r o c o n t r o l l e r  has locked up), the t imer  w i l l  f o rce  the 

device t o  rese t  i t s e l f .  Th is  may be a d e s i r a b l e  f e a t u r e  i n  the event t h a t  

the cosmic r a d i a t i o n  changed a b i t  i n s i d e  the  m i c r o c o n t r o l l e r  c i r c u i t ,  or 

i f  there was j u s t  no ise  on the l i n e  causing a lock  up. The search goes on. 

TABLE OF DEVICES USED 

Device 

M i c r o c o n t r o l l e r  

CMOS PROM 

EEPROM 

A/D Converter 

Manufacturer Number 

80C 31 

HM-6616 

52832 

AD7581 

Manufacturer 

INTEL 

HARRIS 

I NCR CORP 

ANALOG DEVICES 
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