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| BULA 6509 IV YOUR SPAERE WICROCONPUTSS

a'1Dear Sphere Users,

Tht ﬁarttole represents a uery stgntftcant upgrade of the ?phere
systems I ‘have the conversion installed in mine and invite any. of:, u;
S you to. drop Dby :when you are in the new. ygrk area. The. MOD contatns ok
‘;the follewtng features. _ A O P e

85

One crystal controkied clack runntng both QPU ohtps.wyflﬁ;; ;e;ﬂ‘;:;“jw

,’Four to etght EPROM chlps... Using.2708- or, 2716 proms, four of* them;,
care’acttve during 6800 aperation while the: others: overlay the memory-

space and' work with the 6809, Thus* the reset and interrupt vectors ..
whtch reside in the hbghest addrese prom are. approprtate for each

‘,.iny one monﬁtor ps required because the 6809 can access the I/O Ln O
the VAN#3 standard uhen needed. . <The. ‘software - interrupt is. re-vectored,
My itmplementation leaves:-even the software interrupt: alane and uses: the
‘watt for interrupt code.- As described in .a- previous newsletter,,the
,NMI is. aottvated tn my scheme upon execution of the watt for tnterrupt
>0pcode. ’ . o : s : : i SR Bl

‘The aPU Qf chotce LS selected stattcally wtth a d&p switch or on the :
fly using one PIA B side line. This line .also. controlé which: proms .
are: acttve and halts the unused processor.w "fy% . AT Y *a,m

For ease of removal, the adaptor board plugs into the empty 6800 socket.
The OPU board will operate with the 6800 back in place but crystal clock
is then not used. The adaptor board contalng both aPU chips (socketed}
"the crystal as- well as a Jew 7400LS chips., T : e
The ptggy back prom board plugs into one of the 17024 sockets Just Ztke
the programma. board. In ‘fact Lt 1s an-enhanced wersion to allow two .- -
banks ef proms The plans for the programma: ‘board: are presented here;.
.~ there ls no- reason that ‘this enhancement alone. cannot be. tmplemented (
‘but without paying out any money) on.a simple perfboard..  If you.do - not
- wish to use the 6809 then alternate memory banks (though still useful} g
.Eare noé absolutely necessary. Loy e

LA B v.‘ s,

,LBestdes the 6809 and some Eproms, the cost of thbs enttre cenuerseonr@e
very small. S , t}“ e W v

B

‘All of the.features of the 6809 are supported tncludtng posittan indepen~

" dent code, multiple software ‘interrupts, 16 blt.instructions, hardware

multiply, sync signal,. etc. Note that. the 6809EF (which has an external
seloek and 1s reccommended for: ‘multiprocessing. and,multitasking) was nat
" used. I cowld not find-.a. suppller for the. 6809F.- The prpjast could uﬁe
~x4the E verstoanith some minor wtring changes.; *ahaa LN A
. 3

“Although not tmpleﬂemed yet Tt should be posstble to run the syqtem at
a fast clock rete ‘while slowtng down the CPU only during accesses - T00 a8
external memory. The 6809 has a memory ready lIine on it for this -
purpose. - Oertain mask numbers of the. 8809 -have, ‘qlfferent requlrements
for synchronising the” memary ready. wzth ‘the system clock?so} this has.
been ‘left alone for now., - ik

e
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The first part of the converslon should be the construction of the

prom plggyback board. Look over the Programma plans. An artwork

sample for a PC board is included for those who would duplicate the
Programma board exactly. With the plans in hand, I needed some time

to flgure out what was the best way to proceed. Make up your mind. ' .
what type of proms you will use and where you would like them addeessed.
Look at the. address table which ls presented by Programma on the plans.
Because of the pecullarities of I/0 lacations used: by Sphere, you wtll =
see that dlthough the 2716 will glve far more memory availlable, the <
smaller 2708 will slightly better utilize the memory space .around the
I/0 ports. DBecause I have other memory from D000=-DFFF I chose the 2708

as did most of the people who bought the Programma boards,: . .

The maln feature ofthe-decoding is the 74LS30°, I chose to place’ .
this in the spare sochet of the cpu board. "First I cut all traces going
to all but ping-seven and fourteen (the power and ground ptns). If. .
you are-going to use-the two memory banks you can use two-74LS30 chips
mounted one on top of the other. All pins except one of the input lines
are soIdered‘%ogéthér.%iThe;thputiptn}of“the'toptﬁpi@@yback)*Onéwés&beﬂt
out‘;?ﬂwuyfthe4wayf%hese‘chipsiwbrk;°thewpromsf(thru>theﬁ7442 of course)
will only be seleeted when all of the inputs to the 74LS30 are: positive.
Now you-can see how I implemented two prom banks. “The eontrol Iine for
the procéssors and proms will-eilther be hi or. lo. It is tied to one -of
the 74LS30 chips input directly and to the other thru an inverter. The
result is that one and only one bank of prom can be segected at any one
time., It is pogsible to test the elreult so far by placing a scope or’
logile probe on the output of the 74LS30!s:one at @ time, Verify thati
as you control thelr inputs and address memory in theilr range, the.output
goes lo (brieflyl). At this point the whole system is stlll intact with
-the 17024- chips in plaece and Lt still runs fine. [RECR T

U I now plggybacked a 7442LS on top of the exlsting one on the CPU: board.
One output from one 74LS30 goes to one 74LS42 and the other to tke other
7442, You are left with a whole bunch of outputs on each 7442LS: these
will go to the chip sedect pins of the proms according to which.addresses
and which kind of proms you are using. I know that this whole business
with plggybacklng sounds-messy. " Put separate sochkets if you wish. The
Programma board earried the- 74LS30 on it. 1 preferred. it on the CPU.ecard
‘to test the bank selects before removing the 17024 .proms. . .- = « =1
Construct from a plece of pe f%oard a plece.about 2! wide by 3.75" long.
If you want to use all 8 Eproms, mé&ke the board four inches wide instead.
If you are going all the way to the 6809 conversion,: also cut-a plect-of
perfboard 3.75" X 3,75" and put it asilde, - , B R R

v At your local Radio Shack you will find the necessary number of 24 pin
gockets as well as a single ended 24 pln-dip jumper (which. will plug into
the empty E35-socket of the CPU boardJl. Most of the lines of the . E35" socket
will easily furnish signals appropriate for the 2708 board.. Ground,: =5, 12
48 and A9 wlll' have to.be drawn from the.CPU board individually. The chip
selects of all the 2708 proms will alsp have to be brought. individually to
~ the edge of your perf board. All of the other pins of your 2708 chips are
to be tied together and: then to the: 24 pin dlp jumper according to the char:

Stgnal - 17024 (and jumper) pin -

: 2§O8e‘int’",
Ar T L oI, ! CEREAT

R e
A6 18 2. ..
A5 19 3
ad 20 ¢

Cont'd.
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Stgnal . 17024 (and Jjumper) pin 2708.pin

43 51 5

A2 : 1 6

Al 2 7

AO 3 N 8

D1 : 4 Notes some - 9

D2 5 data sheets list 10

D3 ' : 6 data lines as 11

D4 7 DO to D7 while 13

D5 8  others use D1 to D8 14

D6 - 9  In elther case the 15

D7 10 correct pin connects 16

D8 11 are here. . - 17

VOO (+5 Volts) 13;15,22,28,12 24 - -

+12 volts to 2708 pin 19 -~
710 -5 wvolts to 2708 pin 21 .
i . @round to : 2708 pin 12 -
" U A8(E13 pin 15) 2708 pin 23
A9(E13 pin 14) 2708 pin 22

. Now you must remember to get

 Also. remember that.onithé;ptn 2d.ﬁbhip seleCt)'of“éagh“§708~mu§t qo
.a lead from the correct 74LS42 and from the correct. pin'as shown in.
‘the table of. conflgurations. . - S o T

} %

i
1

‘The theory of multiplexing the proms to allow 2 banks ls. -as. follows: We
will use o PIA Iine to do the selecting. Onitop of the 74LS30 and 74LS43:
chips (or next to them etc) we will connect duplicate chips. . Programma. .
mounted its 74LS30 on the conversion piggyback board but I put mine in the
spare 'socket-of the CPU board. According to Programma®s . cilrcult, the 74L5ZC
has pins 1,2 and 3 tied together. If any one of-these pins were not tlez .
to +5, no chip select could occur through that 74L530 and its assoclated | .
7442, What I do is drive one of the 74LS30 !s pin 1 with the CONTROL stig-
- nal from the 6809 board. The other 74LS30 pin 1 ils driven through an in=-
“verter. On-my CPU board, E40 pin 5&6 was avatlable and already had a 1K
- resistor (R17) tied to the*si&tput. This arrangement assures that if the
. CPU board is used without the 6809 piggy, the prom bank.for the 6800 is
the one that remains selected., Now it should be clear that one and only
¢ one bank of prom on the CPU board will be. able-to be selected at any time
“and that which one s dependent upon CONTROL line which ls toggled by a
PIA line. - Control line also serves to select 6800 or 6809 procéssors.

If we try to have only one bank of prom, it will be impossible to have
the -interrupt vectors and also the reset vector work correctly for each
processor. Also, the 6800 monitor wlll not execute when the 6809 Lls up.

Study the Programma 2708 LOGIC LAYOUT diagram. After the CPU board
' back side jumpers are done, make certain that Al3, VMA&J2,R?W,Al4,Al5,
* 45 and ground all get to the 74L330 correctly, According to the program~a
. decode chart, select your desired addresses for the promse On my system
" E85 from the second 74LS42 goes for FCO00 to FFFF in the®6809 mode:and: 7 |
' therefore hangs on pin seven of that second 7442, The pin 20(CS}) of  ~
, the prom is directly connected to pln seven of the extra 74LS42. .
" My monitor for 6800 mode is connected with lte CS tied to piln seven Cf
. the other 7£L342., Now the other two proms may be tled to any other. ., . . -
cecomblnatton of addresses-on either 7442LS as-desired. Although I have -~
not physically added four more prom sockets yet, you should be able to-
see that there exists a potential of two banks with four 2708s in each.
One bank will run when CONTROL is hi while the other. pank will be active .,

when CONTROL is lo. _ RSN
The best thing about thils arrangement té?that-whéﬁé ou aré>56527i£ Sl
is easlly tested., Do thls befé&e continulng to 68&@3. R :
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To test your prom 2708 setup merely insert a 2708 in each socket. Ir
you blast one containing the V3N monitor, you first can set that one
up as the highest address of the 6800 prom bank. Obher proms may be
then inserted in the other avatlable sockets and their contents read
with the debugger. Now connect +5volts to CONTROL line and the monitor
should run perfectly in the highest address socket of the other bank.
When all of this runs fine you are ready to go on to the 6809 adaptor.
I belteve that Warren weimer has access to a few Programma pbggyback
“PC boards: (although I butlt mine from scratchl). Whether the Programma
board- is used or not, you will still have to add one 74L530 and one
74LS42 at least, Actually, I changed the ariginal 7442 to a 74LS42
Jor gaod luck o .

It is necessary next to progure a 12” 40 pin double ended Jumper, . This
part may be obtained by maill from DigiKey or Jameco. On the square per--
board lay out three 40 ptn (female) sockets. My layout is as belows:

: F) ] 1ERSC *‘Tl/\,é—-Tb C?UL (SOv».\!‘B

ks 20 S_L Go Piv Dy
NETeY JW?WS“K&T
1 GTAD T
3| & 72 Cgoo' ,
3 ]
= . : »
E;E ST,
A |
' ‘ SERTEA &
sn]  Gf

N LAt

LS

L

At this point b reoommend that the 6800 socket S2 and the cable socket
S1 be wired together pln for pin except for the unused pins 35 and 38.
We will use them to allow two signals to transverse distance betwwen
our CPU and adaptor board., 38 will carry CONTROL while 35 will take
the £ clock from the adaptor board to the new CLOCK SWITCH (more about
that later). There is no reason that the following connectlons cannot
be made to the 6809 socket at this time (do not install the 6809 yet
though)e ALL 8 DATA lines

ALL 16 ADDRESS lilnes

- RIW

vee

Vss
If you tnstall the 6800 in the sochket of the adapter board it had bette
work, At least 1f Lt doesn'!t you have just a problem for solutton wit
an ohmmeter.‘ When all I well, continue on ‘next page."

¥
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Now the next conslderation ls the clock circultry. The 6800 chip -
gets clock puises into it; two phases yet! The 6809, on the other
hand, puts out clock pulses on the EZ and ¢ lines and crystal con-
trolled. A gquartz crystal is divided down in frequency by four.
ARRRGHI! 111! ' . ' R

Here is a.way to reconctle all of thls: E45 is the Sphere clock
generating chip. It has two sectlons. (SEE SCHENATIC) the right

side generates 2 and then triggers the left silde which generates

#1 and then triggers the right side again. If we could break this -
cozy little loop and feed the right half with the F clochk SJrom the
6809, all would run as before lncluding the left silde still generating
g1 for the 6800, Memory refresh would occur exactly as before and theee
would be a smooth transition from processor to processor since the.same
clock would run everything. T o i B

Now let'!s do it. Bend up pins 12 and 13 of E45 so they are not in
the socket. ‘Mount o 4unit dip switch below E5l. . We will mahe prov=-
islon for running the old clock in the event that the 6809 board is
ever removed. Also note that a little capacitor and vdltage divider
was necessary to force the right side of E45 to have the right input
swing. The circult is below. When SW1 and SW2 are closed the old
clock works. When these are open and SW3 and SW4 are closed the 6809
clock will run the system. By the way, the divider resistors and caps
have been tested & run ok for fregquencles between 500KHz. and I1MAz.
Different values may be needed if you pass these lIimits.

GNEe!
SNd (:/,Lr\“p
v Y - oF |
’\'/ Q(p‘ So(’ | \9(./ﬁ
NS 3
{

“While you are ﬁgar E45 you might as well chang R13 (above E45)\¥b'::
flK or ﬁess to enhance memory write operations. (see previous news-
etters/. : : ‘

At nis poilnt the 6800 should still work while on the adapter board
as long as SW1 and SW2 (see above) are closed. Now there are more.
oo
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wiring changes to be made before the 6809 can be plugged tnto lts -
socket., They are on the adapter board only,

I-Ingtall crystal, The final project works well with a 4.000 MHz,

quartz crystal. This allows both the 6800 and 6809 to run at ;
thelr rated clock frequencies. I reccommend that during debugging
of this project, a lower frequency crystal be substituted. Why
add complications? You hknow the system rung ok at 6 or 7 KHz, so
a 3MHz crystal would be ideal at the beginning. I actually used

a 2.0 MHz. one because it was all I could find around.

The crystal is connected between pins 38 and 39 of the 6809 socket.
You should run a 27 Pf. capacitor from each crystal lead to ground.
Try to heep this wiring short as possible,

‘2-The 6809 F Clock., Thlg ls the same as the 6800 (2 clock. Run a

wire from 6809 sochket (S53) pin 34 to pin 35 of the dip cable
connector socket., Volla!l Cable connector socket ts S1.

3-DHMA BREQ of 6809, Run a line from 6800 82 pin 39 (TSC)
o L to the input of an inverier_(74LS04). The
output of the gate goes to DMA BREQ of the
6809 S3 pin 33 o _
6800 Pin 59 [wgr\\.,,\ R 609 Pin 33
TSC v fy" . = BREQ
DA
4- FIRQ of the 6809 Just connect pin 4 of the 6809 to +5
o thru a 1X resistor,
' 5= MREADY of the 6809 Just connect pin 36 of the 6809 to +5

thru a 1K resistor.

6_ VMA . The old 6800 VHA is added and inverted with the 6809 BA

7-BA

to form the new system VMA. It worksll! o

6800 VHA  Som—

New VMA to CPU board

S2 pin 5 s,

“ S1 pin &
6509 BA ‘
S3 pin 6

BA of 6800 S2 pin 7 '

" BS of 6809 S$3 pin 5 New BA to CPU board
" BA of 6809 S3 pin 6 |15 s1 pin 7
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Above is the circult which, on the command from a PIA llne, causes one,
the other, or, during refresh, both of the processors to halt. A manual

SPST switch ls incorporated to allow easier troubleshooting and to pro=-
vide a way for the machine to be locked into the 6809 mode Uf deslred.

The software half of this project requlres some RAM or ROM which is
outside of the bank select areas. In other words, thls program must
always be on line. In my system it resldes in some ROM at D9¢0. Also,
correct transfer vectors must be installed in the highest memory (FCOO0=
FFFF) ROM for each bank., The correct tables of jumps will be glven
later. The only requirement for the old V3N monitor rom is that the
software interrupt be vectored to handle the transjer from 65800 to 6509,
The tdea ls that upon encountering a 3F the interrupt handler routine
does a few housekeeping things and then switches the PIA line thus
switching processors. The registers of the 6800 are transferred to

a stack from which the 6809 retrieves them. ' _

Personallyi'I never cared for dedicating the software interrupt to

the above use. Some few newsletters ago I described a way of hooking
the BA line of the 6800 to the N¥MI line. Now upon receilving a WAI

or in object code 3% , the essenticlly swie thing happens as with a
3F, Most of us have no other use at this time for the NI line or

the walt for interrupt instruction anyway. If you do it with NHI,

all of your old software wtll have the breakpoint avallable as bejore.
Another way to solve the problem might be to vector the software in-
terrupt to RAM and have that next jump in RAM set one way jfor break-
pointing and another when using the 6809 processor. '

% et \00\'36’ ")\0\ . v -
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THE SOFTWARE 6800/6809 SWAPPER - (a Bstde wire will go frox

your PIA pin 17 to

PIADATA

EQU F18B “the new hardware)
PIASTAT EQU F188 A stde ls only used as regtster to see Lf eolZ
PIADIR EQU F184
SP6800 EQU 0382 put it where you wish in RAN
SP6809 EQU  005C " ‘ " "
STACKO9 EQU 928

Vectors for 6800 Hi PROM FCOO-FFFF (contains v3N monitor).

FFF8 (0104 IRQ same as before
0100 SWI If you declde to shift processors with 3F then E932
E932  NMT WAI (3E) causes NMI which junps to SWAPPER routine
FC00 RESET same as before

Vectors for 6809 Hi PROM FCOO-FFFF (rest of prom available for user)

FFFO RESERVED by MOTOROLA 0¢¢0
FFF2 E@GP8 SWI 3 use for something else later
FFF4  E998 SWI 2  use for something else later
FFEF6 E992 FIRQ ~gset like reset for now
FFF8 E992 IRQ "
FFFA E998 SWI 1 Jor now any of the SWIts will switch you to 6807
FFFQ E992 NMI use for something later
FFFE E992 RESET 09
ACTUAL SWAP ROUTINE (must not reside in banked proms)
ORG E932
7D F188 TST PIASTAT Is it cold start? SWI COLD START
26 08 BNE GO do not reset stack unless cold start
CE C01D LDXI STACK 09-11
FF 005¢C STX SP 6809
6F 03 CLRX, 3
BF 0382 STS SP 6800 SWI WARM START!?
FE 005C Lox SP 6809
32 PULA
A700 - STAX, 0 PULL DATA FROH
32 PULA 6800 STACK AND
A702 STAAX, 2 STORE IT ON 6809
32 PULA STACK. :
A701 STAAX, 1
32 PULA
A704 STAAX, 4
32 PULA
A705 STAAX, 5
32 PULA
A704 STAAX, 10
32 PULA
A70B STAAX, 11
7F F184 CLR PIADIR SWAP PROCESSORS
7F F18B CLR PIADATA
86 FF LDA#FF
B7 F184 STAA PIADIR
- B7 F18B STAA PIADATA
4F CLRA
B7 F184 STAA PIADIR '
01 NOP  WAIT HERE (do not try to omit this NOP)
FE 005¢C LDX - SP 6809
A60B LDAAX, 11 TRANSFER FORM 6809 STACK
36 PSHA TO 6800 STACK '
" A604 LDAAX, 10 .
36 PSHA
A605 LDAAX, 5
36 PSHA
A604 LDAAX, 4



-

Swapper software contlnued,

36 PSHA
A601 LDAAX, 1
36 - - PSHA
AB02 LDAAX, 2 -
36 PSHA
A600 -LDAAX, O
36 PSHA
3B RTI AND RETURN
RESET 09 10FF s INITIALIZE THE 6809 STACK and PULL EVERYTHING
cosC (this 1s 6809 code)
S35FF
SWI 1 10FF SAVE STACK POINTER AND SWAP PROCESSORS
- Q050 . BACK TO 86800
86 FF )
B7 F188 (this ts 6809 code)
7F F18B
7F F184
12 3B Do not try to eliminate the NOP

Actual address of RESET 09 was F992
Actual address of SWI 1 was £E998

Notes: Besides getting the correct vectors into each prom, the software

s relatgvely short but do not be decelved by its appareat sim-
plicity. Be carejful if you try to rewrite it. It ils possible
to cut two thirds of it away by coding the largest part in 6809

. ilnstead of 6800 but we have not debugged this yet. ZExcept for

the prom vectors, the thing may be debugged and played with in
RAM. The prom vectors may also be vectored to ram where you can
modify them tf you want to Fd¥ play around.

There is a need for the swapper program to reside outside of
the banked proms. I had a 2XE8 2716 from ESO0-EFFF so I put
it in that. Here is another possibilitys Once you have 2708's

~in the Programma or home brew pilggyback, the prom on your SIM

will be unplugged. The routines will (should) be in the prom
which now is at £E20. What to do with that empty sochet?? It
might be possible, after re-addressing the socket slightly, to
try to find one of your 17024 proms which will rum ok at IMHz,
This 1s easy to try (aend nevermind what ls in the prom). Un=-
plug your 2708 at E20 and stlck each prospective 17024 into
the prom socket on the sim board. You might hit it lucky. I
could butn in your 17024 wilth the swapper code. Ijf none of the
1702ats will work, you could put a 2708 in and rewire the socket
as well as the addressing cirecultry. Of course, you could keep
the swapper stuff all in RAM Lf desired or you could experiment
?y t;ying to divide 1t up and put it in the banked proms (good
uck/.

Gentlemen, this éntire thing works very well, I could build another
prototype very qulckly though it took literally hundreds of hours to
get the first one up. Nothing ever works right the first time for -

me.

Please jforglve my writing style as I really have not got time

to rewrite this article over. I wlll help anyone who decides to ¢O

L 3()1

\)Q/k“
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More Notes on the 6809 conversion.

On the previous page I suggested that the unused 17024 socket on
your SIif board might be an easy place to put the SWAPPER routines.
Well, I just tried it out. Sure enough, the first junhy old surplus
17024 worked fine, It executed perfectly in my system with the 1MHz.

crystol clock, That i3 rnot to say that cvory 17024 will work dut I

bet that most will, According to where you have unused space in the
memory map, -a few jumpers could re<address that sim board prom socket!

I never geve you a test program to run 6800/6809 so heres one.

3F Wa?t Jor interrupt. If you utllized software interrupt then
this byte will be 3F instead.
6809 routine

3F go back to 6800

0200 BD FO44 (j;_*j{’; iy CoN 2 B el o \ — )
0203 SE wuse WAI to goto 6809

0204 4C Acc., A is lncremented by the 6809
0205 3F goback to 6800

0206 bd FCBC output the character

0209 7F 0200 LOOP

This 1ittle test routine wlll print out the ASCII character which is 7

one greater than the one typed in by the keyboard. N

P.S. The absolute cheapest way to go 6809 is to buy a PERCOM adapter
board for 39 dollars. Use the clock ctircult to feed the E clock
of the 6809 into your 8602 circult just as I did for this conversion
(capacitor and voltage divider and all)., Now select 4 1702a proms
whichm will work a 1kXHz. and put a monitor into them (ours but
written in 6809 code or PSYMON) Psymon comes as a listing with
your Percom kit., I bought the Percom kit because it was the only

~ place that I could find a 6809! Board is left over! OfF course

the thing is 6809 only unless you want to pull the cpu out of its
socket and switch back and forth every time. No thanks!

HELPLLILILL12?

Heyl! we need an assembler for the 6809 badly. Probably we could
modify a 6800 assemdler but we need a good algorithm for the
"post byte! which the 6809 uses, .

-~ Motorola mahkes an editor and assembler on cassette for thelr
- MEK6809D4B kit (sort of like the old D2 kit.).

The part number of the cassette ils: MEK68094C

When the local Motorola office heard that I am not with any -
big company, they would not help me, o



-\ 4~

PROGRAMMA PIGCYBACK BOARD ARTWORK




MCE809d

3

35
3¢
33

32 |

3

.30
29

48
ar

s
29
23

42 |

2!

D emcomme

e

peSeinm

. | 1492
A S T

L1 1 n 143 L] vt

5420/742003},(N}; 54H20/74H20(J},(N);
B4L20/74L20(0),(N); 54L.S20/74LS20(J),(N),(W);
. 7482C{N}

. e ow I Y Y n
) 13 'u 1 " 'I ll

' 1 3 « ’ 3 'l
a " a ™ @ ]

t
BAI/TAVI(), (N} BAH1I/74H{), (N

oo

BALT1/78L 112}, (N), (W); BALSTI/TALS T, (N), (W),

74811 (N)

LS 14 i)

HALY
XTAL
EXTAL
RESET
MRDY
QOuT
gouT

BMAJERES

RIS

0@
Di
P2
D3
D
05 |
04
o1.

Al
ALY

LK)

LJl kIS

.":Lb‘:tjm -

‘?"ll"l}l

e

lll

NENWENNPNENEY
L

Bpepepepuyeys
74 LS 30
Fl 13 1 Ll I ‘: ".

BT BN LTI LI, ), )

el -

2

¥

-
r
»
-
by

- <
ot
—

l!

b ?
At ¥

) ‘

ot

T

: ] Azl no

%

AL

»

B404774504( 1), (N): 5AHO4/TAHO4(Y), IN);
B4L04/74L04(3), (N), 541.S04/74LS504(J) (N) (W)
74804(N)

LS Ntow ,,,,!3:“ 3

g't'i -

(A



ma.m_mmm-u.-

. kT Tz etee ey 2

=N
O
i — S
ok

o
" g
(L

Lo
¥ ...&v
¥ o
-
\

SR R -

311322235338

S
DT W

lllllllll

XN

PIN CONFIGUR

G AP T e b s AR L s,

STRNPING $orR ITNTEL 276
) wut &tk wr'rc'anrk'S 7‘11«' .‘?PO} (G; )(‘J)'

ATION

St I B In D

R — Ll_u

nHvl ° ” -Ut
Hr_.lc “LU-
-— —I « lo——m——d U
—_— - DY SO o, S5 L
I P ot

u“ i —I'Ut

ullu.m -

0T
Sreiziis 5

e e e -

)

;\) ‘

i

ol

(Yo

yermpes
(«il)l'k L,,\J(,’_’ )((g Jumper

. §
7] ﬁu
2 ] )
=R kﬁﬁu
=] U..
=7 -
s -

S
[o]
g N~
G w] w| & L
Y Y-
@ N -
Nty WD ~—
N S | o
¥ « oNyg o 4
R REEIEE S 0
N Mv ~
D
)
N~
QN
2
bl
o =] 0| [ ] ~[~[¥
O 0O n
o @
Sl=inN N»_/Wd.ﬁ
g|qy ol g¥llzl £
<! S 2
' . - ~
~ X
¥ AN £
-~ - . S
ew. 2 !~ T/_ g ) <=
R NIRRT
w = EVERNVE B w =
U Fwar.Cm W] |3
BDAWEE‘EEBMWFF
a%”.wm:_.“_..
a-< S %a g2
5 BI  GE =
pasy 1! i _AvU/‘BC
T MWW
~ - — :
WWMMWQ 21_23 SAGUCIESS
™ s e :
3 N
I
.JW/DD@@IW.I@@I.IOM
‘& «lal-loi~|ai~ o/~
e BV o ]
IS IR TR R T Y i
T g
QORI S|
S e
2?.@0.@@0 @M&
\M%Oﬂﬁfﬁw"@ <
3 slis oo Nl ol |\
SRSISTISIyatitrevyiny v S B9



fun,.
3 = Al3
4 = All
5 = R/W

D

6 =

Al5
-5
N

t

Pin E13.
= +1
=z,’»A

i
7 = UMA&Q2
D
2
14

1 = Al0
2 = Al2
8 = GN
13 = G

11
12 = n/a

9
14 = A9
15 = A8
16 = +5

-~

«iw ¥y

L

B Gponrtoariin sminoesn W

vl

LR

L¥ %

wix

D B

ua.lu- .wu, :

1

SN -

ex EENCEV L
oF :

53

—d R
OO

o <
-~

¢

i

L4 -
%
- . €%
. 2N
2%
PEIPRCN & 4
CQ', \ﬂ.},l
- 3 X2, :
-t

SRR LR N o B

RN

Cp—

P LA

* -

RN——e

herenaenre s

NS

B SR



1861 YDXeW

SMEN CN-DDV

g obed

The Hardware
Connection
by Hugh Turner

This is the first in a series of articles which I
hope you will find useful if you do any building
or designing. ‘These data sheets can be copied or
cut out and kept in a reference notebook.

Memory devices using 24 pins only have 4 pins
which are used to define the device, the rest of
these pins are all the same.

Please feel free to contact me if you have any

hardware data yo would like to see in this
collection. I can be reached at 276-1638.

e e

CS*/S* = Chip Select (Low)

OE* = Qutput Enable (Low)

WE* = Write Enable (Low)

PD = Power Down

PROG/(PE) = Program Enable

Vpp = +25V (Program Voltage)

L* = LATCH (LOW)

AR = Array:If True Output VIO
If Palse Output VIl

24 PIN MEMORY EPROMS, PROMS & RAMS
A7 [ 24[] Vee
DEVICE  [TYPE | MANUF SIZE PIN 18 | PIN 19 |PIN 20 |PIN 21
AS (]2 23] /8 2708 EPROM | TI IK x 8 PROG +12v CS*(PE) |-5V
2508 EPROM | TI 1K x 8 PD/PROG | NC cs* vpp
A5 [|3 22[] A9
2758 EPROM | TI 1K x 8 PD/PROG | AR cs* vpp
. A4 []a 21{] 3628 PROM | INTEL | 1K x 8 cs4 cs3 cs2* CS1*/PROG
4801 RAM MOSTEK | 1K x 8 cs* NC OE* WE*
A3 [5 . 20 E
SE
TABLE 4118 RAM MOSTEK | 1K x 8 cs* L* OE* WE*
A2 [6 S 19] ' 4008 RAM TI 1K x 8 .cs* AR OE* WE*
: : 2716 EPROM | INTEL | 2K x 8 CS*/PROG| +12V Al0 -5V
Al [l 18[] .
v 2516/2716|EPROM | TI 2K x 8 CS*/PROG|A10 OE* vpp
43 [|s 17]] D8 3636 PROM | INTEL | 2K x 8 cs3 cs2 CS1*/PROG| A10
4802/4016 | RAM MOS/TI | 2K x 8 cs* A10 OE* WE*
D1 []e 16]] D7 ,
2732 EPROM | INTEL | 4K x 8 cs*. A10 OE*/PROG |All
D2 [Jo 1s|] D6 2532 EPROM | TI 4K x 8 All Al0 PD/PROG | VPP
m ) 4732 PROM TI 4K x 8 All Al0 cs CS*/PROG
D3 []u 14|] D5
, 4764 PROM | TI 8K x 8 a1l A10 S*/PROG |A12
GND [:12 13 ] D4

,3\’
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EDN Software Note #55

68C0 ro

Mike McBeath
Microface, Torrance, CA

The algorithm shown in the figure determines a
'16-bit square root for any number up to 64k in
essentially the time required for a 6800 wP to divide
once. In the worst case, that time equals 514 CPU

utine extracts square roots

clock cycles.

The routine stores the original number in
HIBYTE and LOBYTE, then successively interpo-
lates the square root two bits at a time. It begins
with the number’s two most significant digits and
works its way down to the two least significant bits
on its eighth and final loop. Accumulator A contains
the running estimate, which after the last iteration
represents the number’s exact square root. B0

e BB SART—

0000 HIBYTE RMB i

0001 LOBYTE RhE 1 |
Qo002 — DEVISR BhE. 1 |
0003 COUNT RHE 1 ’
1000 ORG $1000
100084 -C8 SQRT LDA-A— 53
10602 97 03 STA A COUNT
1004 4F CLR & '
S LCO5-SE - _CLE_R

1006 79 00 01 SQRTI ROL LOSYTE
1009 79 00 00 ROL HIBYTE
100C '«79 RUURURNG ©d A} RIS : S
100L 79 006 ©O1 ROL LOBYTE
1010 79 00 00 ROL HIBYTE
1013 52 ) ROL R

1014 48 CASL A

1015 97 02 STA A DEVISR
101278 0002 ALl DEVISR.
1014 D1 02 CMP B LEVISK
101C 23 06 , ELS SQRT2 -
loig_aCc o INCLA
101iF 7C 00 02 INC LEVISR

1022 Lo 02

Interpolating two bits at a time, this routine calculates a 16-bit
number's square root in no more than 514 CPU clock cycles.

SUR B DEVIGR

1024740003 SQRT2 _LEC_ COUNT..
1027 25 ID BOT SCRT1
1029 3F 891

o
HO ERSGR{S)Y DETECTED
SYMBOL TABLEL

COUNT . 0003 _DEVISR _ 0002 . .
OLRT 10G0 SORT1 1006
HIBYTE. 0000 SLOBYTE.L.GO0L
SORT2 1024

EDN SEPTEMBER 20, 1980
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SPHsRE RsAD ONLY MoMORY BOARD

The SPHERE ROM/1 board is designad to providae up to 4K of read only memory
progrem spaca using the commonly available 1702 PROM. The addressing on the
board is fully selectable on 1K bounderies by the user, All four banks must
be either addrass strapped or grounded - no banks' address salect logic may
be left open, If ths addressing on your bosrd will change freaquently a 14
pin DIP socket may bes installed et J1-J4 and 2 inch wire-wrep type wirss in
the adjoining connecting holss. These wires may then be pushed into the
correct hole of Jl-d4

0 0 o 0 0 o O Address true
v f————————14 pin DIP socket (optional)
0O 0 0Jo o o o o6 o o0 o Addrass inverted
pin 1 o 0 0 0 0 0% - Connsction holes
merksr S N W A N
15 14 13 12 11 10 € - Address bits

- To select an addrsss, jumper sach connaction hols ¥o the appropriata address:
selaction hole, To makes a 'don't care' bit (sithar on or off will do) lmsavs
the jumper wire from the counaction hols open (no comnection), It is for this
reason that unused banks must be strapped down.

To sslect 1000 as the sterting address of bank 1 (U13 1000, Ul2 1100, U1l 12C0,
U1l0 1300) comnnect 15 to addrass inverted, pin 1 of J1

14 to addrass inverted; pin 2 of J1

13 to address inverted, pin 3 of Jl

12 to addrass trus, pin 11 of Jl

11 to address inverted, pin 5 of J1

10 to eddress invertesd, pin 6 of Jl

To salact DCOO as the starting address of -bank 3 (U25 DCOO, U24 DDOO, U23 DEOO,
U22 DFO0) connect 15 to addrass trus, pin 14 of J3
: . 14 to addrass true, pin 13 of J3
13 to address inverted, pin 3 of J3
12 to address trus, pin 11 of J3
11 to address trus, pin 10 of J3
10 to address trus, pin 9 of J3

To strep a bank of ROM off, connsct ‘any (at least ons) connsction hola to a
ground, available fsed-throughs nsar pin 7 of U9, Ul5, and UZ2l.

In 8slscting addrasses, remembsr that beslow 1000 is dedicatad to RAM and abova
E000 ars I/0 dsvices end system ROM's. :

Good programming to you all,

bt L

Tranis Dixon
SPH#Rs Corporation
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The Sort Routine

enr e
The Basilc interpreter &s equipped with an alphabetic sort command

_which should prove useful in business applications. One can sort
250 names in ten seconds. Full 16 blt arithmetic is used SO0 you

could theoretically sort 64, 000 one bilt strings.

The command name 18 SORT

You must dimenslon your array on-the first line of the programn.
1es 10 DIM A$(100) To sort 100 ttems

| The default string length is 32 bytes. Do not declare str?ng: if
you plan to use less than 32 bytes. You must use STRING= 1f you

plan to use longer strings (max 128 bytes)

e

( -~ _
5(2‘642 S S;¢>rfr trm.b\&“C—e_W‘Q\w\

DE 22 Save STRAR

DF pg -

DE 20 GET BASIC POINTER

BD 0609  READ VARIABLE OFF LINE
DE 42 POINT TO LOCATION WHICH
09 HOLDS LOCATION IN

09 TABLE ,

EE 0C GET LOCATION in X

DR 22 PUT IN 22

BD ROGER!'S SORT

DE FE RESTORE ORIGINAL 22
DF 22 R
39 EXIT

~omments. about the sorts I tried Roger'!s sort out and found that it worked
18t and well., Basic limited the number of strings that could be sorted

at once to 256, To make the sorting better and to permit other arrays to.

?e sorted tn the same program, I wrote a mod of the thing., With my add-

ition, you call your array as jollows:  SORT Ag(1). You can have many

arrays sorted; call them by thelr first member! The DIM does not any longer

have to be on the first lige of the program. .

y UL



C SMEORT-ROGER ..

QOO0
OO0

QOO0
QOO0
QOO0
QOO0
10 QOO0
i1 D000
13 QOO0
14 QOO0
15 QOO0

MmN S U S WGR-

17 OO00
1= QOO0
1% 0000
20 OO00
21 QOO0
ol

T

25 AR QOO0
26 Ed Q00Z

27 11 Q004

28 1z QDO
2% 14 OO0 A
S0 1w QOO
e RO O00A
o2 26 QOO
TEO30 OO0E
£ o4 Q010
5 3¥ 0012

It 44
37 4%

0014
D014

e ot Qo1

3% o

40 &HO Q01
41 &4 QOIF
42 L7 0021
4z 70
44
45
44
47
45
49 LR
CEs00 10
S1 4R
52 @
s3 i4
=54 13

OO1A

~E o 8

Q02N
Q0T
QOEF
QO3
QO=4
OO24

WO 00N

g G

5523

G628 OOZF
S7 20 . 0041 O
S 23 0042
a% 3¢ 0044

o
G

&0
&1
62 30

&3 S6

S
B

0048
00404
0041

0Q44L

SPOTT AFRIL 1981

% 3

*
MIOATAH
FOATA
ADATA
IDATA
LIOATA
SANDT
SALDL:
STRFTR
STRET
CHNTR
ATEMF
STRILN

STRAR -

ARG
DIVIDE
MULTY

#*
# SHELL-METZNER SORT FOR

[E OfA START

D44
YR 23
@7 1
e 22
o7 Co
DE 22
s 02
E4 OF
w7 Bl
n7 Bo
Se 02
7 0QDE
27 07
“é Bi

. BO
FFAF
; El
n7z go
70 QORD
265 OA
7L QOR1
26 08
DE 4
Ol

FOs

22 . GETE

07 Bz
7F O0R4
7F QORT

EHELL-METZNER

- D7 - T

NAM
opT

El
Bl
Bl
Byl
El
Ed
Bl
Bl
E
ELd

X RBO7
X Bz
X Bl
X RBa
X o E‘ f‘c‘l
X0
Xooas
Bl X o4
Eod X ah
Bl 2R
L X 0&”
ECHd XFFAF-
Esd

LI
=TX
CLRE
{08 T
LIAA
ADDA
S5TAL
ALCE
STAR
LOX
LA
LOAR
STaEA MDATA+]
STAE  MIDATA
LIAA #2
CLR ARG

S ETAA ARG+
LIda  MOATA+]
LODAEB  MOATA
JER LDIVIDE
STAA  MDATH+]
STAER  MDATA
T&T MOATEH
ENE GETE
TET MOATA+]
BNE GETE
L.IHX ATEMF
“TX ARA
RTS
LIX
LIAA
LOAR

I
SURA
SBECER.
BTEO
STAR
CLR
CLR

aRA
ATEMP

STRLN
STRAR+1
STRET+1
STRAR
STRET
STRAR
0z, X
O%S%, X

=STRAR
02+ X
O X

MIATA+1
MIOATA
FOATA+]
FDATA
JDATA

SMEORT~ROGER
FNT . XRF

EORT FOR CEE

JOATA+ L

BASIC

553 BASIC

GET
A0DIT TO
STORE. LSR
AOD WITH CARRY
ETORE MR

GET NUMBER GF

DIVIDE H BY 2

LOES M=07
N, G ON

FOR k=N-M GET I

SUBTRACT M

STRING LENGTH

STHRT LOC.

ENTRIES

J. SPEOTT AFRIL 1981

(M3

COFAGRE 1



AT —ROGER o0, SPOTT APRIL T9ET S I S ‘ ‘ I L

00m3 DE B4 Fom L0X JDATA

QO5S OF R& : STX IDATA LET I=.
0057 20 o BRA PoE3

00ET 20 BFO(001A) POEIL BRA Fizt

OOER 26 Bl S o W R LDAA MDATA+L

OOsD Dée BO LDAR  MDATA GET M

QOSF. O CLC

o060 9B B7 d ApDa  IDATA+L A0 IT TO I
OOsZ [P BA& ADCE IDATA

o0L4 97 BY STAA  LDATA+L STORE IT IN L
QO0&L 7 BE STAR  LIDATA

QOLE P& AL LDAS  ETRLN COMPUT ADDR.FOR L STR.
00&A 97 07 STAA  ARA+]

= QOAD 9& BY LOaa  LIATA+]

VAZ O0OLE 4 BS ) LDAR  LDATA

a0 44 % 0070 BIDNFF93 JER MULTY

=1 47 QO73 70 44 SLRA STRLN

@R 4% OO7% 2 00 SRCE O #00

=1 OO77 O ' CLC

54 0078 ¥R 1 ALDAa STRET+1

S Q0768 w7 BD STAS  SADDL+L

&1 Qo770 D o ADCE  STRST

A5 OO07E D7 BOC CETAR SADDL

NN

\4!;!i>n~af@
jor (2 ~0 0
NN N
e e 03 O Lo N0 e O
T

SREL R

~ ~
AN -
PRI O I SN B S

oD 00 00 00 0 00
ENEC I I

a4 &3 OO0 2é 4L LDAA  STRLN COMPLUT ADDR.FOR T STRING
aw 74 QOE2 7F 0004 CLR ARA

B OOas 97 07 ZTafn ARATL
] OOE7 W& BT Lbaa  I0ATA+]
& o0Ew D& B LDAE  IDATA
9% % QORRB B FF92 JER MULTY
2k QOEE Y0 44 SURA STRLN
‘ OO0 22 00 SHCR #00
1 Q0 OO%2 OO ‘ Lo
10% 7ROl ADDa  STRET+H]
: 107 P @7 BB STaA . SADRDI+L
@ 110 0097 DF 20 ADCR STRET
100 114 O0%e 07 BA STAR  SALDI
101 118 QO%E 20 }7 - BRA COMF
102 2R00YD SF Fosg CLRE '
1032 4 OOTE 84 01 LbAaa  #01
104 7 DOAD PE BD AnDa JDATA+]
105 10 oAz Y B4 ADCE  WJDATA
1064 14 O0a4 27 BI STAA  JDATA+L
107 12 OOfa 07 E4 ' STAR  WJIDATA
o 21 o0as D1 B2 ‘ - CMFE FIIATA
107 25 OOAA 22 AL (003%) BHI FOSTL
110 SR 00AC w1 BX CHPA EDATAR]
iii 7 O0AE 23 A% (0059) ‘ BHI
117 11 OQOBO 20 Al (DO3Z) ERA
113 15 OORZ 20 A7 (DOZR) FOSTE BRA
114 ZROO0B4 DA 446 COoMF LIAR COUNTER STRING LENGTH
115 7 QOB4 DE BC L.IOX SADTH. ANDR. OF L INTO INDEX REZ
114 12 OORS. ¥F . BE ' STE STRTR . BAVE 5TﬁCH
117 14 QORA PE RBA , LIS SADDT AGDRESS GF T INTO STACK
1ig 20 OORC 24 - LES FOSTTION STalk
i1y 24 OORD 32 NEXT FLLA GET FIRST CHAR. OF STRIDC
0120 2w OOBE Al QO CHMPA 00, X COMPARE TO 18T IN INDLRES
121 33 QOCO 26 06 BNE  TEET FIND OUT WHICH IS BIGGES
22 2R 0002 DA : - DECE : TEST NEXT CHARATTER
23 & oonE 27 05 - BE® RESTR END OF STRING
124 4R QOCE 0o INX '
128 8 QOCA 20 FS (0QOBD) - BRA NEXT ;
126 2 oons 2k OY TEST RHI EXCH 1%L SWITOH PLACER
{7 AR O0CA YE BE ‘ RESTR Lo STFTR NG SWITCH

by

%

A
-~
ot
[

s g

N

37
L8

3]

&3

YU R B I N O O
53]
[l

DX IR 37




129 3R
1320 7
131 i1
132215
123 19
124 23
135 2=
13246 34
137 a8
128 4
129 4
140 S

b et
£y o
o on
ke ot
NSNS

147 21
143 2%

b et
b
0

[

T N L)

152 15
152 Z
154 o
135 &
154

[y
o
Pt b e
Do~ b3

a3

Pl

OOCE
QOno
OO0z
QGha
OOD&
Qo7
DoOnE
QOIA
QOLC
QOLD
OOLE
QOLF
OOEZ
O0OE4
OOE A
OOES
OOED
GOED
OOEE
QOFO
DOF2
QG4
OOF &
OOFE

QUFA-

QOFE
QOF
OOFF
0101
0103
0105

-~

57
[E
TE
i

e
“ued o
i

A7

O

S
~

=1
78
2
SE
43
D
0l
20
71

27
=0
O
W0
Lz
jays
w27

20

..1 § -

| /
SS.C'@;?Y C,owﬂntjb

b O~

il

T

00
(818

OOCE
=3 {QODT7)
RE

E7

i

BO

06 .

o .
AR (0090
B
oY
B
fa%e]

{QORE)
COO=)

Bl
EBO
B
B7

A0 (O0RZ)

R o

EXCH

FULL

LLSE

SUR

LIIAA
RN AT
LIiX
LI
DES
FLLA
LDAR
STEA
INX
FaHE
IND
DEC
BNE
Lo
1.DAA
LIOAR
CMFHE
BHI
BELS
BRA
CHMFA
BHI
BE
BRA
oL
SUBRA
SRCORE

STAB

STAL
BRA
ENI

STRLM
CNTR

SADDT
SADDL.

00, X
OO0, %

CNTR
FLILL
STRTR
INATA+]
IDATA
MIOATH
LI
SR
R4
MOATA+L
SLE
N e
Frsg

MDATA+1
MOATA
TDATA
InaTa+d
N R

GET
T
157
2N

GET
ZNI
FLT

STRING LENGTH
INTO COUNTER
STRING ALTDR
STRING &R

(I
(L)
157 EHQRQCTER INTO A

CHARACTER INTO R
A WHERE B CAME FROM

MOVE . ITNDEX FOINTER

FUT

MOVE

MOT

RESET

B WHERE A CAME
STACK POINTER

FROM

DONE YET
STACK

”(Q-\G-ﬁer&

ot

!,\ MEY

s
-
-

WS

Q,L\\r\.bﬁr

ol




DE A PITCH AT LINE ¢ FROM THE PIA WHICH CORRESPONDS TOQEHE §E§RLY
MIDDLE RBw. IF T REMEMBER CORRECTLY, "A" §the key%ﬁ:izzaung I
£S o#, D GIVES THE NOTE D, F GIVES D#, ETC. THEY A 30

NE, BUT NOT DELETE.

THIS PROGRAM WILL PROVI
SUSHED, ANY KEY OF THE
LOW MUSICAL “"c", S GIV
_wp TNDLUDING THE VERTICAL LI

208 B6 LDA A& $F@43
R2OEB2G

> 20083 84 AND A #SFB e
> 2285 B7 STA A $F@43 eeC

> 2008 86 LDA A #3081 .o

> 200A B7 STA A $F@42 . «B

> 200D B6 LDA A 1F@43 «sC

> 2010 68A ORA A #304 .o

> 2812 B7 STA & $Fe43 «eC To here, initialize PIA

> 2015 F6 LDA B $F@4l “eeA key test ( should say, key down test)
> 2¢18 CS5 BIT B #3540 .8 : .

> 2¢lA 27 BEQ §$F9 2¢15 *. ~

> 201C F6 LDA B $F@40 «« 8 Load from PIA which key was pressed
> 2@1F D7 STA B sCg .o

> 2021 20 BRA $02 2625 .. -

> 2023 2¢ BRA $FQ 2815 «. (island)

> 2025 Cl CMP B #3%7C «+ {Is it the rightmost key- vertical line)
> 2027 26 BNE  $@5 2G2E &.

> 2829 CE LDX £50046 ««F Yes? LDX 46

> 2p2C 2@ BRA 36E 229C +. And go to tone generator

> 2@2E Cl CMP B #S37E «o Is it tilda?

> 2030 26 BNE 3¢5 2037 &

> 2032 CELDX #30044 eod if so, LDX w/ kLA

> 2835 -2¢ BRA $65 @ 209C .. and go to tone generator

> 2937 C! CMP B #33A «i  Colon )

> 2039 26 BNE $9S 2040 &. :
> 2@3B CE LDX  #3004F ++0  LDX w/ 4F ( the hightr the #, the longer it tai:s
> 283L 20 BRA  35C 2@9C .\ to count down, so the lower the pitch)
> 2240 C1 CMP B #: 3B o '

> 2042 26 BNE  $@5 2249 &.

> 2044 CE LDX  #3$8@54 oo T

> 2847 2¢ BRA 353 - 209C .S

> 2049 Cl CMP B #34C .L

> 264B 26 BNE 585 2052 &.

> 284D CE LDX  #32859 ooy (G#)

> 2@85¢ 20 BRA  S$4A 289C .J

> 2052 Cl CMP B #S$4B oK

> 2054 26 ENE  $@5 2@ SB &.

> 2056 CE LDX  #S0@SF et (0)

> 2059 28 BRA  $4l 209C «A

> 2¢5B Cl CMP B #54A .J

> 2¢5D 26 BNE $85 2264 &.

> 2@5F CE LDX £S2064 coo

> 2062 22 BRA $38 2@9C .8

> 2064 Cl CMP B #548 oH

> 2066 26 BNE $@5 286D &.

> 2068 CE LDX  +sSg¢e6aA oo

> 286B 2# BRA  $2F 229C ./

> 286D Cl1 CHP B #3547 .G

> 2@6F 26 BNE  $05 = 20876 &.

> 2871 CE LDX  +#30071 cee

> 2074 2@ BRA 126 229C «&

> 2076 Cl CMP B #3%46 .F

> 2078 26 BNE $85 2OTF &

> 207A CE LDX  #$¢077 vos



287D
287F
2881
2283
2086
2088
288A
2es8c
208F
2091
2893
2095
2098
2@9a
289cC
2¢9E
2eap
2CA3
2ea4
2eae
2048
204B
226D
2@AF

8A 04
Ca 2¢
26 85
Cl 3B
26 4a
Pe 64
25 CE
44 26
BB C1
B7 Fe
28 1C

{MlA S:~waQ

20 BRA
Cl1 cup
26 BNE
CE LDX
2¢ BRA
Cl Cup
26 BNE
CE LDX
2¢ ERA
Cl cMP
26 BNE
CE LDX
28 EBRA
_2¢ BRaA
DF STX
DE LDX
B7 STa
29 DEX
26 BNE
88 EOR
Fé LDa
DI CMP
27 BEQ
7E JMP

43 84 FEB
B? F¢ 43
02 20 Fo
CE 08 4A
26 @5 CE
Cl 6B 26
2e 38 CI
B8 71 20
¢S CE ¢¢
53 26 €5
52 99 26
6o

$1D

B #%4¢
305
#5008¢
$14q

B #341
$05
#3229
$0B

B #%53
$95
#30089
$02
$87.
$C1
$C1

A (F@42

$FD
#501
SFG40
$Ca
$ EF
$261C

0 wp

B7 F@ 43
F6 Fg 4l
C1 7C 26
22 65 ClI
ge 54 2¢
@5 CE g@
48 26 @5
26 Cl 46
8 20 14
CE o 89
FD 83 01

e

[ one

229C ..

D

2088 &.

¢ o0

289C ..

<A

2091 &.

LR N

2¢9C ..

«5

2094 &.

* o0

209C ..
2023 «. ,
~++ Begin the tone generator - store the starting no,

CQB

e DEC X
2043 &.

»+ If A were high, go low, if low,
to form square wave output.

es @

209E .

g6
Cs
25
3A
53
S5F
CE
26
C1
28
Fé

¢ o0

2! B7 Fo
4¢ 27 F9
CE 82 46
26 85 CE
Cl 4C 26
2¢ 41 Cl

ke 64 28

@S CE 0¢
41 26 @5
g2 2¢ 817
F@ 49 DI

42
Fé
20
2e
@5
44
eF

77

ct
DF
Cg

(:>f€vV\éltr al o

o)

Bé6
Fe
6L
4F
CE
26
Cl
20
2o
Cl

217

Fe
49
Cl
20
ee
£5
47
1D
90
DE
EF

Store A in the PIA - output.

43
D7
7%
5C
59
CE
26
Cl
2a
Cl1
7L

g0 high; switches
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3.0 SOFTNARE ARCHITECTURE

3.1 6809 PROGRAMMING MODEL
"The 6809 contains four 8-bit registers and five 16-bit
registers which are visible to the programmer:

f X IKDEX REGISTER JW

r Y INDEX REGISTER J

s POIRTER REG}STERS

rU USER $STACK POINTER J

[ S HARDWARE STACK POINTER J

/

[ PC | PROGRAM COUNTER

l [ ] e ‘ ACCUMULATORS

DIRECT PAGE REGISTER

R
=
-
—
x
|4
| 4
z h
et
~
o ed
<
_—
()
—

CC-CONDITION CODE REGISTER

CARRY- BORROW

I

OVERFLOW

2ERO

e NEGATIVE

b INTERRUPT REQUEST MASK

HaLF CARRY

FAST INTERRUPT REQUUST MASK

ENTIRE STATE ON STACK ¢

The Double-Accumulator D consits of the two 8-bit
“accumulators concatenated A:B. The A-register is the
MS byte of the pair while the B-register is the LS byte.
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Accumulators (A, B & D)

The A and B registers are general purpose accum-
ulators used for arithmetic calculations aﬁd data
manipulation. With the exceptionof ABX, DAA and 16-bit
operations, the.two accumulators are completely
interchangeable. In the catenated form the A-reg-
ister is the MS byte of the pair thru forming the
16-bit Double Accumulator, or D-register.

Direct Page Register (DP )

The Direct Page régister defines the MS byte-to
be used in the direct mode of addressing; the DP

~is catenated with the byte following the direct-

mode op code to form a 16-bit effective address.
The DP  will be initialized to $00 by RESET for
6800 compatibility.

Condition Code Register (CC )

The Condition Code register defines the state of
the processor flags at any given time. The bits
in the CC are:

B7 B6 B5 B4 B3 52 B1 Bo
EJFIH T INJZV]|C

Bit 5 and bits 3-0 are set as the result of instruc-
tions that manipulate data; for details, see con-
dition code section for each instruction.
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Index Register ( X, Y)

The index registers are used in -indexed mode
addressing. They provide a 16-bit address'to

be added to an optional offset (of up to 16-bits)
for indexed instructions; the result of the addi-
tion is the effective address of the instruction.
For more details see the section on addressing
modes. The X and Y registers are essentially
equivalent in usage and support the same instruc-
tions. Because automatic pre-increment and post-
decrement ‘options are available on indexed-mode |

“operations, these registers may be used to easily

implement software stacks, queues, and buffers.

Stack Pointers (U , S )

The stack pointer registers contain addresses that
point to the top of a push—down/pop¥up stack. Data
and machine state can be pushed onto the sfack
(stored at the next memory address to that 'pointed”
to by the U or S ) or pulled from the stack in a
last-in first-out manner. Pushes decrement the
stack pointer before the data is stored while pulls
increment the stack pointer after the data is re-
covered; the stack pointers point at the last

byte placed on the stack. The S is used by the
hardware to éutomatically store subset or entire
machine states during subroutines and interrupts.
The User Stack (U ) is controlled exclusively by
the programmer and can be used to pass arguments

to and from subroutines. Both the U and S have
the same indexed-mode addressing capabilities as
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1.5 (Continued)

the X and Y index registers; the stack pointers are enT{ME
hanced index registers | (although the operation as LEA™
is slightly different on the stack registers). This al-
lows the 6809 to be used efficiently as a stack pro-
cessor, greatly enhanéing its ability to support high-

er level languages.

.1.6 Program Counter (PC)

The PC is used by the hardware to point to the

next instruction to be executed by the processor.
Limited indexed-mode addressing is available on
the PC (i.e., auto-increment/decrement is not
available). For notational canvenience the des-
cription of each instruction assumes that the
program counter points one location past the last
byte of the op code, as it would after decoding the
instruction. As additional bytes are.used by the
instruction the PC always points to the next unused
byte. '

EXAMPLE: The branch instructions are available

in either short or long forms; in general the short
form takes a one-byte opcode, while the long form
ktakes two bytes. After decoding the opcode, the

PC points at either a one- (short branch) or two-
byte (long) immediate value, which is taken into |
the machine for addition to the PC. If the branch
is not taken, the addition never happens and the PC
remains pointing to the next instruction. Indexed-

mode instructions also have variable 1ength fields.



G809 INDEXED ADDRESSING

Figure 4:

addressing have a base size and number of cycles.

The

A and ; columns indicate the number of additional cycles

‘and bytes for the particular variation.

The post byte

opcode is the byte that immediately follows the normal

n;wnxln.

NON - INDIRECT INDIRECT
TYPE FORMS SouRCE |Post-Bvyre| 4, | = | Souece |Post-avre | Xu | %
CONSTANT OFFSET NO OFFSET yR |RRoolool © | O [,R]tmmomo Fo R B!
FrRoM R E-BIT OFFSET h,P\ ORRnnnny| | 0 Jdegallts o T
&-BIT OFFSET ny R |IRRot000| | | | |CnyRI|IRRII000| 4 |
I6-BIT OFFSET nyR |IRRo100I| 4 | 2. |CnyRI|\RRIto0I| T | 2
ACCUMULATOR A- REGISTER OFFSET | AyR [IRRo0NO| | | O [LA4RI|IRRIOUG| 4 | O
OFFSET FRoM R B- REGISTER OFFSET| ByR [IRRoolol| | | O |Te,R1|!IRRIotI} 4 | O
" D- REGISTER OFFSET| PyR lIRRoton |4 | 0 |[D,RI|IRRIION| 7 |0
" AUTO - INCREMENT/ INCREMENT 8Y | | R+ |IRRO0000| 2 | O | not| allowed
- DECREMENT R INCREMENT BY 2 | yR++|IRRo0c0l| 3 | 0 |[yR++]|1rR1I0001f & | O
DECREMENT BY | | 4y=R [IRROOO} 2 | O not| allow¢
DECREMENT 8y 2 )=~ R |iRro 00U | O C,-—-R] IRRIgOII (6]
CONSTANT OFFSET 8~ BIT OFFSET ny PCR | 1XX0 1100 | [ |Dh, PcR]|iIXXiti00 | 4 | |
FRoM  Pc [¢- BIT OFFSET ny PCR{IXXO 101 | 5 | 2 |h, Per)|ixxi 101 | & | 2.
EXTENDED Use hon =indfexe Cnd jlooitntii | 5| 2
Indexed Addressing Modes. All instructions with indexed

~9§ —
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3.12 INDEXED-MODE POST-BYTE

POST BYTE REGISTER

BIT ASSIGNMENTS

INDEXED
POST-BYTE REGISTER BIT ADDRESSING
6|51 4|3l2]1]0 MODE
x1x | xlolo] ol JR++
x|x]ololo]olo SR+
xlolojol1]o ,-R
Ix i xtolo] 1] y--R
x| x[of1r ]olo|EA=(R+0OFFSET)
X {xt xlol1] o1 |EA=(R+ ACCB OFFSET
XIx x| 1]0| 0|0 {EA=(R+7BIT OFFSET)
X | X 110 ] 01 |[EA=(R+15BIT OFFSET)
111 0 |EA=(PC 7 BIT OFFSET)
11 1 [EA=(PC+15BIT OFFSET)
X {X | x| xi{x | x|x |EA=(Rt4 BIT OFFSET)
X x| xlo|1 | 1]0|EA=(RtACCA OFFSET)
1 X1 110 111 lEA=(R+D OFFSET)
1 1111 | 1|1 |EA=( ADDRESS)
ADDRESSING MODE FIELD
I FIELD
FOR P7 = 1: INDIRECT
FOR P7 = 0: SIGN BIT
REGISTER FIELD
00: R = IX
01: R = IY
10: R = US
11: R = SP
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- 3.14 BRANCH GROUPS

Simple Conditional Branches

Condition | ‘ Comp1ement
BEQ {Z=1} ’ BNE
BMI {N=1} BPL
BCS {C=1} BCC
BVS {V=1} ) BVC

Signed Conditional Branches

Condition | : Complement
BGT {((N@ V) A Z=1} : BLE
BGE {(N® V)=1} BLT
BEQ {Z=1) BNE
BLE {((NG® V) v =1} BGT
BLT {(N@®@ V)=1} ‘ BGE

Unsigned Conditional Branches*

Condition : Complement
BHI {(C A Z)=1} : BLS
BHS {T=1) © BLO
BEQ {Z=1} : : BNE
BLS {Cv Z=1} BHI
BLO {C=1} - BHS

* Not useful, in genéra], after INC/DEC, LD/ST, TST/CLR/COM.



ABX

~ ADCA,ADCB
ADDA,ADDB

ANDA ,ANDB

ANDCC
ASLA,ASLB,ASL
ASRA,ASRB,ASR
BITA,BITB
CLRA,CLRB,CLR
CMPA,CMPB
COMA,COMB,COM
DAA
DECA,DECB,DEC
EORA,EORB

EXG R1,R2
INCA,INCB,INC
LDA,LDB
LSLA,LSLB,LSL
LSRA,LSRB,LSR
MUL
NEGA,HEGB,NEG
ORA,QORB

~ORCC

PSHS {register}g
PSHU {register}g
PULS {register}g
PULU'{register}g
ROLA,ROLB,ROL

~ RORA,RORB,ROR
SBCA,SBCB
STA,STB
SUBA,SUBB
TSTA,TSTB,TST
TFR R1,R2

~34 -

Add B-register to X-register unsigned
Add memory to accumulator with carry
Add\memory to accumulator

And memory with accumulator

And immediate with condition code register

Arithmetic shift left accumulator or memory

Arithmetic shift right accumulator or memory

Bit test memory with accumulator

Clear accumulator or memory

Compare memory with accumulator
Complement accumulator or memory

Decimal Adjust A-accumulator

Decrement acqumu]ator or memory
Exclusive or memory with accumulator
Exchange R1 with R2

Increment accumulator or memory

Load accumulator from memory

Logical shift left accumulator or memory
Logical shift right accumulator or memory
Unsigned multiply (8 bit x 8 bit = 16 bit)
Negate accumulator or memory

Or memory with accumulator

Or immediate with condition code register
Push register(s) on hardware stack

Push register(s) on user stack

Pull register(s) from hardware stack

Pull register(s) from user stack

Rotate accumulator or memory left

Rotate accumulator or memory right
Subtract memory from accumulator with borrow
Store accumulator to memory

Subtract memory from accumulator

Test accumulator or memory

Transfer register R1 to register R2?

FIGURE 1 8-BIT OPERATIONS
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ADDb ' Add to D accumulator

SUBD = Subtract from D accumulator
LDD -  Load D accumulator |
STD ~ Store D accumulator

CMPD Compare D accumulator
LDX,LDY,LDS,LDU Load pointer register
STX,STY,STS,STU Store pointer register

CMPX,CMPY,CMPU,CMPS Compare pointer register A
LEAX,LEAY,LEAS,LEAU Load effective address into pointer register
SEX . Sign Extend

TFR register,register . Transfer register to registe\?

EXG register,register Exchange registe'r to register

PSHS (register)% Push register(s) ento hardware stack

PSHU (register)g Push register(s) onto user s’tack

PULS (regis’cer)%3 Pull register(s) from hardware stack

PULU (register)g Pull register(s) from user stack

FIGURE 2 16-BIT OPERATIONS



0,R
[0,R]
. ? R+
R4+
[,R++]
,-R
,--R

["'"R].

n,P
(n,P]
A,R
[A,R]
B,R
[B,R]
D,R
[D,R]

=
u

-
]

_.g*] -

indexed with zero offget

uindexed with zero offset indirect

auto increment by 1
auto increment by 2

~auto increment by 2 indirect

auto decrement by 1
auto decrement by 2

auto decrement by 2 indirect

indexed with signed n as offset (n=5,8, or 16-bits)

indexed with signed n as offset indirect

indexed with accumulator
indexed with accumulator
indexed with accumy]ator

indexed with accumulator |

indexed with accumulator
indexed with accumulator

X, Y, U ors

PC, X, Y, U or S

A as
A as
B as
B as
D as
D as

FIGURE 3 INDEXED ADDRESSING MODES

offset
offset indirect
offset
offset indirect
offset
offset indirect



BCC,LBCC

BCS,LBCS
BEQ,LBEQ
BGE;LBGE
BGT,LBGT

BHI,LBHI

BHS,LBHS
BLE,LBLE
 BLO,LBLO
BLS,LBLS
BLT,LBLT
BMI,LBMI
BNE,LBNE
BPL,LBPL
BRA,LBRA
BRN,LBRN
BSR,LBSR
BVC,LBVC
BVS,LBVS

~q -

Branch
Branch
Branch
Branch
Branch
Branch
Branch
Branch
Branch
Branch

o Branch

FIGURE 4

‘Branch

Branch
Branch
Branch
Branch
Branch
Branch
Branch

if carry clear
if carry set

if
if
if
if
if
if
if
if
if less than (signed)
if '
is not equal
if
always

equal

greater than or equal
greater (signed)
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CWAT Clear condition code register bits and wait
for interrupt
NOP 7No—operation
JMP Jump
JSR Jump to subroutine
RTI Return from interrupt
RTS Return from subroutine
SEX o Sign extend B-register into A-register
CSWI,SWI2,SWI3 Software interrupts ’
SYNC Synchrdnize with.interrupt Tine
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