DID YOU EVER WISH THAT YOU COULD
mke copies of game curtridges for vour
Atari 26007 Well, with the circuit we'll
describe, you can! We'll show you how to
record the contents of your cartridges on
cusselte tape—and how to load the game
back into the 2600, Before we getinlo the
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ol ROM—that type of memory can be
read but not written o,

If a videogame 1% just a simple home
computer, as we stated earlier, you might
wonder why the programs stored in the
ROM cartridges cannot be stored on mag-
netic lape or floppy disks like programs
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game cartridge (ROM), a cassette player,
RAM, and a control device, which allows
us Lo correctly direct the flow of data. For
example, the first step in copying a game
cartridge is to load the contents into
RAM. Then the contents of RAM is trans

ferred to cassetie tape much in the same

Store your library of Atari videogame cartridges on cassette tapes!

details of the circuit, let’s review some
hasics.

As vou probably know, a videogame is
Just a simplified home computer—one
that has been dedicated o the specific task
of playing games. Keep in mind, though,
that the videogame operates much the
same as any computer—the electronic cir-
cuits that make up the machine (the hard-
ware) execute instructions that make up
the game (the software).

The software is stored, of course, in the
game carridge, which consists simply of
ROM (Read-Only Memory), As its name
implies, you cannot change the contents

for other home computers. Well, they
can! But videogumes like the Atari 2600
lack the necessary hardware to record
them. And that’s what this article is all
about

The basic approach

Our approzch will be to copy the con
tents of the ROM cartridge into RAM
{That's Random-Access Memory, also
known as read/write memory.) Once we
have the game program in RAM, we can
then copy it to cassetie tape.

Figure 1 shows a very basic block di-
agram of what we need: the videogame, a

way that many home compulers save pro-
grams on cassette. (The Timex Sinclair
1000, is one example.) When we wanl (0
play the game,_ we reload it from cassette
to RAM. We get the 2600 to think that the
RAM is just a game-cartndge ROM by
setting the kan'wrITE input of the RAM
to REaD and connecting its other inputs
and oulputs to the 2600 just as if it were
ROM.

We can also make tape-to-tape copies
easily using that scheme. Once we load
the program [rom cassette into RAM, we
can simply dump the RAM contents to
another tape.,
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FIG. 1—A CONTROLLER IS NEEDED to properly dirscl the fiow of data from the game cartridge ROM to
the computer's HAM, from the cassette player to the RAM, etc.
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FIG. 2—4A DEDICATED, SIMPLIFIED COMPUTER. This block diagram gives a basic idea of what we
need to record the contents of Atari 2600 videogame cartridges.

A dedicated computer

If you're familiar with home comput-
ers—even the cheapest models that you
can buy for under $50—you know that
they have all the capabilitics we need. We
could approach the problem by modifying
a computer to do exactly what we want.
But that is not the way we will go. Instead,
we will build our own dedicated, sim-
plified computer.

A block diagram of the computer that
we need is shown in Fg. 2. When the
switch is in position “B,” the 2600 15 out
of the picture and we're left with only our
dedicated computer. [t sees the game car-
ridge and RAM as part of its memory. Tt

can transfer data [rom the ROM cartridge
to the RAM, and 1t can store and retrieve
programs from tape. The game cartridge
is not the only ROM: Another block of
ROM holds what can be thought of as the
operating system of our computer. It con-
tains the instructions that tell the Z80
CPU how to perform the appropriate data-
transfer tasks.

Note that also "hanging from the bus”
ol vur computer are switches and displays
that are used for I/0. By setting the
switches, we can give the computer cer
tain commands. The displays let the com-
puter tell us what it 15 doing.

When the switch shown in Fig. 2 is

moved to position A, the Atan 2600
videogame uses the RAM simply as if it
were ROM. So, for example, after vou
loaded the RAM with a program con-
tained from cassette, vou would flip the
switch to position “A" so that the 2600
could see it.

Game-recorder computer hardware

Let's look at the hardware that we'll use
to help us record game cartridges. Figure
3 shows the schematic of the computer/
recorder. As vou can see, the computer is
structured around the ZB0 bus, Connected
to the bus, directly or through bulTers, are
all the computer’s components: the Z80
microprocessor (1C3), the RAM
({IC11-1C13), and the I'O devices (5155,
DISP1, DISP2, cassette output, game car-
tridge connector, etc.). We can also sce
IC10, the ROM that contains the program
for our computer.

Most of the components of our comput-
er are used in the usual fashion. In other
words, the ROM and RAM is used just as
it is in any given home computer. The
cartridge connects directly to the bus and.
as far as our computer is concerned,
seems to be another several kilobyies of
addressable memory. That same tech-
nique of memory-mapped 1/O is used 1o
drive the seven-segment displays and to
interface with the tape recorder,

Note that we do not use BCD-to-seven-
segment decoders to drive our LED dis-
plays. Instead, the Z80 CPU has control
over the segments and turns them on or off
as needed to represent hexadecimal digits
—F and an error message of three hori-
zontal bars. But we're getting a little
ahead of ourselves. What is important
here 15 that, as far as the Z8(0 15 concerned,
the displays are “write only™ memory lo-
cations. Information encoded in the com-
mon seven-segment display format is sent
to the display at their locations. The infor
mation is latched with the WETTE signal
from the Z80 just like any other memory
location. The same method is used for the
tape-recorder interface. A | 15 latched Lo
send a high-level voltage to the tape and a
@ is latched 1o send a low-level voltage.

The last major component of the com-
puter is the imterface to the Atari 26040,
That interface is essentially made up of
IC4. IC5. and IC6H—three T4L5244 octal
buffers with three-state outputs. By look-
ing at the direction of the bullers, you can
see that the dedicated computer accepts
addresses from the Atarl game and out-
puts data to it. (Remember: That's just
what ROM does!) The buffers are enabled
by the FOE ACEROWLEDGE signal (pin 23}
from the Z8( (IC3).

When we want the 2600 1o play a game,
we simply close the serurpLay swilch,
56, which brings the £30's BUS REQUEST
line (pin 23) low. Thus, the 260K actually
does DMA (Direct Memory Access) on
the computer when requested by you
through the sirurieiay swilch.
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FIG. 3—A Z80 MICROPROCESSOR, along with the ROM-held operaling system make up the heart of
our compular recardar, The game-cartridge FOM, LED displays, and cassetle inputioutput are memo-
ry mapped.
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FIG. 4—SYNC PULSES, 2 milliseconds apart, are used to make sure that—evan with slight changes In
lape speed—the computer will be able to correctly read a tape. Data pulses are sent between the sync

pulses: the sequence """ Is shown above,

WAIT .76 ms
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FIG. 5—THE CASSETTE-READ ALGORITHM. Rather than using hardware, software is used for timing

g WAIT .75 ms
f
4
operations.
Cassette input'output

Reading the ROM, of course, isn’l the
only job of our computer/recorder—we
must write the contents of the ROM into
tape, We'll do that by outputting one bit at
a time by sending diflerent voltage wave-
forms to the microphone input of the tape
recorder, The bit to be output is put on
data line ns, which is stored in IC16 (a
T4LS2T73 Detype flip-flop), which is
clocked by the WReG line of the Z80.
(Mote that the output of 1C7-¢ can be used
to switch a relay 1o control your cassette
player through its REMOTE inpul. That is.
of course, optional. )

We will not only send pulses to repre-
sent zero bits and one bits—we'll also
send out synchromization pulses, Those
pulses are (.25 milliseconds wide and are
senl every 2 milliseconds, regardless of
whether a 1 or ) i5 being written, Those
sync pulses are used to ensure that il the

tape recorder speed varies slightly, our
computer will be able 1o keep track. A
data bit will be represented by a pulse—or
the lack of a pulse—hetween the sync
pulses. Figure 4 shows what the sequence
017 would look like. As we can see
there, a “{" is represented by no pulse
between sync pulses, and a “1" is repre-
sented by a pulse.

Each instruction for the 2600 consists
of 8 bits. We will add a parity bit to be able
to detect il a program has been mis-
recorded or when a recording has de-
graded and has errors. Therefore, the
contents of a game-cartridge ROM are
stored as follows:
® Header (2000 zeros)
® End of header (4 ones)
® Name tag (4 bits)
® Contents of location | (8 bits)
® Tarity for location 1 (1 bit)
® Contents of location 2 (8 bits)
® Parity for location 2 (1 hits)

PARTS LIST

All resistors are Ya-watt, 5%, unless
otherwise specified.
R1—220.000 chms.
A2, R3—1000 ohms
H4—330 ohms
RS R7-R9—10,000 ohms
-RE, R15—100,000 chims
A10—3300 ohms.
R11—47,000 ohms
R12, R13—120 ohms
FA14—4700 oheis
Capacitors
011 pF, 10 wolts, electrolylic
€2, C3—01 uF. ceramic disc
Semiconductors
IC1; 1C8, 1C14—74L500 quad 2-input
MAND gatc
1C2—74L574 dual D-type flip-fiop
IC3—ZB0 microprocessor
IC4-1CE—74L5244 octal buffer
ICT—741.5125 quad bus buffar
ICE8-—LM3B00 quad op-amp
IC10—74LE8138 3-to-8 ling decoder
ICH1-- 2716 EPROM containing the com-
~ puter’s operating system
IC12, 10132016 2K » 8 static RAM
tGE..IGiE——HLSE?_S octal D-type fiip-
flop
ISP, DISP2--MANT4A
‘Bi-55—SPST switches
XTAL—B MHz

That continues until all the ROM's con-
tents are stored,

The header serves two purposes: [t sep-
argtes programs and provides an audible
lone to detect where the program begins.
i1f you listen to the tape, you will hear a
high pitch lone for the header. The pro-
gram itself sounds like high- and low-
noise. ) The name tag allows you to save
sevieral programs on one casselle, and to
search for those programs,

Reading the ROM contents from tape is
also done one bit at a time. The computer!
recorder constantly monitors what iy
coming out of the tape and can tell when-
ever the output is high or low. The sync
(and data) pulses are detected by waiting
for the level to go from low 1o high.

Detecting those pulses doesn’t require
much hardware, The proper timing can be
implemented by counting machine cycles
in a loop that does nothing. The algorithm
is illustrated by the Hlowchart in Fig. 5.

As you can see from the flowchan, the
algorithm for cassetfe operalion is very
simple: Wait for the sync pulse (o appear
then wail .75 millisecond and stant look-
ing for the data pulse. If the data pulse
isn't seen within 1.5 milliseconds, as-
sume that a  was recorded, and wait for
the next sync pulse. If a data pulse is
lound, assume a 1 was recorded. Then
wiil 0.75 milliseconds and start looking
for the next syne hit.

When we continue next time, we'll take
a closer look al the software. Then we'll
give you some construction hints.  R-E |
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approach wel follow to store the contents
of Atari 2600 game cartridges on audio
cassetle tape. We also looked at the hard
wure that's required, and briefly studied
how cassette 1/0 is handled, This time,

discussing cassette L'Ch. Figure 5 showed a
flowchart that described the cassette-read
algorithm. Let’s look at the software in
maore detail to see how 1t's used 1o detect
the data and sync pulses. (Remember that
sync pulses arc sent out every 2 millise-
conds. Data pulses are sent between the

might wonder why we write 2000 zero
hits and look for only 50. There's a very
practical reason: [t allows the automatic
gain control (AGC) of most recorders
envugh time to setile down.

After the recorder finds 50 conscoutive
zero bits, it keeps on looking until it finds

ATARI Game Recorder

GUY VACHON and DAVID A. CHAN

w
"
[
a
"

You can record the contents of your Atari 208 videogame cartridges on audio cassette tape!
This month, we'll take a look at the software that's needed.

"1 look at the software in more depth.
en we'll see how we can build the game
forder and put it to use,

me-recorder software

e complete software listing for the
e recorder’s operating sysiem appears
Table 1. Note that it is wrillen in Z80
emonics. Although we won't be dis
ssing the software line by line, you
ight want to study Table 1 to get the
s,
When we left off last time, we were

sync pulses—a pulse represents a | bit,
while the lack of a pulse represents a zero
hit.

When the contents of a game cartridge
15 written to a cassetie lape, a header of
200) zero bits preceeds the actual begin-
ning ol the program bits. After the header,
the game recorder also writes a (user-se-
lected) label before each game. When the
game recorder reads the contents of a cas-
sette tape, its software looks lor fifty con-
secutive zeros to decide that it has found
the beginning of a game program. You

a | bil. It then checks the name tag, which
is putput to the LasT Game FousD display.
If the name tag matches the name of the
game you selected, it keeps on reading
bytes and storing them in the RAM. If the
tag doesn’t malch, the game recorder
keeps looking for another start-ofgame
header. {We'll give more details on that—
and other operation aspects of the com-
puter—a little later on in this article. )
You may recall that a parity bit is added
to each instruction so that the game re-
corder will recognize when something

SHGL AN
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IABLE 1—GAME-RECORDER SOFTWARE

CURRENT _GAME_ OUT EQU s080H LOOPD: DEC
GAME_SEL_ QUT EQU BADOEH Jp
INPUT EQU  OCOCOH LD
RAM_FIRST BYTE_ ADD EQU 4000H AND
ROM_FIRST _BYTE ADD EQU 22004 JP
LAST PLUS 1 BYTE_RAM_ HIGH EQU 50H EXx
LAST 'BYTE_ADD_RAM EQU 4FFFH
:STAAT OF INITIALIZATION LD
280
LD ABOH CLEAR LEDS EXX
EXX OR
LD BA LD
LD {(CURRENT GAME OUT).A BLOCIN: LD
LD  A3FH LOOPE: LD
LD CA Jp
LD (GAME_ SEL OUT)A Kx2: JP
EXX DEC
START OF MAIN PROGRAM LD
LOOPT: LD A(INPUT) \SEE IF INC GAME ADD
: PUSHED Jp
AND @1H e
JP - NZ, LABA LoopF:. LD
LD ADFFH WAIT AND CHECK
: INPUT AGAIN JP
LOOPA:  DEC A X3, HF
JP  NZLDOPA LD
LD A(INPUT) LD
JP NZ LABY LD
EXX 'START OF INC GAME JP
i PROGRAM Xx4: AND
LD AB
ING A LD
AND BFH JP
LD BA XXS: LD
EXX LD
Byl o
JP  CONVERT EXX
XX EXX LD
LD GA EXX
EXX cP
LD (GAME SEL OUTIA, JP
LD - BDEJFFFH WAIT HALF A SECOND JD
LOOPB:  DEC A
i e LOOPG: LD
ADD AD LD
JP NZLOOPB LD
JP  CLOOPE Je
KXg: LD
[CONTINUATION OF MAIN PROGRAM INC
LaB1: LD  AINPUT) :SEE IF COPY PUSHED LD
AND ©2H CP
JE - NZLABZ JP
LD  AGFFH WAIT AND CHEGK LD
L INPUT AGAIN LOOPH:  DEC
LOGPC: DEC A LD
JP NZLOOPC ADD
LD AJ{INPUT) JP
AND 02H JP
JB NZLABZ EXX
LD  DERAM_FIRST BYTE ADD
START OF COPY LD
: PROGRAM EXX
LD HLROM_FIRST BYTE_ADD LD
LD BCIDOOH
LDIR

CONTINUATION OF MAIN PROGRAM

LAB2: LD AJINPUT)
AND 24H
JP NZLAB3
LD ABFFH

A

NZ LOOPD

A(INPUT)

faH

NZ LAB3

START OF DOWNLOAD
: PROGRAM

TURN ON DECIMAL

. POINT

AC

BEH
(GAME_ SEL_ OUT),A
DE,01F4H
HL, X%2
BITIN
C.BLOCIN
DE

AE

AD

NZ LOOPE
C,LOOPE
LH XX3

JFIND 500 ZEROS

FIND 15T BIT OF 18T
' BYTE

BITIN

NG, LOOPF
AGH
B.G7H

13, XX4
BYTEIN
BFH

\GET 18T BYTE

:CONVERT TO 7 5EG
»AND DISPLAY

Y. XX5

CONVERT

(CURRENT _GAME_ OUT)A

0L A ‘SEE IF CORRECT
 GAME

AC

D

NZ,BLOCIN

DE,RAM_FIRST BYTE ADD
{GET REST OF BLOCK
A DaH
B.28H
X, XX6
BYTEIN
(DELA
DE
AD
LAST PLUS 1 BYTE RAM_HIGH
NZ LOOPG
DE.OFFFFH WAIT ONE SECOND
DE
AE
AD
NZ LOOPH
CLOOPH
;TURN OFF DECIMAL
; POINT
AC

(GAME _SEL  OUT)LA

(CONTINUATION OF MAIN PROGRAM

LAB3: LD
'SEE IF DOWNLOAD
i PUSHED AND
JP
LD
WAIT AND CHECK
L INPUT AGAIN LOOP!; DEG

A(INPUT) vSEE IF RECORD
; PUSHED

Q8H

NZ LAB4

AQFFH JWAIT AND CHECK
i AGAIN

A



TABLE 1 {continued)

JE NZLOOPI

LD AdINPUT)

AND 88H

JP O NZLAB4

EXX START OF RECORD
: PROGRAM

LD AG TURN ON DECIMAL
s POINT

EXX

OR - B2H

LD (GAME_SEL_OUT)A
LD  DED7D0H

LOOPJ: AND 9FFH OUTPUT 2003 ZEROS

LD HLXX7
JP BITOUT
XXT: DEC DE
LD AE
ADD AD
JP NZLOOPJ
JP  CLOOPJ
EXX OUTPUT BLOCK
. ADDRESS
LD AB
EXX
OR  GFCH
LD  IX,XX8
JP BYTEOUT
XX8: LD DEAAM_FIAST BYTE_ADD
:OUTPUT BLOCK
LOOPK: LD A(DE)
LD IXXX9
JP  BYTEQUT
xXg: INC DE
CP LAST PLUS 1 BYTE RAM_HIGH
JP  NZLODPK

LD  DEGFFFFH
LOOPL: DEC DE

WAIT ONE SECOND

LD - AE
ADD AD
JPE N LOOPL
JP | CLOOPL
EXX TURN OFF DECIMAL
; POINT
L AC
EXX
LD (GAME_ SEL OQUT)A
LAB4: JB O LooP

-START OF SUBROUTINES

‘BYTEIN SUBROUTINE - GETS ONE BYTE FROM TAPE
¥ - RETURN ADDRESS

GIVEN: A IS (EMPTY) BYTE

: BIS # BITS LEFT

JRESULT: A 15 BYTE

USES: B
JCALLS: BITIN
CANNCT AFFECT: DE
BYTEIN: ED 0 HLOO S STAAT OF BYTEIN
 PROGRAM
JP - BITIN /GET ENTIRE BYTE
X¥1E: BLA
DEC ‘B
JP MNZ.BYTEIM
AMD QFFH COMPUTE PARITY
EX . AFEAF
LD oML X1 {GET PARITY BIT
JP BITIN
XX 47 GLABS 'SEE IF ERRDR BY
: CHECKING 'CARRY”
: THEN
EX: - AFAF
JP  PEPERROR
JP{IX)

LABS: EX  AFAF ‘RECALL BYTE &
| FLAGS AND CHEGK
. PARITY
JP | POPERROR
P
PERROR: LD A94H ‘ERAOR, DISPLAY

i MESSAGE
LD (CURRENT GAME_OUT)A
LD DELAST BYTE ADD RAM
JB X

:BITIN SUBROUTINE - GETS ONE BIT FROM TAPE
{HL = RETURN ADDRESS

{RESULT: BIT IS CARRY

WSES:DE'H

(CANNOT AFFECT: DE.BLA

BITIN: EXX START OF BITIN
S PROGRAM
L DA :EXCHANGE
1 REGISTERS AND
VSTORE A
LOOPM: LD AJINPUT) FIND HIGH
AND 10H
JP Z LO0PM
LD E.BFH MWAIT 1MSEC
LOOPN: DEC E
JP  NZLOOPN
D EBCH ‘SEEIF 1 QRO FOR
L B2SMSEC
LOOPO:; LD A [INPUT)
AND 10H
CCF
JP NZ.LABE
DEC E
JB NZLODOPOD
CCF
LABG. Lo E.5DH WAIT 0.6EMSEC
LOOPP: PEC E
JB NZ LOOPP
LD AD ‘RECALL A,
: EXCHANGE REGS &
; RETURN
EXX
JB (HL)

BYTEQUT SUBRDOUTINE - WRITES A BYTE ONTO TARE
;X = RETURN ADDRESS
(GIVEN: A IS BYTE

USES: B
CALLS: BITOUT
‘CANMNOT AFFECT:DE
BYTEOUT: LD B.2eH START OF BYTEQUT
| PROGRAM
LOOPQ:; RLCA DOUTPUT BYTE
LD HLXX12
JP  BITOUT
x¥12: DEC B
JE NZLODPOQ
AND @FFH COMPUTE AND
{QUTRUT PARITY
JP PO LABT
CCFE
LABT: LD HL, XX13
JP BITOUT
X3 JB Y

BITOUT SUBROUTINE - WRITES A BIT ONTO TAPE
‘HL = RETURN ADDRESS

{GIVEN: CARRY IS BIT

USES: C

(CALLS: PULSE

(CANNOT AFFECT:DEB.A

GAGL AHYIINYT
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TABLE 1 {continued)

BITOUT, EX ARAF START OF BITOUT
; PROGRAM
SCF STORE ORIGINAL LABE:
 BYTE AND FLAGS
LD - IY.XX14 OUTPUT 15T PULSE
JP PULSE
X4, LD  CieBH WAIT LABC:
LOOPR: DEC G
JP O NZLOOPR
ExX AFAF JGET ORIGINAL FLAGS
: -AND BYTE LABO:
Lo A STORE ORIGINAL
: BYTE ONLY
EX. AFAF
W AT LABE:
EX | CARAE
LD 1Y XX15 QOUTPUT 2N PULSE
JF  PULSE
b A LD - E.88H WAIT LABF:
LOOPS: DEC
JP NZ LOOPS
EX  AFAF ‘RECALL ORIGINAL
i BYTE AND RETURN LABG:
JP (HL}
‘SUBROUTINE PULSE - WRITE A PULSE ONTO TAFE
;Y = RETURN ADDRESS LABH:
GIVEN; PULSE IF CARRY
USES: C g
CANNOT AFFECT.DEB
LABI:
PULSE: LD - AGSH START OF PULSE
» FROGRAM
JP NC.LABS ‘SET OUT IF
: REQUIRED LAB:
QR BOH
LABS: LD  [CURRENT _GAME OUT)A
OUT AND WAIT
LD E.24H LABK:
LOOPT; DEC C
JE O ONZLOORT
LD ALSH ;TURN OFF
LD  (CURRENT _GAME_ DUT)A LABL:
3=
SUBROUTINE CONVERT - CONVERTS DATA TO 7 SEGMENT
Y = RETURN ADDRESS LABM:
IGIVEN: A 1S TO'BE CONVERTED
JRESULT. A 15 CONVERTED DATA
CONVERT: CP-  G8H JSTART OF CONVERT LABMN:
PROGRAM
JP - NZLABA
LO . AZFH
JF 1Y LABD:
LABA; CP° 0H
P NZLAEB

has heen misrecorded. If incormect purity
1% detected when the compulter 15 reading
[rom the tape, 1t will stop eading, and the
LasT GamE FoUND display will show a
messape al three horizontal bars to indi
CHIE 80 BITOL

Before we go any further, we should
talk a litle about the memory mapping
used in the game recorder. The system
ROM resides from B8OOH to IFFFH.
(MNote that a capital “H™ indicates that a
number 1% wrilten in hesadecimal.) The
game cariridge occupies the second 8K
block—2000H to 3FFFH, The zame re-

corder’s RAM is located from 4000 to
SFFFH. Cassette 1/0) and the displays are
also memory mapped: The block from 800
OH 10 9FFFH is used for the cast came
Fo s clisplay and the cassetle dala oul-
put. while the block from AUROH to
BFFFH is used for the GAME SELECTEDR
display and for the remote cassette con-
trol. The cassette data input and the
switches are memory mapped from CH0
OH o DFFFH. Note that two 8K blocks (6
POH-7FFFH and ESOOH-FFFEH) are
not used.

The easiest job that our compurter has to

LD AD6H
JEL (D

CP a2H

JB NS LB
LD ASBH
JBE i

CP B3H

JP - NZLABD
LD | ‘A4FH

JE

CP  4H

JP.  NZLABE
LD ABBH
JP

CP (@5H

JP. - NZLABF
LD A BDH
JFCE{I

CP - DEH

JB MNZ LABG
LD - ATDH
JB

GP O

JB M. LABH
LD AOQVH

JP (I

GP gaH

JP o NZLABI
LD  A7FH
JF (1Y)

CP  0oH

JB o NZLABJ
Ly A aRH
AR

CP  BAH

JP NEZLABK
LD - ATEH
SRS

CP - BBH

JP MNZLABL
LD AFCH
JP {1}
CPBCH

JP NZ.LABM
LD A3EH

JP )

CP QDH

JP o NZLABN
LD AGEH
P ()

CP  B8EH
JP.NZLABO
LD ATSH

JE {rY)

LD AT
JB i)

END

do 15 to read the program ROM. As it
operates now, the computer can copy all
2K ® 8 ROM and 4K > B ROM's. As
vou might expect, it is possible to modify
the recorder to copy BK = 8 ROM's.
MNote, for example, that although an 8K
block was left available for program-stor
age RAM, the hurdware as presented has
provision for only 4K

We'll talk more about how 1o expund
the unit to record larger programs, and
show you how 1o build and wvse it, when
we continue our ook at the Atar gam
recorder next fime, R-E
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You can record the contents of your Atari 2600 videogame cartridges on audio casselte
tape! This month, in the conclusion of this article, we'll show you how to build the game

recorder and how to put it to use.

P t 3 WHEN WE LEFT UOFF

a r last timie, we were de-
scribing the memory mapping echnigue
that the game recorder uses, The last thing
that we wanl o mention on that subject is
that, for simplicity’s sake, all ROM s were
treated as it they were 4K % 8. That
doesn’t present any prohlems with 2K =
¥ ROM's because they ignore the most-
significant address bt However, we end
up with two copies of the carridge in the
4K » B space—the top und botiom halves
are identical. For the time being, re-
member that all 2K = B and 4K > 8
ROM's can be read by inputting to the
ROM 4096 addresses (all that can be ob-
tained from all possible combinations of
12 address bits), and saving the data pat-
terns that the ROM returns,

One of the goals of the design of the
game recorder was to keep the IC count
down. Therefore, the extra memory 1C's
that would be required to make room for
the system stack were not added, Thar
conflicted with our desire to vse sub-
routines (whose return addresses are usu
ally stored in the stack ). To get around that
conflict, return addresses are kept in the
Z80's internal registers. Thus, belore a
subrouting 15 called. the return address
desired is stored in an internal register, the
particular register is determined by which
subroutine is 1o be called. The number of
Z80 registers allows for up o three Jevels
of subrowtings, Besides that “trick.” the
software that we showed you last month is

. quite straightforward.

Building the game recorder

The author's prototype, shown n Fig,
6. was built on perforated construclion
board. Most of the conneclions were
wire-wrapped. (Even the discrete compo-
nents were wire-wrapped by lirst install-
ing them in DIP headers, and then
installing the header in a wire-wrap sock-
et.) Eighth-inch phone jacks were used Lor
cassette 'O and power connections, and
24-pin DIP sockers were used [or connec-
tions to the Atarn 2600 and 1o the game
cartridge. Note that a simple power sup-
ply, whose schematic is shown in Fig. 7,
was also mounted on board, The input Lo
the supply is [rom a 9-volt, 500-mA DC
wall transformer—similar to the trans-
former that the Atari 2600 isell uses.

[urning to Fig. 8, we see the con-

g

FIG. B—THE MAIN BOARD of the suthor's pro-
totype. Three SPDT switches, two 24-pin sock-
ats, and JVa-inch phone jacks are used for inpul/
output. The fourth jack i used for connection lo
8 wall transformer.
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FIG. 7—A SIMPLE VOLTAGE REGULATOR cir-
cuit can ba mounted on the maln board.

neclors we need to connect the main board
to the game cartridge and to the Atan
2600. At the top left is the cantridge con-
nector. [n the author’s prototype, that was
basically a4 DIP-lo-card-edge converter:
One side plugs into the 24-pin DIP socket
on the main board, while the other side 15
a 24-pin card-edge connector with stan-
dard 0. 1-inch spacing. Note that 10 make
wiring the connector casier. two [2-pin
jumper headers ure used 1o plug into the
24-pin socket. The wires from the headers
then connect o the 24-pin edge con
nector, If you look closely at the pho-
tograph, vou might note that an inverter 15
mounted hetween the socket and the card-
edge connector. Thats needed W invert
the rnanLE line because the program
ROM in the cartndge—as opposed o a
4K EPROM—is active high. The foil pat-
terns that we'll show vou shortly incorpo-
rate the inverter on the board.

Below the canndge connector is a sec-

ond board—which we'll call the aduprer

bogrd—hal is needed to connect the

GREL AHYNHE3d
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FIG. B—T0O CONNECT THE MAIN BDARD to the Atari 2600 and 1o the game cariridges, you need to

make up special connectors.

main hoard to the 260, Note that there is
also an inverter on that board.

On the nght side of Fig. '8 is a ribbon
cable with 24-pin connectors on cach
side, As you might have guessed, that is
used to connect the main board 1o the
26iK) {via the second board). A ZIF (Zero
Imsertion Foree) sncket 15 mounted on the
second buard for convenicnce. Note that
the ribbon cable is shiclded by copper
foil. You will most likely lind that shield-
mg the cable will be necessary.

Wire-wrapping a circuit of this com-
plexity is possible but, since wire wrap-
ping sometimes leads to problems in
troubleshooting and in mechanical integ
rity, a printed-circuil board 15 a desirable

alternative. Foil patterns for the compo-
nenl and solder sides of the main board
are shown in Figs. 9and 10 respectively. A
supplier of that board 15 available: Sec the
parts list for information.

The parts-placement diagram [or the
main board is shown in Fig. 11. Note that
there are a few differences between the PC
board and the author's prototype. For ex-
ample, while all the switches and jacks
were mounled on the muin board of the
prototype, the PC board is meant (o be
used with panel-mounted components,
Also, the inverters that were mounied on
the prototype’s connectors are now lo-
cited on the board. Note that pull-up re-
sistors [or some of the switches are locted

jriguues
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off-board. Those resistors, which were
not shown in the schematic, are shown in
Fig, 11.

You will still peed an adapter board o
connect main board to the 26060, and you
will have to wire up special'cables 1o con-
necet the main board to hath the 2600 and
o the game cartridge. The foil patterns for
the adapter are shown in Figs. 12 and I3,
Figure 14 shows the card-cdge pinout of a
game cartricge. ‘That, along with Figs.
1113 should help you wire vour cables
cormectly,

When you build the game recorder—aor
any other device that uses [C's—he sure to
use IC sockets. Starl by installing those
sockets, followed by the discrele compo-
nents, Thon't install any of the 1C7s except
the voltage regulator. If vou use a wall-
mounted trunsformer, install an 1/8-inch
phone jack ol the bourd for power con-
nections. Apply power o thal juck and
check for + 35 volts at the appropriate 1C
pins. Remove power and double check the
bourd for shorts between traces (solder
bridges) or for any other potential prob-
lems, When you're confident that the
board is in good shape, nstall the IC',
the two displays, and the relay.

Next, vou'll have to install the other
jacks and the switches, Since those are
meant to be panel-mounted, vou'lF have to
cut wires 1o the appropriate length. Once
that is done. you'ne ready to test the unit
o,

Using the game recorder

' Throughout this article, we've referred
to the vanous switches and displays that
are used on the game recorder. Now it's
time o tell you how o use them.

Six switches, two seven-scgment dis-
plays, and three phone jacks are used lor
input and output to the game recorder. If
you look at the photo in Fig, 6, vou’ll see
only three switches—each single-pole,
double-throw swilch is used for two func-
tions. You may wanl (o follow the same
setup; After all, vou can’t read and wrile
toy the cassette tape at the same time!

Let's give a briel overview of what the
switches and displays do. Then we'll go
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LL ll!‘!’ll L ] : -_I.

-.__l_'lll-lr_.

-~ o A

Bl THIIEE e

FIG, 9—THE COMPONENT SIDE of a PC board for the Atarl game recorder. FIG. 10—THE SOLDER SIDE of the game recorder board.
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FIG. 11—PARTS-PLACEMENT DIAGRAM for the main board. Mote the connectar pinouts. You will have
o wire up a cable to connect the main board to game cartridges and to the adapter board.

PARTS LIST

All resistors are Y-watt, 5%, unless
otherwise specified.

R1—220,000 ohms

R2, R3—1000 chms

R4—330 ohms

RS, A7-R%—10.000 chms

R&, R15—100,000 chms

R10—3300 chms

R11—4 7,000 ohms

R12, R13—120 ohms

B14—4700 ohms

Capacitors

C1—1 pF, 10 volts, electrobytic

C2, C3—.01 pF. ceramic disc

C4, C5—47 uF 10 volts, alectrolytic

Semiconductors

IC1, 1C8, IC14—74L500 quad 2-input
mAND gate

IC2—74LS74 dual D-type fiip-flop

IC3—Z80 microprocessor

IC4-1C8—74L5244 octal buffer

IG7—T4L5125 quad bus bufter

IC8—LM3800 quad op-amp

IC10—74L5138 3-to-8 line decoder

into detail on each function. The first
switch we’ll consider is the GAME SELECT
switch, 51, which is used to reset the
game recorder in case of failure. The
WRITE TalE swilch, 52, 15 used to initiate
the transfer of data from the game record-
er's RAM to a cassette tape. Switch S3.
rEAD TAPE, does just the opposite: It iniri-
ales data transfer from cassette tape to the

IC11=—2716 EPROM containing the com-
puter's oparating system

IC12, IC13—2016 2K = B static HAM

IC15, IC16—74L5273 octal D-type flip-
flop

IC17—7B05 5-volt regulator

DI5P1, DISP2—MANTAA or similar
seven-segment display

Other components

51-55—5PST momentary switch

S6—SPST toggle switch

Miscellaneous; 3% card-edge con-

nector, ZIF socket, wiring hamesses fo

connect main board to 2600 and car-

tridge, etc.

An EPROM containing the game-re-

corder program ig avallable for $15

postpaid from J&L Associates, 1133

Broadway Room 906, New York, NY

10010. New York residents must add

sales tax.

A set of two etched, drilled, and plated-

through boards are available from

E2VsI, PO Box 72100, Roselle, IL 60172

for 532.50 postpaid.

game recorder’s RAM. The rean car-
TRIDGE switch, 54, initiates the transfer of
data from the game cartridge to the game
recorder’s RAM. Switch 55, GaME s&-
LECT, is used to select the name of the
game that you want 1o save on tape, or the
name of the game you want to find on a
tape. You have 16 choices for a name: the
hexadecimal digits -F The final switch,

56, is the seTup/PLAY switch which is
used to put the game recorder in the mode
to play a game on the 2600,

The first of the two displays, GAME s5-
LecT, shows the name of the game that
you want to save or the one you are trying
to find on a tape. The name 15 selected by
the GamEe sELECT switch. The LAST GaME
rounp display is used to indicate the
name of the game that the recorder is
“listening to™ on the tape. We'll see that
the decimal points of those displays serve
another important function.

I

}-172 |NCHE341-|

FIG.12—THIS ADAPTER BOARD Is used to con-
nect the main board to the Atari 2500. We recom-
mend that you use a DIP socket for
convenience.

I_ CERERRRINND

ft— 2 INEHES‘F‘

FiG. 13—THE FOIL SIDE OF the adapter board.

There is one cassette inpul to the game
recorder (CASSETTE DaTa i) and two cas-
sefle outputs (CASSETTE DATA ouT and
CASSETTE on/orr). Note that the sche-
matic does not show the CAsSSETTE oN/OFF
output, Instead, the output of ICT7-¢ is
labeled ' 10 CASSETTE-CONTROL RELAY .
Although the relay is not shown on the
schematic, the board has provision for a
DIP mounted relay that can be controlled
by the output of IC7-c.

Before yvou use your game recorder,
keep the following notes of caution in
mind: NEVER plug a game cartridge in
while the game recorder is on. The 2600
should be turned OFF before the game

GBEL AHYMHE34
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FIG. 14—GAME CARTRIDGE PINOUT, Pin1is at
the lower left of the front (label slde) of the car-
tridge.

recorder is connected. NEVER turn the
260 on while the game recorder is not in
the rLAY position,

Reading a cartridge

Keading 4 game cartridge is perhaps the
easiest lask that the game recorder has.
It's also an easy function for you to initi-
ate. First make sure that the game record
er’s power is off and that it is properly
hooked up tw the 2600, Then make sure
that the serureray switch is in its serup
position. Apply power to the game re-
corder and close 54, the kEAD CARTRIDGE

switch, In a matler of milliseconds, the
contents of the game cartridge will he
transferred to the game recorder’s RAM.
II' you want to verify that the copy is cor-
rect, you can play the game.

Writing a game to tape

Once you have a game stored in RAM.,
you can transfer it to cassetie lape. First
make surc that the game is set up as be-
fore. If you're using a cassetie control
relay, attach the cassette output to the RE-
MOTE jack of the cassette recorder. Select
the name of the game (a hex digit from 0
F) by pushing the GaMe seLect switch.
Lach time vou push it, the Game sELect
display will increment by one. That will
place a “label™ on the tape that the game
recorder will be able to find at another
time. It's a good idea W0 name your games
in the order that they appear on the tape.

Mext set your cassette recorder 1o ne-
cord. (1 vou are using the remote control
oplion, it will not start until the game
recorder is ready. Push the wriTE TaPE
switch: the casselte recorder should start,
and the data transier will begin. Note that
the decimal point of the GaMe SELECTED
display will light, After the game has been
rransfermed, the decimal point will again
go dark. That’s your signal to stop vour
cassette recorder if you're not using the
remote control oplion.

Reading a tape

Loading a game [rom cassctic tape o
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FIG. 15—EXPANDING THE RECORDER to record larger games is possible. The software will have to be
changed, as will the address decoder. Here Is a possible decoder scheme to use for bankswitching.

the game recorder 18 perhaps the most
difficull operation. But if vou follow the
instructions carefully, you shouldn’t have
any problems. Hook up the game recorder
in 1is sctup mode as before, The first step
is 1o set the volume level. Once you learn
whal the proper level 15, you won't have to
repeat this step every time,

set your tape (o play a recorded game
{which you can recognize by the high- and
low-pitched tones). Then tum the volume
down and connect the cassefte's earphone
jack o the casseTTE-DATA IN input. Push
the READ rare button; the decimal point
of the Game seLect display should tum
om. Now turn up the casselie player's vol-
ume until the decimal point of the Last
Gamk Founn display just urns on, Then
trmn the volume up just a slight hit more—
about a hall number, if vour volume con-
trol is numbered. But don't tum it up too
It

Mow to make sure that the volume is
correct, set the tape to a place belore a
game you recorded. Then try to read the
tape. The LasT came ousn should indi-
cate the name of the game. When you're
finished with seiting up the game record-
er, press the RESET bution,

Now try to load back a game you re-
corded by selecting its name, setting up
the recorder, and hitting the read tape but-
ton. The Last came rounn display will
indicate the name of cach game the game
recorder finds. When it finds the selected
game, it will read it and stop the cassette
player when it's finished (if the remote
option is used).

Playing a game

Now that you have 4 game in the game
recorder’s memory—either from a tape or
Irom a game cartridge—you can play it on
the 2600, JTust move the SETURPLAY
switch o the Ay position and tarn the
2600 on. Your game should be ready to
play. Be sure to turn the 2600 ofT before
moving the sETuRPLAY swilch back o
SETUP.

Expanding the game recorder

As a final note; we should note that
many new games for the Atan 2600 are
8K long, The basic ideas of this game
recorder can be used o record those
gumes on cassetie (ape. However, you will
have to make both hardware and software
modifications. We won't go into detail on
how those modifications are made, but we
will give vou a head stan,

Figure 15 shows one way of adding to
the the address decoder to oblain bank-
switching ability. The soltware would
have to be written fo im the memory-
mapped bankswitching mechanisim on
and ol (by setting and resetting a flip-
flop, for exumple). The software should
include some way W detect and record the
ROM size. The last two bits of the header
could be used for that purpose. R-E



