POWER INPUT LAMP, LED, AND COIN COUNTER OUTPUT _— PART OF CONTROL PANEL
RST e uw“:;E] COIN CNTR
This circuit consists of coin counter driver Q4 and EXT N 'Y
data latch N11, clocked by the microcomputer’s address | |
RB2 decoder. When the input to Q4 is high, the collector [ oty J24
+22V SO *'_—Tc: +8.2V : goes low grounding the return of the coin counter in the ___-E sn—'m-/m ﬁs}
'15’ Rl coin door. When START/SELECT is clocked low, it W | 4 START & SELECT
cr9 N —1 grounds the START and SELECT LEDs in the control OUTCK | N LY
\ -1 14_/185 y +Ic73 = panel. When LAMP2, LAMP3, LAMP4, or LAMPS is . Cl" R75 45V Db
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3evac [x] » = Tee . . , ! M M N
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This circuitry consists of the PCB in- pez —2lsp “55”450 2 aubz s ¢ 2:;
puts and outputs for the +5 VDC logic 582 — 2 zuLF/F 2q|2— AuD2 e anf M7 ale
P + 5V power and 36 VAC input to the on pey —Hep /" 4ol aup I A
board regulators. The +5 VDC inputs e % —— Aupe QFJ’; SH/REC et
. : ] 12
rEeNse R2396 eV and outputs are discussed on the Sheet T' zu 3 Z: s
POLLUP) ‘ 1, Side A of this schematic set. PR23 %9 ‘%‘-9
wsv 2] . R W NGTSERESET
+|c4s lC!—ua.te-ua,zz-zs,ze-ae, The 36 VAC inputs are received by PART OF REGULATOR/AUDIO PCB
0T Tieo SRS . 3‘:;‘:; ;:)‘5’“' e%5s two full wave rectifiers. Diodes CR6
1 . . .
7] Yo and 'CR7 rectify the negative cycle of N
Mvsos3 oo ) the input and the 7915 regulates the 97 on 0 o i3
: >—o- 2 .
1 < I voltage at —15 VDC. Diodes CR8 and AUDIO 1 [%]____/\/\/\,_*H . 1N Jooo
-sense [iz] = CR9 rectify the positive pulse of the 36 | R1T 2 q5>——3 = s ‘ SPHR1
VAC input and the 7815 regulates the There are four sounds generated in the Lunar Lander Thrust passes through analog switches P5 when AUDO AUDIO * N J002AV M2 (5 |
voltage at +15 VDC. The 7805 game: thrust, explosion, 3 KHz and 6 KHz. All audio con- andjor AUD1, andfor AUD2 is high. When AUDO only is e 21 PISABLE T ae 1 eq 106 .01 !
regulates an additional 5 VDC for the trol lines are altered by the microcomputer when AUDIO, high, the thrust audio is at its lowest volume. When .104 l a —[o]Audio2 | 2N3904 T .001 Jox MA—H |
DACs. Zener diode CR11 supplies the from the address decoder, is low. The enabled audio AUDO thru AUD2 are all high, the thrust audio is at its I. +eis | T 470 Ro :
+8.2 VDC for the sample and hold cir- depends on the state of AUDO thru AUDS5. highest volume. 4066 x & = P—;ﬁ,.r R34 | NNV |
cuit. The +22V (unregulated) is used to The explosion audio is enabled by AUD3. The volume ufPsohe &R ) Iy ex | =B ;jﬁ e !
power operational amplifier R7 in the of this signal is also determined by the state of AUDO ___]C'z 3 47K | 210 |
. A 11
audio output. Thrust and explosion audio signals are both developed thru AUD2. AUD2 R332 : 10 1.0 :
by random noise from noise generator M6 and M7. The The 3 KHz audio and 6 KHz audio are enabled by s /20 : '|
resistive and capacitive network connected to the pin 6 AUD4 and AUDS5 respectively. The 3 KHz signal is used as 1.° AN | = |
input of operational amplifier R7 is a low pass filter that an audio warning of low fuel and indicator of proper oo __|5 ‘ : 13 c15
filters out the high frequencies for the thrust audio. The ROM and RAM operation during Self-Test. The 6 KHz ™ 2] auvion ‘ 1ok 10 . %go :
pins 8 and 14 outputs of op amp R7 develop two equal signal is used as the coin door SLAM audio and during 75> RI8 (w1 R2! <ol el iy T - AUDIO 2 [B]— o I ' ?75 4 ‘—+N'—‘ SPKR 2
amplitude, opposite phase signals for the thrust and ex- Self-Test to indicate proper operation of control panel fe 15 K FeC A s AUDIC &ND 100 TD: 13
plosion signals only. Pin 14 of R7 is the output for the 3 and coin door switch inputs and improper operation of _]‘° e MYL R3) ! 2002AV R22 CW
KHz and 6 KHz signal ROM and RAM fuee Aoes RN - oo .ot
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OPTION SWITCH SETTINGS +—| 1 ‘:E
Ra4
: : : if f ROM /PROM Check 22 Jos . :8;52) AMPLIFIER IS PART OF REGULATOR/AUDIO
Your game will contain either of two different sets ot program S. ec Lz < Tert e B AN 1S REPEATED O SHERT S oon
: of . . BO s : o\ " T
your game to see if it contains -01 or -02 program ROM/PROMs; then refer to the ap- P PO
. . , . . . DALY 10 >
propriate table below to determine your game’s option switch settings. el . e L
8 : - (K
The video output circuit consists of three individual circuits; X axis, Y axis, and Z axis Eﬁiﬁ 14 S can swcon — ¢
video output circuits. The X axis and Y axis video output circuits consists of a digital-to- pacxs—3Ble oy <68 "X'__“*__i_ : :
analog (DAC) converter, current-to-voltage converter, sample and hold, sample and hold DACXe —5 ADS61T o CENTER - H
. . . control, and amplifier. The Z axis video output circuit consists of a shift register and a sum- DACKT 4 :
Option Switch Settings Option Switch Settings mer P P g DACXS :; 3 6o c it )
. . . B . N
with -01 ROMs on Printed Circuit Board with -02 ROMs on Printed Circuit Board X and Y Outputs Daexa — e s6K v Tevore TL_. X6
~8.2V
. . , . s Bl
Switch settings of 8-Toggle DIP Switch Switch Settings of 8-Toggle DIP Switch . The DACs (B11 and D11) each receive binary numbers from the vector generator’s posi £ L
1(located at position P8 on the game PCB) (located at position P8 on the game PCB) tion countefs outputs. The§e numbers represent the location of the beam on the monitor. . Y +8.2V
81716151 413] 2] 1| Resuls 81716151413 2] 1 |Resuls For the X axis, the number is 0 to 1,023, where O is at the far left of the monitor screen, 512
at the center, and 1,023 is at the far right. For the Y axis, the number is from 0 to 768, where
On! On 450 fuel units per coin On | On On 450 fuel units per coin 0 is at the bottom of the monitor screen, 384 is the center, and 768 is the top. os
On | Off 600 fuel units per coin On | Off On 600 fuel units per coin The DACs convert these binary number inputs to current output. The DAC'’s current out- BN cncon
Off | On 750 fuel units per coin  $ Off | On On 750 fuel unfts per coin $ put is applied to the pin 6 inputs of current-to-voltage converters A12 and C12. The pin 5 +SVDAC
900 fuel units i Off | Off On 900 fuel units per coin . ! . . 83
off | Off el units per coin off 1100 fuel units mer coin inputs ensure that the null points (resting point on the monitor screen) of the pin 7 outputs "f*}‘j_
w On | On € uris per col are 512 for the X axis and 384 for the Y axis. R89 -
8 off Free play On | Off Off 1300 fuel units per coin g . a2y
O | On Coined play as determined by Off | On Off 1550 fuel units per coin From the current-to-voltage converters, the signal is fed to the sample and hold circuits. 22K lcss +15Y
o] toagles 7 & 8 off | oOff off 1800 fuel units per coin Analog switches B12 and D12 pass the voltages to sample and hold capacitors C77 and s 10p€ | <87
o ogg $ 2 N
C84. This is controlled by SHCON (sample and hold control). SHCON is derived by gating 3 oo ol o4 ENe _ ~
off | off *German instructions on screen off Free play MHz from the microcomputer clock circuitry and VGCK* from the vector generator’s SACYt ZR +8.2V 5 f‘z‘ Ttose
Off | On * Spanish instructions on screen On Coined play as determined by state generator. The result of these inputs insure that the pin 7 outputs of voltage-to- DACYZ 9 pee
On | Off *French instructions on screen toggles 8, 7, and 5 $ current converters A12 and C12 have sufficiently stabilized before being applied to the pacys—2ls Sex ey T
A On | On English instructions on screen  $ . . sample and hold capacitors. The output swing of SHCON is -8 to +8 VDC. When SHCON DACY4 ; ? | eee
w . Off | Off ‘Gemfa“ instructions on screen is high, the voltage charges or discharges the sample and hold capacitor to the voltage ::cc;'f . : sl o] SRes [y ao=
2 Right coin mechanism (as you Off | On ‘SpamSh_ instructions on screen value. The voltages are then applied to the second stages of A12 and C12 for an im- sacyT__Ola ok CENTER
5 face the game) registers: On g E’e‘;fj;‘ l'niuucctt]ions on scree: s pedance matched output to the X and Y inputs of the monitor. Since the monitor doesn’t pacvs— '3 .
On { On [ 1 credit per coin $ On nglish Insfructions on scree have field adjustable X and Y gains, the gains are adjusted by variable resistors R87 and DACYY —212 Sex
On | Off | 4 credits per coin R93 pAcyio — 31,
Off | On | 5 credits per coin Right coin mechanism (as you : | -ev
Off | Off | 6 credits per coin face the game) registers: Z Output _é'i?.“.___..z’
. . R t - =
(Left coin "IeChzmsm “’“’“5;5 8: 8;} i gz:;:sp:;c:;?n $ The Z axis video output receives six inputs. BVLD (beam valid), from the output of the -5y
registers 1 credit per coin vector generator’s position counters, tells the Z axis to draw the line. BLANK (vector line
Off | On |5 credits i ! )
Off OE 6 gid;ts zz: EZ:: blank), from the vector generator’s state machine, tells the Z axis to stop drawing a line. SEE MONITOR MANUAL FOR MONITOR SCHEMATIC DIAGRAM
(Left coin mechanism always SCALEOQ thru SCALE3 (grey level shading scale), from the output of the vector generator’s
registers 1 credit per coin) data latch, tells the Z axis the grey level shading of the line that is being drawn on the
monitor. scALE3
When BVLD and BLANK are both high, a high is clocked through shift register K9 that
« Important: When changing any instruction language switches, do not worry if the six turns transistor Q3 off. This allows the scale inputs to be passed through transistor Q2. scaLez
phrases ai the top of the screen still remain in the previous l‘an,guag e, and only the fuel When BLANK goes low, a low is clocked through K9, transistor Q3 turns on, and the signal ceaLel
units per coin phrase has immediately changed. Simply wait until the lunar lander is grounded at the base of transistor Q2.
“crashes” (in the attract mode), then the language will reset completely. In free play, the The scale inputs at the base of transistor Q1 determines Q1’s emitter voltage, during the SCALE® t— o0 -
language will not reset unitl the game’s start button is pressed. line draw period. The SCALEO thru SCALE3 resistors R36 thru R39,resistor R35, and resistor :wuz—] T
o ) . R40 result in a range of about +1.0 VDC when all are low and +4.0 VDC when all are I cf = LUNAR LANDER™
$ indicates settings made at the factory and/or recommended seftings. high. The emitter of Q1 follows at about +1.7 to 4.7 VDC, while the emitter of transistor BLATR A R POWER INPUTS AND OUTPUTS
Q2 follows at about +1.0 to 4.0 VDC. This output is applied to the Z input of the monitor.
; : . ! ; : L ® 034230-XX A
Since there are brightness and contrast controls in the monitor, there are no adjustments in -
this circuit. o /
0 A Warner Communications Company N © 1979 Atari, Inc.
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rsv — ) ) MPU CIRCUITRY ADDRESS DECODING CIRCUITRY
= m v ~
ERE : s !
10K X § The game option swit- Ras 8o
. &P ches are read by the MPU ‘ Lsid NOTE: 2 9 S
ol 1, s 2 lid when OPTS (opZion switch : 18 > THE MPU IN THIS GAME OPERATES AT A FREQUENCY Sd26 ga ’2: O ;:_:
5 5 , 2¢3 : o4 > OF 1.5 MHZ. THEREFORE THE MPU CHIP MUST BE Ara 3], g1 A The address decoder performs the function of turning on or
ol 5 & .. 212¢2 0 enable) is low. Switch tog- ! eRoe b l—l_‘] 6502A. THE 6502S MAXIMUM FREQUENCY IS 1 MHZ ais 14, TP ———1lo . cer perio o g ©
Tl - T iy, [ oe les to be read are selected H : o js bha = AND IS NOT COMPATIBLE WITH THIS GAME. ' vop't—  FPaGE enabling the appropriate circuitry at the critical time, so that infor-
JEDSE I 0l2c acs ﬁ d ¢ h ; o e s oMHE DEDRMOX mation can be transferred back and forth between the game cir-
ol s It 3], ¢3 DATA y ABO an AB1 from the P I IMHz BOODD | NOTE: cuitry and the MPU. The memory map below is for the Lunar Lander
Ll 13 4, ¢, MOX MPU. Switch toggles 1, 3, 6, e " oalde DO NOT USE SPLIT PADS ON = .
g2l s Is S|ie [ oee and 7 are read on data line p SOUNTER o7 l PCB FOR TROUBLESHOOTING s ——lohe (s Y3pl—PROMS game.
to! s 1 elico DBO and toggles 2, 4, 6 and M/ﬁ‘z 8?';73 1.SMHZ v PURPOSES ABl2 3 \Bﬁ'“:: p2— 5_":’:4? If you are going to use the Automatic RAM/ROM Tester, please
1! ol l | e 2 8 are read on DBI. Toggle in- _ ¢ ® O Asil 2iA wbi sroWe remember to remove MPU C3 and ground the WDOG DISABLE test
= - MUX H
DIP SW § § S Lﬁ puts are “on” when pulled g_im‘s e point.
o o < o oPTS to ground. L . . . 1 anle ABi2 —80 o3
R The clock circuit consists of crystal Y1 and associated inverters and —qiex Pl 23| @ A L I/Ib LD © 0 s el reTw
+5V counters C4 and B4. Counters C4 and B4 count the crystal frequency okt m R/We — 2|50 3 S nzpe TS
down to the frequencies necessary for the Lunar Lander game. — 3 v $2 A '8 vipE W
aa 'OAF I—@ asio —2]1a 4 e
34 2 L5244 {13 - g NOPO-T——SINPO
‘Esoau’NaTsR o P.R9% READY . —{k_ R/WB “02 DCDR /MUX
N - .
Bfzcx z:z 9 2‘:”:_ IRa » [ R 4,85 82 Rie :"' 4 3
H e 2y m ‘
20812 — 12Uz so ] % 1o —20 10
12} ,0r 0 L5SMHa—I3 _{k_ S VoK d2 ES) 8 12 spt!
R 20af- L_@ - ABI2 2520 b ab'©
L 22 | 9
il o \ _R——‘ ABIZ IMHZ 2 1pb2— NOISERESET
0PT|ONS INPUT CIRCUITRY 20 . t3 N 7 ABII AB(L 13),. bo:—— AUDIO
— AB 14 8 sSp—
o [ : L _(}\Q 'z ABIO A;: s o 4> BWMACNT
y— 4
CLOCK CIRCUIT 2 . Sl A y cl—
2 WDCLR
— c— o 9 l’@ A _[5\<‘ 14 AB S e 1 oll__ourcv_
: 20 L542 b TUAGO
+5V —— .
e -, SWITCH INPUT e <3 B O3 ro :gTribT USE SPLIT PADS ON PCB FOR S
9| | o & wnl ¢ o o . - +5V
2| x| 2| 2 MR 2 el NOTE: 99 6013 ad 10K TROUBLESHOOTING PURPOSES. IF A 7415244 IS
22 SHORT WDOG DISABLE TO (6502.A) -
(0K x § § GROUND WHEN USING = INSTALLED AT LOCATION B2 AND/OR C2, THE
8 FL [—(:) SPLIT PAD FOR THAT LOCATION SHOULD BE
9 jlo |1 R32 . 6 7] LS244 |3
ooz L . R:2 X Rl g AUTOMATIC RAM/ROM TESTER + f— ABT FILLED WITH SOLDER. IF A 7415241 IS USED, THE
ROT LEFT [i5] L' “' m'“ . il The coin door and con- s e ' 5 1_@ 2 _B\& 18 ABG APPROPRIATE SPLIT PAD SHOULD BE OPEN. MEMORY MAP
ROT RIGHT | S Do H .
wsonr 141 L2 TN o trol panel switches are read REsETl —s :[ ] 4> [>o +6V “ l_® ‘ —{k_‘ o ras ADDRESS 2 DATA FUNCTION
Game seLecT (R mmm T 04::5 by .the .MPU When SINP:‘ = tLeEe WoCLR as l_@ < HEXADECIMAL A15 A4 AT3AI2 AT1ATD A9 AB A7 A6 AS A4 A3 A2 A1 ao] = |b7 De D5 D4 D3 D2 DI _DO
coint [N} 2 'DO?—‘DS DATA' (switch input one enable) is I'° 134 5 —(h\& AB4 0000-00FF 0 0 A A A A A A A D DDDODTUDTODD PAGE ZERO RAM
— S22 ge) | low. Switches to be read are = Lsoolce ! 2 l—‘ e 1o 11 e 2000 R k o HALT
comz P L/ TTT L L>cr21py MO WR™- DB selected by ABO thru AB2 L . : e Di2AR N k AB3 o 1 0 0 o R SLAM SW
sTART [13] oo YN csik_alo v[E y b 0 During initial power-up, the delayed charging of capacitor C26 ' ool 4 0 (9 T _{}\& 9 ABZ 0 1 0 0 0 R ) 3 KHz
. . . I Y
g dslsls e $I 5 rom tde MZ”' ’? '"SE;S causes a preset of flip-flop D4 and a clear of counter D5. This results in 3knz e ls } . =, " 0 1000 R | D DIAG STEP
. . 0 0 0 O|JR|D
Jass Gy [eomi > smm—T are reha on ata line o holding RESET input to the MPU low. When the charge of C26 reaches . \a8l% ! - *[}\Q_‘ AB 1 0 1 0 0 1 o o 1]rloD coma
’ . §
A x7 P'—P_I_I_L__I_T 3 SV}:'tC IIInF(JiUtS are P on about 1.5 VDC, preset and clear inputs are removed. Counter D5 AN 9 TO 13 {K 7 AB® 2 0o 190 o 1 ofr D Eg::f
= ﬁ when pulled to ground. counts to 128 at 3 KHz rate and RESET is removed (goes high) from the coonter  |a wsv —24 7 ] 4 01 0 0 1 1 0 o|r|D GAME SELECT
input of the MPU. This allows the logic power input to the PCB to UBgq2cx m‘:: I3 P T Ros 2 g : g g : 1 ? ; : g :g??.cm
stabilize before allowing the MPU to begin its initialization routine. 208}'® e L ResEY reseT 229 reseT = row 7 01 0 0 1 11 1(r]o ROT LEFT
) ) 12 2¢LR 20m ,ﬂ P R 2800 o 1 0 1 0 0 O R D D OPTION
If the MPU program is operating properly, the MPU address 26 | @ +5v g 1 e 1 g 0 1R b D OPTION
. . . . yyieyaws . 0 1 1 O] R D D OPTIO
decoding circuitry will output the WDCLR (Watchdog clear) signal at 2 [—@ +5v R 01 0 1 0 1 1R D D OFTION
predetermined intervals. This serves to clear counter D5 before it N 20y Pty o PO R kb ppopobooD AN
counts up to the state that will create the RESET condition. If the MPU - + N 3200 01 1 0 0 1 w D ATTRACT LAMP 0
oo 1—@ (2l g E3  pg|2@ p87 0011 0 0 w D ATTRACT LAMP 1
program strays from its intended sequence and does not output the 29 TTEY RS S Y50 o586 01 1 0 0 W D ATTRACT LAMP 2
+sv WDCLR signal, counter D5 will count up to the RESET state and cause L] % P LLO] oS 0 1 1 00 w D ATTRACT LAMP 3
. TR T . . o 1 1 0 O w D START & SELEC
DIAG STEP (diagnostic the MPU to return to its initialization routine. FR9G 7 ‘(:;’:; B85 Lso4c AS :(‘:’ b4 .‘q Tl w o START & SELECT LEDS
4 A D83 3400 0O 0 1 0 1 0 w WATCHDOG CLEAR
[[o1.4 —— TEST -
3 P: § step), 3 KHz, SFLF TEST, POWER RESET AND WATCHDOG COUNTER T QNMT @ apils as(AMiwas)As 403) pa2 3800 0 1 1100 W DMACNT
100uh X2 PL SLAM, and HALT inputs are = Pplals Ib Jya 30 [ @) UBI1] g, XCVR 4, 13@) 0e 3€00 PR " b 0 PP T I TEnsITY
DIAG STEP Em 2 3 ter read by the MPU when = RS B PP f—® (8 g, a0 0Bo 001 1 1 1 o w D D TONE INTENSITY
4 2 rae SINPO ich i ' = 1o < 31 4 DIR_G 7 3E00 0 1 1 1 1 1 w NOISE RESET
seLrTEsT(o LYY 2l > [u a1 (S'W"lC input  zero E 2|7 Lowel co e [Goy 4000-47FF T 0 0 0 A AAAAARARAAAA D DDDODODDD VECTOR RAM
YT L a < enable) is low. Inputs are 3KHZ ck oV 3z 4800-4FFF 10 01 AAAAAAAAAAA|R|[DDDDDDTDD VECTOR ROM
i Mo be2 - Inp The NMI (non-maskable i i h GAGBOC GD C
L5367 . e non-maskable interrupt) counter causes an interrupt at the (@) of ¢ of = 5000-5FFF 1.0 1 A A A A AAAAAAAARIDDDDDDDD VECTOR ROM
ed 1> directly read by the MPU on . . . - fia T3 iz T 1 33 = of x| @ a 6000-7FFF 1 1 AAAAAAAAAARAAA A|R[D D DDDDODOD PROGRAM ROM
o 5 . NMI input of the MPU every 4 msec. The interrupt is derived by De ov
WALT | pRg data lines DB7, DB6, DB1, o i HESET = *
ol old ot 62 . dividing 3 KHz by a factor of 12 through counter C5. The interrupt oc- RESE R/IWB
8 oY 3xHE — T o5 DB2, and DBO respectively. h in 6 of i ter B5 I Duri the NMI
. =NFE I Switch inputs are active curs when pin 6 of inverter B5 goes low. During power-up, the 00000C NOTE:
;{—I—] h lled d : counter is disabled by RESET. During Self-Test, the NMI is disabled by EITHER A 7415245 OR AN AM8304B MAY BE
= when pulled to grouna. 5 TEST USED AT LOCATION E3. PIN NUMBERS NOT
i ] e - . — DIAC STEP, 2 KHz, and * ’ ENCLOSED IN PARENTHESIS ARE FOR A 7416245.
SELF-TEST are signals read PIN NUMBERS IN PARENTHESIS ARE FOR AN
by the MPU to initiate and NMI COUNTER AMB3048. RAM CIRCUITRY sy sy
control the game’s self-test |a Ile
. . [}
procedure. SLAM is a signal €2 o2
read by the MPU to indicate 501019 | 90-1019
the status of the antislam ag7 — A%
switch mounted on the coin . AB6 — A3
door. The MPU reads HALT The RAM is the temporary storage space for the ABS ; Az
NOTE: to determine the state of MPU and is enabled when ZPAGE (Zero Page ABS—, AL A
: . yvi . AB3 AQ RS
[ > = TEsTPOINT the vector generator. LUNAR LANDER™ enable) is low. When R/WB (from the MPU) is low, rBz—1 YRS
the RAM stores the data byte input (DBO thru DB7) Bl ——& o
MICROCOMPUTER at the location addressed by the MPU address bus AB® lZ as >
® (ABO thru AB7). When R/WB is high, the MPU reads Ri%e RIW
& ZPAGE —5 —— dcel
the stored data byte at the addressed location.
@ A Warner Communications Company © 1979 Atari, Inc.
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e IND O R B0 )
L IN5235 5 1'>cb |z Lsoo Lsoo ! IND I DB
L ‘ IND 2 N9 & pBZ
POTIN |F > —- R1Z ] IND 3 Ls24 DB3
100 4k i
5! +|¢so 290 1 IND 4 pBa
= : INO 5 —— DBS
I To |
— p—y — IND & —— DBb
) ) B D87
RR23 ~ “ -0l VERSION
3KHE o 26 -02 VERSION
~ [E) - N ~
P.R23 15 IND O s, +SY +SY 45V #5V  #5V 45U *5V 45V 45V #5V  #5V 45V +5V 45y +5v 450 oV rsy .
g pio IND 1 %04 s Program Memory for the Lunar Lander game is con-
10 QCO‘:’SN:;R INp 2 1_5{>06 tained in PROM s for the -01 version of the PCB or ROMs
9 . . .
) D 3 [ bsos . 2 haler |2ejn |6 2 e for the -02 version of the PCB. One ROM is equivalent to
H 3 s3 s3 s3
8 |18 &8 18 gLB 8 48 18 ls 8 (8 |8 lB 18 (8 |18 ls 18 &a 8 48 18 48 (8 A3 |is (Ls 18 (8 {18 0345%69 0354570 ;Dfs' | i' . ] four PROMs. All PROMs ConneCted, to a common
@ ETEL, [, [ [ T, L, e [ N I (I T - 34571 1034572 enable must be removed before replacing with a ROM.
i Al .

Player thrust control input POTIN is from the wiper of a 5 K-ohm potentiometer connected peos| | 034573 034575034 57|034577/034 5780345791 034580|034581 | 034582{034583/034584 |03 45851034586[034.5871034588 ':;: 22 i:’ For example, remove PROMs at locations F2, H1, L2 and
between +5 VDC and ground. The POTIN signal varies from +2 to +3.5 VDC, depending on s Luls ds ey ABS a9 asg — 23 AB M1 before replacing with ROM at location F1. A
the position of the thrust control. This voltage is compared with the output of digital-to-analog oR23 BT E SO i:f AB AB? ; A7 ROM/PROM equivalent chart is contained in Chapter 5,

. . . * F 7
(D/A) converter N10 at the pin 9 and 10 inputs of comparator R11. If the POTIN voltage (R11, pin Ha P9 a2 o5 N ib a 22: > :: a lllustrated Parts Catalog, of the Lunar Lander game
. . . . . S T =
10) is greater than the D/A converter output (R11, pin 9), pin 8 of R11 goes high. If the POTIN ‘: ¢ C;o':r'm ¢ f,— IND & ABs —2 As @ ama 4 IV manual.
voltage is lower than the D/A converter output voltage, pin 8 of R11 goes low. ® I 'NW/ Asd j Aa g ABz — > A3 g
. S AB3 L AsL —©

The D/A converter output voltage is controlled by the digital input (INDO thru IND?) from he ¥ AB2Z —1 Az N ‘ :\2 e
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. . . . . . . . 12
when pin 8 of R11 is high. This feedback loop results in a self calibrating “pot voltage seek” cir- ; 1nNo 7 ouT ABe—- o | b7 7__pgr )

. . . . t —_— 2. o
cuit. The counters continuously count up or down as they “seek” the count which will cause the ‘ ’l :‘;2 NiO b E:Z 2 g; i" 2 ’;22 e :s DBe
D/A output voltage to be equal to the POTIN voltage. IND 4 D):ffw pBS — 3 02 ,3 '3 e ';i i ‘;:i
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The state machine is the “master controller” of the vector machine is halted, the high HALT, clocked through latch D8, results ek YN S— = _6:.2 wx":ﬂ VLD 1 T AT R — L :Bz S LAV
. . . . . . . —rerewtvi . UNMDACXIZ - —8
generator circuitry. It receives instructions from the game MPU, via in a low BLANK to the Z axis output. o4 ez 2TOR o oa UNMBRCNTZ o] C; bl S o
the ve i i i - . : Her B ® “r
cessin Ct;: generator.RAM. lt.carrle:; O:‘]t these instructions bg(;; The microcomputer outputs an address that results in a DMAGO b s Yoy $are 22z .. a0y pera e o= o
. . Y] Y v oY o Y] ] ] r
memog € ap:)hropnate sectlon: of the vector generztor h signal that causes HALT to go high, and clears the vector generator A8|Lsio $12¢% {323 194 smbacxii— 2334 1144 137 okwAcyti—!
. . o a
state n?; ll’js,'ng Zviﬁtor generator prograRgAcAognter tf) Tc') so. 0_; data latches. This makes TIMERO thru TIMERS3 signals all low. The 2 % é % 2 % % § % § 32 § % % % H § % § § :z
. . - . . . ETAD > 2
chine reads the vector generator ata (via Timer 0-3) state machine now begins executing instructions, starting at vector sTop
and decodes this information to determine how it should use this memory location 0 5 KVLD ’5
data: 1) to draw a vector; 2) to move the monitor beam to a new ' S ; U Cerase 125 )0t —— TssTROSE o ]Syt —swo
i b or disolav: » ) When the state machine receives the operation code for a HALT The purpose of the vector timer is to time out the length of time it RATTETRoRE — 1203
position on the monitor display; 3) to “jump” to a new vector . Lo B ) : takes to “draw” an actual vector on the monitor display. During the inter-
memory address; 4) to return to a previous vector memory ad- instruction, it outputs a low HALTSTROBE, setting the HALT flip- | when the X and Y oositi ¢ tuallv d e th ¢
’ : ; . val when the X an osition counters are actua rawing the vector, . . o . L
dress; or 5) to tell the game MPU that it has completed its current flop A9, and suspending state machine operation. STOP is high. This pre\‘/)en ts the vector generator st:te machgine from ad- The X and Y position counters are two identical circuits. Therefore, the following description discusses generator memory data latches). This data contains information that determines how many clock pulses
instructions, and is waiting for its next command. The GO signals load and enable the vector timer and the Xand Y ing to it t state until th ¢ tlv being d . only the X position counters. . _ the counters will receive and whether the counters will count up or down.
o ] vancing to its next state until the vector currently being drawn Is com- The X position counters contain rate multipliers (J8 and K8), down/Gp counters (C9, D9, and E9), DVX09 memory data is loaded into rate multipliers }8 and K8. The function of these devices i
position counters and tell the ROM that the vector generator is now TOP ; ; : P v P J ese devices is to
The state machine consists of input gates B8 and E6, ROM C8, velv drawi Y § gf iy pleted. As soon as the vector has been drawn, STOP goes low, allowing multiplexers (D10, E10, and F10), and associated gates (B8 and H10). The output of the down/Gp counters space the desired number of counter clock pulses at equal intervals over the time period that it will take
latch D8, clock circuitry A7, and decoder E8. Four bit input TIMERO actively drawing a vector. The HALT lnPUt to GO |le lop A9 sets the state machine to advance to the next state in its intended sequence. is a 12—l?|t binary number that represents the horizontal location of the beam on the monitor screen (or X to draw the desired vector. This insures that vectors of different length will still be displayed with the
thru TIMERS is th ti ! de i t to the stat hi Th the outputs to ensure that the vector timer and position counters axis), with 0 being the far left side of the screen and 1023 being the far right side of the screen. Increasing same relative beam intensity. DVX10 and 11 are loaded directly into the counters. DVX10 determines ®
1s the (?pera ion code Input to the state ma‘c "‘19- e are not active when the state machine is halted. When a low Th ti . ¢ ltiol F6. decoder E7. and or decreasing this binary number output will cause the beam to move to the right or left, respectively. The whether the counters count up or down. DVX11 is used to control the select input of multiplexers D10,
A4 thru A6 address input to ROM C8 tells the ROM which instruc- s iy ) e vector timer consists of muitiplexer F6, decoder 7, and counters vector generator state machine decodes instructions from its d then i ble of using th E10, and F1
tions to perform. Add AO thru A3 from latch D8 tells the ~ C<> ROBE is clocked through A9, the vector timer and X and Y B7, C7, and D7. If TIMERO thru TIMER3 inputs are any state but all high data (o slter the binary count of these counters i one of two ways, b o e et he UNMI
lons to perform. ress inputs thru rom latc tells the . . ! — —, , L7, . . ata to alter the binary count of these counters in one of two ways. The UNMDACX1 thru UNMDACX10 (X axis unmultiplexed digital-to-analog converter signals) are
ROM which state was last performed. The address A7 input GO tells Posmon counters_begln to operate from the GO, GO a.nd GO decoder E7 directly decodes the signals and loads the decoded low into The state machine can preset these counters to an entirely different number from their previous con- transferred and stored at the output of the multiplexers on each rising edge of the 6 MHz clock (from the AW .
the ROM that the position counters are presently drawing a vector. signals. YVhen S‘TOP is clocked through A?, the Yector timer has one of the counters. When GO goes low, the counters count from the tents. This will cause the beam to “jump” to a new location on the monitor screen instantaneously, i.e., microcomputer clock circuitry). The DACX1 thru DACX10 signals are sent to the digital-to-analog con- Q amer Communicatians Company
The FALT input to A7 tells the ROM that the vector generator has reached its maximum count, and GO goes high. This means the vec- loaded count until the counters all reach their maximum count. This for drawmg a new yeator frqm a dlffergpt starting position than where the previous vector endgd. While verters (DACs) in the X video output. . '
| . / tor has been drawn. count is a maximum length of 1024. At this time STOP goes low and the beam is “jumping” to this new position, the beam itself is turned off to prevent unwanted lines from The DACX1 and DACX10 outputs represent the physical placement of the beam on the monitor. The
completed its operations. b ) o g g : . g appearing on the screen. To preset this new position into the counters, the state generator causes far left of the monitor screen is 0, the center is 512, and the far right is 1023. Therefore, if the DACX1 thru LUNAR LAN DER™
o ‘ . The YGCK input to the clock circuitry is a buffered 1.5 MHz clears the GO flip-flop of the state machine. LDSTROBE to go low. At this time, a new 12-bit number (DVX0-11) is loaded into the counters from the DACX10 signal was greater than 1023, the monitor beam would go off the right side of the screen and
During m,tlal power up of the game, the HALT signal is preset clock signal from the microcomputer. This is the same frequency vector generator memory data latches. 3 start again on the left side of the screen, a “wraparound” condition. To prevent a wraparound, the VECTOR GENERATOR SCHEMATIC
low. The microcomputer reads the high HALT signal through its used to clock the MPU of the microcomputer. The signal clocks If the TIMER signals are all high, ALPHANUM goes low and data The state machine can also instruct these counters to count up or down any specific number of counts. multiplexers’ select input from UNMDACX11 goes high when the count is greater than 1023 or less than 0. 034230-XX A
switch input port (buffer M10) on data line DBO. This tells the latch D8 unless the microcomputer is addressing the vector RAM or signals DVX11 and DVY11 are decoded by decoder E7. With this input the gh's. W'ltlh?agse the beam to mﬁvito the left 2(rjto the L'g::t ZSpecéf'c d'Stancigelat'vﬁ to whzre it Wa'; Thc'ls S}f Iec':s UNMDhAC;( 12 to be }? utput from the (rinultiplﬁxers to the DACs, forcing all zeroes or all ones,
. . L. . NIV . . R t, the beam is turned on with the desired intensity. This is the procedure use and thus keeping the beam on the appropriate side on the screen, instead of allowing it to wraparound.
microcomputer that the v ’ uiing This beam maovement. et . h . & p
o instfuc‘:ion : e e(;;ort gel’:!ergtor is ‘haltfefd a:d wal-l‘tlng for :((t)f\l"i S;emo"e;‘ (v;:hend VMENL ‘g(});es IQ;N%: the CLQC: input to counter’s maximum length of count is 64. to draw a vector on the monitor screen. The direction (to the left or right) and length (0 to 1023) of the vec- The XVLD and YVLD (X and Y valid) outputs from the X and Y position counter multiplexers are gated
- 1o ensure that the beam is oft when the state atc goes high and stays high until VMEM goes high. tor to be drawn relative to the beam’s current position is determined by DVX0-11 (from the vector together to enable the Z axis output, BVLD (beam valid). © 1979 Atari, Inc

Sheet 2, Side B
DP-136-02 3rd Printing

For Field Service Seminars




