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AND COMMENTARY 

In 2002. I posted a tutorial on the 

Internet about a project I made called 

"Super Mario Clouds". In this work. I 
took an old Super Mario Brothers Nin­

tendo video game and erased every­

thing but the clouds. The tutorial 

explained my motives for making this 

work. and included the source code 

behind the work as well as technical 

Information on how the work was con­

structed. Over the years. I have got­

ten many emails about this web page 

with technical questions (people of 

course were free to use these direc­

tions to make their own Super Mario 

Clouds). and I have realized there were 

many parts I could have written bet­

ter (especially the technical section). 

So I am pleased to say that below I 
have rewritten this page. and have 

a ttempted to address the questions I 
have received from people over the 

years. Also. as a side note. I actually 

updated the code to this project in 

2003 (my laptop was stolen ... it was a 

bl�1 mess). therefore I have updated 

I ho code below as well. 

Below I will go tllrough the 

1mnce code line by line. The Ide here 

III I () simply write a pl"ogram that will 
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most of the world move. Believe me. if 

I could order pizzas (dominos has a 

great online delivery mechanism) by 

painting. I definitely would paint. For 

those who are interested. I have actu­

ally hacked the dominos pizza order­

ing system in a project called "pizza 

party" with help from my super-genius 

programming friend Michael Frumin. 

Google "pizza party" ... last time I 
checked it was the second result. So 

let's get back on track. the first line 

in this program that actually does 

This program is written in a program­

ming language called assembly. Assem­

bly language is the lowest level some-

.org $8000 

ClOUds_s tart: 

.dw c l ouds_s tart_add r  

c l ouds_s tart_addr: 

. i ncb i n  " c l ouds .hex " 

I like the idea of making things out ot 

trash (one can easily find an NES In a 
dumpster these days) and I like the 
idea of actually having to break Into 

Mario cartridge. burn my new Infor­

mation. the output of this code oom­

piled to a chip. and solder It In th 
one can program. It is one step away place of the old one. Please see S C-
from the ones and zeros. and in some TlON 2 of this tutorial for information 

cases involves actual ones and zeros. 

I tend to prefer assembly because it 

gives me control over the machine and 

assures me that aesthetiC choices 

are based on the hardware of the 

machine and not. say. some dupe at 

Macromedia. The above line of code 

simply says we will be writing this pro­

gram in assembly. The particular brand 

of assembly we will be using is 6502 

assembly. That Is because the Ninten­

do runs on the 6502 microprocessor. 

The 6502 Is the chip that made the 

Apple II possible and thus revolution­

Ized home computing. The N l ntendo 

runs on a modified vo r "'lon at thl chip. 
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on how to do this. The above lines ba 1-
cally set up our compiler and t II It 
that we would like this program to b 

also that we will later be worklnt;J wltt1 

a file called "clouds. hex". whloh I' 0 
data file of the clouds, 

cartridge what to do wh n w 

the reset button on the N S. Thl (Od 
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It frol'll Duck Hunt, Awerool'llf), I 1<1. Illtlrl 

to progralll In as Eli li bly IdnqlJl'lqll I(JOI • 

Inq l ex IlIpl(H; at code ['lO 11 nd IlY 

Chrl:-, Covell. rtnel �F; wit rl tI lit or 1111 
n Iii t W(ll I< III ror 1111'1 li nn (JOIIlf1H 11111 Ily 

il IllIl.tltl1 l i lll> h y IIC:llllrJ. III I llY 111'11111)11 

II,ml" "1" III" 1IIIn 11 11 1 (l<1� II r illili __ 

I n 1111" II n I Y (I<) 1111 II I I n I 1"1 I I, (lll I rJ.r I II 



se i 

c l d  

.vblank_c l ear1 

Ida $2002 

bpi .vblank_c l ear1 

.vb l ank_c l ear2 

Ida $2002 

bp I . vb I ank_c I ear2 

. vb l ank_c l ear3 

Ida $2002 

bpi .vb l ank_c l ear3 

se i 

c l d  

.vb lank_c l ear4 

Ida $2002 

bpi .vb l ank_c l ear4 

.vb l ank_c l e a r 5  

Id $2002 

bpi .vb l ank_c l ear5 

,v il l "nk_c l ear 6  

Idn $2002 

hpl .vb l ank_c l ear6 

Iii" 0 

I Ii � 0 

, "1",,, (lIlt_rom 
Min :1:000, x 

I'll" :1: '100. x 

Rln :1::>00, x 

t;11"I :I: \ 00 . )( 
l'ill"l 'I: 4 () () . )( 
Illn 'Ii '1 00, X 
t;11'1 IIII,O!), X 
l'ill"l til 'I Oil ,)( 
III 
11Ilil ,lllcH', (Jill 11"1111 

sta 

sta $2100 , x  

sta $2200 , X  

sta $2300 , x  

sta $2400 ,X 

sta $2500 .x 

sta $2600.X 

sta $2700 , x  

sta $2800 , x  

sta $2900.x 

sta $2aoO.X 

sta $2bOO.x 

sta $2cOO.x 

sta $2dOO.x 

sta $2eOO.X 

sta $2fOO , x  

i nx 

bne .c l ear_out_sp r i te s  

Idx #$FF 

txs 

jsr v wa i t  

jsr v wa i t  

Ever wonder why Mario and Zelda were 

little squares? The Nintendo can only 
display graphics in 8 pixel by 8 pix ,I 
squares. and can only hold 8k ot 
graphics In total. therefore Marlo and 
Zelda were simply adhering to th 

hardware limitations of the NlntendQ 

System. These two hardware limita­

tion defined the aesthetic ot mo t 
oflrly 80s vid eo games on the Nlnton­
do. "'rid IIlftklng 'on' tor ttll y t m 
If! c\ I'lilldy o'r t hatlO 1II1IIh!ltlonr'. Ba l OW I 
l ond lAP II-Itl on l nr I ht'll 'I rlltl <Inrlrldc;r 
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l oad palette 

+++++++++++++++++++++++++++ 

Ida #$3F 

sta $2006 

Ida #0 

sta $2006 

Ida #$21 ; background 

( powder b l ue) 

sta $2007 

Ida #$30 ;c l o u d  i ns i de 

(b I ue) 

sta $2007 

Ida #$11 ;h i gh l i gh t  

( b  I ue) 

sta $2007 

Ida #$Od ;out l i ne 

(b l aCk) 

sta $2007 

A typical NES Cartridge has two chips. 

One is a graphics chip, and the other 

is a program chip. Basically the pro­

gram chip tells the graphics chip where 

to put the graphics, and thus if you 

do this in an interesting manner, you 

have a video game. When making a 

'Super Mario C louds" cartridge, I only 

modify the program chip, and I leave 

the graphic c h ip from the original 

game intact. Therefore, since I do not 

touch the graphics from the original 

cartridge, the clouds you see are the 

actual factory soldered clouds that 

come on the Marlo cartridge. There Is 

no generation loss, and no 'copying", 

because I did not even ha ve to Ina 1(8 0 
copy. Wasss up. / 

The coua bn l uw/I:: whuru I 10(101 

up l'ho ,Ioudu. I hi:, I of III 1111(111:1 I lin 
.rlln (Clo'ldrl.ll<lx) w" 1'(11111<101 If) "nlll,,1 

III 1111) 1'1 ntll l'llll, 

l oad name tab l es 

+++++++++++++++++++++++++++ 

endasm 

array addr 2 

set song l oad l oop 0 

asm 

l dx #0 

Idy #0 

Ida #2 

sta song l oa d l oop 

l oad_outcast: 

Ida c l ouds_star t , y  

sta addr , x  

i n y 

i nx 

dec song l oad l oop 

bne l oad_ou t c as t  

Ida #$20 

sta $2006 

Ida 0 

sta $2006 

nametab l es: 

Idx #$08 

Idy #$00 

l o ad_c l ouds) 

loin 

Ida (add ),Y 

s ta $200'1 
I ny 

b ne l and IUIIl! 

txs 

Idx II !Ii 0 'I 
In o  I'l<iUI" , )( 
1"8X 
dll)( 
1'lIt) Illnol (I I 011" � 



thing and then turn the screen on. l oOp f o r e v e r  . . .  

The NES cannot just draw a picture +++++++++++++++++++++++++++ 
to the screen like a modern computer, 

In fact to make something that looks rna i n: 

similar on a modern computer would 

take about 3 minutes in Photos hop . It jmp rna i n  

Is too slow for that, so in order to 

change backgrounds one has to turn 

the screen off, draw a new picture, 

I'lnd turn it back on again. This is why 

the screen goes black for a split sec-

ond between worlds on most early NES 

games. I turn the screen on by plac­

Ing a sequence of ones and zeros into 

specific Nintendo memory location. 

One highlight of working in assembly 

language is being able to actually use 

ones and zeros. So yeah, above I just 

drew everything and below in the sec-

;+++++++++++++++++++++++++++ 
v b l ankzzzzzz 

+++++++++++++++++++++++++++ 

vwa i t: 

Ida $2002 

bpi vwa i t  

vwa i t2: 

Ida $2002 

bmi vwa i t2 

r t s  

l'lon "init graphic settings", I turn on That's it for the intro code. Now below 

I he screenl I make it scroll. 

A TV works by drawing a plc-
1'· ... +++++++++++++++++++++++++ ture faster than your eye can see, 

I n i t graph i c sett i ngs every 1/60th of a second. In Europe It 

... . , ........ ,++++++++++++++++++++++ is 1/50th. Every time this scan line 

gets to the bottom of the screen It 
"" 1 0011000 has to jump back to the top. This II 
�i2000 

11')1.00001010 

�Ii 2 00 1 

,++++++++++++++++++++++ 
in l V rlable ' tor crol l 

I I I I I 1,1 + I· I 1++·, ... . , ++++++++ ., ++ 

Hnl III I II Y::C:IWI I 

Hili N I '111f)W () 
I1n I ' 11 ; lll li I II 

called a vertical blanking Interrupt. 

The NES can only draw graphics to th 

screen when this line Is Jumping trom 
the bottom ot the screen to the top, 

BelOW Is the code whlcrl scroll'" t"hO 
cloud during this period wh n th 

I:Irly \1C1lnOu 

1111 I Irll'llIll'l I fl (10Cfi Jtl j·o '1 hu 

I1I<HlIll'ltll�11I1 or 1 1111 lolnvl Ion. 

: NM I Rou t i ne I I I ! 

; Ve r y  i mportant!!!! 

+++++++++++++++++++++++++++ 

dec DEL AYSC ROLL 

bne .end_no_scr o l  

Ida #$20 

sta DELAYSC ROLL 

Ida #$ff 

cmp $24 ;scr o l  

beq .NT_adj 

jmp .end 

.NT_adj: 

Ida 0 

cmp NTShow 

beq .Show_Zer o  

Ida #%10011100 

sta $2000 

Ida #%00001010 

sta $2001 

Ida 0 

sta NTShow 

jmp .end 

.Show_Zero: 

Ida #%10011101 

sta $2000 

Ida 11%00001010 

sta $2001 

Ido 1I!li01 / .. 
:; 11'1 N I : ; I,ow 

.lInol, 

I Hilt III 

r t i 

i rq: 

r t i 

That·s all the code. Now we just need 

to set the vector table appropriate­

ly. This tells the cartridge what to dO 

when you put it in. 

:+++++++++++++++++++++++++++ 
; Load Da ta F i I ez 

+++++++++++++++++++++++++++ 

.bank 3 

.org $fffa 

.dw nmi ;//NMI 

.dw start ;//Reset 

.dw i rq ;//BRK 

.bank 4 

.org $0000 

;//end of f i l e  

i ncb i n  'mar l o .chr' 

gotta be 8192 b y t e s  l onq I 
i nc l ude the grl'lphlcs 

for our emu lator . 

endasm 

The nd. The cortrld<;J l a  tJOlflf,lIIH , 
Not that bod. IIctually prOQr(1II1tt1lnfJ 

for I he No lo prot I Y fllrnplt:l. NOW I 
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11111 1111 to 1'1 c;lilp. Glilicil :11 CIION � r 
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C;ECTI ON 2: 

IIOW TO MAKE YOUR OWN 
a The first thing you will need to 

get is an original Super Mario Broth-
SUPER MAR I 0 CLOUDS ers cartridge. Not a "Duck Hunt+Mario 

Brothers" cartridge. but just a plain 

rhls tutorial will teach you how to old Super Mario Brothers cartridge. 
III ke your own Super Mario Clouds. Next you should unscrew the 
The process of making a NES car- plastic back on the cartridge. and 
trldge was orginally taught to me by inside you will see a circut board like 
BEIGE member Paul B. Davis. I n  this the one you see below. There are two 
loct lon I will pass this technique on chips on this board. The CHR chiP. and 

["0 you. Basically in short. the process the PRG chip. We are interested in 
will entail us taking apart an old Super the PRG chip for this project. Also 
Morlo Brothers video game cartridge. 

d oldering one of the chips in the 

art ridge. and then soldering a new 

n In Its place. 

\ 11 
lit 

please make sure the cartridge says 

NES-NROM-01 (01-05 in also fine). This 

let·s us know it is a 32k Nintendo cir­

cut board. 

b Next take some wire clippers 

and clip the legs of the PRG chip. I 
like to use the red clippers from 

Radioshack. 

c Once the legs are clipped you 

should be able to take the chip ott 
like this. 

d The end of the legs will still be 
soldered to the circut board thouqh. 

e Now. with a pair ot wire hold­

ers. hold a leg that Is stili attao h cI 
to the board. While you are holdlnq It, 
touch It with a hot solderlnq Iron, 

This will m It the wire that Is k pin 

It at taohed to th boa r d. You hould 
f III I the Ie 10 n. and you will b bit 
to pull It out f th 01 out boord. tJ(l 
I hll'l Jor (Jfloh Itll;l. 

N. )( I, �n I 
III nidi 

I..l I'lll II II V" I 
lIll [Jill IIl)n I II. I 111'111 

til ·IJldtil 
III I' II 1111. 
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b e 

b f 

c g 



\ 

h When you are done, the holes 

in the circut board should look clean 

like this 

The next part is the easy part, 

Get a drill, drill some startholes into 

the front of the plastic cartridge, 

Then with your wire cutters you used 

g Now you will need to solder a earler, bore out the plastic. You need 

socket into the holes where the pro­

gram chip used to be. You will need to 

buy a 28-pin low profile sockets. You 

can get these form Jameco.com. This 

makes it so you can take the chip in 

to do this cause the socket we used 

is too tall for the pastic case of the 

cartridge, so you need to drill out a 
hole so the new P RG chip can stick 

out. 

and out of the socket without resol­

derlng. This isn't so necessary, but I m 

always make mistakes, so it is kind 

precaution in case I need to make a 

Don't forget to label it! 

new chip. 

J To solder, just touch the pin 

and the solder at the same time, and 

you will see the soldering melt into 

the hole thus sealing the socket pin 

Into the hole. 

k Now you can place a chip into 

th hole. The way you make these 

hips Is by getting an EEPROM burner, 

It I like a CD burner, except for com­

put r Chips as oppoed to Cd's. I would 

\jot one trom Jameco. The klnda chip 

y u wi ll 'il t Is called a 27C256. This Is a 

21< : - PROM which Is exactly the same­

nt! th Nlntendo used tor cartridges 

111/1') Mi'I 10 Broth rs. I would also get 

111 (j t 0111 Jalll co.com. Remember to 
IIiClI @ U your -EPROM burner can 
burn t,ypo 2'/ 2% ohlp I So onc o  you 
IIf1Vt'I 'l hltj, ( r maybo trt nd hoa 
01 I rcI 'I') , you an c:l wnl ad th 

�I flli'l rloln www,iJolQoro 
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