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NOTESB
* Terminology

Each note in & song his an associated 10 bit freguency (except for noise motes)
and 4 bit attenuation which is cutput to the sound chip every time PLAY_SONCS
iz called. The initial frequency and attenustion valuss (storsd in 2 bytes)

are part of a block of 4 to & bytes that describe a2 single nota within a song's
EOM™ note ligt. The remiining bytes are used to indiczte sound chinnel, note
iype., gSurztion, and varicus timers &nd values associated with swept notes.

The fecllowing are explanations of nizmes &nd symbels used throughout this manual
to refer to bytes, or segments of bytes, within both a note's ROM note liet and
4 RAM song datas srex (gee Figurs 1)

' 1 is o symbel used to graphicelly upaf;tl Bite or nibbles within 2 byte

Br: means bit = of 2z byte, bit 7 being the mest zignificant bit

byte x: refers to the offget of 2z byte within & datz block, byte 0 being the
first byte in the bleock

MEN, LEN: MEN mezns the most significant nibble of a2 byte, LEN is the lezst
significant nibble

CH&. the scund channel upon which & note is to be played;, 0 = noise generator,
1l to 3 = the 2 tone generstors

SONCND: the song number of the song playing in a song data arex; 1 to &1;
SONCNO €2 means & special sound effact ix using the data ares

NEXT_NOTE_PTR: 2 byte address of the ROM location of the data block for the
next note to be played in a song

FO - F¥: the 10 bit frequency datz to be sent to 2 sound chip tone generator;
FO is the most significant bit, see data sheets, TI 7é4BY

ATN: & bit attenuation data to be sent to any of the four sound generztors

CTRL: 3 bit control data for sound chip noise genrator; FB NFO NF! (called
SHIFT in this manual), see cata sheets for details

NLEN: 1| byte that directly or indirectly determines the duration eof a note

FPS: & hit frequency prescaler, used with NLEM (o determine the length of 2

frequency sweaep

FPSV: 4 bit temporary sterage location for FPS; this variable gets decremented
evary VDP interrupt, and is relcaded {rom FPE

FSTEP. the size of a step in 2 {requency sweep, an § bit two's complement
signed value that is added to the current 10 bit {requency &t & rate delermined

by NLEN and FPS, 1 to 128, ~L to -128

ALEN: ¢ bit number of steps in an attenustion sweep
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AETEPS: ASTIPS is the signed, 4 bit size of a step in an attenuztion swesp.
can take values ! to 7, -1 to =8 (MISB » | meins negative)

APS: ¢ bit attenuation prescaler, used with ALEN to determine the length of &
frequency Fweep

APSV: 4§ bit temperary siorage location for APS; this variable gets decremented
every VDFP interrupt, and is raloaded from APS

® Fregquency sweeps and note duratien

“The time duration of ¢ note = the number of passes by PLAY_SONCS through the
note tizes 1&.7=s (the VDP interrupt pericd). (note that the time the note is
HEARD could bhe shorter: see "Attenuation sweeps” discussion) The number eof
PLAY_SONCS passes is always delermined dirsctly or indirectly by NLEN. KNLEN,
however, his two meanings, depending upon whether or not & note's {requency is
swaptl:

Tired frequency notes = In this case, NLEN is decremented every VDP interrupt
and therefore directly determines the length of & note:

duration = NLEN * 1{.7ms

NLEN should heve values in the rznge 0 te 255 (0 =) 256), giving & marimum
duraticn of = 4.I5 seconds.

Swept frequenzy notes - Here, the prescaler variable, FPSV, i{s decrezented
unti] zerc befcre NLEN is decremented. Once FPSV goes to sero, it's reloaded
from FPS; however, an initial value for FPSV, which enters into the calculation
of the the length of the first step in the sweep, is stored in ROM dlong with
the rest of the note's initial data, end it may be different from the relcad
value, FPS. For a frequency swept note: )

note duration = [((NLEN =1) * FPS) + initizl FPSV] ® 14.7ms

So, NLIN again determines mote duration, but in an indirect fashien (n concant
with FPE and the initia] FPSEV),

In the siss of & frsquancy sweapt note, NLEN can be thought ef as one of four
parameters that describe the sweep: 1) the starting frequency, 2 FSTEP, &
signed step size, i.e., & delta frequency that is pericdically added te the
current frequency, 3) the prescaler value (FF5) which determines the length of

time at any one {requency step, and € NLEN, the number of steps in the sweep.

The duration af sach stap in the sweep is given by the following:
duration Ist step = initial FPSV ® 1é.7ms
duration all others = FPS ® 14.7ms

Frequency sweep pirzmeler ranges:

FSTEP - signed 8 bit two's complement number: I to 127, -1 te -128; an FSTZP of
C tells FREQ_SWILLP that the note is not frequency swept, and the note's
duraticn is determined by directly decrementing NLIN (prescaler is disregarded)

TIPS - 4 bit frequency prescaler, used with NLEN to Ceterm:ine the iungth of 3
frequency sweep: D to 15 (0 =) 14)
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FPSV - € bit temporary storage location for FPS; this u.:u.blt gets
<-cremcntad every VDP interrupt, and (& reloaded from FPS 0 “to 15 (0 =) 16

MLEN - 3 bit note duration for a fixed frequency note: 0 to 235 (0 =) 25&
% bit number of steps for a srwept fraquency note: 2 to 2I5 (0 =)25¢)

Note durations:

Fined fraguency = NLEN * 14.7ms

Swent fraguency - [UNLEN =1) ® FPS) « jinitial FPSV] ® 14.7ms
guTkiion IFt BiE€p initial TPSV ® 14.7ms

Luration 2ll sthers = TPS ® lé.7as

=T Attcaustion sweepE

Volume attacks end decays can be though! of as attenuation sweeps: & sweap from
low te higher volume is an attack, a sweep in the othar direction is & decay.
trenuaiisn sweeps &ve crezted in a similiar fashion to the frequency sweeps
¢cccribed zbove, the primary difference being that attenuvation sweep parzmeters
don't teke on B8 Bit vzlues. The full volume range for the attenuation

cagisters on the 7648% chip is 0 (ON) te iS5 (OFF), so step sizes and number of
=raan migps grezter than 4 Bits aren't generally useful.

Just as in the case of & frequency swept note, attenuation sweeps have four
pirzmeters that describe the sweep' 1) the starting attenuatien, 2) ASTEP, &
=izned step size, i.e., & delta attenuation that is periodically added to the
current sttenuztion, 3) the prescaler value (APS) which determines the length
of time 2t any one attenuation step, and © ALEN, the number of steps in the
Sweep.

The prescaler parameters, APS and APSV, are the same site (4 bits) and mean
exactly the same thing as their fregquency counterparts. ALIN, the number of
steps in the sweep, is only 4 bits (compared to an FLEN of B bits), but 13
steps of even the smallest step size (¢/=1) can sweep a generstor {rom full on
to full off. ASTELP, in order to squeeze it into a nibble, has been limited to
2 4 bit sigrnad number (3 bits data, 1 bit sign). This gives a range of step
values frem 1 to 7, =1 to =8. This shouldn't be too limiting, since most
stienusztion sweeps are implemented with the smallest step size.

NDTE: Reca!! that, 2e far as SND_MANACER is concarned, the lencth of a2 nota is
determined, directly or indirectly, only by NLEN, a timer/counter that is
decremented during FREGC_SWEEP; i.e., the duration of & note is independent of
what is happening to its attenuation. Therefore, the progrizmmer should take
cere to see that an attenuation sweep isn't inadvertently created that ramps

the volume down to off befere SND_MANAGER, through NLEN, has decided that the
netes is aver, However, since ATN_SWEELP simply leaves the attenustion alone
once it's finished a sweep, the independence of attenuation sweep length and
note length may be put to good use: e.g., a sforzando can be accomplished by
raking an attenuation sweep (to a still audible volume) end before the rest of

the note.

ALEN, like NLEN for a frequency sweep, is the number of steps in an attenuation
sweep and can take on valypes frem 0 to 15. However, since a "step” consists of

3 tone (which may be frequency swepl) played at a fizxed attenuation levei, a

sweep of 1 step doesn't make sense. ALEN values, then, should range from 2 to
15. An ALEN value of D causes a swesp of sixteen steps (NCTL ATN_SWEEP "wrips
around” at 0 and 15, {.e., subtracting ! from 0 results in 15, anc adding ! to

15 results in 0),
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The duration of &n attenuzticn sweep cin be calculated as follows:

durztion untire Fwesp & [((ALEN -1) * APS) « initial APSV] r 14.7ms

Zuretion ist rtep - initial APSV * 14 .7ms

zwrztion &ll cthers = APS * 14.7ms

attenuvation gwesp pitemeter rInges:

ALEH: 4 5it number of slepe in 2n zltenuzation gweep; can take valuee from 2 4o
15 (0 =) 14 sieps).

ESTEP: ASTE?P is thes € Lit signed {iwo's complement) size of & step in an
Zttenustion sweed; can take velpes from 1 to 7, -1 to -B.

APS; & bit sttenuation prescaler, used with ALEN to determine the length of &
freguency sweep: 0 ts IS 0 =) 18).

ABSY: 4§ bit temperary storage lccation for AFS; this varizbie gets decramented
swery VDP interrupt, and iz rslosded from APS: O to 1S (0 =) 14

Descciptions of each of the siz note types follow:
= Rests
See Tigure 4.

byte O ES set indicates a2 rest, to be played on CH# in B? - Bé
durzticn = (84 = BO) * 14 .7ms, can tzke values 1 te 31

B Type D: Fired frequency, fized attenuatien
See Tigure 4.

byta O: header, CH& in B7 - B, note type = 0 in Bl - EO
byta I least significant § bits of the 10 bit frequency data (constant)
byte 2: MSN = 4 bit ATN data (constant throgghout the note)

LSN = 0 0 FG Fi, the top I bits of the frequency Sata {(comTianb)
byte 3: NLEN, durstion of the nete = NLEN * 14.7ms

® Type 1: Swept frequency, fired attenuation
See Figure S.

byte O: header, CH® in B7 - Bé, note type = | in Bl - BO
byte 1: least significant 8§ bits of the imitia! 10 Bil frequency data
Byte 2: SN = 4 bit ATN data (constant throughout the note)
LSN = 0 0 FO F!, the tep 2 bitz of the initial frequency data
brte 3: NLEN, number of steps in the frequency sweep, 1 to 235 (0 =) 238
byte 4: FPS ! FPSV, prescaler relocad value and initial FPSV
byte §: FSTEP, sweep step size, 1 to 127, =1 to =128

® Type 2: Fized freguency, swept asttenvation
See Fagure 6.

byte 0: headar, CH® in B? - B(, note type = 2 in B1 - BO
byte 1 least significant 8 bits of the 10 bit frequency data (constant)
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byte 2: MSN = ¢ bit ATH date Cnitial value)
LEN = C 0 FO F1, the top 2 bits of the frequancy dutz (constant)
byta 3: HLEN, durition of the note m NIEN * 1§ 7ms
byte € ALEN | ASTE?
ALEN = numbsr cf etepz in the sttenuvation sweep
ASTEP = wtep size, 1 to 7, —1 to -8
byte S: APS | APSV, prescaler relozsd value and initial APSV, 1 to 15 (O =) 146)

* Type 3: Swept fragmency. swept attenuatisn

Bee Figuoe 7.
byte 2: hezder, CHE in 87 - B4, note type = 3 tn Bl - BO
byte 1 least sigmitizant 2 Bits a! the (mitial 10 bit irequency daia
byte 2: FEN = &€ Eit ATN 4dztx Unitiz] valuae)
ISN = 0 0 FO FL, the tep 2 bite ef the initial f{requency data
byte 3: NLEN, no=ber of steps in the frefuency sweep, 2 to 255 (0 =) 2354)
byte 4. FPS | TP5V, prescaler relosd walue and initial TPV, 0 - 15 (0 =) 1&)
byte 5 FSTEP, sweep stap girs, § to 127, -1 ts =128
byte & ALEN | ASTEP
ALTN = number of steps in the attenuation gweep
ASTEP = step size, 1 20 7, -1 to -8 .
Eyte 7. AFS ! RPSV, prescealer reload value and initizl APSV, ! to 15 (0 =) 1&)

* Noise notas: special case Type 2 notes
Sea Figure 8.

Noisw notes ere uctes that are played on the sound chip noise generatsr (CHeO).
They are stored in ROM as & specizl case of @ Type 2 note, fixed frequenczy and
Fwept attenuation. They consist of white neoise with superimposed attenyation
decay, which creestes & percussive effest, such 2s 2 snare drum note.

Ingtszd of frequency information, noise notes are siored with three bits of
noise control data: T8 KID KI! tsee TI dats sheets 7443%), which remain
censtant throughout the note. Izperimentation with virious values can result
in credible percussion effects.

KLEN, &8 is the crse f{cr & reguler Typa ¢ note, directly determines the
durstion of & noise nota.

The sound chip noise generator is unlike the other generators in that sending

it redundant data (.e., the same datz that it has stored in its intermal

Tegisters) has an audible affect on its ouvtput. In particular, whenever

eantre!l data, redundant or not, ls sent to the noise generator, its intermal

shift register is reset, czusing u short pep er elick te be heard. This ismn't
annoying en an occasional basis, or when & new neoiss starts, but remember:
PLAY_SONCS is sending data to all four channels every 16.7ms. This would csuse
& noticeable lack of "whiteness” in the noise generatoer's output,

PLAY_SONCS zvoids this problem by referencing a dedicated CART RAM lsocation,
SAVE_TTRL (see Tigure ¥) each Lime before it sends control data to the noise
generator. SAVE_CTRL containg the controtl dats that wes outpotte the neise
generator the last time through PLAY_SONCS. 1If the noise control gata in the
pointed to song data &res = SAVE_CTRL, PLAY_SONCS doesn't send it out again.
If there is new data to be sent, that data is cutput and SAVE_CTRL is updated.
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byte
byte

brte
byte

byte

headar, CHEO in B? - Bé, note type = 2 in Bl - BO
MSN = 4 hit ATN data (initial value)

LSN = 0 FB NF0 NF!, noise control data

NLEN, duration of nota: NLEN * 14.7ms

ALEN ! ASTEP

ALEN e numbear of steps in the attenuation sweep

ASTEP = step sise, 1 to 7, =1 to -8

APS | APSV, prescaler reload value and initial APSV, 1 to 15 (0 =) 16

12
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OPERATING BYSTEM ROUTINES

INIT_SOUND
Contains ENTAY POINT: ALL_OIT

INIT_SOUND, usually called right after pewer on, turns off the sound
generators, initializes the CART RAM locations to be used as song dats ereas,
and sets up the four channel data arez pointers. Specifically, it:

1) directly turms off &ll four sound generaters. )
Z2) initislizes FPTR_TO_LST_UF_SND_ADDRS, & dedicated 1é bit CFU RAHN peintsr
which other sound routinss expect to contain the base address of & list in
CART ROM (called LST_OF_SND_ADDRS) &f the starting addresses of sach
song's dzta ares and note list. The address of [ST_OF_SND_ADDRS is passed
to INIT_SOUND in HL.
3) stores the sound-inactive cede (OITH) into byte 0 of n seng dats sreas. n
is passed in B and = the tota! number of song dats areazs used by the game.
9) stores an end of data ares code (00 fellowing the last data area.
S) sets the four peinters to the data areas for the songs to be played en
esch channel, PTR_TO_S_ON_x (z = 0-3), to & dummy inactive area (DUM_AREA,
which is actually a single OFFH byte within INIT_SOWUW.
€) sets SAVE_CTRL to an initial value of OFFH

INPUT: n
TYPE: 8 bit constant
PASSED: in B

DESCRIPTION: number of seng data arez used by the game

INPUT: LST_OF_SND_ADDRS

TYPE: 16 bit address

PASSED: in KL

DESCRIPTION: LST_OF_SND_ADDRS is the base address of a list of the starting
addresses of each song's data area and note list.

OUTPUT: 1) turns off all sound generators
2) initizlises PTR_TO_LST_OF_SKND_ADDRS
) writes inactive code to byte 0 of n song datz arees
4) stores 00 at end of song data aress
S) sets the 4 channel song peinters to the inactive DUM_AREA

é) sets SAVE_CTRL to OFTH

ALL_OFT

ALL_OFT directly turns off all four sound genarators, but does nothing te any
scng datz areas or the & channel data peointers.

INPVUT: none

OUTPUT: turns off all sound generaters
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JUKE_BOZX

JUKE_BOX is called to start & seng. Using a song number passed in B, JUKE_BOIX
loads the data for the song's fizst note into the appropriate song data: area

(the address of the area is found by using the song number as an index into the
LST_OF_SND_ADDRS table). It also formats the datz azrea's header and sets gp
the next note pointer. If the seng is & special sound effect, its nest note
peinter is set to the address of the speciai effect routine. The next time
PLAY_SONCS is called, that song's first note will be processed (thersby
truncating whatever song had bean "playing” in that data areal, anc the song
will have started.

Since starting & new song may have zltered the priority structure within the
song data areas, JUKE_BOX alsc calls UP_CH_DATA_FTRS to modify the channel data
pointers accordingly.

If JUKE_BOZI is called with ¢ song number of 2 soeng already in pregress, it
returns immediately (.e., it doesn't restart the song).

INPVUT: song number to be started
TYPE: B bit constant, 1 to &1
PASSED: in B

CALLS:  PT_IX_TO_SzDATA, LOAD_NEXT_NOTE, UP_CH_DATA_PTRS

CUTPUT: 1) moves the gong's first note datz to the zpproprizte song data zrea
1) formats byte 0 header of the song's data area
2) points nert note pointer in data zrea (bytes 1£2) to address of
first note in song, or address of speciil sound effect routine
3) updates the channel data pointers on basis of song pricrities
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SND_MANAGER

SND_MANACEIR should be called every VDP intarrupt (every 16.7 ms). It assumes
that the song €ata areas are stored contiguously in a data block beginning with

the data area assigned to song number one. For sach data area, SND_MANACER, or
routines which it calls, processes the appropriste timer and sweep counters and
modifies the frequency and attsnuation data accordingly. If the dats ares is
assigned to a special effect, SND_MANACER siaply calls that effect, and doesnt
modify any data. When a note is finished, BND_MANACER, using the datz ares's
next note pointer, moves dats for the next note of the song into the ares and

fll1s in keys bytes within the area to allow proper processing of the data arez
by the sweep routines it calls (FREQ_SWEEP and ATN_SWEEP). (SND_MANACER
considers a note finished when its frequency duration timers have timed out;
see the descriptions of the FREQ_SVELP and ATN_SWEIIP routines) A special
effesct is responsible for deciding whan itz ever and initiating the next nets

in the seng.

After the operstions upon a data area have been performed, the channel data
area pointers (PTR_TO_S_ON_zx) may be updated (see description of
UP_CH_DATA_PTRS in "UTILITIES" sectisn).

1¢ SND_MANACER reads a header byte (dn CART ROM) that has bits 3&d¢ get,
indicating repeat song, it will start the song again by reloading the first

note in the song, using the SONGNO portion (B3-B0) of byte 0 in the song's data
and the LST_OF_SND_ADDRS to find it.

SND_MANACER does not sutput the modified frequency and sttenuation data.
PLAY_SONCS is usually called just befors SND_MANACER to do this.

Specia! codes in byte O of the song data area indicate:

QFTH - data area inactive, de ne processing, do not modify channel
data ares pointer

BS-B0 = 42 - s special effect is to Be played; BND_MANACER cills the effect
routine

00K - end of song datz areas (SND_MANACER processes datz areas until

it gees 0 in byte O

NOTE: Seng nuzber | MUST use the first data zrea in the block of song data
I %4 T § 40

IKPVUT: nene
CALLS: PROCESS_DATA_AREA, PT_IX_TO_SzDATA

OQUTPUT: 1) decrements song duration and gweep timers
2) modifies swept frequency and attenuation values
1) calls special effects routines where Necessary

€ restarts the song I indicated
$) miy update the channel data area pointers (PTR_TO_S_ON_x
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PLAYBONCSE

PLAY_BONCS takes the frequency and attenuation data pointed to by tha four
channel data area pointers PTR_TO_S_ON_x) and outputs it to the four sound
ehip generators. Actien is taken on the basis of the each dita arei's byte 0:

1) If the pointed to data area is sctive, the frequency and attenuation data
are sent to the channe! indicated by B7-Bé (CH®) of byte & of the pointed
te dats area.

2) If byte 0 is OFTH Unactive), the channel te which that peinter is
dedicated is sent the OFF attanuation ecode.

3) If CKE = 0 (noise), the attenuation data is output. 1If there is ne new
neise coentrol datz to be output (determined by checking dedicated CART RAM
lecation SAVE_CTRL), ne control data is sent eut. Otherwise, the new
eontrel dzta ls sutput and EAVE_CTRL is updated.

INPVUT: neane

QUTPUT: through SOUND_PFORT,
1) current freq and atn data is output te each tone generztor, if
song/effect on that channe!l is active
2) noise generator is sent current atn datz, and contror datz, U new
3) modifies SAVE_CTRL if necessary



