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Minmie Subsustem Tor-level Seecification

Anstract
The Minmie subwstem lg & werv-lardse~scale intedgration imelementation

of 2 srecizlized sound sunthesizer intended for wse in the 3400 family esroduct
lime. This memo rrovides software and hardwere descristions of thet subswustem.

o

Freface
This memo hes two sections?

Section 1 which describes the role the Mimnmie Ffulfills in the
FAH0Q ewrodects znd

SBection 2+« which describes the herdwsre iteselfr slong with software
interface informatior.
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140 Minmie QUERVIEW P

The Minnie wes conceived zs &8n extromelw low-cosl sound sunthesis
IC intended Tor use in gzme cariridges For the ZA00 hcmé video game swsteme
audmenting the sound generation cerzbilities of the TIA chig sresent on the
3600 bosrd. As suchy it faces severs constrs ints on Arkeﬁ~ sizxer die sizes
external comronent count (rrefersble zeral)r and gengral eroducibilite. The
overriding concern has bheen to sroduce a ﬁ“1+h@«'w'«ub'u%t@m whose totsl coste
installed on the cartridger would he less thar $1.00 Thivs: an "aedd 744l Full®
design arrrosch was usedr Lo sood effect. Secordst™™ concerns were Lo gl e
the higshest auslite sounds rossible within the first comstreints with
sarticulsar attention being raid tot

1 Uercatwllt comany sounas sre availables wilh ROM~based waveforms

T‘E'f:it-“f’iih@f'f Orn & rer-dgame hesis

NV 2. Musicelite - musicelly useful festures, such a2 Fine Treauencw
resolution: wide ranges of timbre varistions snd carelful
choice of mnoise genmeration technicues

de listenebility - & wide dunsmic rance ganerastion techriaue sod
outrut section zesure low distortion and Migh aus :litw
Freviously unattainebhle st this srice moint.

101 SOUND SYNTHESIS FEATURESS

1o The outrut zudio will be & mix of three distinet voices,

r3

¢ The mixed outeut will have 2 ssmele rate of 28Khr (usesble uesrerp
frecuency sround 10 to 12 Khzdys and heve = chwrami o rbnﬁu
of 10 bhits,.

3 Ezeh voice will have sdeauate freauency recsolution (effective 14
bits) for music 211 the waw From 27H>x to the migh il

freavence (more rescolution at hidgher freausncies),

4. There will be two waveforms stored im on chis ROM. ch o wavefaorm is
.~ selecteble bw anw voice. Additionzlluyy three fived wavetormns
/ ) (trisngler, sausrer and sawtooth) zre avallanle, giving 2 totel
L of ?/wavpfmrm useable by anw of the three voices in anw
cnmblnatlon@

4 Eezch weveform conszists of 64 eight it sameles,

6+ Esch voice will have inderendentlw controllable shace relative to
other voices,

7+ Esch voice will have indererndent]w controlleble zmerlitude (i hits
of controly srovided szs three bits of exronent and three bils
of mantisssd,

8. Each voice will have indererndently controlleble noise modulations
to be described below., Fourp hit- of control allow sivtonn
e levels of rhese-modulation noice.s ranging from nesrlwe
q-»ﬁ imrercertible dither Lo uxdewmwectrum filtered noise effects,
WE This effect will very widelw derending urorn which wavetform ard
: pase freauency is selectod.

1.1 QVERVIEW OF THE DIGITAL OSCILLATOR

The zeerosch taben to sunthesis in the Minnie bezre some discussion
at this roints before delving into the hardware and control issues. This



invelves the ides of storing @ samrled waveform and elaving it out 2t some
given freauency,

The Hinnie dgenerates esch voice hye the uge of 2 digital oscillator
driving a2 waveform tables Esch of the 2 ROM-bzsed wavelforms 1 sbored 2s 44
g-0it semrlesr rerresenting one comelete cwcle of the waveform, The oscillator
is created by adding 2 constant values czlled the freacuency constanty Lo 2
varizble that we cazll the index at FTised intervels (28 KHz), By vareinsg tLhe
value of the freecusncy constants the reriod of time it Lakes Tor Lhe indes
Lo "wrar around® {overftlow! can bhe controlled. This effectivels sets bhe
Feriod of resetition of the waveforme arnd Lthus ite Treauency.

I the Minnie: the freauernce constant and the indes sre lé-bit
values: and the clock freauency is 28 KMz, Thuse once everw 3I7.% 08 the indes
i urdated be adding the freauencs constant to itr znd then the & most
significant bits are decoded to determine which of the 44 sameles is Lo be
ottt

For the Minnier, if the freauerncw constant iz set to 0001H: the
resultant oscillstor frecuency will he 2.34 MHer, Ircressing the value will
incregse bthe freauences ze governed bw bthe formuls

28000H: % (Free. const. / A5534) = outeut Frecuencws

I the Minnier the values for freauency camstant and index sre
soeessable to the srogrammer a3t 211 times. This z2llows some o i
Lo be doner such egs setting relative rhzse Detween oscilletors by sdivsting the
index valuesy frecuency sweers under erogram controls az2nd so one A11 of the
control informstion for esch of the three oscillators ig seoce
erogramnmer vie Lhe 32 registers Lo be desoribed bhelow

ive thiings

to hine

-

220 INTRODUCTION

The Minnie chir is intended to hendle susslementsre sound swunthesis
chores for dgames designed for the 3400 bsse unit/home comeuber Familw. ITh will
reside orn bthe elus-in softwere cerbtridges used with the bsese unit: snd will
communicste with the 3400°s 4500 srocessor via 2 tumber of resisters. The
outrul audio sigrel iz mixed with that From the TIA chir vesident within the
Dase unity sllowing manwy more effeclts than are rossible with the TIA 2lone.
The outeult sudio will be szssed throush & sin on the cart conmectar and 211
sudio mixing will be hendled on the 3400 bosrde with the mormel BF modulstion
section sending the mixed a2udio to the user’s TV audio section. Thie 2llows
the extended sound festures to be wused in 2 tramserarent fashicons with no
gxternal connections reauired.

Tt ds intended that the Minmie he controlled bwe dete values written
to 2 drour of 32 registers maeeed into XXYYXXXN in the 3400 =rocessor’s sddre
srace. These registers sre divided upr into four blocks of eight, The first
three blocks sre referved to s8s Uoice Blockss as sach controls the
charzcteristics of ome of the three voicess and the finel bhloek is referred Lo
ag the Chir Control Block. These redgisters ka% e describted in more detsil in
section 2.3,1 below. (h/’ﬁwﬂﬁﬁugj/

The unit is mede ur of Pive-beeic hlochks, Thes {
microcoded data eath/all used Lo imelement the 1l oseillate secumlator
functionss the ROM waveform storsge sectiaon: the znelod cuteul sections and
the 3400 srocessor’s bus interfasce conbtrol logice srd the FAM srrey conbaining
the 32 dete zrnd control resgisters, These sectioms will be described in deteil
nelow,

The chir is tied todether with three mador dats buses, These are the
adders’ Xbus and Ybhuse andg the{ﬂataFalﬁa boas used Lo communicsts with bthe

/

external date rads, \“m«w$r ------ e

2+0+1 Minmie BLOCK DIAGRAM

Yee fis, 2:0.1,
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21 DATA FATHALL INTRODUCTION

Thie Minmie’ s real rouer
The dats handled bw this cdats sa
thus the rath hes been ortimisz Pd
There is only one dats e
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sidn—~extension shifter’s ineut multisrlexer directle,

@ele3 THE SIGN-EXTEND SHIFTER

The si#gn extend shifter is wsged to reduce the meshitude of veluyese
arplied to its inputs. It ca2n revform s right shift of O throush 7 slaces
under the control of 2 Z-bit contrel Tield,

Associgted wilth the shifter are an S-bilt ineult multieslexer and o
1% stade rolw counter noise source, The multisrlexer zllows ineut to the
ahi taken from either the outrut of the ROM/free weveform losics oar
the random number ouberut from the solwe counter under microcode control.

Ze2 REGISTER ARRAY

The register arrav is used to contein the information necessary to
control the behevior of the Minmie. There are 32 registers in s contigsuous
gresz besed at XXHXXX in the F400 erocessor’s address serace. These ere divided
into 4 blocks of 8 redistersy with eazch block sssocisted with some single
function. The first three bloecks zve identical in furnction: ard are dedicsted
to controlling the three voices sroduced by Lhe chir. These are referred to
2 Yoilece Blocks., The finmzl blocks referrved Lo ze the Chir Control Block, is
used to surrort test modese reset funchionsy aod the liker zrd is rob intended
for normal use.,

B

The register lavoul iz as Followsed
Yoice RBloek 1

b FREOLL

1 FREQLH

2 VL

K TIMEREL
4 INTIE X 1L,
8 THOEXTH
& ot sed
7 T (reserved for intermal use)

Voice Blocock 2

8 FREG2L.
9 FREQ2H
&) VoL 2

B TIMBREZ
e I 2L
n INDEX2H
E mot e

F T {rese

ul
rvend for dintermnal uzed

Yoice Block 3

10 FREQZIL

11 FREQZM

12 U3

13 TIMBRES

14 IMIE X XL,

15 INDEX3H

1é& rnot used

17 T (reserved for internzl use)

Chie Conmtrol Block



18 CREG

1% rot wsed
1 ot used
e ot g
e STRORE
in not used
Lk ot wsed
1F ot used

The redgisters zre not intended to be resdeble. There doss exist o rezd
functiony but it is intended for btest Fixture use oflws art asttemets to use
it in o2 real-world serrlicetion are NOT RECOMMENDEDR,
Se2s1 VOICE BLOCK

The following section delves into the lswout and furnction of ezch of
the 3 Voice Blocks used to control the three voloes sroduced by the Minmiae.
230101 FREGRL

This register is uwsed Lo contain the low trete of the freeuverncy constant
for Voice n.

2:2.1,2 FREQnRH

This regieter is used to contain the high bete of the frecuerncw

constant for Voice rn.

333

Thie redgister is used Lo hald the volume control data for voice n.
The formezt for date written here iz 2q follows!?

MGR LGR
bit 7 1 bit &6 1 bit 5 | bit 4 | bit I 1 bit 2 0 mit 1 | bit O

ZER VLS YOL 4 YOL3 voL2 RIS YOLO N/

The MBE must be writtern with & zeror or unexesected tThings will come out {go
for it hackers!), The L8R is mot used,

2e2e1.301 VOICE VOLUME QONTROL

Valume control of esch voice is gccomrlisned by wsing 211 of bthe
carabilities of Lthe datsa Lt to scale the 8-bit szwrle fetohed from ROM to the
grrrorrizte value, The Minnie uses 2 siw-bit valume control fields contained
in the Volume resgister in esch Moice Rlocks smd irnterrrets thiz Tield s2¢ three
hits of exrornent and three hits of wantiszsa, Thusy siven an B-bhit szmele S
and 2 six-bit volume control field VOLS-VOLOy the ssmerle scaling is czloulated

he the following oreration? S b A sl 2 1
( vy + 2ve *f’/(/q/)
Ssceled = S50 1 + VOL2/2 4+ VOLL/4 4 VOLO/8 ) (2 axp (U5 90ba4-0L3))

The low-order term is caleulated bwe doinsg sthrift-snd-sdd orerations vig
the fast feedbachk rathy and them the resuylt ig run through the sidgr-extend
shifter for the ewronent shift, Im this waus the maximum resolution is
Freserved,
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T registerse roint st the came harduware register: threbw giving the FPOETEnmerr
the choice of Lthree rlzces Lo write to with rmo useful resulbs.

$e2e2 CHIP CONTROL EBLOCK

These redicters zre used te control the chiw during testing, andg zre
not recommended for normsl use. Whern writtere thew control the state of various
test bite 28 shown below. When resds thew relaw the contents of the intermal
deta bus Lo the rrocessor bus.

o [0 Holr

2+s2.2.1 CREG

Test mode control register

MSR ' LSR
b;ﬁ\? Il bit 6 1 hit 5 | bit 4 P bif 2 L Bdt 2 1 Bit 1 1 Bit 0

(ﬂ/ ?’7 RW FOLYRS j/w”ﬂ FREERUN 79 4

= ,//f’ﬂ'/\m -
HOROR SOk ok ok K
gdd in 8 seiffwe section amn whet the teat stuff does here,
Ak ROk Kok ¥k

[z Py Ly

de@e 22 STRORES
These bits: wher writtens cause something interesting Lo hesren
sometime soon. We’'re not sure Just owhate: Lhougsh.

MER LB
it 7 0 it 6 1 bit 5 ) pit 4 | pit 3 | it 21 bit 1 bit ©

2,3 ROM/FREE WAVEFORM LQGIC

Weveforme to be sroduced by the Mirmie are hendled in two wawe,

Ur until this roints it hog been sssumed that 211 waveforms were shtored im the
an-chir ROM. For verwy comprlex waveforms this i¢ & ressonshle asrerozchr byt

one that recuires that substentizl sreg on the chis be used merels for storsge,
It turns out thet simele waveforme sUCh 2% sauares sawtaoth and trisnsle Waves
can be mathematicaslly derived on the flwy in g very simele wavr using the
addressing circuitry alresdu eresent in the ROM, Thuss it wee rossible Lo

g#et the three simele waveforms esgentiazlly for free (in terms of chie Brea)y

in addition to the two FMOM wavelorms., Hencer the mame "Free® waveforms,

The *"free" waveforms are denerated by combinetionsl logic tacked oreh o
the sidgﬂgﬁﬂ%hewﬂﬁ v bt eeresr to bthe user aw if thew were normel ROM-bhaeed
data. NQ weirdies ould be encountered in their LG,

WaveTorm dete is a2ll encoded in two’s-comslement Forms snd it will g
fairly easy to redefine the co ntents of the ROM if reeded for s sereciszl e@ffwct
or unieue sounds for 2 rnew Same.,

A dgiven samrle of & weveform is selected in the following waw, The
Timbre redister in esch Uoice Elock conteinsg a 3I~bit waveform select field,
which is decoded to rick out the terdget waveform, If it ie one of the FOM-thased
waveforms (0r or 1)y then the & MSR’ g of the high bute of the index for the
current veoice are zerrlied to the & lesst sigmnificent address inruts to the
ROM, The 3 waveform select hits are sFelied Lo the MSR z2ddress inesuts to the
ROM? addrescind one bute. This hute ie then srocessed by the volume contol
sldorithm described above in sectian 2e1¢300y and sdded to the T ragistep,

In the czse of the free wavetorme (Sedy and 7y the actual index is
rraocessed, To esroduce waveform S, the sawtoothy the 8 MSB’s of the index azre
sassed through to the zhifter as dater unchenged, Waeveform S Lo couare wave.
#B888e8 only the MSBR of the indew, Waveform 7, the trizndles uses the 8 MSBR‘4
of the index., It uses the MSE ta exelusive-0R Lthe 7 newt most significant
Ditss shifted uer by ore. A zern ig shifted uer into the LSE, The values

thus



obtained are then trested exsctly ze the ROM dats shove.

2:4 4502 RBUS INTERFACE

The 4502 bus interfazce hes the resronsiilliy for decoding Lhe
sHnehronows bus signsle fFrom the Frocessory arncd sroviding 3 date Liv for
srcess to the various control and dets registers on the ohier vig the
internal DstaFalse bus. It also grovides lodgic that handles srbitration af
Frocessor accesses versus the swunthesis orerations on the Minmie’ s intermal
dats rath.

Le4.0,1 BUS INTERFACE ELOCK DIAGRAM

See fig, 2e4.0.0,

ded.1 BUS INTERFACE LOGIC

Hue to the surchronous meture of the AE027s busr and the beeicellw
sswnehronous (to the 4502) mature of Lhe Minnie s date sathe mnot 211
orerations 2re rerformed immedistelw, Furthers due to chir die size
limitetionss resds of the data contained in the registers on the chis sre
limited to testing rurroses,

Writes to Minnmie redgisters sre Frarformed immediatelys susrending
sreration of the chis’s interral dats sathr whersss reads reauire 2 ocweles.
Thusy in order to resd 2 redister. it odis necessare to do g rreliminesrw
read of the locations followed bw the real resd of the locstion. The

Freliminere read ehuts down the internal deta erathy znd moves the data Loy the
bus driver circuitry, Howevers any dats that shows ur during this ereliminsgry

read ie erroneous and should he discarded (it consiste of the lasst hute ol
data reasdy sssuming tLhat it nasn’t decaveds for the curious)d. The next resd
receives the actusl data.

Needless to seur reeads of the registers on Lhe cohir a2re NMOT FECOMMENTED

during normal orerations snd read-modifu-~writes sre RIGHT QUT. This shd it

fhas been rrovided srimerile for testabhility ressonsy overhesd hoe rot heen

minimized: and the information sbove hes been included for comeleteness onlu,

The chir was not intended 2% & random number sources 17-hulbe seratohead RaM,
or Pé-bute lookus table ROM. Sorrw.,

2e4,2 BUS ACCESS ARBITRATION LOGIC

Bus access arbitretion is made fairle simerle be virtue of the fact

that the errocessor slwsws wing. Irn the case of a writer Lhe rroceszsor’s write
is recodnized: the intermal Froceseing rath s storreds and the detz form the

FrOCessor’s bus is immedistelw grelisd to the dintevral dets bus and strobed

into the dinternzl regicster directle, In the cese of 2 resds the intermnel dete

#ath is storredsr the dats to be read is arelied to the intermzl bugs snd L

latehed at the externel hus driver radss readwy Lo he resd out on bthe next read,
Reads and writes are not destructivers insofar s the sound gernaratian

Frocess is concerned, There are onlw two wawe that srocessor socesses can
audivly disrurt the sound generation srocess,. One is the obvious sroblem of
changing waveforms, srhaser or suech while 2 sound is in srogrese, This will
result in an zudible cherndge in the outesut sounds althoush it will rot e ot
aghdectionable,

The other ig to make ton manw gecesses dn one 37.5 uf (28 KH2) pwele,

The internal microcode hasg ernoush seare time to allow ue to 14 single-cwucle
BCCRSSes In one 28 KHx tick. Exceeding this number will cause the Minmie to
reseat g samrle on 211 ite voicesy essentislly slissing one samele inm time.
This is 2lso not likelw to he otvectionabler zs it will he hard to even heap
2 sindle-samrle slie, Alsos it Will be hard to gel the 4%02 to write to the



#

fimmie that menw times in thet reriod.

2,5.0 ANALOG OQUTFUT SECTION

The anzlodg outeut section is resronsible for converting the 10-bhit
autrut szmele into sn 2rnslod voltase or currenty caraeble of driving the
avtermnel audio lime on the 34600 cart connector. It ig essentislly & 10-hit
momolithic DAC, followed bw 8 current buffer. It is necessarw For Lhe
auteut to be ebhle to swing 2 volts into 6.8k ohmsy sourcing 225 ud,

Linesrity would be nicer but we’ll settle For mopotonicitw. It a2lso
Wwill be necessarwe to design cearefullwr to avoid hassles with the sgobs of 4.0
MMz thet will be getting shoved ur the oubtsul sin,

2.6 MECHANICAL AND ELECTRICAL SFPECIFICATIONSG

The HMinnie will be contaimed in & S4-sin 3" DIP rlzstic sackade.
Tt will 2lso bhe roesihle to use it in & chis-on-hoerd environment. if desired.

Fed L FINOUT (obsolete)

Firg 1. PCRZ2 (1.8 MHz eclock from the 3400)
2, DR7 (Extermal 8-bhit bidirectiomal dats bhuse MERD
X DEA
4, Ry
Be. LIB4
G DRI
7o DR
8. Dkt
@ DHY  (Extermnal dete bus LSR)
10 A0 iEwtearnel asddress bus LERD
11. Al
L2 UEE (G
132, A2
14 AR
1% A4 %Mﬁg
1ée ALO heo-
17+ All (
18, AL2 ) -
19. ALZ 3
20, Aala
21 418 Jexternal zddress bus MSER)D
22 AUD (aAmalod audio outerut sin?
23 RUWF (Rezd/write)
24,000 (+5)

2,6,2 ELECTRICAL SPECIFICATIONS

The Minnie reauires & simzle % voll sueslwy redulated to within
+/-10%y a2t 2 surerly current of npot more thern S0 ma. Ihs maxfmum zirseeed over
level ground will be 23 furlongs rer forbnight:, with ztoregde conditions not
Lo exceed 100% humidity (non-condersing? =t 10 stmoserhergs-(10,000 uRar)y
énd it had damn well better rnot dissirate more Lhab 500'mM~§r we're 2l gonne
dig. Absolute maximum ineut voltasge is 7 voltsy shove which cstastroshic
discoloration of the eroxw pachkage can he ressonashly exwreclted.



