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1. GLAresl DESCRIFTION

“MY1 ¢ i diaital, pipeline architecturerd, additive music synthesizer
chip. Thore are £ voices maiimum assigrahle with a total of &4 harmanic
ancillatores, available in groups at two, for voice assianment.

~MY?1 has 72 independent, piccewise linear envelope agenerators!

R fundsmental frequencyg envelopes and &4 harmonic amplitude envelopes.

A complete sound system requires addition of a D/A converter IC (up to
14 bit). To provide highergleyﬁl commands, the system will gener rally
include a controlling processor such as the.Intel H0%1L simale chip
microcamputer. .

2. FEATURES oL

Interrupt/Ready pin

o Simgle 40 pin DIF o
a 3u NM0S technology o Bus compatible with multiplered and
s Fipeline architecture ron-multiplexed bus microprocessors
o S MHz extermal clock o Full 16 bit digital output width
frequency (maximom) o Iridependent voice morle
o Integorated exponential ROM o Adjustabhle sample rate
o 1/128 ¢E harmonic amplitude o Programmable noise statistics
resaolut.ion & 1/464 ;emitone o 72 aomn chip ernvelope generators
. foundzrental Freqnancv resolutlon o Approximatels 37,000 transistaors
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S TIN DUIRCKRIFTION

Pir _Name Tupe i Function -

Vee I 40 +5 volt supply (ﬁ}ﬁ%).

GMND I 20 ;f. Ground;

RESET ' ) I 1 Reset. When low, performs a naster

reset on the AMY 1 chip. This signal
asynchromnously terminates device activity
and clears bthe System Oplions register,
System Control register, Seauencer,
Control Counter, Subsample Counter,

Phase RAM and Digital Outpwut Word (SAMF
bus) .

AL-n0 I S 1617 address lirmes. Used to select internal
AMY 1 registers when not in ALE mode.
A1 is the most significant bit. Al
and A0 should be tied to Ground when
) ALE mode is wused.
KD . x-_ . T2 . . Read strobe., Used to transfer contents
] . - of selected recister gnto the data
_ - hus line (DEQ-DEZ7Y. CS pin must be
A ' low to enable the AMY bus drivers.

']

WFR - —=I- 3 Write strobe. Used to load the selected

.. AMY reaister from the data bus lines

- B (DEO-DE7Z). CS must be low far the
transfer to take place.

CsS . I - 4 . Chip select, HWhen low, the RD and
’ - _ WR pins are ernabled. . When higb, DE7-DEOD
- o are tri-stazted. The onlyg time tihat
AMY drives_the data bus (DE7-DED) is
wherrn CS = D = 0.,

CILK I 14 3 to 9§ MHz extermal cloclk.

DE7-DED I/0 5-12 8 bit, tri-state dats bus used to
transferidata and commands betwpen
AMY1 and (the controllimg CFU. DE7 is
_. the_most significant bit.

SAMF1S-5AMPD 0 36-21 146 bit data bus used to Lransfer data

from AMY to am external D/A converter.
SkH’/( 2% is the most significant bit.

This bus is tri-stated unless the OE

pirn is low, This allows more than

ore device to share a single D/A converter.

QUTSTE a 28 Qutput strobe. When low, indicates
that valid datas is on the S5AMF bus.
See Output Timing diagram
{(Section 1Z2.2).



i P DUSCRIFTION (continued)

Fire Name Tupe Fim & Funcl.ion

INT/ZRDY I 15 Interrupt/Ready., When operating in
the READY mode, this pirn is high only
wherr AMY is not executing 3 commard.
Ir the INTERRUFT mode, the pin aeneratles
_ ) a3 1 clock period wide pulse when completing
a command,

ALE I 13 Address latch enable. Whern enabled,
laztenes address information from the
DED and DEL1 bits of Lthe data bhus.
The AD armd AL pins are grounded when
this pin is wsed., Hhen not in vse,
ALE should be garcounded.

Vo ] 39 Voice zero., Hhen operating in the
THNDIVIDUAL mode,_the V0 pinm will be
high during one QUTSTE pulse per_sawmple
preriod. Durirng this particular JQUTSTE
the datz orn the SAMF bus is the current

“ingze : sample for Voice 0.

5E T T -37' Qutput enable. When low, the output
| - :'A(Y\? -8 data bus is enabled, When high,
= D= .. the output PELdatzs bus is disabled,

 Seae
RESERVED - 18,1¢9 Undefirned,



be  CULNCTIONAL [ SCHIFTION

4.1 Musical Specifications

Civern a CLK frequency of 4 MHzZ with &4 Harmonics enabled:

Araplitude ngamic Range
Mirmirmom Amplitude Slope
Mauimom Amplitude Slope

Funsamental Frequency Ranage

Mimimom Fundamentzl Frequency Slope
Maximum Fundamental Frequency Slope

Mzuimum Amplitude Increment

- T ey -

Masimom Fumdamentsl Freauency Increment
Number of Hzrmonics:
Number aof Voices™

Number of Harmonics/Voice

Harmonic Distortion

-

¥ 1 cent = 1/100 c% a semitone

63,75 ok
1.91 dE/sec
3784 dbE/sec

A
{

4,8 Hr to 7.8 KHz
10 2/3 octave range)
S.97 centst/sec

118 semitones/sec =
?.8% octaves/sec

31/128 = 0.242 dE
31/2048 = 1.91 cents
64 (marimum)

8 (maximum)

Ay Multip;e of 2

1%
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AVY1 corcisls of 8 major bLlocks as shown in Figure 1 below.

Noise
Generator )
Exponential
- ROM
upP System Bu (Envelope
Interface Interface Generators
| : F DISP
l Phase
Generation
Segu
only “————ﬂ——J juencer & Argument
[ Formation
: v .- SIN
- .. Control - ROM
’ Bus a
Output . Digital
Accumulator = Output
16

Figure 1. Simplified Elock Disgram

Tihe Sustem EBus Interfsce block provides the wser with a3 standard
microprocessaor interface. The uwser sends sll commands and passes
frequency and amplitude breskpoint dats and current values over the

"uF Imterface" lirmes (RESET, RD, WR,—€S, DE(0-7), ALE, INT/RDY, Al, A0).

Tve Noise Generator block contains & small KAM, 2 serieal adder, and some
associzted logic. It gererstes two different channels of handlimited

white rioise simultanecsly. Cancdwidths are programmable by indtizalization

of the Noise RAM.



Thlersal Architecture (continued)

The Cnvelope Generator block contains the Voice RaM (VRAM), the Harmonic

aM (HRAM)Y) and logic mecessary 1O gererate the 72 piecewise limear envelopes
(8 Turdamental frequency envelopes and 64 Marmonic amplitude envelopes?.

The FAMs maintain a slope value, destination valuwe and current valoue for
each of the 72 envelopes (sece Figure 2y, The WVoice RAM, in addition

to slope, destimation and current value, contains 3 2 bit field {or

voice type selectiom. The total Ernvelope Gemerator RAM size is

(64 x BQ) + (21 x 14) hits = 278 butes.

\\(\\

Hﬂﬁﬁ Data Word Formatl

13 I =) | 8
Harmonic Harmonic Harmonic
Amplitude Amplitude Aamplitude
Current Yalue Destination Slope

VRAM Data Word Format

2\

13 ] g
Furndamerntal Fundamertal
Frequency Frequency
Destination Slope
and

18 } 2 | 1]
Furdsmertal Frequency Voice Spare ?
Current Yazlue Type o
Select

Figure 2. HEAM and VRAM Dats Word Format



The Envelope Generator block also contains the bLast Harmonic FPair Flags

(32) ard an assortment of adders and olher logic to generate all AMY envelopes
from hreakpoint information placed in Lhe HRAM and VRAM by Lhe sequencer '
wnder direction of the Sustem Bus Interface command decoder. The Envelope
Cerorator block also comtaims 3 Nolse Adder, This is wsed in qenerating

noise haserd voices. - |

The Exponential ROM converts the outputs of the 72 envelope generators

to a piecewise enponential form for use internally. The ROM permits the
AMY uwser to wse decibel units for harmonic smplitude specification and
cemitore wunits Tor fundamental Trequency specification, Not only are

Hata widths reduced between the uvser and AMY, but master amplitude scalina
2rd transposition operations are reduced to simple addition operations

i the controlling processor.

The Sequencer block comtrols all the other hlocks. It containms a3 7 bit
clock period counter amd 7 bit subsample counter.



6.3 Cusmpleote ANY Suaiem

A complote nound system requires Lhe addition of a D/A converter chip

{up to 146 bit). To provide higher level commands the system will gererally
irmcelude @ conmtrolling such as the Intel 8031 Simgle Chip Microcompoeter '
{see Figure 3 below).

wyhoard or 16 bit fAudiao
other > 8051 |S AMY1 f=-——1. D/a° —  Out

cortroller ‘ converternr (unfiltered?

"igure 3. Complete AMY System Block



.4 Trvelope Gencration

Erhvelopes are gencrated by the on chip AMY envelope generator block. -~ -
The uwser mag command the cenerators to make any piecewise limear

envelope desired by wsimg a8 slope and destimation scheme. fAssume that

2 particular cnvelope generator has been previously loaded immediate to
zer0. By lozding two breakpoints (slope-destination pairs) we can generate
the followina enveloped

‘ > time!

2
BP1l loaded ﬁP2 loaded

Figure 4. Fiecewise linear envelope.

at. point A, BF1 is loaded and the envelope starts rising at a caonstant
slope determined by the '"slope" value of EFl. The enrnvelope generator

will contirmue to increase im valuwe wntil the DEST value is reached.

Foirt B is called a "Free point" since 3 charnge in slope has occurred
without the user having to load amother EF. At Foint C, 3 BF with negative
slope and 2 DEST of zero has been loaded inmto AMY. The shsolute value

af the slope im EF2 is larger than that of BF1 , and thus it takes less
time for the envelope to "fz11" than it did to '"rise." Foint D 1is another
free point since when the DEST of zero is reached the ervelope remains

2 zero (elope is effectively cleared when the destimation 1is reascned).



Glore Tormed (coantinucd)

-

Oiwiously, to achicve "amootlh' piteh and amplitude modulation the "step!
miet e small,.  AMY sopports a piteh step of 172048 of 3 semitone

(A 5.,0028%Z change in freauency) or in music terms 0.0488 cents. The °
amplitude step is 1/128 of a decibel. Eoth the piteh and amplitude steps
were chosern so that pitch and amplitude ervelopes will be sensed as
veontinuous” to the human ear for all AMY slope values:

Mauimum Amplitude Imcrement = + 31/128 o,
Masimum Fondamental Frequency = + 31/2048 semitones

The harmonic envelope gernerators have a dynamic range of 64 di, therefore
the iotal amplitude slope dynamic range is?

1984 x 1061 €dB/20 A 3.2 x 10% to 1 (In volts/sec)

The pitch (fundamental frequency) has 38 range of 10 2/3 octaves or 128
semitornes. This implies 2z freauency slope dynamic range of!

1984 % 210:887 A 3.2 x 10% to 1 (in Hz/sec)



It is cosirable to have a very wide ronge of slopes from nearly instantaneous

chenyos in omplitede or pitch to nearly unperceivable changes in amplitude

ar pitch. To provide the AMY wser with an adequate range of slopes, an

evponentiial format is wsed for all AMY slopes. Hith this format, and

also becasuse all envelopes are exponentiated Ly the exponential ROM befare

use im the "oscillator" section of AMY, 3 tremendous duynamic range is

accomplished (see Section 6.1, Muosical Specification). The AMY slope format
e e

LA ) -
15,

siqn bit | exponent | 2‘s complement signed mantissa

7 b 5] 4 3 2 1 0

€ach AMY Harmonic Envelope Generator and Fundamental Frequerncy (pitch?
Ervelope Gernerator has its own slope byte. The sign bit determines whether
the slope shz2ll be positive or negative. The mantissa sbsolute value

may range Trom 1 to 31 (or be 0). The exponent determimes how often the
mantissz is added (2’s complement) to the current value of a particular
ernvelope. If the exponent bits are both one {11), the ernvelope will be
stepwise increased or decreased everyg other samMple period. AR exponrnent
of "10" reduces the rate by a factor of 4 to every Bth sample period.

An ewpornent of "01i" reduces the rate by another factor of 4 to every 32nd
sample period. Finallg, an exporient of "0pY czuses its coarresponding
ernvelope to be intearated only every 128 szmple. periods,. Tahle 1 shows
relative slopes for some szmple slope bytes.

Slope bBytle ‘ Relative.SIOPe (steps/sampile)

+/- E1 EO0 M4 M3 M2 M1 MO

0 0 0 8 o o o 1 +1 step/178 sample periods = 7.8 X 1073
1 g 0 1 1 1 1 ; -1 step/128 sample periods = 7.8 X 10-3
0 0o 1 0 0 0 1 1 +3 steps/3Z2 sample periods = 0.094

0 11 1 1 1 1 1 +31 steps/2 sample periods = 13.5

1 1 .0 6 0 1 0 © -28 steps/B sanmple periods = —-3.3

1 i 1 ¢ 0 0 0 1 -31 steps/2 sample periods = -15.5

Table 1. Slcpe EBEnamples

Notice that the ratio of the mamimum to minimum slope is 15.5/7.8 X 10_3



S . T Nowtinetion Mornat

Simnce all harmonic amplitudes have a 64 B duynamic range, @ sinale 8 bit
hyte is wsed 2s a destination valwe for each harmonic smplitude, This |
lesds te anm amplitude destinoiion resolution of: -

64 dit = 1/4 dE

256

Haormomic Amplitude Destination Format arnd Examples

D7 D& DS D4 D3 D2 D1 DO

0 0 0 0 0 0 1] o Zero Amplitude
i 1 1 1 1 1 1 1 Full Scale (63.735 dB)
0 ¢ 0 0 0 c 0 1 Minimom Harmonic Amplitude (0.2% dBED
jarmonic Am%litude {(dB)
29
£3.75 d8 1t - _—_ —~- -~ _ _

32-r

1/4 .

0 ! ¥ Destination Value
1 128 255

Figure 3. Limear Function of Harmomic Amplitude Destination



Destination MNormat (continuwed)

Siree all Fundamental Frequency envelope generalors have a3 128 semitoneg
rarge and a frequencg resolution of 1/464 semilones Tor the Destination-
ie desirable, 13 bits are wsed in the Frequency destination word.

Frequency Destination Format

7 I b

Semitone ATARL tone™
field field

aazin the Fundamental Frequency (in semitones) is s linmear functioﬁ of
Destination wvalue.

rundamental Frequency (ST}

/N
127 63/64 L
(7798.18 Hz)T — — — — — — — = — — ~ ;
127 62/647 —_ e e e . —— — — - — -~ |
(7791.15 Hz) !
! ]
; | :
[
|
/] !
Lo
Lo
Lo
1L/64 i |
(4.804C5 Hz) |-. _ : ‘
0 - : — Destination Value
1 8150 8191

{4,80188 Hz)

Fiqure & Furndamental Frequerncys vs. Destination

Notice that a2 Destimation valuwe of 0000 Hex gields &8 mon—zero freauency
ard that the frequencys resolutien around 0 is A 0.002 Hz per ATARI tone;
st 8191 (or 1iFFF Hex), the freauency resolution drops to & 7 Hz per ATARI

torne. This is desirable snd is made possible by the axporential ROM.

Complete slope tables, computed for 4 MHzZ clock rate using 64 harmonics,
are included in Appendix I.

=1 ATARI torme = 1744 semitone



7.1 AMY Caommand Set

-

A command may be sent to AMY by setting ¢S = At = 0, RD = 1 and WK = 0.
The commard will be lstched internally off the data bus on the trailing
edge of the HR pulse. Easch 8 bit command contains am opcode fronm

2 to 5 bits im lermath, and one or more operands (see Table Z below).

QE? DES DES DE4 DE3 DEZ2 DE1_DED _Command

|
0 0 0 0 i U2 Ul VU0 MWrite Fundamental Frequency Ereakpoint

i
i
‘o 0 0 1 0 V2 V1 VO Write VYoice Tupe

to 0 0 1 1 V2 Y1 V0 Read Current Fundamental Freauency
lo o 1 0 S03 S02 SO01 SO0 Write System Options.Register

\0 0 1 1 X X SC1 SCO0 MWrite System Control Register

0 1 HS H4 H3 H2Z HL HO0 Write Harmonic Amplitude Ereakpoint
1 0 HF4 HF3 HFZ2 MHF1 HFD DO Write Last Harmonic Fair Flag

(l.oad SC1 it = 0)
D1 1] NS N4 N3 M2 Ni NO MWrite Noise RAM

' , (l.aad SC1 bit = 1)
1 1 HS H4 H3 HZ HLI H0 FRead Current Harmonic Amplitude

.
I
|
i
!
1
i
i
i
|
i

Table 2. AMY Eommands

vz-uos Uoice Humber
SU3-500: Sustem Options register bits
SC1-S8C0: Sustem (Control register bits

HS—-HO: Harmonic Mumber
HF4-HFO0? Hzrmonic Fair Number

NE-NO 3 Noise RaM location
X Dan‘t care :



F.2 maM ond Register Areas

User acccess to imternal RAM and register areas is through 4 eight bit
registers: 3 data (Reg A, Reg B, Rea C) and one commantd register.
Figure 7 chows all AMY registers and RKAM areas which are manipulated
by the AMY command set. To write to AMY (e.g. "Hrite Fundamental Freauency
Ercakpoint" command), the user first sets wup the proper values in the

data registers A, B, and €, then issues the command to AMY’s Command register.

Wher readina data from AMY (e.q. "Read Current. Fundamental Frequency”
command), the wuser first writes the command to the Command register, ULhen
reads the value from the data registers.

Fach of the 4 registers is read (RD=0) or writter (WR=0)-to through the

data bus lires DEQO-DE7 wsing a wnique address on AN-Al (see Table 27.

Ir the case of a read from the Command register, AMY’s internal bus will
appear on DEQO-DE7. This has no operational uwse and is provided fro diaqgnostic
PUTRPOSES

IB(0-7)

|
|
. !
|
: b JES—
QUTPUT REG B! S
BUFFER * | | vram
| I i I
- %
DB (0-7) INPUT : = .
N BUFFER
REG NRAM
COMMAND
REGISTER
ol r
SOR SCR LHPF

Figure 7. AMY RAM and Register Areas



S.3 0 oMY Deic Reqislers

There are 3 data registers for pascing data thetween Lhe user and AMY

irtuermal RKAM and Regicler storage areas. In general, the wser loads the
recisters before sending a ‘HWrite’ command to AMY (e.g. "Hrite Fundamental
Freaquernecy Breaskpoint™). Likewise, the user will read data from the registers
aftoer sendimg a ‘Read’ command to AMY (e.g. "Read Current Fundamental
Frequency'?. The reqisters are named Rea A, Reg B, and Regq C and are

alwaus directly accessible to the wser since they have wnique addresses

{see Table 3)-

S Al a0 Fegister Selected

) 0 0 Command (Write only)

0 0 1 Rea A _

0 1 0 Reg B (Read or HWrite)d
3! 1 1 heg C

1 A Nore

Table 3. Feqgister Selection

Nata bus limes DEO through DE7 are uwsed to pass all data between the user
znd the AMY reqisters.. DEO throwah DE7 act as imputs (tri-state) vnless
KD = CS = 0, in which case the bus is driven by AMY with the contents

of the selected register. If the Command register is selected, the AMY
interrnal bus will be read.



g, WTRATING FROCECDURE

8.1 Initialization
8.1.1 RESET pim and Fower up Sequence

Tuo Milliseconds after power p, when Spec power supply and
clock requirements are met by the AMY interface circuit, the
REoET pirn mayg be released (see Figure B8). Alternatively,

2 mg after power uwup ¢and before), the RESET pin _must be held
equal to or less than the UIL spec for the RESET pln {5
Figure 9. .

| !
i v 5 v
e i T "
555 ? 49 ‘ ) e
ar !1 2 Vin e = = e = = = omom o= m =o e oe==
other AMY RESTY : e e mm - - - via.mw
circult [ V0.3V
1 20 - - —_ - o — -

Figure 8. RESET with Standard uF Suystem Reset Circuit

— =7
© L ﬁf‘afm
i

v - .
cC ! 7 . ] :
I 40 + v . : L5 v . :
R E . —_— 1 !
R T 1 AMY ’ | | FCLK valiq = 10t
. PRl
L | ! ; '
¢ T 20 : RESET ! ! ; IL ’
v i ] | 1
: " 2 mame g

Note: RAC requiremants depend on V.. riss tima,

]

Figqure 9. RESET with RC (see Appendix II).



7.4 Gther User Accessible fregisters and RAM Areas

AMY azlwo cormtazins other internal reagisters which are loascded by sernding |
variouws commands to the AMY Command reqgister. These registers are the-
Suctem Options reeister, the System Corntrol register, and the Last Harnonic
Fair register (see Sections 7.3.3, 7.5.6, and 7.5.8, respectively).

Other AMY commands pass data to or from AMY RAM areas. These RAM areas
include the Voice RAM, the Harmonic RAM, and the Noise RAM. The VRAM
cortains the vurrent fundamental frequency, fundamental frequency

breakpoint, and the voice type. The HRAM contains the current harmonic
smplitude and the harmonic anmplitude breakpoimt. Initial conditions of

the NRAM may be loasded to obtain specific handlimited white noise statistics.

Irn aerneral, all registers are loaded directly with 3 single one byte write
aperation (even the SOR, SCR, and ILHFft are loasded from aperand data in

the command byted., Alterrnately, RAM areas are read/written to indirectly
by using Reg A, B, and C as data buffers.



7.5 Oommond Descriplions

7.5.1 Write Fundamental Frequency Breakpoint Command (Write FFLF) -

Caommand: 0 o0 0 1] 1 vz Vi v

This command loads a new furdamental frequency slope and destirmation (FFEF)
for the desired veice into the voice RAM. This is domne imdirectly by
1oading Rea A, B, and C before the command is issuved. VZ, V1 and Vo are
the voice pointer bits; that is, if Yz = y1 = ¥0 = 0, then Voice 0’s

FFEF (slope and destination) will be loaded, If V2 = VUl =0 and

yo = i, thern Voice 0’s FFEF will be modified., The register data format

for this command is?

- S MSE’s of FF destination

[

-

‘ - ‘ 8 ILLSE‘s of FF destination
i

)
+
o

8 bit slaope

If the slope (Req A) is zero when the Write FFEBF command is isswved, the
destimatior will be loaded immediate into the FF current value field of
the URAM., It will remain there urntil asnother Write FFEF command is issued.



rite Fuondosental Freauoncy bireckpoind (conlirised?

e slope and destimation dsta are be loasded irmt.o
the A, B, arnd C registers before the Wk FFEF command is execuled.

Slope:

Register A: A7 A.6 A5 H.4 A3 A2 A1 A.C

Sign Euxpornent Mantissa

Eits 7,4-0: Incremernt Value
(from =-31/2048 to 31/2048 of a semitone)

A.7 A.4 A.3 A2 A.1 A.0 Semitone Increment
0 1 1 1 1 1 3172048

0 0 0 o ;| G 272048

0 0 0 c 0 1 1/2048

0 ] 0 0 0 0 Zero slope.

1 1 i 1 1 1 -1/2048

1 1 1 1 1 0 -2/72048

1 ] 0 ] 0 1 -31/2048

b 0 0 e 0 0 Not allowed

Eits 6-5¢ Subsample Rate Control

A.6 A5 INCREMENT RATE

0 0 add orce every 128 sample periods
i 1 add orce every 32 sample periods
1 0 Add once every 8 sample pericds
1 1 Add once every 2 ssmple periods

Destination:?

There 3re 81946 possible destination values which cover a range of
178 semitores (1764 of a3 semitene resolution).



-

FoT.2 lridto dotmenic Amplilude Ciroohvpolnt Conmand (it 1ie bingf?

Commard: 0 1 HS  HA4 H3 HZ? H1 HO .-
This command loads a rmew Harmonic Amplitude slope and destination value
(HAEF) for the specified harmonic into the Harmonic RAM. The harmonic
rumber is specified by the least significant 6 bits of the command byte
(HS~-H0). The operatiorn is performed indirectls by loading Rea A and C
hefore the command is issued. Reg B is not used in this command. The
register format for this command 1is?

C.7
- I 3 8 hit destination
C.0 4
1A.7
- > 8 hit slope
B0

If the slope byte (Req A) is zero when the command igs issued, the destimation
will be loaded immediate imto the HA current value field of the Harmonic

EAM. It will remain a3t that valuwe wntil another Write HAEF command is
issuued. This mode is most wseful in the "cold start' software routine
immediately after power up of AMY, since all harmonic amplitudes mag be
lozded immediate to zero before the SEGRRUN bit is set (see Section 7.3.8).



trjte Hormonic Anplitode Lreoect.point Conmmand (conbinved)

Slope:

F\'C?‘Ri“)ter (23 A7 A.b A.D .4 A3 A2 A.l .0

Sign Euxporent % bhit Mantissa

BEite 7,4-0: Ircrement Value
(from -31/128 to 317128 of a decibel)

A.7 A.4 A3 A2 A1 ALD Ircrement (decibels)

0 1 1 1 1 1 317128

0 0 0 0 1 0 2/128

0 0 0 0 i} i 17128

0 0 1} 0 ¢ 0 Zero Slope
1 1 i 1 1 1 -1/128

1 1 1 i 1 0 -2/7128

1 0 0 0 0 1 -31/128

1 0 0 0 4] 0 Not allowed

Brits &-5¢ Subsample Rate Control

A.6  A.S  Inmcrement Hate

0} 0 Add once every 128 sample periods
0 i Add once every 32 sample periods
1 ] Add once every 8 sample periods
1 1 Add once every ? sample periods

Dectinmztion:

There are 256 possible destimation valuas coverirmg a &4 dBE dymamic range
(1/4 of a decibel resolutior).



7.5.3 FReasd Fundamental fFrogquency Current Value (RD FFCWV?

Commarnd: 0 _0_ 08 1 1. vz vy Mo .

Tis command instrocts the AMY sequencer to read, from the Voice RAM,

the current valuwe field Tor the voice specified by the 3 LSE’s of the
command (V2, Vi, VD) and load its contents imto the £ and C registers
where it can be enamined by the wser. Reg A is mot used im this command.
The register-format is as follows?

m
~

|

m
o~

|
P

m
&)

n}
-

- S MSE‘s of Current FF value

- 8 ILSE‘s af cwurrent FF value




7.5.4 Fead Hermonic Amplitude Current Value (RD HACWY)

Cammand! 11 H5 _ H4 _H3 M2 Hi_ HD .

This command instructs the AMY sequencer to read the current valve of

the harmonic (specified by the & LSE of the command bute) into Reg C.

The vser may then read Reg C for the current amplitude of the specified
harmonic. The A and B registers are not userd ever though Reg B is modified
by this command,

cC.7

- . - 8 pit Current Harmonic Amplitnde Value
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Command: p o 1 p 803 o0z S0 &5an

-

Thies command allows the user to select 4 options in AMY operation. The
4 pptions bits, described helow, are loaded directly from the least significant
4 hits of the command bute. fleq A, B, and C are not wsed in this commMand.

503 . |4p0/64 Harmonics Selects 40 or &4 harmonlcs
selects irdividusl voice output or sum of

S0z2 SUM MODE all voices output format
s01 5 TNT MODE Select interrupt or readg mode
S00 5 alLE MODE Select ALE mode or Address pin mode
sN2 S0z S01 508 AMY Mode

X X X 0 ADDRESS FIN Mode

X X b4 1 Al.E HMode

X X 0 b4 READY HMade

X X 1 X INTERRUFT Mode

X 0 X X SUM Mode

X 1 X X INDIVIDUAL Mode

o X X X &4 HARMONWICS Mode

1 X X X 40 HARMONICS Mode

0 0 0 ] RESET State - Initiazlize Defawult

(ADR pir, READY, SUM and 464 HARMONICS)

Table 4. Ssystem Options Register'Seleetion.

Notes:

1. Ir ADDRESS FIN mode, Table 4 shows how register selection is accomplished
by ixsirmg the Al and A0 pins.

2. Ir ALE mode, the user must put the address imformation on the data

bus (DE1 armd DED)Y durima the ALE strobe time. (In multiplexed bus
processors, like the 8051, this occurs shortly before the RD or WR

strobe times.) .

gl 7



T.5.86 MWMrite Suslcom Conitrol register (WR HCK)

=
-
[y
>
»
o
e
[y
in
o]
=

Command? 0

This command allows the vser to stop the AMY output accumulation process
thus holdirg the output bus te zero, avoidirng power up glitches. It also
allows the wser to place AMY im a8 special "roise initialize mode." Hhen

the WR SCR command is semnt, the least significant 2 bits of the command

byte are loaded into the SCR. Reg A, B, armd C are rnot wsed in this comMand.

SCt ZINIT Select Noise RAM mode or Last Harmonic Fair mode

B

SCo ; ﬁEQRUN Software Resetl

SCi  SCO AMY Made

HALT HMode

SERUENCER RUN Mode
Initialize Noise KAM
NOISE RUN Mode

(=T
WO

Taole S. System Control Register Selection.

Notes:

1. The Sequencer must be_running to generate digital sowrd on the SAMF
bus., (In HALT mode, if QE = "0", SAMF(14-0) = "0%, SaMF1S = "1'")

2, Tr HALT mode, AMY resets the phase of 211 hnsrmonic oscillators to zero
(for selected vaices only).

3. Initialization of the Noise RAM may bhe done in the HALT or the SEQUENCER
FRUN mode. )

4, Whern im NOISE RUN mode, both Noise Generstors are running and may be
selected for use inm 2 particuolar "Naise Voice" (see Write Voice Type
command, Section 7.5.9).
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Command: 1 0 NS N4 N3 NI NI NO

Note: To uwse this command, the NZINIT bit im the SCR must be set.

This command loads data from Reg A inmto the Noise RAM., The address of

the Noise RAM is specified inm the least sigrnificant 6 hits of the command
byte. Yalid Noise RAM addresses range from 00 to 1D Hex (Noise

Germerator 0) arnd from 28 to 3F Hex (Noise Generator 1J.

The Noise RAM takes wp a total of U4 address locations. Loading Noise RAM
data to addresses between 1E and 27 Hex is rot recommended. Each of the
=4 ya3lid Noise RAM locations may bhe loaded with 3 3 bit value., The value
is specified by the least sigrificant 3 bits of Reg A. FReg a4 must be
joaded with the proper data before the WR Noise RAM command is issued.

See Sectiom 8.2 for Initialization flow chart.

>
[T ]

=

5 MSB'S of Reg A are igrnored

Ll *

DD >
) L - R

*

- . 3 hits of Noise RAM data

e il
™




7.5.8 Wraite Last Harmonic i"zir Fleg Command

Commandi: i1 0 HF4_ HP3 HFZ  HF1 HEO DO

- -

Note: To use this command, the NZINIT bit in the SCH must first be cleared.

THis commanrnd allows the vuser to specify the rumber of harmonics allocated
tp each voice. There are a maximum of 8 voices and a_masximum of either
40 or &4 harmonics (depending on the state of the 40/64 bit in the SOR).
Harmomics must be allocated im growps of 2 or as harmonic pairs.
Harmonics 0 and 1 are always assigred to Voice 0. Each pair of harmonics
has 3 Last Harmonic Fair flag which determines whether or not these two
harmonics are the last two harmonic of some voice. Therefore, there are
32 such flags. A maximum of 8 of these 32 flaags showld bhe set at anyg one
time (simce we are limited to 8 voices).

For 3 sirmgle voice of &4 harmonics, all last harmonic pair flaqs would

be set to zero except the last one which is last harmoniec pair flag 31.

The HF4-HF0 field in the command byte specifies which flag is to be loaded.
The LSE of the command byte (D0) specifies whether the flag is to be cleared
or set. The 32 flags power wup in 3 random state and thus all 32 must

he set/clesred after power wp to define the number of harmonics per voice.
Regq A, B, and C are riot used by this command,

Harmonic Pair Flags Harmonics

Command Flza 0

1 0 HF4 HF3 HFZ2 HF1 HFO DO . 1 2
A \——’—‘—"W’*—'—'-JW ! 3
l }S‘ 2 _ ’3
Write Last Data to he ]
Harmonic loaded 3 {6
Fair Flzaq into
Op—-Code selected 4 a8
flaag ?
4 {10
Foimter to ‘

Flaq of 6 | ) 12
Interest {

|

30 . {60
261
(62

263

31

Example: If 311 flaas are reset except for Flag 3 = Flaq 31 = 1, AMY will
he set wp for 2 voices. Yoice 0 will have B8 harmonics (0 through 7) and
Vaice 1 will have S5é& harmonics (8 throwah 63).



#.9.9" Write Voice Type Command

Commard: 0 _ 0 _ 0 1 0 v2 Vi V0

Esch voice may bhe assigned as 8 Marmonic Voice or as one of two different
Noise Source Lased Voices. The desired voice is selected by the least’
sigqnificant 2 bits of Lhe command buyte. The least significant 2 bits of
FReg A determine the "type'" of voice desired. Feg A must be loaded before
the command is icsued according to the following convention (Reg & and C
are not used): ’

A7
- E 4 MSE‘s uriused
A2
A.l 5 2 ILLSE‘s determirme voice type
ALD '
h.l A.0 Tupe
0 0 Harmonic
0 i Noise Type 0
li g Noise Type 1
1 1 Urmtefined

Tllenas



1.2 Trnitiaslization Flow Chart

Whern RESCT = 1, assuming the conditioms of the previous page have heen,
met, AMY is in state 0 of the following flow chartd *

e ) q

w
Power and —
RESET During the time RESET is below
released Viy = 0.8V, the System Options
register and System Control

register._bits are all cleared.

In State 0, the System
Options register may be
lcaded by multiplexed
bus processors even
though the ALE bit in
the System Options
register is reset.

1. ALE mode must be selected
if using multiplexed bus uP

Load System like the 8051.

Options e

Register 2. The 40/64 bit should be
loaded for desired sample
rate.
3. The INT bit selects desired

) Geo operation of the INT/RDY pin.

N Noise 4. The SUM MODE bit should

l Generators be cleared unless Individual
; ? voice outputs are desired.
Send "Write _

Voice Type" : Y
commands to

disable Noise

Generators

for all

8 voices.

©
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Load System Control /] Setting NZINIT stops
I

Register (Set NZINIT bit the 2 Noise Generators
Reload SEQRUN = 0) They can be initializet
when NZINIT = 1.

!

lLoad Noise RAM Initial
conditions using "Write

Noise RAM" commands

|

Load System Control Noise Generators
Register (CLR NZINIT bit, start running.

Reload SEQRUN = 0)

L

Enable Noise Voices (for
desired voices only).
Disable Noise Generators

for harmonic voices. (use
"Write Voice Type" commands)

{Immediate:

lear all harmonic
amplitudes using the "Writ
Barmonic Amplitude
Breakpoint" command
Slope=Destination=00 Hex)

L

Harmonic Selection:
Use "Write Last Barmonic

Pair Flag" commands to
assign harmonics to the
desired voices.




-

A} Although all oscillators are

write System now running and the digital
Control output bus (SAMP0-15) are no .
Register, set longer disabled, the SAMP bus
SEQRUN = 1, will remain at the "Zero" i
Keep level since all harmonic i
NZINIT = 0 amplitudes have been loaded
l immediate to zero. ;

Run state

Onece the user is im the RUN STATE (State 1), voices may be constructed

by first loading the fundamental frequency immediate to some start valuwe
and ther ramping up/down the Harmonic amplitudes (even the Ffundamental -
frequency, if desired). In State 1, an wnlimited rumber of harmonic and
fundamental frequency breskpoints may be loaded. Maximum bhandwidth of
breakpoints is approximately 200,000 BF/sec (essential for peaks in activity).
Also, in State 1, the noise generators mzy be stopped and the Naoise RAM -
reloaded (when the Noise Gererator starts running aqain, the statistics |
of the naoise masg change). The rmumber of harmanics per voice may also

he modified. The user may change 3 voice’s type, Or may read current
values of fundamental frequency for any voice or harmonic amplitude for
arny harmonic. When drastic changes are to bhe made it is recommended that
the user return to State 0 by loading SEQRUN = g with the "Write Sustem
Cortrol register Command. Irn some cases, it may bhe desirahble to "Ramp"
211 harmonic amplitudes to "zero" pefore losding SEQRUN = 0 {to avoid

a "click"™).
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BSumMary

Imitializaotion of AMY requires the followirng steps:

1.

Loading System Options register.

as

Select 40 or 64 harmonics where the

sample rate = 1 ’ tp = clock period
2 x # harmonics X tp

Example: 44 harmonics with 3 4 MHz clock rate results in 3
31.2% HHz sample rate.

Select ALE or Address Fin mode. If ALE moide is desired, the
Al zrd Al pins should be tied to ground.

Select INT/RDY pin functiom. If INT bit = 1, the INT/RDY pin

will issue a simale clock pulse wide interrupt pulse at the completion
of 211 commands. If INT bit = 0, the INT/RDY pin will fumction

as 3 Ready pin. In the READY mode, the INT/RDY pirn will go low

(logic 0) immediately upon receipt of a2 command and return high

(logic 1) wher the command has been completely executed (see

Figure 10).

Select betweern SUM mode (23ll voices added together and output

ornce each sample period) or INDIVIDUAL mode (311 voices output
separately). There will be N output samples per sample period
ir the INDIVIDUAL mode — N is the rumber of voices enabled).

Defining voices uwsing the "HWrite Last Harmonic Fair Flaae" command.

Clearirng =211 harmonic amplitudes to zero bhefaore setting SEQRUN = 1.

Loading imitiasl comditions into Moise RAM wesimg Write Sustem Control
register command and Write Noise RAM command.

Assigrirng each voice an initial voice tLype.



oy
~
~

WLE S \ ;

Address data
gn DB) & DBl

Command starts Commandl complete

“NT/RDY . here \ |
(INT=1) ! /-—\__
[

TR f _

{(INT=0)

I
!
<ltp

Figure 10. INT/RDY Pin Timing
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? . MAXTHUM RATINGS bevyond which wsafoul life mag be impaired

Storagqe Temperature

-65 to +150°C

Ambiernt Temperature Under Eias

0 to +70%

Valtage at amy Fin Relative to Grownd

-0.5 to +7 V

Fower Dissipation 730 mH

10. CAFACITANCES

ambient Te&perature Farameters! TA = 259C; ch = GND = 0 V
Symhol Farameter Mir Max Umits Test Conditiorns
Cry Imput Capacitance 10 pF

COUT Output Capacitance : 10 pF




11,

Ambient Tempersture

D.C. CHARACTERISITCS

Faramelers:

6 to 70°C, Vce = +35 V + 7% .

U

Sumbol Farameter Min Mast Units Tegt Conditions
UIL Irput Low Voltage -0.5 0.8 v

UIH Input High Voltiaage 2.0 Vee+0.5 v

UUL Output Low Voltage . 0.45 v Igy, = 2 mA

vOH Qutput HMigh Yoltage - 2.4 V 10; = -100uA

I Irnput lLezkage Current 10 A 0 « Vin < Vcc

I Output Leakage Current 10 A 9.45<Vout<Vec




12. A.C. CHARACTERISTICS

12.1 CLOCK & RESET T ,=0 to 70°C -
vh a5 v 210% ©
ce g
Number Symbol Parameter Min Max Unit Comments
1 tp Clock Period 200 500 ns
2 t Clock High Time 0.4t 0.6t
¢ P P
3 tcr Clock Rise Time 30 nsS 10% to 90X
4 t.s Clock Fall Time 30 nS 10% to 90%
5 t RESET Pulse 2t
TpwW P

Width

Note: RESET should be held low (less than V. =0.8 Volts) during power up of
the AMY chip. It should remain low for greater than or equal to 2 msec after
power meets spec (45 to.SfS’Vo}ts).

- -

CLK #ﬂ_____//——__——“\\__,

“1

'_J

&

o

3
—




12.2 OUTPUT SECTION

<Z: 2 MHzZf

lk$5 MHz

T =0 to,70°C, C.=150 pF unless noted
v, =5V + 0% £

Number Symbol Parameter Min Max Unit Comments
1 ol CLKX to OUTSTB 2 150 n$
Low
2 t CLK to OUTSTB 0 150 nS
- cot .
High
3 t CLK to VO Falling O 150 nS
evt
Edge
4 t CLK to VO Rising @ 150 nS
cvl
Edge
5 t Sample Period
1) 40 Harmonic BOtP SOt.p tp=1/fclk
2) 64 Harmonic 128cp 128tp
6 ton SAMP(0-15) Data 20 nS
s Hold Time From
CLK
7 t CLK to SAMP(0-15) 150 n§ OV
cshl Data Valid L
8 €ost OE Rising Edge 0 150 nS
to SAMP{0-15)
OQutput Float
9 tese OE Falling to 0 150 ns
¢ SAMP (0-15)

Qutputs Valid



CLX

ouTsTD

.

N

va
o
SAMP (0-15)
CE
Notes:

gutput Timing Diagram - Individual Mode

Vg goes

active one time {for several successive clock
periods)

each sample period.

The number of OUTSTB pulses in one sample period is egual
to the number of Voices in use. The time between OUTSTB
pulses depends on the number of harmonics allocated to each
voice. (ie, in the above diagram, Voice 1 has 2 harmonic
oscillators assigned to it. - In general, if Voice N has

2 harmonics assigned to it, then Voice ( (N-1) modulo M)

samples are present on the samp bus for 2.2 clock periods
(M = # Voice assigned)



12.3

SYSTEM BUS INT

ERFACE - Recad Amy and Write Amy (Address Pin a

nd ALE mode),

Number Symbol Parameter Min Max Unit Comments
1 t. Address valid @ ns
to RD
2 - KD Pulse Width 200 nS
3 t )
af ALE Float Time 10 100 nS
4 tchr EE'Holg_Iime @ nSs
after RD
5 €or CS Active to F ns
6 trd Read Access Time 150 ns
7 ¢ Address to Data 150 ns i
ao Valid
8 tcd TS Active to 150 ns
Data Valid
9 t 4dh Data Bus Hold 10 nSs
T Time after RD
10 t hr Address Hold "] ns
a Time after RD
11 £ RD Dead Time 100 nS
rdeadl .
(address pin
mode)
12 € verl Read Cycle Time 300 ns
¢y (address pin
mode)
13 t af Rggﬁ Float Time 10 100 ns
r (RD to DB(0-7)
Float)
14 € dead?2 RD Dead Time 250 ns
r (ALE Mode)
15 t ALE Pulse width 50 ns
apw
16 t ALE Mode Read 450 nS
cyer2

Cycle Time




SYSTEM BUS INTERFACE (Cont.)

to RD Falling
edge

Number Svmbol Parameter Min Max Units Comments
17 £ TS Hold Time ) ns
after WR
18 € hw Address Hold @ ns
Time after WR
19 taw Address setup 50 ns
Time to WR
20 tow 6§ §5;up Time ] ns
to WR
21 td Data Setup Time 50 ns
w —
to WR
22 t o WR Pulse Width 200 ns
23 L Data Hold Time 9 ns
to WR
24 t Write Dead Time 100 ns
wdeadl (Address)
" 25 tvew Write Cycle Time 300 nS
y (Address)
26 t ALE to WR 50 n$
alewr
27 t Write Cycle Time 400 nS
cycwale (ALE)
28 twdeadz Write Dead Time 200 nS
(ALE)
29 t Data Valid to ALE 50 ns
dwa - .
falling edge
30 € da Data hold after ] ns
d ALE falling edge
31 . 1erd ALE Falling edge 20 ns
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valid N\ valid
2 —
® , @ )
— T
— & '

— @j

@

Q.,Al

(_
—O

ol

x

iddress Pin Mode [(ALE pin grounded, ALE bit in SOR = i
Read AMY Cycle

A0,AL V valid 44< valid

WR
. 24 —_—
O@ '1
. 7 ) L (I
58(0-7) Valid : —(valia_y——

nddress Pin Mode (ALE pin grounded, ALE bit ip SOR = "g")
Write AMY Cycle ‘



DB(0-1) ) ‘Data vaiid |, ‘
9 t—-

3

AMY Addcecss -
Latch _.;::::}-———4(;ddress valid (2 bits) 4#>-—-—4(_Next nddress Valid

{intern&id= :

i b 3] ———— & ——3
\ 4
ARG A _/
“_._..-———14
e 5 — 16

ke 2 ——

ALE Mode (Af and Al grounded, ALE bit in SOR.= "1")
Read AMY Cycle ch . .

DB (0-7)  VBit 0 an Data Valid G valid
. ' ‘ . ——42 3) !
(-——(:9———-)- ;
. |

WR ' ‘ \ Vo \j
. _ 9 > 28 %
v u@ <——G@—-f“ C@ |

G4 | | e EEEF \ I

1 - * .
HAN Ca . O ) N

- - ¢
ALT Mode (AP and Al grounded, ALE bit in SOR = "1%)

Write AMY Cycle i
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Tahle A shows the 13 bit Adert Femo--(Fr+) values which correspond to full
cemitorne steps on 2 piano keyboard. For example, Note A (44) Hz) will be
reached if a3 fundamental frequerncy envelope reaches a destination value of
5004 Decimal (138C Hex). At 3 4 MHz clock rate the actual frequency will
be 440.04 Hz., The MSE 3rnd LSE fields show the Decimal valuees of the
Destiration MSE and LSE fields corresponding to the =R value.,

m-t. T oo
Table E i i e‘tprmat as Table A, but the "Note" field was dropped

. b3 vy | s G s . .

Soirrt e £ LLE "in between" 2 semitones (or notes on & piano)d.
Table B shows that the actual frequency resolution at 440 Hz is appronimately
0.4 Hz (1.3 cents). '

Tanle C shows actuzl semitones/sec and decibel/sec slopes achieved by varicus
8 bit slope values., The M (mantissa) and E (exponent) fields are separated
to give 3 feeling for the exponential coding scheme of slope bgte. {Data

valld o 4 MHZ alocdiC wtlyer A d_ unt
MBS cfﬁﬁ s G harmenic



TABLE A

At.ari Tone MSE .SE FREQ NOTE
140 0 140 5.4 F
204 0 204 5.7 Fit/Gb
248 1 12 6.1 G
332 1 76 644 G/ Ak
3964 1 140 6.8 A
440 i 1 204 7.2 A¥/Bb
=52 2 12 7+7 E
588 2 74 8.1 C
652 2 140 8.6 C4&/Db
716 2 204 9.1 D
780 3 12 9,7 D4#/EDh
844 3 74 10.3 E
508 3 140 10.9 F
972 3 204 11.5 F#/Gb
1036 4 12 12.2 G
1100 4 76 12.9 G#/Ab
11464 4 140 13.7 A
1228 4 204 14.5 A%/Bh
1292 5 12 15,4 B
1356 S 76 16.3 c
1420 S 140 17.3 C#/Db
1484 5 204 18.3 D
1548 & 12 19.4 D#/Eb
1612 & 76 20.6 E
1476 & 140 21.8 F
1740 & 204 23.1 Fi/Gb
1804 7 12 24.5 G
18468 7 76 25.9 G#/Ab
1932 7 140 27 .5 A
1996 7 204 29.1 A%/8b
2060 8 12 30.8 B
2124 8 76 32.7 C
2138 8 140 34,4 : C#/Db
2252 8 204 36.7 D
2316 @ 12 38.8 D#/Eb
2380 9 76 41.2 E
2444 9 140 43,6 F
2508 9 204 34.2 F$/Gb
2572 10 12 49 G
2636 10 76 51.9 G#/Ab
2700 10 140 55 A
2744 10 204 58.2 A%/Bb
2828 11 12 &1.7 E
2892 11 76 65. 4 c
2956 11 140 &9.3 C#/Db
3020 11 204 73.4 D
3084 12 12 77.7 D#/Eb
3148 12 76 82.4 E
3212 12 140 87.3 F
3276 12 204 92,5 Fi#/Gb
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TalLE A (continued)?

atari Tone MSE: LSE FREQ NOTE
3340 13 2 98 G
3404 13 76 103.8 G/ AD
3468 13 140 110 A
3532 13 204 116.5 A%/ED
3596 14 12 123.4 &
3660 14 76 130.8 c
3724 14 140 138.6 C#/Db
3788 14 204 146.8 D
3852 15 12 155.5 D&/Eb
3916 15 76 164.8 E
3980 15 140 174.6 F
3044 15 204 185 F#/Gb
4108 16 12 196 G
4172 16 76 207.6 G#/Ab
4236 16 140 220 A
4300 16 204 233.1 A%/ED
4344 17 12 246.9 B
4428 17 76 261.6 »
4492 17 140 277 .2 C#/Db
4556 17 204 293.6 D
4620 18 12 311.1 D#/Eb
4484 18 76 329.6 E
4743 18 140 349,2 F
4812 18 204 370 F#/Gb
4876 19 2 392 G
4940 19 76 415.3 G#/Ab
5004 19 140 440 A
5068 19 204 466.2 A%/ED
5132 20 12 493,9 E
5196 20 76 523.3 c
5240 20 149 554,4 . C#/Db

5324 20 204 587.3 D
5388 21 2 622.3 D#/Eb
5452 21 76 659 .3 £
5516 21 140 698.5 F
5580 21 204 740 Fi/Gb
S644 22 12 784 &
5708 22 76 830.7 G#/Ab
5772 22 140 880 A
5836 22 204 932.4 A%/ED
S500 23 12 987.8 g
5964 23 76 1046.6 C
5028 23 140 1108.8 C#/Db
6092 23 204 1174.7 D
6156 24 12 1244,6 D#/ED
6220 24 76 1318.5 3
6284 24 140 1397 F

4348 2 204 1480.1 F#/Gh
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TaBELE & (continued)

L AL P UL LY

4412
4475
65410
64604
64668
6732
6796
&£868
6924
47988
70852
7116
7180
7244
7308
7372
7434
7500
7564
74628
7692
7736
7820
7884
7748
8012
80764
8140

MSE
25
23
25
25
26
26
26
26
27
27
27
27
28
28
Z8
28
29
29
29
29
30
30
30
30
31
31
31
31

140
204
12
76
140
204

FREQR

1568 + 1
1661.4
1760.1
1864.8
1975.7
2093.2
2217.7
2349.5
2489.2
2637.3
2794.1
2960.2
3136.3
a3zz.7z
3520.3
3729.7
39S51.4
4184.4
4435.4
46991
4978.5
S5274.6
5588.2
5926.5
6272.6
6645.5
7040.7
7459.4

G
Gi:/AD
A
Ad/BD
e
Cc
Ci#/Db
D
D#/EDb
E
F
F#/Gh
G
G#/ab
A
Ad/BD
B
c
C#/Db
D
D#/Eb
E
F
F#/Gb
G
GE/Ab
A
Af/Bh



4541
4942
4943
4944
4945
4946
4947
4948
4949
4950
4951
4952
4953
3954
4955
4956
4957
4958
4959
4960
4961
4952
4963
4944
4953
4566
4947
4948
4969
4970
4971
4972
4973
4974
4975
4976
4977
4978
4979
3980
4981
4982
4983
4934
4985
4986
4987
4938
4989
4990
4991
4992
4993

TABLE B

MSE

19
19
1?
19
12
19
19
19
17
12
19
19
19
1?
19
19
19
19
19
19
19
12
19
19
19
19
19
19
19
19
19
1?
12
19
19
19
19
19
1?9
19
19
19
12
1?
19
12
19
19
19
19
12
19
19

L.SE

77
78
79
80
81
8z
a3
84
8%
B4
87
88

-89

?0

?1

P2

93

?4

25

?6

?7

2?8

?9

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
1135
116
117
118
119
120
121
122
123
124
1235
124
127
128
129

415.7
416

416.4
416.8
317.2

417.5

417 .9
418.3
418.7
419.1
419.4
419.8
420.2
420.6
421

421.3
421.7
422.1

4Z2.5

422,9
423.2
423.6
424

424 ,4
424,8

425.2

425.35

425.9
426.3
426.7
427 .1
4275
427 .8
428.2
428.6
429

129.4
429.8
430.2
430.6
431

431.3
431.7
432.1
432.5
432.9
433.3
433.7
434.1
434.5
434.9
435.3
435.6

Range: 2 semitones

FResolution: 1 atari Tone
(1/64 st

Contered asround A (440 Hz)
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TAELE B (romtinued)

ptari Tone MSE LSE FREQ

4994 19 130 43é

4993 19 131 436.4
4994 1? 132 436.8
4997 19 133 437 .2
4998 . 19 134 437 .6
4999 19 13% 438

5000 19 136 438.4
001 19 137 438.8
So002 19 138 439.2
5003 19 139 - 439%.6
5004 19 140 440

5005 19 141 440.4
50046 - 19 142 440.8
5007 19 143 441.2
5008 19 144 441 .4
5009 19 145 442

5010 19 146 442 .4
5011 19 147 442.8
S01Z2 19 148 443,2
S013 19 149 A443.6
5014 19 120 444

3015 19 151 444 .4
5014 19 152 444.8
5017 19 153 445.2
sS018 19 1S4 445.6
5019 19 135 446

3020 19 156 446.4
5021 19 157 446.8
5022 19 138 447 2
5023 19 159 447 .6
5024 12 150 448

3025 19 161 448.4
30256 19 162 448.8
5027 19 163 449 ,2
5028 19 154 449 .6
S029 19 165 450

S030 19 146 450.4
5031 19 167 450.8
5032 19 148 431.3
50833 19 149 451.7
5034 19 170 452.1
5035 19 171 452.5
50346 19 172 452.9
5037 19 173 453.3
5038 19 174 453.7
5039 19 175 454.1
5040 19 176 454.5
5041 19 177 454.9
S04z 19 178 4595.3

5043 19 179 455.8



TapLE B

Atari

S044
045
S046
5047
048
5049
S030
S051
3032
o093
=054
5055
5056
S0S7
5058
5039
S0s60
3061
S062
5063
S064
S0&3
S046
S0&7

Tane

(continned?

LSk

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
1946
197
189
199
200
201
202

203




+

gEONOCOBRWRES

R WSy WA L
ovOo~NOGPUMbWHKN—O

M
[

r
r3

N ]
bW

)
L}

rJ

r
~

rJd

[

[
- o

rJ

Ja.h.nxa.u.a_n.h.awmmmwmw
m\aam.hmrau-*c:nom\a&m.hm

- SLOPE

128
189
158
157
196
155
154
153
132
151
180
- 149
148
147
146
145
144
143
142
i41
140
139
138
137
135
1335
134
133
132
131
130
129
140
191
i90
189
188
187
1846
185
184
183
182
181
180
179
178
177
176

TAELE C

GEMI/SEC

0
6.11
0.23
0.35
0.47
0.399
0,71
0.83
0.95
1.07
1.19
1.31
1.43
1.54
1.66
1.78
1.9
2.02
2.14
2.26
2.38

[
Zod

2.62
Z2.74
2.86
2098
3.09
3.21
3.33
3.49
3.57
3.69
0
0.47
0.95
1.43
1.9
2.38
2,86
3.33
3.81
4.29
4.76
5.24
.72
6419
6.67
7+.15
762

122.07
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TABILLE € (contirnvwed)
+ Si OFE - SLOFE
49 175
Z0 174
91 173
SZ {72
S3 171
S4 170
oS 149
356 168
57 167
58 146
o9 1465
&4 1464
61 143
&2 162
63 1461
64 192
65 3
Y- 222
&7 1
&8 220
&9 219
70 218
71 217
72 214
73 215
74 214
75 213
74 212
77 211
78 210
79 209
g0 208
81 207
82 206
83 2035
B84 204
8% 203
B8s6 202
87 201
88 200
89 199
20 198
?1 197
Q7 196
?3 193
?4 124
25 193

SEMI/SECD

8.1
8.58
?.05
?.53
10.01
10.4%
10.96
11.44
11.92
12.39
12,87
13.395
13.82
14.3
14,78
0

1.2
3.81
S.72
762
?.53
11.44
13.35
15.25
i7.16
19.07
20.98
22.88
24.79
26.7
28.61
30.51
32.42
34.33
36.23
38.14
40.05
41.96
43.86
45 .77
47 .68
47 .59
Z21.49
S3.4
-J5031
57.22
59.12

DE/SEC

129.469
137.32
144,95
152.58
160.21
1467 .84
175.47
183.,1
120.73
198.36
205.99
°13 &2
105..-1
23.88
236.51
0
30.51
61.03
91.45
1‘-‘-’
1-.“.058
183.1
213,462
244.14
274,65

305,17

335,469
366.21
3946.72
427 .24
457 76
488.29
S18.79
549,31
579.83
610.35
&40.86
471.38
701.9
732.42
7462.93
793.45
823.97
854 .49
883
91-..1‘\.!4.

?46.04
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"ARELE C

{continued)

- SLOFE

224

=
255

254
253
252
251
250
249
248
247
246
245
244
243
242
241
240
239
238
237
236
235
234
233
232
231
2390
229
228
22

224

225

SEMI/SEC

0

7062
15.25
22.88
30.31
38.14
45.77
53.4
61.03
468.66
74,29
83.92
91.55
99.18
1056.81
114.44
122.07
129.69
137 .32
144.95
152.58
160.21
147 .84
175.47
183.1
190.73
198.346
205,99
213.4%2

221,25

226.88
236.51

DE/SEC

0
122.07
244,14
366.21
488,28
610,35
732,42
854,49
976.56
1098.63
1220.7
1342.77
1464 .84
1586.91
1708.98
1831.0S
1953.12
2075419
2197 .26
2319.33
2441 .4
2563 .47
2685,54
2807 .61
2929.68
3051.75
3173.82
37295.89
3417 .96
3540.03
366241
3784.17
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