3.3
Mixer Gontrol-
I/0 Enable

[Register RT]

Register 7. is a multi-function Enable register which controls the
three Noise/Tone Mixers and the two general purpose I'O Ports,

The Mixers, as previously described, combine the noise and tone
frequencies for each of the three channels. The determination of
combining neither/gither/both noise and tone frequencies on each
channel is made by the state of bits B5--B0 of R7T.

The direction (input or output ) of the two general purpose 1'O Ports
(IOA and IOB) is determined by the state of bits B7 and B6& of RT.

These functions are illustrated in the following:

Mixer Control=-1/0 Enable
Register AT

|_'-'|HIZ-|E5|FH|F|_|_F|.- |

Fursign B #Hoime Enable Tane Enakle
Chanrel [ | B | A ' | =] ] .l'-
Moise Enable Truth Table: Tone Enable Truth Table:
RT Bits Maoise Enabled RT Bits T
BS B4 B3 on Channel B2 B1 BO ::.C.E:ﬁ:d
o 0 0 C B a 0 0 0 C B A
o o 1 C — 0 0 1 C B -
g 1 0 c — A 0 1 0 o — A
o o1 1 cC - — 0 1 1 c — —
1 0 04 — B A i 0 o — B A
1 0 1 — B - 1 0 1 =
1 9 0 = el i 1 @ — A
1 1 1 e s Sl T 3 -1 i

L/O Port Truth Tabla:

AT Bits I'0 Port Status
BT BE& o8 oA
o o Imput Irpruat
i) 1 Impuit Outpul
1 1] Output Impist
1 | Ouiput Output

MOTE: Disabling nolse and tone does not fum off & channel. Turning a
channel off can only be accomplished by wriling all zeroes info the
corresponding Amplitede Sontrol register, R10, A11, or R12 [soe
Saction 3.4).
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3.4
Amplitude
Control

(Registers R10, R11, R12)

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels A, B, and C) isdeterminad by the
contents of the lower 5 bits (B4-—-B0) of registers R10, R11, and R12 as
illustrated in the following:

Amplitude Conlrol

Regisier A Channel
R0 b
H11 B
H12 o

|[1:'[F.F||E.%-lﬂdl.a-3. H-E-lu.llm

/N

ampid uces dabt “Niwed”
rAoe amphkiude Leyel

The amplitude “mode” (bit M) selects either fixed level amplitude
{M=0) or variable level amplitude (M=1). It follows then that bits L3—
LO, defining the value of a “fixed” level amplitude, are only active
when M=0. When fixed level amplitude is selected, it is “fixed" only in
the sense that the amplitude level is under the direct control of the
systemn processor (via bits D3--D0). Varying the amplitude when in
this “fixed" amplitude mode requires in each instance the direct
intervention of the system processor via an address latch/write data
seguence to modify the D3--D0 data.

When M=1 {select “variable” level amplitudes), the amplitude of each
channel is determined by the envelope pattern as defined by the
Envelope Generator's 4-bit output E3 E2 E1 EQ.

The amplitude “mode” (bit M) can also be thoughtof asan “envelope
enable” bit: iLe., when M=0 the envelope is not used, and when M=1
the envelope is enabled. (A full description of the Envelope Gener-
ator function follows in Section 3.5).
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The tull chart describing all combinations of the S-bit Amplitude
Control is as follows;

Amplitude Conirol
Reglater # Channial
R0 A
R11 ]
M12 G

a7|86|ps|Ba|Ba|B2| 81|80

— —
MNOT
USED Amplitude
Canlral
M L3 L2 L1 LD Outpul
o 0 0 0 0 *0 0 0 O The amplitude is
: ; 3 . fixed at 1 of 16 lavels
as determined oy
N h iR S TR L3 L2 L1 L.

The amplitude i
variaole at 16 levels
i K X ¥ X E¥ E2 E1 EO0 85 determined by the
output of the
Envalope Generator

(X=Don't Care) .
The all paroes code ® usad ko burn 8 channs

“aif

Fig. B graphically illustrates a selection of variable level (envelope-
controlled) amplitude where the 16 levels directly reflect the output
of the Envelope Generator. A fixed level amplitude would correspond
to only one of the levels shown, with the level directly determined by
the decimal equivalent of bits L3 L2 L1 LO.

Fig. 8 VARIABLE AMPLITUDE CONTROL (M=1] s —

— CH&MMEL AT
B, 21 B
ARAPLIT

GRAPHIC BEPAESErTA TalIN O "
THE DECIMAL VALLES OF THE
AP ITUDE COriTRL QLTMT
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35
Envelope
Generator
Control

(Registers R13, R14, R15)

To accomplish the generation of fairly complex envelope patterns,
two independent methods of control are provided in the PSG: first, it
is possible to vary the frequency of the envelope using registers R13
and R14: and sacond, the relative shape and cycle pattern of the
gnvelops can be varied uging register R15. The following paragraphs
axplain the details of the envelope control functions, describing first
the envelope period control and then the envelope shape/cycle
control.

3.5.1 ENVELOPE PERIOD CONTROL (Registers R13, R14)

The frequency of the envelope is obtained in the PSG by first
counting down the input clock by 256, then by further counting down
the result by the programmed 16-bit Envelope Period value. This
16-bit value iz obtained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers, as illustrated in the
following:

Envelope Enwalopea
Coarse Tuna Fina Tung
Register R14 Regestar R13

EI!]BE‘I_BI |B-JJ

|Pr|un|nn|ﬂq|ﬁzniﬁr E1IEJJ] EI."|_3-I5-|EIE!3-1

57 S

[F"I.‘.iEF'l1|EF'12-|E-"'1E‘EEF'1‘ EF1l.'.l EFElllEFB |EF"T | EFG |EP:| I”T‘ 1""31 | EFd [EF" .|E':"il |

16-bit Envalopa Period (EP)
to Envelope Generator

Mote that the 16-bit value programmed in the combined Coarse and
Fine Tune registers is a pariod value—the higher the value in the
registers, the lower the resultant envelope frequency.

Mote also, that as with the Tone Period, the lowest period value is
0000000000000001 (divide by 1). the highest period value is
1111111111111111 (divide by 65,535q4a).

The envelope frequency equations are:

Mo pow
) fe = e B} EPyu=258CTo+FTio
Where: fe=desired envelope frequency

feuock = input clock freguency
EP,x=dacimal equivalent of the Envelope
Period bits EF15—EF0
CTig=decimal equivalent of the Coarse Tune
register bits B7--B0 (EP15--EP8)
FTia=decimal equivalent of the Fine Tune
register bits BY--B0 (EP7--EPD)

From the above equation it can bee sean that the envelope fraquency
can range from a low of '1'.5',-',!’-,‘-‘5"?;5';;.,. (wherein: EP1=65,53510) to ahigh
of 22" (wherein: EPyp=1). Using a 2 MHz clock, for example, would
produce a range of envelope frequencies from 0.12 Hz to 7TB12.5 Hz.
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To calculate the wvalues for the contents of the Envelope Period
Coarse and Fine Tune registers, given the input clock and the desired
envelope frequencies, we rearrange the above equations, yielding:

— oo FTw _ EPw
() EFe = Deg () CTwo + Seg = 286
Example: fe=0.5 Hz
feeoex = 2 MHz
2x10°
EPywp = =15,
0 = 2oB0E)  ew

Substituting this resull inte equation (b)
Flg . 1682 _ .. . 9
258 256 256

CTe = 8140 =00111101 (BT—-BD)
FTio Sy = DODIO (BT—-BO)

|:Tl||:| 1

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register R15)

The Envelope Generator further counts down the envelope fre-
quency by 16, producing a 16-state per cycle envelope pattern as
definad by its 4=bit counter output, E3 E2 E1 ED. The particular shape
and cycle pattern of any desired envelope s accomplishad by
controlling the count pattern (count up/count down) of the 4=bit
counter and by defining a single-cycle or repeat-cycle pattern.

This envelope shapescycle control is contained in the lower 4 bits
(B3--B0) of register R15. Each of these 4 bits controls a function in
the envelope generator, as illustrated in the following;

Envelope Shapa/Cycle
Contral Register (R15)

H?jaslﬂsiaq |E?|IEI:']F:1 ]EIE]
l_ Functian
e —"
MOT Hala
LISED
Altemigie T
Envelopr
Artack Genesatar
Canfinus

The definition of each function is as follows:

Hold when set to logic 17, limits the envelope to one cycle,
holding the last count of the envelope counter [(E3--
E0=0000 or 1111, depending on whether the envelope
counter was in a count-down or count-up mode, respec-
tivaly).

Alternate when set to logic “17, the envelope counter reverses
count direction (up-down) after each cycla.

HWOTE: When both the Hold bit and the Allernale bit are ones, the
envelope countir is resed 10 1S initial cownt balore holding.
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35 Attack when set to legic "1", the envelope counter will count up
(attack) from E3 E2 E1 EO=0000t0 E3 E2 E1 ED=1111;

Eﬂﬂ'ﬂlﬂpﬂ when seat to logic "0", the envelope counter will count
down (dacay) from 1111 to 000C.

EE“E rator Continue when set to logic “17, the cycle pattern will be as defined

cnn‘lrni by the Hold bit; when set to logic "0, the envalope
generator will reset to 0000 after one cycle and hold at
(cont.) that count

To further deacribe the above functions could be accomplished by
numerous charts of the binary count sequence of E3 E2 E1 EOD for
each combination of Hold, Alternate, Attack and Continue. However,
since these outputs are used (when selected by the Amplitude
Contral registers) to amplitude modulate the output of the Mixers, a
better understanding of their effect can be accomplished via a
graphic representation of their value for each condition selected, as
illustrated in Figs. 7 and 8.

Fig. 7 ENVELOPE SHAPE/CYCLE COIN TR O L e —
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Fig. 8 DETAIL OF TWO CYCLES OF Fig. 7
[rel_ waveform “1010" in Fig_ '||"} e S R i e o

GRaP=C REPRESEMTATEDN OF s
THE DECIMAL VALLIES DF THE
ENVELGPE GENEARATOA
DUTPUT EJ EF ET BD
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3.6
1/0 Port Data
Store

[Registers R1E. R1T)

e S S s et e s S i)

Registers R16 and A17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DAD—-DAT) and the two L'O
ports (IOA7—IOAD and IOB7--10B0). Both ports are available in the
AY-3-8810; only I'O Port A is available in the AY-3-8912. Using
registers R16 and R17 for the transfer of 1/0 data has no effect at all
on sound generation.

To output data from the CPU bus to a peripheral device connacted
to /O Port A would require only the following steps:

1. Latch address RT (select Enable register)

2. Write data to PSG (setting B6 of RT to “1")

3. Latch address R16 (select IOA register)
4. Write data to PSG (data to be output on I/0 Port A)

To input data from I'O Port A to the CPU bus would require the
following:

1. Latch address R7T (select Enable register)

2. Write data to PSG (setting B6 to R7 to “0")

3. Latch address R16 (select IOA register)

4, Read data from PSG (data from 1I/'O Port A)

Mote that once |oaded with data in the output mode, the data will
remain on the IO port(s) until changed either by loading differant
data, by applying a reset (grounding the Reset pin). or by switching to
the input mode.

Mote also that when in the input mode, the contents of registers H16
and/or R17 will follow the signals applied to the 1/0 port(s). However,
transfer of this data to the CPU bus requires a "read” operation as
described abowve,
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3.7
D/A Converter
Operation

Fig. 9

Since the primary use of the PSG is to produce sound for the highly
imperfect amplitude detection mechanism of the human ear, the DVA
conversion is performed in logarithmic steps with a normalized
voltage range of from 0 to 1 Volt. The specific amplitude control of
aach of the three D/A Converters is accomplished by the three sets of
4=bit outputs of the Amplitude Control block, while the Mixer outputs
provide the base signal fraquency (Noise and/or Tone).

Fig. 9 illustrates the D/A Converter output which would result if noise
and tones were disabled and an envelope-controlled variable ampli-
tude were selectad.

Figs. 10 through 13 illustrate other typical cutput waveforms.

D/A CONVERTER OUTPUT (ref. Fig. ) me——

MORMALIZED
VOLTAGE
1 15
1w il —
MOTE: THIS IS THE ENVELOPE
OHLY —MNOISE AMND TOMES
ARE DISASLED
TOTY
5
DECIMAL VALLIE
OF E3 EZ E1 ED
{SEE AMPLITLIDE
CONTROL,
SECTION 3.4)
Apaw
bRy
1818y
128y
L

EP=EMNVELOFE PERIOD




Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1000
(RO0=14;, R1=374, RT=T6s, R12=20:, R15=10g, all other registers=0)

will
hﬁl.
phER R m

Fig. 11 SINGLE TOME WITH ENVELOPE SHAPE/CYCLE PATTERN 1100
[(R15=14,, all other reglsters same as Fig. 10) e " —————————




