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. Z80 MAPPING
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Il. 68K CONTROL OF Z-80
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IV. PSG CONTROL

V. D/A CONTROL

This manual explains memory mapping and way of accessing especially. FM sound generation and PSG are explained
in another manual. .
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. Z80 MAPPING

A. 2780 Map
We show the memory at right.
I/0 is contained in memory map.

1. Program Area Z80 ADDRESS
Program, data and scratch
are in 0 to 1FFFH, in S-RAM.

2. BANK
From 8000H-FFFFH is window of
68K memory. Z-80 can access
all of 68K memory by BANK
switching. BANK select data
create 68K address from A15
to A23. You must write these
9 bits one at a time into 6000H
serially, byte units, 7F11 using
the LSB.

BANK AREA

ist| D7

2nd

oth

A15

#4002H FM2 register select (Channel 4-6)
4003H FM2 DATA

PSG address is in 7F11H.

k4

B. Interrupt
Z-80 gets the only VIDEO vertical interrupt. This interrupt is generated 16ms period and
64ms length.
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ll. 68K CONTROL OF Z-80

A. Z80 Start-Up
Z-80 Operation Sequence:
BUS REQ ON
BUS RESET OFF
68K copies program into Z-80 S-RAM
BUS RESET ON
BUS REQ OFF
BUS RESET OFF

o0 B Ly

BUS REQUEST

e BUS REQ ON
DATA 100H (WORD) — $A11100

e BUS REQ OFF
DATA OH (WORD) — $A11100

RESET Z-80

e RESET ON
DATA OH (WORD)

o RESET OFF
DATA 100H (WO

CONFIRMATION OF BUS S_TATUS
his information is in $A11100, bit 0.

- Z-80 is using
1 - 68K can access
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B. Z80 Handshake

If you access the HANDSHAKE area (A00000 - AQ7FFF) you must use BUS REQ. 68K
has to access the Z-80 S-RAM by byte.

lii. FM SOUND CONTROL

A. 68K Accesses the FM Source _
68K needs BUS REQ when accessing the FM source, because this memory is controlled
by Z-80.
B. Z80 Accesses the FM Source
Z-80 normally controls the FM (4000H - 4003H).
IV. PSG CONTROL

PSG accepts access of 68K and Z-80 any time,.but you have to co:
accesses. : :

PSG is in $C00011 from 68K and in 7F11H from Z-80.
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OVERVIEW

The Yamaha 2612 Frequency Modulation (FM) sound synthesis IC resembles the Yamaha 2151
(used in SEGA's coin-operated machines) and the chips used in Yamaha's synthesizers.

Its capabilities include:

6 channels of FM sound
An 8-bit Digitized Audio channel (as replacement for one of the FM channels)
Stereo output capability

One LFO (low frequency oscillator) to distort the FM sounds
2 timers, for use by software.

To define these terms more carefully, an FM channel is capable of expressing:
of realism, a single note in almost any instrument's voice. Chords are generall
multiple FM channels. ;

The standard FM channels each have a single overall frequency and ) to turn this
frequency into the complex final-waveform (the voice). This cofiérsi rocess uses four
dedicated channel components called “operators," each possessing a freq_u ncy (a variant of the
overall frequency), an envelope, and the capability to mod i usi
envelope. The operator frequencies are offsets of integral s#4he overall frequency.

to 3 and 4 to 6, respectively.
e a totally separate frequency for
orks well (we believe) for percussion
instruments, which have harmonics at odd m%s such as 1.4 0 1.7 of the fundamental.

The 8-bit Digitized Audio Channel (D
turning on the DAC turns off FM chan

eplacement of FM channel 6, meaning that
tely, all tummg must be done by software —

§ he sounds, FM or DAC, may be directed to the left, the
i$ output only through the headphone jack.

The LFO, or Low Frequency. Osc:llator allows for amplitude and/or frequency distortions of the FM
sounds. Each ¢ 3ts the degree to which it will be distorted by the LFQ, if at all. This
could be used, foz

Finally, em has two software timers which may be used as an alternative to the Z80

pt. Unfortunately, these two timers do not cause interrupts — they must be read

i,
Y, b
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A LITTLE BIT ABOUT OPERATORS

There are four dedicated operators assigned to every channel, with the following properties:

e An operator has an input, a frequency and an envelope (with which to modify the input), and
an output.

e The operators have two types: those whose outputs feed into another operator, and those
that are summed to form the final waveform. The latter are called “slots.”

e The slots may be independently enabled, aithough Sega's software always ena
disables them all simultaneously.

These operators may be arranged in eight different configurations, called ®alg
is a diagram of the algorithms. : ;
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ALGORITHM #0 #1 #2 43

ass, piano, woods
tar, chimes

Algorithf 7 - pipe organ
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REGISTER OVERVIEW

The system is controlled by means of a large number of registers. General system registers are:

timer values and status, software use

LFO enable and frequency, to distort the FM channels
DAC enable and amplitude

output enables for each of the six FM channels

number of frequencies to be used in FM channels 3 and 6.

Usually, an FM channel has only one overall frequency, but if so elected, FM channels 3 a
four separate frequencies, one for each operator.

Registers that refer to the channel as a whole are:

frequency number (in the standard case)
algorithm number -

extent of self-feedback in operator 1 W,
output type, to L, R, or both speakers. This can on rd if headphones are used.
the extent to which the channel is distorted by the L

%

‘he fouyr operators' connections are
5 specified individually for each
y’%e specified individually for each

Registers that refer to each operator make up the re
determined by the algorithm used, but the envelope:
operator. In the case of FM channels 3 and 6, the frequer
operator.
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ENVELOPE SPECIFICATION

EY OFF (RELEASED)

®ey on.® The sound has an
oy, decay. The sound continues this
*key off.” The sound then begins a
er the key has been released and the

damper has come down on the strings.
The envelope is répresented by the%
registers. Used in the above diagram

T — , i i of waveform.

AR — of initial amplitude increase. This can be made very steep if
h slow attack rates is that if the notes are short, the release
rs before the note has reached a reasonable level
DIR — itial amplitude decrease

e angle of secondary amplitude decrease. This will continue indefinitely uniess
y off® occurs.

The final angle of amplitude decrease, after *key off.”

itional registers are:

RS — Rate scaling, the degree to which envelopes become shorter as frequencies become
higher. For example, high notes on a piano fade much more quickly than low notes.
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AM — Amplitude Modulation enable, whether or not this operator will allow itself to be
modified by the LFO. Changing the amplitude of the slots changes the loudness of
the note; changing the amplitude of the other operators changes its flavor.

SSG-EG — A proprietary register whose usage is unknown. It should be set to zero.

The FM-2612 may be accessed from either the 68000 or the Z-80. In both cases, however, the
bus is only 8 bits wide.

The FM-2612 is accessed through memory locations 4000H - 4003H in the Z80 case, or AO4000H -
A04003H in the 68000 case. These will be referred to as 4000 to 4003. '

The internal registers of the FM-2612 are divided as follows:

PART I
21H| LFO TIMERS
KEY ON/OFF
2CH| DAC
30H

FM CHANNELS

BSH 13

To write to Part |, write the 8-bit address to 4000 and t¥ c 4001. To write to Part Il, write
the 8-bit address to 4002 and the data to 4003

Caution:  Before writing, read from any adgress:t
the last write. Delay until"8i

Caution: In the case of registers that ar
example the 10-bit Timer A valu
first. "

@jganged together® to form a longer number — for
or the 14-bit frequencies — write the high register

D7 DO
OVERFLOW
.| BUSY X A| B

> — 1 if busy, 0 if ready for new data.
' FLOW — 1 if the timer has counted up and overflowed. See Register 27H.
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PART | MEMORY MAP

2H| X X X X Lg,? FLRFSQ
24H TIMER A
H[ X x x x x X | TIMERA
26H TIMER B
CH3 RESET ENABLE LOAD
27H| MODE B |a]|B|Aa]|B]aA
28H OPERATOR X CHANNEL
2AH DAC
2BH %’?\JC X X X X
30H+| X DTH
40H+
50H+ RS |
60H+| AM l
70H+| X
80H+ DIL
9H+| X X X CH1,0P4
CH2, OP4
3EH|CH3, OP4
Each of 30H-90H has twelve entrie channels x four operators.
PART | MEMORY MAP (cont.)
FREQ. NUM
X | Block | FREQ. NUM
CH 3 SUPPLEMENTARY FREQ. NUM
X X CH 3 SUPP BLOCK S:SQS;’S;
X X FEEDBACK ALGORITHM
R AMS X FMs
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Each of the above has three entries. All follow the pattern

AOH | CH1
A1H | CH2
A2H | CH3

with the exception that A8H and ACH follow the pattern

A8H | CH3, OP2
A9H | CH3, OP3
AAH | CH3, OP4

*PART II” is a duplication of 30H-B4H, where channels 1-3 are replaced by,

The Registers:

22H X X X X

LFO EN — 1 is enabled, 0 disabled.

LFO FREQ

. ltis

24H

TIMER

25H X X X X X X A LSBs
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Registers 24H and 25H are ganged together to form 10-bit TIMER A, with Register 25H containing
the least significant bits. They should be set in the order 24H, 25H. The timer lasts

18 (1024 - TIMER) microseconds

TIMER A = all 1's —18us = 0.108 ms
TIMER A = all 0's —18,400us = 18.4 ms

26H TIMER B

8-bit TIMER B lasts
288 * (256 - TIMER B) microseconds

TIMER B = all 1's —0.288 ms
TIMER B = all 0's —73.44 ms

CH3 RESET

27H fpabidl . "

Register 27H controls the software timers and the C
items.

6) mode, two entirely separate

CH3
MODE
NORMAL 0 the same as the others.
SPECIAL nel 3 has four separate frequencies.
ILLEGAL

1 starts the timer, 0 stops it.

1 causes timer overflow to set the read register flag. 0 means the timer keeps
cycling without setting the flag.

writing a 1 clears the read register flag, writing a 0 has no effect.

28H OPERATOR l i | CHANNEL
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This register is used for *key on® and *key off.* *Key on® is the depression of the synthesizer
key. ®*Key off® is its release. The sequence of operations is: set parameters, key on, wait, key
off. When key off occurs, the FM channel stops its slow decline and starts the rapid decline
specified by *RR?®, the release rate.

In a single write to Register 28H, one sets the status of all operators for a single channel. Sega
always sets them to the same value, on (1) or off (0). Using a special channel 3, | believe it is
possible to have each operator be a separate note, so there is possible justification for turning them
on and off separately.

OPERATOR

41321 X CHANNEL

D2 D1
0o o
o o
0 1
1 0
1 0
1 1
2AH DAC DATA

Register 2AH contains 8 bit DAC data.

DAC

2BH EN

If the DAC enable is 1, the D.
6 register that affects the DA

MUL ranges from 0 to 15,, and multiplies the overall frequency, with the exception that 0 results
n multiplication by 1/2. That is, MUL = 0 to 15 gives x 1/2, x 1, x 2, ... x 15.

»DT1 gives small variations from the overall frequency x MUL. The MSB of DT1 is a primitive sign
bit, and the two LSBs are magnitude bits. See the next page for a diagram.
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Ds D4 | MULTIPLICATIVE EFFECT

0 1 x(1+E)

1 0 x (1 + 2E) where E is a
small number

D6
0 0 o] No change
0
0
0

1 1 x (1 + 3E)

1 0 0 No change
0

1 1 x(1-E)

1 1 0 x (1 - 2E)

1 1 1 x (1 - 3E)
40H+ | X TL

TL (total level) represents the envelope's highest ampiitude, with 0 beij

gest and 127,, the
smallest. A change of one unit is about 0.75 dB.

%

To make a note softer, only change the TL of the slots (the ob_tpu
operators will affect the flavor of the note.

. . Changing the other

50H+[Rslx| AR ]

Register 50H contains RS (rate scaling) an
amplitude rise, shown on page 4.

ack rate). AR is the steepness of the initial

RS affects AR, D1R, D2R and RR
becomes narrower as the frequenc

me way. RS is the degree to which the envelope
high.
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The frequency's top five bits (3 octave bits and 2 note bits) are called KC (key code) in the
following rate formulas:

RS=0 = Final Rate = 2 * Rate + (KC/8)
RS=1 = Final Rate = 2 * Rate + (KC/4)
RS=2 = Final Rate = 2 * Rate + (KC/2)
RS=3 = Final Rate = 2 * Rate + KC**

** Always rounded down.

As rate ranges from 0-31, this means that the RS influence ranges from small (at 0-3) to ves
(at 0-31).

60H+| AM | X X D1R

D1R (first decay rate) is the initial step amplitude decay rate (see page 4) 4 rates, 0-31

in value and affected by RS.

AM is the amplitude modulation enable, whether or not this'
modulation by the LFO. This bit is not relevant unless both th
AMS (amplitude modulation sensitivity) is non-zero

ill bge subject to amplitude
) led and Register B4's

70H+| X X X D2R

D2R (secondary decay rate) is the lo ;Vthé,- ound that continues as long as the key is
depressed. -

90H+

The final registe!
diagram on pag

tly to a single channel. Each register is tripled; please see the

"FREQ NUM

X X BLOCK FREQ NUM

CH 3 SUPP FREQ NUM

X X CH 3 SUPP BLOCK CH 3 SUPP FREQ NUM
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Channel 1's frequency is in A0 and A4H.
Channel 2's frequency is in A1 and A5H.
Channel 3, if it is in normal mode (please see page 12) is in A2 and A6H.

If channel 3 is in special mode:
Operator 1's frequency is in A2 and A6H
Operator 2's frequency is in A8 and ACH
Operator 3's frequency is in A9 and ADH
Operator 4's frequency is in AA and AEH.

The frequency is a 14-bit number that should be set high byte, low byte (e.g., A4H the‘n A:
highest 3 bits, called the ®block,” give the octave. The next 10 bits give positi
and a possible 12-tone sequence is:

Low 617
653
692
733
777all in base 10
823
872
924
979
1037
1099

High 1164

This sequence should be used insigé each Jgtave.

BOH+ ALGORITHM

perator 1 feeds back into itself. In the voice library, self

AMX X FMS

i, Register B4H contains stereo output control and LFO sensitivity control.
L — Left output, 1 is on, 0 is off

R — Right output, 1 is on 0 is off

Note: The stereo may only be heard by headphones.
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AMS (amplitude modulation sensitivity) and FMS (frequency modulation sensitivity) are the degree
to which the channel is affected by the LFO. If the LFO is disabled, this register need not be set.
Additionally, amplitude modulation is also enabled on an operator-by-operator level.

AMS 0 1 2 3
dB 0 14 89 | 118

FMS 0 1 2 3 4 5 6 7

% of

a halftone 0 +34(1+£67| 10| £14| £20 | £40 | £80

TEST PROGRAM

Here a tested power-on initialization and sample note in the *Grand Piano® vg

Register Comments Register
22H LFO off 80H
27H Channel 3 mode normal 84H
28H Off 88H
28H Oft 8CH
28H Oft
28H Oft ’ ,
28H Off Proprietary
28H Off
2BH DA ,
Feedback/Algorithm
S0H Both speakers on
ggn } Key off
3CH } Set frequency
40H Key on
44H
48H Key oft
4CH
50H .
1. Write address then data.
2. Loop until read register D7 becomes 0.
3. Follow MSB/LSB sequence.
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Programmable Sound Generator (PSG)

The PSG contains four sound channels, consisting of three tone generators and a noise generator.
Each of the four channels has an independent volume control (attenuator). The PSG is controlled
through output port $7F.

Tone Generator Frequency

counter. Thus, higher 10-bit numbers produce lower frequencies.

To load a new frequency value into one of the tone generators, you wri
location $7F according to the following format:

First Byte: 1 R2 | R1
Second Byte: 0 0 d9

riodic (like low-frequency tone)
e (hiss)
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The frequency of the noise is selected by two bits NF1:NF0 according to the following table:

NF1  NFO  Noise Generator Clock Source
0 0 Clock/2 (higher pitch, ®less coarse®)
0 1 Clock/4
1 0 Clock/8 (lower pitch, “more coarse®)
1 1 Tone Generator #3

Note: “Clock” is fixed in frequency. It is a crystal controlled oscillator signal connected
the PSG. '

When NF1:NFQ is 11, Tone Generator #3 supplies the noise clock source. This allows
. " A
to be “swept® in frequency. This effect might be used for a jet engine runup, for ex

To load these noise generator control bits, write the following byte to /O port

out@g7F: | 1 | 1] 1| o] o

Attenuators

Four noise attenuators adjust the volume of the three s and the noise channel. Four

bits A3:A2:A1:A0 control the attenutation as follows:

ttenuation results in a quieter sound

\OOO—‘—-"—"—*OOOO

-a-é\---a—u-—s—&oooooooo
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The attenuators are set for the four channels by writing the following bytes to I/O location $7F:

Tone Generator #1: 1 0 0 1 A3 | A2 | A1 | AO
Tone Generator #2: 1 0 1 1 A3 | A2 | A1 | AO
Tone Generator #3: | 1 1 0 1 A3 | A2 | A1 | AO
Noise Generator: 1 1 1 1 A3 | A2 | A1 | AO

EXAMPLE

When the Mk3 is powered on, the following code is executed:

LD HL,CLRTB ; clear table

LD C,PSG_PRT ; psg port is $7F
LD B4 ; load four bytes
OTIR

(etc.)

CLRTB defb $9F, $BF, $DF, $FF

This code turns the four sound channels off. It's a good‘idea to aiso execute this code when the
PAUSE button is pressed, so that the sound does not stay
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