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1. SPECIFICATION

This board has the same functionality as the K1 Sound.  It is possible to insert the board into an ISA bus slot to simulate sounds produced by the K1 Sound hardware. 
BUS-I/F



ISA-Bus

Sound CPU 



Z80 Equivalent (3.072 MHz)


Common Memory



4 KB


DAC Conversion Table Memory



512 Byte (SRAM) 


Sound IC 



SN76489A Equivalent (FPGA)



12 bit D/A converter


Timer Counter



900H CPU CTC timer compatible


Interrupt



Port selection and prohibition by register


Panel Terminal


Output

Stereo earphone jack

Optional terminal




Optional power supply terminal (+5V) 


Power Supply

Voltage:
+5V±5%. +12V±5%



Current:
1A Max.

2. BLOCK DIAGRAM
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3. ISA-BUS INTERFACE

3.1. MEMORY SPACE

DIP SWITCH SETUP

The 8 KB of memory used as on board internal memory and register is an 8 KB block designated from the 128 KB of the personal computer memory.  Please switch the BASE address with the DIP switch according to the development environment.  DIP switch settings are shown in the table below.  (Please refer to 3.4.4 IRQ Designation Register for IRQ settings.) 

DIPSW
PC Address

4
3
2
1


Off
Off
Off
Off
C0000h ~ C1FFFh (Initial setting) 

Off
Off
Off
ON
C2000h ~ C3FFFh

Off
Off
ON
Off
C4000h ~ C5FFFh

Off
Off
ON
ON
C6000h ~ C7FFFh

Off
ON
Off
Off
C8000h ~ C9FFFh

Off
ON
Off
ON
CA000h ~ CBFFFh

Off
ON
ON
Off
CC000h ~ CDFFFh

Off
ON
ON
ON
CE000h ~ CFFFFh

ON
Off
Off
Off
D0000h ~ D1FFFh

ON
Off
Off
ON
D2000h ~ D3FFFh

ON
Off
ON
Off
D4000h ~ D5FFFh

ON
Off
ON
ON
D6000h ~ D7FFFh

ON
ON
Off
Off
D8000h ~ D9FFFh

ON
ON
Off
ON
DA000h ~ DBFFFh

ON
ON
ON
Off
DC000h ~ DDFFFh

ON
ON
ON
ON
DE000h ~ DFFFFh

* DIP switches are ON if the key lever is down.  The numbering of the DIP switches are the same as the numbers on the board.                                                                                               

3.2. MEMORY MAP (I/O MAP)

The addresses shown below are based on the BASE address set earlier. 

[image: image7.png]@

RN

ElabiN
S5—TM

ANMOS=

y
{
b

NYd¥™ NI

v

EPB
EP7

S1
[
EPF1BKSERC24E ' L
120 » PR v v ) £ = ] =
- 1] conz ==
[i§] - % [
= = e "
_ _ W
] = RAZD
= D
: o g
= R L
g BT T
=3 G m D
= _ ~ e — = AN
5 g B
E % ) b = m =
- A 0] =
s
4= B % % \
2w -oe i 7 CHNL
o ey IR CRE w = o o
w181 = . W
3 3 3 -
o hd 61 sl
12 n n n o n n @ lu
o S
=
B v w37
= \372 w
) a
= -3 ,
I ) ,
B pig
= = = -
3. B
]
. . 4
fo -
g - B -
S = [0 109" 0 . [
= " " ! " ) [ EFF1EK2BTC 144
-, w18l ePrigksprCcvD e
o
L VHCJHP - - o -
gg b = il >
. 3 oL ) opLd &L 1 %L
% TC?HLCXJLBB?EAFT
%ﬁ | £ N
3 i) - A £
s [ ” % - %
i N}
0L} -
t r o LTCIose = fLTtse W
- [( | TE?HLCXJEB?SAFT 2 ADGSMSR upceq%z
A 3 3 " 5 e IC1
o L G Je7susseu 4 G
f (e I~ H =
S M\%ﬁiﬁu = @ ‘D@
| — )
w ( oy +i *
¢ | 03 @2 X z g OB = ‘ { ‘ [ \ [ |
" 2] @H =0 %U t \ O _
— 0 0 - O PC3S PC7
FCB EE‘;E,FD Ll <§E%hgr T T g
TERED OUTR=3.
S - = ~
u S y T‘j COn4
o HE 8|3 <
o
I

-





MEMORY

3.3.1. Z80 RAM
Z80 RAM may be accessed from both the PC and the Z80 CPU.  4 KB of memory is accessed by the Z80 CPU as regular Z80 memory.  When the Z80 RAM area is accessed by the PC, a bus request is generated to the Z80 CPU and the Z80 CPU returns the bus acknowledge signal.  The PC is in WAIT mode until this bus acknowledge signal is returned.  If the PC generates a reset to the Z80 CPU, the Z80 CPU is reset and the Z80 RAM is released to the PC.  When the Z80 CPU is in reset mode, the bus request cannot be relied on as a valid signal so care must be taken.
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3.3.2. Memory for Sound D/A
The Sound D/A memory allows the PC to access the 12 Bit D/A converter.  The memory has been modified for the K1 data and SRAM is used.  It is necessary to initialize the data in the memory since data after power ON is not reliable.  The data format follows. 

Address

Bit
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

BASE + 1000 h ~ 11FFh
Initial Value >
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Access = Read/Write
     8/16 Bit
Invalid

MSB
12 Bit Accuracy DAC data
LSB

3.3. I/O

3.4.1. DAC (L/R) Control Register

DAC (L/R) control register is used to directly access the DAC from the PC in order to specify Sound D/A memory address.  This register is used after data (to be converted) has been written to the (Sound D/A) memory.  The memory is accessed by writing in the following format to the DAC control register.  Approximately 15 (s is taken for the write to this register until the DAC outputs the correct analog value. 

DAC write cycle starts after a write in the DAC (L/R) Control Register. 

If word accessed, write is initiated on both sides of L/R DAC. 

Format is as follows.

Address

Bit
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

BASE + 18A2h ~ 18A3h
Initial Value >
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Access = Read/Write
     8/16 Bit
MSB
DAC-Left
LSB
MSB
DAC-Right
LSB

Address to SRAM
8
7
6
5
4
3
2
1
8
7
6
5
4
3
2
1


Adr
Adr

3.4.2. C061Compatible Registers

C061 compatible registers are compatible to the 900H CPU CTC timer, and include two 8 bit timers.  The Sound Simulation board only supports 8 bit timer mode and does not support the following output mode.
· 16 bit timer mode (cascading 8 bit timers) 

· 16 bit interval timer mode (cascading 8 bit timers) 

· 8 bit programmable square wave (PPG: changeable cycle and duty) 

· 8 bit PWM (Pulse wavelength modification:  fixed cycle and changeable duty) 

The circuit is composed of prescalar, upcounter, timer register, comparator, and timer flip flop for the timer clock.  These circuits are controlled by three control registers (TRUN, TFFCR, T23MOD).  Explanations follow.
A) Prescalar

The prescalar is 9 bits, and takes the clock (fc) from the clock generator and divides by 4, and further divides the clock (fc/4) to create input clocks ((T1, (T4, (T16, (T256) for the upcounter.  The count begins/stops with the timer control register TRUN’s <PRRUN> bit being set.  After reset, it is zero cleared. 


(If fc = 6.144 MHz) 

(T1(8/fc)
1.302 (s

(T4(32/fc)
5.208 (s

(T16(128/fc)
20.833 (s

(T256(2048/fc)
333.333 (s

B) Upcounter

This upcounter consists of an 8 bit binary counter and counts up with the input specified by the timer 2,3 mode register T23MOD.  Timer 2 input clock may be chosen from (T1, (T4, (T16 and external input TIO (384 kHz).  Timer 3 input may be chosen from, (T1, (T16, (T256 and output from timer 2 comparator output (equivalence check).  Control of these timers are done through timer operation control register TRUN.  Timer count start/stop and clear may be controlled every interval, and at reset, the counter is cleared and stopped. 

C) Timer Register

Timer register TREG2,3 is an 8 bit register to set interval time.  If the value set in this register and the upcounter match, comparator equality signal becomes active.  If value 00H is set, the signal is active when the upcounter overflows.  The registers are write only, and because the initial value is not reliable, please write in initial values.  

TREG2:  BASE+1826h  TREG3:  BASE+1827h

D) Comparator

Comparator compares the values from the upcounter and the timer register, and if the values are equivalent, the upcounter is zero cleared and generates interrupts (INT2,3).  If the flip/flop bit of timer 3 TFFCR register is enabled, the timer flip/flop is flipped. 

E) Timer Flip Flop (Timer F/F)

Timer flip-flop is a flip/flop function activated when equality is detected (comparator output) at each interval.  The signal is outputted to timer output terminal TO3. 

3.4.2.1  TRUN Register

Address
Bit
7
6
5
4
3
2
1
0

BASE+1820h
Name
PRRUN
----
----
----
T3RUN
T2RUN
----
----

Read/Write
R/W



R/W
R/W



Initial Value
0



0
0
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Prescaler & Timer Run/Stop control

0:Stop & Clear

   1:Run(Count Up)

3.4.2.2 TTFFCR Register

Address
Bit
7
6
5
4
3
2
1
0

BASE+1825h
Name
FF3C1
FF3C0
FF3IE
FF3IS
-----
-----
----
----

Read/Write
W
R/W





Initial Value 
-----
0
0






00:Invert TFF3

01:Set    TFF3

10:Clear  TFF3

11:don’t care
1:

TFF3

Invert

Enable
0: flip by timer 2

1: flip by timer 3
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3.4.2.3  T23MOD Register

Address
Bit
7
6
5
4
3
2
1
0

BASE+1828h
Name
-----
-----
----
----
T3CLK
T3CLK0
T2CLK1
T2CLK0

Read/Write
----
R/W
R/W

Initial Vlaue 
-----
0
0
0
0



00: TO2TRG

01: (T1

10: (T16

11: (T256
00: TIO

01: (T1

10: (T4

11: (T16

3.4.2.4 Clock Gear Control Register

The clock gear function is compatible to the SYSCR1 register of TMP93CS42A. 

Interface speed with the Z80, and prescalar source frequency (fc) are selected. 

Address
Bit
7
6
5
4
3
2
1
0

BASE+1880h
Name
-----
GEAR

Read/Write
----
R/W

Initial Value 
-----
1
0
0

Z80 Sound Source Control CPU 

Z80 sound source controller CPU is equivalent to the sound source T6W28 circuit controller sub CPU.  1 Byte dual port register is used to communicate with the PC.  Related registers and reset information is shown below. 

Related Register List (PC ISA bus): 
Z80 reset, sound source reset control register (BASE+18B8h, BASE+18B9h),

Z80 NMI control register (BASE+18BAh, BASE+18BBh),

PC-Z80 communication register (BASE+18BCh)

Related Register List (Z80-CPU):

PC-Z80 communication register (8000h)
PC INTx control register (C000h)


System Reset:
‘L’ = System Reset State

Oscillation Enabled 0:
‘L’ = Oscillation Enable “0”

Command Reset from PC:
Reset state is reached with the PC sending the reset command to the sound source reset control register.  Only Z80-PC is reset.
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Each of the registers are explained below. 

3.4.3.1. Z80 Reset, Sound Source Reset Control Register
Address
Bit
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

BASE+18B8 h
Initial Value >
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

Access = Write
(Read possible)

8/16 Bit



Z80 Reset Register, T6W28 Reset Register Write Data
Z80
State
T6W28
State
PC Direct Access
Initial State


5555 h
RUN
RUN
No Use



55AA h
RUN
Reset
DAC Use Possible



AA55 h
Reset
RUN
Sound Source Use Possible



AAAA h
Reset
Reset
DAC Use Possible
O

3.4.3.2. Z80 NMI Control Register
Address
Bit
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

BASE+18BA h
Initial Value >
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Access = Write only
8/16 Bit
NMI request generated once to the Z80 with write access (data invalid).  

(Pulse width larger than 100ns) 

3.4.3.3. PC – Z80 Communication Register
Address
Bit
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

BASE+18BCh
Initial Value >
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Access = Read/Write
8/16 Bit
Fixed “0”
PC – Z80 Communication Register (Dual Port) 

IRQ Setting Register

IRQ setting register designates which IRQ of the ISA bus receives the interrupt output from the board.  After reset, the value is “0000” and the output is invalid. 

Address
Bit
7
6
5
4
3
2
1
0

BASE+18BEh
Name
-----
IRQ

Read/Write
----
R/W

Initial Value
-----
0
0
0
0

3.4.3. IRQ Status Register
The PC needs to confirm the point from which the IRQ was produced by reading the status register when interrupts (IRQ) are generated by the board.  If the register is not read, the next request for an interrupt occurring will not output IRQ.  If another request for an interrupt occurs, during the time after the IRQ has been outputted and the PC reads the register, it is necessary to note this in the status register.  Care must be taken if the interrupt request is produced for the same reason because it will be ignored. 

Address
Bit
7
6
5
4
3
2
1
0

BASE+18C0h
Name
-----
-----
Z80INT
CTCINT3
CTCINT2

Read/Write
----
R/W
R
R/W
R
R/W
R

Initial Value 
-----
1
0
1
0
1
0


1:Mask
  1:int out


4. SOUND SOURCE

The Sound Source Module uses T6W28 (L, R 2 CH) equivalent circuitry for the sound source.  The D/A module is a 12 bit D/A converter.  There is a conversion table so that accessing the D/A from the PC will result in 12 bit ( 1 CH equivalent data.

It is possible for Z80-CPU or PC to access the D/A converter.  The PC can generate a command to the Z80 Reset, Sound Source Reset Control Register.  Resetting Z80-CPU will allow access to the Sound Source, and resetting the Sound Source will allow access to the D/A converter. 
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Related Registers:

L CH Sound Source Control Register (BASE+18A1h)

R CH Sound Source Control Register (BASE+18A0h) 

L CH DAC Control Register (BASE+18A3h)
R CH DAC Control Register (BASE+18A2h)

Z80 Reset, Sound Source Reset Control Register (BASE+18B8h, BASE+18B9h)
4.1. SOUND SOURCE SPECIFICATION

FEATURES
Built-in 4 tone counter programmable through 8 bit parallel data bus. 

Built-in noise counter programmable through 8 bit parallel data bus.

Built-in 8 attenuator programmable through 8 bit parallel data bus.

Uses 3.072 MHz reference clock.

Possible to output sound at the same time.  (4 chords) 

BLOCK DIAGRAM
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4.2. OPERATION

4.2.1. Tone Generator
Each Tone Generator consists of frequency setting (Programmable Tone Counter) and level setting (Programmable Attenuator).  Frequency setting consists of 10 bits F9 (MSB) ~ F0 (LSB).  The base clock is divided to 1/16 with the division circuit, and provides up to ten levels of the Tone Counter.  Because a Flip/Flop is connected, twice the frequency value ( 16 must be set to the Tone Counter.  If the Tone Counter value is changed, the setting becomes valid from the edge of the square wave outputted.

Frequency Setting Calculation Method:

F = N/32n [Hz]  (N = base clock frequency [Hz], n = 10 bits binary)

The output of the Tone Counter is sent to the attenuator.  The attenuator value is set with 4 bits data as shown below in 16 steps of volume level, 0 [dB] to 0FF [dB]. 
Bit Position
 


Decrease [dB]

A3
A2
A1
A0
T6W28

0
0
0
0
0

0
0
0
1
2

0
0
1
0
4

0
0
1
1
6

0
1
0
0
8

0
1
0
1
10

0
1
1
0
12

A3
A2
A1
A0
Decrease [dB]

0
1
1
1
14

1
0
0
0
16

1
0
0
1
18

1
0
1
0
20

1
0
1
1
22

1
1
0
0
24

1
1
0
1
26

1
1
1
0
28

1
1
1
1
OFF

Table 1. Attenuation Control

4.2.2. Noise Generator
The Noise Generator consists of the Noise Source and Attenuator.  The Noise Source is a shift register with a XOR feedback.  The feedback exists to avoid lock when the shift register becomes 0.  And when the Control Register is changed, the shift register is cleared. 
FB
NOISE MODE

0
Same Period Noise

1
White Noise

Table 2. Noise Feedback Control
When the Noise Control Register is switched, the shift register is cleared.  4 types of clocks may be set for the operation clock of the shift register with 2 NF bits.  The shift rate is based on the base clock. 

NF1
NF0
SHIFT RATE

0
0
N/512

0
1
N/1024

1
0
N/2048

1
1
Tone Generator #3 Output

Table 3. Noise generator Frequency Control
With the modes of NF0:1, NF1:1; Tone of the Noise may be continuously changed.  The setting relationship is shown below. 

4.2.3. Interface with PC and Z80

The interface of PC and Sound Controller is the Sound Source Control Register (Left: 18A1h, Right: 18A0h).  The interface of Z80 and Sound Controller is the Sound Source Control Register (Left: 4001h, Right: 4000h).  Each Tone generator requires 10 bits for frequency setting and 4 bits for attenuation setting.  Updating frequency requires 2 bytes of transfer, and attenuation requires 1 byte of transfer.  Frequency and address field data in the 1st byte, frequency data in the 2nd byte composes the input to the Tone generator (Assumption:  No other control registers are accessed.).  Care must be taken, since updating the 1st byte alone will make the input valid.  This register address is latched on chip and the data is also inputted.  Attenuator is similar except for the fact that 1 byte alone inputs value to the register and for attenuation. 

4.2.3.1. Control Register

The Sound Source circuit has 8 registers to control 3 Tone generators and Noise source for each right and left channel.  When data is sent to the controller, the 3 bits of the first byte is used to determine the control register.  The register address is shown in Table 4. 

R2
R1
R0
CONTROL REGISTER ASSIGNMENT

0
0
0
TONE1 frequency

0
0
1
TONE1 attenuation

0
1
0
TONE2 frequency

0
1
1
TONE2 attenuation

1
0
0
TONE3 frequency

1
0
1
TONE3 attenuation

1
1
0
Noise control

1
1
1
Noise attenuation

Table 4. Register Address Field

4.2.3.2. Data Format

Transfer data format is shown below.

Frequency (2 bytes transfer) 

1st byte
ADDR
DATA

1
R2
R1
R0
F3
F2
F1
F0

Bit 7　
 Bit 0

2nd byte
ADDR
DATA

0
X
F9
F8
F7
F6
F5
F4

Bit 7
Bit 0

Noise Source (1 byte transfer)
1st byte
ADDR
DATA

1
R2
R1
R0
X
FB
NF1
NF0

Bit 7
Bit 0

Attenuator (1 byte transfer)
1st byte
ADDR
DATA

1
R2
R1
R0
A3
A2
A1
A0

Bit 7
Bit 0

4.2.4. Output Frequency Calculation

Obtain the division ratio with the following equation to output a specific frequency.  It is necessary to set this frequency by transferring 2 bytes data to the control register. 

n = Base clock/(32 ( Tone) … (Tone generator 1, 2, 3)

n = Base clock/(32 ( 15 ( Tone) … (Same period noise mode)


n:  division ratio

Base clock:  3.072 MHz

Tone:  frequency wanted 

Drop the values after the decimal place and change the division ratio to a 10 bit binary data format (data format in 4.2.3.2) and transfer the 1st and 2nd byte to set the value in the control register.  The following is an example for output frequency of 440 Hz.

(Tone generator 1, 2, 3 frequency)

n = 3072000/(32 ( 440)

  = 218.18… ( 218 (The n value with the decimals omitted shall be the division ratio value)

For reference purpose, the relationship between Tone and Division Ratio is shown. 

Tone and Division Ratio Relationship for Each Tone Generator 1 ~ 3 (Clock:  3.072 MHz) 

Music Interval (Key)
Division Ratio
HEX
SGC
Actual
Music Interval (Key)
Division Ratio
HEX
SGC
Actual



1st
2nd
Output (Hz)
Frequency (Hz)


1st
2nd
Output (Hz)
Frequency (Hz)

A
872
X8
36
110.09
110.00
C#5
173
XD
0A
554.91
554.37

A#2
823
X7
33
116.65
116.54
D5
163
X3
0A
588.96
587.33

B2
777
X9
30
123.55
123.47
D#5
154
XA
09
623.38
622.25

C3
733
XD
2D
130.97
130.81
E5
145
X1
09
662.07
659.26

C#3
692
X4
2B
138.73
138.59
F5
137
X9
08
700.73
698.46

D3
653
XD
28
147.01
146.83
F#5
129
X1
08
744.19
739.99

D#3
617
X9
26
155.59
155.56
G5
122
XA
07
786.89
783.99

E3
582
X6
24
164.95
164.81
G#5
115
X3
07
834.78
830.61

F3
549
X5
22
174.86
174.61
A5
109
XD
06
880.73
880.00

F#3
518
X6
20
185.33
185.00
A#5
102
X6
06
941.18
932.33

G3
489
X9
1E
196.32
196.00
B5
97
X1
06
989.69
987.77

G#3
462
XE
1C
207.79
207.65
C6
91
XB
05
1054.9
1046.5

A3
436
X4
1B
220.18
220.00
C#6
86
X6
05
1116.3
1108.7

A#3
411
XB
19
233.58
233.08
D6
81
X1
05
1185.2
1174.7

B3
388
X4
18
247.42
246.94
D#6
77
XD
04
1246.8
1244.5

C4
366
XE
16
262.30
261.63
E6
72
X8
04
1333.3
1318.5

C#4
345
X9
15
278.26
277.57
F6
68
X4
04
1411.8
1396.5

D4
326
X6
14
294.48
293.66
F#6
64
X0
04
1500.0
1480.0

D#4
308
X4
13
311.69
311.13
G6
61
XD
03
1573.8
1568.0

E4
291
X3
12
329.90
329.63
G#6
57
X9
03
1684.2
1661.2

F4
274
X2
11
350.36
349.23
A6
54
X6
03
1777.8
1760.0

F#4
259
X3
10
370.66
369.99
A#6
51
X3
03
1882.4
1864.7

G4
244
X4
0F
393.44
392.00
B6
48
X0
03
2000.0
1975.7

G#4
231
X7
0E
415.58
415.30







A4
218
XA
0D
440.37
440.00







A#4
205
XD
0C
468.29
466.16







B4
194
X2
0C
494.85
493.88







C5
183
X7
0B
524.59
523.25







Same Period Noise Mode Output Frequency (Clock:  3.072 MHz)

Music Interval (Key)
Actual Frequency
Division Ratio
SGC Output
HEX TONE 3


(Hz)

(Hz)
1st
2nd

C0
16.351
391
16.37
C7
18

C#0
17.324
369
17.34
C1
17

D0
18.354
348
18.39
CC
15

D#0
19.445
329
19.45
C9
14

E0
20.601
310
20.65
C6
13

F0
21.827
293
21.84
C5
12

F#0
23.124
276
23.19
C4
11

G0
24.499
261
24.52
C5
10

G#0
25.959
246
26.02
C6
0F

A0
27.500
232
27.59
C8
0E

A#0
29.135
219
29.22
CB
0D

B0
30.868
207
30.92
CF
0C

C1
32.703
195
32.82
C3
C0

C#1
34.648
184
34.78
C8
0B

D1
36.708
174
36.78
CE
0A

D#1
38.891
164
39.02
C4
0A

E1
41.203
155
41.29
CB
09

F1
43.654
146
43.84
C2
09

F#1
46.249
138
46.38
CA
08

G1
48.999
130
49.23
C2
08

G#1
51.913
123
52.03
CB
07

A1
55.000
116
55.17
C4
07

A#1
58.270
109
58.72
CD
06

B1
61.735
103
62.14
C7
06

C2
65.406
97
65.98
C1
06

C#2
69.296
92
69.57
CC
05

D2
73.416
87
73.56
C7
05

D#2
77.782
82
78.05
C2
05

E2
82.407
77
83.12
CD
04

F2
87.307
73
87.67
C9
04

F#2
92.499
69
92.75
C5
04

G2
97.999
65
98.46
C1
04

G#2
103.826
61
104.92
CD
03

5. Z80 CPU
5.1. Z80 SOUND SOURCE CONTROL CPU ADDRESS MAP
Z80 Sound Source Control CPU address map is shown below. 

0000 H
        0FFF H
Z80 RAM
(4 Kbyte)

1000 H
        3FFF H
Reserved

4000 H
        4001 H
Sound Source
RIGHT 



LEFT 

4002 H
        7FFF H
Reserved

8000 H

PC-Z80 communication register  (1 Byte)

8001 H
        BFFF H
Reserved

C000 H

PC INTx control register (1 Byte)

C001 H
        FFFF H
Reserved



* All area 0 WAIT operation. 



* No I/O mapped devices
5.2. I/O

5.2.1. Z80 Timer Interrupt
There is no timer to set timing for the Sound Source T6W28 (( 2) inside the Z80 Sound Source control CPU.  Thus the Sound Source is connected through interrupt circuitry to the PC memory map timer register output TO3 (Timer 3 external output).  Timer settings are done by the PC, and the Z80 Sound Source Control CPU requests settings through the register.  Interrupt circuit connections are shown below. 


[image: image6.wmf]INT

IORQ

WR

Z80 RESET

TO3

(PC/TIMER3)

Z80 - CPU

VDD

Q

Q

D


5.2.2. PC INT Control Register
Address
Bit
7
6
5
4
3
2
1
0

C000 h
Initial Value >
-
-
-
-
-
-
-
-

Access = Write only
     8 Bit
INTx request to the PC generated with wrtie access (data invalid)


5.2.3. PC – Z80 Communication Register
Address
Bit
7
6
5
4
3
2
1
0

8000 h
Initial Value >
0
0
0
0
0
0
0
0

Access = Read/Write
    8 Bit
PC – Z80 Communication Register

(Dual Port) 


5.2.4. Z80 Interrupt Acknowledge Register
Address
Bit
7
6
5
4
3
2
1
0

00～FF h
Initial Value >
-
-
-
-
-
-
-
-

Access = Write only
     8 Bit
Releases INT request to the Z80 with write access (invalid data).


Please refer to 3.3.1 Z80 RAM for further information on Z80 RAM.  Please refer to 4.1 Sound Source Specification for further information on Sound Source. 
6. ADDITIONAL MATERIAL

6.1. SOUND ELEMENTS AND T6W28 RELATIONSHIP

6.1.1. Sound Elements
Currently, sound occurring in nature is separated into pitch, volume, tone, and the output method.

Sound Pitch (frequency)

Tone (harmonic overtone structure)

Sound Strength (sound pressure value)

Sound Output Method (envelope)

(A) Sound Pitch
Although there are some differences from person to person, 20 ~ 30 Hz to 16kHz ~ 20 kHz is the range of human hearing; but structure of sound is more dependent on the other two factors.

(B) Tone
People refer to “light (dark) sounds,” and “soft (hard) sounds” but these are description of tone differences and are resultant of the wave form.

(C) Sound Strength
Normally this refers to the continuous output level, but is very important when two or more frequencies are mixed.

(D) Sound Output Method
This is closely related to shape of the wave to differentiate sound, but also entails volume change (Sound output start to end gradients).
Depending on the Sound Output Method, the harmonic overtone structure and its frequency may be changed.  There is a strong connection with the amplitude. 

6.1.2. Sound Element and T6W28 Relationship

Sound Element
Physical Attribute
Relationship to T6W28

Sound Pitch
Frequency
Tone generator and noise generator frequency control

Tone
Sound Harmonic Structure
Mainly wave shape related, but the T6W28 has 50% duty pulse wave shape.  3 frequency output is possible and with the ATT control Sound Harmonic Structure is controllable. 

Sound Strength
Amplitude
The 3 tone and noise generators have 4 bit attenuation control for each. 

Sound Output Method
Envelope
It is possible to control each attenuation with external data.

ATT control is possible in the following method:  4 bit DATA envelope sequence control on each step.

* Frequency control is possible in the following area:  f = N/32n, noise, frequency element control. 

6.2. D/A CONVERTER SPECIFICATION

The board uses 2 (left and right) D/A converter with the following specification.

LINEAR-TECHNOLOGY PRODUCT 

SYMBOL
PARAMETER
CONDITIONS
MIN
TYP
MAX
UNITS

Operation Power Source

Vcc
Operation Voltage

4.5

5.5
V

Icc
Current Use
4.5V ≤ Vcc ≤ 5.5V (*1)
300
400
620
(A

D/A Specification


Division

12
-
-
Bit

DNL
Derivative Linear Error
(*2)


(0.5
LSB

INL
Non-Linear Error
T = 25(C (*2)


(4.0
LSB

Vos
Offset Error
T = 25(C


(18
mV

Vos TC
Offset Error Temp. Coefficient


±15

(V/(C

Vfs
Full Scale Output Voltage

2.006
2.048
2.088
V

Vfs TC
Full Scale Output Voltage Temp. Coeff.


±0.02

LSB/(C

AC Specification


Voltage Output Through Rate
(*3)
0.5
1.0

V/(s


Voltage Output Settling Time
(*3, 4) to ±0.5LSB

14

(s

*1 Digital input signal 0 V ~ Vcc.

*2 Non-linearity is declared with the largest code from maximum offset value with full scale value.

*3 Burden 5 k(, 100 pF (Parallel connection with output terminal.

*4 Input code as “18”.

6.2.1. Memory for D/A

 The board has an access mode to allow a PC to directly access the D/A converter.  It is necessary to set a value in the DAC control register to use this mode.  The value must be modified taking K1 chip output specifications to become input value for the D/A converter.  The relationship for register values to output voltage is shown below.  K1 chip output simulation table uses the preceding section information and the table below.  SRAM data and output relationship is listed below. 

SRAM

Output
SRAM

Output
SRAM

Output
SRAM

Output

Data (HEX)
Voltage (V)
Data (HEX)
Voltage (V)
Data (HEX)
Voltage (V)
Data (HEX)
Voltage (V)

000
0.060
39D
0.463
73A
0.925
AC8
1.380

028
0.065
3B6
0.490
771
0.953
AEB
1.413

064
0.080
40B
0.518
7A3
0.978
B40
1.440

08C
0.085
44C
0.550
7DF
1.008
B81
1.473

0C8
0.115
47E
0.575
81B
1.038
BB3
1.498

0D2
0.145
4BA
0.605
852
1.065
BEA
1.525

13B
0.173
4D3
0.633
88E
1.095
C26
1.555

195
0.203
532
0.665
8CA
1.125
C6C
1.590

1AE
0.230
54B
0.693
901
1.153
C94
1.610

208
0.260
5A0
0.720
938
1.180
CDF
1.648

244
0.290
5D7
0.748
974
1.210
D39
1.693

258
0.315
618
0.780
9B0
1.240
D48
1.700

294
0.345
64F
0.808
9E7
1.268
D61
1.713

2EE
0.375
668
0.835
A1E
1.295
DAC
1.750

2FD
0.398
6C2
0.865
A5F
1.328
E06
1.795

361
0.433
6F9
0.893
A96
1.355
E2E
1.815
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Stereo Sound Volume


(Clock wise will increase volume)
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IRQ Status Register





18C0h





1FFFh





18C1h





18BEh





18BDh





18BCh





18BAh





18B8h





18A4h





18A3h





18A2h





18A1h





18A0h





1890h





1880h





1800h





1200h





1000h





BASE address + 000h





(Don’t care)





IRQ Setting Register





(Don’t care)





C061 Compatible Registers
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D/A Memory (512 Byte)








Z80 RAM (4KB)





PC – Z80 Communication Register





Z80 NMI Control Register





Z80, Sound Reset Control Register





(Do Not Access)





DAC(Left) Control Register





DAC(Right) Control Register





Sound Source (Left) Control Register





Sound Source (Right) Control Register





(Do Not Access)





Clock Gear Control Register








INT Mask


0: interrupt output enable


1: interrupt output disable





INT Status


0: no int


1: interrupt request





IRQ Port Select


0,1,2,8,Dh:	IRQ don't care


3h:		IRQ3


4h:		IRQ4


5h:		IRQ5


6h:		IRQ6


7h:		IRQ7


9h:		IRQ9


Ah:		IRQ10


Bh:		IRQ11


Ch:		IRQ12


Eh:		IRQ14


Fh:		IRQ15





Selection of Clock (fc) Gear


000: fc	(6.144MHz)


001: fc/2


010: fc/4


011: fc/8


100: fc/16


101: (reserved)


110: (reserved)


111: (reserved)





Timer 3 Input Clock


00: Timer 2 Comparator Output


01: Internal Clock (T1


10: Internal Clock (T16


11: Internal Clock (T256





Timer 2 Input Clock


00: External Input Clock TIO = 384 kHz


01: Internal Clock (T1


10: Internal Clock (T4


11: Internal Clock (T16





Timer Flip Flop TFF3 Control


00: Flip the value of TFF3 (Software flip)


01: Set TFF3 to “1” 


10: Set TFF3 to “0”


11:don’t care (when read, “11”)





Timer Flip Flop TFF3 Flip/Flop Signal Selection


0: Flip/Flop by Timer 2


1: Flip/Flop by Timer 3





Timer Flip Flop TFF3 Flip/Flop


0: Disable


1: Enable





Timer 2 Operation


0: Stop and Clear


1: Count Start
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Timer 3 Operation


0: Stop and Clear


1: Count Start





Prescalar Operation


0: Stop and Clear


1: Count Start
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