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VT16 Console and One Bus for TV

VT16

Console and One Bus System for TV
(Real 16 colors or Virtual 64 colors)

Features

System

- CPU: 6502

- Internal Program RAM: 4K Bytes

- Internal Video RAM: 2K Bytes

- DMA (Sprite and Background)

- 8 bits data bus or 16 bits data bus

- Multiple control of IRQ

- Scan line counter IRQ

- One programmable timer can generate external clock,
IRQ and RS232 baud rate timer

- Bank decoder for expandable memory up to 32M Bytes

- T.V. signal output (NTSC, PAL,PALM,PALN)

- 8 bits data bus mode has auxiliary 16 I/O pins and 16 bits
data bus mode has auxiliary 8 /O pins.

- 8 bits AD converter

- Voice Gain control

- Relative Address bank

- Extend 5 IRQ service entry

- CPU frequency 1.8MHz or 5MHz

- Video 16 bits mode can use low speed memory.

- Independent PCM address bank

- Reset entry 7FFFCH or 17FFFCH option

- Sleep mode and Auto wake up mode

General Description

VT16 includes the CPU, Graphic Unit, Sound Unit, two internal
SRAMs(4K bytes for program and 2K bytes for video), and
some 1/O controllers. There are two main systems in VT16,
program system and video system.

CPU plays the key role in program system. It can access the
internal and external program memories. The program memory
stores the program command, instructions, and sound data.
VT16 is equipped with a 4K Bytes SRAM as internal program
memory. This program RAM will be the zero page RAM,
STACK and some memory of CPU. Program system controls
the operations of Education machine , including figure, voice,
and the title. It means CPU will control the video system to
display the specified figure.
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Peripheral Applications
- Builtin Joystick with turbo
- RS232 serial port built-in.
- SPI interface

Graphic Processor

- Resolution: 256x240 pixels

- 64 sprites in one frame

- Background color can be 16 colors (4 color sets) or 4
colors (4 color sets).

- Sprites with 16 colors (4 color sets), have 8X8 or 8X16
character size, and with 4 colors (4 color sets), have 8X8,
8X16, 16X8, 16X16 character size.

- Color palette has 25 or 121 colors.

- Enlarge Sprite and background

Sound Generator
- 4 Rhythm channels,
- 2 Low frequency channels,
- 2 Noise channels ,
- PCM or DWS DMA built-in.

Graphic Unit is the main role of the video system. It can
access the video memory automatically to display some
figures. In addition to the internal program SRAM, VT16 is
equipped the other 2K Bytes SRAM for Video RAM. Internal
Video RAM stores pattern vectors for 2 pages of background.
External Video memory stores the video characters to be
pointed by the pattern vectors.

VT16 can combine program and video bus into one bus mode.
Thus it needs only one memory IC as the program memory
and video memory. Under one bus mode, programmer
specifies the program and video bank individually in the same
external memory and then VT16 will combine the two
independent buses into one bus. External memory can be
extended to 32Mbytes through the function decoder of VT16.
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VT16 Console and One Bus for TV

Pin configuration

Chip Size(X, Y): 4000 X 2850 um”2
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VT16 Console and One Bus for TV

Block diagram

JOYSTICK ¢— PERIPHERAL TIMER
INTERFACE
4K Bytes IRQ
PROGRAM RAM CONTROLLER
CPU PSG & VOICE |, AuDIO
6502 PROCESSOR
ADC
GRAPHIC T.V. SIGNAL > VIDEO
PROCESSOR UNIT COMPOSITE
A
2K Bytes
VIDEO RAM
DATA BUS —»
ADDRESS BUS «——»|

Pin Description

SYMBOL TYPE DESCRIPTIONS

XA[14:0] 0 Address XA14-XA0.

XD[7:0] I/0O  |Data bus Bit7-0.

XVD[7:0] 1/0 1/0O or data bus Bit15-8 in 16 bits mode.

XCK18 0 CPU clock 1.8MHz.

XRW 0] Write signal or low byte write signal.

XHRW 0] High byte write signal.

XROMOEB 0] ROM or Flash Output enable OEB.

XFCSB (0] ROM or flash chip selector, Low active, cpu address 8000H~FFFFH and OA24=0 and
0OA23=0 will be low.

(XFCS1B (0] ROM or flash chip selector, Low active, cpu address 8000H~FFFFH and OA24=0 and
0A23=1 will be low.

(X67CSB (0] Address 6000H~7FFFH or cpu address 8000H~FFFFH and OA24=1 chip selector, Low
active.

XVRW 0 Video Read/Write signal or I/O in one bus mode.

XVOEB 0 Video data output enable or I/O in one bus mode.

XVRA10 | Internal Video RAM Address bit 10 or I/O in one bus mode.

XRC [®) External ROM chip selector Low active or /O in one bus mode.

XRCB O External ROM chip selector High active or Power on indicator or I/O in one bus mode.
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VT16 Console and One Bus for TV

XVA[7:0] 0 Video address bus or OA22-OA15 in one bus mode.

XAD[12:10] O Video address bus A12-A10 or I/O in one bus mode.
/0

XAIN3 /O [I/O or ADC input .

XAIN4 /0 External IRQ or Voice input or I/0O or ADC input .

XAINO /0 [I/O or ADC input .

XAIN1 1/0 1/0 or ADC input.

XAIN2 /O [I/O or ADC input .

XSPICK 0] SPICK or 4124H Write pulse(low active).

XSPIDO O SPIDO or 4124H Read pulse(low active).

XSPIDI /0 [SPIDI or universal I/O 4.

[XCOND 1/0 Continueous data I/O or universal I/O 5.

XCONCKI /0 [Continueous CK or universal I/O 6.

XPCKO [®) Programmable CK or universal I/O 7 output.

XUIO[3:0] 1/0 Universal /0 3,2,1,0.

XTESTB | Wafer test pin. (PH)

XRESTB System reset pin low active. (PH)

(XCK21M Clock input pin for crystal.

|

|
XCK21B 0 Clock output pin for crystal.
X4016D0 | 1/O interface input pins or A button. (PH)
X4016D1 | 1/O interface input pins or B button. (PH)
X4017D0 | 1/O interface input pins or Up button.(PH)
X4017D1 | 1/O interface input pins or Start button.(PH)
X4017D2 | 1/O interface input pins or Select button.(PH)
X4017D3 | 1/0 interface input pins or Down button.(PH)
X4017D4 | 1/O interface input pins or Left button.(PH)
XQ0 I/0__ |I/O interface output pins or Turbo B button.(PH)
XQ1 /0 1/O interface output pins or Turbo A button.(PH)
XQ2 1/0 1/O interface output pins or RS232 RXD.
XCUP46 I/0_|Clock of I/O or Right button.(PH)
XCUP47 I/0_ |Clock of I/0 or RS232 TXD
XVIDEO O Composite video signal.
XOP1,XOP2 0] Audio signal.
XJOYSELB | Internal Joystick enable when XJOYSEL=0.
XD16BUSB | 16 bits data bus selector (low active)
XPORN,XF50R6 O TV system selector. All 0:NTSC, All 1:PAL.
XRESINIP | Program reset vector bank. 0: 7FFFCH, 1:17FFFCH.
XPOWOFF | Power off button.(PH).
XPOWON 0] Power On Indecator (active high).
XA24 o) Address XA24

Note: (1) input pin. (O) output pin. (I/O) input/output pin. (PH) pull high resistor 20K~50K inside, (PL) pull low resistor 20K~50K
inside.

Pin optional table

Status Register IOPOEN=1 Register IOPOEN=0
XD16BUSB=1 XD16BUSB=0

XVDO I0P00 D8

XVD1 I0P01 D9

XVD2 I0P02 D10

XVD3 I0P03 D11

Status Register IOP1EN=1 Register IOP1EN=0
XD16BUSB=1 XD16BUSB=0

XVD4 I0P10 D12

XVD5 IOP11 D13

XVD6 I0P12 D14

XVD7 I0P13 D15

Status Register IOP2EN=1 Register IOP2EN=0

XVRA10 I0P20 VRA10

XAD10 I0P21 AD10

XAD11 I0P22 AD11

XAD12 I0P23 AD12
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VT16 Console and One Bus for TV

Status Register IOP3EN=1 Register IOP3EN=0
XRC IOP30 RC

XRCB IOP31 RCB
XVOEB I0P32 VOEB
XVRW I0P33 VRW
Status ADCEN=1 ADCEN=0
XAINO AINO ADCIO0
XAIN1 AIN1 ADCIO1
XAIN2 AIN2 ADCIO2
XAIN3 AIN3 ADCIO3
Status VGCEN=1 VGCEN=0
XAIN4 AIN4 EXIRQ

External IRQ(EXIRQ) vector table

External IRQ Type Vector Status

E1IRQB FFF8H , FFFOH External IRQ pad is AIN4

TXIRQB FFF6H , FFF7H TX

RXIRQB FFF4H , FFF5H RX

CONIRQB FFF2H , FFF3H Continuous data IRQ

TIMIRQB FFFOH , FFF1H Timer IRQ( The same as RS232 Timer)

Note: This external IRQ timer are the same

as RS232 timer, so if you use it then you can not use RS232 function.

Status SPIEN=1 SPIEN=0
XSPICK SPICK 4124H Write low pulse
XSPIDO SPIDO 4124H Read low pulse
XSPIDI SPIDI ulo4

Status CONEN=1 CONEN=0
XCOND COND Ulo5

XCONCK CONCK ulo6

Status UloSs7=1 UlOS7=0
XPCKO uloD7 PCKO

Status XJOYSELB=0 XJOYSELB=1
X4016D0 JOY button A X4016D0
X4016D1 JOY button B X4016D1
X4017D0 JOY button UP X4017D0
X4017D1 JOY button ST X4017D1
X4017D2 JOY button SE X4017D2
X4017D3 JOY button Down X4017D3
X4017D4 JOY button Left X4017D4
XCUP46 JOY button Right XCUP46

XQo JOY button B turbo XQ0

XQ1 JOY button A turbo XQ1

Status Register RS232EN=1 Register RS232EN=0
XQ2 RD XQ2

XCUP47 TD XCUP47

# RS232EN default =1

© V.R.Technology Co.,Ltd.
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VT16 Console and One Bus for TV

Functional description

Console chip is composed of CPU, video, sound function and 1/O.

1 Video can handle two objects, SPRITE and
BACKGROUND. SPRITE is the moving object as bullet,
car, and man. BACKGROUND is the larger figure as tree,
forest, house, scenery which can be scrolled.

2. On A TV screen, VIDEO can display 256 pixels on a
horizontal coordinate and 240 pixels on a vertical
coordinate.

3. Programmer can specify 64 SPRITE to display on a
screen. One SPRITE needs four bytes to define.

4. The maximum SPRITE number on a horizontal scanning
line is 8. If it is over 8, the rest will be careless and the
message will be responded to CPU.

5. A basic SPRITE or BACKGROUND pattern is a
character with 8X8 pixels, one pixel which show 4 or 16
kinds of color.

6. Programmer can choose SPRITE being (8X16), (8X8),
(16X16), (16X8).

7. Two pages of figure for BACKGROUND can be
immediately changed page or scrolled with horizontal or
vertical way.

8. 25 or 121 colors in color plate can be defined. One color
needs 6 or 12 bits to define.

9. Automatic TV Synchronized signal generation which is
independent with program.

10. TV composite signal output.

11. Enlarge the sprite and background vertical size 1.5 times

12. Independent sprite specified 4 colors or 16 colors.

13. Video can be 16 bits mode to use slower memory.

Video:

Sound:
Sound:
1. Providing maximally 256 bytes DMA function for graphic
unit updated sprite, background vector and character data.
2 ports for reading the status of sound generator.
Every sound channel gets 4 address ports to control its
operation.
4. There are 4 Rhythm channels, 2 low frequency channels, 2

noise channels and PCM or DWS DMA built in.

5. Two independent sound DA output pin.

wN

CPU:
CPU included in Console gets 16 bits program counter, 8 bits
AL and Accumulator, status register, two general purposes
registers X, Y, 8 bits stack pointer, 16 bits address bus and 8
bits data bus.

Internal RAM:
One 2K bytes RAM for VIDEO Memory, and one 4K bytes for
Program RAM.

1/0:

1.7 pins for reading peripheral /O, 3 pins for outputting
peripheral I/0, 2 clock pins.

2. Built-in optionally 8 bit serial to parallel 1/O for joystick.

3. In one bus mode, 8 bits data bus mode has auxiliary 16 /O
pins and 16 bits data bus mode has auxiliary 8 1/O pins.

4. Built-in optionally RS232 serial port.

5. SPI and CON interface, and UIO 7 pins and programmable
clock out

Address Map of Program Memory and Video Memory

Program Memory

000H 2000H
7FFH Zero page stack 23FFH
200
Graphic Unit ports
4000H 2800H
Sound Generator ports 2BFFH
6000H 3FO0H
3FFFH
8000H 0000H
External Program memory
(expandable)
**Note1

Video Memory **Note1

Background Page
left or top

Background Page
right

Background Page
bottom

Color Palette *Note2

External Video Memory
(expandable)

Address of Video Memory should be asserted through 2006H of Graphic Unit ports. The detail methods to
access video memory are described in section: Access Video Memory and the Bank Mapping.

*Note2
When XRC =1

3F00-3F1F is the old color mapping location of color palette, total 25 colors.

3FO00 is transparent color, and 3F10, 3F04, 3F14, 3F08, 3F18, 3FOC, 3F1C can be ignored.

3F00-3FFF is the new color mapping location of color palette, total 121 colors.

For example, 3F00 and 3F80 will be combined into one color which is 4 bits Luminance data, 4 bits saturation

data and 4 bits phase data.

© V.R.Technology Co.,Ltd.
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One Bus System

VT16 automatically combine the program address bus and
video address bus into one bus. Under one bus mode a single
external memory can be used as program memory and video
memory. Although there is only one external memory
physically, Video memory bank and program memory bank are
set individually. Programmer must divide the signal external
memory carefully to store program and video data. OA[22:0]
are the output pins to address this external memory up to

32MBytes. Based on the program address, XA, video address,
AD, and other relative registers, VT16 will set the values of
OA[22:0] to address the external memory. Please refer to the
following two sections for detail mappings.

The program initial address A22-A0 is 007FFFC or 017FFFC,
and the video initial address is 0000XXX.

4125H and 4126H are the PCM high address bank, and 4127H and 4128H are the relative high
address bank. PCM high address bank will be active when accessing the PCM data.

Address
output Value
XFCSB, (OA24 or $4126D4)
;((:;:g;g (OA23 or $4126D3)+$4128D2
XA22 (OA22 or $4126D2)+$4128D1
XA21 (OA21 or $4126D1)+$4128D0
XA20 (OA20 or $4126D0)+$4127D7
XA19 (OA19 or $4125D7)+$4127D6
XA18 (OA18 or $4125D6)+$4127D5
XA17 (OA17 or $4125D5)+$4127D4
XA16 (OA16 or $4125D4)+$4127D3
XA15 (OA15 or $4125D3)+$4127D2
XA14 (OA14 or $4125D2)+$4127D1
XA13 (OA13 or $4125D1)+$4127D0
XA12 (OA12 or $4125D0)
XA11 OA11
XA10 OA10
XA9 OA9
XA8 OA8
XA7 OA7
XA6 OA6
XA5 OA5
XA4 OA4
XA3 OA3
XA2 OA2
XA1 OA1
XA0 OA0

Access Video Memory

Address of Video Memory should be asserted through 2006H
of Graphic Unit ports. 2006H is a two-bytes-set-up port. D5 of
the first byte output to XRC. D6 of the first byte sets VA34. The
remain bits of 2006H set AD[12:0] as described in Table A1.

When XRC=1, AD[12:0] are the address of the internal video
memory. When XRC=0 under one bus mode, AD[12:0]
together with the settings of Video Memory Bank decide the
output pins OA[24:0] as the address of external video memory.

D7 D6 D5 D4 D3 D2 D1 DO

D7 D6 D5 D4 D3 D2 D1 DO

AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

VA34 | XRC | AD12 | AD11 | AD10 | AD9 | AD8

Second byte

First byte

Table A1. Writing 2006H (two bytes set up)

© V.R.Technology Co.,Ltd.
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Video memory Bank Mapping under One Bus Mode

Under one bus mode, VT16 can address up to 32Mbytes
external memory through 25 bits of address, OA[24:0]. A
sketch map of Video Bank is described in Figure A1. To
address such a big size of external memory, VT16 separate
the 32Mbytes into several blocks via Video Bank 2. Each block
is then divided into several small blocks through Video Bank 1.
By the same manner, Bank O divides each of those small

Video
Bank 2
VA[24:21]

Video Memory
32Mbytes

blocks into smaller blocks.

Please compare to Table A3 for detail mappings. Please Note
that, there is no Video Bank 1 in the extension mode, i.e. each
block divided from Video Bank 2 are directly banking by Video
Bank 0.

Video Video
Bank 1 Bank 0
VA[20:18] VA[17:10]
[ : ]
I:—I

Figure A1. A sketch map of Video Memory Banking

© V.R.Technology Co.,Ltd.
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PPU

$0000 | VBANK=$2016&0xFE
$0800

VBANK=$2017&0xFE

$1400 VBANK=$2012
$1800 VBANK=$2013
$1C00 VBANK=$2014
$2000 VBANK=$2015
Screen 00 Pattern vector area

$23C0
$2400 | Screen 00 Color vector area
Screen 01 Pattern vector area

$27C0
$2800 Screen 01 Color vector area

Screen 10 Pattern vector area

$2BCO
$2000 | Screen 10 Color vector area
Screen 11 Pattern vector area

$2FCO
$3000

Screen 11 Color vector area
No use

$3F00
$3FFF Color Palette vector

Video Memory Bank Mapping

Video address normal mode -
Case ($201A & 0x07)

0: ($4100&0x0F)<<21+($2018%0x70)<<14+ VBANK<<10 (Default)

1+ ($4100&0x0F )<<21+($2018&0x70)<<14+( ($201A&0x80) | (VBANK&OX7F) )<<10
2 ($4100&0x0F )<<21+($2018&0x70)<<14+( ($201A&0xCO) | (VBANK&Ox3F ) )<<10
41 ($4100&0x0F)<<21+($2018&0x70)<<14+( ($201A&0XE0) | (VBANK&Ox1F))<<10
5% ($4100&0x0F )<<21+($2018&0x70)<<14+( ($201A&0XFO0) | (VBANK&OXOF) )<<10
6 ($4100&0x0F)<<21+($2018&0x70)<<14+( ($201A&0XF8) | (VBANK&Ox07) )<<10

Video address extension mode -
Case ($201A & 0x07)

0: ($4100&0x0F)<<21+VBANK<<13+EVA<<10 (Default)
11 ($4100&0x0F )<<21+( ($201A&0x80) | (VBANK&OX 7F) )<<13+EVA<<10
21 ($4100&0x0F )<<21+( ($201A&0xCO) | (VBANK&OX3F) )<<13+EVA<<10
41 ($4100&0x0F)<<21+( ($201A&0XEQ) | (VBANK&Ox1F) )<<13+EVA<<10
51 ($4100&0x0F)<<21+( ($201A&0XFO) | (VBANK&OXOF) )<<13+EVA<<10
6 ($4100&0x0F)<<21+( ($201A&0xF8) | (VBANK&OXx07))<<13+EVA<<10
° When $4105&0x80 isn’t 0 , $0000-$OFFF and $1000-$1FFF exchang.
[ Table

EVA2 EVAL EVAO
Background display extension address mode > $2011&0x02=1 HV BG4 BG3
Background display extension address mode > $2011&0x02=0 BKPAGE BG4 BG3
Sprite display extension address mode SPEVA2 SPEVAL SPEVAO
R/W extension address mode VRWB2 VRWB1 VRWBO

[ ] When background or 16*8 sprite is 16 colors, the actual address should be shift one bit of the left as the
above table.
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Video Memory Bank Mapping

Minimum Video bank 1K bytes
VA24-21 <- $4100(D3-0)
VA17-10 <- $2012-$2017(D7-0), $201A(D7-0)

EVA12-10 <- $20

18(D2-0)

VA20-10 <- $2018(D6-4)

Video Address |4 colors 16 colors Extension Video BANKO |Video BANKO
0000-000F Character 0 Character 0 EVA12-10=0 VA17-10=0 VA17-10=0
0010-001F Character 1 If Extension If Extension If Extension
0020-003F Character 2,3  |Character 1 Mode active Mode not Mode active
Character .. Character .. active

03E0-03FF Character 63 Character 31

0400-07FF 64 Characters |32 Characters |EVA12-10=1 VA17-10=1

.. Character .. Character

1C00-1FFF 64 Characters |32 Characters |EVA12-10=7 VA17-10=7

2000-3FFF 512 Characters (256 Characters VA17-10=8-F VA17-10=1
4000-5FFF 512 Characters (256 Characters VA17-10=10-17 |VA17-10=2

.. Character .. Character

3EO000-3FFFF |512 Characters (256 Characters VA17-10=F8-FF |VA17-10=1F
40000-7FFFF 16K Character |8K Charaters VA17-10=20-3F
80000-BFFFF |16K Character |8K Charaters VA17-10=40-5F
C0000-FFFFF |16K Character |8K Charaters VA17-10=60-7F
100000-13FFFFH16K Character |8K Charaters VA17-10=80-9F
140000-17FFFFH16K Character |8K Charaters VA17-10=A0-BF
180000-1BFFFFH16K Character |8K Charaters VA17-10=C0O-DF
1C0000-1FFFFFI16K Character |8K Charaters VA17-10=E0-FF
Video Address Bank1 no extension Bank?2

00000-3FFFF VA20-18=0 VA24-21=0

40000-7FFFF VA20-18=1

1C0000-1FFFFF VA20-18=7

200000-3FFFFF VA20-18=0-7 VA24-21=1

400000-5FFFFF VA20-18=0-7 VA24-21=2

600000-7FFFFF VA20-18=0-7 VA24-21=3

1E00000-1FFFFFF VA20-18=0-7 VA24-21=F

© V.R.Technology Co.,Ltd.
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VT16 Console and One Bus for TV

Address the Video memory under One Bus Mode

VT16 provide different function decoder to address video
memory under different settings of background and sprite.
There are four types of settings, as describe in Table A2.
Programmer can set the background and sprite into different
types. The graphic unit automatically changes to the relative
mode of function decoder to access background characters or
sprite characters.

When accessing video memory under one bus mode, address
pins OA[24:0] can be asserted as Table A3, where VA34,

VA[24:0], EVA[12:10] can be specified by different registers.
VA[9:0] are assigned by AD[9:0] which are specified through
2006H. Under different mode of Video Bank 0 Selector,
VA[17:10] are specified as described in Table A4. VA[20:18]
are specified through 2018H(D[6:4)) for Video Bank 1.
VA[24:21] are specified through 4100H (D[3:0]) for Video Bank
2. VA34 is specified through 2006H (first byte, D6). EVA[12:10]
are specified as described in Table A5.

Type of background or sprite char.
Type1|Extension video address disable and 4 colors per pixel.
Type2|Extension video address enable and 4 colors per pixel.
Type3|Extension video address disable and 16 colors per pixel or 16X8 sprite.
Type4 |Extension video address enable and 16 colors per pixel or 16X8 sprite
Table A2. Different types of background or sprite characters.
Address | Type of background or sprite char.
output [Type1l |[Type2 |Type3 [Type4
0A24 T VASA"TRVARA™ VAZS] VALY
VA[24:21] : Video Bank 2 ¥=~~l_0A23 ] VA23 [1 VA23 § VA22:| VA22 i
OA22 § VA22 [sVA22 § VA21s| VA21 ]
OA21 1. MA21L IS NA2 A20T|"VAT?
VA[20:18] : Video Bank 1 == 0A20 VA0 I VA17 { VA19,[ VA16 J
OA1 VA19 |y VA16 LVYAL8Y| VA15
OA18 VA1 8_,! VA15 1 VA17:| VA14 1
OA17 VA17 | VA14 VA16| VA13 |
OA16 | VA16 || VA13 VA155 VA12 4
OA15 VA15 [ VA12 | VA14 | VA11
VA[17:10] : Video Bank 0 < oAa14 | va14 [fvat1 | va13.]| va1o |
h OA13 VA13 | VA10 J| VA12|[EVA1ZY
OA12 1 VA12 :EVA12 VA11.| EVA11
OA11 | VAN IEva11] _VA10j| EVA10
OA10 4 VA10 "EVA10 | VA9 VA9
OA9 VA9 VA9 VA8 VA8
OA8 VA8 VA8 VA7 VA7
OA7 VA7 VA7 VA6 VA6
OA6 VA6 VA6 VA5 VA5
OA5 VA5 VA5 VA4 VA4
OA4 VA4 VA4 VA34 | VA34
OA3 VA3 VA3 VA3 VA3
OA2 VA2 VA2 VA2 VA2
OA1 VA1 VA1 VA1 VA1
OA0 VAO VAO VAO VAO

Table A3. Specify OA[24:0] under different types of background or sprite characters.

© V.R.Technology Co.,Ltd.
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VT16 Console and One Bus for TV

VB0S[2:0] VA[17:10]

(201AH) ya17 [ vat16] VA15| VA14| VvA13| vA12] vA11] VA10
000 TVA17 | TVA16 | TVA15 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
001 RV67 | TVA16 | TVA15 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
010 RV67 | RV66 | TVA15 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
100 RV67 | RV66 | RV65 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
101 RV67 | RV66 | RV65 | Rv64 | TVA13 | TVA12 | TVA11 | TVA10
110 RV67 | RV66 | RV65 | Rv64 | RV63 | TVA12 | TVA11 | TVA10

Table A4. Specify VA[17:10] under different mode of Video Bank 0 Selector (VBO0S).

NOTE: TVAI17:101 are specified as described in Table vvv05. RVI67:631 are specified throuah 201AH (DI7:31).

EVA12 EVA11 |EVA10

BKEXTEN=1 & EVAS12=1 & Background Display Area HV BG4 BG3

(4106H)
BKEXTEN=1 & EVAS12=0 & Background Display Area BKPAGE |BG4 BG3
(2018H)
SPEXTEN=1 & Horizontal Synchronized Read Charater Area |SPEVA2 SPEVA1 [SPEVAO
CPU RW MODE in Vertical Synchronized Area or not Display |VRWB2 VRWB1 |VRWBO
Table A5. EVA[12:10]
COMR7 | AD[12:10]

(4105H,07)| (2006H) TVA17 | TVA16 | TVA15 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
OHor1HorCHorDH | RV47 | RV46 | Rv45 | RV44 | RV43 | RV42 | RV41 AD10
2Hor3HorEHorFH | RV57 | RV56 | RV55 | RV54 | RV53 | RV52 | RV51 AD10

4H or 8H RV0O7 | RV06 | RV0O5 | RV0O4 | RV0O3 | RV02 | RVO1 RV00
5H or 9H RV17 | RV16 | RV15 | RV14 | RV13 | RV12 | RV11 RV10
6H or AH RV27 | RV26 | RV25 | RvV24 | RV23 | Rv22 | RV21 RV20
7H or BH RV37 | RV36 | RV35 | RV34 | RV33 | RV32 | RV31 RV30

© V.R.Technology Co.,Ltd.
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Program Memory Bank Mapping under One Bus Mode

Program Program
Bank 1 Bank 0
PA[24:21] PA[20:13]

Program
Memory
32Mbytes

Figure B1. A sketch map of Program Memory Banking

© V.R.Technology Co.,Ltd. 14 May. 14. 2007
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VT16 Console and One Bus for TV

$0000
$1000

$2000

$6000

$8000

$A000

CPU

RAM

RAM($1000-$2000 Mapping)

Extension 10 area

Extension RAM area

$411C&0x02=0: HBANK=($4100&0xF0)>>4
$411C&0x02!=0:HBANK=($4110&0x0F)
BANK=$4107

(PROM) Program memory bank mapping

When
$4105&0x40 isn't
0 then change

$C000

$E000

$FFFF

$411C&0x02=0: HBANK=($4100&0xF0)>>4
$411C&0x02!=0:HBANK=($4110&0xF0)>>4
BANK=$4108

$410B&0x40==0:
HBANK=($4100&0xF0)>>4,BANK=0xFE

$410B&0x40!=0:

$411C&0x02=0:
HBANK=($4100&0xF0)>>4,BANK=$4109
$411C&0x02!=0:
HBANK=($4111&0x0F),BANK=$4109

Case ($410B & 0x07)

0:

~NoO b WON -

(HBANK<<21)+(($410A&0xC0)|(BANK&0x3F))<<13
(Default)

: (HBANK<<21)+(($410A&0XEQ)|(BANK&0Ox1F))<<13
* (HBANK<<21)+(($410A&0xF0)|(BANK&OxOF))<<13
* (HBANK<<21)+(($410A&0xF8)|(BANK&0x07))<<13
 (HBANK<<21)+(($410A&0xFC)|(BANK&0x03))<<13
: (HBANK<<21)+(($410A&0xFE)|(BANK&0x01))<<13
* (HBANK<<21)+$410A<<13

! (HBANK<<21)+BANK<<13

HBANK=($4100&0xF0)>>4
BANK=0xFF

© V.R.Technology Co.,Ltd. 15
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Program Memory Bank Mapping

Minimum program bank 8K bytes
PS2-0 <- $410B(D2-0)

PQO7-0 <- $4107(D7-0)

PQ17-0 <- $4108(D7-0)

PQ27-0 <- $4109(D7-0)

PQ37-0 <- $410A(D7-0)

PA24-21 <- $4100(D7-4)

Program Address |Program BankO allocate 256 banks, 2M bytes Program Bank1
PS2-0=0 PS2-0=6 PS2-0=7 16 Bank0 bank

0000-1FFF PQ37-6=0 PQ37-0 select PQ27-0, PQ17-0, |PA24-21=0

2000-3FFF PQ25-0, PQ15-0, |256 banks PQO7-0 select

4000-5FFF PQO05-0 select 256 banks

6000-7FFF 64 banks

.7.|.E.OOO-7FFFF

80000-81FFF PQ37-6=1

FEQOO-FFFFF

100000-101FFF PQ37-6=2

17E000-17FFFF

180000-181FFF PQ37-6=3

1FE00-1FFFFF

200000-201FFF 2M Bytes PA24-21=1

3FE000-3FFFFF

400000-401FFF 2M Bytes PA24-21=2

5FE000-5FFFFF

600000-601FFF 2M Bytes PA24-21=3

7FE000-7FFFFF

800000-801FFF 8M Bytes PA24-21=4-7

FFEQOO-FFFFFF

1000000-1001FFF |16M Bytes PA24-21=8-F

1FFE00-1FFFFFF

© V.R.Technology Co.,Ltd. 16 May. 14. 2007
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VT16 Console and One Bus for TV

Address the Program memory under One Bus Mode

6502 is the CPU of VT16. By different addressing modes of
6502, programmer can access the program memory. Under
one bus mode, the function decoder works with several
registers to help programmer to address the external program
memory up to 32 Mbytes. When accessing program memory
under one bus mode, address pins OA[24:0] can be asserted
as Table B1, where PA[24:13] are specified by different
registers and A[12:0] are the low 12 bits address when

programmer perform LDA or STA to program CPU6502.
PA[24:21] are specified through 4100H, 4110H, 4111H and
411CH for Program Bank 1, described in Table B3. Under
different settings of PS[2:0], PA[20:13] are specified for
Program Bank0 as described in Table B2, where TPA[20:13]
are specified as Table B3 and PQ[07:00], PQ[17:10], PQ[27:20]
and PQ[37:30] are specified through 4107H to 410AH.

output

Address

Value

OA24

PA24

OA23

PA23

0A22

PA22

OA21

PA21

0A20

PA20

OA19

PA19

OA18

PA18

OA17

PA17

OA16

PA16

OA15

PA15

OA14

PA14

OA13

PA13

OA12

A12

OA11

A11

OA10

A10

OA9

A9

OA8

A8

OA7

A7

OA6

AB

OA5

A5

OA4

A4

OA3

A3

OA2

A2

OA1

A1

OA0

A0

Table B1. Specify OA[24:0] to address external program memory.

PS[2:0]

(410BH) PA20 | PA19 | PA18 | PA17 | PA16 | PA15 | PA14 | PA13
000 PQ37 | PQ36 | TPA18 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13
001 PQ37 | PQ36 | PQ35 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13
010 PQ37 | PQ36 | PQ35 | PQ34 | TPA16 | TPA15 | TPA14 | TPA13
011 PQ37 | PQ36 | PQ35 | PQ34 | PQ33 | TPA15 | TPA14 | TPA13
100 PQ37 | PQ36 | PQ35 | PQ34 | PQ33 | PQ32 | TPA14 | TPA13
101 PQ37 | PQ36 | PQ35 | PQ34 | PQ33 | PQ32 | PQ31 | TPA13
110 PQ37 | PQ36 | PQ35 | PQ34 | PQ33 | PQ32 | PQ31 | PQ30
111 TPA20 | TPA19 | TPA18 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13

Table B2. Specify PA[20:13] for Program Bank 1.
© V.R.Technology Co.,Ltd. 17 May. 14. 2007
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PQ2EN | COMR6 A[14:13]
(4108) | (4105H) (CPU) TPA20 | TPA19 | TPA18 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13
OH PQO7 PQO06 PQO05 PQO4 PQO03 PQO02 PQO1 PQO0
1H PQ17 | PQ16 | PQ15 | PQ14 | PQ13 | PQ12 | PQ11 | PQ10
2H 1 1 1 1 1 1 1 0
0 3H 1 1 1 1 1 1 1 1
4H 1 1 1 1 1 1 1 0
5H PQ17 | PQ16 | PQ15 | PQ14 | PQ13 | PQ12 | PQ11 | PQ10
6H PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQO1 | PQOO
7H 1 1 1 1 1 1 1 1
OH PQO7 PQO06 PQO05 PQO4 PQO03 PQO02 PQO1 PQO0
1H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
2H PQ27 | PQ26 | PQ25 | PQ24 | PQ23 | PQ22 | PQ21 | PQ20
3H 1 1 1 1 1 1 1 1
1
4H PQ27 | PQ26 | PQ25 | PQ24 | PQ23 | PQ22 | PQ21 | PQ20
5H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
6H PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQ0O2 | PQO1 | PQOO
7H 1 1 1 1 1 1 1 1
Table B3. Specify TPA[20:13]
EXT2421EN PQ2EN COMR6 A[14:13] PA24 PA23 PA22 PA21
(411C) (410B) (4105H) (CPU)
0 X XH PQ73 PQ72 PQ71 PQ70
1 0 OH PQ43 PQ42 PQ41 PQ40
1H PQ53 PQ52 PQ51 PQ50
2H PQ73 PQ72 PQ71 PQ70
3H PQ73 PQ72 PQ71 PQ70
4H PQ73 PQ72 PQ71 PQ70
5H PQ53 PQ52 PQ51 PQ50
6H PQ43 PQ42 PQ41 PQ40
7H PQ73 PQ72 PQ71 PQ70
1 OH PQ43 PQ42 PQ41 PQ40
1H PQ53 PQ52 PQ51 PQ50
2H PQ63 PQ62 PQ61 PQ70
3H PQ73 PQ72 PQ71 PQ70
4H PQ63 PQ62 PQ61 PQ60
5H PQ53 PQ52 PQ51 PQ50
6H PQ43 PQ42 PQ41 PQ40
7H PQ73 PQ72 PQ71 PQ70
Table B4. Specify PA[24:21]
© V.R.Technology Co.,Ltd. 18 May. 14. 2007
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VT16 Console and One Bus for TV

Background patterns and Internal Video RAM

In this system, 256x240 pixels are defined for one page
graphic which contains 32x30 background patterns when
displaying background. Each background patterns is 8x8
pixels.

Background patterns are stored in the external video memory.
The internal video RAM stores vectors whose data is the
addresses to point the background patterns. Each byte in the
video RAM address corresponds to one position in one page.
One byte in the internal video RAM points one background
pattern in the external video memory. Thus, it needs
32x30=960 bytes to completely point one page of background.
A simply mapping is described in Figure B1.

It only needs the low 960 bytes of 1Kbytes, the remain high
64Bytes store the 3", 4" color address bits of the same page.
VT16 group four adjacent patterns to share the same 3, 4"

2000H
2001H

Background Page
left or top

Internal Video RAM

23BEH 30 patterns <
23FFH
2400H Background Page
27FFH right
2800H Background Page
2BFFH bottom

color address. Please refer to Figure B2 for details about 3"’,
4™ color address bits. The 1%, 2", 6" 7" color address bits
consist each background pattern and are stored in the external
video memory. The color of each pixel is decided by five (4
color mode) or seven (16 color mode) bits color palette which
point the 25x6 121x12 SRAM. The SRAM is stored the
chrominance and luminance data which will be transferred into
video signal and outputted through video output pin. Color
address bit 1, 2, or 6, 7 decided the internal color of a pattern.
A pattern can have three different colors to describe, bit 1, 2 =
(0, 0) or bit 1,2,6,7 = (0, 0, 0, 0) is transparent pixel. Color
address bit 3, 4 can change the colors of the whole pattern;
four sets of colors could be chose. Color address bit 5 decide
the colors of sprite or colors of background, bit 5 = 1 for sprite
and bit 5 = 0 for background.

32 patterns

000H 001H > 01FH
020H 021H 03FH
3A0H 3A1H > 3BFH

Address of each vector in the Internal Video RAM and its

Corresponding position in one page

Figure B1. Mappings between Screen and Internal Video RAM

© V.R.Technology Co.,Ltd.
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BG[4:3] of these 4 patterns are
stored in bit[1:0] of 23COH of
the Internal video RAM

BG[4:3] of these 4 patterns are
stored in bit[3:2] of 23COH of
the Internal video RAM

P

32 patterns

| 1 1 1
000H 001H 002H 003H 004H 005H 006H 007H 01FH
020H 021H 022H 023H 024H 025H 026H 027H 03FH
040H 041H 042H 043H 044H 045H 046H 047H 05FH
060H 061H 062H 063H 064H 066H

30 patterns ! ! ! !
BG[4:3] of these 4 patterns are BG[4:3] of these 16 patterns
sfored in bit[5:4] of 23COH of are stored in 23C1H of the
the Internal video RAM Internal Videg RAM
‘ BG[4:3] of theSe 4 patterns are ’
stored in bit[7:6] of 23COH of v
v the Internal video RAM A
3A0H 3A1TH 3BFH

»
»

Address of each vector in the Internal Video RAM and its Corresponding position in one page

Figure B2. Four adjacent patterns to share the same 3", 4™ color address

© V.R.Technology Co.,Ltd.
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Character mapping in VI6BEN=0

010-017

018-01F
Character _
data — 000-007
32 bytes

008-00F

© V.R.Technology Co.,Ltd.
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l \ 4
Color Address
BG7 BG6 BGS B4 BG2 BG1

3C0 of background or
Status colot bit of
Sprite
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Character mapping in VI6BEN=1

000
002
004
006
008
00A
00C
00E

011 001
013 003
015 005
017 007
019 009
01B 00B
Character — 01D 00D
data JE— OlF OOF
32 bytes
010
012
014
016
018 |
01A
01C
01E
l \ 4
\ 4 \ 4
Color Address
BG7 BG6 BGS B4 BG2 BG1
3C0 of background or
Status colot bit of
Sprite
© V.R.Technology Co.,Ltd. 22 May. 14. 2007
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Two page for Background display

2Kbytes of internal video RAM are divided into 2 pages to
moving screen effectively. Screen can be moved by horizontal
or vertical way, that decided by every game card. In horizontal
scroll, the AD10 of VIDEO and the A10 of the 2K RAM will be
connected in game card. In vertical scroll, the AD11 of VIDEO
and the A10 of the 2K RAM will be connected in game card.

In addition to the hardware connection, programmers also

Sprite Pool

All of the sprites on screen stored in the sprite pool which has
256 bytes. Programmers can write data into the sprite pool
through 2003H and 2004H or the DMA function of 4014H and
4034H. Programmers can specify 64 sprites on a screen, and
no more 8 sprites on a row. It needs four bytes in sprite pool to
describe each sprite. According to the order to store each
sprite, they are the vertical coordinate, the 8-bit-vector, the
status and the horizontal coordinate. The 8-bit-vector is used
as the address to point the sprite patterns in the external video
memory, just like the background vector stored in the internal
video RAM. The function of the status byte is as follows:

D7:1: MIRROR AT X_AXIS, 0: NORMAL

D6:1: MIRROR AT Y_AXIS, 0: NORMAL

D5:1: BKGRND COVER SPRITE,

0: SPRITE COVER BKGRND

D4: Bit 2 of Sprite extension vector address, SPEVA2.

D3: Bit 1 of Sprite extension vector address, SPEVA1.

D2: Bit 0 of Sprite extension vector address, SPEVAO.

D1: Bit 4 of COLOR SET OF SPRITE (SP4).

DO: Bit 3 of COLOR SET OF SPRITE (SP3).
The function of SP[4:3] is just like the color address bits
BG[4:3] of the background.

Sprite Color and Size

Programmers can choose the size and color mode of the sprite
through 2000H, 2001H and 2010H. You have the following
options:

Size 8x16 in 16 color mode

Size 8x16 in 4 color mode

Size 16x16 in 4 color mode

Size 8x8 in 4 color mode

Size 8x8 in 16 color mode

Size 16x8 in 4 color mode
In 16 color mode it needs four bits for a pixel. Take size 8x8 in
16 color mode as an example. One sprite pattern in the
external video RAM is arranged as the following figure.

Sprite 8x8 in 16 color mode

Sprite 16x8 in 4 color mode

© V.R.Technology Co.,Ltd.
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have to specify 4106H(DO0) to decide horizontal scrolling or
vertical scrolling. When horizontal, the left page is stored in
2000H to 23BEH and the righ page is stored in 2400H to
27FFH. When vertical, the top page is stored in 2000H to
23FFH and the bottom page is stored in 2800H to 2BFFH.
Please also refer to Figure B1.

1vertical coordinate
1

1
|vector

T
:status

Four bytes for a

:horizontal coordinate: sprite

L

|
! I
|vector

1
|

status

i
Ihorizontal coordinatel
L

The Sprite Pool

Color
> address
SP1

AN

Color
address
> SP2

32bytes fo
a 8x8
16color
sprite

AN

Color
> address
SP6

AN

Color
> address
SP7

Somewhere in the external video memory
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Color Palette

Address being 3F00-3F1F or 3F00-3FFF, programmer can program the color palette. There are 6 bits or 12 bits, D5-D0, to specify
the color.

D5 D4 D3 D2 D1 DO D5 D4 D3 D2 D1 DO
3F80 3F00
3F81 3F01 Background 16 colors
| 3FBF. ol TV U, S
3F90 3F10 .
1% 32 colors’ palette
Sprite 16 colors
3F9F 3F1F
F3FA0 -~~~ ~"~"~"=="7~~~~~-- r-3F20-------"""""T-"&A~"""""""°-
2" 32 colors’ palette
e R R ] I Y N
3" 32 colors’ palette
3FEO 3F60
. ) 4™ 32 colors’ palette
3FFF 3F7F
D5 D4 D3 D2 D1 DO D5 D4 D3 D2 D1 DO
— v u ——

Luminace 3-0

Saturation 3-0 Phase 3-0

.reg COLCOMP = 0 = Luminace saturation 1-0, Phase 3-0 is available.

.reg COLCOMP = 1 > Saturation 3-0, Luminace 3-0, Phase 3-0 is available.
The SJarite or background color will selected by SB5.

1%, 2™, 3™ 4™ 32 colors’ palette are selected by SP7-6 or BG7-6.

32 colors in 32 colors’ palette are selected by SB5 and SP4-1 or BG4-1.
SB5: Background or Sprite selector.

© V.R.Technology Co.,Ltd. 24 May. 14. 2007
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Register Description

|Address Ports of Program Unit]

4100H W Program Bank1 register 0, Video Bank2

D7 D6 D5 D4 D3 D2 D1 DO

PQ73 | PQ72 | PQ71 | PQ70 | VA24 | VA23 | VA22 | VA21

| » Video Bank2

» Program Bank1 register 0

4101H W Preload Times of scan line counter interrupt

TSYNEN D7‘D6‘D5‘D4|D3‘D2‘D1‘ DO

0 The number of AD12 switching high low

1 The number of HSYNC switching high low

4102H W Load the preload interrupt scan line counter data and start to count

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Any value

Writing any value to this register will load the data of 4101H to scan line counter and start to count.

4103H W Disable the scan line counter interrupt

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Any value

Writing any value to this register will disable the scan line counter interrupt.

4104H W Enable the scan line counter interrupt

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Any value

Writing any value to this register will enable the scan line counter interrupt.
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4105H W V BankO0 decode type, P Bank0 decode type, Inter Char VRAM

o7 | be | ps [ b4 | b3 | D2 | D1 | DO
COMR7|COMR6|IVRCH UNUSED
» Internal VRAM to be Character RAM Enable. Enable the
internal VRAM to be vector and character RAM both.
0: Disable,
1: Enable
» Program BankO decoder. Refer to Table C1
» VVideo Bank0 decoder. Refer to Table. C2
(Z%BES) COMRS A([é:ﬂf] TPA20 | TPA19 | TPA18 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13
OH PQO7 PQO06 PQO05 PQ04 PQ03 PQ02 PQO1 PQO0
1H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
2H 1 1 1 1 1 1 1 0
0 3H 1 1 1 1 1 1 1 1
4H 1 1 1 1 1 1 1 0
5H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
6H PQ0O7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQO1 PQO0
7H 1 1 1 1 1 1 1 1
OH PQO7 PQO06 PQO05 PQO04 PQ03 PQ02 PQO1 PQO0
1H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
2H PQ27 PQ26 PQ25 PQ24 PQ23 PQ22 PQ21 PQ20
3H 1 1 1 1 1 1 1 1
1 4H PQ27 PQ26 PQ25 PQ24 PQ23 PQ22 PQ21 PQ20
5H PQ17 PQ16 PQ15 PQ14 PQ13 PQ12 PQ11 PQ10
6H PQO7 PQO6 PQO05 PQO04 PQ03 PQ02 PQO1 PQO0
7H 1 1 1 1 1 1 1 1
Table C1
COMR7 | AD[12:10] | TVA17 | TVA16 | TVA15 | TVA14 | TVA13 | TVA12 | TVA11 | TVA10
OHor 1Hor CH or DH| RV47 RV46 RV45 RV44 RV43 RV42 RV41 AD10
2Hor3HorEHor FH| RV57 RV56 RV55 RV54 RV53 RV52 RV51 AD10
4H or 8H RV07 RV06 RV05 RV04 RV03 RV02 RVO01 RVO00
5H or 9H RV17 RV16 RV15 RV14 RV13 RV12 RV11 RV10
6H or AH RV27 RV26 RV25 RV24 RV23 RV22 RV21 RV20
7H or BH RV37 RV36 RV35 RV34 RV33 RV32 RV31 RV30
Table C2
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4106H W One page mode, Horizontal / Vertical Scrolling selector.
p7 | o6 | Ds

D4 | D3 ‘ D2 D1 DO

Unused One Page HV

—» Horizontal Scrolling or Vertical Scrolling selector.
0: Horizontal,
1: Vertical.

——P One Page mode select

0: Horizontal or Vertical scrolling
1: One page mode

D0=0 Page0
D0=1 Page1
4107H W Program BankO register0
D7 D6 D5 D4 D3 D2 D1 DO
PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQO1 | PQOO
4108H W Program BankO register1
D7 D6 D5 D4 D3 D2 D1 DO
PQ17 | PQ16 | PQ15 | PQ14 | PQ13 | PQ12 | PQ11 | PQ10
4109H W Program BankO register2
D7 D6 D5 D4 D3 D2 D1 DO
PQ27 | PQ26 | PQ25 | PQ24 | PQ23 | PQ22 | PQ21 | PQ20
410AH W Program BankO0 register3
D7 D6 D5 D4 D3 D2 D1 DO
PQ37 | PQ36 | PQ35 | PQ34 | PQ33 | PQ32 | PQ31 | PQ30
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410BH W Scan line counter interrupt clock selector, Program Bank0 register2 enable/disable, RS232 enable/disable, Bus
output normal/ tristate, Program BankO0 selector

D7 D6 D5 D4 D3 D2 | D1 DO

TSYNEN| PQ2EN | RS232EN | BUSTRI FWEN | PS2 PS1 PSO

I—I—LV Program BankO selector.

» 0:$8000-$FFFF writing function will not active the XRWB.
$6000-$7FFF writing function will not active the XRWB.
1:$8000-$FFFF writing function will active the XRWB.
$6000-$7FFF writing function will active the XRWB.
When FEWN is 1 then the old program method willn’t active.
» Bus output control
0: Bus output normal,
1: Make bus tristate.

» RS232 Enable/disable
0: Disable
1: Enable

» Program BankO register2 enable/disable
0: Disable
1: Enable

o Timer interrupt clock selector
" 0:AD12,
1:HSYNC

410DH W 1/O port control

D7 D6 D5 D4 D3 D2 D1 DO

IOP3EN |IOP30OEN| IOP2EN | IOP20EN | IOP1EN |IOP10EN| IOPOEN | IOPOOEN

L’ 1/0 prot O:

0:input, 1:output

1/0 prot O:
O:disable, 1: enable.

v

v

1/0 prot 1:
0:input,  1: output.

v

1/0 prot 1:
O:disable, 1: enable.

1/0 prot 2:
0:input, 1: output.

v

v

1/0 prot 2:
O:disable, 1: enable.

1/0 prot 3:
0:input,  1: output.

v

v

1/0 prot 3:
0: disable, 1: enable.
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410EH W 1/O port 0, 1 output data

D7 D6 D5 D4 D3 D2 D1 DO
XVD7 | XVD6 | XVD5 | XVD4 | XVD3 | XVD2 | XVD1 | XVDO
L | | | »|/O port0 output data
»1/0 port1 output data
410FH W 1/O port 2, 3 output data
D7 D6 D5 D4 D3 D2 D1 DO

XVRW|XVOEB| XRCB | XRC |XAD12|XAD

11|XAD10|XRA10

| » 1/0 port2 output data

410EH R 1/0 port 0, 1 input data

» /0 port3 output data

D7 D6 D5 D4 D3 D2 D1 DO
XVD7 | XVD6 | XVD5 | XVD4 | XVD3 | XVD2 | XVD1 | XVDO
| | | | » |/O port0 input data
» /0 port1 input data
410FH R /O port 2, 3 input data
D7 D6 D5 D4 D3 D2 D1 DO

XVRW|XVOEB| XRCB | XRC [XAD12|XAD

11|XAD10|XRA10

|7‘ 1/0 port2 input data

4110H W Program Bank1 register1

»|/0 port3 input data

D7 | D6 D5 D4 D3 D2 D1 DO
PQ53 PQ52 PQ51 PQ50 PQ43 PQ42 PQ41 PQ40
4111H W Program Bank1 register2
D7 | D6 D5 D4 D3 D2 D1 DO
PQ63 PQ62 PQ61 PQ60
4112H W Write SPI output data
D7|D6‘D5‘D4|D3‘D2‘D1‘DO
SPI output Data
4112H R Read SPI output data
D7|D6‘D5‘D4|D3‘D2‘D1‘DO
SPI output Data
4113H W Write SPI input data
D7|D6‘D5‘D4|D3‘D2‘D1‘DO
SPI output Data
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4113H R Read SPIlinput data

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

SPlinput Data

4114H W Low byte of RS232 timer

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Low byte of RS232 Timer

4115H W High byte of RS232 Timer

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

High byte of RS232 Timer

In PAL system, CK21M is 26.601712MHz, in NTSC system is 21.47727MHz. RS232T=#4115,#4114 data. Baud rate will be
CK21M/((RS232T+2)*2). For example, In PAL system, the baud rate 9600, RS232T=0567H.

4116H W SPI and CON control

D7 | D6 | D5 | D4 D3 D2 | D1 DO
SPIDS [ SPICKM | SPIRD | SPIDLM | CONCKM | CONIO | CONEN B10OR8
L

v

v

v

v

v

4117H W CON output data register

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

CON output data

4117H R CON input data

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

CON input data

Note : If 4116H B1OR8=1 (1 bit mode), the DO data is valid
Note : 4117H read can reload the output data and to start transmitting

© V.R.Technology Co.,Ltd.
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v

CON input data 8 bits or 1 bit mode
0:8 bits mode, 1:1 bit mode

CONEN: Continueous data I/O enable
0:disable, 1: enable.

CONIO: CON data input or output
0: Input,  1: Output.

CONCKM: CON ck rising or falling edge tirgger
0O:rising edge, 1: falling edge.

SPIDLM: SPI input data latch mode
0:4112H rear edge, 1: 4112H front edge.

SPIRD: SPI read mode enable
0:read mode disable, 1:read mode enable.

SPICKM: SPICK mode low pulse or high pulse
0:high pulse,  1:low pulse.

SPIDS: SPI output data directly or delay one ck
0: delay one clock, 1:directly.
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4118H R/ W Interrupt and 10 control

D7

D6

D5

D4

D3

D2

D1 DO

EIRQEN

TIRQEN

RIRQEN

CIRQEN

TIMIRQEN

Unuse

SPIEN (ECIRQEN

L’ ECIRQEN: XAIN4 falling counting interrupt.
0:XAIN4 IRQ, 1:XAIN4 counting IRQ

-———3p SPIEN: SPI I/O enable
O:disable, 1: enable.

v

TIMIRQEN: Program timer interrupt enable
O:disable, 1: enable.
Timer is the same as RS232 timer

v

CIRQEN: CON completed interrupt enable
O:diable, 1: enable.

RIRQEN: RX of RS232 interrupt enable

v

O:read mode disable, 1:read mode enable.

v

TIRQEN: TX of RS232 interrupt enable
O:disable, 1:enable.

4119H W RS232 Register

v

EIRQEN: XAIN4 interrupt PAD enable
0: disable, 1:enable.

o7 | b6 | s | pa | b3 | D2 | b1 | Do
UNUSED B8EN UNUSED T8B
|—VTX Bit 8
»0:10 bits mode including start, end bits and bit7-0 data.
1: 11 bits mode including start, end bits,Bit 8 and bit7-0 data.
4119H R RS232 Flags

D7 D6 D5 D4 D3 D2 D1 DO
RIFLAG | TIFLAG | RINGF | XF50R6 | XPORN |LVDOUT | RERRF | R8B

|—>Receiving bit 8 when the data is composed 9 bits.

— Receiving error occurred(1) or no error(0).

Over (1) or Under(0) the specificy voltage.

»PAL(1) or NTSC(0)

» Frame rate 50Hz(1) or 60Hz(0)

»RINGF=1 when in the receiving and 0 when the receiving
completely.

» TIFLAG=1 when the transmitting completed and 0 when
$411A write another TX data completely.

411AH W TX data of RS232

> RIFLAG=1 when the receiving completed and 0 when
$411B read the RX data completely.

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

TX data of RS232
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411BH R RX data of RS232
D7|D6‘D5‘D4|D3‘D2‘D1‘DO

RX data of RS232
411CH W IRQ/Power on/Sleep control

D7 D6 D5 D4 D3 D2 D1 DO

CPU5M |UNUSED | EXT2421EN | W16M | SLEEPF | POWON [PCMBEN| IRQVS

L> IRQVS: IRQ,NMI interrupt vector switch
0:FFFX, 1:0FFX

-——>» PCMBEN: PCM high address bank enable
O:disable, 1: enable.

v

POWON:
0: ON, 1: OFF.

v

SLEEP: The whole chip sleep mode
O:disable, 1: enable.

W16M: Write 16 bits once in 16 bit mode
0:Write 8 bits once, 1: Non-available.

v

v

EXT2421EN: Enable the OA24-OA21 extension
Reference Table B4.

v

CPU5M: CPU 5MHz option
0: 1.8M Hz, 1:5M Hz.

411DH W ADC and LVD control

D7 D6 D5 D4 D3 D2 D1 DO

LVDEN | LVDS1 | LVDSO | UNUSE | ADCO3 | ADCO2 | ADCO1 | ADCOO

ADCOI3:0] :Output data of ADC pin XAIN3,XAIN2,XAIN1,
XAINO.
— XAINO
L XAINT
> XAIN2
> XAIN3

» LVVDS[1:0]: Voltage selector for LVD
00: 3V

01: 2.6V

10: 2.2V

11: 1.8V

v

LVDEN: Low Voltage Detector enable
0: disable, 1:enable.

411EH W ADC control

D7 D6 D5 D4 D3 D2 D1 DO

ADCEN | ADCS1 | ADCSO | UNUSE |ADCOE3|ADCOE2 |ADCOE1|ADCOEO ADCOE[3:0] : Set the pin to be output or input

L XAINO : ADCOEO O0: Input, 1: Output
XAIN1 : ADCOE1 0: Input, 1: Output

& XAIN2 : ADCOE2 0: Input, 1: Output
» XAIN3 : ADCOES3 0: Input, 1: Output

IF ADC active, the output voltage of XAIN3, XAIN2,
XAIN1, XAINO maximumly VDD-VTN (3.3-0.8).

» ADCS[1:0]: Select the pin to measure.
00: XAINO
01: XAIN1
10: XAIN2
11: XAIN3

» ADCEN: AD converter enable
0: disable, 1:enable.
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411EH R Measure data of ADC
D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Measure data of ADC

411FH W Voice record Gain control

D7 D6 D5 D4 D3 D2 D1 DO

VGCEN | VGCA6 | VGCA5 | VGCA4 | VGCA3 | VGCA2 | VGCA1 | VGCAO

| »\VGCA[6:0] : The value of voice gain

»\VGCEN : VGC enable

4124H R/W Port to access the external component

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Output or input data from external bus

Note : 4124HW will active pad XSPICK, and 4124HR will active pad XSPIDO when SPIEN=0

4125H W PCM high address bank A19-A12
D7|D6‘D5‘D4|D3‘D2‘D1‘DO
A19-A12 of PCM bank

4126H W PCM high address bank A24-A20
| ‘ ‘D4|D3‘D2‘D1‘D0

A24-A20 of PCM bank

4127H W Relative address bank A20-A13
D7|D6‘D5‘D4|D3‘D2‘D1‘DO

A20-A13 of relative address bank

4128H W Relative address bank A23-A21
[ [ [eefoifoo
A23-A21 of relative address bank

4129H W Programmable XAIN4 falling edge counting IRQ

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Number of XAIN4 falling edge

Note : Number = (4129H D[7:0] +2) if 4129 H D[7:0] != 0

412BH R Random number

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Random number
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412BH W UIO input or output selector

D7 D6 D5 D4 D3 D2 D1 DO

UIOS7 | UIOS6 | UIOS5 | UIOS4 | UIOS3 | UIOS2 | UIOS1 | UIOSO

|"UIOSO: Set XUIOO output or input
0: input, 1: output

—— UIOS1: Set XUIO1 output or input
0: input, 1: output

UIOS2: Set XUIO2 output or input
0: input, 1: output

» UIOS3: Set XUIO3 output or input
0: input, 1: output

p UIOS4: Set XSPIDI output or input if SPIEN=0
0: input, 1: output

P UI0S5: Set XCOND output or input if CONEN=0
0: input, 1: output

» UIOS6: Set XCONCK output or input if CONEN=0
0: input, 1: output

»Ul0s7: Output UIOD7 or programmable clock to
XPCKO
1: UIOD7, 0O:programmable clock.

412CH W UIO output data

D7 D6 D5 D4 D3 D2 D1 DO

UIOD7 | UIOD6 | UIOD5 | UIOD4 | UIOD3 | UIOD2 | UIOD1 | UIODO

L | | | | | | | > UIO[D7:D0]: Set XUIO[D7:D0] output data.

412CH R Read UIO input data

D7 D6 D5 D4 D3 D2 D1 DO

XPOWOF [XCONCK| XCOND | XSPIDI [ XUIO3 | XUIO2 | XUIO1 XUlo0
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|Address Ports of Graph Unit

2000H W NMI, Sprite Size, Background AD12, Sprite AD12, Video data updated sequence, Vertical page specified,
Horizontal page specified

D7 D6 D5 D4 D3 D2 D1 DO

NMIEN | TEST | SP SIZE [BKAD12|SP AD12 |V W SEQ|VCOOR6|HCOOR6

L’ Page selection under horizontal mode.
0: Page 0 is dispayed.
1: Page 1 is displayed

— Page selection under vertical mode.
0: Page 0 is dispayed.
1: Page 1 is displayed

» Video data updated sequency
0: Horizontal
1: Vertical

» Sprite character in ROM address XAD12.

» Background character in ROM address XAD12.

» SPRITE SIZE CONTROL,
1: BIG SPRITE (8X16)or(16X16)
0: SMALL SPRITE (8X8)or(16X8)

» TEST pin control 1/0

» NMI control
0: enable NMI
1: disable NMI

2001H W Sprite enable/disable, Background enable/disable, Sprite initial coordinate, Background initial coordinate, B/W
or color control

D7|D6‘D5 p4a | p3 | b2 | b1 | Do

UNUSED SPEN | BKEN [ SPINI BKINI B/W

LV B/W or Color control.
0: Color,
1: BIW

— Background initial coordinate.
0: Righter,
1: Lefter

Sprite initial coordinate.
0:Righter,
1:Lefter

» Background enable.
0: DISABLE,
1: ENABLE

» Sprite enable.
0: DISABLE,
1: ENABLE
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2002H R Blanking indicator, Priority indicator, Sprite overload indicator.

D7

D6

D5

D4|D3‘D2‘D1|DO

VSYN

B,S 0V

OVLOAD

UNUSED

Read 2002H will also reset the command sequence for accessing 2005H and 2006H, without affecting the connect of 2005H and

» Priority indicator

» Blanking indicator.

0: Display,
1: Blanking

2006H. An example is given after the description of register 2006H

2003H W Initial values of the Sprite pool counter (address)

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

The initial adderss to store the sprite data

Set sprite pool counter initial data by this register.

2004H W Data of the sprite pool

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Write the data of into DRAM

Write data into sprite pool and increment sprite counter

» Sprite overload indicator.

2005H W Horizontal/Vertical coordinate of the display original mapping in RAM (two bytes set up).

D7 D6 D5 D4 D3 D2 D1 DO
HCOOR5|HCOOR4|HCOOR3|HCOOR2| HCOOR1 |HSCROL3| HSCROL2 |HSCROL1
Horizontal coordinate(First byte)

D7 D6 D5 D4 D3 D2 D1 DO
VCOOR5|VCOOR4[VCOOR3| VCOOR2 [VCOOR1|VSCROL3| VSCROL2 | VSCROL1
Vertical coordinate(Second byte)

Set the horizontal/vertical coordinate of the display original mapping in RAM (two bytes set up). The first write will set the
horizontal coordinate and the second write will set the vertical coordinate. Before writing this register, read 2002H can reset the
command sequence. (After reading 2002H, the first write to 2005H will set the horizontal coordinate and the next write will set

the vertical coordinate.)

2006H W Initial Address of the Video RAM or ROM (two bytes set up)
D7 D6 D5 D4 D3 D2 D1 DO
TO VA34| TO XRC AD12 AD11 AD10 AD9 AD8
VA34 |VSCROL2|VSCROL1| VCOORG6 [ HCOOR6 | VCOORS5 | VCOOR4
High byte(First byte)
D7 D6 D5 D4 D3 D2 D1 DO
AD7 ADG6 AD5 AD4 AD3 AD2 AD1 ADO
VCOOR3|VCOOR2| VCOOR1 | HCOOR5 | HCOOR4 | HCOOR3 | VCOOR2 | VCOOR1
Low bvte(Second bvte)
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Two bytes are needed to set the initial address of the Video RAM or ROM. Set the height byte first and then the low byte. The
initial address will be incremented by one automatically, after every read/write to 2007H. Befor writing this register, read 2002H
can reset the command sequence. After reading 2002H, the first write to 2006H will set the high byte address and the next write
will set the low byte address. An example is given after the register description of 2007H.

2007H R/W Data read from/written to the Video RAM or ROM

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

Data read from/written to the Video RAM or ROM

To access the Video RAM or ROM, fill the address into 2006H first and then read or write data from 2007H. Note: While reading
data, the first data of 2007H is unknown. The next read will get the previous data pointed by 2006H.

Ex: read data from the video ram or rom at address 2010H and 2011H.
LDA $2002 ;reset the command sequence

LDA #20

STA $2006 ;set high byte address

LDA #10

STA $2006 ;set low byte address

LDA $2007 ; Dummy

LDA $2007 ; First byte(data of $2010)

LDA $2007 ; Second byte(data of $2011)

2010H W Old color compatible, Background/Sprite address Extension enable, Sprite 16 colors or 16 pixels enable,
Background 16 colors enable, Sprite 16 colors or 16 pixels selector.

D7 D6 D5 D4 D3 D2 D1 DO

COLCOMP| V16BEN |SPOPEN | BKEXTEN | SPEXTEN | SP16EN | BK16EN | PIX16EN

I_’ Sprite 16 colors or 16 pixels selector.
0:16 colors, 1:16 pixels

——» Background 16 colors enable.
O:disable, 1:enable

v

Sprite 16 colors or 16 pixels enable.
O:disable, 1:enable

v

Sprite address Extension enable.
O:disable, 1:enable

Background address Extension enable.
O:disable, 1:enable

v

Sprite optional 16colors or 16pixels selector enable
O:disable, 1:enable

v

v

Video data 16bits mode
0: 8 bits mode,
1: 16 bits mode

v

Old color compatible,
0: compatible,
1: New color mapping.

New color mapping as the following:

RC=1 3F80 or 3F81 or 3F82 ...... 3F00 or 3F01 or 3F02 ......

data D5 D4 D3 D2 D1 DO D5 D4 D3 D2 D1 DO

Fun | SAT3 | SAT2 | SAT1 | SATO | LUM3 | LUM2 | LUM1 | LUMO | PHA3 | PHA2 | PHA1 | PHAO
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Please follow the rules below to specify colors:

4 <= LUM[3:0] X 2 + SAT[3:0] <= 1F
If you set LUM =F, SAT must be <= 1.
LUM = E, SAT must be <= 3.

LUM = 3, SAT must be <= 2.
LUM = 2, SAT must be = 0.

2011H W Option of Vertical line number of LCD display, B/W 2 color mode., Composted Video DA Enable, Video
Extension Address EVA12 selector, Enable the internal VRAM or not

D7 D6 D5 D4 D3 D2 D1 DO

COLOR | SPBACK VLS1 VLSO | EVRAMEN | PIX2EN | VDAEN EVA12S

L’ Video Extension Address EVA12 selector.
0 'reg. BKPAGE
1'HV
> Composited Video DA Enable.
0 ' Enable
1 ' Disable
> B/W 2 color mode.
0 ' Disable
1'Enable
» Enable the internal VRAM or not.
0 ' Enable
1 ' Disable (Don’t use it)
p» option of Vertical line number of LCD display
VLS1 | VLSO [function
0 0 240 lines can be displayed.
0 1 160 lines can be displayed.
1 0 120 lines can be displayed.
1 1 80 lines can be displayed.
> De: Sprite and background enlarged 1.5 times.
0: Normal ; 1: Enlarge
» D7: Modify the error of color palette DMA of VTO03 .
0: Nonavailable ; 1: Modification
2012H W Video BankO register0
D7 D6 D5 D4 D3 D2 D1 DO
RVO7 | RVO6 | RV0O5 | RV04 | RVO3 | RVO2 | RVO1 | RVO0O
2013H W Video BankO register1
D7 D6 D5 D4 D3 D2 D1 DO
RV17 | RV16 | RV15 | Rv14 | Rv43 | RV12 | RV11 | RV10
2014H W Video BankO register2
D7 D6 D5 D4 D3 D2 D1 DO
RV27 | RV26 | RV25 | Rv24 | Rv23 | Rv22 | Rv21 | Rv20
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2015H W Video BankO register3

D7 D6 D5 D4 D3 D2 D1 DO

RV37 RV36 RV35 RV34 RV33 RV32 RV31 RV30

2016H W Video BankO register4

D7 D6 D5 D4 D3 D2 D1 DO

Rv47 RV46 RV45 RV44 RV43 RV42 RV41 RV40

2017H W Video BankO register5

D7 D6 D5 D4 D3 D2 D1 DO

RV57 RV56 RV55 RV54 RV53 RV52 RV51 RV50

2018H W Video Bank1 register, BKPAGE, Video RW Bank

D7 D6 D5 D4 D3 D2 D1 DO

UNUSED| VA20 VA19 VA18 [BKPAGE| VRWB2 | VRWB1 | VRWBO

|‘—I——I—VVideo bank when accssing video data

» Reg. BKPAGE is address EVA12 when EVA12S=0

» \ideo Bank1 register

201AH W Video BankO0 register6, Video Bank0 selector

D7 D6 D5 D4 D3 D2 D1 DO

RV67 | RV66 | RV65 | RV64 | RV63 |VB0S2|VB0S1|VB0SO
|‘—I——|—>Video BankO selector

» \Video BankO register 6
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Sound Generato
Sound Generator XOP1 Address Port
Address |RW/| CHANNEL Register Note

ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO
4000H | W |A] RHYTHM A |1DY2| 1DY1] 1SC | 11w [1Wi3[1Wi2 [ 1Wi1 [ 1WI0 [Envelop Control
4001H | W |A| RHYTHM A | 1AT | 1ST2 [1ST1|1ST0| 1SG | 1AD2[1AD1|1ADO|Auto Tune Control
4002H | W |A| RHYTHM A |1FT7| 1FT6 |1FT5|1FT4|1FT3| 1FT2|1FT1| 1FT0|Fine Tune Control
4003H | W |A| RHYTHM A [1SL4| 1SL3 |1SL2|1SL1|1SLO|[1FTA|1FTO |1FT8 ggﬁ[rs; Tune & Single Sound
4004H | W |B] RHYTHM B |2DY2]2DY1 | 2SC | 21w [2WI3] 2W12 [2Wi1 [ 2WI10 [Envelop Control
4005H | W |B| RHYTHM B | 2AT | 2ST2 |2ST1|2ST0| 2SG | 2AD2[2AD1|2AD0|Auto Tune Control
4006H | W |B| RHYTHM B |2FT7| 2FT6 |2FT5|2FT4 |2FT3| 2FT2 | 2FT1 | 2FT0|Fine Tune Control
4007H | W |B| RHYTHM B |2SL4| 2513 2512|2511 |25L0|2FTA | 2FT9 | 2FT8 ggitrrs; Tune & Single Sound
4008H | W |C| ENVELOP | 3EN | 3EL6 | 3EL5 |3EL4|3EL3|3EL2 |3EL1 | 3ELO [Single Sound Enable
400AH | W |C| ENVELOP |3FT7|3FT6 |3FT5|3FT4|3FT3|3FT2|3FT1|3FTO |Fine Tune Value
400BH | W |C| ENVELOP |3SL4|3SL3 |3SL2|3SL1|3SL0|3FTA|3FTO|3FT8 ggﬁ[f; Tune & Single Sound
400CH | W [D] NOISE 4SC | 4IW [4WI3[4WI2 [4WI1 | 4WI0 [Envelope Control
400EH | W |D NOISE 4NS 4BF3|4BF2 |4BF1 |4BFO0 |Control Base Frequency
400FH | W NOISE  |4SL4|4SL3 |4SL2|4SL1|4sL0 ggi{‘rzf" Enable & Single Sound
4010H | W |E] DWS DMA |DIRQ|DREP SD3 | SD2 | SD1 | SDO |Amplitude
4011H | W |E| DWS DMA IA6 | IA5 | IA4 | 1A3 | IA2 | IA1 | IAO [Initial Amplitude
4012H | W |E| DWSDMA |SA13| SA12 |SA11|SA10| SAQ | SA8 | SA7 | SA6 |Starting add. of DWS data
4013H | W |E| DWSDMA |DL11|DL10| DL9 | DL8 | DL7 | DL6 | DL5 | DL4 |Data length of DWS data
Sound Generator XOP2 Address Port

Register

Address |R/W CHANNEL Note

ID7 | D6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO
4020H | W |A] RHYTHM A |[1DY2|1DY1| 1SC | 1IW | 1WI3 | 1WI2 | 1WI1 | 1WI0 |Envelop Control
4021H | W |A| RHYTHM A | 1AT |1ST2 |[1ST1|1STO| 1SG |1AD2|1AD1 | 1ADO |Auto Tune Control
4022H | W |A| RHYTHM A | 1FT7 | 1FT6 | 1FT5 | 1FT4 | 1FT3 | 1FT2 | 1FT1 | 1FTO |Fine Tune Control
4023H | W |A| RHYTHM A |1sL4|1SL3 |1sL2|1sL1|1SL0 [1FTA|1FT9 | 1FT8 88‘;‘[?; Tune & Single Sound
4024H | W |[B] RHYTHM B |2DY2[2DY1] 2SC | 2IW | 2WI3 | 2WI2 [ 2WI1 | 2WI0 [Envelop Control
4025H | W |B| RHYTHM B | 2AT | 2ST2|2ST1|2ST0| 2SG |2AD2 | 2AD1 | 2ADO0 |Auto Tune Control
4026H | W |B| RHYTHM B | 2FT7 | 2FT6 | 2FT5 | 2FT4 | 2FT3 | 2FT2 | 2FT1 | 2FT0 |Fine Tune Control
4027H | W |B| RHYTHM B |2SL4 | 2513 | 2512 | 2SL1 | 2SL0 | 2FTA | 2FT9 | 2F T8 832‘?; Tune & Single Sound
4028H | W |C| ENVELOP | 3EN | 3EL6 | 3EL5 | 3EL4 | 3EL3 | 3EL2 | 3ELA | 3ELO |Single Sound Enable
402AH | W |C| ENVELOP |3FT7 |3FT6 | 3FT5 | 3FT4 | 3FT3 | 3FT2 | 3FT1 | 3FTO |Fine Tune Value
402BH | W |C| ENVELOP |3SL4 |3SL3|3SL2|3SL1|3SL0 |3FTA|3FTO |3FT8 88‘;‘[?; Tune & Single Sound
402CH | W [D] NOISE 4SC | 4IW [4WI3 [4WI2 [ 4WI1 | 4WI0 [Envelope Control
402EH | W |D| NOISE | 4Ns 4BF3 | 4BF2 | 4BF1 | 4BFO |Control Base Frequency
402FH | W |D| NOISE  |4SL4|4SL3|4SL2|4SL1|4SL0 ghannel Enable & Single Sound
4030H | W | DWS/PCM |OP2L|OPIL|PCML| DP | DA2 | DA1 | ~A15 |~A14 |Dws/ PCM selector, DA control
4031H | W PCM PCM7|PCM6|PCM5|PCM4|PCM3[PCM2|PCM1|[PCMO[Write PCM Data
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Parameter description:

xDY2, xDY1: Specify the duty cycle of the square wave of channel 1, 2. The mapping is described as the following table.
xDY2 | xDY1 Duty
0 0 1/8
1 0 1/4
0 1 1/2
1 1 3/4
xSC:
Set the sound output to be continuous or one time only.
0: single sound (one time only)
1: continuous
xIW:
Envelop setting
0: The envelope decays from the FH to OH with the slop specified by xWI[3:0].
1: The envelope is kept at a constant value specified by xWI3:0.
xXWI[3:0]:
When xIW = 0, xWI[3:0] specify the decay time of the envelop from Fh to Oh as 4.16ms*(xWI[3:0)).
When xIW=1, xWI[3:0] specify the envelop level as full scale*(xWI3:0)/15d.
XAT:
Sound effect control of pitch-band
0: disable
1: enable; as enable, the frequency of the channel will smoothly shift from the setting value to maximum or minimum
frequency. The function is used for special sound effect, like machine gun. And the modulation rate of pitch band is set by
xSTx.
xST[2:0]:
Set the modulation time. Modulation time means the time of frequency change of each modulation, i.e., the change rate is
inverse-proportion to modulation time.
Modulation time = 8.33ms*(xST[2:0])
xSG:
Specify the sign in front of 2™ in equation for changing ratio.
0+
qoms
xAD[2:0]:
m=xADI[2:0], a parameter to set the changing ratio of the frequency.
When xSG=0, Fn=F*(142™).
When xSG=1, Fnq=F,*(1-2™).
Fns1: next frequency
Fn: current frequency
xFT[A:0]:
Frequency=111,860Hz/(xFTA:0), the minimum value of xFT[A:0] is O8H.
xSL[4:0]:
Sound duration of single sound.(Beat length decoder input))
xSL[4:0] 00 (01 (02| 03|04 |05|06|07 |08 |09 |0A|0OB|0OC|OD|OE|OF
Sound BCLK2=120Hz | 72 (2024|152 | 8 |312| 24 |632| 40 (1272| 56 |472| 72 | 104 | 88 | 112|104
duration (ms) | Bc| K2=100Hz | 90 2530|190 | 10 {390 | 30 [790 | 50 [1590| 70 590 | 90 | 130|110 | 250 | 130
xSL[4:0] 10|11 |12 (13 |14 |15 (16 | 17 |18 | 19 [1A | 1B |1C | 1D | 1E | 1F
Sound BCLK2=120Hz | 88 | 120 | 184 | 136|376 | 152 | 760 | 168 [1528| 184 | 568 | 200 | 120 | 216 | 248 | 232
duration (Ms) | BCLK2=100Hz | 110|150 | 230 | 170 | 470 | 190 | 950 | 210 [1910| 230 | 710 | 250 | 150 | 270 | 310 | 290
BCLK2 is set by 4017H.
3EN:
0: Enable (Beat length 1)
1: Disable
3EL[6:0]:
Beat length 1 =BLCK1*3EL[6:0]
Through 4017H BLCK1 can be set as 250Hz or 200Hz.
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4NS:
Noise band of channel 4 setting
0: wide band
1: narrow band
xBF[3:0]:
Specify the noise frequency.
DIRQ:
0: Disable DWS IRQ
1: Enable DWS IRQ
DREP:
0: No repeat
1: Repeat DWS data access
SD[3:0]:
Input of slop decoder.
SDI[3:0] FH EH DH CH BH AH 9H 8H
Sample 33K | 25K | 21K | 17K | 14K | 13K | 11K | oK
rate(Hz)
SD[3:0] 7H 6H 5H 4H 3H 2H 1H OH
Sample 84K | 7.9k | 7K | 6.2K | 55K | 53K | 47K | 4.2K
rate(Hz)
1A[6:0]:
DWS Initial amplitude
SA[13:6]:
DWS Data start address #11xxxxxxxx000000, (SA[13:6]=xxxXXXXX)
DL[11:4]:
DWS or PCM data length #xxxxxxxx0000, (DL[11:4]=XXXXXXXX)
OP2L:
XOP2 Loudness Enable/ Disable
0: Enable (Default)
1: Disable
OP1L:
XOP1 Loudness Enable/ Disable
0: Enable (Default)
1: Disable
PCML:
PCM data length option maximumly 4081 or 4096
0: 4081 (default)
1: 4096
DP:
Speech synthesis DWS or PCM selector
0: DWS
1:PCM
DA2:
XOP2 DA enable/ disable
0: Disable (default)
1: Enable
DA1:
XOP1 DA enable/ disable
0: Enable (default)
1: Disable
~A15:
DWS or PCM DMA address A15’s complement.
~A14:
DWS or PCM DMA address A14’s complement.
© V.R.Technology Co.,Ltd. 42

Proprietary & Confidential

May. 14. 2007
Revision: A7



VT16 Console and One Bus for TV

PCM[7:0]:
Update the PCM data by CPU.
We have two ways to control the PCM data, one is updated by CPU, and another is DMA similar as DWS. PCM DMA is
controlled by 4010H, 4012H and 4013H to specify the starting address, data length, slope and repeat or not.

[Miscellaneous Address Port |

4014H W High byte Address of Source to start the DMA of Video data or Sprite data

D7|D6‘D5‘D4|D3‘D2‘D1‘DO

High byte Address of Source

It needs two bytes to specify the source address during DMA of video data or sprite data. 4014H specifies the high byte address
($[XX]X0). Writing 4014H also starts the DMA. VT16 is equipped the DMA of both video and sprite data. Please refer to 4034H
for relevant settings.

4034H W Settings for the DMA of Video data or Sprite data

D7

D6‘D5‘D4 D3‘D2‘D1 DO

Source add. Bit[7:4] of DMA Max. data length of DMA SEL47

|—>Selector DMA of Video data or DMA of Sprite Data.
0: DMA of Sprite data. DMA will update the $2004
1: DMA of video data. DMA will update the $2007.

Specify the data length for DMA.*NOTE
000: 256 bytes

100: 16 bytes

101: 32 bytes

110: 64 bytes

111: 128 bytes

P Source address bit[7:4] of DMA. ($XX[X]0)

*NOTE: Under 64byte mode, VT16 cut the memory into 4 pieces. If you want to access complete 64 bytes. The low byte of
address must be 00H, 40H, 80H or COH, because VT16 will stop accessing when address counted to 3FH, 7FH, BFH or FFH
respectively. Under 16 byte mode, VT16 cut the memory into 16 pieces. Under 128 byte mode, VT16 cut the memory into 2
pieces.

4015H W Enable/ disable XOP1 & DWS IRQ

D7 D6 D5 D4 D3 D2 D1 DO

DWSor | XOP1 XOP1 XOP1 | XOP1
PCM Noise [Envelope| R.B R.A
Enable | Enable | Enable | Enable | Enable

|—>o: Stop XOP1 Rhythm A
1: Start XOP1 Rhythm A

0: Stop XOP1 Rhythm B
1: Start XOP1 Rhythm B

0: Stop XOP1 Envelope
: Start XOP1 Envelope

-

: Stop XOP1 Noise
: Start XOP1 Noise

v
s 0o

: Stop DWS or PCM
: Start DWS or PCM

v
-~ 0o
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4015H R Read XOP1 FLAG

D7 D6 D5 D4 D3 D2 D1 DO
DWS or .| DWSor | XOP1 | XOP1 | XOP1 | XOP1
Clock | Scan line .
PCM IRQ PCM N Envel R.B R.A
Flag IRQflag | IRQ flag Status Stzlties g\tlaetzge Status Status
Ly 0. End of xOP1 Rhythm A
1: During XOP1 Rhythm A
0: End of XOP1 Rhythm B
1: During XOP1 Rhythm B
» 0: End of XOP1 Envelope
1: During XOP1 Envelope
» 0: End of XOP1 Noise
1: During XOP1 Noise
» 0: End of DWS or PCM
1: During DWS or PCM
» Scan line counter interrupt flag
» 0:IRQ inactive
1: IRQ active
» 0: DWS or PCM IRQ inactive
1: DWS or PCM IRQ active
4035H W Enable/ disable XOP2
D7 D6 D5 D4 D3 D2 D1 DO
XOP2 | XOP2 | XOP2 | XOP2
Noise [Envelope| R.B R.A
Enable | Enable | Enable | Enable
|"VO: Stop XOP2 Rhythm A
1: Start XOP2 Rhythm A
0: Stop XOP2 Rhythm B
1: Start XOP2 Rhythm B
0: Stop XOP2 Envelope
1: Start XOP2 Envelope
P 0: Stop XOP2 Noise
1: Start XOP2 Noise
4035H R Read XOP2 FLAG
D7 D6 D5 D4 D3 D2 D1 DO
XOP2 | XOP2 | XOP2 | XOP2
Noise |[Envelope| R.B R.A
Status Status Status | Status

© V.R.Technology Co.,Ltd.
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4016H W Set output pin XQ[2:0]

D7|D6‘D5|D4|D3 p2 | b1 | Do

UNUSED XQ2 XQ1 XQo

|—> Set output pin XQO0

— Set output pin XQ1

Set output pin XQ2
4016H R Read peripheral data

D7|D6‘D5|D4|D3 p2 | D1 | Do

Micro- Major
UNUSED Phone Floppy joystick

|—>Read the data from major joystick

—» Read the data from floppy

Read the data from Microphone

4017H W Clock for beat Length 1, 2 and Clock IRQ Control

D7 D6 D5 D4 D3 D2 D1 DO

Clock
IRQ
Enable

BLCK1/
BLCK2

» 0: Enable Clock IRQ (60Hz)
1: Disable Clock IRQ

» 0: BLCK1=250Hz and BLCK2=120Hz
1: BLCK1=200Hz and BLCK2=100Hz

4017H R Read Peripheral Data

D7 D6 D5 D4 D3 D2 D1 DO

Floppy Floppy Floppy | Floppy | Second
Disk Disk Disk Disk | Joystick

|"VRead the data from second joystick
Read the data from floppy

Read the data from floppy

» Read the data from floppy

> Read the data from floppy
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Timing Waveforms

Timing Spec. of Program Unit In Application Mode

Input Cycle Timing

Fre

e A A WA W A e

< Tlp ble Thp q

Tlp Thp

< Teye q

XCK18 / Tah
Tah
XA14~0
RW,ROMCS
Trds, Twds Tdh

D7~0
AC Characteristics : TA=0'C to 70°C, VCC = 3.0V ~ 3.6V, GND =0V
Symbol Parameter Min [Max Unit Condition
Fpal Frequency of PAL B option 26.601712 MHz
Fntsc Frequency of NTSC option 21.47727 MHz
Tcyc Program cycle time 70 450 ns
Tph Cycle High Pulse Width 240 300 ns
Tpl Cylce Low Pulse Width 100 150 ns
Tah Program Address Hold time 10 ns
Tdh Program Data Hold time 10 ns
Trds Program Read Data Set up time 10 ns
Twds Program Write Data Set up time 10 ns
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Timing Spec of Graphic Unit In Application Mode

Input Cycle Timing

I Fosc

= NN L\

Read video data

Tvph

A

Tvpl

v

A

Tvrcy

A 4

v

P
K

VOE(NTSC) /

Tvrad

Tvrah

A

XVA12~0
XRC

XVD7~0 <
Write video data
| Tvwpl
VRW <
Tvwas Tvwah
XVA12~0
XRC
| Tvwds Tvwdh
XVD~0 |
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AC Characteristics: TA=0'C to 70°'C, VCC = 3.0V ~ 3.6V, GND =0V

Symbol Parameter Min [Max Unit Condition
Fpal Frequency of PAL B option 26.601712 MHz
Fntsc Frequency of NTSC option 21.47727 MHz
Tvrcyc Video Read cycle time 120 285 ns
Tvph Video Read High Pulse Width 120 150 ns
Tvpl Video Read Low Pulse Width 120 150 ns
Tvrad Video Read Address Delay time 7 35 ns
Tvrah Video Read Address Hold time 0 ns
Tvrds Video Read Data Set up time 10 ns
Tvrdh Video Read Data Set up time 10 ns
Tvwpl Video Write Pulse time 40 150 ns
Tvwas Video Write Address Set up time 10 ns
Tvwah Video Write Address Hold time 10 90 ns
Tvwds Video Write Data Set up time 10 70 ns
Tvwdh Video Write Data Hold time 10 90 ns
DC Characteristics : TA=0'C to 70°'C, VCC = 3.0V ~ 3.6V, GND =0V

Symbol Parameter Min Max Unit Condition
VIL Input Low Voltage -0.5 0.8 \'
VIL Input High Voltage 24 VCC+0.4 V
VOL Output Low Voltage 0.8 V
VOH Output High Voltage 2.4 V
VCL Clock Low Voltage -0.7 0.4 \
VCH Clock High Voltage 2.5 3.5 Vv
ICC Power Supply Current 30 mA
1L Input Leakage Current 10 uA
ICL Clock Leakage 10 uA
ITL Tri_state Leakage 20 uA
IRL Reset pin Leakage (pull high R) 1 mA
10L Output Low Current 2 10 mA
IOH Output High Current 2 10 mA

Programming Guide

1. For avoiding the unexpected IRQ interrupt happen all the time. It’s better first to set $4017 = #$CO0 or #$40.

2. If programmer didn’t set the new address ports, the old compatible mode will be chose default.

3. In single bus mode, the program initial address A22-A0 is 007FFFC or 017FFFC, and the video initial address is 0000XXX.
You can individually specify the program and video bank; the hardware will combine the two independent bus into one bus.
Study the program address multiplexer and video address multiplexer before the programming. The original decoder address
ports is still reserved, and $4102 ~ $410A can also control the decoder address ports. A special port $4109 is the program
bankO register 2 make the program bank register increased from 2 to 3, but it must specified by $4109.

4. In 16 colors mode, or 16X8 pixels sprite mode, the size of the character is 32 bytes. And, in 16X16 pixels sprite mode, the
size of the character is 64 bytes. Programmer should arrange the character memory very carefully.

5. For background 16 colors mode, you should set the $4010 = #$82 and also extension address enable, set the $4010 = #$92.

6. In the background extension address enable, the BG4, BG3 and character vector will be a 10 bits character vector; the
character size will be 16X16. The background color set function will be disable, and color set (BG4,BG3) be fixed 00.

7. To sprite 16 colors mode, you should set the $4010 = #$84, and also sprite extension address enable, set the $4010 = #$8C.
To sprite 16 pixels mode, you should set the $4010 = #$85, and also sprite extension address enable, set the $4010 = #$8D.

8. PCM only outputted to XOP2. Programmer should set $4030 = #$18 to turn on the DA of channel and switch to PCM mode
(channel DA 2 is off default). Setting the $4031 any 8 bits value will directly output to the XOP2 DA. If you want to use the
PCM DMA mode, you should set $4010, $4012, $4013, these ports function is similar as DWS. The PCM data length is
maximally 4081 bytes. If the PCM data is over than 4081 bytes, you should enable the PCM IRQ, set the unit waveform mode
$4010 initially and modify the $4012 and Bank register to point the suitable PCM data address and start PCM DMA by $4015
= #$10 in interrupt service routine. PCM DMA mode is exclusive from DWS mode; you can only select one of these two
modes.
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9. Video DMA can update the data of the address $2004 or $2007. If you set $4034 = #$58, and $4014 = #302, the video DMA
will be started and update the $2004 from $0250~$025F 16 bytes. If you set the $4034 = #$AD, and $4014 = #3$03, the video
DMA will be start and update the $2007 from $03A0~$03BF 32 bytes. If you set the $4034 = #$0D, and $4014 = #3$03, the
video DMA will be start and update the $2007 from $0300~$033F 64 bytes.

10.  When you connect an additional chip and you have to use the XRWB function to control them then you have to set up #410B
function. The thing you have to know that when the FWEN was high then the old program method will not active.

11.1 The PCM data should be the multiple of 64 bytes. If your data haven't fill this capacity then it will have some noise issue in
the PCM playing step. The default length of PCM DMA data is 4081 bytes. As we set the $4013=#$FF, the data length isn't
4096 bytes. Physically, it only play 4081 bytes, data fetched from address $000 to $FF0. The data of address from $FF1 to
$FFF can't be fetched from PCM DMA. Set $4015(D5)=1, the PCM length change from 4081 bytes to 4096 bytes. And the
PCM will not affected by $4015, $4016, $4017 reading. The $4015(D5) which is the scan line counter interrupt flag.

11.2  When you use the PCM function, please you take care of the internal and external parallel to serial joystick function will
abnormal. Please you use the general I/O to do the joystick function, the PCM and Joystick will work very well.

12.  When you want to use the RS232 function function of VT16. Please you follow up this notice.If RS232 is necessary, please
make the first command $410B(D5)=1. Because of TXDP will output data through XCUP47. In order to avoid the $4017 active
this pin and make communicated error, we should set XCUP47 is TXDP first.

13.  When you want to use the ADC function , be careful of there have some missing area of ADC . They are as below:
a>. 77,78,79,80,81,82 --> missing 7A,7B,7C,7D,7E,7F
b>. 5C,5D,5E,60,61,62--> missing 5F
c>. 3A,3B,3C,40,41,42-> missing 3D,3E,3F
d>. 1C,1D,1E,20,21,22--> missing 1F
e>. 9C,9D,9E,A0,A1,A2--> missing 9F
f>. BA,BB,BC,C0,C1,C2-> missing BD,BE,BF

14. Extension mode EVA12-EVA10 will inserted between VA10 and VA9.
a. Sprite and Background can be set individually. $2010(D3) and $2010(D4).
b. The extension must be all three bits(EVA12-EVA10) active or disable. We can not use only EVA10 or EVA11.
c. Background extension
EVA12 EVA11  EVA10

$2011(D0)=1 HV BG4 BG3 HV is the page of background vector memory AD10,AD11
$2011(d0)=0 $2018(D3) BG4 BG3 BG3,BG4 is stored in video address $23C0~$23FF
d. Extension CPU accessed mode
EVA12 EVA11 EVA10

$2018(D2) $2018(D1) $2018(D0)
e. Extension Sprite mode
EVA12 EVA11 EVA10
SPEVA12 SPEVA11  SPEVA10 SPEVA12~SPEVA10 is the $2004 three byte status(D4~D2)
f. Extension or not
>> When $2010(D5)=X and $2010(D2)=1 and $2010(D0)=1, all the sprites are 16 pixels 4 colors.
>> When $2010(D5)=0 and $2010(D2)=1 and $2010(D0)=0 , all the sprites are 8 pixels 16 colors.
>>When $2010(D5)=1 and $2-10(D2)=1 and $2010(D0)=0 , the sprite are 8 pixels 16 colors or 16 pixels 4 colors will be decided
by $2004 3th byte status(D4) which is also the address EVA12 in extension mode.
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The detail Instruction table

@ According to the function of instruction set

According to the function of instruction set

(@) pd
Assembly o o
Lalr;guage Addressing Mode Lar%susaegrgbll%rm Operation NVoF:SI%IZC g) % C)’l?és
orm Q @
(¢} ()
Access Instruction
LDA Immediate LDA #Oper A—M NeeoooZe A9 2 |2
Zero page LDA Oper A5 2 |3
Zero page, X LDA Oper,X B5 2 |4
Absolute LDA Oper AD 3 |4
Absolute, X LDA Oper,X BD 3 |4
Absolute,Y LDA Oper,Y B9 3 | 4*
(Indirect, X) LDA (Oper,X) A1l 2 |6
(Indirect),Y LDA (Oper),Y B1 2 |5
LDX Immediate LDX # Oper XM NeeeooeZe A2 2 |2
Zero page LDX Oper A6 2 |3
Zero page,Y LDX Oper,Y B6 2 |4
Absolute LDX Oper AE 3 |4
Absolute,Y LDX Oper,Y BE 3 |4
LDY Immediate LDY # Oper Y M NeooooZe AQ 2 |2
Zero page LDY Oper A4 2 |3
Zero page, X LDY Oper,X B4 2 14
Absolute LDY Oper AC 3 |4
Absolute, X LDY Oper,X BC 3 |4
STA Zero page STA Oper M—A XXYYY YY) 85 2 |3
Zero page, X STA Oper, X 95 2 |4
Absolute STA Oper 8D 3 |4
Absolute, X STA Oper, X 9D 3 |5
Absolute,Y STA Oper,Y 99 3 |5
(Indirect, X) STA (Oper,X) 81 2 |6
(Indirect),Y STA (Oper),Y N 2 |6
STX Zero page STX Oper M« X XXYYY YY) 86 2 |3
Zero page,Y STX Oper,Y 96 2 |4
Absolute STX Oper 8E 3 |4
STY Zero page STY Oper MY XXYYY YY) 84 2 |3
Zero page, X STY Oper, X 94 2 |4
Absolute STY Oper 8C 3 |4
Push processor status on stack
PHA [Implied [PHA [(S)—A,S—S-1 [eeeeeees | 48 1 [3
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(@) pd
Assembly o o
Lalr;guage Addressing Mode Lar%susaegrgbll%rm Operation NVoF:SI%IZC g) % C)’l?és
orm Q @
(¢} ()
PHP Implied PHP (S)—P, S<S-1 eeccccoe 08 1 |3
PLA Implied PLA S—S+1, A—(S) NeeoooZe 68 1 |4
PLP Implied PLP S<—S+1, P—(S) (Stack) 28 4
Decrement/Increment memory by one
DEC Zero page DEC Oper M «— M-1 NeeooeoZe C6 2 |5
Zero page, X DEC Oper,X D6 2 |6
Absolute DEC Oper CE 3 |6
Absolute, X DEC Oper,X DE 3 7
DEX Implied DEX X—X-1 NeeeooZe CA 1 12
DEY Implied DEY Y<—Y-1 NeoooeoZe 88 1 |12
INC Zero page INC Oper M—M+1 NeeeooZe E6 2 |5
Zero page, X INC Oper, X F6 2 |6
Absolute INC Oper EE 3 |6
Absolute, X INC Oper, X FE 3 |7
INX Implied INX X X+1 NeeooeoZe E8 1 |2
INY Implied INY Y<—Y+1 NeeoooZe C8 1 12
Shift/Rotate Left/Right one bit
ASL Accumulator ASL A )+ F—n+0 | NeooeozC 0OA | 1 |2
Zero page ASL Oper 06 2 |5
Zero page, X ASL Oper,X 16 2 |6
Absolute ASL Oper 0E 3 |6
Absolute, X ASL Oper,X 1E 3 |7
LSR Accumulator LSRA I:l"'* OeeeeeZC 4A 1 12
Zero Page LSR Oper 46 2 |5
Zero page, X LSR Oper,X 56 2 |6
Absolute LSR Oper 4E 3 |6
Absolute, X LSR Oper,X 5E 3 |7
ROL Accumulator ROL A 7 +—0 NeeeoeZC 2A 1 |2
Zero Page ROL Oper 26 2 |5
Zero page, X ROL Oper,X 36 2 |6
Absolute ROL Oper 2E 3 |6
Absolute, X ROL Oper, X 3E 3 |7
ROR Accumulator RORA —nl—+ NeeeeoZC 6A 1 12
Zero Page ROR Oper 66 2 |5
Zero page, X ROR Oper,X 76 2 |6
Absolute ROR Oper 6E 3 |6
Absolute, X ROR Oper,X 7E 3 |7
© V.R.Technology Co.,Ltd. 51 May. 14. 2007

Proprietary & Confidential

Revision: A7




VT16 Console and One Bus for TV

@) z
Assembly o o
Language Addressing Mode Larfg\;susaegrzbll)érm Operation NVOFEI%IZC 9 %l C;\:;cl)e.s
Form g 3
(¢} (2
Logical operation instruction
AND Immediate AND #Oper A—A AND M NeeeooZe 29 2 |2
Zero page AND Oper 25 2 |3
Zero page, X AND Oper, X 35 2 |4
Absolute AND Oper 2D 3 |4
Absolute, X AND Oper, X 3D 3 |4
Absolute,Y AND Oper,Y 39 3 |4
(Indirect,X) AND (Oper,X) 21 2 |6
(Indirect),Y AND (Oper),Y 31 2 |5
BIT Zero page BIT Oper N—M; ,V—Mg 24 2 |3
Absolute BIT Oper 2C 3 |4
CMP Immediate CMP #Oper A-M NeeeeeoZC C9 2 |2
Zero page CMP Oper C5 2 |3
Zero page, X CMP Oper D5 2 |4
Absolute CMP Oper CD 3 |4
Absolute, X CMP Oper, X DD 3 |4
Absolute,Y CMP Oper, Y D9 3 |4
(Indirect,X) CMP (Oper,X) C1 2 |6
(Indirect),Y CMP (Oper),Y D1 2 |5
CPX Immediate CPX #Oper X-M NeeeeoeZC EOQ 2 |2
Zero page CPX Oper E4 2 |3
Absolute CPX Oper EC 3 |4
CPY Immediate CPY #Oper Y-M NeeeeoeZC Co 2 |2
Zero page CPY Oper C4 2 |3
Absolute CPY Oper CC 3 |4
EOR Immediate EOR #Oper A—AXORM NeooooZe 49 2 |2
Zero page EOR Oper 45 2 |3
Zero page, X EOR Oper, X 55 2 |4
Absolute EOR Oper 4D 3 |4
Absolute, X EOR Oper, X 5D 3 |4
Absolute,Y EOR Oper, Y 59 3 |4
(Indirect,X) EOR (Oper,X) 41 2 |6
(Indirect),Y EOR (Oper),Y 51 2 |5
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o z
Assembly o o
Lalr_lguage Addressing Mode Lar%isaegrzbll)érm Operation NVOFEI?)IZC g) %J C)'/\::cl)és
orm o @
@ (2}
ORA Immediate ORA #Oper A—AORM NeeeooeoZe 09 2 |2
Zero page ORA Oper 05 2 |3
Zero page, X ORA Oper, X 15 2 |4
Absolute ORA Oper 0D 3 |4
Absolute, X ORA Oper, X 1D 3 | 4*
Absolute,Y ORA Oper, Y 19 3 |4
(Indirect,X) ORA (Oper,X) 01 2 |6
(Indirect),Y ORA (Oper),Y 11 2 |57
Arithmetic operation instruction
ADC Immediate ADC #Oper A—A+M+C NVeeeeZC 69 2 |2
Zero page ADC Oper 65 2 |3
Zero page, X ADC Oper, X 75 2 |4
Absolute ADC Oper 6D 3 |4
Absolute, X ADC Oper, X 7D 3 | 4*
Absolute,Y ADC Oper, Y 79 3 | 4%
(Indirect, X) ADC (Oper,X) 61 2 |6
(Indirect),Y ADC (Oper),Y 71 2 | 5%
SBC Immediate SBC #Oper A —A-M-1+C NVeeeeZC E9 2 |2
Zero page SBC Oper E5 2 |3
Zero page, X SBC Oper, X F5 2 |4
Absolute SBC Oper ED 3 |4
Absolute, X SBC Oper, X FD 3 |4
Absolute,Y SBC Oper, Y F9 3 |4
(Indirect,X) SBC (Oper,X) E1 2 |6
(Indirect),Y SBC (Oper),Y F1 2 |5
@) z
Assembly o S
Lalr;guage Addressing Mode Lar%isaegrgbll%rm Operation NVoFEI%IZC 9 g C)’l?és
orm o @
D (2}
BCC? Relative BCC Oper When C=0jump | eeeeeeee 90 | 2 [2¢*
BCS® Relative BCS Oper When C=1jump | eeeeeeee BO 2 | 2%
BEQ Relative BEQ Oper WhenZ=1jump | eeeeceee FO 2 |27
BMI Relative BMI Oper When N=1jump | eeeeceee 30 2 |2
BNE Relative BNE Oper WhenZ=0jump |eeeeeeee DO 2 | 2x
BPL Relative BPL Oper When N=0jump | eeeeeeee 10 2 | 2%
BVC Relative BVC Oper WhenV=0jump |eeeeceee 50 2 |27
BVS Relative BVS Oper WhenV=1jump | eeeeeeee 70 2 |2
JMP Absolute JMP Oper PC < Addr ecccccee 4C 3 |3
Indirect absolute JMP( Oper) 6C 3 |5
Absolute, X JMP (Oper, X) 7C 3 |6
JSR Absolute JSR Oper PC—PC+2 (XYYYY YY) 20 3 |6
(S)«—PCH,SS-1
(S)PCL,S<S-1
PC—Oper
RTI Implied RTI S<—S+1, P<—(8S) (Stack) 40 1 1|6
S—S+1, PCL—(S)
S<—S8+1,PCH—(S)
RTS Implied RTS S<—S+1,PCL<(S) | eeeeccee 60 1 |6
S—S+1,PCH—(S)
PC — PC+1,
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Processor flag instruction

CLC Implied CLC C«—0 eecccoe 18 1 |2
CLD Implied CLD D0 ecceloce D8 1 |2
CLI Implied CLI |0 eccce’oe 58 1 |2
CLV Implied CLV V<0 elecccee B8 1 12
SEC Implied SEC C«—0 XYY 38 1 |2
SED Implied SED D0 ecoe(ooce F8 1 |2
SEI Implied SEI |0 ecece(oo 78 1 |2
Assembly % g
La'r_]guage Addressing Mode Larfg\;susaegrgbll}(/)rm Operation NVoF:B?I%IZC g) g C;\::cl)és
orm 3 a
(0] ()
Register transfer instruction
TAX Implied TAX X—A NeooooZe AA 1 |2
TAY Implied TAY Y —A NeeoooeZe A8 1 |2
TSX Implied TSX X+<8 NeeoooeoZe BA 1 |2
TXA Implied TXA A—X NeeoooZe 8A 1 12
TXS Implied XS S« X eccccoee 9A 1 |2
TYA Implied TYA A—Y NeeoooeZe 98 1 |2
Other special instruction
BRK Implied BRK PC—PC+2 ecelelee 00 1 |7
B«—1, -1
(S)«—PCH,SS-1
(S)—PCL,S<S-1
(S) — P ,S<S1
NOP Implied NOP No operation Xy EA 1 |2
Note :

*k

*kk

Add one cycle, if indexing across page boundary.
Add one cycle if branch is taken, add one additional if branching operation crosses page boundary.

1 BIT instruction copy the bit6 of test byte to flag V - Copy the bit7 of test byte to flag N - But if you use the
immediate address mode then you cann’t change the value of flag V and flag N - The value of Flag Z was
based on the accumulator and operation result -

2 BBC and BCS instruction is BLT (Branch Less Than) and BGE (Branch Greater or Equal ) instruction - the
difference between these condition of jump instruction is only the assembly language form -
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[ ) According to the OP. code of instruction table.

According to the OP. code

Low Low
\ 0 1 2 3 4 5 6 7 8 9 A B C D E F \
High High
0 BRK | ORA ORA | ASL PHP | ORA | ASL ORA | ASL 0

imp | inx zpg | zpg imp | imm | acc abs | abs
1 BPL | ORA ORA | ASL CLC |ORA ORA | ASL 1
rla iny ZpX | zpX imp | aby abx | abx
2 JSR | AND BIT | AND | ROL PLP | AND | ROL BIT | AND | ROL 2
abs | inx zpg | zpg | zpg imp | imm | acc abs | abs | abs
3 BMI | AND AND | ROL SEC | AND AND | ROL 3
rla iny ZpX | zpX imp | aby abx | abx
4 RTI | EOR EOR | LSR PHA | EOR | LSR JMP | EOR | LSR 4
imp | inx zpg | zpg imp | imm | acc abs | abs | abs
5 BVC | EOR EOR | LSR CLI | EOR EOR | LSR 5
rla iny ZpX | zpX imp | aby abx | abx
6 RTS | ADC ADC | ROR PLA | ADC | ROR JMP | ADC | ROR 6
imp | inx zpg | zpg imp | imm | acc abi | abs | abs
7 BVS | ADC ADC | ROR SEl | ADC ADC | ROR 7
rla iny ZpX | zpX imp | aby abx | abx
8 STA STY | STA | STX DEY TXA STY | STA | STX 8
inx zpg | zpg | zpg imp imp abs | abs | abs
9 BCC | STA STY | STA | STX TYA | STA | TXS STA 9
rla iny Zpx | zpx | zpy imp | aby | imp abx
A LDY | LDA | LDX LDY | LDA | LDX TAY | LDA | TAX LDY | LDA | LDX A
imm | inx | imm zpg | zpg | zpg imp | imm | imp abs | abs | abs
B BCS | LDA LDY | LDA | LDX CLV | LDA | TSX LDY | LDA | LDX B
rla iny ZpX | zpx | zpx imp | aby | imp abx | abx | aby
c CPY | CMP CPY |CMP | DEC INY | CMP | DEX CPY |CMP | DEC c
imm | inx zpg | zpg | zpg imp | imm | imp abs | abs | abs
D BNE | CMP CMP | DEC CLD |CMP CMP | DEC D
rla iny ZpX | zpX imp | aby abx | abx
E CPX | SBC CPX | SBC | INC INX | SBC | NOP CPX | SBC | INC E
imm | inx zpg | zpg | zpg imp | imm | imp abs | abs | abs
E BEQ | SBC SBC | INC SED | SBC SBC | INC F
rla iny ZpX | zpX imp | aby abx | abx
Low Low
\ 0 1 2 3 4 5 6 7 8 9 A B C D E F \
High High
Note :
Immediate address mode imm
Absolute address mode abs
Zero page address mode zpg
Accumulator address mode acc
Implied address mode imp
Absolute ,X address mode abx
Absolute ,Y address mode aby
Zero page,X address mode ZpX
Zero page,Y address mode zpy
Indirect address mode abi
Relative address mode rla
(Indirect,X) address mode inx
(Indirect) ,Y address mode iny

Abs. Indirect address mode ina
Zero page Indirect address mode inz
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