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VT02 Console and One Bus System

Revision History:

Ver. Contents
A1 Original Version
A2 1.Page 3 Feature
---Add 8 bits data bus mode has auxiliary 16 I/O pins and 16 bits data bus mode has auxiliary 8 1/O pins.
2.Page 6 Pin optional table
---Add Note: In one bus mode, when you want to use the extension I/O port. Please you refer page 17 Address
ports of program unit to set up them.
3.Page 16 Block Diagram of Video address Multiplexer
---Modified the error BKEXTEN to BKEXTEN=1
4.Page 19,20 Functional description of Program Address ports
---#410B D3 add
0: $6000-$7FFF writing function will not active the XRWB.
1: $6000-$7FFF writing function will active XRWB .
Note: When FEWN(D3) was High then the old program method will not active.
---Modified #410E:D7-D0 :: Output to XVRW,XVOE,XRCB ...
To #410F :D7-DO Output to XVRW,XVOE,XRCB ...
---Modified %410E: Input XVRW,XVOE,XRCB ...
To %410F: Input XVRW,XVOE,XRCB ...
---Modified %4109 to %4119
--- Modified TIFLAG ___p D5to RINGF __ D5
5. Page 23 Function Description of Graphic Address ports
Modified error of #2000 D5: SPRITE SIZE CONTROL
From 1 > BIG SPRITE (8X16)or(16X16) To 1 — BIG SPRITE (8X16)
From 0 > SMALL SPRITE (8X8)or(16X8) To 0 —» SMALL SPRITE (8X8)
6. Page 24 Modified the error
From #2014 : Video BankO0 register2 D7-D0 = RV07-RV20.
To #2014 : Video BankO register2 D7-D0 > RV27-RV20.
From #2015 : Video BankO0 register3 D7-D0 > RV07-RV30.
To #2015 : Video BankO register3 D7-D0 > RV37-RV30.
7.Page 28 SPRITE RAM
---Modified From Sprite color and 8X8 or16X8 option
To Sprite color and 8X8 option
8.Page 37 Programming Guide
---Add: 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.
---Add: Don’t use the DMA copy to color palette in NTSC system.
PAL system haven’t this prohibition.
9. Add Page39,40:Program/Video Memory Bank Mapping
Programming Guide:
A3 Add: item10, 11 to describe the PCM and RS232
Ad Revise all the format.
A5 Revise the CPU Instruction.
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VT02 Console and One Bus System

VT02

Console and One Bus System
(Real 4 colors or Virtual 16 colors)

Features

System
- CPU: 6502
- Internal Program RAM: 2K Bytes
- Internal Video RAM: 2K Bytes
- DMA (Sprite and Background)
- One Bus Mode, 8 bits data bus or 16 bits data bus
- Multiple control of IRQ
- Programmable timer
- Bank decoder for expandable memory up to 32M Bytes
- T.V. signal output (NTSC, PAL)
- 8 bits data bus mode has auxiliary 16 I/O pins and 16 bits
data bus mode has auxiliary 8 /O pins.

Peripheral Applications
- Joystick
- RS232 serial port built-in.

General Description

VTO02 includes the CPU, Graphic Unit, Sound Unit, two internal
2KBytes SRAMs, and some /O controller. There are two main
systems in VT02, 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.
VT02 is equipped with a 2KByte 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.

Graphic Unit is the main role of the video system. It can

© V.R.Technology Co.,Ltd.
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Graphic Processor
- Resolution: 256x240 pixels
- 64 sprites in one frame
- Background color can be 4 colors (4 color sets).
- Sprites with 4 colors (4 color sets), have 8X8 or 8X16
character size.
- Color palette has 25 colors.

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

access the video memory automatically to display some
figures. In addition to the internal program SRAM, VTO02 is
equipped the other 2KByte 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.

VT02 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 VT02 will combine the two
independent buses into one bus. External memory can be
extended to 32Mbytes through the function decoder of VTO02.
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VT02 Console and One Bus System

Pin configuration

Chip Size(X, Y): 3470 X 2570 um”"2
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VT02 Console and One Bus System

Block diagram

JOYSTICK —P

DATA BUS —¥

ADDRESS BUS ¢——»
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PERIPHERAL TIMER
INTERFACE
2K Bytes IRQ
PROGRAM RAM CONTROLLER
CPU PSG & VOICE » AUDIO
6502 PROCESSOR
GRAPHIC T.V. SIGNAL L » VIDEO
PROCESSOR UNIT COMPOSITE
Y
2K Bytes
VIDEO RAM
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VT02 Console and One Bus System

Pin Description

SYMBOL TYPE DESCRIPTIONS

XA[14:0] [®) CPU address bus or one bus mode Address OA14-OAO0.

XD[7:0] /0 |CPU data bus or one bus mode data bus Bit7-0.

XCK18 o) CPU clock 1.8MHz.

XRW 0] CPU or One bus mode read/write signal.

XROMCS 0] ROM chip select signal or one bus mode ROM OEB.

XFCSB (0] ROM or flash chip selector in one bus mode, Low active, address $8000~$FFFF will be
low.

X67CSB [®) Address $6000~7FFF chip selector, Low active.

XDEVMB | Swap the function of XFCSB and X67CSB when low.(PH)

XLCDENB | The enable of LCD signal output for testing, Low active. (PH)

XPTRIB | The control signal to force the bus tristate,Low active. (PH)

XBISEL | The selector pin of built-in function, Low: Built-in function will force the X67CSB and
XFCSB to high.(PH)

XIRQB | CPU interrupt input signal. (PH)

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

XVOEB O 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 I/O in one bus mode.

XRCB 0] External ROM chip selector High active or Power on indicator or I/O in one bus mode.

[XVA[9:0] 0 Video address bus or OA24-OA15 in one bus mode.

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

I/0

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

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.

X4016 [1:0] | 1/0 interface input pins. (PH)

X4017 [4:0] | 1/O interface input pins.(PH)

XQ[2:0] 0} I/0 interface output pins or Video extension address. XQ1,XQ0(0O), XQ2(1/O)

1/0

XCUP46,XCUP47 /0 [Clock of I/0 or XCUP47 can be video extension address. XCUP46(PH)

XVIDEO [®) Composite video signal.

XOP1,XOP2 0] Audio signal.

XJOYSELB | Internal Joystick enable when XJOYSEL=0. (PH)

XONEBUS | One bus mode selector High active. (PH)

XD16BUSB | 16 bits data bus selector (low active) in one bus mode, A0 will decide the low byte (XD7-0)
or high byte (XVD7-0) data. (PH)

XPORN,XF50R6 (0] TV system selector. All 0:NTSC, All 1:PAL.(PH)

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.

© V.R.Technology Co.,Ltd.
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VT02 Console and One Bus System

Pin optional table

Status Register IOPOEN=1 Register IOPOEN=0 Register IOPOEN=0
XONEBUS=1 XONEBUS=1 XONEBUS=0
XD16BUSB=1 XD16BUSB=0 XD16BUSB=X

XVDO I0P00 D8 of one bus XVDO

XVD1 10P01 D9 of one bus XVD1

XVD2 10P02 D10 of one bus XVD2

XVD3 I0P03 D11 of one bus XVD3

Status Register IOP1EN=1 Register IOP1EN=0 Register IOP1EN=0
XONEBUS=1 XONEBUS=1 XONEBUS=0
XD16BUSB=1 XD16BUSB=0 XD16BUSB=X

XVD4 I0P10 D12 of one bus XVD4

XVD5 I0P11 D13 of one bus XVD5

XVD6 I0P12 D14 of one bus XVD6

XVD7 I0P13 D15 of one bus XVD7

Status Register IOP2EN=1 Register IOP2EN=0

XONEBUS=1 XONEBUS=X

XVRA10 I0P20 XVRA10

XAD10 I0P21 XAD10

XAD11 I0P22 XAD11

XAD12 I0P23 XAD12

Status Register IOP3EN=1 Register IOP3EN=0

XJOYSELB=1 XJOYSELB=0

XRC I0P30 XRC XRC

XRCB I0P31 XRCB POWON

XVOEB I0P32 XVOEB XVOEB

XVRW IOP33 XVRW XVRW

Status XONEBUS=1 XONEBUS=0

XA[14:0] One bus OA[14:0] XA[14:0]

XVA[9:0] One bus OA[24:15] XVA[9:0]

XROMCSB One bus ROM OEB XROMCSB

XRWB One bus MEMORY RWB XRWB

Note: In one bus mode, when you want to use the extension /O port. Please you refer page 26,27 Address ports of program unit to

set up them.

XJOYSELB=0 XJOYSELB=1

Status

X4016D0 JOYAM X4016D0

X4016D1 JOYBM X4016D1

X4017D0 JOYUPA X4017D0

X4017D1, GUNPORT1 JOYST X4017D1

X4017D2, GUNPORT2 JOYSE X4017D2

X4017D3 JOYDNA X4017D3

X4017D4 JOYLFA X4017D4

XCUP46 JOYRTA XCUP46

Status XJOYSELB=0 && XONEBUS=0 XJOYSELB=1 || XONEBUS=1

XQo VIDEO ROM A10 XQo

XQ1 VIDEO ROM A11 XQ1

Status Register RS232EN=1 Register RS232EN=0 Register RS232EN=0
XONEBUS=X XONEBUS=0 && XONEBUS=1 ||
XJOYSELB=X XJOYSELB=0 XJOYSELB=1

XQ2 RD VIDEO ROM A12 XQ2

XCUP47 TD VIDEO ROM A13 XCUP47
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VT02 Console and One Bus System

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 kinds
of color.

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

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

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

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

10. TV composite signal output.

Video:

Sound:

1. Providing maximally 256 bytes DMA function for graphic
unit updated sprite, background vector and character data.

2. 2 ports for reading the status of sound generator.

3. 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.

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, another 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 I/O for joystick.

3. In one bus mode, 8 bits data bus mode has auxiliary 16 1/0
pins and 16 bits data bus mode has auxiliary 8 1/O pins.

4. Built-in optionally RS232 serial port.

Address Map of Program Memory and Video Memory

Program Memory

O00H Zero page stack 2000H
7FFH pag 23FFH
2000H 27FPH
Graphic Unit ports
4000H 28000
Sound Generator ports 2BFFH
6000H 3FO00H
3F1FH
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 details 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.

© V.R.Technology Co.,Ltd.
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VT02 Console and One Bus System

One Bus System

VTO02 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[24:0]
are the output pins to address this external memory up to 32M

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. The remain bits of 2006H set
AD[12:0] as described in Table A1. When XRC=1, AD[12:0]

Bytes. Based on the program address, XA, video address, AD,
and other relative registers, VT02 will set the values of
OA[24:0] to address the external memory. Please refer to the
following two sections for detail mappings.

In one bus mode, the program initial address A24-A0 is
007FFFC, and the video initial address is 0000XXX.

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

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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VT02 Console and One Bus System

Video memory Bank Mapping under One Bus Mode

Under one bus mode, VT02 can address up to 32M bytes
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, VT02 separate
the 32M bytes 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 0 divides each of those

Video
Bank 2
VA[24:21]

small 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]

Video Memory
32Mbytes

Figure A1. A sketch map of Video Memory Banking

© V.R.Technology Co.,Ltd.
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VT02 Console and One Bus System

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
$3F1F Color Palette vector

Video Memory Bank Mapping

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

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

11 ($4100&0x0F)<<21+($2018&0x70)<<14+( ($201A&0x80) | (VBANK&OX 7F ) )<<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 VRWBI VRWBO
© V.R.Technology Co.,Ltd. 11 Sep. 13.2005
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VT02 Console and One Bus System

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 <- $2018(D2-0)

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

Video Address |4 colors Extension Video BANKO |Video BANKO
0000-000F 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 Mode active Mode not Mode active
Character .. active

03E0-03FF Character 63

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

.. Character

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

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

.. Character

3E000-3FFFF  [512 Characters VA17-10=F8-FF |VA17-10=1F
40000-7FFFF  |16K Character VA17-10=20-3F
80000-BFFFF  [16K Character VA17-10=40-5F
CO0000-FFFFF  [16K Character VA17-10=60-7F
100000-13FFFFH16K Character VA17-10=80-9F
140000-17FFFFR16K Character VA17-10=A0-BF
180000-1BFFFFFE16K Character VA17-10=C0O-DF
1C0000-1FFFFFI16K Character 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. 12 Sep. 13.2005
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VT02 Console and One Bus System

Address the Video memory under One Bus Mode

VTO02 provide different function decoder to address video
memory under different settings of background and sprite.
There are two 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 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. 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.
Table A2. Different types of background or sprite characters.
Address | Type of background or sprite char.
output |Type1 Type2
oYV YR R /7 Inh V77
VA[24:21] : Video Bank 2 ‘\% 1 VA23 VA23 b
OA22 VA22 VA22 :
OA21 L e VA2l e e o e MA L e
VA[20:18] : Video Bank 1 — 0A20 VA20 VAT?
OA1 VA19 VA16 |
OA18 —YALS VA15
OA17 VA17 VA14
OA16 ] VA16 VA13
OA15 VA15 VA12
VA[17:10] : Video Bank 0 < OA14 1 VA14 VA11
- | oa13 VA13 VA1
OA12 VA12 EVA12
OA11 | VA11 EVA11
OA10 41 VA10 EVA10
OA9 VA9 VA9
OAS8 VA8 VA8
OA7 VA7 VA7
OA6 VA6 VA6
OA5 VA5 VA5
OA4 VA4 VA4
OA3 VA3 VA3
OA2 VA2 VA2
OA1 VA1 VA1
OA0 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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VT02 Console and One Bus System

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.
Proprietary & Confidential

Table A6. TVA[17:10].
NOTE: RV[17:10], RV[27:20], RV[37:30], RV[47:40], RV[57:50] are specified through 2012H~2017H.
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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. 15 Sep. 13.2005
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$0000

CPU

$0800

RAM

$1000

RAM($0000-$0800 Map)

$1800

RAM($0000-$0800 Map)

$2000

RAM($0000-$0800 Map)

$6000

Extension 10 area

$8000

Extension RAM area

| $A000

$410B&0x40==0: BANK=$4107
$410B&0x40!=0: BANK=0xFE

When $4105&0x40
1sn’t 0 exchange

BANK=$4108

Program memory bank mapping

1
l $C000

$E000

$410B&0x40==0: BANK=0xFE
$410B&0x40!=0: BANK=$4109

$FFFF

BANK=0xFF

© V.R.Technology Co.,Ltd.
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Case ($410B & 0x07) :

0 * (($4100&0xF0)<<17)+( ($410A&0xC0) | (BANK&Ox3F) )<<13
(Default)

13 (($4100&0xF0)<<17)+( ($410A&0XE0) | (BANK&Ox1F) )<<13
T (($4100&0xF0)<<17)+( ($410A&0XF0) | (BANK&OxOF) )<<13
T (($4100&0xF0)<<17)+( ($410A&0xF8) | (BANK&Ox07) )<<13
1 (($4100&0xF0)<<17)+( ($410A&0XFC) | (BANK&0x03) )<<13
T (($4100&0xF0)<<17)+( ($410A&0XFE) | (BANK&O0x01) )<<13
T (($4100&0xF0)<<17)+$410A<<13

T (($4100&0xF0)<<17)+BANK<<13

~ O\ AW N
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Program Memory Bank Mapping

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

PQ07-0 <- $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 BankO 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

7E000-7FFFF

80000-81FFF PQ37-6=1

FEOOO-FFFFF

100000-101FFF PQ37-6=2

17E000-17FFFF

180000-181FFF PQ37-6=3

1FE000-1FFFFF

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

FFEO00-FFFFFF

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

1FFE000-1FFFFFF

© V.R.Technology Co.,Ltd. 17 Sep. 13.2005
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VT02 Console and One Bus System

Address the Program memory under One Bus Mode

6502 is the CPU of VT02. 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 CPUG6502.
PA[24:21] are specified through 4100H for Program Bank 1.
Under different settings of PS[2:0], PA[20:13] are specified for
Program BankO 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.

('ng‘;g]) PA20 | PA19 | PA18 | PA17 | PA16 | PA15 | PA14 | PA13
000 | PQ37 | PQ36 | TPA18 | TPA17 | TPA16 | TPA15 | TPAT4 | 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. 18 Sep. 13.2005
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VT02 Console and One Bus System

?ﬁ%‘é’; a?(';";g A([g;:l];‘] TPA20 | TPA19 | TPA18 | TPA17 | TPA16 | TPA15 | TPA14 | TPA13
OH PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQOT | PQOO
1H PQ17 | PQ16 | PQ15 | PQ14 | PQ13 | PQ12 | PQI1 | PQ1O
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 | PQI1 | PQ10
6H PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQO1 | PQOO
7H 1 1 1 1 1 1 1 1
OH PQO7 | PQO6 | PQO5 | PQO4 | PQO3 | PQO2 | PQOT | PQOO
1H PQ17 | PQ16 | PQ15 | PQ14 | PQ13 | PQ12 | PQI1 | PQ10
2H PQ27 | P26 | PQ25 | PQ24 | PQ23 | Pa22 | 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 | PQI1 | PQIO
6H PQo7 | PQo6 | PQO5 | PQo4 | PQO3 | PQo2 | PQO1 | PQOO
7H 1 1 1 1 1 1 1

Table B3. Specify TPA[20:13]

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.

© V.R.Technology Co.,Ltd.
Proprietary & Confidential

VTO02 group four adjacent patterns to share the same 3, 4"
color address. Please refer to Figure B2 for details about 3",
4™ color address bits. The 1%, 2™ 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) bits color palette which point the 25x6 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, decided the internal
color of a pattern. A pattern can have three different colors to
describe, bit 1, 2 = (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.

Sep. 13.2005
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VT02 Console and One Bus System

2000H

23BEH

23FFH

Background Page

left or top

2400H
27FFH

Background Page

right

2800H
2BFFH

Background Page

bottom

Internal Video RAM

Figure B1. Mappings between Screen and Internal Video RAM

BG[4:3] of these 4 patterns are
stored in bit[1:0] of 23COH of
the Internal video RAM

2N

30 patterns

30 patterns <

32 patterns

v

000H 001H

020H 021H
v

3A0H 3A1H

01FH

03FH

v

3BFH

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

BG[4:3] of these 4 patterns are

stored in bit[3:2] of 23COH of
the Internal video RAM

<N

32 patterns

/%

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

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 \'/ideg RAM

: BG[4:3] of these 4 patterns are
stored in bit[7:6] of 23COH of v
\4 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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VT02 Console and One Bus System

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 4 color mode

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

1
Sprite 8x8 in 4 color mode

Sprite 8x16 in 4 color mode

Bit 5 > Background or Sprite selector
Bit 4 - Bit 4 of Color set of Sprite
Bit 3 - Bit 3 of Color set of Sprite

© V.R.Technology Co.,Ltd. 21
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have to specify 4106H(DO) 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 coofdinate: sprite

L

|
|vector

:status

i
Ihorizontal coofdinate |
L

The Sprite Pool

N
Color
> address
Bit 1
a 8x8
4color Color
sprite >~ address
Bit 2
J

Somewhere in the external video memory
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