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Precautions for Hardware

1. CPU clock
The CPU clock is 3.579545 MHz.

2. Memory area unusable area
◎ DFF0H to DFFFH

When a ROM of 1 M or greater is used, the area for bank switching, and so on, is located
between FFF0H and FFFH. This area is used for reading (using images) bank data, so do not use it
as a normal work area. For this reason, it is necessary to set the stack pointer in such a way that
the stack does not use this area.

Example: LD SP, 0DFF0H

◎ E000H to FFFFH (excluding the area for bank switching, and so on)
This area contains the C000H to DFFFH RAM image. Do not access an image from this area but

from the C000H to DFFFH area instead.

3. VDP initialization
Sometimes, when the power is switched ON, the reset of the CPU is canceled while the VDP

remains reset. In order to prevent this, confirm that the value of the V counter in the VDP has
become B0H and then access the data.

Example:
INIWAIT:

IN A,(07EH) ; READ V-COUNTER
CP 0B0H
JP NZ,INIWAIT
RET

4. Interrupt
An interrupt is synchronized with the video timing (at the completion of the effective area

or at an arbitrary vertical position).
This interrupt uses the Z80 mode 1 interrupt, hence“IM 1”is executed at the beginning of the

program. A return from an interrupt routine is“RET”.
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System control port
☆ Indicates the state after a power-on reset.

① I/O port 00H (Read Only)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

STT NJAP NNTS ＊ ＊ ＊ ＊ ＊

Meaningless

○ STT
This is an input from the START/PAUSE button.
0: Switch ON
1: Switch OFF

○ NJAP
0: This is the domestic (Japan) mode.
1: This is the overseas mode.

○ NNTS
0: This is the NTSC mode.
1: This is the PAL mode.

② I/O port 01H (Read/Write)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

＊ PC6 PC5 PC4 PC3 PC2 PC1 PC0

This port is used to read/write data when the EXT connector is used as a 7-bit input/output
port. (The value after a power-on reset is indeterminate.)

③ I/O port 02H (Read/Write)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

NINT DPC6 DPC5 DPC4 DPC3 DPC2 DPC1 DPC0

○ DPC6 to DPC0
0: PCx becomes the output.

☆ 1: PCx becomes the input.
○ NINT

0: When PC6 is input, an NMI is generated at the fall of PC6.
☆ 1: The above operation is disabled.

※Be sure to set the status of this port to“1”. When using this value, first, set the status
to“1”after the first NMI is generated, then subsequently set it to“0”.
If you fail to do this, the next NMI will not be generated.

④ I/O port 03H (Read/Write)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

TD7 TD6 TD5 TD4 TD3 TD2 TD1 TD0

○ TD7 to TD0
Used to set the send data during serial communications.
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⑤ I/O port 04H (Read Only)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0

○ RD7 to RD0
The receive data is set during serial communications.

⑥ I/O port 05H (Read/Write)
Serial communications mode setting

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

BS1 BS0 RON TON INT FRER RXRD TXFL

○ TXFL (Read)
☆ 0: The next send data is written.

1: The send data cannot be written yet.

○ RXRD (Read)

☆ 0: There is no receive data.
1: There is receive data.

○ FRER (Read)
☆ 0: There is no framing error.

1: There is a framing error.

○ INT (Read/Write)
☆ 0: The following operation is disabled.

1: An NMI is generated when data is received.
○ An operation such as that of I/O port 02H is unnecessary.

○ TON (Read/Write)
☆ 0: Sending is disabled.

1: Sending is enabled. (PC4 is forcibly made the output.)

○ RON (Read/Write)
☆ 0: Receive disable.

1: Receive enable. (PC5 is forcibly made the input.)

○ BS1, BS0
Baud rate setting

ＢＳ１ ＢＳ０ Baud rate (bps)

☆ ０ ０ ４８００
０ １ ２４００
１ ０ １２００
１ １ 　３００
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⑦ I/O port 06H (Write Only)
Left-right distribution of sound

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

NOSL TN3L TN2L TN1L NOSR TN3R TN2R TN1R

○ TN1R
0: The output of TONE 1 to the right is disabled.

☆ 1: The output of TONE 1 to the right is enabled.
○ TN2R

0: The output of TONE 2 to the right is disabled.
☆ 1: The output of TONE 2 to the right is enabled.

○ TN3R
0: The output of TONE 3 to the right is disabled.

☆ 1: The output of TONE 3 to the right is enabled.
○ NOSR

0: The output of NOISE to the right is disabled.
☆ 1: The output of NOISE to the right is enabled.

○ TN1L
0: The output of TONE 1 to the left is disabled.

☆ 1: The output of TONE 1 to the left is enabled.
○ TN2L

0: The output of TONE 2 to the left is disabled.
☆ 1: The output of TONE 2 to the left is enabled.

○ TN3L
0: The output of TONE 3 to the left is disabled.

☆ 1: The output of TONE 3 to the left is enabled.
○ NOSL

0: The output of NOISE to the left is disabled.
☆ 1: The output of NOISE to the left is enabled.

⑧ Loader access (development board only)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

LD7 LD6 LD5 LD4 LD3 LD2 LD1 LD0 I/O port 30H (Read)

○ LD7 - LD0
8-bit data which is read from the printer port

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

０ ０ ０ ０ ０ CLR BUSY NSTB I/O port 31H (Read)

○ NSTB
STROBE signal input (active Low)

○ BUSY
BUSY signal input (active High)

○ CLR
Loader clear button input (active Low)
When this button is pressed, LD7 to LD0 all become“0”, the ACK signal becomes High, and the

BUSY signal becomes Low.
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Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

＊ ＊ ＊ ＊ ＊ ＊ ＊ ACK I/O port 30H (Write)

○ ACK
0: The ACK signal becomes High.
1: The Ack signal becomes Low (active).

※ When the strobe signal falls, eight bits of data are latched, and simultaneously the BUSY
signal automatically becomes High. Once the data has been read, the ACK signal is made Low,
then High once again. The BUSY signal automatically becomes Low. The LED lights when the BUSY
signal becomes High.

⑨ JOYSTICK board (Read Only)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

DWE UPE TR1 TL1 RI1 LE1 DW1 UP1 I/O port DCH

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

THE ＊ ＊ ＊ TRE TLE RIE LEE I/O port DDH

※ UP1-1P UP switch UPE-EXT UP switch
DW1-1P DOWN switch DWE-EXT DOWN switch
LE1-1P LEFT switch LEE-EXT LEFT switch
RI1-1P RIGHT switch RIE-EXT RIGHT switch
TL1-1P TRIGGER left button TLE-EXT TRIGGER left button
TR1-1P TRIGGER right button TRE-EXT TRIGGER right button

THE-EXT (Same as PC6 input)

One bit is read to port as“1”when either there is nothing connected to the terminal or the
corresponding switch is not pressed, and is read as“0”when the switch is pressed.
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Material
Using the ROM bank switching and backup RAM
In this model, the capacity of the memory can vary between 1 and 4 Megabits by bank switching.

Note:
Area 0: 0000 to 3FFF
Area 1: 4000 to 7FFF
Area 2: 8000 to BFFF

The size of one bank is 16 Kbyte. The banks are arranged sequentially in the ROM without
overlapping.

A. When the memory capacity is 1 Megabit
Area 0 is fixed to bank 0 (first 16 KBytes of the ROM), and area 1 is fixed to bank 1.
Area 2 enables the banks to be switched over by setting a value in register FFFFH.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　０　 　０　 　０　 　０　 　０　 １／０ １／０ １／０ ＦＦＦＦＨ

For bank 0, set 00H (same bank as for area 0).
For bank 7, set 07H.

B. If the capacity is 2 MBytes or more, or a backup RAM is provided

① Bank control register (FFFCH)
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

０／１ 　０　 　０　 　０　 ０／１ 　０　 １／０ １／０ ＦＦＦＣＨ

　　　 　　　 　　　 　　　 　　　 　　　 　　　 　
Bank number offset
ROM/external RAM selection
Work RAM selection
Write Protect

○ Bank number offset
All of the banks for areas 0 to 2 area shifted by 1 bank group (8 banks) time the value 1 to 3 is
set here. If an offset number causes a bank number to exceed 1FH(31), it goes Bank 0. The value set
here will become valid when it is subsequently set in one of bank registers 0 to 2.

○ Switching between ROM/external RAM
When 0: The ROM (bank) is assigned to area 2.
When 1: The external RAM is assigned to area 2 (when an extrenal RAM exists).

○ Work RAM selection
If 1 is set here, normal access to the work RAM (C000H to DFFFH) of the main body will be prevented.

Be sure, therefore, to set 0.

○ WRITE PROTECT
If 1 is set here when the development RAM board is used, data re-write will not take place.
Set 0 in mass-production machines.
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② Bank register 0 (FFFDH)
0000H to 03FFH of area 0 is fixed to bank 0. Bank selection of other areas can be performed

by setting a value at FFFDH.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　０　 　０　 　０　 ０／１ ０／１ １／０ １／０ １／０ ＦＦＦＤＨ

For bank 00: Set 00H.
For bank 1F: Set 1FH.

③ Bank register 1 (FFFEH)
A bank selection can be performed in area 1 by setting a value in FFFEH.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　０　 　０　 　０　 ０／１ ０／１ １／０ １／０ １／０ ＦＦＦＥＨ

For bank 00: Set 00H.
For bank 1F: Set 1FH.

④ Bank register 2 (FFFFH)
A bank selection can be performed in area 2 by setting a value in FFFFH.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　０　 　０　 　０　 ０／１ ０／１ １／０ １／０ １／０ ＦＦＦＦＨ

For bank 00: Set 00H.
For bank 1F: Set 1FH.

Caution:
The above registers are not initialized when the power is switched on. For this reason, be sure
to initialize them program in 0 to 3FFFH.. (The first 1 KByte is fixed for this purpose.)
Sometimes, the work RAM cannot be accessed normally, hence the work RAM (and also sub-routines, )
are allowed to be used after this initialization. When using a backup RAM, do not use the first and
last addresses because there is a possibility of the data being changed when the power
is switched on.

Example:
ORG 00000H
DI
IM 1
LD SP,0DFF0H

LD A,000H
LD (0FFFCH),A
LD A,000H
LD (0FFFDH),A
LD A,001H
LD (0FFFEH),A
LD A,002H
LD (0FFFFH),A
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Material MAPPING
ＭＥＭＯＲＹ ＭＡＰ Ｉ／Ｏ ＭＡＰ

００００ ００
Cartridge 00,01,02,03,04,05 and 06

: Used with system control.

Area 0
４０００ ４０

Cartridge 7E -- Read
: V counter

7F -- Read
: H counter

7F -- Write
: PSG

Area 1
８０００ ８０

Cartridge BE and BF
: Used with VDP

Area 2
Ｃ０００ Ｃ０

8 Kbyte work RAM DC and DD
: Used as JOYSTICK inputs.

Ｅ０００
Top image

ＦＦＦＦ ＦＦ

Never access data using an image address.
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Supplementary description for manual
A. System control port
③ I/O port 02H (Read/Write)

* Normally, be sure to make the status of this port“1”. When using this value, first,
set the status to“1”after the first NMI is generated, then subsequently set it to“0”.
If you fail to do this, the next NMI will not be generated.

Addition:
An NMI is enabled after the execution of one command from when the port is set to“0”.

This is to prevent the NMI from becoming active once again in the NMI routine.
Normally, therefore, perform the following processing.

NMI:
.
.
.
.
LD A,11XXXXXXB
OUT (002H),A
LD A,01XXXXXXB
OUT (002H),A
RETN ; An NMI is enabled after this command.

B. System control port
⑥ I/O port 05H (Read/Write)

Mode setting for serial communications

* INT
* There is no need to perform an operation such as that of I/O port 02H.

Addition:
When using this function (serial communications NMI), set NINT of I/O port 02H to the disable

state (“1”). An NMI will be generated at the fall of the pulse at the NMI terminal.
If, however, a serial communications NMI is generated, the NMI terminal will go LOW, preventing the
next NMI from becoming active. The NMI terminal is made HIGH as a result of reading the data of I/O
port 04H, so read the data each time an NMI is generated. If it is conceivable that the NMI
terminal may already be LOW at the start of the communications, perform a“dummy”read operation
once.

C. System control port

⑦ I/O port 06H (Write Only)
Left-right distribution of sound Supplementary explanation. When the headphones are plugged in,

the output from the speaker is cut off and instead the sound will be heard in stereo from the
headphones. When the earphones are not plugged in, the sound will be heard from the speaker in
monaural. In the latter case, the distribution of the sound from all channels (three tones & noise)
will be enabled. If the output from the left and right channels was disabled not by attenuator

control but by distribution, the sound will not be heard from the headphones but will be heard from
the speaker. To turn off both the left and right channels of the speaker, use the PSG,
by PSG side control.
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D. Communications
① Connecting the communications cable Cross-connect the game gear communications cable as shown

below.

Communications connector

１ ＰＣ０ ━━━━━ To opposite side PC2

２ ＰＣ１ ━━━━━ To opposite side PC3

３ ＰＣ２ ━━━━━ To opposite side PC0

４ ＰＣ３ ━━━━━ To opposite side PC1

５ ＋５Ｖ

６ ＰＣ４ ━━━━━ To opposite side PC5

７ ＰＣ６ ━━━━━ To opposite side PC6

８ ＧＮＤ ━━━━━ To opposite side GND

９ ＰＣ５ ━━━━━ To opposite side PC4

１０ ＮＣ

② Parallel communications
PC0 to PC6 can be set to an arbitrary input or output by means of the control register of the

I/O port. Be sure to set the connecting terminals so that the terminal on one side is the output,
and that on the opposite side is the input. (Never make the terminals on both sides the output.)
In the case of parallel communications, control the exchange of data either by polling using
software (check the data), or by applying an interrupt (NMI) using PC6. When applying an NMI using
PC6, however, it is necessary to take noise into account because an NMI will be generated by
a momentary change in PC6.

③ Serial communications
Serial communications can be performed in one of two single directions, from PC4 (output from

one’s own side) -> PC5 (input to opposite side), or from PC5 (input to one’s own side) <- PC4
(output from opposite side). Serial and parallel conversion and interrupt (NMI) generation
(when data is received) accompanying the receiving or sending of data take place automatically when
the hardware is connected to these terminals. To perform serial communications, set TON and RON of
I/O port 05H to“1”. By doing this, PC4 will automatically become the output, and PC5 the input.
These settings will take priority over the PC4 and PC5 input/output settings. Bits other than those
of PC4 and PC5 will become the settings of I/O port 02H. (Like (2), never make both terminals the
output.) When performing serial communications only, be sure to set NINT of I/O port 02H to prevent
PC6 from generating an NMI.
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④ Coexistence of parallel and serial communications
When performing serial communications, PC4 and PC5 are used to send and receive serial data.

Parallel communications can be performed using the bits other than these. An NMI can be generated
by PC6 and also by receiving of serial data. In the former case, care must be taken because PC6
does not have a data receiving flag such as the serial RXRD. The blocks of the circuit used to
generate these NMI are shown below.

Flip-flop for parellel communication

ＰＣ６ SET
Z80

ＮＩＮＴ RESET
OR and
inverted NMI
output

Receiving of serial data SET

Reading of serial data RESET

Flip-flop for serial communication

An NMI is generated when one of the two reset flip-flops is set. (This is because an NMI is
generated not when the pulse level is LOW but when the pulse falls.) It should be appreciated that
it is necessary to reset the set flip-flop so that the next NMI can be generated.

- END -
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VDP Manual

(1) GAME GEAR FEATURES
* 16-kbyte VRAM

* Scroll SCREEN: Horizontal 20 cells x vertical 18 cells (one cell = 8 x 8 dots)
The virtual area is 32 cells in the horizontal direction x 28 cells in the vertical direction,
permitting smooth scrolling in the horizontal and vertical directions.

* The scroll screen can be left-right reversed, and up-down reversed, and also its priority with
respect to sprites can be selected.

* 64 colors out of a total of 4096 colors can be displayed for each dot of the scroll
surface. By designating a palette for each cell, two kinds of 16-color groups can be selected.

* Sixteen sprites (movable objects) can be displayed on a single screen. Up to eight sprites of
either 8 x 8 dots or 8 x 16 dots (vertical) in size can be selected on the same horizontal line.

* Sixteen colors out of a total of 4096 can be displayed for each dot of a sprite.

* The maximum number of character pattern definitions (8 x 8 dots) is 448 for both the scroll
surface and sprites (256 of these are used for sprites, however this is reduced to 128 for 8 x 16
sprites).
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(2) Effective area and LCD display area
This VDP was initially designed on the basis of a TV (NTSC) format, hence only a portion of the

picture created by the VDP is displayed on the LCD. This relationship is shown in the figure below.

TOP BORDER ↑
Equivalent to 27 lines

↓

↑
Effective area (original TV display) 3 cells

↓

←6cells→ LCD display area ←6cells→
( 20 cells (horizontal)

x 18 cells (vertical))

1 Frame
(60 times per second)

↑
3 cells
↓

Bottom border ↑
Equivalent to 24 lines

↓

V blanking ↑
Equivalent to 19 lines

↓

Consequently, when a developing board or TV adapter is installed, the LCD display part will
appear on part of the screen, and the backdrop color will be displayed on the remaining part.
(Set to a color approaching that of a game screen.) When the screen is ON and timing is in the
effective area, the VDP will generate an image, hence (even for a part which is not displayed on
the LCD) if timing is within this area, the game program will be subjected to various restrictions
(wait condition, etc.).

(3) Image display
Note: In the following description, there are bits that are fixed at“0”or“1”, and should

remain in this default position.

① Access to VDP
It is necessary to set data in the VDP register, color RAM, VRAM, and so on, in order to display

an image on the screen. This is because data cannot be accessed directly from the CPU, and must be
accessed instead via the VDP assigned to the I/O port.
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a. Reading the status register
The status register indicates various states of the VDP. It can read the CPU by reading the

I/O port BFH. This register can read the CPU at any time without any need to take account of the
VDP delay.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　Ｆ　 ９Ｓ 　Ｃ　 　＊　 　＊　 　＊　 　＊　 　＊　 I/O port BFH

Meaningless

○ Interrupt flag (F)
This flag is“1”when the effective area is completed. If, at this time, the IE bit of the VDP

register #1 is set to“1”, the interrupt line from the VDP to the CPU will become Low, causing an
interrupt to be applied (generally called a V interrupt). If the program leaves the interrupt
routine in this state, the interrupt will be applied again immediately (an interrupt of Z80 will not
occur at the edge of plus, hence the status register will be read at the beginning of the interrupt
routine and the flag will be reset.

Example:
ORG 00038H
PUSH AF
IN A,(0BFH) ; RESET STATUS FLAG
;
POP AF
EI
RET

* This flag is not set in the case of an interrupt (normally called an H interrupt) at an
arbitrary vertical position, hence by checking this flag it is possible to identify two kinds of
interrupts. A Z80 interrupt uses mode 1, hence“IM 1”is implemented.

○ 9th sprite (9S)
If the 9th and higher sprites exist on the same horizontal line (in the effective area), and

the interrupt flag (F) is“0”, the 9S bit will be set to“1”. (within the effective area)

○ Collision flag (C)
This flag is set to“1”if dots of color codes other than 0, of two or more sprites collide

(coincide). --In the effective area

※ The above flags are reset by a power-on reset and a status register read-out, and are
renewed each frame. Once a flag is set, it will not be reset again apart from a power-on reset,
so long as the status register is not read. For example, if sprites overlap each other,
the collision flag will be set, however if the status register is not read, the flag will remain
set even if the sprites subsequently seperate from each other.

b. Writing to VDP registers (#0 to #10)
A selection of the display mode or other functions and also data for each base address setting

are written to the VDP registers (write-only registers). Data transfer from the CPU takes place in
the following format. Data can be written to these registers without
any need to take account of VDP delay.
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ｂ7 ｂ6 ｂ5 ｂ4 ｂ3 ｂ2 ｂ1 ｂ0

First byte: Data set in the register Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０
(I/O port BFH)

Second byte: Register Selection １ ０ ０ ０ Ｒ３ Ｒ２ Ｒ１ Ｒ０
(I/O port BFH)

To set data in a VDP register, the data is inputted in the first byte. The second byte is used
to indicate the register where the data is to be transferred.

The bottom four bits (R3 to R0) of the second byte designate the data transfer destination
registers (#0 to #10). b7 must be“1”and b6 to b4 must be“0”.
Never attempt to access registers that do not exist (#11 to #15).

Example: When setting E0H in register #1
[IN A,(0BFH)] ; INITIALIZE
LD A,0E0H
OUT (0BFH),A ; DATA
LD A,081H
OUT (0BFH),A ; REGISTER NO.

※ The logic inside the VDP determines whether data sent to the VDP is the first byte or the
second byte. This internal logic is set to receive the first byte in the
following cases.

○ After a power-on reset
○ After the status register has been read
○ After the second byte has been written
○ I/O port BEH write or read (VRAM or color RAM access)

Consequently, if data is written in the correct sequence, [IN A, (0BFH)] in the previous
example can be omitted. Here, it is necessary to take steps to prevent the CPU from accepting an
interrupt while data is being written to a register or VRAM address setting is being carried out
(described later). If an interrupt is applied after the first byte has been sent, the data will
fail to be transferred correctly if the status register is read during the interrupt (the second
byte written after the program leaves the interrupt routine will be received as the first byte.
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d. Reading from VRAM
The CPU reads data from the VRAM via the VDP. The addresses are auto-incremented.

(See sub-section“Writing to VRAM”.)

ｂ7 ｂ6 ｂ5 ｂ4 ｂ3 ｂ2 ｂ1 ｂ0

First byte: Address set-up Ａ 7 Ａ 6 Ａ 5 Ａ 4 Ａ 3 Ａ 2 Ａ 1 Ａ 0
(I/O port BFH)

Second byte: Address set-up ０ ０ Ａ13 Ａ12 Ａ11 Ａ10 Ａ 9 Ａ 8
(I/O port BFH)

Third byte: Write Data Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０
(I/O port BEH)
Necessary number of repetitions

The bottom eight bits of the VRAM address are set up by the first byte.
The top six bits are set up by the second byte. Be sure to set b7 and b6 to“0”.
The data is read by the third byte.
Once the address register has been set up, the data will be incremented automatically each time

the third byte data is transferred.

○ A delay time is necessary for the CPU to read data from the VRAM. A wait of at least 28
clock pulses is necessary during the first third-byte transfer after the completion of address
setting prior to a read operation (this is slightly different to the case of a write operation to
the VRAM).

Insert the same wait for reading the subsequent third bytes. This applies only to cases where
the VDP displays a picture (effective area). In the following two cases, there is no need for any
wait whatever. (This is the same as for a write operation to the VRAM.)

○ When the blank bits of the VDP register #1 are set to“0”and the screen is turned OFF.

○ During the interval of 4.3 m from when an interrupt occurs upon completion of the effective
area until the commencement of the next effective area.

Example: Write two addresses continuously from VRAM address 0000H. (effective area & screen ON)
LD A,000H
OUT (0BFH),A
LD A,000H
OUT (0BFH),A
PUSH IX ; WAIT 15 CLOCK
POP IX ; WAIT 14 CLOCK TOTAL 29 CLOCK
IN A,(0BEH)
PUSH IX ; WAIT
POP IX ; WAIT
IN A,(0BEH)
PUSH IX ; WAIT
POP IX ; WAIT
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e. VRAM special access
If data is written to a VRAM using address auto increment, it will be written to a continuous

address. Data can be written to discrete addresses by dummy reading it. Observe the wait
conditions while a screen is being displayed in the effective area.

Example: Write 256 bytes 01H to each address from VRAM address 3800H.
(effective area & screen ON)

LD A,000H
OUT (0BFH),A
LD A,078H
OUT (0BFH),A
LD B,000H

LOOP:
LD A,001H ; 7 CLOCK TOTAL 41 CLOCK
OUT (0BEH),A ; 11 CLOCK
PUSH IX ; WAIT 15 CLOCK
POP IX ; WAIT 14 CLOCK TOTAL 29 CLOCK
IN A,(0BEH)
PUSH AF ; 11 CLOCK
POP AF ; 10 CLOCK
DJNZ LOOP ; 13 CLOCK

○ Do not perform irregular access to VRAM (e.g. setting read addresses and writing data to
them, or vice-versa). Also, do not use the above method to write data to a color RAM.
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f. Writing to the color RAM
The VDP contains a 12-bit x 32-word color RAM. This color RAM is a write-only RAM.

The CPU transfers data to the color RAM via the VDP, using an auto increment address register.

ｂ7 ｂ6 ｂ5 ｂ4 ｂ3 ｂ2 ｂ1 ｂ0

First byte: Address set-up ０ ０ Ａ５ Ａ４ Ａ３ Ａ２ Ａ１ Ａ０
(I/O port BFH)

Second byte: 0C0H set-up １ １ ０ ０ ０ ０ ０ ０
(I/O port BFH)

Third byte: Write Data (For even addresses)
(I/O port BEH) Ｇ３ Ｇ２ Ｇ１ Ｇ０ Ｒ３ Ｒ２ Ｒ１ Ｒ０
Repetition of write
necessary number of times (For odd addresses)

０ ０ ０ ０ Ｂ３ Ｂ２ Ｂ１ Ｂ０

The first byte sets up five bits of the color RAM address.
The second byte always sets C0H.
The third byte transfers data.
Once the address register is set up, it is automatically incremented each time the third byte

of data is transferred. The color RAM has two addresses (even and odd addresses) which comprise a
single color (12 bits). Normally, therefore, the even address is set up, then the R & G data and B
data are set in that sequence. Actual writing of data to the color RAM takes place when data is set
in the odd address (12 bits of data are written). Note, however, that when the odd address is set
up and B data written, the R & G data previously set will be written.

○ The delay time conditions when the CPU writes data to the color RAM are exactly the same as
those for writing data to the VRAM.

Example:
Write 0FH & 00H (bright red) and F0H & 00H (bright green) from color RAM address 04H.

(effective area & screen ON)
LD A,004H
OUT (0BFH),A
LD A,0C0H
OUT (0BFH),A
LD A,00FH
OUT (0BEH),A
PUSH AF ; WAIT 11 CLOCK
POP AF ; WAIT 10 CLOCK
LD A,000H ; 7 CLOCK TOTAL 28 CLOCK
OUT (0BEH),A
PUSH AF ; WAIT
POP AF ; WAIT
LD A,0F0H
OUT (0BEH),A
PUSH AF ; WAIT
POP AF ; WAIT
LD A,000H
OUT (0BEH),A
PUSH IX ; WAIT 15 CLOCK
POP IX ; WAIT 14 CLOCK TOTAL 29 CLOCK

○ If data is written to the color RAM when a TV scan is on the screen (including the border),
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the screen will flicker. This cannot be avoided even by setting the BLANK bit to“0”to turn the
screen OFF. For this reason, write data to the color RAM during V blanking.

② VDP register (write only)
a. Register #0, register #1

(These two registers are reset to“0”at power switch-on.)

Register #0
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

ＭＶＳ 　０　 　０　 ＩＥ１ ＥＣ 　１　 　１　 　０　

Register #1
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　１　 BLANK ＩＥ 　０　 　０　 　０　 SIZE 　０　

○ EC (Early Clock)
0: Normal
1: The horizontal position of all sprites shifts eight dots to the left.

○ IE, IE1 (Interrupt Enable)
IE is an interrupt enable bit used at the completion of the effective area.
0: Disable
1: Enable
IE1 is an interrupt enable bit used at an arbitrary vertical position.
0: Disable
1: Enable

○ MVS
0: Normal
1: The two cells at the right end of the LCD screen are not scrolled in the vertical direction.
※ A horizontal scroll is not disabled.

○ SIZE
0: Normal
1: The sprite size becomes 8 x 16 dots. In this case, the top seven bits of the character No.

are enabled (number of definitions = 128 kinds).

○ BLANK
0: Nothing is displayed on the screen. In this case, the backdrop color is displayed, and the

wait used for VDP access is unnecessary.
1: An image is displayed on the screen.
※ The screen display can be turned ON and OFF at any time.
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b. Register #2
(This register is not reset at power switch-on, hence its contents are indeterminate.)
This register determines the base address (starting address) of the pattern name table in the V

RAM. The pattern name table requires 32 cells (horizontal) x 28 cells (vertical) x 2 bytes = 1792
(700H) bytes. The relation between the set data and the base address is shown below.

D7 D6 D5 D4 D3 D2 D1 D0

1 1 1 1 X X X 1 Register #2

↓ ↓ ↓

Base address X X X 0 0 0 0 0 0 0 0 0 0 0

A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

((Data)- F1H) x 400H = Base address

Set data Base address

Ｆ１Ｈ ００００Ｈ
Ｆ３Ｈ ０８００Ｈ
Ｆ５Ｈ １０００Ｈ
Ｆ７Ｈ １８００Ｈ
Ｆ９Ｈ ２０００Ｈ
ＦＢＨ ２８００Ｈ
ＦＤＨ ３０００Ｈ
ＦＦＨ ３８００Ｈ

※ Normally FFH is set and the pattern name table started from 3800H.

c. Register #3
(This register is not reset at power switch-on, hence its contents are indeterminate.)
※ Be sure to set FFH in this register with a program.

d. Register #4
(This register is not reset at power switch-on, hence its contents are indeterminate.)
※ Be sure to set FFH in this register with a program.

e. Register #5
(This register is not reset at power switch-on, hence its contents are indeterminate.)
This register determinates the base address of the sprite attribute table in the VRAM.

The sprite attribute table consists of 256 (100H) bytes. The relation between the set data and the
base address is shown below.

D7 D6 D5 D4 D3 D2 D1 D0

1 X X X X X X 1 Register #5

↓ ↓ ↓ ↓ ↓ ↓

Base address X X X X X X 0 0 0 0 0 0 0 0

A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
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((Data)- 81H) x 80H = Base address

Data Base addr Data Base addr Data Base addr Data Base addr

８１Ｈ ００００Ｈ Ａ１Ｈ １０００Ｈ Ｃ１Ｈ ２０００Ｈ Ｅ１Ｈ ３０００Ｈ
８３Ｈ ０１００Ｈ Ａ３Ｈ １１００Ｈ Ｃ３Ｈ ２１００Ｈ Ｅ３Ｈ ３１００Ｈ
８５Ｈ ０２００Ｈ Ａ５Ｈ １２００Ｈ Ｃ５Ｈ ２２００Ｈ Ｅ５Ｈ ３２００Ｈ
８７Ｈ ０３００Ｈ Ａ７Ｈ １３００Ｈ Ｃ７Ｈ ２３００Ｈ Ｅ７Ｈ ３３００Ｈ
８９Ｈ ０４００Ｈ Ａ９Ｈ １４００Ｈ Ｃ９Ｈ ２４００Ｈ Ｅ９Ｈ ３４００Ｈ
８ＢＨ ０５００Ｈ ＡＢＨ １５００Ｈ ＣＢＨ ２５００Ｈ ＥＢＨ ３５００Ｈ
８ＤＨ ０６００Ｈ ＡＤＨ １６００Ｈ ＣＤＨ ２６００Ｈ ＥＤＨ ３６００Ｈ
８ＦＨ ０７００Ｈ ＡＦＨ １７００Ｈ ＣＦＨ ２７００Ｈ ＥＦＨ ３７００Ｈ
９１Ｈ ０８００Ｈ Ｂ１Ｈ １８００Ｈ Ｄ１Ｈ ２８００Ｈ Ｆ１Ｈ ３８００Ｈ
９３Ｈ ０９００Ｈ Ｂ３Ｈ １９００Ｈ Ｄ３Ｈ ２９００Ｈ Ｆ３Ｈ ３９００Ｈ
９５Ｈ ０Ａ００Ｈ Ｂ５Ｈ １Ａ００Ｈ Ｄ５Ｈ ２Ａ００Ｈ Ｆ５Ｈ ３Ａ００Ｈ
９７Ｈ ０Ｂ００Ｈ Ｂ７Ｈ １Ｂ００Ｈ Ｄ７Ｈ ２Ｂ００Ｈ Ｆ７Ｈ ３Ｂ００Ｈ
９９Ｈ ０Ｃ００Ｈ Ｂ９Ｈ １Ｃ００Ｈ Ｄ９Ｈ ２Ｃ００Ｈ Ｆ９Ｈ ３Ｃ００Ｈ
９ＢＨ ０Ｄ００Ｈ ＢＢＨ １Ｄ００Ｈ ＤＢＨ ２Ｄ００Ｈ ＦＢＨ ３Ｄ００Ｈ
９ＤＨ ０Ｅ００Ｈ ＢＤＨ １Ｅ００Ｈ ＤＤＨ ２Ｅ００Ｈ ＦＤＨ ３Ｅ００Ｈ
９ＦＨ ０Ｆ００Ｈ ＢＦＨ １Ｆ００Ｈ ＤＦＨ ２Ｆ００Ｈ ＦＦＨ ３Ｆ００Ｈ

※ Normally FFH is set and the sprite attribute table started from 3F00H.

f. Register #6
(This register is not reset at power switch-on, hence its contents are indeterminate.)
This register determines the base address of the sprite generator table. The relation between

the set data and the base address is shown below.

D7 D6 D5 D4 D3 D2 D1 D0

1 1 1 1 1 X 1 1 Register #6

↓

Base address X 0 0 0 0 0 0 0 0 0 0 0 0 0

A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

((Data)- FBH) x 800H = Base address

Set data Base address

ＦＢＨ ００００Ｈ
ＦＦＨ ２０００Ｈ

g. Register #7
(This register is set to“0”at power switch-on.) They are used to set the backdrop color.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　０　 　０　 　０　 　０　 Ｃ３ Ｃ２ Ｃ１ Ｃ０

There are 40H addresses in the color RAM. Of the 16 sets of color data in addresses 20H to 3FH
(palette 1 side), the sets designated by the bottom four bits (C3 to C0) of this register

constitute the backdrop color.
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h. Register #8
(This register is set to“0”at power switch-on.)
It is used to set the horizontal scroll.)

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

ＨＳ７ ＨＳ６ ＨＳ５ ＨＳ４ ＨＳ３ ＨＳ２ ＨＳ１ ＨＳ０

Each time a value of 1 is set in this register, the scroll screen moves one dot to the right
in the horizontal direction. The number of dots in the horizontal direction in the virtual area is
256. Consequently, if a value of -1 (FFH) is set, the screen will move one dot to the left in the
horizontal direction. This register is effective only for the scroll screen. It has no effect on
sprites. The value written to this register is latched at the timing of the H counter F4H (see“
(5) H counter, V counter”), then becomes active. Consequently, horizontal scrolling can be
performed one line at a time by using an interrupt at an arbitrary vertical position to re-write the
data.

i. Register #9
(This register is set to“0”at power switch-on.)
It is used to set the vertical scroll.)

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

ＶＳ７ ＶＳ６ ＶＳ５ ＶＳ４ ＶＳ３ ＶＳ２ ＶＳ１ ＶＳ０

Each time a value of 1 is set in this register, the scroll screen moves one dot in the upward
direction. The number of dots in the vertical direction in the virtual area is 224. Consequently,
if a value of 224 or more is set, the screen will scroll in the upward direction by an amount corres
ponding to that value minus 224. Also, the value that was set in this register immediately in front
of the effective area (for line 511) will become effective during that frame, preventing the
vertical scroll from being changed while display timing.

j. Register #10
(This register is set to“1”at power switch-on.)
It is used to control an interrupt at an arbitrary vertical position.

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

ＶＣ７ ＶＣ６ ＶＣ５ ＶＣ４ ＶＣ３ ＶＣ２ ＶＣ１ ＶＣ０

The value set in this register is loaded in the down counter in the VDP. This counter counts
down each line. When the count is 0, an interrupt is generated.
A count-down takes place only for the line in the effective area and the line immediately preceding
it (line 511). For other lines, the down counter simply continues to load the value written to this
register without counting down or generating an interrupt. This interrupt is generated during
H blanking (H counter F4H), and the value in the register at this time is loaded once again to the
down counter.

When 00H is set in the register, an interrupt is generated at every line, and when 01H is set
in the register, an interrupt is generated at every second line.

As an example, consider a method of horizontal scrolling as shown in the figure below.
1) After completion of the effective area, set“1”in IE1 of register #0, and set 0BH in register

#10. These values continue to be loaded in the down counter until line 511 appears.

2) An interrupt is generated after line 10 has been scanned. 0BH will be loaded in the down
counter once again. The status register is read and the interrupt cleared (this takes place each
time), and 00H is set in register #10.
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3) An interrupt is generated after line 22 has been scanned. 00H is loaded in the down counter.
03H is set in register #8 as the horizontal scroll. (It becomes effective for the first time when
the next H counter F4H arrives.)

4) An interrupt is generated after line 23 has been scanned. 00H is loaded in the down counter
once again. The interrupt is generated at the timing of the H counter F4H, hence the horizontal
scroll 02H set in 3) is also effective at this time. 05H is set in register #8 as the horizontal
scroll.

5) An interrupt is applied after line 24 has been scanned by the horizontal scroll 03H. 00H is
loaded in the down counter. The horizontal scroll 05H is effective.
07H is set in register #8, and 5CH (92) is set in register #10.

6) An interrupt is applied after line 25 has been scanned by the horizontal scroll 05H.
A horizontal scroll of 07H is effective, and 5CH is loaded in the down counter. 00H is set in
register #10.

7) The next interrupt is applied after line 118 has been scanned. 00H is loaded in the down
counter, then an interrupt is applied at each line. 09H is set in register #8.

8) An interrupt is applied after line 119, and horizontal scroll 09H becomes effective.
The horizontal scroll up to now is 07H. 0BH is set in register #8. Subsequently,“0”is set in IE1
and the interrupt is disabled.

※ The value of register #8 (horizontal scroll) becomes effective after H counter F4H (delayed by
one line). Note that in this case the down counter is re-loaded when an interrupt occurs at an

arbitrary vertical position.

Line 24 horizontal scroll: 03H
Line 25 horizontal scroll: 05H

Horizontal scroll between
line 26 and line 119: 07H

Line 120 horizontal scroll: 09H
Horizontal scroll between
line 121 and line 167: 0BH

Line 167

※ Line 24 and line 167 are equivalent to the top and bottom lines, respectively, on the LCD
screen.
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③ Standard VRAM mapping
Example: Setting the register

LD HL,TBLREG
LD B,11
LD C,080H

LOOP:
LD A,(HL)
INC HL
OUT (0BFH),A
LD A,C
INC C
OUT (0BFH),A
DJNZ LOOP
RET

TBLREG:
DEFB 036H,0E0H,0FFH,0FFH,0FFH,0FFH,0FFH,000H
DEFB 003H,006H,001H

００００
Pattern generator table The pattern generator table is
( to 37FFH ) the area for defining the characters

that are displayed on the scroll screen.
20H is used per character, hence
the characters from character 0, character 1,
character 2, etc., are located at
intervals of 20H from address 0000H.

The sprite generator table is the area
for defining the characters that are
displayed as sprites. Like the pattern
generator table, 20H is used per character,
hence the characters from character 0,
character 1, etc., are located at intervals

２０００ of 20H from address 2000H. The part of the
Sprite generator table VRAM after 2000H is shared, hence character 0
( to 37FFH ) of the sprite is the same as character 256

on the scroll screen. Normally, the scroll
screen uses color palette 0

Shared part (color RAM addresses 00H to 1FH),
and the sprites use palette 1 (10H to 3FH).
The program can be displayed in the same color
by setting the color palette select bits
(CPT) in the pattern name table.

The pattern name table corresponds
３８００ to the cells in the scroll screen.

Pattern name table; It contains in the scroll screen.
Two bytes per cell 32 (horizontal) x 28 (vertical) x 2 = 1792 bytes.

３Ｆ００
Sprite attribute table This is the sprite control area.

３ＦＦＦ
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④ Scroll screen display
a. Pattern name table

← 32 rows →

↑ 0(1st byte,2nd byte) ....................................................... 31
32 .......................................................................... 63
64 65 66 67 68 69 ................................... 90 91 92 93 94 95
. .
. Virtual area 102 ...................... 121 (When scrolling .
. 32 rows x 28 lines 134 ...................... 153 is not taking place) .
. .
. LCD display area .
. 20 rows x 18 lines .

28 lines . .
. 614 ...................... 633 .
. 646 ...................... 665 .
. .

672 673 674 675 676 677 .................................. 698 699 700 701 702 703
704 .......................................................................... 735
736 .......................................................................... 767
768 .......................................................................... 799
800 .......................................................................... 831
832 .......................................................................... 863

↓ 864 .......................................................................... 895

The pattern name table starts from the position
determined by register #2. Two bytes correspond to one cell of the scroll screen. These bytes are
arranged in the sequence byte 1, byte 2. A pattern name table consisting of 32 x 28 x 2 = 1792
(700H) bytes is used for the virtual area. Part of this is used for the LCD.

A description is given below of the contents of the two bytes which correspond to each cell.
Byte 1

Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

ＣＨ７ ＣＨ６ ＣＨ５ ＣＨ４ ＣＨ３ ＣＨ２ ＣＨ１ ＣＨ０

Byte 1
Ｄ７ Ｄ６ Ｄ５ Ｄ４ Ｄ３ Ｄ２ Ｄ１ Ｄ０

　＊　 　＊　 　＊　 ＰＲＩ ＣＰＴ ＲＶＶ ＲＶＨ ＣＨ８

○ CH0 to CH8
Set the No. of the character to be displayed on the cell, in these nine bits.

○ RVH
0: Normal
1: The cell character pattern is left-right reversed.

○ RVV
0: Normal
1: The cell character pattern is up-down reversed.

○ CPT
This is the color palette select bit.
0: Selects color palette 0 (color RAM addresses 00H to 1FH)
1: Selects color palette 1 (color RAM addresses 20H to 3FH)

○ PRI
0: Normal (The sprites are displayed at the over of the scroll screen.)
1: When the color code setting for the scroll-screen dots is other than 0, the scroll screen is

prioritized over sprites.
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○ D7 to D5 of byte 2
The data in this part is not used in the hardware, hence it can be used in software, such as

for flags.

b. Pattern generator table
The pattern generator table always starts from address 0000H. Eight dots in the horizontal

direction are represented by four bytes, and one character is represented by 4 x 8 = 32 (20H) bytes.
32 bytes correspond to the color code pattern of the characters, as shown in the example below.

(Please be aware that the respective dots constitute a color code which is represented by the four
bits C3 to C0.)

Example:
Pattern generator Character color code pattern

D7 D6 D5 D4 D3 D2 D1 D0 Left Right

０ １ ０ １ ０ １ ０ １ ０ C0 ０ Ｆ Ｅ Ｄ Ｃ ３ ２ １ ０

１ １ １ ０ ０ １ １ ０ ０ C1

２ １ １ １ １ ０ ０ ０ ０ C2

３ １ １ １ １ ０ ０ ０ ０ C3

２８ １ １ １ ０ ０ ０ ０ １ C0 ７ ７ Ｂ Ｄ Ｅ ８ ４ ２ １

２９ １ １ ０ １ ０ ０ １ ０ C1

３０ １ ０ １ １ ０ １ ０ ０ C2

３１ ０ １ １ １ １ ０ ０ ０ C3

In other words, if an address consisting of 32 bytes is divided as follows,
Group 0: 0, 4, 8, 12, 16, 20, 24, 28
Group 1: 1, 5 ,9, 13, 17, 21, 25, 29
Group 2: 2, 6, 10, 14, 18, 22, 26, 30
Group 3: 3, 7, 11, 15, 19, 23, 27, 31

A pattern will be obtained in which Group 0 corresponds to the 0th bit of the color code, Group 1 to
the 1st bit, Group 2 to the 2nd bit, and Group 3 to the 3rd bit. (These groups can be considered
to correspond to four planes.)
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0th byte

1st byte
Group 0

2nd byte (C0)
Group 1

↑ 3rd byte (C1)
Group 2 28th byte

8 (C2)
dots Group 3 29th byte

(C3)
30th byte

↓ 31st byte

← 8 dots →

Example: Character color code pattern assuming that the following data was input from address 0000H,
the pattern of the color code of character 0 will change as follows.

Data Color code pattern from character 0
Left Right

ADDRESS ＋０ ＋１ ＋２ ＋３
００００ ＡＡ ＣＣ Ｆ０ Ｆ０ 0 ＦＥＤＣ３２１０
０００４ ０１ ０２ ０４ ０８ 1 ００００８４２１
０００８ １０ ２０ ４０ ８０ 2 ８４２１００００
０００Ｃ ０Ｆ ０Ｆ Ｆ０ Ｆ０ 3 ＣＣＣＣ３３３３
００１０ ００ ８１ ８０ ００ 4 ６００００００２
００１４ ３Ｆ ００ Ｆ０ ００ 5 ４４５５１１１１
００１８ ５５ ６６ ７８ ８０ 6 ８７６５４３２１
００１Ｃ Ｅ１ Ｄ２ Ｂ４ ７８ 7 ７ＢＤＥ８４２１
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c. Color RAM
When the color code pattern is determined by the pattern generator table, RGB data will be read

from the corresponding color RAM, resulting in a character color pattern. The color RAM has a
capacity of 12 bits x 32 words, and the color code expresses A4 to A1 of the color RAM addresses.
A5 is determined by the palette. In the case of a scroll screen character, it is determined by the
CPT bit of the second byte in the pattern name table. Four bits each of the 12-bit data are
assigned to R, G and B, respectively, enabling a total of 4096 colors to be
displayed. Thirty two colors from these 4096 colors are set and displayed with the palettes and
color codes.

Palette 0 Palette 1

Color code Color RAM data Color code Color RAM data

Address C3 C2 C1 C0 Component Address C3 C2 C1 C0 Component

００Ｈ Red & Green ２０Ｈ Red & Green
０ ０ ０ ０ ０ ０ ０ ０

０１Ｈ Blue ２１Ｈ Blue

１ＥＨ Red & Green ３ＥＨ Red & Green
１ １ １ １ １ １ １ １

１ＦＨ Blue ３ＦＨ Blue

The relationship between the color RAM data and color is shown below.

Even addresses Odd addresses : Color
00H 00H : Black
0FH 00H : Bright red
F0H 00H : Bright green
00H 0FH : Bright blue
FFH 0FH : White
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⑤ Displaying sprites
a. Sprite attribute table

A maximum of 64 sprites, each defined by vertical position, horizontal position and character
No., can be displayed, hence the sprite attribute table uses 3 x 64 = 192 bytes. An actual sprite
attribute table consists of an area of 256 bytes, 64 bytes of which are unused. At a vertical
position, D0H has the meaning of an end code, hence if D0H is written to a vertical position,
the display of all subsequent sprites will be disabled. To prevent a particular sprite from being
displayed, set E0H in the corresponding vertical position.

When the base address of the sprite attribute table is address 3F00H

３Ｆ００
Vertical posi (Sprite 0)

Vertical posi (Sprite 1)

Vertical posi (Sprite 62)

Vertical posi (Sprite 63)

３Ｆ４０ Unused
(64 bytes)

３Ｆ８０ Horizontal posi (Sprite 0)

Character No. (Sprite 0)

Horizontal posi (Sprite 1)

Character No. (Sprite 1)

Horizontal posi (Sprite 63)

３ＦＦＦ Character No. (Sprite 63)

※ Do not use the unused 64 bytes as a character generator table.

b. Sprite generator table
The base address of the sprite generator table is determined by register #6. Apart from this,

the sprite generator functions in the same way as the pattern generator table. Here too, each 20H
is allocated to one sprite character.

c. Color RAM
The color RAM is treated in exactly the same way as the scroll screen except for the fact that

the palette on the 1 side is always selected. The part corresponding to color code 0 is
transparent, even if color data is set in it.
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d. Sprite coordinates

Horizontal position
３０Ｈ ＣＦＨ The coordinate system of a sprite is

１７Ｈ as shown in the figure at left.
LCD display area It is displayed so that the dot at the top

Vertical (scroll screen) left of the sprite is located at the top
position (horizontal position, vertical position).

(horizontal position, This also applies for a size of 8 x 16 dots.
vertical position) When the horizontal position

↓ is outside the range 30H to CFH, the sprite
exists in the effective area.
Also, in the case of the vertical position,
the sprite exists in the effective area so

Ａ６Ｈ long as it is in the range FFH to 16H and A7
to BEH.

e. SIZE bit
If“1”is set in the SIZE bit, an 8 x 16 dot (vertical length) sprite will be displayed.

In this case, the top seven bits of the character No. set in the sprite attribute table will be
effective. If the number of character No. is b7b6b5b4b3b2b10 (or b7b6b5b4b3b2b11; b0 is ineffective),
the character b7b6b5b4b3b2b10 will be displayed in the position of A, and the character of
b7b6b5b4b3b2b11 in the position of B.

← 8dots →

↑

Ａ

16 dots

Ｂ

↓

f. Sprite display limits

○ Up to eight sprites can be displayed on the same horizontal line. This limit also applies if
there are sprites in the left and right effective areas, even if they are not displayed in the LCD
display area.

○ Sprite 0 has the highest priority, and sprite 63 the lowest priority.
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○ If two sprites overlap each other, the sprite with the higher priority will be displayed.
Also, if there are nine or more sprites on the same horizontal line, the eight sprites with the
highest priority will be displayed, and the ninth and higher sprites will not be displayed.
This judgment of priority display is made for each line.

３ １ ２ ６ ↓

４

12 ↑
1

11 ８ ０ R
a

５ s
t

９ ７ e
r

10
L
i
n
e

→ ←Max 8 dots

The shaded areas become transparent, and the background pattern is displayed.

⑥ H counter, V counter
The VDP displays an image based on the H counter and the V counter. The H and V counter

values can also be read from the CPU. The value of the H counter is effective only when a special
clock pulse.

The H counter corresponds to dots, and the V counter corresponds to lines. Both are 9-bit
counters. The CPU reads the top eight bits of the H counter, and reads the bottom eight bits of the
V counter.

These data can be read at any time.

a. H counter
Reads I/O port 7FH (PSG control in the case of a write operation).
Two dots are equivalent to one count, and three counts are equivalent to four CPU clock pulses.
(1H = 342 dots = 171 counts = 228 CPU clock pulses)

F4H F3H

FFH 00H 93H E9H
20H 6FH

LCD display area

↑ ↑
Counter no. jumps from FFH to 00H Counter no. jumps from 93H to E9H

※ The generation of an interrupt at an arbitrary vertical position and the count-up of the
V counter take place in the case of F4H.
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b. V counter
Reads I/O port 7EH
One line is equivalent to one count.

(1 FRAME = 262 lines)
D8H

FFH Counter no. jumps from FFH to 00H
00H

18H
LCD
display area

A7H

DAH Counter no. jumps from DAH to D5H
D5H
D7H

※ The interrupt for the completion of the effective area is generated by C0H (and F4H in the
case of the H counter). The FFH line is line 511 described before.

VDP manual END
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PSG Manual
The PSG (Programmable Sound Generator) contains three tone generators and one noise generator.

Each of the tone and noise generators can be distrubuted left and right, enabling a pseudo stereo
effect to be generated. (See“System Control Port”.)

Control of the PSG itself, which is described below, is performed by means of the write
operation to I/O area 7FH.
The basic clock is 3.579545 MHz. The data to be sent from the CPU is immediately latched in the
PSG, hence there is no need for a wait. The sound output goes OFF in the case of a power-on reset.
Design the software so that the output goes OFF at the beginning of the program as well.

[1] Tone generator
Each tone generator consists of a frequency setting section (programmable counter) and a level

setting section (programmable attenuator).

(1) Method of calculating the 10-bit frequency division ratio n
At the frequency setting section, the basic clock is frequency-divided to 1/32.

This is further frequency divided by the tone counter set by the 10 bits F9 (MSB: top bit) to
F0 (LSB: bottom bit).

Consequently, the basic clock frequency is divided by 32, then the desired frequency can be
output by setting the value obtained by dividing the frequency-divided clock by the desired
frequency in F9 to F0.

n = N/(32 x f)
Where n = 10-bit frequency division ratio (F9 to F0)

N = Basic clock
f = Desired frequency

(2) Tone frequency setting
Set the 10-bit frequency division ratio (F9 to F0) in the tone counter in order to obtain the

desired frequency. The 1st and 2nd bytes are identified by means of the top bit.

１st byte ２nd byte

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

＊ REG. ADDR. n ＊ n
1 R2 R1 R0 F3 F2 F1 F0 ０ × F9 F8 F7 F6 F5 F4

R2 R1 R0 Control register allocation １st
０ ０ ０ Tone generator 1 ８×
０ １ ０ Tone generator 2 Ａ×
１ ０ ０ Tone generator 3 Ｃ×

1 10 100 1K

10

100

1 K

10K

100K

Frequency division ratio n

Fr
eq

ue
nc

y
f

(H
z)

Frequency division ratio with
respect to the output frequency
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(3) Example of frequency setting
Consider an example in which the basic clock frequency is 3.579545 MHz and the desired

frequency of 440 Hz is output from TONE 1. (corresponding to“A”on the musical scale)

a. Calculation of frequency division ratio n
n = N/(32 x f)

= 3579545/(32 x 440)
≒ 254.229
n is a 10-bit integer, hence the nearest integral value is 254.

Consequently, the frequency actually output is
f = N/(32 x n)

= 3579545/(32 x 254)
≒ 440.397 (Hz)

Here, the pitch error △C is obtained according to the following equation.
△C ={(f’- f)/f}/(1 2 0 0

√
2-1)

≒{(440.397-440)/440}/(1 2 0 0
√

2-1)
≒(0.397/440)/0.000578 ≒ 1.56

f: True frequency f’: Actual frequency 1 2 0 0
√

2

b. Data sent to PSG
n = 254

= 0011111110B

1st byte 2nd byte

＊ REG. ADDR. n ＊ n

１ R2 R1 R0 F3 F2 F1 F0 ０ × F9 F8 F7 F6 F5 F4

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

１ ０ ０ ０ １ １ １ ０ ０ × ０ ０ １ １ １ １

(4) Tone level setting
The frequency set by the tone generator is sent to the level setting section where the volume

level is set. The level setting section is a programmable attenuator which enables the volume level
to be set in 16 steps from 0 dB to OFF according to a 4-bit attenuation value.

1st byte only

D7 D6 D5 D4 D3 D2 D1 D0 R2 R1 R0 Control register allocation HEX

０ ０ １ Tone 1 attenuation ９×
＊ REG. ADDR. ATT. DATA

０ １ １ Tone 2 attenuation Ｂ×
１ R2 R1 R0 A3 A2 A1 A0

１ ０ １ Tone 3 attenuation Ｄ×
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Attenuation

[db] A3 A2 A1 A0 HEX [db] A3 A2 A1 A0 HEX

０ ０ ０ ０ ０ ×０ １６ １ ０ ０ ０ ×８

２ ０ ０ ０ １ ×１ １８ １ ０ ０ １ ×９

４ ０ ０ １ ０ ×２ ２０ １ ０ １ ０ ×Ａ

６ ０ ０ １ １ ×３ ２２ １ ０ １ １ ×Ｂ

８ ０ １ ０ ０ ×４ ２４ １ １ ０ ０ ×Ｃ

１０ ０ １ ０ １ ×５ ２６ １ １ ０ １ ×Ｄ

１２ ０ １ １ ０ ×６ ２８ １ １ １ ０ ×Ｅ

１４ ０ １ １ １ ×７ OFF １ １ １ １ ×Ｆ

[2] Noise generator
The noise generator consists of a noise generator circuit and a level setting section.

The source of the noise supplied from the noise generator circuit is a shift register with EX-OR
feedback. Each time the noise control register changes, the shift register is cleared.

The shift clock of this shift register is determined by four modes that are in turn determined
by NF0 and NF1. If NF0 = NF1 = 0, for example, the shift clock becomes (N/32)/16.
In this case, if FB = 0, this shift clock will be frequency-divided by 16, resulting in synchronous
noise of a frequency of N/(32 x 16 x 16). If FB = 1, the shift register will be driven by this
shift clock with EX-OR feedback, resulting in the generation of white noise.

(1) Noise generator circuit control

1st byte only

D7 D6 D5 D4 D3 D2 D1 D0

＊ REG. ADDR. SHIFT

１ １ １ ０ × FB NF1 NF0

FB Noise NF1 NF0 Shift clock ｋ
Generation

０ Synchronous ０ ０ （Ｎ／３２）／ｋ １６ Ｎ：Basic clock
Noise

０ １ （Ｎ／３２）／ｋ ３２
１ White noise

１ ０ （Ｎ／３２）／ｋ ６４

１ １ Tone generator 3 ←At this time, the tone of the
noise can be varied continuously
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a. Synchronous noise (FB = 0)
When NF0 = NF1 = Value other than 1

Ｎ／（３２×ｋ)

1 clock
← pulse → ← 15 clock pulses →

Noise

* The noise frequency is (N/(32 x k))/16 = N/(32 x k x 16)

When NF0 = NF1 = 1 (Control by tone 3)

Tone 3

1 clock
← pulse → ← 15 clock pulses →

Noise

* The noise frequency is (frequency TONE 3)/16 = N/(32 x n x 16)

b. White Noise (FB = 1)
Spectrum when NF0 = 0 NF1 = 1 n=1

0 10k 20k

-100

-80

-60

-40

-20

0

Frequency f (Hz)

Ou
tp

ut
Le

v
el

(d
B
)

(2) Noise level setting
1st byte only

D7 D6 D5 D4 D3 D2 D1 D0

＊ REG. ADDR. ATT. DATA

１ １ １ １ A3 A2 A1 A0

* The attenuation control is the same as for“Tone”.
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[3] Register address feed
PSG uses the three bits R2 to R0 of the 1st byte to judge which control register the data has

been sent from.

R2 R1 R0 Control register allocation １st

０ ０ ０ Tone 1 frequency division ratio ８×

０ ０ １ Tone 1 attenuation ９×

０ １ ０ Tone 2 frequency division ratio Ａ×

０ １ １ Tone 2 attenuation Ｂ×

１ ０ ０ Tone 3 frequency division ratio Ｃ×

１ ０ １ Tone 3 attenuation Ｄ×

１ １ ０ Noise generator circuit control Ｅ×

１ １ １ Noise attenuation Ｆ×

[4] Correlation between the sound elements and PSG

Sound element Physical element Correlation with PSG

Pitch of sound Frequency [1] - (2) Tone frequency setting,
[2] - (1) Noise generator circuit control

Tone Harmonic This is mainly related to wave length. In the tone generation
components mode, the PSG can output three frequencies simultaneously from

only a 50% duty pulse waveform. Consequently, by combining
attenuation control with this mode, the harmonic components
can be controlled. In the synchronous noise mode, a 6.25%
duty pulse waveform.

Strength Amplitude As described in [1] - (3) and [2] - (2), the attenuation of
of tone the three tones and noise can be controlled by 4-bit data.

Way Envelope The wave length at left can be realized by using external data
in which sound to control each attenuation. This can be done in the range
is emitted. where the 4-bit attenuation data is rewritten and envelope

sequence control performed at each step. The tone and noise
frequencies can be controlled by the range in which component
control can be performed.

(next page)
Relation between musical interval and frequency division ratio for scale divided equally into 12
parts (basic clock: 3.579545 MHz)
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Musical Frequency ＨＥＸ
interval division PSG output Actual frequency

ratio １st ２nd [Hz] [Hz]

Ａ ２ １０１７ Ｘ９ ３Ｆ １０９．９９１ １１０．０００
Ａ#２ ９６０ Ｘ０ ３Ｃ １１６．５２２ １１６．５４１
Ｂ ２ ９０６ ＸＡ ３８ １２３．４６７ １２３．４７１
Ｃ ３ ８５５ Ｘ７ ３５ １３０．８３２ １３０．８１３
Ｃ#３ ８０７ Ｘ７ ３２ １３８．６１３ １３８．５９１
Ｄ ３ ７６２ ＸＡ ２Ｆ １４６．７９９ １４６．８３２
Ｄ#３ ７１９ ＸＦ ２Ｃ １５５．５７８ １５５．５６３
Ｅ ３ ６７９ Ｘ７ ２Ａ １６４．７４４ １６４．８１４
Ｆ ３ ６４１ Ｘ１ ２８ １７４．５１０ １７４．６１４
Ｆ#３ ６０５ ＸＤ ２５ １８４．８９４ １８４．９９７
Ｇ ３ ５７１ ＸＢ ２３ １９５．９０４ １９５．９９８
Ｇ#３ ５３９ ＸＢ ２１ ２０７．５３４ ２０７．６５２
Ａ ３ ５０８ ＸＣ １Ｆ ２２０．１９９ ２２０．０００
Ａ#３ ４８０ Ｘ０ １Ｅ ２３３．０４４ ２３３．０８２
Ｂ ３ ４５３ Ｘ５ １Ｃ ２４６．９３４ ２４６．９４２
Ｃ ４ ４２８ ＸＣ １Ａ ２６１．３５７ ２６１．６２６
Ｃ#４ ４０４ Ｘ４ １９ ２７６．８８４ ２７７．１８３
Ｄ ４ ３８１ ＸＤ １７ ２９３．５９８ ２９３．６６５
Ｄ#４ ３６０ Ｘ８ １６ ３１０．７２５ ３１１．１２７
Ｅ ４ ３３９ Ｘ３ １５ ３２９．９７３ ３２９．６２８
Ｆ ４ ３２０ Ｘ０ １４ ３４９．５６５ ３４９．２２８
Ｆ#４ ３０２ ＸＥ １２ ３７０．４００ ３６９．９９４
Ｇ ４ ２８５ ＸＤ １１ ３９２．４９５ ３９１．９９５
Ｇ#４ ２６９ ＸＤ １０ ４１５．８４０ ４１５．３０５
Ａ ４ ２５４ ＸＥ ０Ｆ ４４０．３９７ ４４０．０００
Ａ#４ ２４０ Ｘ０ ０Ｆ ４６６．０８７ ４６６．１６４
Ｂ ４ ２２６ Ｘ２ ０Ｅ ４９４．９６０ ４９３．８８３
Ｃ ５ ２１４ Ｘ６ ０Ｄ ５２２．７１５ ５２３．２５１
Ｃ#５ ２０２ ＸＡ ０Ｃ ５５３．７６７ ５５４．３６５
Ｄ ５ １９０ ＸＥ ０Ｂ ５８８．７４２ ５８７．３３０
Ｄ#５ １８０ Ｘ４ ０Ｂ ６２１．４５０ ６２２．２５４
Ｅ ５ １７０ ＸＡ ０Ａ ６５８．００５ ６５９．２５５
Ｆ ５ １６０ Ｘ０ ０Ａ ６９９．１３１ ６９８．４５６
Ｆ#５ １５１ Ｘ７ ０９ ７４０．８０１ ７３９．９８９
Ｇ ５ １４３ ＸＦ ０８ ７８２．２４４ ７８３．９９１
Ｇ#５ １３５ Ｘ７ ０８ ８２８．６００ ８３０．６０９
Ａ ５ １２７ ＸＦ ０７ ８８０．７９５ ８８０．０００
Ａ#５ １２０ Ｘ８ ０７ ９３２．１７４ ９３２．３２８
Ｂ ５ １１３ Ｘ１ ０７ ９８９．９２０ ９８７．７６７
Ｃ ６ １０７ ＸＢ ０６ １０４５．４２９ １０４６．５０２
Ｃ#６ １０１ Ｘ５ ０６ １１０７．５３４ １１０８．７３１
Ｄ ６ ９５ ＸＦ ０５ １１７７．４８４ １１７４．６５９
Ｄ#６ ９０ ＸＡ ０５ １２４２．８９９ １２４４．５０８
Ｅ ６ ８５ Ｘ５ ０５ １３１６．０１１ １３１８．５１０
Ｆ ６ ８０ Ｘ０ ０５ １３９８．２６２ １３９６．９１３
Ｆ#６ ７６ ＸＣ ０４ １４７１．８５４ １４７９．９７８
Ｇ ６ ７１ Ｘ７ ０４ １５７５．５０６ １５６７．９８２
Ｇ#６ ６７ Ｘ３ ０４ １６６９．５６６ １６６１．２１９
Ａ ６ ６４ Ｘ０ ０４ １７４７．８２７ １７６０．０００
Ａ#６ ６０ ＸＣ ０３ １８６４．３４９ １８６４．６５５
Ｂ ６ ５７ Ｘ９ ０３ １９６２．４７３ １９７５．５３３

Sega Game Gear Hardware Reference Manual (Rev1) Page 40



* f = 3579545/(32 x n) n: 10-bit frequency division Maximum frequency is n = 1
* In the previous table, musical interval was calculated on the basis of 440 Hz as concert pitch.
* Regarding HEX, the X part is as follows:

Tone 1 → 8
Tone 2 → A
Tone 3 → C
1st is the 1st byte
2nd is the 2nd byte

The upper limit is 3579545/32·1

TONE 1 to 3
Duty 50%

Base tone in synchronous noise mode
Duty 6.25%

○ ← 440 Hz A 4

○ ← 220 Hz A 3

○ ← 110 Hz A 2

○ ← 55 Hz A 1

○ ← 27.5 Hz A 0

○ ← 13.75Hz
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If a frequency of no greater than that generated by the tone generator is output, the outputs
shown in the table below will be obtained due to the synchronous noise mode of the noise generator
section. (Basic clock: 3.579545 MHz)

Musical Frequency ＨＥＸ (TONE3)
interval division PSG output Actual frequency

ratio １st ２nd [Hz] [Hz]

Ｃ ０ ４２８ ＣＣ １Ａ １６．３３５ １６．３５２
Ｃ#０ ４０４ Ｃ４ １９ １７．３０５ １７．３２４
Ｄ ０ ３８１ ＣＤ １７ １８．３５０ １８．３５４
Ｄ#０ ３６０ Ｃ８ １６ １９．４２０ １９．４４５
Ｅ ０ ３３９ Ｃ３ １５ ２０．６２３ ２０．６０２
Ｆ ０ ３２０ Ｃ０ １４ ２１．８４８ ２１．８２７
Ｆ#０ ３０２ ＣＥ １２ ２３．１５０ ２３．１２５
Ｇ ０ ２８５ ＣＤ １１ ２４．５３１ ２４．５００
Ｇ#０ ２６９ ＣＤ １０ ２５．９９０ ２５．９５７
Ａ ０ ２５４ ＣＥ ０Ｆ ２７．５２５ ２７．５００
Ａ#０ ２４０ Ｃ０ ０Ｆ ２９．１３０ ２９．１３５
Ｂ ０ ２２６ Ｃ２ ０Ｅ ３０．９３５ ３０．８６８
Ｃ １ ２１４ Ｃ６ ０Ｄ ３２．６７０ ３２．７０３
Ｃ#１ ２０２ ＣＡ ０Ｃ ３４．６１０ ３４．６４８
Ｄ １ １９０ ＣＥ ０Ｂ ３６．７９６ ３６．７０８
Ｄ#１ １８０ Ｃ４ ０Ｂ ３８．８４１ ３８．８９１
Ｅ １ １７０ ＣＡ ０Ａ ４１．１２５ ４１．２０３
Ｆ １ １６０ Ｃ０ ０Ａ ４３．６９６ ４３．６５４
Ｆ#１ １５１ Ｃ７ ０９ ４６．３００ ４６．２４９
Ｇ １ １４３ ＣＦ ０８ ４８．８９０ ４８．９９９
Ｇ#１ １３５ Ｃ７ ０８ ５１．７８７ ５１．９１３
Ａ １ １２７ ＣＦ ０７ ５５．０５０ ５５．０００
Ａ#１ １２０ Ｃ８ ０７ ５８．２６１ ５８．２７０
Ｂ １ １１３ Ｃ１ ０７ ６１．８７０ ６１．７３５
Ｃ ２ １０７ ＣＢ ０６ ６５．３３９ ６５．４０６
Ｃ#２ １０１ Ｃ５ ０６ ６９．２２１ ６９．２９６
Ｄ ２ ９５ ＣＦ ０５ ７３．５９３ ７３．４１６
Ｄ#２ ９０ ＣＡ ０５ ７７．６８１ ７７．７８２
Ｅ ２ ８５ Ｃ５ ０５ ８２．２５１ ８２．４０７
Ｆ ２ ８０ Ｃ０ ０５ ８７．３９１ ８７．３０７
Ｆ#２ ７６ ＣＣ ０４ ９１．９９１ ９２．４９９
Ｇ ２ ７１ Ｃ７ ０４ ９８．４６９ ９７．９９９
Ｇ#２ ６７ Ｃ３ ０４ １０４．３４８ １０３．８２６

* Set E3H for control of the noise generator circuit (synchronous noise mode).
f = TONE 3 frequency/16 = 3579545/(32 x n x16)

PSG Manual END
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