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General Information

Here are the general specifications of the various gameboy hardware platforms

· CPU: 8-bit Z80 work-alike at 4.194304MHz

· RAM:   8kB internal

· VRAM:  8kB internal

· ROM:   256kBit, 512kBit, 1MBit, 2MBit and 4MBit cartridges are known (32kB,64kB, 128kB, 256kB and 512kB). Probably, there are 16kB cartridges as well.

· Sound: 4 channels each of which can be mapped either to the left or to the right or to both speakers

· Video:

· Display: Reflective LCD 160x144 dots

· Colors: 

· Gameboy Classic & Pocket

· 4 shades of gray

· Super Gameboy

· X Colours

· Gameboy Color

· 56 colours

· Sprites:

· 40 sprites

· 10 sprites per horizontal scan line

· Max Sprite size 8x16

· Min Sprite size 8x8

· Communications:

· Serial port. Up to 4 Gameboys can be connected together using these ports. Baud rate and protocol are unknown.

· Power:

· Gameboy Classic

· 6 Volts DC, 0.7 Watts

· 4 AA Batteries - 35 hours

· Rechargable battery (NAKI) - 12 hours 

· Gameboy Pocket

· 3 Volts DC, 0.7 Watts

· Gameboy Color

· 3 Volts DC, 0.6 Watts

Hardware Reference

Screen (Classic & Pocket)

The main GameBoy screen buffer (background) consists of 256x256 pixels or 32x32 tiles (8x8 pixels each). Only 160x144 pixels can be displayed on the screen. Registers SCROLLX and SCROLLY hold the coordinates of background to be displayed in the left upper corner of the screen. Background wraps around the screen (i.e. when part of it goes off the screen, it appears on the opposite side.)

An area of VRAM known as Background Tile Map contains the numbers of tiles to be displayed. It is organized as 32 rows of 32 bytes each. Each byte contains a number of a tile to be displayed. Tile patterns are taken from the Tile Data Table located either at $8000-8FFF or $8800-97FF. In the first case, patterns are numbered with unsigned numbers from 0 to 255 (i.e. pattern #0 lies at address $8000). In the second case, patterns have signed numbers from -128 to 127 (i.e. pattern #0 lies at address $9000). The Tile Data Table address for the background can be selected via LCDC register.

Besides background, there is also a "window" overlaying the background. The window is not scrollable i.e. it is always displayed starting from its left upper corner. The location of a window on the screen can be adjusted via WNDPOSX and WNDPOSY registers. Screen coordinates of the top left corner of a window are WNDPOSX-7,WNDPOSY. The tile numbers for the window are stored in the Tile Data Table. Both the Background and the window share the same Tile Data Table.

Both background and window can be disabled or enabled separately via bits in the LCDCONT register.

The tile images are stored in the Tile Pattern Tables. Each 8x8 image occupies 16 bytes, where each 2 bytes represent a line:

  Tile:                                     Image:

  .33333..                     .33333.. -> 01111100 -> $7C

  22...22.                                 01111100 -> $7C

  11...11.                     22...22. -> 00000000 -> $00

  2222222. <-- digits                      11000110 -> $C6

  33...33.     represent       11...11. -> 11000110 -> $C6

  22...22.     color                       00000000 -> $00

  11...11.     numbers         2222222. -> 00000000 -> $00

  ........                                 11111110 -> $FE

                               33...33. -> 11000110 -> $C6

                                           11000110 -> $C6

                               22...22. -> 00000000 -> $00

                                           11000110 -> $C6

                               11...11. -> 11000110 -> $C6

                                           00000000 -> $00

                               ........ -> 00000000 -> $00

                                           00000000 -> $00

There are two Tile Pattern Tables at $8000-8FFF and at $8800-97FF. The first one can be used for sprites and the background. Its tiles are numbered from 0 to 255. The second table can be used for the background and the window display and its tiles are numbered from -128 to 127.

Sprites

GameBoy video controller can display up to 40 sprites either in 8x8 or in 8x16 mode. Sprite patterns have the same format as tiles, but they are taken from the Sprite Pattern Table located at 8000-8FFF and therefore have unsigned numbers. Sprite attributes reside in the Sprite Attribute Table (aka OAM) at FE00-FE9F. OAM is divided into 40 4-byte blocks each of which corresponds to a sprite. Blocks have the following format:

Byte0  
Y position on the screen

Byte1  
X position on the screen

Byte2  
Pattern number 0-255 [notice that unlike tile numbers,sprite pattern numbers are unsigned]

Byte3
Flags:

 Bit7  Priority

   Sprite is displayed in front of the window if this bit

   is set to 1. Otherwise, sprite is shown behind the window   

   but in front of the background.

 Bit6  Y flip

   Sprite pattern is flipped vertically if this bit is set 

   To 1.

 Bit5  X flip

   Sprite pattern is flipped horizontally if this bit is

   set to 1.

 Bit4  Palette number

   Sprite colors are taken from OBJ1PAL if this bit is

   set to 1 and from OBJ0PAL otherwise.



On Gameboy Color  the attribute byte (byte 3) looks like this:

BIT 7   Background Priority

BIT 6   Flip Tile Vertical

BIT 5   Flip Tile Horizontal

BIT 3   Character Bank select

BIT 0-2 Palettenumber (0-7)

* Note: Before you can set the color attributes for a tile

        you have to switch to the 2nd video-memory bank.

        The CGB can now address upto 512 tiles 

        (by use of BIT 3 from the attribute byte)

Sprite RAM Bug

There is a flaw in the GameBoy hardware that causes trash to be written to OAM RAM if the following commands are used while their 16-bit content is in the range of $FE00 to $FEFF:

  inc xx     (xx = bc,de, or hl)

  dec xx

  ldi a,(hl)

  ldd a,(hl)

  ldi (hl),a

  ldd (hl),a

Only sprites 1 & 2 ($FE00 & $FE04) are not affected by these instructions.

Spare GBC Sprite RAM

1. There are 3 sets of 8 bytes of RAM available or 24 bytes total.

   This RAM is only available on the GBC and not on any of the older

   GBs.

   Set #1  $fea0-$fea7

   Set #2  $fec0-$fec7

   Set #3  $fee0-$fee7

2. Each set is repeated 4 times in  the following address spaces:

   $fea0-$febf

   $fec0-$fedf

   $fee0-$feff

3. If you read/write any of the repeated data sets you will 

   read/write the original data set itself. i.e. All repeated data 

   bytes serve as echo RAM.

4. Reading/writing of this RAM is only reliable in video modes 0 & 1. 

   As a result, it is best to wait for vblank to reliably read/write 

   this area.

Example data:

 fea0  00 01 02 03 04 05 06 07

 fea8  00 01 02 03 04 05 06 07

 feb0  00 01 02 03 04 05 06 07

 feb8  00 01 02 03 04 05 06 07

 fec0  10 11 12 13 14 15 16 17

 fec8  10 11 12 13 14 15 16 17

 fed0  10 11 12 13 14 15 16 17

 fed8  10 11 12 13 14 15 16 17

 fee0  80 81 82 83 84 85 86 87

 fee8  80 81 82 83 84 85 86 87

 fef0  80 81 82 83 84 85 86 87

 fef8  80 81 82 83 84 85 86 87

Sound

The sound section is composed of circuitry which produces 4 types of sound, namely sounds 1,2,3 and 4, as specified below. The sound section can also synthesize and reproduce external patterns.
· Sound1:

Produces quadrangular waves with sweep and envelope 



functions.

· Sound2:

Produces quadrangular waves with an envelope.

· Sound3:

Outputs voluntary wave patterns from Wave RAM.

· Sound4:

Produces white noise with an envelope.

Each sound has two modes: ON and OFF.

ON MODE

According to the data set in the Mode register of each sound, the various sounds are produced.  The data in the Mode register can be set at all times while producing sound.

INITIAL FLAG
When setting initial value of the envelope and restarting the length counter, set the initial flag at “1” and initialize the data.

MUTE
When the output level at sound 3 is set to mute (bits 5 and 6 of  NR32=0), no sound will be produced regardless of the setting of the ON flag.

STOP
Under the following situations, the ON flag is reset and sound output stops:

· when the sound output is stopped by the length counter.

· when overflow occurs in the addition mode while the sweep is operating in Sound 1.

OFF MODE
During OFF mode, the operation of the frequency counter and the D/A converter stops, producing an interruption in sound output.

SOUND 3
When the sound OFF flag (bit 7 of NR30) is reset to “0”, cancellation of the OFF mode must be performed by setting the sound OFF flag to a “1”.  This is performed by Sound 3.

ALL SOUND OFF MODE
When all the sound ON/OFF flags (bit 7 of  NR52) are set to “0”, the mode registers for Sounds 1, 2, 3 and 4 are reset, and all sound output stops.  To cancel this mode, set bit 7 of NR52 to “1”, then set all the sound ON/OFF flags to “1”.

(Note: The setting of each sound’s mode register must be done after the All Sound Off mode is cancelled.  While this flag is set, sound mode registers cannot be set).

Sound Control Register

SOUND MODE 1 REGISTER

Sound 1 is a circuit that produces a quadrangular wave pattern with sweep and envelope functions.  It must be set at registers NR 10, NR 11, NR 12, NR 13, and NR 14.

NAME
ADDRESS
NR10 
FF10



 key:  FORMCHECKBOX 
 is not used






w   is read/write 







     is write only
 D7     D6     D5    D4     D3     D2     D1     D0

 FORMCHECKBOX 

 
 
 
 
 
 
 

Number of Sweep shifts (0-7)

Sweep increase/decrease


0: Addition (frequency increases)


1: Subtraction (frequency decrease)

Sweep Time

NUMBER OF SWEEP SHIFTS
The change of frequency (NR 13, NR14) at each shift is calculated by the following formula:




Where;
X (0) = Initial Data


X (t-1) = Previous Frequency


n = 0~7

When calculating the above formula, if the value of a bit exceeds bit 11, the output of the sound stops, and the Sound 1 ON flag (at bit 0 of NR52) is reset.  During the subtraction, when the value becomes less than 0, the value shown prior to the calculation will be the current value, thus making  X (t) = X(t-1).  However, when n=0, there will be no shift and the frequency remains unchanged.

SWEEP TIME ts

At each ts period, frequency changes.

000  :  Sweep OFF

001  :  ts = 1/f128

(7.8 ms)

010  :  ts = 2/f128

(15.6 ms)

011  :  ts = 3/f128

(23.4 ms)

100  :  ts = 4/f128

(31.3 ms)

101  :  ts = 5/f128

(39.1 ms)

110  :  ts = 6/f128

(46.9 ms)

111  :  ts = 7/128

(54.7 ms)
f128 = 128Hz

Figure 2-2-1
Example, Sweep Wave Pattern

When NR10=79H and initial frequency data = 400H sweep wave pattern will be:




· Note: When the sweep function is not used, set the increase/decrease flag at “1” (subtract mode).

NAME
ADDRESS
NR11
FF11

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 

Sound Length Data (0 ~ 63)

Wave Pattern Duty

Sound Length = (64-t1) * (1/256) sec

Wave Duty




NAME
ADDRESS
NR12
FF12

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 

 
 


Number of Envelope Sweep (0 ~ 7)

Envelope UP/DOWN


0: Decrease


1: Range of Increase

Initial Value of Envelope

2.1.2.1
NUMBER OF ENVELOPE STEPS
set the range of increase or the length of a one-step decrease.  The length of one-step = n * (1/64) sec.  At n = 0, the envelope function stops.

2.1.2.2
INITIAL VALUE OF ENVELOPE (0000 - 1111)
Using the 4-bit D/A circuit, 16 levels of steps can be specified.  It’s maximum level is 1111 and becomes mute at 0000.

Figure 2-2-2
Example, Initial Envelope Value

When NR12 = 94H,

Amp gain is:




NAME
ADDRESS
NR13
FF13

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Frequency Data (Low) (all bits)

NAME
ADDRESS
NR14
FF14

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 


Frequency Data (High, 3 bit)

Counter/consecutive Selection

Initial

2.1.2.3
COUNTER/CONSECUTIVE SELECTION
When “0”, regardless of the length of data on the NR11 register, sound can be produced consecutively.  When “1”, sound is generated during the time period set by the length data contained in register NR11.  After the sound is ouput, the Sound 1 ON flag, at bit 0 of register NR52 is reset.

2.1.2.4
INITIAL
When this bit is set at “1”, Sound 1 starts again.  Suppose the 11 bit frequency data set at NR13 and NR14 is X.  Then the ouput frequency (f) can be calculated by the following formula.





Therefore, the minimum frequency will be 64Hz and the maximum frequency will be  131.1Khz.

CAUTIONS WHEN USING SOUND 1

· When the sweep function is not used at Sound 1, set the sweep time at 0 (sweep OFF) and either set the sweep increase/decrease flag at 1 or the sweep shift number at 0.  (Set NR10 at 04H ~ 07H or 00H.)

· If the sweep increase/decrease flag of NR10 is set at 0 (addition mode), the sweep shift number may be anything other than 0, and the sweep OFF mode is set (e.g., NR10=01H), there are cases in which no sound is produced.

· When changing the content of the envelope register (NR12) while the sound is operating (i.e., when the ON flag is at 1), set the value at the envelope register before setting the initial flag.

SOUND 2 MODE REGISTER
Sound 2 is a circuit that produces a quadrangular wave pattern with an envelope function.  It can be set at registers NR21, NR22, NR23, and NR24.

NAME
ADDRESS
NR21
FF16

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 


Sound Length Data (0 ~ 63)

Wave Pattern Duty

NAME
ADDRESS
NR22
FF17

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 



Number of Envelope Sweeps ( 0 ~ 7)

Envelope UP/DOWN


0: Decrease


1: Range of Increase

Initial Value of Envelope

NAME
ADDRESS
NR23
FF18

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Frequency Data  (Low) (all bits)

NAME
ADDRESS
NR24
FF19

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 

Frequency Data (High, 3 bit)

Counter/consecutive Selection

Initial

COUNTER/CONSECUTIVE SELECTION

When “0”, regardless of the length data on the NR21 register, sound is produced consecutively.  When “1”, sound is generated for the time period set by the length data contained in register NR21.  After the sound is ouput, The Sound 2 ON Flag (bit 1) of register NR52 is reset.

INITIAL

When this bit is set at “1”, Sound 2 starts again.

CAUTIONS WHEN USING SOUND 2
When changing the content of the envelope register (NR22) while the sound is operating (i.e., when the ON flag is at 1), set the value at the envelope register before setting the initial flag.

SOUND 3 MODE REGISTER

Sound 3 is a circuit which produces a voluntary wave pattern.  It automatically reads the wave pattern (one cycle) written on addresses FF30H ~ FF3FH of a Wave Pattern RAM.  This wave pattern can be output while changing the length, frequency, and sound level using registers NR30, NR31, NR32, NR33, and NR34.  Assignment of sound length, frequency function are similar to the Sound 1 circuit.

NAME
ADDRESS
NR30
FF1A

 D7     D6     D5    D4     D3     D2     D1     D0

 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 


Sound OFF


0: Sound 3 Output Stop


1: Sound 3 Output OK

NAME
ADDRESS
NR31
FF1B

R/W Select the Sound Length

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Sound Length Data (t1) (all bits)
Sound Length = (256-t1) * (1/256) sec

NAME
ADDRESS
NR32
FF1C

 D7     D6     D5    D4     D3     D2     D1     D0

 FORMCHECKBOX 

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 


Select Output Level

Output level:

00 : Mute

01 : Produce the wave pattern RAM data as it is (4-bit length).

10 : Produce the wave pattern RAM data (4-bit length) at the one-bit right shift (1/2) form.

11 : Produce the wave pattern RAM data  (4-bit length) at the 2-bit right shift (1/4) form.

NAME
ADDRESS
NR33
FF1D

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Frequency (Low) (all bits)

NAME
ADDRESS
NR34
FF1E

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 

Frequency Data (High, 3 bit)

Counter/consecutive Selection

Initial Flag

COUNTER/CONSECUTIVE SELECTION

When this bit is set to “0”, sound is produced consecutively, regardless of the length data on the NR31 register.  When set to “1”, sound is generated for the length of time set by the length data contained in register NR31.  After the sound is output, the ON flag of Sound 3, bit 2 of register NR52, is reset.

INITIAL FLAG

When the sound OFF flag (NR30, bit 7) is at “1”, and a “1” is assigned to bit 7 of NR34, Sound 3 starts again.

PROGRAMMING CAUTIONS

When changing frequency while outputting Sound 3, the Initial flag must not be set.  This may cause data in the Wave RAM to be destroyed.

The initial flag may be set during the ouput of Sound 1, 2, and 4.

WAVE RAM FORMAT

ADDRESS
D7
D6           D5
D4
D3
D2         D1
D0

FF30

Step 0


Step 1


FF31

Step 2


Step 3


FF32

Step 4


Step 5


....all the way down to:

FF3F

Step 30


Step 31


[EXAMPLE] CHOPPING WAVE






FF30H -
01H, 23H, 45H, 67H







89H, ABH, CDH, EFH







EDH, CBH, A9H, 87H







65H, 43H, 21H, 00H



SOUND 4 MODE REGISTER

Sound 4 is a circuit that produces white noise.  It’s output data is produced by switching the step of the polynomial counter that produces frequencies and random numbers.  This is performed by changing the frequency ratio and envelope data using registers NR41, NR42, and NR44.

NAME
ADDRESS
NR41
FF20

R/W Select the Sound Length

 D7     D6     D5    D4     D3     D2     D1     D0

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 
 
 
 

Sound Length Data t1 (0 ~ 63)

NAME
ADDRESS
NR42
FF21

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Number of Envelope Steps (0 ~ 7)

Envelope Up/Down


0: Decrease


1: Range of Increase

Initial Value of Envelope

NAME
ADDRESS
NR43
FF22

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


Selection of Frequency Ratio

Selection of Polynomial Counter’s Step

Selection of the Shift Clock Frequency

for the Polynomial Counter

SELECTION OF FREQUENCY RATIO

The polynomial counter’s shift clock is comprised of a 14-step pre-scaler.  Select the imput clock of the pre-scaler, as follows:





SELECTION OF POLYNOMIAL COUNTER STEP


0:
15 steps


1:
7 steps

SELECTIONS OF POLYNOMIAL COUNTER CLOCK

0000: Ratio of Frequencies * 1/2

0001: Ratio of Frequencies * 1/2


0010: Ratio of Frequencies * 1/2


0011: Ratio of Frequencies * 1/2



((((          ((((
1101: Ratio of Frequencies *1/2


1110: Not Used

1111: Not Used

NAME
ADDRESS
(F.H Note: The Name and Address for this register are written verbatim, but most
NR30
FF1A


  likely it should read,  “Name NR44 : Address FF23”) 

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 


Counter/consecutive Selection

Initial

COUNTER/CONSECUTIVE SELECTION

Regardless of the length on the NR41 register, sound is produced consecutively while this bit is “0”.  When bit 6 is set to “1”, sound is generated for the time period set by the length data contained in register NR41.  After the sound is ouput, the ON flag of Sound 4 (bit 3 of register NR52) is reset.

INITIAL

When bit 7 is “1”, Sound 4 starts again.

PROGRAMMING CAUTIONS

When changing the content of the envelope register (NR22) while the sound is operating (ON flag at “1”), set the value at the envelope register before setting the Initial flag.

SOUND CONTROL REGISTER

NAME
ADDRESS
NR50
FF24

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 


S01 Output Level (0 ~ 7)


000: Minimum Level (( +8)


111: Maximum Level

Vin ( SO1 ON/OFF

SO2 Output Level (0 ~ 7)


000: Minimum Level ((+8)


111: Maximum Level

Vin ( SO2 ON/OFF

Vin ( SO1 (Vin ( SO2)

The voice input for a Vin terminal is produced by synthesizing the combined sound from Sounds 1 through 4.

0:  No Output

1:  Output OK

NAME
ADDRESS
NR51
FF25

 D7     D6     D5    D4     D3     D2     D1     D0

 
 
 
 
 
 
 









(0: No Output    1: Output OK)

Output Sound 1 to SO1 Terminal

Output Sound 2 to SO1 Terminal

Output Sound 3 to SO1 Terminal

Output Sound 4 to SO1 Terminal

Output Sound 1 to SO2 Terminal

Output Sound 2 to SO2 Terminal

Output Sound 3 to SO2 Terminal

Output Sound 4 to SO2 Terminal
NAME
ADDRESS
NR52
FF26

 D7     D6     D5    D4     D3     D2     D1     D0

 
 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 
 
 
 

Sound 1 ON Flag

Sound 2 ON Flag

Sound 3 ON Flag

Sound 4 ON Flag

Each sound is set during its output.  It is

reset at the counter mode after the time 

set by the length data elapses.

All sound ON/OFF


0: Stop all sound circuits


1: Operate all sound circuits

Input/Output

Joypad

Serial Interface

The serial I/O port on the Gameboy is a very simple setup and is crude compared to standard RS-232 (IBM-PC) or RS-485 (Macintosh) serial ports. There are no start or stop bits so the programmer must be more creative when using this port.

During a transfer, a byte is shifted in at the same time that a byte is shifted out. The rate of the shift is determined by whether the clock source is internal or external. If internal, the bits are shifted out at a rate of 8192Hz (122 microseconds) per bit. The most significant bit is shifted in and out first.

When the internal clock is selected, it drives the clock pin on the game link port and it stays high when not used. During a transfer it will go low eight times to clock in/out each bit.

A programmer initates a serial transfer by setting bit 7 of $FF02. This bit may be read and is automatically set to 0 at the completion of transfer. After this bit is set, an interrupt will then occur eight bit clocks later if the serial interrupt is enabled.

If internal clock is selected and serial interrupt is enabled, this interrupt occurs 122*8 microseconds later.  If external clock is selected and serial interrupt is enabled, an interrupt will occur eight bit clocks later.

Initiating a serial transfer with external clock will wait forever if no external clock is present. This allows a certain amount of synchronization with each serial port.

The state of the last bit shifted out determines the state of the output line until another transfer takes place.

If a serial transfer with internal clock is performed and no external GameBoy is present, a value of $FF will be received in the transfer.

The following code causes $75 to be shifted out the serial port and a byte to be shifted into $FF01:

    ld   a,$75

    ld  ($FF01),a

    ld   a,$81

    ld  ($FF02),a

Timers

Sometimes it's useful to have a timer that interrupts at regular intervals for routines that require periodic or percise updates. The timer in the GameBoy has a selectable frequency of 4096, 16384, 65536, or 262144 Hertz. This frequency increments the Timer Counter (TIMA). When it overflows, it generates an interrupt. It is then loaded with the contents of Timer Modulo (TMA). The following are examples:

 ;This interval timer interrupts 4096 times per second

     ld  a,-1

     ld  ($FF06),a     ;Set TMA to divide clock by 1

     ld  a,4

     ld  ($FF07),a     ;Set clock to 4096 Hertz

 ;This interval timer interrupts 65536 times per second

     ld  a,-4

     ld  ($FF06),a     ;Set TMA to divide clock by 4

     ld  a,5

     ld  ($FF07),a     ;Set clock to 262144 Hertz

Interrupts

The IME (interrupt master enable) flag is reset by DI and prohibits all interrupts. It is set by EI and acknowledges the interrupt setting by the IE register.

 1. When an interrupt is generated, the IF flag will be set.

 2. If the IME flag is set & the corresponding IE flag is

    set, the following 3 steps are performed.

 3. Reset the IME flag and prevent all interrupts.

 4. The PC (program counter) is pushed onto the stack.

 5. Jump to the starting address of the interrupt.

Resetting of the IF register, which was the cause of the interrupt, is done by hardware.

During the interrupt, pushing of registers to be used should be performed by the interrupt routine.

Once the interrupt service is in progress, all the interrupts will be prohibited. However, if the IME flag and the IE flag are controlled, a number of interrupt services can be made possible by nesting.

Return from an interrupt routine can be performed by either RETI or RET instruction.

The RETI instruction enables interrupts after doing a return operation.

If a RET is used as the final instruction in an interrupt routine, interrupts will remain disabled unless a EI was used in the interrupt routine or is used at a later time.

The interrupt will be acknowledged during opcode fetch period of each instruction.

Interrupt Descriptions

The following interrupts only occur if they have been enabled in the Interrupt Enable register ($FFFF) and if the interrupts have actually been enabled using the EI instruction.

  V-Blank

   The V-Blank interrupt occurs ~59.7 times a second

   on a regular GB and ~61.1 times a second on a Super

   GB (SGB). This interrupt occurs at the beginning of

   the V-Blank period. During this period video hardware

   is not using video ram so it may be freely accessed.

   This period lasts approximately 1.1 milliseconds.

  LCDC Status
   There are various reasons for this interrupt to occur

   as described by the STAT register ($FF40). One very

   popular reason is to indicate to the user when the

   video hardware is about to redraw a given LCD line.

   This can be useful for dynamically controlling the SCX/

   SCY registers ($FF43/$FF42) to perform special video

   effects.

  Timer Overflow

   This interrupt occurs when the TIMA register ($FF05)

   changes from $FF to $00.

  Serial Transfer Completion

   This interrupt occurs when a serial transfer has

   completed on the game link port.

  High-to-Low of P10-P13

   This interrupt occurs on a transition of any of the

   keypad input lines from high to low. Due to the fact

   that keypad "bounce"* is virtually always present,

   software should expect this interrupt to occur one

   or more times for every button press and one or more

   times for every button release.

   * - Bounce tends to be a side effect of any button

      making or breaking a connection. During these

      periods, it is very common for a small amount of

      oscillation between high & low states to take place.
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Memory Map

General Memory Map                   Hardware Write Registers
  Interrupt Enable Register

 --------------------------- FFFF

  Internal RAM

 --------------------------- FF80

  Empty but unusable for I/O

 --------------------------- FF4C

  I/O ports

 --------------------------- FF00

  Empty but unusable for I/O

 --------------------------- FEA0

  Sprite Attrib Memory (OAM)

 --------------------------- FE00

  Echo of 8kB Internal RAM

 --------------------------- E000

  8kB Internal RAM

 --------------------------- C000       -------------------------

  8kB switchable RAM bank              /      MBC1 ROM/RAM Select

 --------------------------- A000     /  ------------------------

  8kB Video RAM                      /  /     RAM Bank Select

 --------------------------- 8000 --/  /  -----------------------

  16kB switchable ROM bank   6000 ----/  /    ROM Bank Select

 --------------------------- 4000 ------/  ----------------------

  16kB ROM bank #0           2000 --------/   RAM Bank enable

 --------------------------- 0000 -------------------------------

 * NOTE: b = bit, B = byte

Reserved Memory Locations

0000       Restart $00 Address (RST $00 calls this address.)

0008       Restart $08 Address (RST $08 calls this address.)

0010       Restart $10 Address (RST $10 calls this address.)

0018       Restart $18 Address (RST $18 calls this address.)

0020       Restart $20 Address (RST $20 calls this address.)

0028       Restart $28 Address (RST $28 calls this address.)

0030       Restart $30 Address (RST $30 calls this address.)

0038       Restart $38 Address (RST $38 calls this address.)

0040       Vertical Blank Interrupt Start Address

0048       LCDC Status Interrupt Start Address

0050       Timer Overflow Interrupt Start Address

0058       Serial Transfer Completion Interrupt Start Address

0060       High-to-Low of P10-P13 Interrupt Start Address

An internal information area is located at 0100-014F in

each cartridge. It contains the following values:

0100-0103  This is the begin code execution point in a

           cart. Usually there is a NOP and a JP

           instruction here but not always.

0104-0133  Scrolling Nintendo graphic:

           CE ED 66 66 CC 0D 00 0B 03 73 00 83 00 0C 00 0D

           00 08 11 1F 88 89 00 0E DC CC 6E E6 DD DD D9 99

           BB BB 67 63 6E 0E EC CC DD DC 99 9F BB B9 33 3E

           ( PROGRAM WON'T RUN IF CHANGED!!!)

0134-0143  Title of the game in UPPER CASE ASCII. If it

           is less than 16 characters then the remaining

           bytes are filled with 00's.

           (The last byte ot the title is $80 if this is

            a Color GB game. Any other value = not CGB game.)

0144       Ascii hex digit, high nibble of licensee code (new).

0145       Ascii hex digit, low nibble of licensee code (new).

           (These are normally $00 if [$014B] <> $33.)

0146       GB/SGB Indicator (00 = GameBoy, 03 = Super GameBoy functions) (Super GameBoy functions won't work if <> $03.)

0147       Cartridge type:

           0 - ROM ONLY               5 - ROM+MBC2

           1 - ROM+MBC1               6 - ROM+MBC2+BATTERY

           2 - ROM+MBC1+RAM           8 - ROM+RAM

           3 - ROM+MBC1+RAM+BATTERY   9 - ROM+RAM+BATTERY

                                     FF - ROM+HuC1+RAM+BATTERY

0148       ROM size:

            0 - 256Kbit =  32KByte =   2 banks

            1 - 512Kbit =  64KByte =   4 banks

            2 -   1Mbit = 128KByte =   8 banks

            3 -   2Mbit = 256KByte =  16 banks

            4 -   4Mbit = 512KByte =  32 banks

            5 -   8Mbit =   1MByte =  64 banks

            6 -  16Mbit =   2MByte = 128 banks

           52 -   9Mbit = 1.1MByte =  72 banks

           53 -  10Mbit = 1.2MByte =  80 banks

           54 -  12Mbit = 1.5MByte =  96 banks

0149       RAM size:

           0 - None

           1 -  16kBit =  2kB = 1 bank

           2 -  64kBit =  8kB = 1 bank

           3 - 256kBit = 32kB = 4 banks

014A       Destination code:

           0 - Japanese

           1 - Non-Japanese

014B       Licensee code (old):

           33 - Check 0144/0145 for Licensee code.

           79 - Accolade

           A4 - Konami

           (Super GameBoy function won't work if <> $33.)

014C       Mask ROM Version number

014D       Complement check

           (PROGRAM WON'T RUN ON GB IF NOT CORRECT!!!)

           (It will run on Super GB, however, if incorrect.)

014E-014F  Checksum (higher byte first) produced by

           adding all bytes of a cartridge except for two

           checksum bytes and taking two lower bytes of

           the result. (GameBoy ignores this value.)

FF00

   Name     - P1

   Contents - Register for reading joy pad info

              and determining system type.    (R/W)

           Bit 7 - Not used

           Bit 6 - Not used

           Bit 5 - P15 out port

           Bit 4 - P14 out port

           Bit 3 - P13 in port

           Bit 2 - P12 in port

           Bit 1 - P11 in port

           Bit 0 - P10 in port

        To determine what type of GameBoy this is write an 03

        to this register then read it back. An Fx indicates

        GameBoy or GameBoy Pocket, 3x indicates Super GameBoy.

        (The 'x' indicates a don't care value.)

         This is the matrix layout for register $FF00:

                 P14        P15

                  |          |

        P10-------O-Right----O-A

                  |          |

        P11-------O-Left-----O-B

                  |          |

        P12-------O-Up-------O-Select

                  |          |

        P13-------O-Down-----O-Start

                  |          |

       Example code:

          Game: Ms. Pacman

          Address: $3b1

        LD A,$20       <- bit 5 = $20

        LD ($FF00),A   <- select P14 by setting it low

        LD A,($FF00)

        LD A,($FF00)   <- wait a few cycles

        CPL            <- complement A

        AND $0F        <- get only first 4 bits

        SWAP A         <- swap it

        LD B,A         <- store A in B

        LD A,$10

        LD ($FF00),A   <- select P15 by setting it low

        LD A,($FF00)

        LD A,($FF00)

        LD A,($FF00)

        LD A,($FF00)

        LD A,($FF00)

        LD A,($FF00)   <- Wait a few MORE cycles

        CPL            <- complement (invert)

        AND $0F        <- get first 4 bits

        OR B           <- put A and B together

        LD B,A         <- store A in D

        LD A,($FF8B)   <- read old joy data from ram

        XOR B          <- toggle w/current button bit

        AND B          <- get current button bit back

        LD ($FF8C),A   <- save in new Joydata storage

        LD A,B         <- put original value in A

        LD ($FF8B),A   <- store it as old joy data

        LD A,$30       <- deselect P14 and P15

        LD ($FF00),A   <- RESET Joypad

        RET            <- Return from Subroutine

          The button values using the above method are such:

          $80 - Start             $8 - Down

          $40 - Select            $4 - Up

          $20 - B                 $2 - Left

          $10 - A                 $1 - Right

          Let's say we held down A, Start, and Up.

          The value returned in accumulator A would be $94

FF01

   Name     - SB

   Contents - Serial transfer data (R/W)

              8 Bits of data to be read/written

FF02

   Name     - SC

   Contents - SIO control  (R/W)

              Bit 7 - Transfer Start Flag

                      0: Non transfer

                      1: Start transfer

              Bit 0 - Shift Clock

                      0: External Clock (500KHz Max.)

                      1: Internal Clock (8192Hz)

               Transfer is initiated by setting the

              Transfer Start Flag. This bit may be read

              and is automatically set to 0 at the end of

              Transfer.

               Transmitting and receiving serial data is

              done simultaneously. The received data is

              automatically stored in SB.

FF04

   Name     - DIV

   Contents - Divider Register (R/W)

              This register is incremented 16384 (~16779

              on SGB) times a second. Writing any value

              sets it to $00.

FF05

   Name     - TIMA

   Contents - Timer counter (R/W)

              This timer is incremented by a clock frequency

              specified by the TAC register ($FF07). The timer

              generates an interrupt when it overflows.

FF06

   Name     - TMA

   Contents - Timer Modulo (R/W)

              When the TIMA overflows, this data will be loaded.

FF07

   Name     - TAC

   Contents - Timer Control (R/W)

              Bit 2 - Timer Stop

                      0: Stop Timer

                      1: Start Timer

              Bits 1+0 - Input Clock Select

                         00: 4.096 KHz    (~4.194 KHz SGB)

                         01: 262.144 KHz  (~268.4 KHz SGB)

                         10: 65.536 KHz   (~67.11 KHz SGB)

                         11: 16.384 KHz   (~16.78 KHz SGB)

FF0F

   Name     - IF

   Contents - Interrupt Flag (R/W)

              Bit 4: Transition from High to Low of Pin number P10-P13

              Bit 3: Serial I/O transfer complete

              Bit 2: Timer Overflow

              Bit 1: LCDC (see STAT)

              Bit 0: V-Blank

   The priority and jump address for the above 5 interrupts are:

    Interrupt        Priority        Start Address

    V-Blank             1              $0040

    LCDC Status         2              $0048 - Modes 0, 1, 2

                                               LYC=LY coincide (selectable)

    Timer Overflow      3              $0050

    Serial Transfer     4              $0058 - when transfer is complete

    Hi-Lo of P10-P13    5              $0060

    * When more than 1 interrupts occur at the same time

      only the interrupt with the highest priority can be

      acknowledged. When an interrupt is used a '0' should

      be stored in the IF register before the IE register

      is set.

FF10

   Name     - NR 10

   Contents - Sound Mode 1 register, Sweep register (R/W)

              Bit 6-4 - Sweep Time

              Bit 3   - Sweep Increase/Decrease

                         0: Addition    (frequency increases)

                         1: Subtraction (frequency decreases)

              Bit 2-0 - Number of sweep shift (n: 0-7)

              Sweep Time: 000: sweep off - no freq change

                          001: 7.8 ms  (1/128Hz)

                          010: 15.6 ms (2/128Hz)

                          011: 23.4 ms (3/128Hz)

                          100: 31.3 ms (4/128Hz)

                          101: 39.1 ms (5/128Hz)

                          110: 46.9 ms (6/128Hz)

                          111: 54.7 ms (7/128Hz)

              The change of frequency (NR13,NR14) at each shift

              is calculated by the following formula where

              X(0) is initial freq & X(t-1) is last freq:

               X(t) = X(t-1) +/- X(t-1)/2^n

FF11

   Name     - NR 11

   Contents - Sound Mode 1 register, Sound length/Wave pattern duty (R/W)

              Only Bits 7-6 can be read.

              Bit 7-6 - Wave Pattern Duty

              Bit 5-0 - Sound length data (t1: 0-63)

              Wave Duty: 00: 12.5% ( _--------_--------_-------- )

                         01: 25%   ( __-------__-------__------- )

                         10: 50%   ( ____-----____-----____----- ) (default)

                         11: 75%   ( ______---______---______--- )

              Sound Length = (64-t1)*(1/256) seconds

FF12

   Name     - NR 12

   Contents - Sound Mode 1 register, Envelope (R/W)

              Bit 7-4 - Initial volume of envelope

              Bit 3 -   Envelope UP/DOWN

                         0: Attenuate

                         1: Amplify

              Bit 2-0 - Number of envelope sweep (n: 0-7)

                        (If zero, stop envelope operation.)

              Initial volume of envelope is from 0 to $F.

              Zero being no sound.

              Length of 1 step = n*(1/64) seconds

FF13

   Name     - NR 13

   Contents - Sound Mode 1 register, Frequency lo (W)

              Lower 8 bits of 11 bit frequency (x).

              Next 3 bit are in NR 14 ($FF14)

FF14

   Name     - NR 14

   Contents - Sound Mode 1 register, Frequency hi (R/W)

              Only Bit 6 can be read.

              Bit 7 - Initial (when set, sound restarts)

              Bit 6 - Counter/consecutive selection

              Bit 2-0 - Frequency's higher 3 bits (x)

              Frequency = 4194304/(32*(2048-x)) Hz

                        = 131072/(2048-x) Hz

              Counter/consecutive Selection

               0 = Regardless of the length data in NR11

                   sound can be produced consecutively.

               1 = Sound is generated during the time period

                   set by the length data in NR11. After this

                   period the sound 1 ON flag (bit 0 of NR52)

                   is reset.

FF16

   Name     - NR 21

   Contents - Sound Mode 2 register, Sound Length; Wave Pattern Duty (R/W)

              Only bits 7-6 can be read.

              Bit 7-6 - Wave pattern duty

              Bit 5-0 - Sound length data (t1: 0-63)

              Wave Duty: 00: 12.5% ( _--------_--------_-------- )

                         01: 25%   ( __-------__-------__------- )

                         10: 50%   ( ____-----____-----____----- ) (default)

                         11: 75%   ( ______---______---______--- )

              Sound Length = (64-t1)*(1/256) seconds

FF17

   Name     - NR 22

   Contents - Sound Mode 2 register, envelope (R/W)

              Bit 7-4 - Initial volume of envelope

              Bit 3 -   Envelope UP/DOWN

                         0: Attenuate

                         1: Amplify

              Bit 2-0 - Number of envelope sweep (n: 0-7)

                        (If zero, stop envelope operation.)

              Initial volume of envelope is from 0 to $F.

              Zero being no sound.

              Length of 1 step = n*(1/64) seconds

FF18

   Name     - NR 23

   Contents - Sound Mode 2 register, frequency lo data (W)

              Frequency's lower 8 bits of 11 bit data (x).

              Next 3 bits are in NR 14 ($FF19).

FF19

   Name     - NR 24

   Contents - Sound Mode 2 register, frequency hi data (R/W)

              Only bit 6 can be read.

              Bit 7 - Initial (when set, sound restarts)

              Bit 6 - Counter/consecutive selection

              Bit 2-0 - Frequency's higher 3 bits (x)

              Frequency = 4194304/(32*(2048-x)) Hz

                        = 131072/(2048-x) Hz

              Counter/consecutive Selection

               0 = Regardless of the length data in NR21

                   sound can be produced consecutively.

               1 = Sound is generated during the time period

                   set by the length data in NR21. After this

                   period the sound 2 ON flag (bit 1 of NR52)

                   is reset.

FF1A

   Name     - NR 30

   Contents - Sound Mode 3 register, Sound on/off (R/W)

              Only bit 7 can be read

              Bit 7 - Sound OFF

                      0: Sound 3 output stop

                      1: Sound 3 output OK

FF1B

   Name     - NR 31

   Contents - Sound Mode 3 register, sound length (R/W)

              Bit 7-0 - Sound length (t1: 0 - 255)

              Sound Length = (256-t1)*(1/2) seconds

FF1C

   Name     - NR 32

   Contents - Sound Mode 3 register, Select output level (R/W)

              Only bits 6-5 can be read

              Bit 6-5 - Select output level

                        00: Mute

                        01: Produce Wave Pattern RAM Data as it is

                            (4 bit length)

                        10: Produce Wave Pattern RAM data shifted once

                            to the RIGHT (1/2)  (4 bit length)

                        11: Produce Wave Pattern RAM data shifted twice

                            to the RIGHT (1/4)  (4 bit length)

       * - Wave Pattern RAM is located from $FF30-$FF3f.

FF1D

   Name     - NR 33

   Contents - Sound Mode 3 register, frequency's lower data (W)

              Lower 8 bits of an 11 bit frequency (x).

FF1E

   Name     - NR 34

   Contents - Sound Mode 3 register, frequency's higher data (R/W)

              Only bit 6 can be read.

              Bit 7 - Initial (when set, sound restarts)

              Bit 6 - Counter/consecutive flag

              Bit 2-0 - Frequency's higher 3 bits (x).

              Frequency = 4194304/(64*(2048-x)) Hz

                        = 65536/(2048-x) Hz

              Counter/consecutive Selection

               0 = Regardless of the length data in NR31

                   sound can be produced consecutively.

               1 = Sound is generated during the time period

                   set by the length data in NR31. After this

                   period the sound 3 ON flag (bit 2 of NR52)

                   is reset.

FF20

   Name     - NR 41

   Contents - Sound Mode 4 register, sound length (R/W)

              Bit 5-0 - Sound length data (t1: 0-63)

              Sound Length = (64-t1)*(1/256) seconds

FF21

   Name     - NR 42

   Contents - Sound Mode 4 register, envelope (R/W)

              Bit 7-4 - Initial volume of envelope

              Bit 3 -   Envelope UP/DOWN

                         0: Attenuate

                         1: Amplify

              Bit 2-0 - Number of envelope sweep (n: 0-7)

                        (If zero, stop envelope operation.)

              Initial volume of envelope is from 0 to $F.

              Zero being no sound.

              Length of 1 step = n*(1/64) seconds

FF22

   Name     - NR 43

   Contents - Sound Mode 4 register, polynomial counter (R/W)

              Bit 7-4 - Selection of the shift clock frequency of the

                        polynomial counter

              Bit 3   - Selection of the polynomial counter's step

              Bit 2-0 - Selection of the dividing ratio of frequencies

              Selection of the dividing ratio of frequencies:

              000: f * 1/2^3 * 2

              001: f * 1/2^3 * 1

              010: f * 1/2^3 * 1/2

              011: f * 1/2^3 * 1/3

              100: f * 1/2^3 * 1/4

              101: f * 1/2^3 * 1/5

              110: f * 1/2^3 * 1/6

              111: f * 1/2^3 * 1/7           f = 4.194304 Mhz

              Selection of the polynomial counter step:

              0: 15 steps

              1: 7 steps

              Selection of the shift clock frequency of the polynomial

              counter:

              0000: dividing ratio of frequencies * 1/2

              0001: dividing ratio of frequencies * 1/2^2

              0010: dividing ratio of frequencies * 1/2^3

              0011: dividing ratio of frequencies * 1/2^4

                    :                          :

                    :                          :

                    :                          :

              0101: dividing ratio of frequencies * 1/2^14

              1110: prohibited code

              1111: prohibited code

FF23

   Name     - NR 30

   Contents - Sound Mode 4 register, counter/consecutive; inital (R/W)

              Only bit 6 can be read.

              Bit 7 - Initial (when set, sound restarts)

              Bit 6 - Counter/consecutive selection

              Counter/consecutive Selection

               0 = Regardless of the length data in NR41

                   sound can be produced consecutively.

               1 = Sound is generated during the time period

                   set by the length data in NR41. After this

                   period the sound 4 ON flag (bit 3 of NR52)

                   is reset.

FF24

   Name     - NR 50

   Contents - Channel control / ON-OFF / Volume (R/W)

              Bit 7 - Vin->SO2 ON/OFF

              Bit 6-4 - SO2 output level (volume) (# 0-7)

              Bit 3 - Vin->SO1 ON/OFF

              Bit 2-0 - SO1 output level (volume) (# 0-7)

              Vin->SO1 (Vin->SO2)

              By synthesizing the sound from sound 1

              through 4, the voice input from Vin

              terminal is put out.

              0: no output

              1: output OK

FF25

    Name     - NR 51

    Contents - Selection of Sound output terminal (R/W)

               Bit 7 - Output sound 4 to SO2 terminal

               Bit 6 - Output sound 3 to SO2 terminal

               Bit 5 - Output sound 2 to SO2 terminal

               Bit 4 - Output sound 1 to SO2 terminal

               Bit 3 - Output sound 4 to SO1 terminal

               Bit 2 - Output sound 3 to SO1 terminal

               Bit 1 - Output sound 2 to SO1 terminal

               Bit 0 - Output sound 1 to SO1 terminal

FF26

    Name     - NR 52  (Value at reset: $F1-GB, $F0-SGB)

    Contents - Sound on/off (R/W)

               Only Bit 7, 3-0 can be read.

               Bit 7 - All sound on/off

                       0: stop all sound circuits

                       1: operate all sound circuits

               Bit 3 - Sound 4 ON flag

               Bit 2 - Sound 3 ON flag

               Bit 1 - Sound 2 ON flag

               Bit 0 - Sound 1 ON flag

                Bits 0 - 3 of this register are meant to

               be status bits to be read. Writing to these

               bits does NOT enable/disable sound.

                If your GB programs don't use sound then

               write $00 to this register to save 16% or

               more on GB power consumption.

FF30 - FF3F

   Name     - Wave Pattern RAM

   Contents - Waveform storage for arbitrary sound data

              This storage area holds 32 4-bit samples

              that are played back upper 4 bits first.

FF40

   Name     - LCDC  (value $91 at reset)

   Contents - LCD Control (R/W)

              Bit 7 - LCD Control Operation *

                      0: Stop completely (no picture on screen)

                      1: operation

              Bit 6 - Window Tile Map Display Select

                      0: $9800-$9BFF

                      1: $9C00-$9FFF

              Bit 5 - Window Display

                      0: off

                      1: on

              Bit 4 - BG & Window Tile Data Select

                      0: $8800-$97FF

                      1: $8000-$8FFF <- Same area as OBJ

              Bit 3 - BG Tile Map Display Select

                      0: $9800-$9BFF

                      1: $9C00-$9FFF

              Bit 2 - OBJ (Sprite) Size

                      0: 8*8

                      1: 8*16 (width*height)

              Bit 1 - OBJ (Sprite) Display

                      0: off

                      1: on

              Bit 0 - BG Display

                      0: off

                      1: on

       * - Stopping LCD operation (bit 7 from 1 to 0)

           must be performed during V-blank to work

           properly. V-blank can be confirmed when the

           value of LY is greater than or equal to 144.

FF41

   Name     - STAT

   Contents - LCDC Status   (R/W)

              Bits 6-3 - Interrupt Selection By LCDC Status

              Bit 6 - LYC=LY Coincidence (Selectable)

              Bit 5 - Mode 10

              Bit 4 - Mode 01

              Bit 3 - Mode 00

                      0: Non Selection

                      1: Selection

              Bit 2 - Coincidence Flag

                      0: LYC not equal to LCDC LY

                      1: LYC = LCDC LY

              Bit 1-0 - Mode Flag

                        00: During H-Blank

                        01: During V-Blank

                        10: During Searching OAM-RAM

                        11: During Transfering Data to LCD Driver

     STAT shows the current status of the LCD controller.

     Mode 00: When the flag is 00 it is the H-Blank period

              and the CPU can access the display RAM

              ($8000-$9FFF).

     Mode 01: When the flag is 01 it is the V-Blank period

              and the CPU can access the display RAM

              ($8000-$9FFF).

     Mode 10: When the flag is 10 then the OAM is being

              used ($FE00-$FE9F). The CPU cannot access

              the OAM during this period

     Mode 11: When the flag is 11 both the OAM and display

              RAM are being used. The CPU cannot access

              either during this period.

     The following are typical when the display is enabled:

Mode 0  000___000___000___000___000___000___000________________

Mode 1  _______________________________________11111111111111__

Mode 2  ___2_____2_____2_____2_____2_____2___________________2_

Mode 3  ____33____33____33____33____33____33__________________3

       The Mode Flag goes through the values 0, 2,

      and 3 at a cycle of about 109uS. 0 is present

      about 48.6uS, 2 about 19uS, and 3 about 41uS. This

      is interrupted every 16.6ms by the VBlank (1).

      The mode flag stays set at 1 for about 1.08 ms.

      (Mode 0 is present between 201-207 clks, 2 about

       77-83 clks, and 3 about 169-175 clks. A complete

       cycle through these states takes 456 clks.

       VBlank lasts 4560 clks. A complete screen refresh

       occurs every 70224 clks.)

FF42

   Name     - SCY

   Contents - Scroll Y   (R/W)

              8 Bit value $00-$FF to scroll BG Y screen

              position.

FF43

   Name     - SCX

   Contents - Scroll X   (R/W)

              8 Bit value $00-$FF to scroll BG X screen

              position.

FF44

   Name     - LY

   Contents - LCDC Y-Coordinate (R)

            The LY indicates the vertical line to which

            the present data is transferred to the LCD

            Driver. The LY can take on any value between

            0 through 153. The values between 144 and 153

            indicate the V-Blank period. Writing will

            reset the counter.

FF45

   Name     - LYC

   Contents - LY Compare  (R/W)

            The LYC compares itself with the LY. If the

            values are the same it causes the STAT to set

            the coincident flag.

FF46

   Name     - DMA

   Contents - DMA Transfer and Start Address (W)

   The DMA Transfer (40*28 bit) from internal ROM or RAM

   ($0000-$F19F) to the OAM (address $FE00-$FE9F) can be

   performed. It takes 160 microseconds for the transfer.

   40*28 bit = #140  or #$8C.  As you can see, it only

   transfers $8C bytes of data. OAM data is $A0 bytes

   long, from $0-$9F.

   But if you examine the OAM data you see that 4 bits are

   not in use.

   40*32 bit = #$A0, but since 4 bits for each OAM is not

   used it's 40*28 bit.

   It transfers all the OAM data to OAM RAM.

   The DMA transfer start address can be designated every

   $100 from address $0000-$F100. That means $0000, $0100,

   $0200, $0300....

    As can be seen by looking at register $FF41 Sprite RAM

   ($FE00 - $FE9F) is not always available. A simple routine

   that many games use to write data to Sprite memory is shown

   below. Since it copies data to the sprite RAM at the appro-

   priate times it removes that responsibility from the main

   program.

    All of the memory space, except high ram ($FF80-$FFFE),

   is not accessible during DMA. Because of this, the routine

   below must be copied & executed in high ram. It is usually

   called from a V-blank Interrupt.

   Example program:

      org $40

      jp VBlank

      org $ff80

VBlank:

      push af        <- Save A reg & flags

      ld a,BASE_ADRS <- transfer data from BASE_ADRS

      ld ($ff46),a   <- put A into DMA registers

      ld a,28h       <- loop length

Wait:                <- We need to wait 160 microseconds.

      dec a          <-  4 cycles - decrease A by 1

      jr nz,Wait     <- 12 cycles - branch if Not Zero to Wait

      pop af         <- Restore A reg & flags

      reti           <- Return from interrupt

FF47

   Name     - BGP

   Contents - BG Palette Data  (R/W)

              Bit 7-6 - Data for Dot Data 11

              Bit 5-4 - Data for Dot Data 10

              Bit 3-2 - Data for Dot Data 01

              Bit 1-0 - Data for Dot Data 00

              This selects the shade of gray you what for

              your BG pixel. Since each pixel uses 2 bits,

              the corresponding shade will be selected

              from here. The Background Color (00) lies at

              Bits 1-0, just put a value from 0-3 to

              change the color.

FF48

   Name     - OBP0

   Contents - Object Palette 0 Data (R/W)

              This selects the colors for sprite palette 0.

              It works exactly as BGP ($FF47).

              See BGP for details.

FF49

   Name     - OBP1

   Contents - Object Palette 1 Data (R/W)

              This Selects the colors for sprite palette 1.

              It works exactly as BGP ($FF47).

              See BGP for details.

FF4A

   Name     - WY

   Contents - Window Y Position  (R/W)

              0 <= WY <= 143

              WY must be greater than or equal to 0 and

              must be less than or equal to 143 for

              window to be visible.

FF4B

   Name     - WX

   Contents - Window X Position  (R/W)

              0 <= WX <= 166

              WX must be greater than or equal to 0 and

              must be less than or equal to 166 for

              window to be visible.

              WX is offset from absolute screen coordinates

              by 7. Setting the window to WX=7, WY=0 will

              put the upper left corner of the window at

              absolute screen coordinates 0,0.

              Lets say WY = 70 and WX = 87.

              The window would be positioned as so:

               0                  80               159

               ______________________________________

            0 |                                      |

              |                   |                  |

              |                                      |

              |         Background Display           |

              |               Here                   |

              |                                      |

              |                                      |

           70 |         -         +------------------|

              |                   | 80,70            |

              |                   |                  |

              |                   |  Window Display  |

              |                   |       Here       |

              |                   |                  |

              |                   |                  |

          143 |___________________|__________________|

          OBJ Characters (Sprites) can still enter the

          window. So can BG characters.

FFFF

   Name     - IE

   Contents - Interrupt Enable (R/W)

              Bit 4: Transition from High to Low of Pin

                     number P10-P13.

              Bit 3: Serial I/O transfer complete

              Bit 2: Timer Overflow

              Bit 1: LCDC (see STAT)

              Bit 0: V-Blank

              0: disable

              1: enable

Assembly Language

As it appears, the CPU used in GameBoy is not exactly Z80. Some of Z80 instructions and registers are missing while others are added:

· The "shadow" set of registers (BC',DE',HL',AF') and the index     registers (IX,IY) are missing and, consequently, there are no DD and FD opcode tables.

· I/O ports are gone and so are all IN/OUT opcodes.

· HALT is interrupted even when interrupts are disabled.

Following Z80 opcodes are changed:

Code       
Z80 operation  
GameBoy operation
Description

08 xx xx   
EX AF,AF'      
LD (word),SP     
Save SP at given address

10 xx      
DJNZ offset    
STOP             
Meaning unknown

22         
LD (word),HL   
LD (HLI),A       
Save A at (HL) and increment HL

2A         
LD HL,(word)   
LD A,(HLI)       
Load A from (HL) and increment HL

32         
LD (word),A    
LD (HLD),A       
Save A at (HL) and decrement HL

3A         
LD A,(word)    
LD A,(HLD)       
Load A from (HL) and decrement HL

D3         
OUTA (byte)    
No operation
N/A

D9         
EXX            
RETI             
Enable interrupts and return

DB         
INA (byte)     
No operation
N/A

DD         
Prefix DD      
No operation
N/A

E0 xx      
RET PO         
LD (byte),A      
Save A at (FF00+byte)

E2         
JP PO,word     
LD (C),A         
Save A at (FF00+C)

E3         
EX HL,(SP)     
No operation
N/A

E4         
CALL PO,word   
No operation
N/A

E8 xx      
RET PE         
ADD SP,offset    
Add signed offset to SP

EA xx xx   
JP PE,word     
LD (word),A      
Save A at given address

EB         
EX DE,HL       
No operation
N/A

EC         
CALL PE,word   
No operation
N/A

F0 xx      
RET P          
LD A,(byte)      
Load A from (FF00+byte)

F2         
JP P,word      
No operation
N/A

F4         
CALL P,word    
No operation
N/A

F8 xx      
RET M          
LDHL SP,offset   
Load HL with SP + signed offset

FA xx xx   
JP M,word      
LD A,(word)      
Load A from given address

FC         
CALL M,word    
No operation
N/A

FD         
Prefix FD      
No operation
N/A

Gameboy Assembly Language Instruction Set

ADC A,n        - Add n + Carry flag to A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Set if carry from bit 3.

            C - Set if carry from bit 7.

ADD A,n        - Add n to A.



n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Set if carry from bit 3.

            C - Set if carry from bit 7.

ADD HL,n       - Add n to HL.

n = BC,DE,HL

Flags affected:

            Z - Not affected.

            N - Reset.

            H - Set if carry from bit 11.

            C - Set if carry from bit 15.

ADD SP,n       - Add n to Stack Pointer (SP).

n = one byte signed immediate value.

Flags affected:

            Z - Reset.

            N - Reset.

            H - Set or reset according to operation.

            C - Set or reset according to operation.

AND n          - Logically AND n with A, result in A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Set.

            C - Reset.

BIT b,r        - Test bit b in register r.

b = 0 - 7, r = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if bit b of register r is 0.

            N - Reset.

            H - Set.

            C - Not affected.

CALL n         - Push address of next instruction onto

                  stack and then jump to address n.

CALL cc,n      - Call address n if following condition

                  is true:

  Cc = NZ, Call if Z flag is reset.

        cc = Z,  Call if Z flag is set.

        cc = NC, Call if C flag is reset.

        cc = C,  Call if C flag is set.

 CCF            - Complement carry flag.

If C flag is set, then reset it.

If C flag is reset, then set it.

Flags affected:

            Z - Not affected.

            N - Reset.

            H - Reset.

            C - Complemented.

CP n           - Compare A with n.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero. (Set if A = n.)

            N - Set.

            H - Set if no borrow from bit 4.

            C - Set for no borrow. (Set if A < n.)

CPL            - Complement A register. (Flip all bits.)

Flags affected:

            Z - Not affected.

            N - Set.

            H - Set.

            C - Not affected

DAA            - Decimal adjust register A

This instruction adjusts register A so that the

        correct representation of Binary Coded Decimal

        (BCD) is obtained

Flags affected:

            Z - Set if register A is zero.

            N - Not affected.

            H - Reset.

            C - Set or reset according to operation

DEC n          - Decrement register n

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if reselt is zero.

            N - Set.

            H - Set if no borrow from bit 4.

            C - Not affected.

DEC nn         - Decrement register nn.

nn = BC,DE,HL,SP

Flags affected:

            None

DI             - Disable interrupts.

Flags affected:

            None.

EI             - Enable interrupts.

This intruction enables interrupts but not immediately.

        Interrupts are enabled after instruction after EI is

        executed.

Flags affected:

            None.

INC n          - Increment register n.

n = A,B,C,D,E,H,L,(HL)



Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Set if carry from bit 3.

            C - Not affected.

INC nn         - Increment register nn.

nn = BC,DE,HL,SP

Flags affected:

            None.

JP n           - Jump to address n.

n = two byte immediate value. (LS byte first.)

cc,n        - Jump to address n if following condition

n = two byte immediate value. (LS byte first.)

cc = NZ, Jump if Z flag is reset.

        cc = Z,  Jump if Z flag is set.

        cc = NC, Jump if C flag is reset.

        cc = C,  Jump if C flag is set.

JP (HL)        - Jump to address contained in HL.

JR n           - Add n to current address and jump to it.

n = one byte signed immediate value

JR cc,n        - If following condition is true then

                  add n to current address and jump to it:

n = one byte signed immediate value

cc = NZ, Jump if Z flag is reset.

        cc = Z,  Jump if Z flag is set.

        cc = NC, Jump if C flag is reset.

        cc = C,  Jump if C flag is set.

HALT           - Power down CPU until an interrupt occurs.

LD A,n         - Put value n into A.

n = A,B,C,D,E,H,L,(BC),(DE),(HL),(nnnn),#

LD n,A         - Put value A into n.

n = A,B,C,D,E,H,L,(BC),(DE),(HL),(nnnn)

LD A,(C)       - Put value at address $FF00 + register C into A.

LD A,(HL+)     - Same as LD A,(HLI).

LD A,(HL-)     - Same as LD A,(HLD).

LD A,(HLI)     - Put value at address HL into A. Increment HL.

LD A,(HLD)     - Put value at address HL into A. Decrement HL.

LD (C),A       - Put A into address $FF00 + register C.

LD (HL+),A     - Same as LD (HLI),A.

LD (HL-),A     - Same as LD (HLD),A.

LD (HLI),A     - Put A into memory address HL. Increment HL.

LD (HLD),A     - Put A into memory address HL. Decrement HL.

LD r1,r2       - Put value r2 into r1.

r1,r2 = A,B,C,D,E,H,L,(HL)

LD n,nn        - Put value nn into n.

n = BC,DE,HL,SP


nn = 16 bit immediate value

LD HL,(SP+n)   - Same as LDHL SP,n.

LD SP,HL       - Put HL into Stack Pointer (SP).

LD (n),SP      - Put Stack Pointer (SP) at address n.

n = two byte immediate address.

LDD A,(HL)     - Same as LD A,(HLD).

LDD (HL),A     - Same as LD (HLD),A.

LDH (n),A      - Put A into memory address $FF00+n.

n = one byte immediate value.

LDH A,(n)      - Put memory address $FF00+n into A.

n = one byte immediate value.

LDHL SP,n      - Put SP + n into HL.

n = one byte signed immediate value.

Flags affected:

            Z - Reset.

            N - Reset.

            H - Set or reset according to operation.

            C - Set or reset according to operation.

LDI A,(HL)     - Same as LD A,(HLI).

LDI (HL),A     - Same as LD (HLI),A.

NOP            - No operation.

OR n           - Logical OR n with register A, result in A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

     Z - Set if result is zero.

     N - Reset.

     H - Reset.

     C - Reset.

POP nn         - Pop two bytes off stack into register pair nn. 

Increment Stack Pointer (SP) twice.

nn = AF,BC,DE,HL

PUSH nn        - Push register pair nn onto stack.

Decrement Stack Pointer (SP) twice.

nn = AF,BC,DE,HL

RES b,r        - Reset bit b in register r.

b = 0 - 7, r = A,B,C,D,E,H,L,(HL)

Flags affected:

None.

RET            - Pop two bytes from stack & jump to that address.

RET cc         - Return if following condition is true:

cc = NZ, Return if Z flag is reset.

cc = Z,  Return if Z flag is set.

cc = NC, Return if C flag is reset.

cc = C,  Return if C flag is set.

RETI           - Pop two bytes from stack & jump to that address

                  then enable interrupts.

RL n           - Rotate n left through Carry flag.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 7 data.

RLC n          - Rotate n left. Old bit 7 to Carry flag.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 7 data.

RR n           - Rotate n right through Carry flag.

N = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 0 data.

RRC n          - Rotate n right. Old bit 0 to Carry flag.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 0 data.

RST n          - Push present address onto stack.

                  Jump to address $0000 + n.

n = $00,$08,$10,$18,$20,$28,$30,$38

SBC A,n        - Subtract n + Carry flag from A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Set.

            H - Set if no borrow from bit 4.

            C - Set if no borrow.

SCF            - Set Carry flag.

Flags affected:

            Z - Not affected.

            N - Reset.

            H - Reset.

            C - Set.

SET b,r        - Set bit b in register r.

b = 0 - 7, r = A,B,C,D,E,H,L,(HL)

Flags affected:

            None.

SLA n          - Shift n left into Carry. LSB of n set to 0.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 7 data.

SRA n          - Shift n right into Carry. MSB doesn't change.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 0 data.

SRL n          - Shift n right into Carry. MSB set to 0.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Contains old bit 0 data.

STOP           - ???

SUB n          - Subtract n from A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Set.

            H - Set if no borrow from bit 4.

            C - Set if no borrow.

SWAP n         - Swap upper & lower bits of n.

n = A,B,C,D,E,H,L,(HL)

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Reset.

XOR n          - Logical exclusive OR n with

                  register A, result in A.

n = A,B,C,D,E,H,L,(HL),#

Flags affected:

            Z - Set if result is zero.

            N - Reset.

            H - Reset.

            C - Reset.

Gameboy Development Kit Libraries

Appendix A - GameBoy Sound Table

PRIVATE
Note
MIDI
GB
Hertz
Note
MIDI
GB
Hertz

C 0
0
-
8.176
E 5
64
1650
329.63

C# 0
1
-
8.662
F 5
65
1673
349.23

D 0
2
-
9.177
F# 5
66
1694
369.99

D# 0
3
-
9.723
G 5
67
1714
391.99

E 0
4
-
10.301
G# 5
68
1732
415.31

F 0
5
-
10.913
A 5
69
1750
440.00

F# 0
6
-
11.562
A# 5
70
1767
466.16

G 0
7
-
12.250 
B 5
71
1783
493.88

G# 0
8
-
12.978 
C 6
72
1798
523.25

A 0
9
-
13.750
C# 6
73
1812
554.37

A# 0
10
-
14.568
D 6
74
1825
587.33

B 0
11
-
15.434
D# 6
75
1837
622.25

C 1
12
-
16.352
E 6
76
1849
659.26

C# 1
13
-
17.324
F 6
77
1860
698.46

D 1
14
-
18.354
F# 6
78
1871
739.99

D# 1
15
-
19.445
G 6
79
1881
783.99

E 1
16
-
20.601
G# 6
80
1890
830.61

F 1
17
-
21.826
A 6
81
1899
880.00

F# 1
18
-
23.124
A# 6
82
1907
932.32

G 1
19
-
24.499
B 6
83
1915
987.77

G# 1
20
-
25.956
C 7
84
1923
1046.5

A 1
21
-
27.50
C# 7
85
1930
1108.7

A# 1
22
-
29.135
D 7
86
1936
1174.7

B 1
23
-
30.867
D# 7
87
1943
1244.5

C 2
24
-
32.703
E 7
88
1949
1318.5

C# 2
25
-
34.648
F 7
89
1954
1396.9

D 2
26
-
36.708
F# 7
90
1959
1480.0

D# 2
27
-
38.890
G 7
91
1964
1568.0

E 2
28
-
41.203
G# 7
92
1969
1661.2

F 2
29
-
43.653
A 7
93
1974
1760.0

F# 2
30
-
46.249
A# 7
94
1978
1864.7

G 2
31
-
48.999
B 7
95
1982
1975.5

G# 2
32
-
51.913
C 8
96
1985
2093.0

A 2
33
-
55.000
C# 8
97
1988
2217.5

A# 2
34
-
58.270
D 8
98
1992
2349.3

B 2
35
-
61.735
D# 8
99
1995
2489.0

C 3
36
44
65.406
E 8
100
1998
2637.0

C# 3
37
156
69.295
F 8
101
2001
2793.8

D 3
38
262
73.416
F# 8
102
2004
2960.0

D# 3
39
363
77.781
G 8
103
2006
3136.0

E 3
40
457
82.406 
G# 8
104
2009
3322.4

F 3
41
547
87.307
A 8
105
2011
3520.0

F# 3
42
631
92.499
A# 8
106
2013
3729.3

G 3
43
710
97.998
B 8
107
2015
3951.1

G# 3
44
786
103.82
C 9
108
-
4186.0

A 3
45
854
110.00
C# 9
109
-
4434.9

A# 3
46
923
116.54
D 9
110
-
4698.6

B 3
47
986
123.47
D# 9
111
-
4978.0

C 4
48
1046
130.81
E 9
112
-
5274.0

C# 4
49
1102
138.59
F 9
113
-
5587.7

D 4
50
1155
146.83
F# 9
114
-
5919.9

D# 4
51
1205
155.56
G 9
115
-
6271.9

E 4
52
1253
164.81
G# 9
116
-
6644.9

F 4
53
1297
174.61
A 9
117
-
7040.0

F# 4
54
1339
184.99
A# 9
118
-
7458.6

G 4
55
1379
195.99
B 9
119
-
7902.1

G# 4
56
1417
207.65
C 10
120
-
8372.0

A 4
57
1352
220.00
C# 10
121
-
8869.8

A# 4
58
1486
233.08
D 10
122
-
9397.3

B 4
59
1517
246.94
D# 10
123
-
9956.1

C 5
60
1546
261.63
E 10
124
-
10548.1

C# 5
61
1575
277.18
F 10
125
-
11175.3

D 5
62
1602
293.66
F# 10
126
-
11839.8

D# 5
63
1627
311.13
G 10
127
-
12543.9 

Middle C = 261.63Hz = C5

NOTE:

  The GB values above are the closest match to the shown

 perfect Hertz frequencies. The higher the frequencies

 the GB values attempt to recreate the more the percentage

 of error increases.

Appendix B - Patents

US Patents related to GameBoy

· #5,184,830

Compact Hand-held Video Game System

This details a lot of information about memory maps, video hardware.

· #5,095,798

   Electronic Gaming Device with Pseudo-Stereophonic Sound Generating

   Capabilities. This gives a lot of information about the sound

   system in the GameBoy.

Appendix C – Cartridge Diagrams
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