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Character ROM

Zilog Z80A @ 3.072 MHz

ROM A: 4 kB
ROM B: 4 kB

RAM: 6 kB

13 74LS-series
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6-bit register
(latch)
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DIY Galaksija, private collection, Damjan Lenarčič.

5V DC power

Analog audio tape
input and output
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00 01 02 03 04 05 06 07 08 09 0a 0b 0c 0d 0e 0f

00 nop inc bc inc b dec b ld b,n rlca dec bc inc c dec c ld c,n rrca

10 djnz e inc de inc d dec d ld d,n rla jr e dec de inc e dec e ld e,n rra

20 jr nz,e inc hl inc h dec h ld h,n daa jr z,e dec hl inc l dec l ld l,n cpl

30 jr nc,e inc sp scf jr c,e dec sp inc a dec a ld a,n ccf

40 ld b,b ld b,c ld b,d ld b,e ld b,h ld b,l ld b,a ld c,b ld c,c ld c,d ld c,e ld c,h ld c,l ld c,a

50 ld d,b ld d,c ld d,d ld d,e ld d,h ld d,l ld d,a ld e,b ld e,c ld e,d ld e,e ld e,h ld e,l ld e,a

60 ld h,b ld h,c ld h,d ld h,e ld h,h ld h,l ld h,a ld l,b ld l,c ld l,d ld l,e ld l,h ld l,l ld l,a

70 halt ld a,b ld a,c ld a,d ld a,e ld a,h ld a,l ld a,a

80 add a,b add a,c add a,d add a,e add a,h add a,l add a,a adc a,b adc a,c adc a,d adc a,e adc a,h adc a,l adc a,a

90 sub b sub c sub d sub e sub h sub l sub a sbc a,b sbc a,c sbc a,d sbc a,e sbc a,h sbc a,l sbc a,a

a0 and b and c and d and e and h and l and a xor b xor c xor d xor e xor h xor l xor a

b0 or b or c or d or e or h or l or (hl) or a cp b cp c cp d cp e cp h cp l cp (hl) cp a

c0 ret nz pop bc jp nn push bc add a,n rst 0 ret z ret call nn adc a,n rst 08h

d0 ret nc pop de push de sub n rst 10h ret c exx sbc a,n rst 18h

e0 ret po pop hl push hl and n rst 20h ret pe jp (hl) xor n rst 28h

f0 ret p pop af jp p,nn di push af or n rst 30h ret m jp m,nn ei cp n rst 38h

ld
bc,nn

ld
(bc),a

ex 
af,af'

add 
hl,bc

ld
a,(bc)

ld
de,nn

ld
(de),a

add 
hl,de

ld
a,(de)

ld
hl,nn

ld
(nn),hl

add 
hl,hl

ld
hl,(nn)

ld
sp,nn

ld
(nn),a

inc
(hl)

dec
(hl)

ld
(hl),n

add 
hl,sp

ld
a,(nn)

ld
b,(hl)

ld
c,(hl)

ld
d,(hl)

ld
e,(hl)

ld
h,(hl)

ld 
l,(hl)

ld
(hl),b

ld
(hl),c

ld
(hl),d

ld
(hl),e

ld
(hl),h

ld
(hl),l

ld
(hl),a

ld
a,(hl)

add
a,(hl)

adc
a,(hl)

sub
(hl)

sbc
a,(hl)

and
(hl)

xor
(hl)

jp 
nz,nn

call 
nz,nn

jp
z,nn

call 
z,nn

jp 
nc,nn

out
(n),a

call 
nc,nn

jp
c,nn

in
a,(n)

call 
c,nn

jp 
po,nn

ex
(sp),hl

call 
po,nn

jp
pe,nn

ex 
de,hl

call 
pe,nn

call 
p,nn

ld 
sp,hl

call 
m,nn
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00 nop inc bc inc b dec b ld b,n rlca dec bc inc c dec c ld c,n rrca

10 djnz e inc de inc d dec d ld d,n rla jr e dec de inc e dec e ld e,n rra
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Interrupt mode 0 execute arbitrary instruction 
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Character ROM Address Data

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 D0

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1
0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 0 1
0 1 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1

Scan line Character

Latch CPU bus Shift register 

R3 R2 R1 R0 D7 D5 D4 D3 D2 D1 D0
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0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1
0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 0 1
0 1 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
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Character ROM Address Data

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 D0

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1
0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 0 1
0 1 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1

Scan line Character

Latch CPU bus Shift register 

R3 R2 R1 R0 D7 D5 D4 D3 D2 D1 D0
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framebuffer
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Video pipeline
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ROM
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T A15...A0 D7...D0 R3...R0 shift register

1
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3
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3
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3

I R = 0x2800
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1
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0x14 inc d

3

I R = 0x2800
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T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 3 1 0 0 0 0 0 1 1

4 1 0 0 0 0 0 1
1 0 0 0 0 0

5

PC = 0x008d

1 0 0 0 0
1 0 0 0

6 1 0 0
0x14 inc d 1 0

7

I R = 0x2801

1
0x41 „A“ 3 1 1 0 0 1 1 1 1

8 1 1 0 0 1 1 1
1 1 0 0 1 1
1 1 0 0 1
1 1 0 0
1 1 0
1 1
1



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 3 1 0 0 0 0 0 1 1

4 1 0 0 0 0 0 1
1 0 0 0 0 0

5

PC = 0x008d

1 0 0 0 0
1 0 0 0

6 1 0 0
0x14 inc d 1 0

7

I R = 0x2801

1
0x41 „A“ 3 1 1 0 0 1 1 1 1

8 1 1 0 0 1 1 1
1 1 0 0 1 1

9

PC = 0x008e

1 1 0 0 1
1 1 0 0

10 1 1 0
0x14 inc d 1 1

11

I R = 0x2802

1
0x5a „Z“ 3 0 0 0 0 0 0 1 1

12 0 0 0 0 0 0 1
0 0 0 0 0 0

13

PC = 0x008f

0 0 0 0 0
0 0 0 0

14 0 0 0
0x14 inc d 0 0

15

I R = 0x2801

0



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 4 0 1 1 1 0 1 1 1

4 0 1 1 1 0 1 1
0 1 1 1 0 1

5

PC = 0x008d

0 1 1 1 0
0 1 1 1

6 0 1 1
0x14 inc d 0 1

7

I R = 0x2801

0
0x41 „A“ 4 1 0 1 1 0 1 1 1

8 1 0 1 1 0 1 1
1 0 1 1 0 1

9

PC = 0x008e

1 0 1 1 0
1 0 1 1

10 1 0 1
0x14 inc d 1 0

11

I R = 0x2802

1
0x5a „Z“ 4 0 1 1 1 1 1 1 1

12 0 1 1 1 1 1 1
0 1 1 1 1 1

13

PC = 0x008f

0 1 1 1 1
0 1 1 1

14 0 1 1
0x14 inc d 0 1

15

I R = 0x2801

0



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 5 0 1 1 1 0 1 1 1

4 0 1 1 1 0 1 1
0 1 1 1 0 1

5

PC = 0x008d

0 1 1 1 0
0 1 1 1

6 0 1 1
0x14 inc d 0 1

7

I R = 0x2801

0
0x41 „A“ 5 0 1 1 1 1 0 1 1

8 0 1 1 1 1 0 1
0 1 1 1 1 0

9

PC = 0x008e

0 1 1 1 1
0 1 1 1

10 0 1 1
0x14 inc d 0 1

11

I R = 0x2802

0
0x5a „Z“ 5 1 0 1 1 1 1 1 1

12 1 0 1 1 1 1 1
1 0 1 1 1 1

13

PC = 0x008f

1 0 1 1 1
1 0 1 1

14 1 0 1
0x14 inc d 1 0

15

I R = 0x2801

1



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 6 0 1 1 1 0 1 1 1

4 0 1 1 1 0 1 1
0 1 1 1 0 1

5

PC = 0x008d

0 1 1 1 0
0 1 1 1

6 0 1 1
0x14 inc d 0 1

7

I R = 0x2801

0
0x41 „A“ 6 0 1 1 1 1 0 1 1

8 0 1 1 1 1 0 1
0 1 1 1 1 0

9

PC = 0x008e

0 1 1 1 1
0 1 1 1

10 0 1 1
0x14 inc d 0 1

11

I R = 0x2802

0
0x5a „Z“ 6 1 1 0 1 1 1 1 1

12 1 1 0 1 1 1 1
1 1 0 1 1 1

13

PC = 0x008f

1 1 0 1 1
1 1 0 1

14 1 1 0
0x14 inc d 1 1

15

I R = 0x2801

1



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 7 1 0 0 0 0 1 1 1

4 1 0 0 0 0 1 1
1 0 0 0 0 1

5

PC = 0x008d

1 0 0 0 0
1 0 0 0

6 1 0 0
0x14 inc d 1 0

7

I R = 0x2801

1
0x41 „A“ 7 0 1 1 1 1 0 1 1

8 0 1 1 1 1 0 1
0 1 1 1 1 0

9

PC = 0x008e

0 1 1 1 1
0 1 1 1

10 0 1 1
0x14 inc d 0 1

11

I R = 0x2802

0
0x5a „Z“ 7 1 1 1 0 1 1 1 1

12 1 1 1 0 1 1 1
1 1 1 0 1 1

13

PC = 0x008f

1 1 1 0 1
1 1 1 0

14 1 1 1
0x14 inc d 1 1

15

I R = 0x2801

1



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 8 0 1 1 1 0 1 1 1

4 0 1 1 1 0 1 1
0 1 1 1 0 1

5

PC = 0x008d

0 1 1 1 0
0 1 1 1

6 0 1 1
0x14 inc d 0 1

7

I R = 0x2801

0
0x41 „A“ 8 0 0 0 0 0 0 1 1

8 0 0 0 0 0 0 1
0 0 0 0 0 0

9

PC = 0x008e

0 0 0 0 0
0 0 0 0

10 0 0 0
0x14 inc d 0 0

11

I R = 0x2802

0
0x5a „Z“ 8 1 1 1 1 0 1 1 1

12 1 1 1 1 0 1 1
1 1 1 1 0 1

13

PC = 0x008f

1 1 1 1 0
1 1 1 1

14 1 1 1
0x14 inc d 1 1

15

I R = 0x2801

1



  

T A15...A0 D7...D0 R3...R0 shift register

1

PC = 0x008c2
0x14 inc d

3

I R = 0x2800
0x42 „B“ 9 0 1 1 1 0 1 1 1

4 0 1 1 1 0 1 1
0 1 1 1 0 1

5

PC = 0x008d

0 1 1 1 0
0 1 1 1

6 0 1 1
0x14 inc d 0 1

7

I R = 0x2801

0
0x41 „A“ 9 0 1 1 1 1 0 1 1

8 0 1 1 1 1 0 1
0 1 1 1 1 0

9

PC = 0x008e

0 1 1 1 1
0 1 1 1

10 0 1 1
0x14 inc d 0 1

11

I R = 0x2802

0
0x5a „Z“ 9 1 1 1 1 1 0 1 1

12 1 1 1 1 1 0 1
1 1 1 1 1 0

13

PC = 0x008f

1 1 1 1 1
1 1 1 1

14 1 1 1
0x14 inc d 1 1

15

I R = 0x2801

1



  

 Dec Hex    Dec Hex    Dec Hex  Dec Hex  Dec Hex  Dec Hex   Dec Hex   Dec Hex
  0 00 NUL  16 10 DLE  32 20    48 30 0  64 40 @  80 50 P   96 60 `  112 70 p
  1 01 SOH  17 11 DC1  33 21 !  49 31 1  65 41 A  81 51 Q   97 61 a  113 71 q
  2 02 STX  18 12 DC2  34 22 "  50 32 2  66 42 B  82 52 R   98 62 b  114 72 r
  3 03 ETX  19 13 DC3  35 23 #  51 33 3  67 43 C  83 53 S   99 63 c  115 73 s
  4 04 EOT  20 14 DC4  36 24 $  52 34 4  68 44 D  84 54 T  100 64 d  116 74 t
  5 05 ENQ  21 15 NAK  37 25 %  53 35 5  69 45 E  85 55 U  101 65 e  117 75 u
  6 06 ACK  22 16 SYN  38 26 &  54 36 6  70 46 F  86 56 V  102 66 f  118 76 v
  7 07 BEL  23 17 ETB  39 27 '  55 37 7  71 47 G  87 57 W  103 67 g  119 77 w
  8 08 BS   24 18 CAN  40 28 (  56 38 8  72 48 H  88 58 X  104 68 h  120 78 x
  9 09 HT   25 19 EM   41 29 )  57 39 9  73 49 I  89 59 Y  105 69 i  121 79 y
 10 0A LF   26 1A SUB  42 2A *  58 3A :  74 4A J  90 5A Z  106 6A j  122 7A z
 11 0B VT   27 1B ESC  43 2B +  59 3B ;  75 4B K  91 5B [  107 6B k  123 7B {
 12 0C FF   28 1C FS   44 2C ,  60 3C <  76 4C L  92 5C \  108 6C l  124 7C |
 13 0D CR   29 1D GS   45 2D -  61 3D =  77 4D M  93 5D ]  109 6D m  125 7D }
 14 0E SO   30 1E RS   46 2E .  62 3E >  78 4E N  94 5E ^  110 6E n  126 7E ~
 15 0F SI   31 1F US   47 2F /  63 3F ?  79 4F O  95 5F _  111 6F o  127 7F DEL



  

pseudo-graphics

32 x 16 characters

2 x 3 dots/character

64 x 48 dots
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0 1 2 3 4 5 6 7

0000

ta
p

e
 c

o
m

p
a

ra
to

r

A B C D E F G

0008 H I J K L M N O

0010 P Q R S T U V W

0018 X Y Z space

0020 0 1 2 3 4 5 6 7

0028 8 9 ; : , = . /

0030 return break repeat delete lis t shift
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0000

ta
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A B C D E F G

0008 H I J K L M N O

0010 P Q R S T U V W

0018 X Y Z space

0020 0 1 2 3 4 5 6 7

0028 8 9 ; : , = . /

0030 return break repeat delete lis t shift

1

01234567

key released



  

0 1 2 3 4 5 6 7

0000

ta
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o
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r

A B C D E F G

0008 H I J K L M N O

0010 P Q R S T U V W

0018 X Y Z space

0020 0 1 2 3 4 5 6 7

0028 8 9 ; : , = . /

0030 return break repeat delete lis t shift

1

01234567

0 key pressed

key released



  

0 1 2 3 4 5 6 7

0000

ta
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e
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o
m

p
a
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r

A B C D E F G

0008 H I J K L M N O

0010 P Q R S T U V W

0018 X Y Z space

0020 0 1 2 3 4 5 6 7

0028 8 9 ; : , = . /

0030 return break repeat delete lis t shift

1

01234567

0 impulse detected

silence
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01234567

Latch (write only)



  

01234567

character generator scan line select

Latch (write only)

R0R1R2R3



  

01234567

Latch (write only)

R0R1R2R3

cassette port outputP1P0

character generator scan line select



  

01234567

Latch (write only)

R0R1R2R3

-1.000

 0.010

01

11

 0.0

+1.0

cassette port outputP1P0

character generator scan line select



  

01234567

Latch (write only)

R0R1R2R3

cassette port outputP1P0

A7 RAM address line A7 clamp

character generator scan line select



  

01234567

Latch (write only)

R0R1R2R3

cassette port outputP1P0

1 normal operation

0 RAM address A7 always set to 1

A7 RAM address line A7 clamp

character generator scan line select



  

01234567

Latch (write only)

R0R1R2R3

cassette port outputP1P0

1

0

A7

character generator scan line select

A B C D E F

2800 2880 2900 2980 2A00 2A80

B B D D F F
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Source: Daniel Schwen, CC BY-SA 3.0



  
Galaksija ROM disassembly (GALA005052)



  

0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

ROM A (4kB)



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

ROM A (4kB)



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver ROM A (4kB)



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

ROM A (4kB)



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

BASIC interpreter look-up tables

ROM A (4kB)



  

inc d ;008d 4
inc d ;008e 4
inc d ;008f 4
xor a ;0090 4
scf ;0091 4
rra ;0092 4
rra ;0093 4
xor d ;0094 4
ld d,a ;0095 4
ld h,c ;0096 4
ld a,b ;0097 4

;; BREAK_STRING
l0098h:

; This part of the line drawing code also serves as a string "BREAK" for the
; basic interepreter.

ld b,d ;0098 4 B 
ld d,d ;0099 4 R 
ld b,l ;009a 4 E 
ld b,c ;009b 4 A 
ld c,e ;009c 4 K 
nop ;009d 4 \0  

ld b,a ;009e 4
ld c,h ;009f 4

; This part of the line drawing code also serves as a constant 1.0 in four-byte
; floating point format.

;; FP_ONE
l00a0h:

nop ;00a0 4 00h Mantissa: 800000h
nop ;00a1 4 00h
add a,b ;00a2 4 80h Sign bit: 00h



  

Command line only

LIST
RUN
NEW
SAVE
OLD
EDIT



  

Command line only

LIST
RUN
NEW
SAVE
OLD
EDIT

Functions

RND
MEM
KEY
BYTE
WORD
PTR
VAL
EQ
INT
&
USR
DOT



  

Command line only

LIST
RUN
NEW
SAVE
OLD
EDIT

Procedures

NEXT
INPUT
IF
GOTO
CALL
UNDOT
RET
TAKE
!
#
FOR
PRINT
DOT
ELSE
BYTE
WORD
ARR$
STOP
HOME

Functions

RND
MEM
KEY
BYTE
WORD
PTR
VAL
EQ
INT
&
USR
DOT



  

Command line only

LIST
RUN
NEW
SAVE
OLD
EDIT

Procedures

NEXT
INPUT
IF
GOTO
CALL
UNDOT
RET
TAKE
!
#
FOR
PRINT
DOT
ELSE
BYTE
WORD
ARR$
STOP
HOME

Functions

RND
MEM
KEY
BYTE
WORD
PTR
VAL
EQ
INT
&
USR
DOT Error messages

WHAT? (parsing error)
HOW?  (invalid argument)
SORRY (out of memory)



  

Command line only

LIST
RUN
NEW
SAVE
OLD
EDIT

Procedures

NEXT
INPUT
IF
GOTO
CALL
UNDOT
RET
TAKE
!
#
FOR
PRINT
DOT
ELSE
BYTE
WORD
ARR$
STOP
HOME

Functions

RND
MEM
KEY
BYTE
WORD
PTR
VAL
EQ
INT
&
USR
DOT Error messages

WHAT? (parsing error)
HOW?  (invalid argument)
SORRY (out of memory)

Extendable
g_basic_link @ 0x2ba9



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

ROM A (4kB)

BASIC interpreter look-up tables

ASCII control characters
Carriage return
Form feed
Backspace

Printer hook
g_video_link @ 0x2bac

Smooth scroll



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

Stack-based floating point calculator

ROM A (4kB)

BASIC interpreter look-up tables



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

Stack-based floating point calculator

ROM A (4kB)

BASIC interpreter look-up tables

40-bit floating point format
MMMMMMMM MMMMMMMM 1MMMMMMM EEEEEEEE S0000000

32-bit floating point format
MMMMMMMM MMMMMMMM EMMMMMMM SEEEEEEE

23-bit mantissa, 8-bit exponent



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

Stack-based floating point calculator

Keyboard driver and look-up tables

ROM A (4kB)

BASIC interpreter look-up tables



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

Stack-based floating point calculator

Keyboard driver and look-up tables

Audio cassette load/save functions

ROM A (4kB)

BASIC interpreter look-up tables



  

Reset vectors0x0000

0x1000

0x0104

0x09b5

0x0a45

0x0ce6

0x0d9a

0x0ce6

0x0e30

0x0f0f

Video driver

BASIC interpreter

Simple terminal emulation

Stack-based floating point calculator

Keyboard driver and look-up tables

Audio cassette load/save functions

ROM A (4kB)

BASIC interpreter look-up tables 1 spare byte
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4 kB
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4 kB
ROM B

6 kB
RAM unused

F
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F
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0

2
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2
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0

Keyboard Latch
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repeats 32x

IO



  

0x2800

0x2c3a

0x2a00

0x2c36

0x2a91

0x2ba8

0x2aac

RAM (System area)



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

0x2a91

0x2ba8

0x2aac

32 x 16 characters
512 bytes

RAM (System area)



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

BASIC variables

0x2a91

0x2ba8

0x2aac

A B C D E F G H I J K ... Z
26 numerical variables
4 bytes each

$X $Y
2 string variables
16 bytes each

32 x 16 characters
512 bytes

RAM (System area)



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

BASIC variables

Arithmetic
stack

0x2a91

0x2ba8

0x2aac

A B C D E F G H I J K ... Z
26 numerical variables
4 bytes each

$X $Y
2 string variables
16 bytes each

63 positions
4 bytes each

32 x 16 characters
512 bytes

RAM (System area)



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

BASIC variables

Arithmetic
stack

0x2a91

0x2ba8

0x2aac

A B C D E F G H I J K ... Z
26 numerical variables
4 bytes each

$X $Y
2 string variables
16 bytes each

63 positions
4 bytes each

32 x 16 characters
512 bytes

RAM (System area)

CPU stack



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

BASIC variables

Multi-purpose buffer

0x2a91

0x2ba8

0x2aac

A B C D E F G H I J K ... Z
26 numerical variables
4 bytes each

$X $Y
2 string variables
16 bytes each

63 positions
4 bytes each

32 x 16 characters
512 bytes

RAM (System area)

Arithmetic
stack

CPU stack



  

0x2800

0x2c3a

0x2a00

0x2c36

Video frame buffer

BASIC variables

Multi-purpose buffer

0x2a91

0x2ba8

0x2aac

A B C D E F G H I J K ... Z
26 numerical variables
4 bytes each

$X $Y
2 string variables
16 bytes each

63 positions
4 bytes each

User space

32 x 16 characters
512 bytes

5062 bytes

RAM (System area)

Arithmetic
stack

CPU stack



  

0x2c3a

0x3fff

RAM (User space)



  

0x2c3a

0x3fff

Machine code program

RAM (User space)



  

0x2c3a

0x3fff

Machine code program

RAM (User space)

BASIC program

g_basic_start

g_basic_end



  

0x2c3a

0x3fff

Machine code program

BASIC A(I) numerical array

RAM (User space)

BASIC program

g_basic_start

g_basic_end



  

0x2c3a

0x3fff

Machine code program

BASIC X$(I) string array

BASIC A(I) numerical array

RAM (User space)

BASIC program

g_basic_start

g_basic_end



  

Other useful POKEs

● Horizontal, vertical screen position
g_horiz_pos @ 0x2ba8 
g_scroll_cnt @ 0x2bb0

● Start of BASIC program
g_basic_start @ 0x2c36

● End of BASIC program
g_basic_end @ 0x2c38

● IX register – arithmetic stack pointer
● IY register – video interrupt hook



  



  

–1.0

0

+1.0

0.0

1 1 10 0 0 0



  

–1.0

0

+1.0

0.0

1 1 10 0 0 0



  

–1.0

0

+1.0

0.0

1 1 10 0 0 0



  

–1.0

0

+1.0

0.0

1 1 10 0 0 0

330 bit/s



  

a5

36

2c

8d

33

33



  

36

2c

8d

33

33

Sync byte0 a5



  

a5

8d

33

33

Sync byte

Start address == 0x2c36

0

1 36

2c



  

a5

36

2c

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338dEnd address + 1

0

1

3 8d

33



  

a5

36

2c

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338dEnd address + 1

0

1

3 8d

33



  

a5

36

2c

8d

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

33



  

a5

36

2c

8d

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

33

0x2800



  

a5

36

2c

8d

33

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

21

31

8d

33

g_user_mem (0x2c3a)

5

7

0
0x2800



  

a5

36

2c

8d

33

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

21

31
g_basic_start (0x2c36) == 0x3121

8d

33
g_basic_end (0x2c38) == 0x338d

g_user_mem (0x2c3a)

5

7

0
0x2800



  

a5

36

2c

8d

33

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

21

31
g_basic_start (0x2c36) == 0x3121

8d

33
g_basic_end (0x2c38) == 0x338d

g_user_mem (0x2c3a)

5

7

0
0x2800



  



  

a5

36

2c

8d

33

33

Sync byte

Start address == 0x2c36

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

21

31
g_basic_start (0x2c36) == 0x3121

8d

33
g_basic_end (0x2c38) == 0x338d

g_user_mem (0x2c3a)

5

7

0
0x2800



  

a5

8d

33

33

Sync byte

Start address == 0x2bac

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

21

31

g_user_mem (0x2c3a)

5

0
0x2800

ac

2b



  

a5

8d

33

33

Sync byte

Start address == 0x2bac

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

g_video_link (0x2bac) == 0x2c3a

g_user_mem (0x2c3a)

5

0
0x2800

ac

2b

2c

3a



  

a5

8d

33

33

Sync byte

Start address == 0x2bac

End address + 1 == 0x338d

Checksum (sum of all bytes must be 0xff)

End address + 1

0

1

3

g_video_link (0x2bac) == 0x2c3a

g_user_mem (0x2c3a)

5

0
0x2800

ac

2b

2c

3a



  

Upgrades

● Z80 assembler & development tools

● floating point functions

● BASIC extensions



  

Upgrades



  

GalaxyWin - Emulator for Windows

http://emulator.galaksija.org/



  

Galaxy - Emulator for DOS

http://solair.eunet.rs/~jovkovic/galaxy/



  

Emulator for Sinclair ZX Spectrum 128k

http://www.worldofspectrum.org/infoseekid.cgi?id=0017550



  

Emulator for SAM Coupé

http://simonowen.com/sam/galemu/



  

µGalaksija – FPGA implementation

http://galaksija.petnica.rs



  

Galaksija – PLD implementation

http://www.galaksija.org/pdf



  

Galaksija – CMOS implementation

http://www.tablix.org/~avian/blog/articles/galaksija/



  

Development tools

● z80asm – Assembler
http://www.nongnu.org/z80asm/

● z80dasm – Disassembler
http://www.tablix.org/~avian/blog/articles/z80dasm/

● z88dk – C compiler
http://www.z88dk.org/wiki/doku.php?id=platform:galaksija

● Galaksija development tools
http://www.tablix.org/~avian/blog/articles/galaksija-tools/



  

Further information

● Home of the Z80 CPU
http://z80.info

● The incomplete ROM disassembly
http://www.tablix.org/~avian/galaksija/rom/rom1.html

● Collection of original software
http://retrospec.sgn.net/users/tomcat/yu/Galaksija_list.php

● Magazine scans
http://emulator.galaksija.org/MagScans/index.html

● Avian's Blog
http://www.tablix.org/~avian/blog/search/?q=galaksija

● Forum
http://www.galaksija.org



  

Questions?

tomaz.solc@tablix.org

@avian2

http://www.tablix.org/~avian/blog
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