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Right after architectural design, I made this block diagram (targeting 28 pin DIP (Dual In-line Package) pondering
over abstract of the mask layout. In the middle of logic design, LSI test pins (Input pins of CH1, CH2, CH3, CH4,
CH6 and output pins of R(I-3), G(I-2)) were added. Refer to “Test Pin Function” page more in details.

Going through the history, ypD777 was finally encapsulated in 42 pin plastic DIP and shipped.



7 bit Polynomial Address Counter Implemented

(A) Block Diagram

CLK

A1

|

A2

A1

o

®

S

EXNOR

A8

A9

A10

A10
I O

AN

A11
| O

AN

¢

(B) Address Sequence

7 bit Polynomial Address Counter

4 bit Page Address Register

ADDR

HEX

ADDR

HEX

ADDR

HEX

ADDR

HEX

ADDR

HEX

ADDR

HEX

ADDR

HEX

ADDR

HEX

000 0000

00

111 0011

73

000 1101

(0]}

001 0101

15

111 0001

71

010 0101

25

011 1001

39

000 1100

0C

000 0001

01

110 0111

67

001 1011

1B

010 1011

2B

110 0011

63

100 1010

4A

111 0010

72

001 1001

19

000 0011

03

100 1111

4F

011 0111

37

101 0110

56

100 0111

47

001 0100

14

110 0101

65

011 0011

33

000 0111

07

001 1110

1E

110 1110

6E

010 1100

2C

000 1110

OE

010 1001

29

100 1011

4B

110 0110

66

000 1111

OF

011 1101

3D

101 1101

5D

101 1000

58

001 1101

1D

101 0010

52

001 0110

16

100 1101

4D

001 1111

1F

111 1010

7A

011 1010

3A

011 0000

30

011 1011

3B

010 0100

24

010 1101

2D

001 1010

1A

011 1111

3F

111 0101

75

111 0100

74

110 0000

60

111 0110

76

100 1000

48

101 1010

5A

011 0101

35

111 1110

7E

110 1011

6B

110 1001

69

100 0001

41

110 1101

6D

001 0000

10

011 0100

34

110 1010

6A

111 1101

7D

101 0111

57

101 0011

53

000 0010

02

101 1011

5B

010 0001

21

110 1000

68

101 0101

55

111 1011

7B

010 1110

2E

010 0110

26

000 0101

05

011 0110

36

100 0010

42

101 0001

51

010 1010

2A

111 0111

77

101 1100

5C

100 1100

4C

000 1011

0B

110 1100

6C

000 0100

04

010 0010

22

101 0100

54

110 1111

6F

011 1000

38

001 1000

18

001 0111

17

101 1001

59

000 1001

09

100 0100

44

010 1000

28

101 1111

5F

111 0000

70

011 0001

31

010 1111

2F

011 0010

32

001 0011

13

000 1000

08

101 0000

50

011 1110

3E

110 0001

61

110 0010

62

101 1110

5E

110 0100

64

010 0111

27

001 0001

11

010 0000

20

111 1100

7C

100 0011

43

100 0101

45

011 1100

3C

100 1001

49

100 1110

4E

010 0011

23

100 0000

40

111 1001

79

000 0110

06

000 1010

0A

111 1000

78

001 0010

12

001 1100

1C

100 0110

46

Address Sequence (Available addresses = 27 (128) - 1 = 127)

A11



(C) Verilog HDL Simulation Result

VWV VNV NVY

041 fo02 12 DUSD 01}'%05.4 %n? ]
602 | «:m 620 | . [65F |

Tk ’I””’H

]%D 016 102d | 0%a 1034 | 068 | 051 (002 (044 | 3
Wi o2d [o71} E 13 {020 §

062 063 064 I:Il:EUI: 067 068 069 ] 062 ] 06b | D'Dtu:l 072
00] Joc jo0 02 0d -——————-

- The forth row exhibits the address generated by simulation which is the same as (B) Address Sequence.
- The fifth row exhibits yPD778 Program ROM codes and the seventh row exhibits yPD778 Pattern ROM codes.
- To verify, refer to "uPD778 Program ROM Contents” and “"uPD778 Pattern ROM Contents”.



https://www.oguchi-rd.com/777/ROM%20Dump/778%20Baseball/Program%20ROM/Baseball%20Program%20ROM%20Contents.pdf
https://www.oguchi-rd.com/777/ROM%20Dump/778%20Baseball/Pattern%20ROM/Baseball%20Pattern%20ROM%20Contents.pdf

(C-2) Verilog HDL Simulation Files

// Testbench for Address Counter + Program ROM + Pattern ROM
// prgrom_sys.v

// A N IS

“timescale 1ns / 1ns

module  prgrom_sys;

// regs/wires/integers

reg clk2, load;
reg [10:0]initd;
wire [10:0]prgroma;
wire [12:1]prgromo;
wire [10:0]ptnroma;
wire [7:0]ptnromo;

// Simulation target
prgrom prgrom(clk2, load, initd, prgroma, prgromo, ptnroma, ptnromo);

[/=mmmmmm -
// Simulation vector
[/===mmmmm oo
initial
begin
clk2 = 1'bo;
load = 1'bo;
initd[10:0] = 11'bo;
#50 load = 1'bl;
#50 load = 1'bo;

#6400 $finish;
end

// 20MHz clock generator
always #25 clk2 = ~clk2;

endmodule



[ o s s s N NN M N NN N N N NN SN SN NN N T
// Address Counter + Program ROM + Pattern ROM
// prgrom.v

//

module prgrom(clk2, load, initd, prgroma, prgromo, ptnroma, ptnromo);

// I/0 definition

input  clk2; // Phi2 clock (H/L)
input load; // Load initial value (H)
input [10:0] initd; // Initial data to be loaded (H/L)
output [10:0] prgroma; // Program ROM address (H/L)
output [12:1] prgromo; // Program ROM output (H/L)
output [10:0] ptnroma; // Pattern ROM address (H/L)
output [7:0] ptnromo; // Pattern ROM output (H/L)
// Regs for random logic
wire clk2, load;
wire [10:0] initd;
reg feedb;
reg [10:0] prgroma;
wire [11:0] prgromo;
reg [10:0] ptnroma;
wire [7:0] ptnromo;
[[/=======mmmmm o
// Random logic
/===
always @*
begin
feedb = ~(prgroma[5] ~ prgromal[6]);
end
[[=====m=mmmmmm o
// DFF
/===
always @ (posedge clk2)
begin
if (load)
begin

prgroma[10:0] <= initd[10:0];
ptnroma[10:0] <= initd[10:0];

end

else

begin
prgroma[6:1] <= prgroma[5:0];
prgroma[0] <= feedb;
ptnroma[10:0] <= ptnroma[l0:0] + 1;

end

end

prgrom_mod prgrom_1 (.prgromo(prgromo), .prgroma(prgroma));
ptnrom_mod ptnrom_1 (.ptnromo(ptnromo), .ptnroma(ptnroma));

endmodule



HPD777 Instruction Table

ROM Out Hex
11100 | @eoeeee | Mnemonic | Judge | Coding Function
21098 | 7654321 (N=0)
00000 | 0000 NOP -- 000 |No Operation
0000100 GPL J 004 |Skip if (Gun Port Latch) =1
0001000 | H-—-NRM -- 008 |Move H[5:1] to Line Buffer Register[5:1]
00000 9911000 | HoX -- 018 |H[5:1]<>X4[5:1], 0—5X4[7:6], 0—5X3[7:1], 0—X1'[1], 0—A1'[1], L[2:1]«cL'[2:1]
0100000 SRE -- 020 |Subroutine End, Pop down address stack
010100N| N—>STB -- @28 |Shift STB[4:1], N—STB[1]
ROM Out
11100 | 8000 | gee | MNnemonic | Judge Cgic?i);g Function
21098 | 7654 | 321
001| 4H BLK J 049 |Skip if (4H Horizontal Blank) =1
00000 | 1001 | 010 VBLK J 04A |Skip if (Vertical Blank) = 1, 0—5M[[18:00],[3]]1[1]
100| GPSW/ J @4C |Skip if (GP&SW/ input) = 1
ROM Out
. Hex .
11100 | ee0eeee | MNemonic Coding Function
21098 | 7654321
1010100 A->MA 054 |Move (A4[7:1],A3[7:1],A2[7:1],A1[7:1]) to M[H[5:1]][28:1]
00000 1011000 | MA-A @58 |Move M[H[5:1]][28:1] to (A4[7:1],A3[7:1],A2[7:1],A1[7:1])
1011100 | MAGA 05C |Exchange (A4[7:1],A3[7:1],A2[7:1],A1[7:1]) and M[H[5:1]][28:1]
ROM Out
. Hex .
11100009 | 9 | 90 | @0 | MNemonic | Judge Coding Function
2109876 |5 43|21
0000011 | 9| 00| 00 SRE+1 -- 060 ([Subroutine End, Pop down address stack, Skip




ROM Out
. Hex .
11100 |© /00|00 | 00 Mnemonic Judge Coding Function
21098 |7|65|43 |21
00 PD1 030 |Skip if (PD1 input) =1
o1 PD2 @34 |[skip if (PD2 input) = 1
10 PD3 @38 |Skip if (PD3 input) = 1
11 PD4 03C |Skip if (PD4 input) =1
00000 — 11 00
00 PD1 070 |[skip if (PD1 input) = @
o1 PD2 074 |Skip if (PD2 input) = @
10 PD3 078 |Skip if (PD3 input) = ©
11 PD4 @7C |skip if (PD4 input) = @
ROM Out Hex
11100 | eeoeee | MNemonic | Judge | Coding Function
21098 | 7654321 (K=0)
20001 | KKKKKKK M-K BOJ | 080 [Skip if (M[H[5:1],L[2:1]][7:1]-K[7:1]) makes borrow
ROM Out Hex
1110 |0 00 |eeeee| Mnemonic |Judge| Coding Function
2109 |8 |76 | 54321 (N=K=0)
0 M+K—M, N—L| CA3J 100 M[H[5:1],L[2:1]][7:1]+K[7:1]>M[H[5:1],L[2:1]][7:1], Skip if carry, N—L[2:1]
0001 — NN | KKKKK
1 M-K—M, N—L| BO3J 180 M[H[5:1],L[2:1]][7:1]-K[7:1]>M[H[5:1],L[2:1]][7:1], Skip if borrow, N—L[2:1]




ROM Out

1110 00 |0 |0 |00 | 00| Mnemonic |Judge Cgiﬁg Function
2109 |87 |6|5|43 21 (N=0)
Al-Al, N—L 200 |Skip if (A1[7:1]-A1[7:1]) makes zero, N—L[2:1]
o] % Al1-A1, N-L 220 ([Skip if (A1[7:1]-A1[7:1]) makes non zero, N—L[2:1]
B A1=A1, N-L 208 |Skip if (A1[7:1]-A1[7:1]) makes zero, N—L[2:1]
1]°]* Al1=A1, N—L 228 |Skip if (A1[7:1]-A1[7:1]) makes non zero, N—L[2:1]
B Al1-A1, N-L 20C (Skip if (A1[7:1]-A1[7:1]) makes borrow, N—L[2:1]
Al A1-A1, N—L 22C |Skip if (A1[7:1]-A1[7:1]) makes non borrow, N—L[2:1]
%0 Al1-A2, N—L 210 |Skip if (A1[7:1]-A2[7:1]) makes zero, N—L[2:1]
o] % A1-A2, N-L 230 ([Skip if (A1[7:1]-A2[7:1]) makes non zero, N—L[2:1]
B A1=A2, N-L 218 |Skip if (A1[7:1]-A2[7:1]) makes zero, N—L[2:1]
1] A1=A2, N—L 238 |Skip if (A1[7:1]-A2[7:1]) makes non zero, N—L[2:1]
B A1-A2, N-L 21C (Skip if (A1[7:1]-A2[7:1]) makes borrow, N—L[2:1]
Al A1-A2, N-L 23C |Skip if (A1[7:1]-A2[7:1]) makes non borrow, N—L[2:1]
2elo W A2-Al1, N—L 240 |Skip if (A2[7:1]-A1[7:1]) makes zero, N—L[2:1]
o] % A2-A1, N-L 260 ([Skip if (A2[7:1]-A1[7:1]) makes non zero, N—L[2:1]
B A2=A1, N-L 248 |Skip if (A2[7:1]-A1[7:1]) makes zero, N—L[2:1]
1]°]% A2=A1, N—L 268 |Skip if (A2[7:1]-A1[7:1]) makes non zero, N—L[2:1]
B A2-A1, N-L 24C (Skip if (A2[7:1]-A1[7:1]) makes borrow, N—L[2:1]
Al A2-A1, N-L 26C |Skip if (A2[7:1]-A1[7:1]) makes non borrow, N—L[2:1]
ot A2-A2, N—L 250 |Skip if (A2[7:1]-A2[7:1]) makes zero, N—L[2:1]
o] % A2-A2, N-L 270 ([Skip if (A2[7:1]-A2[7:1]) makes non zero, N—L[2:1]
B A2=A2, N-L 258 |Skip if (A2[7:1]-A2[7:1]) makes zero, N—L[2:1]
P A2=A2, N—L 278 |Skip if (A2[7:1]-A2[7:1]) makes non zero, N—L[2:1]
B A2-A2, N-L 25C (Skip if (A2[7:1]-A2[7:1]) makes borrow, N—L[2:1]
Al A2-A2, N-L 27C |Skip if (A2[7:1]-A2[7:1]) makes non borrow, N—L[2:1]




ROM Out

1110 00 |0 | 0 |00 | 00| Mnemonic |Judge Cltjsi)rig Function
2109 |87 |6|5|43 21 (N=0)
M-Al, N—L 280 |[Skip if (M[H[5:1],L[2:1]][7:1]-A1[7:1]) makes zero, N—L[2:1]
o] % M-A1, N-L 2A0 |[Skip if (M[H[5:1],L[2:1]][7:1]:A1[7:1]) makes non zero, N—L[2:1]
B M=A1, N-olL 288 |Skip if (M[H[5:1],L[2:1]][7:1]-A1[7:1]) makes zero, N—L[2:1]
1% M=A1l, N—L 2A8 |Skip if (M[H[5:1],L[2:1]][7:1]-A1[7:1]) makes non zero, N—L[2:1]
B M-A1, N-L 28C |[Skip if (M[H[5:1],L[2:1]][7:1]-A1[7:1]) makes borrow, N—>L[2:1]
Al M-A1, N-L 2AC |Skip if (M[H[5:1],L[2:1]][7:1]-A1[7:1]) makes non borrow, N—L[2:1]
10 M-A2, N—L 290 |Skip if (M[H[5:1],L[2:1]][7:1]-A2[7:1]) makes zero, N—L[2:1]
o] % M-A2, N-L 2BO [Skip if (M[H[5:1],L[2:1]][7:1]:A2[7:1]) makes non zero, N—L[2:1]
B M=A2, N-L 298 |Skip if (M[H[5:1],L[2:1]][7:1]-A2[7:1]) makes zero, N—L[2:1]
1] M=A2, N—L 2B8 |Skip if (M[H[5:1],L[2:1]][7:1]-A2[7:1]) makes non zero, N—L[2:1]
B M-A2, N-L 29C (Skip if (M[H[5:1],L[2:1]][7:1]-A2[7:1]) makes borrow, N—>L[2:1]
Al M-A2, N-L 2BC |Skip if (M[H[5:1],L[2:1]][7:1]-A2[7:1]) makes non borrow, N—L[2:1]
2elo W H-Al, N-L 2C0 |Skip if (H[5:1]-A1[5:1]) makes zero, N—L[2:1]
o] % H-A1, N-L 2E@ |Skip if (H[5:1]:A1[5:1]) makes non zero, N—L[2:1]
B H=A1, N-oL 2C8 |Skip if (H[5:1]-A1[5:1]) makes zero, N—L[2:1]
1]°]% H=A1, N-L 2E8 |Skip if (H[5:1]-A1[5:1]) makes non zero, N—L[2:1]
B H-A1, N-L 2CC |Skip if (H[5:1]-A1[5:1]) makes borrow, N—L[2:1]
Al H-A1, N-oL 2EC |Skip if (H[5:1]-A1[5:1]) makes non borrow, N—L[2:1]
H H-A2, N-L 2D0 |Skip if (H[5:1]-A2[5:1]) makes zero, N—L[2:1]
o] % H-A2, N-L 2F@ |Skip if (H[5:1]:A2[5:1]) makes non zero, N—L[2:1]
B H=A2, N-L 2D8 |Skip if (H[5:1]-A2[5:1]) makes zero, N—L[2:1]
1] H=A2, N-L 2F8 |Skip if (H[5:1]-A2[5:1]) makes non zero, N—L[2:1]
B H-A2, N-L 2DC |Skip if (H[5:1]-A2[5:1]) makes borrow, N—L[2:1]
Al H-A2, N-oL 2FC |Skip if (H[5:1]-A2[5:1]) makes non borrow, N—L[2:1]




ROM Out

1110 | 00| 0000 | 00 Mnemonic Judge CoHcTi);g Function
2109 |87 | 6543 21 (N=0)
0000 | NN N—L -- 300 |N—>L[2:1]
0100 |NN| A2—A1, N-L -- 310 [Move A2[7:1] to A1[7:1], N—L[2:1]
00| A1-FLS, 0—L -- 308 |Move A1[7:1] to FLS[7:1], @—L[2:1]
= 0010 01| A1—>FRS, 1L -- 309 |[Move Al1l[7:1] to FRS[7:1], 1-L[2:1]
IN|A1->MODE, IN—L| -- 30A [Move A1[7:1] to MODE[7:1], IN—L[2:1]
0110|NN| A1—5RS, N-oL -- 318 |[Right shift A1[7:1], 0—5A1[7], N—oL[2:1]
0000 INN| A1—>A2, N-L -- 340 [Move Al[7:1] to A2[7:1], N—L[2:1]
0011 00| A2—FLS, @—L | -- 348 [Move A2[7:1] to FLS[7:1], @—L[2:1]
01 /0010|01| A2—>FRS, 1L | -- 349 [Move A2[7:1] to FRS[7:1], 1-L[2:1]
IN|A2—>MODE, IN—L| -- 34A |Move A2[7:1] to MODE[7:1], IN—L[2:1]
0110|NN| A2—RS, N-L -- 358 |[Right shift A2[7:1], 0—A2[7], N—L[2:1]
00| M—FLS, 0L -- 388 [Move M[H[5:1],L[2:1]][7:1] to FLS[7:1], 0—L[2:1]
0010 01| M—FRS, 1L -- 389 |[Move M[H[5:1],L[2:1]][7:1] to FRS[7:1], 1—L[2:1]
2 IN| M—>MODE, IN—L | -- 38A [Move M[H[5:1],L[2:1]][7:1] to MODE[7:1], IN—L[2:1]
@110 |[NN| M—RS, NoL -- 398 |[Right shift M[H[5:1],L[2:1]][7:1], @—M[H[5:1],L[2:1]]1[7], N—>L[2:1]




ROM Out

11100 | 000 | 00| 00 Mnemonic Judge Clcjc?i)rzg Function
21098 | 765 | 43|21 (N=0)
09 Al-A1—>A1l, N—>L| -- 320 |[AND A1[7:1] and A1[7:1], store to A1[7:1], N—>L[2:1]
01 A1+A1—>Al, N—L| CA3J 324 |Add A1[7:1] and A1[7:1], store to A1[7:1], N—>L[2:1]
ale 10 AlvAl1—>Al, N—L| -- 328 |OR A1[7:1] and A1[7:1], store to A1[7:1], N—L[2:1]
11 Al-A1—>Al, N—L| BOJ 32C ([Subtract A1[7:1] and A1[7:1], store to A1[7:1], Skip if borrow, N—L[2:1]
00 A1-A2—5A1, N->L| -- 330 |AND A1[7:1] and A2[7:1], store to A1[7:1], N—>L[2:1]
01 A1+A2—A1l, N—L| CAJ 334 |Add A1[7:1] and A2[7:1], store to A1[7:1], N—>L[2:1]
oLl 10 AlvA2—>A1l, N—L| -- 338 [OR A1[7:1] and A2[7:1], store to A1[7:1], N—>L[2:1]
11 A1-A2—Al, N—L| BO3J 33C |Subtract A1[7:1] and A2[7:1], store to A1[7:1], Skip if borrow, N—L[2:1]
golie 00 NN A2-A1—5A2, N->L| -- 360 |AND A2[7:1] and A1[7:1], store to A2[7:1], N—>L[2:1]
01 A2+A1—>A2, N—L| CAJ 364 |[Add A2[7:1] and A1[7:1], store to A2[7:1], N—L[2:1]
He 10 A2vA1—>A2, N->L| -- 368 |OR A2[7:1] and A1[7:1], store to A2[7:1], N—L[2:1]
11 A2-A1—-A2, N-L| BO3J 36C |Subtract A2[7:1] and A1[7:1], store to A2[7:1], Skip if borrow, N—L[2:1]
09 A2-A2—>A2, N—L| -- 370 |[AND A2[7:1] and A2[7:1], store to A2[7:1], N—>L[2:1]
01 A2+A2—A2, N—L| CAJ 374 |Add A2[7:1] and A2[7:1], store to A2[7:1], N—>L[2:1]
— 10 A2vA2—>A2, N—L| -- 378 |OR A2[7:1] and A2[7:1], store to A2[7:1], N—L[2:1]
11 A2-A2—>A2, N—L| BOJ 37C |[Subtract A2[7:1] and A2[7:1], store to A2[7:1], Skip if borrow, N—L[2:1]




ROM Out

Hex
1110000 | 000 | @@| Mnemonic |Coding Function
2109876 | 543 | 21 (N=0)
000 A1l->M, N—L| 380 |Move A1[7:1] to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
100 A2-M, N—L| 390 |[Move A2[7:1] to M[H[5:1],L[2:1]][7:1], N—L[2:1]
001 MeAl, N—>L| 384 |Exchange M[H[5:1],L[2:1]][7:1] and A1[7:1], N—L[2:1]
0011100 NN
101 MeA2, N—>L| 394 |[Exchange M[H[5:1],L[2:1]][7:1] and A2[7:1], N—-L[2:1]
011 M—A1l, N—L| 38C |[Move M[H[5:1],L[2:1]][7:1] to A1[7:1], N—L[2:1]
111 M—A2, N—L| 39C |Move M[H[5:1],L[2:1]][7:1] to A2[7:1], N—L[2:1]
11100 000 00 |ea| Mnemonic |Judge|Coding Function
21098 765 |43 21 (N=0)
00 M-A25M, N—L| -- 3BO |AND M[H[5:1],L[2:1]][7:1] and A2[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
01 MEA2—M, NoL| CAJ 384 Adq M[H[S:l],L[Z:l]][7:1] and A2[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
Skip if carry
011
10 MvA2—M, N-L| -- 3B8 |OR M[H[5:1],L[2:1]][7:1] and A2[7:1], store to M[H[5:1],L[2:1]][7:1], N->L[2:1]
1 M-A2—M, NoL| BO3 3BC Su?trgct M[H[5:1],L[2:1]][7:1] and A2[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
Skip if borrow
00111 NN
00 M-A1l—>M, N-L| -- 3A@ |AND M[H[5:1],L[2:1]][7:1] and A1[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
01 MHALM, NosL| CAJ 384 Adq M[H[S:l],L[Z:l]][7:1] and A1[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
Skip if carry
010
10 MvVA1—>M, N-L| -- 3A8 |OR M[H[5:1],L[2:1]][7:1] and A1[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
1 M-A1M, NsL| BO3 3AC Suptréct M[H[5:1],L[2:1]][7:1] and A1[7:1], store to M[H[5:1],L[2:1]][7:1], N—>L[2:1]
Skip if borrow




1110009 | 909 | 9| Mnemonic |Coding Function
2109876 | 543 | 21 (N=0)

000 Al—>H, N—L| 3C0 |Move A1[5:1] to H[5:1], N—>L[2:1]

100 A2—H, N>L| 3De |Move A2[5:1] to H[5:1], N—>L[2:1]
0011110 NN
011 H—A1, N—L| 3CC |[Move H[5:1] to A1[5:1], @—>Al[7:6], N—L[2:1]

111 H—>A2, N—L| 3DC |Move H[5:1] to A2[5:1], @—>A2[7:6], N—>L[2:1]

ROM Out Hex
11100 | 900 | 00 | 00 Mnemonic Judge | Coding Function
21098 | 765 43|21 (N=0)
00 H-Al—H, N-L -- 3E@ |AND H[5:1] and A1[5:1], store to H[5:1], N—L[2:1]
o1 H+A1l—H, N—L CA3J 3E4 |Add H[5:1] and A1[5:1], store to H[5:1], N—L[2:1]
e 10 HvA1—H, N—-L -- 3E8 |[OR H[5:1] and A1[5:1], store to H[5:1], N—>L[2:1]
11 H-A1—H, N-L BOJ 3EC |Subtract H[5:1] and A1[5:1], store to H[5:1], Skip if borrow, N—L[2:1]
ol 00 W H-A2—H, N—L -- 3F@ |AND H[5:1] and A2[5:1], store to H[5:1], N—L[2:1]
01 H+A2—H, N-L CAJ 3F4 |[Add H[5:1] and A2[5:1], store to H[5:1], N—L[2:1]
i 10 HvA2—H, N-L -- 3F8 |OR H[5:1] and A2[5:1], store to H[5:1], N—L[2:1]
11 H-A2—H, N—L BO3J 3FC |Subtract H[5:1] and A2[5:1], store to H[5:1], Skip if borrow, N—L[2:1]
ROM Out Hex
11100 000000 | 0 Mnemonic Coding Function
21098 | 765432 |1 (D=G=K=5=N=0)
000000 N—A11 400 N—A[11]
01000 | 000001 | N JPM, ©—L, N—All 402 Jump to (@@O,M[H[5:1],L[2:1]][5:1],1IN),0—>L[2:1], N—>A[11]
1DGKSe| |D—D, GG, K—K, S—S, N—A1l 440 Set D to DISP, G to GPE, K to KIE, S to SME, N—A[11]




11100 |9 |0 | ee0ee | Mnemonic | Judge [ Coding Function
21098 |7 |6|54321 (K=0)
0 H-K—H BOJ 480 |H[5:1]-K[5:1]—>H[5:1], Skip if borrow
01001 — 0 | KKKKK
1 H+K—H CAJ 4C0 |[H[5:1]+K[5:1]—>H[5:1], Skip if carry

ROM Out Hex
111 | 00 | 000000 | MNemonic [ Coding Function
210 | 98| 7654321 (K=0)

When (KIE=0)&(SME=0), Store K[7:1] to M[H[5:1],L[2:1]][7:1]

10 K—M 500 |When (KIE=1), Store KIN[7:1] to M[H[5:1],L[2:1]][7:1]

016
When (SME=1), Store HCL[7:1] to M[H[5:1],L[2:1]][7:1]
11 K—L,H 580 |Store K[7:6] to L[2:1] and K[5:1] to H[5:1]
KKKKKKK

00 K—A1 600 |Store K[7:1] to A1[7:1]

01 K—A2 680 |Store K[7:1] to A2[7:1]
011

10 K—A3 700 |[Store K[7:1] to A3[7:1]

11 K—A4 780 |Store K[7:1] to A4[7:1]

ROM Out Hex

111000000000 | MNemonic| Coding Function
210987654321 (K=0)

10KKKKKKKKKK | IP KKK 800 [Move K[10:1] to A[10:1], Jump to A[11:1]

11KKKKKKKKKK | 3JS KKK Co0 |Move K[10:1] to A[10:1], © to All, Jump to A[11l:1], Push next A[11:1] up to ROM address stack

- Page address A[11] is set by "0—>A11", "15A11", or “1S”".
- Maximum subroutine nesting level is three.



puPD777 ALU (Arithmetic Logic Unit)

(A) Truth Table

Control signals Input data |Output data
SUB AND OR|0-B|A|/B|/Ca-In|S | /Ca-Out
1 0 1
0|0
0 1 1
1 1 1
01
0 0 0
Addition 0 0 0
1 1 1
1|0
0 0 0
1 0 0
11
0 1 0
1 0 1
0|0
0 1 0
1 1 0
0|1
0 0 0
Subtraction| 1 0 0 0
1 1 1
1|0
0 0 1
1 0 1
11
0 1 0
0|0 i
01 0
AND 0 1 0 1 — 1
1|0 0
11 1
0|0 i
01 1
OR 0 0 1 1 e 1
1/0 1
1)1 1
0 0
Addition 0 0 0 — —
1 1
0 0
Subtraction| 1 0 0 T T
1 —0 1 — 1
0 0
AND 0 1 0 —1 —
1 0
0 0
OR 0 0 1 — —
1 1

- Same value of S (Sum) is output regardless of addition and subtraction.

- Carry output differs between addition and subtraction.

- ALU works as an adder if ALU control signals (“Subtraction”, "AND”, and “"OR") are not asserted.
- "0—B” functions as ALU disable.



(B) Logic

SuUB © ® ® SuB
LDO—@ ?

Rl -
OtoB
/Ca-In © ® 2 @® /Ca-Out
AND © * * @® AND
Z I ¢ L :1) Z
|
| = == ALU
OR © ® ® ® OR

One bit ALU (Arithmetic Logic Unit; Enclosed by dashed lines) implemented on yPD777

The carry propagation method applied to the ALU does not accumulate delay by addition and subtraction (The

delay converges inside one bit ALU not affected by the operation and the result). Therefore, the operation speed
is amazingly fast.

(C) MOS Transistor Interconnects vs. Logic Symbol

Vcc
Vcc O
D
O H
OLE |

|{>0-0 | H>o-0 TH>°

Inverter

Inverted driver NOR2 AND2 to NOR2

D: Depletion type silicon gate MOS transistor
E: Enhancement type silicon gate MOS transistor
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(D) Verilog HDL Simulation Result

0—-B (/alu_sys/zerob) = L

0—-B (/alu_sys/zerob) = H (Since /Ca-in (/alu_sys/cainn) is always high in actual appllcatlon, /Ca-out (/alu_sys/caon) is always high.)

Simulation wave form above exhibits the same as (A) Truth Table.



(D-2) Verilog HDL Simulation Files

[ ] o s s 8 8 N N N N NN NN N N N NN NN NN NI

// Testbench for ALU

// alu_sys.v

[ ] o s s s 8 8 N N N N N N N N NN NN N NN

“timescale 1ns / 1ns

module alu_sys;

reg clk;

reg sub, andi, ori, zerob, cainn, a,
wire caon, s;

integer i1, i2, i3;

// Simulation target

PR RRRRRR
COoCOoOoOCOoOoTO
e Wwe “we W

e Ve Lo

P RPOORFRPROO
-

e

alu alu(sub, andi, ori, zerob, cainn, a, b,
initial
begin
clk = 1'b1;
// Signal generation
for(i3 = @; i3 < 2; i3 =1i3 + 1)
begin
for(i2 = 0; i2 < 4; i2 = 1i2 + 1)
begin
for(il = @0; i1 < 8; il = il + 1)
begin
#50 case (il)
3'b000 : begin cainn = 1'bl; a
3'b@01 : begin cainn = 1'bl; a
3'b010 : begin cainn = 1'bl; a
3'b011 : begin cainn = 1'bl; a
3'b100 : begin cainn = 1'b0; a
3'b101 : begin cainn = 1'b0@; a
3'b110 : begin cainn = 1'b0@; a
3'b111 : begin cainn = 1'b0@; a
endcase
case (i2)
2'b00 : begin sub = 1'b0; andi =
2'b01 : begin sub = 1'bl; andi =
2'bl0 : begin sub = 1'b0O; andi =
2'b11 : begin sub = 1'b@; andi =
endcase
case (i3)
1'bo : zerob = 1'bo;
1'bl : zerob = 1'b1;
endcase
end
end
end
#100 $finish;
end
// 20MHz clock generator
always #25 clk = ~clk;

endmodule

caon, s);

C COCOoTCOoOCOoCGoOo

; ori =
; ori =
; ori =
; ori =

1'b0; end
1'bl; end
1'b0; end
1'bl; end
1'b0; end
1'bl; end
1'b0; end
1'bl; end
1'b0; end
1'bo; end
1'b0; end
= 1'bl; end



// R

// 1 bit ALU
// alu.v
//

module alu(sub, andi, ori, zerob, cainn, a, b, caon, s);

// I/0 definition

input  sub; // Subtraction (H)
input  andi; // AND (H)
input ori; // OR (H)
input  zerob; // @ --> B (H)
input  cainn; // Carry in (L)
input  a; // A (H)
input  b; // B (H)
output caon; // Carry out (L)
output s; // Sum (H)

// Regs for random logic

wire sub, andi, ori, zerob, cainn, a, b;
reg caon, s;

reg gl, g2, g3, g4, g5, g6, bb;

gl = (sub) ? (~a) : (a);

bb = ~(zerob | ~b);

g5 = ~(cainn | ori);

g2 = ~(gl | bb);

g3 = ~((gl & bb) | g2);

g4 = ~(g2 | g3);

g6 = ~(((a | bb) & g5) | (a & bb) | andi);

s = (((a| bb] g5) & (ori | g6)) | ((andi | g5) & a & bb));
end

always @*
begin
casex ({g2, g3, g4})
3'blxx : caon = 1'bl;

3'bx1x : caon = cainn;
3'bxx1l : caon = 1'bo;
endcase
end

endmodule



7 bit Parallel ALU Implemented on pPD777

(A) Verilog HDL Simulation Result

(O 137 Y7 Y3 To1 137 174 Yo Yoi 13 174 {3 o1 {3F 174 {ac Yor [ar {7a [ec Yor [ 17a [ac Tor T 17a I Tor [ J7a I
us | #haa N 7 160 )i 122 177 160 137 133 177 160 137 {34 7% Je0 3F 14 {7F 160 137 {44 Y 7% {60 YiF a4 7% Ye0 13F 1% 17 Je0 37 ]

- (Mabus[7:1]” + “bbus[7:1]") = “sbus[7:1]” (Addition) when “sub” = 0, “andi” = 0, and “ori” = 0.

- (Mabus[7:1]" - “bbus[7:1]") = “sbus[7:1]” (Subtraction) when “sub” = 1, “andi” = 0, and “ori” = 0.
- (Mabus[7:1]" & “"bbus[7:1]") = “sbus[7:1]" (Bitwise AND) when “sub” = 0, “andi” = 1, and “ori” = 0.
- (Mabus[7:1]" | “bbus[7:1]") = “sbus[7:1]” (Bitwise OR) when “sub” = 0, “andi” = 0, and “ori” = 1.

- When “zerob” = 1, “bbus[7:1]” becomes zero.

(A-2) Verilog HDL Simulation Files

Omitted



Physical Structure of Program ROM

Memory Cells () A[11:7] Out
1dh

= ©
00h
1dh

@
00h
1dh

©)
00h
1dh

@
00h
1dh

®
00h
1dh

= ®
00h
1dh

@
00h
1dh
00h
1dh

©)
00h
1dh
00h
1dh

@
00h
1dh

@
00h

3Fh|3Eh|3Dh|3Ch|3Bh|3Ah|39h|38h|---|07h|06h | 05h|04h |03h|02h|01h|00h
A[6:1]

Physically, 128 x 15 x 12 = 23,040 bits
Logically, 127 x 15 x 12 = 22,860 bits (A[7:1] = 7Fh is not present. Refer to "7 bit polynomial address counter”)



Physical Structure of Pattern ROM

A3[3:1]

y'[3:1]

110

00x

010

011

100

101

101

100

011

010

001

000

O[1]

O[2]

0[7]

o[8]

A3[7:4]

A3[7:4]

0000 ‘ 0001 ‘ 0010 ‘ 0011 ‘ 0100 ‘ 0101 ‘ 0110 ‘ 0111 ‘ 1000 ‘ 1001 ‘ 1010 ‘ 1011 ‘ 1100 ‘ 1101 ‘ 1110 ‘ 1111

1110 ‘ 1111




Usage of Pattern ROM

A3[7:1] (PTN[7:1]) | Patterns| Types |Matrix (X xY)
00h ~ 06h
08h ~ OEh
10h ~ 16h 42 z |
orma
18h ~ 1Eh (7 x 6)
20h ~ 26h
28h ~ 2Eh
30h ~ 36h
7x7

38h ~ 3Eh
40h ~ 46h
48h ~ 4Eh 49 (Bent)

(7 x7)
50h ~ 56h
58h ~ 5Eh
60h ~ 66h
68h ~ 6Eh 7 Y Repeat
70h ~ 76h 7 XY Repeat

8x7
78h ~ 7Eh 7 X Repeat
112
Grand Total (7 x 16)
“A3[7:1] = x7h & xFh" are not implemented.
Normal & Bent Patterns
Bent Patterns
Normal Patterns
PTN[1] =0 PTN[1] =1

Bent pattern provides more attractive slanted figures by shifting display start timing in each scan line. It results
in four times higher horizontal resolution in one X coordinate.

See the actual example at next page.



Example of Bent Pattern

PTN[1] = O (For example, PTN = 60h) PTN[1] = 1 (For example, PTN = 61h)

Overwrapped PTN = 60h & 61h Overwrapped PTN = 60h & 61h (Bent display result)

UFO

PTN[1] =0 PTN[1] =1 Overwrapped PTN[1] =0 & 1
Normal Bent pattern
X & Y coordinate are the same in this example.



Bent Display Effect

UFO

Overwrapped PTN = 60h & 61h (Normal; No bent) Overwrapped PTN = 60h & 61h (Bent display result)



Data RAM & Register Files

32 x 4 x 7 (896 bits)

RAM Address
Registers
H[5:1] L[2:1]
MO[7]| 0O0h |A1[7]
M1
MA[7] [7]] 01h |A2[7]
M2[7]| 02h |A3[7] X3[7]
M3[7]| 03h | A4[7]| X4[7]
MO[6]| 00h |A1[6]
M1[6]| O1h [A2[6]
MA[6]
M2[6]| 02h |A3[6] | X3[6]
M3[6]| 03h |A4[6] | X4[6]
MO[5]| 00h |A1[5]
M1[5]| 01ih |A2[5]
MA[5]
M2[5]| 02h | A3[5]| X3[5]
M3[5]| 03h |A4[5]|X4[5] H[5]
MO[4]| 00h |A1[4]
M1[4]| O1h |A2[4]
MA[4]
00h - 1Fh M2[4]| 02h | A3[4]| X3[4]
M3[4]| 03h |[A4[4] | X4[4] H[4]
MO[3]| 00h |A1[3]
M1 01h [ A2
MA[3] [3] [3]
M2[3]| 02h |A3[3]| X3[3]
M3[3]| 03h |A4[3] | X4[3] | H[3]
MO[2]| 00h |A1[2]
M1[2
VA2] [2] 01h |A2[2]
M2[2]| 02h |A3[2] | X3[2]
M3[2]| 03h | A4[2]| X4[2] |H[2]
A1[1]
MO[1]| OOh
A1T1]|X1'[1]
MA[1] M1[1] 01h |A2[1]
M2[1]| 02h |A3[1] | X3[1]
M3[1]| 03h |A4[1]| X4[1] H[1]
(A) Usage of Data RAM
Function
L[2:1] | Registers
H[5:1] = 00h to 18h H[5:1] = 19h - 1Fh
00h | A1[7:1] Y[6:1], PRIO
0th | A2[7:1] X[7:1] General purpose flags and counters
02h | A3[7:1] PTN[7:1] (See next page)
03h A4[7:1] | y[3:1], R, G, B, ySUB




(B) Address Assignment of General Purpose Flags and Counters on Data RAM

Coding Flags & Counters
L[2:1] H[5:1] K
(KL, H)[[71] 61 [5]|[4]1|[3]|[2]|[1]

Oh 19h

1h 39h
19h

2h 59h

3h 79h

Oh 1Ah

1h 3Ah
1Ah

2h 5Ah

3h 7Ah

Oh 1Bh

1h 3Bh
1Bh

2h 5Bh

3h 7Bh

Oh 1Ch

1h 3Ch
1Ch

2h 5Ch

3h 7Ch

Oh 1Dh

1h 3Dh
1Dh

2h 5Dh

3h 7Dh

Oh 1Eh

1h 3Eh
1Eh

2h 5Eh

3h 7Eh

Oh 1Fh

1h 3Fh
1Fh

2h 5Fh

3h 7Fh




(C) Verilog HDL Simulation Result

A N S S Ay T N S (O S TN ) S s S R o
-+ o o 1 1 |
o [ T [ Yol Y27 Yol Y4 [ Yo | J8 [ 70

fram_sysfram/faregl
fram_sys/ram/areg2
fram_sys/fram/areg3
fram_sys ram/areg4
fram_sys/frama
ce0do00 cf22d18

- Zero clear to RAM (not displayed)

- Initialize A1, A2, A3, and A4 (already done)

- 7 bit write to upper (67h), upper middle (48h), lower middle (5ah), and lower (18) RAM bit location updating address 0 through 3
- 28 bit simultaneous write (67h, 48h, 5ah, 18h; cf22d18h) to RAM address 4

- Read back all the data written (RAM address 0 through 4)

fram_sys/dk2

fram_sys/wall

ram_sys/wa

fram_sys (vblkj

jram_sysfram/faregl ; 18

fram_sysfram/fareg2 | 7t 5a

fram_sys/ramfareg3 48

fram_sysfram/areg4 &7

fram_sys rama C 04 [ Too

fram_sys/ramramo | 28h0000000Y Y cd23d18 0000015 | 0003d00 0000 000d000

- “vblkj” clears “ysub” bits from address H[5:1] = 00h to 18h, L[2:1] = 03h in one clock period.
Compare two simulation result above. “ce0000” at address 3 becomes “cc00000” and “cf22d18” at address 4 becomes “cd22d18".

(C-2) Verilog HDL Simulation Files

Omitted



NTSC (National Television System Committee) Television

] b 1,50 SEC +0.145EC EIELD DNE

TIME ——a—

* +H +63.50 SEC
VERTICAL BLANKING INTERVAL =204 {17?1,; sEc T e }

i

i — H

AH aH -
]
lm— | —I——:—-—'——J—-u—-—q.--l-—s—i--s—--d—]-—l-ﬁ&E*i-- r——
HEYNC I-— et FSI'I'E.tFE‘TﬂD“FE I-—H—-—-I—H—HJ —-4—| EH — I-—H—-—I
——

INTERVAL
W i - VERTICALSYNC _ 1  POSTEQUALIZING
" mf;ﬂ#léhz\:rﬁ _"" PULSE INTERVAL | PULSE INTERWAL gl REF SUBCARRIER PHASE,
FRAME A 9 LINE VERTICAL
| INTERWAL |
FIELD 1 & 2} | | FIELD |
1 | T |

! 1 1
A1 VERTICAL BLANKING INTERVAL =204 *¥ (1271a sEc 533 35C) CAY 0 WA
i
[
[

IT|"'I.I' ] 1
T R o b i e O
|
I I ' F !
—-[.sHt :!c I[ | I--—-I I+nsssugcann|5npnus_ ; ¥
1 START OF FIELD TWO | I I I

|
|
|
COLOR FIELD ONE |
|
|
|

e

B o

COLOR FIELS TWO

Interace, Equalizing Pulse Interval, Vertical SYNC, Vertical Blank, Horizontal SYNC

Burst

BLANKING LEVEL Vertical Serration

PICTURE Pulses Syne Pulses Pulses
e

ACTIVE |‘_ Equalizing > |- Veartical i I < Equalizing +l & Horizontal B

< BLANKING FOR >
VERTICAL SYNC
BLANKING FOR
HORIZONTAL
SYNC
line 262 lina 262.5
l ]
1st Line 3rd Line 1
Horizontal Syne Vertical Sync
Horizontal Sync Pulse Pulse Information

See page 11 & 12 as well.



Horizontal Counter (HC) Sequence

(A) Truth Table

HC[7:1]

b

Timing Signals

HCAT

HBLK

H SYNC

EQUAL H/

0000000

0000001

0000010

0000011

0000100

0000101

0000110

0000111

0001000

0001001

O | 0 | N O | v || W | N | =

0001110

14

0001111

15

0

0010000

16

0010001

17

0100111

39

0101000

40

0101110

46

0101111

47

0110010

50

0110011

51

1910101

85

1010110

86

1011010

90

0000000

1011010

90

0000000

1
every
8
clocks




(B) Verilog HDL Simulation Result

- Two horizontal periods (2H)

- “*hc[7:1]” are negative outputs (high level = 0, low level = 1) of horizontal counter.

- The timing of “hblk” (horizontal blank), “hsync” (horizontal sync), “equ” (equalization pulse), “fh2” (horizontal frequency / 2), “hc4t” (pulse every
4 clocks), and “vcnt” (count pulse for vertical counter) are exhibited.

The result is same as (A) Truth Table.

(B-2) Verilog HDL Simulation Files

Omitted



Vertical Counter (VC) Sequence

(A) Truth table

VC[10:1]

Dec

Timing Signals

Field

V Blank

EQUAL V

V SYNC

0000000000

0000000101

0000000110

0000001011

11

0000001100

12

0000010001

17

0000010010

18

0000101111

47

0000110000

48

1000001100

524

0000000001

0000000110

0000000111

0000001100

12

0000001101

13

0000010010

18

0000010011

19

0000110000

48

0000110001

49

1000001101

525

0000000000




(B) Verilog HDL Simulation Result

-Hﬂ e
Mo ...
No ...
D .
-Hﬂ e
Mo ...
D
-Hﬂ e
Mo ...
No ...
D .
-Hﬂ e
Mo ...

- Two vertical periods (2V)

- “vc[10:1]" are negative outputs (high level = 0, low level = 1) of vertical counter.

- The timing of “vblk” (vertical blank), “vsync” (vertical sync), “fld” (odd/even field), “vequ” (vertical equalization), “vc[10:1]” (vertical counter), and
“ventn” (count pulse for vertical counter) are exhibited.

The result is same as (A) Truth Table.

[

O
~ | o
|

“_4h_1"is used for 4HBLK judge. “_4h_1", "_4h_2", *_4h_3", and "_4h_4" are used as bent pattern shift positioning signals combining with ¢1, ¢$2, ¢
3, and ¢4.

(B-2) Verilog HDL Simulation Files

Omitted



Test Pin Function

CH2 | CH1 Function
0 0 |Normal operation
Program ROM code feed from I/0 pins
Program ROM
I/0 KIKIKIKIKIKIKIG|P|P|P|P
0 1 Pin 112|3/4|5/6/7/P/ DD D|D
[ 14131201
Bit 1/1/1/0/0|0|0|0|0|0|0O]|O0
2/1/0/9/8/7|6/5/4|3|2]|1
Program ROM code dump to I/O pins
Program ROM
Bit 1/1/1/0/0|0|0|0|0|0|0]|O0
1 0 2/1/0/9/8 5/4/3 /2|1
I/0 KIKIKIKIKIK|IK|IG|P|P|P|P
Pin 112|3/4|5/6/7/P/ DD D|D
[V 141321
1 1 |Initialization of on-chip prescaler
CH3 Function

0 |Normal operation

- Force horizontal blank always off.
- Force vertical counter counts up every clock.




CH6 CH4 | CH3 CH2 CH1 Function
0 0 0 0 0 |Normal operation
Data RAM dump to I/O pins
RAM
LTI DT T
o 1| 1 Bit 151654
S|S|S|S G| B
/014135 1
AVAVAYi
B = CROMA
Pattern ROM dump to I/O pins
ROM
1 0 1 Bit 000-7-6-5-4-3-2-1-0
0 1 I/0 R G B
Pin
B = CROMA, 11 bit serial out
Data RAM dump to I/O pins
RAM
INT|I1|B|I|TI|I
6 E 2
Bit N
1 1 1 T
/
S|S|S/S|R|G|B
VO0l413 21
AVAVaYi
B = CROMA

Other combinations of CH[6]+CH[4:1] are not specifically defined.

(A) Data RAM address and Pattern ROM address are specified by feeding program ROM code externally.

(B) Taking advantage of yPD777 instructions by feeding the program ROM code through I/O pins (CH[2:1] = 01)
as well as syncing the timing for each purpose, all the dump of program & pattern ROM code and R/W test of
data RAM and register files are achieved.

(C) These functions were originally implemented for purely LSI test purpose. Therefore, the function of pattern
ROM code feed through I/0O pins was not implemented.



On-chip Prescaler

oo [JUUUUUHULUULL

CH1

CH2

2 L I
v [ I A

On-chip prescaler generates two on-chip clocks which one clock cycle consists of ¢1 and ¢2 every five external
CLOCKs.

The condition of CH1=CH2=1 initializes the prescaler (minimum 4 CLOCKs period) and the timing of releasing
from CH1=CH2=1 determines the timing relationship between CLOCK and on-chip clock to ease LSI test.

NTSC PAL
(National Television System Committee) | (Phase Alternating Line)
Lines / Frame 525/ 60 625/ 50
Horizontal Frequency 15.734 KHz 15.625 KHz
Vertical Frequency 60 Hz 50 Hz
Color Sub-carrier Frequency 3.579545 MHz 4.433618 MHz

In case of connecting to NTSC (National Television System Committee) television, the color sub-carrier which
frequency is 3.579545 MHz is provided to the CLOCK input. The prescaler scales down the frequency to 1/2.5
which is 1.431818 MHz.

Maximum X co-ordinate can be calculated by 1431818 Hz divided by horizontal frequency (15734 Hz). It
becomes 91.

16 X co-ordinates are occupied by horizontal blank period.

Accordingly, horizontal displayable dots of yPD777 becomes 75.

fSub/fH/2.5=91
91 (1H) - 16 (Horizontal blank) = 75

The total number of scan lines is 525. Vertical blank occupies 48 scan lines in it. Displayable scan lines becomes
477. uPD777 specifies 8 scan lines (4 scan lines for each odd & even field judging “4 Horizontal blank” by
firmware) per minimum unit of Y co-ordinate.

(525 -48) / 8 = 60 Accordingly, the maximum Y co-ordinate becomes 60.

Implementation of 7 bits processor and registers on yPD777 is derived from the scale of X-Y co-ordinate system.

The co-ordinate allocation definition of X-75 & Y-60 realizes bunch of square (not rectangular) dots display on
television which aspect ratio is 4:3 as well. (See Page 3)



HPD777 On-chip Clock Generator with Prescaler Function

(A) Logic

CLOCK /Iiglr
s [ mn

T

20 20
f 19+ 19
18

17

16
15

(1) 3 bit delayed flip-flops with NOR2 consists of a polynomial counter that produces 5 different values of "6, 4, 0,
1, 3" repeatedly.

(2) The polynomial counter enters an infinite loop of “6, 4, 0, 1, 3” and generates stable ®[4:1] based upon the
value.

(3) Instruction cycle (on-chip clock cycle) is defined as a cycle of rising edge of ®2 to next rising edge of ®2.
(4) One instruction cycle is equivalent of CLOCK (3.579545MHz) level transition of “0-1-0-1-0" or “1-0-1-0-1".
(5) Two instruction cycles (on-chip clocks) are equivalent of five CLOCKs as function of a prescalar implemented.

(6) On-chip logic is working at 1.431818MHz (one instruction cycle).

(B) Clock Timing
—/

CLOCK
(3.579545MHz) _|

o]

—7/

=
=

15/16|17|18/19|20| @2 |3 o1 | 04 43 j_\ [_\ [N
x| 0| x| 1| x|x|1 0 0 0 /
0 x|1 x| x|x]1 0 0 0 ¢1 _\-4/_\4/_\
1 1 o/ol1]o0

X X X X _//
X | x| x| 1| x[0]O 0 1 0
x| 0|0 x| x| x]0]1,0]|O0 o4 _\ ’ \ ’ \
0 0 x| x|x|x]o0o|1|/0]0O0 7/

— - - ]
X| x| x| x|1/1]0]|]0]| 01 Instruction | Instruction
R/W data

x| x|x|1/1]x|0o|0]0 1 cycle J|__cycle | "

Truth table of clock generation logic On-chip clock (®2, ®3, ®1, ®4) waveform



(C) Truth Table
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(D) Verilog HDL Simulation Result

Simulation wave form above exhibits the same as (B) Clock Timing & (C) Truth Table.
(D-2) Verilog HDL Simulation Files

// Testbench for Clock Generator
// clockgen_sys.v
[ o s s s s N N N NN N NN NN SN NN N N

“timescale 1ns / 1ns

module clockgen_sys;

// regs/wires/integers
reg clk_org, clk_init;
wire clkl, clk2, clk3, clk4;

// Simulation target
clockgen clockgen(clk_org, clk_init, clkl, clk2, clk3, clk4);

[[==m=mmmmmm -
// Simulation vector
[[=====mmmm oo
initial
begin
clk_org = 1'b0O;
clk_init = 1'b1;
#200 clk_init = 1'be;

#550 $finish;
end

// 20MHz clock generator
always #25 clk_org = ~clk_org;

endmodule



B N
// Clock Generator
// clockgen.v

//
module clockgen(clk_org, clk_init, clkl, clk2, clk3, clk4);

// I/0 definition

input clk_org; // Original clock (H/L)
input  clk_init; // Clock initialization (H)
output clkil; // Phi 1 (clock) (H/L)
output clk2; // Phi 2 (clock) (H/L)
output clk3; // Phi 3 (clock) (H/L)
output clk4; // Phi 4 (clock)  (H/L)
// Regs for random logic
wire clk_org, clk_init;
reg clkl, clk2, clk3, clk4;
reg g6, gll, gl4, gls, gle, gl7, gl8, gl9, g2o;
[[====mmmmmm -
// Random logic
[[==mmmmmmmmmm -
always @*
begin

g6 = ~clk_org;

gll = ~g6;

gld = ~(gl8 | g20 | clk_init);
clkl = ((gl8 & ~g20) | (gl5 & g19));
clk2 = ~(~((~gl6 & g18) | (~gl5 & gl17)) | clkl );
clk3 = ~((gl6 | g17) & (gl5 | g16));
clk4 = ((gl8 & g19) | (g19 & g20));
end

always @ (posedge g6)
begin

g15 <= ~gl4;

gl7 <= ~gl6;

g19 <= ~gl8;
end

always @ (posedge gl1)
begin

g16 <= ~gil5;

g18 <= ~gl7;

g20 <= ~gl9;
end

endmodule



XY Coordinate

Coordinate| Registers Range
X X[7:1] 0-90
Y Y[6:1], y[3:1]/0-59,0 -7

MODE Registers

Function
MODE[7:1] Name
1 0
7 REV Reverberated sound effect Enabled Disabled
6 BRIGHTNESS Brightness High Low
5 HUE Hue Dense Thin
4 BLACK/PRIO Black&White Enabled Color only
3 BG R Background color Red bit
2 BG G Background color Green bit See color combination table
(page 2)
1 BG B Background color Blue bit

ySuB

y[3:1] | ySUB|y'[3:1] = y[3:1] - ySUB
000 0 000
001 0 001
010 0 010
011 0 011
100 0 100
101 0 101
110 0 110
111 0 111
000 1 111
001 1 000
010 1 001
011 1 010
100 1 011
101 1 100
110 1 101
111 1 110

y'[3:1] is provided to pattern ROM address.



Program ROM Address Counter and Stack Registers

11 bits address counter contents can be stored at three levels of address stack registers as return addresses when jump subroutine instruction (JS)
is executed.

The return addresses stored in the stack registers is poped down and returned to address counter when subroutine end instruction (SRE) is
executed.

(A) Verilog HDL Simulation Result

REREpEe NN NN NN NaNg ey Inln el Ealp N
I N o IR oy IS N oy S A NS

O A A N - N & S A 7S A S S
@0 T JooiJo03 Joo7 J3F 1155 Ji% Js0c Y510 Jock Jo8c Y29 J533 Y3 Joor YoiF Joar YA )
@i 1 T JooF  Jsw T 5B T {3& foor
T A Y (7 AN R ' S (7
T A A A S (7

- ACL asserts JS instruction forcing program ROM outputs to zero to initialize address counter and address stack registers.

- "alls” sets A1l to LSB of “prgromo” (Switch program ROM address bank).

- SRE (“sre”) pops down address stack register contents (“prgstk3”, “prgstk2”, and “prgstk1”) to address counter (“*prgroma”).

- JMP (“jps”) sets “prgromo” to address counter.

- ]S (Mjs” and “jps”) sets “prgromo” to address counter, stacks next address to “prgstkl”, and pushes up to “prgstk2” and “prgstk3”.

(A-2) Verilog HDL Simulation Files
Omitted



Pattern ROM Parallel-Serial Shift Registers
8 bits of pattern ROM contents are read in parallel and converted to serial signal by parallel-serial conversion registers.

To allow pattern overllaping up to five patterns including the patterns with same X co-ordinate;
- Pattern position allocation logic controlled by dly[4:0] is implemented.
- The number of stagesis 11 (7 + 5 - 1).

(A) Verilog HDL Simulation Result

(1) Pattern position allocation logic

S gy IS gy g A oy e Iy Gy I gy iy N Y oy 8 Iy G ey Iy i o T D gy 8 A
Mo jo [ [ 1 [ o8 [ [ [ [  Jof
Yo Yool T T T  Joi Yoo [ T T T fo1 Joo

o Jme | T3 T o8
: )EC)E@EM 0
—J380 1301 Y203 Joo7 Joof [oif Yo5f Joof Joff Yici (383 [507 Y20F Joif JO5F [O7f JOFf Jiff YSe3 [3

PTN address = Oflh (y=1; 7fh), 0f2h (y=2; 3eh)

- “ptnroma” is pattern ROM address.

- “ptnromo” is pattern ROM output.

- “dly” is load timing with delay 0.

- Lower 6 rows (“bl”, “bpo”, “bp01”, “rr”, “gg”, and ““bb") are serial output signals. In this simulation, they are the same.



PTN address = 0f3h (y=3; 1ch), 0f4h (y=4; 08h)

LM rfir -!-!-!-!i
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0fs :I "

PTN address = 0f5h (y=5; 00h), 0féh (y=6; 55h)
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10'hooo 780 | 100|200 ) 000

PTN address = 0f7h (y=7; 2ah) Pattern applied

(3) “dly[4:0]" generation logic
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dly_sysid: W 1 — [
Biyssysjeyjel P Ne s (T Yoo ffos JYos Nw Joo | foi Yoo foa Jes o Joo [ Noi Jor ffoa Jos i )

- The case that 5 sprites are positioned at the same X coordinate (10h) is shown.
- They can be overlapped and displayed cooperating with pattern position allocation logic (see (1)).

(A-2) Verilog HDL Simulation Files
Omitted



Line Buffer Registers
Line buffer registers consist of two register blocks (“lIba” and “Ibb"”) of 12 stages by 5 bits register files which store upper 5 bits of pattern ROM
address (H[5:1]).

“"H—NRM” instruction writes H[5:1] into one of “Iba” and “Ibb” without obstructing normal display.
When “lba” is in use for display, H[5:1] is written into “Ibb”.
When “Ibb” is in use for display, H[5:1] is written into “Iba”.

Up to 12 sprites' H[5:1] must be written by software in 4H (4 scan lines display time; 360 clocks) into line buffer.
This line buffer resolves strict time constraint as well as provides the capability of up to 12 different sprites display in one scan line.

(A) Verilog HDL Simulation Result

EE:EEE@EEEEEDEEE:EEE:EED ds
|_ILII_ILII_II_II_II_ILII_II_II_II_ILII_ILII_II_ILII_ILII_II_ILI

R S I I AU S N I S I S D S I T S I I O G N R

- "H—->NRM” instruction writes "01h, 04h, 07h, Oah, 0dh, 10h, 13h, 16h, 19h, 1ch, 1fh, 02h” into “Iba”.
- "H—>NRM" instruction writes “05h, 08h, 0bh, Oeh, 11h, 14h, 17h, 1ah, 1dh, 00h, 03h, 06h” into “Ibb".

(A-2) Verilog HDL Simulation Files
Omitted

<Continued>



Reading H[5]s from “lba” for display in realtime.

Reading H[5]s from “Ibb” for display in realtime.




Sound Generator

Sound suppression is performed by setting 0lh to sound frequency registers (FLS[7:1] & FRS[7:1]).
01->M
M—FLS, 0—»L or M—FRS, 1-L

A counter which initial value is FLS[7:1] or FRS[7:1] down-counts every horizontal period (15.734 KHz).
Two sets of sound down-counters are implemented and the sounds generated are mixed together. Therefore,
SOUND pin outputs monaural sound superimposed the two sound sources.

(A) FLS/FRS vs. Frequency

FLS[7:1] or FRS[7:1] | Frequency (Hz)

01h (01d) 0 (No sound)
02h (02d) 15,734

03h (03d) 7,867

0Bh (11d) 1,573

24h (36d) 787

3Ch (60d) 450

7fh (127d) 125

Sound can be reverberated in conformity to REV input when REV mode (MODE[7]) is set to 1.



(B) Verilog HDL Simulation Result

IR IGERIGERIGERIIE SR GER I GRS ST
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- The cycle of count pulse (“vcntn”) is shortened.

-"01h" is set to “rs” and “Is” (sound is suppressed).

-"02h" is set to "rs” and “14h” is set to “Is”.

- Right channel sound output, “rso”, altered every two count pulses (15,734KHz).
- Left channel sound output, “lso”, altered every 20 count pulses.

(D-2) Verilog HDL Simulation Files

Ommited



Sequence of Entire Program ROM Code Dump (Abstract)

11 bit program ROM address can be specified by feeding ROM code of “JP xxx” and “1—-A11” through 12 I/O pins
under CH[2:1] = 1. Under CH[2:1] = 2, the program ROM code appears on the 12 I/O pins updating the lower 7
bit address counter contents from 000h to 040h automatically (See “7 bit polynomial address counter
implemented”). “JP xxx” specifies lower 10 bit addresses and “1—-A11" sets A11 (MSB (Most Significant Bit) of
ROM page address) to 1. Each instruction takes one clock and then the ROM code updated is output one clock
later. Needs (129x16 + 1) on-chip clocks.

Beforehand, put prescaler initialization sequence (gray zone) below along with feeding AC/.

Feeding instruction codes and dumping ROM code must be synchronized with on-chip clock, not CLOCK (See “On-
chip Prescaler”).

On-chip clocks CH I/0 Pin
A
CLOCK C| Instruction | ROM Address KIK|KIK|KIKIK|G|P|P|P|P
$2 | $1| Cycle |/ 2|1|1/2|3|4|5|/6|7|P/D/D|D|D
[V 1413121
1
0
1
0 1 1
0 X
1
0 0
1 NOP XXX XXXX XXXX 1]0|{0/0|0|0O|0|0O|0O|O|O|O|O
0
1 1
0
0
0
1 1
0o — ||
0 1
— 1
1
0 1
0
1
0 0 1 JP 000 XXX XXxxX xxxx|0|1]1|0/0|0|0|0O|O0O|O|0O|0O|O|O
1 1
0
1
1 1
0
0
1 1 000 0000 PO |1 |0 X | X | X|X|X|X|X|X|X|X|X]|X
0o —
0 1
1 0




CH I/0 Pin
Of-CWP | Instruction | ROM Address K| K|K|K|K/KIKIG|PIP|PP
ocks 2|1)1/2|3|4|5|6|7|P|D|D|D|D
[V 4131201
1 JP 000 XXX XXXX xxxx |0|1]l]1/0|0|0|0OlO|O|0O|0O|0O]|O|O
1 000 0000 0000 X | X[ X|X|X|X|X|X|X]|[X]|X]|X
000 0000 0001 1o
- k| ok | k| ok |k | k| k| k| x| ok | k| %
127 000 0100 0000
000 0000 0000
1 JP 080 000 0000 0001 ofj1}j1/0/0/0|1/0|0|O0O|J0Of0O0|0O]O
1 000 1000 0000 X | X[ X[ X|X|X|X|X|X|X]|X]|X
000 1000 0001 1o
- s | k| ok |k |k |k | k| k| k| k| ok | ok
127 000 1100 0000
000 1000 0000
1 JP 100 000 1000 0001 ofj1}j1/0/0j1/0/0|0|O0OJ0O|0O0|0O]O
1 001 0000 0000 X | X[ X|X|X|X|X|X|X]|[X]|X]|X
001 0000 0001
- 10
* X kS B * X kS kS * B B X
127 001 0100 0000
001 0000 0000
1 JP 180 001 0000 0001 o|j1j1|0/0j1/1(0j0|0O|0O|0O|O]|O
1 001 1000 0000 X | X[ X| X[ X|X|X|X|X|X|X]|X
001 1000 0001 0
_ 1
X % * X X % * * X * X *
127 001 1100 0000
001 1000 0000
1 JP 200 001 0000 0001 o|j1j1|0|{1j0/0fO0Oj0O|0O|0O|0O|O]|O
1 010 0000 0000 X|IX|[X|X|X|X|X|X|X|X]|X]|X
010 0000 0001 1o
- k| ok | k| k| k| k| k| k| x| k| k| %
127 010 0100 0000
010 0000 0000
1 JP 280 010 0000 0001 ofj1}j1/041/0|1j0j0|0|j0O|0|0O0]O
1 010 1000 0000 X|X|[X|X|X|X|X|X|X|X]|X]|X
010 1000 0001 1o
- x| k| ok |k |k |k | k| ok | k| k| ok | ok
127 010 1100 0000
010 1000 0000
1 JP 300 010 0000 0001 ofj1}j1/041j1/0/0/0|0|j0O|0O0|O0]O
1 011 0000 0000 X | X[ X|X|X|X|X|X|X|[X]|X]|X
011 0000 0001
- 1|0
B * ES B B * ES b S B B B kS
127 011 0100 0000
011 0000 0000
1 JP 380 011 0000 0001 ofj1}j1/041j1/1/0/0|0j0|0|0]O
1 011 1000 0000 X | X[ X|X|X|X|X|X|X]|[X]|X]|X
011 1000 0001
_ 1|0
* * kS ES * * kS kS * X B X
127 011 1100 0000
011 1000 0000




(Continued)

CH I/0 Pin
On-chip | p . truction ROM Address KIK|K|K|K/K|KIG|P|P|P|P
Clocks 2/1{1|2/3|4|5|6|7|P|D|D D|D
[V 413121
1 1-5A11 011 1000 0001 0/j1/0/0|0|0|0|0|0|0|0]|1
1 JP 000 111 1000 0011 o1 1,00/ 0lOlOjOjO|O|O|0O|O
1 100 0000 00O X|X[X[|X|X|X|X|X|X|X]|X]|X
100 0000 0001 1o
100 0000 0000
1 JP 080 100 0000 0001 |[O|1]1|0/0|0j1 /00O |0O|0O|0O|O
1 100 1000 0000 X|X|X|X|X|[X|X|X|X]|X]|X]|X
100 1000 0001 1o
100 1000 0000
1 JP 100 100 1000 0001 [O|1]1|0/0|1 /00O O|O|O|0O|O
1 101 0000 0000 X | X[ X|X[X|X|X|X]|X]|X|X]|X
101 0000 0001 1o
127 161 0100 6600 s |k [k [k |k | k| x| x| x| x| x| x
101 0000 0000
1 JP 180 101 0000 0001 |O|1]1/0|0|1/1/0/0|0j0|0O0|0O]|O
1 101 1000 0000 X|X|X|[X|X|[X|X|X|X]|X]|X]|X
101 1000 0001 i1lo
127 161 1100 0600 s |k [k [k |k | k| x| x| x| x| x| x
101 1000 0000
1 JP 200 101 0000 0001 |O|1]1/0|1|0/0|0j0O|O0O|O0O]|0O|0O|O
1 110 0000 0000 X | X[ X[ X[X|X|X|X|X[|X]|X]|X
110 0000 0001 1lo
110 0000 0000
1 JP 280 110 0000 0001 [O|1]l1|0/1|0/1 /000 |0O|0O|0O|O
1 110 1000 0000 X | X[ X|X[|X|X|X|X]|X|X|X|X
110 1000 0001 1o
110 1000 0000
1 JP 300 110 0000 0001 [O|1]1|0|1|1/0/0/O0/O0O|O0O|O|0O|O
1 111 0000 0000 X | X[ X|X[X|X|X|X]|X]|X|X]|X
111 0000 0001 1o
127 111 6106 6006 s |k [k [k |k |k | k| x| x| x| x| x
111 0000 0000
1 JP 380 111 o000 0001 [O|1]1|0|1|1 /1 /0/0/O0O|0O|O0|0O|O
1 111 1000 0000 X | X[ X|X[X|X|X|X]|X]|X|X]|X
111 19?@ 0001 ilo
127 111 1100 6600 )|k [ x|k |k | x| x| x| x| x| x| x
111 1000 0000

This function was originally implemented
external ROM code generator (emulator).

for purely LSI test purpose,

not for replacing on-chip ROM code by



Sequence of Entire Pattern ROM Code Dump (Abstract)

Pattern ROM addresses, PTN[7:1](A3[7:1]) & y[3:1](A4[7:5]), are specified by feeding ROM code (NN—A3,
NN—A4) through I/O pins. Pattern ROM outputs are stored in 11 bit shift registers when CH6=1. The shift
register contents shift every clock and output through “R” output pin, bit by bit serially. The serial output format
is leading zeros first and bit positions “7-6-5-4-3-2-1-0" next. One word dump takes 11 clocks per address.

Needs ((16 x 7) x 11 + 7) on-chip clocks.
Put a 10kQ pull-up resistor to R output pin because of open-drain.

Beforehand, put prescaler initialization sequence (gray zone) below along with feeding AC/.

Feeding instruction codes and dumping ROM code must be synchronized with on-chip clock, not CLOCK (See “On-

chip Prescaler”).

On-chip clocks I/0 Pin (ROM Code) clelelele p|m| Pattern Register |Out
A
cLOCK C [ anstruction [ K| K| K KKK/ K G PIPIPIPIHfulH{H[H] S RIS pry y
$2 | 41| Cycle|/ 1/2/3/4|s|6|7/p|D|D|D|D|6|4l3]|2 |1 |A414D \ _ R
[\ 413121 O E|(A3[7:1]) | (A4[7:5])

NOP o/o/o0j0j0j0|0O|O|OfO|0O|O]JO]JO]1 1

XX X

1 00-A1 0j1/1/0/0/0|0j0j0|0|0]|O

1 00—»A2 0/j1/1/0/1j0|0|0|0|0|0]O

= | Oolr|O|r]l]lO|rr|lO|Rr |O]r | Ol |O|r]O |~ | O|Rr |O|lR|O |~
=
X
x
X




Out

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

1 bit serial MSB first

000-7-6-5-4-3-2-1-0

Pattern Register

PTN
(A3[7:1]) | (A4[7:5])

XX

00

01

M
0]
D
E

acx—=0

(A4[4])

O —

O N

OIm

O <

0j11|0]1

OT oo

I/0 Pin (ROM Code)

o

[a B N

anNnm

a Q<

0o~

XN~

X O~

X LN~

Y <~

X M~

X N~

0/j1/1/0|{0/0|0|0|0|0|0O|O
0/1/1/0{1/0|0|0|0|0|0|O
0j1/1/1/0/0|0|0|0|0|0|O

0/j1/1j1/1/0{0|1/1]0|0|0]O
0/j1/0/1{1/1|0/0|0|0|0|O0

o/o0j0(0|0|1|0|j1|0|1|0|O

o/0j0/0j0|0O|O|0O|0O|0OfO0O|O0]1

o|joj0j0|0|0O|0OfO|0O|0O|0O|O]O

0j1/1j1j1/0|1(0}|1/0|0|0]O

0/|0/0|0|0|0O|0O|O|0O|0O|0|O]1

0o/0/0|0|0|0O|O|0O|0O|O|O|O0]O

0j1/1j1j1/0|1f1}1/0|0|0]O

0/0/0/0|0|0O|O|0O|0O|0OfO0O|0]1

o/joj0j0|0|0O|0OfO|0O|0O|0O|O]O

0oj1/1j1j1}1|0(0}1/0|0|0]0O

o/0j0|0j0|0O|O|0O|0O|OfO|0]1

0/0/0|0|0|0O|O|0O|0O|O|O|O0]O

0j1/1j1j1}1|0f(1}1/0|0|0]0O

0/|0/0|0|0|0O|OfO|O|0O|0|O]1

ojoj0j0|0|0|0OfO|0O|0O|0O|O]O

o/j1j1j1/1/1{1/0/1/0|0|0]O0

0o/0j0|0|0|0O|O|0O|0O|OfO|0]1

o/joj0j0|0|0O|0OfO|0O|0O|0O|O]O

oj1/1j1j1}1|1(1}1/0|0|0]0

0/0/0|0|0|0O|0O|O|O|0|0|O]1

ojoj0j0|0j0|0OfO|0O|0O|0O|O]O

0j1/1j1/0/0|0(0|0|0|O0|1]0

0/1j1{1/1)0|0|1|1]|0[|0|0]0O

o/0j0|0j0|0O|O|0O|0O|OfO|0]1

0/0/0|0|0|0O|O|0O|0O|O|O|O0]O

0j1/1j1|1/0|1(0}|1|0|0|0]O

0/|0/0|0|0|0O|0OfO|0O|0|0|O]1

0o/0/0|0|0|0O|O|0O|0O|O|O|O0]O

0j1/1j1j1/0|1f1}1/0|0|0]O

o/0j0|0j0|0O|O|0O|0O|OfO|O0]1

o|joj0j0|0|0O|OfO|O|0O|0O|O]O

0j1/1j1}1}1|0(0|1/0|0|0]0O

0o/|0/0|0|0|0O|0OfO|0O|0O|0|O]1

Instruction

00—»A1

00—>A2

00—>A3

18—A4

40-L,H

A—->MA

M—-MODE, 3-»L|0|0|1|1|1|0/0|0|1 |0 1|1

NOP
NOP
28—A4

NOP
NOP
38->A4

NOP
NOP
48-5A4

NOP
NOP
58—-A4

NOP
NOP
68—-A4

NOP
NOP
78—A4

NOP
NOP
01->A3

18—»A4

NOP
NOP
28—-A4

NOP
NOP
38-A4

NOP
NOP
48574

NOP

On-chip
Clocks

1

Repeat

4 and concatenate next page sequence.

7E & y=

5to PTN[7:1]=

Repeat from PTN[7:1]=01 & y



(Continued)

| ||Lep|eat||| | || |
9 NOP ololo|ojololololololo]o]o
1 68>A4 |ol1/1]1]|1]/1/1/0/1|0|00]0 > o )
1 NOP ololojojolo/ojololololo|1
9 NOP ololojojololojolololo|o]o 6
1 785>A4  |ol1]|1]1/1/1]1/1]1/0|0]0]0 E 7o s
1 NOP ololojojolo/ojolololol 0|1
8 NOP ololojojololojolololo|o]o
7F5>A3  |ol1]1]1lol1]11]1/1]1]1]0 ’ 000-7-6-5-4-3-9-1-0
1 18-5A4 0/1/1/1]/1|/0/0/1|1]0|0|0]0O 1 bit serial MSB first
NOP ololojojolo/ojolololol o]t
9 NOP ololo|ojololojolololo|o]o 1
1 28>A4 |o|1/1]|1/1]o/1]/0/1|0o|0l0]0 o )
1 NOP ololojojolo/o|olololol 0|1
9 NOP ololojojololojolololo|o]o 2
! 38->A4 |01 11]1/1]10)1 111110101000 sfyfofs| 1 |[ofo 3 bit serial MSB firet
1 NOP ololojojolo/ojololololo|1
9 NOP ololojojololojolololo|o]o 3
1 48A4 ol1|1|1|1|1]|0j0|1|0|0|0]O Ologgs'sr'i:‘ll\;é;;ﬁ;’?
1 NOP ololojojolo/o|olololol o]t -
9 NOP ololo|ojololojolololo|o]o 4
1 58>A4 |o0|1/1|1/1]1]/0]1/1|0|0l0]0 o )
1 NOP ololojojolo/o|olololol 0|1
9 NOP ololojojololojolololo|o]o 5
1 68>A4 |ol1|1]|1]1]1/1]|0|1|0]0|0]0 o )
1 NOP ololojojolo/ojolololol 0|1
9 NOP ololojojololojolololo|o]o 6
1 78-A4 O|1|1|1|1|1|1|1|1|0|0|0]O Ologgs'sr'i:‘ll\;é;;ﬁ;’?
1 NOP ololojojolo/o|olololol o]t
7

Concerning program ROM & pattern ROM dump, refer to the working ROM dump system approach below.

Under https://www.oguchi-rd.com/LSI%20products.ph

- System Design of ROM dump
- Dump Pattern Creation

- Dump source pattern (PA.txt)
- Source code of "rom_dump.cpp"
- Dump Analysis
- Source code of "dump_analysis.cpp"

“PA.txt"” (1,723KB) introduces the actual dump pattern for both program ROM and pattern ROM to be provided to
uPD777s.


https://www.oguchi-rd.com/777/ROM%20Dump/Dump%20Analysis/dump_analysis%20Source%20Code.pdf
https://www.oguchi-rd.com/777/ROM%20Dump/Dump%20Pattern%20Creation/rom_dump%20Source%20Code.pdf
https://www.oguchi-rd.com/777/ROM%20Dump/Dump%20Pattern%20Creation/Dump%20Source%20Pattern.pdf
https://www.oguchi-rd.com/777/ROM%20Dump/Dump%20System%20Design/%C2%B5PD777%20On-chip%20ROM%20Code%20Dump%20System%20Design.pdf
https://www.oguchi-rd.com/LSI%20products.php

Example of Program ROM Dump Result (uPD777-010 for Epoch Video Cassette “"Astro Command”)

ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT | ADR | OUT

000 | 000|080 | 631|100 F1F | 180 | 599 | 200 | 5BA | 280 | 300 | 300 | 018 | 380 | E21 | 400 | D28 | 480 | 604 | 500 | E61 | 580 | EA6 | 600 | BOO | 680 | 507 | 700 | OE2 | 780 | 000

001 | 440|081 | 6D5]|101 AAO|181 | 57E|201|6A0|281 101|301 |301|381|020|401|510|481 | D19|501|E3C|581|997|601|E15]|681|3B3|701|880|781 | 000

003 | 59F | 083 | 744|103 | 600 | 183 | 5BF | 203 | 290 | 283 | 020 | 303 | 1A1 | 383 | 302 | 403 | 603 | 483 | B1E | 503|142 | 583 |E76 | 603 | 086 | 683 | 612 | 703 |EQQ | 783 | 000

007 | 501|087 | 782|107 |68D|187 |57F | 207|020 | 287 |59A | 307 |08C | 387 | 0C8 | 407 | 018 | 487 | 6B8 | 507 | 3AE | 587 | 997 | 607 | OFB | 687 | 081 | 707 |B7D | 787 | 000

OOF | 388 | @8F | F7C| 10F |E49 | 18F |04A | 20F | 060 | 28F | 603 | 30F | B7A | 38F | E58 | 40F | 302 | 48F | 34A | 50F | 08C | 58F | 018 | 60F | 807 | 68F | 614 | 70F | E87 | 78F | 000

O1F | 389 | @9F | 058 | 11F | 020 | 19F | 98F | 21F | 303 | 29F | A31 | 31F | 67E | 39F | E1F | 41F | 520 | 49F | 8E5 | 51F | 96E | 59F | 59E | 61F | D28 | 69F | 082 | 71F | 681 | 79F | 000

O3F | 600 | OBF | 599 | 13F | 301 | 1BF | 460 | 23F | 08E | 2BF | 601 | 33F | 680 | 3BF | FO1 | 43F | 5D8 | 4BF |E76 | 53F | E15 | 5BF | 602 | 63F | 933 | 6BF | 618 | 73F | 238 | 7BF | 000

O7E | 680 | OFE | 390 | 17E | 616 | 1FE |@4A | 27E | 500 | 2FE | 309 | 37E | 70F | 3FE | 081 | 47E | 63A | 4FE | 8B8 | 57E | 084 | 5FE | 280 | 67E | 5D9 | 6FE | 083 | 77E | BOE | 7FE | 000

07D | 700 | OFD | 181|17D | 28A | 1FD |9F7 | 27D | 142 | 2FD |5BD | 37D | 780 | 3FD | ©20 | 47D |E21 | 4FD |E61 | 57D | 96E | 5FD |9E9 | 67D | 63C | 6FD | 620 | 77D | 599 | 7FD | 000
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Example of Pattern ROM Dump Result (uPD777-010 for Epoch Video Cassette “"Astro Command”)
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