
Application Notes/Briefs 

CUSTOM ROM PROGRAMMING 

INTRODUCTION 

Custom ROM programs are submitted to National 
in three formats: paper tape, punched cards or 
truth table with punched cards being the preferred. 
These programs are converted into machine Ian· 
guage and outputted on a magnetic tape. This 
magnetic tape is used to make the programmable 
gate mask and the test tape. Wafers are held in 
inventory at gate mask. The wafers are then com· 
pleted using the custom gate mask and tested at 
the wafer level. The wafer is then scribed and the 
good dice assembled. After assembly the units are 
tested using the custom test tape to assure the 
correct output pattern for every address. 

When MOS was in its infancy the design engineers 
called a logic ONE a low voltage because a p. 
channel MOS transistor is turned on with a negative 
bias applied. This became known as NEGATIVE 
logic and was the opposite of TTL's POSITIVE 
logic. As the MOS technology evolved and TTL 
compatibility became a reality it became desirous 
to use the same logic in MOS as in TTL. Therefore 
the first ROMs to come out were specified in 
NEGATIVE logic and the new ROMs are specified 
in POSITIVE logic. Extra care must be taken in 

INFORMATION NEEDED 

entering ROM codes that it is clear which logic 
level is used. National has programs to convert 
NEGATIVE logic to POSITIVE or POSITIVE to 
NEGATIVE so ROMs can be entered in either 
logic bm the customer must specify which logic 
it is. 

DEFINITIONS 

Logic Definitions 

NEGATIVE Logic: "0" ; VH ; the more positive 
voltage. "1" ; V L ; the more negative voltage. 

POSITIVE Logic: "0" ; V L ; the more negative 
voltage. "1" ; VH ; the more positive voltage. 

Input Output Definitions 

Address: A, is the least significant input address 
on ROMs. Lo is the least significant input address 
on character generators. 

Outputs: 8, is the least significant output. 

So that National can better serve its customers the following information must be submitted with each ROM 
code. 

NAME 

ADDRESS 

CITY 

TELEPHONE 

National Semiconductor Corporation 
2900 Semiconductor Dr., Santa Clara, CA 95051 
Phone (408) 732·500 TWX 910-339-9240 

NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLY) 

DATE 

CUSTOMER PRINT OR 1.0. NO, 

I STATE ZIP PURCHASE ORDER NO. 

I NAME OF PERSON NATIONAL CAN CONTACT (PRINT) I AUTHORIZED SIGNATURE I DATE 
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TRUTH TABLE FORMS 

Use the appropriate form for submitting truth tables. 

Form I 

MM3501 
MM5201 
MM5202 
MM4203/MM5203 

MM5204 
MM4210/MM5210 
MM4211/MM5211 
MM4213/MM5213 

OUTPUT CODe NOTE: 1 
LS8 

MM4214/MM5214 
MM4220/MM5220 
MM4221/MM5221 
MM4230/MM5230 

ADD-ADD
RESS B8 B7 B6 85 B4 83 82 B1 SUM RESS 

_50 
__ 1 _51 

_ 52 
__ 3 _ 53 

_ 54 

_55 

_ 56 
__ 7 57 

_58 
__ 9 59 

_10 60 

11 _61 

_12 _62 

_13 _63 

_14 _64 

_15 _65 

16 _66 

_17 67 

_18 _ 68 

_19 _ 69 

_20 _ 70 

_21 71 

_22 72 

_23 73 

_24 _ 74 

__ 25 _75 

26 _76 

27 _ 77 

28 78 

_29 79 

30 80 

81 

_32 _82 

_83 

_34 _84 

_35 85 

_36 _86 

_37 _ 87 

_38 _88 

_39 _89 

40 90 

41 91 

_42 92 

_43 _93 

_44 _94 

_45 _95 

46 _96 

_47 _97 

_48 _98 

49 _99 

T8 T8 

88 

MM4231/MM5231 
MM4232/MM5232 
MM4233/MM5233 

OUTPUT CODE 

87 86 85 84 83 

Note 1: The Appropriate Logic Level box must be checked or order will not be accepted. 
o POSITIVE Logic on Addresses and Outputs 
o NEGATIVE Logic on Addresses and Outputs 

LS8 
82 81 SUM 

Note 2: The MM4232/MM5232 and MM4233/MM5233 have programmable chip selects and the logic level to enable the 
chip must be specified. CS 1 ~ CS 2 _ CS 3 _ CS 4_ 

Note 3: TB is the total "1" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal. 



Form II 

MM5212 
MM5215 
MM4229/MM5229 (Positive logic only) 

ADD· OUTPUT COOE NOTE: 1 

RESS 812 811 a10 B9 B8 B7 B6 B5 BO B3 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

" _12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

_34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

TB 

LSB ADD· OUTPUT CODE NOTE: 1 

B2 B1 SUM RESS 812 B11 810 B9 B8 B7 B6 B5 

50 

51 

52 
_ 53 

64 

55 

56 

_57 

58 

._59 

60 

61 
_ 62 

63 
_ 64 

65 

66 

67 
_ 68 

69 
70 

71 
_ 72 

73 

74 

_75 

76 

_77 

78 

_79 

80 

_81 

82 

_83 

84 

85 

86 

87 

88 

89 

90 

_91 

_92 

93 

_94 

95 

_96 

97 

_98 

99 
TB 

Note 1: The Appropriate Logic Level box must be checked or order will not be accepted. 
o POSITIVE Logic on Address and Outputs 
o NEGATIVE Logic on Address and Outputs 

LSB 
BO B3 B2 B1 SUM 

Note 2: The MM4229/MM5229 has programmable chip selects. Specify the Logic Level to enable the Chip (Positive Logicl 
CSl CS2 CS3 

Not8 3: TB is the total "'" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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CD r-------------------------------------------------------------------------~ 
c: 
E Form III 
E 
~ MM4240/MM5240 
CD o .. 
Il. 

:i! 
o 
a: 
E 
S 
1/1 
:::I 

(.) 

o 
o 
'7 
Z « 

CHARACTER 
ADDRESS 

(DECIMAL) 

_0 

_2 

, 
'"' 

2 
010 

a ~ 1 

7 " , 

a ~ 1 , 
100 

, 
,,0 

7 , " 
o 

,"0 , 
001 

7 " , 
_3 0 

'"' , 
'01 

3 
01 , 

7 , " 
TB 

CHA.RACTER LINE 
ADDRESS ADDRESS 

(DECIMAL) (DECIMAL) 

-, 0 

, 
2 

3 

, 
, 
• 
7 

_5 0 

I , 
2 

\ 3 

~+ 
----1---=--

6 

7 

-
_6 

0 

I , 
2 

I 3 

, 
\ , 

6 

7 

_7 
0 

, 
2 

3 

, 
• 
• 
7 

TB 

OUTPUT WORD ., 
·2 ·3 

., ., SUM 

CHARACTER 
ADDRESS 

(DECIMAll 

_8 

_9 

--l 

-
\ 
\ 

i 

\ 

Note 1: A logic "1" = most negative voltage. A logic "0" = most positive voltage. 

LINE OUTPUT WOAD 
ADDRESS 

(DeCIMAL) B, ·2 ·3 ., BS SUM 

0 

, 
2 

3 

, 
, 
6 

7 

0 

, 
I 2 

3 

I , 
5 

6 

7 

I T. 
\ 

Note 2: Line address (Lo , L j , L2 ) are the row or column select lines in a character generator application. I n a read only mem
ory application, As shall be considered the MSB and La the LSB. 

Note 3: TB is the total "1" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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Form IV 

MM4241/MM5241 

CHARACTER LINE LS8 OUTPUT CODE 
ADDRESS 

CHARACTER LINE LS8 OUTPUT CODE 
ADDRESS ADDRESS ADDRESS 

(DECIMAL) DECIMAL 81 82 83 84 85 86 87 88 SUM (DECIMAL) DECIMAL 81 82 83 84 B5 B6 B7 88 SUM 

_0 0 _5 
Ll LI La 
o 0 0 

1 
001 

2 
010 

3 
01 1 --

- f-- 1--
4 

100 

5 
1 1 0 

_6 -, 0 
000 

1 
001 

2 
-f---

010 1 

3 

i 01 1 

4 I 100 

5 
1 1 0 

_7 
_2 

0 I I 
000 I 

06, 

o~o I 

3 I i 
01 1 I 

4 I I 
100 

5 
1 1 0 ,-------

_3 
0 

_8 

000 

c-------
1 

001 

2 
f----

010 

3 
01 1 

4 
100 

5 
101 

_4 0 _9 

1 

2 

3 

4 

5 

T8 

Note 1: On the character address and output word negative logic is used: 
A logic "1" most negative voltage 
A logic "0" most positive voltage 

on the line address positive logic is used: 
A logic "a" most negative voltage 
A logic "1" most positive voltage 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 , 

5 

0 I 
I 

1 

2 ! 
I 3 

4 

5 

-+ 
0 I 

1 

2 

3 

4 

5 

T8 

Note 2: Line address (Lo , L1 , L2 ) are the column select lines in a character generator application. In a read only memory 
application A6 shall be considered the MSB and Lo the LSB. 

Note 3: TB ;s the total "1" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal, 
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TAPE ENTRY FORMAT 

Tape format for the following ROMs. MM3501 
MM4210/MM5210 
MM4211/MM5211 
MM4213/MM5213 

MM4214/MM5214 
MM4220/MM5220 
MM4221/MM5221 
MM4230/MM5230 

a·BIT TAPE FORMAT 

Note 5 
Note 6 

Note 8 

"s. MSB 

2 Spaces-+-'==, 

Note 2 

OOf)'1nnnn 
ni010lfJ I 
0011111 I 
nWlI llMl 

;.1')1)6 0'lr)0f)r)fl'l n 
_'I'Jr)"l OfJ111IOO 4 
l\(1f) ~ 00'H10I)O() n 

A-'5~ DIDI/HOI 4 

---',-Note3 

1 Space 

TB~ 14n ______ -j-_Note 4 
fS7 I:,n 
IS .... ?51l 
HIS 40 
r94 (lin 
rA3 I no 
1E<<:' 1">5 
fBI 19·' 

L __ --'========j--l Space 
Note 1: The code is a 7-bit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form an,d is preceded by the letter A. 
Note 3: The total number of "1" bits in the output word. 

Note 4: The total number if "1" bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEG logic depending on which is used. 

Note 7: LOGIC ON ADDRESS AND OUTPUTSmust be the same (either pas or NEG). 

Note 8: Specify the pattern necessary to enable the ROM on the ROMS that need chip selects. 

Tape format for the MM5202, MM4203/MM5203 and MM4204/MM5204. 
PROM TAPE P AND N FORMAT 

Carnage returnhne feed 

(, 

allowed betweeen F and B. 

startCharacter-,stopCharacter, Data FIeld" MSB{Pm11) LSB{Pm4) 

t t I I t I 
B PPPN P P N N FBN N P P N N PPF ... BNPNPNNNN F 

Word 0 

All Address Inputs LOW 

Word 1 Word 255 -------------. 
All Address Inputs HIGH 

MM4231/MM5231 
MM4232/MM5232 
MM4233/MM5233 

*Data Field: Must have only P's or N's typed between Band F. No nulls or rubouts. Must have exactly eight P and N 
characters between Band F. Any characters except Band F may be typed between the F stop character and the B start 
be rubbed out. Data for exactly 256 words must be entered, beginning with word O. P = "1" or the more positive voltage. 
N = "0" or most negative voltage. When the MM4204/MM5204 is used the word length is 512. 

PROM TAPE BINARY FORMAT 

o 00 
,-----;:---------BIT 1 

o 0 
00 

00 
00 
00 
00 
00 0 

,~ COMPLEMENT WORD 1 

~WORDl 
COMPLEMENT WORD 0 
WORD 0 

START 

Note 1: Tape must be all blank except for the 513 words punched. 
Note 2: Tape must start with a START punch. 

········fc·p····· 
o 
o 
o 

o --BITS 

~ COMPLEMENT WORD N 

WORDN 

Note 3: Data is comprised of two words the first being the actual Data the second being the complement of the data. 
Nota 4: A punch is equal to a "1" or most positive voltage and the omission of a punch is a "0" or the more negative voltage. 

When programming the MM5202 or MM4203/MM5203 it should be remembered that the opposite logic from what is 
programmed will appear on the output of the PROM. In otherwords a P on the tape will program a Logic "0" or YL in 
the PROM. 
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CARD ENTRY FORMAT 

Card format for the: MM3501 
MM4210/MM5210 
MM4211/MM5211 

MM4213/MM5213 
MM4214/MM5214 
MM4220/MM5220 

MM4221/MM5221 
MM4230/MM5230 
MM4231/MM5231 

MM4232/MM5232 
MM4233/MM5233 

12J4567891(l11121J14151611181920212223242526272829:JD313233343!i3637383940414243441546474849505152535455565750116960616263&166666768691071121374161677187980 

=L 
CS2 -x l---------~----- ----.~~ _______________ ~ ___________ --j 
~~3 'x 

t-::-:~c__---------------------- ------------~--~-----------1 

~-~:o·'~:~-------------------

~~~,=~~.-------------------~-------------------~ 
1...---Il10 •• 4 

Note 1; Punch three input addresses per card with the first address in columns 1-25, the second in columns 26-50 and the third in columns 51-80. 
Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 
Note 3: The total number of "1" bIts in the output word. 
Note 4: The total number if "'" bits in each output column or bit position. 
Note 5: Specify product type. 
Note 6: Must type POS logic or NEG logic depending on which is used. 
Note7: LOGIC ON ADDRESS, OUTPUTS AND CHIP ENABLE must be the same (eIther POS or NEG), 
Note 8: Leading zeros must be punched. 
Note 9: Specify the Chip Select Logic Levels that will enable the ROM where necessary. 

Card format for the MM5212. 

'234567891011121314151617181920.12223242526212B293031323334J536373B394041424344450464148496051 S253f>455565158596061 626364658667 68897011n73747576711819BO 

"-, 

Note 1: Punch three input addresses per card with the first address in columns 1-25, the second in columns 26-50 and the third in columns 51-80. 
Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 
Note 3: The totsl number of "1" bits in the output word. 
Note 4: The total number if "'" bits in each output column or bit position. 
Note 6: Specify product type. 
Note 6: Must type POS logic. 
Not. 7: POSITIVE LOGIC ON AODRESS AND OUTPUTS. 
Note 8: "'" more positive output. "0" more negative output. 
Note 9: Leading zeroes must be punched. 
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Card format for the MM5215. 

12345678g101112131415TSll1S192U212223242526272829303132333435363738394Q414243444546474B495051 0253545556575859606 1626364656667f;86970711273747576771879BO 

~' No,.S ----------

ic=~c;:_------------ -----------------------------------------1 
---------------------

ic=--:-c:--=-'-------------------- ------------------------j 
TBO? 810 ---------~------"-----".--------

~- ------------------------------_._--_._-._- ---------._-----
~~~-----~---------------------.. ---,---------.-----------

-'-""-'-'-"'-------------------------------- ---=~-==~:::~:::=---========---= 
- ------ ----- --

---------_._--._-
~----------------

- ---------- --------- ----------------------
- -- --- -- - ------ ----------- -------_._-

~ii7a91ii,1121314'51S17'8'92021n23,4252627282930313233;5435363138394041424344454<54'4849'50515253545556575859606162636465661i7686970717273747S76771B7980 

Note 1: Punch three Input addresses per card with the first In columns 1--25, 
the second in columns 26-50, and the third in columns 51-80. 

Note 2: The ROM input address is expressed in decimal form and IS preceded 
by the letter A. 

Note 3: The total number of "1" bits in the output word 
Note 4: The total number If "1" bits m each output column or bit position. 

Card format for the MM4229/MM5229. 

Note 5: Specify product type. 
Note 6: Must type negative logic 
Note 7: NEGATIVE LOGIC ON ADDRESS AND OUTPUTS 
Note 8: "1" more negative output. "0" more positive output. 
Note 9: Leading zeroes must be punched 

ic=~-----------------------------------

----------------- ------- -- -------- -----------------1 

-' -"---'- - .----.-.----~-

~:~::~:~:~:~;~;~:~;~;~;~;~:~;~;~;~"~' ____ ~~~"~'~O 1 0 1 0 \ 0 1 01 0 I 
111111 I 11 I 11 12 

"---.----~.--~ ---------------------- - ._--- - -- ------ ----- -----.----.--.. -----~-

ic=-:--:--:-------------- --- ------- --------.-
F~"----------- ---
ic=~,_;_--------------------------------

I=;-,~;c;__---~~----------------------

ic=~cC--------------- -- - -- -- -------------------------j 
ic=~cc_------------- ------ - - - - - - ---- -- - - ---------------

------------------------i 
ic=c-:-:-:-------------------------- -

I----~;__---------------.------.--.----------------.-----------I 

I-+--~'------------------.--------------------------i 

I--c:c:---'---------------------------------------------

Note 1: The code is Hollerith as punched on IBM Model 029, 
Note 2: Corresponds to Pin 16 
Note 3: Corresponds to Pin 15 
Note 4: Corresponds to Pm 14 
Note 5: The ROM input address is expressed In decimal form and IS 

preceded by the letter A 
Note 6: All 256 address (0-255) must be coded. 

Note 7: The total number of "1 '5" in each Input word. 
Note 8: The total number of "1'5" in each output column. 
Note 9: Leading zeros must be punched. 
Note 10: The customer may use his own 10 designation if he does not 

punch the first column. 
Note 11: Positive logic on address and outputs "1" more positive 

voltage "0" more negative voltage. 


