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Abstract

This project is concerned to modify the Gameboy® as an electrocardiogram waveform
simulator. By taking an advantage of having a graphic display, the 13 different ECG waveforms
have been programmed into the device being selectable to display on the monitor. To achieve this
objective, an Interface Circuit has been impemented for staring instruction set, ECG pattern

and manu.
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Code 780 ()p.crnli()n GameBoy operation

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

10 xx DINZ offsct STOP Meaning unknown

22 LD (word),JIL LD (ILI),A Save A at (FIL) and increment HL
2A LD 1L, (word) LD A,(HLI) Load A from (HL) and increment HL
32 LD (word),A LD (HLD),A Save A at (1IL) and decrement FIL
3A LD A,(word) LD A,(HLD) Load A from (HL) and decrement FIL

D3 OUTA (byte) No operation



D9 EXX RIETI

DB INA (byte)

DD Prefix DD

EO0 xx RET PO LD (byte),A
L2 JP PO,word LD (C),A

E3 EX HL,(SP)

E4 CALL PO,word

E8 xx RET PE ADD SP offset
EA xx xx JP PE,word LD (word),A
EB EX DEHL

LC CALL PIE,word

FO xx RET P LD A,(byte)

[-2 IP P,word

F4 CALL P,word

F8 xx RET M LDHL SP,offset

FA xx xx JP M,word LD A,(word)

Enable interrupts and return
No opcration

No operation

Save A at (FF0O+byte)
Save A at (FF00+C)

No operation

No operation

Add signed offset to SP
Save A al given address
No operation
No operation

Load A from (FF00+byte)
No operation

No operation

Load HL with SP + signed offset

Load A from given address
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MEMORY
CONTENTS

ADDRESS
FFFF - FFFF Interrupt Enable Flag (see below) g
FF80 - FFFE Zero Page (127 bytes)

FIF00 - FF7F Hardware Registers (see Hardware section)
FEAO - FEFF Unusable Memory B
FEOO - FE9F Object Attribute Memory (OAM)
E000 - FDIF Echo RAM (Reserved - Not Usable)
D000 - DFIFF Internal RAM - Banks | - 7 (CGB is switchable as it has 32k Internal l'{/~\—|-\.':l-)w .
CO000 - CFFF Internal RAM - Bank 0 (fixed) N
A000 - BFFF Switchable 8k Game Cartridge RAM

9CO00 - 9FFF Background Display Data 2, Tile Indices/Attributes (bank switched)

9800 - 9BFF Background Display Data 1, Tile Indices/Attributes (bank switchc&} i
8000 - 97FF RN acter Do Cogllfbwitched) ]
4000 - 7FFF User Program Area - Bank 1 to n (switchable)

0150 - 3FFF ‘User Program Area - Bank 0 ({ixed)

0100 -014F

Cartridge Header (see Cart. Header section)

0000 - 00FF

Interrupt vectors and RST # veclors
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MEMORY ADDRESS

CONTENTS

014F Checksum LSB

014E Checksum MSB

014D Complement Checksum

014C Mask ROM Version

0148 Old Licensee Code

014A Destination Code

0149 Cartridge RAM Size

0148 Cartridge ROM Size

0147 Cartridge Type

0146 GB/SGB Function

0145 New Licensee Code LSB

0144 New Licensee Code MSB i
\ (.).143 Colour Compatibility i

0134 Game Title

0104 Nintendo Logo

0101 JP 7777h

0100 NOP

v

00383

it
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0100-0103

0105-0133

0134-0143
0144-0146

0147

0148

0149

o o

$109 bytes Hsuall CPU Fudiviem, Taoun@Avzimua 1358 umi0150
AU UIVDI Nintendo character area (ﬁmlﬂﬁlml)
CE ED 66 66 CC 0D 00 0B 03 73 00 83 OO‘OC 00 0D
0008 11 1F 888900 0E DC CC 6E EG6 DD DD D9 99
BB BB 67 63 6E OE EC CCDD DC 99 9 BB B9 33 3E
Toudain
Tl
WUAVD Carlridge
0-ROM ONLY 3 -ROM+MBCI4RAM+BATTERY
1 - ROM+MBC] 5-ROM+MBC2
2 - ROM+MBCI+RAM = 6 - ROM+MBC2+BATTERY
YINAUDI ROM
0 - 256kBit = 32kDB = 2 banks
1 -512kBit = 64kB = 4 banks
2- IMBit= 128k = 8 banks
3 - 2MBit = 256kB = 16 banks
4 - 4AMBit= 512k =32 banks
VHUIRUDIRAM
0 - None
I - 16kBit= 2kDB = [ bank
2 - 64kBit= 8kB =1 bank

3 - 256kBit = 32kB = 4 banks
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Load Map TO Tiles Load Map To Bkg

( START ) ( START )

v v
Load Bank 1 13%u HL ] Load Bank 0 157u HL ]

Y
LD D, $10 LD D, $ 00
LD E, $ 05 LD E, $ 04

\ 4

\ 4
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L 2

ES ES
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LD (HL),a LD (HL),a
INC bc INC bc
DEC D DEC D

NO

. . :
Wi 53 vdenlaezunsuveans Load Map to tiles uas to Bkg
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~*******************************
>
Xk 3k ok sk

;* Demo for 160x128 APA graphics *

~*******************************
ok kosk

RGBSet: MACRO

DW  ((3>>3)<<10)+((2
>>3)<<5)+ (\1 >>3)

ENDM

led_WaitVRAM2: MACRO
Id  a[rSTAT] ; <---t
and STATF_BUSY |
. nz,@-4 ; ===t
ENDM

RENDER_TO_VRAM equ 0
0=$C000, 1 = $8000

GREY_SCALE sy~ b1,V
black/white, 1 = Grey Scale

HIGH_LINE PREC R RIERG,

= low line precision, | = high line
precision

LEFT_LINE_MASK_ADDR equ
$200 ; MUST be $xx00 (page aligned)
RIGHT_LINE_MASK_ADDR equ
$300 ; MUST be $xx00 (page aligned)
SinTable equ = $04

CosTable equ  §$05

ZDivTable equ  $06

INCLUDE "hardware.inc"
;SpriteRoutine EQU $ff80

:ToggleRoutine EQU $ffY0
;FatDelay  EQU ToggleRoutine+2

SECTION "Low Ram" BSS

SrnBuffer ds  $1680
SpriteTable ds 160
dd dw
Color db

- =]

RandomSeed db
StartDM A db
DMAState db
PointerY db
EnableAPA  db
DMAFlag db

; High RAM assignments

GeneralHRAM equ  $ff90
TriangleHRAM equ  $ffb0

RSSET GenerailHRAM

y1
X2
y2
X3
y3
delde RB 2
dolseA RBP ~2
talllf RB 1
I8l frRE/ 43}
tempx1 RB
tempyl RB
tempx2 RB
tempy2 RB

CEEEGG

b d peed

SECTION "Org $0" HOME
; Data required by point plot routine.

DB
$80,840,$20,$10.$8.$4.$2 $1

SECTION "Org
$40", HOME[$40]  : VBlank int
jp vblank int

SECTION "Org
$48".HOME[$48] :LCDC status int

jp lede int
lede int:
push af
Id a,[DMAState]
cp 2 ; dma done?

jr nz,.skip2



Id a,[$f155]

1d [DMAFlag],a
skip2:

lcd_WaitVRAM?2

1d a,[EnableAPA|

or a ;Is APA
enabled?
jr z,.skip ; o

7 Id  a[rLCDC] ; Set BG
Tiles = $8800-$97ff

res 4.a

ld [rLCDC],a
.skip:

pop af
reti

SECTION "Org
$100", HOME[$100]

;*** Beginning of rom execution point
koK ok

nop
Jp  begin

NINTENDO. LOGO
Nintendo graphic logo

:Rom Header Info

: 0123456789ABCDE

DB "APA DEMO - JEFF" 2 Cart
name 16bytes

DB $80 ; GBC=$80
DB 0,0,0

DB CART ROM ; Cart
type

DB CART_ROM 256K

ROM Size (in bits)

DB CART_RAM_NONE

RAM Size (in bits)

DB 1,1

DB 0

DB $e2 ; Complement
check (important)

DW $c40e
(not important)

; Checksum

; Library Includes

INCLUDE "vblank.asm"
INCLUDE "keypad.asm"
INCLUDE "memoryl.asm"
INCLUDE "linexor.asm"
INCLUDE "lineblk. asm"
INCLUDE "linewht.asm"
INCLUDE "linelite.asm"
INCLUDE "linedark. asm"
INCLUDE "fill1.asm"
INCLUDE "ellip1.asm"
INCLUDE "tril.asm"
INCLUDE "cls1.asm"
INCLUDE "3dmath.asm"

: Demo code

INCLUDE "hatman.asm"
INCLUDE "hatmanl.asm"
INCLUDE "hatman2.asm"
INCLUDE "hatman3.asm"
INCLUDE "hatman4.asm"
INCLUDE "hatman5s.asm"
INCLUDE "hatman6.asm"
INCLUDE "hatman7.asm"
INCLUDE "hatman§8.asm'"
INCLUDE "hatman9.asm"
INCLUDE "hatman10.asm"
INCLUDE "hatmanl1. asm"
INCLUDE "hatman12.asm"

NUM_ENTRIES equ 13

; 12345678901234567890
Menu:

db " GAMEBOY ECG GEN.

n

db '

db "1 Normal Sinus "
db "2 Sinus Bradycar "
db " 3. Sinus Tachycar "
db "4, Atrial Flutter "
db "5 Atrial Fibrill "
db " 6. Ven. Tachy. "
db "7 Ven. Fibrill. "



db "8 ven stand. "
db "9 Torsades de. "
db "10.First AV Block "
db "11.Mobitz Typel "
db  "12.Mobitz Type2 "
db  "13.Third AV Block "
db =

db " n
dbira KMITL. "
db n "

JumpTable:

dw  DrawPerson
dw  DrawPersonl
dw  DrawPersoz2
dw  DrawPerson3
dw  DrawPerson4
dw  DrawPerson5
dw  DrawPerson6
dw  DrawPerson7
dw  DrawPerson8
dw  DrawPerson9
dw  DrawPersonl0
dw  DrawPersonll
dw = DrawPersonl2

: Data table used by triangle render
code

SECTION "Main #1"
HOME[LEFT_LINE_MASK_ADDR|
DB S${L$7£$3£$16$F$7.53.51

: Data table used by triangle render
code

SECTION "Main #2".
HOME[RIGHT LINE_MASK_ADD
R]

DB
$80.$0,8e0,$10,$18,$fc $fe, $ff

SECTION "Main #3",
HOME[$400]
INCLUDE "sin.asm"

SECTION "Main #a",
HOME[$500]
INCLUDE "cos.asm"

SECTION "Main #5",
HOME[$600]
INCLUDE "zdiv. asm"

SECTION "Main Code" HOME

begin:

di

1d - sp, ST

cp $11 ;Isita
GBC?

call  zToggleCPUSpeed
Yes

T 2,0

Id [rIE],a ;disable
_interrupts
/ Id —rlF],a

call -~ ScreenOff

Id a,$e4

Id [rBGP],a
background colors

1y [{rOBPORM A~ Setup default
sprite colors

d T TOBPTLEY . Setup default
sprite colors

; Setup default

call  FillCGBALttrPagel
call - FillCGBAttrPage2

1d = hL$8000
call ClearTiles
chrset at $8000

. Clear the

if RENDER_TO VRAM
else

Id  hL$c000

call ClearTiles : Clear the
chrset at NON_VIDEO RAM
endc

call SetAPATileMapl ; Move
the text to $9800

call SetAPATileMap2 : Move
the text to $9¢00



Id  hl,DefaultCGBPalettes
call SetCGB_OBJpP

Id  hl,DefaultCGBPalettes
call SetCGB_BGP

ld" a72 ; set line at which
lede interrupt occurs
ld" - [eLYCla

Id  a,%01000000 ; set lede
int to occur when LY = L.CY
Id  [1STAT),a

XOr a
Id  [rSCX]a
Id  [SCY]a
Id  hl,$c000
Id  bc,$2000
XOr a

call mem Set

Id  hl,Menu

Id ~ de,$9800

call Copy20x18

Id  hl.Font

Id de,$8000+(16%32)
Id  bc,$800

call = mem_Copy

Id
aLCDCF_ON|LCDCF_BG8000|L,CD
CF_BGY9800[LCDCF BGON

d  [DENCFa) v
screen on

ld aard
Id [fIE],a
el

call DrawPointer
; Jp DrawPerson
; **% User input main loop ***
WaitOnUser:

call pad Read

1d a,[_PadDataEdge|

bit PADB UP.a - Up
pressed?
jp nz.up . ves

bit PADB DOWN.a |
Down pressed?

jp nz,.down ; yes

bit PADB Ana DA
pressed?

Jp  nz,_.execute ; ves

bit PADB B.a :B
pressed?

Jp  nz,.execute . yes

Jr - WaitOnUser

.down:
Id a,[PointerY]
inc a

cp  NUM_ENTRIES
Down too far?
Jr - c.nowrapl : no

Xor a
.nowrapl:
Id  [PointerY].a

call  DrawPointer
Jr  WaitOnUser

up:
ld a[PointerY]
817 Za : Up too far?
Jr nz.nowrap2 :No

ld- aNUM_ENTRIES
nowrap2:

1]

Jr .nowrapl

.execute:
; Clear the screen

call ScreenOff
Id 5 ]

1d [EnableAPA],a : Enable
Midscreen chrset switch



call SetAPATileMapl ;Move

the text to $9800
Id  hL.$8000
call ClearTiles

chrset at $8000

Id

; Clear the

aLCDCF_ON|LCDCF_BG8000|L.CD
CF_BG9800|LCDCF_BGON

add
add
add
add
add
1d

add

hl,hl

hl,hl

hl,hl

hl,hl

hl.hl
de,$9800+(2%32)

hl.de

lcd WaitVRAM

ld [tLCDC]a ; Tum screen Id  [hi],"-"
on inc  hl
W fhl] et
; Jump to code ret
Id  a([PointerY] DrawLine;:
add a ld a,[Color]
Id ea _ or a
Id d,0 A~ jp z,WhiteLine
Id  hl.JumpTable dd¢__a
add hl.de jp - zLightLine
Id  a[hl+] 8@ ~~g,
Id  h,tfhl] jp ~ z,DarkLine
Id fifa dec a
jp § §hB Jp  z,BlackLine
jp  XorLine
DrawPointer;
DrawPoint:

: Erase old pointer
; *¥* Return color of point B,C ***

Id  hl.$9800+(2*32) ; Entry: B = X Coordinate

Id  b.18 ; C =Y Coordinate
Jloopl: ; Exitt A=0-3 color
led_ WaitVRAM
PntTest:
ld “a32 push bc
Id [hlt],a push de
Id  [hl-].a push hl
call - CalcPntAddr
Id de32
add hl.de Id ¢0
if RENDER_TO_VRAM
dec b di
jr - nz.loopl led_WaitVRAM2
endc
. Draw new pointer
ld a,[de]
Id  a[PointerY] if RENDER_TO VRAM
ld la el
Id  ho endc



and b

jr z.skipl

inc ¢
skipl:

inc de

if RENDER_TO VRAM

di
led_WaitVRAM?2
endc
Id  a[de]
if RENDER_TO VRAM
el
endc
and b
jr z.skip2
inc ¢
inc
skip2:
Id ag
pop hi
pop de
pop bc
ret

; *** Calculate address of a pixel on
the screen ***
; Entry: B = X Coordinate
g C =Y Coordinate
; Exit: DE = Address
: B = Bit set mask
C = Bit reset mask

CalcPntAddr:
iIf RENDER_TO VRAM
else

set  6.d
endc

and 7 ; b =Bitmask[b
& 7]

Id la

Id  ho

Id  af[hl]

Ild ba

cpl

Id ca

ret
PntXor:
if RENDER_TO VRAM
di
lcd WaitVRAM?2
endc
Id a]de]
Xor b
Id [de],a
inc de
Id a[de]
Xor b
Id [de],a
if RENDER_TO VRAM
el
endc
ret

; ®*% Clear all APA tiles to $00 ***
; Entry: HL = Address of Tiles

ClearTiles:
1d & 440
Id 23
for ,
Jloop:
Id = [hl+],a
et/ g
Jr nz,loop
dec @
Jr - nz,loop
M ]
Id  [rVBK],a

call SetLastTiles

XOor a
Id  [rVBK].a

call SetLastTiles
ret

SetLastTiles:



Id  hl,$8ff0 push hl
Id  [hl],$55

ine . hl ol s
Id  [hl],$55 Jloop2:
inc  hl Id  [hl],a
Id  [hi],$aa inc a
inc  hl add hl bc
Id  [hl],$aa
immc hl dec d
Id  [hl].$55 Jr nz,.loop2
inc  hl
Id  [hl],$55 inc a
inc  hl
Id  [hl],$a2a Id  [hl],$ff
ing - hi add hlbc
Id  [hi],$aa 1d - [hl],$ff
inc  hi add  hlbc
Id  [hl],$55 Id  [hl] $ff
inc  hl
Id  [hl],$55 pop hl
in¢.— hl
Id  [hl],$a2a inc hl
inc  hl
Id [hl];$a2a dec e
inc § jnl Jr - nz, loopl
Id = [hl],$55
incf §hl ret
Id = [hl},$55
inc{ Rhl filledges:
Id  [hl],$aa push hl
inc  hl dec hl
Id  [hl],$aa dec  hl
call = fillcol
ret inc hl
call fillcol
; ¥** Fill screen with APA tiles *** @ bl
add ' hl,bc
SetAPATileMapl: call _fillcol
Id  hl, SCRN0+2 inc  hl
Jr _initscrn call fillcol
pop hi
SetAPATileMap2: ret
Id  hl, SCRN1+2
_Initscrn: fillcol:
call filledges push hl
Xor i
Id a,18
Id  be32 Id- be32
Id el6 Joops:

loopl: Id  [hl],$tf



add  hlbc

dec a
jr - nz,loop5

pop hl
ret

. *** Turn screen off ***

ScreenOff:
id  hilLche
bit  7.[h]]
off?
ret z

; Is LCD already
; yes, exit

Id  alrlE]

push af

res 0O.a

Id [rIE]f
interrupt if enabled

; Disable vblank

doop: Id ~ a[rLY]
in first part of vblank
cp J J48
jr nz.loop

: Loop until

res| \7,[Hl)
screen off

; Tum the

pop af

Id  [rlE)sa ; Restore the
state of vblank interrupt

ret

: *** Set background palettes ***
- Entry: HL = Pointer to BG palettes

SetCGB_BGP:
Id a$80
ld [rBCPS],a

Id  bc.$4069 :b=64,c=
$69
loop:

Id  a[hl+]

Id < “fela

dec - b

Jr - nz.loop

ret

; *** Set Object palettes ***
; Entry: HL = Pointer to OBJ (sprite)
palettes

SetCGB_OBJP:

Id a$80

Id  [rOCPS],a

Id  bc,$406b ;b=64,c=
$69
loop:

Id  a[hl+]

o=l a

dec b

Jr._ nz.loop
ret

; *** Fill GBC Attribute memory ***

FillCGBAttrPagel :

Id ~ hl, SCRNO

Id  c.$0

jr - FillCGBAP
FillCGBALttrPage?2:

Ild hl, SCRN1

Id /7c.$8
_FillCGBAP:

Id3J a,l

Id_ [rVBK].a

Id ac
.memcO0:

Id b,18
.memcl:

Id  ¢,20
.memc2:

Id- = [hl+]a

dec ¢

JT nz,memc2

Id de12



add  hl de

dec b
Jjr  nz,.memcl

X0or a
1d [rVBK],a
ret

with map ***

SetCGBAttrMapl :

Id  de,_SCRNO+2

Id ¢0
Jr _SetAttrMp

SetCGBAttrMap2:

Id  de, SCRN1+2

Id ¢8

_SetAttrMp:
Id J#1
Id = [rVBK],a

.memcO0:

1d § §{bg°.1®
.memcl:

push  bc

push hl
push de

: Do left nybble
1d b,15 ;18
.memc2:

. Do right nybble

Id b,15:18
.memc3:

Id  ahl]

and $f

or ¢

Id [de].a

push hl

Id  hl32

add hlde

Id d.h

Setup GBC Attribute memory

Id el

>

pop hl

push de

Id de8 :10
add hl,de
pop de

dec b
JjI  nz,.memc3

pop de
pop hl
inc hl
inc de
pop  bc

dec b
jT - nz,.memecl

XOor a
1d [rVBK],a
ret

; Copy char map to screen
; Entry: HL = map in rom

DE = Screen Addr

Copy20xB:

loop:

Copy20x18;
Id  b,18
Id ' ¢,20
Id a[hl+]
IdyJ [de].a
mc de
decy ‘¢

jr _nz,_loop

push hl

Id hl,12
add hl,de
Ild dh

Id el
pop hl
dec b

jr  nz,Copy20xB
ret

ToggleCPUSpeed:



di

Id  hLrIE
Id  a[hl]
push af

Xor @
Id {[hl].a ;disable
interrupts

Id [rIF],a
Id a$30
Id  [fP1]a
Id al

Id  [KEYla
stop

pop af
Id  [hl].a

el
ret

Randomize:

. Increase randomness of random
number generator

1d § § affflo ¥

Id § §b.a

Id  a[tDIV]

Id Y &a

Ild  a[RandomSeed]
add b

add ¢
add ¢
add ¢
add ¢
Ild  [RandomSeed],a
ret

RandomFrom0To63:

call RandomNumber
and  $3f
ret

RandomFrom0To127:

call RandomNumber
and $7f
ret

RandomFrom0To159:
call RandomNumber
cp 160
Jr ~ nc.RandomFrom0To159
ret

RandomFrom0To143:
call RandomNumber
cp 144
jr nc,RandomFrom0To143
ret

RandomNumber:

push hl
ld  hl,RandomSeed
inc  [hl]
Id - a,[hl]

1d hl,.table

add 1

1Y _"ta

jr  nc,.nocarry

0od s
.nocarry;

Id a,[hl]

; and $7f
pop  hl
ret

.table

DefaultCGBPalettes:
RGBSet 255255255  : White
RGBSet, 255,255.0 . Yellow
RGBSet 255.0.0 . Red
RGBSet 0,0,0 : Black

; Y offset table used by point drawing
routines.

;YTable:
SECTION "Font Data", DATA

Font;
incbin "font.til"



SECTION "Pattern Data",
DATA[$4000]

. Street tree pattern
Patterns:
.end

dy I d‘ Y o U v tﬂl = 1 g‘:v 1 Y o ¥ € Y 14
nanstiluenasianulidmsunisidnunenisfinwvintu lieugnlmhluldusslevdamunisi

Lidnsdiles edu Snvihudlvidaudasiomuazdosdndeiaiivesonalsynasaniinisuiluly



N

Features

¢ Fast Read Access Time - 150 ns
* Automatic Page Write Operation
— Internal Address and Data Latches for 64 Bytes
— Internal Control Timer
* Fast Write Cycle Times
- Page Write Cycle Time: 3 ms or 10 ms Maximum
- 1to 64-Byte Page Write Operation
* Low Power Dissipation
— 50 mA Active Current
- 200 pA CMOS Standby Current
* Hardware and Software Data Protection
* DATA Polling for End of Write Detection
* High Reliability CMOS Technology
— Endurance: 10% or 10° Cycles
— Data Retention: 10 Years
* Single 5V + 10% Supply
* CMOS and TTL Compatible Inputs and Qutputs
JEDEC Approved Byte-Wide Pinout
* Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT28C256 is a high-performance Electrically Erasable and Programmable Read
Only Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufac-
tured with Atmel's advanced nonvolatile CMOS technology, the device offers access
times to 150 ns with power dissipation of just 440 mW. When the device is deselected,

the CMOS standby current is less than 200 pA. (continued)
Pin Configurations
g TSOP
Uin Name Function Top View
(AAN;
I A0 - A14 Addresses oe )] 28 [C1A10
Ay 5 A1 [:zo 27[CE
| CE Chip Enable Pey=r) 26 [u07
— A8 4 253106
OE Output Enable A3 s 24[v05
R i WE s 23[Jw04
WE Write Enable vee g7 22 ZIup3
s A4 )8 21 [CJGND
R A12 9 203002
‘ 1100 I/O—7 i M[Eﬁ Inputs/Outputs pet = Py
A6 |11 18 [Jvoo
NC No Connect AS 12 17 3A0
L= - % A4 13 16[JA1
DC Don't Connect A3 14 ( 15[ A2
7))
PGA LCOhERGC CERDIP, PDIP, FLATPACK,
Top View Top View SOIC — Top View
sl 3] 27 ]2
A6 | A7 | A1a | WE | A13 AL 28fJvcc
5 2 28 | 24 2 A12[]2 27 JWE
s | a12|vee| a9 | as LMB ATLg3 263413
= = 2 | 2 0 A9 A6 []4 257 A8
A3 | A4 OF | A1 DAt A 241a8
el = ey Fnc A4 231
Al | A2 TE | A10 alel:S e 22 10E
1 10] 14 16| 19 PAl0 ﬁfgg :; g&o
1700 | Ao | No| o4 | o7 pCE
12 [ 13 15 17‘ 18 puo? qugE :? :: ::3"27
, 4 A s V06
/01 | 102 1103 | ¥0s | 106 puos 1019 12 175 vos
o213 16 [J V04
GNDq 14 153103

Note: PLCC package pins 1 and

17 are DON'T CONNECT,
ATMEL

256K (32K x 8)
Paged Parallel
EEPROMSs

AT28C256

Rev. 0006G-10/98



The AT28C256 is accessed like a Static RAM for the read
or write cycle without the need for external components.
The device contains a 64-byte page register to allow writing
of up to 64 bytes simultaneously. During a write cycle, the
addresses and 1 to 64 bytes of data are internally latched,
freeing the address and data bus for other operations. Fol-
lowing the initiation of a write cycle, the device will automat-
ically write the latched data using an internal control timer.
The end of a write cycle can be detected by DATA POLL-
ING of I1/0;. Once the end of a write cycle has been
detected a new access for a read or write can begin.

Block Diagram

Atmel's 28C256 has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved data
retention characteristics. An optional software data protec-
tion mechanism is available to guard against inadvertent
writes. The device also includes an extra 64 bytes of
EEPROM for device identification or tracking.

VCC - DATA INPUTS/OUTPUTS
GND - .[oQ - o7
REESTRY!
OE ~ AL g DATA LATCH
= ~| OE, CE AND WE
VE LOGIC »/ INPUT/QUTPUT
E BUFFERS
3 - Y DECODER : Y-GATING
ADDRESS | ~ %
INPUTS : CELL MATRIX
X DECODER
! > IDENTIFICATION
Absolute Maximum Ratings*
Temperature Under Bias..........co.co....ooovo.oii... -55°Cto +125°C "NOTICE: Stresses beyond those listed under *Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ..o -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
All Input Voltages other conditions beyond those indicated in the
(including NC Pins) operational sections of this specification is not
with Respect to Ground ... -0.6V to +6.25V implied. Exposure to absolute maximum rating
conditions for extended periods may affect
All Output Voltages device reliability
with Respect to Ground.............................. -0.6Vto Ve + 0.6V
Voltage on OF and A9
with Respect to Ground .............................._ -0.6V to +13.5V
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Device Operation

ReAD: The AT28C256 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus con-

tention in their system,

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cycle.
The address is latched on the falling edge of CE or WE,
whichever occurs last. The data is latched by the first rising
edge of CE or WE. Once a byte write has been started it
will automatically time itself to completion. Once a pro-
gramming operation has been initiated and for the duration
of tywe, @ read operation will effectively be a polling opera-
tion.

PAGE WRITE: The page write operation of the AT28C256
allows 1 to 64 bytes of data to be written into the device
during a single internal programming period. A page write
operation is initiated in the same manner as a byte write;
the first byte written can then be followed by 1 to 63 addi-
tional bytes. Each successive byte must be written within
150 ps (tg c) of the previous byte. If the tg ¢ limit is
exceeded the AT28C256 will cease accepting data and
commence the internal programming operation, All bytes
during a page write operation must reside on the same
Page as defined by the state of the A - A14 inputs. For
each WE high to low transition during the page write opera-
tion, A6 - A14 must be the same.

The AO to A5 inputs are used to specify which bytes within
the page are to be written. The bytes may be loaded in any
order and may be altered within the same load period. Only
bytes which are specified for writing will be written: unnec-
essary cycling of other bytes within the page does not
occur.

DATA POLLING: The AT28C256 features DATA Polling to
indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be presented
on 1/0;. Once the write cycle has been completed, true
data is valid on all outputs, and the next write cycle may
begin. DATA Polling may begin at anytime during the write
cycle.

TOGGLE BIT: In addition to ATA Polling the AT28C256
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in I/0¢ toggling
between one and zero. Once the write has completed, 1/04
will stop toggling and valid data will be read. Reading the
toggle bit may begin at any time during the write cycle.

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host Sys-

tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28C256 in the following
ways: (a) Ve sense—if Ve is below 3.8V (typical) the
write function is inhibited; (b) Ve power-on delay—once
Vec has reached 3.8V the device will automatically time out
S ms (typical) before allowing a write; (c) write inhibit—
holding any one of OF low, CE high or WE high inhibits
write cycles; and (d) noise filter—pulses of less than 15 ns
(typical) on the WE or CE inputs will not initiate a write
cycle.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature has been implemented on the
AT28C256. When enabled, the software data protection
(SDP), will prevent inadvertent writes. The SDP feature
may be enabled or disabled by the user; the AT28C256 is
shipped from Atmel with SDP disabled.

SDP is enabled by the host system issuing a series of three
write commands; three specific bytes of data are written to
three specific addresses (refer to Software Data Protection
Algorithm). After writing the 3-byte command sequence
and after tc the entire AT28C256 will be protected against
inadvertent write operations. It should be noted, that once
protected the host may still perform a byte or page write to
the AT28C256. This is done by preceding the data to be
written by the same 3-byte command sequence used to
enable SDP.,

Once set, SDP will remain active unless the disable com-
mand sequence is issued. Power transitions do not disable
SDP and SDP will protect the AT28C256 during power-up
and power-down conditions. All command sequences must
conform to the page write timing specifications. The data in
the enable and disable command sequences is not written
to the device and the memory addresses used in the
Sequence may be written with data in either a byte or page
write operation.

After setting SDP, any attempt to write to the device without
the 3-byte command sequence will start the internal write
timers. No data will be written to the device; however, for
the duration of ty, read operations will effectively be poll-
ing operations.

DEVICE IDENTIFICATION: An extra 64 bytes of EEPROM
memory are available to the user for device identification.
By raising A9 to 12V + 0.5V and using address locations
7FCOH to 7FFFH the additional bytes may be written to or
read from in the same manner as the regular memory
array.

OPTIONAL CHIP ERASE MODE: The entire device can
be erased using a 6-byte software code. Please see Soft-
ware Chip Erase application note for details.



DC and AC Operating Range

AT28C256-15

AT28C256-20

AT28C256-25

AT28C256-35

|
; . Com. 0°C-70°C 0°C-70°C 0°C-70°C
! %;f;‘;g?ure (Eaes) | Ind. -40°C - 85°C -40°C - 85°C -40°C - 85°C
] Mil. -565°C - 125°C -65°C - 125°C -65°C - 125°C -56°C - 125°C
[vcc Power Supply 5V+10% 5V £ 10% 5V +10% 5V £ 10%
Operating Modes
Mode CE OE WE 10
Read Vi Vi Vi Dour
Write® Vi Vi V. Dy
Standby/Write Inhibit Vi xMm X High Z
Write Inhibit X X Viu
Write Inhibit X Vi X
Output Disable X Viy X High Z
VChip Erase Y Vy® Vi, High Z
Notes: 1. XcanbeV, or Vig.
2. Refer to AC Programming Waveforms.
3. Vy=12.0V+05V.
DC Characteristics
LSymbol Parameter Condition Min Max Units
I Input Load Current Vin= 0Vto Voo + 1V 10 HA
IL;A Output Leakage Current Vip =0V to Ve 10 HA
; D Com., Ind. 200 HA
Isg1 Ve Standby Current CMOS | CE= Vec-0.3V to Ve + 1V 9 = 0
i lsg2 V¢ Standby Current TTL CE= 2.0V to Vg + 1V 3 mA
lec Ve Active Current f=5 MHZ; loyr =0 mA 50 mA
V,Lr 5 Input Low Voltage 0.8 \Y%
V(H -» —*‘Input High Voltage 2.0 \%
VoL Output Low Voltage lop =2.1mA 0.45 \%
Vou Output High Voltage loy = -400 pA 24 \%




AT28C256

AC Read Characteristics
AT28C256-15 AT28C256-20 AT28C256-25 AT28C256-35
Symbol Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 150 200 250 350 ns
tee™ CE to Output Delay 150 200 250 350 ns
toet? OE to Output Delay 0 70 0 80 0 100 0 100 ns
toe @ CE or OE to Output Float 0 50 0 55 0 60 0 70 ns
Output Hold from OE, CE or
fow Address, whichever occurred first 4 g ¢ 0 or
AC Read Waveforms(N@@)4)
ADDRESS | ADDRESS VALID X
CE
tCE ——>]
by tOE —>
OE F _.__,1 {DF —
tOH —»|
[ tACC ——» ’
7 Y
OUTPUT HIGH Z <<{outPuT vaLID P~
Notes: 1. CE may be delayed up 10 tacc - tee after the address transition without impact on t,.c.
2. O may be delayed up 10 teg - tog after the falling edge of CE without impact on ¢ or by tacc - toe after an address change

without impact on t,sc.

3. tor is specified from OE or CE whichever occurs first (C_ =5 pF).
4. This parameter is characterized and is not 100% tested.

Input Test Waveforms and
Measurement Level|

AC
DRIVING
LEVELS

bd=b

Pin Cap

3.0v

MEASUREMENT
LEVEL

Output Test Load

ns

acitance

f=1MHz, T =25°c(V

5.0V

1.8K

OUTPUT

PIN

1.3K $ 100 pF

[iymbol Typ Max ' Units Conditions
o 4 6 | PF Vi = OV
Coir 8 12 J pF Vour = OV

Note: 1. This parameter is characterized and is not 100% tested.

ATMEL




AC Write Characteriétics

ATmEL

Symbol Parameter Min Max Units
tas foes Address, OE Set-up Time 0 ns
tan Address Hold Time 50 ns
.{cs Chip Select Set-up Time 0 ns
ten Chip Select Hold Time 0 ns
tie Write Pulse Width (WE or CE) 100 ns
tos Data Set-up Time 50 ns
toii: Dorn Data, OE Hold Time 0 ns
s Time to Data Valid NRM

Note: 1. NR = No Restriction

AC Write Waveforms
WE Controlled

oF el ﬁ’\
tOES tOEH
ADDRESS r(
Till— tAH —— b B
e k— {CH /j/
THES=
WE BAIL N

DATA IN

tWP.

r—-—tWPH —_

CE Controlled

— tDV q—— tDS ——,

—— tDH ——

OE LV S
tOES

ADDRESS

D&

l—tAH —rﬁ

lCH/j

TIAS |
WE [\
eS|
| T T
CE

CE N

DATA IN

(i

AT28C256

tWP.
-—tDV—<‘—tDS —l

——tDH ———'




Page Mode Characteristics

Symbol Parameter Min Max Units

AT28C256 10 ms
twe Write Cycle Time

AT28C256F 3.0 ms
tas Address Set-up Time 0 ns
tan Address Hold Time 50 ns
tos Data Set-up Time 50 ns
ton Data Hold Time 0 ns
twe Write Pulse Width 100 ns
teLc Byte Load Cycle Time 150 us
twen Write Pulse Width High 50 ns

Page Mode Write Waveforms("(2)
"y il — f—

OE / P~

o WW’—

WE

mﬁ_mﬂ e

y A=

tDS

W
tAH (DA ,
N\ 27
A0 - A14. Xvauo aog Pran /

=N
DATA MID DAT/><¥ ,J>< >< VAL
BYTE 0 BYTE 1 BYTE 2 BYTE 37/

BYTE 62

BYTE 63

/

oWl

Ne'zs: 1. A6 through A14 must specify the same page address during each high to low transition of WE (or CE).

2. OE must be high only when WE and CE are both low.

Chip Erase Waveforms

VIH
CE.

VIL

VH i i 5

o e

st

(8]=
VIH

VIH - o~
_ VIL o I
ts =ty =5 usec (min.) '4 tW »)

tw = 10 msec (min.) : '
Vi = 12,0V £ 0.5V



Software Data Protection
Enable Algorithm(

LOAD DATA AA
TO
ADDRESS 5555

+ -
LOAD DATA 55

TO
ADDRESS 2AAA

Y

LOAD DATA A0
TO
ADDRESS 5555

Y

LOAD DATA XX
TO
ANY ADDRESS®

Y

LOAD LAST BYTE

WRITES ENABLED®

ATmEL

Software Data Protection
Disable Algorithm("

LOAD DATA AA
TO
ADDRESS 5555

!

LOAD DATA 55
TO
ADDRESS 2AAA

Y
LOAD DATA 80

TO
ADDRESS 5555

Y

LOAD DATA AA
TO
ADDRESS 5555

v

LOAD DATA 55

TO 19
LASTADDRESS | oo o ADDRESS 2AAA
PROTECT STATE {
Notes for software program code: ‘-OAD%"TA el
1. Data Format: 1/07 - 1/O0 (Hex); ADDRESS 5555 | o oo
Address Format: A14 - A0 (Hex). v PROTECT STATE®
2. Write Protect state will be activated at end of LOAD DATA XX
write even if no other data is loaded. 19
ANY ADDRESS®)
3. Write Protect state will be deactivated at end of }
write period even if no other data is loaded. S e
4. 1 to 64 bytes of data are loaded. TO
LAST ADDRESS
Software Protected Write Cycle Waveforms!("®
GE e s A 4 /;—
A NN NS N i R Y /7
tWR  tWPH|— tBLC|—
RN\ A H B
— AR tDH
A0 - A5
X eyvTe ADDRESS =
5555 2AAA 5555 oA
- : 5 e
AB - A14 X PAGE ADDRESS S 9 ;
s |—— 4 i
7 f—
DATA RN TS T ) i
BYTE 0 BYTE 62  BYTE 63 i
— tWC—1

Notes: 1.
code has been entered.

A6 through A14 must specify the same page address durin

2. OE must be high only when WE and CE are both low.

8 AT28C256 Lot S S —

g each high to low transition of WE (or CE) after the software



Data Polling Characteristics("

Rymbol Parameter Min Typ Max Units
ton Data Hold Time 0 ns
toen OE Hold Time 0 ns
toe OE to Output Delay® ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested,

2. See AC Read Characteristics.
Data Polling Waveforms
S
WE 7/
-
e INNZZ220
-—tWR
/L
"~ F &L
A0 - A14 PR AV LA N2 N T
Toggle Bit Characteristics("
Symbol Parameter Min Typ Max Units
ton Data Hold Time 10 ns
toen OE Hold Time 10 ns
toe OE to Output Delay® ns
oen OE High Pulse 150 ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Read Characteristics.

Toggle Bit Waveforms("@@)
WE

bt :

—| — 1oH t0E|—]
(2) DH HIGH Z
V06 ~ tWR™

Notes: 1. Toggling either OF or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of I/06 will vary.
3. Any address location may be used but the address should not vary.

ATMEL
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
o TEMPERATURE Iy SUPPLY VOLTAGE
B | ! i Siga | ‘
[
| el |
1.1 B s | |
f | ; 1.0
i | 2
e . [ | 0.8
5 | | ¢ |
0.8 i j , d R C o6 : : r .
-55 -25 5 35 65 95 125 450 4.75 5.00 5.25 5.50
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

| i
| 93
’ 1
3 |
_¥,._+.m_4 {
! |
0.8 | ’
i Vee =5V i |
o T=25C ! :
! 1
06 T T ﬁ“
0 1 2 3 4 5
Frequency (MHz)



Ordering Information®

e lec (MA)
(ns) Active I Standby Ordering Code Package Operation Range
150 50 ‘ 0.2 AT28C256(E,F)-15JC 32J * Commercial
| AT28C256(E,F)-15PC 28P6 (0°C to 70°C)
AT28C256(E,F)-15SC 288
AT28C256(E,F)-15TC 28T
AT28C256(E,F)-15JI 32J Industrial
AT28C256(E,F)-15PI 28P6 (-40°C to 85°C)
AT28C256(E,F)-15SI 28S
AT28C256(E,F)-15TlI 281
50 0.3 AT28C256(E,F)-15DM/883 28D6 Military/883C
AT28C256(E,F)-15FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-15LM/883 32L (-55°C to 125°C)
AT28C256(E,F)-15UM/883 28U
200 50 0.2 AT28C256(E,F)-20JC 32J Commercial
AT28C256(E,F)-20PC 28P6 (0°C to 70°C)
AT28C256(E,F)-20SC 288
AT28C256(E,F)-20TC 28T
AT28C256(E,F)-20J! 32J Industrial
AT28C256(E,F)-20PI 28P6 (-40°C to 85°C)
AT28C256(E,F)-20SI 28S
AT28C256(E,F)-20TlI 28T
50 0.3 AT28C256(E,F)-20DM/883 28D6 Military/883C
AT28C256(E,F)-20FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-20LM/883 32L (-55°C to 125°C)
AT28C256(E,F)-20UM/883 28U
Package Type
28D6 28-Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
28F 28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
32J 32-Lead, Plastic J-Leaded Chip Carrier (PLCC)
32L 32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28P6 28-Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28-Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
28T 28-Lead, Plastic Thin Small Outline Package (TSOP)
28U 28-Pin, Ceramic Pin Grid Array (PGA)
w Die i
Options

> Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms

E High Endurance Option: Endurance = 100K Write Cycles

F | Fast Write Option: Write Time = 3 ms

11
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Ordering Information®

tacc lec (MA)
(ns) Active Standby Ordering Code Package Operation Range
250 50 0.2 AT28C256(E,F)-25JC 32J Commercial
AT28C256(E,F)-25PC 28P6 (0°C to 70°C)
AT28C256-W DIE
AT28C256(E,F)-25J1 32J Industrial
AT28C256(E,F)-25PI 28P6 (-40°C to 85°C)
50 0.3 AT28C256(E,F)-25DM/883 28D6 Military/883C
AT28C256(E,F)-25FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-25LM/883 32L (-55°C to 125°C)
AT28C256(E,F)-25UM/883 28U
AT28C256(E,F)-35UM/883 28U
150 50 0.35 5962-88525 16 UX 28U Military/883C
5962-88525 16 XX 28D6 Class B, Fully Compliant
5962-88525 16 YX 32L (-55°C to 125°C)
5962-88525 16 ZX 28F
5962-88525 15 UX 28U Military/883C
5962-88525 15 XX 28D6 Class B, Fully Compliant
5962-88525 15 YX 32L (-65°C to 125°C)
5962-88525 15 ZX 28F
5962-88525 14 UX 28U Military/883C
5962-88525 14 XX 28D6 Class B, Fully Compliant
5962-88525 14 YX 32L (-565°C to 125°C)
5962-88525 14 ZX 28F
Package Type
28D6 28-Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
28F 28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
32J 32-Lead, Plastic J-Leaded Chip Carrier (PLCC)
32L 32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
 28P6 28-Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28U 28-Pin, Ceramic Pin Grid Array (PGA)
w Die
Options
Blank , Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms
E High Endurance Option: Endurance = 100K Write Cycles
F Fast Write Option: Write Time = 3 ms
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Ordering Information®

tace Iec (MA)
(ns) Active Standby Ordering Code Package Operation Range
1500 50 0.35 5962-88525 08 UX 28U Military/883C
5962-88525 08 XX 28D6 Class B, Fully Compliant
5962-88525 08 YX 32L (-55°C to 125°C)
5962-88525 08 ZX 28F
5962-88525 07 UX 28U Military/883C
5962-88525 07 XX 28D6 Class B, Fully Compliant
5962-88525 07 YX 32L (-55°C to 125°C)
5962-88525 07 zX 28F
5962-88525 06 UX 28U Military/883C
5962-88525 06 XX 28D6 Class B, Fully Compliant
5962-88525 06 YX 32L (-55°C to 125°C)
5962-88525 06 ZX 28F
200®) 50 0.35 5962-88525 12 UX 28U Military/883C
5962-88525 12 XX 28D6 Class B, Fully Compliant
5962-88525 12 YX 32L (-55°C to 125°C)
5962-88525 12 ZX 28F
50 0.35 5962-88525 04 UX 28U Military/883C
5962-88525 04 XX 28D6 Class B, Fully Compliant
5962-88525 04 YX 32L (-65°C to 125°C)
5962-88525 04 ZX 28F
2501 50 0.35 5962-88525 13 UX 28U Military/883C
5962-88525 13 XX 28D6 Class B, Fully Compliant
5962-88525 13 YX 32L (-55°C to 125°C)
5962-8852513 ZX 28F
5962-88525 11 UX 28U Military/883C
5962-88525 11 XX 28D6 Class B, Fully Compliant
5962-88525 11 YX 32L (-55°C to 125°C)
5962-88525 11 ZX 28F
Package Type
28D6 28-Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
28F 28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
32L 32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28U 28-Pin, Ceramic Pin Grid Array (PGA) -
w Die
Options
| Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms
s E High Endurance Option: Endurance = 100K Write Cycles
F Fast Write Option: Write Time = 3 ms
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Ordering Information®

tace lec (mA)
(ns) Active l Standby Ordering Code Package Operation Range
| 250 50 | 035 5962-88525 05 UX 28U Military/883C
| 1 5962-88525 05 XX 28D6 Class B, Fully Compliant
5962-88525 05 YX 32L (-55°C to 125°C)
5962-88525 05 ZX 28F
5962-88525 03 UX 28U Military/883C
5962-88525 03 XX 28D6 Class B, Fully Compliant
5962-88525 03 YX 32L (-55°C to 125°C)
5962-88525 03 ZX 28F
300 50 0.35 5962-88525 10 UX 28U Military/883C
5962-88525 10 XX 28D6 Class B, Fully Compliant
5962-88525 10 YX 32L (-565°C to 125°C)
5962-88525 10 ZX 28F
50 0.35 5962-88525 02 UX 28U Military/883C
5962-88525 02 XX 28D6 Class B, Fully Compliant
5962-88525 02 YX 32L (-55°C to 125°C)
5962-88525 02 ZX 28F
350 50 0.35 5962-88525 09 UX 28U Military/883C
5962-88525 09 XX 28D6 Class B, Fully Compliant
5962-88525 09 YX 32L (-55°C to 125°C)
5962-88525 09 ZX 28F
50 0.35 5862-88525 01 UX 28U Military/883C
5962-88525 01 XX 28D6 Class B, Fully Compliant
5962-88525 01 YX 2L (-55°C to 125°C)
5962-88525 01 ZX 28F

Notes: 1. Electrical specifications for these speeds are defined by Standard Microcircuit Drawing 5962-88525.
2. See Valid Part Numbers table below.

3. SMD specifies Software Data Protection fealure for device type, although Atmel product supplied to every device type in the
SMD is 100% tested for this feature.

Package Type

28-Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)

28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
’ 32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28-Pin, Ceramic Pin Grid Array (PGA)

Die
Options
Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms
s E High Endurance Option: Endurance = 100K Write Cycles T
F ’ Fast Write Option: Write Time = 3 ms
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Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C256 15 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256E 15 JC,JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256F 15 JC,JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256 20 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
_-AT28C256E 20 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
WAT280256F 20 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FIM/883, LM/883, UM/883
AT28C256 25 JC,JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
A1 28C256E 25 JGC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256F 25 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256 - W

Die Products

l Reference Section: Parallel EEPROM Die Products
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Packaging Information

ATMEL

28D6, 28-Lead, 0.600" Widr, Non-Windowed
Ceramic Dual Inline Package (Cerdip)

Dimensions in Inches and (Millimeters)
MIL-STD-1835 D-10 CONFIG A

1.49(37.9)
144(36.6) PIN

)
BT0(1370)
= meizes)
l-_ 1.300(33.02) REF — MAX
225(5 72) — l 005(. ‘Nm
PLANE .060(1.52)
25| n
= 023584
- fog5(1.65) 0145‘35"6;
110279 085(1.14)
080(2.29
e 620(15.7)
,".590(15.0) I
0
9 Rer
015(.381) _ 4
008(203)

| 700(17.8)MAX

28F, 28-Lead, Non-Windowed, Ceramic Bottom-
Brazed Flat Package (Flatpack)

Dimensions in Inches and (Millimeters)
MIL-STD-1835 F-12 CONFIG B

PIN#11D - L . 370(9.40)
: [ .250(6.35)
| i ! .019(.483)
| s B I .015(.381)
J = | Crsmoenion ‘
.728(18.5) .. ‘ i .050(1.27) BSC
712(18.1) :
% R T —— .045(1.14) MAX
1 . s e }
| |
Mooy | |
384(9.75) ~
-006(.152) 68
'004(,'102) ;o 087(2.21)
: I !
T |
‘_077(1 96) ; Lo
NG, J: 045(1.14)
oL b 1026(.660)
274(6.96) |

Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-016 AE

32J, 32-Lead, Plastic J-Leaded Chip Carrier (PLCC)

32L, 32-Pad, Non-Windowed, Ceramic Leadless
Chip Carrier (LCC)

Dimensions in Inches and (Millimeters)*
MIL-STD-1835 C-12

A5B(11.6)
o .025 © - 45° Ve L RE
045(1.14) X 45° PINNO.1 ~ 025( 635) * 3_°|__4312('305) I awesy
! g ADENNEN [f ’ .008(:203) 2. l |~ oBszTe)
; < p) ? I I i ,_.'.__‘, 7y
/1 o "l
T 553(14.0) 530(13.5)
i [ 7 4 490(12.4) .560(14.2)
032(.813) | - e, 021(533) o Z
026(.660) | [ |595(15.1) ;
! g ’ .585(14.9)
4 7 ————
050(1.27) TW‘/P cotbeadeod =5
I~ -—|.300(7.62) REF ) PIN 1 e
— = .430(10.9) 095 (2.41) .055(1.40)
w' F ‘\1 390(9.90) = .060(1.52) .095(2.41) 045(' 14)
- AT CONTACT 140(3.56) O75(. 91) /— INDEX CORNER
L i POINTS L 120(3.05) |
o . : ' T .025(.635)
o é o75(381) X457
S .012(.305)
st : 400”02) ot 0717s] RADIUS
sy . 22(.559) X 45° MAX (3X
I I{, Iyl el . =P X .029(.737)
R 1 021(533)
453(1 1_5)_}
A47(11.4) .050(1.27) TYP —| _C .040(1.02) X 45° (3X)
. 495(12.6) .085(2.16)
.485(12.3) 50 .300(7. ﬁz)REF .065(1.65)

*Controlling dimension: millimeters
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Packaging Information

AT28C256

28P6, 28-Lead, 0.600" Widr, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-011 AB

1.4/(37.3)
1.44(36.6)

—F
566(14.4)
'530(13.5)
_L

—.l |— -090(2. 29)

-— 1.300(33.02) REF

220(5.59) ~ I.._ .005(.127)
MAX MIN
SEATING T
PLANE .065(1.65)
161(4.09) [015(381)
12503, 18) ~ll— .022(559)
065(1 65) id( 356)
.110(2 79) [041(1.04)
1090(2.29) 830(160)
I 590(15.0)
O REF
012305 [ &
7008(203)

l .690(17.5) l
T B10(155)

288, 28-Lead, 0.300" Wide, Plastic Gull Wing Small
Outline (SOIC)
Dimensions in Inches and (Millimeters)

.020(508)
.013(330) 71

{5 R Rl P [ R vl ek

1
299(7 60) .420(10.7)

| i i H
| '/ <‘
] .291(7.39) .393(9.98)
|
|

|

PIN 11D “

[l 1
- |
- - oso(.27) BsC
| 714(18.1) ;
= . .105(2.67)
j .696(17.7) I 092(2.34)
i
Vep o ofE v | ‘, !
ol \', [l I ‘ !
012(.305) !
.003(:076)
.013(.330)
- 2 : 1009(229)
Ao K Al
A .050(1.27) ;
2 .015(.381)

28T, 28-Lead, Plastic Thin Small Outline Package
- (TSOP)
Dimensions in Millimeters and (Inches)*

INDEX
MARK
AREA

|
I
i

11.9 (0.469) 13.7 (0.539)

!
| 1170461 1377(0516)
i
|

"]H‘H‘IIH!,‘f T, N

055(0022) . o . _j.
SC

6.18°(6:607)

-  7.15(0.281) ,_.
REF

8.10(0.319) _|
780(0.311) | |

i |
M e s O

0.20 (0.008) ‘\
0.10/(0.004)
0
5 REF 0.20 (0.008)
3 0.15 (0.006)
i ax e e e
\ |
0.70 (0.028) 5
0.30°(0.012)

“Controlling dimension: millimeters

28U, 28-Pin, Ceramic Pin Grid Array (PGA)
Dimensions in Inches and (Millimeters)

. S003.7) 101(2.57) [' et
526(13.4) .081(2.06) ~ :055(1.40)
[ = | .045(1.14)
i i 4 ’1 B =L BIA
I] J( i i
| ! .023(.584)
li | soousz; LID- /1 | 013(330)
| i 589(143) ‘ 1 DIA
l I | Packace {(
L P, —<! BooY L -123(3.12)
- PIN #1 IDENTIFIER .103(2.62)
- —.072(1.83)
[062(1.57)
556(14.2) _
542(13.8)
PIN#T  002.54 TYP
=) { PIN NUMBERING
.510(13.0) 2627113 4
490(12.4) |25| 24]28|2 5
' [23j22] 6 7]
i 21j20, 8 9

'19|16f14no 11

s
=l |=.100(2.54) TYP
| i18[17[15113 12,

-
T4100104)

.390(9.91)
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