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National p r e l im in a r y

Semiconductor
DP8402A/DP8403/DP8404/DP8405 32-Bit Parallel 
Error Detection and Correction Circuits (EDAC’s)
General Description
The DP8402A, DP8403, DP8404 and D P8405 devices are 
32-b it para lle l e rror de tec tion  and correction  circuits 
(EDACs) in 52-pin D P8402A and D P8403 o r 48-pin DP8404 
and D P8405 600-m il packages. The  EDACs use a m odified 
H am m ing code to  generate  a 7-b it check  w ord from  a 32-bit 
data word. Th is check w ord is s tored a long w ith  the  data  
w ord during the  m em ory w rite  cycle. During the  m em ory 
read cycle, the  39-b it w ords from  m em ory are p rocessed by 
the  EDACs to  determ ine if e rro rs have occurred  in m em ory.
S ing le-b it e rrors in the  32-b it data  w ord are flagged and co r
rected.
S ing le-b it e rrors in the  7-b it check w ord are flagged, and the 
CPU sends the  EDAC through the  correction  cycle  even 
though the 32-b it data w ord  is no t in error. The correction  
cycle  w ill sim ply pass a long the  original 32-b it data  w ord in 
th is  case and produce e rro r syndrom e b its to  p inpo in t the 
error-generating location.
D ouble b it e rrors are flagged but no t co rrected . These e r
rors m ay occu r in any tw o  b its o f the  39-b it w ord from  m em 
ory (two e rrors in the  32-b it data  word, tw o  e rro rs in the  7-b it 
check word, o r one e rro r in each w ord). The gross-e rro r

cond ition  o f all low s o r all h ighs from  m em ory w ill be d e te c t
ed. O therw ise, e rrors in th ree  o r m ore b its o f the  39-b it w ord 
are beyond the  capab ilities o f these  devices to  detect. 
R ead-m odify-w rite  (byte-contro l) opera tions can be per
fo rm ed w ith  th e  D P8402A and DP8403 EDACs by using out- 
pu t la tch enable, LEDBO, and the  individual OEBO thru  
O EB3 byte con tro l pins.
D iagnostics are perfo rm ed on the  EDACs by co n tro ls  and 
in terna l pa ths tha t a llow  the  user to  read the  con ten ts  o f the  
DB and CB input la tches. These  w ill de term ine  if th e  fa ilu re  
occurred  in m em ory o r in the  EDAC.

Features
■ D etec ts and co rrects  s ing le-b it e rrors
■ D etec ts and flags double -b it e rrors
■ Built-in d iagnostic  capab ility
■ Fast w rite  and read cycle  processing tim es
■ B yte-w rite  capab ility  . . .  DP8402A and DP8403
■ Fully pin and function  com patib le  w ith T l’s 

SN 74A LS632A  th ru  S N 74A LS635 series

System Environment

PROCESSOR

AI--------r

8 ,  >

/
y

32r
UHtUK bllb l

CONTROL " EDAC & SYNDROME 1

2 /
DP8402 A< 7

1^ ' )
ERROR FLAGS

> •

MEMORY

TL/F/8535-1
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Simplified Functional Block and Connection Diagrams

ERROR
FLAG TL/F/8535-2

Device P ackage B yte-W rite O utput

DP8402A 52-pin yes TRI-STATE®
DP8403 52-pin yes O pen-C ollector
DP8404 48-pin no TR I-STATE
DP8405 48-pin no O pen-C ollector

D ual-In-L ine Packages

DB7 [ 
GND[

i 52 □ v cc
2 51 □  S1

3 50 □  so

4 49 □  DB31

5 48 □  DB30

6 47 □  DB29

7 46 □  DB28

8 45 □  DB27

9 44 □  DB26

10 43 □  0EB3

11 42 □  DB25
12 41 □  DB24
13 40 □  GND
14 39 □  DB23

15 38 □  DB22

16 37 □  0EB2
17 36 □  DB21
18 35 □  DB20
19 34 □  DB19
20 33 □  DB18

: 21 32 □  DB17

: 22 31 □  DB16

: 23 30 □  CB0

: 24 29 □  CB1

:  2 5 28 □  CB2

: 26 27 □  CB3

TL/F/8535-10
T o p  V iew

MERRC 1 
ERRC 2 
DBOC 2 

DB1C 4 

DB2C E 
DB3C 6 

DB4C 7 
DB5E 8 

OEDBC 9 

DB6C 1 
DB7lljl 
GNDC 
DB8 d j 1 

DB9E 1 
DB10C 1 
DB11 C  1 
DB12C 17 
DB13C 18 
DB14C 19 

DB15C 20 

CB6C 21 
CB5C 22 

CB4C 23 

OECBC 24

1
2
3
4
5
6

7
8
9
10 
11 
12

13
14
15
16

T IT
48  J V CC 

47 D S 1  

46  □  SO 

45 Z3DB31 

4 4  U D B 3 0  

43  Z3DB29 

! 3 0 8 2 8  
□  DB27 

) 3 D B 2 6  

I U D B 2 5  

i 3 D B 2 4  

7 3 G N D  

6 U D B 2 3  

5 3 D B 2 2

4 3 D B 2 1

5 3 D B 2 0  

> 3 D B 1 9  

I 3 D B 1 8  

) 3 D B 1 7  

) 3 D B 1 6

5 3 C B 0  

f 3 C B 1

6 3 C B 2  

5 3 C B 3

Plastic Chip C arrier

IQ£ IS r- o Ol
OH Q O O K) CM

Ul UJ O O-r- O CD CO CD O O 
2l_J> >CO ( O Q Q Q Z Z

TL/F/8535-3
Top  V iew

9 8 7 6 5 4 3 2 1 6867  6 6 6 5 6 46 3 6 26 1
NC 10 60

DB3 11 59
DB4 12 58
DB5 13 57

OEBO 14 56
DB6 15 55
DB7 16 54
GND 17 53
GND 18 52
DB8 19 51
DB9 20 50

0EB1 21 49
DB10 22 48
DB11 23 47
DB12 24 46
DB13 25 45
DB14 26 44

27 2 829 3031 32 3334  35 3637  3 839  40 41 42 43

Z Z Z O Z O O O  OIO o  o  o  o o  z  z
o o o c o  n  do ro cd m co co oo co gd co o  o

u» col <T>

NC
NC
DB28
DB27
DB26
0EB3
DB25
DB24
GND
GND
DB23
DB22
0EB2
DB21
DB20
DB19
DB18

T o p  V iew

O rder N um ber D P8402A V  
See NS Package N um ber V68A

O rder Num ber DP8402AD, 
DP8403D, D P8404D  or DP8405D  

S ee NS P ackage N um ber D 48A  or D52A
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Mode Definitions
M ODE PIN NAME D ESCRIPTIO N  

MODE
W RITE

DIAG NOSTICS

PCC Pin Definitions DP8402A

S1 SO
0 L L

1 L H

O P ER A TIO N
Input da taw ord  and ou tpu t 
checkw ord
Input various data  w ords 
aga inst la tched  
ch e ckw o rd /o u tp u t valid 
e rro r flags.

pin 1 
2
3
4
5
6 
7

Vcc
LEDBO
MERR
ERR
DBO
DB1
DB2

2 H L READ & FLAG Input da taw ord  and ou tpu t 8 NC 42 NC
erro r flags 9 NC 43 NC

3 H H CORRECT Latched input data  and 10 NC 44 DB18
ch e ckw o rd /o u tp u t 11 DB3 45 DB19
corrected  da ta  and 12 DB4 46 DB20
syndrom e code 13 DB5 47 DB21

Pin Definitions 14 O EBO 48 OEB2

S0.S 1 C ontro l o f EDAC m ode, see preced ing 15 DB6 49 DB2 2
M ode Defin itions 16 DB7 50 DB23

DBO thru  DB31 I/O  po rt fo r 32 b it dataw ord. 17 G N D 51 GND
CBO thru  CB6 I/O  port fo r 7 b it checkw ord . A lso  ou tpu t 18 G ND 52 GN D

port fo r the syndrom e e rro r code  during 19 DB8 53 DB24

OEBO thru 
OEB3 
(DP8402A, 
DP8403)

LEDBO
(DP8402A,
DP8403)
OEDB
(DP8404,
DP8405)
OECB

ERR

MERR

error correction  mode.
Dataw ord output bu ffer enable. W hen high, 
output buffers are a t TR I-STATE. Each pin 
con tro ls  8 I/O  po rts. OEBO con tro ls  DBO 
thru DB7, OEB1 con tro ls  DB8 th ru  DB15, 
O EB2 con tro ls  DB16 thru  DB23 and OEB3 
con tro ls  DB24 th ru  D B 31.
Data w ord output Latch enable . W hen high 
it inh ib its input to  the  Latch. O pera tes on all 
32 b its o f the  dataw ord.
TR I-STATE con tro l fo r the data  I/O  port. 
W hen high output buffers are a t 
TR I-STATE.
C heckw ord output bu ffer enable. W hen 
high the  output bu ffers are in TR I-STATE 
m ode.
S ingle e rror output flag, a low  ind ica tes a t 
least a single b it error.
M ultip le e rror ou tpu t flag, a low  ind icates 
tw o  o r m ore errors present.

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

DB9 
OEBT 
DB10 
D B 1 1 
DB12 
DB13 
DB14 

NC 
NC 
NC 

DB15 
NC 

CB6 
CB5 
CB4

pin 35
36
37
38
39
40
41

54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68

OECB
CB3
CB2
CB1
CBO

DB16
DB17

DB25

DB26
DB27
DB28

NC
NC
NC
NC

DB29
DB30
DB31

5 0
51 

Vcc

TA B LE  I. W rite  C ontro l Function

M em ory EDAC Contro l D ata I /O
DB C ontro l 

OEBn or
DB O utput Latch  

D P8402A , D P8403 C heck I /O
CB

C ontro l
E rror Flags

C ycle Function S1 SO ERR M ERR
OEDB LEDBO OECB

W rite G enerate  
check w ord L L Input H X O utpu t 

check  b its t L H H

tS e e  Table II for details on check bit generation.

Memory Write Cycle Details
During a m em ory w rite  cycle, the check  b its (CBO thru  CB6) 
are generated  in te rna lly in the  EDAC by seven 16-input pari
ty  generato rs using the  32-b it data  w ord  as de fined  in Tab le

2. These seven check b its are  sto red  in m em ory a long w ith  
the  original 32-b it da ta  w ord. Th is 32-b it w ord w ill la ter be 
used in the  m em ory read cycle  fo r e rro r de tec tion  and co r
rection.
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TABLE II. Parity Algorithm
C heck W ord  

Bit
32-B lt D ata  W ord

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CB0 X X X X X X X X X X X X X X X X
CB1 X X X X X X X X X X X X X X X
CB2 X X X X X X X X X X X X X X X X X
CB3 X X X X X X X X X X X X X X X X
CB4 X X X X X X X X X X X X X X X X
CB5 X X X X X X X X X X X X X X X X
CB6 X X X X X X X X X X X X X X X X

The seven check bits are parity bits derived from the matrix of data bits as indicated by “X" for each bit.
Check bits 0 ,1 ,2  are odd parity or the exclusive NORing of the “X ”ed bits for the particular check bit. Check bits 3 ,4 ,5 ,6  are even parity or the exclusive ORing of 
the “X”ed bits for the particular check bit.

Memory Read Cycle (Error 
Detection & Correction Details)
During a m em ory read cycle, the  7-b it check w ord is re
trieved a long w ith the  actua l data. In o rder to  be able to  
determ ine w he the r the  da ta  from  the  m em ory is acceptab le  
to  use as presen ted  on the  bus, the  error flags m ust be 
tested  to  determ ine if they  are a t th e  high level.
The firs t case in Tab le  III represen ts the  norm al, no-error 
cond itions. The  EDAC p resen ts highs on both  flags. The

TA B LE III. E rro r Function
To ta l N um ber o f E rrors E rror Flags D ata C orrection

32-B it D ata  W ord 7-B it C heck W ord ERR MERR

0 0 H H N ot app licab le
1 0 L H C orrection
0 1 L H C orrection
1 1 L L In terrupt
2 0 L L In terrupt
0 2 L L In terrupt

next tw o  cases o f s ing le-b it e rro rs  give a high on M ERR and 
a low  on ERR, w hich is the  signal fo r a correctab le  error, 
and the  EDAC should be sen t through the correction  cycle. 
The  last th ree  cases o f d o ub le -b it e rrors w ill cause the 
EDAC to  signal low s on both  ERR and MERR, w h ich  is the  
in te rrup t ind ication fo r the  CPU.

The DP8402 ch e ck  b it syndrom e m atrix can be seen in T A 
BLE II. The  horizonta l row s o f th is  m atrix generate  the  
check b its by se lecting  d iffe ren t com bina tions o f da ta  bits, 
ind icated by “ X ” s in the  m atrix, and generating parity from  
them . For instance, parity check  b it “ 0 ”  is generated  by 
EXCLUSIVE NO R ing th e  fo llow ing  data  b its together; 31, 
29, 28, 26, 21, 19, 18, 17, 14, 11, 9, 8, 7, 6, 4, and 0. For 
exam ple, the  da ta  w ord  “ 00000001H ”  w ould  generate  the 
check b its C B 6 -0  =  48H (C heck bits 0, 1, 2 are odd parity 
and check b its 3, 4, 5, 6 are even parity).
During a W RITE opera tion  (m ode 0) the  data  en ters  the  
D P8402 and check  b its are generated a t the  check b it in- 
p u t/o u tp u t port. B oth  th e  da ta  w ord  and the  check b its are 
then  w ritten  to  m em ory.

During a READ opera tion  (m ode 2, e rror de tec tion) th e  data  
and check b its th a t w ere s tored in m em ory, now  poss ib ly in 
error, are input through the  da ta  and check b it I /O  ports. 
N ew  check  b its are in terna lly generated  from  the  da ta  word. 
These  new  check b its are then  com pared, by an EXCLU
SIVE NOR operation, w ith  the  o rig ina l check b its  th a t w ere 
s to red  in m em ory. The EXCLUSIVE NOR o f th e  original 
check bits, tha t w ere stored in m em ory, w ith  the  new  check 
b its is ca lled the  syndrom e w ord. If the orig ina l check b its 
are  the  sam e as the  new check bits, a no e rro r cond ition , 
then  a syndrom e w o rd o f a ll ones is produced and both  
e rro r flags (ERR and M ERR) w ill be high. The  DP8402 m a
trix  encodes e rro rs as fo llow s:

TA B LE IV. R ead, Flag, and C orrec t Function

M em ory
C ycle

EDAC
Function

C ontro l 
S1 SO D ata I /O

DB C ontro l 
OEBn or 

O ED B

DB O utput Latch  
D P8402A , DP8403  

LEDBO
C heck I /O

CB
C ontro l
OECB

E rror Flags  
ERR M ERR

Read R ead &  flag H L Input H X Input H E n a b le d f

Read
Latch input 

da ta  and check  
b its

H H
Input
data

la tched
H L

Input
check w ord  

la tched
H E n a b le d !

Read
O utpu t

corrected  da ta  
&  syndrom e b its

H H
O utput 

corrected  
data  w ord

L X
O utpu t

syndrom e
b its !

L E n a b le d !

tS e e  Table III for error description. 
:j:See Table V  for error location.
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Memory Read Cycle (Error Detection
1) S ing le  data  b it e rrors cause 3 o r 5 b its in the  syndrom e 

w ord  to  go low. The  co lum ns o f th e  check  b it syndrom e 
m atrix (TABLE II) are the  syndrom e w ords  fo r  all s ingle b it 
data  e rrors in the 32 b it w ord  (a lso see  TA BLE  V). The  
data  b it in e rro r co rresponds to  the  co lum n in the  check 
b it syndrom e m atrix th a t m atches the  syndrom e word. 
For instance, the  syndrom e w ord ind icating tha t da ta  bit 
31 is in e rro r w ould  be (CB6-CB0) =  “ 0 0 01010” , see the  
co lum n fo r data  b it 31 in TABLE II, o r see  TA BLE  V. 
During m ode 3 (SO =  S1 =  1) the  syndrom e w ord  is 
decoded, during s ingle da ta  b it errors, and used to  invert 
th e  b it in e rro r thus correcting th e  data  w ord. The  co rrec t
ed  w ord is m ade available on th e  da ta  I /O  po rt (DBO thru 
DB31), the  check w ord I/O  po rt (CBO thru  CB6) presen ts 
th e  7-b it syndrom e error code. Th is syndrom e e rro r code  
can be used to  locate  the  bad m em ory chip.

Correction Details) (Continued)
2) A  sing le  check  b it e rro r w ill cause th a t particu la r ch e ck  b it 

to  go low  in th e  syndrom e w ord.
3) A  double  b it e rro r w ill cause an even num ber o f b its in the  

syndrom e w ord  to  go low. The  syndrom e w ord  w ill then 
be the  EXCLUSIVE NOR o f th e  tw o  individual syndrom e 
w ords corresponding  to  the  2 b its in error. The  tw o -b it 
e rro r is no t co rrectab le  s ince the  parity tree  can on ly 
identify s ing le  b it errors.

If any o f th e  b its in th e  syndrom e w ord are low  th e  “ E R R ”  
flag goes low. The  “ M ER R ”  (dual error) flag  goes low  during 
any double  b it e rro r cond itions. (See Tab le  III).
Three o r m ore sim ultaneous b it errors can cause the  EDAC 
to  be lieve th a t no error, a correctab le  error, o r an uncorrec t- 
able e rro r has occurred  and w ill produce erroneous resu lts 
in all th ree  cases. It shou ld  be noted th a t the  g ross-e rro r 
cond itions o f a ll low s and a ll h ighs w ill be detected.

&

TA B LE V. S yndrom e Decoding

S yn drom e Bits Error
6 5 4 3 2 1 0

L L L L L L L unc
L L L L L L H 2-b it
L L L L L H L 2-bit
L L L L L H H unc

L L L L H L L 2-bit
L L L L H L H unc
L L L L H H L unc
L L L L H H H 2-bit

L L L H L L L 2-b it
L L L H L L H unc
L L L H L H L DB31
L L L H L H H 2-b it

L L L H H L L unc
L L L H H . L H 2-bit
L L L H H H L 2-b it
L L L H H H H DB30

L L H L L L L 2-bit
L L H L L L H unc
L L H L L H L DB29
L L H L L H H 2-bit

L L H L H L L DB28
L L H L H L H 2-bit
L L H L H H L 2-bit
L L H L H H H DB27

L L H H L L L DB26
L L H H L L H 2-bit
L L H H L H L 2-bit
L L H H L H H DB25

L L H H H L L 2-b it
L L H H H L H DB24
L L H H H H L unc
L L H H H H H 2-b it

S yndrom e Bits E rror S yndrom e Bits E rror
6 5 4 3 2 1 0 6 5 4 3 2 1 0

H L L L L L L 2-b it H H L L L L L unc
H L L L L L H unc H H L L L L H 2-b it
H L L L L H L unc H H L L L H L 2-b it
H L L L L H H 2-b it H H L L L H H DB23

H L L L H L L unc H H L L H L L 2-b it
H L L L H L H 2-b it H H L L H L H DB22
H L L L H H L 2-b it H H L L H H L DB21
H L L L H H H unc H H L L H H H 2-b it

H L L H L L L unc H H L H L L L 2-b it
H L L H L L H 2-b it H H L H L L H DB20
H L L H L H L 2-b it H H L H L H L DB19
H L L H L H H DB15 H H L H L H H 2-b it

H L L H H L L 2-b it H H L H H L L DB18
H L L H H L H unc H H L H H L H 2-b it
H L L H H H L DB14 H H L H H H L 2-b it
H L L H H H H 2-b it H H L H H H H CB4

H L H L L L L unc H H H L L L L 2-b it
H L H L L L H 2-b it H H H L L L H DB16
H L H L L H L 2-b it H H H L L H L unc
H L H L L H H DB13 H H H L L H H 2-b it

H L H L H L L 2-b it H H H L H L L DB17
H L H L H L H DB12 H H H L H L H 2-b it
H L H L H H L D B 1 1 H H H L H H L 2-b it
H L H L H H H 2-b it H H H L H H H CB3

H L H H L L L 2-b it H H H H L L L unc
H L H H L L H DB10 H H H H L L H 2-bit
H L H H L H L DB9 H H H H L H L 2-b it
H L H H L H H 2-b it H H H H L H H CB2

H L H H H L L DB8 H H H H H L L 2-b it
H L H H H L H 2-b it H H H H H L H CB1
H L H H H H L 2-b it H H H H H H L CBO
H i_ H H H H j-i CBS LJn n n n n n M none

S yn drom e Bits Error
6 5 4 3 2 1 0

L H L L L L L 2-bit
L H L L L L H unc
L H L L L H L DB7
L H L L L H H 2-bit

L H L L H L L DB6
L H L L H L H 2-b it
L H L L H H L 2-b it
L H L L H H H DB5

L H L H L L L DB4
L H L H L L H 2-bit
L H L H L H L 2-b it
L H L H L H H DB3

L H L H H L L 2-b it
L H L H H L H DB2
L H L H H H L unc
L H L H H H H 2-bit

L H H L L L L DBO
L H H L L L H 2-b it
L H H L L H L 2-b it
L H H L L H H unc

L H H L H L L 2-bit
L H H L H L H DB1
L H H L H H L unc
L H H L H H H 2-b it

L H H H L L L 2-bit
L H H H L L H unc
L H H H L H L unc
L H H H L H H 2-b it

L H H H H L L unc
L H H H H L H 2-b it
L H H H H H L 2-b it
L H H H H H H CB6

CB X =  error in check bit X 
DB Y =  error in data bit Y 
2-bit =  double-bit error 
unc =  uncorrectable multibit error
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TABLE VI. Read-Modify-Write Function

M EM ORY
CYCLE EDAC FU N C TIO N C O N TR O L  

S1 SO B Y T E nt O E B n t

DB O U TPU T  
LATCH CH EC K  I /O CB

C O N TR O L
ERRO R FLAG

LEDBO ERR M ERR

Read Read & Flag H L Input H X Input H E nabled

Read Latch input data  
&  check  bits

H H
Input
data

la tched
H L

Input
check w ord 

la tched
H Enabled

Read
Latch corrected  
da ta  word into 
ou tpu t la tch

H H

O utput
data
w ord

latched

H H

Hi-Z H

E nabledO utput
Syndrom e

bits
L

M odify
/w rite

M odify appropria te  
byte or bytes &  
generate  new 
check w ord

L L

Input
m odified
BYTEO

H

H O utput 
check word

L H H
O uput

unchanged
BYTEO

L

tOEBO controls DB0-D B 7 (BYTEO), ©EB1 controls DB8-D B 15 (BYTE1), OEB2 controls D B 16 -D B 23  (BYTE2), SE B 3 controls D B 24-D B 31 (BYTE3).

Read-Modify-Write (Byte Control) 
Operations
The D P8402A  and DP8403 devices are capable  o f byte- 
w rite  operations. The  39-b it w ord  from  m em ory m ust firs t be 
la tched into the  DB and CB input latches. Th is is easily  ac
com plished by sw itch ing from  the  read and flag m ode (S1 =  
H, SO =  L) to  the la tch input m ode (S1 =  H, SO =  H). The  
EDAC w ill then  m ake any corrections, if necessary, to  the  
data  w ord and p lace it a t the  input o f the  output da ta  latch. 
Th is da ta  w ord  m ust then  be la tched into the  ou tpu t data  
la tch by taking LEDBO from  a low  to  a high.
Byte co n tro l can now be em p loyed on the  d ata  w ord 
through the OEBO th rough OEB3 contro ls. OEBO con tro ls  
D B 0 -D B 7  (byte 0), OEB1 con tro ls  D B 8 -D B 1 5  (byte 1), 
OEB2 con tro ls  D B 1 6 -D B 2 3  (byte 2), and OEB3 con tro ls  
D B 24-D B 31  (byte 3). P lacing a high on the  byte con tro l w ill 
d isable  the  ou tpu t and th e  user can m odify the  byte. If a low  
is p laced on the  byte  con tro l, then  the  original byte is a l
lowed to  pass on to  the  data  bus unchanged. If the  original 
data  w ord is a ltered through byte contro l, a new check w ord 
m ust be generated  be fore  it is w ritten  back into m em ory. 
Th is is easily accom plished  by taking con tro l S1 and SO low. 
Tab le  VI lists the  read-m odify-w rite  functions.

Diagnostic Operations
The DP8402A thru D P8405 are capab le  o f d iagnostics  tha t 
a llow  the  user to  determ ine w he the r th e  EDAC o r the  m em 
ory is fa iling. The d iagnostic function  tab les w ill he lp the  
user to  see the  possib ilities fo r d iagnostic contro l.
In the  d iagnostic m ode (S1 =  L, SO =  H), th e  checkw ord  is 
la tched  in to  the  input la tch w h ile  th e  data  input rem ains 
transparent. Th is le ts the  user app ly various da ta  w ords 
aga inst a fixed know n checkw ord . If th e  user app lies a d iag- 
nostic da ta  w ord w ith  an e rro r in any bit location, th e  ERR 
flag  shou ld  be low. If a d iagnostic  da ta  w ord w ith  tw o  errors 
in any b it location is applied, the  M ERR flag shou ld  be low. 
A fte r the  checkw ord  is la tched  in to  th e  input latch, it can be 
verified  by taking OECB low. Th is  ou tpu ts the  la tched 
checkw ord . W ith the  D P8402A  and DP8403, th e  d iagnostic 
da ta  w ord  can be la tched  in to  the  ou tpu t da ta  la tch and 
verified. It should be noted th a t the  DP8404 and DP8405 do 
no t have th is  pass-through capab ility  because they do not 
con ta in  an ou tpu t data  latch. By changing from  th e  d iagnos
tic  m ode (S1 =  L, SO =  H) to  th e  correction  m ode (S1 =  H, 
SO =  H), the  user can verify  th a t the  EDAC w ill co rre c t the  
d iagnostic data  word. A lso, the  syndrom e b its can be p ro 
duced to  verify tha t the  EDAC p inpo in ts th e  e rro r location. 
Tab le  VII DP8402A and DP8403 and Tab le  VIII DP8404 and 
DP8405 list the  d iagnostic functions.
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TABLE VII. DP8402A, DP8403 Diagnostic Function

EDAC FU N C TIO N
C O N TR O L  

S1 SO D A TA  I/O

DB BYTE  
C O N TR O L  

OEBn

DB O U TPU T  
LATCH C H EC K  I /O

CB
C O N TR O L ERRO R FLAGS  

ERR M ERRLEDBO OECB

Read &  flag H L Input co rrec t 
da ta  w ord H X Input co rrect 

check  b its H H H

Latch input check 
word w hile  da ta  
input la tch rem ains 
transparen t

L H
Input
d iagnostic 
data  w o rd t

H L

Input
check  b its 
la tched H E nabled

Latch d iagnostic 
data w ord  into 
ou tpu t la tch

L H
Input
d iagnostic 
da ta  w o rd t

H H
O utpu t la tched 
check  b its L

Enabled

Hi-Z H

Latch d iagnostic 
data w ord  into 
input la tch

H H
Input
d iagnostic  
da ta  w ord  
la tched

H H
O utpu t
syndrom e
bits

L Enabled

Hi-Z H

O utpu t d iagnostic 
data  w ord  & 
syndrom e bits

H H
O utpu t 
d iagnostic  
da ta  w ord

L H

O utput
syndrom e
bits

L
E nabled

Hi-Z H

O utput corrected  
d iagnostic data  
word &  ou tpu t 
syndrom e b its

H H

O utpu t 
co rrected  
d iagnostic  
da ta  w ord

L L

O utput
syndrom e
bits

L Enabled

Hi-Z H
tDiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data word will contain errors in 
two bit locations.

TA B LE V III. D P8404, DP8405 D iagnostic  Function

EDAC FU N C TIO N C O N TR O L  
S1 SO D A TA  I/O DB C O N TR O L  

OEDB C H EC K  I /O DB C O N TR O L  
OECB

ERRO R FLAGS  
ERR M ERR

Read &  flag H L Input co rre c t 
da ta  w ord

H Input co rrect 
check b its

H H H

Latch inpu t check 
b its w h ile  data  
input la tch  rem ains 
transparen t

L H
Input
d iagnostic  
data  w o rd t

H
Input
check b its 
la tched

H Enabled

O utput input 
check b its

L H
Input
d iagnostic  
data  w o rd t

H O utpu t input 
check bits

L E nabled

Latch d iagnostic  
data  in to  
input la tch

H H

Input
d iagnostic  
da ta  w ord 
la tched

H

O utpu t
syndrom e b its

L
Enabled

Hi-Z H

O utput corrected  
d iagnostic 
data  w ord

H H
O utpu t corrected  
d iagnostic 
da ta  w ord

L
O utpu t
syndrom e b its

L E nabled

Hi-Z H
tDiagnostic data is a data word with an error in one bit location except when testing the M ERR error fiag. in inis case, the diagnostic data word will contain errors in 
two bit locations.
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DP8402A, DP8403 Logic Diagram (Positive Logic)

DECODER

DP8402A HAS TRI-STATE ( V )  CHECK-BIT AND DATA OUTPUTS.
DP8403 HAS OPEN-COLLECTOR ( £ )  CHECK-BIT AND DATA OUTPUTS.

TL/F/8535-4
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DP8404, DP8405 Logic Diagram (Positive Logic)

DECODER

DP8404 HAS TRI-STATE ( V )  CHECK-BIT AND DATA OUTPUTS.
DP8405 HAS OPEN-COLLECTOR ( £ )  CHECK-BIT AND DATA OUTPUTS.

TL/F/8535-5
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Absolute Maximum Ratings
If M ilita ry /A e ro s p a c e  specified  devices are  required, 
please co n ta c t th e  N ational Sem iconductor Sales  
O ffic e /D is trib u to rs  fo r  availability  and specifications.
O ver O perating F ree-A ir Tem peratu re  Range (unless o therw ise  noted)
Supply V oltage, V < x  (See N ote 1) 7V O perating Free-A ir Tem perature : M ilita ry -  55°C to  + 1 25°C
Input V oltage: CB and DB 5.5V Com m ercia l 0 ° to + 7 0 ° C

A ll O thers 7V S torage Tem perature  Range -6 5 ° C  to  + 1 50°C

Recommended Operating Conditions

Sym bol P aram eter C onditions M ilitary C om m ercia l Units
Min Typ M ax Min Typ M ax

V CC Supply V o ltage 4.5 5 5.5 4.5 5 5.5 V

V|H H igh-Level Input V oltage 2 2 V

V|L Low -Leve l Input Voltage 0.8 0.8 V

•o h H igh-Level O utpu t C urrent ERR Or MERR - 0 . 4 - 0 . 4 m A
DB O r CB DP8402A, DP8404 - 1 - 2 . 6

>OL Low -Leve l O utpu t C urrent ERR O r MERR 4 8 mA
DB or CB 12 24

tw Pulse D uration LEDBO Low 25 25 ns

*su Setup T im e

(1) Data And C heck W ord B efore  SO T  
(S1 =  H)

15 10

ns

(2) SO High B efore  LEDBO T  (S1 =  H ) t 45 45

(3) LEDBO High B efore  The  Earlier 
o f SO 4  or S1 4  t

0 0

(4) LEDBO High B efo re  S1 f  (SO =  H) 0 0

(5) D iagnostic Data W ord B efore  S1 T  
(SO =  H)

15 10

(6) D iagnostic C heck W ord  Before  
The Later O f S 1 4  or SO T 15 10

(7) D iagnostic D ata W ord Before  
L E D B O T  (S1 =  L a n d  SO =  H)$

25 20

th Hold T im e

(8) R ead-M ode, SO Low  And S1 High 35 30

ns

(9) Data And C heck W ord A fte r 
S O t  (S1 =  H)

20 15

(10) Data W ord A fte r S1 T  (SO =  H) 20 15

(11) C heck W ord A fte r The  Later 
o f S 1 4  o r S O T

20 15

(12) D iagnostic Data W ord A fte r 
LEDBO t  (S1 =  L A nd SO =  H)$

0 0

tcorr C orrection  T im e (see Figure /) * 65 58 ns

TA O perating Free-A ir Tem perature - 5 5 125 0 70 °C
T h is  specification may be interpreted as the maximum delay to guarantee valid corrected data at the output and includes the tsu setup delay. 
tT h es e  times ensure that corrected data is saved in the output data latch.
T h e s e  times ensure that the diagnostic data word is saved in the output data latch.
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DP8402A, DP8404 Electrical Characteristics
O ver R ecom m ended O perating Free-A ir Tem peratu re  Range (unless o therw ise  noted)

Sym bol Param eter T est C onditions
M ilitary C om m ercia l

Units
Min T y p t M ax Min T y p t M ax

V|K V c c  =  4.5V, l| =  - 1 8  mA - 1 . 5 - 1 . 5 V

V0 H

All outputs V Cc  = 4.5V  to  5.5V, Iq h  = “ 0.4 mA VCC “ 2 V c c  “ 2

V
DB or CB

VCC = 4.5V, Io h  = - 1 m A 2.4 3.3

V c c  == 4.5V, Io h  =  “ 2.6 mA 2.4 3.2

VOL

ERR o r MERR
V c c  =  4.5V, Io l  == 4  m A 0.25 0.4 0.25 0.4

V
V c c  = 4.5V, Io l  = 8 m A 0.35 0.5

DB or CB
V c c  = 4.5V, IOL =  12 mA 0.25 0.4 0.25 0.4

V c c  = 4.5V, Io l  = 24 mA 0.35 0.5

ll
SO o rS 1 V c c  = 5.5V, V| =  7V 0.1 0.1

m A
A ll o thers V Cc  = 5.5V, V| =  5.5V 0.1 0.1

IlH
SO o rS 1

VCc  = 5.5V, V| =  2.7V
20 20

juA
All o thers# 20 20

IlL
SO or S1

VCc  “ 5.5V, V| -  0.4V
- 0 . 4 - 0 . 4

m A
All others# - 0 .1 -0 .1

Iq § VCc  = 5.5V, V0  =  2 .25V - 3 0 - 1 1 2 - 3 0 - 1 1 2 mA

•cc VCc  = 5.5V, (See Note 1) 150 250 150 250 mA

DP8403, DP8405 Electrical Characteristics
O ver R ecom m ended O perating Free-A ir Tem peratu re  R ange (unless o therw ise  noted)

Sym bol Param eter T est C onditions
M ilitary C om m ercial

Units
Min T y p t M ax Min T y p t M ax

V|K V c c  = 4.5V, l| =  - 1 8  m A - 1 . 5 - 1 . 5 V

VoH ERR o rM E R R VCc  = 4.5V to  5.5V, Iq h  = “ 0.4 mA V c c  “ 2

CMIO.2 V

>OH DB or CB VCC = 4.5V, V0H = 5.5V 0.1 0.1 m A

V OL

r n n  i  j r n n V c c  =  4.5V, Iq l  =  4 m A 0.25 0.4 0.25 0.4

V

ERR o r MERR
V c c  = 4.5V, Io l  = 8 m A 0.35 0.5

DB or CB
V c c  = 4.5V, Io l  = 12 m A 0.25 0.4 0.25 0.4

V c c  = 4.5V, Io l  = 24 m A 0.35 0.5

l|
SO o rS 1 V c c  = 5.5V, V| =  7V

m A
All o thers V Cc  = 5.5V, V| =  5.5V

IlH
SO o rS 1

VCc  “  5.5V, V| -  2.7V juA
All o thers#

IlL
SO or S1 

A ll o thers#
VCc  “ 5.5V, V| -  0.4V m A

io§ ERR o r MERR VCc  =  5.5V, V0  =  2 .25V - 3 0 - 1 1 2 - 3 0 - 1 1 2 mA

icc VCc  =  5.5V, (See N ote 1) 150 150 mA
tA II typical values are at Vcc =  5V, TA =  + 25°C .
$For I /O  ports (QA through Q h), the parameters lm and l||_ include the off-state output current.
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los- 
Note 1: Icc is measured with SO and S1 at 4 .5V  and all CB and DB pins grounded.
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DP8402A Switching Characteristics
Vcc =  4.5V to  5.5 V, C l =  50 pF, T a  =  M in to  M ax (unless o therw ise noted)

Sym bol From
(Inpu t)

TO
(O utput)

T e s t C onditions M ilitary C om m ercial Units
Min M ax Min M ax

tpd
DB and CB ERR S1 =  H, SO =  L, r l =  soon 10 43 10 40 ns

DB ERR S1 =  L, SO =  H, R l =  500 ft 10 43 10 40

tpd
DB and CB MERR S1 =  H, SO =  L, r l =  soon 15 67 15 55 ns

DB MERR S1 =  L, SO =  H, R l =  500H 15 67 15 55

tp d SO 1  and S1 i CB R1 =  R2 =  500H 10 60 10 48 ns

tp d DB CB S1 =  L, SO =  L, R1 =  R2 =  5 0 0 ft 10 60 10 48 ns

tp d LEDBO | DB S1 =  X, SO =  H, R1 =  R2 =  5 0 0 ft 7 35 7 30 ns

tp d S 1 1 CB SO =  H, R1 =  R2 =  5 0 0 ft 10 60 10 50 ns

te n OECB X CB SO =  H, S1 =  X, R1 =  R2 =  5 0 0 ft 2 30 2 25 ns

td is O E C B f CB SO =  H, S1 =  X, R1 =  R2 =  5 0 0 ft 2 30 2 25 ns

te n OEBO thru OEB3 4, DB SO =  H, S1 =  X, R1 =  R2 =  5 0 0 ft 2 30 2 25 ns

^dis OEBO th ru  OEB3 T DB SO =  H, S1 =  X, R1 =  R2 =  5 0 0 ft 2 30 2 25 ns

DP8403 Switching Characteristics
V c c  =  4 .5V  to  5.5V, C l =  50 pF, T a  =  M in to  M ax (unless o therw ise noted)

Sym bol
From

(Input)
To

(O utput)
T e s t C onditions M ilitary C om m ercia l Units

Min T y p t M ax Min T y p t M ax

tpd
DB and CB ERR S1 =  H, SO =  L, R l =  5 0 0 ft 26 26 ns

DB ERR S1 =  L, SO =  H, R l =  5 0 0 ft 26 26

tpd DB and CB MERR
S1 =  H, SO =  L, R l =  5 0 0 ft 40 40

ns
S1 =  L, SO =  H, R l  =  5 0 0 ft 40 40

tpd SO J, and S1 i CB R l =  6 8 0 ft 40 40 ns

tpd DB CB S1 =  L, SO =  L, R l =  6 8 0 ft 40 40 ns

tpd LEDBO i DB S1 =  X ,S 0  =  H ,R l =  6 8 0 ft 26 26 ns

tpd S1 t CB SO =  H, RL =  6 8 0 ft 40 40 ns

tP L H OECB T CB S1 =  X, SO =  H, Rl =  6 8 0 ft 24 24 ns

tP H L OECB J, CB S1 =  X, SO =  H, R l =  6 8 0 ft 24 24 ns

tP L H OEBO thru  O E B 3 f DB S1 =  X, SO =  H, R l =  6 8 0 ft 24 24 ns

tP H L OEBO thru  O E B 3 i DB S1 =  X, SO =  H, R l =  6 8 0 ft 24 24 ns
TAII typical values are at V cc  -  5V, T a  =  +  25°C.
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DP8404 Switching Characteristics, vCc =  4.svto5.5v,cL = sopf,ta =  Mm to  M ax

Sym bol From
(Inpu t)

To
(O utput)

T es t C onditions M ilitary C om m ercia l Units
Min T y p t M ax Min T y p t M ax

tpd DB and CB ERR S1 = H, SO = L, R L =  5 0 0 ft 26 26 ns
S1 = L, SO = H, R L =  5 0 0 ft 26 26

tpd DB and CB M ERR S1 = H, SO = L, R l = 5 0 0 ft 40 40 ns
S1 = L, SO = H, R l = 5 0 0 ft 40 40

tpd SO i  and S1 X CB R1 = R2 = 5 0 0 ft 35 35 ns

tpd DB CB S1 = L, SO = L, R1 = R2 = 5 0 0 ft 35 35 ns

tpd si T CB SO = H, R1 = R2 = 5 0 0 ft 35 35 ns

te n O E C B i CB S1 = X, SO = H, R1 = R2 = 5 0 0 ft 18 18 ns

tdis O E C B f CB S1 = X, SO = H, R1 = R2 = 5 0 0 ft 18 18 ns

te n OECB J. DB S1 = X, SO =  H, R1 = R2 = 5 0 0 ft 18 18 ns

tdis O E C B f DB S1 =  X, SO =  H, R1 = R2 = 5 0 0 ft 18 18 ns

DP8405 Switching Characteristics, v c c  =  4 .s v  to  s.sv, c L =  so p f , t a  =  M in to  M ax

Sym bol
From

(Inpu t)
To

(O utput)
T es t C onditions M ilitary C om m ercia l Units

Min T y p t M ax Min T y p t M ax

tp d
DB and CB ERR S1 =  H, SO =  L, R|_ =  5 0 0 ft 26 26 ns

DB ERR S1 =  L, SO =  H, R l =  5 0 0 ft 26 26

tpd DB and CB MERR S1 =  H, SO =  L, R L =  5 0 0 ft 40 40 ns
S1 =  L, SO =  H, R l  =  5 0 0 ft 40 40

tpd SO X and S1 X CB R l =  6 8 0 ft 40 40 ns

tpd DB CB S1 =  L, SO =  L, R l =  6 8 0 ft 40 40 ns

tpd S1 t DB SO =  H, RL =  6 8 0 ft 40 40 ns

tP L H O E C B f CB S1 =  X, SO =  H, R l =  5 0 0 ft 24 24 ns

tp H L O E C B t CB S1 =  X, SO =  H, R l =  6 8 0 ft 24 2 4 ns

tP L H (5H3BT DB S1 =  X, SO =  H, R l =  6 8 0 ft 24 24 ns

tp H L O E D B i DB S1 =  X ,S 0  = H ,R l  = 6 8 0 ft 24 24 ns
TAII typical values are at V c c  -  5V, Ta  =  +25°C .
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Switching Waveforms
—  READ------------ ---------------------

« » ) -----
-------------------------------  CORRECT---------------------------------------------►!

“ L ________ I L

OEBO THRU 0EB3

CBO THRU CB6 -

INPUT DATA WORD m / ---------y__ A OUTPUT CORRECTED DATA WORD

^ su( 1 ) ^ t h(9)-
INPUT CHECK WORD

— -------- y -
/ZtZrs__ Au. OUTPUT SYNDROME CODE

- w - :

- t pd_

" m -

W M M M M --------------- VALID ERR FLAG —mmm/A
;*•......V -  ....... ►;

7 //////////M M //////////Z ____ VALID MERR FLAG W /M M '/M

FIGURE 1. R ead, Flag, and C o rre c t M ode

'h (8 ) -

S1

DBO THRU DB7 -  

DB8 THRU DB15 * 

DB16 THRU DB23 ■ 

DB24 THRU DB31 ■

oeIo

OEB1 

<02 * 

0 E B 3  '

_ r
OUTPUT CORRECTED DATA WORD

-----------m u INPUT MODIFIED BYTE 0

, INPUT DATA WORD xsssv— YnTTh A

INPUT DATA WORD xsssy— y  2222a__A.

\

(__ OUTPUT CORRECTED DATA WORD — N W n  ____ZZZ77
i

( ______ OUTPUT CORRECTED DATA WORD — s v r s >
______ U J J J

\

c : OUTPUT CORRECTED DATA WORD W V V N
r r m

*su(2) - |

|— ■‘w— I

—H ^ (3 )

INPUT CHECK WORD TESy---- YJZZZA_A OUTPUT SYNDROME CO DEYO UTPUT CHECK WORDm -

V VALID ERR FLAG

VALID MERR FLAG T
FIGURE 2. R ead, C o rre c t M od ify  M ode

TL/F/8535-6

TL/F/8535-7
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Switching Waveforms (Continued)

__ J\..... y L..... j\ll___ ^ _______
VERIFY PROPER OPERATION OF MERR FLAG VERIFY PROPER OPERATON OF MERR FLAG, FLAG SHOULD BE LOW 

(FU G  SHOULD BE HIGH) WITH A DIAGNOSTIC DATA WORD WITH A DOUBLE ERROR

FIGURE 3. D iagnostic M ode
TL/F/8535-8
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DP8402A Interfaced to the DP8418/19/28/29 System Diagram

TL/F/8535-9
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DP8402A Interfaced to the DP8420A/21A/22A System Diagram

r y i CLK, DELCLK t

|  DECODE |~
C S.

ADD/DATA 
BUS AD 0 - 3 1

32  BIT CPU

ST!

SYSTEM
CLK,
BYTE
ENABLES,
ADDRESS
STROBE,
WRITE /R E A D

L K T " ---------

K i r  k

r v
/4 A L o 0 /0
LATCHES BO. B1 R C O -9 . 10 , 11

V
ADS, AREQ^

w a it "

WAffiN, EXTENDRFSH,

74AS245
"J/| TRANSCEIVERS 

DIR EN

BUS CYCLE RETRY

D P 8 4 2 0A /2 1A /2 2 A
DRAM

CONTROLLER

ERROR CORRECTION 
INTERFACE LOGIC

MODE. LATCH. BUFFER CONTROL

ENABLE
DATA
AND
CHECK
BITS
OUT

-S -Z .
DATA I / O  

0 - 3 1

CHECK
B IT S O -6

RASO-3, C A S tM  
Q O -8 ,9 ,1 0 ,  WE

74ALS244

_____________________ N

L V

74ALS244
V A___

EN

MEMORY
UP TO 64  M BYTES

UP TO 4  BANKS OF 
39  DRAMS PER BANK 

(UP TO 4 M  BIT DRAMS)

DIO-31

DOO-31

CHECK BITS IN 0 - 6

CHECK BITS OUT 0 - 6
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