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Advance Information

ERROR DETECTION
AND CORRECTION
CIRCUIT

ADVANCED LOW POWER SCHOTTKY

ERROR DETECTION AND CORRECTION CIRCUIT

The MC74F2960 will be dual marked with the AMD part number
Am2960 to indicate plug-in compatibility. However, the device will
be referred to as the MC74F2960 in the remainder of this specifi-
cation. The MC74F2960A is a high speed version of MC74F2960
and is a plug-in replacement for MC74F2960 where higher perfor-
mance is required.

CONNECTION DIAGRAM

Top View
DESCRIPTION — The MC74F2960 and MC74F2360A Error Detection A Y s 3 Pass TAu
and Correction Units (EDAC) contain the logic necessary to gen- paa1s 2 47 [ DIAG MODE 1
erate check bits on a 16-bit data field according to a modified Ham- pata1a ] 3 46 [J DIAG MODE 0
ming Code, and to correct the data word when check bits are sup- a3 g 4 45 [ CODEID2
plied. Operating on data read from memory, the MC74F2960 and D“:;:,: E : :: g 2‘;';2 :EZ,
MC74F2960A will correct any single bit error* and will detect all _LEDIAG [ 7 a2 [) GENERATE
double and some triple bit errors. For 16-bit words, 6 check bits OE E‘:’E‘ o s 41 g B 6
are used. The MC74F2960 and MC74F2860A are expandable to g E A . = oo
operate on 32-bit words (7 check bits) and 64-bit words (8 check patas = 1 =T
bits). In ail configurations, the device makes the error syndrome DATAS [] 12 37 [ cBs3
available on separate outputs for data logging. G“D‘l‘;:‘f; E :: 2: g chz
DATA 6 ] 15 34 [ cB1
The MC74F2960 and MC74F2960A also feature two diagnostic patas ] 18 33 |3 MULT ERROR
modes, in which diagnastic data can be forced into portions of the . Dam e :; 25/ z_“”:“
chip to simplify device testing and to execute system diagnostic A E I pot g e
functions. The product will be supplied in a 48-tead DIP package. oam3 = 20 2 [y scs
oata 2 IF 21 28 3 sc3
*Double bit errors can also be corrected if at least one of the two errors 1s a hard paa 1 £ 22 27 |3 sc2
error. This requires extra processor cycles. DATA O =1 23 26 3 sca
sct B 2¢ 25 3 sc6
® PIN AND FUNCTIONALLY COMPATIBLE WITH THE Am2960 ! .
* BOOSTS MEMORY RELIABILITY e Care T2 o
o EXPANDABLE TO 64-BIT DATA WORDS
© BUILT-IN DIAGNOSTICS PERMITS SOFTWARE SYSTEM CHECK
e SEPARATE BYTE CONTROLS FACILITATE BYTE OPERATIONS
o COMPATIBLE WITH MC68000 AND OTHER PROCESSORS
16-Bit Timing (Worst Case) 74F2960 | 74F2860A | Units
Check Bit Generation 32 20 ns
Single Error Detection 32 19 ns
Single Error Correction 65 42 ns

This document contains information on a new preduct Specificatrons and information herein
are subject to change without notice.
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MC74F2960/Am2960 ® MC74F2960A

FIGURE 1 — BLOCK DIAGRAM
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TABLE 1. ABSOLUTE MAXIMUM RATINGS

Rating Symboi Value Unit
Supply Voltage Vee ~-0.5t0 +7.0
Input Voltage (Except DATAg_15) Vin ~05t0 +7.0
Input Voltage (DATAQ_15} Vin -05to0 +55 \
Storage Temperature Range Tstg —-65to +150 °C

Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent device
failure. Exposure to absolute maximum ratings for extended periods may affect device reliability.

TABLE 2. GUARANTEED OPERATING RANGES (9;¢c = 6°C/Watt)

Symbol Parameter Min Typ Max Unit
vee Supply Voitage 4.75 5.0 5.25 \'
TA Operating Ambient Temperature Range 0 25 70 °C

1oH Output Current — High -0.8 mA

:1 loL Output Current — Low 8.0 mA

Operating ranges define those limits aver which the functionatity of the device is guaranteed.
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MC74F2960/Am2960 ® MC74F2980A

TABLE 3. DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

(oo ™
|SYMBOL PARAMETER MIN LTYI;’S MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage n 2.0 v Guaranteed Input HIGH Voltage
ViL Input LOW Voitage {1} 08 v Guarantesd input LOW Voitage
ViK tnput Clamp Diode Voltage ~-1.5 v Vee = MIN, ligg =-18 mA
VoH Output HIGH Voltage 2.7 \ Vce = MIN, lon = -0.8 mA
VoL Output LOW Voltage 0.5 v Vee = MIN, IgL = 8.0 mA
Output Off DATAQ-15 70 uA N _
‘. lozH Current-HIGH SCo-s 50 A Ve = MAX Vour=24V
—
Output Off DATAQ-15 -410 nA _ _
fozL Current-LOW SCo-6 _50 A Ve = MAX Yoyt =05V
DAT 70 A
7Y} Input High OTH::I)S_’S 50 2 Vee = MAX, VIN=2.7V
Cufrent nA
ALL 1.0 mA Vee= MAX, VIN=5.6V
Input Low DATAg-15 -410 nA
I Voo = MAX Viy=05V
L Current OTHERS 360 | #A | € N
los Short Circuit Current (2) -25 -85 mA Voo =MAX, Vo=0V l
I'lec Power Supply Current 300 mA Vee = MAX ’

11} These input levels provide zero noise immunity and should be tested only in a static, noise-free environment.
{2) Not more than one output should be shorted at a time

FIGURE 2 — AC TEST AIXTURE

vee
tpZH I ' All Other
TABLE 4. TEST OUTPUT LOADS

Pin | pin Label R R2
$ R Z DoD1g | 4300 | 1k0
out e ] 24-30| SCuSCg | 4300 1k0
L P 32 | ERROR_ | 4700 | 3k0
a2 :% EVE 33 | MULTERROR| 47001 | 3k

-il—--;!-~
T~

2L | All Other
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TABLE 5. AC CHARACTERISTICS (MAXIMUM LIMITS)

MC74F2960/Am2960 « MC74F2960A

SYMBOL PARAMETER Vee = 5.0V + 5%; TA = 0to +70°C; Cp = 50 pF; UNITS = ns***
To Output
From SCo-¢ DATAQ—_15 ERROR UL
Input
" MC74F | MC74F | MC74F | MC74F | MC74F | MC74F | MC74F | MC74F
IPLH. TPHL | Propagation Delay 2960 | 2960A | 2960 | 2960A | 2060 | 2960A | 2960 | 2960A
DATAQ-15 32 20 65* 42* 3z 19 50 26
CBo_g
{CODE 1D5_g 000, 411) 28 18 56 34 29 16 47 24
CBp_g
{CODE IDp_g 010, 100, 101, 110, 111) | 22 0 45 30 2 8 s 2
GENERATE 35 19 63 35 36 18 55 22
CORRECT
{Not Internal Control Mode) - - 45 32 - - - -
DIAG MODEg_1
{Not Internal Control Mode} 50 3% 8 55 59 a2 75 53
PASS THRU
(Not Internat Control Mode) 36 8 4 30 2 18 46 22
CODE iDg-2 61 40 90 52 60 40 80 44
LE IN
{Fram latched to transparent} 3 2 72 40% 39 22 59 26
LE QUT
(From latched ta transparent} - - 3 2 - - - -
LE DIAG
{From latched to transparent; 45 32 78 55 45 32 65 46
Not internat Cantrol Mode!
internal Control Mode:
LE DIAG 67 47 96 67 86 46 86 60
{From latched to transparent)
Internal Control Mode:
DATAQ_15 67 47 96 67 66 46 86 60
(Via Diagnostic Latch)
tPZH. Output Enable Time OE BYTE 0, _ . 30 30 _ _ _ —
™ GE BYTE 1
PZL
OEsC 30 30 - - — — - -
tPHZ. Output Disable Time | OE BYTE 0, _ _ 30 30 _ _ _ _
. OE BYTE 1
tpLz* °
OE sC 30 30 — - - — J - -

*Data In or LE In to Correct Data Out measurement requires timing as shown in Figure 3.

**Cy for tpzH, tpzL, tPHZ 2nd tprz = 5.0 pF
***Inputs switching between OV and 3V at 1V:ns, measurements made at 1.5V. All outputs have maximum DC load.
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MC74F2960/Am2960 « MC74F2960A

TABLE 6. AC OPERATING REQUIREMENTS (MINIMUM LIMITS)

Ta = 0to +70°C
SYMBOL PARAMETER Vee = 50V 210% UNITS
MC74F2960 MC74F2960A
tsu Setup Time 6 4
th Hold Time DATAQ_15 to LE IN 7 P ns
tsu Setup Time S 3
th Hold Time CBo-g 10 LEIN 6 5 ns
tsu Setup Time 44 18
th Hold Time DATAQ-15 to LE OUT 5 3 ns
tsu Setup Time CBg.g to LE QUT 35 17 n
th Hold Time {Code ID 000, 011} [ o s
tsy Setup Time CBg.g to LE QUT 27 27 n
th Hold Time {Code ID 010, 100, 101, 110, 111) 0 0 s
tsu Setup Time 42 27
th Hold Time GENERATE to LE OUT 0 0 ns
tsy Setup Time 26 19
h Hold Time CORRECT to LE OUT ) 0 ns
tsu Setup Time 69 €9
th Hold Time DIAG MODEg.1, to LE OUT 0 0 ns
tsu Setup Time 26 20
h Hold Time PASS THRU to LE OUT 0 0 ns
tsy Setup Time an 24
- Hatd Time CODE 1Dp-3. to LE OUT o o ns
tsy Setup T'me 51 30
I Hold Time LE IN to LE QUT 5 5 ns
tsu Setup Time 6 6
th Hold Time DATAp_15 to LE DIAG 8 8 ns
tw Minimum Pulse
| Width, High or Low LE IN, LE OUT, or LE DIAG 15 15 ns
FIGURE 3 — TIMING REQUIRED for DATA IN (or LE IN} to CORRECTED DATA OUT
VALID CORRECT
INPUT DATA iN to DATA
DATA * CORRECT DATA OUT OUTPUT
XOODOOOO)
DATAG-15 Y UOVOVOOOOOH
XRRXARAXXRNR)
DATA to LE IN
Setup Time
LEIN \\
DATA to LE IN
— Hold Time
OEBYTEO &1

FAST AND LS TTL DATA

4-233
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PIN DEFINITIONS

DATAQ-15

16 bidirectional data lines. They provide input to the Data
Input Latch and Diagnostic Latch, and receive output from
the Data Output Latch, DATAq is the least significant bit;
DATA 15 the most significant.
CBg-6

Seven Check Bit input lines. The check bit lines are
used to input check bits for error detection. They are also
used to input syndrome bits for error correction in 32 and
64-bit configurations.

LEIN

Latch Enable — Data Input Latch. Controls latching of
the input data. When HIGH the Data {nput Latch and Check
Bit Input Latch follow the input data and input check bits.
When LOW, the Data Input Latch and Check Bit Input Latch
are latched to their previous state.

GENERATE

Generate Check Bits input. When this input is LOW the
EDAC is in the Check Bit Generate Mode. When HIGH the
EDAC is in the Detect Mode or Correct Mode.

In the Generate Mode the circuit generates the check
bits or partial check bits specific to the data in the Data
Input Latch. The generated check bits are placed on the SC
outputs.

in the Detect or Correct Modes the EDAC detects single
and multiple errcrs, and generates syndrome bits based
upon the contents of the Data Input Latch and Check Bit
Input Latch. in Correct Mode, single-bit errors are also
automatically corrected — corrected data is placed at the
inputs of the Data Qutput Latch. The syndrome result is
placed on the SC outputs and indicates in a coded form
the number of errors and the bit-in-error.

$Co-6

Syndrome/Check Bit outputs. These seven lines hold
the check/partiai-check bits when the EDAC is in Gener-
ate Mode, and will hold the syndrome/partial syndrome
bits when the device is in Detect or Correct Modes. These
are 3-state outputs.
O€sc

Output Enable — Syndrome/Check Bits. When LOW, the
3-state output lines SCq_g are enabled. When HIGH, the
SC outputs are in the high impedance state.

ERROR

Error Detected output. When the EDAC is in Detect or
Correct Mode, this output will go LOW if one or more syn-
drome bits are asserted, meaning there are one or more bit
errors in the data or check bits. if no syndrome bits are
asserted, there are no errors detected and the output will
be HIGH. In Generate Mode, ERROR is forced HIGH. {in a
64-bit configuration, ERROR must be externally imple-
mented.}

MULT ERROR
Multiple Errors Dietected output. When the EDAC is in

Detect or Correct Mode, this output if LOW indicates that,

there are two or more bit errors that have been detected. If
HIGH this indicates that either one or no errars have been
detected. In Generate mode, MULT ERROR is forced HIGH.

{In a 64-bit configuration, MULT ERROR must be externally
implemented.)

CORRECT

Correct input. When HIGH this signal allows the cor-
rection network to correct any single-bit error in the Data
input Latch {(by complementing the bit-in-error) before
putting it onto the Data Qutput Latch. When LOW the
EDAC will drive data directly from the Data Input Latch to
the Data Output Latch without correction.

LE OUT

Latch Enable — Data Output Latch, Controls the latch-
ing of the Data Output Latch. When LOW the Data Output
Latch is latched to its previous state. When HIGH the Data
Qutput Latch follows the output of the Data Input Latch as
modified by the correction logic network. In Correct Mode,
single-bit errors are corrected by the network before load-
ing into the Data Qutput Latch. In Detect Mode, the con-
tents of the Data input Latch are passed through the
correction network unchanged into the Data Output Latch.
The inputs to the Data Output Latch are unspecified if the
EDAC is in Generate Mode.

OE BYTE 0, OF BYTE 1

Output Enable - Bytes O and 1, Data Qutput Latch.
These lines control the 3-state outputs for each of the
two bytes of the Data Output Latch. When LOW these lines
enable the Data Qutput Latch and when HIGH these lines
force the Data Qutput Latch into the high impedance state.
The two enable lines can be separately activated to enable
only one byte of the Data Qutput Latch at a time.

PASS THRU

Pass Thru input. This line when HIGH forces the con-
tents of the Check Bit input Latch onte the Syndrome./
Check Bit outputs {SCp_g) and the unmodified contents of
the Data Input Latch onto the inputs of the Data Output
Latch.

DIAG MODEg.- 1
Diagnostic Made Select. These two lines control the
initialization and diagnostic operation of the EDAC.

CODE IDg_2

Code Identification inputs. These three bits identify the
size of the total data word to be processed and which 16-
bit slice of larger data words a particular EDAC is pro-
cessing. The three allowable data word sizes are 16, 32
and 64-bits and their respective modified Hamming codes
are designated 1622, 32/39 and 64/72. Special CODE
ID input 001 (ID2, ID1. IDQ) is also used to instruct the
EDAC that the signais CODE iDg-32, DIAG MODEQ-1.
CORRECT and PASS THRU are to be taken fram the Diag-
nostic Latch, rather than from the input control lines.

LE DIAG

Latch Enable — Diagnostic Latch. When HIGH the Diag-
nostic Latch follows the 16-bit data on the input lines.
When LOW the outputs of the Diagnostic Latch are latched
to their previous states. The Diagnostic Laich holds diag-
nostic check bits, and internal control signals for CODE
1Dg_2. DIAG MODEQ_1. CORRECT and PASS THRU.
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MC74F2960/Am2960 ¢ MC74F2960A

FUNCTIONAL DESCRIPTION

The MC74F2960 and MC74F2960A contain the nec-
essary logic to generate check bits on a 16-bit data field
according to a modified Hamming code. This code
allows the EDAC to 1) be cascaded, 2) detect all double
bit errors, 3) detect RAM failure {all 1 or 0 data).

The EDAC may be configured to work on data words
from 8- to 64-bits in length. When cascaded for word
lengths in excess of 16 bits, each EDAC must know which
bits it is processing. This is done with Code ID inputs as
shown in Table 7. The internal Controt Mode is described
later.

MODE SELECTION

The device control lines are GENERATE, CORRECT,
PASS THRU, DIAG MODEq.{ and CODE IDg.;. Table 8
lists the MC74F2960 and MC74F2960A modes of oper-
ation, The data flow for each of these modes is shown
in Figures 3 through 6.

PASS THRU MODE

tn this mode, the unmodified contents of the Data input
Latch are placed on the inputs of the Data Output Latch
and the contents of the Check Bit Input Latch are placed
on the SC outputs. ERROR and MULT ERROR are forced
HIGH in this mode.

GENERATE MODE

In this mode check bits will be generated that corre-
spond to the contents of the Data Input Latch. The check
bits generated are placed on the SC outputs.

DETECT MODE

In this mode the device examines the contents of the
Data Input Latch agamnst the Check Bit input Latch, and
wilt detect ali single-bit errors, ail doubte-bit errors and
some triple-bit errors. If one or more errors are detected,
ERROR goes LOW. If two or more errors are detected,
MULT ERROR goes LOW. Both error indicators are HIGH
it there are no errors.

Also available on the SC cutputs are the syndrome bits
generated by the error detection step. The syndrome bits
may be decoded to determine if a bit srror was detected
and, for single-bit errors, which of the data or check bits
is in error.

In Detect Mode, the contents of the Data Input Latch
are driven directly 1o the inputs of the Data Output Latch
without correction.

CORRECT MODE

tn this mode, the EDAC functions the same as in Detect
Mode except that the correction network is aliowed to cor-
rect {complement) any single-bit error of the Data Input
Latch before putting it onto the inputs of the Data Output
Latch. ¥ multiple errors are detected, the cutput of the
correction network is unspecified.

Ifthe single-bit error is acheck bit there is no automatic
correction. if check bit carrection is desired, this can be
done by placing the device in GENERATE MQDE to pro-
duce a correct check bit sequence for the data in the Data
Input Latch. ’

DIAGNOSTIC GENERATE
DIAGNOSTIC DETECT
DIAGNOSTIC CORRECT

These are special diagnostic modes where check bits
loaded into the Diagnostic Latch are substituted for either
normal check bit inputs or outputs.

INITIALIZE

The inputs of the Data Qutput Latch are forced to zeroes.
The check bit outputs (SC) are generated to correspond to
the all-zero data. ERROR and MULT ERROR are forced
HIGH in the initialize Mode.

Initialize Mode is useful atter power up when RAM con-
tents are random. The EDAC may be placed in initialize
mode and its’ outputs written into all memory locations
by the processor.

INTERNAL CONTROL MODE

When in the internal controt mode, the EDAC takes the
CODEIDQ.2, DIAG MODEQ.1, CORRECT and PASS THRU
controlsignals from the Internal Diagnostic Latch rather
than from the externatl input lines or Memory Controller.

TABLE 7. HAMMING CODE AND
SLICE IDENTIFICATION

CODE| CODE| CODE
ID2 1Dy IDp

Hamming Code and Slice Selected

Code 16/22
Internal Control Mode
Code 32/ 39, BytesO and 1
Code 32/39, Bytes 2and 3
Code 64-72, BytesQand 1
Code 64,72, Bytes 2 and 3
Code 64/72, Bytes 4 and 5
Code 6472, Bytes 6 and 7

- m a0 000
S~ 00-=0Q
-0 =0 =0 =0

TABLE 8. F2960/F2960A MQDES OF OPERATION

CONTROL INPUTS*

OPERATING MODE* DIAG MODE 1 | DIAG MODEO | PASS THRU ‘GENERATE CORRECT
PASS THRU X X 1 X X
GENERATE X [ 0 X
DETECT 0 X 0 1 0
CORRECT 0 X 0 1 i
DIAGNOSTIC GENERATE 0 1 0 o X
DIAGNOQSTIC DETECT 1 0 [ 1 0
DIAGNOSTIC CORRECT 1 0 0 1 1
INITIALZE 1 1 0 X X

*The internal control made overrides control inputs (See Text).
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FIGURE 4 — CHECK BIT GENERATION
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MC74F2960/Am2960 & MC74F2960A

FIGURE 6 — DIAGNOSTIC CHECK BIT GENERATION
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CASCADING THE MC?74F2960/MC74F2960A

The system configuration, as well as the specific func-
tion of various EDAC inputs and outputs, varies slightly
depending upon the width of the data word.

The system configuration for 16-bit, 32-bit and 64-bit
data words is shown in Figures 7, 8 and 9. In addition,
accompanying figures and tables indicate the memory
ward format, diagnostic latch format, check bit encode,
syndrome decode and ac calculations for each con-
figuration.

When cascading to 32- or 84-bit configurations, syn-
drome bits must be fed back to the check bit inputs to
correct an erronsous data word. Figure 9 and Table 18

16-BIT DATA WORD WIDTH

TABLE 9. 18-BIT DATA FORMAT

iflustrate the use of a 3-state buffer to contro! the multi-
plexing of check bits and syndrome bits into the EDAC(s).

Cascading to a 64-bit configuration requires additional
MS! logic to generate a portion of the Syndrome and also
the ERROR flag. The implementation shown in Figure 10
results in a different meaning for the MULT ERROR flag
than in other configurations. LT ER is HIGH if no
errors or a 1-bit error is detected, but it is also HIGH for
some 2-bit errors. In arder to determine if an error is
correctable, a DOUBLE ERROR output indicates that 2 er-
rors have been detected when HIGH. Otherwise DOUBLE
ERROR is Low.

AGURE 8 — 16-BIT CONFIGUHATION

INPUT CHECK BITS

DATA CHECK 8ITS FOR 16-BIT CONFIGURATION
~ sl  DONT
BYTE 1 BYTE O cx {colct (c2{ca |cs DATAg.15 CX CO Ct €2 (4 C8 CARE
t i l
ool |
15 817 0 t ' * *
Uses Modified Hamrmung Code 16/22 DATAG 15 CBp CBq CBy CB3 CBy CBs CBg
— 16 data bits
— 6 check bits
— 22 bits in total EDAC C%)E e 000
SCo SCy SC2 SC3 SC4 SCs SCq
SX/CX § $1/C1 § S4/C4 § HIGH
SO/CO  S2/C2  S8/CB
SYNDROME/CHECK BIT OUTPUTS
FOR 16-Bff CONFIGURATION
TABLE 10. 16-BIT MODIFIED HAMMING CODE — GHECK BIT ENCODE CHART
Generated Participating |
Check Data Bits [
Bits Parity 0 1 2 3[4 6 6 718 9 10 T[i2 13 4 5]
cX Even (XOR} X X X X X X X X ]
c0 Even (XOR) X X_X X X X X X )
c1 Odd (XNOR) X X [ x X X X X X |
c2 Odd (XNOR} X X X X X x| x x ‘
ca Even (XOR} X X[|X X X x X X
c8 Even (XOR) X X X X]Xx X x X

The check bit is generated as either an XOR or XNOR of the eight data bits noted by an X" in the table,
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16-BIT DATA WORD WIDTH (continued)
TABLE 12. DIAGNOSTIC LATCH LOADING — 16-BIT FORMAT

Data Bit Fi ]
TABLE 11. SYNDROME DECODE TO BIT-IN-ERROR 0 Diagnostic Check Bit X
1 Diagnostic Check Bit 0
2 Diagnostic Chack Bit 1
Syndrome s8 10 1 O o 1 0 1 R i
Bits sa|]o 0o 1 1 0 0 1 3 Diagnostic Check Bit 2
$2{0,0 0,0, 1,1 1.1 4 Diagriostic Check Bit 4
8 S0 # 5 Diagnostic Check Bit 8
00 o cjeglcalt ]| ]Mm agnostic i
0o o0 1 calr|vlws[7|w1]7]T 5.7 Don't Care
) 1 0 cojrlrmjTin2is6]lT 8 CODEIDO
o 1 1 Tliol4 [T{o]T [T {m 3 CODEID 1
1o o ex|tirjmajr{nis|¥ 10 CODE ID 2
L1 Q 1 Tl (3t |m|T|T M 1 DIAG MODE O
K 10 T sl2]r{1]r]v[m
t 12 1
R fmtrfrmlrmfm]r DIAG MODE
* — no errors detected 13 CORRECT
Number — the location of the single bit-in-error 14 PASS THRU
T — two errors detected 15 Don't Care
M — three or more errors detected
32-8IT DATA WORD WIDTH
TABLE 14. DIAGNOSTIC LATCH LOADING — 32-BIT FORMAT
TABLE 13. SYNDROME DECODE TO BIT-IN-ERROR Data Bit A F
o] Diagnostic Check Bt X
1 (hagnostic Check Bit O
Syndrome st6/]o0 1 0 1 0 1 0 1
Bits ss|o0 o0 1 10 0 1 2 Diagnostic Check Bit 1
salo o o o 1 1 1 - - -
sX S0 St s2 3 Diagnostic Check Bit 2
0 ) 0 ) « Tcielcal T |ca T[T [30 4 Diagnostic Check But 4
o] 0 0 1 2l i f27iT]|sim]|T 5 Diagnostic Check Bit 8
o 0 1 ) RIERERFIEREERE A 6 Diagnostic Check Bit 16
o 0 1 1 Timi{nfrlalr|{rm 7 Don't Care
o_t 9o 9 colTTl2aiT]2|MIT 8 Shce 071 — CODE IDO
0 1 o 1 I EN P IEEF AR ALY . Sice 071 — CODE 1D 1
6 1 1 0 TimJwo]T]o][T][T[m e =
e P ] AR IR 10 Slice 01 — CODE ID 2
1 0 0 © x| 1T ]rimlT m]iafT 1 Shce 0/1 — DIAG MODE O
1 0 O 1 Timlunfr(ara|r]1|m 12 Shce 0/1 — DIAG MQDE 1
1 0 i 0 Tim]olr|ef[T]T | 13 Shee 041 — CORRECT
1 6 11 MIT T /29T [7iMIT 1a Slice 0/1 — PASS THRU
1 1 0 o TimisfTjis[T]T|M™ s ot o
T 10 1 7T v|28|T]|6|M]|T e
1 1 10 MEERENADE 1623 Don't Care
1 1 1 1 TlolmirtrImlTiT|IM 24 Shee 2/3 — CODEID O
* -— no errors detected 25 Stice 2/3 — CODEID 1
Number — the focation of the single bit-in-efror 26 Shce 2/3 — CODE ID 2
T — two errors detected
i i3 —
M — three or more errors detected 27 Slice 2/3 — DIAG MODE O
28 Siice 273 — DIAG MODE 1
29 Shee 273 — CORRECT
30 Shce 2. 3 — PASS THRU
31 Don't Care
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32-BIT DATA WORD WIDTH (continued)

TABLE 15. 32-BIT DATA FORMAT

DATA CHECK BITS
BYTE 3 BYTE 2 BYTE 1 BYTEQ CX |co|ctJcz|ca|cs [ce
3t 24123 16 115 8|7 0
Uses Modified Hammung Code 32/39
-~ 32 data bits
-~ 7 check bits

-— 39 bits in total

FIGURE 9 — 32-BIT CONFIGURATION

INPUT DATA INPUT CHECK BITS
- \ 7 2y
L4 J—
DATA15.21 DATAO.IS X Co € C2 C4  c8  cI6 Faaa OESC
! ! i } ! ! i

DATA By CB; CB; By CBs4 CBs CBg

OE sc }.‘l

EDAC
BYTES O AND t -

1
i
i

CODE 1
D j— 010

SCo  SC1 S0z SC3  SC4 SCs  SCs

DAlA  CBy  CBy CBy CB3 CBg (€8s CBg

Epac ¥
BYTES 2 AND 3

cou; | e—011
RIGET_
ERROR ERRDR SCp Sy SC; Sc3 SCs  SCs  SCp

ERROR MLLT _SX.CX S0.CO S1C1 $2.C2 S$4.C4 S8.C8 S16:C16
ERROR 1§ Y

el
GUTPUT SYNDROME - CHECK BITS

*Check Bit Latch is Forced Transparent in this
Code ID Combination for this Slice
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MC74F2960/Am2960 ® MCT74F2960A

32-BIT DATA WORD WIDTH (continued)
TABLE 16. 32-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART

Check Participating Data Bits

Bits Parity 0 1 2 3|4 5 6 7|8 9 10 1t[12 13 14 15
CX Even {(XOR} X X X X |x X X X
Cco Even (XOR) X X X X X X X X
C1 Odd (XNOR) X X | X X X X X X
C2 Odd {XNOR) X X X X X XX X
c4 Even (XOR} X XX X X X X X
Cc8 Even (XORj X X X X{x x X X
C16 Even (XOR) X X X XPX X X X

Gt::n:;kted Participating Data Bits
Bits Parity 16 17 18 19]20 21 22 23|24 26 26 27|28 29 30 3
CX Even (XOR} X X X X X X X X
co Even {XOR) X X X X X X X
C1 Odd {(XNOR} X X1 X X X X X X
Cc2 Odd (XNOR} X X X X X X{Xx X
c4 Even {XOR) X X[ X X X X X X
Cc8 Even (XOR} X X X X X X X X
C16 Even (XOR) X X X X |]X X X X

TABLE 17. KEY AC CALCULATIONS FOR THE 32-BIT CONRIGURATION

32-Bit
Propagation Delay Detay Calculation
From To
DATA Cneck Bits (DATA to SC) + (CB to SC, CODE 1D 011)
pATA(N | Corrected {DATA 10 SC) + (CB 10 SC. CODE ID O11) +
DATA OUT (GB to DATA, CODE ID 010)
DATA (5)‘:"1"""'""5 {DATA to SC} + (CB to SC, CODE 1D 011}
DATA ERAOR for (DATA to SC) + (CB to ERROR,
32 Bits CODE ID 011)
DATA MULT ERRDR for {DATA 1o SC) + (CB to MULT ERROR,
for 32 Bits COBE ID 011)
64-BIT DATA WORD WIDTH
TABLE 18. 64-BIT DATA FORMAT
DATA CHECK BITS

[BYTE7 ‘ BYTE 6 t BYTES l BYTE 4 BYTE3 aYTE 2 BYTE\] BYTE O CXJCO[CIICZ'CA'CBIC\SIC32|

63 48 r47 32131 16115 [+}
Uses Modified Hamming Code 64,72

— 64 data bits

— B check bits

— 72 bits in total
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MC74F2960/Am2960 ® MC74F2960A

64-BIT DATA WORD WIDTH (continued)

TABLE 18. 64-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART

Gaperated Participating Oata Bits
Bits Parity 0 1 2 3|4 5 6 7|8 8 10 11[12 13 14 15
=3 Even (XOR) X X X X X X X X
co Even (XOR) X X X X X X X X
c1 Odd (XNOR) X x| x X X X X X
c2 Odd (XNOR) X X X X X x| x X
c4 Even (XOR) X X[x x x x X X
c8 Even (XOR) X X X x|x x x x
c16 Even {XOR} X x X x[|x x x x
c32 Even (XOR) X X X X|x %X x «x
E e
Bits Parity 16 17 18 19[(20 21 22 23 |24 25 26 27|28 29 30 31
cx Even (XOR) X X X X X X X X
co Even (XOR} X X X X X X X X
c1 Odd (XNOR} X X | x X X X X X
c2 0Odd (XNOR) X X X X X X! x x
ca Even (XOR) X XiX X X X X X
cs Even (XOR) X X X XX x X x
C16 Even {XOR) X X X X|x x x x
c32 Even (XOR} X X X xX|x x x x
G’g:":k"d Participating Data Bits
Bits Parity 32 33 34 35(/36 37 38 39(40 41 42 43[44 45 46 47
cx Even (XOR} X X X X X X X X
co Even (XOR} X X X X X X X X
c1 Qdd (XNOR) X x| x X X X X X
c2 Odd (XNOR) X X X X X X [x x
ca Even (XOR) X X|[X X X X X X
c8 Even (XOR} X X X X|X X x X
c16 Even (XOR) X X X X|X X X X
c32 Even (XOR) X X X X[x x x x
Check Participating Data Bits
Bits Parity 48 49 5O 51|52 53 54 55/ 56 57 58 59|60 61 62 63
=4 Even {XOR) X X X X X X X X
€0 Even (XOR) X X X X X X X X
c1 Odd {XNOR) X X X X X X X X
c2 Odd (XNOR) X X [ X X X x| x x
ca Even (XOR) X X| X X x X X X
[ Even (XOR} | X X X x]x x x x
c16 Even (XOR) : X X X x|Xx X x x
C32 Even (XOR) X X X X[X X X X

The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X" in the table.
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MC74F2960/Am2960 ® MC74F2960A

64-BIT DATA WORD WIDTH (continued)

FIGURE 10 — 64-BIT DATA CONFIGURATION
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B U seaddy YIEN HIBUJ 3L JO SIUAWOT) BPOW MUY SSed Ul | 'SBION
XD/XS 00/08 ZE0/2ES 12718 _J¥ON 9LD/NS  Z2/TS __jyox
L
XI/XS ou\oNM 2ED/TES, G:mmu w_u\w_Nu 79728 mu.\mmD PI/¥S D
HOX mﬁwﬁy HOX HOX HOX] HOX %\OW wxoxd
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64-BIT DATA WORD WIDTH (continued)

TABLE 20. SYNDROME DECODE TO BIT-IN-ERROR

Syndrome 832j0 1+ 0o ¢t 0 t 0 1 O 1 O 1 0 1 0 1

Bits $16 {0 0 1 10 o 1 10 0 1 1 0 o 1 1

s8to 0 0 O 1t 1 1 i1 0 06 0o 0 1 1 1 1

4|0 0 0 ¢ O 0 O O 1 1 1 Tt 1 t 1

SX S0 s1  s2

0 0 g 0 *IC32|C16] T |CB| T IT [M|C4| T|{T|M|T|46(|62]| T
0 2 o] 1 C2{ T | T IM|T 143169 |7 | T 163137} T [MIT (T |[M
0 0 1 0 CII T[T |M|[T |4 |57 |T |T|61!365|T |16}TIT I3
[+] 0 1 1 TIMIM | T[3|T |T[28]|23]T | T |71 T[M[MIT
0 1 o] 0 CO| T|T |M|TJ40 |56 |T |TJ60(34|T (M[T [T IM
2] 1 0 1 T|49]33 (T (12T T j2812]T [T |6 [TIM|M|T
0 1 1 0 TIMIM|TI1O]|T |T (26]20] T | T[4 | TIMIM|T
0 1 1 1 WBWIT|ITIO[TIMIMITITIM|MIT |M|T |T|[M
1 [+] 0 0 CX|TITIMITIMIM[T|TIMIM|T[14]|T]|T|30
1 3] 0 1 ITIMIM]TINM|TIT |27 TI|T[S5|TIMIM]|T
1 Q 1 0 T MIM[TFT |9 | T [T |25 19T | T [3 [T 47163 T
1 0 1 1 M| TI{T IM[T |46 |61 |T [T |B5133{T IM|TI|T|M
1 1 [¢] 0 TiMIMI|T[8]|T |T |24|18]T|T |2 |T | M|M|T
1 1 [+] 1 17 T | 7T (1 |7 |44[60]|T7T |T[B4(38|T M| T[T (M
1 1 1 o) M T | T IMIT 142 (58 |T |T ([62(36]|T7T MJTIT M
1 1 1 1 Tl48 |32 | TIM|T | T | MIM|T|T|IM[T|MIM]|T

* -~ no errors detected

Number — the location of the single bit-n-error

T — two errors detected

M — three or more errors detected

TABLE 21. DIAGNOSTIC LATCH LOADING — 64-BIT FORMAT

Data Bit Internal Function Data Bit Internal Function
¢} Diagnostic Check Bit X 31 Don't Care
1 Diagnostic Check Bit 0 32-37 Don't Care
2 Diagnostic Check Bit 1 38 Diagnostic Check Bt 16
3 Diagnostic Check Bit 2 39 Don't Care
4 Diagnostic Check Bit 4 40 Shice 4/5 — CODE ID O
5 Diagnostic Check Bit 8 41 Slice 4/5 — CODE ID 1
6,7 Don‘t Care 42 Slice 46 — CODE D 2
8 Slice 0/1 — CODE ID O 43 Slice 4/5 — DIAG MODE 0
9 Slice /1 — CODEID 1 44 Slice 4/5 — DIAG MODE 1
10 Slice 071 — CODE 1D 2 45 Slice 4/5 — CORRECT
1 Slice 0/ 1 — DIAG MODE 0 46 Slice 45 -— PASS THRU
12 Shice 01 — DIAG MODE 1 47 Don't Care
13 Slice 071 — CORRECT 48-54 Don't Care
14 Slice /1 — PASS THRU 55 Diagnostic Check Bt 32
15 Don't Care 56 Slce 67 — COBEID O
16-23 Don't Care 57 Shce 6,7 —CODEID 1
24 Shce 2/3 — CODE IDO 58 Shce 67 — CODE ID 2
25 Slice 2/3 — CODE iD 1 59 Shce 6,7 — DIAG MOODE O
26 Slice 2/3 — CODE ID 2 60 Siice 647 — DIAG MODE 1
27 Slice 2/3 — DIAG MODE 0 61 Shce 67 — CORRECT
28 Slice 2/3 — DIAG MODE 1 62 Shce 67 — PASS THRU
29 Slice 2/3 — CORRECT 63 Don't Care
30 Slice 2/3 — PASS THRU
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64-BIT DATA WORD WIDTH (continued)

TABLE 22. KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION

64-Bit
Prapagation Delay Delay Calculation
From To
DATA Check Bits Qut {DATA to SC) + {XOR Detay}
{DATA to SC) + {(XOR Delay) + (Buffer Delay) +

DATA IN | Corrected DATA GUT (CB to DATA, CODE 1D 1xx)
DATA Syndromes {DATA to SC) + {XOR Delay)
DATA ERROR for 64 Biis {DATA ta SC) + {XOR Delay) + {NOR Detay}

e (DATA 1o SCj + (XOR Delayj + (Buffer Delay) +
DATA | MULT ERROR for 64 Brts {CB 1o MULT ERROR, CODE ID 1xx)
DATA DOUBLE ERRQOR for 64 Bits {DATA to SC} + (XOR Delay) + {(XOR/NOR Delay)

FIGURE 11 — HIGH PERFORMANCE COMPUTER MEMORY

I Address J
F2968A
CPU Dynamic | T
MCE8000 Adaress Memory RAS 16K, 64K, or 256K
Am2900 Control Dynamic Memory

\ Array
8086 e
28000 f ’ CAS

EDAC Control Bus

Data
N/

WE
s —»
s 2e DMC
Pt - @
A £ E5 Control
Sf [F& g 2
z =} a
o
E
[ ]
=
= F2961A/2962A
] EDACBus [ Data
F2969 (DMC/EDAC) Buffers F2960
S > F2970 {DMC) Timing N
Controllers /\ Ao

A4 N

8 System Data Bus
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