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16-BIT PARALLEL ERROR DETECTION

AND CORRECTION CIRCUITS
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The ‘LS630 and ‘L5631 devices are 18-hit paralliel
error detection and carrection circuits (EDACSs) in Des E E CBS
28-pin, B00-mil packages. They use a modified DB9 EER 18{ DB1%
Hamming code to generate a B-bit check word from
17| pB14
a 16-bit data word. This check word is stored along LB10 |1__2.- j DATA
with the data word during the memory write cycle. DB11 E E DB13 BITS
During the memory read cycle, the 22-bit words from GND E E DB12
memory are processed by the EDACs to determine if

errors have oceurred in memory.

Single-bit errars in the 16-bit data word are flagged and corrected.

Single-bit errors in the 6-bit check word are flagged, and the CPU sends the EDAC through the correction cycle even
though the 16-bit word is not in error. The correction cycle will simply pass along the original 16-bit word in this case

and produce error syndrome bits 1o pinpoint the error-generating location.

Dual-bit errors are flagged but not corrected. These dual errors may occur in any two bits of the 22-bit word from
memory {two errors in the 16-bit data word, two errors in the 6-bit check word, or one error in each word).

The gross-error cendition of all lows ar all highs from memory will be detected. Otherwise, errors in three or more hits
of the 22-bit word are beyond the capabilities of these devices to detect.

CONTROL FUNCTION TABLE

Memory Cantrol EDAC Functi Data 1/O Check Werd 1/0 Eevor Flags
unctiol t 8

Cyele s1 so " ate cr Tver SEF | DEF

WRITE L L Generate Check Word Input Data Output Check Word L L

READ L H Read Data & Check Word Input Data Input Check Word L L

READ H H Latch & Flag Errors Latch Data Latch Check Word Enabled
Correct Data Word & .

READ H L . Qutput Corrected Data Cutput Syndrome 8its Enabled
Generate Syndrome Bits
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SNEALS630, SN54LSE31, SN74LS630, SN74LSE31
16-BIT PARALLEL ERROR DETECTION
functional block diagram
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ERROR FUNCTION TABLE
Total Number of Errors Error Flags )
" Data Correction
16-Bit Data 6-Bit Checkword SEF DEF
1] Q L L Nat Applicable
1 o) H B Correction
h] 1 H L Correction
- 1 1 H H Interrupt
2 Q H H Interrupt
0 2 H H Interrupt

In order to be able to determine whether the data from the memory is acceptable to use as presented to the bus, the

EDAC must be strobed to enable the error flags and the flags will have to be tested for the zero condition.

The first case in the error function table represents the normal, no-error condition. The CPU sees lows on both flags.
The next two cases of single-bit errors require data correction. Although the EDAC can discern the single check bit
error and ignore it, the error flags are identical to the single error in the 16-bit data word. The CPU will ask for data
correction in both cases, An interrupt condition to the CPU results in each of the last three cases, where dual errors

occur.

error detection and correction details

During a memory write cycle, six check bits (CBO-CBE) are generated by eight-input parity generators using the data

bits as defined below. During a memory read cycle, the 6-bit check word is retrieved along with the actual data.
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5408631, SN74L5630, SH74i5631
16-BIT PARALLEL ERROR DETECTION
AND CORRECTION CIRCUITS

CHECKWORD 16-BiT DATA WORD
8IT 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
cBo X X * X x x X X
cB1 x X x X x x x x
cB2 X X X X x X X
CB3 X b X . X x X x X
cB4 *® x X x X x X x
cB5 X X X X X % x X

The six check Bits are parity bits derived from the matrix of data bits as indicated by ‘"x’' for each bit,

Error detection is accomplished as the 6-bit check word and the 16-bit data word from memory are applied to internal
parity generators/checkers. If the parity of all six groupings of data and check bits are correct, it is assumed that no
error has occurred and both error flags will be low. (It should be noted that the sense of two of the check hits, bits CBO
and CB1, is inverted to ensure that the gross-error condition of ail lows and all highs is detected.)

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error flag or flags will
be set high. Any single error in the 16-bit data word will change the sense of exactly three bits of the 6-bit check word.
Any single error in the 6-bit check word changes the sense of only that one bit. In either case, the single error flag will
be set high while the dual error flag will remain low,

Any two-bit error will change the sense of an even number of check bits. The two-bit error is not correctable since the
parity tree can only identify single-bit errors. Both error flags are set high when any two-bit error is detected.

Three or more simultaneous bit errors can fool the EDAC into believing that no error, a correctable error, or an uncor-
rectable errar has accurred and produce erroneous results in all three cases.

Error correction is accomplished by identifying the bad bit and inverting it. ldentification of the erroneous bit is
achieved by comparing the 16-bit data word and 6-bit check word from memory with the new check word with one
{check word error) or three {data word error) inverted bits.

As the corrected word is made available on the data word 1/0 port, the check word 1/0 port presents a 6-kit syndrome
error code. This syndrome code can be used to identify the bad memory chip.

ERROR SYNDROME TABLE

SYNDROME ERROR CODE
CB2 CB3 CB4 [
H

(6]

ERROR LOCATION
DBO
DB1
DB2
DB3
B4
DB5
DB6
D87
DB8
DBg
DE10
DE11
DB12
PB13
DB14
DB15
CBO
cB1
cB2
CB3
CB4
CBS
MO ERROR

o]
w
Q
(2]
-

I I IIr I IrrIIrITTC-IIrrI-rrIzIer-
I T IITIITIrCrrCIIXIrIIOCCOCIIX

IIIIIIrIIrIIC-rCFCIIIICrCICr-
I I IIIr I I TIrIICIr-cIrrCICm
ITIXxXrIIIIIIFCCFrrrIIr"IIICCC
IrI T IIIrrrCcCrrCCPITIITITIITIYIW

TEXAS {9

INSTRUMENTS

POST TFF-CE 50« 225012 ® JALLAS TEXAS TRIES



SN54LS630, SN54LS631, SN74LS630, SN74LS631
16-BiT PARALLEL ERROR DETECTION

AND CORRECTION CIRCUITS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT
Kol

;10_k_ﬂ
] NOM

INPUT—¢—T
™~

TYPICAL OF DEF AND SEF QUTPUTS
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— e —_——————

120 §t NOM

E‘—OUTPUT

TYPICAL OF CB AND DB ('LS830)

—+—V¢e
1008 NOMS

QUTPUT

TYPICAL OF CB AND DB ('LS631}

=y

CUTPUT

absolute maximum ratings over aperating free-air temperature range (unless otherwise noted)

Supnly voltage, Ve (see Note 1)

Input voltage: S0 and S1
CB and DB
Qff-state output voltage

Operating free-air temperature range:

........................................................ 55V
SNB41S630, SN54LSE31 —55°C t0 126°C
SN74LS630, SN74L5631 0°C 10 70°C

Storage temperature range

NOTE 1:

recommended operating conditions

Vaoltage Valuss ara with respect to natwaork graund tarminat,

—65°C to 150°C

SN54LS5630 SN74L5630
SNS4LS631 SN74L5631 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 4.75 5 5.25 v
High-levet output current, |oH CB ar DB, L5630 only -1 -1 mA
DEF aor SEF —0.4 -0.9
High-level output voltage, VoH CB or DB, 'L§6317 only 5.5 5.5 v
Low-level output current, IgQ CB or DB 12 2 mA
DEF or SEF 4 B
Setup time, tg, CBor DB to 51t 30 30 ns
Hald time, t CE or DB after S171 15 19 ns
Operating free-air temperature, T —~55 125 o} 70 °c

T The upward-pointing arraw indicates a transition fram low to high.
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SN54LS630, SNbB4L

$631, SN74LS630, SN74LS631

16-BIT PARALLEL ERROR DETECTION
AND CORRECTION CIRCUITS

slectrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

+ SN54L5630 SN7ALSE30 UNIT
PARAMETERS TEST CONDITIONS MIN TYPT MAX |MIN TVPE Max
VIH High-level input valtage 2 2 v
ViL Lowv-evel input voltage 0.7 2.8 v
Vi Input clamp voltage Voo = MIN, Iy ==18mA —-1.6 -1.5 v
Vg = MIN,
y Hic dovel | CB or DB VCC_ Sy lon = MAX 24 33 24 3.2 v
OH  Fighievet output vollage Mo e rser| “1H " [on-=00pA | 25 34 27 34
VL = VL min
| =1 A 0.25 04 .28 04
CBorDE |vpe=MIN, oL-12m
\ Low-level output voltage Vig=2V, loL =24 mA 035 05 v
oL - - -
DEF ar SEF| vy, - v max | 1OL=4MA 025 04 0.25 04
lgL=8mA 0.35 0.5
ff- tput current, v = MAX, Vp=27V,
logy O stte outeu cBornB | CC o 20 20| wA
high-level voltage applied SO and ST at2 V
Off-state Qutput current, v = MAX, V=04V,
lozL oute _ cBorDB | C€ 0 —200 —200 | wA
low-level voltage applied S0and Stat2V
. Input current at maximum | CB or DB Vee = MAX, V=565V Q.1 0.1 mA
[
l input voltage S0 or 51 ViH=45V V=7V o 0.1
HH High-level input current Ve = MAKX, =27V 20 20 [ wA
he Low-level input current Vg = MAX, Vy=04Vv -0.2 —02| mA
Short-circuit cutput CB or DB -30 —130 [ —30 —130
los rireiredit outp ' Vg = MAX mA
currentd] DEF ar 5EF —20 —100 | —20 —100
Ve = MAX, 50 and 513145 V,
lee Supply current AH CB and DB pins grounded, 143 230 143 230 ) mA
DEF and SEF open

electrical characteristics over recommended operating free-air temperature range {uniess otherwise noted)

SN54LS631 SN74L5631
PARAMETER TEST CONDITIONST - r UNIT
MIN TYPY¥ MAX |[MIN TYPT MAX
VIH High-ievel input voltage 2 ’ 2 v
ViL Low-evel input voltage 0.7 0.8 \4
Vi Input clamp voltage Veo = MIN, I = —18 mA -1.56 —-1.5 v
Vee = MIN | = —400 pA,
Von  High-level output vohage | DEF or SEF | CC ’ OH “ 26 34 27 34 v
V=2V, VL = V)L max
. Voo = MIN VYoH =55V,
| High-l | output t [CB DB ! 10 100 A
OH igh-level output curren or Vi =2V, Vil = V|| max U] [
loL =12mA 25 04 025 04
CBorDB | Vec =MIN, oL Q
loL =24 mA 0.35 0.5
VoL Low-level output voitage ViH=2V, v
DEF or SEF | v v lpL =4 mA 025 04 0.25 04
ors = max
1. IL ot =8 mA 035 05
| Input current at CB or DB Vee = MAX, V=55V 0.1 0.1 A
! maximum input vaitage S0or 81 V=45V V=7V 0.1 a1 m
hH High-evel input current Voo = MAX V=27V 20 20 wA |
I Low-levet input current Vee = MAX, V) =04V -0.2 -0.2 mA
Short-circuit output
1 DEF or SEF | V = MAX —20 —100 | —-20 —100 mA
05 current’ ce
Voo = MAX, S0and ST at456 YV,
Ice Supply current All CB and DB grounded, 3 180 113 180 mA
SEF and DEF open

TFar conditions shown as MIN ar MAX, use the appropriate value specified under recommended operatmg conditions.
fAH typical values areat Vo =5V, Ta = 25°¢C.

% Nor mare than ane output should be shorted at a timea, and duration of the shart circuit should not exceed one second.
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SN54LS630, SNGALSE31, SN74LS630, SN74LS631
16-BIT PARALLEL ERROR DETECTION
AND CORRECTION CIRCUITS

switching characteristics, Ve =5V, Tao=25°C, C = 45 pF

FROM TO ‘L8630
PARAMETER TEST CONDITIONS UNIT
[INPUT) {OUTPUT) MIN TYP MAX
tpyH Propagation delay time, low-to-high-level output” OB CB SGatOV, Slar0vV, 31 45 ns
tpHL Propagation delay time, high-to-low-level output® R =887 2, Ses Figure 1 45 65 | ns
. DEF SO0at3 Vv R =2k 27 a0
t Propagation delay time_ low-ta-high-level output® ' ) ns
PLH pag v s1t SEF Ses Figure 1 20 30
. . 31at3Vv, RL=667%2,
tpzt Output enable time to high level® 504 CB, DB 24 40 ns
See Figure 2
= S1at3V, R =667,
tpz Output enable time to low level ™ S04 CB, DB 2 - 30 45| ns
See Figure 1
. . . - S1at3V, Rp=667%,
tprz Output disabie time from high level S0t CB, DB ) 43 65| ns
See Figure 2
. . a S1at3V, RL=66712,
tpLz Output disable time from low level S0t CB, DB . 31 45 ns
See Figure 1

switching characteristics, Ve =5 V, Ta = 25°C, C = 45 pF, see Figure 1

FROM TQ ‘LS631
PARAMETER TEST CONDITIONS uNIT
{INPUT} | (OUTPUT} MIN TYP MAX
tpLH Propagation delay time, low-to-high level cutput?® DB cB S0atQV, 81atQv, 38 E5 ns
tpHL Propagation delay time, high-to-low-level output” R = 667 §¥ 45 65 ns
1pt H Propagation delay time, low-to-high-level output® 511t DEF S0at3V R =2k 27 40 rs
‘ SEF ! 20 30 ng
tpHL Propagation delay time, high-to-low-ievel output™ S0l CB, DB S1at3Vv, R_=667kD 28 45 ns
tpLH Propagation delay time, low-to-high-level output® SOt CB, DB S1at3V, R =667 kil 33 50 ns

SThese parametars describe the time intarvals 1aken to generate the check word during the memory write cycle,

*These parametars descsfibe the timea intervais taken to flag errors during the memory read cycle.

#These parametars describa the time intervals taken to correct and output the data waord and to generate and output the syndrome arror cods
during the memary raad cycle,

AThese paramatars dascribe the time intervals taken to disable the CB and DB buses in preparation for a new data word during the memory read
cyela.

PARAMETER MEASUREMENT INFORMATION

Vep =5V
cc OUTPUT
OF CIRCLIT & —&

Ry
QUTPUT B L o
OF CIRCUIT Cy =45 pF o< 3%—667.1

I CL = 45 pF 1

FIGURE 1—QUTPUT LOAD CIRCUHT FIGURE 2=-0UTPUT LDAD CIRCUNT
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, hefore placing orders, that the information being relied on is current,

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
tha time nf eala in arcordance with Tl'e etandard warranty Tactina and athar aualihy 0o 'troi fechniques are

the time of sale in accordance with TI's standard warranty. Testing and other quality cor
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications®).

TO BE SUITABLE FOR USE IN LIFE-SUPFORT APFPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated
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Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
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Tl warrants performance of its semiconductor products and related software to the specifications applicable at
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or services might be or are used.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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