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Am29C660/A/B/C/D/E Advanced
CMOS Cascadable 32-Bit Error Detection and Correction Circuit Devices
DISTINCTIVE CHARACTERISTICS
B Improves memory reliabllity 8 Simplified byte operations

- Corrects alt single-bit errors. Detects all — Separate byte enables on the Data Output

double- and some triple-bit errors Latch for fast byte writes

H Very high-speed error detection and correction B Built-in diagnostics

- Down to 9 ns data-in to error detection : — Proper EDC operation can be verified by the CPU
B Low-power CMOS process via software control
W Cascadable for data words up to 64 bits W Detects gross errorconditionsofalt 1’sorall0’s
GENERAL DESCRIPTION

The Am29C660 CMOS Cascadable 32-Bit Error Detec-
tion and Correction Circuit (EDC) contains the logic nec-
essary to generate check bits on a 32-bit data field ac-
cording to a modified Hamming Code, and to correctthe
data word when check bits are supplied. Operating on
data read from memory, the Am29C660 detects and
corrects all single-bit errors and detects all double- and
some triple-bit errors. For 32-bit words, 7 check bits are
used.

The Am29C660 is expandable to operate on 64-bit data
words (8 check bits). In both configurations, the device

makes error syndromes available on separate outputs
for error logging.

The Am29C660 also features two diagnostic modes in
which diagnostic data can be forced into portions of the
chip to simplify device testing and to execute system di-
agnostic functions.

when used with the Am29C668 Dynamic Memory Con-
troller, the Am29C660 can perform AMD's invented
memory “scrubbing” operation to provide highest data
integrity.
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RELATED AMD PRODUCTS

Part No. Description
Am29C668 4M Configurable Dynamic Memory Controller/Driver
Am29C983A 9-Bit x 4-Port Multiple Bus Exchange, High Speed
Am29C985 9-Bit x 4-Port Multiple Bus Exchange w/Parity
Am29C60A 16-Bit Cascadable EDC, High Speed
Am29C676 11-Bit Driver for 4M x 1 and 4M x 4 DRAMs
Am2965/6 8-Bit DRAM Driver (Inverting, Non-inverting)
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CONNECTION DIAGRAMS

Top View
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CONNECTION DIAGRAMS (Continued)
Bottom View PGA

(Pins facing up)
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PGA PIN DESIGNATIONS

(Sorted by Pin No.)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

Ny PIN NAME o, PIN NAME o, PIN NAME o, PIN NAME

A2 | DATA; B9 | DATA% F-10 | Voo K-4 | CBa

A3 | DATAp B8-10 | GND F-11 | DATA7 K5 | GCBy

A4 | LEN B-11 | DATAzs G-1 | DATA1 K6 | SCo

A5 | DIAG MODEg Cc-1 | DATAs G2 | DATAq K7 | sC;

A6 | CODE IDg c-2 | DATAs G-10 | OE BYTE, K-8 | SCs

A-7 DATA31 Cc-10 DATA22 G-11 DATA1g K-9 SCe¢

A8 | DATAz C-11 | DATAz H1 | DATA K-10 | GND

A9 | DATAz D-1 | DATAs H-2 | DATA:2 K-11 | MULT ERROR

A-10 | DATAZs D-2 | DATAs H-10 | CORRECT L2 | cBs

B-1 DATA2 D-10 | DATAx H-11 %ETRIT'E L3 | cBy

B2 | Voc D-11 | DATAz 1 | DATAs L4 | cBs

B-3 | OE BYTEg E-1 | DATAs 2 | DATA, L5 | CBo

B-4 | DIAG MODE; E2 | DATA; J10 | ERROR L6 | SC;

B-5 CODE 1D4 E-10 DATA4g J-11 LEpiag L-7 SC3

B-6 | OE BYTE; E-11 | DATAg K-1 | OE BYTE; L8 | SCs

B-7 | DATA30 F-1 | DATAg K-2 | cB; L9 | scy

B-8 | DATAz F2 | GND k-3 | CBs L-10 | OEsc
(Sorted by Pin Name)

:’g PIN NAME :'g_ PIN NAME :'0"_ PIN NAME :'g_ PIN NAME

L5 | cBy D-1 | DATAg C-11 | DATAzg H-11 %EE%ETF(W

K-§ CB4 E-2 DATA7 B-11 DATA24 K-11 MULT ERROR

L4 | ces E-1 | DATAs A-10 | DATAzs B-3 | OE BYTEg

K-4 | OB F-1 | DATAg . B-9 | DATAzs K-1 | OE BYTE;

L3 | cBa G2 | DATAo A9 | DATA2; G-10 | OE BYTE;

K-3 | CBs G1 | DATAq B-8 | DATAzs B6 | OE BYTEs

L2 | CBg H2 | DATA12 A8 | DATAz L-10 | OEsc

k-2 | cB7 H-1 | DATA3 B-7 | DATA30 K6 | SCo

A-6 | CODE IDo J2 | DATAu A7 | DATAz L6 | sc

B5 | CODE ID; J1 | DATAs A5 | DIAG MODEg K7 | SCa

H-10 | CORRECT G-11 | DATAs B4 | DIAG MODE; L7 | sCa

A3 | DATAg F-11 | DATA7 J-10 | ERROR K8 | SCa

A2 | DATA E-10 | DATAfs B-10 | GND - L8 | SCs

8-1 DATAZ E-11 | DATAj9 F2 | GND K9 | SCe

c-2 | DATA; D-10 | DATAz K-10 | GND L9 | sc;

C-1 DATA4 D-11 DATA24 J-11 LEpiaG B-2 Vee

D-2 DATAs C-10 DATAZ2 A-4 LEN F-10 Vee
Am29C660/A/B/C/D/E 6-33
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LOGIC SYMBOL
GND Vee
Ceo7 1—:> | ERROR
5E WULT ERROR
OEBYTEp 3 4% s —*
LEN —— ] SCo.7
LE o7 SENERATE
LEpIAG ——
CODE D y —3—»
DIAG MODE y ~3<—
CORRECT ———+]
OEsc ——of
10565-004A
DATAg.31
Die Size: 0.174" x 0.176"
Gate Count: 1670
Package Information
Parameter PGA PLCC Unit
6JA 34 35 °C/W
o) - N/A °C/W
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the following elements:  Device Number
gpood Op_}lon (if applicable)
e Type

Te rature Rai
Opmll ng

—L— OPTIONAL PROCESSING

Blank = Standard processing

AM29C860 B G

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

G = 68-Lead Pin Grid Array without
Heatsink (CGY068)

J = 68-Pin Plasic Leaded Chip Carrier
(PL 068)

SPEED OPTION
E = 14ns
D =18ns
C= 24ns
B =30ns

' A =36
DEVICE NUMBER/DESCRIPTION Blank o 48 ne

Am29C660
CMOS Cascadable 32-Bit Error
Detection and Correction Circuit

Valid Combinations
Valld Combinations Valid Combinations list configurations planned to be
AM29C660 supported in volume for this device. Consult the lo- -
A A cal AMD sales office to confirm availability of specific
M29CB60. valid combinations or to check on newly released
AM29C660B GC. JC combinations, and to obtain additional data on
AM29CE60C ! AMD’s standard military grade products.

AM29C860D
AM29CB60E

Am29C660/A/B/C/D/E 6-35

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AMD n

MILITARY ORDERING INFORMATION

APL Products
AMD products for Asrospace and Defense applications are available in several es and operating ranges. APL (Approved
Products List) products are fully compliant with MiL-STD-883C requirements. The order number (Vali Combination) is formed
by a combination of the following elements: Device Number
Speed Option (if applicable)
tp)o;kle. c%:.
a L)
Lnd.lgnls pe
AM29C660 -C_ B T:
LEAD FINISH
C = Gold
PACKAGE TYPE
Z = 68-Pin Ceramic Pin Grid Array without
Heatsink (CGY068)
DEVICE CLASS
/B = Class B
SPEED OPTION
C=29ns
DEVICE NUMBER/DESCRIPTION
Am29C660C
CMOS Cascadable 32-Bit Error Detection
and Correction Circuit
Valid Combinations
Valiid Combinations Vaiid Combinations list configurations planned to be
AM29CE60! BZC supported in volume for this device. Consult the lo-
600 cal AMD sales office to confirm availability of specific
valid combinations or to check on newly released
combinations, and to obtain additional data on
AMD’s standard military grade products.
Group A Tests
Group A tests consist of Subgroups
1,2,3,7,8,9,10, 11.
6-36 Am29C660/A/B/C/D/E
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PIN DESCRIPTION

CBo-z

Check Bits (Inputs)

These eight check bit lines are used to input bits for error
detection. They are also used to input syndrome bits for
error correction in the 64-bit configuration.

CODE 1Dy,

Code Identification (Inputs)

These two code identification inputs identify the size of
the total data word to be processed. The two allowable
data word sizes are 32 and 64 bits and their respective
modified Hamming Codes are designated 32/39 and
64/72. The CODE ID inputs are also used to instruct the
EDC that the CODE Do, 1, DIAG MODEsy, 1, and COR-
RECT signals are to be taken from the Diagnostic Latch,
rather than from the input control lines (Reference
Table 1).

CORRECT

Correct (Input; Active HIGH)

This signal allows the correction network to comrect any
single-bit error in the Data Input Latch before putting it
into the Data Output Latch by complementing the bit-in-
error. When the signal is LOW, the EDC routes data di-
rectly from the Data Input Latchto the Data Output Latch
without correction.

DATAo 31

Data (Inputs/Outputs; Three-State)

These bidirectional data lines provide input to the Data
Input Latch and Diagnostic Latch, and receive output
from the Data Output Latch. DATAs is the least signifi-
cant bit and DATAa1 is the most significant bit.

DIAG MODE,,,

Dlagnostic Mode Select (Inputs; Active HIGH)
These two lines control the initialization and diagnostic
operation of the EDC circuit (Reference Table 2).

ERROR
Error Detection Flag (Output; Active LOW)

When the EDC is in the Detect or Detect/Correct Mode,
this output goes LOW if one or more syndrome bits are
nonzero, indicating one or more data and/or check bits
are in error. If all syndrome bits are zero, there are no
errors detected and the output will be HIGH. Inthe Gen-
erate Mode, ERROR is forced HIGH.

GND (3)
0-V Power Supply

These pins are the 0-V power supply to the EDC circuit.
All grounds must be connected during device operation.

LEbiac
Diagnostic Latch Enable (Input)

This is the latch enable for the Diagnostic Latch. When
HIGH, the Diagnostic Latch follows the 32-bit data on

the input lines. When LOW, the outputs of the Diagnos-
tic Latch are latched to their previous states. The Diag-
nostic Latch holds diagnostic check bits and internal
control signals for CODE Do, 1, DIAG MODEy, 1, and
CORRECT.

LEwn

Latch Enable Data Input Latch (Input)

This input controls latching of the input data. When
HIGH, the Data Input Latch and Check Bit Input Laich
follow the input data and input check bits, respectively.
When LOW, the Data Input Latch and Check Bit Input
Latch are latched to their previous states.

LEouw/GENERATE
Latch Enable — Data Output Latch (input)/Generate

Check Bits (Input; Active LOW)

This is a muitifunction pin. When itis LOW, it operates in
the Check Bit Generate Mode. In this mode, the device
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 syndrome/check bit outputs. The
Data Output Latch is latched to its previous state when
this pin is LOW.

When HIGH, the device is in the Detect or Detect/Cor-
rect Mode. in the Detect Mode, the device detects single
and multiple errors, and generates syndrome bits spe-
cific to the data in the Data input Latch and Check Bit In-
put Latch. In the Detect/Correct Mode, single-bit errors
are automatically corrected, with the corrected data
placed at the inputs of the Data Output Latch. The syn-
drome result is placed on the syndrome/check bit out-
puts and indicates, in a coded form, the number of errors
and the specific bit in error. When HIGH, the Data Out-
put Latch foliows the output of the Data Input Latch as
modified by the correction logic network.

In the Detect/Correct Mode, single-bit errors are cor-
rected by the network before being loaded into the Data
Output Latch. in the Detect Mode, the contents of the
Data Input Latch are passed through the correction net-
work unchanged into the Data Output Latch. The Data
Output Latch is disabled with its contents unchanged if
the EDC is in the Generate Mode.

MULT ERROR

Multiple Error Detection Fiag (Output; Active LOW)
When LOW in the Detect or Detect/Correct Mode, this
output indicates that two or more bit errors have been
detected. if HIGH, either one or no errors have been de-
tected. In the Generate Mode, MULT ERROR is forced
HIGH.

OE BYTEos
Output Enable Bytes 0-3 {Inputs; Active LOW)

These lines control the three-state output buffers for
each of the four bytes of the Data Output Latch. When
LOW, they enable the output buffer of the Data Output
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Latch. When HIGH, they force the Data Output Latch
buffer into the high impedance state. Any number of
bytes of the Data Output Latch is easily activated by
separately selecting any of the four enable lines.

gutput Enable, Syndrome/Check Bits (Input; Active
Low)
Whaen in the LOW state, the three-state output lines
SCo-7 are enabled. When this input is HIGH, the syn-
drome/check bit outputs are in the high-impedance
state.

SCo,7
Syndrome/Check Bits (Outputs; Three-State)

These eight three-state outputs contain the check/par-
tial check bits when the EDC is in the Generate Mode.

They also contain the syndrome/partial-syndrome bits
when the device is in the Detect or Detect/Correct
Modes.

Vee (2)

+ 5-V Positive Power Supply Voltage

These pins are the positive + 5-V power supply to the
EDC Circuit. All Vcc pins must be connected during de-
vice operation.
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FUNCTIONAL DESCRIPTION
EDC Architecture

The Am29C660 EDC Circuit is a powerful 32-bit cas-
cadable slice used for check bit generation, error detec-
tion, error correction, and diagnostics.

As shown in the block diagram, the device consists of
the following:

« Data Input Latch

« Check Bit Input Latch

» Check Bit Generation Logic

* Syndrome Generation Logic

« Error Detection Logic

» Error Correction Logic

» Data Output Latch and Output Buffers
» Diagnostics Latch

» Control Logic

Data Input Latch

The Latch Enable input, LEin, controls the loading of 32
bits of data into the Data Input Latch. Depending upon
the control mode, the input data is either used for check
bit generation or error detection/correction.

Check Bit Input Latch

Eight check bits are loaded under the control of LEN
Check bits are used in the Error Detection and Error De-
tection/ Correction Modes.

Check Bit Generation Logic

This block generates the appropriate check bits for the
32 bits of data in the Data Input Latch. The check bits are
generated according to a modified Hamming Code.

Syndrome Generation Logic

In both the Error Detection and Error Detection/Correc-
tion Modes, this logic block compares the check bits
read from the memory against a newly generated set of
check bits produced for the data read in from the mem-
ory. If both sets of check bits match, then there are no
errors. If there is a mismatch, then one or more of the
data and/or check bits is in error.

The syndrome bits are produced by an Exclusive-OR of
the two sets of check bits. If the two sets of checkbits are
identical (meaning there are no emors), the syndrome
bits will be all zeros. If there is a single-bit error, the syn-
drome bits can be decoded to determine the bit-in-error.

This logic block decodes the syndrome bits generated
by the Syndrome Generation Logic. If there are no er-
rors in_either the input data or check bits, the ERROR
and MULT ERROR outputs remain HIGH. If one or more
errors are detected, ERROR goes LOW. if two or more
errors are detected, both ERROR and MULT ERROR go
LOW.

Error Correction Logic

For single-bit errors, the Error Correction Logic corrects
(by complementing) the single data bit in error. This cor-
rected data is loaded into the Data Output Latch, which
can then be read onto the bidirectional data lines. If the
single-bit error is one of the check bits, the correction
logic does not place corrected check bits on the syn-
drome/check bit outputs. If the corrected check bits are
needed, the EDC must be switched to the Generate
Mode.

Data Output Latch and Output Buffers

The Data Output Latch is used for storing the result of an
error correction operation. The latch is loaded from the
correction logic under control of the Data Output Latch
Enable, LEouT/GENERATE. The Data Output Latch may
also be directly loaded from the Data Input Latch while in
the Pass-Thru Mode.

Four databytes in the Data Output Latch may be end in-
dependently (by OE BYTEo-a) for reading onto the
bidirectional data bus. This feature facilitates byte op-
erations.

Diagnostics Latch

This is a 32-bit latch loadable from the bidirectional data
lines under the control of the Diagnostic Latch Enable,
LEbiaa The Diagnostic Latch contains check bit informa-
tion in one byte and control information in the other
bytes. The Diagnostic Latch is used for driving the de-
vice when in the Intemal Control Mode, or for supplying
check bits when in one of the Diaghostic Modes.

Control Logic

The Control Logic specifies the mode in which the EDC
is operating. Normally, the control logic is driven by the
external control inputs. However, in the Internal Control
Mode, the control signals are taken from the Diagnostic
Latch. Since LEoutr and GENERATE are controlied by
the same pin, the latching action {LEout from HIGH to
LOW) of the Data Output Latch causes the EDC to go
into the Generate Mode.

Am29C660/A/B/C/D/E 6-39
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Detailed Operational Description

The Am29C660 contains the logic necessary to gener-
ate check bits on a 32-bit data field according to a modi-
fied Hamming Code. Operating on data read from mem-
ory, the EDC will correct any single-bit error, and will de-
tect all double and some triple-bit errors. The
Am29C660 may be configured to operate on 32-bit data
words (with 7 check bits) and 64-bit data words (with 8
check bits). In either configuration, the device makes the
error syndrome bits available on separate outputs for er-
ror logging.

Code and Byte Specification

The EDC Circuit may be configured in several different
ways, and operates differently in each configuration. Itis
necessary to indicate to the device what size data word
is involved and which bytes of the data word it is proc-

essing. This is done with the input lines CODE 1Do, 1 as
shown in Table 1. The two modified Hamming codes re-
ferred to in Table 1 are:

1. 32/39 Code: 32 data bits, 7 check bits (39 bits in total)
2. 64/72 Code: 64 data bits, 8 check bits (72 bits in total)

Control Mode Selection

There are nine operating modes of the Am29C660.
Eight of these modes are selected as shown in Tables 2
and 3. Table 2 is the Diagnostic Mode Control Decode
Table, and Table 3 is the Mode Control Decode Table.
The Diagnostic Mode pins, DIAG MODEq, 1, define the
five basic areas of operation. GENERATE and COR-
RECT further divide the operations into eight functions.
The ninth mode is the Internal Control Mode which is se-
lected by the CODE ID inputs as shown in Table 1.

Table 1. CODE ID Decode

CODE | CODE | Hamming Code and
1D, 1D Slice Selected
0 Code 32/39, 32-Bit Data Word

Code 64/72, Lower 32-Bit Slice (0-31)

alalo

0
1 Internal Control Mode
o]
1

Code 64/72, Upper 32-Bit Slice (32-63)

Table 2. Diagnostic Mode Control Decode

DIAG MbDE1 DIAG MODEo CORRECT Diagnostic Mode Selected
[] 0 X Normal EDC Function Mode or Non-Diagnostic Mode
0 1 X Diagnostic Generate Mode
1 o X Diagnostic Detect Mode and Diagnostic Detect/Correct Mode
1 1 1 Initialize Mode
1 1 0 Pass-Thru Mode
6-40 Am29C660/A/B/C/D/E
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Table 3. Mode Control Decode
DIAG MODE
Operating Contents of SCo-7 and ERROR and
Mode 1 0 |LEouT/GENERATE | CORRECT | Data Output Latch OEsc = LOW MULT ERROR
Generate 0 0 Check bits
1 [ 0 X " generated from High
Data Input Latch
Detect c Generated from
0 1 1 0 Data Input Latch Data Input/Check Valid
Bit Latches
Detect/ 0 0 Data Input Latch Generated from
Cormrect [ 1 1 1 with single bit Data Input/Check Valid
error detected Bit Latches
Pass-Thru 1 1 1ord 0 Data Input Latch Check Bit Latch HIGH
Diagnostic 0 1 (o] X _ Check bits from _
Generate Diagnostic Latch
Diagnostic 1 0 1 [+ Data Input Latch Data Input Valid
Detect check bits from
Diagnostic Latch
Diagnostic Data Input Latch Data Input
Detect/ 1 0 1 1 with single-bit check bits from Valid
Correct error detected Diagnostic Latch
Initialize 1 1 tord 1 Data input Latch Check bits
set to alf "0"s generated from -
Data Input Latch
internal CODE IDo, + = 10 Control Signals CODE Do, 1 DIAG MODE¢g, 1
Control and CORRECT are taken from the Diagnostic Latch

* In the Generate Mode, data is read into the EDC circuit and the check bits are generated. The same data is written to the
memory along with the check bits. Since the Data Output Latch is not used in the Generate Mode, LEouT, being LOW
{since it is tied to Generate) does not affect the writing of check bits.

The Generate Mode is used to display the check bits on
the SCo-7 outputs. The Error Detect Mode provides an
indication of an error or multiple errors on the ERROR
and MULT ERRORoutputs. Single-bit errors are not cor-
rected in this mode. The syndrome bits are provided on
the SCo-7 outputs. In the Diagnostic Detect Mode, the
syndrome bits are generated by comparing the inter-
nally generated check bits from the Data Input Latch
with check bits stored in the Diagnostic Latch (as op-
posed to those in the Check Bit Latch).

The Detect/Correct Mode is similar to the Detect Mode
except that single-bit errors will be corrected (by com-
plementing) and made available as input to the Data
Output Latch. In the Diagnostic Detect/Correct Mode,
single-bit errors will be corrected as determined by the
syndrome bits, which are in turn generated from the
check bits corresponding to the data in the Data Input
Latch and the check bits in the Diagnostic Latch.

In the Initialize Mode check bits are generated for all
zero data bits. The Data Input Latch is held to a logic
zero and is made available as input to the Data Output
Latch.

In the Intemal Control Mode, the control signals CODE
1Do, 1+ ,DIAG MODEsy, 1, and CORRECT are taken from
the Diagnostic Latch and their respective control inputs
are disregarded.

Check and Syndrome Bits

The Am29C660 provides either check or syndrome bits
on the three-state outputs SCo-7. Check bits are gener-
ated from the Data Input Bits. Syndrome bits are an Ex-
clusive-OR of the check bits generated from the data
read from the memory and the check bits read from the
memory with the stored data.

Syndrome bits can be decoded to determine the single
bit-in-error or to indicate a double- or triple-bit error.

The check bits generated by the Am29C660 are desig-
nated as follows:

» 32-bit configuration: CX, C0, C1, C2, C4, C8, C16
* 64-bit configuration: CX, C0, C1,C2, C4,C8,C16,C32
*Pin Name: SCo, SC1, SC2, SCs, SCs, SCs, SCs, SC7.

Am29C660/A/B/C/D/E

6-41

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AMD n

The syndrome bits generated by the Am29C660 are
designated as follows:

#32-bit configuration: SX, S0, S1, S2, S4, S8, S16
«64-bit configuration: SX, S0, S1, S2, S4, S8, S16, 32
#Pin Name: SCo, SC1, SC2, SCs, SC4, SCs, SCs, SCr.

32-Bit Word Configuration

Data Field Format

The 32-bit format consists of 32 data bits and 7 check
bits and is referred to as the 32/39 code. The format is
shown in Figure 1.

Data Bits Gheck Bits
/’__———R e

J— —
[ eyes | Bywz | Byter | Bywo |[cte ca c4 2 c1 co cxl
31 24 23 16 5 8 7 0 SCg SCs SC, SC; SC; SC, SCp

10565-005A

Figure 1. 32-Bit Data Word Format

Chip Configuration

Asingle Am29C660 EDC Circuit connected as shownin
Figure 2 is all that is necessary to perform singie-bit er-
ror correction and double-bit error detection on a 32-bit

data field. Inthis configuration, only seven check bits are
required. Therefore, CB7 is a “don’t care” and CODE
1Do, 1 = 00.

Check-Bit Input
e

Don't Care
DATA(.34¢ l — ———
DATA(.3¢ CBy; CBg ¢CBg CBy CBy CBy, CB; CBg
Am29C660 CODEID( 1 f&— 0,0
SCy SCg SCs SC4 SC3 SCp; SCy SCy
HIGH - " N

——
Syndrome/Check-Bits

10565-006A

Figure 2. 32-Bit Configuration

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 outputs SCo-s. SCris a
logic “1” or HIGH.

Check bits are generated according to a modified Ham-
ming Code. Details of the code for check bit generation

are shown in Tables 4-1 and 4-2. Check bits are gener-
ated as either an XOR or XNOR of 16 of the 32 bits as
indicated in the table. The XOR function results in an
even parity check bit, the XNOR in an odd parity check
bit.

Figure 3 shows the data flow in the Generate Mode.
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Table 4-1. 32-Bit Configuration Check Bit Encoding
(Data Bits 0-15)

Gec":e’:‘k“’ Participating Data Bits

Blits Parlty 0123|456 7|8 9101112131415
CX Even (XOR) | X X X X}X X X X
Co Even(XOR) [X X X |X X |x X |x
Ci Odd (XNOR) | X XX X X X X X
C2 Odd (XNOR) | X X X X X X|X X
Cs Even (XOR) X X[x x x x X X
Ce Even (XOR) X X X X[X X X X
Cre Even (XOR) |X X X X|X X X X

Table 4-2. 32-Bit Configuration Check Bit Encoding

(Data Bits 16-31)
Gec":e":kted Participating Data Bits

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 XX X X X X X
Cz Odd (XNOR) | X X X X X XX X
Cs Even (XOR) X X|X X X X X X
Ce Even (XOR) X X X X|X X X X
Cre Even (XOR) X X X X[x X x x

The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by
an “X” in the table.

Detect Mode

Inthis mode the device will compare the check bits gen-
erated from the contents of the Data Input Latch with the
contents of the Check Bit Latch, and will detect all sin-
gle- and double-bit errors and some triple-bit errors. if
one or more errors are detected, ERROR goes LOW. If

_—_96_

two or more errors are detected, MULT ERROR and ER

ROR go LOW. Both eror indicators are HIGH if there is

no error.

The syndrome bits which are generated during error de-
tection are available on the outputs SCo-s. SC7 remains
HIGH. The syndrome bits may be decoded to determine
if a bit error was detected and for a single-bit error, which
of the data or check bits is in error. Tabie 5 shows the
syndrome bit decoding for the 32-bit data word configu-
ration. If no error is detected, the syndrome bits will all
be zeros (except SC7 which is tied to a logical “17).

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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Table 5. Syndrome Bit Decoding Matrix

Syndrome St6| ol t|ol1|of[1]0}1
Bits ss| ojoj1[1|[O]O]|1
s4gjojojoOofoOf{t1]|t]1}1
SX S0 S1 82
0 0 0 O *|cielc8| T |C4| T | T |30
¢ 0 0 1 C2| T[T |27| TS5 |M|T
0 0 1t 0 C1|T|T|25| T3 |t5|T
0 0 1t 1 TIM[13|T|28| TIT|(M
0 1 0 DO CoO(T|T|241T|2([M| T
o 1 0 1 T1]12| T2 T|T{M
0 1 1 0 T(M|10|TJ20| T|T|M
o 1 t 1 16|T|T|IMITIM|M|T
1 0 0 O CX[T|T|IM|[TIM|14] T
+ 0 0 1 TIM|M|[Ti21|T(T | M
T+ 010 TIM} O] T |19 T|T|31
1 0 1t 1 M|IT|T|20f{T}|7|M|T
i 1 0 0 TIM|8|T|18|T|T|M
1 1 0 1 177[{T{T|(28({T|6|M|T
1 110 M|{T|T|26]T|4|M|T
Tt 1 11 T(OIM|T|MITIT|M
* = No errors detected
Number = The bit number of the single bit-in-error
T = Two errors detected
M = More than two errors detected
Detect/Correct Mode

In this mode, the EDC functions the same way as in the
Detect Mode except that the correction network is en-
abled to correct, by complementing, any single-bit error
in the Data input Latch before placing the data onthe in-
puts of the Data Output Latch. If a multiple error is de-
tected, the output of the correction network is undefined.
If a single-bit error occurs to a check bit, there is no auto-
matic correction. If a check bit correction is desired, it
can be done by placing the device inthe Generate Mode
to produce the correct check bit sequence for the data in
the Data Input Latch.

Pass-Thru Mode

In this mode, the unmodified contents of the Data Input
Laich are placed on the inputs of the Data Output Latch,
and the contents of the Check bit Latch are placed on
the output SCo-s (SC7 is a logical “17). ERROR and
MULT ERROR are forced HIGH in this mode (inactive).

Diagnostic Generate Mode

This is one of the three special Diagnostic Modes se-
lected by the control inputs DIAG MODEo, 1. This mode
is similar to the normal Generate Mode except that the
check bits are not generated from the contents of the
Data Input Latch. They are instead taken directly from
the contents of the Diagnostic Latch. Table 6 shows the
Diagnostic Latch coding format. Figures 5 and 6 illus-
trate the flow of data during the two diagnostic modes.

Diagnostic Detect, Diagnostic Detect/
Correct Modes

These two special Diagnostic Modes are also selected
by the control inputs DIAG MODEo, 1. These modes are
similar to the normal Detect and Detect/Correct Modes
except that the check bits are taken from the Diagnostic
Latch, rather than from the Check Bit input Latch.

Initialize Mode

In this mode the inputs of the Data Output Latch are
forced to all zeros. The syndrome bit outputs SCo-6 are
generated to correspond to the all-zero dataonthe Data
Output Latch. SCv is tied high. The ERROR and MULT
ER%R outputs are forced HIGH in this mode. The in-
itialize Mode is useful after power-up when RAM con-
tents are random. The EDC may be placed in this mode
and its outputs written into all memory addresses under
processor control.

Internal Control Mode

This mode is selected by the external control inputs
CODE IDo-1. When in the Internal Control Mode, the
Am29C660 takes the CODE 1Do-1, DIAG MODEo-+1, and
CORRECT control signals from the Diagnostic Latch
rather than from the external input lines.

Table 6. 32-Bit Diagnostic Latch Coding Format

Data Bit Internal Function

0 Diagnostic Check Bit X
Diagnostic Check Bit 0
Diagnostic Check Bit 1
Diagnostic Check Bit 2
Diagnostic Check Bit 4
Diagnostic Check Bit 8
Diagnostic Check Bit 16
Don't Care
CODE 1Dg
CODE ID4
10 DIAG MODEg
11 DIAG MODE1
12 CORRECT
13-31 Don't Care

Ol |NjO|O|A|wW|[N| =
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Figure 4. Error Detection and Correction Data Path
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Figure 6. Diagnostic Detect and Correct Data Path

64-Bit Data Word Configuration

Data Field Format

The 64-bit format consists of 64 data bits and 8 check
bits and is referred to as the 64/72 code. The format is
shown in Figure 7.

6-46 Am29C660/A/B/C/D/E

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AMD a

Data Bits
By7 | B 5 Bywd | B Byte1 | Byied =7
&3 37 40 36 32 31 24 B 1615 H
;

Check Bits

(o——————

~—~{c2 cit6 ca8 c4 c2 c1 co ox |
SC; SCg SC5 SC, SC; SG; SC;, SC,

Figure 7. 64-Bit Data Word Format

and some triple-bit error detection on a 64-bit data field.
In this configuration, eight check bits are required.
CODE IDo, 1 control signal inputs distinguish the upper
32 bits from the lower 32 bits as shown in Table 1.

Chip Configuration

Two Am29C660 EDC Circuits connected as shown in
Figure 8, provide all the necessary logic for all single-bit
error detection correction, all double-bit error detection,

Check-Bit
Data Inputs Inputs OEsc
DATA3; 63 DATAg 31
74F244
= % g
DATAg3;  CBgg CEsc [~
Am29C660 =
(Lower 32-Bit Slice)

SCqo.7 CODEIDOJ la—-0,1

__‘ !} y
DATAg a4 C8p.7

Am29C660
(Upper 32-Bit Slice)

ERROR MULTERROR SCg CODE IDg y fe— 1%

P
ERROR MULT ERROR

Syndrome/Check-Bits

CEsc

10565-008A
Figure 8. 64-Bit Configuration

The valid syndrome bits and the ERROR and MULT

output signals are taken from the upper EDC
slice. The lower EDC slice has its OEsc input tied to
ground (logic “07) and its SCo-7 outputs connected to the
respective CBo-7 inputs of the upper EDC slice. The 32
most significant data bits, DATAs2-s3, are connected to
the data lines of the upper EDC slice. All the latch en-
ables and control signals must be input to both the upper
and the lower EDC slices.

In the Detect/Correct Mode, the valid syndrome bits
from the upper EDC slice must be read into the lower
EDC siice via the check bit inputs of the lower EDC slice.
They are selected by an internal MUX as inputs to the
bit-in-error decoder (see Block Diagram). External buff-
ering and output enabling of the check bit lines is re-
quired as shown in Figure 8. The OEsc signal to the up-
per EDC slice can be used to control the enabling of the
check bits to the lower EDC slice. The external check
bits to the lower EDC slice are disabled.

Am29C660/A/B/C/D/E !
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Generate Mode

In this mode, check bits will be generated that corre-
spond to the contents of the Data Input Latch. The gen-
erated check bits are placed on the SCo-7 outputs of the

Check bits are generated according to a modified Ham-
ming Code. Details of the code for check bit generation
are shown in Tables 7-1 through 7-4. Check bits are
generated as either an XOR or XNOR of 32 of the 64
bits. The XOR function results in an even parity check

upper EDC slice. bit, the XNOR in an odd parity check bit.
Table 7-1. 64-Bit Configuration Check Bit Encoding (Data Bits 0-15)
G%n:g:(ed Participating Data Bits
Blits Parity 0123|456 7|8 9 1011|/12131415
CX Even (XOR) X X X X X X X X
Co |Even(XOR) [X X X [x Xx |x X |[X
C1 Odd (XNOR) | X X[ X x| x x X X
C2 Odd (XNOR) | X X X X X XX X
Cs Even (XOR) X X[X X X X X X
Cs Even (XOR) X X X X|X X XX
Cie Even(XOR) |X X X X|X X X X
Ca2 |Even(XOR) |X X X X|X X X X
Table 7-2. 64-Bit Configuration Check Bit Encoding (Data Bits 16-31)
Gegl:g:(ed Participating Data Bits
Bits Parlty 16 17 18 1920 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 Odd (XNOR) | X X X X X XX X
Ca Even (XOR) X X|X X X X X X
Cs Even (XOR) X X X X[X x x X
Cie Even (XOR) X X X XX X X X
Caz Even (XOR) X X X XX X X X
Table 7-3. 64-Bit Configuration Check Bit Encoding (Data Bits 32-47)
G%n:erca:(ed 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 Xx J[|x X |[X
C1 Odd (XNOR) | X X | x x| X X X X
C2 Odd (XNOR) | X X XX X XX X
Ca Even (XOR) X X|X X X X X X
Cs Even (XOR) X X X XX X X X
Cie Even(XOR) [X X X X[X X X X
Csa2 Even (XOR) X X X XX X X X
6-48 Am29C660/A/B/C/D/E
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Table 7-4. 64-Bit Configuration Check Bit Encoding (Data Bits 48-63)

G%":a':‘k“ Participating Data Bits
Bits Parlty |48 49 50 51|52 53 54 55|56 57 58 59|60 61 62 63
[ Even (XOR) | X X XX X [xx x
Co Even (XOR) |X X X X X X X X
) 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 XX X X X X X
Ce Even (XOR) X X X X[X X x x
Cis Even (XOR) X X X XIX X X X
Caz 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.

Detect Mode

Inthis mode, the device will compare the check bits gen-
erated from the contents of the Data input Latch with the
contents of the Check Bit Latch. All single- and double-
bit errors and some triple-bit errors will be detected. If
one or more errors are detected, ERROR goes LOW. If
two or more errors are detected, both ERROR and MULT
ERROR will go LOW. Both error indicators will be HIGH
if no errors are detected. The valid ERROR and MULT
ERROR signals are from the upper EDC slice.

The syndrome bits which are generated during error de-
tection are available on the outputs SCo-7 of the upper
EDC slice. The syndrome bits may be decoded to deter-
mine if abit error was detected, and for a single-bit error,
which of the data or check bits is in error. Table 8 shows
the syndrome bit decoding for the 64-bit data word con-
figuration. If no error is detected, the syndrome bits will
all be zeros.

Inthe Detect Mode, the contents of the Data Input Latch
are driven directly into the inputs of the Data Output
Latch without correction.

Table 8. 64-Bit Syndrome Bit Decoding Matrix

Syndrome 832 © 1 0 1 0 1 L] 1 0 1 0 1 o] 1 0 1
Bits St6| © 0 1 1 0 0 1 1 0 0 1 1 ] o] 1 1
S8 | O olo|o 1 1 1 1 0 0 oo 1 1 1 1
S4 | O (4] o0 0 0 0 0 1 1 1 1 1 1 1 1
SX S0 St1 S2
0 0 0 0 *|c32|cie| TicC8| T | T | M|Ca| T | T|M}| T |4a6]|62|T
0 0 [ 1 C2| T T | M| T |43|59| T | T |[B83|37y T|[M|T|T}M
0 0 1 o] Cl| T|T|M| T |413§87 | T | T|51]3]|T|[165|T|T]}B3t
0 0 1 1 TIM{MjT|13| T T}j2w|2a}! T[T |7 T|M|M;T
0 1 0 [ co| T | T|M|Tj40]56| T |[T {5 |83 T |M|T|T|M
0 1 [} 1 Tl49 (33| T {12} T]Ti28|22|T|([Ti6|T|M|M|T
0 1 1 Q TIM|[M|T[10|T|{T}|26(20] T (T} 4 TiM{MI]T
0 1 1 1 | T T[]0/ T|IMIM|[T|[TIM|MIT|M]T|[T|M
1 0 0 0 X|T|ITIM|T|M|IM|T|TI|IM|[M}] T |14 T | T/ 30
1 0 0 1 TIM|M| T} T|T|l272|2v | T[T |5 | T|M[M|T
1 0 1 [] TIMIM|T 9 | T}{ T |25|19| T | T |3 T |47 (63| T
1 0 1 1 M| T|TIM|T|[45]61 | T | T (553 | T |M|T|T}|M
1 1 0 0 T MM T 8 T T|24 |18 | T T 2 T M M T
1 1 o] 1 17| T T )1 T |44 |60 | T | T [543 | T |M|T|TIM
1 1 1 o] M| T[T [M|[T|42|58]| T |T|{52|36|T | M|T]T]IM
1 1 1 1 T4 |32| T[M|[T|T|IM|{M{T|]T|M|TIM|M|T
* = No errors detected
Number = The bit number of the single bit-in-error
T = Two emors detected
M = More than two errors detected
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Detect/Correct Mode

In this mode, the EDC functions the same way as in the
Detect Mode except that the correction network is en-
abled to correct, by complementing, any single-bit error
inthe Data Input Latch before placing the data on the in-
puts of the Data Output Latch. if a multiple error is de-
tected, the output of the correction network is undefined.
If a single-bit error occurs to a check bit, there is no auto-
matic correction. if a check bit cormection is desired, it
canbe done by placingthe device in the Generate Mode
to produce the correct check bit sequence for the data in
the Data Input Latch.

For data correction, both the upper EDC slice and the
lower EDC slice require access to the syndrome bits
SCo-7 of the upper EDC slice. the EDC slice has access
to these syndrome bits through an internal data path.
The syndrome bits must be read through the CBo-7 in-
puts for the lower EDC slice as shown in Figure 8. inthe
Detect/Correct Mode, the valid SCo-7 outputs of the up-

per EDC slice must be enabled so thatthey are available
for reading in through the CBo-7 inputs of the lower EDC
slice. .

Pass-Thru Mode

in this mode, the unmodified contents of the Data Input
Latch are placed on the inputs of the Data Outpu t Latch,
and the contents of the Check bit Latch are placed on
the output SCo-& (SC7 is a logical“1”). ERROR and MULT
ERROR are forced HIGH in this mode (inactive).

Diagnostic Generate Mode

This is one of the three special Diagnostic Modes se-
lected by the control inputs DIAG MODEo, 1. This mode
is similar to the normal Generate Mode except that the
check bits are not generated from the contents of the
Data Input Latch. They are instead taken directly from
the contents of the Diagnostic Latch. Table 9 shows the
Diagnostic Latch coding format.

Table 9. 64-Bit Diagnostic Latch Coding Format

Data Bit Internal Function
0 Diagnostic Check Bit X
1 Diagnostic Check Bit 0
2 Diagnostic Check Bit 1
3 Diagnostic Check Bit 2
4 Diagnostic Check Bit 4
5 Diagnostic Check Bit 8
6 Diagnostic Check Bit 16
7 Diagnostic Check Bit 32
8 CODE IDq, Lower 32-Bit Slice
9 CODE D4, Lower 32-Bit Slice
10 DIAG MODEg, Lower 32-Bit Slice
1 DIAG MODE,, Lower 32-Bit Slice
12 CORRECT, Lower 32-Bit Slice
13-31 Don't Care
32-39 Don't Care
40 CODE IDg, Upper 32-Bit Slice
41 CODE D4, Upper 32-Bit Slice
42 DIAG MODEg, Upper 32-Bit Slice
. 43 DIAG MODE4, Upper 32-Bit Slice
44 CORRECT, Upper 32-Bit Slice
45-63 Don't Care

Diagnostic Detect, Diagnostic Detect
/Correct Modes )
These two special Diagnostic Modes are also selected

by the control inputs DIAG MODE:q, 1. These modes are
similar to the normal Detect and Detect/Correct Modes

except that the check bits are taken from the Diagnostic
Latch, rather than from the Check Bit Input Latch.
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Initialize Mode

in this mode the inputs of the Data Output Laich are
forced to all zeros. The syndrome bit outputs SCo-¢ are
generated to correspond to the all-zero data on the Data
Output Latch. SCr is tied high. The ERROR and MULT
ERROR outputs are forced HIGH in this mode. The In-
itialize Mode is useful after power-up when RAM con-
tents are random. The EDC may be placed in this mode

and its outputs written into all memory addresses under
processor control.

Internal Control Mode

This mode is selected by the external control inputs
CODE IDo-1. When in the Internal Control Mode, the
Am29C660 takes the CODE |Do-1, DIAG MODEo-1, and
CORRECT control signals from the Diagnostic Latch
rather than from the external input lines.

Table 10. Key AC Calculations For The 64-Bit Configuration

64-Bit
Component Delays from Am29C660 Examgple for
Propagation Delay AC Spacifications Am29C660E
From To
DATAo-31 | Check Bit Outputs (Data to SC, CODE ID 10) + (Check Bit to SC, 11+9=20ns
CODE ID 11)
DATAo0-31 | Corrected Data (Data to SC, + CODE ID 10) + (Check Bit to SC, 11+9+10=30ns
Outputs CODE ID 11) + (Check Bit to Data, CODE ID 10)
DATAo31 | Syndrome Outputs (Data to SC, CODE ID 10) + (Check Bit to SC, 11+ 9=20ns
CODE ID 11) .
DATAca1 | ERROR Outputs (Data to SC, CODE ID 10) + (Check Bit to ERROR, 114+7=18ns
CODE ID 11)
DATAc-31 | MULT ERROR Outputs | (Datato SC, CODE ID 10) + (Check Bit to MULT 11+9=20ns
ERROR, CODE ID 11)
APPLICATIONS

System Design Considerations

To obtain optimum performance and maximum design
flexibility, AMD’s Dynamic Memory Management Sys-
tem has been divided into functional building blocks. For
32-bit error detecting/correcting systems, these building
biocks include the Am29C660 EDC Circuit, Am29C668
4M Configurable Dynamic Memory Controller/Driver,
and the Am2971A 100-MHz Enhanced Programmable
Event Generator or delay lines as the timing reference.
Together these chips can perform traditional EDC,
Flow-Thru or Fly-By, or AMD’s Scrubbing EDC cycle.

High-Performance Parallel Operation

For maximum memory system performance, the EDC
should be used inthe Check-Only (or Fiy-By) configura-
tion shown in Figure 9. With this configuration, the mem-
ory system operates as fast with EDC as it would with-
out.

On reads from memory, data is read out from the
DRAMs directly to the data bus (same as in a non-EDC
system). At the same time, the data is read into the EDC
to check for errors. If an error exists, the EDC’s error
flags (ERROR, MULT ERROR) are used to interrupt the
CPU and/or to stretch the memory cycle. If no error is
detected, no slowdown is required.

If an error is detected, the EDC generates comrected
data for the processor. At the designer’s option, the cor-
rect data may be written back into memory; error logging

and diagnostic routines may also be run under proces-
sor control.

The Check-Only configuration allows data reads to pro-
ceed as fast with EDC as without. Only if an error is de-
tected is there any slowdown, but even if the memory
system had an error every hour this wouid mean only
one error every 3 — 4 billion memory cycles. Therefore,
even with a very high ermror rate, EDC in a Check-Only
configuration has essentially zero impact on memory
system speed.

On writes to memory, check bits must be generated be-
fore the full memory word can be written into memory.
Using the Am29C983 Muitiple Bus Exchange allows the
data word to be buffered on the memory board while
check bits are generated. This makes the check bit gen-
erate time transparent to the processor.

EDC in the Data Path

The simpiest configuration for the Am29C660 is to have
the EDC circuit directly in the data path, as shown in Fig-
ure 10 (Flow-Thru configuration). In this configuration,
data read from memory is always corrected prior to put-
ting the data on the data bus. The advantages are sim-
pler operation and no need for mid-cycle interrupts. The
disadvantage is that memory system speed is slowed by
the amount of time it takes for error correction on every

cycle.
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Usually the Flow-Thru configuration will be used with
MOS microprocessors which have ample memory tim-
ing budgets. Most high-performance processors will use
the high-performance parallel configuration shown in
Figure 9 (Fly-By).

Memory Scrubbing During Refresh

Scrubbing is an error correction technigue that exam-
ines the entire memory during system refresh cycles,
thus causing little or no impact on performance yet pro-
viding high data reliability since errors cannot accumu-
late.

Single-bit errors are by far the most common in a dy-
namic memory system, and are atways comrectable by
the EDC. Double-bit errors occur far less frequently than
single-bit errors (100-to-1 or greater) and are always de-
tected by the EDC, but not corrected.

In a memory system, soft errors occur only one at atime.
A double-bit error in a data word occurs when a single
soft error is left uncorrected and is followed by another
error in the data word within hours, days, or weeks after
the first occurrence.

Scrubbing the memory periodically avoids almost all
double-bit errors. In the scrubbing operation, every data
word in memory is periodically checked by the EDC for
single-bit errors. if one is found, it is corrected and the
correct data word is written back into memory. Errors
are not allowed to accumulate, and thus most double-bit
errors are avoided.

The scrubbing operation is generally done as a back-
ground routine when the memory is not being used by
the processor. If memory is scrubbed frequently, errors
that are detected and corrected during processor ac-
cesses need not be immediately written back into mem-
ory. Instead, the error will be corrected in memory dur-
ing scrubbing. This reduces the time delay involved in a
processor access of an incorrect memory word.

On each refresh-with-scrub cycle, one memory location
is read, checked for errors, and if necessary, corrected
before being written back into memory. For a sixteen-
megaword memory (2% locations) with one refresh
every 16 microseconds, the AMD Memory Management
chip set will scrub the entire memory of single-bit errors
every minute. If multiple-bit errors are encountered dur-
ing a scrub cycle, WE is suppressed.

With the occurrence of an error, a read/modify/write (R/
M/W) cycle is performed. The duration of a R/M/W cycle
is typically longer than a normal read or write cycle. Dur-
ing refresh operations, a row in each bank is accessed

by energizing the RAS line. This refreshes all the loca-
tions in that row. if an error is detected, a write operation
is performed in that bank at the location of the error. This
is accomplished by energizing the TAS line in that bank
for that location. The entire checking operation is per-
formed withinthe refresh cycle. A wait state may need to
be issued to extend the cycle should an error be discov-
ered. However, the system reliability will be increased
because soft errors will not be able to accumulate in ar-
eas of memory that are not frequently accessed.

When performing refresh_without scrubbing, all four
RAS lines go LOW but the CAS lines remain HIGH or in-
active. A refresh with scrubbing will activate all four RAS
lines as before and a single CASline. Errors that are de-
tected during scrubbing cycles do not cause interrupts
or bus-error (BERR) signal assertions.

Figure 11 shows a sixteen-megaword memory system
with error detection and correction.

Check Bit Correction

The EDC detects single bit errors whether the erroris a
data bit or a check bit. Data bit errors are automatically
corrected by the EDC. To generate corrected check bits
once a single check bit error is detected, the EDC need
only be switched to GENERATE mode (data in the
DATA INPUT LATCH is valid).

The syndromes generated by the EDC may be decoded
to determine whether the single bit error is a check bit.

In many memory systems, a check bit error will be ig-
nored on the memory read and corrected during a peri-
odic “scrubbing” of memory (see section in System De-
sign Considerations).

Multiple Errors

The bit-in-error decode logic uses syndrome bit SO
through S32 to correct errors, SX is only used in devel-
oping the muttiple error signal. This means that some
multiple errors will cause a data bit to be inverted.

For example, in the 16-bit mode if data bits 8 and 13 are
in error the syndrome 111100 {SX, SO, S1, S4, S8) is
produced. This is flagged a double error by the error de-
tection logic, but the bit-in-error decoder only receives
syndrome 11100 (S0, S1, S2, S4, S8), which it decodes
as a single error in data bit 0 and inverts that bit. If it is
desired to inhibit this version the multipie error output
may be connected to the correct input as in Figure 13.
This will inhibit correction when a multiple error occurs.
Extratime delay may be introduced in the datato correct
data path when this is done.
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C1 = 1.0puF, C2 = 0.1uF, C3 = 0.01pF.

The C1, C2, C3 capacitors should be used to shunt low- and high-frequency noise from Vcc.
Do not replace with one capacitor. Place capacitors as close to the device as possible.

Figure 12. Device Decoupling-Vcc and Ground Pin Connections

Table 11. 32-Bit Word/Check Bit Examples

g Corresponding
Example 32-Bit Word Check Bits

D34 Do{Cx C1g
0101 0101 0101 0101 0101 o101 0101 0101 0011000
1010 1010 1010 1010 1010 1010 1010 1010 0011000
0001 0000 1100 0111 0111 1101 0111 1111 1101110
0000 0011 0011 1101 1000 0101 0100 0000 1110011
1111 1111 1111 0000 0000 0000 11114 1110 0101001
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10565-013A
Figure 13. Inhibition of Data Modification
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............. —65 to +150°C
Temperature (Case)

UnderBias ..................... -55to +125°C
Supply Voltage to Ground Potential

Continous ...................... —0.5t0o+7.0V
DC Voitage Applied to Outputs For

HIGH Qutput State ........... -0.5 V to Vcc Max.
DCinputVoltage ................. -05t0+55V
DClinputCurrent ............. -30 mAto +5.0 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied Exposure to absoiute
maximum ratings for extended periods may affect device reli-
ability.

OPERATING RANGES

Commerclal (C) Devices

Ambient Temperature (Ta) 0to + 70°C
Supply Voltage ................. +4.75t0 +5.25 V
Military (M) Devices

Case Temperature (Tc) ........... 5510 +125°C
Supply Voltage . . ................. +45t0+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL

Products, Group A, Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter
Symbol Description Test Conditions (Note 1) Min. Max. Unit
Guaranteed Input Logical HIGH
ViH Input HIGH Voitage Voltage for all Inputs (Note 3} 20 v
Guaranteed Input Logical LOW
iL Input LOW Voltage Voltage for all Inputs (Note 3) 08 v
Vce = Max.,
h Input HIGH Current 5.0
H np! urT ViN = Vco HA
L Input LOW Current x&c:é“u"g- -5.0 A
loM = -300 pA Vee-90.2
VOH Output HIGH Voltage Vg = Min. MIL IoH=-8 mA 2.4 v
COM'L loy =-15 mA 24
toL =300 pA 0.2
VoL Output LOW Voltage Ve = Min. MIL IoL = 8 mA 0.5 v
COM'L oL = 15 mA 0.5
Off-State (High-Impedance) - Vo=0V -10
loz Output Current Vee = Max. Vo = Voe (Max) 10 HA
los Output Short-Circuit Current | Vog = Min.,, Vg =0 V (Note 2) -30 mA
Quiescent Power Ve = Max.,
Icca Suppty Current Voo-0.2 VSV VINS0.2V 5.0 mA
{CMOS Inputs) fop=0
Quiescent Input
Power Supply Voo = Max., mA/
IccT Current (per Input ViN=34V, 05 Input
@ TTL HIGH) fop =0 p
(Note 4)
Dynamic Vce = Max.,
lcco Power Supply Veo-02 VVINVINS02 V MIL 65 mA/
Current Outputs Opsen, MHz
OF = LOW com'L 6
Ve = Max., fgp = 10 MHz
Outputs 0pen,OE = LOW MIL 70
50% Duty cycle .
\ Total Power Voo-0.2 V<Vin, VIN<0.2 V coML 85 A
cc Supply Curent (Note 5) Voo = Max., fgp = 10 MHz ML 70
Outputs open,OE = LOW
50% Duty cycle \
ViH=34 V, V) =04 V COM'L 65

Notes: 1. For conditions shown as Min. or Max., use appropriate value specified under Operating Range for the applicable device type.

2. Not more than one output should be shorted at a time. Duration of the short-circuit test should not exceed one second.
3. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.
4. IcoT is derived by measuring the total current with all the inputs tied together at 3.4 V, sublracting out iccq. then dividing by the
total number of inputs.
5. Total Power Supply Current is the sum of the Quiescent Current and the Dynamic Current (at either CMOS or TTL input levels). For
all conditions, the Total Power Supply Current can calculated by using the following equation:
lcc = lccq + lcct (NT x Dy) + lccp (fop).
Dy = Data duty cycle TTL HIGH period (Viy = 3.4 V).
Nt = Number of dynamic inputs driven at TTL levels.
fop = Operating frequency in Megahertz.
CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions | Typical | Unit
Cw (CB) Input Capacitance (CB) TA =25°C 5 pF
Cour (SC) Output Capacitance (SC) f=1MHz 6 pF
Cvo (Data) 1O Capacitance 6 pF

Note:

1. These parameters are not tested in production and are not guaranteed, but are
evaluated at initial characterization and at any time the design is modified where
capacitance may be effected.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1 and 2)

The following table specifies the guaranteed device performance over the Commercial operating range of 0°C to +
70°C (ambient), with Vcc 4.75 10 5.25 V. All input switching is between 0 V and 3 V at 1 V/ns, and measurements are
made at 1.5 V. All outputs have maximum DC load. All units are in nanoseconds (ns).

Data Path Description Am29C660 | Am29C660A | Am29C660B | AmM29C660C
Parameter
No. Symbol From Input To Output Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max.
1 A tPD DATA0-31 (Note 3) | SCo-7 37 27 25 18
B DATA0-31 49 36 30 24
(Note 2)
c 40 30 25 16
D [ MULT ERAOR 45 33 27 20
2 A D CBo-7 SCo-7 22 16 14 14
B (CODE D 00, 1) | DATAcs1 46 34 30 21
(4] ERRAOR 26 19 17 13
D MULT ERROR N 23 20 16
3 A tro CBo-7 SCo-7 22 16 16 15
B (CODE ID 10) DATAc-31 30 20 18 16
4 A trD GENERATE SCo-7 29 21 21 18
B ERROR 30 25 23 9
[o] MULT ERROR 30 25 23 11
5 tPD CORRECT DATA0-31 31 23 23 16
(Not Internal
Control Mode)
6 A tPD DIAG MODExo, 1 SCo-7 23 17 17 16
B (Not Internal DATA0-31 35 26 26 26
C Control Mode) ERROR 27 20 20 11
D MUC 33 24 24 20
7 A tPD CODE IDo, 1 SCo-7 25 18 18 18
B DATA0-31 3as 26 26 23
[o] ERROR 29 21 21 17
D MULT ERROR 35 26 26 21
8 A teD LEIN SCo-7 37 27 27 22
B !r“; ;‘;’;‘pt?ﬁ;’d o [“pATAc 31 51 38 38 28
[ ERROR 41 30 30 19
D MULT ERROR 45 33 33 22
9 tro LEout DATA0-31 17 12 12 12
(From Latched to
Transparent)
10| A tPD LEDWAG SCo-7 21 15 15 15
B (From Latched DATA0-31 38 29 29 24
c po dransparent; | ERROR 26 19 19 15
D Control Mode) MULTERROR 30 22 22 19
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued)

Data Path Description Am28C660 | Am29C660A| Am29C660B | Am29C660C
Parameter
No. Symbol From Input To Output Min.| Max. | Min.| Max.| Min.| Max. | Min.| Max.
11] A tPD Internal Control SCo-7 22 16 16 16
Mode: LE piag
B (From Latched to DATA0-31 42 32 32 22
C Transparent) ERROR 26 19 19 16
D MULT ERROR 33 24 24 18
12 A tPD Internal Contro! SCo-7 22 16 16 16
B Mode: DATA0-31 DATAo0-31 42 32 32 25
(Via Diagnostic {Note 2)
Latch)
C ERROR 27 20 20 13
D MULT ERROR 34 25 25 16
13 tSET DAT N 4 6 5 4 3
14 tHOLD o-31(Note 4)| | 4 4 4 4
15 1SET CBo7 (N 4 5 5 4 2
16 tHOLD 7 (Note 4) 4 2 4 2
17 tsET 30 23 19 6
DATAo0-31 (Note 4)
18 tHOLD 0 0 0 0
19 1SET CBo-7 (Note 4) 20 15 15 8
20 tHOLD (CODE ID 00, 11) 0 0 0 [
21 tSET CBo_7 (Note 4) 20 15 15 14
22 tHoo | (CODE ID 10) o 0 0 0
LEout
23 tSET CORRECT 16 11 11 8
24 tHOLD (Note 4) 0 0 ¢ 0
25 1SET DIAG MODEo, 1 23 17 17 17
26 tHOLD (Note 4) 0 0 0 0
27 tSET CODE Do, 1 23 17 17 10
28 tHOLD (Note 4) 0 0 0 0
29 tseT LEN 31 25 20 19
30 tHOLD (Note 4) 0 0 0 0
31 tSET DAT . LEpuG 6 5 4 3
32 tHOLD (Note 4) 3 3 3 3
33 tEN OE BYTEoa DATA0-31 27 23 23 8
34 tois (Note 5) 23 19 19 11
35 tEN o Note 5 SCo 28 24 24 17
36 tois S¢ (Note 5) 7 24 20 20 13
37 tew Minimum Pulse Width: LEIN, 12 9 9 6
LEourt, LEbiaG
Notes:
1. CL = 50 pF.

2. Certain parameters are combinational propagation delay calculations.
3. Data In or LEIN to Correct Data Out measurement requires timing as shown in the Switching Waveforms.

4. Setup and Hold times relative to Latch Enables (Latching up data).
5. Output disable tests specified with CL = 5 pF and measured to 0.5 V change of output voltage level. Testing is performed

at CL = 50 pF and correlated to CL = 5 pF.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1 and 2)

PRELIMINARY
Data Path Description Am29C660D Am29C660E
Parameter -
No. Symbol From Input To Output Min. | Max. Min. Max. | Unit
1 A tPD DATAo-31 (Note 3) SCo-7 14 1 ns
B DATAo0-31 (Note 2) 18 14 ns
[ ERROR 12 9 ns
D MUL 15 12 ns
2 A tPD CBo-7 SCo-7 1 9 ns
B (CODE ID 00, 11) DATAo0-31 16 12 ns
[¢] ERROR 10 7 ns
D MULT ERROR 12 9 ns
3 A tPD CBo-7 SCo-7 12 9 ns
B (CODE ID 10) DATAo-a1 12 10 ns
4 A tPD GENERATE SCo-7 14 12 ns
B ERROR 7 6 ns
C MULT ERROR 8 7 ns
5 tPD CORRECT DATAo-31 12 10 ns
(Not Internal
Control Mode)
6 A tpD DIAG MODE:q, 1 SCo-7 12 11 ns
B g“o?t:gfmad'e) DATAo0-31 20 15 ns
C ERROR 10 8 ns
D MULT ERROR 15 14 ns
7 A tPD CODE IDo, 1 SCo-7 14 12 ns
B DATA0-31 18 14 ns
C ERROR 13 12 ns
D MULT ERROR 18 15 ns
8 A teD LEn SCo-7 17 15 ns
B8 {g}‘r’amn:;;fg:g DATAo-31 (Note 2) 21 17 | ns
C ERROR 14 12 ns
D MULT ERROR 17 13 ns
9 tPD LEout DATA0-31 9 8 ns
(From Latched
toTransparent)
10 A tPD LEDIAG SCo-7 12 1 ns
B (tFr%m Latched DATA0-31 18 14 | ns
c Not Intornal ERROR 12 1 | ns
D Control Made) MULT ERROR 14 12 | ns
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued)

PRELIMINARY
Data Path Description Am29C660D | Am29C660E
Parameter
No. Symbol From Input To Output Min. Max. Min. Max. | Unit
1] A trD Internal Control SCo—7 12 11 ns
B Mode: LE pua DATA0-3 17 14
(From Latched to R ! e
c Transparent) 12 10 ns
D MULT ERROR 14 12 ns
12 A ) Internal Control SCo-7 12 10 ns
B Mode: DATA0-31 DATA0-31 {Note 2) 19 15 ns
c (Via Diagnostic Latch) ERFOR 10 o e
D MULT ERROR 12 1 ns
13 t: 3 3 ns
SET DATAo-31 (Note 4)
14 tHOLD 3 3 ns
15 t LEw 2 2
SET CBo-7 (Note 4) ns
16 tHOLD 3 3 ns
17 tsET 5 5 ns
DATA0-31 {Note 4)
18 tHOLD 0 0 ns
19 tsET CBo-7 (Note 4) 11 11 ns
20 tHOLD (CODE ID 00, 11) 0 0 ns
21 1SET CBo-7 (Note 4) 6 6 ns
22 tHOLD (CODE ID 10) ) o ns
23 tSET 6 6 ns
CORRECT (Note 4) LEout
24 tHoLD 0 0 ns
25 tSET DIAG MODEo, 1 13 13 ns
26 tHOLD (Note 4) 0 0 ns
27 1SeT CODE IDo, 1 (Note 4) 8 8 ns
28 tHOLD 0 0 ns
2! t 14 14
S SET LEIN (Note 4) ad
30 tHoLD 0 0 ns
31 t 3 3
SET DATAo-31 (Note 4) LEpiaG i
32 tHOLD 3 3 ns
33 teN OE BYTEo-3 7 2 5 ns
34 tDIS (Note 5) DATA0-a1 8 2 8 ns
35 tEN 8 2 5 ns
OE sc (Note 5) SCo-7
36 tDis 10 2 8 ns
37 tew Minimum Pulse Width: LEWN, LEouT, LEDIAG 5 5 ns
Notes:
1. CL = 50 pF.
2. Certain parameters are combinational propagation delay calculations.
3. Data In or LEIN to Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Setup and Hold times relative to Latch Enables (Latching up data).
5. Output disable tests specified with CL = 5 pF and measured to 0.5 V change of cutput voltage level. Testing is performed

at CL = 50 pF and correlated to CL = 5 pF.
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products,
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Notes 1 and 2)
The following table specifies the guaranteed device per- switching is between 0 Vand 3 V at 1 V/ns and measure-

formance over the Military and Extended—Commercial ments are made at 1.5 V. All outputs have maximum DC
operating ranges of — 55°C to + 125°C (case), with Vcc load. All units are in nanoseconds (ns). .
4510 5.5V and 4.75 to 5.25 V, respectively. Ali input
Data Path Description Am29C660C
Parameter
No. Symbol From Input To Output Min. | Max.
1 A tPD DATA0-31 SCo-7 22
B (Note 3) DATA0-31 29
{Note 2)
C ERROR 21
D [ WOLT ERAOR 24
2 | A tPD CBoy SCovz I 17
B (CODEID 00, 11)] DATAo-a1 23
c ERAOR 16
D MULT ERROI 18
3 A tPD CBo-7 SCo-7 17
B (CODE ID 10) DATA0-31 18
4 A tep GENERATE SCo-7 20
B ERROR 10
C MULT ERROR 12
5 trPo CORRECT DATAo0-a1 17
(Not Internal
Control Mode)
6 | A tPD DIAG MODEo,1 | SCo-7. 18
B (Not Internal DATAo-a1 29
c Control Mode) ERAOR 12
D MUL 23
7 A tPD CODE IDo, 1 SCo-7 21
B DATA0-31 26
c ERAOR 20
D MULT ERROR 24
8 A tPD LEiN SCo-7 24
B Crrmsnarony | -DATASS: 32
c ERROR 21
D MULT ERROR 25
9 trD LEouT DATAc-a1 13
(From Latched to
Transparent)
10 A trD LEpiaG SCo-7 18
B (From Latched DATAo-a+ 27
c Not Intornal | EPFOR 17
D Control Mode) MULT ERROR 21
662 Am29C660/A/B/C/D/E
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SWITCHING CHARACTERISTICS over MILITARY operating range (Continued)

Data Path Description Am29C660C
Parameter
No Symbol From Input To Output Min. | Max.
11 A tPD Internal Control SCo-7 19
B Mode: LE piac DATAo-3 25
{From Latched to ERROR 2
c Transparent) 18
D MULT ERROR 21
12| A tPD Internat Control SCo-7 18
B Mode: DATAc-31 [ DATAp 3+ 29
(Via Diagnostic {Note 2)
Latch)
c 14
D MULT ERROR 18
13 tSET 3
DATAo0-31 (Note 4)
14 tHOLD 4
LEN
15 tSET 2
CBo-7 (Note 4)
16 tHOLD 4
17 1SET 7
DATAo-31 (Note 4)
18 tHOLD- 0
19 tSET CBo_7 (Note 4) 10
20 tHOLD (CODE 1D 00, 11) 0
21 1SET CBo-7 (Note 4) 10
22 tHOLD (CODE ID 10) 0
23 1SET 9
CORRECT LE
24 tHoLD (Note 4) ouT 0
25 tSET DIAG MODEQ, 1 19
26 tHOLD (Note 4) 0
27 1SET CODE IDo, 1 12
28 tHOLD {Note 4) 0
29 1SET 21
LEIN (Note 4)
30 tHOLD 0
31 1SET 3
DATAo-31 (Note 4) | LEDIaG
32 tHOLD 3
33 tEN OE BYTEo-s 17
34 IS (Note 5) DATA0-31 15
35 teN 18
OE sc (Note 5) SCo-7
36 tois 15
37 tew Minimum Pulse Width: LEIN, 6
LEour, LEpiaG

Notes:

NN

. CL=50pF.
. Certain parameters are combinational propagation delay caiculations.

. Data In or LEm 1o Correct Data Out measurement requires timing as shawn in the Switching Waveforms.
. Setup and Hold times relative to Latch Enables (Latching up data).
. Output disable tests specified with CL = 5 pF and measured to 0.5 V change of output voltage level. Testing is performed

at CL = 50 pF and correlated to Ci. = 5 pF.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHtoL
May Will be
Change Changing
fromLto H fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010
SWITCHING WAVEFORM
ot e Data by to
al
Input | Correct Data Out
\OOOOOOOACOOCOXXX/
IRRARERRRRK XX
Data to LEyy
Setup Time (13)
LE\n 3(
Data to LE]
Hold Time H 4)
OEBYTE (.3
10565-017A

DATAo-31/LEIN to Correct Data Out
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SWITCHING TEST CIRCUIT

From Output
Under Test

Notes:

10565C-012A

1. CL = 50 pF for all tests except output enable/disable (includes scope probe, wiring and stray
capacitance without device in test fixture).

2. CL = 5 pF for output enable/disable tests

3. Vr=15V.

SWITCHING TEST WAVEFORMS

Data
Input

'A'A'AVAVA" "VAVAVAVAVAV 30V
AVAYAVAYAYA! , YAYAVAYAVAVA 105:, \'J

ts

!

Timing

input

Notes:
1. Diagram shown for HIGH data only. Output transition

may be opposite sense.

y ———— 3.0V
i5V
oV

2. Cross-hatched area is don't care condition.

Setup and Hold Times

10565C-013A
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3V
Same Phase 15V
Input Transition oV
VoH
Output 13V
VoL
Opposite Phase 3v
Input Transition — —— 15V
oV
10565C-014A
Propagation Delay
Low High Low
Pulse 13V
13V
High Low High ———
Pulse
01767-010A
Pulse Wkith

Notes on Testing

Incoming test procedures on this device should be care-
fully planned, taking into account the complexity and
power levels of the part. The following notes may be
useful.

1. Ensure the part is adequately decoupled at the test
_head. Large changes in Vcc current as the device
switches may cause erroneous function failures due

to Vce changes.

2. Do not leave inpuls floating during any tests, as they
may start to oscillate at high frequency.

3. Do not attempt to perform threshold tests at high
speed. Foliowing an input transition, ground current
may change by as much as 400 mA in 5-8 ns. Induc-
tance in the ground cable may allow the ground pin at
the device to rise by hundreds of millivolts momen-
tarily.

4. Use extreme care in defining input levels for AC
tests. Many inputs may be changed at once, so there
will be significant noise at the device pins and they
may not actually reach ViL or ViH until the noise has

settied. AMD recommends using ViL<0 V and ViH 2
3 V for AC tests.

. To simplify failure analysis, programs shouid be de-

signed to perform DC, Function, and AC tests as
three distinct groups of tests.

. Changingthe CODE ID inputs can cause loss of data

in some of the Am29C660 internal latches. Specifi-
cally, the entire checkbit latch and bits 6 and 7 of the
diagnostic latch are indeterminate after a change in
CODE ID inputs. Logic simulations should store “x”
(i.e., “don't care”) in these bits after CODE ID
change. Test programs should reload these regis-
ters before they are used.

. Proper device grounding is critical when device test-

ing. Multi-layer performance boards with radial
decoupling between power and ground planes is
recommended. Wiring unused interconnect pins to
the ground plane is recommended. The ground
plane must be sustained from the performance
board to the device under test interface board. To
minimize inductance, heavy-gauge stranded wire
with twisted pairs should be used for power wiring.
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TIMING DIAGRAMS
LE oyy/ GENERATE _ _ _ _ 1 | K
o oC
-
=
ERROR S
dad @0
(-t 1D
e} 20
MULT ERROR S
~{ BA |— "
:: 2A ~
1A~
SCo7
35 |g— | 36 |et—
GESC 1 — 10565C-015A
Detect Mode
CBoy
DATA 521 CORRECTED DATA OUT
OE BYTE g4
LE N
LE oy / GENERATE  _ _ _ _ ] |
9 —o]
5 jg—
CORRECT
‘13:'
1
ERROR “ _______ o ___ .
leat— 10
<o
MULT ERAOR ‘L__________________
la—2A -]
e —1 A —fe
SCo7
q 35 f-— -] 36 |_—
cese 10565C-016A
Correct Mode
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TIMING DIAGRAMS (Continued)

CBgy

DATA 9y

OCEBYIE g3

LE N

LE o7/ GENERATE R .\

ERROR

MULT ERROR

Gesc f 10565G-017A
Generated Mode

EQUIVALENT INPUT/OUTPUT CIRCUIT DIAGRAMS

Driven Input Driven Input
Vce Vece

Lire AL ][

10565C-018A
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