Am29C660

CMOS Cascadable 32-Bit Error Detection and Correction Circuit

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

® |mproves memory reliability
- Corrects all single-bit errors. Detects all double- and
some triple-bit errors
® Very high-speed error detection and correction
- Down to 16 ns Data-In to error detection
® Low-power CMOS process
@ Cascadable for data words up to 64 bits

o Simplified byte operations
- Separate byte enables on the Data Output Latch for
fast byte writes
® Built-in diagnostics
- Proper EDC operation can be verified by the CPU via
software control

GENERAL DESCRIPTION

The Am29C660 CMOS Cascadable 32-Bit Error Detection
and Correction Circuit (EDC) contains the logic necessary
to generate check bits on a 32-bit data field according to a
modified Hamming Code, and to correct the 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
diagnostic functions.

When used with the Am2968A/Am29368/Am29C668 Dy-
namic Memory Controllers and the Am2969 Memory Timing
Controller, 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
Am29368 1M Dynamic Memory Controller/Driver
Am29C60A CMOS Cascadable 16-Bit EDC
Am29C668 4M CMOS Advanced Dynamic Memory Controller/Driver
Am2968A 256K Dynamic Memory Controller/Driver
Am2969 Memory Timing Controller for EDC Systems
Am2971A 100-MHz Enhanced Programmable Event Generator
Am2976 11-Bit Dynamic RAM Driver
Am29C983 9-Bit x 4-Port Multiple Bus Exchange




CONNECTION DIAGRAMS
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Note: Pin 1 is marked for orientation (PLCC only).
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PGA
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PGA PIN DESIGNATIONS
(Sorted by Pin No.)

PIN

PIN

PIN

PIN

NO. PIN NAME NO. PIN NAME NO. PIN NAME NO. PIN NAME

A-2 DATA{ B-9 DATA2g F-10 | Vco K-4 CB3

A3 DATAg B-10 | GND F-11 | DATAq7 K-5 CB4

A-4 LEiN B-11 | DATAxs G-1 DATA11 K6 | SCo

A-5 DIAG MODE c-1 DATA4 G-2 DATA10 K7 | SCo

A-6 CODE IDg c-2 DATA3 G-10 | OE BYTE» K-8 SCq4

A7 DATAg4 C-10 | DATAz G-11 | DATAqg K-9 SCg

A-8 DATA29 C-11 | DATAx; H-1 DATA13 K-10 | GND

A-9 DATA27 D-1 DATAg H-2 DATA{2 K-11 MULT ERROR

A-10 | DATAzs D-2 DATAs H-10 | CORRECT L-2 CBg

B-1 | DATAz D-10 | DATAg W1 | gourr L3 | cBy

B-2 Vee D-11 | DATAp J-1 DATA{5 L-4 CBg

B-3 OE BYTEg E-1 DATAg J-2 DATA14 L-5 CBo

B-4 DIAG MODE; E-2 DATA7 J-10 ERROR L-6 SCyq

B-5 CODE ID; E-10 | DATA1s J-11 | LEpag L-7 SCs

B-6 OE BYTE;3 E-11 | DATA1g K-1 OE BYTE; L-8 SCs

B-7 DATA3g F-1 DATAg K-2 | cBy L-9 SCy

B-8 DATA2s F-2 GND K-3 | CBs L-10 | OEgc
(Sorted by Pin Name)

N PIN NAME Ny PIN NAME Ny PIN NAME Ny PIN NAME

L5 | CBo D-1 | DATAs C-11 | DATAgg W1 | goUTl

K-5 CB4 E-2 DATA7 B-11 DATA24 K-11 MULT ERROR

L-4 CBo E-1 DATAg A-10 DATA25 B-3 OE BYTEg

K-4 CB3 F-1 DATAg B-9 DATA2g K-1 OE BYTE4

L-3 CBy4 G-2 DATA o A-9 DATA27 G-10 OE BYTEz

K-3 CBs G-1 DATA11 B-8 DATA2g B-6 | OE BYTEs

L-2 CBg H-2 DATA12 A-8 DATA9 L-10 | OEsc

K-2 CBz7 H-1 DATA13 B-7 DATA3p K-6 SCo

A6 CODE IDg J-2 DATA14 A7 DATAz1 L-6 SC4

B-5 CODE ID; J-1 DATA{5 A5 DIAG MODE K7 | SCp

H-10 | CORRECT G-11 | DATAsg B-4 DIAG MODE4 L-7 SCs

A-3 DATAQ F-11 | DATAy7 J-10 | ERROR K-8 | SCq4

A-2 DATA{ E-10 | DATAqg B-10 | GND L-8 SCs

B-1 DATA E-11 | DATAqg F-2 GND K9 | SCg

c-2 DATA3 D-10 | DATAz K-10 | GND L-9 SCy

C-1 DATA4 D-11 | DATAp J-11 | LEpag B2 | Voo

D-2 DATAs C-10 DATA22 A-4 LEN F-10 Vce




LOGIC SYMBOL
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LS003250
Die Size: 0.174" x 0.176"
Gate Count: 1670

Package Information
Parameter PGA LCC PLCC Unit
27N 34 31 35 °C/W
0sc - 6 N/A °C/W




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: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM29C660 B G c B

|————-e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to +70°C)
E = Extended Commerical (-55 to + 125°C)

c. PACKAGE TYPE
G =68-Lead Pin Grid Array without Heatsink
(CGUO068)
J = 68-Pin Plastic Leaded Chip Carrier (PL 068)
L = 68-Pin Ceramic Leadless Chip Carrier (CL 068)
X = Dice

b. SPEED OPTION
C=24 ns
B=230 ns
A=36 ns

Blank =49 ns

a. DEVICE NUMBER/DESCRIPTION
Am29C660
CMOS Cascadable 32-Bit Error Detection and Correction Circuit

Valid Combinations

N o Valid Combinations list configurations planned to be

Valid Combinations supported in volume for this dev?ce. Consult the local AMD

AM29C660 sales office to confirm availability of specific valid

AM29C660A fg J%%B-LEE' combinations, to check on newly released combinations, and

AM29C660B LCB, LE, XC to obtain additional data on AMD's standard military grade
AM29C660C products.




MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination)
is formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Device Class

d. Package Type

e. Lead Finish

AM29C660 B /B u

A
|—e. LEAD FINISH

A = Hot Solder Dip
C = Gold

d. PACKAGE TYPE
U = 68-Pin Ceramic Leadless Chip Carrier (CL 068)
Z = 68-Pin Ceramic Pin Grid Array without Heatsink
(CGU068)

c. DEVICE CLASS
/B=_Class B

b. SPEED OPTION
C=29 ns
B=33 ns
A=39 ns

Blank =52 ns

a. DEVICE NUMBER/DESCRIPTION
Am29C660
CMOS Cascadable 32-Bit Error Detection and Correction Circuit

Valid Combinations

I Valid Combinations list configurations planned to be
Valid Combinations supported in volume for this device. Consult the local AMD
AM29C660 sales office to confirm availability of specific valid
AM29C660A , combinations or to check for newly released valid
BUA, /BZC -
AM29C660B combinations.
AM29C660C Group A Tests

Group A tests consist of Subgroups
1,2,8,7, 8,9, 10, 11.




PIN DESCRIPTION

CBg-7 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 IDg, 1 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 IDg, 1, DIAG MODEy, 1, and CORRECT 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 correct 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 directly from
the Data Input Latch to the Data Output Latch without
correction.

DATAg-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. DATAq is the least significant bit and
DATA31 is the most significant bit.

DIAG MODEg, 1 Diagnostic 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 non-
zero, 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. In the Generate
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.

LEpjag 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 Diagnostic Latch
are latched to their previous states. The Diagnostic Latch
holds diagnostic check bits and internal control signals for
CODE IDg, 1, DIAG MODEy, 1, and CORRECT.

LEjN Latch Enable — Data Input Latch (Input)
This input controls latching of the input data. When HIGH,
the Data Input Latch and Check Bit Input Latch 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.

LEouT/GENERATE Latch Enable — Data Output

Latch (Input)/Generate Check
Bits (Input; Active LOW)

This is a multifunction pin. When it is 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/Correct
Mode. In the Detect Mode, the device detects single and
multiple errors, and generates syndrome bits specific to the
data in the Data Input Latch and Check Bit Input 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 syndrome result is placed on the
syndrome/check bit outputs and indicates, in a coded form,
the number of errors and the specific bit in error. When
HIGH, the Data Output Latch follows the output of the Data
Input Latch as modified by the correction logic network.

In the Detect/Correct Mode, single-bit errors are corrected
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 network
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 Muitiple Error Detection Flag (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
detected. In the Generate Mode, MULT ERROR is forced
HIGH.

OE BYTEp-3 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 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.

OEgc Output Enable, Syndrome/Check Bits (Input;
Active LOW)
When in the LOW state, the three-state output lines SCq _ 7
are enabled. When this input is HIGH, the syndrome/check
bit outputs are in the high-impedance state.

SCp-7 Syndrome/Check Bits (Outputs; Three-State)
These eight three-state outputs contain the check/partial-
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.

Vcec (2) + 5-V Positive Power Supply Voltage
These pins are the positive + 5-V power supply to the EDC
Circuit. All Vog pins must be connected during device
operation.

FUNCTIONAL DESCRIPTION

EDC Architecture

The Am29C660 EDC Circuit is a powerful 32-bit cascadable
slice used for check bit generation, error detection, 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, LE)y, 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 LEjN. Check
bits are used in the Error Detection and Error Detection/
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/Correction
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 memory. 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 check bits are
identical (meaning there are no errors), the syndrome bits will
be all zeros. If there is a single-bit error, the syndrome bits can
be decoded to determine the bit-in-error.

Error Detection Logic

This logic block decodes the syndrome bits generated by the
Syndrome Generation Logic. If there are no errors 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 corrected
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 syndrome/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, LEoyt/
GENERATE. The Data Output Latch may also be directly
loaded from the Data Input Latch while in the Pass-Thru Mode.

Four data bytes in_the Data Output Latch may be enabled
independently (by OE BYTEq — g) for reading onto the bidirec-
tional data bus. This feature facilitates byte operations.

Diagnostics Latch

This is a 32-bit latch loadable from the bidirectional data lines
under the control of the Diagnostic Latch Enable, LEp|ag. The
Diagnostic Latch contains check bit information in one byte
and control information in the other bytes. The Diagnostic
Latch is used for driving the device when in the Internal
Control Mode, or for supplying check bits when in one of the
Diagnostic 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
LEoyT and GENERATE are controlled by the same pin, the
latching action (LEpoyT from HIGH to LOW) of the Data Output
Latch causes the EDC to go into the Generate Mode.

Detailed Operational Description

The Am29C660 contains the logic necessary to generate
check bits on a 32-bit data field according to a modified
Hamming Code. Operating on data read from memory, the
EDC will correct any single-bit error, and will detect 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 error logging.

Code and Byte Specification

The EDC Circuit may be configured in several different ways,
and operates differently in each configuration. It is necessary
to indicate to the device what size data word is involved and
which bytes of the data word it is processing. This is done with
the input lines CODE IDg, 1 as shown in Table 1. The two
modified Hamming codes referred 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)

TABLE 1. CODE ID DECODE

CODE ID4 CODE IDg Hamming Code and Slice Selected
0 0 Code 32/39, 32-Bit Data Word
0 1 Internal Control Mode
1 0 Code 64/72, Lower 32-Bit Slice (0-31)
1 1 Code 64/72, Upper 32-Bit Slice (32-63)




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 MODEy, 4, define the five basic areas of operation.
GENERATE and CORRECT further divide the operations into
eight functions. The ninth mode is the Internal Control Mode
which is selected by the CODE ID inputs as shown in Table 1.

TABLE 2. DIAGNOSTIC MODE CONTROL DECODE

DIAG MODE{ DIAG MODEg CORRECT Diagnostic Mode Selected
0 0 X Normal EDC Function Mode or
Non-Diagnostic Mode
0 1 X Diagnostic Generate Mode
1 0 X Diagnostic Detect Mode and
Diagnostic Detect/Correct Mode
1 1 1 Initialize Mode
1 1 0 Pass-Thru Mode
TABLE 3. MODE CONTROL DECODE
DIAG MODE -
Operating Contents of _SCo.7 and ERROR and
Mode 1 0 LEouT/GENERATE | CORRECT | Data Output Latch OEgc = LOW MULT ERROR
0 0 . Check bits generated
Generate 1 0 0 X from Data Input Latch -
0 0 Generated from Data
Detect 0 1 1 0 Data Input Latch Input/Check Bit Valid
Latches
0 0 Data Input Latch Generated From Data
Detect/Correct 1 1 with single bit error |Input/Check Bit Valid
0 1
detected Latches
Pass-Thru 1 1 10r | 0 Data Input latch Check Bit Latch HIGH
Diagnostic 0 1 0 X _ Check bits from _
Generate Diagnostic Latch
Diagnostic Data Input check bits .
Detect 1 0 1 0 Data Input latch from Diagnostic Latch Valid
; . Data Input Latch .
Diagnostic S ) Data Input check bits .
Detect/Correct o 1 1 with single-bit error | ¢, Diagnostic Latch Valid
detected
- Data Input Latch Check bits generated
Initialize 1 1 tor | 1 set to all "0'"'s from Data Input Latch -
Internal Control CODE IDg, 1 =10 Control Signals CODE IE_)o, 1 D!AG MODEp, 1 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, LEgyT 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
ERROR outputs. Single-bit errors are not corrected in this
mode. The syndrome bits are provided on the SCq - 7 outputs.
In the Diagnostic Detect Mode, the syndrome bits are generat-
ed by comparing the internally generated check bits from the
Data Input Latch with check bits stored in the Diagnostic Latch
(as opposed 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 complementing) 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 Internal Control Mode, the control signals CODE IDg, 1,
DIAG MODEyp, 1, and CORRECT are taken from the Diagnos-
tic Latch and their respective control inputs are disregarded.

1




Check and Syndrome Bits

The Am29C660 provides either check or syndrome bits on the
three-state outputs SCq - 7. Check bits are generated from the
Data Input Bits. Syndrome bits are an Exclusive-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 designated as
follows:

® 32-bit configuration: CX, C0, C1, C2, C4, C8, C16
® 64-bit configuration: CX, CO, C1, C2, C4, C8, C16, C32
® Pin Name: SCp, SC4, SCp, SC3, SC4, SCs, SCg, SC7.

The syndrome bits generated by the Am29C660 are designat-
ed as follows:

® 32-bit configuration: SX, SO, S1, S2, S4, S8, S16
® 64-bit configuration: SX, SO, S1, S2, S4, S8, S16, S32

® Pin Name: SCop, SC4, SCo, SC3, SC4, SCs, SCq, SC7.

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

Check Bits

—_

| Byte3 I Byte2{ Byte1 ' ByteO ”016 [of:]

C4 C C1_Co X

31 24 23 16 15 8 7 O

SCg SCs SC, SC3 SC, SCq

SCq

10565A-005A

TB001210

Figure 1. 32-Bit Data Word Format

Chip Configuration

A single Am29C660 EDC Circuit connected as shown in Figure
2 is all that is necessary to perform single-bit error correction

and double-bit error detection on a 32-bit data field. In this
configuration, only seven check bits are required. Therefore,
CB7 is a "don't care" and CODE IDg, 1 00.

Check-Bit Input

Don't C.
DATAGgy ] e
DATA (.34 CB; CBg CBg CB4 CBz CB, CBy CBy
Am29C660 CODEIDg,1 fe—— 0,0
SCy SCg SCs SC4 SCz SC, SCy SCy
I
HIGH 10565A-006A
Syndrome/Check-Bits
LD001600

Figure 2. 32-Bit Configuration
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Generate Mode

In this mode, check bits will be generated that correspond to
the contents of the Data Input Latch. The check bits generat-
ed are placed on the outputs SCo_g. SC7 is a logic ""1" or
HIGH.

Check bits are generated according to a modified Hamming
Code. Details of the code for check bit generation are shown
in Tables 4-1 and 4-2. Check bits are generated 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.

TABLE 4-1. 32-BIT CONFIGURATION CHECK BIT ENCODING
(Data Bits 0 - 15)

Generated Participating Data Bits
Check
Bits Parity 0123(4567|891011(12131415
cX Even (XOR) | X X X X[Xxx X X
co Even (XOR) | X X X X X X X X
c1 0dd (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
cs Even (XOR) X X X X|X X X X
C16 Even (XOR) | X X X X |[X X X X

TABLE 4-2. 32-BIT CONFIGURATION CHECK BIT ENCODING

(Data Bits 16 -31)

Generated Participating Data Bits
Check
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 Odd (XNOR) | X X X X X X|x X
c4 Even (XOR) X X[X X X X X X
cs Even (XOR) X X X X|X X X X
C16 Even (XOR) X X X X|X XXX

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

In this mode the device will compare the check bits generated
from the contents of the Data Input Latch with the contents of
the Check Bit Latch, and will detect all single- and double-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 and ERROR go LOW. Both error
indicators are HIGH if there is no error.

The syndrome bits which are generated during error detection
are available on the outputs SCp . 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. Table 5 shows the syndrome bit decoding for
the 32-bit data word configuration. If no error is detected, the
syndrome bits will all be zeros (except SC7 which is tied to a
logical ""1").




TABLE 5. SYNDROME BIT DECODING MATRIX

Syndrome S16| O |1 |Oo|1|[Oo|1]|]Of1
Bits sg|ofojt1|(1]O|Of1]1
S4l 00 |O|O |1 |1 ]|1[1
SX S0 St S2
0 00 * |C16/C8| T |C4| T | T |30
0O 0 0 1 C2| T|T|27| T|5|M|T
0O 0 1 0 C1|{T 25 T |3 |15(T
0o o0 1 1 TI{M[13[T|[23|T|T|M
0O 1t 0 O CO|T|[T|24{T|2|M|T
0O 1 0 1 Tl1({12|T|2|T|T (M
o 1 1 0 TIM([10|T|20| T|T|M
o 1 1 1 6| T(TIM|T| M|M|T
1 0 0 O CX|T|T|M|T|M|14|T
1 0 0 1 TIM|11|T|21| T | T (M
1 0 1 0 TIM|9|T|19|T|T|31
1 0 1 1 M{T[{T|29(T |7 |M|T
1 1 0 0 TIM|{8|T|18|T|T|[M
1 1 0 1 17(T | T|(28| T|[6 (M| T
1 1 10 M{T|T|26|T |4 (M| T
11 1 1 TIOIM|T|M|T|T|[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 enabled to correct,
by complementing, any single-bit error of the Data Input Latch
before placing it on the inputs of the Data Output Latch (see
Figure 4). If a multiple error is detected, the output of the
correction network is undefined. If a single-bit error occurs to a
check bit there is no automatic correction. If a check bit
correction is desired, it can be done by placing the device in
the 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 Latch
are placed on the inputs of the Data Output Latch, and the
contents of the Check Bit Latch are placed on the outputs
SCq - (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 selected by
the control inputs DIAG MODEy, 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 illustrate the flow of data during the two
diagnostic modes.

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

@ |IN[OD|Oa ||| =

CODE IDg

©

CODE ID4

-
o

DIAG MODEg

Py
-

DIAG MODE1

-
n

CORRECT

13-31

Don't Care

Diagnostic Detect, Diagnostic Detect/Correct
Modes

These two special Diagnostic Modes are also selected by the
control inputs DIAG MODEy, 1. They 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 _ ¢ are generated to
correspond to the all-zero data on the Data Output Latch. SC7
is tied HIGH. The ERROR and MULT ERROR outputs are
forced HIGH in this mode. The Initialize Mode is useful after
power-up when RAM contents are random. The EDC may be




placed in this mode and its outputs written into all memory Am29C660 takes the CODE IDg, 1, DIAG MODEp, 1, and
addresses under processor control. CORRECT control signals from the Diagnostic Latch rather

than from the external input lines.
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This mode is selected by the external control inputs
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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.




Data Bits

ﬁyte7 I Byte6 ' ByteS ! Byte4 ] Byte3 I Bylez l Byte1 I Byteo ]-—-1
5

55 48 47 40 39 32 31

24 23

bmmee

Check Bits

r======7

--{ca2 ci6 c8 c4 c2

C1 Co CX

SC;, SCg SC; SC,

SCy

SC, SC, SC,

10565A-007A

TB001220

Figure 7. 64-Bit Data Word Format

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, and some triple-bit

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

Data Inputs Check-Bit Inputs 6ESC
DATA35.63 DATAg.3¢
32y 32 g
DATAg.3y  CBp.7 OEgg B
Am29C660 —=
(Lower 32-Bit Slice)
SCg.7 CODE IDg ¢ f¢—0.1
8|

7

DATA(.3

ERROR

CBo.7
Am29C660
(Upper 32-Bit Slice)
MULTERROR SCq.7 CODEIDg 4 f&— 1.1

GEsc [+

Vo

ERROR MULT ERROR

A
Syndrome/Check-Bits

10565A-008A

LD001610

Figure 8. 64-Bit Configuration

The valid syndrome bits and the ERROR and MULT ERROR
output signals are taken from the upper EDC slice. The lower
EDC slice has its OEsc input tied to ground (logic "'0") and its
SCp - 7 outputs connected to the respective CBg - 7 inputs of
the upper EDC slice. The 32 most significant data bits,
DATA32 - g3, are connected to the data lines of the upper
EDC slice. All the latch enables 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 slice 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 buffering and output enabling of the
check bit lines is required as shown in Figure 8. The OEsc

signal to the upper 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.

Generate Mode

In this mode, check bits will be generated that correspond to
the contents of the Data Input Latch. The generated check
bits are placed on the SCq — 7 outputs of the upper EDC slice.

Check bits are generated according to a modified Hamming
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 panty check bit, the XNOR in an odd parity
check bit.
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TABLE 7-1. 64-BIT CONFIGURATION CHECK BIT ENCODING (Data Bits 0 - 15)

Participating Data Bits

Generated
Check Bits Parity 0 1 2 3[4 5 6 7(8 9 10 11|12 13 14 15
CX Even (XOR) 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
cs 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
TABLE 7-2. 64-BIT CONFIGURATION CHECK BIT ENCODING (Data Bits 16-31)
Generated Participating Data Bits
Check 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 Odd (XNOR) | X X X X X XX X
C4 Even (XOR) X X[X X X X X X
c8 Even (XOR) X X X[X X X X
Cc16 Even (XOR) X X X X|X X X X
C32 Even (XOR) X X X X X X X
TABLE 7-3. 64-BIT CONFIGURATION CHECK BIT ENCODING (Data Bits 32 -47)
Generated Participating Data Bits
Check 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 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 XX 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

18




TABLE 7-4. 64-BIT CONFIGURATION CHECK BIT ENCODING (Data Bits 48-63)

Generated Participating Data Bits

Check Bits Parity 48 49 50 51|52 53 54 55(56 57 58 59|60 61 62 63
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 XX 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
cs Even (XOR) X X X X
C16 Even (XOR) 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.

Detect Mode

In this mode, the device will compare the check bits generated
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 detection
are available on the outputs SCq - 7 of the upper EDC slice.
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. Table 8 shows the syndrome bit
decoding for the 64-bit data word configuration. If no error is
detected, the syndrome bits will all be zeros.

In the 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 | 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Bits S16 | 0 0 1 1 0 0 1 1 0 0 1 1 0 0] 1 1
S8 | 0 0 0 (o] 1 1 1 1 0 0 0 0 1 1 1 1
S4 | O 0 0 0 0 0| O 0 1 1 1 1 1 1 1 1
SX S0 S1 S2
0 0 0 0 * [C32|C16| T (C8| T | T C4| T | T | M| T|46 |62
[] 0 0 1 c2 T|M|T|438|589 | T | T |83 |37 | T |M|[T|TI|[M
0 0 1 0 Cit| T|T|M|[T|41|57|T 51 |3 | T |16 T | T |31
0 0 1 1 T| M T38| T | T |29|23| T | T 7 TIM|M|T
0 1 0 0 Cco M| T |40|5 | T | T |50|34|T[M|T|T|M
0 1 0 1 T |49 (33| T |12 T |T|28|2| T | T |6 |T|M[M|[T
0 1 1 0 T|IM[M|T|10|T|T|26|]20| T | T|4 | T|M|M|T
0 1 1 1 16T | T O T|IM|M|T|IT|IM|{M|TIM|[T]|T|M
1 0 0 0 CX| T|T|IM|T|{M|M[T|T|[M|M|T]|14]|T|T]|S30
1 0 0 1 T M|M| T | T | T|27]21| T | T 5| T M|[M|T
1 0 1 0 TIM M| T |9 | T|[T|25|19| T | T | 3| T |47}63]| T
1 0 1 1 M| T | T|[M|T|45(|[61| T | T |55(3| T | M|T|T|M
1 1 0 0 T|{M[M| T |8 | T | T |24[18|T]|T 2| T|IM[{M]|T
1 1 0 1 17T | T 1 T |44160| T | T |54 |388(T|M|T|T|M
1 1 1 0 M| T | T|M|T|42|588| T[T |52|36|T|M|T|T|M
1 1 1 1 T|48(32| T|M|[T|[T M M| T|[T[(M|T|M|M|[T
* = No errors detected
Number = The bit number of the single bit-in-error
T = Two errors 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 enabled to correct,
by complementing, any single-bit error in the Data Input Latch
before placing the data on the inputs of the Data Output Latch.
If a multiple error is detected, the output of the correction
network is undefined. If a single-bit error occurs to a check bit,
there is no automatic correction. If a check bit correction is
desired, it can be done by placing the 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 SCg — 7 of the
upper EDC slice. The upper EDC slice has access to these
syndrome bits through an internal data path. The syndrome
bits must be read through the CBgq 7 inputs for the lower EDC
slice as shown in Figure 8. In the Detect/Correct Mode, the

valid SCq — 7 outputs of the upper EDC slice must be enabled
so that they are available for reading in through the CBg_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 Output Latch and the
contents of the Check Bit Latch are placed on the outputs
SCp - 7 of the upper EDC slice. ERROR and MULT ERROR
are forced HIGH in this mode (inactive).

Diagnostic Generate Mode

This is one of the three special Diagnostic Modes selected by
the control inputs DIAG MODEg, 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

Diagnostic Check Bit 0

Diagnostic Check Bit 1

Diagnostic Check Bit 2

Diagnostic Check Bit 4

Diagnostic Check Bit 8

Diagnostic Check Bit 16

Diagnostic Check Bit 32

CODE IDg, Lower 32-Bit Slice

OlOo|IN|O|O|D]|O|IN|—=

CODE ID4, Lower 32-Bit Slice

e
o

DIAG MODEg, Lower 32-Bit Slice

-
-

DIAG MODE;{, Lower 32-Bit Slice

-
N

CORRECT, Lower 32-Bit Slice

13-31 Don't Care

32-39 Don't Care

40

CODE IDg, Upper 32-Bit Slice

41

CODE ID4, Upper 32-Bit Slice

42

DIAG MODEg, Upper 32-Bit Slice

43

DIAG MODE;{, 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 MODEjp, 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 outputs SCp_7 are generated to
correspond to the all-zero data on the Data Output Latch. The

ERROR and MULT ERROR outputs are forced HIGH in this
mode. The Initialize Mode is useful after power-up when RAM
contents are random. The EDC may be placed in this mode in
order to write its outputs into all memory addresses under
processor control.

Internal Control Mode

This mode is selected by the external control inputs
CODE IDg, 1. When in the Internal Control Mode, the
Am29C660 takes the CODE IDg, 1, DIAG MODEyp, 1, and
CORRECT control signals from the Diagnostic Latch rather
than from the external input lines.
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TABLE 10. KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION

64-Bit
Propagation Delay Component Delays from Am29C660
From To AC Specifications
: (Data to SC, CODE ID 10) + (Check Bit to SC,
DATAp.31 | Check Bit Outputs CODE ID 11)
(Data to SC, CODE ID 10) + (Check Bit to SC,
DATAo.31 | Corrected Data Outputs CODE ID 11) + (Check Bit to Data, CODE ID 10)
(Data to SC, CODE ID 10) + (Check Bit to SC,
DATAp.31 | Syndrome Outputs CODE ID 11)
e . (Data to SC, CODE ID 10) + (Check Bit to ERROR,
DATAo.31 | ERROR for 64 Bits CODE ID 11)
T . (Data to SC, CODE ID 10) + (Check Bit to
DATAp.31 | MULT ERROR for 64 Bits MULT ERROR, CODE ID 11)
APPLICATIONS EDC in the Data Path

System Design Considerations

To obtain optimum performance and maximum design flexibili-
ty, AMD's Dynamic Memory Management System has been
divided into functional building blocks. For 32-bit error detect-
ing/correcting systems, these building blocks include the
Am29C660 EDC Circuit, the Am2969 Memory Timing Control-
ler with EDC Timing Control (or PALs®), the Am29368 1-MBit
DRAM Controller/Driver, and the Am2971A 100-MHz En-
hanced 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 in the Check-Only (or Fly-By) configuration shown in
Figure 9. With this configuration, the memory system operates
as fast with EDC as it would without.

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 corrected data for
the processor. At the designer's option, the correct data may
be written back into memory; error logging and diagnostic
routines may also be run under processor control.

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

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

The simplest configuration for the Am29C660 is to have the
EDC circuit directly in the data path, as shown in Figure 10
(Flow-Thru configuration). In this configuration, data read from
memory is always corrected prior to putting the data on the
data bus. The advantages are simpler 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.

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

Memory Scrubbing During Refresh

Scrubbing is an error correction technique that examines the
entire memory during system refresh cycles, thus causing little
or no impact on performance yet providing high data reliability
since errors cannot accumulate.

Single-bit errors are by far the most common in a dynamic
memory system, and are always correctable by the EDC.
Double-bit errors occur far less frequently than single-bit
errors (50-to-1 or 100-to-1) and are always detected by the
EDC, but not corrected.

In a memory system, soft errors occur only one at a time. 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 occurence.

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 background
routine when the memory is not being used by the processor.
If memory is scrubbed frequently, errors that are detected and
corrected during processor accesses need not be immediately
written back into memory. Instead, the error will be corrected
in memory during 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

PAL is a registered trademark of Monolithic Memories, Inc.,
a wholly owned subsidiary of Advanced Micro Devices, Inc.
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memory (224 locations) with one refresh every 16 microsec-
onds, the AMD Memory Management chip set will scrub the
entire memory of single-bit errors every four minutes. If
multiple-bit errors are encountered during a scrub cycle, WE is
suppressed.

With the occurance 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. During refresh
operations, a row in each bank is accessed by energizing the
RAS line. This refreshes all the locations 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
CAS line in that bank for that location. The entire checking

operation is performed within the refresh cycle. A wait state
may need to be issued to extend the cycle should an error be
discovered. However, the system reliability will be increased
because soft errors will not be able to accumulate in areas 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 inactive. A refresh
with scrubbing will activate all four RAS lines as before and a
single CAS line. Errors that are detected 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.
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Figure 9. Check-Only Configuration
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Figure 10. Correct-Always Configuration
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Figure 11. Sixteen-Megaword Memory System with EDC
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Figure 12. Device Decoupling— Vgc and Ground Pin Connections

Note: C1=1.0 uF, Co=0.1 uF, C3=0.01 uF
The C4q, Co, 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.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature .............c..cccueenennnns —65 to +150°C Commercial (C) Devices

Temperature (Case) Ambient Temperature (TA) ..ccoevvvenenenennnnns 0 to +70°C
Under Bias .........cooovivviiiiniiiiiniininn, -55 to +125°C Supply Voltage .+4.75 to +56.25 V

S”gp'yt. Voltage to Ground Potential 05 oy Mitary (W) or Extended Commercial (E) Devices

ontinous....... T ETTR T R PPN PRPPLPPORY -0.5 to +7. Case Temperature (TQ) ... .ovrerreeer.. _55 to +125°C

DC Voltage Applied to Outputs For Supply Voltage +45 t0 +55 V
HIGH Output State...................... -0.5 V to Vgc Max. ! ’

DC Input Voltage.........ocevevininiininninennnns -0.5 to +5.5 V Operating ranges define those limits between which the

DC Input Current .........ccovevvvnninnnen. -30 mA to +5.0 mA functionality of the device is guaranteed.

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

DC CHARACTERISTICS over operating range unless otherwise specified (fof AFL Products, Group A,
Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter
Symbol Description Min. Max. Unit
VIH Input HIGH Voltage 2.0 v
viL Input LOW Voltage sg;;g';‘ef‘;f alﬂpluntpt?sg‘" al. 08 v
Vee = Max.,
t HIGH C .
IIH Inpu urrent Vin = Vee 5.0 A
| Vce = Max, h
IL Input LOW Current Vin =GN -5.0 MA
Vce-0.2
VoH Output HIGH Voltage L MIL & E-COM'L Iloy=-8 mA 2.4 \
COM'L lIpH=-15 mA 2.4
, loL =300 pA 0.2
VoL Output LOW Voltage Min: MIL & E-COM'L lo. =8 mA 0.5 \%
COM'L loL =15 mA 0.5
Off-State (Hi ‘ Vo=0V -10
I = Max.
0z Output Curre cc Vo = Voo (Max) 10 KA
los Vecc=Min, Vp=0V (Note 2) -30 mA
Vce = Max.,
Icca Suppl Vee -0.2 VSV, Vin<0.2 V 5.0 mA
(CMOS Inpits) fop=0
Quiescent Input
Power Supply Vce = Max., mA/
lcct Current (per Input ViIN=34V, 0.5 Input
@ TTL HIGH) fop=0 P!
(Note 4)
Dynamic Vce = Max., MIL &
lcco Power Supply Voo =02 VLV, VIN<0.2 V E-COM'L 6.5 mA/
Current Outputs Open, MHz
OE = LOW COM'L 6
Vee = Max., fop =10 MHz MIL &
Outputs open, OE = LOW E-COM'L 70
50% Duty cycle COM'L 65
. Total Power Ve -02 VSV|N, VINSO0.2 V A
Supply Current (Note 5) Ve = Max., fop = 10 MHz MIL & 70
Outputs open, OE = LOW E-COM'L
50% Duty cycle '
VIH=3.4V, VIL=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.
. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.
. IccT is derived by measuring the total current with all the inputs tied together at 3.4 V, subtracting out Iccq, then dividing by the
total number of inputs.
. 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:

[S B A ]

lcc = lcca + lccT (NT x DH) + lccp (fop).

Dy = Data duty cycle TTL HIGH period (VN = 3.4 V).
N1 = Number of dynamic inputs driven at TTL levels.
for = Operating frequency in Megahertz.
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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 Voo 4.75 to 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 | Am29C660C
Parameter
No. Symbol From Input To Output Max. { Min. | Max. | Min. | Max. | Min. | Max.
SCo_7 37 27 | 25 18
DATAo - 31 49 30 24
1 | tpp DATAo_31 (Note 3) (Note 2)
ERROR 40 25 16
MULT ERROR 45 27 20
SCo-7 22 14 14
CBo_7 DATAQ - 31 30 21
2 teD iy —
(CODE ID 00, 11) ERROR R | 17 13
MULT ERROR | a1+ 23 20 16
SCo_75. 16 16 15
3 D CBp-7 0 -
(CODE ID 10) . 20 18 16
29 21 21 18
4 | tpp GENERATE 30 25 23 9
30 25 23 11
CORRECT )
5 |two (Not Internal Contrgl 31 23 23 16
SCo-7 23 17 17 16
DATAQ - 31 35 26 26 26
6 | tpp ——
ERROR 27 20 20 1
MULT ERROR 33 24 24 20
SCo-7
(Note 6) 25 18 18 18
7 tpD CODE IDg, 1 DATAQ - 31 35 26 26 23
ERROR 29 21 21 17
MULT ERROR 35 26 26 21
SCo-7 37 27 27 22
LEn DATAg - 31 51 38 38 28
8 tpp (Note 2)
(From Latched to Transparent) P —
ERROR 41 30 30 19
MULT ERROR 45 33 33 22
LEout
° tPD (From Latched to Transparent) DATAo - 31 17 12 12 12
SCo-7
(Note 6) 21 15 15 15
LEpiag
10 | tpp (From Latched to Transparent; | DATA0-31 38 29 29 24
Not Internal Control Mode) ERROR 26 19 19 15
MULT ERROR 30 22 22 19
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Cont'd.)

P " Data Path Description Am29C660 | Am29C660A | Am29C660B | Am29C660C
arameter
No. Symbol From Input To Output | Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max.
SCo-7
(Note 6) 22 16 16 16
Internal Control Mode:
11 | tpp LEpiaG DATAQ - 31 42 32 32 22
(From Latched to Transparent) | ERROR 26 19 19 16
MULT ERROR 33 24 24 18
SCo-7 22 16
Internal Control Mode: DATAg - 31 42 25
12 | tpp DATAg _31 (Note 2)
(Via Diagnostic Latch) ERROR 27 13
MULT ERROR 16
13 | t 4 3
SET DATAQ -31 (Note 4)
14 | tHoD 4 4
LEIN
15 | tseT 4 2
CBp-7 (Note 4)
16 | tHoLD 4 4
17 | teer 23 19 6
S DATAp-31 (Notes 4 & 6)
18 | tHOLD 0 0 o]
19 | tseT CBg-7 (Note 4) 15 15 14
20 | thowp (CODE ID 00, 11) 0 0 0 0
21 | tegr CBo.-7 20 15 15 8
22 | tHoLD 0 0 0 0
23 |t r 16 11 11 8
SET CORRECT (Note 4
24 | tHoLD 0 0 0 0
25 | tget 23 17 17 17
26 | tHoLD 0 0 0 0
27 t 23 17 17 10
SET CODE 1D
28 | tHoLD 0 0 0 0
29 | tggT 31 25 20 19
S LE|N (Notes 4 & 6)
30 | tHoLD 0 0 0
31 | tseT 3
DATAp -31 (Notes 4 & 6) LEpiaG
32 | tHoLD 3 3 3
33 | ten _ 27 23 23 23
E BYTEp-3 (Notes 5 & 6) DATAQ - 31
34 | tpig 23 19 19 19
35 | ten __ 28 24 24 24
OEgc (Notes 5 & 6) SCo-7
36 | tpis 24 20 20 20
37 | tpw Minimum Pulse Width: LE|N, LEouT, LEDIAG 12 9 9 6

Notes: 1. C|_ =50 pF.

2. Certain parameters are combinational propagation delay calculations.

3. Data In or LE|N 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 C|_ =5 pF and measured to 0.5 V change of output voltage level. Testing is
performed at Ci =50 pF and correlated to C_ =5 pF.

6. Not production tested. Guaranteed by characterization.
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SWITCHING CHARACTERISTICS over MILITARY and EXTENDED-COMMERCIAL operating ranges (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 performance over the Military and Extended-Commercial operating ranges of
-55°C to + 125°C (case), with Vo 4.5 t0 5.5 V and 4.75 to 5.25 V, respectively. All input switching is between 0 Vand 3V at1 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 | Am29C660C
Parameter
No. Symbol From Input To Output | Min. [ Max. | Min. [ Max. | Min. | Max. | Min. | Max.
SCo-7 40 e 28 22
DATAo - 31 52 33 29
1| tpp DATAo_31 (Note 3) (Note 2)
ERROR 44 28 21
MULT ERROR 30 24
SCo-7 17 17
s |4 CBgo-7 DATAQ - 31 33 23
PD (CODE ID 00, 11) EREOR - 20 16
MULT -ERROR | - 26 23 18
sl CBo_7 SCoLl7 25 19 19 17
PD (CODE ID 10) 33 23 23 18
0"~ 32 24 24 20
4 | tpp GENERATE - ERAOR 33 28 26 10
MUET ERROR 33 28 26 12
CORRECT .
5|to (Not Internal Contro DATAo - 31 34 26 26 7
SCo_7 26 20 20 18
DATAg - 31 38 29 29 29
6 | tD p—
ERROR 30 23 23 12
MULT ERROR 36 27 27 23
SCo-7
(Note 6) 28 21 21 21
7 | trp CODE IDp, 1 DATAQ - 31 38 29 29 26
ERROR 32 24 24 20
MULT ERROR 38 29 29 24
SCop-7 40 30 30 24
LEm DATAo -3 54 41 41 32
8 | tpp (Note 2)
(From Latched to Transparent)
ERROR 44 33 33 21
MULT ERROR 48 36 36 25
LEout
9| to (From Latched to Transparent) DATA0 - 31 20 15 15 13
SCo-7
(Note 6) 26 18 18 18
LEpiaG
10 | tpp (From Latched to Transparent; DATAo - 31 42 32 32 27
Not Internal Control Mode) ERROR 29 22 22 17
MULT ERROR 33 25 25 21

27




SWITCHING CHARACTERISTICS over MILITARY and EXTENDED-COMMERCIAL operating ranges

(Cont'd.)
Data Path Description Am29C660 | Am29C660A | Am29C660B | Am29C660C
Parameter
No. Symbol From Input To Output | Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max.
SCo-7
(Note 6) 25 19 19 19
11 |t Internal Control Mode: LEpjag DATAQ - 31 47 35 35 25
PD (From Latched to Transparent) —
ERROR 29 22 22 18
MULT ERROR 36 27 21
SCo_7 25 19 18
Internal Control Mode: DATAg 31 47 35 29
12 | tpp DATAg_ 31 (Note 2)
(Via Diagnostic Latch) ERROR 23 14
MULT ERROR 28 18
13 | t 4 3
SET DATAp -31 (Note 4)
141 | tHoLD 4 4
LEiN
15 | tseT 4 2
CBp -7 (Note 4)
161 | tHoLD 4 4
17 | t 27 23 7
SET DATAg_31 (Notes 4 & 6)
181 | tHOLD 0 0 0
19 | tsgT CBg-7 (Note 4) 24 18 18 16
201 | tHoLD (CODE ID 00, 11) 0 0 0 0
21 | tseT CBo-7 24 18 18 10
22+ | tHoLD (CODE ID 10) (No 0 0 0 0
23 | tegT 20 14 14 9
241 | tHoLp LEout 0 0 0 0
25 | tseT 28 20 20 19
261 | tHoLD 0 0 0 0
27 | tsgT 28 20 20 12
281 | tHoLD 0 0 0 0
29 |t 37 28 23 21
SET LE|N (Notes 4 & 6)
307 | tHoLD 0 0
31 | tsgT 5 3
DATAp-31 (Notes 4 & 6) LEpiaGg
32t | tHoLb 3 3
33 | ten __ 29 25 25 25
E BYTEp-3 (Notes 5 & 6) DATAQ - 31
34 | tpis 25 21 21 21
35 | teN __ 30 27 27 27
OEsc (Notes 5 & 6) SCo-7
36 | tpis 26 22 22 22
37 | tpw Minimum Pulse Width: LE|N, LEouT, LEDIAG 15 12 12 6
Notes: 1. C =50 pF.

. Certain parameters are combinational propagation delay calculations.

. Setup and Hold times relative to Latch Enables (Latching up data).

1
2
3. Data In or LEjN to Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4
5

. Output tests specified with C. =5 pF and measured to 0.5 V change of output voltage level. Testing is performed

at C_ =50 pF and correlated to C =5 pF.
. Not production tested. Guaranteed by characterization.

o

1= Not Included in Group A Tests.
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SWITCHING WAVEFORMS
KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OQUTPUTS
MUST BE WILL BE
STEADY STEADY

MAY CHANGE ~ WILL BE

CHANGING
FROMHTOL FROMH TO L

WILL BE

MAY CHANGE
CHANGING

DON'T CARE; CHANGING;
ANY CHANGE STATE
PERMITTED UNKNOWN

CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE

“OFF"” STATE

KS000010

Valid (1B) Correct

Input Data In to Data
Correct Data Out Output

ol

Data to LEIN
®1 Setup Time (13)

\

Data to LE,
Hold Time H 4)

CEBYTE( 3

10565A-017A

WF026320
DATAq.31/LE|N to Correct Data Out
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SWITCHING TEST CIRCUIT

FROM OUTPUT
UNDERTEST

U OH

AF004810

Notes: 1. Cp =50 pF for all tests except output enable/disable (includes scope probe, wiring, and stray
capacitance without device in test fixture).
2. Cp=5 pF for output enable/disable tests.
3. Vr=15V.

SWITCHING TEST WAVEFORMS

DATA 15 V
INPUT

|——‘s
3v
TIMING
INPUT 15 v
oV
WF021191

Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense.
2. Cross-hatched area is don't care condition.
Setup and Hold Times

3v

SAME PHASE - 15V
INPUT TRANSITION
‘ Y
tPLH——L— ‘PHL‘L——‘
-1 —|l-——— Vou
ouTPUT ﬂ 15V
Vo

|
tPLH —r--—‘ TPHL -

OPPOSITE PHASE ___ 1BV
INPUT TRANSITION

WF021200

Propagation Delay
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SWITCHING TEST WAVEFORMS (Cont'd.)

LOW-HIGH-LOW

PULSE

HIGH-LOW-HIGH

PULSE

WF021210

Pulse Width

Notes on Testing

Incoming test procedures on this device should be carefully
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 Vg current as the device switches may
cause erroneous function failures due to Vcc changes.

n

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

w

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

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 V_
or Vi until the noise has settled. AMD recommends using
VIL<O V and V| =3 V for AC tests.

5. To simplify failure analysis, programs should be designed to
perform DC, Function, and AC tests as three distinct groups
of tests.

6. Changing the CODE ID inputs can cause loss of data in
some of the Am29C660 internal latches. Specifically, 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
registers before they are used.

7. Proper device grounding is critical when device testing.
Multi-layer performance boards with radial decoupling be-
tween power and ground planes is recommended. Wiring
unused interconnect pins to the ground plane is recom-
mended. The ground plane must be sustained from the
performance board to the device under test interface board.
To minimize inductance, heavy-guage stranded wire with
twisted pairs should be used for power wiring.

EQUIVALENT INPUT/OUTPUT CIRCUIT DIAGRAMS

DRIVEN INPUT
Vee

[

DRIVING OUTPUT
Vi

PF002830
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.075 x 45° REF.
Pin 1 (Reference Corner)

PHYSICAL DIMENSIONS*
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PHYSICAL DIMENSIONS (Cont'd.)
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PHYSICAL DIMENSIONS (Cont'd.)
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