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The Am2960 Family
Dynamic Memory Support Products

Advanced Micro Devices has developed a set of bipolar high-performance memory-support products to maximize
the speed and reliability of MOS dynamic RAM systems. This family is designed to provide, in the minimum package
count, all the logic, interface and control functions required in the address and data paths of memory systems based
on 16K and 64K devices.

These TTL-compatible products are specified for use in equipment based on either bipolar or MOS CPUs. The
Am2960 Series serves bipolar microprocessors such as the Am2901, Am29203, etc., while the AmZ8160 Series
serves MOS microprocessors, such as the 16-bit AmZ8000.

Key System Level Features
Maximum Memory Performance

® Schottky performance with matched Tpp paths and skew limit guarantees.

® Optimized interface devices for maximum speed.

® Hamming code EDC with internal ECL circuitry for maximum speed combined with maximum memory reliability.
Lowest Package Count Plus Maximum Flexibility

e LSI DMC Controller is designed for up to 64K RAMs.
e EDC is 16-bit expandable slice with byte 1/O controls.
® Flexible interface for speed or minimum parts count.

Operation in Any Timing Environment

® Synchronous Clock Timing (AmZ8000 systems).
® Delay-line timing for maximum performance.

Operation with Any RAM Refresh Mode
® 128 of 256 Line Refresh

All Refresh Modes
® Burst Refresh e Hidden (transparent) Refresh ® Cycle Steal Refresh

Am2960 Family Product Summary

Am2960 » AmZ8160 Error Detection and Correction (EDC)

e High-speed 16-bit slice expandable to 64 bits ® Byte-op controls
® Single-bit correction/double-bit detection ® Initialization and diagnostics built-in

Am2961/62 + AmZ8161/62 EDC Data Bus Buffer
o EDC interface between RAM, EDC and data bus ® Separated RAM /O with undershoot protection

® 24mA bus drive with three-state control ® Bus latches for byte-op or multiplexed buses
AmZ8163 EDC and Refresh Control for AmZ8000 Systems

® RAS/MUX/CAS timing control for AmZ8164 ® Memory/refresh request arbitration

® EDC control for word or byte read and write ® Refresh timer and control independent of CPU
Am2964 - AmZ8164 Dynamic Memory Control (DMC)

® 16-bit address for up to 64K RAMs ® 3-port 8-bit Schottky speed address MUX

® Refresh Counter for 128- or 256-line refresh ® RAS and CAS paths on-chip for minimum skew
Am2965/66 + AmZ8165/66 Octal Dynamic RAM Drivers

® —(0.5V maximum undershoot ® tp| H/tpHL. min and max specs for 50pF and 500pF

® Von/loy specs for MOS with no external resistors ® Pin-compatible with 'S240/244



System Overview

By John R. Mick

As larger and larger dynamic RAMs are used with micro-
processors, minicomputers and even larger computer systems,
the design engineer becomes increasingly concerned about the
reliability of his memory system. As the RAM size increases,
the error rate caused by alpha particles increases significantly.
It is essential therefore that all new memory designs using
higher density dynamic RAMs (and perhaps even larger static
RAMs) use error detection and correction (EDC) to improve
memory system reliability. Current estimates are that the relia-
bility can be increased by a factor of 60 or more if a suitable
error detection and correction scheme is employed.

Advanced Micro Devices is introducing a new set of LS| de-
vices that allows the designer to implement error detection and
correction in a cost effective fashion. In addition, EDC can
slash field maintenance costs and allow systems to run longer
uninterrupted due to soft or hard memory errors. If desired,
memory errors can be logged for future use in determining
marginal RAM chips by running memory diagnostics routines.

The Advanced Micro Devices Am2960 Memory Support family
of products includes the Am2960 Error Detection and Correc-
tion Unit, the Am2961/2962 EDC Bus Buffers, the Am2964B
Dynamic Memory Controller and the Am2965/2966 Dynamic
RAM Drivers. The system interconnection of these devices is
shown in Figure 1 where a typical Am2900 microcomputer mem-
ory system is configured. As shown in this diagram, the mem-

ory support subsystem interfaces to the System Data Bus, Ad-
dress Bus, and control signals.

The Am2964B Dynamic Memory Controller is used to provide all
address handling, as well as RAS and CAS decoding and control.
A block diagram of the Am2964B dynamic memory controller is
shown in Figure 2. The device contains 18 input latches for
capturing an 18-bit address for memory control. The two highest
order addresses are decoded in the Am2964B to select one of
four banks of RAM by selecting one of the four RAS outputs.

The Am2964B is designed to operate with either 16K Dynamic
RAMs or 64K Dynamic RAMs. Thus, the designer either uses
14 of the multiplexer address inputs and 7 of the address out-
puts or all 16 of the multiplexer address inputs and all 8 of the
address outputs as needed by the memory. In the case of 16K
dynamic RAMs, 7 address inputs are provided to the RAM
during the RAS LOW signal and then the 8-bit multiplexer is
switched so that 7 upper address bits are provided to the RAM
for the CAS LOW part of the cycle. The Am2964B Dynamic
Memory Controller contains an 8-bit refresh counter that is
used to supply the refresh address to the dynamic memory
during the refresh cycle. This counter can be used in either the
128 or 256 line refresh mode. A CAS buffer is included in the
dynamic memory controller so that the CAS output can be inhi-
bited during refresh.

Am2965
OR
ADDRESS ADDR X Am2966 ADDR
RAM
DRIVER
Amz900 Am2964B
'EPU DYNAMIC DYNAMIC MEMORY
MEMORY ARRAY
CONTROL R_AS> AR /\ 1SKR2; 64K
S
St Amases N
RAM Fac
DRIVER __c.“§_1/
=)
<]
N\ |E
5 WE
8 DMC
> CONTROL
4 —
<]
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g
MEMORY/
REFRESH et
< TIMING A DATA
g . DRIVER | ebceus
£nc BUFFERS Am2960
CONTROL EDC
+ N UNIT
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Figure 1. Am2900 High Performance Computer Memory
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Figure 2. Am2964B Dynamic Memory Controller

Normal operation of the Dynamic Memory Controller is to pro-
vide the address, close the input address latches and kick off a
normal memory cycle. This is accomplished by bringing the
RASI input LOW which will cause one of the RAS outputs to go
LOW. After the required memory timing, the MSEL input will be
used to switch the multiplexer to the other address latch. Then,
the CASI input will be driven LOW causing the CASO output to
go LOW and execute the CAS part of the memory cycle. The
refresh cycle is executed by driving the RFSH input LOW which
causes the multiplexer to select the refresh counter to its ad-
dress outputs. Then, the RASI input is driven LOW which
causes all four RAS outputs to go LOW. This will simultane-
ously refresh all four banks of dynamic RAMs controlled by the
Am2964B Dynamic Memory Controller. When either the RFSH
or RASI input is brought HIGH, the refresh counter is advanced
so it will be ready for the next refresh cycle.

As can be seen in Figure 1, Dynamic RAM Drivers can be used
in large memory systems to buffer the Address, RAS, CAS and
WRITE ENABLE signals to the RAMs. The Am2965 and
Am2966 are pin compatible devices with the Am74S240 and
Am74S244. These RAM drivers are specifically designed for
driving dynamic RAMs and feature high capacitance drive,
guaranteed maximum undershoot of less than —0.5 volts and
high Vg of greater than Vo —1.15 volts. The Am2965 is in-
verting and the Am2966 is noninverting. The devices feature
symmetrical rise and fall times and have guaranteed minimum
and maximum tpp specifications at both 50pF and 500pF loads.
loads.

Data interface between the dynamic memories, the Am2960
EDC chip and the system data bus is accomplished by means
of the Am2961/2962 bus buffers. Figure 3 depicts the ar-

chitecture of these devices along with a simplified block dia-
gram of the Am2960. The Am2961 is inverting between the
system data bus and the EDC bus while the Am2962 is non-
inverting between the system data bus and the EDC bus. As
shown in Figure 3, the Am2961 and Am2962 contain two inter-
nal latches, a multiplexer, and a RAM driver output buffer.

These devices feature 4-bit wide data paths to and from the RAM,
to the EDC, and to the system data bus. The bus-input (Bl) latch
is used predominantly in byte WRITE operations so that an in-
coming byte from the system data bus can be stored while the
memory is being read and any necessary correction is made in
the bytes not being changed. The bus-output (BO) latch in the bus
buffer is used predominantly for storing the output data if the
processor is in the single step mode. In the single step mode itis
necessary to hold the output data on the system data bus but the
memory must be released for refresh.

The Am2960 Error Detection and Correction Unit contains all
the logic necessary to generate check bits on a 16-bit data field
according to a modified Hamming code and to correct the data
word when check bits are supplied. Operating on the data read
from memory, the Am2960 will correct any single bit error and
will detect all double and some triple bit errors. For 16-bit
words, 6 check bits are used. The Am2960 is expandable to
operate on 32-bit words (7 check bits) and 64-bit words (8
check bits). In all configurations, the device makes the error
syndrome bits available on separate outputs for data logging.

The Am2960 also features two diagnostic modes in which
diagnostic data can be forced into portions of the device
to simplify device testing and to execute system diagnostic
functions.
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As shown in the Figure 4 Am2960 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
Diagnostic Latch

Control Latch

16 bits of data are loaded into the Data Input Latch from the
bidirectional Data lines under control of the Latch Enable input.
Depending on the control mode the input data is either used for
check bit generation or error detection/correction.

.

.

.

Seven check bits are loaded into the Check Bit Input Latch
under control of LE IN. Check bits are used in the Error Detec-
tion and Error Correction modes.

The Check Bit Generation Logic generates the appropriate
check bits for the 16 bits of data in the Data Input Latch. The
check bits are generated according to a modified Hamming
code.

In both Error Detection and Error Correction modes, the Syn-
drome Generation Logic block compares the check bits read
from memory against a newly generated set of check bits pro-
duced for the data read in from 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 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
zeroes. If the syndromes are non-zero, the syndrome bits can be
decoded to determine the number of errors and the bit-in-error
(single error).

The Error Detection Logic decodes the syndrome bits gener-
ated by the Syndrome Generation Logic. If there are no_errors
in either the input data or check bits, the ERROR and MULTI
ERROR _outputs remain HIGH. If one or more errors are de-
tected, ERROR goes LOW. If two or more errors are detected,
both ERROR and MULTI ERROR go LOW.

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

The Data Output Latch is used for storing the result of an error
correction operation. The latch is loaded from the correction
logic under contro! of the Data Output Latch Enable, LE OUT.
The Data Output Latch may also be loaded directly from the
Data Input Latch under control of the PASS THRU control in-
put.The Data Output Latch is split into two 8-bit (byte) latches
which may be enabled independently for reading onto the
bidirectional data lines.
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Figure 4. Am2960 Block Diagram

The Diagnostic Latch is a 16-bit latch loadable from the
bidirectional data lines under control of the Diagnostic Latch
Enable, LE DIAG. The Diagnostic Latch contains check bit in-
formation in one byte and control information in the other byte.
The Diagnostic Latch is used for driving the device when in
Internal Control Mode, or for supplying check bits when in one
of the Diagnostic Modes.

The control logic determines the specific mode the device op-
erates in. Normally the control logic is driven by external control
inputs. However, in Internal Control Mode, the control signals
are instead read from the Diagnostic Latch.

As can be seen, the Am2960 Family can be used to signifi-
cantly improve the MTTF (Mean Time to Failure) of memory
systems. By boosting memory reliability, two competitive ad-

vantages are gained. First, the system can run uninterrupted
with either single soft errors or the loss of one memory chip.
Second, field maintenance costs can be reduced in that service
can be scheduled on a regular basis and faulty memory com-
ponents can be replaced by reviewing logged errors.

The demand for reliable system performance is increasing
steadily. Reliability is a must for applications in aerospace,
medical, banking, process control and on-line systems. Appli-
cations such as word processors, small business systems and
telecommunications also need memory reliability, as their users
do not have the technical staff to handle system failures and
are willing to pay for the convenience of smooth, error free op-
eration. The Am2960 Family is the solution in these systems.




Am2960
Fast Error Detection and
Correction for Memories

Corrects All Single-Bit
Errors

Corrects all single bit errors. Detects all double
and some triple bit errors.

Expandable

One Am2960 provides Error Detectic;n and
Correction for 16-bits. Two Am2960s handle
32 bits; four Am2960s handle 64 bits.

Fast

Worst case 32 nanoseconds for error detect

and 65 nanoseconds for error correct (16 bits).

Latches Built-In

Check Bit, Data, and Diagnostic latches
are built-in to save MSI.

Flexible

Can be used with Am2900-based designs,
the AmZ8000 or other processors.

Diagnostics Built-In

Logic on-chip for device test and software-
controlled diagnostics.

Increases
Memory Reliability

And can significantly reduce field maintenance
costs.

A Must for
64K RAMs

Alpha error rates are several times higher for
64K RAMs than 16Ks.



Also available
as the AmZ8160
for AmZ8000
Systems

Am2960 EDC

Cascadable 16-Bit Error Detection and Correction Unit

DISTINCTIVE CHARACTERISTICS

® Boosts Memory Reliability
Corrects all single-bit errors. Detects all double and some
triple-bit errors. Reliability of dynamic RAM systems is in-
creased more than 60-fold.

e Very High Speed
Perfect for MOS microprocessor, minicomputer, and main-
frame systems.
— Data in to error detect: 32ns worst case.
— Data in to corrected data out: 65ns worst case.

High performance systems can use the Am2960 EDC in
check-only mode to avoid memory system slowdown.

® Replaces 25 to 50 MSI chips
All necessary features are built-in to the Am2960 EDC, includ-
ing diagnostics, data in, data out, and check bit latches.

Handles Data Words From 8 to 64 Bits
The Am2960 EDC cascades: 1 EDC for 8 or 16 bits, 2 for 32
bits. 4 for 64 bits.

e Easy Byte Operations
Separate byte enables on the data out latch simplify the steps
and cuts the time required for byte writes.

e Diagnostics Built-In
The processor may completely exercise the EDC under
software control to check for proper operation of the EDC.

GENERAL DESCRIPTION

The Am2960 Error Detection and Correction Unit (EDC) contains
the logic necessary to generate check bits on a 16-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 Am2960 will correct any single bit error and will
detect all double and some triple bit errors. For 16-bit words, 6
check bits are used. The Am2960 is expandable to operate on
32-bit words (7 check bits) and 64-bit words (8 check bits). In all
configurations, the device makes the error syndrome available on
separate outputs for data logging.

The Am2960 also features two diagnostic modes, in which diag-
nostic data can be forced into portions of the chip to simplify
device testing and to execute system diagnostic functions. The
product is supplied in a 48 lead hermetic DIP package.
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Am2960

EDC Architecture

The EDC Unit is a powerful 16-bit cascadable slice used for
check bit generation, error detection, error correction and diag-
nostics.

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

— Diagnostic Latch

— Control Logic

Data Input Latch

16 bits of data are loaded from the bidirectional DATA lines
under control of the Latch Enable input, LE IN. Depending on the
control mode the input data is either used for check bit genera-
tion or error detection/correction.

Check Bit Input Latch

Seven check bits are loaded under control of LE IN. Check bits
are used in the Error Detection and Error Correction modes.

Check Bit Generation Logic

This block generates the appropriate check bits for the 16 bits of
data in the Data Input Latch. The check bits are generated ac-
cording to a modified Hamming code.

Syndrome Generation Logic

In both Error Detection and Error Correction modes, this logic
block compares the check bits read from memory against a
newly generated set of check bits produced for the data read in
from 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 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
zeroes. If there are errors, the syndrome bits can be decoded to
determine the number of errors and the bit-in-error.

Error Detection Logic

This section decodes the syndrome bits generated by the Syn-
drome Generation Logic. If there are no errors in either the input
data or check bits, the ERROR and MULT ERROR outputs re-
main 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 errors, the Error Correction Logic complements (cor-
rects) the single data bit in error. This corrected data is loadable
into the Data Output Latch, which can then be read onto the
bidirectional data lines. If the single 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 Generate Mode.

Data Output Latch

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, LE OUT.
The Data Output Latch may also be loaded directly from the
Data Input Latch under control of the PASS THRU control input.

The Data Output Latch is split into two 8-bit (byte) latches which
may be enabled independently for reading onto the bidirectional
data lines.

Diagnostic Latch

This is a 16-bit latch loadable from the bidirectional data lines
under control of the Diagnostic Latch Enable, LE DIAG. The
Diagnostic Latch contains check bit information in one byte and
control information in the other byte. The Diagnostic Latch is
used for driving the device when in Internal Control Mode, or for
supplying check bits when in one of the Diagnostic Modes.

Control Logic

The control logic determines the specific mode the device oper-
ates in. Normally the control logic is driven by external control
inputs. However, in Internal Control Mode, the control signals
are instead read from the Diagnostic Latch.
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PIN DEFINITIONS

DATA( 15

CBo¢

LEIN

GENERATE

SCo.6

OE SC

ERROR

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

Seven Check Bit input lines. The check bit lines
are used to input check bits for error detection.
Also used to input syndrome bits for error correc-
tion in 32 and 64-bit configurations.

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

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

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

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

Syndrome/Check Bit outputs. These seven lines
hold the check/partial-check bits when the EDC is
in Generate Mode, and will hold the syndrome/
partial syndrome bits when the device is in Detect
or Correct Modes. These are 3-state outputs.

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

Error Detected output. When the EDC is in Detect
or Correct Mode, this output will go LOW if one or
more syndrome bits are asserted, meaning there
are one or more bit errors in the data or check bits.
If no syndrome bits are asserted, there are no er-
rors detected and the output will be HIGH. In Gen-
erate Mode, ERROR is forced HIGH. (In a 64-bit
configuration, ERROR must be externally im-
plemented.) .

Multiple Errors Detected output. When the EDC is
in Detect or Correct Mode, this output if LOW indi-
cates that there are two or more bit errors that
have been detected. If HIGH this indicates that
either one or no errors have been detected. In

CORRECT
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OE BYTE 0,
OE BYTE 1

PASS
THRU

DIAG
MODE_

CODE 1Dy,

LE DIAG

Generate mode, MULT ERROR is forced HIGH.
(In a 64-bit configuration, MULT ERROR must be
externally implemented.)

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

Latch Enable — Data Output Latch. Controls the
latching of the Data Output Latch. When LOW the
Data Output Latch is latched to its previous state.
When HIGH the Data Output Latch follows the
output of the Data Input Latch as modified by the
correction logic network. In Correct Mode, single-
bit errors are corrected by the network before
loading into the Data Output Latch. In Detect
Mode, the contents of the Data Input Latch are
passed through the correction network unchanged
into the Data Output Latch. The inputs to the Data
Output Latch are unspecified if the EDC is in Gen-
erate Mode.

Output Enable — Bytes 0 and 1, Data Output
Latch. These lines control the 3-state outputs for
each of the two bytes of the Data Output Latch.
When LOW these lines enable the Data Output
Latch and when HIGH these lines force the Data
Output Latch into the high impedance state. The
two enable lines can be separately activated to
enable only one byte of the Data Output Latch at a
time.

Pass Thru input. This line when HIGH forces the
contents of the Check Bit Input Latch onto the
Syndrome/Check Bit outputs (SCq.g) and the un-
modified contents of the Data Input Latch onto the
inputs of the Data Output Latch.

Diagnostic Mode Select. These two lines control
the initialization and diagnostic operation of the
EDC.

Code Identification inputs. These three bits iden-
tify the size of the total data word to be processed
and which 16-bit slice of larger data words a par-
ticular EDC is processing. The three allowable
data word sizes are 16, 32 and 64 bits and their
respective modified Hamming codes are desig-
nated 16/22, 32/39 and 64/72. Special CODE 1D
input 001 (ID,, ID4, IDg) is also used to instruct the
EDC that the signals CODE IDg.,, DIAG
MODE,_;, CORRECT and PASS THRU are to be
taken from the Diagnostic Latch, rather than from
the input control lines.

Latch Enable — Diagnostic Latch. When HIGH the
Diagnostic Latch follows the 16-bit data on the
input lines. When LOW the outputs of the Diag-
nostic Latch are latched to their previous states.
The Diagnostic Latch holds diagnostic check bits,
and internal control signals for CODE IDg.,, DIAG
MODE,.4, CORRECT and PASS THRU.

10
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FUNCTIONAL DESCRIPTION

The EDC contains the logic necessary to generate check bits on a
16-bit data field according to a modified Hamming code. Operat-
ing on data read from memory, the EDC will correct any single-bit
error, and will detect all double and some triple-bit errors. The
Am2960 may be configured to operate on 16-bit data words (with
6 check bits), 32-bit data words (with 7 check bits) and 64-bit data
words (with 8 check bits). In fact the EDC can be configured to
work on data words from 8 to 64 bits. In all configurations, the
device makes the error syndrome bits available on separate
outputs for error data logging.

Code and Byte Specification

The EDC may be configured in several different ways and oper-
ates 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 processing. This is done with input lines CODE
IDg.o, as shown in Table I. The three modified Hamming codes
referred to in Table | are:

o 16/22 — 16 data bits

— 6 check bits

— 22 bits in total.
® 32/39 code — 32 data bits

— 7 check bits

— 39 bits in total.
® 64/72 code — 64 data bits

— 8 check bits

— 72 bits in total.

CODE ID input 001 (ID,, ID4, !Dg) is a special code used to
operate the device in Internal Control Mode (described later in
this section).

Control Mode Selection

The device control lines are GENERATE, CORRECT, PASS
THRU, DIAG MODE_; and CODE IDg.o. Table lil indicates
the operating modes selected by various combinations of the
control line inputs.

Diagnostics
Table Il shows specifically how DIAG MODE_; select between
normal operation, initialization and one of two diagnostic modes.

The Diagnostic Modes allow the user to operate the EDC under
software control in order to verify proper functioning of the device.

Check and Syndrome Bit Labeling
The check bits generated in the EDC are designated as follows:

e 16-bit configuration — CX CO, C1, C2, C4, C8;
e 32-bit configuration — CX, C0O, C1, C2, C4, C8, C16;
® 64-bit configuration — CX, CO, C1, C2, C4, C8, C16, C32.

Syndrome bits are similarly labeled SX through S32. There are
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 8
syndrome bits in the 64-bit configuration.

Initialize Mode

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

Initialize Mode is useful after power up when RAM contents are

random. The EDC may be placed in initialize mode and its’
outputs written in to all memory locations by the processor.

TABLE I. HAMMING CODE AND SLICE IDENTIFICATION.

Hamming Code and Slice Selected

CODE | CODE | CODE
D, | ID; | 1Dy
0 0 0
0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Code 16/22

Internal Control Mode
Code 32/39, Bytes 0 and 1
Code 32/39, Bytes 2 and 3
Code 64/72, Bytes 0 and 1
Code 64/72, Bytes 2 and 3
Code 64/72, Bytes 4 and 5
Code 64/72, Bytes 6 and 7

TABLE Il. DIAGNOSTIC MODE CONTROL.

DIAG DIAG
MODE, MODE, Diagnostic Mode Selected

0 0 Non-diagnostic mode. The EDC functions normally in all modes.

0 1 Diagnostic Generate. The contents of the Diagnostic Latch are substi-
tuted for the normally generated check bits when in the Generate Mode.
The EDC functions normally in the Detect or Correct modes.

1 0 Diagnostic Detect/Correct. In the Detect or Correct Mode, the contents
of the Diagnostic Latch are substituted for the check bits normally read
from the Check Bit Input Latch. The EDC functions normally in the
Generate Mode.

1 1 Initialize. The outputs of the Data Input Latch are forced to zeroes (and
latched upon removal of the Initialize Mode) and the check bits
generated correspond to the all-zero data.
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HAMMING CODE SELECTION

The Am2960 EDC uses a modified Hamming Code that allows 1)
the EDC to be cascaded, 2) all double errors to be detected, 3) the
gross error conditions of all Os or 1s to be detected.

The error correction code can be selected independent of the
processor with the exception of diagnostics software.

Diagnostic software run by a processor to checkout the EDC
system must know specifically which code is being used. This is
only a problem when the EDC replaces an existing MSI im-

plementation on an existing computer. In this case, the compu-
ter’s software must first determine which of two codes (the old one
used by the MS|implementation or the new one used by the EDC)
is used by the computer's memory system.

This is easily determined by writing a test data word into memory
and then examining whether the generated check bits are typical
of the old or the new code. From then on the software runs only
the diagnostic appropriate for the code used on that particular
computer’'s memory system.

TABLE lll. Am2960 OPERATING MODES

Operating | Diagnostic Mode** GENERATE
Mode DM DMy 0 1
Normal 0 0 Generate Correct*
Diagnostic 0 1 Diagnostic Correct*
Generate Generate
Diagnostic 1 0 Generate Diagnostic
Correct Correct*
Initialize 1 1 Initialize Initialize
Pass Thru When PASS THRU is asserted the Operating
Mode is defaulted to the Pass Thru Mode.

*Correct if the CORRECT Input is HIGH, Detect if the CORRECT Input is LOW.
**In Code 1D, 001 (IDy, 1D, IDg) DMy and DM are taken from the Diagnostic Latch.

12
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FUNCTIONAL DESCRIPTION —
16-BIT DATA WORD CONFIGURATION

The 16-bit format consists of 16 data bits, 6 check bits and is
referred to as 16/22 code (see Figure 5.)

The 16-bit configuration is shown in Figure 6.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data Input Latch. The check bits generated are
placed on the outputs 800_5 (SCg is a logical one, or high).

Check bits are generated according to a modified Hamming code.
Details of the code for check bit generation are contained in Table
IV. Each check bit is generated as either an XOR or XNOR of
eight of the 16 data bits as indicated in the table. The XOR
function results in an even parity check bit, the XNOR is an odd
parity check bit.

Figure 1 shows the data flow in the Generate Mode.

Detect Mode

In this mode the device examines the contents of the Data Input
Latch against the Check Bit Input Latch, and will detect all
single-bit errors, all 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 goes LOW. Both error
indicators are HIGH if there are no errors.

Also available on device outputs SCy_5 are the syndrome bits
generated by the error detection step. The syndrome bits may be
decoded to determine if a bit error was detected and, for single-bit
errors, which of the data or check bits is in error. Table V gives the
chart for decoding the syndrome bits generated by the 16-bit
configuration (as an example, if the syndrome bits SX/S0/S1/
S2/S4/S8 were 101001 this would be decoded to indicate that
there is a single-bit error at data bit 9). If no error is detected the
syndrome bits will all be zeroes.

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

Le out LO>————

GEBYTE O D—;————I
=

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (comple-

ment) any single-bit error of the Data Input Latch before putting it .

onto the inputs of the Data Output Latch. (see Figure 2.) If mul-
tiple errors are detected, the output of the correction network is
unspecified. If the single-bit error is a check bit there is no au-
tomatic correction. If check bit correction is desired, this can be
done by placing the device in Generate Mode to produce a
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 Input Latch are placed on outputs SCq_g.
ERROR and MULT ERROR are forced HIGH in this mode.
Diagnostic Latch

The Diagnostic Latch serves both for diagnostic uses and internal
control uses. Itis loaded from the DATA lines under the control of
LE DIAG. Table VI shows the loading definitions for the DATA
lines.

Diagnostic Generate
Diagnostic Detect
Diagnostic Correct

These are special diagnostic modes selected by DIAG MODE_4
where either normal check bit inputs or outputs are substituted for
by check bits loaded into the Diagnostic Latch. See Table Ili for
details. Figures 3 and 4 illustrate the flow of data during the two
diagnostic modes.

Internal Control Mode

This mode is selected by CODE Dy, input 001 (IDy, 1Dy, ID).

When in Internal Control Mode, the EDC takes the CODE IDy_,,

DIAG MODE,_, CORRECT and PASS THRU control signals
from the internal Diagnostic Latch rather than from the external
input lines.

Table VI gives the format for loading the Diagnostic Latch.

CBo.g
(CHECK BITS) '

ES 3 8

K3 QUTPUT

A

DATAq, (G A conmcer e o
35 sl s | tosic [ pecooE [=— wmux
o "

DATAq.15 [ a2 atcn [~ Loaic

GE BYTE 1 [> ]

CHECK

7 7 $Co.6
{> SYNDROME/
4 CHECK BITS

LOGIC

LEIN [

T——Clo—ssc

r —“_-( > ERROR
L ERROR
LOGIC DETECTION

LEDIAG [

————{"> WULT ERROR

CODE ID D—:/—————
DIAG MODE >
PASS THRU D——————‘CC‘L(';L':(?L
GENERATE [ pwsensssicussinsisiiton]

CORRECT [ |

Figure 1. Check Bit Generation
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Leou >—rr

OE BYTE 0 DT———J
(>

CBg.g
(CHECK BITS) [}

8 8
OUTPUT
DaTAG, R LATCH 77 N ésmpect Lis. ERROR
o UX
8 ourrur | 8, | LOBIC LoGIC .
DATAg..; K- LATCH
GEBYTE 1 [> R , SCos
4> SYNDROME/
L{ weur | CHECK BITS
LATCH % CHECK |7
INPUT y Logic L——G _
M1 arcu | OE sc
CHECK |7
LATCH - |
| . ; s> ERROR
LEIN i_’mmL L
(> - 7 - ‘%@%
MU s> MULT ERAOR
7L
LE DIAG [>
3
CODE ID DTA—————

DIAG MODE

PASS THRU [ Smmmeemee—emf CONTROL

LOGIC

GENERATE “{E

CORRECT [t

Figure 2. Error Detection and Correction

Le out [O>————

OE BYTE 0 E>7———|
(>

[
(CHECK BITS) 1 J
8 8
ouTPUT
DATAG.;
= o [ commecr e, | gmon | |
8 outeut | 8 +ogic LoGIC
DATAG..s K LATCH
GEBYTE1 >
7 7 SCo.¢
—— {72> SYNDROME/
| meur CHECK BITS
LATCH "\15 c»:;:n 7 ?
INPUT / LoGic { &
au il <J oesc
cHEcK |7
LATCH
. ———> &rror
LEIN > SYNDROME |7 ERROR
MUX 7 Loaic DETECTION
———{"> WuLT ERROR
7 .
LE DIAG [>
3
CODE ID D—z-/———-
DIAG MODE :{Esssshsmsspsiismant
PASS THRU [C>—m———e] CONTROL
GENERATE [ mssmssmmiciisnan]
CORRECT oo
Figure 3. Diagnostic Check Bit Generation
Le ot L—r————————
OEBYTEO |:>———————I
CBo.g 7
(cHECK BiITS) = [} J
8 8
ouTPUT
DATA; K- LATCH CQERECT © ERROR
. X
8 output | 8 GIc c Y
DATAg1s K} Latch [ Loet
OGEBYTE1 >
7 7 SCo.g
| weur ] ’ CHECK BITS
LATCH }:‘F CHECK |7
INPUT LOGIC [} &
T varch OE SC
cHEck |7 |
LATCH 7
pomssmenf>> ERROR
> : issgs
MU ’ ponssmmmme > WULT ERROR
7
LE DIAG [—
3
CODE ID D—zﬂ————
DIAG MODE “fiwinemmmonsiivon]
PASS THRY [ ] CONTHOL
GENERATE [ mmmemmmmmmmisive-]
CORRECT [>———rm—e}

Figure 4. Diagnostic Detect and Correct

14




Am2960

DATA

CHECK BITS

BYTE 1

BYTE O cx jcojct}cz

ca

cs

Uses Modified Hamming Code 16/22

— 16 data bits
— 6 check bits
— 22 bits in total

Figure 5. 16-Bit Data Format

INPUT CHECK BITS
FOR 16-BIT CONFIGURATION

DO
DATAjss CX CO C1 C2 C4 cC8 CARE

| L]

DATAqys CB, CB, CB, CB; CB; CBs CBg

CODE
EDC D

000

sco sC, 502 SCy sc4 SCs sc6

SX/CX ‘ st1/C1 ] s4/Ca l HIGH
so/Co S2/C2

SYNDROME/CHECK BIT OUTPUTS
FOR 16-BIT CONFIGURATION

Figure 6. 16-Bit Configuration

TABLE IV. 16-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART.

Generated Participating
Check Data Bits
Bits Parity 4 5 6 7(8 9 10 11{12 13 14 15
cX Even (XOR) X X X X
co Even (XOR) | X X X X X X X X
Cc1 Odd (XNOR) | X X | X X X X
c2 Odd (XNOR) X X X X | X X
o3 Even (XOR) X X |X X X X X
C8 Even (XOR) X X X X{X X X X

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

TABLE V. SYNDROME DECODE
TO BIT-IN-ERROR.

TABLE VI. DIAGNOSTIC LATCH LOADING —
16-BIT FORMAT.

Syndrome S8 0 1 0 1 o 1 o 1
Bits S4, 0 o0 1 1 0 1 1
2|0 0.0 0 1 1 1 1
SX SO0 St

0o 0 o0 »|cslca|Tl2|{T|T|M™
0 0 1 ci{T (T (15| T|13|7]|T
o 1 o0 co| T |T Tl12le [T
0o 1 1 Tlwojalrvol T[T m
10 o ex| TlT]alT|nnls|T
10 1 Tlo |3 M| T T ™
11 0 sl2(T1[1[v]7]m
111 TlTimM|T M| T

# — no errors detected )

Number — the location of the single bit-in-error
T — two errors detected

M - three or more errors detected

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

6,7 Don't Care
8 CODE ID O
9 CODE ID 1

10 CODE ID 2

11 DIAG MODE 0

12 DIAG MODE 1

13 CORRECT

14 PASS THRU

15 Don't Care

15
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FUNCTIONAL DESCRIPTION —
32-BIT DATA WORD CONFIGURATION

The 32-bit format consists of 32 data bits, 7 check bits and is
referred to as 32/39 code (see Figure 7).

The 32-bit configuration is shown in Figure 8.

The upper EDC (Slice 0/1) handles the least significant bytes 0
and 1 — the external DATA lines 0 to 15 are connected to the
same numbered inputs of the upper device. The lower EDC
(Slice 2/3) handles the most significant bytes 2 and 3 — the
external DATA lines for bits 16 to 31 are connected to inputs
DATA, through DATA, 5 respectively.

The valid syndrome and check bit outputs are those of Slice 2/3
as shown inthe diagram. In Correct Mode these must be read into
Slice 0/1 via the CB inputs and are selected by the MUX as inputs
to the bit-in-error decoder (see block diagram), thus requiring
external buffering and output enabling of the check bit lines as
shown. The OE SC signal can be used to control enabling of
check bit inputs — when syndrome outputs are enabled, the
external check bit inputs will be disabled.

The valid ERROR and MULT ERROR outputs are those of the
Slice 2/3. The ERROR and MULT ERROR outputs of Slice 0/1 are
unspecified. All of the latch enables and control signals must be
input to both of the devices.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data Input Latch. The check bits generated are

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (com-
plement) any single-bit error of the Data Input Latch before put-
ting it onto the inputs of the Data Output Latch. If multiple errors
are detected, the output of the correction network is unspecified.
If the single-bit error is a check bit there is no automatic correc-
tion — if desired this would be done by placing the device in
Generate Mode to produce a correct check bit sequence for the
data in the Data Input Latch.

For data correction, both Slices 0/1 and 2/3 require access to the
syndrome bits on Slice 2/3's outputs SCy.g. Slice 2/3 has access
to these syndrome bits through internal data paths, but for Slice
0/1 they must be read through the inputs CBy_. The device
connections for this are shown in Figure 8. When in Correct
Mode the SC outputs must be enabled so that they are available
for reading in through the CB inputs.

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 con-
tents of the Check Bit Input Latch are placed on outputs SCy_g of
Slice 2/3. ERROR and MULT ERROR are forced HIGH in this
mode.

TABLE VIl. SYNDROME DECODE TO BIT-IN-ERROR.

placed on the outputs SCq.g of Slice 2/3. Syndrome st 0 1 o 1 o0 1 o0 1
Check bits are generated according to a modified Hamming Bits $8/o0o o0 1 1 0 0 1 A
code. Details of the code for check bit generation are contained S4)0 0 0 0 1 1 1
in Table X. Check bits are generated as either an XOR or SX S0 S1 s2
XNOR of 16 of the 32 data bits as indicated in the table. The 0O 0 0 o0 * |Cl6|C8| T |(C4| T | T |30
XOR funct{on results.ln an even parity check bit, the XNOR in o o0 o 1 2l T T 27|75 M| T
an odd parity check bit.
0 0 1 0 C1| T | T|25| T |3 |15| T
Detect Mode tthe D | t 0 0 1 1 TIM|B|T|23| T |T|M™M
In this mode the device examines the contents of the Data Inpu
Latch against the Check Bit Input Latch, and will detect all o 1 0o o CojT| 7|28 T|2 M T
single-bit errors, all double-bit errors and some triple-bit errors. If o 1 0 -1 Tl1]|12|{T|2|T|T|M
one or more errors are detected, ERROR goes LOW. If two or 0 1 1 0 Timlel T 20 71T ™
more errors are detected, MULT ERROR goes LOW. Both error
indicators are HIGH if there are no errors. The valid ERROR and 0o 1 1 1 | T|T|M MIM|T
MULT ERROR signals are those of Slice 2/3 — those of Slice 0/1 1 0 0 O CX|[T|T|M|T[{M|14]|T
are undefined. ) 1 0 o MllT TIT ™
Also available on Slice 2/3 out.puts SCy.g are the syndrqme bits 10 1 o0 Mlo Tl el 71T a
generated by the error detection step. The syndrome bits may
be decoded to determine if a bit error was detected and, for 10 1 1 T|T|29| T |7 M| T
single-bit errors, which of the data or check bits is in error. Table 1 1 0 0 TiM| 8| T|18]T|T|M
VIl gives the chart for decoding the syndrome bits generated
for the 32-bit configuration (as an example, if the syndrome bits ! oo myryr|?®| T M T
SX/S0/S1/S2/S4/S8/S16 were 0010011 this would be decoded Tt1 1 0 T|T |26 T|4|M|T
to indicate that there is a single-bit error at data bit 25). If no 1 1 1 1 Tlo|MI|T T T M
error is detected the syndrome bits will be all zeroes. -
. #* —'no errors detected

In Detect Mode, the contents of the Data Input Latch are driven Numbers — number of the single bit-in-error
directly to the inputs of the Data Output Latch without correc- T — two errors detected
tions. M - three or more errors detected

Uses Modified Hamming Code 32/39 DATA CHECK BITS

— 32 data bits

— 7 check bits BYTE3 BYTE 2 BYTE 1 BYTE 0 cx | co Ctjc2jca)cs|cie

— 39 bits in total

31 24 123 16115 8l7 0
Figure 7. 32-Bit Data Format MPR-732




Am2960

INPUT DATA INPUT CHECK BITS

DATAi;51 DATAgis cx  co ¢t C2 €4 CB Ci6 / Am2958 OF sc
|

R

DATA CB, CB, CB, CB, CB; CB; CBg

Gl
3

EDC
BYTES 0 AND 1

CODE
D L—OIO

SC, SC, SC, SC; SC, SC; SCq

— | ]

DATA CB, CB, CB, CB; CB, CBs CBg

EDC*
BYTES 2and 3
|~ o11

MULT
ERROR ERROR SC, SC, SC, SC; SC, SCs SCg

ll

ERROR MULTI SX/CX S0/CO S1/C1 S2/C2 $S4/C4 SB8/CB S16/C16
ERROR

QUTPUT SYNDROME/CHECK BITS

*Check Bit Latch is Forced Transparent in this
Code ID Combination for this Slice.

Figure 8. 32-Bit Configuration

TABLE Viil. KEY AC CALCULATIONS FOR THE 32-BIT CONFIGURATION

32-Bit
Propagation Delay Component Delay from Am2960
AC Specifications, Table C
From To
DATA gﬂ‘f“ Bits (DATA to SC) + (CB to SC, CODE ID 011)
DATA In Corrected (DATA to SC) + (CB to SC, CODE ID 011) +
DATA Out (CB to DATA, CODE ID 010)
DATA gﬁ?dmmes (DATA to SC) + (CB to SC, CODE ID 011)
DATA ERROR for (DATA to SC) + (CB to ERROR,
32 Bits CODE ID 011)
DATA MULT ERROR (DATA to SC) + (CB to MULT ERROR,
for 32 Bits CODE ID 011)
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TABLE IX. DIAGNOSTIC LATCH LOADING —
32-BIT 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 Don't Care

8 Slice 0/1 — CODE ID 0

9 Slice 0/1 — CODE ID 1
10 Slice 0/1 - CODE ID 2
11 Slice 0/1 -~ DIAG MODE 0
12 Slice 0/1 — DIAG MODE 1
13 Slice 0/1 — CORRECT

14 Slice 0/1 — PASS THRU
15 Don't Care

16-23 Don't Care

24 . Slice 2/3 — CODE ID 0
25 Slice 2/3 — CODE ID 1
26 Slice 2/3 — CODE ID 2
27 Slice 2/3 — DIAG MODE 0
28 Slice 2/3 — DIAG MODE 1
29 Slice 2/3 - CORRECT
30 Slice 2/3 — PASS THRU
31 Don't Care

TABLE X. 32-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART.

Generated Participating Data Bits

Check . .
Bits Parity 0 1 2 3[4 5 6 78 9 10 11[12 13 14 15
cX Even (XOR) | X X X X|X X X X
co Even (XOR) | X X X X X X X | x
Ci 0Odd (XNOR) | X X | X X X X X
c2 Odd (XNOR) | X X X | X
ca Even (XOR) ' X X|X x x X X X
cs Even (XOR) X X X X|X x X
cle Even(XOR) | X X X X |X X X X

Generated , Participating Data Bits

Check
Bits Parity 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 ‘
ci Odd (XNOR) | X X | X X X X X
c2 Odd (XNOR) | X X X X X x| x
[ Even (XOR) X X[XxX 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

The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an “X” in the table.
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FUNCTIONAL DESCRIPTION —
64-BIT DATA WORD CONFIGURATION

The 64-bit format consists of 64 data bits, 8 check bits and is
referred to as 64/72 code (see Figure 9.).

The configuration to process 64-bit format is shown in Figure 6. In
this configuration a portion of the syndrome generation and error
detection is implemented externally of the EDCs in MSI. For error
correction the syndrome bits generated must be read back into all
four EDCs through the CB inputs. This necessitates the check bit
buffering shown in the connection diagram of Figure 10. The
OE SC signal can control the check bit enabling — when syn-
drome bit outputs are enabled the external check bit lines will
be disabled so that the syndrome bits may be read onto the CB
inputs.

The error detection signals for the 64-bit configuration differ from
the 16 and 32-bit configurations. The ERROR signal functions the
same: itis LOW if one or more errors are detected, and HIGH if no
errors are detected. The DOUBLE ERROR signal is HIGH if and
only if a double-bit error is detected — itis LOW otherwise. All of
the MULT ERROR outputs of the four devices are valid. MULT
ERROR is LOW for all three ERROR cases and some DOUBLE
ERROR combinations. (See TOME definition in Functional
Equations section.) It is HIGH if either zero or one errors are
detected.

This is a different meaning for MULT ERROR than in other
configurations.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data Input Latch. The check bits generated ap-
pear at the outputs of the XOR gates as indicated in Figure 10.

Check bits are generated according to a modified Hamming code.
Details of the code for check bit generation are contained in Table
XII. Check bits are generated as either an XOR or XNOR of 32
of the 64 bits as indicated in the table. The XOR function re-
sults in an even parity check bit, the XNOR in an odd parity
check bit.

Detect Mode

In this mode the device examines the contents of the Data Input
Latch against the Check Bit Input Latch, and will detect all
single-bit errors, all double-bit errors and some triple-bit errors. If
one or more errors are detected, ERROR goes LOW. If exactly
two errors are detected, DOUBLE ERROR goes HIGH. If three or
more errors are detected, MULT ERROR goes LOW — the MULT
ERROR output of any of the four EDCs may be used.

Available as XOR gate outputs are the generated syndrome bits
(see Figure 10). The syndrome bits may be decoded to deter-
mine if a bit error was detected and, for single-bit errors, which
of the data or check bits is in error. Table XliI gives the chart
for encoding the syndrome bits generated for the 64-bit config-
uration (as an example, if the syndrome bits SX/S1/S2/S4/S8/

S16/S32 were 00100101 this would be decoded to indicate that
there is a single-bit error at data bit 41). If no error is detected
the syndrome bits will all be zeroes.

In Detect Mode the contents of the Data Input Latch are driven
directly to the inputs of the Data Output Latch without corrections.

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (comple-
ment) any single-bit error of the Data Input Latch before putting it
onto the inputs of the Data Output Latch. If multiple errors are
detected, the output of the correction network is unspecified. If the
single bit error is a check bit there is no automatic correction.
Check bit correction can be done by placing the device in gener-
ate mode to produce a correct check bit sequence for the data in
the Data Input Latch.

To perform the correction step, all four slices require access to
the syndrome bits which are generated externally of the devices.
This access is provided by reading the syndrome bits in through
the CB inputs where they are selected as inputs to the bit-in-
error decoder by the multiplexer (see block diagram). The de-
vice connections for this are shown in Figure 10. When in Cor-
rect Mode the SC outputs must be enabled so that the syn-
drome bits are available at the CB inputs.

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 Input Latch are passed through the external XOR
network and appear inverted at the XOR gate outputs labeled
CX to C32 (see Figure 10).

Diagnostic Latch

The Diagnostic Latch serves both for diagnostic uses and internal
control uses. ltis loaded from the DATA lines under the control of
LE DIAG. Table XIV shows the loading definitions for the DATA
lines.

Diagnostic Generate
Diagnostic Detect
Diagnostic Correct

These are special diagnostic modes selected by DIAG
MODE,_; where either normal check bit inputs or outputs are
substituted for by check bits from the Diagnostic Latch. See
Table Il for details.

Internal Control Mode

This mode is selected by CODE IDg_5, input 001 (IDy, ID1, IDg).
When in Internal Control Mode the EDC takes the CODE D5,
DIAG MODE_4, CORRECT and PASS THRU signals from the
internal Diagnostic Latch rather than from the external control
lines. Table XIV gives format for loading the Diagnostic Latch.

DATA

CHECK BITS

BYTE 7 BYTE 6 BYTE 5 BYTE 4 BYTE 3 BYTE 2

BYTE 1 BYTEO Cx jcojc1]cz2}cajcsjcie]|ca

63 48 | 47 32131 16

15 0

Uses Modified Hamming Code 64/72

— 64 data bits
— 8 check bits
— 72 bits in total

Figure 9. 64-Bit Data Format

MPR-734
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SEL-ddW

oEsc
c32 Dg3.48 ci6 D47.32 Darie c8 c4 C2 Ct CO CX Dis.o
’1 16 16, 18, 16}
, T
M R
R
T R
>
CBg CB; CB, CB; CB, CB, CBy D CBg CB; CBy CBy CB, CB; CBy D CBg CB; CB, CB; CB, CB; CBy D cB; CB; CB, CB; CB, CB, CB, D
r‘ssc
= EDC OE sC EDC OFE sC EDC OFE sc EDC
BYTES 6 AND 7 BYTES 4 AND § BYTES 2 AND 3 BYTES 0 AND 1
iy iy i
SCg  SC; SC, SC; SC, SC, SCp SCg  SCs SC; SC; SC, SC;  SCo SCs SCs SC; SC; SC, SC, SCq SC;  SCs  SC, SC; SC, SC; SCo
] [
MULTI ERROR
g ‘\_J' AN g J\__/' AN J\L. L L
XOR xor [ XOR XOR XOR xon(" XOR XOR
S4/C4 $8/C8 S2/C2 S16/C16 s1ct $32/C32 V S0/CO SX/CX
)|
' [
1
XOR NOR
NOR
ERROR
Am82S62
omm ERROR Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted.
2. In Diagnostic Generate Mode the Contents of the Diagnostic l.atch Appear on the XOR Outputs Inverted.

Figure 10. Am2960 — 64-Bit Data Configuration
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TABLE XI. KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION

64-Bit
Propagation Delay

Component Delays from Am2960
AC Specifications, Table C (plus MSI)

From To
DATA Check Bits Out (DATA to SC) + (XOR Delay)
(DATA to SC) + (XOR Delay) + (Buffer Delay) +
DATA In Corrected DATA Out (CB to DATA, CODE ID 1xx)
DATA Syndromes (DATA to SC) + (XOR Delay)
DATA ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (NOR Delay)
e ) (DATA to SC) + (XOR Delay) + (Buffer Delay) +
DATA MULT ERROR for 64 Bits (CB to MULT ERROR. CODE ID 1xx)
DATA DOUBLE ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (XOR/NOR Delay)
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TABLE Xil. 64-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE

Generated Participating Data Bits
Check
Bits Parity 0 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
ct Odd (XNOR) | X X X X X X X
c2 Odd (XNOR) | X X X X XX X
c4 Even (XOR) 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
Generated Participating Data Bits
Check
Bits Parity 16 17 18 1920 21 22 2324 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
C1 Odd (XNOR) | X X X X X | X X
c2 Odd (XNOR) | X X X X X| X X
C4 Even (XOR) X X|X X X X X
cs Even (XOR) 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
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
ct Odd (XNOR) | X X X X X X X
c2 Odd (XNOR) | X X X X| X X
c4 Even (XOR) 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
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
Cco Even (XOR) X X X X X X X X
c1 Odd (XNOR) | X X | X X X X X x|
c2 Odd (XNOR) | X X X X X! X X
Cc4 Even (XOR) X XX X X X X X
c8 Even (XOR) X X X X[XxX X X X
C16 Even (XOR) X X X X[Xx X X X
C32 Even (XOR) X X X X[ X X X X

The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X" in the table.
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TABLE Xill. SYNDROME DECODE TO BIT-IN-ERROR.

Syndrome S32| o 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Bits st6é{ o o 1+ 1 o0 O 1 1 O O 1 1 0 0 1 1

S8, 0 0o o0 O 1 1 1 1 o o0 0 O 1 1 1 1

sS4/ 0 0 0,0 0, 0 O, 6 0 1 1 1 1 1 1 1 1

SX S0 S1 S2
o o o0 o * (c32/c16] T |c8| T | T | M|Ca| T | T| M| T/ 46|62

o 0 o0 1 c2| T M 43 |59 | T | T {583 |37 | T | M| T |T|M
0 0 1 o0 () M| T & |57| T |T|5s|3| T |15|T|T]31
o 0o 1 1 TIM{ M| T || T|T|290[23|T | T|7|[T|M|M[T
0 1 0 0 cCO| T/ T|M| T |4 |5 | T | T |53 T M| T|T|M
o 1 o0 1 49 |33 | T |12 | T | T |28 |2 |T|T|6 ;T M| M|T
o 1 1 o0 i M{M|T|10|T| T]|26 T|T| 4| T M| M|T
o 1 1 f 6| T |T|o0 MIM|T|T| M| M| T|M|[T|T|M
10 0 O CX| T| T|{M|T | M|M TIM| M| T|14|T]|T]|30
1 o o0 1 M M| T |11 T|T]|27 T| T| 5| T |{M|M|T
10 1 0 M| M| T|9 | T |T|25{19 | T| T|3|T |47 63| T
10 1 1 T T|M| T |4 |61 | T T |53 T M|T|T|M
11 0 0 T|IM| M| T |8 |T|T |2 18|T|T|2|T|M|M|T
11 0 1 17| T| T 1T 60| T | T TIM|T|T|M
1 1 1 0 T|T|M| T |4|58| T |T|52(36| T |M|T|T|M
11 11 T4 (32| T|{M[T|{T|M{M|T|T|M|{T|M M|T

#* — no errors detected
Number — the number of the single bit-in-error

T — two errors detected

M — more than two errors detected

TABLE XIV. DIAGNOSTIC LATCH LOADING — 64-BIT FORMAT.

Data Bit internal Function Data Bit Internal Function

0 Diagnostic Check Bit X 31 Don't Care

1 Diagnostic Check Bit 0 32-37 Don't Care

2 Diagnostic Check Bit 1 38 Diagnostic Check Bit 16

3 Diagnostic Check Bit 2 39 Don't Care

4 Diagnostic Check Bit 4 40 Slice 4/5 — CODE ID 0

5 Diagnostic Check Bit 8 41 Slice 4/5 — CODE ID 1
6,7 Don't Care 42 Slice 4/5 — CODE ID 2

8 Slice 0/1 — CODE ID 0 43 Slice 4/5 — DIAG MODE 0

9 Slice 0/1 — CODE ID 1 44 Slice 4/5 — DIAG MODE 1
10 Slice 0/1 — CODE ID 2 45 Slice 4/5 — CORRECT
11 Slice 0/1 — DIAG MODE 0 46 Slice 4/5 — PASS THRU
12 Slice 0/1 — DIAG MODE 1 47 Don't Care
13 Slice 0/1 — CORRECT 48-54 Don't Care
14 Slice 0/1 — PASS THRU 55 Diagnostic Check Bit 32
15 Don't Care 56 Slice 6/7 — CODE ID 0

16-23 Don’t Care 57 Slice 6/7 — CODE ID 1

24 Slice 2/3 — CODE ID 0 58 Slice 6/7 — CODE ID 2
25 Slice 2/3 — CODE ID 1 59 Slice 6/7 — DIAG MODE 0
26 Slice 2/3 — CODE ID 2 60 Slice 6/7 — DIAG MODE 1
27 Slice 2/3 — DIAG MODE 0 61 Slice 6/7 — CORRECT
28 Slice 2/3 — DIAG MODE 1 62 Slice 6/7 — PASS THRU
29 Slice 2/3 — CORRECT 63 Don't Care
30 Slice 2/3 — PASS THRU
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MAXIMUM RATINGS (above which the useful life may be impaired)

Storage Temperature

-65 to +150°C

Temperature (Case) Under Bias

-55to +125°C

Supply Voltage to Ground Potential

-0.5Vto +7.0V

DC Voltage Applied to Outputs for high Output State

—0.5V to Vg max.

DC Input Voltage -0.5t0 +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —-30to +5.0 mA
OPERATING RANGE
P/N Range Temperature Vee
Am2960DC, XC CcoM'L Ta = 0to +70°C Ve = 5.0V 5% (MIN = 4.75V, MAX = 5.25V)
Am2960DM, FM, XM MIL Tc = —55to +125°C Vee = 5.0V £ 10% (MIN = 4.50V, MAX = 5.50V)
DC CHARACTERISTICS
Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vg = MIN, COM'L 2.7
loy = —0.
VoH Output HIGH Voltage Vi = Vi or Vit OH 0.8mA L 52 Volts
Vee = MIN
vV, Output LOW Voltage cc y loL = 8mA 05 Volts
o VIN = Vin or Vy, oL
Guaranteed Input Logical HIGH
Vi Input HIGH Voltage Voltage for all Inputs (Note 7) 2.0 Volts
Guaranteed Input Logical LOW
Vie Input LOW Voltage Voltage for all Inputs (Note 7) 08 Volts
V| Input Clamp Voltage Vee = MIN, Iy = —18mA -15 Volts
= DATA,. -410
I Input LOW Current Voo = MAX Ao-15 uA
Vin = 0.5V All Other Inputs ~360
= DATA,. 70
[ Input HIGH Current Voe = MAX 0-15 uA
Vin = 27V All Other Inputs 50
I Input HIGH Current Vee = MAX, Vjy = 5.5V 1.0 mA
Vo =24 70
DATAq 5
lozn Off State (High Impedance) Ve MAX Vo =05 —410
lozL Output Current cc Vo =24 50 LA
SCos
Vo =05 -50
Output Short Circuit Current
los (Note 3) Vog = Vog MAX +0.5V, Vg = 0.5V -25 -85 mA
Tp = 25°C 275 390
COML Tp = 0to +70°C 400
Power Supply Current - ’
1 Vee = MAX — 1700
cc (Note 6) cc Tp = +70°C 365 mA
Tc = -55t0 +125°C 400
MiL
Te = +125°C 345
Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. “MIL” = Am2960XM, DM, FM. “COM'L” = Am2960XC, DC.
. Worst case Icc is at minimum temperature.
. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment.
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Notes on Testing

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

1. Insure the partis adequately decoupled at the test head. Large

changes in Vg current as the device switches may cause
erroneous function failures due to Vo changes.

2. Do notleave inputs floating during any tests, as they may start
to oscillate at high frequency.

3. Do not attempt to perform threshold tests at high speed.
Following an input transition, ground current may change by
as much as 400mA in 5-8ns. Inductance in the ground cable

may allow the ground pin at the device to rise by 100’s of
millivolts momentarily.

. 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
V| until the noise has settied. AMD recommends using V|_ <
0.4V and V| < 2.4V for AC tests.

. To simplify failure analysis, programs should be designed to

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

. To assist in testing, AMD offers documentation on our test

procedures and. in most cases, can provide Fairchild Sentry
programs, under license.
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1. Am2960 Guaranteed Commercial
Range Performance :

The tables below specify the guaranteed performance of the
Am2960 over the commercial operating range of 0 to +70°C. with

Vec from 4.75V to 5.25V. All data are in ns, with inputs switching
between OV and 3V at 1V/ns and measurements made at 1.5V.
All outputs have maximum DC load.

This data applies to the following part numbers: Am2960DC, XC.

A. Combinational Propagation Delays

CL = 50pF
To Output
- SCo_s DATAg.15 ‘ERROR MULT ERROR

From Input

DATAq.15 32 65* 32 50

47

(CODE 1D5.¢ 000, 011) 28 56 2

CBo.6

(CODE iDy.q 010, 100, 28 45 29 34
101, 110. 111)

GENERATE 35 63 36 55
CORRECT B 45 _ _
(Not Internal Control Mode)

DIAG MODE

(Not Internal Control Mode) 50 78 59 s
PASS THRU

(Not Internal Control Mode) 36 a4 2 46
CODE 1Dy g 61 90 60 80
LEIN

700

(From latched to transparent) 39 2 39 59
LE OUT _ 31 _ —
(From latched to transparent)

LE DIAG

(From latched to transparent; 45 78 45 65
Not Internal Control Mode)

Internal Control Mode:

LE DIAG 67 96 66 86
(From latched to transparent)

Internal Control Mode:

DATAq ¢5 67 96 66 86
(Via Diagnostic Latch)

*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite.

26




Am2960

B. Set-up and Hold Times Relative to Latch Enables

C. Output Enable/Disable Times

T Output disable tests performed with C_ = 5pF and
°, measured to 0.5V change of output voltage level.
(Latching
From Input Up Data) | Set-up Time Hold Time Input Output Enable Disable
DATAg 15 LE IN 6 7 OE BYTE 0,
BE BYTE 1 DATA(.15 30 30
CBo.g LE IN 5 6 —
OE SC SCo-6 30 30

DATA(.15 LE OUT 44 5
CBo.g
(CODE ID LE OUT 35 0
000, 011)
CBo.g
(CODE ID 010, LE OUT 27 0
100, 101, 110, 111) D. Minimum Pulse Widths
GENERATE LE OUT 42 0 LE IN, LE OUT, LE DIAG 15
CORRECT LE OUT 26 1
DIAG MODE LE OUT 69 0
PASS THRU LE OUT 26 0
CODE IDo.g LE OUT 81 0
LE IN LE OUT 51 5
DATAG 5 LE DIAG 6 8

VALID CORRECT

INPUT DATA IN TO DATA

DATA CORRECT DATA OUT OUTPUT

OO0
DATAg.15 0 ‘ 0 0 $
AO 0 M XXX
DATA TO LE IN
SET-UP TIME
LE IN \
DATA TO LE IN
. HOLD TIME
OEBYTEO & 1
Figure D.
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1. Am2960 Guaranteed Military
Range Performance

ns, with inputs switching between OV and 3V at 1V/ns and
measurements made at 1.5V. All outputs have maximum DC

The tables below specify the guaranteed performance of the load.

Am2960 over the military operating range of —55 to +125°C This data applies to the following part numbers: Am2960DM, FM, .
case temperature, with Vo from 4.5V to 5.5V. All data are in XM.

A. Combinational Propagation Delays

To Output
SCo.¢ DATAg.15 ERROR MULT ERROR
From Input
DATAG.15 35 73+ 36 56
CBo-s
1 1 50

(CODE ID2_g 000, 011) % 6 8

CBo.g

(CODE ID2.g 010, 100, 30 50 31 37
101, 110, 111)

GENERATE 38 69 41 62
CORRECT B 49 B _
(Not Internal Control Mode)

DIAG MODE ’

(Not Internal Control Mode) 58 89 65 90
PASS THRU

(Not Internal Control Mode) 39 51 34 54
CODE D 69 100 68 90
LE IN .

(From latched to transparent) a4 82 43 66
LE OUT _ a3 _ _
(From latched to transparent)

LE DIAG

(From latched to transparent; 50 88 49 72
Not Internal Control Mode)

Internal Control Mode:

LE DIAG 75 106 74 96
(From latched to transparent)

Internal Control Mode:

DATAq 45 75 106 74 96
(Via Diagnostic Latch)

*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite.
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B. Set-up and Hold Times Relative to Latch Enables C. Output Enable/Disable Times
To Output disable tests performed with C| = 5pF and
(Latching measure:ir to 0.5V change of output voltage level.
From Input Up Data) | Set-up Time Hold Time Input Output Enable Disable
AT OE \
DATA0-15 LE IN 7 7 S| ATAGs 35 35
CBo.g LE IN 5 7 —
E SC SCop.
DATAg.15 LE OUT 50 5 © 0-6 35 3
CBo.g
(CODE iD LE OUT 38 0
000, 011)
CBo.g
(CODE ID 010, LE OUT 30 0
100, 101, 110, 111)
GENERATE LE OUT 46 0 D. Minimum Pulse Widths
CORRECT LE OUT 28 1 [ LE IN, LE OUT, LE DIAG 15
DIAG MODE LE OUT 84 0
PASS THRU LE OUT 30 0
CODE ID2.g LE OUT 89 0
LE IN LE OUT 59 5
DATA.45 LE DIAG 7 9
VALID CORRECT
INPUT DATA IN TO DATA
DATA CORRECT DATA OUT OUTPUT
X RLEAER
DATAg.15 0 0
0 M
DATA TO LE IN
SET-UP TIME
LE IN X\
DATA TO LE IN
HOLD TIME

OEBYTEO & 1

Figure D.
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METALLIZATION AND PAD LAYOUT CONNECTION DIAGRAM
Top View
| . CORRECT []1°® e 48 [ PAss THRU
2 47 DATA15 [] 2 47 ] DIAG MODE 1
3 - DATA 14 [] 3 46 [ ] DIAG MODE 0
5 4 pATA13 [] 4 45 ] cODEID2
¢ :: DATA12 [] 5 44 [] CODEID 1
I I A | . LEN 16 43 ] CODEIDO
; N . LEDIAG []7 42 | ] GENERATE
| = = = : GEBYTE1 [] 8 41 ] cB6
o ‘ : || DATA 11 [] o 40 [] cBO
. w0 DATA 10 [ 10 39 [] cBs
" * oatae [ 11 8] caa
o) :j ot DATA8 [] 12 A"I‘)fg“ 37 [ ] cB3
14 * (Vo) GROUND [] 13 FLATPAK 36 ] Vee
15 : 35 DATA7 [] 14 35| ]cB2
o % DATAG [] 15 3] cB1
‘B | DATAS [] 16 33 [] MULT ERROR
. 33 DATA4 [] 17 32 [ ] ERROR
10 —% GEBYTEO [ 18 31 oEsc
e e P e | LEOUT [] 19 30 [ sco
20 30 DATA 3 [] 20 290 [] scs
:; i: DATA2 [] 21 28] scs3
2 27 DATA1 [] 22 27[] sc2
26 DATAO [] 23 26| ] sca
25
2 sc1[] 24 25 ] sce
DIE SIZE: 0.200” X 0.183" Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2960 Package Type Operating Range  Screening Level
Order Number ~ Order Number (Note 1) (Note 2)

(Note 3)
AM2960DC D-48 C CA
AM2960DC-B D-48 Cc B-2 (Note 4)
AM2960DM D-48 M C-3
AM2960DM-B D-48 M B-3
AM2960FM F-48 M C-3
AM2960FM-B F-48 M B-3
AM2960XC Dice c Visual inspection
AM2960XM Dice M o MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the
package may be used unless otherwise specified.

. C=0to +70°C, Vgc = 4.75V t0 5.25V, M = —55 to +125°C, Vgc = 4.50V to 5.50V.

. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3
conforms to MIL-STD-883, Class B.

4. 96 hour burn-in.
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TEST OUTPUT LOAD CONFIGURATION FOR Am2960

>
>

S1

Voutr O——0~
(£
CL :l: Rz 2

Figure 11. Three-State Outputs

Figure 12. Normal Outputs

Notes: 1. C| = 50pF includes scope probe, wiring and stray capacitances without device in test fixture.
2. Sy, Sy, S3 are closed during function test and all A.C. tests, except output enable tests.
3. 8, and S are closed while S, is open for tpzy test.
S, and S, are closed while S is open for tpz_test.
4. Ry = 1K for three-state output.
R, is determined by the Igy at Vo = 2.4V for non-three-state outputs.
5. Ry is determined by g (MIL) with Vo = 5.0V minus the current to ground through Ry.

6. C|_ = 5.0 pF for output disable tests.

TEST OUTPUT LOADS

Pin# | pin Label | Cireuit Ri R2
- Do-D1s Fig. 11 4300 1kQ
24-30 SCo-SCq Fig. 11 4300 1kQ
32 ERROR Fig. 12 4700 3kQ
33 MULTERROR Fig. 12 4700 3kQ

For additional information on testing, see section
“Guidelines on Testing Am2900 Family Devices.”

Vee
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APPLICATIONS

Byte Write

Byte operations are increasingly common for 16 and 32-bit pro-
cessors. These complicate memory operations because check
bits are generated for a complete 16 or 32 or 64-bit memory word,
not for a single byte.

To write a byte into memory with EDC requires the following
steps:

Latch the byte into the Am2961/62 bus buffers (Figure 13)
Read the complete data word from memory (Figure 13)
Correct the complete data word if necessary (Figure 13)
Insert the byte to be written into the data word (Figure 14)
Generate new check bits for the entire data word (Figure 14)
Store the data word back into memory (Figure 14)

(In fact these steps must be taken for any piece of data being
written into memory that is not as wide as a full memory word).

The Am2960 EDC is designed with the intent of keeping byte
operations simple in EDC systems. The EDC has separate output
enables for each byte in the Data Output Latch. As shown in
figures 13 and 14, this allows the data word to be read from
memory, the new byte to be inserted among the old, and new
check bits to be generated using less time and less hardware
than if separate byte enables were not available.

CHECK
DATA DATA
MEMORY MEMORY MEMORY
HIGH BYTE LOW BYTE 7 T
1 %
HIGH
BYTE
MULTIPLE
BUS ] é-eT"g
BUFFERS e,
Am2960
Am2961/62 % =
BYTE
1
MULTIPLE Tow
B
BUFFERS BYTE
ERROR
DATA BUS j
R |

Figure 13. Byte Write, Phase 1: Read Out the Old Word
and Correct

CHECK
DATA DATA
MEMORY MEMORY MEMORY
HIGH BYTE LOW BYTE f '
‘ HIGH
. & BYTE | outpur
MULTIPLE", | Tow | LATCH
BUS B
BUFFERS BYTE
Am2960
Am2961/62 HIGH
SYTE L weut
MULTIPLE Tow | LatcH
Bl
BUFFERS BYTE
ERROR
DATA BUS '
!

Figure 14. Byte Write, Phase 2: Insert the New Byte,
Generate Checks and Write Into Memory

Diagnostics

EDC is used to boost the reliability of the overall system. It is
necessary to also be able to check the operation of the EDC itself.
For this reason the EDC has an internal control mode, a diagnos-
tic latch, and two diagnostic modes.

To check that the EDC is functioning properly, the processor can
put the EDC under software control by setting CODE ID5.g to 001.
This puts the EDC into Internal Control Mode. In Internal Control
Mode the EDC is controlled by the contents of the Diagnostic
Latch which is loaded from the DATA inputs under processor
control.

The EDC is setinto CORRECT Mode. The processor loads in a
known set of check bits into the Diagnostic Latch, a known set of
data bits into the Data In Latch, and forces data errors. The output
of the EDC (syndromes, error flags, corrected data) is then com-
pared against the expected responses. By exercising the EDC
with a string of data/check combinations and comparing the out-
put against the expected responses, the EDC can be fully
checked out.

Eight Bit Data Word

Eight bit MOS microprocessors can use EDC too. Only five
check bits are required. The EDC configuration for eight bits is
shown in Figure 15. It operates as does the normal 16-bit con-
figuration with the upper byte fixed at 0.

Check bitoverhead for 8-bit data words can be reduced two ways.
See the sections “Single Error Correction Only” and “Reducing
Check Bit Overhead.”

DATA CHECKS

e U O Ol |

Dis.s D7p  CBog CBsg
Vee OE BYTE 1
_ _ EDC
OE DATA OE BYTE 2
ERROR MULTIERROR  SCq.4
ERROR MULT  SYNDROMES/
ERROR CHECK BITS

Figure 15. 8-Bit Configuration
Other Word Widths

EDC on data words other than 8, 16, 32, of 64 bits can be
accomplished with the Am2960. In most cases the extra data bits
can be forced to a constant, and EDC will procede as normal. For
example a 24-bit data word is shown in Figure 16.

Single Error Correction Only

The EDC normally corrects all single bit errors and detects all
double bit and some triple bit errors. To save one check bit per
word the ability to detect double bit errors can be sacrificed —
single errors are still detected and corrected.

Check Bits Required

Single Error Single Error Correct
Data Bits | Correction Only | & Double Error Detect
8 4 5
16 5 6
32 6 7
64 7 8
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DATA23 16 DATA15.9 CHECKS OE sC
| Am2958 §Z l q
A’7
Dis.0 CBo-6
EDC

SCo.6

Disg Dz CBo.g

Vce
OE BYTE 1 EDC OE sc
SCo.6
Figure 16. 24-Bit Configuration
DATA CHECKS
[ l 8 4
Vee DATAy5.3 DATA7.9  CBig
I 5F CBo, 5,6
OE BYTE 1 5
__ . EDC L
OE DATA OE BYTE 2 cobe b |00 T
SCyg
4
NOR
SYNDROMES/
ERROR CHECK BITS

Figure 17. 8-Bit Single Error Correction Only

DATA31.16 DATA159 CHECKS OE scC
Am2958 94
A
C
Ts
Dis.0 CB1.g

Cor—
EDC OE sc ——-—-——j_

CODE ID

SCrs o010

1’ PARTIAL SYNDROMES/CHECKS

D1s.0 CB1.g cBy
EDC* OE sc =
SCrg CODE ID o1t
s
NOR

ERROR  SYNDROMES/CHECK BITS

*The Code ID Combination for this Slice Forces the Check Bit Latch
Transparent.

Figure 19. 32-Bit Single Correct Only

DATA CHECKS
/}(16 5

DATA4s5.0 CBy.s
CBO, 6 _‘—]-
EDC —
CODE 1D 000
SCi.5
/’S
NOR
SYNDROMES/
ERROR CHECK BITS

Figure 18. 16-Bit Single Error Correction Only

Figures 17, 18, 19, 20 show single error correction only config-
urations for 8, 16, 32, and 64-bit data words respectively.

Check Bit Correction

The EDC detects single bit errors whether the error is 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 de-
termine whether the single bit error is a check bit.

In many memory systems, a check bit error will be ignored on the
memory read and corrected during a periodic “scrubbing” of
memory (see section in System Design Considerations).

Multiple Errors

The bit-in-error decode logic uses syndrome bits SO through S32
to correct errors, SX is only used in developing the multipie 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, S2, S4, S8) is produced. This
is flagged a double error by the error detection 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 inversion, the multiple error
output may be connected to the correct input as in Figure 21.
This will inhibit correction when a multiple error occurs. Extra
time delay may be introduced in the data to correct data path
when this is done.
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OF  DATAgz.qp CHECKS DATA47.32 DATA31.16 DATA5.0

_él
77

i

D150 CBo.g Dis.0 CBog D150 CBo.g Dis.0 CBo.s
EDC . EDC _ EDC EDC
BYTES6&7 OE SC 1_ BYTES4&5 OESC ’__L BYTES2&3 OESC yj- BYTESO&1 OESC
CBig = CB1s = CB1g = CB1s
a 4, 1, +,
XORS* *Same as Figure 6 except without SX/CX XOR gate.
I
7
SYNDROMES/CHECK BITS ERROR

Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted.
2. InDiagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs Inverted.

Figure 20. 64-Bit Single Correct Only

DATA  CHECKS CORRECT
D cB
EDC CORRECT ——Cl:
MULTI
ERROR  ERROR

Figure 21. Inhibition of Data Modification

34



Am2960

SYSTEM DESIGN CONSIDERATIONS

High Performance Parallel Operation

For maximum memory system performance the EDC should be
used in the Check-Only configuration shown in Figure 22. 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 RAMs 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 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. So 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. But using the
Am2961/62 Data Bus Buffers 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.

EDC in the Data Path

The simplest configuration for EDC is to have the EDC directly in
the data path as shown in Figure 23 (Correct-Always Configura-
tion). In this configuration data read from memory is always
corrected prior to putting the data on the data bus. The advan-
tages 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 ever cycle.

Usually the Correct-Always 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 22. (Check-Only
Configuration).

Scrubbing Avoids Double Errors

Single-bit errors are by far the most common in a memory system
and are always correctable by the EDC.

Double bit memory errors are far less frequent than single bit (50
to 1, or 100 to 1) and are always detected by the EDC but not
corrected.

Inamemory 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
hours, days, or weeks after the first.

“Scrubbing” 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, itis corrected and the data word written back into memory.
Errors are not allowed to pile up and so 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.

Correction of Double-Bit Errors

In some cases, double-bit memory errors can be corrected! This
is possible when one of the two bit errors is a hard error.

When a double bit error is detected the data word should be
checked to determine if one of the errors is a hard error. If so the

INTERRUPT ERROR

MULTI ERROR sc

CcPU EDC UNIT

DATA

CONTROL CONTROL

CHECK MEMORY

DYNAMIC
MEMORY
TIMING

DATA MEMORY

DATA
BUS

ADDRESS
BUS

CONTROL

VANVANIVAN

WRITE .
READ

AV VA V4

Figure 22. Check-Only Configuration
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_ MEMORY |
MULTI ERROR
CONTROL
EDC
BUFFERS
BUFFERS
INTERRUPT [ CONTROL
ERROR B ———— e g
MULTI ERAOR > CHECK MEMORY
cPU EDC UNIT
R T I
i DATA MEMORY
| oaa <:———j> Am2961/2062
CONTROL LT PR I S
[
i
i
¢
i
i
H

DATA
BUS

<

V.

——{
|

%<

CONTROL <

WRITE s
READ - o

PRIAY

Figure 23. Correct-Always Configuration

hard error bit may be corrected by inverting it leaving only a
single, correctable error. The time for this operation is negligible
since it will occur infrequently.

The procedure after detection of a double error is as follows:

® Invert the data bits read from memory.
® Write the inverted data back into the same memory word.

® Re-read the memory location and XOR the newly read out
value with the old. If there is no hard error then the XOR result
will be all 1’s. If there is a hard error, it will have the same bit
value regardless of what was written in. So it will show as a 0
after the XOR operation

@ Invert the hard error bit (this will “correct” it) leaving only one
error in the data.

The EDC can then correct the single bit error.

e Rewrite the correct data word into memory. This does not
change the hard error but does eliminate the soft error. So the

next memory access will find only a single-bit, correctable error.

An example helps to illustrate the procedure:

Example of Double Bit Error Correction
When One is a Hard Error

1) Data Read from 16 data bits 6 check bits
Memory (D) /1111111100000011" 7 011010 *
2) EDC detects a
multiple error.
Syndromes: 011000

3) Syndrome decode
indicates a double
bit error.

4) Invert the bits read
from memory (Dy)

5) Write D4 back to
the same memory
location

6) Read back the
memory location

(D)
XOR Dy and D,

So the last data bit
is the hard error.
Use this to modify D4

Pass the modified D4
through the EDC. The
EDC detects a single
bit correctable error
and outputs corrected
data:

0000000011111100 100101

0000000011111101
1111111111110

100101
7 111111

8

= =

1111111100000010 011010

9

f—

1111111100000000 011010

10) Write the corrected
data back to memory
to fix the soft error.

Error Logging and Preventative Maintenance

The effectiveness of preventative maintenance can be increased
by logging information on errors detected by the EDC. This is
called error logging.
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The EDC provides syndromes when errors are detected. The
syndromes indicate which bitis in error. In most memory systems,
each individual RAM supplies only one bit of the memory word.
So the syndrome and data word address specify which RAM was
in error.

Typically a permanent/hard RAM failure is preceded by a period
of time where the RAM displays an increasing frequency of inter-
mittent, soft errors. Error logging statistic can be used to detect an
increasing intermittent error frequency so that the RAM can be
replaced before a permanent failure occurs.

Error logging also records the location of already hard failed
RAMs. With EDC a hard failure will not halt system operation.
EDC always can correct single bit errors even if it is a hard error.
EDC can also correct double bit errors where one is hard and one
soft (see “Correction of Double Bit Errors” Section). The ability to
continue operation despite hard errors can greatly reduce the
need for emergency field maintenance. The hard-failed RAMs
can be instead replaced at low cost during a regularly scheduled
preventative maintenance session.

Reducing Check Bit Overhead

Memory word widths need not be the same as the data word width
of the processor. There is a substantial reduction in check bit
overhead if wider memory words are used:

Memory Word
Check
# Data Bits # Check Bits Bit Overhead
8 5 38%
16 6 27%
32 7 14%
64 8 1%

MEMORY BOARD

DATA
K ) EDC

CHECKS

)

.
.
.

DATA BUS

MEMORY BOARD

DATA
k N eoc
\} CHECKS

TO CPU

Figure 24. EDC Per Board

This reduction in check bit overhead lowers cost and increases
the amount of data that can be packed on to each board.

The trade off is that when writing data pieces into memory that are
narrower than the memory word width, more steps are required.
These steps are exactly the same as those described in Byte
Write in the Applications section. No penalty exists for reads from
memory.

EDC Per Board vs EDC Per System

The choice of an EDC per system or per board depends on the
economics and the architecture of the system.

Certainly the cheaper approach is to have only one EDC per
system and this is a viable solution if only one memory location is
accessed at at time.

This solution does require that the system has both data and
check bit lines (see Figure 25). This makes retrofitting a system
difficult and creates complications if static or ROM memory,
which do not require check bits, are mixed in with dynamic RAM.

Ifthe system has an advanced architecture itis quite likely thatitis
necessary to simultaneously access memory locations on dif-
ferent memory boards (see Figure 24). Architectural features that
require this are interleaved memory, cache memory, and DMA
that is done simultaneously with processor memory accesses.
EDC per board is a simpler system from a design standpoint.

The EDC is designed to work efficiently in either the per system or
per board configurations.

MEMORY BOARD

—
-

DATA

CHECKS

DATA BUS
CHECK BIT BUS

T 1

MEMORY BOARD

DATA

AN

CHECKS

-

EDC

DATA

CPU

Figure 25. EDC Per System
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FUNCTIONAL EQUATIONS

The following equations and tables describe in detail how the output values of the Am2960 EDC are determined as a function of the value
of the inputs and the internal states. Be sure to carefully read the following definitions of symbols before examining the tables.

Definitions

D; <« (DATA; if LE IN is HIGH or the output of bit i of the Data Input
Latch if LE IN is LOW)

Ci < (CB;if LE IN is HIGH or the output of bit i of the Check Bit
Latch if LE IN is LOW)

DL <« Output of bit i of the Diagnostic Latch

S;j <« Internally generated syndromes (same as outputs of SC;
if outputs enabled)

PA <~ DOeoDlieD2e#D4®D6®D8®D106D12

PB <~ D0OeDlieD2eD3®D4®D50D6®D7

PC <~ D8®D9&D10®D11®DI12®D13®D14® D15

PD <~ D0eD3e#D4eD7®D9®D10®D13a D15

PE <« DO®DieD5¢D6@®D7@®D11e D126 D13

PF <~ D2eD3e®D4oD50#D6D7®D14®D15

PGy « DO®D4® D60 D7

PGy < Di®@ D2 D3® D5

PG3 < D8e® D9e D11® D14

PG4 < D10@D12® D130 D15

Error Signals

ERROR « (S6 * (IDy + ID2)) » S5« S4 « S3 + S2 + S1 « SO + GENERATE + INITIALIZE + PASSTHRU

MULT ERROR (16 and 32-Bit Modes) < ((S6+1D)® S5 S4 ® S3@ S2 ® S1® S0) (ERROR) + TOME
+ GENERATE + PASSTHRU + INITIALIZE

MULT ERROR (64-Bit Modes) < TOME + GENERATE + PASSTHRU + INITIALIZE

TOME (Three or More Errors)*

so|lo 1 o0 1 o0 1 o 1t o0 1 o0 t 0 1 0 1
86| 0 O 1 1 0o 0 1 1 0 o0 1 1 0o o0 1 1
Ss6{0 0 0 o0 1 1 1 it 0 0 0 0 1 1 1 1
S4, 0 0o 0 0 O O O o0 1 1 1 1 1 1 1 1

St S2 S3
0 0 o0 |0} 1 0|1 1 1101 1 1 ofo|o| o
0 1 0| 1 1 t|]o]J]o|o|o|Oo|O]|O]|O|H1 1 1 1
0 0 [ 1 i1|lolojojlojojololojojo]|O0]}|oO
0o 1 1 1 1 1 t|]o|Jojfo]o|loOo]|oO]|O]|oO]|H 1 1 1
1 0 0 0|1 1 1|0|0|O0O]O]O]|O]|O]|O]|H1 1 1 1
1 o 1 ofojlojolofjojojofjoflojo]|o]|1 1 1 1
1 1 0 1 1 1 1|lo|lojo|O|O0O]|]O]|O]O|n1 1 1 1
1 1 1 ojofo]|o|1 1)1 1 1 1 1 111 1 1

*S6, S5, . . . S0 are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE 1Dy, 1Dy, IDg).
In these modes the syndromes are input over the Check-Bit lines. S6 « C6, S5 <~ C5, ... S1 «C1,
S0 « CO.

**The S6 internal syndrome is always forced to 0 in CODE 1D 000.
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SC Outputs

Tables XV, XVI, XVII, XVIII, XIX show how outputs SC_g are
generated in each control mode for various CODE IDs (internal

control mode not applicable).

TABLE XV.
CODE ID5.g
GENERATE
Mode (Check Bits) 000 010 o 100 101 110 m
SCq « PG ®PG3 PG1®PG3 PGo® PGy PGy ® PG3 PGy ®PG3 PGy ® PGy PG1® PGy
SCy « PA PA PA PA PA PA PA
SCyp « PD PD PD PD PD PD PD
SC3 « PE PE PE PE PE PE
SCy « PF PF PF PF PF PF PF
SCg « PC PC PC PC PC PC PC
SCg « 1 PB PC PB PB PB PB
TABLE XVI.
CODE ID5.q
Detect
and Correct
Modes (Syndromes 000 010 ot1* 100 101 110 m
SCo « PGaOFGs | PGIOPG | P2 g’gf“ FO20PGs | Paepa; | PGIOPG, | PGI®PG,
SCq «— PA®C1 PA®C1 PA®CB; PA®C1 PA PA PA
SCp « PD®C2 PD@C2 PD®CBy PD®C2 PD PD PD
SC3 « PE®C3 PE®C3 PE®CB3 PE®C3 PE PE PE
SCy4 « PF®C4 PF®C4 PF®CB, PF®C4 PF PF PF
SCs «— PC®C5 PC®C5 PC®CB;g PC®C5 PC PC PC
SCg « 1 PB®C6 PC®CBg PB PB PB®C6 PB®C6
*In CODE ID,_g 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally.
TABLE XVIl.
CODE ID,g
Diagnostic
Read Mode 000 010 on* 100 101 110 M
SCo Peég&% e "650(33 Pez 25'2&‘ Peégfo% PGo®PG3 | PG1®PGy | PGi®PG4
SCq « PA®DL, PA®DL4 PA®CB, PA®DL, PA PA PA
SCp PD@DL, PD@DL, PD®CB; PD®DL, PD PD PD
SC3 « PE ®DL3 PE®DL3 PE®CB; PE®DL3 PE PE PE
SCy «— PF@®DLy PF®DLy PF®CB, PF@DLy PF PF PF
SCg — PC®DLs PC®DLs PC®CBs PC®DLs PC PC PC
SCg «— 1 PB®DLg PC®CBg PB PB PB®DLg PB®DL;

*In CODE 1D2.g 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally.
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TABLE XVill.
CODE ID2.g

Diagnostic

Write Mode 000 010 o1+ 100 101 110 m
SCq « DLp DLp CBo DL 1 1 1
SCy « DL4 DL4 CBy DL4 1 1 1
SCyp « DL, DL CB, DL, 1 1 1
SC3 « DL DLs CBj DLg 1 1 1
SCq «— DLy DLy CBy DlLg 1 1 1
SCg « DLs DLg CBs DLs 1 1 1
SCq «— 1 DLg CBg 1 1 DLg DLy

*In CODE ID,_g 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally.

TABLE XIX.
CODE iDyg

PASS THRU

Mode 000 010 o1 100 101 110 m
SCq « co co CBo co 1 1 1
SCy « ct c CBy ct 1 1 1
SCp « c2 c2 CB, c2 1 1 1
SCj « c3 cs CBg Cs 1 1 1
SC4 < c4 c4 CBy c4 1 1 1
SCg cs5 cs CBs cs5 1 1 1
SCq « 1 cé CBg 1 1 ce cé

*In CODE IDy_q 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally.

Data Correction

TABLE XX. CODE ID,_g = 000*

Tables XX to XXVI shows which data output bits are corrected
(inverted) depending upon the syndromes and the CODE ID
position. Note that the syndromes that determine data correc-
tion are in some cases syndromes input externally via the CB

S5 0 0 0 0 1 1 1 1

S4 | 0 0 1 1 0 0 1 1

S3| o 1 0 1 0 1 0 1

S2 s

0 - | - - - |1 |14 ] -

1 - 1 2 6 8 |12 | - -

1 0 - - 3 9 |13 |15 | -
1 1 - 0 4 - 110 | - - -

*Unlisted S combinations are no correction.

inputs and in some cases syndromes generated internally by
that EDC (S; are the internal syndromes and are the same as
the value of the SCj output of that EDC if enabled).

The tables show the number of data bit inverted (corrected) if any
for the CODE ID and syndrome combination.

TABLE XXI. CODE 1D g = 010*

CBg| O 0 0 0 1 1 1 1
CBs| 1 1 1 1 0 0 0 0
CBg| 0 0 1 1 0 0 1 1
CB3| o 1 0 1 0 1 0 1
CB3 CB4
0 0 - 1|14 |- -1-1- 5
0 1 8 | 12| - - - 1 2 6
1 0 9 | 1B (15| — | - | - 3 7
1 1 10 | - - - | - 0 4 -

*Unlisted CB combinations are no correction.
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TABLE XXII. CODE ID,.q = 011

TABLE XXIll. CODE ID, g = 100*

S6 | 0 0 0 0 1 1 1 1 CBp| o 0 0 0 1 1 1 1
S5 | 0 0 0 0 1 1 1 1 CBg| 0 0 0 0 1 1 1 1
S4 | 0 0 1 1 0 0 1 1 CBg| 1 1 1 1 0 0 0 0
S3| o 1 0 1 0 1 0 1 CBy4| 0 0 1 1 0 0 1 1
Ss2 St CB3| o 1 0 1 0 1 0 1
0o o - - -1l 1a - CBz CBy
o 1 -1 ] 8 | 12| - | - 0o © S LA N e It M B
10 ~ =379 |1]1]- o 1 2y - |l- |- ]11r|2]|6®s
1 1 _ 0 4 ~ 10| - _ _ 1 0 13 | 15 | ~ -1 -13 7
*Unlisted S combinations are no correction. ! ! W] - |- |- ]-]101]4 -
*Unlisted CB combinations are no correction

TABLE XXIV. CODE ID, 3 = 101* TABLE XXV. CODE ID,_; = 110*
CBg| © 0 0 0 1 1 1 1 CBg| © 0 0 0 1 1 1 1
CBg| © 0 0 0 1 1 1 1 CBg| 1 1 1 1 0 0 0 0
CBs| o 0 0 0 1 1 1 1 CBs| 0 0 0 0 1 1 1 1
CB4| © 0 1 1 0 0 1 1 CB4| 0 0 1 1 0 0 1 1
CB3| o 1 0 1 0 1 0 1 CB3| 0 1 0 1 0 1 0 1

CBz CB, CB, CBq

0 0 - - 5 - " 14 - 0 0 - - - - 1 14 —
0 1 - 1 2 6 8 | 12| - | - 0 1 - 1 2 8 | 12 | - -
1 0 -1 - 3 7 9 | 13| 15| — 1 0 - -1 3 9 | 13|15 | —
1 1 - 0 4 - 10 - - - 1 1 -~ 0 4 - 10 — - _

*Unlisted CB combinations are no correction.

*Unlisted CB combinations are no correction.

TABLE XXVI. CODE IDs.g = 111*

CBp | 0 0 0 0 1 1 1 1
CBg | 1 1 1 1 0 0 0 0
CBs | 1 1 1 1 0 0 0 0
CBs | 0 0 1 1 0 0 1 1
CB3 | 0 1 0 1 0 1 0 1
CB; CBjq

0 0 Ml - -1 -1 - 5

0 1 8 |12 | - | - | - 1 2

1 0 9 |18 |15 - | - | - 3

1 1 |l -|-1]-1- 0 4 -

*Unlisted CB combinations are no correction.
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Am2960 BOOSTS
MEMORY RELIABILITY

ABSTRACT

Memory error frequency will increase due to the use of larger memory systems and the
use of 16K and 64K RAMSs, which are more susceptible to soft errors because of their
smaller memory cell geometry.

At the same time, the need for reliability is increasing, both for the user and the system
manufacturer. EDC (Error Detection and Correction) can reduce system downtime, can
reduce field maintenance expenses and can provide manufacturers a marketing advantage
due to increased reliability.

The Am2960 implements EDC using a modified Hamming code, and so boosts memory
reliability by a factor of 60 or better. It slashes package count and adds initialization, byte-write
and diagnostic features. Itis fast and flexible enough to handle word widths from 8 to 64 bits.

The Am2960 is one of a series of Memory Support devices designed for use with dynamic
MOS RAM memory systems.

Prepared by: Advanced Micro Devices, Bipolar Microprocessor.

Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry entirely
embodied in an Advanced Micro Devices’ product.

Copyright © 1980 by Advanced Micro Devices, Inc.
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Am2960 BOOSTS
MEMORY RELIABILITY

The Am2960 is a 16-bit, expandable Error Detection and Correc-
tion (EDC) unit. It is used in conjunction with system main
memories to boost memory reliability.

The Am2960 can correct all single-bit memory errors in a data
word. It detects all double-bit errors and even some ftriple-bit
errors. The gross error conditions of all Os or all 1s are always
detected.

Memory error and detection using the Am2960 boosts system
reliability by a factor of 60 or better. System crashes will occur far
less frequently and maintenance costs can.be slashed.

MEMORY ERRORS

Memory Error Frequency

Memory errors are becoming more frequent due to two general
trends:

1. Total system memory size is growing, and,
2. The geometry of individual memory cells in dynamic RAMs is
shrinking, making them more susceptible to “soft” errors.

There are two basic types of memory errors. Hard errors are
permanent physical failures of either the whole RAM, a row, a
column, or a single bit. Hard errors are caused by power shorts,
open leads, and various other factors. Initial testing and burn-in
will reduce but not eliminate hard error failures in RAMs during
system operation.

Soft errors are non-repeating, single-bit errors where there is no
permanent damage. A soft error occurs when the charge state of
abitincorrectly shifts from 0 to 1 or from 1to 0. This can be caused
by system noise, pattern sensitivity, power surges® or alpha
particles. The new 16K and 64K dynamic RAMs, with their smaller
memory cell geometries are especially susceptible to soft errors
induced by alpha particles. (The smaller the memory cell
geometry, the less energy is required to cause the cell to change
state.)

A paper given at Wescon, 1979 presented these failure rates for
dynamic RAMSs of increasing size (see Table 1). This table reflects
only soft errors due to alpha particles.

Technical Report

Undetected Memory Failures are Expensive

Memory failures will occur in a system. When they do they will
result either in a system crash or in loss of data integrity, unless
memory error detection schemes are used. Either situation is
expensive and inconvenient for the system users. Either situation
can result in maintenance calls to the system manufacturer.

If the memory error occurs in an instruction word and the instruc-
tion is executed without being corrected, then a system crash will
almost certainly occur. For example, an “Add” instruction could
be changed to a “Jump” instruction with only a one-bit change — if
the error is undetected, the jump would take place to essentially a
random location.

Ifthe error occurs in a word that is used for stering data, then data
integrity is lost. In typical applications this could mean that bank
account balances would be altered, blood diagnosis would be
incorrect, or cooling water valves could be closed instead of
opened.

System failures of any kind will often result in unscheduled
maintenance requests to the system manufacturers. Mainte-
nance calls are expensive for the system manufacturer and are to
be avoided by preventative means if at all possible.

Strategies for Memory Errors

For reliability and maintenance cost reduction, memory errors
must be dealt with by the system designer.

A common scheme is to use parity. But parity schemes cannot
correct errors and can detect only single-bit errors. If a double-bit
error occurs in a word, the parity is unchanged and so the error
goes undetected. Parity cannot correct errors.

Error detection and correction (EDC) is implemented by the
Am2960 using a modified Hamming code. The Hamming code
scheme involves generating several check bits that contain
enough redundant information to correct all single-bit errors and
to detect all double-bit errors and some triple-bit errors. Also, the
EDC modified Hamming code detects the gross error conditions
of all Os and all 1s.

Table 2 demonstrates that EDC is the superior strategy for both
the system user and the system manufacturer.

TABLE 1. ERRORS ARE INCREASING.

Typical Error Rate
Density (% per 1,000 Hours)
Bits/Chip Soft* Hard**
1K .001 .0001
K 02 002
16K 10 011
64K S 016

patterns.
**After infant mortality.

***Based on initial customer evaluation.
Note: 0.1% per 1000 hours equals 1 failure in 108 hours.

*Reflects alpha particles only. Does not include errors due to noise, power,
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TABLE 2. COMPARISON OF ERROR STRATEGIES.

Error Type No Checking

Parity EDC Using Am2960

Single-Bit Error
Double-Bit Error
Entire RAM Failure

System crash.
System crash.

System crash.

System halt.
System crash.
System halt.

Correctable. System runs.
System halt.

Correctable. System runs.

With EDC, the incidence of maintenance calls is significantly
reduced. Even the failure of an entire RAM chip will not neces-
sarily result in a system failure. Double-bit errors are not cor-
rected but are detected so that the system may be haited and the
user informed of a memory error and the exact location of it. A
controlled system halt is far more desirable than an uncontrolled
system crash.

EDC Improves MTTF

Error detection and correction as implemented on the Am2960
significantly improves the MTTF (mean time to failure) of memory
systems.

A paper presented at Wescon, 1979 used the dynamic RAM
error rates shown previously to calculate the following MTTFs for
a 16 Megabyte system using 64K RAMs (see Table 3).

The MTTF improves by a factor of at least 60 with EDC. This
improvement factor has been noted by othersZ.

Another paper 3,4 calculated that with EDC, RAM errors would
become a small factor in memory based failures relative to
failures of other board components such as MSI, capacitors
and resistors. The same paper discusses how frequently
preventative maintenance should be done so that a hard-
failed RAM is replaced prior to a second RAM experiencing a
hard-failure. The Am2960 has features that allow easy logging
of data errors — this aids the maintenance engineer in quickly
pinpointing hard-failed RAMs and RAMs displaying excessive
soft error rates.

Memory Reliability is a Competitive Edge

EDC boosts memory reliability and gives you two competitive
advantages:

TABLE 3. 1. Your system is more reliable.
2. Your field maintenance costs are reduced.
Error Type MTTF* )
- - The demand for reliable system performance is increasing stead-
Correctable Soft Error (Single-Bit) 13 days ily. Reliability is a must for applications in aerospace, medical,
Correctable Hard Error (Single-Bit) 110 days banking, process control and on-line systems. Applications such
Non-Correctable Soft Error (Double-Bit) 864 days as word-processors, small business systems and telecommuni-
Non-Correctable Hard Error (Double-Bit) 7,021 days cations also need memory reliability, as their users do not have
*Based on 64K RAM alpha error rate the technical staff to handle system failures and are willing to pay
of 0.13% per 1000 hours. for the convenience of smooth, error-free operation. -
REFERENCES

1. Eric C. Westerfield, Four-Phase Systems, “Memory System Strategies for Soft and Hard Errors,” Wescon, September, 1979.

2. “As Memory Density Quadruples Again, Designers Focus on Reliability,” Electronic Design, January 18, 1979.

3. Robert Koppel, “RAM Reliability in Large Memory Systems — Significance of Predicting MTBF,” Computer Design, February,

1979.

4. Robert Koppel, “RAM Reliability in Large Memory Systems — Improving MTBF with ECC,” Computer Design, March, 1979.

(3]

Design, July, 1979.

. “Alphas Stymie Statics,” Electronics, March 15, 1979.

© O N O

. A.V. Ferris-Prabhu, 1BM General Technology Division, “Improving Memory Reliability Through Error Correction,” Computer

. “Power-Line Disturbances Scorecard,” Electronic Design, February 15, 1979.

. “Analyzing Computer Technology Costs,” Computer Design, October, 1978.
. “Alphas Cause Rift at ECC,” Electronic Engineering Times, May 28, 1979.

10. Ernst L. Wall, ITT, “Applying the Hamming Code to Microprocessor-Based Systems,” Electronics, November 22, 1979.



These devices are
also characterized

Am2961 - Am2962

as: 4-Bit Error Correction Multiple Bus Buffers

AmZ8161
AmZ8162

DISTINCTIVE CHARACTERISTICS

® Quad high-speed LS| bus-transceiver

® Provides complete data path interface between the Am2960
Error Detection and Correction Unit, the system data bus
and dynamic RAM memory

® Three-state 24mA output to data bus

Three-state data output to memory

Inverting data bus for Am2961 and noninverting for Am2962

Data bus latches allow operation with multiplexed buses

Space saving 24-pin 0.3” package

100% MIL-STD-883 reliability assurance testing

LOGIC SYMBOL

EENEEEE

FUNCTIONAL DESCRIPTION

The Am2961 and Am2962 are high-performance, low-power
Schottky muitiple bus buffers that provide the complete data path
interface between the Am2960 Error Detection and Correction
Unit, dynamic RAM memory and the system data bus. The
Am2961 provides an inverting data path between the data bus
(Bj) and the Am2960 error correction data input (Y;) and the
Am2962 provides a noninverting configuration (Bj to Yj). Both
devices provide inverting data paths between the Am2960 and
memory data bus thereby optimizing internal data path speeds.

The Am2961 and Am2962 are 4-bit devices. Four devices are
used to interface each 16-bit Am2960 Error Detection and Cor-
rection Unit with dynamic memory. The system can easily be
expanded to 32 or more bits for wider memory applications. The
4-bit configuration allows enabling the appropriate devices
two-at-a-time for intermixed word or byte, read and write in 16-bit
systems with error correction.

Data latches between the error correction data bus and the sys-
tem data bus facilitate byte writing in memory systems wider than
8-bits. They also provide a data holding capability during single-
step system operation.

Diy Di; DIy Dip DO; DO, DO,y DOy
p— 3
— L7y .
-] |7y .
LEY Am2961 2
~—a{ OEY Y1 fo—
~—1 LEB
—_ Yo p—e
--—=1 OEB
By By B By
B-Bus is noninverting for Am2962.
CONNECTION DIAGRAM
Top View
e |
st 24 ] vee
oey [ 2 23[ ] 58D
Bo[] 3 22| ] D0;
(Bo)Bo [] 4 21 ] B3 (Ba)
Yo[]s 20 [V,
Dig[]6 , o0s 19[1D
o], (Am2%2) (4 B,
Yi[]s 17 [ Y2
®)Bi ]9 16 [ ]1B2(82)
561 [J10 15| 100,
ey [ 14| ) oEB
GND [ 12 13[JLes
24 pin slim (0.37)
Note: Pin 1 is marked for orientation. BLI-122

LOGIC DIAGRAM

MEMORY OUTPUT MEMORY
DATA ENABLE DATA
INPUT SELECT TOY OUTPUT
Dy S OEY Doyt
L DATA
Ta 4  OUTPUT ENABLE
OED
S ERROR
CORRECTION
S 'Y DATA BUS
Y
4
Mux —3
——Of B*
LATCH LATCH ENABLE
ENABLE TO DATA BUS
LEY 4-8IT 4-BIT LEB
[>—— pAtAINPUT * DATA OUTPUT |——<]
LATCH LATCH
BUS OUTPUT
4 ENABLE
OEB
N
4
SYSTEM
DATA BUS*
8 BLI-121

*Am2962 is the same function but noninverting to the system
data bus, B.
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Am2961 ¢ Am2962

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COML Tp=

0to +70°C

MIL Tp = —551t0 +125°C
DC CHARACTERISTICS OVER OPERATING RANGE — Y BUS

Ve = 5.0V 5%
Vee = 5.0V £10%

(MIN = 475V MAX = 5.25V)
(MIN = 450V MAX = 5.50V)

Typ.
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vce = MIN _
VoH Output HIGH Voltage Vin = Vip oF Vit loH = —3.0mA 24 34 Volts
VoL Output LOW Voltage Voo = MIN lo = 8mA 03 045 Volts
VIN = Vii or Vi loL = 16mA 0.35 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
ViL Input LOW Level Guaranteed in_put logical LOW MIL 07 Volts
voltage for all inputs COM'L 08
\ Input Clamp Voltage Vec = MIN, Iy = —18mA -1.5 Volts
i Input LOW Current Vcc = MAX, Vjy = 0.4V OEY = LOW -2.0 mA
H Input HIGH Current Vee = MAX, Vi = 2.7V OEY = LOW 100 uA
I Input HIGH Current Vo = MAX, Vi = 5.5V OEY = LOW 1.0 mA
Output Short Circuit Current _ _ _
Isc (Note 3) Vec = MAX 30 130 mA
DC CHARACTERISTICS OVER OPERATING RANGE — B BUS
Typ.
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vor Output HIGH Voltage Vo = MIN lon = ~3.0mA 24 Volts
VIN = ViH or ViL lon = —15mA 2.0
VoL Output LOW Voltage Vec = MIN loL = 12mA 03 045 Volts
VIN = Vi or ViL loL = 24mA 0.35 0.50
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
ViL Input LOW Level Guaranteed input logical LOW MIL 0.7 Volts
voltage for all inputs COM'L 0.8
Vi Input Clamp Voltage Vec = MIN, ||y = —18mA -1.5 Volts
W Input LOW Current Vec = MAX, Vi\ = 0.4V OEB = HIGH -1.0 mA
I Input HIGH Current Vo = MAX, Viy = 2.7V OEB = HIGH 100 uA
I Input HIGH Current Vce = MAX, Vi = 5.5V OEB = HIGH 1.0 mA
Output Short Circuit Current _ _ _
Isc (Note 3) VQC = MAX 50 150 mA

Notes: 1. For conditions as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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Am2961 e Am2962
DC CHARACTERISTICS OVER OPERATING RANGE — DO OUTPUTS

Typ.
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vou Output HIGH Voltage Vee = MIN MIL loH = ~50uA 25 Volts
VIN = Vi or ViL COM'L Igy = —100uA 27 Volts
Voe = MIN _
VoL Output LOW Voltage Vin = Vi or Vi loL = 1mA 0.4 Volts
Output Short Circuit Current _
Isc (Note 3) Vcc = MAX -50 —150 mA
o Off-State Out Current Voo = MAX Vo = 04V —100 uA
Vo = 2.4V +100
DC CHARACTERISTICS OVER OPERATING RANGE — DI INPUTS AND CONTROLS
Typ.
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vir Input HIGH Level Guaranteed in_put logical HIGH 20 Volts
voltage for all inputs
Vi Input LOW Level Guaranteed input logical LOW MiL 07 Volts
voltage for all inputs CcCOM'L 0.8
Ve Input Clamp Voltage Vee = MIN, )y = —18mA -15 Volts
e Input LOW Current Vo = MAX, Vi = 0.4V Dl Inputs -0 mA
Controls -1.6 mA
IH Input HIGH Current Vcc = MAX, V|y = 2.7V 50 uA
h Input HIGH Current Vce = MAX, Vjy = 5.5V 1.0 mA
DC CHARACTERISTICS OVER OPERATING RANGE — POWER SUPPLY
Typ.
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Power Supply Current _
lcc (Note 4) Vee = MAX 110 155 mA
Note 4:
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65to +150°C
Temperature (Ambient) Under Bias —55to +125°C
Supply Voltage to Ground Potential Continuous -0.5t0 +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +Vgc MAX
DC Input Voltage 5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30to +5.0mA
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Am2961 ¢ Am2962

Am2961 comL MIL
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE* Ta =0to +70°C T = ~55to +125°C
Ve = 5.0V £5% Ve = 5.0V £10%
Parameters Description Min Max Min Max Units Test Conditions
tPLH Propagation Delay B to Y (Latch 25 28 ns
tPHL Transparent, OEY = LEY = HIGH) 25 28 ns
tpLH Propagation Delay DI to Y 15 18 ns
tPHL (OEY = HIGH, S = LOW) 15 18 ns Figure 1
C, = 50pF
tpLH Propagation Delay S to Y 25 28 ns RL = 3900
tPHL (OEY = HIGH) 25 28 ns Rao = 1kQ
tPLH Propagation Delay LEY to Y 25 30 ns
tPHL (OEY = S = HIGH) 35 40 ns
tpzH Y Bus Output Enable Time 18 21 ns
tpzL OEYtoY 18 21 ns
tPHZ Y Bus Output Disable Time 18 21 ns
tpLz OEYtoY 18 21 ns
tPLH Propagation Delay LEB to B 25 30 ns Figure 1
tPHL (OEB = LOW) 35 40 ns C| = 50pF
- R_ = 2700
tPLH Propagation Delay Y to B (Latch Transparent, 18 2 ns Ry = 1kQ
tPHL LEB = HIGH, OEB = LOW, OEY = LOW) 20 23 ns
— Figure 1
tPLH Propagation Delay ¥ to B (Latch Transparent, 26 30 ns C, = 300pF
tPHL LEB = HIGH, OEB = LOW, OEY = LOW) 31 35 ns 2; - 12‘380
tpzH B Bus Output Enable Time 18 2 ns Figure 1
tpzL OEBto B 18 21 ns CL = 50pF
= Ry = 270Q
Pz B Bus Output Disable Time 18 2 ns RZ - 1kQ
tppz OEBto B 18 21 ns
tpLH Propagation Delay Y to DO 15 18 ns Eifliesgp':
PHL (OED = OEY = LOW) 20 23 e o
tpzH DO Output Enable Time 28 30 ns §=2
OED to DO _ Figure 3
tpzL . 28 30 ns S=1 CL = 50pF
terz DO Output Disable Time 16 18 ns | S=2 | R=#6800
tpz OED to DO 24 28 ns =1
tg B to LEY Set-up Time (OEB = HIGH) 6 6 ns g‘f”:'esz)pp
= . — Ry = 390Q2
tH B to LEY Hold Time (OEB = HIGH) 9 10 ns Ry = 1kQ
tg Y to LEB Set-up Time (OEY = LOW) 6 6 ns g'f”:'esgp,:
R = 2700
ty Y to LEB Hold Time (OEY = LOW) 9 10 ns Ry = 1kQ
*AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
. SWITCHING TEST CIRCUITS .
'cc cc Lz, zL
R A 7
FROM FROM FROM 6800
VIC
::,V.:f;"—l— outeur oo Vi
2
b Cp R c
~|: c 1 Rz ]: 50pF 2K ]: S(I)-pF
Figure 1. Figure 2. Figure 3.




Am2961 e Am2962

Am2962 comL MIL
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE* Ta =0to +70°C T = -55t0 +125°C
Vee = 5.0V 5% Vec = 5.0V £10%
Parameters Description Min Max Min Max Units Test Conditions
PLH Propagation Delay B to Y (Latch 27 28 ns
tPHL Transparent, OEY = LEY = HIGH) 27 28 ns
tPLH Propagation Delay Di to Y 15 8 ns
tPHL (OEY = HIGH, S = LOW) 15 18 ns Figure 1
C_ = 50pF
tPLH Propagation Delay S to Y 25 28 ns R:: = 398(1
tPHL (OEY = HIGH) 25 28 ns Ry = 1kQ
tPLH Propagation Delay LEY to Y 25 30 ns
oL (OEY = S = HIGH) 35 40 ns
tpzH Y Bus Output Enable Time 18 2 ns
tpzL OEYtoY 18 21 ns
tPHZ Y Bus Output Disable Time 18 21 ns
tpLz OEYtoY 18 21 ns
tpLH Propagation Delay LEB to B 25 30 ns Figure 1
oL (OEB = LOW) 35 40 ns Cy = 50pF
) RL = 2700
tPLH Propagation Delay Y to B (Latch Transparent, 20 23 ns Rp = 1kQ
tpHL LEB = HIGH, OEB = LOW, OEY = LOW) 21 24 ns
28 Figure 1
tPLH Propagation Delay Y to B (Latch Transparent, 32 ns C_ = 300pF
oL LEB = HIGH, OEB = LOW, OEY = LOW) 32 36 ns AL = 2700
Ry = 1kQ
tpzH B Bus Output Enable Time 18 21 ns Figure 1
tpzL OEB to B 18 21 ns C_ = 50pF
R = 2700
tpLz B Bus Output Disable Time 18 2 ns R; = 1kQ
tpHz OEBto B 18 21 ns
tpLH Propagation Delay Y to DO 15 18 ns zigtiresip’:
OED - OEY = LOW L
toHL ( ) 20 23 ns R = 2k
tpzH DO Output Enable Time 28 30 ns S=2
OED to DO - Figure 3
tpzL 28 30 ns S=1 C, = 50pF
tPHZ DO Output Disable Time 16 18 ns S=2 | R=6800
toiz OED to DO 24 28 ns S=1
-
. = Figure 1
ts B to LEY Set-up Time (OEB = HIGH) 8 8 ns C_ = 50pF
RL = 3900
t B to LEY Hold Time (OEB = HIGH) 8 9 ns R - Tk
X B Figure 1
tg Y to LEB Set-up Time (OEY = LOW) 8 8 ns C. = 50pF
: R = 2700
tH Y to LEB Hold Time (OEY = LOW) 8 9 ns Ry — 1kQ

*AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.




Am2961 ¢ Am2962

DEFINITION OF FUNCTIONAL TERMS

Bo, By
B2! 33

OEB

LEB

YO’ Y1 )
Y2, Y3

LEY

The four bidirectional system data bus inputs/
outputs. The B-to-Y path is inverting for the
Am2961 (B;) and noninverting for the Am2962 (B;).

The three-state Output Enable for the system data
bus output drivers. When OEB is LOW data from
the Data Output Latch is output to the system data
bus. When OEB is HIGH the bus drivers are in the
high-impedance state and the Data Input Latch can
receive input data from the system data bus.

Latch Enable for the Data Output Latch. When LEB
is HIGH the latch is transparent and Y-Bus data is
output to the B-Bus. When LEB goes LOW, Y-Bus
data meeting the latch set-up and hold time re-
quirements is latched for output to the B-Bus.

The four bidirectional EDC data inputs/outputs for
connection to the EDC data 1/O port.

The Latch Enable control for the Data Input Latch
for the data input from the system data bus (B).
When LEY is HIGH the latch is transparent and B
input data is available at the MUX input for selec-
tion to the Y outputs. When LEY goes LOW, B
input data meeting the latch set-up and hold time
requirements is latched for subsequent selection to
the Y outputs.

OEY

DOy, DOy,
DOy, DO3

OED

Di, Dhy,
Diy, Di3

Output Enable for the Y (EDC) Bus outputs. When
OEY is HIGH data selected by the input data mul-
tiplexer is output to the Y-bus. When OEY is LOW
the MUX output is in the high-impedance state and
the Y-Bus can receive input data from the EDC
Unit.

The Select input for the input data multiplexer. A
LOW input selects data from the memory data
input, DI, for output to the EDC bus (Y). A HIGH
input selects data from the system data bus Data
Input Latch (B or B).

The Data Outputs to the memory data inputs. The
DO outputs are inverted with respect to the EDC
Bus (Y). These outputs are “RAM Driver’ outputs
with a collector resistor in the lower output driver to
protect against undershoot on the HIGH-to-LOW
transition.

Output Enable for_tpe_Df) outputs. An active LOW
input causes the DO outputs to output inverted data
from the EDC (Y) Bus and a HIGH input puts the
DO outputs in the high-impedance state.

The Data Inputs from memory. Dl inputs are selected
by the data input MUX for output to the EDC (Y) Bus
(controlled by S and OEY) and/or output to the sys-
tem data bus (B) (controlled by LEB and OEB).




Am2961 ¢ Am2962

FUNCTION TABLES
Y-BUS OUTPUT B-BUS OUTPUT
— ﬁ.a L Y* _ § B
LEY | Dli | Am2961| Am2962| S | OEY | ¥ input | LEB | OEB | 2961 | Am2962
X | x X X X L |z X X H z z
X L X X L] H |H L H L H L
X | H X X L] H L H H L L H
H X L H H| H | H X L L NC NC
H | X H L H| H L
*OEY = LOW for B data input

L X X X H| H |NC
*OEB = HIGH for B data input

DO PORT OUTPUT

Y OED | DO

X H z

L L H

H L L

APPLICATION

MEMORY :
16 DATA BITS | ecHeEckBITS
y A b b 4 L
'4’4’4’4’4"’4’4 4
L —
|—
4
L
CONTROLS*———f Am2961/62 ’
@) 4
L
I Am2960
" EDC
4 Vi
L | CONTROLS ————
/’4 /4 /4 P
(() SYSTEM DATA BUS 9

*Since the EDC Data Bus Buffers are four-bit wide devices, controls can be paired to device inputs to provide byte level

controls (for any data width).
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METALLIZATION AND PAD LAYOUTS

Am2961 Am2962
S 24 Vce s 1 24 Ve
OEY 23 OED OEY 2 23 OED
DGy 2200, DOy 3 22003
By 2183 By 4 2183
Yo 20y Yo 5 2%
Dig 19 Dl3 Dip 6 19 Dl3
Dy 18 Diy oy 7 18 DIy
Yy 17Y; Yy 8 17V,
By 16 By By 9 168,
DO, 10 15 DO, DO 10 15 D0,
LEY 11 14 OEB LEY 11 14 OEB
GND 12 13 LEB GND 12 13LEB

DIE SIZES .102” X .087"

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2961 Am2962 Package Type Operating Range  Screening Level
Order Number Order Number (Note 1) (Note 2) (Note 3)
AM2961DC AM2962DC D-24-SLIM (o} C-1
AM2961DC-B AM2962DC-B D-24-SLIM C B-2 (Note 4)
AM2961DM AM2962DM D-24-SLIM M C-3
AM2961DM-B AM2962DM-B D-24-SLIM M B-3
AM2961FM AM2962FM F-24 M C-3
AM2961FM-B AM2962FM-B F-24 M B-3
AM2961XC AM2962XC Dice c Y;S;“ATI'_";'STD;‘;';;
AM2961XM AM2962XM Dice M Method 2010B

Notes: 1. D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package
may be used unless otherwise specified.

. C=0to +70°C, Vg = 4.75V t0 525V, M = —55to +125°C, Vg = 4.50V o 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level

B-3 conforms to MIL-STD-883, Class B.

4. 96 hour burn-in.

N
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This device is also
characterized as:
AmZ8164B

Am2964B

Dynamic Memory Controller

DISTINCTIVE CHARACTERISTICS

® Dynamic Memory Controller for 16K and 64K MOS dynamic
RAMs

® 8-Bit Refresh Counter for refresh address generation, has
clear input and terminal count output

e Refresh Counter terminal count selectable at 256 or 128

® Latch input RAS Decoder provides 4 RAS outputs, all active
during refresh

e Dual 8-Bit Address Latches plus separate RAS Decoder
Latches

o Grouping functions on a common chip minimizes speed
differential or skew between address, RAS and CAS outputs

e 3-Port, 8-Bit Address Multiplexer with Schottky speed

® Burst mode, distributed refresh or transparent refresh mode
determined by user

e Non-inverting address, RAS and CAS paths

® 100% MIL-STD-883 reliability assurance testing

CONNECTION DIAGRAMS

Top Views
DIP
RAS, ({1 ® ~/ a0 RAS,
RAS; [ 2 39 [ ] Ras,
RAsi []3 38 ] A
RSELy [ 4 371 %
RSELy |5 36 [ ] LE
caso [ 5[] Ag
casi[]7 1A
TR []s 33170
T[] 32[ ] Ag
Vee [] 10 31 Az
A 1t ATB g g GND
o7 : 12 29[ 0,
Ay 13 28] Ao
Aqg E 14 27 ] A3
0g 15 26103
MSEL E 16 25 [ ] RFSH
Ag [ 17 24 [ Any
Az []18 23] Aq
Os []19 22 [] 04
As [ 20 21 [7] Ar BLI-124
Flatpack
Cas, {1 @ S 42 [ ] RSEL,
cas, []2 a1 [ ] RSELy
ClR[]s 40 ] ARSI
ne [ 39 ] RAS;
Tc[]s 38 [ Ras,
Vee [ 6 37 ] Ras,;
a5 7 36 [ ] RAS,
o []s 3] A
A [ 3 [J 0,
A Y10 B[ e
og [ 321 Ag
Ne [ 12 A4
mseL []13 30 ] 0
Ag [ 14 29 Ay
A [ 15 28[] A
os []16 27 [ ] GND
As [} 17 26 :| 0,
A []18 25 ] Ao
o, 19 217 A
Ay [] 20 23{ 103
A [ 2t 22 [ ] RFSH

Note: Pin 1 is marked for orientation.

FUNCTIONAL DESCRIPTION

The Am2964B Dynamic Memory Controller (DMC) replaces a
dozen MSI devices by grouping several unique functions. Two
8-bit latches capture and hold the memory address. These
latches and a clearable, 8-bit refresh counter feed into an 8-bit,
3-input, Schottky speed MUX, for output to the dynamic RAM
address lines.

The same silicon chip also includes a special RAS decoder and
‘CAS buffer. Placing these functions on the same chip minimizes
the time skew between output functions which would otherwise
be separate MSI chips, and therefore, allows a faster memory
cycle time by the amount of skew eliminated.

The RAS Decoder allows upper addresses to select one-of-four
banks of RAM by determining which bank receives a RAS input.
During refresh (RFSH = LOW) the decoder mode is changed to
four-of-four and all banks of memory receive a RAS input for
refresh in response to a RASI active LOW input. CAS is inhibited
during refresh.

Burst mode refresh is accomplished by holding RFSH LOW and
toggling RASI.

A15 is a dual function input which controls the refresh counter’s
range. For 64K RAMs it is an address input. For 16K RAMs it can
be pulled to + 12V through 1K(} to terminate the refresh count at
128 instead of 256.

LOGIC DIAGRAM

MSEL

A J\ ROW
H ADDRESS
A, /| Latcu 8

Op
ADDRESS .
MUX

Vv

07

Ag COLUMN
H ADDRESS
Ats LATCH 8

8
LE
REFRESH —
CLR ADDRESS TC
GENERATOR
RSEL, BANK [ RAS,
SELECT AS RS,
RSEL, LATCH [
DECODE | Fl—Asz
RAST —— RAS;
RFSH i
CAS CASO
cast BUFFER CAso
BLI-123




Am2964B

MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature

—65to +150°C

Temperature (Ambient) Under Bias

—55to +125°C

Supply Voltage to Ground Potential -0.5t0 +7.0V
DC Voltage Applied to Outputs for High Output State +0.5V to +Vgc MAX
DC Input Voltage -0.5t0 5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted)

(Group A, Subgroups 1, 2 and 3)
Am2964XC Tp = Oto + 70°C
Am2964XM Tc = —55t0 +125°C

Ve + 5.0V + 5% (Com'l)
Vec = 5.0V = 10% (MIL)

MIN + 475V MAX = 5.25V

MIN = 450V MAX = 5.50V

TYP
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vo = MIN TC 25 Volts
VoH Output HIGH Voltage VIN = VIH or Vi
lon = —1mA Others 3.0 Volts
Vec = MIN
Vou Output HIGH Voltage Vi = Vi or Vi, All outputs 20 Volts
except TC
loH = —15mA
All outputs except
— N 0.5 Volts
VoL Output LOW Voltage \oe = Q’"Nor v TC lo = 16mA
IN = ViH OF VL TC, loL = 8mA 05 Volts
Guaranteed input logical HIGH
VIH Input HIGH level voltage for all inputs 20 Volts
Guaranteed input logical LOW
ViL Input LOW level voltage for all inputs 0.8 Volts
\ Input Clamp Voltage Vcc = MIN, Iy = —18mA -15 Volts
RASI -3.2 mA
Vee = MAX ol BEcn -
I Input LOW Current Vin = 0.4V CASI, MSEL, RFSH 1.6 mA
Ag — A5, CLR _
RSELg,q, LE 04 mA
RASI 100 pA
I Input HIGH Current Ve = MAX CASI, MSEL, RFSH 50 uA
VN = 2.7V P——
Ag-Ats, CLR 20 uA
RSELg 1, LE
Ve = MAX RASI 2.0 mA
VIN — 5.5V
W Input HIGH Current IN CASI, MSEL, RFSH 1.0 mA
Vee = MAX Ag-Ats, CLR
Vi = 7.0V RSELg 1, LE 01 mA
“lsc Output Short Circuit Current Vcc = MAX (Note 3) -40 -100 mA
25°C, 5V 122 mA
0to 70°C 173 mA
lcc Power Supply Current 70°C coML 165 mA
(Note 4) _ o
55to +125°C MIL 165‘ mA
+125°C 150 mA
T Aqs Enable Current A5 connected to +12V through 1KQ + 10% 5 mA

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. lgc is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CASI are HIGH and all

other inputs are LOW.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR

(Notes 5, 6)

COM’L MIL
Ta = +25°C| Ta = 0°C to +70°C | Tc = —55°C to +125°C
Vec = 5.0V| Vgc = 5.0V + 5% Vee = 5.0V = 10% Test

Parameter Description Typ. Min. Max. Min. Max. Units Conditions
1 tpp A to O; Delay 14 19 23 ns
2 | tpy. |RASIto RAS; (RFSH = H) 14 20 23 ns
3 | tpy. |RASIto RAS; (RFSH = L) 14 20 23 ns
4 | topp |MSELto O 17 9 9 ns
5 | tpp |MSELto O 17 21 25 ns
6 | tpyL |CASIto CASO (RFSH = H) 12 17 19 ns
7 | tppL | RSEL to RAS; (LE = H, RASI = L) 15 20 24 ns
8 | tpy |RFSHto TC (RASI = L) 30 40 50 ns
9 | tpn |RASIto TC (RFSH = L) 25 35 40 ns
10 | tpw |RASI =L (RFSH = L) 10 50 50 ns
11 | tpw |RASI = H (RFSH = L) 10 50 50 ns
12 | tpp | RFSH to O; (RASI = X) 17 21 25 ns

13 | tpy. |RFSH to RAS; (RASI = L) 19 26 29 ns C_ = 50pF
|14 | tbw |CIR=1L 10 30 35 ns
15 | tpuy ?;ng © fg% L Note ) 16 21 25 ns
16 | tpp |LEto O; 25 35 40 ns
17 | tpyL | LE to RAS; 30 40 45 ns
18 | oy |CLRtoTC 35 45 56 ns
19 | toiy | CLR to O; (RFSH = L) 31 44 54 ns
20 | tg A; to LE Set-up Time 0 5 5 ns
21 ty A to LE Hold Time 5 12 15 ns
22 ts RSEL; to LE Set-up Time 0 5 5 ns
23 | ty RSEL; to LE Hold Time 10 17 25 ns
24 | tg GLR Recovery Time 5 12 15 ns
25 | tgkew | O; to RAS; (RFSH = H, Note 8) 2 5 ns
26 | tskew | O, to CASO (Note 8) 4 6 8 ns
27 | tskew | Oj to RAS; (RFSH = L, Note 9) 6 8 10 ns
28 | tgkew | O to RAS; (MSEL = b, Note 10) 1 5 5 ns

Notes: 5. Minimum spec limits for to,, ts and ty are minimum system operating requirements. Limits for tgxgw and tpp are guaranteed test limits

6
7.
8

10.

for the device.

. All AC parameters are specified at the 1.5V level.

RFSH inhibits CASO during refresh. Specification is for CASO inhibit time.

. O; to RAS (RFSH = HIGH) skew is guaranteed maximum difference bet 1 fastest RASI to RAS delay and slowest A; to O; delay

wnhln a snngle device. O; to CASO skew is maximum difference between fastest CASI to CASO de|ay and slowest MSEL to 0| delay
within a single device. See application section entitied Memory Cycle Timing for correlation to System Timing requirements.

. Oj to FIAS (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to RAS; delay and slowest RFSH to O; delay

wnhm a single device. See application section on Refresh Timing for correlation to system refresh timing requirements.
O; to RAS; (MSEL = 1 ) skew is guaranteed maximum difference between fastest MSEL b to O; delay and slowest RASI to RAS;
delay within a single device.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR

(Notes 5, 6)

COM’L MIL
Ta = +25°C| Tp = 0°C to +70°C |{T¢ = —55°C to +125°C
Veec = 5.0V| Vee = 5.0V + 5% Vee = 5.0V = 10% Test
Parameter Description Typ. Min. Max. Min. Max. Units Conditions
1 tpp A; to O; Delay 20 25 30 ns
2 | tpy. | BASIto RAS; (RFSH = H) 18 24 27 ns
3 | tpy. | RASIto RAS; (RFSH = L) 18 24 27 ns
4 | top |MSELto O 23 12 12 ns
5 | top |MSELto O 23 27 31 ns
6 | tpy |CASIto CASO (RFSH = H) 17 24 26 ns
7 | tpyL |RSEL, to RAS; (LE = H, RASI = L) 19 27 30 ns
8 | tpiy |RFSHto TC (RASI = L) 34 45 55 ns
9 | touy |RASIto TC (RFSH = L) 32 45 55 ns
10 | tpw |RASI =L (RFSH = L) 10 50 50 ns
11 | tpw |RASI =H (RFSH = L) 10 50 50 ns
12 | tpp |RFSH to O; (RASI = X) 21 27 30 ns
13 | tpyL |RFSH to RAS; (RASI = L) 25 33 36 ns | C_= 150pF
14 | tpw |CIR=L 0 30 35 ns

RFSH to CASO

15 | %0 | RAS] = L GAST = L. Note 7) 21 27 31 ns
16 | tpp |LEto O 30 40 50 ns
17 | tpyL  |LE to RAS; 34 45 54 ns
18 | tpy |CLRtoTC 39 55 60 ns
19 | tpy |CLR to O; (RFSH = L) 38 50 62 ns
20 tsg A; to LE Set-up Time 0 5 5 ns
21 |ty A to LE Hold Time 5 12 12 ns
22 | tg RSEL; to LE Set-up Time 0 5 5 ns
23 | ty RSEL,; to LE Hold Time 10 17 25 ns
24 | tg CLR Recovery Time 5 12 15 ns
25 | tskew |Oj to RAS; (RFSH = H, Note 8) 3 6 7 ns
26 | tgkew |O; to CASO (Note 8) 4 7 8 ns
27 | tskew |Oj to RAS; (RFSH = L, Note 9) 6 9 10 ns
28 | tskew |Oj to RAS; (MSEL = b , Note 10) 1 5 ns
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Am2964B

DEFINITION OF FUNCTIONAL TERMS

Ag-A7

Ag-A1s5

A5

0o-07

MSEL

RFSH

The low order Address inputs are used to latch
eight Row Address inputs for the RAM. These
inputs drive the outputs 0g-07 when MSEL is
HIGH.

The high order Address inputs are used to latch
eight Column Address inputs for the RAM. These
inputs drive the outputs 0g-07 when MSEL is LOW.

A1s is a dual input. With normal TTL level inputs
A4s acts as address input Ays for 64K RAMs. If
Aqs is pulled up to +12V through a 1K(Q resistor,
the terminal count output, TC, will go LOW every
128 counts (for 16K RAMSs) instead of every 256
counts.

The RAM address outputs. The eight-bit width is
designed for dynamic RAMs up to 64K.

The Multiplexer-SELect input determines
whether low order or high order address inputs
appear at the muitiplexer outputs 0g-07. When
MSEL is HIGH the low order address latches
(Ao-A7) are connected to the outputs. When
MSEL is LOW the high order address latches
are connected to the outputs.

The Refresh control input. When active LOW the
RFSH input switches the address output multi-
plexer to output the inverted contents of the 8-bit
refresh counter. RFSH LOW also inhibits the CAS
buffer and changes the mode of the RAS decoder
from one-of-four to four-of-four so that all four RAS
decoder outputs, RASg, RAS;, RAS, and RAS3,
go LOW in response to a LOW input at RASI. This
action refreshes one row address in each of the
four RAS decoded memory banks. The refresh
counter is advanced at the end of each refresh
cycle by the LOW-to-HIGH transition of RFSH or
RASI (whichever occurs first). In burst mode re-
fresh, RFSH may be held LOW and refresh ac-
complished by toggling RASI.

The Terminal Count output. A LOW output at TC
indicates that the refresh counter has been se-

CLR

LE

RSELg and
RSEL4

RASI

RAS(, RAS
RAS,, RAS;

CASI

CASO

quenced through either 128 or 256 refresh addres-
ses depending on A4s. The TC output remains
active LOW until the refresh counter is advanced
by the rising edge of RASI or RFSH.

The refresh counter Clear input. An active LOW
input at CLR resets the refresh counter to all LOW
(refresh address output to all HIGH).

The address latch enable input. An active HIGH
input at LE causes the two 8-bit address latches
and the 2-bit RAS Select input latch to go trans-
parent, accepting new input data. A LOW input on
LE latches the input data which meets set-up and
hold time requirements.

The RAS decoder Select inputs. Data (latched) at
these inputs (normally higher order addresses) is
decoded by the RAS Decoder to “RAS Select” one
of four banks of memory with RASq, RAS1, RAS,
or RASs,

The Row Address Strobe Input. During normal
memory cycles the selected RAS Decoder output
RAS(, RAS1, RAS2 or RAS3 will go active LOW in
response to an active LOW input at RASI. During
refresh (RFSH = LOW), all RAS outputs go LOW
in response to RASI = LOW.

Row Address Strobe outputs (RAS;). Each pro-
vides a Row Address Strobe for one of the four
banks of memory. Each will go active LOW only
when selected by RSELq and RSEL¢ and only
when RASI goes active LOW. All RASy.3 outputs
go active low in response RASI when RFSH goes
LOW.

The Column Address Strobe. An active LOW input
at CASI will result in an active LOW output at
CASO, unless arefresh cycleisin progress (RFSH
= LOW).

The Column Address Strobe output. The active
LOW CASO output strobes the Column Address
into the dynamic RAM. CASO is inhibited during
refresh (RFSH = LOW).

RAS OUTPUT FUNCTION TABLE

RFSH RASI RSEL; RSELy; | RASp RAS, RAS, RAS;
L H X X H H H H
L L X X L L L L
H H X X H H H H
H L L L L H H H
H L L H H L H H
H L H L H H L H
H L H H H H H L
CASO FUNCTION TABLE ADDRESS OUTPUT FUNCTION TABLE
RFSH | CASI | CASO P oty
H L L H H Ag-A7
H H H L H Ag-As
L X H X L "Refresh Address
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REFRESH ADDRESS COUNTER FUNCTION TABLE

A5 CLR RFSH RASI | TC | REFRESH COUNT FUNCTION
X L X X X FFH Clear Counter
x Wl wo ] ox | x NC No Ghange for Counter
X H 4 L X Count — 1 aigénaﬁl%zr;]&%gricgoumer
x H oL x NC No Ghangs for Counter
L e [ ] came s | B
LorH H X X L 004 Jseé’“ﬁ.’r‘,i' ggfl:g;tfwor
s | H X X L | ooqand8oy | 15Tine Retresh

*Through 1 k() resistor.

BURST REFRESH TIMING

oR \_/ NOTE: TC & OCCURS
BEFORE ADDRESS ADDRESS ZERO IS
REFRESH COUNTER IS
DECREMENTED ON ZERO IS REFRESHED REFRESHED HERE
THIS EDGE
RFSH 5( /
e AW AN AN AN A AW i
_ —_ < - - \ —_—
TC \ 128 LINE __ <
et REFRESH TC e/
T Ay5 PULLED 256 LINE __
UPTO +12v t+——— REFRESH TC
THROUGH 1k() Aqs = TTL LEVELS
0, X H H H H H H L L L H
Og X H H H H L L H L L H
[ X H H H H L L H L L H
' x| H WK H L L H L L H
03 X H H H H L L H L L H
0, X H H H H L L H L L H
04 X H H H L L L H L L H
0y x| n L H H L H H L H
COUNT 2 | 288 255 | 258 263 120 128 127 1 0 255

The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. Therefore the counter is cleared prior to executing

the refresh sequence.
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APPLICATION

ARCHITECTURE

The Dynamic Memory Controller (DMC) provides address mul-
tiplexing, refresh address generation and RAS/CAS control for
the MOS dynamic RAM memories of any data width. The eight bit
address path is designed for 64K RAMs and can be used with 16K
RAMSs.

Sixteen address input latches and two RAS Select latches (for
higher order addresses) allow the DMC to control up to 256K
words of memory (with 64K RAMSs) by using the internal RAS
decoder to select from one-of-four banks of RAMs.

SPEED WITH MINIMUM SKEW

The DMC provides Schottky speed in all of the critical paths. In
addition, time skew between the Address, RAS and CAS pathsiis
minimized (and specified) by placing these functions on the same
chip. The inclusion of the CAS buffer allows matching of its
propagation delay, plus provides the CAS inhibit function during
RAS — only refresh.

INPUT LATCHES

The eighteen input latches are transparent when LE is HIGH and
latch the input data meeting set-up and hold time requirements
when LE goes LOW. In systems with separate address and data
buses, LE may be permanently enabled HIGH.

REFRESH COUNTER

The 8-bit refresh counter provides both 128 and 256 line refresh
capability. Refresh control is external to allow maximum user
flexibility. Transparent (hidden), burst, synchronous or asyn-
chronous refresh modes are all possible.

The refresh counter is advanced at the LOW-to-HIGH transition
of RFSH (or RASI). This assures a stable counter output for the
next refresh cycle. The counter will continue to cycle through 256
addresses unless reset to zero by CLR. This actually causes all
outputs to go HIGH since the output MUX is inverting. (Address
inputs to outputs are non-inverting since both the input latches
and output MUX are inverting).

64K WORD X 22-BIT MEMORY

DATA MEMORY
UPPER BYTE

CHECK
LOWER BYTE BITS

Am2965
Am2oe6 | 7

ADDR I |

22 Am9016s

[
Ay

ADDR
Ar ) oR | 0g

N s
RAS
A _l/ RAS
omMC RAS
At5 ———————=1 RSELO
Ayg ——————{ RSEL1 Am2966
— LE CASO
== X
@ w ‘m |m
1]
23 k&

r_
JLTY UG

| J amases

TIMING

CONTROL
LOGIC

1y
AV

Ao

BYTE
LOCATION
CONTROL

1
Am2961 Am2960
Am2962 EDC UNIT
EDC BUS BUFFERS

Q DATA BUS 8

*Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing_skew is minimized by
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four

drivers to equalize the capacitive load on each driver.

Figure 1. Dynamic Memory Control with Error Detection and Correction
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REFRESH TERMINAL COUNT

The refresh counter also provides a Terminal Count output for
burst mode refresh applications. TC normally occurs at count 255
(07 to 07 all LOW when RFSH is LOW). TC can be made to occur
at count 127 for 128 line burst mode refresh by pulling A{s up to
+12V through a 1KQ) + 10% resistor. The counter actually cycles
through 256 with TC determined by A15. Otherwise A15 functions
as an address input when driven at normal TTL levels.

THREE INPUT 8-BIT ADDRESS MULTIPLEXER

The address MUX is 8-bits wide (for 64K RAMSs) and has three
data sources, the lower address input latch (Ag to A7), the upper
address input latch (Ag to Ays) and the internal refresh counter.
The lower address latch is selected when MSEL is HIGH. This is
normally the Row address. The upper address latch is selected
when MSEL is LOW. This is normally the Column address. The
third source — the refresh counter is selected when RFSH is LOW
and overrides MSEL.

When RFSH goes LOW, the MUX selects the refresh counter
address and CASO s inhibited. Also, the RAS Decoder function

is changed from one-of-four to four-of-four so all RAS cutputs
%o-R_Asa go LOW to refresh all banks of memory when RASI
goes LOW. When RFSH is HIGH only one RAS output goes low,
determined by the RAS Select inputs, RSELg and RSEL4. In
either case the RAS Decoder output timing is controlled by RASI
to make sure the refresh count appears at 0p-07 before mo-
RAS3 go LOW. This assures meeting Row address Set-up time
requirement of the RAM (tagR).

MAXIMUM PERFORMANCE SYSTEM

The typical organization of a maximum performance 16-bit sys-
tem including Error Detection and Correction is shown in Figure 1.
Delay lines provide the most accurate timing and are recom-
mended for RAS/MSEL/CAS timing in this type of system.

CONTROLLING 16K RAMS OR SMALLER SYSTEMS

16K RAMs require seven address inputs and 128 line refresh.
Also, Ag is often used to designate upper or lower byte trans
actions in 16-bit systems. These modifications are shown in
Figure 2.

Ag *
Aq Ag
Az | A
A3 | A2
Aq A3
As Aq
Ag e A5
ar—— 1 as
NC ——— A7
Ag Ag
A Ao DMC
At A1
A1t An
Az Az BYTES  WORDS
At A13 RAS, 032K 016K
Ag Ag
+12V ——AM———— A5 RAS; 32-64K 16-32K
10
Ats RSELg RAS; |———— 64-96K 32-48K
A1s RSEL{ RAS; 96-128K 48-64K
*Ag Controls Byte Select Logic

Figure 2. Word Organized Memory Using 16K RAMs
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MEMORY CYCLE TIMING The minimum requirement for T4, To, and T3 are as follows:
TyMIN = tRaH + tog

The relationship between DMC specifications and system tim- ToMIN = Ty + tog + tasc

ing requirements are shown in Figure 3. Ty, To and T3 repre- T3MIN = tasp + tos

sent the minimum timing requirements at the DMC inputs to
guarantee that RAM timing requirements are met and that See RAM data sheet for applicable values for tgay tagc and
maximum system performance is achieved.

task-

) |
U
o ROW ADDRESS VALID )m( COLUMN ADDRESS VALID
—®
RASI (TEST) —\
) | 5
) {28)
\ \\\l
@
&
MSEL \
&
CASI (TEST) —\
P~
126)
CASO A\ x
(29) = GUARANTEED MAX DIFFERENCE BETWEEN FASTEST \ <
AASI TO RAS; DELAY AND THE SLOWEST A; TO R R
0; DELAY ON ANY SINGLE DEVICE. ~
= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST &)

CASI TO CASO DELAY AND THE SLOWEST MSEL
TO 0; DELAY ON ANY SINGLE DEVICE.

a) Specifications Applicable to Memory Cycle Timing

D

0;

ROW ADDRESS VALID >mg COLUMN ADDRESS VALID

AAS;

T3 —o=]

RASI —.————\

iousn

tRAH

.' |
T

bl

MSEL

X

T2

CASI

\

— tasc l._

CASO

b) Desired System Timing
Figure 3. Memory Cycle Timing
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REFRESH CYCLE TIMING

The timing relationships for refresh are shown in Figure 4.
T4 minimum is calculated as follows:

Ts = tasr + to7

T

®

] MK REFRESH ADDRESS VALID

=T

- AN

a) Test Waveforms

RFSH —\

[o] REFRESH ADDRESS VALID

RAS| =1

RAS; I‘ e .l
| EANNNN

= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASITO
RAS; DELAY AND SLOWEST RFSH TO O; DELAY ON
ANY SINGLE DEVICE.

b) Desired System Timing

Figure 4. Refresh Timing
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Metallization and Pad Layout

AAS; 1
RAS; 2 40 RAS,
AAS 3 39 RASy

RSELg 4 38 Ag

RSEL 4 5——-—|| ‘ Y%

. ol fp—
—— 36LE
CASO 6 —
CASI 7 — — 35Ag
CLR 8 —— - —— 34.A4
e 9 — b —— 3304
Vee 10 —— L 324
Ags 11— —— 31A;
0712 [ L— 30GND
—— 290,
A7 13 —— — 28Ay
Aqq 14 — 27 A3
0615 —F | 2603
MSEL 16 ——
|
T 3 | — 25RAFSH

Ag 17 _.‘__._’
A3 18

A5 20 21 Aqz

DIE SIZE 0.156" X 0.143"

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package,
temperature range, and screening level.

Am2964B Package Type Operating Range  Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2964BPC P-40 C C-1
AM2964BDC D-40 (03 CA1
AM2964BDC-B D-40 C B-2 (Noté 4)
AM2964BDM D-40 M C-3
AM2964BDM-B D-40 M B-3
AM2964BFM F-42 M Cc-3
AM2964BFM-B F-42 M B-3
AM2964BXC Dice c :st‘jlfl'_"s’i%egg"
AM2964BXM Dice M

Method 2010B

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the
package may be used unless otherwise specified.

2. C = 0°Cto +70°C, Vg = 4.75V to 525V, M = —55°C to +125°C, Vo = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3
conforms to MIL-STD-883, Class B.

4. 96 hour burn-in.




This device is also Am2965 o Am2966

characterized as:

AmZ8165 Octal Dynamic Memory Drivers with Three-State Outputs

AmZ8166

DISTINCTIVE CHARACTERISTICS

e Controlled rise and fall characteristics
Internal resistors provide symmetrical drive to HIGH and
LOW states, eliminating need for external series resistor.

e Output swings designed to drive 16K and 64K RAMs
Von guaranteed at Vo —1.15V. Undershoot going LOW
guaranteed at less than 0.5V.

e Large capacitive drive capability
35mA min source or sink current at 2.0V. Propagation
delays specified for 50pF and 500pF loads.

e Pin-compatible with 'S240 and 'S244
Non-inverting Am2966 replaces 74S244; inverting Am2965
replaces 74S240. Faster than 'S240/244 under equivalent
load.

e No-glitch outputs

Outputs forced into OFF state during power up and down.
No glitch coming out of three-state.

CONNECTION DIAGRAM

Top View
w[]1® 20 b Vee
mi[]2 19 ]2
2va[]3 B[ ]
2[4 17 [ ] 284
2va[]s 16 ]v2
3]s 15[ ] 283
av2 [ 7 u[]v3
na[]s 13 ] 22
2vi[ ]9 12[ ] 1va

ano [ 10 1] 2m

Note: Pin 1 is marked for orientation.
BLI-125

FUNCTIONAL DESCRIPTION

The Am2965 and Am2966 are designed and specified to drive the
capacitive input characteristics of the address and control lines of
MOS dynamic RAMs. The unique design of the lower output
driver includes a collector resistor to control undershoot on the
HIGH-to-LOW transition. The upper output driver pulls up to V¢
— 1.15V to be compatible with MOS memory and is designed to
have arise time symmetrical with the lower output’s controlled fall
time. This allows optimization of Dynamic RAM performance.

The Am2965 and Am2966 are pin-compatible with the popular
’S240 and 'S244 with identical 3-state output enable controls. The
Am2965 has inverting drivers and the Am2966 has non-inverting
drivers.

The inclusion of an internal resistor in the lower output driver
eliminates the requirement for an external series resistor, there-
fore reducing package count and the board area required. The
internal resistor controls the output fall and undershoot without
slowing the output rise.

These devices are designed for use with the Am2964 Dynamic
Memory Controller where large dynamic memories with highly
capacitive input lines require additional buffering. Driving eight
address lines or four RAS and four CAS lines with drivers on the
same silicon chip also provides a significant performance ad-
vantage by minimizing skew between drivers. Each device has
specified skew between drivers to improve the memory access
worst case timing over the min and max tpp difference of un-
specified devices.

TYPICAL OUTPUT DRIVER

Vee

OUTPUT TO
RAM ADDRESS
OR CONTROL
LINES

GND
BLI-126

LOGIC DIAGRAMS

Am2965

2v1

Y

1Aa1 % w1 2a1

— 1Y2  2A2 — 2Y2

1A3 %— Y3 2A3 -—k— 2v3 |npu‘s Outputs
[: [: G Y
A4 —1v4  2p4 — 2va
H X z
L H L
e = L] L H

BL-127

Am2966

vl 2a1 2v1

:
Y

1A2 t—1Y2 2A2 — 2Y2

1A3 %— 1v3 2A3<| :— 2v3 Inputs Outputs
G| A Y
1a4 —1va  2a4 - 2va
H X z
_ _ ' L] L L
G 26 L H H

BLi-i28
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Am2965 e Am2966
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65 to +150°C

Temperature (Ambient) Under Bias

—55to +125°C

Supply Voltage to Ground Potential Continuous -0.5to +7.0V
DC Voitage Applied to Outputs for High Output State —0.5V to +V¢g¢ max
DC Input Voltage -0.5to +7.0V
DC Output Current, into Outputs 200mA
DC Input Current —30 to +5.0mA
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
Am2965/66XC, DC, PC  Tp = 0 to 70°C Vec =50V +10%  (MIN = 450V MAX = 5.50V)
Am2965/66XM, DM Ta = —551t0 +125°C  Vgc = 5.0V £10%  (MIN = 4.50V MAX = 5.50V)
Am2965/66FM Tc = —-55t0 +1256°C Vg = 5.0V £10%  (MIN = 4.50V MAX = 5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE
Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
. Vce = MIN
v, Output High Voltage cC lon = —1mA Vee—1.15 | Vgg-0.7V Volts
OH put Hig g Vin = Vin or Vi, OH cc cc
Vee = MIN loL = 1mA 0.5
v, Output LOW Volt cC Volt
oL ey olage ViN = VigorVy loL = 12mA 0.8 ons
Guaranteed input logical HIGH voltage
ViH Input HIGH Level for all inputs 2.0 Volts
Vi Input LOW Level Guarapteed input logical LOW voltage 08 Volts
for all inputs
\/ Input Clamp Voltage Vece = MIN, ||y = —18mA -1.2 Volts
DATA -200
! Input LOW Current Vee = MAX, Viy = 04V | — A
.IL pul cc IN 5 26 400 o
™M Input HIGH Current Vee = MAX, Vg = 27V 20 HA
I Input HIGH Current Vee = MAX, Viy = 7.0V 0.1 mA
lozn Off-State Current Vo =27V 100 nA
lozL Off-State Current Vo = 04V —200 HA
loL Output Sink Current VoL = 2.0V 50 mA
loH Output Source Current Von = 2.0V -35 mA
Output Short Circuit Current _ —-60 _
Isc (Note 3) Vee = MAX (see lon) 200 mA
All Outputs HIGH y MAX 24 50
cc =
Am2965 All Outputs LOW Outputs Open 86 125
All Outputs Hi-Z 86 125
] Supply Current mA
cc PPy All Outputs HIGH |~ ax 53 75
cCc =
Am2966 All Outputs LOW Outputs Open 92 130
All Outputs Hi-Z 116 150

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.




Am2965 - Am2966

Am2965 « Am2966

SWITCHING CHARACTERISTICS
(Ta = +25°C, Vg = 5.0V)

Parameters Description Test Conditions Min Typ Max Units
C_ = OpF 6 (Note 4)
Propagation Delay Time from —
|{ C_ = 50pF 9 15 ns
PLH LOW-to-HIGH Output . - L P 6
Figure 1 Test Circuit C_ = 500pF 18 22 30
Fi Volt: Level
a'ngc:’ ':;Iaavefi)nrfngse ovee Cu = OpF 4 (Note 4)
t Propagation Delay Time from C_ = 50pF 5 7 15 ns
PHL HIGH-to-LOW Output L
C_ = 500pF 18 22 30
tpLz Output Disable Time from Figures 2 and 4, S = 1 1 20 s
tpHz LOW, HIGH Figures2 and 4, S = 2 6.5 12
tpzL Output Enable Time from Figures 2 and 4, S = 1 12 20
ns
tpzH LOW, HIGH Figures 2 and 4, S = 2 12 20
" +3.0
tsKEW Output-to-Output Skew Figures 1 and 3, C|_ = 50pF +0.5 (Note 5) ns
Vonp Output Voltage Undershoot Figures 1 and 3, C| = 50pF 0 -0.5 Voits
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE (Note 6)
coM’L MIL (Note 7)
Tp = 0to 70°C Ta = —55to +125°C
Vec = 5.0V | Vee = 5.0V =10%
Parameters Description Test Conditions Min Max Min Max Units
Propagation Delay Time ) C_ = 50pF 4 17 4 20
tPLH LOW-to-HIGH Output Figures 1 and 3 C_ = 500pF 18 35 18 40 ns
Propagation Delay Time . C_ = 50pF 4 17 4 20
tPHL HIGH-to-LOW Output Figures 1 and 3 C, = 500pF 18 35 18 40 ns
tpLz Output Disable Time from ) S=1 24 24
Figures 2 and 4 ns
tPHZ LOW, HIGH d S=2 16 16
tpzL Output Enable Time from ) S=1 28 28
Figures 2 and 4 ns
r— LOW, HIGH 9 S-2 28 28
Vonp Output Voltage Undershoot | Figures 1 and 3, C; = 50pF -05 ~-0.5 Volts
Notes: 4. Typical time shown for reference only — not tested.
5. Time Skew specification is guaranteed by design but not tested.
6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
7. Tc = —55to +125°C for Flatpak versions.
SWITCHING TEST CIRCUITS
Vee
R 1QrLz,2L
FROM FROM 6800
DEVICE DEVICE
OuTPUT BLI-129 ouTPUT BLI-130

s
* C
I o 2k I 50pF 2 I HZ, ZH

*tpq specified at C = 50 and 500pF

Figure 1. Capacitive Load Switching. Figure 2. Three-State Enable/Disable.
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Am2965

tory tpHL

i . Voo
N7 o

T

BLI-131 te = tg = 2.5ns
f = 2.5MHz
tow = 200ns

Figure 3. Output Drive Levels.

adding to the internal R.

Drivers.

1000

100

10

LOAD CAPACITANCE C| — pF

1.0

0 10 20 30 40 50

tpy — NS

Figure 5. tp| | for Vo = 2.7 Volts vs. C..

3.0V
INPUT 15V 1.5V
AM2966
ov

BLI-133

VOLTAGE WAVEFORMS

TYPICAL SWITCHING CHARACTERISTICS

% 1.5V

tPHz

S

trrz —

BLI-132

L

3.0v
NN 1.5V
ov
Vo
2.7
'

tpzh
0.5V v
0

i‘—'— tPZL

0.5V

T

tr

= t; = 2.5ns

f=1MHz
tow = 800ns

i Vee
0.8V

L—— Voo

Figure 4. Three-State Control Levels.

1000

100

10

LOAD CAPACITANCE C; — pF

1.0

The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced
drive output impedance (=25¢) both HIGH and LOW), and by pulling up to MOS Vg levels (Vg — 1.5V). External resistors, not
required with the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by

The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance.

The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am23966) RAM

4
E MIN 3 7
\ /
\ /
~ /[
~J
MAX @ +25°C
0 10 20 30 40 50
tpy — ns

Figure 6. tpy for Vo, = 0.8 Volts vs. C,.

The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads.
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64K X 22-BIT MEMORY
DATA MEMORY CHECK
UPPER BYTE LOWER BYTE BITS
7 ADDR l I
= Am2965/ J— I I
Am2966 |7 AS 22 Am9016s
_J—I— aws | I
— J— [EE——
0o HAS 22 AM9016s
ADDR | Og — TAS
RAS, S —_—
AS,
AM29648 RAS, LN
DYNAMIC RS, 7 ADDR
covmouLen : l Y
AmM2966 RAS I
CTAS !_ cas
7 ADDR l I
I 22 Am9016s
RAS
CAS WE | WE | WE
AM2966
8 8 6
TIMING
AND
CONTROL

LOGIC \/

|

1
Am2961/ Am2960
Am2962 EDC UNIT
EDC BUS BUFFERS

|
U U

DATA BUS

*Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing ) skew is minimized by
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four
drivers to equalize the capacitive load on each driver.

DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION

Metallization and Pad Layouts

Am2965 Am2966
G 1 G e o %
1A1 2 1Y1 1A1 2 1Y1
2Y4 3 2A4 2y4 3 2A4
1A2 4 1v2 1A2 4 1v2
2Y3 5 2A3 2¥Y3 5 2A3
1A3 6 1Y3 1A3 6 1Y3
2v2 7 2A2 2y2 7 2A2
1A4 8 1va 1A4 8 1va
2yt 9 2A1 2v1 9 2A1
DIE SIZE 0.094” X 0.060” DIE SIZE 0.094” X 0.066”
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ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2965 Am2966 Package Temperature Screening
Order Number  Order Number Type Range Level

AM2965PC AM2966PC P-20 C C-1
AM2965DC AM2966DC D-20 C C-1
AM2965DCB ~ AM2966DCB D-20 (o] B-1
AM2965DM AM2966DM D-20 M C-3
AM2965DMB AM2966DMB D-20 M B-3
AM2965FM AM2966FM F-20 M C-3
AM2965FMB AM2966FMB F-20 M B-3
AM2965XC  AM2966XC  Dice c vl Mepecton
AM2965XM AM2966XM Dice M

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless othewise specified.
2. C =01070°C, Vg = 4.50V t0 5.50V, M = —55 to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.
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DYNAMIC MEMORY DRIVERS
IMPROVE MEMORY PERFORMANCE

By John Mick and Roy Levy

OVERVIEW

The Am2965 and Am2966 are bipolar octal drivers for 16K and
64K dynamic RAMs. The devices offer a guaranteed maximum
undershoot of —0.5V without requiring external resistors. The
Am2965 and Am2966 feature a tpp minimum and maximum
specified at 50pF and 500pF. The Vop is guaranteed at Voo
—1.15V minimum, and Ipy and Ig_ are specified at +2.0V for
minimum guarantee of charging capacitance. There are glitch-
free three-state outputs during power-up and power-down as well
as symmetrical, controlled rise time and fall time.

While the Am2965 and Am2966 have low-power Schottky input
characteristics and are pin-compatible replacement for design
using the 'S240 and 'S244 (plus external resistors), the
Am2965/2966 offer improved performance. The cost of the com-
ponents is also comparable to Schottky buffer/external resistor
systems.

To assure product quality, the Am2965 and Am2966 are specified
for COM'L and MIL-STD-883.

INTRODUCTION

In the past, memory system designers have used Schottky de-
vices such as the Am74S240 or Am74S244 to drive the highly
capacitive inputs of MOS Dynamic RAMs. However, because of
the distributed inductance and/distributed capacitance as-
sociated with many dynamic RAMs on printed circuit board, re-
sistors are usually placed in series with the Schottky TTL outputs
to minimize undershoot and dampen the ringing that occurs when
driving the inductive/capacitive load.

To achieve maximum performance in today’s memory systems,
the designer should use the Am2965 or the Am2966 to drive large
arrays of MOS Dynamic RAMSs. These devices increase system
speed by providing high-capacity drive and optimizing the drive
characteristic time constant. They provide a new system solution
for solving these problems that eliminates the external resistor
and guarantees the maximum undershoot will not exceed —0.5V.

The address lines on most dynamic RAMs are specified at 5pF
maximum while the RAS, write enable (WE) and CAS inputs can
be as high as 10pF. Thus the RAM driver's output must drive
extremely high capacitive levels with good speed and without
undershoot. When several dynamic RAMSs are put onto a printed
circuit board, the traces look inductive, so the result resembles a
transmission line with distributed inductance and capacitance.

More than 0.5V of undershoot at the RAM inputs can create
serious memory system problems by causing internal breakdown
and loss of data in RAM chips and possibly damaging the RAM.

System designers must also maintain voltage levels at the RAM
inputs. Specifications require the data lines to exceed 2.4V, and
the RAS and CAS lines actually have to exceed 2.7V. Speed must
then be maintained while driving all of that capacity.

7

THE RAM DRIVING PROBLEM

The situation can be pinpointed to an inductor/capacitance driv-
ing problem (Figure 1a). There is some inductance in series with
the capacitance associated with each RAM input. In a simplified
circuit, the inductance is being driven from a voltage having
source impedance marked as Rg on Figure 1b. If the transition is
LOW-to-HIGH, the voltage goes from LOW-to-HIGH with ringing
at the HIGH state (Figure 2). Only above the 2.7V or 2.4V levels,
depending upon the type of input, can a steady-state HIGH level
be guaranteed on the RAM input. The rise time of the signal is a
design consideration, recognizing the amount of capacitance
being driven.

Conversely, when the signal drops from HIGH-to-LOW again,
ringing can occur. If the ringing causes the voltage to go below
ground, itis called undershoot. Figure 3a shows the signal falling
to zero volts more quickly than the signal in Fig. 3b, resulting in a
severe undershoot that takes longer to settle at the LOW steady
state voltage. This delay time associated with the RC time con-
stant is independent of the specification for the HIGH-to-LOW
propagation delay time, tpyy . It is a hidden delay that must be
compensated for.

VOLTAGE SWING CONSIDERATIONS

Recognizing that some ringing will occur, the system designer
must determine how quickly the signal can be stabilized within the
threshold limits of 0.5V below ground and 0.8V above ground.
The best way to predict what happens with overshoot and under-
shoot is to examine the method of driving RAMs. Typically, it is
done using one of several Schottky TTL devices connected di-
rectly to the RAM. Figure 4a shows an output transistor/resistor
structure of a Schottky TTL device. When Q1 is off and Qa is on,
the LOW source impedance is about 3 ohms. When Qo is off and
Q4 is on, the HIGH impedance is that of the Q4 transistor and the
short circuit Rqy. Ry typically represents about 30-ohm source
impedance, so that the source impedance HIGH and source
impedance LOW represent a 10-to-1 difference with respect to
each other (Figure 4b).

Other TTL devices can be driven in this way, butitis unacceptable
for driving RAMs with this type of source impedance for several
reasons. First, low source impedance in the LOW states causes
ringing by turning on so fast that undershoot resuits at the RAM
inputs. The impedance, however, drives well in the HIGH state.
However, to solve the HIGH-to-LOW transition and undershoot
problems a resistor is usually placed in series externally between
the Schottky TTL gate and the RAM (Figure 4c). The resistor, of
about 30 ohms, virtually eliminates undershoot by raising the
source impedance in the LOW state to 33 ohms (Qq plus Ry).
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controL |TTL| gram [MOS DYNAMIC RAM ARRAY
LoGIC DRIVER - (16-72 RAMS)

/—— PCB INDUCTANCE
TITITTTTTIRTITTTITT

RAM INPUT CAPACITANCE

Obijective: Drive the load
® Avoid undershoot
e At MOS voltage levels
® Faster than Schottky

a) The RAM Driver Interface

/—— RAM INPUT
VWA b

Vs Cy I

N

Vg = the signal driving the chip

Rg = the output resistance of the driving source

Lw = the inductance of the circuit wiring between driving source and memory
Cy = input capacitance of memory chip

VM = input signal to memory and voltage developed across capacitor

Il

I

b) Model of Circuit Driving a Memory Chip

Figure 1.

5V

27v

24v

/N

/\/\/v

RISE TIME

Figure 2. Overshoot in a Rising Signal
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TIME TO ACCEPTABLE
‘0" LEVEL
‘1" LEVEL
ACCEPTABLE
‘0’ LEVEL
N
o \\ / 7 \\ 7N
a)
TIME TO ACCEPTABLE
‘0’ LEVEL
‘1" LEVEL
ACCEPTABLE
‘0’ LEVEL
o \\ 7 ~—— =
N~
b)

Figure 3. Undershoot in Falling Signals

When the HIGH state is turned on, the 30-ohm external resistor
added to the 30-ohm terminal resistor in series totals 60 ohms of
source impedance — an amount double of what is needed. While
adding the external resistor in series solves undershoot, it causes
the rise time (i.e., LOW-to-HIGH transition) to be slowed consid-
erably — probably by a factor of two because resistance is dou-
bled, so the RC time constant is doubled.

The ideal RAM driver source impedance is about 30 ohms in the
HIGH state and 20 to 30 ohms in the LOW state (Figure 4d). The
Am2965/2966 achieves the ideal RAM driver configuration by
having approximately a 20- to 25-ohm source impedance in the
LOW state and 25- to 30-ohm source impedance in the HIGH
state. This ideal configuration is achieved by including a resistor
(Rp) inside the Am2965/66 in series with the collector of Q. Ry
adds approximately a 15- to 20-ohm series resistance that has a
source impedance in the LOW state of about 20 to 25 ohms and
a source impedance in the HIGH state of about 25 to 30 ohms.
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Remember, these figures are very nearly what was previously
defined as the ideal RAM driver. What results is Ry + Qq equiva-
lent resistance in the HIGH state and Ry, + Q5 resistance in the
LOW state. The AMD family of RAM driver parts places the
resistor inside and only increases the source impedance in the
LOW state to achieve the ideal RAM driver configuration shownin
Figures 4d and 4e. Now no resistor is needed outside the RAM
driver as is typically used with today's Schottky devices.

APPLICATION

Figures 5a and 5b show typical overall memory subsystems for
AmZ8000 and 2900 Family CPUs. The subsystems consist of the
RAM drivers surrounding the RAMs almost directly; a dynamic
memory controller; and interface, timing and controls required to
drive the RAMS. There may also be an error detection and
correction device as the figure shows.
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The objective of the memory subsystem is to drive the capacitive
RAM inputs as rapidly as possible while meeting all the require-
ments for the undershoot and threshold levels. Figure 6 shows
typical locations for RAM drivers to achieve this goal. Since a
majority of the propagation delay times is an RC consideration,
design flexibility allows the number of-RAM input loads to be
chosen for each RAM driver output. The best tradeoff includes
fan-out choice and skew consideration. The skew specification
for the Am2965 and Am2966 applies across the eight driver
outputs but not between different devices.

The memory configuration of Figure 6 consists of an array of four
rows by 16 columns of dynamic RAM chips for a total of 64
devices (Figure 7). The address drivers in Figure 6 have 16 x 4 x
5pF maximum = 320 pF (ignoring board capacitance) loading if
one RAM driver drives all 64 RAM address inputs. Splitting this
load with two RAM drivers reduces the capacitive load for each to
160pF and typically reduces the tpp by 6 to 8nsec.

One of the unique aspects of the design in Figure 7 is the bal-
anced number of loads on the RAS outputs of the RAM drivers
and the number on loads of the CAS outputs of the RAM drivers.

Each driver drives the same number of RAMs. To balance the
CAS line, the CAS inputs of four of the eight buffers are tied
together on the RAM driver. Each RAM RAS and CAS input is
10pF maximum, so the RAS and CAS loading is 160pF at each
RAM driver. The CAS inputs of each row are spread across four
outputs to match the RAS loading and are shown using the same
driver to reduce skew between the RAS and the CAS signals. The
'WE inputs are organized into upper and lower byte WE drive for
each of the four rows. This amounts to 8 inputs x 10pF maximum
= 80pF loading. By fanning out a full driver to the WE lines, four
inputs are tied in parallel, balanced loading on the outputs are
maintained.

If a full error detection and correction scheme shownin Figure 5is
used, all 22 bits in the row must be written simultaneously so a
slightly different WE configuration would be used.

Vee

300

30
Q2

GND

a) Schottky Output

300 RAM DRIVER SPECS
/" APPLY HERE

C
250) RAM

d) Ideal RAM Driver

b) Source impedance for
Schottky Output

REQUIREMENT
IS HERE

632
3002 TOTAL
330

Cram

Am74S240 SPECS
APPLY HERE

c) Am745240 Common Approach

Vee
R¢
Qq
Ry
I Cram
Q,
GND —

e) ldeal RAM Driver Output

Figure 4.

RAM Drivers vs. Schottky Output
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OR
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a) High Performance Computer Memory
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RAM
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Figure 5. Overall Memory Subsystems for the Am2900 and AmZ8000 Family CPUs
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Figure 6. Typical Locations for RAM Drivers
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Figure 7. Typical 64K Word by 16-Bit Memory System
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DESIGN ADVANTAGES OF THE Am2965/2966

Compared with Schottky parts such as the Am74S240 or
Am74S244, which are used as RAM drivers today, the
Am2965/66 RAM drivers offer more advantages than just a RAM
driver having no external source resistor.

First, as Figure 8a shows, propagation delays for the Schottky
Am74S240 or Am74S244 are measured at 1.5V, which is not
where the RAM thresholds are. They are at 0.8V. 2.4V and 2.7V
as shown in Figure 8b.

On the Am2965 and Am2966, the LOW-to-HIGH transition volt-
age propagation delay speeds are measured at 2.7V. Going from

Am2965 ¢ Am2966 Application Note

HIGH-to-LOW, speed is measured at 0.8V, which is where the
actual RAM thresholds are.

Propagation delays are specified differently, which also makes
the Am2965/66 unique (Figure 9). Both minimum and maximum
propagation delays are specified at 25°C and 5V. This enables
the design engineer to do a worst-case design using both
minimum and maximum numbers for the drivers to determine the
skew between various drivers. A specified tpp minimum of 50pF
and an unusual maximum of 500pF provide a full range of
capacitance specifications for both LOW-to-HIGH and HIGH-to-
LOW transitions.
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Figure 8. Am2965/66 + AmZ8165/66 Comparison with Am74S240
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Figure 9. RAM Driver Propagation Delays




AmZ8163

Dynamic Memory Timing, Refresh and EDC Controller

DISTINCTIVE CHARACTERISTICS

e Complete AmZ8000 CPU to dynamic RAM contol interface
RAS/CAS Sequencer to eliminate delay lines

Memory request/refresh arbitration

Controls for Word/Byte read or write

Complete EDC data path and mode controls

e Refresh interval timer independent of CPU

e Refresh control during Single Step or Halt modes

o EDC error flag latches for error logging under software control
® Also, complete control for 8-Bit MOS uP

FUNCTIONAL DESCRIPTION

The AmZ8163 is a high speed bus interface controller forming an
integral part of the AmZ8000 memory support chip set using
dynamic MOS RAMSs with Error Detection and Correction (EDC).
The complete chip set includes the AmZ8127 Clock Generator
and Controller, the AmZ8164 Dynamic Memory Controller, the
AmZ8161/2 EDC Bus Buffers, the AmZ8160 EDC Unit and op-
tional AmZ8165/6 RAM Drivers.

The AmZ8163 provides all of the control interface functions in-
cluding RAS/Address MUX/CAS timing (without delay lines), res
fresh timing, memory request/refresh arbitration and all

RASI MSEL CASI

enables and controls. The enable controls are configured for both
word and byte operations including the data controls for byte write
with error correction. The AmZ8163 generates bus and operating
mode controls for the AmZ8160 EDC Unit.

The AmZ8163 uses the AmZ8127 16MHz (4 x CLK) output to
generate RAS/Address MUX/CAS timing. An intertial refresh
interval timer generates the memory refresh
of the CPU to guarantee the proper refre
combinations of CPU and DMA nor
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Am9016

Extended Operating Temperature Range
16,384 x 1 Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

High density 16K x 1 organization
Replacement for MK4116 (P)-83/84
Low maximum power dissipation —
462mW active, 20mW standby
High speed operation — 200ns access, 375ns cycle
+10% tolerance on standard +12, +5, —5 voltages
TTL compatible interface signals

Three-state output

RAS only, RMW and Page mode clocking options
128 cycle refreshing
Unlatched data output
Standard 16-pin, .3 inch wide dual-in-line package
Double poly N-channel silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

Extended ambient operating temperature (—55 to +85°C)

GENERAL

DESCRIPTION

The Am9016 is a high-speed, 16K-bit, dynamic, read/write ran-
dom access memory. Itis organized as 16,384 words by 1 bit per
word and is packaged in a standard 16-pin DIP or 18-pin leadless
chip carrier. The basic memory element is a single transistor cell .
that stores charge on a small capacitor. This mechanism requires
periodic refreshing of the memory cells to maintain stored
information.

All input signals, including the two clocks, are TTL compatible.
The Row Address Strobe (RAS) loads the row address and the
Column Address Strobe (CAS) loads the column address. The
row and column address signals share seven input lines. Active
cycles are initiated when RAS goes low, and standby mode is
entered when RAS goes high. In addition to normal read and write
cycles, other types of operations are available to improve ver-

satility, performance and power dissipation.

The 3-state output buffer turns on when the column access time
has elapsed and turns off after CAS goes high. Input and output
data are the same polarity.

WRITE

CLOCK
NO. 1

vop
WRITE -~ vce
CLOCKS

~——— VSS

-~ VBB

MULTIPLEXED
cLOCK DATA | paATAIN
GENERATOR N
] t BUFFER
cLOCK
GENERATOR INHIBIT ™ pata |—— paTaour
NO. 2 out
[Caron|__BurFer
RELEASE
DUMMY CELLS
Y P—
A5 ——————————f MEMORY ARRAY
PV —
MUX row 128 10F2
ROW 128 DATA
Y R — DECODER ENSE- AMPS
INPUT LINES o
A2 ] (4] DATA
INOUT

Al —— e

A ——— ]

MEMORY ARRAY

DUMMY CELLS

—

SELECT LINES

SWITCH

1

COLUMN DECODERS
10F 64

A0-AS )

AB
MOS-180

ORDERING INFORMATION

Ambient Package Access Time
Temperature Type 300ns 250ns 200ns
Hermetic DIP AM9016CDL AM9016DDL AMS016EDL
~55°C < Tp < +85°C - -
Chip Carrier AM9016CZL AM9016DZL AM9016EZL
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CONNECTION DIAGRAMS

Leadless
Chip Carrier DIP
DI VBB VsS CAS ves ] AO—A6  ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
o DI DATA IN
we [ DO DATA OUT
- RAS ROW ADDRESS STROBE
Aas []
VDD POWER (+12V)
Ao [] vce POWER (+5V)
n2[] VSs GROUND
VBB POWER (-5V)
a1[] WE WRITE ENABLE
voo[T]
At VDD VCC A5 TOp VieWS OS-191
MAXIMUM RATINGS above which useful life may be impaired
Storage Temperature —65 to +150°C
Ambient Temperature Under Bias —55 to +85°C
Voltage on Any Pin Relative to VBB —-0.5to +20V
VDD and VCC Supply Voltages with Respect to VSS -1.0 to +15.0V
VBB - VSS (VDD — VSS > 0V) ov
Power Dissipation 1.0W
Short Circuit Output Current 50mA

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Ambient Temperature VDD vcc Vss vBB
| -55C<Ta<+85C | +12V=10% | +5V=10% | 0 | -50V=10% |
ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11) Am9016X
Parameters Description Test Conditions Min Typ Max  Units
VOH Output HIGH Voltage IOH = —-5.0mA 24 VvCC Volts
VoL Output LOW Voltage IOL = 4.2mA VSS 0.40 Volts
VIH Input HIGH Voltage for Address, Data In 24 7.0 Volts
VIHC Input HIGH Voltage for CAS, RAS, WE 2.7 7.0 Volts
VIL Input LOW Voltage -1.0 0.80 Volts
X Input Load Current VSS < VI< 7V -10 10 nA
10Z Output Leakage Current VSS < VO =< VCC, Output OFF -10 10 nA
ICC VCC Supply Current Output OFF (Note 4) -10 10 MA
1BB VBB Supply Current, Average Standb.y, RA?% VIHC - 200 uA
Operating, Minimum Cycle Time 400
owany 1001 | T o T e -
IDD VDD Supply Current, Average Page Mode  IDD4 aﬁ\?mirx Ié-)ygeA 'Sl'i:\)::mg, 2 mA
RAS - Only \DD3 EKS Cycling, 6;'\3 = VIHC, 27
Refresh Minimum Cycle Times
Standby IDD2 RAS = VIHC 225
Cl Input Capacitance /’z:dsre:sA?DazEIn ::g:_:;:‘t gx;;;l;\;c:‘lﬁ:gzés 150: pF
CcO Output Capacitance Output OFF 7.0
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SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10)

Am9016C Am9016D Am9016E
Parameters Description Min Max Min Max Min Max Units
tAR RAS LOW to Column Address Hold Time 200 160 120 ns
tASC Column Address Set-up Time 0 0 0 ns
tASR Row Address Set-up Time 0 0 0 ns
tCAC Access Time from CAS (Note 6) 185 165 135 ns
tCAH CAS LOW to Column Address Hold Time 85 75 55 ns
tCAS CAS Pulse Width . 185 5,000 165 5,000 135 5,000 ns
tCP Page Mode CAS Precharge Time 100 100 80 ns
tCRP CAS to RAS Precharge Time 0 0 . 0 ns
tCSH CAS Hold Time 300 250 200 ns
tCWD CAS LOW to WE LOW Delay (Note 9) 145 125 95 ns
tCWL WE LOW to CAS HIGH Set-up Time 100 85 70 ns
tDH CAS LOW or WE LOW to Data In Valid Hold Time (Note 7) 85 75 55 ns
tDHR RAS LOW to Data In Valid Hold Time 200 160 120 ns
tDS Data In Stable to CAS LOW or WE LOW Set-up Time (Note 7) 0 0 0 ns
tOFF CAS HIGH to Qutput OFF Delay 0 60 0 60 0 50 ns
tPC Page Mode Cycle Time 295 275 225 ns
tRAC Access Time from RAS (Note 6) 300 250 200 ns
tRAH RAS LOW to Row Address Hold Time 45 35 25 ns
tRAS RAS Pulse Width 300 5,000 250 5,000 200 5,000 ns
tRC Random Read or Write Cycle Time 460 410 375 ns
tRCD RAS LOW to CAS LOW Delay (Note 6) 35 115 35 85 25 65 ns
tRCH Read Hold Time 0 ns
tRCS Read Set-up Time 0 0 ns
tREF Refresh Interval 2 2 2 ms
tRMW Read Modify Write Cycle Time 600 500 405 ns
tRP RAS Precharge Time 150 150 120 ns
tRSH CAS LOW to RAS HIGH Delay - 185 165 135 ns
tRWC Read/Write Cycle Time ‘ 525 425 375 ns
tRWD RAS LOW to WE LOW Delay (Note 9) 260 210 160 ns
tRWL WE LOW to RAS HIGH Set-up Time 100 85 70 ns
tT Transition Time 3 50 3 50 3 50 ns
tWCH Write Hold Time 85 75 55 ns
tWCR RAS LOW to Write Hold Time 200 160 120 ns
twcs WE LOW to CAS LOW Set-up Time (Note 9) 0 0 0 ns
WP Write Pulse Width 85 75 55 ns
NOTES governs. The maximum value listed for tRCD is shown for refer-

1.

2.

Typical values are for Ty = 25°C, nominal supply voltages and
nominal processing parameters.

Signal transition times are assumed to be 5ns. Transition times
are measured between specified high and low logic levels.

. Timing reference levels for both input and output signals are the

specified worst-case logic levels.

. VCC is used in the output buffer. only. ICC will therefore depend

only on leakage current and output loading. When the output is
ON and at a logic high level, VCC is connected to the Data Out
pin through an equivalent resistance of approximately 135Q. In
standby mode VCC may be reduced to zero without affecting
stored data or refresh operations.

. Output loading is two standard TTL loads plus 100pF

capacitance.

. Both RAS and CAS must be low to read data. Access timing will

depend on the relative positions of their falling edges. When
tRCD is less than the maximum value shown, access time de-
pends on RAS and tRAC governs. When tRCD is_ more than the
maximum value shown access time depends on CAS and tCAC

10.
1.

ence purposes only and does not restrict operation of the part.

. Timing reference points for data input set-up and hold times will

depend on what type of write cycle is being performed and will be
the later falling edge of CAS or WE.

. At least eight initialization cycles that exercise RAS should be

performed after power-up and before valid operations are begun.

. The tWCS, tRWD and tCWD parameters are shown for reference

purposes only and do not restrict the operating flexibility of the
part. When the falling edge of WE follows the falling edge of CAS
by at most tWCS, the data output buffer will remain off for the
whole cycle and an “early write” cycle is defined. When the fall-
ing edge of WE follows the falling edges of RAS and CAS by at
least tRWD and tCWD respectively, the Data Out from the ad-
dressed cell will be valid at the access time and a “read/write”
cycle is defined. The falling edge of WE may also occur at inter-
mediate positions, but the condition and validity of the Data Out
signal will not be known.

Switching characteristics are listed in alphabetical order.

All voltages referenced to VSS.
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RAS ONLY REFRESH CYCLE

SWITCHING WAVEFORMS (Cont.)
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MOS-195
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APPLICATION INFORMATION

The Am9016 electrical connections are such that if power is
applied with the device installed upside down it will be perma-
nently damaged. Precautions should be taken to avoid this
mishap.

OPERATING CYCLES

Random read operations from any location hold the WE line

high and follow this sequence of events:

1) The row address is applied to the address inputs and RAS is
switched low.

2) After the row address hold time has elapsed, the column
address is applied to the address inputs and CAS is switched
low.

3) Following the access time, the output will turn on and valid
read data will be present. The data will remain valid as long
as CAS is low.

4) CAS and RAS are then switched high to end the operation.
A new cycle cannot begin until the precharge period has
elapsed.

Random write operations follow the same sequence of events,
except that the WE line is low for some portion of the cycle. If
the data to be written is available early in the cycle, it will
usually be convenient to simply have WE low for the whole
write operation.

Sequential Read and Write operations at the same location can
be designed to save time because re-addressing is not necessary.
A read/write cycle holds WE highuntil avalid read is established
and then strobes new data in with the falling edge of WE.

After the power is first applied to the device, the internal cir-
cuit requires execution of at least eight initialization cycles.
which exercise RAS before valid memory accesses are begun.

ADDRESSING

14 address bits are required to select one location out of the
16,384 cells in the memory. Two groups of 7 bits each are
multiplexed onto the 7 address lines and latched into the
internal address registers. Two negative-going external clocks
are used to control the multiplexing. The Row Address Strobe
(RAS) enters the row address bits and the Column Address
Strobe (CAS) enters the column address bits.

When RAS is inactive, the memory enters its low power stand-
by mode. Once the row address has been latched, it need not
be changed for successive operations within the same row,
allowing high-speed page-mode operations.

Page-mode operations first establish the row address and then
maintain RAS low while CAS is repetitively cycled and desig-
nated operations are performed. Any column address within
the selected row may be accessed in any sequence. The maxi-
mum time that RAS can remain low is the factor limiting the
number of page-mode operations that can be performed.

Multiplexed addressing does not introduce extra delays in the
access path. By inserting the row address first and the column
address second, the memory takes advantage of the fact that
the delay path through the memory is shorter for column
addresses. The column address does not propagate through the
cell matrix as the row address does and it can therefore arrive
somewhat later than the row address without impacting the
access time.

REFRESH

The Am9016 is a dynamic memory and each cell must be re-
freshed at least once every refresh interval in order to maintain
the cell contents. Any operation that accesses a row serves to
refresh all 128 cells in the row. Thus the refresh requirement
is met by accessing all 128 rows at least once every refresh
interval. This may be accomplished, in some applications, in
the course of performing normal operations. Alternatively,
special refresh operations may be initiated. These special
operations could be simply additional conventional accesses or
they could be “RAS-only" cycles. Since only the rows need to
be addressed, CAS may be held high while RAS is cycled and
the appropriate row addresses are input. Power required for
refreshing is minimized and simplified control circuitry will
often be possible.

DATA INPUT/OUTPUT

Data is written into a selected cell by the combination of WE
and CAS while RAS is low. The later negative transition of WE
or CAS strobes the data into the internal register. In a write
cycle, if the WE input is brought low prior to CAS, the data is
strobed by CAS, and the set-up and hold times are referenced
to CAS. If the cycle is a read/write cycle then the data set-up
and hold times are referenced to the negative edge of WE.

In the.read cycle the data is read by maintainingm in the
high state throughout the portion of the memory cycle in
which CAS is low. The selected valid data will appear at the
output within the specified access time.

DATA OUTPUT CONTROL

Any time CAS is high the data output will be off. The output
contains either one or zero during read cycle after the access
time has elapsed. Data remains valid from the access time until
CAS is returned to the high state. The output data is the same
polarity as the input data.

The user can control theroutput state during write operations
by controlling the placement of the WE signal. In the “early
write’’ cycle (see note 9) the output is at a high impedance
state throughout the entire cycle.

POWER CONSIDERATIONS

RAS and/or CAS can be decoded and used as a chip select
signal for the Am90186 but overall system power is minimized
if RAS is used for this purpose. The devices which do not
receive RAS will be in low power standby mode regardless
of the state of CAS.

At all times the Absolute Maximum Rating Conditions must
be observed. During power supply sequencing VBB should
never be more positive than VSS when power is applied to VDD.
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INPUT LEVEL — VOLTS

INPUT LEVEL — VOLTS

Input Voltage Levels

TYPICAL CHARACTERISTICS (Cont.)
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vssPaD [ ]

Y-Address Lines
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18-Pin Leadless Chip Carrier

PHYSICAL DIMENSIONS

Inches Millimeters
Symbol Min | Max | Min | Max | Notes

[—E A 350 | .360 | 8.89 | 9.14
F -] 330 | .340 | 838 | 8.64
ﬁ . K c 275 | 285 | 699 | 7.24
NO. 1 LEAD D 235 | 245 [ 597 | 6.22
7 R Y NN E 285 | 205 | 724 | 7.7
|l b\_ F 265 | 275 | 673 | 6.99
: : F G 210 | 220 [ 533 | 559
- H H 170 | 180 | 432 | 457
H H l J 042 | 048|107 | 122
¢ o E ] 1 K 012 | 018|033 | 046
i ;1 — L 012 | 018|033 | 046
r—* - M 040 | 050 | 1.02 | 127
—"l N 020 |03 |05t [076] 5
I P 045 | 055 | 1.14 | 1.40 2
. S
Q .008R 0.20R 5
R .012R 0.30R 3
S 090 | 110|220 |[279]| 1
Notes:
1. Index area: A notch, identification mark or elongation
shall be used to identify pin 1.
2. 14 spaces.
3. Applies to all four corners.
4. Shaded areas are metallized to facilitate external
connections.
5. 18 locations.
6. No organic or polymeric materials shall be molded to the
package.
16-Pin Hermetic
" Inches
Symboi Min | Max
—T_ 16 9 A 130 | 200
E b 016 | .020
L ; o by 050 | 070
c 009 | 011
__[ |kb-1 ‘_| s, 745 | 785
E 240 | 310
o 3] Eq 290 | .320
e 090 | 110
i a L 125 | 150
SEATING
f o _L PLANE Q 015 | .060
f . S, 005
1 « T | 17
e lo— ——H.—b L \-I « E:a.r:’dard N
Finish
Metallization and Pad Layout
vss
16
DIE SIZE

0.106" X 0.205"
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16,384 x 1 Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

High density 16k x 1 organization
Direct replacement for MK4116
Low maximum power dissipation —

462mW active, 20mW standby
High speed operation — 150ns access, 320ns cycle
110% tolerance on standard +12, +5, —5 voltages
TTL compatible interface signals
Three-state output
RAS only, RMW and Page mode clocking options
128 cycle refreshing
Unlatched data output
Standard 16-pin, .3 inch wide dual in-line package
Double poly N-channel silicon gate MOS technology
1C0% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9016 is a high speed, 16k-bit, dynamic, read/write
random access memory. It is organized as 16,384 words by
1 bit per word and is packaged in a standard 16-pin DIP. The
basic memory element is a single transistor cell that stores
charge on a small capacitor. This mechanism requires periodic
refreshing of the memory cells to maintain stored information.

All input signals, including the two clocks, are TTL compatible.
The Row Address Strobe (RAS) loads the row address and the
Column Address Strobe (CAS) loads the column address. The
row and column address signals share 7 input lines. Active
cycles are initiated when RAS goes low, and standby mode is
entered when RAS goes high. In addition to normal read and
write cycles, other types of operations are available to improve
versatility, performance, and power dissipation.

The three-state output buffer turns on when the column access
time has elapsed and turns off after CAS goes high. Input and
output data are the same polarity.

BLOCK DIAGRAM

WRITE

CLOCK
GENERATOR
NO. 1

RAS

1o

vDD

e VCC

WRITE
CLOCKS

——

~————— VS§

—-——— VBB

MULTIPLEXED
CLOCK DATA DATA IN
GENERATOR ™
] [ BUFFER
i NERAT _..D_\M. DATA e DATAOUT
CAS NO. 2 out
m" BUFFER
RELEASE
DUMMY CELLS
A6
I J MEMORY ARRAY
M MUX i 10F2
A3 —————e INPUT > DE?:?)EER jé‘:”s } 128 SENSE: AMPS DBAJSA
Bl
N BUF;)ERS | S| SELECT
4 INOUT
PR | MEMORY ARRAY
A ———
DUMMY CELLS
| _sacoLumn |
‘-——— SELECT LINES
:‘J> o — con.um'not.;e;oosas
1
" MOS-190
ORDERING INFORMATION
Ambient Package Access Time
Temperature Type 300ns 250ns 200ns 150ns
0°C < Ty < +70°C Hermetic DIP AM9016CDC AM9016DDC AMS016EDC AM9016FDC
S AT Molded DIP AMS9016CPC AM9016DPC AMS016EPC AM9016FPC
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CONNECTION DIAGRAM

VBB Jvss
o1 s AO—AB  ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
WE b 0o DI DATA IN
A 136 Do DATA OUT
RAS ROW ADDRESS STROBE
Ao [ 143 VDD POWER (+12V)
A2 [ na vee POWER (+5V)
vss GROUND
Al 145 VBB POWER (—5V)
VoD | Jvee WE WRITE ENABLE

Top View
Pin 1 is marked for orientation.

MOS-191

MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

0°C to +70°C

Voltage on Any Pin Relative to VBB —0.5V to +20V
VDD and VCC Supply Voltages with Respect to VSS -1.0V to +15.0V
VBB - VSS (VDD - VSS > 0V) oV
Power Dissipation 1.0W
Short Circuit Output Current 50mA

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulation of
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid

exposure to excessive voltages.

OPERATING RANGE

Ambient Temperature vDD vcC VvVsSs vBB
| oC<Ta<+70C | +12v=t0% | +sv=10% | o | -5.0v=10% |

ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11)

Am9016X
Parameters Description Test Conditions Min. Typ. Max. Units

VOH Output HIGH Voltage I0H = —-5.0mA 24 vcc Volts
VoL Output LOW Voltage I0L = 4.2mA VSS 0.40 Volts
VIH Input HIGH Voltage for Address, Data In 24 7.0 Volts
VIHC Input HIGH Voltage for CAS, RAS, WE 2.7 7.0 Volts
ViL Input LOW Voltage -1.0 0.80 Volts
X Input Load Current VSS < VI 7V -10 10 uA
10z Output Leakage Current VSS < VO = VCC, Output OFF -10 10 uA
ICC VCC Supply Current Output OFF (Note 4) -10 10 RA
1BB VBB Supply Current, Average (s)t:en:::i’g',:‘:ﬁisn;:rln'fycle T ;gg uA

Operns 001 | ol S . .
IDD VDD Supply Current, Average Page Mode  1DD4 ?Aﬁ?min\\, "C-:,ySIeA ii?:;lmg, 27 mA

RAS Only IDD3 hA__s Cycling, CAS = VIHC, 27

Refresh Minimum Cycle Times

Standby IDD2 | RAS = VIHC 15
o | ot Copmctars Ratss, s | Nt Supo Volages ] o
co Output Capacitance Output OFF 7.0
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Am9016 (Commercial)
SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10)

Am9016C Am9016D AmS9016E Am9016F
Parameters Description Min Max Min Max Min Max Min Max  Units
tAR RAS LOW to Column Address Hold Time 200 160 120 95 ns
tASC Column Address Set-up Time -10 -10 -10 -10 ns
tASR Row Address Set-up Time 0 0 0 0 ns
tCAC Access Time from CAS (Note 6) 185 165 135 100 ns
tCAH CAS LOW to Column Address Hold Time 85 75 55 45 ns
tCAS CAS Pulse Width 185 10,000 165 10,000 135 10,000 100 10,000 ns
tCP Page Mode CAS Precharge Time 100 100 80 60 ns
tCRP CAS to RAS Precharge Time -20 -20 -20 -20 ns
tCSH CAS Hold Time 300 250 200 150 ns
CWD CAS LOW to WE LOW Delay (Note 9) 145 125 95 70 ns
tCWL ‘WE LOW to CAS HIGH Set-up Time 100 85 70 50 ns
{DH ’ngﬁ I{_%V;/ (or;‘;/:;E;;OW to Data In Valid 85 75 55 45 ns
tDHR RAS LOW to Data In Valid Hold Time 200 160 120 95 ns
ps |G nsmenT vy : : : : .
tOFF CAS HIGH to Output OFF Delay 0 60 0 60 0 50 0 40 ns
tPC Page Mode Cycle Time 295 275 225 170 ns
tRAC Access Time from RAS (Note 6) 300 250 200 150 ns
tRAH RAS LOW to Row Address Hold Time 45 35 25 20 ns
tRAS RAS Pulse Width 300 10,000 250 10,000 200 10,000 150 10,000 ns
tRC Random Read or Write Cycle Time 460 410 375 320 ns
tRCD RAS LOW to CAS LOW Delay (Note 6) 35 115 35 85 25 65 20 50 ns
tRCH Read Hold Time 0 0 [¢] ns
tRCS Read Set-up Time 0 0 0 ns
tREF Refresh Interval 2 2 2 2 ms
tRMW Read Modify Write Cycle Time 600 500 405 320 ns
tRP RAS Precharge Time 150 150 120 100 ns
tRSH CAS LOW to RAS HIGH Delay 185 165 135 100 ns
tRWC Read/Write Cycle Time 525 425 375 320 ns
tRWD RAS LOW to WE LOW Delay (Note 9) 260 210 160 120 ns
tRWL WE LOW to RAS HIGH Set-up Time 100 85 70 50 ns
T Transition Time 3 50 3 50 3 50 3 35 ns
tWCH Write Hold Time 85 75 55 45 ns
tWCR RAS LOW to Write Hold Time 200 160 120 95 ns
itWCS ?\I;Etle.(;\)lv to CAS LOW Set-up Time _20 _20 _20 _20 ns
tWP Wirite Pulse Width 85 75 55 45 ns
NOTES maximum value listed for tRCD is shown for reference purposes

1.

2.

o o

Typical values are for Ty = 25°C, nominal supply voltages and
nominal processing parameters.

Signal transition times are assumed to be 5ns. Transition times are
measured betvyeen specified high and low logic levels.

. Timing reference levels for both input and output signals are the

specified worst-case logic levels.

. VCC is used in the output buffer only. ICC will therefore depend only

on leakage current and output loading. When the output is ON and
at a logic high level, VCC is connected to the Data Out pin through
an equivalent resistance of approximately 135(). In standby mode
VCC may be reduced to zero without affecting stored data or refresh
operations.

. Output loading is two standard TTL loads plus 100pF capacitance.
. Both RAS and CAS must be low to read data. Access timing will

depend on the relative positions of their falling edges. When tRCD is
less than the maximum value shown, access time depends on RAS
and tRAC governs. When tRCD is more than the maximum value
shown access time depends on CAS and tCAC governs. The

92

only and does not restrict operation of the part.

. Timing reference points for data input set-up and hold times will
depend on what type of write cycle is being performed and will be
the later falling edge of CAS or WE. _

. At least eight initialization cycles that exercise RAS should be per-
formed after power-up and before valid operations are begun.

. The tWCS, tRWD and tCWD parameters are shown for reference
purposes only and do not restrict the operating flexibility of the part.
When the falling edge of WE follows the falling edge of CAS by at
most tWCS, the data output buffer will remain off for the whole cycle
and an “early write” cycle is defined. When the falling edge of WE
follows the falling edges of RAS and CAS by at least tRWD and
tCWD respectively, the Data Out from the addressed cell will be
valid at the access time and a “read/write” cycle is defined. The
falling edge of WE may also occur at intermediate positions, but the
condition and validity of the Data Out signal will not be known.

10. Switching characteristics are listed in alphabetical order.
11. All voltages referenced to VSS.
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SWITCHING WAVEFORMS
READ CYCLE

tRC

tRAS

)
ol

& R §
tRCD RSH tRP e

1ASR

1CSH

- tRAH - | [=e—— 1CAH —wi
tASC ——{ f-—

CRP

|

ADDRESS m ROW ADDRESS COLUMN ADDRESS

r— tRCS —————=| tRCH
— X000
gy N
! tRAC WOFF | e
Do § VALID DATA }—_———_
MOS-192
WRITE CYCLE (EARLY WRITE)
tRC
tRAS
RAS _‘& 1AR { S
tRCD tRSH |~=—-— tRP
tCSH ©Chs
. \ /
ASR ——} ] e tASC D CRP
ADDRESS m ROW ADDRESS W COLUMN ADDRESS
1CWL !
- e e OO OOTRYY,
We e GRS
tRWL ]
tWCR |
0000 00000
o INPUT STABLE 0.0'0‘0.0 .0‘0.0 ‘0’0.‘.0’0’0..”’.’0‘000".‘.0‘.’0“‘0.0.‘...0.0‘."
DS tDH
(OFF) T OHR
Do
MOS-193
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRMW
RAS tAR
\ /. N
tRCD SH i tCRP
tCAS
o= & /
tASR A 1ASC —f=-eyi "
sooncss SOt o
1 RWD. WL ! I
= mcs»] 1CWD RWL |
_ X000 D
e BB e \
I tRAC [=-—— tWP tOFF
DO % OUTPUT VALID }———_
j=—tDS ’I LlDH’
X0 0RO 0 X0 0
o R R K KKK X XKXXXKR s KKK XK KX XXX KRXXX)
MOS-194
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SWITCHING WAVEFORMS (Cont.)

RAS ONLY REFRESH CYCLE
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MOS-195
PAGE MODE CYCLE
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APPLICATION INFORMATION

The Am9016 electrical connections are such that if power is
applied with the device installed upside down it will be perma-
nently damaged. Precautions should be taken to avoid this
mishap.

OPERATING CYCLES

Random read operations from any location hold the WE line

high and follow this sequence of events:

1) The row address is applied to the address inputs and RAS is
switched low.

2) After the row address hold time has elapsed, the column
address is applied to the address inputs and CAS is switched
low.

3) Following the access time, the output will turn on and valid
read data will be present. The data will remain valid as long
as CAS is low.

4) CAS and RAS are then switched high to end the operation.
A new cycle cannot begin until the precharge period has
elapsed.

Random write operations follow the same sequence of events,
except that the WE line is low for some portion of the cycle. If
the data to be written is available early in the cycle, it will
usually be convenient to simply have WE low for the whole
write operation.

Sequential Read and Write operations at the same location can
be designed to save time because re-addressing is not necessary.
A read/write cycle holds WE highuntil avalid read is established
and then strobes new data in with the falling edge of WE.

After the power is first applied to the device, the internal cir-
cuit requires execution of at least eight initialization cycles
which exercise RAS before valid memory accesses are begun.

ADDRESSING

14 address bits are required to select one location out of the
16,384 cells in the memory. Two groups of 7 bits each are
multiplexed onto the 7 address lines and latched into the
internal address registers. Two negative-going external clocks
are used to control the multiplexing. The Row Address Strobe
(RAS) enters the row address bits and the Column Address
Strobe (CAS) enters the column address bits.

When RAS is inactive, the memory enters its low power stand-
by mode. Once the row address has been latched, it need not
be changed for successive operations within the same row,
allowing high-speed page-mode operations.

Page-mode operations first establish the row address and then
maintain RAS low while CAS is repetitively cycled and desig-
nated operations are performed. Any column address within
the selected row may be accessed in any sequence. The maxi-
mum time that RAS can remain low is the factor limiting the
number of page-mode operations that can be performed.

Multiplexed addressing does not introduce extra delays in the
access path. By inserting the row address first and the column
address second, the memory takes advantage of the fact that
the delay path through the memory is shorter for column
addresses. The column address does not propagate through the
cell matrix as the row address does and it can therefore arrive
somewhat later than the row address without impacting the
access time.

REFRESH

The Am9016 is a dynamic memory and each cell must be re-
freshed at least once every refresh interval in order to maintain
the cell contents. Any operation that accesses a row serves to
refresh all 128 cells in the row. Thus the refresh requirement
is met by accessing all 128 rows at least once every refresh
interval. This may be accomplished, in some applications, in
the course of performing normal operations. Alternatively,
special refresh operations may be initiated. These special
operations could be simply additional conventional accesses or
they could be “RAS-only” cycles. Since only the rows need to
be addressed, CAS may be held high while RAS is cycled and
the appropriate row addresses are input. Power required for
refreshing is minimized and simplified control circuitry will
often be possible.

DATA INPUT/OUTPUT

Data is written into a selected cell by the combination of WE
and CAS while RAS is low. The later negative transition of WE
or CAS strobes the data into the internal register. In a write
cycle, if the WE input is brought low prior to CAS, the data is
strobed by CAS, and the set-up and hold times are referenced
to CAS. If the cycle is a read/write cycle then the data set-up
and hold times are referenced to the negative edge of WE.

In the read cycle the data is read by maintaining WE in the
high state throughout the portion of the memory cycle in
which CAS is low. The selected valid data will appear at the
output within the specified access time.

DATA OUTPUT CONTROL

Any time CAS is high the data output will be off. The output
contains either one or zero during read cycle after the access
time has elapsed. Data remains valid from the access time until
CAS is returned to the high state. The output data is the same
polarity as the input data.

The user can control the output state during write operations
by controlling the placement of the WE signal. In the “early
write’’ cycle (see note 9) the output is at a high impedance
state throughout the entire cycle.

POWER CONSIDERATIONS

RAS and/or CAS can be decoded and used as a chip select
sigrﬁior the Am9016 but overall system power is minimized
if RAS is used for this purpose. The devices which do not
receive RAS will be in low power standby mode regardless
of the state of CAS.

At all times the Absolute Maximum Rating Conditions must
be observed. During power supply sequencing VBB should
never be more positive than VSS when power is applied to VDD.
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IDD3 — mA tRAC (TC)tRAC (T¢ = 23°C) tRAC (VDD)/tRAC (VDD = 12V)

IDD2 — mA
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TYPICAL CHARACTERISTICS
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INPUT LEVEL — VOLTS

INPUT LEVEL — VOLTS

TYPICAL CHARACTERISTICS (Cont.) :
Input Voltage Levels Input Voltage Levels Input Voltage Levels
Versus VDD Versus VDD Versus VBB
3.0 " 3.0 T 3.0 T
Tc = 23°C Tc = 23°C Tc = 23°C
VBB = -5V » VBB = -5V VDD = 12V
2.5 5 25 g 2.5
(<]
(=
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20 - m" 20 )\“0{& — i 20 ‘
M C (MAX
15 e — [T S i — g s L
I i Vil (AT = =
2 — 5
1.0 2 10— 2 10
05 0.5 0.5
10 1 12 13 14 10 1 12 13 14 ~40 -45 -50 -55 -—60
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Versus VBB Case Temperature Case Temperature
3.0 - — 3.0 T 3.0 .
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TYPICAL CURRENT WAVEFORMS
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A0
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A2
A3
Ad
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Y-Address Lines
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1
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A0 every 64 columns 011111t 63 A0  every 64 rows
A1 every 16 columns 1000001 A1 every 16 rows
A2 every 32 columns 000 65 A2  every 32 rows
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A4 every 4 columns QO 10 A4 every 4 rows
A5 every 2 columns ©0 11 67 A5 every 8rows
A6 every 4 columns z l A6 every 8 rows
12
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<
©
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i
0 95
1
1111111 127
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1001 0110 0 0110 1001 1
| I | | | | |
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X-Decode Left

TOPOLOGICAL BIT MAP
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METALLIZATION AND PAD LAYOUT

DIE SIZE 0.106"" X 0.205”




PACKAGE OUTLINES

HERMETIC DUAL IN-LINE PACKAGES

D-20-1
D-40-1
L, N, N N, S, W VT, N, N

20 m

TR TR T T TR TR T T T Vo T Toa Yo Ik sk Tak T T B
40 21

T
., 10 ‘
T LT he LY G r ar R R &R E
_.! le—s;
t 1 20
[P LV LPI VLTI LRIV LR LR L LU L LR L] s
Tls

lSEATiNG

s

SR

D-24-SLIM D-48-2
o o o O o e e O o o o W e B
i Pu ' ‘T a8 = s Seaes 25
+ [ 12 SEANE.
o v e g E )
by S1 —a] e
A D r— Eq _-l . "
] [o} = r
n e
7 i o SEeANE
c
| o N /
—-— b L ‘/ - c —
e _JL_‘ \/ HT:T
L —JeL— by ~4F4 F———h———4

AMD Pkg D-20-1 D-24 D-40-1 D-48-2
Common SIDE-
Name CERDIP SLIM CERDIP BRAZED
38510
Appendix C - - D-5 -
Parameters Min Max Min Max Min Max Min Max
A .140 .220 120 .150 .150 225 .100 .200
b .016 .020 .016 .020 .016 .020 .015 .022
by .050 .070 .045 .065 .045 .065 .030 .060
c .009 .01 .009 .011 .009 011 .008 .013
D .935 970 1.230 1.285 2.020 2.100 2.370 2.430
E 245 .285 .245 .285 .510 550 .570 .610
Ey 290 .320 .290 320 .600 .630 590 620
e .090 110 .090 110 .090 110 .090 110
L 125 150 1120 .150 120 150 125 .160
Q .015 .060 .015 .060 .015 .060 .020 .060
Sy 005 010 .005 .005
a 3° 13° 3° 13° 3° 13°
Standard
Lead Finish b - b bore

Notes: 1. Load finish b is tin plate. Finish ¢ is gold plate

2. Used only for LM108/LM108A.

3. Dimensions E and D allow for off-center lid, meniscus and glass overrun.

A-1




PACKAGE OUTLINES (Cont.)

1 20

o-

| L
]
F-42-1
= [ e BE =

FLAT PACKAGES

‘ 1 1o ©
T e
AMD Pkg F-20-1 F-24-1 F-42-1 F-48-2
iﬁ:gndix c - F-6 - -
Parameters Min Max Min Max Min Max Min Max
A .045 .085 .050 .090 .070 115 .070 110
b .015 .019 .015 .019 .017 .023 .018 .022
[ .004 .006 .004 .006 .006 .012 .006 .010
D 490 .520 .580 620 1.030 1.090 1.175 1.250
D4 1.090 1.250
E .245 .285 .360 .385 620 .660 615 670
Eq 290 410 .660 .670
.045 .055 .045 .055 .045 .055 .045 .055
.300 .370 .265 .320 .320 .370 .320 .370
L4 .920 .980 .920 .980 1.300 1.370 1.310 1.365
Q .020 .040 .020 .040 .020 .060 .020 .055
S4 .005 .005 .005 .015
tandard
feaadd:inish b b ¢ c

Notes: 1. Lead finish is tin plate. Finish c is gold plate.
2. Dimensions E4 and D4 allow for off-center lid, meniscus, and glass overrun.
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PACKAGE OUTLINES (Cont.)

MOLDED DUAL IN-LINE PACKAGES
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SEATING
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AMD Pkg P-20-1 P-40-1

Parameters Min Max Min Max
A 150 .200 150 .200
b .015 .020 .015 .020
by .055 .065 .055 .065

c .009 .on .009 .on
D 1.010 1.050 2.050 2.080
E .250 290 .530 .550
Ep .310 .385 .585 .700
.090 110 .090 110

L 125 150 125 160
Q .015 .060 .015 .060
Sy .025 .055 .040 .070

Notes: 1. Standard lead finish is tin plate or solder dip.
2. Dimension E, is an outside measurement.
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SALES OFFICES

SOUTHWEST AREA
Advanced Micro Devices
9595 Wilshire Boulevard
uite 401

Beverly Hils, Caltornia 90212
Tel (213) 278.9700

213 ;275 o700
Wi 3104002143
Advanced Micro Devices
1414 Wos! Broadway Road
sue

o Avizona 85262

Tel (502) 204-9511

910-950-0127
Ad ancad Micro Devices
4000 MacAﬂh Bivd.
Suite
New, n Beach, Calfornia 92660
To 1y Fea
TWX 9105061575
Advanced Micro Devi
6750 L8 Fraoway. Sute 1160
Dallas. Texas 75240
Tel” (214) 934-9099
TWX: 910-860-9264

Advanced Micro Devices

5955 Desoto Ave., Suite 249
Woodiand Hills. Calwovma 91367
Tel: (213) 99241

TWX: 9!&494 4720

SOUTHWEST AREA (Cont.)
Advanced Micro Devices
9455 R:dgehaven Court
Surte

San Dlego CA 92123

Tel' (714) 560-7030

NORTHWEST AREA

St G CSliomia 95051
Tel: (408) 727-1300

X: 910-338-0192
Advanced Micro Devices
7000 Broadway
Sutte
Semver. Colorado 80221
Tel: (303) 426-7100
TWX. 910-931-2562
Advanced Micro Devices
7110 SW. Fir Loop, Sure 130
Tigard, Oregon 9
Tel: (503) 620- ot
TWX: 910-458-8797
Advanced Micro Devices
Honeywell Cir.. Suite 1002
600 108th Ave.
Bellevue. Wasningion 98004
Tel: (206) 455-360

MID-AMERICA AREA

ro Devices
1111 Piaza Dive, Sute 420
Schaumburg. linors 60195
Tel: (312) 88:
TWX: 10-291-3569
Advanced Micro Devices
3400 West 661h Street
Sute 375
Bdina, Minnesots 55435
Tol (612) 929.5400
TWX. 910-576-0929
Advanced Micro Devices
50 McNaughton Road
Sutte 102
Columbus, Ohio 43213
Tel: (614) 864-9906
TWX: 810-339-2431
Advanced Micro Devices
33150 Schoolcraft, Suite 104
Livonia. Michigan 48150
Tel: (313) 4253440
TWX: 810-242-8777

MID-ATLANTIC AREA

Advanced Micro lecu

40 Crossway Park W.
foodbury, New Volk \1797

Tel: (516) 364-8020

TWX: 510-221-1819

MID-AMERICA AREA (Cont.)
Advanced Micro Devices
290 Elwood Davis Rd

Sutte 316

Liverpool. New York 13088
Tel (315) 457-5400

Advanced Micm Devices
2 Kﬂmev Roa
Edison New. Jersw 08817
Tel (201)
710+ 480 o260
ivanced Micro Devices
h Glbralier Plaza. Sute 219
Horsham. Pennsylvania 19044
Tel: (215) 441-8210
TWX: 510-665-7572
dvanced Micro Devices
82 Washington Street, Suite 206
Poughkeepsie, New York 12601
Tel: (914) 471-8180
TWX. 510-248-4219

NORTHEAST AREA
\dv:

Wobur Masszchusens 01804
Tel: (617) 933-1234
TWX: 710-348-1332

SOUTHEAST AREA
Advanced Micro Devices
Parkway Centes
One Patkway Drve Bulding
7257 Parkway Drve Dive Suie 204
Dorsey. Marylang 21076
Tel (3011 796-9310
TWX 710-861-0503
Advanced Micro Devices
1001 N'W 62nd Street
Sutte 100
Ft Lauderdale, Flonda 33309
Tel: (305) 7716510
TWX: 510-955-9490
dvanced Micro Devi
6755 Peachiree Industrial Boulevard
Sutte 104
Atlanta, Georgia 30360
Tel (404) 449-7920
TWX 810-766-0430
Advanced Micro Devices
501 Archdale Dr.. Suite 227
Charlotte, North Carolina 28210
Tel: (704) 525-1875

Advanced Micro Devices International Sales Offices

BELGIUM

Advanced Micro Devices

Overseas Corporation

Avenue de Tervueren, 412, bte 9
B-1150 Bruxelies

Tel (02) 771 99 93

TELEX. 61028

FRANCE
Advanced Micro Devices, S.A.
Silic 314, Immeuble Helsinki
74, rue d'Arcuell

F-94588 Rungis Cedex

Tél (01) 686.91.86

TELEX: 202053

Advanced Micro Devices European Marketing Centre: France

GERMANY
Advanced Micro Devices GmbH
Rosenheimer Str 139

TELEX. 0-523883

Advanced Micro Devices GmbH
Harthaeuser Hauplstrasse 4

D-7024 Filderst

Tel: (07158) 30 60

TELEX: 0-721211

ITALY

Advanced Micro Devices S.AL
Centro Direzionale

Palazzo Vasar, 3° Pian

1-20090 Mi2 Segrale {MI)
Tel: (02) 2»5 9 3-4-

TELEX: 3152

JAPAN
Advanced Micro Devices, K K.

Dai 3 Hoya Building

817, Kamiakaido T-chome
Suginam- P Tolyo 168

Tel” (03) 329-27"

e Shsaaed

Advanced Micro Devices, K.
Bardon-Seme Eesna bais Bd
255, 1-chome. Ezaka-cho. Suta.shi

Osaka 564
Tel: (06) 386-9161

SWEDEN

Advanced Micro Devices AB
Box 7013

$-172 07 Sundbyberg

Tel: (08) 98 1

TELEX. 11602

UNITED KINGDOM

Advanced Micro Devices (U K.) Ltd,
AM.D. House.

Goldswonh Road,

‘Wokin
Surrey GU21 1T

Ter Woking (04862) 22121
TELEX

— 27, Bivd. Général-Vautrin, F-06400 Cannes. Tél: (093) 43.60.75. TELEX: 470966

and Distributors

Sales Rep

ARGENTINA
Thiko, S.A. Electronica

Pery
1068 Buenos Aires
Argentina
Tel. (1) 30-4132

(1) 33-4870
TELEX' 17825
Koti International Corporation
1660 Roliins Road
Buringame, Callforia 94010
Tol (@15) 6923200
TELEX: 3314

AUSTRAI
A Drslnbulcvs Pty. Ltd.
Box

44 Prospecl Road

Prospect, 5.A. 5082

Tel (@) deo-12aa
TELEX: 82635

R and D Electronics

257 Burwood Highway

P O. Box 206

Burwood 3125

Victoria

Tel: i00) 208 8202/62

TELEX. AA33288

Rand D Elecllumcs

P.0. Box

Crowe Nedt N.SW. 2065

Sydney

Tel: (61) 4395488

TELEX' (790) 25468

AUSTRIA

Kontron Ges.m.b H

Industriestr. B 13
-2345 Brunn am Gebirge

Tel: (02236) 8 66 31

TELEX. 79337

BELGIUM

MCA Tronix S.P.R.L

Raute dy Condroz 513

B-4
Tél 1041; 462/8 /362795
TELEX

DENMARK

Aguanced Elecionic of Denmark Aps

Manendalsve) 5
DK-2000 Copenhagen F
Tel: (01) 19 4

TELEX! 25 dan

FINLAND
Komdel OY
Vanha Finnoontie 4

Box 32

SF-02271 Espoo 27
Tel. (0) 885 011
TELEX 121926

FRANCE

A2M

6. Avenue du Général De Gaulle
Hall A

a
F-78150 Le Chesnay
Tél' (01) 954.91.13
TELEX: 698 376

Lym Eleclvomc Direlec (LED)
e Henr! Pensi

F 49552 Lyon Cedex 2

Tel- (078) 58.85.85

TELEX: 300 270

RTF

73, avenue Charles De Gaulie
F-92200 Neully-sur-Seine

Tel: (01) 747.11.01

TELEX. 611985

GERMANY
Cosmos Elektronik GmbH
Hegelstrasse 16

D-8000 Muenchen 83

Tel: (089) 60 20 88
TELEX: 0-522545

EBV-| Elek(romk Vertriebs GmbH

Oberweg 6
08055 umerhacmng b. Muenchen

Tel. (089) 6
TELEX 0524535

EBV-Eiektronik Vertriebs GmbH

TELEX: 0-8587267

EBV-Elektronik Vertriebs GmbH
Kiebitzrain

D-3008 urgwedel 1/Hannover
Tel: (05139) 50 3

TELEX 92369

EBV-! E\ek(vomk Vertriebs GmbH
Myluss!

D'6000 Frankiurt 1

Tel: (0611) 72 04 16

TELEX: 0-413590

EBV- Elek'romk Vermebs GmbH
Alexanderstr.

D-7000 Stuugan 1

Tel: (0711) 24 74 81/83

TELEX: 0-722271

Elbatex GmbH

Caecllienstr. 24

o7
Tel: (07131) 89 00 1

TELEX: 0-728362
Nordelekironik Vertriebs GmbH
Bahnholer. 14

D-2301 Kiel-Raisdort

Tel 104307) 5483
Nordslektronk Verlnebs GmbH
Harksheiderweg 238-

TELEX: 0-214299

MEV-Mikro Eleeromk Vertrieb
H. Lichotl

Muenmene: suasse 16A

D-8021 Deining b. Muenchen

Tel: (08170) 71 61

TELEX: 0-527828

INDIA

Fequ Electronics
3308 Middiefield Road
Palo Alto, CA 94306
Tel (415) 495-1788
TELEX: 345-599

SRI RAM Associates
P.O. Box 60965
Sunnyvale, CA 94088
Tel' (408) 738-2295
TELEX: 348369

SRI RAM Associates
245 Jayanagara Il Block
Bengalore

611606
TELEX. B45-6162
ISRAEL
Talviton Electronics, Ltd.
ox 21104

9, Biltmor Street

ITALY

-20

Tel: (02) 862963
Indelco, S.RL. - Rom:
Via C. Colombo 134
1-0014.

Tel: 106)5|4 0722
TELEX: 611517

Cramer Italia S.p.A.
Via Ferrarese, 1012
1-40128 Bologna

Tel: (051) 372777
TELEX. 511870
Cramer Halia S.p.A
Via S. Simpliciano. 2
1-20121 Milano

Tel. (02) 809326
Cramer Htalia S.p.A

3° Traversa Domenico Fontana, 22 A/8

Napoli
Tel wsu 255300
Cramer ltalia S.p.A.
Via C. Colombo. 134
1-00147 Roma
Tel: (06) 517981
TELEX' 611517

Cramer ltalia S.p.A

Torino
Tel. (011) 619 2062/2067
TELEX: 211252

Lasi E!emomc;\ SpA
Viale 0
1-40126 Eologﬂa
Tel: (051) 353815
TELEX: 531116
Lasi Eienromca Sp.A.
Viale Lombar
130095 Cinaglo Balsamo
(Milano)
Tei: (02) 6120441
TELEX. 331612
Lasi Eletironica S.pA.
Piazzale Caduu della
Montagno
1-00142 R
Tl (06) 5405301
Lasi Elettronica S.p.A.
iazza C. Montanari, 162
1-10137 Torino
Tel (011) 359277

Sl\veslar "allE 3 pA
Via del P

o852 Soioana
Tel. (051) 238657

Silvestar italia S.p.A.
Via der Gracchi, 20

TELEX: 332189

Silvestar ltalia S.p.A
Via S. Sofia. 1

1-35100 Padova

Tel. (049) 22338
Silvestar Italia S.p.A
Via Pavs\ellu 30

1-00198
ot (o0 ¢ eueau
TELEX: 610

Silvestar Italia .p.A.
Adiano. 9

1-10139 Torino
Tel: (011 )443275/6
TELEX: 220181

JAPAN
Asahi Glass Company. Ltd
2-1-2, Marunouchi

Chiyoda-ku, Tokyo 100
Tel: (03) 218-5690

Dainichi Electronics
Kohraku Building

1-8, 1-chome, Kohraku
Bunkyo-ku, Tokyo

Tel' (03) 811-9205
Dainichi Electronics
Kintetsu-Takama Building
138-3 Takama-cho

Narashi 630

181 Ltd.

8-3, 4-chome, Lidabashi
Chiyoda-ku, Tokyo 102

Tel: (03),264-3301
Kanematsu Denshi K.K.
Takanawa Bldg.. 2nd Floor
19-26, 3-chome, Takanawa
Minatoku, Tokyo 108

Microtek, Inc.
Naito Building

7-2-8 Nishishinjuku

Sk, Tokyo 160

Tel: (03) 363-2

TR Saesr

Tokyo Electron Limited
Shinuku-Nomura-Bidg.

7262, Nishi Shinyoke, Shinjukuky,
Tokyo 160

Tel: (03) 343-4411

Tokyo Electron Limited
Osaka Sales Office
Recruit-Shinosaka-Dai 2-Bld

5-14-10 Nishi-Nakajima, Yodogawa-ku,

Osaka-shi, Osaka 532
Tel. (06) 305-0888

Tokyo Electron Limited

Yokohama Sales Office

1 Sgashikte-Machl. Midor u.
ama-shi. Kanag wa 226

Poriiyaiush

Tokyo Electron Limited

Sendai Sales Office

S-Bldg 1-10-12 Honcho.

Sendalshi. Myags 580

Tel: (0222) 63-3950

Tokyo Electron Limited
ito Sales Offce
Taiyosermer g
16 Chuo, Mito.sht.Ibarag: 310
Ta (0090372585

Tokyo Electron Limited
Hino Sales

2-3-1 Tamadaira, Hino-shi,
Tokyo 191

Tel: (0425) 84-3711

Tokyo Electron Limited
Kumagaya Sales Office
Chiyodaseimei-Bidg

2142 Myamachi Kumagaya-sh.
Saitam:

Tel (0435) 951421

Tokyo Electron Limited

Kanda Sales Office

Time-Bidg.
1-28-5 Kanda-Suda-Cho, Chiyoda-ku,

Tokyo 101
Tel: (03) 254-8741

Tokyo Electron Limited

Kana

Nomear

i |su Solokanda Chiyoda-ku

120 2510048
Tokyo Electron Limited
Nagoya Sales Office
Nagoya-FukutokurBidy

3. 3 Malekl Nakamuva LU

Te» (052) 562~0825

Tokyo Electron Limited

Fukuoka Sales Office

Shinkou-Bidg.

4-4-24 Tenun Chuo-ku, Fukuoka-shi
Fukuoka 810

Tef: (092) 721-1144

Dovaing Trading C
Room 301 meon Bldg. 507-30
Smnm 4-Dony
Gwanak-ku

Seoul

Tel: 856-9764
TELEX: K23459
Leewood International
C.P.O. Box 4046
Seoul

Tel. 28-5927

TELEX: K-25582
NETHERLANDS
Arcobel BV

Van Almondestraat 6
P O Box 344

-5340
Tel (04\20) 24200/27574
TELEX:

NEW ZEALAND

G.TS. Engineering, Ltd.

P.O. Box 42-053, Orakei

Auckland

Tel: (Auck) 543 214
(Auck) 546 745

TELEX. NZ2591

NORWAY
AS Kiell Bakke
Nyga|a 48

0. Box

143
K261 Stosmmen
Tel (02) 71 &
TELEX: 19407

SINGAPORE
Sentry-Tech (Pte.) Ltd
3210 Shaw Towers
100 Beach Road
Sngapore 0718

Tel: 292

746 4260
TELEX: RS 34235

SOUTH AFRICA
Soum Conllnema\ Devices (Pty.) Ltd.
56420

megowne
Tel: (011) 789 2400
TELEX: 4-24849 SA

SOUTH AMERICA
Intectra

2629 Terminal Bldg.
Mouniam View. CA 4043
Tel: (415) 967-
TS

SPAIN

Regula S.A

Avda. Baro. 19
Barcelor

Tel (03) %66 19 58

Aeda e Ramon § cajal, 5
Madrid-16

Tel: (01) 459 33 00/04/08
TELEX: 42 20

Sagirén.

General de impur\zcxcnes Electronicas
5, 27

Cr Casleu
Madnd

Tel (0027574824
TELEX: 43819

SWEDEN

Svensk Teleindustri AB
x 5024

5-162 05 Vllingby

Tel: (08) 89 04 35
TELEX. 13033

SWITZERLAND
Kontron Electronic.
Components Division
Bemerslv Sued 169
Zuerich
Tel umsz 8262

Kur\ Hm AG
Thurgauerstr. 74
CH-8050 Zuerich
Tel. (01)302 21 21
TELEX: 53461

TAIWAN
Everdata Pacific Co.

Tel. (408) 727-4010
TELEX: 171470
Everdata International Corp.
11JF 219, Chung Hsiao E. Rd
Sec. 4, Taipei

Tel: 752-9911

TELEX: 21528

UNITED KINGDOM
Hawke-Cramer

Hawke Electronics Limited

9
TELEX: 923592

Dage Eurosem, Ltd

64 High Street

Pinner. Middiesex. HAS 5QA
Tel, (o1 868 00269
TELEX: 2450

ITT Electronic Sewlces

Essex CM20 20
Tel Har‘ow (0279) 25777
TELEX

Meme
Thame Park Industnal Estate

Oxon
Tel Thzme (034 421) 3146
TELEX

Ouamdan Eleclromcs
ISemlconduc(ors) Ltd.
Sx

Tel Eevby 10332; 363291
TEL



U.S. and Canadian Sales Representatives

ALABAMA

Electronic Manufacturers Wems
2309 Starmount Circle, S.
Huntsville, Alabama 35801

Tel: (205) 533-6440

TWX: 810-726-2110

CALIFORNIA

(Northern)

12 Incorporated

335Q Scott Boulevard

Suite 1001, Bidg. 10

Santa Clara, California 95050
Tel: (408) 988-3400

TWX: 910-338-0192

(Southern)

Bestronics

7827 Convoy Court, Suite 407
San Diego, California 92111
Tel: (407) 278-2150

TWX: 910-335-1267

CANADA (Eastern)

Vitel Electronics

3300 Cote Vertu, Suite 203
St. Laurent, Quebec,
Canada H4R 287

Tel: (514) 331-7393

TWX: 610-421-3124
TELEX: 05-821762

Vitel Electronics

1 Vulcan St., Suite 203
Rexdale, Ontario,
Canada MW 1L3

Tel: (416) 245-8528
TWX: 610-491-3728

Vitel Electronics
85 Albert Street, Suite 1610
Ottawa, Ontario

TELEX: 05331 98

CANADA (Western)
Vitel Electronics
3665 Kingsway, Suite 211
Burnaby, British Columbia
Canada V5R 5W2

604) 438-6121
TWX 610-953-4925

CONNECTICUT

Scientific Components

1185 South Main Street
Cheshire, Connecticut 06410
Tel: (203) 272-2965

TWX: 710-455-2078

FLORIDA
Conley & Associates, Inc.
P.O. Box 309
235 South Central Ave.
Oviedo, Florida 32765
TeI (305) 365-3283

. 810-856-3520

Conley & Assocnates, Inc.
1612 N.W. Second Ave.
P.O. Box 700

Boca Raton, Florida 33432
Tel: (305) 395-6108

TWX: 510-953-7548

Conley & Associates, Inc.
4021 W. Waters Avenue
Suite 2

Tampa, Florida 33614
Tel: (813) 885-7658
TWX: 810-876-9136

GEORGIA
Electronic Manufacturers Agents

6755 Peachtree Industrial Blvd., N.E.

Suite 103

Atlanta, Georgia 30360
Tel: (404) 449-9430
TWX: 810-766-9430

ILLINOIS
Oasis Sales, Inc.
1101 Towne Road
Elk Grove thlage, Hllinois 60007
Tel: (312)
1 91 0~222 1775

INDIANA

E‘ectro Reps., Inc
941

E. 86th St., Sulle 101
lndlanapolls, Indiana 46240
Tel: (317) 255-4147
TWX: 810-341-3217

Electro Reps., Inc.

3601 Hobson Rd., Suite 106
Ft. Wayne, Indiana 46815
Tel: (219) 483-0518

TWX: 810-332-1613

IoWA

Lorenz Sales, Inc.

5270 No. Park Pl., N.E.
Cedar Rapids, lowa 52402
Tel: (319) 377-4666

KANSAS

Kebco Sales

7070 West 107th Street

Suite 160

Overland Park, Kansas 66212
Tel: (913) 649-1051

TWX: 910-749-4077

MICHIGAN
S A.l. Marketing Corp.
P.O. Box

Brlghton Mlchlgan 48116

I (313) 227-1786
YWX 0'242~1 518
MISSOURI

Kebco Manutacturers

75 Worthington Drive, Ste. 101
Mariland Heights, Missouri 63043
Tel: (314) 576-4111

TWX: 910-764-0826

NEBRASKA

Lorenz Sales

2809 Garfield Avenue
Lincoln, Nebraska 68502
Tel: (402) 475-4660

NEW JERSEY
T.ALL Cor

p.
12 So. Black Horse Pike
Bellmawr, New Jersey 08031
Tel: (609) 933-2600
TWX: 710-639-1810

NEW MEXICO

The Thorson Company

1101 Cardenas, N.E.

Suite 109

Albuquerque, New Mexico 87110
Tel: (505) 265-5655

TWX: 910-989-1174

NEW YORK
Nycom, Inc.
10 Adler Drive
Syracuse, New York 13057
Tel (315) 437:8343
: 710-541-1506

OHIO

Dolfuss-Root & Co.
13477 Prospect Road
Strongsville, Ohio 44136
Tel: (216) 238-0300
TWX: 810-427-9148

Dolfuss-Root & Co.

683 Miamisburg-Centerville Road
Suite 202

Centerville, Ohio 45459

Tel: (513) 433-6776

PENNSYLVANIA

Dolfuss-Root & Co.

United Industrial Park

Suite 203A, Building A

98 Vanadium Road

Pittsburgh, Pennsylvania 15017
Tel: (412) 221-4420

TEXAS

Bonser-Philhower Sales
13777 N. Central Expressway
Suite 212

Dallas, Texas 75243

Tel: (214) 234-8438

Bonser-Philhower

11700 Southwest Fwy., Suite 200
Houston, Texas 77031

Tel: (713) 783-0063

Bonser-Philhower Sales
8330 Burnett Rd.

Suite 133

Austin, Texas 78758
Tel: (512) 458-3569

UTAH
2

940 North 400 East, Suite B
North Salt Lake, Utah 84054
Tel: (801) 298-2631
TWX: 910-925-5607

WASHINGTON

Venture Electronics

1601 116th N E., Suite 109
P.O. Box 3

Bellevue, Washmgton 98005
Tel: éZOG) 454-4594

TELEX: 32-8951

WISCONSIN

Qasis Sales, Inc.

N. 81 W. 12920 Leon Road
Suite 111

Menomonee Falls, Wisconsin 53051

Tel: (414) 445-6682



J.S. AND CANADIAN STOCKING DISTRIBUTORS

LABAMA
{amilton/Avnet Electronics
812 Commercial Drive
4untsville, Alabama 35805
“el: (205) 837-7210

1all-Mark Electronics

1900 Brad'ord Drive, N.W.

2.0.8ox 1

1untsvllle Alabama 35807
I: (205) 837-8700

ARIZONA

Nyle Distribution Group
1155 North 24th Avenue
>hoenix, Arizona 85021
Tel: (602) 249-2232

Hamilton/Avnet Electronics
505 South Madison Drive
fempe, Arizona 85281
fel: (602) 275-7851

TWX: 910-651-1535

CALIFORNIA

Avnet Electronics

350 McCormick Avenus

rvine Industrial Comple:

osta Mesa, Calforma 62626
Tel: (714) 754-6084

TWX: 910-595-1928

3ell Industries
1161 North Fairoaks Avenue

TWX: 910-339-9378

Hamilton Electro Sales
10912 West Washington Boulevard
Culver Cl(y‘ Callfomla 90230
Tol: (21 2131
(714) 522~8220
TWX: 910- 340 6384
10

TELEX: 67 -36- 92

Hamll(on/Avnet Electronics
1175 Bordeal

Sunnyvale, California 94086
Tel: (408) 743-3300

TWX: 910-339-9332

Hamilton/Avnet Elsclmnlcs
4545 View Ridge R

San Diego, Callwrma 92!23
Tel: 1714) 571-7500

TELEX: 69-54-15

Hanmilton/Avnet Electronics
3170 Pullman
Costa Mesa, Calllomla 92626
Tel: (714) 641-

Wyle Distribution Group
9525 Chesapeake Driv

San Diego, California 92123
Tel: (714) 565-9171

TWX: 910-335-1590

Sehwaber Electionics
17811 Gillette

Irvine, Call'omla 92714
Tel: (213) 53,

TWX: 910- 595 1720

Schweber Electronics

3110 Patrick Henry Drive
Santa Clars, Calformia 95050
Tel: (408) 436.

T ORb 538 204

Wyle Distribution Group
124 Maryland Avenue
El S ndo Calllomua 90545
Tel 1 13) 32
: 910+ 348 7140
910-348-7111

Arrow Electronics
521 Weddell Drive
Sunnyvale, California 94086
Tol: (408) 745-6600

TWX: 910-339-9371

Wyle Distibution Group/Santa Clara
3000 Bowers Aven
Santa Glara, Galfornia 95052
Tel. (408) 727:2500
338-0296
103380501

Wyle Distribution Group
Orange County Division

17872 Cow:

Irvine, Calllorma 92714
Tel: (714)64 1600
CANAI

HamlltonIAvnet Electronics
2670 Sabou

St Laurent, Guebec, Canada HaS 1M2
Tel: (514) 331-6443
TWX: 610-421-3731

Hamilton/Avnet Elec\romcs
3688 Nashua

M|55|ssauga Onlano‘ Canada L4V 1M5

Tel: (416) 677-7432
TWX: 610-492-8867

Hamilton/Avnet Elec\ronlcs
1735 Courtwood Crescel
Ottawa, Ontario, Canads KZC 342
Tel: (613) 226-1
X: 610-562- 1906

AAE Industrial Elecronics, Lid
3455 Gardne:

Burnaby, Bnllsh Columma
Canada V5G 4.

Tel: (604) 291- aass
TWX:_610-029-3065

TELEX: 04-356533

RAE Electronics

11680 170th Street

Edmonton. Alberta

Future Electronics,
5647 Ferrier Street
Montreal, Quebec Canada HaP 2K5
Tel: (514) 73
WK 1diao9251
05-827789
Future Electronics
4800 Dufferin Street
Downsview, Ontario
Canada 9
Tel: (416) 663-5563

Future Electronics

3070 Kingsway

Vancouver. Bnllsh Columbia
Canada 5J7

Tel: (604) 438 5545

TWX: 610-922-1668

Future Electronics
Baxter Centre

1050 Baxter Road
Ottawa, Onlano
Canada K2C 3|

Tel: (613) 820- 53‘3

COLORADO

Wyle Distribution Group
451 East 124th Avenue
Thornton, Colorado 80241
Tel: (303) 457-9953

Hamilton/Avnet Electronics
8765 East Orchard Road
Suite 708

Englewood, Colorado 80111
Tel: (303) 740-1000

Bell Industries

8155 West 48th Avenue
Weatridge. Colorado 80033
Tel: (303) 424-1985

TWX: 910-938-0393

CONNECTICUT

Hamilton/Avnet Electronics

Commerce Park

Commerce Drive
Connecﬂcut 06810

Tel (203) 2800

TWX: 710- 456 9974

Harvey Electronics
112 Main &
orwalk, Connecticut 06851
o (203) 853-1515
TWX: 710-468-3373

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury, Connecticut 06810
Tel: (203) 792-3500

Arrow Electronics

12 Beaumont Road

Walllngford Connecncul 06492
Tel: (203) 26!

TWX: 710-476—0162

FLORIDA

Arrow Electronics
!315 Paim Bay Road, N.W.
Palm Bay. Florida 22905
Tel: (305) 725-1480

Arrow Electronics

1001 N.W. 62nd Street, Suite 402
Ft. Lauderdale, Fiorida 33300
Tel: (305) 776-7790

Hall-Mark Electronics
7233 Lake Ellenor Drive
Orlando, Florida 32809
Tel: (305) 855-4020
TWX: 810-850-0183

Hall-Mark Electronics

1671 West McNabb Road

Ft. Lauderdale. F|onda 33309
Tel: (305) 971-9280

TWX: 510-956-9720

Hamilton/Avnet Eleclromw
6800 N.W. 20th Avenu

Ft. Lauderdale, Flonda 33309
Tel: (305) 971-2900

HamiltonIAvne\ Electmnics
3197 Tech Drive

St. Petersburg. F|0rlda 33702
Tel: (813) 576-3930

Pioneer/Florida

6220 South Orange Blossom Trail
Suite 412

Orlando, Florida 32809

Tel: (305) 859-3600

TWX: 810-850-0177

GEORGIA

Arrow Electronics

2979 Pacific Drive
Norcross, Georgia 30071
Tel: (404) 449-8252
TWX: 810/766-0439

Hamilton/Avnet Electronics
5825-D Peachtree Comners East
Norcross, Georgia 30092

Tel: (404) 447-7500

ILLINOIS
Arrow Electronics

492 Lunt Avenue
Schaumburg, lllinois 60193
Tel: (312) 893-9420

Hall-Mark Electronics
1177 Industrial Drive
Bensenville, lllinois 60106
Tel: (312) 860-3800

TWX: 910-222-1815

Hamilton/Avnet Electronics
3901 North 25th Avenue
Schiller Park, lllinois 60176
Tsl (3|2) 678-6310

: 910-227-0060

Ploneerlchlca

1551 Carm

Elk Grove anlage Illunms 60007
Tek: (312) 437

TWX: 910-222-1 634

Schweber Electronics
1275 Brummel Avenue
Elk Grove Village, lilinois 60017
Tel 1312) 364-3750
: 910-222-3453

INDIANA

Pioneer/Indiana

6408 Castle Place Drive
Indlanapolls‘ Indlana 46250
Tel: (317) 84

TWX: 810- 2504794

Arrow Elec(romcs

2718 Rand Roa

Inmanapolls Ind‘ana 46241
Tel: (317) 243-9353

TWX: 810-341-3119

Hamilton/Avnet Electronics
485 Gradle Drive
Indianapolis, Indiana 46032
Tel: (317) 844-9333

KANSAS

Hall-Mark Electronics
10815 Lakeview Drive

TWX: 510-928-1831

Hamilton/Avnet Electronics
9219 Quivira Road

Overland Park, Kansas 66215
Tel: (913) 888-8900

MARYLAND

Arrow Electronics

4801 Benson Avenue
Baltimore, Maryland 21227
Tel: (301) 247-5200

Hall-Mark Electronics
6655 Amberton Drive
Baltimore, Mavyland 21227
Tel: (301) 796-9300
TWX: 710-862-1942

Hamilton/Avnet Electronics

7235 Standard Drive
Hanover, Mary!and 21076

Tel: (301) 796-5

TWX: 710-862- 186|

TELEX: 8-79-68

Puoneeleashmg(on

9100 Gaither Roa

Gallhersburg, Maryland 20760
Tel: (301) 94

TWX: 710- 825 0545

MASSACHUSETTS
Arrow Electronics
96D Commevce Way
Wobt Massachusetts 01801
Tel: 1617) 933-8130

TWX: 510-224-6494

Hamilton/Avnet Electronics
Tower Office Pa

Woburn, Massachusetts 01801

Tel: (617) 935-9700

TWX: 710-393-0382

Harvey Electronics
MHanw il Ave.
.exington, Massachusens 02173
Tel: (617) 861-9200
TWX: 710- 326 6617

Schweber Electronics

25 Wiggins Roa

Bodiors assachusetts 01730
Tel: (617) 275-5100

MICHIGAI

Arrow Electronics

3810 Varsity Drive

Ann Arbor, Michigan 48104
Tel: (313) 971-8220

TWX: 810-223-6020

HamlllonIAvnel Elec(romcs
32487 Sch

Livonia, Mlchlgan 48150
Tel: (313) 522-47(

TWX: 810-242-8775

Pioneer/Michigan

13485 Stamford

Livonia, Michigan 48150
Tel: (313) 525-1800
TWX: 810-242-3271

MINNESOTA

Arrow Electronics

5230 West 73rd Street
Edina, Minnesota 55435
Tel: (612) 830-1800

Hall-Mark Electronics

7833 |2m Avenue South
ington, anesola 55420

Tel (612) 854-3:

TWX: 910-576- 3187

HamlllunlAvnet Eleclronu:s
7449 Canil

Edina, Mlnnesola 55435
Tel: (612) 941-3801

MISSOURI

MMk Electronics
13789 Rider Trail

Earh City, Missouri 63045
Tel: (314) 291-5350

TWX: 9|0 760-0671

Hamilton/Avnet Electronics
13743 Shoreline Court
Earth City, Missouri 3045
Tel: (314) 344-1200

Arrow Electronics

2380 Schuetz Road

St. Louis, Missouri 63141
Tel: (314) 567-6888
TWX: 910-764-0882

NEW JERSEY

Arrow Electronics

Pleasant Valli{

Moorestown, New Jersey 08057
Tel: (609) 235-1900

Arrow Electronics
285 Midland Avenue
Saddle Brook, New Jersey 07662
Tel (201) 797-58
: 710-988- 2206

Hamilton/Avnet Electronics
10 Industrial Road

Fairfield, New Jersey 07006
Tel: (201) 575-3390

Hamilton/Avnet Electronics

1 Keystone Avenue
Che"éog" New Jersey 08003
Tel: (609) 424-0100

Harvey Electionics
Route

45
Bvook New Jersey 07058
Tel (zuv) 575-3510
710-734-4382

Harvey Electronics
840 Fanpor\ Park
New Jersey 14450
Tel (7|s) 381-7070
TWX: 510-253-7001

Schweber Electronics
18 Madison Road

TW)( 710-480-4733

Hall-Mark Electronics
2091 Springdale Road
Spnr\gdale usmess Center

Cher rsey 08003
Tol: (315) 3557300
TWX: 510-667-1750

NEW MEXICO

Hamlllon/Avnet Electronics
Baylor Drive E.

Albuqusrque New Mexico 87119

Tel: (505) 765-1500

Electronic Devices Co

308 Muriel Street N.

Albuguerque, New Mexlbo 87123
Tel: (505) 293-1935

NEW YORK

Arrow Electronics

900 Broad Hollow Roa
Farmingdale, New Vo'k 11735
Tel: (516) 694-6800

TWX: 510-224-6155

Arrow Electronics
7705 Maitage Drive
rpool, New York 13088
Tel (315) 652-1000
: 710-545-0230

Arrow Electronics

3000 South Winton Road
Rochester, New York 14623
Tel: (716) 275-0300

TWX: 510-253-4766

Arrow Electronics
20 Oser Avenue

Hauppaug

nglsland New York 11787
Tel: (515) 231-1000
TWX: 510-227-6623

Hamilton/Avnet Electronics
333 Metro Park

Rochéster, New York 14623
Tel: (716) 475-9130

Hamilton/Avnet Electronics
5 Hub Drive

Melville, New Vork 11746
Tel: (516) 454-6

TWX: 510-; 224-6166

Ham-llonIAvnet Electronics
GSOOJ

East S yracuse New York 13057
Tel: (315) 437-264:
TWX: 710-! 541v0959

Harvey Electronics
60 Crossways Park West
, New York 11797
Tel (516 '921-8700
0-221-2184

Elscuonm

P 0.

Bmgham n New York 13902
Tel: (607) 748-8211

WX: 510-252-0893

Summit Dnslnbu(ors Inc.
916 Main Street

Bunalo New York 14202
Tel: (716) 884-

TWX: 710- 522 1692

Schweber Eleclromcs
Jencho Turny
New Vork 11580
Tel (516) 334-7474
510-: 222 9470
510-222-3660

Schweber Electronics

3 Town Line Circle
Rochester, New York 14623
Tel: (715) 424-2222

NORTH CAROLINA

Arrow Electronics

938 Burke Street

Winston-Salem, North Carolina 27101
Tel: (919) 725-8711

TWX: 510-931-3169

Hall-Mark Electronics

1208 Front Street, Building K
Raleigh, North Carohna 27609
Tel: (919) 832-4465

TWX: 510-928-1831

Hamilton/Avnet Electromcs
2803 Industrial Drive

Raleigh, North Carollna 27609
Tel: (919) 829-8030

OHIO

Armw Electrnmcs
6238 C

Solon, Ohlo 44139
Tel: (216) 248-3990

Arrow Electronics

7620 McEwen Road
Centerville, Ohlo 454:9
Tel: (513) 435-5!

TWX: 810-459- '6!

Hamilton/Avnet Electronics

Tet (513) 433.0610
: 810-450-2531

Hamilton/Avnet

4588 Emery Indus\nal Parkway
Cleveland, Ohlo 4128

Tel: (216) 831-3500

TWX: 810-427-9452

Pioneer/Cleveland
4800 East 131st Street
Cleveland Ohlo 44105
Tel: (216) 587-3600
TWX: 810- 422 2211

OKLAHOMA

Hall-Mark Electronics

5460 S. 103rd East Avenue
Tulsa, Oklahoma 74145
Tel: (918) 835-8458

TWX: 910-845-2290

REGON
Hamilton/Avnet Electronics
6024 S.W. Jean Road
Bidg. c Suite 10
Lake Oswego, Oregon 97034
Tel: (503) 635-8831

Almac Stroum Electronics.
8022 Southwest Nimbus, Bldg. 7
Koll Business Park
Por(l(and )Ofegon 97005
Tel:
TWX: 910-467- 8743

PENNSYLVANIA

Schweber Electronics

101 Rock Road

Horsham, Pennsylvania 19044
Tel: (215) 441-0600

Pioneer/Pinsburgh
Kappa Drive
Plllsburgh Penmsyivania 15238
Tel: (412) 782-2300
TWX: 710-795-3122

Avtow Electronics
650 Seco

Vammosle Pennsyhvania 15136
Tel: (412) 856-7000

TEXAS
Hall-Mark Eleclronlcs
P.O. Box 22203

11333 Page Mill Road
Dalias, Texas 75222
Tel: (214) 343-5000

TWX: 910-867-4721

Hail-Mark Electronu:s
8000 Westgle:

Houston, Texas 77063
Tel: (713) 781-6100
TWX: 910-881-2711

Hall-Mark Electronics
12211 Technology Bouievard
Austin, Texas 71
Tel: (512) So8-0845.
+ 910-874-2031

Hamilton/Avnet Electronics
2111 West Walnut Hill Lane
Irving, Texas 75062

Tel: (214) 659-4111
TELEX: 73-05-11

Hamilton/Avnet Elec(ronics
3939 Ann Arbor Stre

Houston. Texas 770‘2
Tel: (713) 780-1771

Hammon/Avnel Elearomcs
2401 Rutiand

Austin, Texas
Tel: (512) 837- 8911

Schweber Electronics
4202 Beltway Drive
Dallas, Texas 75234
Tel: (214) 661-5010
TWX: 910-860-5493

Schweber Electronics
7420 Harwin Drive.
Houston, Texas" 7

Tel: (713) 784- 30000

UTAH

Bell Industries

3639 West 2150 South
Salt Lake City. Utsh 84120
Tel: (801) 972-

T 31b05s a6

Hamilton/Avnet Electronics
1585 West 2100 South

Salt Lal e Clﬁy Ulah 84119
Tel: (801

TWX: 910+ 925-4018

WASHINGTON
Hamilton/Avnet Electronics
14212 N.E. 21st Street

TWX: 910-443-2469

Wyle Distribution Group
1750 132nd Avenue, N.E.
Bellevue, Washmg\on 98005
Tel: (206) 4!

TWX: 9'0443 2526

Almac Stroum Electronics
5811 Sixth Avenue South
Seattle, Washington 98108
Tel: (206) 763-2300
TWX: 910-444-2067

WISCONSIN
Arrow Electronics.
West Rawson Avenue
Oak Creek, Wisconsin 53154
Tel: (414) 764-6600
WX: 910-262-1193

Hall-Mark Electronics

9657 South 20th Street

Oak Creek, Wisconsin 53154
Tel: (414) 761-3000

Hamilton/Avnet Eleclromcs
loorland Road

New Berlin, Wlsconsm 53151

Tel: (414) 784-4510

4-17-81
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