


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Design Philosophy

Read/write random access memories are customarily divided
into two categories based on the storage mechanism used in
the memory cells. Dynamic memories use dynamic cells that
store information in the form of charge on small capacitors.
Static memories use static cells that store information in the
form of latched currents flowing through transistors. Dynamic
memories must be periodically refreshed in order to maintain
the stored information. Static memories maintain the stored
data without refreshing as long as power is applied. {Both
types are volatile — that is, stored information is lost when
power is removed.)

The basic storage mechanisms of the cells contribute signifi-
cantly to the characteristics of the overall memory, but an
important contribution is also made by the access method
used with a particular cell. Dynamic storage has conventionally
been used with dynamic decoding and control circuitry. Simi-
larly, static storage has traditionally used static support
circuitry. But those associations are not necessary. Other
combinations are possible and provide different overall specifi-
cations. One example is provided by Advanced Micro Devices’
4K dynamic memories, the Am9050 and Am9060. They use
static circuitry on some input signals in order to significantly
improve several timing characteristics. There also exist several
types of read-only memories that use dynamic decoding for
improved performance.

The Am9130 and Am9140 memories take advantage of a new
combination that provides static storage together with a novel
type of clocked access method. The storage cells use a conven-
tional, fully static design. The decoding and sensing circuits
use a clocked static approach that has no dynamic nodes. The
clocked circuitry allows the addition of several new features,
increases speed and decreases power dissipation relative to
an analogous non-clocked design. At the same time, the usual
disadvantages of a clock have been either eliminated or mini-
mized in these new memories.

This philosophy, combined with Advanced N-channel MOS
technology, has produced these new combinations of features,
including:

Fully static storage

Fast access and cycle times

L.ow operating power dissipation

Self-clocking mode of operation

Single phase, low voltage, low capacitance clock
Static clock that may be stopped in either state
Address register on-chip

Output data register on-chip

Single +5 volt power supply requirement

Interface logic levels identical to TTL

High output drive capability

Nearly constant power drain; no large current surges
DC standby mode for reduced power consumption
Operation over full military temperature range

Interface Considerations

In common with other AMD static R/W RAM'’s, all of the
input and output signals for the Am9130 and Am9140 mem-
ories are specified with logic levels identical to those of standard
TTL circuits. The worst-case input high and low levels are
2.0V and 0.8V, respectively; the worst-case output high and
low levels are 2.4V and 0.4V, respectively. Thus, with TTL
interfacing, the normal worst-case noise immunity of at least
400mV is maintained.

Am9130/Am9140

All inputs include protection networks designed to prevent
damaging accumulations of static charge. During normal opera-
tion, the protection circuitry is inactive and may be modeled
as a simple series RC, See Figure 3. The first functionally
active connection for every input is the gate of an MOS
transistor. No active sources or drains are connected to the
inputs so that no transient or steady-state currents are im-
pressed on the driving signals other than the simple charging
or discharging of the input capacitance, plus the accumulated
leakage associated with the protection network and the input
gate. Input capacitances are usually around 5pF and leakage
currents are usually less than 1uA.

INPUT O AN

1

MPR-404

Figure 3. Equivalent Input Circuit.

The output buffers can source at least 200uA worst-case and
can sink at least 3.2mA worst-case, while still maintaining TTL
output logic levels. Thus, the memories can drive two standard
TTL loads or nine standard Low-Power Schottky TTL loads.
This unusually high output drive capability allows not only
improved fan-out, but also better capacitive drive and noise
immunity.

Delays in the output circuits show little variation with changes
in the DC loads being driven. Changes with capacitive loading
are shown by the curve in Figure 4. Access times are specified
for a total load of one TTL gate plus 50pF of capacitance.
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Figure 4. Access Change Versus Load.

Power Supply

The Am9140 and Am8130 memories require only a single
supply voltage. They perform their normal operations at a Ve
of +5.volts. The commercial temperature range parts have a
voltage tolerance of +5%; the military temperature range
tolerance is £10%. The worst-case current drains are specified
in the data sheets at the high side of the voltage tolerance and
the low end of the temperature range. In addition, the current
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specifications take into account the worst-case distribution of
processing parameters that may be encountered during the
manufacturing life of the product.

The current drain for these parts is relatively quite constant
over their various operating cycles. Since the basic storage
mechanism involves latched currents in each cell, there is a
necessary cumulative current flowing at all times, even when
the memory is not being actively accessed. The average currents
specified are largely independent of the CE input state, or the
condition of any of the input signals. At the falling edge of the
CE clock, there is a brief current surge of an additional 4 to
8mA that occurs as the decoders are being preset.

Dynamic memories usually have quite different current charac-
teristics. Their average power dissipation is proportional to
their operating frequency, so that average current drain
decreases significantly when they are cycling slowly or doing
refresh operations only. There are very large peak currents
assoclated with every cycle in a dynamic memory, no matter
how frequently or infrequently the cycles occur. Power
supplies and power distribution systems must be capable of
handling these peak demands.

Power vs. speed characteristics for the Am9130 and Am9140
4K statics are flat horizontal lines. See Figure 5. A represen-
tative 4K dynamic has a rising line as shown. The dynamic
dissipation becomes higher than the regular-power static
parts out near the high end of the speed range. The cross-over
occurs much earlier for the low-power statics.

The power-down mode is entered by simply bringing both CE
and OE low and then ramping Vcc down as low as 1.5V.
Power dissipation will fall by more than 80%. Normal cycles
may resume when Vcc has been returned to its operating
range. See specification sheets for further details.

Am9130/Amg140 AVERAGE pd

Am911.30/Am91L40 AVERAGE

POWER

Am91L.30/Am91L40
POWER DOWN

4k DYNAMIC
AVERAGE

SPEED ——

MPR-406

Figure 5. Power Versus Speed Comparisons.

INTERFACE SIGNALS
Signal Flow

Figure 6 is the block diagram for the Am9130 version and
shows the interface connections along with the general signal
flow. There are ten address lines (AO through A9) that are
used to specify one of 1024 locations, with each location
containing four bits. The Chip Select signal acts as a high order
address for multiple chip memory configurations. The Chip
Enable clock latches the addresses into the address registers
and controls the sequences of internal activities.
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The row address signals (AO through A5) and their inversions
are distributed to the 64 row address decoders where one of
the rows is selected. The 64 cells on the selected row are then
connected to their respective bit line columns. Meanwhile,
the column address signals (A6 through A9) have been decoded
and used to select one of 16 columns for each of the four
sense amplifiers. The end result is that one cell is connected
to one sense amplifier.

During read operations, the sensed data is latched into the
output register and is available for the balance of the operating
cycle. During write operations, the write amplifier is turned
on and drives the input data onto the sense lines, up the
column bit lines and into the selected cells. Input and output
data signals share common interface pins.

The output buffers use a three-state design that simplifies
external interfacing. Unselected chips have the outputs turned
off so that several chips may be wire-ored together easily.
The Output Enable and Output Disable signals provide fully
asynchronous controls for turning off the output buffers
when desired.

Within the storage matrix, there is an extra row of simulated
cells. This reference row is selected on every operating cycle
in addition to the addressed row and provides internal timing
signals that help control the data flow through the part. The
Memory Status output signal is derived from the reference
row and uses the same designs for its sense and buffer circuits
as used by the data bits. Memory Status specifies when output
data is available and simplifies generation of Chip Enable.

Figure 7 is the block diagram for the Am9140 version. The
basic operation and signal flows are similar to the Am9130.
There are two additional address lines (A10, A11), allowing
selection of one of 4096 locations. Each location contains
one bit so only one set of data 1/O circuits are needed. Input
and output data signals use separate interface pins.

Chip Enable

The Chip Enable input is a control clock that coordinates all
internal activities. All active memory functions are initiated
when CE goes high. At the completion of the active operation,
CE goes low to preset the memory for the next cycle. There
are no restrictions on the maximum times that CE may remain
in either state so the clock may be extended or stopped when-
ever convenient. After power-up and before beginning a valid
operation, the clock should be brought low to initially preset
the memory.

Figure 8 illustrates a basic operating cycle for either of the
memories. The rising edge of CE begins each cycle and strobes
the Address and Chip Select signals into the on-chip register.
Internal timing signals are derived from CE and from transi-
tions of the address latches and the reference cells. Various
control functions are activated by these timing signals as the
addresses anid data flow through the memory.

When the actual access time of the part has been reached (or
a write operation is complete), CE may be switched low if
desired. The worst-case time as specified in the data sheet may
be used to determine the access. Alternatively, the access, or
write complete time indicated by the rising edge of the
Memory Status- output signal may be used. (See the Memory
Status section of this Note.) It is perfectly acceptable to leave
the CE clock high following the access time; some system
operating modes will find it convenient to do so. A Read/
Modify/Write cycle, for example, will keep CE high after the
access until the modify and write portions of the cycle are
finished.
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Figure 6. Am9130 Block Diagram.
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Figure 7. Am9140 Block Diagralﬁ.

When CE does go low, the internal preset operation begins. . Address and Chip Select
The memory is ready for a new cycle only after the preset is . .
complete. The worst-case CE low time specified in the data The Address inputs are binary coded lines that specify the

sheet may be used to determine the preset interval, Alterna- word location to be accessed within the memory. The Am9130
tively, the actual preset time is indicated as complete as soon has 1024 word locations, any one of which may be selected
as Memory Status goes low. CE may remain low as long as by a ten-bit binary address (210 = 1024), The Am9140 has
desired. 4096 locations and so uses a 12-bit address (212 = 4096).
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Figure 8. Basic Operating Cycle.

The Address input signals are latched into an on-chip address
register by the rising edge of CE. They are allowed to become
stable at the same time that the clock goes high: The address
set-up time is zero. They must be held stable for the specified
minimum time following the CE rising edge in order to be
properly loaded into the register. Once the address hold time
has been observed, the address inputs are ignored by the
memory until the next cycle is initiated.

The Chip Select input acts as a high order address for use when
the memory system word capacity is larger than the word
capacity of an individual chip. When multiple chips are stacked
up, the Address lines may be wired in parallel to all chips and
the CS lines used to individually select one active chip, or
row of chips, at a time. Chip Select controls the operation of
both the output buffers and the write amplifiers. Unselected
chips have their output buffers off so that selected chips wired
to the same data lines can dominate the output bus. Only
selected chips can perform write operations so the Write
Enable control signal and the input data lines may be wired
in parallel to several chips.

CS is latched into the on-chip register in the same way that
Addresses are. This means that once a memory is selected or
deselected, it will remain that way until a new cycle with new
select information begins. The OE  and OD lines provide
asynchronous control over the output buffer when that
function is necessary on a selected chip.

Chip Select is an active low function — that is, the input signal
must be low at the rising edge of CE in order to select the
chip. Most CS signals are derived from high order addresses.
In small systems, a simple NAND gate can provide the neces-
sary logic. In larger systems, a binary decoder (such as the
Am251.5138) works well. In either case, the outputs are active
low and thus directly match the input polarity of the Chip
Select.

Write Enable

The Write Enable line controls the read or write status of the
devices. When the CE clock is low, the WE signal may be any
value without affecting the memory. This allows the line to be
indeterminant while the using system is deciding what the next
cycle will be. WE does not affect the status of the output
buffer.
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To execute a read cycle, WE is held high while CE is high. To
perform a write operation, the WE line is switched low during
the cycle. The data sheet for the memories shows the mini-
mum write pulse width required to successfully complete the
writing of information into a cell. In many cases, however, it
will be convenient to leave the WE line low during the whole
cycle so that no intra-cycle timing is necessary for a write
operation. The memories are designed so that WE may remain
low continuously as long as successive write cycles are being
executed. .

A write cycle can take place only when three conditions are
met: The chip is selected, CE is high, and WE is low. This
means that if either CE goes low or WE goes high, the writing
is terminated. Thus, the full minimum write pulse width must
appear within the CE high time to perform a successful write.

If WE is low when CE goes high to initiate a new cycle, the
write amplifier is enabled and the write data propagates onto
the data lines internally. However, no columns or rows are
selected until after the address for the new cycle is decoded,
so actual writing into the cell is delayed by the decoding
time following CE. This delay means that the minimum write
pulse width cannot apply when WE goes low very early in
the cycle.

Data In and Data Out

The specification sheet requirements for incoming data during
a write operation show a minimum set-up time with respect to
the termination of the write. Termination occurs when either
WE goes high or CE goes low. Input data may arrive earlier
than the set-up time, where convenient. If incoming data
changes during a write operation, the information finally
written in the cell will be that stable data preceeding the termi-
nation by the set-up time. The data input hold time with
respect to the termination of write is zero. If the Am9140
is used with the Data In and Data Out lines remaining separate,
the input data may occupy the bus at all times, if desired. The
valid written data is then determined by the timing of WE.

If the Am9140 is used with the Data In and Data Out tied
together, or if the Am9130 is used, care should be taken to
avoid conflict between incoming and outgoing data on the
shared lines. It is important to note that when WE is low, it
does not turn off the output buffers; the potential conflict
must be resolved in other ways. One convenient method is



to tie the Output Enable line to the WE line. Then, whenever
WE goes low to write, it also turns off the output buffer. After
a delay long enough for the output to reach its high impedance
state, the input data can be introduced without conflict. The
time that WE is low should be long enough to cover the output
turn-off delay as well as the input data set-up time.

Since the data being written during a write cycle is impressed
on the sense amplifier inputs, the output data will be the same
as the input once the write is established. The conflicts occur
with old output data that remains from a previous cycle or
with new data that may be accessed before the write is estab-
lished. If the write (and the associated input data) can be
initiated while the output buffers are turned off, the conflict
is eliminated; even if the outputs turn on, the output data will
match the input data.

During a read cycle, once all of the addressing is complete and
the cell information has propagated through the sense ampli-
fier, it enters an output data register. The read information can
also flow through to the output if the buffer is enabled. As
long as CE is high, the addressing remains valid and the output
data will be stable. When CE goes low to begin the internal
preset operation, the output information is latched into the
data register. It will remain latched and stable as long as CE
is low.

At the start of every cycle when CE goes high, the output
data latch is cleared in preparation for new information to
come from the sense amplifier, and the output buffer is turned
off. This is done so that in multiple chip systems with the
outputs bussed together, old data from one chip will not
interfere with new data being accessed on another.

Output Enable and Output Disable

The OE and OD control lines perform the same internal func-
tion except that one is inverted from the other. |f either OE is
low or OD is high, the output buffer will turn off. if the CS
input is latched low and OE is high and OD is low, then the
output buffer can turn on when data'is available.

OE and OD are designed to provide asynchronous control of
the output buffer independent of the Chip Select control. This
capability makes it easy to tie together the Data In and Data
Out lines on the Am9140 where bussed operation is desired,
and simplifies operation of the Am9130 which has the Data
1/0 signals internally tied.

OD and OE will often be used to resolve contention on data
busses, but there are other convenient uses as well. The nature
of these memories is such that it is easy to individually clock
each row in a memory system and to achieve an interleaved
mode of operation that effectively shortens the average cycle
time. In such designs, the output buffers must be controlled
to prevent overlap of read information from two rows that
are tied together but clocked at different times.

Memory Status

Memory Status is a new, unique output signal that offers
several important features for the memory system designer.
It indicates when data is valid at the outputs, when CE may
be brought low, and when preset is complete so that a new
cycle may begin. The Memory Status signal may be completely
ignored without affecting the operation of the memory. On
the other hand, it has several implications that make it a
potentially interesting and useful signal.

A major function of the MS concept is to indicate actual
performance of the memory rather than worst-case perfor-
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mance. Thus, the access time indicated by Memory Status will
always be better than the worst-case specification as long as
the conditions and assumptions on which the worst-case
numbers are predicated are better. Further, real operating
results change with changing conditions and Memory Status
follows those changes. Thus, for example, as temperature
decreases, access time also decreases and MS tracks the change
in access exactly.

There are many different ways to use the Memory Status
signal and several are illustrated in this Note. Basically it offers
improved performance and self-timed operation, along with
other related implications.

INTERNAL CIRCUITRY

Address Register

The circuitry for the address register is shown in Figure 9.
Inverters K and L isolate the register from the input pin and
convert the TTL input levels to the wider logic swings used
internally. M inverts the address so that both A and A propa-
gate to the inputs of the register.

Transistors 1, 3 5, and 7 are depletion devices. Transistor pairs
1, 2 and 3, 4 form two inverters that are cross-coupled to
provide the basic latch. Transistor pairs 5, 6 and 7, 8 are used
to enter information into the latch. If point A goes high, then
5 and 6 turn on and 7 and 8 turn off, forcing the latch to one
polarity. Notice that the circuit would work without transistors
5 or 7. They are added to minimize the propagation delay
through the register.

When transistors 9 and 10 are turned on, 5, 6, 7 and 8 are
turned off and the latch is isolated from the input signal.
When transistors 11 and 12 are turned on, the outputs from
the register are held low and the following address decoders
are in their preset state.

The timing for the address register operation is shown in
Figure 10. ¢B and ¢C are simply delayed inversions of CE.
@A is derived from the outputs of the slowest bit position
in the address register. During the preset state of the memory
when the CE clock is low, both ¢B and ¢C are high and ¢A
is low. In that condition, transistors 9,.10, 11 and 12 are all
turned on and no signals can travel into or out of the register.

When CE goes high to start a cycle, $B goes low after a brief
delay. This turns off 9 and 10 and opens a window that
allows the address information at the input to proceed into
the latch. The path that generates ¢B is slightly longer than
the path that the address follows to the register. This is done
so that the address setup time relative to CE can be specified
as zero.

Next, ¢C also goes low, permitting the latch to set and the
register outputs to travel on to the decoders. The delay from
¢B to ¢C prevents any address spiking from disturbing the
decoding circuits.

During the preset time, both X5 and X5 are held low, keeping
@A low. After the active cycle starts, either X5 or X5 will
make a transition high, depending on the state of the Address
5 input. Thus, ¢A will go high in every memory cycle. When
it does, transistors 9 and 10 will turn on again, closing the
window into the latch. This prevents any changes in external
address information from affecting the stored address. Notice
that @A is dependent on the presence of address information
and only occurs after the address has reached the register
outputs.
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Figure 10. Input Latch Timing.

Address Decoding

There are 64 of the row decoder circuits shown in Figure 11.
The decoding is done by a simple six-input gate that is selec-
tively wired to the outputs from the six low order bits of the
address register. Each has a unique combination of X and X
signals on its inputs (26 = 64). Only one decoder will have all
of its inputs low during the decoding. The other 63 gates have
at least one input high, thus keeping the decoder output low
and the row driver, T, off. The single selected gate allows its
row driver to turn on.

¢A, which is derived from the transitions of the X5 signals,
is buffered and used as ¢DEC, the decoder clock. When ¢DEC
goes high, it passes through the selected row driver and brings
the associated row select line high. All the other row select
lines remain low. During the preset time when CE is low, all
of the decoders have all of their inputs held low by ¢C, thus

enabling all of the row drivers. To keep all the rows unselected,
@DEC is low during the preset time and keeps all the select
lines low.

There is a simple latch connected to each of the 64 select lines.
It holds its select line low and prevents it from floating when
the row driver is turned off. An active (high) row select line
flips and holds the latch in addition to driving the 64 cells
in the row.

Memory Cell

The storage cells that are the heart of the memories use a
conventional static design with six transistors. See Figure 12.
Transistor pairs 1, 5 and 2, 6 are connected as simple inverters
that are cross-coupled to form a bistable latch. Either tran-
sistor 1 or 2 is turned on and defines the data state of the cell.
Transistors 5 and 6 are depletion-mode devices that act as pull-
ups and maintain the state of the latch as long as power is
applied.

The access devices permit the cell to be attached to its bit
lines. When the cell’s row select line is low, 3 and 4 are off and
the cell is isolated from all other circuitry. When the select
line is high, 3 and 4 are on and the cell is connected to the bit
lines. If a read operation is in progress, the cell then pulls one
of the bit lines low. If a write operation is being performed,
the bit lines are driven by the data to be written and the cell
is forced into the desired state.

Bit and Data Lines

Figure 13 shows the bit line column and data line organization.
A total of 64 cells — one from each row — are connected to
one bit line pair to form a column of cells. Columns are

_connected in parallel through the column select transistors

9-8

to form the data lines. The data lines feed into a sense ampli-
fier or are fed from the write amplifier. For the Am9140, all
64 columns are connected to one pair of data lines and one set



Am9130/Am9140

¢A

X0, X0 x2,X2

Vee
[::j___,.
[ T
1
ROW
SELECT
LINE
Vee --izzl
| = [::j .
SELECT
LINE
LATCH

MPR-412

Figure 11. Row Decoder Circuit.

ROW SELECT LINE
Vec

5 6

B

1|_>£_|z
S

L TT

3

TT |

4

BiT
LINE

BIT
LINE

MPR-413

Figure 12. Cell Circuit.

of 1/0 circuits. For the Am8130, there are four pairs of data
lines with four sets of 1/O circuits and 16 columns are con-
nected to each pair of data lines.

In addition to the storage cells, each column contains the
reference row transistors and two other circuits labeled in the
figure as EQ and BLL. The EQ circuit is active only during the
preset time when CE is low. It is used to balance and equalize
the bit lines and bring them to a voltage level somewhat below
V. The same EQ circuit is also used with the data lines.
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The BLL circuit is a Bit Line Latch that is inactive during
preset and is used during the active portion of the cycle to
help the selected cell discharge the capacitive load presented
by the bit and data lines. It is controlled by ¢L, a timing
signal derived from the reference row.

The row driver, T, for the reference row is always enabled
and the reference row is therefore selected by ¢DEC on every
cycle. The two reference transistors in each column are the
same as the access devices in each cell that are driven by the
other row select lines. When the reference row select signal has
propagated all the way to the end of the row, it is buffered
and used to generate L. When ¢L is true, the BLL is enabled
and follows the state of the bit lines as set by the selected cell
in that column.

The column decoders work much the same way as the row
decoders, except that they are not turned on and off by a
decode clock. During an active cycle, only one column is
connected to one pair of data lines.

Sense Amplifier

A unique feedback amplifier detects the state of the data
lines to provide read data for the output. The circuit in Figure
14 shows a simple differential amplifier (transistors 2, 3, 4, 5)
with a pedestal voltage established by transistor 1. The output
from the differential stage is fed back to influence the pedestal
via transistors 8, 7 and 8. Notice that differential signals are
balanced out and eliminated from the feedback loop. But
supply voltage, temperature and process variations cause
common mode shifts that are compensated for.

The output of the differential stage also goes to a latch circuit
that squares and buffers the amplified signal. The latch simply
follows the data that flows into it and feeds information to
the output data register.
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Figure 13. Bit and Data Line Organization.

Data 1/0 Stages

The output stage shown in Figure 15 includes the output data
register plus the output control logic plus the output buffer.
Information from the sense amplifier can flow into and
through the register and on to the output pin at the access
time. As long as the CE clock is high, the cell addressing will
be valid and the sense amplifier and output can remain stable.
When CE goes low, the register inputs are isolated from the
sensed data and the output can stay valid until CE next
goes high.

There are several signals that can turn off the output buffer.
Only when they are all simultaneously in the necessary state
will the output turn on. When CE goes high, the output will
turn off until the access time arrives as indicated by ¢L. When
CS is latched high, the output will be off. When OE is low the
outputs will be off. When OD is high the outputs will be off.

The write amplifier control logic only allows a write to take
place on a selected chip with the CE high and the Write Enable
low. Note that the WE line does not affect the output buffer.
On the Am9130, the data input and output signals are tied
together and share common interface pins.

9-10

Memory Status Circuit

The Memory Status output is derived from the internal ¢L
timing signal that is in turn derived from the true perfor-
mance of the reference row. MS uses the same output buffer,
control logic, register and sense amplifier circuitry as used in
the data path. Even where a control gating function is absent,
the circuitry is included but disabled. At the input to the MS
sense circuit, a pseudo data line pair is created that is directly
analogous to the storage cell data lines, including the EQ and
column select devices. The result is that Memory Status
tracks the output data very closely under all operating con-
ditions.

Since the final output circuits are the same for both MS and
Data, they respond identically to variations in loading. If the
data output is heavily loaded, then similar equivalent loading
should be used on the Memory Status output in order to
maintain their responses relative to each other.

The MS output is always enabled and never enters a three-
state off mode. Even on an unselected chip, the MS signal
continues to reflect the status of the memory.
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Figure 16. 1k x 8 R/W Memory for Am9080A.

SYSTEM DESIGNS
Interface Timing

The specification sheets for the Am9130 and Am9140 show
the various input requirements and output responses for the
memories. In each case, the parameters shown are worst-case
in order to fully describe the operational limits of the parts.
But many system situations allow the timings to be greatly
simplified. For example, in small memories that are only one
chip deep, the Chip Select signal may not be required and CS
may be tied low. Similarly, in many instances OD may be
tied fow or OE may be tied high or both.

In some circumstances, it may be quite convenient to leave
the addresses stable longer than the parts require. The falling
edge of CE might be used by the associated system to initiate
the derivation of a new address and the decision about reading
or writing the next cycle. Those signals can then stay stable
until the following decision time.

It will quite often be easy to leave the Write Enable line low
during all of the CE high time of a write cycle. This eliminates
some intra-cycle timing of the write pulse. The WE line may
be any value as long as CE is low. Similarly, it will also be easy
to have the Data In information available during the time
that WE is low — indeed, WE will often be useful as the
control line for gating the incoming data on and off.

Many times CE can be easily and directly derived from other
signals in the using system. Figure 16 shows an example of a
small memory for a microprocessor. Two Am9130 parts form
a 1K x 8 memory for an Am9080A. The processor supplies the
Addresses and the chip select signals. The Am8228 System
Controller associated with the processor supplies the MEMR
and MEMW control lines as well as a buffered data bus. A10
is inverted and used for the Chip Select signal, placing the
addressing range in the second 1K of system memory. For
larger systems or different configurations, other select logic
may be required.

The Controller can request a Memory Read or a Memory Write
operation. The NAND gate shown generates a CE when either
request is made. When MEMR is high, the output buffers are
turned off via the OD control. When MEMR is true the memory
output will be connected to the data bus. When MEMW is low,
a write operation is performed at the specified address. There
is always sufficient time between operation requests for the
memory to be fully preset.
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Figure 17. 2k x 12 Memory System.

Small Memory Arrays

As an illustration of a conventional approach for operating
multiple chips, Figure 17 shows a convenient way to connect
six Am9130 chips to make a 2K x 12 memory. The Chip
Enable clock is wired in parallel to all six chips, as are the ten
Address lines and the R/W control line. Output Disable is tied
to ground, allowing Output Enable to provide asynchronous
external control of the output buffer status. OE is tied to
Write Enable so that the R/W line turns off the output buffers
when it goes low during a write cycle.

Address 10 and its inversion are used to select one of the two
rows of chips for each operating cycle. As long as A10 is low,
the upper row will respond to the clock and will communicate
on the data bus while the lower row is deselected and can
neither read nor write. When A10 is high the row roles are
reversed.

The Data 1/O lines have corresponding bits tied together in
vertical columns. The control logic is arranged so that only
one of the output buffers at a time will drive an 1/0O line,
and only one chip at a time will write from an 1/0 line.

The type of memory illustrated is easily expanded to many
different capacities. An 8K x 16, for example, could be imple-
mented ‘with 32 Am9140 chips (16 in each row), using the
same control line configuration, plus two more address lines.

Driving and buffering limitations for both the inputs and
the outputs will be dictated by a) accumulated leakage currents
and b) accumulated capacitance. On an address line, for
example, many chips may be driven in parallel from a standard
TTL output. As the number of chips goes up, the leakage
currents in the MOS memory gradually become a significant
load for the TTL output especially in the high logic level state.
Similarly, many parallel inputs will present a capacitive load
that will degrade the rise and fall characteristics of the signal.
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Added buffering will usually only be necessary when the
transition times begin to cause the overall system delays to
be excessive.

As the capacity of systems like the one in Figure 17 grows,
decoding of the Chip Select information gradually involves
a little more logic. If the memory was 3K x 12, for example,
it might be implemented with three rows of Am9130 chips.
Select information is then needed to assure that only one of
the rows at most is active at a time. A one-of-three decoder
is easy to implement from two address lines with simple gates
as shown in Figure 18. As the number of rows to be selected
grows, however, both the wiring and the gate count tend to
get much more complex.

Ao DC i }o—— CS(ROW 1)
_Do— CS(ROW 2)
! ’o—————-— CS(ROW3)

|—— CS(ROW 1)

Am25L5138 _
OR —— CS(ROW 2)

A10 —=| Am25LS139

—— CS(ROW 3)

Al —ei

MPR-419

Figure 18. Chip Select Decoding.
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Another approach (also shown in the Figure 18) takes ad-

vantage of MSI binary decoders like the Am25LS138 or b

Am25L5139. Both offer package count advantages, especially ENABLE / \ /

as the system gets bigger, and control logic is included that

permits deselection of all rows. This can be handy for power- MEMORY

down situations and some other circumstances. Notice that

the output polarity is such that the decoders interface directly DATA )_
with the memory chips. out

The Am9140 can be converted to a common 1/0 instead of a (a)

separate 1/O device simply by wiring together the Data In and
the Data Out lines. When that is done, the same precautions

suggested for the Am9130 concerning bus contention should —_—

be observed. Conversion of the Am9130 from common to ENABLE \ __,/

separate 1/0 is only slightly more complex. The Am2915
{or Am2905) is a quad three-state bus transceiver. When MEMORY

connected as illustrated in Figure 19, it serves to create the STATUS

bus needed by the Am9130 from separate input and output {b)
data. It even includes convenient registers on both sides. For
a circuit without the registers and other control features of
the Am2915, try the Am8T26. Both are four bits wide and

so match up nicely with a column of Am9130 chips operating enmalr
in parallel.

MEMORY
STATUS

(c}) MPR-421

Figure 20. Memory Status Information.

Am9130

The front edge of MS also specifies the end of the time that
CE must be held high for that operation. See Figure 20b.
Q Though CE may be high as long as desired, it may safely go
low any time after MS goes high. MS will stay high until the
internal preset operation is complete. Thus, it will not go low
until some time after CE goes low and the total time that
MS is high depends not only on the actual operating conditions
Am130 DATA /O of the memory, but also the delay from MS high to CE low.

The falling edge of MS specifies that the memory is ready
for a new operation to be initiated. See Figure 20c. When

several chips are operated in parallel, the latest falling edge will
L__. indicate the earliest time that their CE should go high. The
lmx?—_“ _——'—j chip with the longest access time will also be the chip with the

longest preset time. The picture in Figure 21 shows an MS
’ waveform during a simple read cycle.

onry | Lo . 7N =2V/DIV H=50ns/DIV

MPR-420

Figure 19.

Memory Status Timing

Figure 20 shows the timing information conveyed by the MS
output. The rising edge indicates that output data is valid and
makes a convenient strobe for output to the rest of the system.
See Figure 20a. When several chips are being used in parallel,
the Memory Status signal from the slowest chip should be the
strobe in order to assure that all the data bits are available and
valid. There is a brief nominal delay from the worst-case out-
put data to the rising edge of MS. That time is always greater
then zero under similar loading conditions for the two signals. Figure 21. Read Cycle Waveforms.
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Memory Status is derived from the selection of the row of
reference cells and the reference row is always doing a read
operation. Thus, the MS output will appear in every operating
cycle, whether a read or a write is being performed. If the
Write Enable line is low at the start of the cycle, and if the
input data are present at the same time, MS may be considered
a valid indication that the write is complete and CE may be
switched low. However, if WE is not low or input data are not
present until sometime later in the cycle, then the worst-case
write timing requirements as shown in the specification sheet
must be observed, independent of indications from the rising
edge of MS. The falling edge of MS will be fully valid in any
type of cycle.

Since the requirements for the two transitions of the Chip
Enable clock can be fully specified by the transitions of the
Memory Status output, these memories can be effectively self-
clocking. The MS output may be inverted and then used as the
CE input as shown in Figure 22. Not only will the memory run
properly, but it will run at its best frequency for any given set
of operating conditions and it will change that frequency as
the conditions change. There are many potential capabilities
implied by the Memory Status concept, including: adaptive
self-timed memories, true asynchronous operations, elimina-
tion of support circuit skews, temperature compensation, new
memory architectures, improved speed/power ratio, etc.

—

CE

Am3130/
Am9140

MS

N
e

CE = MS

MPR-422

Figure 22. The Self-Clocking Memory.

Memory Status Coordination

Figure 23 shows logic for combining multiple Memory Status
signals. Gate A is used to detect when both MS outputs are
high indicating that output data is available. Similarly, gate B
detects that both MS outputs are low, indicating that the
preset period is complete for both chips. The system associated
with the memory can use this information to coordinate the
flow and the generation of the CE clock. Essentially, this logic
allows the slowest chip to govern the overall memory speed.
The inputs to the coordinating logic can of course be expanded
to handle as many chips as desired.

To combine these two pieces of status information, a simple
cross-coupled latch can be added as shown in Figure 24. Since
there are times when neither condition is true, the latch
serves to maintain the previous status indication until a new
state is valid. The result is a System Status signal that specifies
for the system the same information that each- MS signal
specifies for an individual chip.

The clock may be derived independently for synchronization
with the using system. Alternatively, the System Status signal
may be inverted and used for the CE clock as indicated by the
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dotted line. The timing for this arrangement is shown in
Figure 25. The memory will free-run. at its best speed and
the System Status will provide a synchronizing signal for use
by the rest of the system.

l i

CE CE
Am9130/ Am9130/
Am3140 Am9140

MS1 MS2

———»! ) STATUS

A °—’>°—’ HIGH

L o] STATUS
ol Low

MPR-423
Figure 23. Status Coordination Logic.
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Figure 24. Clock Generation Logic.
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Figure 25. Status Timing.



Handshaking Control

For systems that cannot be memory-driven, some means of
controlling the clocking is needed. To permit the memory
to single-step, a gate can be inserted in the dotted line of
Figure 24 with a control line to turn the clock on or off. A
more versatile and more asynchronous approach is illustrated
in Figure 26. An additional latch is added to generate the
clock so that the status information is derived independent of
the clock control.

When the Cycle Request input is low, the memory will preset
and prepare for an active cycle. When all is ready, Status
Acknowledge will go low. When CR goes high, the memory
will execute a cycle and will acknowledge conditions of access
by bringing SA high. CR and SA then form a simple asynchro-
nous handshaking pair for memory control. Notice that CR
may go high at any time to start a cycle. If the chips are ready
(SA low), the clock will proceed, but if preset is not complete
(SA high) the memory will wait before initiating the requested
cycle.

The timing for CR is quite simple. It should be held high until
SA goes low. If SA is already low, a narrow CR pulse will
suffice. Thus, a brief Cycle Request will cause the memory
to execute one complete cycle and stop. If CR is held high, the
memory will access (SA goes high) and then will leave the
clock high until CR goes low. This allows Read/Modify/Write
operations to be performed quite easily.

Interleaved Operation

With the clock derived locally within the memory from the
MS signals, and with the clocking logic integrated on a single
chip, it becomes convenient to individually clock each row of

Am9130/Am9140

a memory system. An example configuration is shown in
Figure 27, with each support logic block being similar to the
circuitry previously discussed. Each row is clocked only when
it is addressed by the Chip Select signal (A0 or AD). Unselected
rows wait in their preset state until they are selected and
clocked. The Cycle Request input is steered to the selected
row by added logic. The Status Acknowledge outputs are
three-state and only the SA for the selected row is turned on.
The selected row will proceed when its preset is complete.
When the data from the requested operation is available,
the Status Acknowledge output goes high. The using system
can then request another operation immediately once a new
address is ready.

Independent clocking of each row adds little support circuit
complexity while providing increased overall performance
in two ways. First, the speed of each access is limited only
by the slowest device in the selected row rather than the
slowest device in the whole array. Secondly, successive opera-
tions in different rows will be faster because the wait for preset
is eliminated; one row will preset while another is being
accessed. Notice that the low order bit is used as the Chip
Select address. In many systems, this will improve the distri-
bution of alternate accesses for sequential information by
mapping even addresses in one row and odd addresses in the
other.

In any event, no matter where the operation is addressed or
when it is requested, the memory will respond in the best
possible time. The Cycle Request and Status Acknowledge
signals form a true asynchronous handshaking pair. All of the
variations in performance caused by the timing of the request,
the row addressing patterns, the speeds of the individual chips
and the memory operating conditions are automatically
reflected in the response of the Acknowledge signal. An
interesting challenge will be to design using systems that can
take advantage of this unusual capability.

CE CE
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Am9140 Am9140

MS1 MS2
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ACKNOWLEDGE
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REQUEST
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Figure 26. Handshaking Control.
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APPLICATION OF
FIRST-IN FIRST-OUT MEMORIES

By John Springer, Digital Applications

The Am3341/2841, Am2812 and Am2813 are asynchronous
first-in first-out memories using P-channel silicon gate MOS
technology. All use the same fundamental storage mechanism,
but are organized differently. The Am3341/2841 contains up
to 64 four-bit words; the Am2812 holds up to 32 eight-bit
words; the Am2813 holds up to 32 nine-bit words. All devices
can easily be expanded to hold either more words or wider
words. The Am2841 is functionally identical to the Am3341,
but is faster. The logic symbols for these devices are shown
in Figure 1.
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Figure 1. Logic Symbois

THE FUNCTION OF A
FIRST-IN FIRST-OUT MEMORY

A first-in first-out memory (FIFO) is a read/write data storage
unit that automatically keeps track of the order in which data
was entered into the memory, and reads the data out in the
same order. It behaves like a shift register whose length is
always exactly equal to the number of words stored. The most
common application of a FIFO is as a buffer memory between
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two pieces of digital equipment operating at different speeds.
Such an application is illustrated in Figure 2, where machine
1 might be a relatively slow electromechanical input device
and machine 2 might be a digital computer (or vice-versa).
Data is frequently handled in a configuration like this by
having machine 1 generate an interrupt requesting service from
machine 2 every time a data word is available. If machine 1
transmits only a single word infrequently then the interrupt-
oriented approach is reasonable, but if machine 1 is going to
transmit 20 or 30 words, then the interrupt approach is
inefficient. As each of the words becomes available, an inter-
rupt must be generated, machine 2 must react, cleaning up
its active processing, locate the interrupt, store the new data
word, and return to its active processing only to receive
another interrupt milliseconds later.

DATA DATA
MACHINE1 V] FIFO V| macHinE2
{sLow) BUFFER (FAST)
WRITE READ
CLOCK cLoCcK
MOS-478

Figure 2. Asynchronous Interface between
Two Digital Machines

An alternative processing method is cycle stealing on a direct
memory access {DMA) channel. In this configuration the
system is designed so that machine 1 has direct access to the
memory of machine 2. As data becomes available from
machine 1, it is inserted into machine two's memory during
time periods when machine 2 is not using the memory. This
method is fairly efficient, especially for transfer of large blocks
of data from a disc or tape, but it also can result in interfer-
ence with the active processing of machine 2 due to contention
for the memory channel.

The most efficient way to handle the interface between these
two machines is by using a special memory between the
machines to temporarily store the data from machine 1 until
machine 2 is ready to accept it. The memory must be large
enough to store all the data that machine 1 might generate
in-between services by machine 2, and should be able to
write the data at the speed of, and under control of, machine 1,
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while reading the data at the speed of machine 2. An extremely
useful feature in such a memory is the ability to perform
read and write operations at the two different rates simul-
taneously and completely independently. This allows machine
1 to write new _data into the memory at the same time that
machine 2 is reading data from the memory without requiring
any kind of synchronization between the two.

METHODS OF CONSTRUCTING FIFO BUFFERS

There are a number of ways in which FIFO memories can be
built. The design becomes trivial if there is no requirement for
independent reading and writing. The data can be written into
a shift register, for example, which is clocked by machine 1.
When a block of data has been written, the register can be
shifted until the first data word is available at the output, and
then shift control can be handed to machine 2, which shifts
the data out as required. This method requires that data
transfer occur in blocks only, since once the data has been
shifted to the output, a new word cannot be written until
the last block has been completely read.

A somewhat more flexible FIFO can be built using a random
access memory with counters used to generate the read and
write addresses. A multiplexer is used to select the appropriate
address counter for a read or write, and the counter is incre-
mented at the end of the cycle, so that the next read or write
will occur at the next counter address. Since the location of
the next read and write are held in independent counters,
reading and writing can be randomly intermixed. However,
using an ordinary RAM, only one operation can be performed
during a given cycle, since only one address can be selected
at a time.

If the RAM is very fast relative to the machines using it, then
the control logic can be designed to receive read and write
requests independently and to execute them so quickly that
the FIFO buffers appear to operate completely asynchronously.
In the general case, this means the RAM cycle time must be
less than half the cycle time of machines 1 or 2. This is

necessary so that the buffer can perform alternate read and
write operations at the maximum speed of both machines.
The control logic to do this is fairly complex and requires an
independent clock running at more than twice the frequency
of machine 1 or 2.

The problem of handling read and write operations simul-
taneously is alleviated if a 2-port RAM is used. Such a device
(e.g., the Am9338) has two independent sets of address inputs,
one for reading and one for writing, so no synchronizing of
read and write requests need occur. Unfortunately, two port
RAMs are limited to small numbers of bits, and, therefore,
are fairly expensive to use in a FIFO of reasonable size.

The Am3341/2841, Am2812 and Am2813 are totally inte-
grated solutions to the problem of asynchronous FIFQOs. A
special unique control system is integrated into the device to
make possible completely independent reading and writing.
Because the control and data storage are intimately mixed on
one LSI chip, a very efficient, cost-effective FIFO can be con-
structed. The three devices, all of which use the same basic
control scheme, are organized into three different configura-
tions to provide optimum flexibility for all applications.

STORAGE AND CONTROL IN THE
Am3341/2841, Am2812 AND Am2813

The Am3341/2841, 64 x 4 FIFO will be used to explain the
storage technique. A similar scheme is used in the Am2812
32 x 8 FIFO and Am2813 32 x 9 FIFO. A logic block diagram
of the Am3341 is shown in Figure 3. Data words are stored in
64 four-bit registers, connected so the output of one feeds the
input of the next. Note that if all 64 registers were clocked
together, the device would look like a quad 64-bit shift
register. FIFO operation is performed by clocking each register
independently so that data can be selectively shifted through
the registers. To shift or not to shift: that is the decision which
must be made independently by each of the 64 registers. The
decision is made by examining a control flip-flop associated
with each register to determine if that register contains valid
data or not.
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Figure 3



Initially, the FIFO is reset and there is no data anywhere in it.
The control flip-flops are all reset to “0.” A write command
causes a 4-bit data word to be entered into the first register
and sets the control flip-flop for that register, indicating valid
data is present. The control flip-flop for the second register is
a 0" and this causes it to continually examine the control
flip-flop for the first register, looking for a *“1.”” When the data
is written into the firstregister, the second register sees the *1,"”
and a clock is generated to it, copying the data from the first
register into the second, setting the control flip-flop for the
second register, and clearing the control flip-flop for the first
register. In exactly the same fashion, the third register copies
the data from the second, and the fourth from the third until
finally the data ends up in the last location. At this point all
64 registers contain the same data, but only the last control
flip-flop contains a *’1,”” the others all having been reset as the
data was copied into the next register.

As soon as the data moves from the first register to the second,
the control flip-flop for the first register is cleared. A new data
word can then be written into the first register. The first
control bit is brought out as “input ready’ (IR), and data can
be entered anytime it is HIGH. When the data has been accep-
ted, IR goes LOW (a *“1”" in the control bit) and when the data
moves to the second register, IR goes HIGH again. The new
data falls through the registers as long as there are “0s” in the
corresponding control flip-flops. Eventually it reaches the
register immediately behind a register already containing data.
Since the control bit for that register is already a "1, the
data is not moved any further and remains stacked up behind
the existing data. A read command on the output causes the
last control flip-flop to be cleared, creating a new empty
location. The next to the last word is copied into the last
word and the hole in the control register moves back toward
the input as the data words move down one place. This
process can continue until all data has been shifted out of the
memory. When the last word has been read the external signal
.output ready (OR) remains LOW, indicatingno more data is
available.

This scheme allows the reading and writing of data to occur
completely independently and even simultaneously. Data can be
written into the device as rapidly as the device is capable of
moving it away from the first register; it can be read at the
same rate. The only constraint imposed by this scheme is that
a certain amount of time is required for the first data word
to propagate to the end of the register. This time is referred
to as the “ripple-through” time and is the internal shift
time multiplied by the number of bits from input to output.

CONTROL SIGNALS TO THE Am3341/2841 AND Am2813

There are four signals used with the Am3341/2841 and Am2813
to control the reading and writing of data. These are parallel
load (PL, or SI on 3341), input ready (IR), parallel dump
(PD or SO on 3341) and output ready (OR).

The two outputs, IR and OR, are derived from the state of
the first and last control flip-flops, respectively, and are used
to indicate the presence or absence of data at the input and
output of the FIFO. When IR is LOW (that is, input not ready)
then there is data residing in the first data register. New data
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may not be entered until this data has moved to the second
register, indicated by IR going HIGH. The OR signal goes
HIGH whenever valid data is present on the FIFO output.
Whenever a shift-out command is received, OR goes LOW
while the data is being changed. If there is no more data, OR
stays LOW, indicating the memory is empty. Otherwise OR
returns HIGH as soon as the new data is on the outputs. Data
is entered into the FIFO by a LOW-to-HIGH transition on
shift-in (PL), while IR is HIGH. The fact that both these signals;

_are HIGH causes a strobe to the first data register to be gen-
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erated, loading the data on the data inputs into register and
setting the first control flip-flop. When the control flip-flop is
set, IR goes LOW, indicating the data has been accepted. The
input data can be changed after IR has gone LOW. When Sl is
then brought LOW, the data is transferred to the next register
{unless there is already data there) and IR goes back HIGH,
indicating that the input is ready to receive more data. If the
memory is full, then the data in the first register will not move
to the second, and IR will stay LOW. Once data moves into the
second register, it falls spontaneously through the FIFO until
it stacks up behind data already present.

Data in the last FIFO location is presented on the data outputs.
While data is there, OR is HIGH. The next data word is ob-
tained by applying a LOW-to-HIGH transition on shift-out
(SO). This results in OR going LOW. The data does not
actually change until SO is brought LOW again. The new data,
if any, will be brought to the output and, after the data is
stable, OR will go HIGH again. If the memory is empty, OR
will remain LOW until a new word falls through from the
input. Note that anytime OR is HIGH, there is good, stable
data on the outputs.

MASTER-RESET

The master reset pin {(MR) is used to clear all data from the
FIFO. When it goes LOW; all the control flip-flops are cleared
and the output buffer is cleared. IR will be forced HIGH during
this_ time. When the MR signal is removed the FIFQ is ready
to accept new data. Note that if Sl is held HIGH as the master
reset ends, then both Sl and IR will be HIGH, resulting in
immediate entry of the data on the data inputs into the FIFO.
If this is not desired, then Sl should be held LOW during the
master reset and until new data is ready to be entered.

EXPANSION METHODS USING
THE Am3341/2841

The four control signals on the Am3341 have been designed
so that devices can be directly connected end-to-end, as in
Fig. 6, and can thereby control each other. When data appears
at the output of the first device OR goes HIGH. This causes an
Sl command to the second device which in turn causes IR to
go LOW. Since IR is connected to SO, this causes a shift-out
at the first device, driving OR LOW until new data is available,
and the process repeats. Lengthening of the FIFO stack re-
quires only this simple interconnection.

To make a wider FIFO devices are simply operated in parallel.
Since each device is autonomous there need be no intercon-
nection between paralleled devices, except that all the shift-ins
at the front are connected together and all the shift outs at
the end are connected together. Data then ripples indepen-
dently through each row of FIFOs.
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INITIAL CONDITION
FIFO empty, S} LOW IR HIGH, word “A” on inputs.
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Word ““C” written in same manner, and so on. When buffer is full,
all control bits are 1's and IR stays LOW.
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Write input into first stage by raising SI. (A = delay) IR goes LOW
indicating data has been entered.
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SO goes HIGH, indicating “Ready to Read””. OR then goes LOW
indicating *'Data Read".
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Release data into FIFO by lowering Si. After delay, data moves to
second location, and IR goes HIGH indicating input available for
new data word.
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When SO goes LOW, the “0” in the last control bit bubbles toward
the memory input. OR goes HIGH as the new word arrives at the
output. IR goes HIGH when 0" reaches input.
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Data spontaneously ripple through registers to end of FIFO, causing
OR to go HIGH. The time required for data to fall completely
through the FIFO is the “‘Ripple-through Time".
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Figure 4

AH =L IR OR H L L H——
e .
Word “B" written into FIFO ,F,‘B?,d wor.d .H . OR stays LOW because FIFO is empty. Word
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INPUT TIMING SEQUENCE, Am3341/2841 AND Am2813

Sl is brought HIGH (1) causing internal strobe (2) which loads data. When data has been loaded, IR
goes LOW (3) indicating data can be changed (4). SI may then be brought LOW (5) causing IR to return

2\ Va
N s

bATA X'_____J EX__J,

PDOR SO

L

(LOW IF
i e . e DEVICE
EMPTY}

out
MOS-482

OUTPUT TIMING SEQUENCE, Am3341/2841 AND Am2813

Data out changes (1); then OR goes HIGH (2). When SO goes HIGH (3), OR goes LOW (4) indicating
data is about to change. After SO goes LOW (5) the data actually changes (6) and after it is stable, OR
goes HIGH again (7).

Figure 5
[} Dy Qg Dy Qg Do Qg Qo
| o] PR — . Q Dy Q Dy Q) p——0
-3 D. o, o f——0.
o2 be  AmIMVAmBA1 02 6o Am3sVAmoBal 2 b2 Am3VAmB4l 2 Q§
3 3 4X 64 FIFO 3 3 4X 64 FIFO 3 4X 64 FIFO 3
SHIFT
R Sl OR SI OR
N ISR| 20 IR so T s0 SHIFT
out
Dg Do Qg Dg Qg Do Qg Qg
D5 Dy 9 04 Q Dy 0 Qs
[} D D. Q D2 Q; Qg
o oo AmasavAmasa Q2 ob  AmIavAmIB o2 Dy Am3MvAmBal 2 a
7 4X 64 FIFO 3 4X 64 FIFO 3 4X 64 FIFO 3
SI OR St OR st OR p—1
IR S0 IR s0 IR sof—
INPUT ? ? ?
READY
OUTPUT READY

The composite input ready indicates both devices are ready to receive data. The shift in pulse must be
wide enough for all devices to load data under worst case conditions. MOS-483

Figure 6. 8 x 192 FIFO Buffer Using Am3341/2841

CONTROL SIGNALS ON THE Am2812 Internally operation is like the Am3341/2841. The control
The Am2812 is controlled exactly like the Am3341 and signals are slightly different, however, and there are some ad-
Am2813, except that the input ready signal is inverted. ditional features. There is a parallel load (PL) input, used to
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load an 8-bit word onto the first stage of the FIFO, and an in-
put ready output {IR) which indicates that the FIFO is ready
to receive a new data word. At the output, there is a dump
command (PD), used to bring the next data word to the out-
puts, and an output ready signal {OR) which indicates that
good data is available on the data outputs.

Data is loaded into the first FIFO location by a LOW-to-HIGH
word is present at the output, OR {output ready) will be HIGH.

The next data word is shifted onto the outputs by a pulse on
parallel dump (PD). When PD goes HIGH, the OR signal goes
LOW, indicating that output data is about to be changed. When
PD then goes LOW, the output data changes with the word be-
hind the outputs moving onto the outputs. When the new out-
put data has stabilized, OR will go HIGH indicating that good
data is once again available on the FIFO outputs. If the PD
pulse emptied the FIFO, then the OR signal will remain
LOW and the last word read will remain on the outputs until a
new data word falls through from the front of the FIFO.

PLORSL 1 f—

(HIGH IF

_ 3
0 r._. ~
INTERNAL
STROBE —? \

—— e e e e DEVICE
FuLy)
6

DATA 4
" w W

Am2812 INPUT TIMING

When data is steady, PL or SL is brought HIGH (1) causing internal data strobe to be generated (2). When
data has been loaded, IR goes HIGH (3) and data may be changed (4). IR remains HIGH until PL is brought
LOW (5); then IR goes LOW (6) indicating new data may be entered.

MOS-484

"~

N

PD ORSD

DATA 1 J
out

A
MOS-485

Am2812 OUTPUT TIMING

When data out is steady (1), OR goes HIGH (2). When PD or SD goes HIGH (3), OR goes LOW (4}. When
PD or SD goes LOW again (5), the output data changes (6) and OR returns HIGH (7).

Figure 7.

transition on PL when IR is LOW. (It is the coincidence of PL
HIGH and IR LOW which results in the internal load strobe.)
When the data has been entered the first control flip-flop sets,
causing TR to go HIGH. When PL goes LOW again, the data in
the front of the FIFO begins falling through the stack toward
the output, and TR goes LOW as soon as it has moved to the
second register. If the FIFO was filled to capacity when the
data was loaded, then TR will stay HIGH; new data cannot be
entered, and any additional shift in command will be ignored
until TR goes LOW after some data has been removed from
the FIFO.

Data entered into the FIFO falls through the registers until it
reaches either the output or another data word. When a data

MASTER RESET

A direct clear signal can be applied to the FIFO by a LOW logic
level on the MR input. This will clear all the internal control
register bits and will clear the data from the outputs. TR will
go LOW indicating the FIFO is ready to receive new data. If
the PL input is held HIGH when the MR returns to a HIGH
state, then an internal input strobe will be generated, and
whatever data is on the inputs will be loaded into the FIFO.
If this is not desired then PL should be held LOW at the end of
the master reset. The master reset will cause OR to go LOW
and remain LOW until new data falls through from the input.



FLAG

A flag output is available on the Am2812 and Am2813 to indi-
cate whether the FIFO is more or less than half full. The flag
signal is generated by summing the “’1s" in the control flip-
flops, and therefore is not affected by the movement of data
through the register. The flag signal goes HIGH when the 15th
*1 (i.e., the 14th, 15th, or 16th) word is loaded into the FIFO.
It will remain HIGH until there are less than 15 1 words in
the memory. It is always HIGH if there are more than 16 words
in the FIFO.

OUTPUT ENABLE

The Am2812 and Am2813 data outputs are 3-state signals.
When OE is HIGH, they will be in either a HIGH or LOW
state; if OE is LOW, they will go to a high-impedance OFF
state. Outputs of several FIFO buffers can then be tied to-
gether onto a bus, and one of the buffers can be selected to
drive the bus. When QE is LOW, the dump function (both SD
and PD) is disabled.

SERIAL INPUT AND OUTPUT (Am2812 ONLY)

The Am2812 also has the ability to read or write serial bit
streams, rather than 8-bit words. The device then works like
a 256 by 1-bit FIFO. A serial data stream can be loaded into
the device by using SL clock input and applying data to
Dg input. Inputs Dq~ D7 must be grounded. The SL signal
operates just like the PL input, causing IR to go HIGH and
LOW as the bits are entered. The data is simply shifted across
the 8-bit input register until 8 bits have been entered; the
8 bits then fall through the register as though they had been
loaded in parallel.

A corresponding operation occurs on the output, with clock
pulses on SD causing successive bits of data to appear on the
Oy output. OR moves HIGH and LOW with SD exactly as
it does with PD. When 8 bits have been shifted out, the next
word appears at the output. If a PD command is applied
after the 8 bits on the outputs have been partially shifted out,
the remainder of the word is dumped and a new 8-bit word is
brought to the output.

When one of the serial clocks is used, the corresponding parallel
signal (PL or PD) should be grounded.

EXPANSION OF THE Am2812 AND Am2813

The input and output shift and ready signals have been designed
so FIFOs can be directly connected end-to-end to make a
longer (i.e., more words) buffer memory, as shown in the
applications in Figures 10 and 11. Wider words can be stored
by using independent FIFO stacks, side by side, like the
Am3341s in Figure 6. When FIFOs are connected end to end,
the total number of words that can be stored is (31n+1)
not 32n. This is due to the fact that when an S| command
loads the 32nd word into a FIFQ, the TR output stays HIGH,
and no PD pulse is applied to the adjacent up-stream FIFO. As
a result the word just written into the FIFO is duplicated at
the output of the previous FIFO. When at least one word is
removed from the downstream FIFO, the TR signal goes LOW,
causing the duplicated word to be dumped from the up-stream
device.

9-23

FIFO Memories

SYSTEM INTERFACING

Normally the input and output of a stack of FIFOs are inter-
faced with TTL logic. A special interface circuit is used
internally on the inputs of the AMD family of FIFOs to
provide complete electrical compatibility with TTL outputs;
no external components need be used. The circuit works by
using an MOS transistor inside the chip as a pull-up resistor
in the HIGH state. When the voltage applied to the input is
LOW, the internal resistor is disabled and presents no loading
to the TTL output. THE V-I| characteristic of the input is
shown in Figure 8.

Pull-up Characteristic Input
Current Versus Input Voltage

<
£ -25
|
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g -20
2=
o
3
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5 I
- >
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2 1o . N
- 25°C

5 | \\\
S |
Z 05 —
N 0°C

||
=]
3 0 ' [
3 0 1.0 20 30 40 50 60
2

(Vgs—V(n) = INPUT VOLTAGE ~ VOLTS

MOS-504

Figure 8. Input Voltage Current Characteristics

The logical interface between the FIFO inputs and the rest of
the system must detect that all device inputs are ready, and
then supply a shift in command when new data is available.
Normally this is rather simple, since most data transfer inter-
faces contain a data strobe control and a not ready signal.
Some caution must be exercised when a composite Input
Ready signal for a parallel stack of FIFOs is formed. The
inputs to the stack are ready to receive data only when PL is
LOW and all input ready signals are HIGH (LOW on the
Am2812. Data can be removed from the inputs to the stack
only when all input ready signals have gone LOW (HIGH on the
Am2812). The easiest way to handle this situation is to detect
only that all inputs are ready to receive data, and then insure
that data remains as long as is required by the worst case speci-
fication, rather than actually detecting that the data has been
loaded into all devices.

The data on the data inputs must be held steady for about a
400ns period following the Sl or PL LOW-to-HIGH transition.
The internally generated data strobe will occur sometime during
this period. The strobe will not occur, however, until at least
26ns after the Sl transition. The rising Sl signal may therefore
also be a clock to a TTL register feeding the data inputs, as
there is sufficient time available for the tpd of the register.
However, it is preferable to change the input data on the falling
edge of SI for additional timing margin in the system.

At the output of the FIFO, the logic must detect that all
outputs are ready, and then supply the dump command when
the data has been received by the system. Again, these two
kinds of signals are normally available in systems.
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Am1489
DATA
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RS-232 —Do——— A RS g vé Dg-D7  8X32FIFQ
SIGNAL (2 IN SERIES)
READY
—0] IR
PL
CR 1 INTERRUPT
DECODER REQUEST
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CHARACTER BUFFER FOR TERMINAL
RS-232 data from the data set is converted to parallel 8-bit ASCII characters by an asynchronous receiver
chip. When each character is received it is placed in the FIFO buffer. The characters (up to 64) are stored
until a carriage return character is detected. An interrupt is then generated to the processor, informing it
that a data line is ready. '

Figure 9. Character Buffer for Terminal.

8
Am2812 Am2812 Am2812 Am2812 . s Am2812
8 X 32FIFO 8 X 32 FIFO 8 X 32 FIFO 8 X 32 FIFO 8 X 32 FIFO
FLag [~ 9 FLaG =9 FLAG FLaGg | 111 =9 FLAG |
|
[
J | |
Ip 11 12 13 14 I lg 17
AmI3LI8
8-INPUT PRIORITY
ENCODER
Ao A1 Ap Gs FULLNESS CODE
? T ? T GS Fa Fq Fg  Words Stored
MOS-487 Fo Fi Fp & L L L L 0-15
L L L H 13-47
L L H L 45 - 78
L L H H 76 - 109
L H L L 107 - 140
L H L H 138-171
L H H L 169 - 202
L H H H 200 - 233
H H H H 231-249

The Fullness Flags from Am2812 or Am2813 FIFOs can be encoded by an Am93L18 8-input priority
encoder. The output code Fg-Fo indicates the weight of the highest priority input which is LOW. GS is
group signal; it is HIGH if all the inputs are HIGH. For the Am2813, the words stored starting with 47 will
be one more than is indicated in the table.

Figure 10
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The serial 1/0 of the Am2812 is used, with data clocked into the Dg input by CP| and clocked out of
the Q7 output by CPQUT. Since data stacks up at the output end, the shift register appears to have a length
corresponding to the number of words stored. For a 327-bit shift register, for example, it should be
initialized with 327 O's. Data may then be entered or recirculated and the MOD 327 counter can be used
to indicate the ““address’”” of the current bit. A parallel transfer between devices is used.

Figure 11. N-Bit Shift Register, N = 8 to 512.

—cep —cer
— Am93L16 Am93L16 -
CET  BINARY COUNTER 1€ CET  BiNARY COUNTER  TC
€ o 0 a; Qqg € g 0 0 03
CLOCK
Do Qg p—
Dy Qq
D2 Q b—
b3 Q3 f—
Dy Am2812 Q —
Ds 8X32FIFO o5 —
Am93L11 Dg Qg p—
10F 16 DECODER — 0oy o b—
PL OR|—
[eXe] —O IR o b—
{16 LINES)
So S1 S2
lo
— ——o]cp
Am93L12
8-INPUT
(8 LINES)| MULTIPLEXER
zjo- D a
? TP-FLOP
FLIP-
MOS-489 KEY MATRIX

The combination of the counters and multiplexers act as a key encoder on the key matrix. A closure will
produce a HIGH on the multiplexer output Z when the appropriate switch is scanned. The HIGH is stored
in a flip-flop to provide a shift-in command to the FIFO one clock period wide. The flip-flop is clocked on
the falling clock edge to insure the count is stable during the shift-in pulse.

Figure 12. Storage of Switch or Key Closures.
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Am9511 Application Note

INTRODUCTION

The Am9511 APU is a complete, high performance, complex
arithmetic processor contained within a single chip. It is de-
signed to enhance the number manipulation capability of a
wide variety of processor systems. It includes not only
floating-point operations but fixed-point as well; not only basic
add, subtract, multiply and divide operations, but a group of
transcendental derived functions plus control and conversion
commands as well. This Application Brief provides detailed
descriptions of all the commands that can be executed by the
Am8511 and indicates the error performance of the derived
functions.

The Am9511 is packaged in a standard, 24 pin, dual in-line
package with .6 inch between rows. Figure 1 shows the pack-
age pin assignments. Details on the operation of each inter-
face pin will be found in the data sheet.

The block diagram in Figure 2 shows the internal structure of
the APU. The part is addressed as two ports selected by the
C/D control line. When C/D is high (Control Port), a read op-

° o/
(GND) VSS ——men{ ™ | 1 24— EWp
(+svyvec — | 2 23 [ Je— cLock
END
ACKNGWLEDGE —L_| 3 22 [ T]=—— RESET
SERVICE . CONTROL/
ACKNOWLEDGE - 2 [ DATA
SERVICE REQUEST ———{ |5 20 [ ]=—— READ
s J——- WRITE
(DO NOT USE) Am9511
- 18 [ ]=—— EWiP SELECT
DATABUSO ——[ |8 17 3_. PAUSE
DATABUS 1 ~—e[ |9 16 [ J——— VDD (+12V)
DATABUS2 ——=[_ | 10 15 [ J=—= DATABUS?
DATABUS 3 —~—[ | 11 14 [ ]-—e DATABUS 6
DATABUS 4 —~—e[ | 12 13[ J=— DATABUSS .
MOS-001

Figure 1. Connection Diagram.
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vee > @ @
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WORKING REGISTERS ARITHMETIC UNIT
10X16 16 BITS
fe———— SVACK
Mux
SVREQ
ARITHMETIC INSTRUCTION DECODE
SEQUENCER AND CONTROL e EACTR
8-BIT BUS B
'_——1 ) SR
m
D
mn
16-BIT 3 |=——— RESET
STATUS MICROINSTRUCTION m
REGISTER _
REGISTER % o5
DBO ~e———] {} 3
] —
[11] p—— le—— &
DB2 =—w! O COMMAND 3 | "B
83 3 REGISTER | § -—
o
DB4 w——] H CONTROL ROM le———— WA
E o 704 X 16
DBs =———] ]
SUBROUTINE -~ PAUSE
oes STACK L
[ e —— 3X10 E

MOS-002

Figure 2. Arithmetic Processing Unit Block Diagram.
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eration accesses the status register and a write operation en-
ters a command. When C/D is low (Data Port), a read opera-
tion accesses data from the top of the data stack and a write
operation enters data into the top of the data stack.

Data Formats

The APU executes both 16- and 32-bit fixed-point operations.
All fixed-point operands and results are represented as binary
two’s complement integer values. The 16-bit format can ex-
press numbers with a range of —32,768 to +32,767. The
32-bit format can express numbers with a range of
—2,147,483,648 to +2,147,483,647.

The floating-point format uses a 32-bit word with fields as
shown in Figure 3. The most significant bit (bit 31) indicates
the sign of the mantissa. The next seven bits form the expo-
nent and the remaining 24 bits form the mantissa value.

The exponent of the base 2 is an unbiased two’s complement
number with a range of —64 to +63. The mantissa is a
sign-magnitude number with an assumed binary point just to
the left of the most significant mantissa bit (bit 23). All
floating-point values must be normalized, which makes bit 23
always equal to 1 except when representing a value of zero.
The number Zero is represented with binary zeros in all 32 bit
positions.

MANTISSA SIGN
EXPONENT SIGN

EXPONENT -+ MANTISSA

M§lll|ll||l|lll||||||||lllllll|l|
242 0

S
3130

MOS-003

Am9511 Application Note

Data Stack

Figure 5 shows the two logical organizations of the internal
data stack. It operates as a true push-down stack or FILO
stack. That is, the data first written in will be the data last read
out. Within each stack entry, the least significant byte is en-
tered first and retrieved last.

Figure 6 shows a typical sequence for 32 bit operations. 6a
represents the stack prior to entry of data. 6b shows the stack
following entry of the LS Byte of operand C. 6c illustrates the
stack contents following the entry of four bytes of operand C.
When operands C, B and A are all fully entered the stack ap-
pears as in 6e. If a command is then issued, to add B to A for
example, the stack contents look like 6f where R is the result
of B + A. When the first (MSB) byte of R is removed the
stack appears as in 6g. 6h shows the stack following the
complete retrieval or R. An even number of bytes should al-
ways be transferred for any data operation.

Figure 3. Floating Point Format.

Status Register

The Am9511 Status register format is shown in Figure 4.
When the Busy bit (bit 7) is high, the APU is processing a
previously entered command and the balance of the Status
register should not be considered valid. When the Busy bit is
low, the operation is complete and the other status bits are
valid.

7 6 5§ 4 3.2

N

1 0
L 1 = Carry or Borrow

f—— 1 = Overflow

1 = Underflow Error

Field
01 = Negative Argument
10 = Zero Divisor
11 = Argument too Large

1 = Top of Stack is Zero

1 = Top of Stack is Negative

1 = Busy
MOS-004

<—— TOP OF STACK (TOS)

[~=—— NEXT ON STACK (NOS)

|
f a2

32 BIT OPERANDS

|~+—— TOP OF STACK (TOS)

[=*+—— NEXT ON STACK (NOS)

-L-_us——l

16 BIT OPERANDS

MOS-005

Figure 4. Status Register.

Figure 5. Stack Configurations.

Command Format

Each command executed by the APU is specified by a single
byte with the format shown in Figure 7. Bits O through 4 indi-
cate the operation to be performed. Bits 5 and 6 specify the
data format. Bit 7 is used to control the Service Request inter-
face line. When bit 7 is a one, the SVREQ output will go true
when the execution of the command is complete.
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-

TOS —=] i i | TOS —»{ A4 | A3 1 A2 i Al

(a) \ ! | ©) c4 , G, c , ¢

TOS —= Ct | A | TOS —{ R4 | R3 | R2 , Rl
I | | C4 | C3 1 c2 A C1
(b) ] ] ] ( ] | ]
] ] 1 1 ] 1
ToO§ —={ C4 , C3 | C2 , C1 TOS —={ R3  R2 , Rl C4

C3 c2 C1

() 1 | ] (9) 1 ] |

TOS —=1 Bt | 4 ( C8 | G2 08§ —{ Cc4 | C3 , C2 | C1
A ! ! L ! 1
(d ] 1 ] (h i | ]
| | | | | |
MOS-006
Figure 6. Stack Data Sequence Example.
OPERATION -
SVREQ SINGLE FIXED CODE
@ | | I R
7 6 5 4 3 2 1 0

MOS-007

Figure 7. Command Format.
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Command Hex Code | Hex Code Execution Summary
Mnemonic (sr=1) (sr=0) Cycles Description
16-BIT FIXED-POINT OPERATIONS
SADD EC 6C 16-18 Add TOS to NOS. Result to NOS. Pop Stack.
SSuB ED 6D 30-32 Subtract TOS from NOS. Result to NOS. Pop Stack.
SMUL EE 6E 84-94 Muitiply NOS by TOS. Lower result to NOS. Pop Stack.
SMUU Fé 76 80-98 Multiply NOS by TOS. Upper result to NOS. Pop Stack.
SDIV EF 6F 84-94 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FIXED-POINT OPERATIONS
DADD AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack.
DsuB AD 2D 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack.
DMUL AE 2E - 194-210 Multiply NOS by TOS. Lower result to NOS. Pop Stack.
DMUU B6 36 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack.
DDIV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT PRIMARY OPERATIONS
FADD 90 10 54-368 Add TOS to NOS. Result to NOS. Pop Stack.
FSuUB N 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack.
FMUL 92 12 146-168 Multiply NOS by TOS. Result to NOS. Pop Stack.
FDIV 93 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT DERIVED OPERATIONS
SQRT 81 01 782-870 Square Root of TOS. Result to TOS.
SIN 82 02 3796-4808 Sine of TOS. Result to TOS.
COos 83 03 3840-4878 Cosine of TOS. Result to TOS.
TAN 84 04 4894-5886 Tangent of TOS. Result to TOS.
ASIN 85 05 6230-7938 Inverse Sine of TOS. Result to TOS.
ACOS 86 06 6304-8284 Inverse Cosine of TOS. Result to TOS.
ATAN 87 07 4992-6536 Inverse Tangent of TOS. Result to TOS.
LOG 88 08 4474-7132 Common Logarithm of TOS. Result to TOS.
LN 89 09 4298-6956 Natural Logarithm of TOS. Result to TOS.
EXP 8A 0A 3794-4878 e raised to power in TOS. Result to TOS.
PWR 8B 0B 8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack.
DATA AND STACK MANIPULATION OPERATIONS
NOP 80 00 4 No Operation. Clear or set SVREQ.
FIXS oF 1F 90-214 } ) ) ) )
Convert TOS from floating point format to fixed point format.
FIXD 9E 1E 90-336
FLTS D 1D 62-156 } ) . ! )
Convert TOS from fixed point format to floating point format.
FLTD 9C 1C 56-342
CHSS R4 I 22-24 } Change sign of fixed point operand on TOS.
CHSD B4 34 26-28
CHSF 95 15 16-20 Change sign of floating point operand on TOS.
PTOS F7 77 16
PTOD B7 37 20 Push stack. Duplicate NOS in TOS.
PTOF 97 17 20
POPS F8 78 10
POPD B8 38 12 Pop stack. Old NOS becomes new TOS. Old TOS rotates to bottom.
POPF 98 18 12
XCHS F9 79 18
XCHD B9 39 26 Exchange TOS and NOS.
XCHF 99 19 26
9A 1A 16 Push floating point constant 7 onto TOS. Previous TOS becomes NOS.

PUPI

Figure 8.
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ALGORITHM DISCUSSION

Computer approximations of transcendental functions are
often based on some form of polynomial equation, such as:

F(X) = Ag + AX + AX2 + AC + AX* ... (1-1)

The primary shortcoming of an_approximation in this form is
that it typically exhibits very large errors when the magnitude
of | X | is large, although the errors are small when |X| is
small. With polynomials in this form, the error distribution is
markedly uneven over any arbitrary interval.

Fortunately, a set of approximating functions exists that not
only minimizes the maximum error but also provides ‘an even
distribution of errors within the selected data representation in-
terval. These are known as Chebyshev Polynomials and are
based upon cosine functions.'"2 These functions are defined
as follows:

Th(X) = Cos nf; where n =
6 = Cos™'X

The various terms of the Chebyshev series can be computed
as shown below:

01.2... (1-2)

To(X) = Cos (0 8) = Cos (0) = 1 (1-4)
T4(X) = Cos (Cos™'X) = (1-5)
To(X) = Cos 20 = 2Cos? § — 1 = 2Cos? (Cos™'X) = 1 (1-6)

=2X2% - 1

In general, the next term in the Chebyshev series can be re-
cursively derived from the previous term as follows:

TalX) = 2X [Ta=1(X)] = Th—2 (X); n= 2 (1-7)
The terms Ta, T4, Ts and Tg are given below for reference:

T3 = 4x3 - 3X (1-8)

=8X* - 8x2 + 1 (1-9)
T5 = 16X5 — 20x® + 5X (1-10)
Te = 32X5 — 48X* + 18X2 - 1 (1-11)

Chebyshev polynomials can be directly substituted for corre-
sponding terms of a power series expansion by simple alge-
braic manipulation:

1=T, (1-12)
X =T (1-18)
X2 = 1/2 (Ty + To) (1-14)
X3 = 1/4 (3Ty + Ta) (1-15)
X* = 1/8 (3Tg + 4Ty + Ty) (1-16)
X% = 1/16 (10T + 5T3 + Tg) (1-17)
X8 = 1/32 (10Tg + 15T + 6T4 + Tg) (1-18)

Each of the derived functions except square root implemented
in the Am9511 APU has been reduced to Chebyshev poly-
nomial form. A sufficient number of terms has been used to
provide a mean relative error of about one part in 107.

Each of the functions is implemented as a three-step process.
The first step involves range reduction. That is, the input ar-
gument to the function is transformed to fall within a range of
values for which the function' can compute a valid result. For
example, since functions like sine and cosine are periodic for
multiples of #/2 radians, input arguments for these functions
are converted to lie within the range of —=/2 to +=/2. Pro-
cessing of the range-reduced input argument according to the
appropriate Chebyshev expansion is done in the second step.
The third step includes any necessary post processing of the
result, such as sign correction in sine or cosine for a particular
quadrant. Range reduction and post processing are unique to
each of the functions, while processing the Chebyshev ex-
pansion is performed by an algorithm that is common to all
functions.
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DERIVED FUNCTION ERROR PERFORMANCE

Since each of the derived functions is an approximation of the
true function, results computed by the Am9511 are not always
exact. In order to more comprehensively quantify the error
performance of the component, the following graphs have
been prepared. Each function has been executed with a
statistically significant number of diverse data values, span-
ning the allowable input data range, and resulting errors have
been tabulated. Absolute errors (that is, the number of bits in
error) have been converted to relative errors according to the
following equation:

Absolute Error

Relative Error =
True Result

This conversion permits the error to be viewed with respect to
the magnitude of the true result. This provides a more objec-
tive measurement of error performance since it directly trans-
lates to a measure of significant digits of algorithm accuracy.

For example, if a given absolute error is 0.001 and the true
result is also 0.001, it is clear that the relative error is equal to
1.0 (which implies that even the first significant digit of the re-
sult is wrong). However, if the same absolute error is com-
puted for a true result of 10000.0, then the first six significant
digits of the result are correct (0.001/10000 = 0.0000001).

Each of the following graphs was prepared to illustrate relative
algorithm error as a function of input data range. Natural
Logarithm is the only exception; since logarithms are typically
additive, absolute error is plotted for this function.

Two graphs have not been included in the following figures:
common logarithms and the power function (X¥). Common
logarithms are computed by multiplication of the natural
logarithm by the conversion factor 0.43429448 and the error
function is therefore the same as that for natural logarithm.
The power function is realized by combination of natural log
and exponential functions according to the equation:
XY = g¥lnx

The error for the power function is a combination of that for
the logarithm and exponential functions. Specifically, the rela-
tive error for PWR is expressed as follows:

|REpwrl. = |REexp| + X (AEW)|

where:
REpwg = relative error for power function
REgxp = relative error for exponential function
AE y = absolute error for natural logarithm
X = value of independent variable in X*
Notes:

1. Properties of Chebyshev polynomials taken from: Applied Numer-
ical Methods; Carnahan, Luther, Wikes; John Wiley & Sons, Inc.;
1969.

2. Derived function algonlhms adapted from: Algorithms for Special
Functions (I and Il); Numerische Mathematic (1963); Clenshaw,
Miller, Woodger.
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10° W
1072 02
-9 -4
g £
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g 1074 Yot
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]
E @
1078 108
1078 10-8 1 | |
-10" -w" —10” |o‘° —10'° _1o° ~10710 10720 10710 100
DATA VALUES (HADIANS) DATA VALUES (RADIANS)
MOS-008 MOS-009
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]
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1078

RELATIVE ERROR
S
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|
10
-0 10" ~10° 1071 10720 10710 10° 10'0 10%°
DATA VALUES
MOS-013
INVERSE TANGENT
—6 -
10 06
4
8 ]
3 &
w w
E 107 - w7 |-
3 -
3 g
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<
w
3
108 ] ] L ! | I
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DATA VALUES
MOS-016
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COMMAND DESCRIPTIONS

This section contains detailed descriptions of the APU com-
mands. They are arranged in alphabetical order by command
mnemonic. In the descriptions, TOS means Top Of Stack and
NOS means Next On Stack.

All derived functions except Square Root use Chebyshev
polynomial approximating algorithms. This approach is used
to help minimize the internal microprogram, to minimize the
maximum error values and to provide a relatively even dis-
tribution of errors over the data range. The basic arithmetic
operations are used by the derived functions to compute the
various Chebyshev terms. The basic operations may produce
error codes in the status register as a resuit.

Execution times are listed in terms of clock cycles and may
be converted into time values by multiplying by the clock
period used. For example, an execution time of 44 clock cy-

Amg511 Application Note

cles when running at a 3MHz rate translates to 14 micro-
seconds (44 x 32us = 14us). Variations in execution cycles
reflect the data dependency of the algorithms.

In some operations exponent overflow or underflow may be
possible. When this occurs, the exponent returned in the re-
sult will be 128 greater or smaller than its true value.

Many of the functions use portions of the data stack as
scratch storage during development of the results. Thus pre-
vious values in those stack locations will be lost. Scratch loca-
tions destroyed are listed in the command descriptions and
shown with the crossed-out locations in the Stack Contents
After diagram.

Figure 8 is a summary of all the Am9511 commands. It shows
the hex codes for each command, the mnemonic abbrevi-
ation, a brief description and the execution time in clock cy-
cles. The commands are grouped by functional classes.

Figure 9 lists the command mnemonics in alphabetical order.

ACOS ARCCOSINE

ASIN ARCSINE

ATAN ARCTANGENT

CHSD CHANGE SIGN DOUBLE
CHSF CHANGE SIGN FLOATING
CHSS CHANGE SIGN SINGLE
cos COSINE

DADD DOUBLE ADD

DDIV DOUBLE DIVIDE

DMUL DOUBLE MULTIPLY LOWER
DMUU DOUBLE MULTIPLY UPPER
DSUB DOUBLE SUBTRACT

EXP EXPONENTIATION (e¥)
FADD FLOATING ADD

FDIV FLOATING DIVIDE

FIXD FIX DOUBLE

FIXS FIX SINGLE

FLTD FLOAT DOUBLE

FLTS FLOAT SINGLE

FMUL FLOATING MULTIPLY
FSUB FLOATING SUBTRACT

LOG COMMON LOGARITHM

LN NATURAL LOGARITHM

NOP NO OPERATION

POPD POP STACK DOUBLE

POPF POP STACK FLOATING

POPS POP STACK SINGLE

PTOD PUSH STACK DOUBLE

PTOF PUSH STACK FLOATING

PTOS PUSH STACK SINGLE

PUPI PUSH =

PWR POWER (xY)

SADD SINGLE ADD

SDIV SINGLE DIVIDE

SIN SINE

SMUL SINGLE MULTIPLY LOWER
SMUU SINGLE MULTIPLY UPPER
SQRT SQUARE ROOT

SSUB SINGLE SUBTRACT

TAN TANGENT

XCHD EXCHANGE OPERANDS DOUBLE
XCHF EXCHANGE OPERANDS FLOATING
XCHS EXCHANGE OPERANDS SINGLE

Figure 9. Command Mnemonics in Alphabetical Order.
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ACOS

32-BIT FLOATING-POINT INVERSE COSINE

7 6 5 4 3 2 1 0
BinaryCoding:|sr|0|71)|0|0‘1|1|0|

Hex Coding: 86 with sr = 1

06 with sr = 0
Execution Time: 6304 to 8284 clock cycles
Description:

The 32-bit floating-point operand A atthe TOS is replaced by the
32-bit floating-point inverse cosine of A. The result R is a value in
radians between 0 and . Initial operands A, B, C and D are lost.
ACOS will accept all input data values within the range of ~1.0 to
+1.0. Values outside this range will return an error code of 1100
in the status register.

Accuracy: ACOS exhibits a maximum relative error of 2.0 x

10~7 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

ATAN

32-BIT FLOATING-POINT
INVERSE TANGENT

7 6 5 4 3 2 1 0
BinaryCoding:lsrLO‘OlOlOl1 |1| 1 |

Hex Coding: 87 with sr = 1

07 withsr = 0
Execution Time: 4992 to 6536 clock cycles
Description:

Tr.e 32-bit floating-point operand A at the TOS is replaced by the

32-bitfloating-point inverse tangent of A. The result Ris a value in

radians between —=/2 and +7/2. Initial operands A, C and D are

lost. Operand B is unchanged.

ATAN will accept all input data values that can be represented in

the floating point format.

Accuracy: ATAN exhibits a maximum relative error of 3.0 x
1077 over the input data range.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS R
B
c
D
| 32 | [ 32 !

BEFORE AFTER
A TOS R
B B
c
D
| 32 | 32 |

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0
Binary Coding: st [ 0 Jo JoJ o[ 1 o[ 1]
Hex Coding: 85 with sr = 1
05 withsr = 0
Execution Time: 6230 to 7938 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-point inverse sine of A. The result R is a value in

radians between —7/2 and +#/2. Initial operands A, B, C and D

are lost.

ASIN will accept all input data values within the range of —1.0 to

+1.0. Values outside this range will return an error code of 1100

in the status register.

Accuracy: ASIN exhibits a maximum relative error of 4.0 x
10~7 over the valid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

CHSD

32-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [ 1 [ 1o 1]o] o]
Hex Coding: B4 with sr = 1 :
34 withsr =0
Execution Time: 26 to 28 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at
the TOS is subtracted from zero. The result R replaces A at
the TOS. Other entries in the stack are not disturbed.
Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible
in the format since no positive equivalent exists.

Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE _ AFTER
A TOS R
B
c
D
! 32 | [ 32 !

BEFORE AFTER
A TOS R
B B
c c
D D
[ 32 I | 32 |
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CHSF

32-BIT FLOATING-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
BinaryCoding:‘sr|0|0|1|0‘1]0| 1 |
Hex Coding: 95 with sr = 1

1S withsr =0
Execution Time: 16 to 20 clock cycles
Description:

The sign of the mantissa of the 32-bit floating-point operand A at
the TOS is inverted. The result R replaces A at the TOS. Other
stack entries are unchanged.
If A is input as zero (mantissa MSB = 0), no change is made.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c (o}
D D
. 32 | I 32 |
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COS

32-BiT FLOATING-POINT COSINE

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 0 [o Jo oo [ 1] 1]
Hex Coding: 83 with sr = 1

03 withsr = 0
Execution Time: 3840 to 4878 clock cycles
Description:

The 32-hit floating-point operand A at the TOS is replaced by

R, the 32-bit floating-point cosine of A. A is assumed to be in

radians. Operands A, C and D are lost. B is unchanged.

The COS function can accept any input data value that can

be represented in the data format. All input values are range

reduced to fall within an interval of —7/2 to +m/2 radians.

Accuracy: COS exhibits a maximum relative error of 5.0 x
1077 for all input data values in the range of —27
to +27 radians.

Status Affected: Sign, Zero

STACK CONTENTS

CHSS

16-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: [ sr | 1 [1 ] 1] o1 ]o] o]
Hex Coding: F4 with sr = 1

74 with sr = 0
Execution Time: 22 to 24 clock cycles
Description:

16-bit fixed-point two's complementinteger operand A atthe TOS
is subtracted from zero. The result R replaces A at the TOS. All
other operands are unchanged.

Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible in
the format since no positive equivalent exists.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A | TOS R
B B
c c
D D
E E
F F
G G
H H
fu— 16— b 16—
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BEFORE AFTER
A TOS R
B B
c
D
I 32 | |~ 32 I

DADD

32-BIT FIXED-POINT ADD

7 6 5 4 3 2 1. 0
BinaryCoding:Isr|0‘1|0|111 |0| 0‘
Hex Coding: AC with sr = 1

2C withsr=20
Execution Time: 20 to 22 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is added to the 32-bit fixed-point two's complement integer
operand B at the NOS. The result R replaces operand B and the
Stack is moved up so that R occupies the TOS. Operand B is lost.
Operands A, C and D are unchanged. If the addition generates a
carry it is reported in the status register.

If the result is too large to be represented by the data format, the
least significant 32 bits of the result are returned and overflow
status is reported.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
C D
D A
| 32 | | 32 |
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DDIV

32-BIT FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 0 [ 1 [o [ 1 [1 [ 1] 1]
AF with sr = 1
2F with sr = 0

Execution Time: 196 to 210 clock cycles when A # 0
18 clock cycles when A = 0.

Hex Coding:

Description:

The 32-bit fixed-point two's complement integer operand B at
NOS is divided by the 32-bit fixed-point two's complement in-
teger operand A at the TOS. The 32-bit integer quotient R re-
places B and the stack is moved up so that R occupies the
TOS. No remainder is generated. Operands A and B are lost.
Operands C and D are unchanged.

If A is zero, R is set equal to B and the divide-by-zero error
status will be reported. If either A or B is the most negative
value possible in the format, R will be meaningless and the
overflow error status will be reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
! 32 | f 32 I

DMUL
32-BIT FIXED-POINT MULTIPLY, LOWER

7 6 5 4 3 2 1 0
BinaryCoding:]sr!0|1‘0]1[1|1|0|

Hex Coding: AE withsr = 1

2E with sr = 0
Execution Time: 194 to 210 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is multiplied by the 32-bit fixed-point two's complement in-
teger operand B at the NOS. The 32-bit least significant half of the
product R replaces B and the stack is moved up so that R oc-
cupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. Operands C and D are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can
be represented in the format, that value is returned as R and
the overflow status is set.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

DMUU

32-BIT FIXED-POINT MULTIPLY, UPPER

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 [ 1 [ 1 [o ][ 1] 1] 0|
B6 with sr = 1
36 withsr = 0
Execution Time: 182 to 218 clock cycles
Description:
The 32-bit fixed-point two's complement integer operand A at
the TOS is multiplied by the 32-bit fixed-point two's comple-
ment integer operand B at the NOS. The 32-bit most signifi-
cant half of the product R replaces B and the stack is moved
up so that R occupies the TOS. The least significant half of
the product is lost. Operands A and B are lost. Operands C
and D are unchanged.
If A or B was the most negative value possible in the format,
overflow status is set and R is meaningless.
Status Affected: Sign, Zero, Overflow

STACK CONTENTS

Hex Coding:

BEFORE AFTER
A TOS R
B c
c D
D i
| 32 | I 32 !

7 6 5 4 3 2 1 0
Binary Coding: | st [ 0 [ 1 [ o [ 1 [ 1 [0 1

|

Hex Coding:  AD with sr = 1

2D withsr = 0
Execution Time: 38 to 40 clock cycles
Description:

The 32-bit fixed-point two's complement operand A at the
TOS is subtracted from the 32-bit fixed-point two's comple-
ment operand B at the NOS. The difference R replaces
operand B and the stack is moved up so that R occupies the
TOS. Operand B is lost. Operands A, C and D are un-
changed.

If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result
cannot be represented in the data format range, the overflow
bit is set and the 32 ieast significant bits of the result are re-
turned as R.

Status Affected: Sign, Zero, Carry, Overflow

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS R A TOS R
B c B c
c D c D
D D A
| 32 | ! 32 |1 32 | | 32 |
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EXP

32-BIT FLOATING-POINT &*

7 6 5 4 3 2 1 0
Binary Coding:| st [ 0 [0 [ o [ 1o [1] o]
Hex Coding:  8A with sr = 1

0A with sr = 0

Execution Time: 3794 to 4878 clock cycles for 1Al < 1.0 x 23
34 clock cycles for JAl > 1.0 x 2°

Description:

The base of natural logarithms, e, is raised to an exponent value

specified by the 32-bit floating-point operand A at the TOS. The

result Rof e* replaces A. Operands A, C and D are lost. Operand

B is unchanged.

EXP accepts all input data values within the range of —1.0 x 2+5

to +1.0 x2™5. Input values outside this range will return a code of

1100 in the error field of the status register.

Accuracy: EXP exhibits a maximum relative error of 5.0 x
1077 over the valid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

Am9511 Application Note

FDIV

32-BIT FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
BinaryCoding:|sr| 0|0|1 io’o]ﬂ 1 I
Hex Coding: 93 with sr = 1

13 withsr=0

Execution Time: 154 to 184 clock cycles for A # 0

22 clock cycles for A = 0
Description:
32-bit floating-point operand B at NOS is divided by 32-bit
floating-point operand A atthe TOS. The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.
if operand A is zero, R is set equal to B and the divide-by-zero
error is reported in the status register. Exponent overflow or
underflow is reported in the status register, in which case the
mantissa portion of the resultis correct and the exponent portion
is offset by 128.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c
D
| 32 | [ 32 !

BEFORE AFTER
A TOS R
B c
c D
D
f 32 ! 32 |

32-BIT FLOATING-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding: [sr | 0 [0 [ 1 [o] o] o] o]
Hex Coding: 90 with sr = 1

10 with st = 0

Execution Time: 54 to 368 clock cycles for A # 0

24 clock cycles for A = 0
Description:
32-bit floating-point operand A at the TOS is added to 32-bit
floating-point operand B at the NOS. The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.
Exponent alignment before the addition and normalization of the
result accounts for the variation in execution time. Exponent
overflow and underflow are reported in the status register, in
which case the mantissa is correct and the exponent is offset by
128.
Status Affected: Sign, Zero, Error Field

FIXD

32-BIT FLOATING-POINT TO
32-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 Jo |1 [1]1]1] 0]
Hex Coding: 9E with sr = 1
1E withsr =0
Execution Time: 90 to 336 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
32-bit fixed-point two's complement integer. The result R re-
places A. Operands A and D are lost. Operands B and C are
unchanged.

If the integer portion of A is larger than 31 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero Overflow

STACK CONTENTS

BEFORe  STACK CONTENTS AFTER
A - TOS — R
B C
c D
D
| 32 ! [ 32

BEFORE AFTER
A TOS R
B B
C c
D
| 32 f | 32 !
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FIXS

32-BIT FLOATING-POINT TO
16-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [ o [ 1 [ 1] 1 [1] 1]
Hex Coding:  9F with sr = 1
1F withsr = 0
Execution Time: 90 to 214 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
16-bit fixed-point two's complement integer. The result R re-
places the lower half of A and the stack is moved up by two
bytes so that R occupies the TOS. Operands A and D are
lost. Operands B and C are unchanged, but appear as upper
(u) and lower (I} halves on the 16-bit wide stack if they are
32-bit operands.

If the integer portion of A is larger than 15 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A - TOS =~ R
B Bu
c BI
D Cu
fe—— 32— cl
fm— 16 —]

FLTD

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: | sr [0 [0 [ 1 [1 [1 o] o]
Hex Coding:  9C with sr = 1
1C withsr =0
Execution Time: 56 to 342 clock cycles
Description:

32-bit fixed-point two’s complement integer operand A atthe TOS
is converted to a 32-bit floating-point number. The result R re-
places A atthe TOS. Operands A and D are lost. Operands B and
C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
BinaryCoding:lsr|0|0\1 |1 l1 |0l1 |
Hex Coding: 9D with sr = 1

1D withsr=0
Execution Time: 62 to 156 clock cycles
Description:

16-bit fixed-point two’s complement integer A at the TOS is
converted to a 32-bit floating-point number. The lower half of the
result R (R!) replaces A, the upper half (Ru) replaces H and the
stack is moved down so that Ru occupies the TOS. Operands A,
F, G and H are lost. Operands B, C, D and E are unchanged.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A TOS Ru

B RI

c B

D c

E D

F E

G

H

fe— 16— e 16—

FMUL

32-BIT FLOATING-POINT

MULTIPLY
7 6 5 4 3 2 1 0
BinaryCoding:[sr | 0 , 0 | 1 | 0 | 0 L1 | OJ
Hex Coding: 92 with sr = 1
12withsr =0
Execution Time: 146 to 168 clock cycles
Description:

32-bit floating-point operand A at the TOS is multiplied by the
32-bit floating-point operand B at the NOS. The normalized result
R replaces B and the stack is moved up so that R occupies the
TOS. Operands A and B are lost. Operands C and D are un-
changed.

Exponent overflow or underflow is reported in the status register,
in which case the mantissa portion of the result is correct and the
exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c c
D
| 32 I [ 32 |
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BEFORE AFTER
A TOS R
B c
c D
D
[ 32 | ! 32 !



FSUB

32-BIT FLOATING-POINT SUBTRACTION

7 6 5 4 3 2 1 0
Binary Coding: [ sr [0 [0 [ 1 o] o [o] 1]
Hex Coding: 91 with sr = 1

11 withsr=0

Execution Time: 70 to 370 clock cycles for A # 0

26 clock cycles for A = 0
Description:
32-bit floating-point operand A at the TOS is subtracted from
32-bit floating-point operand B at the NOS. The normalized
difference R replaces B and the stack is moved up so that R
occupies the TOS. Operands A and B are lost. Operands C
and D are unchanged.
Exponent alignment before the subtraction and normalization
of the result account for the variation in execution time.
Exponent overflow or underflow is reported in the status regis-
ter in which case the mantissa portion of the result is correct
and the exponent portion is offset by 128.
Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
C D
D
32 | 32

LOG

32-BIT FLOATING-POINT
COMMON LOGARITHM

7 6 5 4 3 2 1 0
BinaryCoding:\erO]j i 0 I 1 | 0 I 0|0 '
Hex Coding: = 88 with sr = 1

08 with sr. = 0

Execution Time: 4474 to 7132 clock cycles for A > 0
20 clock cycles for A < 0

Description:

The 32-bit floating-point operand A at the TOS is replaced by R,

the 32-bit floating-point common logarithm (base 10) of A.

Operands A, C and D are lost. Operand B is unchanged.

The LOG function accepts any positive input data value that can

be represented by the data format. If LOG of a non-positive value

is attempted an error status of 0100 is returned.

Accuracy: LOG exhibits a maximum absolute error of 2.0x 10~
for the input range from 0.1 to 10, and a maximum
relative error of 2.0 x 10~ for positive values less
than 0.1 or greater than 10.

Status Affected: Sign, Zero, Error Field

BEFORE  STACK CONTENTS  AFTER
A TOS R
B B
c
D
! 32 o
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LN

32-BIT FLOATING-POINT
NATURAL LOGARITHM

7 6 5 4 3 2 1 0
Binary Coding: | sr [ 0 [0 [ o [ 1 [o o[ 1]
Hex Coding: 89 with sr = 1
09 with sr = 0

Execution Time: 4298 to 6956 clock cycles for A > 0
20 clock cycles for A< 0
Description:
The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point natural logarithm (base e) of A.
Operands A, C and D are lost. Operand B is unchanged.
The LN function-accepts all positive input data values that can
be represented by the data format. If LN of a non-positive
number is attempted an error status of 0100 is returned.
Accuracy: LN exhibits a maximum absolute error of 2 x 1077
for the input range from e~ ! to e, and a maximum
relative error of 2.0 x 1077 for positive values less
than e or greater than e.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
o]
D
| 32 } 32 |
NO
OPERATION
7 6 5 4 3 2 1 0
Binary Coding: | s [ 0 [0 [ o[ o [ oo o]
Hex Coding: 80 withsr = 1
00 with sr = 0
Execution Time: 4 clock cycles
Description:

The NOP command performs no internal data manipulations. It
may be used to set or clear the service request interface line
without changing the contents of the stack.

Status Affected: The status byte is cleared to all zeroes.
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POPD

32-BIT
STACK POP
7 6 5 4 3 2 1 0

Binary Coding: [sr | 0 [ 1 [ 1 [1 ] oo o]
Hex Coding: B8 with sr = 1

38 withsr = 0
Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. THe previous TOS rotates to the bottom of the stack. All
operand values are unchanged. POPD and POPF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

~

BEFORE AFTER

A TOS B

B Cc

o] D

D A
! 32 | ! 32 !

32-BIT
STACK POP
7 6 5 4 3 2 1 0
Binary Coding: [ sr i 0 I 0 | 1 l 1 ‘ 0 l 0 [ OJ
Hex Coding: 98 with sr = 1
18 with sr = 0

Execution Time: 12 clock cycles
Description: :

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The old TOS rotates to the bottom of the stack. All
operand values are unchanged. POPF and POPD execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

POPS

16-BIT
STACK POP
7 6 5 4 3 2 1 0

BinaryCoding:|sr|1 |1 1 1 [ 1 I 0|0‘0—|
Hex Coding: F8 withsr = 1

78 with sr = 0
Execution Time: 10 clock cycles
Description:

The 16-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS B
B C
(] D
D E
E F
F G
G H
H A
b 16— f—16 —]
PUSH 32-BIT
TOS ONTO STACK
7 6 5 4 3 2 1 0
Binary Coding: | sr l o] ‘ 1 [ 1 I 0 l 1 ‘ 1 ‘ 1 ‘
Hex Coding:  B7 with sr = 1
37 withsr =0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is
copied into the new TOS location. Operand D is lost. All other
operand values are unchanged. PTOD and PTOF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS 8
B c
c D
D A
|a—— 32— | 32 |
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BEFORE AFTER
A TOS A
B A
C B
D c
| 32 | | 32 |



PTOF

PUSH 32-BIT
TOS ONTO STACK

7 6 5 4 3 2 1 0
BinaryCoding:lsrlOlOI1|011 |1[14|

Hex Coding: 97 with sr = 1

17 withsr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand D is lost. All other operand
values are unchanged. PTOF and PTOD execute the same op-
eration.

Status Affected: Sign, Zero

Am9511 Application Note

PUPI
PUSH 32-BIT
FLOATING-POINT 71

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 0 [0 [1 [ 1[0 [ 1] o]

Hex Coding: 9A withsr = 1

1A withsr = 0
Execution Time: 16 clock cycles
Description: .

The 32-bit stack is moved down so that the previous TOS oc-
cupies the new NOS location. 32-bit floating-point constant = is
entered into the new TOS location. Operand D is lost. Operands
A, B and C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

STACK CONTENTS
BEFORE AFTER
A TOS A
B A
c B
D c
| 32 | } 32
PUSH 16-BIT

TOS ONTO STACK

7 6 5 4 3 2 1 0
BinaryCoding:‘sri111\1|0\1|1|1l

Hex Coding: F7 with sr = 1

77 with sr = 0
Execution Time: 16 clock cycles
Description:

The 16-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand H is lost and all other
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE
A TOS

AFTER

>

IO mMO|IO|®
QIMMO|O|m| >

I
|
!
i
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BEFORE AFTER
A TOS T
B A
c B
D c
[ 32 ! ; 32 !
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PWR

32-BIT v
FLOATING-POINT X
7 6 5 4 3 2 1 0

Binary Coding: [sr [ 0 [ o [ o [ 1 [ o [ 1] 1]
Hex Coding: 8B with sr = 1

0B withsr = 0
Execution Time: 8290 to 12032 clock cycles
Description:

32-bit floating-point operand B at the NOS is raised to the power
specified by the 32-bit floating-point operand A at the TOS. The
result R of B” replaces B and the stack is moved up so that R
occupies the TOS. Operands A, B, and D are lost. Operand C is
unchanged.

The PWR function accepts all input data values that can be
represented in the data format for operand A and all positive
values for operand B. If operand B is non-positive an error status
of 0100 will be returned. The EXP and LN functions are used to
implement PWR using the relationship B* = EXP [A(LN B)].
Thus if the term [A(LN B)] is outside the range of —1.0 x 2*5 to
+1.0x 275 an error status of 1100 will be returned. Underflow and
overflow conditions can occur.

Accuracy: The error performance for PWR is a function of
the LN and EXP performance as expressed by:
[(Relative Error)pwrl=|(Relative Error)gxp+ |A(Absolute
Error)n|
The maximum relative error for PWR occurs when
A'is at its maximum value while [A(LN B)] is near
1.0 x 2% and the EXP error is also at its maxi-
mum. For most practical applications the relative
error for PWR will be less than 7.0 x 1077

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c
D
[ 32 I | 32 I
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SADD

16-BIT

FIXED-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 1 [ 1 o[ 1 [ 1]o] o]
Hex Coding: EC with sr = 1

6C withsr = 0

Execution Time: 16 to 18 clock cycles
Description:

16-bit fixed-point two’s complement integer operand A at the
TOS is added to 16-bit fixed-point two's complement integer
operand B at the NOS. The result R replaces B and the stack
is moved up so that R occupies the TOS. Operand B is lost.
All other operands are unchanged.

If the addition generates a carry bit it is reported in the status
register. If an-overflow occurs it is reported in the status regis-
ter and the 16 least significant bits of the result are returned.
Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
(o} D
D E
E F
F G
G H
H A
le— 16— b 16—




SDIV

16-BIT
FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0

Binary Coding: | sr | 1 [ 1 o [ 1 [1 [1] 1]
Hex Coding: EF with sr = 1
6F with sr = 0

Execution Time: 84 to 94 clock cycles for A # 0

14 clock cycles for A = 0
Description:
16-bit fixed-point two's complement integer operand B at the
NOS is divided by 16-bit fixed-point two's complement integer
operand A at the TOS. The 16-bit integer quotient R replaces B
and the stack is moved up so that R occupies the TOS. No
remainder is generated. Operands A and B are lost. All other
operands are unchanged.
If Ais zero, R will be set equal to B and the divide-by-zero error
status will be reported.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
C D
D E
E F
F G
G H
H
16— 16—~
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SIN

32-BIT
FLOATING-POINT SINE

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [0 [ o] o] o[ 1] o]

Hex Coding: 82 with sr =1
02 with sr = 0
Execution Time: 3796 to 4808 clock cycles for IAl > 2712
radians
30 clock cycles for [Al < 272 radians
Description:

The 32-bit floating-point operand A at the TOS is replaced by

R, the 32-bit floating-point sine of A. A is assumed to be in

radians. Operands A, C and D are lost. Qperand B is un-

changed.

The SIN function will accept any input data value that can be

represented by the data format. All input values are range re-

duced to fall within the interval —#/2 to +/2 radians.

Accuracy: SIN exhibits a maximum relative error of 5.0 x
1077 for input values in the range of —2r to +27
radians.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c
D
; 32 | | 32 !
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SMUL

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0
BinaryCoding:lsr I 1 |1 |0 I 1 I 1 | 1 ] 0|
Hex Coding: EE with sr = 1

6E with sr = 0
Execution Time: 84 to 94 clock cycles
Description:

16-bit fixed-point two’s complementinteger operand A at the TOS
is multiplied by the 16-bit fixed-point two's complement integer
operand B at the NOS. The 16-bit least significant half of the
product R replaces B and the stack is moved up so that R
occupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. All other operands are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can be
represented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS - R
B c
c D
D E
E F
F G
G H
H
f— 16 —| 16—
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SMUU

16-BIT FIXED-POINT
MULTIPLY, UPPER

7 6 5 4 3 2 1
Binary Coding: [sr [ 1 [ 1 [ 1 [o |1 [1] o]

Hex Coding: F6 with sr = 1

76 with sr. = 0
Execution Time: 80 to 98 clock cycles
Description:

16-bit fixed-point two’'s complement integer operand A at the
TOS is multiplied by the 16-bit fixed-point two's complement
integer operand B at the NOS. The 16-bit most significant half
of the product R replaces B and the stack is moved up so that
R occupies the TOS. The least significant half of the product
is lost. Operands A and B are lost. All other operands are un-
changed.

If either A or B is the most negative value that can be rep-
resented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A T0S R
B c
c D
D E
E F
F G
G H
H
|16 —=] le—16 —=




SQRT

32-BIT FLOATING-POINT SQUARE ROOT

7 6 5 4 3 2 1 0
Binary Coding: | sr [0 |0 [0 ] oo o] 1]

Hex Coding: 81 with sr = 1

01 withsr = 0
Execution Time: 782 to 870 clock cycles
Description:

32-bit floating-point operand A at the TOS is replaced by R, the
32-bit floating-point square root of A. Operands A and D are lost.
Operands B and C are not changed.

SQRT will accept any non-negative input data value that can be
represented by the data format. If A is negative an error code of
0100 will be returned in the status register.

Status Affected: Sign, Zero, Error Field

BEFORE  STACK CONTENTS AFTER
A TOS R
B B
c c
D
| 32 | 32 |

16-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding: | sr | 1 [ 1 [ o[ 1 [ 1 o] 1]
Hex Coding: ED withsr = 1
6D with sr = 0
Execution Time: 30 to 32 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is subtracted from 16-bit fixed-point two’s complement in-
teger operand B at the NOS. The result R replaces B and the
stack is moved up so that R occupies the TOS. Operand B is
lost. All other operands are upchanged.

If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result
cannot be represented in the format range, the overflow
status is set and the 16 least significant bits of the result are
returned as R.

Status Affected: Sign, Zero, Carry, Error Field

BEFORE  STACK CONTENTS AFTER
A TOS R
B c
o] D
D E
E F
F G
G H
H A
16 —=! le— 16—
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TAN

32-BIT FLOATING-POINT TANGENT

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [0 [ o o[ 1 ]o] o]

Hex Coding: 84 withsr = 1
04 with'sr = 0
Execution Time: 4894 to 5886 clock cycles for IAl > 2712
radians
30 clock cycles for 1Al < 272 radians
Description:

The 32-bit floating-point operand A at the TOS is replaced by
the 32-bit floating-point tangent of A. Operand A is assumed
to be in radians. A, C and D are lost. B is unchanged.

The TAN function will accept any input data value that can be

represented in the data format. All input data values are

range-reduced to fall within —#/4 to +w/4 radians. TAN is un-
bounded for input values near odd multiples of #/2 and in
such cases the overflow bit is set in the status register. For
angles smaller than 27'2 radians, TAN.returns A as the tan-

gent of A.

Accuracy: TAN exhibits a maximum relative error of 5.0 x
1077 for input data values in the range of —2x to
+27 radians except for data values near odd mul-
tiples of =/2.

Status Affected: Sign, Zero, Error Field (overflow)

BEFORE  STACK CONTENTS AFTER
A T0S R
B B
c
D
[ 32 | | 32 |

XCHD
EXCHANGE 32-BIT STACK OPERANDS

7 6 5 4 3 2 1 0
BinaryCoding:lerO |1|1|1|0[0|1'

Hex Coding: B9 withsr = 1

39 withsr = 0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.
Status Affected: Sign, Zero

BEFORE  STACK CONTENTS AFTER
A TOS B
B A
c C
D D
| 32 | s
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XCHF

EXCHANGE 32-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0
Binary Coding: st [ 0 [0 [ 1 [1 o [o] 1]

Hex Coding: 99 with sr = 1

19 with sr = 0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS B
B A
c c
D D
! 32 ! 32
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XCHS

EXCHANGE 16-BIT

STACK OPERANDS
7 6 5 4 3 2 1 0
Binary Coding: | st [ 1 [ 1 [ 1 [ 1 [o o] 1]
Hex Coding:  F9 with sr = 1
79 withsr = 0
Execution Time: 18 clock cycles
Description:

16-bit operand A at the TOS and 16-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE
A TOS

AFTER

o9}
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INTRODUCTION
General

Processors exist as tools for the implementation of information
system transfer functions. All useful processor systems in-
clude at least one peripheral device in order to communicate
with the user of the system. The processor not only manipu-
lates information once it is in the system, but also handles the
transfer of information to and from the user via the periph-
erals. Often several devices are integral parts of the overall sys-
tem. All peripherals must be serviced in one way or another
by the system processor. The basic parameters that influence
the design of peripheral servicing algorithms are the fre-
quency of service required, the service latency allowed and
the service duty cycle of the devices.

There are two general methods used to initiate and coordinate
this activity: Program controlled service and Interrupt driven
service. In program controlled transfers, the processor
schedules all peripheral events; an Interrupt driven system, on
the other hand, allows modification of the system activities by
external devices.

With no interrupt capability, processors must depend on
software polling techniques to service peripheral devices. As
the number of such devices grows and/or as the complexity of
service increases, the polling program becomes very time
consuming and the overhead devoted to polling becomes a
significant fraction of the available processing resource. When
this limits system performance, the use of interrupts can often
provide substantial improvement.

Interrupts are used to enhance processor system throughput
and response time by minimizing or eliminating the need for
software polling procedures. Interrupts are hardware
mechanisms that allow devices external to the processor to
asynchronously modify the instruction sequence of the pro-
cessor program being executed. An elementary single inter-
rupt could be used simply to alert the processor to the fact
that some kind of service is desired and thus to initiate a pol-
ling routine. More complex systems may have multiple inter-
rupts and vectoring protocols which can be used to further
improve performance and eliminate all polling requirements.
Vectoring allows direct identification of the interrupting device
and its associated service routine.

Figure 1 illustrates the essential functioning of a typical inter-
rupt procedure. As the main program is executing instructions,
an external interrupt arrives, in this example during instruction
M+2.The processor completes M+2 and then, instead of
executing M+3, it performs some kind of interrupt acknowl-
edge procedure, often involving execution of an additional in-
terrupt instruction. The result will usually be that the address
of instruction M+3 is saved for future reference, and the loca-
tion of instruction N is determined. The processor then pro-
ceeds to execute the interrupt service routine starting with in-
struction N. The service routine may save, and later restore,
the processor status as well as perform tasks requested by
the interrupting device. The last instruction in the routine
(N+K) directs the processor to resume the main program at
instruction M+3.

Notice that the presence of the hardware interrupt has caused
a modification of the sequence of instruction execution; an
additional block of instructions has been inserted in the main
program. Interrupts provide the system designer with a sig-
nificant capability that can help optimize his cost/performance
tradeoffs. )
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INSTRUCTION M + 3
INSTRUCTION M + 4
INSTRUCTION M + §

Figure 1. Basic Interrupt Procedure.

Features

The Am9519 Universal Interrupt Controller is a processor
support device designed to enhance the interrupt handling
capability of a wide variety of processors. A single Am98519
manages the masking, priority resolution and vectoring of up
to eight interrupts. It may be easily expanded by the addition
of other Am9519 chips to handle a nearly unlimited set of in-
terrupt inputs. It offers many programmable operating options
to improve both the efficiency and versatility of its host system
operations. The Am9519 is well adapted to a wide range of
uses including small, simple, as well as large, sophisticated,
interrupt systems.

The Am9519 provides any mix of one, two, three and four
byte responses to the host processor during the interrupt
acknowledge process. The response bytes are all fully pro-
grammable so that any appropriate addressing, vectoring, in-
struction or other message protocol may be used. Contention
among muitiple interrupts is managed interr.ally using either
fixed or rotating priority resolution circuitry. The direct vec-
toring capability of the Am9519 may be bypassed using the polled
mode option.

An internal mask register permits individual interrupts to be dis-
abled. It may be loaded in parallel by the host processor with any
bit pattern, or mask bits may be individually controlled. The inter-
rupt inputs use “pulse-catching” circuitry so that an external
register is not needed to capture interrupt pulses. Narrow noise
puises, however, are ignored. The interrupt polarity may be
selected as either active-high or active-low.

Another important feature of the Am9519 is its ability to gen-
erate software interrupts. The host processor can set interrupt
requests under program control, thus permitting hardware to
resolve the priority of software tasks. This is often a powerful
system asset, especially for sophisticated operating software,
as well as an aid for system testing, diagnostic, debugging
and maintenance procedures.

The Am9519 is implemented with AMD’s LINOX n-channel
silicon gate MOS technology. This process features low profile
structures, triple ion-implantation, both depletion and
enhancement transistors, and small, low capacitance, low
power, high speed circuitry. The chip contains 4,400 transis-
tors within a total chip area of 28,766 square mils. It is pack-
aged in a standard 28-pin dual in-line package.
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Figure 2. Am9519 Block Diagram.

HARDWARE INTERFACE

. Description Abbreviation Type Pins
Block Diagram +5 Volts VCC Power 1
The block diagram of the Am9519 shown in Figure 2 indicates Ground VSS Power 1
the interface signals and the basic internal information flow. Data Bus DB /0 8
Interrupt Request inputs are captured and latched in the Inter- Response In Process RIP 110 1
rupt Request register. Any requests not masked by the Inter- Interrupt Request IREQ Input 8
rupt Mask register will cause a Group Interrupt output to the Chip Select CS Input 1
host processor if the unit is enabled. When the processor is Read RD Input 1
ready to handle the interrupt it issues an Interrupt Acknowl- Write WR Input 1
edge pulse which causes (a) the priority of pending interrupts Control/Data C/D Input 1
to be resolved and (b) a byte from the response memory as- Interrupt Acknowledge IACK Input 1
sociated with the highest priority interrupt to be transferred to Enable In El Input 1
the data bus. The transfer of additional response bytes is con- Enable Out EO Output 1
trolled by additional Interrupt Acknowledge signals. Other in- Group Interrupt GINT Output 1
terrupt management functions are controlled by the Auto Pause PAUSE Output 1

Clear register, the Interrupt Service register and the Mode reg-
ister. Control of the Am9519 is exercised by the host proces-
sor using the Command register. The Status register reports
on the internal condition of the part.

The Am9519 is addressed by the host processor as two dis-
tinct ports: a control port and a data port. The control port
provides direct access to the Status register and the Com-
mand register. The data port is used to communicate with all
other internal locations.

Interface Signal Description

Figure 3 summarizes the interface signals. Figure 4 shows the
interface signal pin assignments.

Data Bus (DB)

The eight three-state bidirectional data bus lines are used to
transfer information between the Am9519 and the system
data bus. The direction of information flow is controlled by the
CS, RD, WR and TACK input signals. Data and command in-
formation are written into the device; status, data and re-
sponse information are output by it.
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Figure 3. Am9519 Interface Signal Summary.
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Figure 4. Connection Diagram.




Chip Select (CS)

The Chip Select input is an active low signal used to condition
the chip for read and write operations on the data bus;
Read/Write transfers will not take place unless the CS input is
low. Chip Select does not condition Interrupt Acknowledge
operations. Chip Select is usually derived by decoding an ad-
dress output by the host processor; the negative-true polarity
matches outputs from typical decoder circuits.

Read (RD)

The Read input is an active low signal conditioned by Chip
Select that indicates information is to be transferred from the
Am9519 to the data bus. Read is usually a timed pulse issued
by the host processor.

Write (WR)

The Write input is an active low signal conditioned by Chip
Select that indicates information is to be transferred from the
data bus to the Am3519. Write is usually a timed pulse issued
by the host processor.

Control/Data (C/D)

The Control/Data input acts as the port address line and is
used to select source and destination locations for read and
write transfers. Data transfers (C/D=0) are made to or from
preselected internal memory or register locations. Control
transfers (C/D=1) write into the command register or read
from the status register.

Interrupt Request (IREQ)

The eight Interrupt Request inputs are used by external de-
vices to indicate that service is desired. The Interrupt Request
Register associated with the inputs uses asynchronous
pulse-catching circuitry to latch any active requests that occur.
The input polarity may be programmed to capture either
positive-going or negative-going transitions. Reset selects the
active low option.

Response In Process (RIP)

The Response In Process signal is a bidirectional line de-
signed to be used when two or more Am9519 circuits are
connected together. RIP is used to prevent new higher priority
interrupts from interferring with an Interrupt Acknowledge pro-
cess that is underway. An Am9519 that is responding to a
selected interrupt will treat RIP as an output and will hold the
signal low until the acknowledge response is complete. An
Am9519 without a selected interrupt will treat RIP as an input
and will ignore TACK pulses as long as RIP is low. The RiP
lines from muitiple Am9519 circuits may be wired directly
together. RIP is an open drain signal, and requires an external
pullup resistor to VCC in order to establish the logic high level.

Group Interrupt (GINT)

When active, the Group Interrupt output indicates that at least
one bit is set in the Interrupt Request Register (IRR) which is
not masked by the Interrupt Mask Register or the Interrupt
Service Register. GINT is used to notify the host processor
that service is desired. It may be programmed for either active
high or active low polarity in order to simplify the interface
with the host circuitry. Reset selects active low. When active
high is selected the output is a standard two-state buffer
configuration. When active low is selected the output is open
drain and requires an external pullup resistor to VCC in order
to establish the logic high level. The open drain configuration
is useful for wired-or connections in systems with more than
one Am9519.
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Interrupt Acknowledge (IACK)

The Interrupt Acknowledge input is an active low signal gen-
erated by the host processor and used to request interrupt re-
sponse information. One response byte will be transferred by
the Am9519 for each TACK pulse received and up to four
bytes may be transferred during each interrupt acknowledge
sequence. The first IACK pulse following a GINT output also
initiates the internal selection of the highest priority unmasked
interrupt.

Many processors provide interrupt acknowledge signals di-
rectly, including the 8085, the 8080A and the 2650. For
others, such as the Z80 and the 6800, it can be generated
quite easily with simple gating.

Pause

The Pause output is an active low signal used during TACK
cycles to indicate that the Am3519 has not completed the
data bus transfer operation presently underway. The IACK
pulse should be extended by the host processor at least until
the PAUSE output goes high. The width of active PAUSE
pulses is a function of several variables; it will be quite short
in some systems and longer in others. PAUSE is an open
drain output and requires an external pullup resistor to estab-
lish the high logic level. PAUSE signals should be wired to-
gether in multiple chip interrupt systems. .

Enable In (EI)

The Enable In input is an active high signal used to imple-
ment a “daisy-chain” expansion capability with other Am9519
chips. El may also be used as a hardware disable/enable
input for the interrupt system. When El is low, IACK inputs to
the chip are ignored. Internally, a relatively high impedance
resistor is connected between El and VCC so that an unused
El requires no externat pullup resistor.

Enable Out (EO)

The Enable Out output is an active high signal used to im-
plement a “daisy-chain”_expansion capability with other
Am9519 chips. When the IACK input goes low, EO goes low
until EI goes high and the chip determines that no unmasked
request is pending. EO is a two-state output with relatively
modest drive capability.

Interface Considerations

All of the input and output signals for the Am9519 are
specified with logic levels identical to those of standard TTL
circuits. The worst-case input logic levels are 2.0V high and
0.8V low. Except for the open drain signals, the worst-case
output logic levels are 2.4V high and 0.4V low. Thus, for TTL
interfacing, the normal worst-case noise immunity of at least
400mV is maintained. The logic level specifications take into
account all combinations of the three variables that affect the
logic level threshold: ambient temperature, supply voltage
and processing parameters. A change in any of these toward
nominal values will improve the actual operating margins.

The PAUSE and RIP outputs are open drain with no active
pullup transistors; their output high levels are established by
the external circuitry. The GINT output, when programmed for

active low polarity (GINT), is also an open drain output that
does not control its output high level.

All of the output buffers except EO and the open drain outputs
can source at least 200uA worst-case and can sink at least
3.2mA worst-case while maintaining TTL output logic leve!s.
EO normally only drives El of another Am9519 chip and is
specified with less drive capability in order to improve the



Am9519 Application Note

priority resolution speed in multi-chip interrupt systems. The
open drain outputs all sink at least 3.2mA as the other outputs
do. Current sourcing for the open drain outputs is determined
by the external circuitry. Figure 5 summarizes the types of
outputs on the Am9519.

THREE-STATE
BIDIRECTIONAL

— |

BIDIRECTIONAL
OPEN DRAIN

4
!

TWO-STATE

OPEN DRAIN

—

MOS-020
Data Bus (DB0-DB7)
Response In Process (RIP)

Output Description
Bidirectional, Three-State
Bidirectional, Open-drain
Pause Open-drain

Two-State when active high
Open-Drain when active low

{

Group Interrupt (GINT)

Two-state, low drive

Enable Out (EO)

Figure 5. Am9519 Output Buffer Summary and Circuitry.

Unprotected open gate inputs of high quality MOS transistors
exhibit very high resistances on the order of 10'* ohms. It is
easy in many circumstances for charge to enter the gate node
of such an input faster than it can be discharged and con-
sequently for the gate voltage to rise high enough to break
down the oxides and destroy the transistor. All inputs to the
Am9519 include protection networks to help prevent dam-
aging accumulations of static charge. The protection circuitry
is designed to slow the transitions of incoming current surges
and to provide low impedance discharge paths for voltages
beyond the normal operating levels. Please note, however,
that input energy levels can nonetheless be too high to be
successfully absorbed. Conventional design, storage, and
handling precautions should be observed so that the protec-
tion networks themselves are not overstressed.
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Within the limits of normal operation, the input protection cir-
cuitry is inactive and may be modeled as a lumped series RC
as shown in Figure 6. The functionally active input connection
during normal operation is the gate of an MOS transistor. Ex-
cept for El, no active sources or drains are connected to the
inputs so that neither transient nor steady-state currents are
impressed on the driving signals by the Am9519 other than
the charging or discharging of the input capacitance and the
accumulated leakage associated with the protection network
and the input circuit. Lumped input capacitances are usually
around 6pF and leakage currents are usually less than 1uA.

— T
/ + \\
/ .
/ (E1 ONLY) |
INPUT —
/ [ I FUNCTIONALLY
1 T 1 ACTIVE
\ INTERNAL
T \ CIRCUITRY
= / RiEAK
EQUIVALLNT \ | /
INACTIVE 1
PROTECTION ~ P
CIRCUITRY = - -
MOS-021

Figure 6. Input Circuitry.

Fanout from the driving circuitry into the Am9519 inputs will
generally be limited by transition time considerations rather
than DC current limitations when the loading is dominated by
MOS circuits like the Am9519. In an operating environment,
all inputs should be terminated so they do not float and ac-
cumulate stray static charges. Unused inputs should be tied
directly to Ground or to VCC, as appropriate. An input in use
will have some type of logic output driving it and termination
during operation will not be a problem. Where inputs are driv-
en from logic external to the card containing this chip, how-
ever, on-board termination should be provided to protect the
chip when the board is unplugged and the input would other-
wise float. A pull-up resistor or a simple inverter or gate will
suffice.

IREQ Timing

The circuitry at the IREQ inputs is quite straightforward and is
illustrated in Figure 7. Inverters 1 and 2 buffer the input and
shift the logic voltages to the somewhat wider swing used in-
ternally. The exclusive-or gate is used to select the sense of
the active transition edge that will set the IRR. Mode register
bit M4 is used directly for control of the exclusive-or gate. The
selected interface edge will always produce a negative going
transition at output 3. Inverters 4, 5, 6, 7 and 8 form a delay
chain. Nor gate 9 has three inputs and the IRR bit will be set
when all three inputs to 9 are low. As shown in the timing
diagram of Figure 8, the input to gate 9 from inverter 8 is
normally low when there is no active IREQ signal at the inter-
face. When a transition occurs, the output of gate 3 will go
low and only the signal from inverter 5 prevents the im-
mediate setting of the IRR bit. As shown in the left portion of
the timing diagram, if the output from 3 has returned high be-
fore the output from 5 goes low, the IREQ transition will be
ignored and the IRR bit will not be set. On the other hand, the
right side of the timing diagram shows that if the active IREQ
input is present long enough, then the output from both 3 and
5 will become low at the same time, and output 9 will go high.
Output 8 is used to turn off Nor gate 9 after the IRR bit is set.
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Figure 7. Interrupt Request Logic.

In summary, the input circuitry for the IREQ signals provides

these characteristics: n
IREQ ’

. Polarity for IREQ inputs is controlled;
. Narrow IREQ pulses are ignored; -
. Wide IREQ pulses are captured; ©) \_/

. Transitions to active levels are captured just once;

. New transitions are required to generate new interrupts.

a s OO =

The IRR thus acts in a “pulse-catching” mode with respect to
the IREQ inputs. Figure 9 shows the types of IREQ
waveforms that will be recognized and latched by the IRR. m
Note that a transition to a level may be used although only a '
pulse is required; it is not necessary to maintain an IREQ
input active level. Further, a continuously active level on IREQ @ SET IRR
will not cause a new interrupt each time IRR is cleared. There
must be a new active transition on IREQ after IRR is cleared
in order to generate a new interrupt. An active level must go
inactive for a specific interval before its new active edge will IRR

be recognized. MOS-023

To minimize noise sensitivity, all active IREQ pulses narrower
than a specific value will be ignored by the IRR. To maintain
the pulse-catching characteristics, all active IREQ pulses
wider than the specified data sheet minimum will be captured
by the IRR. The results for intermediate pulse widths will de- ACTIVE
pend on characteristics of the particular part being used and EDCES

its operating conditions, especially temperature. k{

Power Supply

Figure 8. IREQ Internal Timing.

The Am9519 requires only a single +5V power supply. The IREQ \ \\’
commercial temperature range parts have a voltage tolerance AS.I;'ZE

of +5%; the military temperature range tolerance is +=10%.
Maximum supply currents are specified in the data sheet at K\’ \
the high end of the voltage tolerance and the low end of the

temperature range. In addition, the current specifications take
into account the worst-case distribution of processing ,/
parameters that may be encountered during the manufac- ~
turing life of the product. Typical supply current values, on the
other hand, are specified for a nominal supply of +5.0 volts, \REQ )
nominal ambient temperature of 25°C, and nominal pro- ACTIVE ’ \
cessing parameters. Supply current always decreases with Low

increasing ambient temperature; thermal run-away is not a

problem. v ’
Although supply current will vary from part to part, a given unit

at a given operating temperature will exhibit a nearly constant

power drain. There is no functional operating region that will /
cause more than a few percent change in the supply current. IRR

Decoupling of VCC, then, is straightforward and will generally Al

be used simply to isolate the Am9519 from external VCC
noise. Figure 9. IREQ Waveforms.

MOS-024
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OPERATING DESCRIPTION

Reset

The Am9519 does not include an external hardware reset in-
put. The reset function is accomplished either by software
command or automatically during power-up. The reset may be
initiated by the host processor at any time simply by writing all
zeros into the command port. Power-up reset circuitry is inter-
nally triggered by the rising VCC voltage when a predeter-
mined threshold is reached, generating a brief internal reset
pulse.

The response memory and byte count registers are not af-
fected by resets. Their content after power-up are unpre-
dictable and if they are to be used, they must first be ini-
tialized by the host processor. A software reset does not dis-
turb previous response memory and byte count contents.

The Interrupt Mask register is set to all ones by a reset, thus
disabling recognition of interrupts by the chip. The Status reg-
ister continues to reflect the internal condition of the chip and
is not otherwise directly affected by a reset. All other registers
are cleared to all zeros by a reset. The polarities of the Mode
register control bits are assigned to provide a reasonable
operating option environment when cleared by a reset.

Register Description

The Am9519 uses several control and operation registers plus
the response memory to perform and manage its many func-
tions. Figure 10 lists these elements and summarizes their
size and number.

Bit
Description Abbreviation Size Quantity
Interrupt Request Register IRR 8 1
Interrupt Service Register ISR 8 1
Interrupt Mask Register IMR 8 1
Auto Clear Register ACR 8 1
Status Register - 8 1
Mode Register - 8 1
Command Register - 8 1
Byte Count - 2 8
Response Memory - 32 8

Figure 10. Am9519 Register and Memory Summary.

Interrupt Request Register (IRR)

The IRR is eight bits long and is used to recognize and store
active transitions on the eight Interrupt Request input lines. A
bit in the IRR is set whenever the corresponding IREQ input
makes an inactive-to-active transition and meets the minimum
active pulse width requirements. IRR bits may also be set by
the host processor under program control using two types of
commands. This capability allows software initiated interrupts,
and is a significant too! for system testing and for sophis-
ticated software designs.

All IRR bits are cleared by a reset. Individual IRR bits are
cleared automatically when their interrupts are acknowledged
by the host processor. Four types of commands, in addition to
reset, allow the host program to clear IRR bits.

The IRR may be read onto the data bus by preselecting it in
Mode register bits M5 and M8, followed by a read operation
at the data port.

Interrupt Service Register (ISR)

The ISR is eight bits long and is used to store the acknowl-
edge status of individual interrupts. When an IACK pulse ar-
rives, the Am9519 selects the highest priority request that is
pending, then clears the associated IRR bit and sets the as-
sociated ISR bit. When the ISR bit is programmed for auto-
matic clearing, it is reset by the internal hardware before the
end of the acknowledge sequence. When the ISR bit is not
programmed for automatic clearing, it must be reset by com-
mand from the host processor.

Internally, the Am9519 uses the ISR to erect a “masking
fence”. When an ISR bit is set and fixed priority mode is
selected, only requests of higher priority will cause a new
GINT output. Thus, requests from lower priority interrupts (and
from new requests associated with the set ISR bit) will be
fenced out and ignored until the ISR bit is cleared. In the
rotating priority mode, all requests are fenced by an ISR bit
that is set, and no new GINT outputs will be generated until
the ISR is cleared. When auto clear is specified, no fence is
erected since the ISR bit is cleared.

If an unmasked interrupt arrives from a device of higher prio:-
ity than the current ISR, GINT will go true and the host pro-
cessor will be interrupted if its interrupt input is enabled.
When the new interrupt is acknowledged, the associated
higher priority ISR bit is set and the fence moves up to the
new level. When the new ISR bit is cleared, the fence will
then fall back to the previous ISR level.

The ISR may be read onto the data bus by preselecting it in
Mode register bits M5 and M6, followed by a read operation
at the data port.

Interrupt Mask Register (IMR)

The IMR is eight bits long and is used to enable/disable the
processing of individual interrupts. Only unmasked IRR bits
can cause a Group Interrupt to be generated. The IMR does
not otherwise affect the operation of the IRR. An IRR bit that
is set while masked will cause a GINT when its IMR bit is
cleared.

All eight IMR bits may be set, cleared, read or loaded in paral-
lel by the host processor. In addition, individual IMR bits may
be set or cleared by command. This allows a control routine
to directly enable and disable an individual interrupt without
disturbing the other mask bits and without knowledge of their
state or the system context.

The IMR polarity is active high for masking; a zero enables
the interrupt and a one disables it. The power-on reset and
the software reset cause all IMR bits to be set, thus disabling
all requests.

Auto Clear Register (ACR)

The ACR is eight bits long and specifies the automatic clear-
ing option for each of the ISR bits. When an auto clear bit is
set, the corresponding ISR bit that has been set in an TACK
cycle is cleared by the internal hardware before the end of the
TACK sequence. When an auto clear bit is not set, the corre-
sponding ISR bit that has been set in an IACK cycle is
cleared by command from the host processor.

The auto clear option, when selected, provides two concomi-
tant functional effects. First, it eliminates the need for the as-
sociated interrupt service routine to issue a command to clear
the ISR bit. Secondly, it eliminates the masking fence that
would otherwise have been erected, allowing lower priority in-
terrupts to cause a new GINT output.



The ACR is loaded in parallel from the data bus by issuing
the ACR load preselect command followed by a write into the
data port. The ACR may be read onto the data bus by pre-
selecting it in Mode register bits M5 and M6, followed by a
read operation at the data port.

Status Register

The Status Register is eight bits long and contains information
describing the internal state of the Am9519 chip. The Status
register is read directly by executing a read operation at the
control port. Figure 11 shows the Status bit assignments.

S7|s6|S5|s4|S3]s2]|S81]s0

\—: Binary vector indicating the

number of the highest priority
unmasked bit that is set in IRR.
Valid only when S7 = 0.

Master Mask Bit
0 Chip disarmed
1 Chip armed

I

Interrupt Mode
0 interrupt
1 Polled

Priority Mode
0 Fixed
1 Rotating

Enable Input
0 Chip disabled
1 Chip enabled

Group Interrupt
1 No unmasked
IRR bit set
0 At leastone unmasked
IRR bit set
MOS-025

Figure 11. Status Register Bit Assignments.

The high order status bit, S7, reflects the information state of
the Group Interrupt signal. Note that the polarity definition of
S7 is independent of the defined polarity of GINT (Mode bit
M3). Bit S7 remains valid when GINT is disabled by the pclled
mode option, thus permitting the host processor to check for
“interrupts” by reading the Status register.

Status bit S6 reflects the state of the Enable In input signal
and is used to indicate, in a multiple chip interrupt structure,
which chips in the chain are disabled. When S6 is high, the
chip can generate a GINT output and operation of its EO sig-
nal proceeds. When S6 is low, no GINT will be generated and
EO will be forced low.

Status bit S5 reflects the state of the Priority Mode option, as
specified by bit MO of the Mode register. When S5 is high,
rotating priority has been selected. When S5 is low, fixed
priority has been selected.

Status bit S4 reflects the state of the Interrupt Mode option,
as specified by bit M2 of the Mode register. When S4 is high,
the polled mode has been selected and GINT disabled. When
54 is low, the interrupt mode has been selected.

Status bit S3 reflects the state of the Master Mask bit as
specified by bit M7 of the Mode register. When S3 is low, the
chip has been disarmed and IRR bits that are set will not
generate GINT outputs. When S3 is high, the chip has been
armed and interrupts can occur.
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Status bits S2, S1 and S0 form a three bit field indicating the
encoded binary number of the highest priority unmasked bit
that is set in the IRR. This field should be considered invalid
except when bit S7 of the Status register is low, indicating
that at least one unmasked interrupt request is present. The
binary coding of the field corresponds to the zero through
seven numbering of the IREQ inputs. When more than one
unmasked IRR bit is set, the S2, S1, SO field will indicate the
one unfenced request that is the highest priority as deter-
mined by the priority mode being used. Thus, the number of
the dominant interrupt after all masking, fencing and priority
resolution, is encoded into the Status register. This field is quite
useful in the polled mode since it can act as a psuedo-vector for
the host processor software.

Command Register

The Command Register is eight bits long and is used to store
the most recently entered command. It is loaded directly from
the data bus by executing a write operation at the control port.
Depending on the specific command opcode that is entered,
an immediate internal activity may be initiated or the part may
be preconditioned for subsequent data bus transfers. The
“Command Description” section of this note explains each
command operation. The commands are summarized in
Figure 17.

Mode Register

The Mode register is eight bits long and controls the operating
modes and options of the Am9519. Figure 12 shows the bit
assignments for the Mode register. No single command or in-
terface operation will load all bits of the Mode register in paral-
lel. The five low order bits (MO through M4) are loaded in
parallel directly from the command register. Mode bits M5,
M6, and M7 are controlled by separate commands. The Mode
register cannot be read out on the data bus. The data in
Mode bits M0, M2, and M7 are available as part of the Status
register. The Mode register is cleared by a software reset or a
power-up reset. The “Operating Options” section of this note
describes the detailed functions associated with each Mode
bit.

M7 | M6

-

M5 | M4 § M3 | M2 | M1 | MO

Priority Mode
0 Fixed
1 Rotating

Vector Selection
0 Individual vector
1 Common vector

Interrupt Mode
0 Interrupt
1 Polled

GINT Polarity
0 Active low
1 Active high

IREQ Polarity
0 Active low
1 Active high

Register Preselection
00 Interrupt service register
01 Interrupt mask register
10 Interrupt request register
11 Auto clear register

Master Mask Bit
0 Chip disarmed
1 Chip armed

MOS-026

Figure 12. Mode Register Bit Assignments.
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Information Transfers

Figure 13 summarizes the control signal configurations for all
information transfers on the Am9519 data bus. The interface
control logic assumes the following conventions:

1. RD and WR are never active at the same time.
2. RD, WR and C/D are ignored unless CS is low.

Control Input Data Bus
CS ¢c/D RD WR IACK Operation
0 o o 1 1 | Transfercontents of data register speci-
fied by Mode bits M5, M6 to data bus.
0o 0o 1 0 3 Transfer contents of data bus to data reg-
ister specified by Command register.
Transfer contents of Status register to
0 1 01 1 data bus.
0 1 1 0 3 Transfer contents of data bus to Com-
mand register.
Transfer contents of selected response
1 X X X 0 N
memory location to data bus.
1 X X X 1 No information transferred; data bus
outputs off.

Figure 13. Summary of Data Bus Transfers.

When TACK is low, internal logic disables the CS input. This
prevents signals on the address bus from inadvertently se-
lecting the chip.

The host processor may read the Status register directly by
simply performing a read operation with the contro! port
selected. When a read is executed at the data port, the infor-
mation transferred will be the contents of the ISR, IMR, IRR
or ACR, depending on the state of Mode register bits M5 and
M6. .

The host processor may write directly into the command regis-
ter by simply performing a write operation with the control port
selected. When a write is executed into the data port, the con-
tents of the data bus will be transferred to the ACR, IMR or
response memory, depending on which command preceded
the data write. Note that Mode bits M5 and M6 do not pre-
select the location for data write operations; only a command
can do so.

When the response memory preselect command is issued, it
should be followed by an appropriate number of data write
operations to load 1, 2, 3, or 4 bytes of response information.
If more than four bytes are written, the response memory ad-
dressing will “wrap around” and overwrite the information al-
ready entered. Response bytes are output by the Am9519
during IACK operations in the same order they were entered.
Entry of response information into each new level must be
preceded by a new response memory preselect command.

Interrupt Acknowledge operations are initiated by the host
processor and occur following recognition of a GINT signal
from the Am9519. When an IACK signal arrives, the interrupt
system selects the highest priority unmasked pending inter-
rupt request and then outputs a response byte associated
with the selected interrupt. The selection process and the ac-
cess of the response byte will take a variable amount of time
that depends on several parameters, including:
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. the operating temperature,

. the actual internal logic delays,

. the number of Am9519 chips cascaded together,

. the priority level of the interrupt being acknowledged,
. the Mode register operating options,

. the byte position within the response sequence.

DA WON -

The worst-case IACK pulse widths must be long enough to
accomodate the accumulated delays that can occur in large
interrupt systems operating in worst-case situations. Yet small
systems operating under typical conditions will require only
relatively narrow 1ACK pulses. The PAUSE output from the
Am9519 is designed to provide interactive feedback to the
host processor so that the IACK pulse width may be adap-
tively adjusted to meet the requirements of the actual interrupt
being processed. PAUSE will go low fairly quickly following
the falling edge of IACK, and will return high when 1ACK is no
longer required.

During the first 1ACK of a complete acknowledge sequence,
the PAUSE output remains low until the highest priority inter-
rupt has been selected and the RIP output goes low. On sub-
sequent IACK pulses for additional responses bytes as-
sociated with the same interrupt (RIP still low), PAUSE will
remain high. The Am9519 expects the first TACK input to re-
main low at least until the PAUSE output goes high. Sub-
sequent IACK inputs should meet the specified input pulse
width requirements as called out in the data sheet.

‘It will normally be convenient for the PAUSE signal to provide

a “not ready” indication to the host processor which would
then stall the Interrupt Acknowledge operation until PAUSE
goes high. In 8080A/9080A microprocessor systems, PAUSE
can be used directly in the CPU Ready logic and many other
processor systems have similar coordination schemes.

Operating Options
The Mode register bits are used to establish the operating
modes and conditions for the many functional features of the

Am9519. The Mode register allows the host processor to per-
sonalize the interrupt system for the application at hand.

Priority Selection

Bit MO in the Mode register specifies the priority operating
mode for the Am9519. When M0=0, fixed priority is selected
and the eight IREQ inputs are assigned a priority based on
their physical location at the chip interface. IREQO has the
highest priority and IREQ7 has the lowest. See Figure 14.

HIGHEST
PRIORITY

@O———®

O,

LOWEST
PRIORITY

MOS-027

Figure 14. Fixed Priority Mode.



Priority is not resolved until the host processor initiates the in-
terrupt acknowledge sequence. Thus, for example, an IREQ5
input may cause a GINT output to the host, but if an input on
IREQ2 arrives before the falling edge of IACK, then it is
IREQ2 that will be selected and serviced. Notice that inherent
in the fixed priority structure is the possibility that IREQ5
might never be selected and serviced as long as there are
higher priority interrupts pending. IREQ2 could end up being
serviced many times before IREQS is acknowledged. In many
systems this is an appropriate method for handling the inter-
rupting devices. Where circumstances permit, the masking
capability of the Am9519 can be used by the host processor
to modify the effective priority structure, perhaps by masking
out recently serviced high priority devices, thus allowing lower
priority inputs to be recognized.

Alternatively, where the eight interrupts have similar priority
and service bandwidth requirements, the rotating priority
mode may be selected (Mode register bit MO=1). As shown in
Figure 15 the relative priorities remain the same as in the
fixed mode; that is, IREQ2 is higher than IREQ3 which is
higher than IREQ4, etc. However, in rotating priority mode,
the lowest priority position in the circular chain is assigned by
the hardware to the most recently serviced interrupt.

(NEW
HIGHEST
PRIORITY)

(LAST
INTERRUPT
SERVICED)

MOS-028

Figure 15. Rotating Priority Mode.

The example illustrated in Figure 15 assumes that IREQ5 has
just finished being serviced and has therefore been assigned
the lowest priority. Thus, IREQ6 occupies the new highest
priority position, IREQ7 next-to-highest, etc. If two new inter-
rupts then arrive at level 1 and level 4, IREQ1 will be selected
and serviced, and will become the lowest priority. IREQ4 will
then be acknowledged unless an active input on IREQ2 or
IREQS3 has arrived in the meantime.

This rotating priority scheme prevents any request from
dominating the system. It assures that an input will not have
to wait for more than seven other service cycles before being
acknowledged. Rotation occurs when the ISR bit of the pre-
sently selected interrupt is cleared.

In the rotating priority mode, inputs other than the one cur-
rently being serviced are fenced out and will not cause inter-
rupts until the ISR bit is cleared. Thus, only one bit at a time
will be set in the ISR. Care should be used when selecting
the rotating mode to keep from doing so at a time when more
than one ISR is set.
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Vectoring

Bit M1 of the Mode register specifies the vectoring option.
When M1=0 the individual vector mode is selected and each
interrupt is associated with its own unique four-byte location in
the response memory. When M1=1, on the other hand, the
common vector mode is selected and all response information
is supplied from the location associated with IREQO, no mat-
ter which request is being acknowledged. This operating op-
tion will be useful in situations where several similar devices
share a common service routine and direct individual device
identification is not important. This may be true simply be-
cause of the nature of the peripheral/system interaction, or it
may be a transient system condition that only uses the com-
mon vector option temporarily, perhaps to save the overhead
involved in filling the response memory twice.

Polled Mode

Bit 2 of the Mode register allows the system to disable the
GINT output. When M2=0 the interrupt mode is selected with
the GINT output enabled. This might be considered the “nor-
mal” interrupt mode and makes full use of the interrupt control
and management capabilities of the Am9519. When M2=1
the polled mode is selected which prevents the GINT output
from going true by forcing it to its inactive state. In this condi-
tion, since no interrupts are supplied to the host processor,
there will usually not be any IACK pulses returned to the
Am9519. Consequently, ISR bits are not set, fences are not
erected and IRR bits will not be automatically cleared. In the
polled mode the host processor may read the Status register
to determine if a request is pending and which request has
the highest priority. IRR bits may be cleared by the host
software. When the polled option is selected, the El input is
connected directly to the EO output thus functionally removing
the polled chip from the external priority hierarchy.

Effectively, the polled mode of operation bypasses the hardware
interrupt, inter-chip priority resolution, vectoring and fencing func-
tions of the Am9519. What remains'is the request latching, mask-
ing and intra-chip priority resolution.

GINT Polarity

Bit 3 of the Mode register specifies the sense of the GINT
output. When M3=0, Group Interrupt is selected as active low
(GINT) and becomes an .open drain output. This allows simple
wired-or connections to other similar Am9519 outputs as well
as to other sources of interrupts, and matches the polarity re-
quired by many processors. When M3=1, Group Interrupt is
selected as active high (GINT) and becomes a two-state
push-pull output, simplifying the interface to processors with
active high interrupt inputs.

IREQ Polarity

Bit 4 of the Mode register specifies the sense of the IREQ in-
puts. When M4=0 the Interrupt Request signals are selected
as active low (IREQ) and a negative-going transition is re-
quired to set the IRR. When M4=1 the Interrupt Request sig-
nals are selected as active high (IREQ) and a positive-going
transition is required to set the IRR. This sense option helps
simplify the interface to interrupting devices.

Register Preselection

Bits 5 and 6 of the Mode register specify the internal data
register that will be output by the Am9519 on any read
operation at the data port (CS=0, RD=0, C/D=0). These bits
do not affect destinations for write operations. The four
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registers available for reading are the IRR, ISR, IMR and 2. The requests are captured and latched in the IRR asyn-
ACR. Preselect coding for each register is shown in Figure chronously. The latching action of the IRR cannot be dis-
12. The preselection remains in effect for all data read abled and active requests will always be stored unless a
transfers until the contents of M5 and M6 are changed. previous request at the same IRR bit has not been
cleared.

The ability to examine these' important operating registers, 3. If the active IRR bit is masked by the corresponding bit in
combined with the information available in the Status registel’, the |MR, no further action takes p|ace_ When the IRR bit is
provides significant insight into the internal conditions of the not masked, an active Group Interrupt output will be gen-
Am9519. This allows the host processor not only enhanced erated if the Am9519 is not in its polled mode.

dynamic operating flexibility, but also access to important 4, 'The GINT output from the Am9519 is used by the host
diagnostic/testing/debugging information. processor as an interrupt input. When GINT is recognized
by the host, it normally will complete the execution of its
current instruction and will then execute some form of in-
terrupt acknowledge sequence instead of the next program
instruction. As part of the acknowledge cycle, the proces-
sor usually automatically disables its interrupt input. The

Master Mask

Bit 7 of the Mode register specifies the armed status of the
Am9519 by way of the Master Mask control bit. When M7=0
the chip is disarmed just as if all eight bits in the IMR had
been set. That is, IREQ inputs will be accepted and latched Am9519 expects to receive one or more IACK signals from
but will not cause GINT outputs to the host. In addition, the the processor during the acknowledge sequence.

EO output is brought low, disabling any Iower.priority chips 5. When TACK is received, the Am9519 brings its PAUSE
that may be attached. When M7=1, the chip is armed and output low and begins selection of the highest priority un-
any active unmasked interrupt inputs will be able to cause masked active IRR bit. All interrupts that have become ac-
GINT outputs to the host processor. tive before the falling edge of TACK are considered. When
The Master Mask capability permits the host system to disarm selection is complete, the RIP output is pulled low by the
a chip and prevent processing of the interrupts without dis- Am9519 and the contents of the first byte in the response
turbing the contents of the IMR. Thus when the chip is re- memory associated with the selected request is accessed.
armed, the old IMR conditions remain in effect and need not PAUSE stays low until RIP goes low. RIP stays low until
be reloaded. Note that a single command to the Master Mask the last byte of the response has been transferred.

bit of the highest priority interrupt chip is able to shut down 6. After PAUSE goes high, the host processor accepts the
the complete interrupt system, no matter how large. response byte on the data bus and brings the IACK line
high. If another byte of response is required, another IACK

Mode Reset pulse is output and is used by the Am9519 to access the
When a power-up or software reset occurs, the Mode register next byte.
is cleared to all zeros. This means that after reset the fol- 7. In parallel with the transfer of the first response byte, the

lowing Mode register operating options will be in effect: Am9519 automatically clears the selected IRR bit and au-

tomatically sets the selected ISR bit. If the auto clear func-

Fixed priority

Individual vectoring

Interrupt (non-polled) operation
GINT active low sense

IREQ active low sense

ISR preselected for reading
Chip disarmed by Master Mask

tion is not in force for the selected interrupt, the ISR bit will
cause a masking fence to be erected and GINT will be
disabled until a higher priority interrupt arrives or until the
ISR bit is cleared. The interrupt service routine will usually
clear the ISR bit, often near the end of the routine.

. If a higher priority request arrives while the current request

is being serviced, and if the fixed priority mode is in effect,
then GINT will be output again by the Am9519. The GINT

signal will be recognized by the host processor only if the
host has enabled its interrupt input. If this new request is
acknowledged, the Am95# will clear the corresponding
IRR bit and set the corresponding ISR bit.

. When the host processor has completed all interrupt ser- -
vice activity to satisfy the interrupting devices, it will nor-
mally clear the remaining ISR bit, if any, enable its internal
interrupt system, if it has not already done so, and then re-
turn to the main program.

Operating Sequence

The management of interrupts by the Am9519 is illustrated
below with a description of a fairly typical sequence of events.

The Am9519 has already been initialized and enabled and is 9
ready to run. The host processor has enabled its internal in-
terrupt structure.

1. One (or more) of the IREQ inputs becomes active indi-
cating that service is desired.
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COMMAND DESCRIPTIONS

The Am9519 command set allows the host processor to cus-
tomize and alter the interrupt operating modes and features
for particular applications, to initialize and update the re-
sponse locations, and to manipulate the internal controlling bit
sets during interrupt servicing. Commands are entered from
the data bus directly into the Command register by writing into
the Am9519 control port (CS=0, WR=0, C/D=1). All the
available commands are described below and are sum-
marized in Figure 17. In the binary coding of the commands,
“X" indicates a do-not-care bit position.

RESET
Coding:

c7

Ccé

C5

C4

C3

c2

C1

co

0

0

0

0

0

0

0

0

Description: The Reset command allows the host processor
to establish a known internal condition. The response memory
and byte count registers are not affected by the software re-
set. The IMR is set to all ones. The ISR, IRR, ACR and Mode
registers are cleared to all zeros.

CLEAR IRR AND IMR

Coding:

c7

Cé

Cs5

C4

C3

c2

C1

Cco

0

0

0

1

0

X

X

X

Description: All bits in the IMR and all bits in the IRR are
cleared at the same time. Thus all interrupts are enabled and
the previous history of all IREQ transitions is forgotten. If
GINT was active when the command was entered, it will go
inactive.

CLEAR SINGLE IMR AND IRR BIT

Coding:

Cc7

Cé

C5

c4

C3

c2

C1

Co

0

0

0

1

1

B2

B1

BO

Description: The same single bit position is cleared in both
the IMR and the IRR. Other bits are not changed. If the
specified IRR bit was generating an active interrupt output,
GINT may go inactive upon entry of the command. The bit
position cleared is specified by the B2, B1, BO field as shown
in Figure 16.

CLEAR IMR
Coding:

Cc7

Cé

C5

C4

C3

c2

C1

Co

(o]

0

1

0

0

- X

X

X

Description: All bits in the IMR are cleared to zeros. All IRR
bits will therefore be unmasked and any IRR bits that had
been set will be able to cause an active GINT output after the
command is entered.

CLEAR SINGLE IMR BIT

Coding:

Cc7

Ccé

C5

C4

C3

c2

C1

Co

0

0

1

0

1

B2

B1

BO

Description: A single bit in the IMR is cleared. Other bits are
not changed. If the corresponding bit in the IRR was set, it will
be unmasked and will be able to cause an active GINT after
entry of the command. The IMR bit cleared is specified by the
B2, B1, BO field as shown in Figure 16.
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SET IMR
Coding:

C7|C6|C5|C4;C3[C2|C1]|Co
0 0 1 1 0 X X X

Description: All bits in the IMR are set to ones. All IRR bits
will therefore be masked and unable to generate an active
GINT. If GINT had been active, it will go inactive after the
command is entered.

SET SINGLE IMR BIT

Coding:

Cc7

Cé6

C5

C4

C3

c2

C1

co

0

0

1

1

1

B2

B1

BO

Description: A single bit in the IMR is set. Other bits are not
changed. If the corresponding bit in the IRR was active and
generating a GINT output, GINT will become inactive after the
command is entered. The IMR bit set is specified by the B2,
B1, BO field as shown in Figure 16.

CLEAR IRR

Coding:

c7

Cé

C5

C4

C3

c2

Cc1

Co

0

1

0

0

0

X

X

X

Description: All bits in the IRR are cleared to zeros. GINT will
become inactive. New transitions on the IREQ inputs will be
necessary to cause an interrupt.

CLEAR SINGLE IRR BIT

Coding:

C7

Cé

C5

C4

C3

c2

C1

Co

(]

1

0

0

1

B2

B1

BO

Description: A single bit in the IRR is cleared to zero. It will
not cause an active GINT until it is set. The IRR bit cleared is
specified by the B2, B1, B0 field as shown in Figure 16.

SET IRR
Coding:

C7iC6C5|C4|C3iCz|C1)Co

0

1

0

1

0

X

X

X

Description: All bits in the IRR are set to ones. Any that are
unmasked will be able to cause an active GINT output. This
command allows the host CPU to initiate eight interrupts in

parallel.

SET SINGLE IRR BIT

Coding:

C7

C6

C5

C4

C3

c2

C1

Co

0

1

0

1

1

B2

B1

BO

Description: A single bit in the IRR is set to a one. If it is un-
masked it will be able to generate an active GINT. This com-
mand allows the host processor to simulate with software the
arrival of a hardware interrupt request. It also givées the
software access to the hardware priority resolution, masking
and control features of the Am9519. The bit set is specified by
the B2, B1, BO field as shown in Figure 16.
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CLEAR HIGHEST PRIORITY ISR BIT
Coding: C7|C6|C5[C4 |C3|C2|C1|CO
0 1 1 0 X | X X | X

Description: A single bit in the ISR is cleared to zero. If only
one bit was set, that is the one cleared. If more than one bit
was set, this command clears the one with the highest pri-
ority. This command is useful in software contexts where the
service routine does not know which device is being serviced.
It should be used with caution since the highest priority ISR
bit may not really be the bit intended. When using the auto
clear option on some interrupts and/or when a subroutine
nesting hierarchy is not priority driven, the highest priority ISR
bit may not correspond to the one being serviced.

CLEAR ISR

Coding: C7|C6|C5[C4|C3|C2|Ct1|Co
0 1 1 1 0 X X X

Description: All bits in the ISR are cleared to zeros. Mask
fencing is eliminated.

CLEAR SINGLE ISR BIT
Coding: C7|[C6|C5|C4|C3|C2]|C1]CO
0 1 1 1 1 | B2 | Bl |BO

Description: A single bit in the ISR is cleared to zero. If the
bit was already cleared, no effective operation takes place.
The bit cleared is specified by the B2, B1, B0 field as shown
in Figure 16. This will be the most useful command for service
routines to use in managing the ISR without the help of the
auto-clear option.

LOAD MODE BITS M0 THROUGH M4
Coding: C7|C6|C5|C4|C3|C2|C1|CO
1 0 0 | M4 M3 | M2| M | MO

Description: The five low order bits of the Command register
are transferred into the five low order bits of the Mode regis-
ter. This command controls all of the Mode options except the
master mask and the register preselection.

CONTROL MODE BITS M5, M6, M7

Coding: C7{C6|C5|C4|C3|C2|C1]|CO

1 0 1 0 [ M6 | M5| N1 | NO

Description: The M6, M5 field in the command is loaded into
the M6, M5 locations in the Mode register. This field controls
the register preselection bits in the Mode register. The N1, NO
field in the command controls Mode bit M7 (Master Mask) and
is decoded as follows:

Nt No
0 0 No change to M7
0 1 Set M7
1 0 Clear M7
1 1 (Ilegal)

Thus, this command may be considered as three distinct
commands, depending on the coding of N1 and NO:

1. Load M5, M6 only
2. Load M5, M6 and set M7
3. Load M5, M6 and clear M7

The Command Summary in Figure 17 lists all three versions.

PRESELECT IMR FOR WRITING

Coding: C7|C6|C5|C4| C3|C2|Ct1| CoO
1 0 1 1 X | X | X| X

Description: The IMR is targeted to be loaded from the data
bus when the next write operation occurs at the data port. All
subsequent data write operations will also load the IMR until a
different command is entered. Read operations may be suc-
cessfully inserted between the entry of this command and the
subsequent writing of data into the IMR. The Mode register is
not affected by this command.

PRESELECT ACR FOR WRITING

Coding: C71C6|C5|C4|C3|C2|C1]| CO
1 1 0 0 X X X X

Description: The ACR is targeted to be loaded from the data
bus when the next write operation occurs at the data port. All
subsequent data write operations will also load the ACR until
a different command is entered. Read operations may be
successfully inserted between the entry of this command and
the subsequent writing of data into the ACR. The Mode regis-
ter is not affected by this command.

PRESELECT RESPONSE MEMORY FOR WRITING

Coding: C7|C6|C5|C4|C3)C2|C1} CO
1 1 1 |BY1{BYO| L2 | L1 | LO

Description: One level in the response memory is targeted for
loading from the data bus by subsequent data write opera-
tions. The byte count register for that level is loaded from the
BY1, BYO field in the command. The L2, L1, LO field specifies
which of the eight response levels is being selected. This
command should be followed by one to four data write opera-
tions to load response bytes. Field coding:

BY1| BYO

—
N
-
-
—
o

Level
0

Count
1

alalo|lo

0

1 2
0 3
1 4

mia | alalolo|lo|lo
ala|lo|lo|=lrlo|lo
“|ol=+|jO|=*|O|=|O
N|jlolo|s~[WOIN|—

The byte count value does not control the number of bytes
entered into the response memory. It does control the number
of bytes read from the memory by TACK pulses. Response
bytes are output by the Am9519 in the same order they were
entered.



Am9519 Application Note

Bit
B2 B1 BO Specified
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Figure 16. Coding of B2, B1, BO Field of Commands.

COMMAND CODE COMMAND
7 6 5 4 3 2 1 0 DESCRIPTION
0 0 0 0 0 0 0 0 Reset
0 0 0 1 0 X X X Clear all IRR and all IMR bits
0 0 0 1 1 B2 B1 BO Clear IRR and IMR bit specified by B2, B1, BO
0 0 1 0 0 X X X Clear all IMR bits
0 0 1 0 1 B2 B1 BO Clear IMR bit specified by B2, B1, BO
0 0 1 1 0 X X X Set all IMR bits
0 0 1 1 1 B2 B1 BO Set IMR bit specified by B2, B1, BO
0 1 0 0 o] X X X Clear all IRR bits
0 1 0 0 1 B2 B1 BO Clear IRR bit specified by B2, B1, B0
0 1 0 1 0 X X X Set all IRR bits
0 1 0 1 1 B2 B1 BO Set IRR bit specified by B2, B1, BO
0 1 1 0 X X X X Clear highest priority ISR bit
0 1 1 1 o] X X X Clear all ISR bits
0 1 1 1 1 B2 B1 BO Clear ISR bit specified by B2, B1, BO
1 0 0 M4 M3 M2 M1 Mo Load Mode register bits 0—4 with specified pattern
1 0 1 0 M6 M5 0 0 Load Mode register bits 5, 6 with specified pattern
1 0 1 0 M6 M5 0 1 Load Mode register bits 5, 6 and set Mode bit 7
1 0 1 0 M6 M5 1 0 Load Mode register bits 5, 6 and clear Mode bit 7
1 0 1 1 X X X X E:ﬁ:elect IMR for subsequent loading from data
R for subsequent
! ! 0 0 X X X X ::::?r:zc;roA:\ da(;a bus ‘
Load BY1, BYO into byte count register and
1 1 1 BY1 BYO L2 L1 Lo preselect response memory level specified by L2,
L1, LO for subsequent loading from data bus

Figure 17. Am9519 Command Summary.
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SYSTEM INTERFACE

Expansion

Several Am9519 chips may be cascaded to expand the
number of interrupts than can be handled by the system. A
two-chip configuration is shown connected to an 8080A/9080A
microprocessor in Figure 18. In general, expansion past a
single Am9519 will require simply an added Chip Select signal
for each extra chip, and perhaps an inverter for the GINT sig-
nal if the processor interrupt input is active-high. The GINT,
PAUSE, and ﬁ'ITD'signals are all designed to be wire-OR’ed in
expanded systems.

Priority management in expanded systems is controlled by the
Enable In, Enable Out and Response In Process signals. Fig-
ure 19 shows the basic interconnections for an example inter-
rupt system that can accept up to 40 interrupts, using five
Amg519 chips. Notice that IACK is wired in parallel to all five
circuits, and that the GINT, RIP, and PAUSE lines are respec-
tively tied together. The three pullup resistors are used to es-
tablish the high logic levels for the open-drain outputs. Enable
In of the first chip (A) is allowed to float, or may be tied high.
Each Enable Out signal is connected to the next lower level
Enable In input. Each chip accepts eight IREQ inputs; for pur-
poses of this example it is assumed that an active interrupt
arrives at chip D in the chain.

Figure 20 shows the timing relationships for the configuration
of Figure 19. When the IREQ arrives, a GINT output is gen-
erated by chip D and is used to interrupt the host processor.
When the host returns an TACK pulse, all the EO lines are
brought low in parallel. PAUSE also goes low, and is used to
extend the 1ACK pulse.

Atter the fall of TACK, all chips wait until a brief internal delay
elapses and then examine El. If El is low, internal activity is
suspended until El goes high. If El is high, then the internal
circuitry is checked to see if an unmasked request is pending.
If so, RIP is brought low, PAUSE is brought high, EO is kept
low, and the first response byte is output on the data bus. in
this example, there is no request in chip A and therefore the
EO(A) line is brought high. This then allows chip B to see if it
has an unmasked request waiting for service. If not, EOQ(B)
goes high also and, with no interrupts at C, EO(C) goes high,
driving EI(D) high. Since chip D finds a waiting request, it
does not bring EO(D) high but it does bring RIP low. When
RIP goes low it allows all the PAUSE outputs to switch high
which permits the termination of the TACK pulse.

It can be seen, then, that the PAUSE output will automatically
adjust the position of its rising edge to accommodate the
exact functional and operational conditions that occur for each
particular TACK cycle. For larger systems, like that in Figure
19, operating at high temperatures with slow versions of the
Am9519 and servicing low priority interrupts, the processor
delay caused by PAUSE may be quite long and a few pro-
cessor wait cycles may be required to extend the IACK pulse.
On the other hand, when a system like Figure 18 is running at
typical room temperatures with typical parts and the interrupt
is a high priority one, the PAUSE output width will be quite
narrow and no wait cycles will be necessary.

The RIP output serves two basic functions within the interrupt
system. First, its falling edge informs the other connected
chips that an interrupt request has been selected and PAUSE
may, therefore, be released. Secondly, as long as RIP is low,
only the single chip that is pulling RIP down is allowed to re-
spond to IACK inputs. RIP stays low until all response bytes
for the selected interrupt have been transferred.
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Figure 18. 16 Interrupt Configuration with 8080A/9080A.
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Figure 19. Five-Chip Expansion Example.

Assume that a new interrupt arrives at chip B in Figure 19
during the time that the first byte of a multibyte response for
the interrupt at chip D is being transferred. Without the RIP
signal there would be confusion when the second TACK pulse
arrives. Both chips might try to send out response bytes since
the interrupt at chip B is a higher priority, yet chip D is in the
midst of a response sequence. With RIP present, however, no
problem arises. Chip D pulls RIP low when it is selected and
keeps RIP low until its response is complete. Chip B treats
RIP as an input and will not respond to IACK until RIP goes
high.

Initialization and Support

Before the Am9519 can perform useful work, it must be ini-
tialized to customize it for a particular application and to load
it with appropriate data values. During active operation, con-
trol options may be changed and response data may be mod-
ified. Because of the many ways it might be used, the
Am9519 can be programmed using many different ap-
proaches. The following sequence description shows only one
of several possible methods for constructing a basic service
routine:

1.

2,
3.

Disable processor interrupts.

Execute software reset at Am9519.

Transfer commands and response data from a control
table into the Am9519.

. Transfer operating options into the Mode register.

. Transfer the operating Mask conditions into the IMR.

. Clear the IRR.

. Clear Master Mask.

. Enable processor interrupts.

. Return.

©OONDO O
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Figure 20. Inter-Chip Priority Resolution.

Figure 21 shows an example listing for such a routine using
8080A/9080A coding. Several assbmptions are made about
the hardware and software environment in which the routine
will function:

1. When the routine is entered, register pair H, L contains the
address of the first location of a control table, and register
B contains a count that indicates how many entries the
table contains.

. One Am9519 is in the system. Its data port is decoded by
the hardware as hex I/O address C2. Its control port is hex
1/O address C3.

. Only the first five interrupts will be in use by the main pro-
gram. The others will be used later to support other pro-
cesses.

. Main program options: Fixed priority, Individual vectoring,
Interrupt mode, GINT active high, IREQ active low, IRR
selected for reading, Auto clear not used.

The control table is an important part of the routine and con-
tains command information as well as the response data it-
self. The table consists of up to eight entries, each up to five
bytes long, with all entries the same length. The first byte of
each entry contains the response memory preselect command
code with fields for the BY1, BYO byte count and the L2, L1,
LO level pointer. The next one to four bytes of each entry con-
tain the data loaded into the response memory. In this exam-
ple the table has entries of four bytes each and is illustrated
in Figure 22.

This type of table organization may contain extra bytes, but it
compensates for this by allowing a brief, simple program to
handle it. The table is fairly general and allows any length re-
sponse to be programmed independently for each interrupt. It




Am9519 Application Note

229
gece
2¢Cz
AN
COEZ
gees
Z2A¢C
2042
2¢0¢
2921

2¢02

F2
ZE29
L2362

2023
20eE
2g08
2085
20T
200
2eeE
2¢0F
2¢12
2g13

2C14

7%
DICce
2z
gE2E
E
D2C2:
23

et
C20b20
25
22530

2717
2015
IP1E
221T
261F
2e21
22z
2pzE
az27
229
R
2e2C

ZE88
pacz
ZEE2
Lzcz
2EEQ
Lécz
2E40
Lacz
CEAS
Lzcz
FB

co

QOO T 0N AN S

= e
[NV

[
H>

n

<

[
O DL -3 M

V) [\ AV
AN

n N
NN D

(¢

AR AN
TNV )0

¢
(T)UUP C

(AR

[¢3]

A
0 M

oo

40
41
42

s
[

44
43
4€
47
48
4¢c
&2
51

52

5&
54
55

e @O ee ws wo W my wh wo we wa s

ARA:

BEE:

SCURCE STATEMENT

%
3¢
o
3%
3¢
*
3
3t
3%
*
3%

GIECIEE T E I O]

EXAVMPLE PROGRAM

FO®P CONTROL AND INITIALIZATION
OF TEE AMOS1Q

¢ UNIVEESAL INTERFUPT CONTRCLLER

b3
R EEE R EEEE]

EE S - A

an

P
™
*
*
£
%k
o

T EEE

CRG EZgOCE

!
iQU @C3F 5 CONTRO0L PORT ADDRZESS.
ECU 2C2L 7 DATA PCRT ADDRESS.
EQU 1211¢@2¢RE 7 LOAT MASK COMMANT.
ICU 111eeeeeB 3 MASX VALUE TO ENARLE THE FIRST

H FIVE INTERRUPTS.
QU 1eem1¢zer 3 MODZ COMMAND FOR “NORMAL~

9 CPERATICN. (M@ - M4 ONLY)

ECGU 121012212 3 MOLX COMMAND TO CLEAR MASTER

1 MAS¥X AND PRESELZECT IRR.
IGU 212e00ees 7 CLEAR IRR CONMMAND.

;

’
LI 7 DISAELE CFU INTERRUPTS
MVI A,200¢Q022F 3 GET SOFTWARL RESET COMMAND AND
OUT CPORT 7 SIND TO CCNTROL PORT.
)
MOV A,M 3 GET CONTRCL BYTE FROM TABLE &
OUT CPOZT 5 SEND TC CONTROL PORT.
INX & ; INCREMENT TABLE POINTER.
MVI C,3 3 INITIALIZE VECTOR BYTE COUNT.
MOV A,M i GET VECTOR EYTE AND
CUT DPORT i SEND TC DATA PORT.
INY H s POINT TO NEXT TABLE BYTE.
ICR C s’ DECREMENT BYTE COUNT.
JNZ ERE y ENTRY LONE? NO:BACK TO BBB.
LCk B y YES:TECREMENT ENTRY COUNTER.
JNZ AAA y TAFLE DONE? NO:BACK TO AAA.
!
MVI A,MCLE1 y» YES: PROCEED »ITE MODE BYTE.
CUT CPORT 7 SEND MCDE TO CONT2OL PORT.
MVI 4, LVMASK i GET MASK ICAD COMMANL AND
CUT CPORT . i SENID TO CCNTROL PORT.
MVI A ,MASK1 i GET OPERATING MASX AND
CUT DPCRT 7 SENT TC DATA PORT.
MVI A,CLIRR 3 GET CLEAR IRR COMMANL AND
OUT CPORT 7 SENL TO CCNTROL PORT.
vVI &,MCDE2 y GET CLEAR MASTER MASK COMMAND
OUT CPOET 3y ANT SEND TO CONTROL PORT.
Il 3 ENAELE CPU INTERRUPTS.
RET i RETURN TO CALLING PROGRAM.
y
ENT

Figure 21. Example Routine.
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Figure 22. Example Control Table.

also allows any number of response locations to be updated
in any order. The program driving the table simply assumes
that every response level receives the same number of bytes
as the level with the longest response.

Other table organizations are also possible. A more general
table could contain the IMR value to be used, the ACR value,
the table byte length, the operating mode values, etc. As
more of the variable control information is added to the table,
the software routine becomes more general and can be used
not only for initialization, but for operational changes as well.
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Then there might be several tables in memory with an ad-
dress supplied to the routine that points to the controlling
table to-be used. Note that the calling program can use just
portions of an existing table if desired, simply by controlling
the contents of the machine registers when the routine is en-
tered.

Another approach is to omit the byte count/level command
code from the table and compute its value in the driving
routine. This may be especially appropriate when all the re-
sponse entries are the same length and contiguous levels are
being filled. The BY1, BYO field need not change then, and a
simple increment instruction will generate the proper com-
mand coding by changing the L2, L1, LO field. To minimize
the table length, which might become an important considera-
tion for larger systems with many more interrupts, it is also
possible to use the byte count to control the number of bytes
transferred into each memory level.

The Am9519 offers new levels of versatility and sophistication
for interrupt systems. It represents interesting opportunities for
both hardware and software engineers to enhance new de-
signs and to take advantage of the features now available.
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Commitment to Excellence

A COMMITMENT TO EXCELLENCE

Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community
for a manufacturer dedicated to excellence.

In product assurance procedures, Advanced Micro Devnces is unique. Only Advanced Micro Devices processes
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The
Rome Air Development Center (RADC), which is the Air Force’s principal authority on component reliability, has
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro
Devices’ standard processing) yield a product nearly ten times better in failure rates than the industry commer—
cial average.

Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to produce parts to
JAN Class B and C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra-
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last
ten years to achieve such line certification.

This brochure outlines Advanced Micro Devices’ standard programs for Class B, C and A devices for military
and commercial operating range applications. These will cover the majority of system requirements today. Alter-
native screening flows for specific user needs can be performed on request. Check with your local sales office
for further mformatlon
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ADVANCED MICRO DEVICES’ STANDARD PRODUCTS
ARE MANUFACTURED TO MIL-STD-883 REQUIREMENTS

Advanced Micro Devices’ product assurance programs are based on two key documents.
MIL-M-38510 — General Specification for Microcircuits
MIL-STD-883 — Test Methods and Procedures for Microelectronics

The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes
molded plastic devices.

In addition, documentation, design, processing and assembly workmanship guidelines are patterned after MIL-M-
38510 specifications.

Commercial and industrial users receive the quality and reliability benefits of this aerospace-type screening and
documentation at no additional cost.

STANDARD PRODUCT TESTING CATEGORIES

Advanced Micro Devices offers integrated circuits to four standard testing categories.

1. Commercial operating range product (typically 0°C to 70°C)
2. Commercial product with 100% temperature testing

3. Military operating range product (typically —55°C to +125°C)
4. JAN qualified product

Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more
limited line. Check with your local sales office for details.

STANDARD PRODUCT ASSURANCE CATEGORIES

Devices produced to the above testing categories are available to the three standard classes of product assurance
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening
requirements of Class C.

Class C — For commercial and ground-based military systems where replacement can be ac-
complished without difficulty.

According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu-
lar industry commercial product.

Class B — For flight applications and commercial systems where maintenance is difficult or expensive
and where reliablity is vital.

Devices are upgraded from Class C to Class B by burn-in screening and additional testing.

According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re-
quirements. MIL-HDBK-217B indicates that this may provide failure rates as much as two times
better than some other manufacturers’ “equivalent” or “pseudo” Class B programs.

Class S — For space applications where replacement is extremely difficult or impossible and reliability
is imperative.

Class S screening includes x-ray and other special inspections tailored to the specific require-
ments of the user.

The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro-
grams is shown in TABLES |, Il and Ill. A full description of the process flow is provided in Product Assurance
Document 15-010, available on request.
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CLASS C SCREENING FLOW
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS

TABLE | COMMERCIAL MILITARY
CLASS C OPERATING RANGE |
INTEGRATED CIRCUITS HERMETIC AND "HERMETIC
MOLDED PACKAGES PACKAGE ONL
Screening Procedure per MIL-STD-883 Flow C1 ' Fi
Method 5004, Class C
- Commercial
Screen Test Method Product
VISUAL AND MECHANICAL
Internal visual 2010, Condition B 100%
High temperature 1008, Condition C,
storage 24 hours 100%
Temperature cycle 1010, Condition C 100%
Constant
acceleration 2001 100% (1)
Hermeticity, Fine
and Gross 1014 100% (1)
FINAL ELECTRICAL TESTS AMD Data
Sheet
Static (dc) a) At 25°C, and power
supply extremes 100%
b) At temperature
and power
supply extremes )
Functional a) At 25°C, and power
supply extremes 100%
b) At temperature
and power
supply extremes 2)
Switching (ac) At 25°C, nominal
or Dynamic power supply (2)
QUALITY CONFORMANCE 5005, Group A
(See Table I1) Sample
Sample Tests Group B -
Group C -
Group D -
EXTERNAL VISUAL 2009 (Note 5) 1005
TABLE I}

GROUP A QUALITY CONFORMANCE LEVELS

Advanced Micro Devices employs the military-recommended LTPD sampling system to assure quality. MiL-
STD-883, Method 5005, TABLE |, Group A, subgroups 1 through 9 as appropriate to the device family are
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to

both Class B and Class C orders. INITIAL
LTPD SAMPLE SIZE

Subgroup 1 — Static tests at 25°C 5 45
Subgroup 2 — Static tests at maximum rated operating temperature 7 32
Subgroup 3 - Static tests at minimum rated operating temperature 7 32
Subgroup 4 - Dynamic tests at 25°C — LINEAR devices 5 45
Subgroup 5 — Dynamic tests at maximum rated operating temperature

— LINEAR devices 7 32
Subgroup 6 — Dynamic tests at minimum rated operating temperature

- LINEAR devices 7 32
Subgroup 7 - Functional tests at 25°C 5 45
Subgroup 8 — Functional tests at maximum and minimum rated

operating temperatures 10 22
Subgroup 9 - Switching tests at 25°C — DIGITAL devices 7 32
Subgroup 10 — Switching tests at maximum rated operating

temperatures — DIGITAL devices *
Subgroup 11 — Switching tests at minimum rated operating

temperatures — DIGITAL devices *

*These subgroups, where applicable, are usually performed during initial characterization only for all except JAN Qualified product.
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CLASS B SCREENING FLOW
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS

TABLE [l COMMERCIAL
CLASS B
INTEGRATED CIRCUITS OPERATING RANGE
(Class C plus burn in screening HERMETIC AND
and additional testing.) MOLDED PACKAGES
Screening Procedure per MIL-STD-883 Flow B1
Method 5004, Class B
Commercial
Screen Test Method Product
VISUAL AND MECHANICAL
Internal visual 2010, Condition B 100%
High temperature 1008, Condition C,
storage 24 hours 100%
Temperature cycle 1010, Condition C 100%
Constant
acceleration 2001 100% (1)
Hermeticity, Fine
and Gross 1014 100% (1)
BURN IN
Interim (pre burn Per applicable
in) electricals device specification 100%
Burn in 1015, 160 hours at
125°C or equivalent.* 100% (3)
FINAL ELECTRICAL TESTS AMD Data
Sheet
Static (dc) a) At 25°C, and power
supply extremes 100%
b) At temperature
and power
supply extremes (NE)]
Functional a) At 25°C, and power
supply extremes 100%
b) At temperature
and power
supply extremes ) (3)
Switching (ac) At 25°C, nominal
or Dynamic power supply 2)
QUALITY CONFORMANCE 5005, Group A
(See Table II) Sample
Sample Tests Group B -
Group C -
Group D -
EXTERNAL VISUAL 2009 (Note 5) 100%

Notes: 1. Not applicabie to molded packages.
2. All MOS RAMs and many other MOS devices receive a.c. testing and 100% d.c. screening at high temperature and power supply
extremes as standard. Other products sampled at Group A (Table Il).
3. Am2900 LSI products receive a 96 hour burn-in, pius 100% d.c. screening at high temperature and power supply extremes.
4. Available to special order.
5. Without optical aid for commercial devices.

*(Unless device data sheet specifies otherwise).

CLASS S
FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A)

Advanced Micro Devices offers Class S programs based on screening defined in MIL-STD-883, Method 5004.
Contact your local Advanced Micro Devices' sales office for more information.
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STANDARD PRODUCT
SCREENING SUMMARY AND ORDERING INFORMATION

1. COMMERCIAL PRODUCT

o Screened per MIL-STD-883, Method 5004.

® Electrically tested per AMD Data Sheet.

e Supplied in hermetic and molded packages.

® Quality conformance testing, Method 5005, Group
A, performed to levels specified for Class B on both
Class C and Class B options.

Class C (Flow C1)

¢ Order standard AMD part number.

® Marked same as order number.
Example: Am2901ADC

Class B (Flow B1)

® Burn in performed in AMD circuit condition.
® Order standard AMD part number, add suffix B (or
/883B for 1, 2 and 300 Series Linear devices).
® Marked same as order number.
Example: Am2901ADC-B

. MILITARY PRODUCT

e Screened per MIL-STD-883, Method 5004.

e Electrically tested per AMD Data Sheet.

e Supplied in hermetic package only.

e Quality conformance testing, Method 5005, Group
A, performed to levels specified for Class B on both
Class B and Class C options.

Class C (Flow C3)

® Order standard AMD part number.
o Marked same as order number.
Example: Am2901ADM

Class B (Flow B3)

® Burn in performed in AMD circuit condition.

® AC at25°C, dc and functional testing at 25°C as well
as temperature and power supply extremes per-
formed on 100% of every lot.

e Quality conformance testing, Method 5005, Groups
B, C and D available to special order.

o Order standard AMD part number, add suffix B.

e Marked same as order number.

Example: Am2901ADM-B

2. COMMERCIAL PRODUCT WITH 100%

TEMPERATURE TESTING

e Identical to standard commercial operating range
product with the addition of 100% dc and functional
testing at 100°C and power supply extremes.

Class C (Flow C2)
® Order standard AMD part number, add suffix T.
® Marked same as order number.

Example: Am2901ADC-T

Class B (Flow B2)
® Burn in performed in AMD circuit condition.
e Order standard AMD part number, add suffix TB.
e Marked same as order number.
Example: Am2901ADC-TB

. JAN QUALIFIED PRODUCT

e Screened per MIL-STD-883, Method 5004.

e Electrically tested to JAN detail specification (slash
sheet).

e Manufactured in Defense Logistics Agency cer-
tified facility.

e Quality conformance testing, Method 5005, Groups
A, B, C and D performed as standard and must be
completed prior to shipment.

® |t is a product for which AMD has gained QPL
listing.*

Class C (Flow C4)

© Order per military document.

® Marked per military document.
Example: JM38510/44001CQB

Class B (Flow B4)

e Burn in performed in circuit condition approved for
JAN devices.
® Order per -military document.
® Marked per military document.
Example: JM38510/44001BRC

*In certain cases where JAN Qualified product is specified but is not available, Advanced Micro Devices can provide devices to the
electrical limits and burn-in criteria of the slash sheet. This class of product has been called JAN Equivalent and marked M38510/ by some
manufacturers. This identification is no longer permitted by DESC. Check with your local sales office for availability of specific device

types.
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PRODUCT ASSURANCE

All products manufactured by Advanced Micro Devices, including Bipolar Logic and Interface, Memory and Microprocessors,
Linear and MOS/LSI meet the quality requirements of MIL-M-38510. In addition all products, both commercial and military
temperature range, receive the 100% screening procedures defined in the current revision of MIL-STD-883, Method 5004, Class C.

1. AMD STANDARD PRODUCT — CLASS C PROCESSING

a) Internal visual inspection: Method 2010, Condition B.

b) High temperature storage: Method 1008, Condition C; 150°C, 24 hours.

c) Temperature cycling: Method 1010, Condition C; —65°C, 150°C, 10 cycles.

d) Constant acceleration: Method 2001, Condition E; 30,000 g., Y; plane. (Hermetic packages only.)

e) Fine leak: Method 1014, Condition A; 5 x 10™8 atm cc per second. (Hermetic packages only.)

f) Gross leak: Method 1014, Condition C. (Hermetic packages only.)

g) Final electrical test: 100% D.C. and functional testing at 25°C and Group A sample per Method 5005.

To order this product, use the order number shown for the product desired. Example: AM2501DM for full military temperature
range part in dual-in-line package, AM2501DC for commercial temperature range in dual-in-line package.

As noted, all material is processed to Class C and no additional price adders are imposed to deliver this level of reliability.

2. CLASS B PROCESSING

Military Temperature Range

Standard product is upgraded to Class B with a 160-hour burn-in at 125°C followed by 100% electrical testing of D.C. parameters at
25°C, 125°C, —55°C and A.C. parameters at 25°C. Maximum PDA of 10% is based on the 25°C D.C. test subgroup. Burn-in
conditions are steady state power (MIL-STD-883, Method 1015, Condition B) for linear circuits, and steady state power and reverse
bias (Condition C) for all others. Standard burn-in circuit specifications for any device are available upon request. Condition D
burn-in is available to special order. Consult your local AMD sales office for price and delivery.

To order this product, use the order number shown for the product desired and add the suffix “B”. Example: AM2501DMB for
military temperature product in dual-in-line package with burn-in as described, SN54LS174WB for military temperature range
product in flat pack with burn-in. This processing meets all of the requirements of MIL-STD-883, Class B product.

Commercial Temperature Range

Standard AMD Class C commercial temperature range product is burned in for use in non-military systems to a modified Class B
program. A 160 hour burn-in, to a method meeting the requirements.of Method 1015, Conditions A and B, is followed by the standard
Class C electrical test procedures.

To order this level of screening, use the order number shown for the commercial device and add the suffix “B”. Examples:
AM25L.5175DCB and SN74LS153NB.

3. CLASS S PROCESSING

Class S processing is recommended only for applications where replacement is extremely difficult and reliability is imperative. This
material is only produced to special order. Consult AMD for further details.

4. QUALIFICATION AND QUALITY CONFORMANCE INSPECTION

Qualification and Quality Conformance Inspections are the electrical, mechanical, die-related and package-related tests defined by
MIL-STD-883, Method 5005,

a) Group A Electrical Tests: Subgroups 1-9 (as appropriate for the device type) are always sampled. Subgroups 10-11 are
+ sampled to special order or when applicable by device specification. Attributes data are available upon request and must be

specifically noted on the purchase order.

The following inspections are performed to special order and must be called out separately from the order for components. Date

code time period must be specified (e.g., same date code, date code within 6 weeks, etc.). Price willinclude devices used in the test,

services performed and the data. Generic data covering Groups B, C and D from tests previously performed by AMD are usually

available on the more popular items and families for a nominal charge.

b) Group B Mechanical Tests: Subgroups for the appropriate reliability class are tested in accordance with the procedures of
MIL-STD-883, Method 5005. Attributes data are supplied as part of the order.

c) Group C Die-Related Tests: Subgroups for the appropriate reliability class are tested in accordance with the procedures of
MIL-STD-883, Method 5005. Attributes data are supplied as part of the order.

d) Group D Package-Related Tests: Subgroups 1-5 are tested in accordance with the procedures of MIL-STD-883, Method
5005. Attributes data are supplied as part of the order.
5. NON-STANDARD PROCESSING AND ADDITIONAL INSPECTION SERVICES

Non-standard processing options such as customer marking, special electrical test tapes, U.S. builds, etc. must be quoted on an
individual order basis. Detailed drawings and general specifications must first be reviewed by the factory before a firm quotation can
be furnished.

Additional inspection services including radiographic (X-Ray) inspection, variables data (read and record) and scanning electron
microscope (SEM) lot inspection are available.

Consuit your local AMD sales office for further information on price and delivery of any of the above special requirements.
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PRODUCT ASSURANCE
MIL-M-38510 « MIL-STD-883

The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and
confirms the product quality at critical points. Standardization under this program assures that all products meet military and
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts.

The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must
perform reliably with minimum field service.

Two military documents provide the foundation for this program. They are:

MIL-M-38510 — General Specification for Microcircuits
MIL-STD-883 — Test Methods and Procedures for Microelectronics

MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to +125°C) operation meet these
quality requirements of MIL-M-38510.

MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing
standards directly related to product assurance:

Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B.

Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and
screening stresses. The classes are:

Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow
chart.

Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening
requirements are the same.

Class S — Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra
reliability. parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection.

All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to
MIL-STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are
omitted.

Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening
are marked with a “—B" following the standard part number, except that linear 100, 200 or 300 series are suffixed “/883B".

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are
given for Group A (electrical), Group B (mechanical quality related to the user’s assembly environment), Group C (die
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be
specified by the user.
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MANUFACTURING, SCREENING AND INSPECTION
FOR
INTEGRATED CIRCUITS

All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where
required is performed to Class B quality levels on either Class B or Class C product.

All full-temperature-range (—55°C to +125°C) circuits are manufactured to the workmanship requirements of MIL-M-
38510.

The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510.

STANDARD PROCESSING
CLASS C
Steps 1 Through 25

HERMETIC PACKAGE MOLDED PACKAGE
PROCESS PROCESS

1 INSPECTION

Purchased or fabricated starting materials are inspected for conformance
to specified requirements. Inspection follows written procedures, and
records are analyzed for supplier quality negotiations.

2 WAFER FABRICATION

Repeated masking, etching and diffusion processes produce finished dice
in wafer form.

3 IN-PROCESS INSPECTION

Each wafer is inspected prior to irreversible process steps.

4 FINISHED WAFER INSPECTION

Sample wafers from each finished diffusion lot are inspected to confirm
lot quality before release for test and assembly.

5 WAFER ELECTRICAL TEST

Electrical probe test of every die. A computer-controlled system measures
static and dynamic parameters and identifies dice that do not meet
electrical requirements.

6 DIE SEPARATION

Wafers are separated into individual dice and electrical rejects are removed.

7 VISUAL INSPECTION

Separated dice are inspected and selected at high magnification.

8 QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, confirming product quality and revealing any need for operator
retraining.

9 DIE ATTACH
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10

1

12

13

14

15a

15b

16

17

18

19

20

QUALITY INSPECTION

Strength of die attachment, position of die and visual quality of eutectic
wetting are confirmed periodically by inspecting random samples and
push-testing the attached dice.

WIRE BOND

Hermetic:  Aluminum wires, ultrasonic bonding.
Molded: Gold wires, thermocompression bonding.

QUALITY INSPECTION

Weld strength, bond size and position, wire dress and general workmanship
are confirmed periodically by comparing random samples with assembly
instructions and quality standards. Bond strength is plotted on statistical
control charts, providing early warning of process drifts.

INTERNAL VISUAL INSPECTION

Assembled but unsealed units are individually inspected at low and high
power.

QUALITY STANDARDS:

All devices — MIL-STD-883, Method 2010, Condition B {latest revision).
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re-
bonding limits).

QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, providing confirmation of ~product quality and revealing any
need for operator retraining.

FINAL SEAL

(Hermetic devices)

ENCAPSULATE
(Motded Devices)

HIGH TEMPERATURE STORAGE
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr

TEMPERATURE CYCLE
MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles

CENTRIFUGE
MIL-STD-883, Method 2001, Cond. E: 30,000 G

SEAL (HERMETICITY) TEST

MIL-STD-883, Method 1014, Cond. A or B: Fine Leak
MIL-STD-883, Method 1014, Cond. C2: Gross Leak

ELECTRICAL TEST

MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional
tests at 25°C or in certain products at the most critical extreme tempera-
ture to assure accuracy of device selection.

B-4




Product Assurance

21 QUALITY GROUP A ELECTRICAL TEST (TABLE 1)

MIL-STD-883, Method 5005. See the table below. Quality levels
as defined for Class B are applied to both Class B and Class C
parts. Proven correlations supported by periodic reconfirma-
tion may be used for some parameters.

22 MARK, INSPECT, PACK FOR SHIPMENT

23 QUALITY INSPECTION, PRE-SHIPMENT

Confirmation of marking, physical quality, and productidentity.

24 QUALITY INSPECTION FOR SHIPMENT RELEASE

Confirmation of product type, count, package.
Confirmation of completion of all process requirements.
Confirmation of required documentation.

25 SHIP TO CUSTOMER

This AMD standard product meets screening requirements of
MIL-STD-883, Class C.

GROUP A ELECTRICAL TESTS
From MIL-STD-883, Method 5005, Table |

Subgroups ( &TPD ’ Initial
ote 1) Sample Size
Subgroup 1 — Static tests at 25°C 5 45
Subgroup 2 — Static tests at maximum rated operating temperature 7 32
Subgroup 3 — Static tests at minimum rated operating temperature 7 32
Subgroup 4 — Dynamic tests at 25°C — Linear devices 5 45
Subgroup 5 — Dynamic tests at maximum rated operating temperature — Linear devices 7 32
Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices 7 32
Subgroup 7 — Functional tests at 26°C 5 45
Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 10 22
Subgroup 9 - Switching tests at 256°C — Digital devices 7 32
Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 10 10
Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices (Note 2) 10 10

1. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number
‘of 2. The minimum reject number in all cases is 3.

2. These subgroups are usually performed during initial device characterization only.
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OPTIONAL EXTENDED PROCESSING
CLASS B
Steps 101 Through 110

Advanced Micro Devices offers several extended processing options to meet customer
high-reliability requirements. These are defined in AMD document 00-003. The flow chart
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B.

MILITARY RANGE

101

102

103

104

105

106

107

108

109

110

|COMMERCIAL RANGE

HERMETIC PACKAGES MOE_'[E)EAD’IE:'gK(l)\RGES

BEGINNING MATERIAL

Standard product taken after completion of step 20 (electrical test)

BURN IN

MIL-STD-883, Method 1016: 160 hr, 125°C, or time-temperature equiva-
lents as allowed by Method 1015.

FINAL ELECTRICAL TEST
MIL-STD-883, Method 5004.

Military: Testing subgroups as defined for Class B. Static and functional
at 3 temperatures, dynamic or switching at room temperature.
Commercial: Repeat step 20.

QUALITY GROUP A ELECTRICAL SAMPLE (TABLE I}

MIL-STD-883, Method 5005 and Table I. Quality levels as defined for
Class B. Temperature correlations may be used on commercial prod-
ucts.

QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D

MIL-STD-883, Method 5005. Sample life and environmental tests if re-
quired by purchase order. Further information on specifying this is given
in AMD document 00-003.

DATA PREPARATION AND REVIEW

MARK, INSPECT, PACK FOR SHIPMENT

Standard AMD parts with this burn-in option are marked with *’—B"* after
the part number, except that linear 100, 200 or 300 series are suffixed
"/1883B"'.

QUALITY INSPECTION, PRE-SHIPMENT
Confirmation of marking, physical quality, and product identity.
QUALITY INSPECTION FOR SHIPMENT RELEASE

Final review of shipment against order.

SHIP TO CUSTOMER

Military temperature range parts meet screening requirements of MiL-
STD-883, Class B.
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OTHER OPTIONS

Document 00-003, “Extended Processing Options”, further defines Option B as well as other
screening or sampling options available or special order. Available options are listed here for

reference.
Option ~ Description Effect
A Modified Class A screen Provides space-grade product, fol-
(Similar to Class S screening) lowing most Class S requirements
of MIL-STD-883, Method 5004.

B 160-hr operating burn in Upgrades a part from Class C
to Class B.

X Radiographic inspection (X-ray) Related to Option A. Provides
limited internal inspection of
sealed parts.

S Scanning Electron Microscope Sample inspection of metal

(SEM) metal inspection coverage of die.
\ Preseal visual inspection to More stringent visual inspection
MIL-STD-883, Method 2010, of assemblies and die surfaces
Cond. A prior to seal.
P Particle impact noise (PIN) Detects loose particles of
screen with ultrasonic detection. approximately 0.5 mil size or larger,
which could affect reliability in
zero-G or high vibration applications.

Q Quality conformance inspection Samples from the lot are stressed

(Group B, C and D life and and tested per Method 5005.

environmental tests) The customer’s order must state
which groups are required.
Group B destroys 16 devices;
Group C, 92 devices; Group D,
60 devices.

Document 15-010 Rev. E, Jan. 1, 1978
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PACKAGE PER DEVICE TYPE

Package-Temperature Code

Device PC DC DM/DL FM cc HC HM
Am14/1506 - - - - - H-8-1 H-8-1
Am14/1507 - - - - - H-8-1 H-8-1
Am1702A - D-24-4* D-24-4% - - - -
Am2401 P-16-1 D-16-2 D-16-2 - - - -
Am2708 - D-24-4* D-24-4* - - - -
Am2716 - D-24-4* D-24-4* - - - -
Am2802 P-16-1 D-16-1 D-16-1 - - - -
Am2803 P-8-1 - - - - H-8-1 H-8-1
Am2804 P-8-1 - - - - H-8-1 H-8-1
Am2805 - - - - - H-10-1 H-10-1
Am2806 - - - - - H-10-1 H-10-1
Am2807 P-8-1 - - - - - -
Am2808 P-8-1 - = - - - -
Am2809 P-8-1 - - - - H-8-1 H-8-1
Am2810 P-16-1 D-16-1 D-16-1 - -~ - -
Am2812 - D-28-2 D-28-2 - - - -
Am2813 - D-28-2 D-28-2 - - - -
Am2814 P-16-1 D-16-2 D-16-2 - - - -
Am2825 P-10-1 D-16-2 D-16-2 ~ - - -
Am2826 P-16-1 D-16-2 D-16-2 - - - -
Am2827 P-8-1 D-8-2 D-8-2 - - - -
Am2833 P-8-1 D-8-2 D-8-2 - - - -
Am2841 P-16-1 D-16-1 D-16-1 - - - -
Am2847 P-16-1 D-16-1 D-16-1 - - - -
Am2855 P-16-1 D-16-1 D-16-1 - - - -
Am2856 P-10-1 - - - - H-10-1 H-10-1
Am2857 P-8-1 D-8-2 D-8-2 - - - -
Am2896 P-16-1 D-16-1 D-16-1 - - - -
AmM4025/5025 P-10-1 D-16-1 D-16-1 - - - -
AmA4026/5026 P-16-1 D-16-1 D-16-1 - - - -
AMA4027/5027 P-8-1 D-8-2 D-8-2 - - - -
AMA4055/5055 P-16-1 D-16-1 D-16-1 - - - -
Am4056/5056 - - - - - H-10-1 H-10-1
AMA4057/5057 P-8-1 D-8-2 D-8-2 - - - ~
AmB035 P-40-1 - - - D-40-1 - -
AmB8041 P-40-1 - - - D-40-1 - -
AmB048 P-40-1 - - - D-40-1 - -
AmB085A P-40-1 D-40-1 D-40-1 - D-40-1 - -
Am8155 P-40-1 - - - D-40-1 - -
AmB156 P-40-1 - - - D-40-1 - -
Am8253 P-24-1 - - - D-24-1 - -
AmB8255A P-40-1 - D-40-1 - D-40-1 - -
AmB8279 P-40-1 - - - D-40-1 - -
AM9016 P-16-1 D-16-1 D-16-1 - - - -
Am9044 P-18-1 D-18-1 D-18-1 - - - -
AMYO0L44 P-18-1 D-18-1 D-18-1 - - - -
Am9080 P-40-1 D-40-1 D-40-1 - D-40-1 - -
Am9101 pP-22-1 D-22-1 D-22-1 . - - -
AmgiLO1 P-22-1 D-22-1 D-22-1 - - - -
Am9111 P-18-1 D-18-1 D-18-1 - - - -
AmgiL11 P-18-1 D-18-1 D-18-1 - - - -
Am9112 P-16-1 D-16-1 D-16-1 - - - -
Am91IL12 P-16-1 D-16-1 D-16-1 - - - -
Am9114 P-18-1 D-18-1 D-18-1 - - - -
Am9iL14 P-18-1 D-18-1 D-18-1 - - -
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PACKAGE PER DEVICE TYPE (Cont.)

Package-Temperature Code

Device PC DC DM/DL FM cc HC HM
Am9124 P-18-1 D-18-1 D-18-1 F-18-2 - - -
Am91L24 P-18-1 D-18-1 D-18-1 F-18-2 - - -
Am9130 P-22-1 D-22-1 D-22-1 - - - -
AmS1L.30 P-22-1 D-22-1 D-22-1 - - - -
Am9131 P-22-1 D-22-1 D-22-1 - - - -
Am91L31 P-22-1 D-22-1 D-22-1 - - - -
Am9140 P-22-1 D-22-1 D-22-1 F-22-1 - - -
Am91L40 P-22-1 D-22-1 D-22-1 F-22-1 - - -
Amg141 P-22-1 D-22-1 D-22-1 F-22-1 - - -
Am91L41 P-22-1 D-22-1 D-22-1 F-22-1 - - -
Amg147 - D-1841 D-18-1 F-18-2 - - -
Am9208 P-24-1 D-24-2 D-24-2 - - - -
Am9214/3514 - D-24-2 D-24-2 - D-24-1 - -
Am9216 P-24-1 D-24-2 D-24-2 - - - -
Am9217/8316A P-24-1 D-24-2 D-24-2 - D-24-1 - —
Am9218/8316E P-24-1 D-24-2 D-24-2 - D-24-1 - -
Am9232/9233 P-24-1 D-24-2 D-24-2 - D-24-1 - -
Am9244 P-18-1 D-18-1 D-18-1 F-18-2 - - -
Am92L44 P-18-1 D-18-1 D-18-1 F-18-2 - - -
AmS511A - D-24-2 D-24-2 - - - -
Amg512 - D-24-2 D-24-2 - - - -
Am9513 - D-40-1 D-40-1 - - - -
Am9517A P-40-1 D-40-1 D-40-1 - - - -
Am9519 P-28-1 D-28-1 D-28-1 - - - -
Am9551 P-28-1 D-28-1 D-28-1 - D-28-1 - -
Am9555 P-40-1 D-40-1 D-40-1 - D-40-1 - -
Amg557 P-40-1 D-40-1 D-40-1 - - - -
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PACKAGE OUTLINES

METAL CAN PACKAGES

H-8-1 H-10-1
e— o0 4D
._oD,——‘ ¢D'
H l Ly Ly A REFERENCE
REFERENCE 12
PLANE IL Ll ’ P ERENCE
e Lo pt‘;wﬁ - -
/m T —— w0 =

AMD Pkg. H-8-1 H-101 G-121
Common TO-99 TO-100 TO-8
Name Metal Metal Metal
Can Can Can
iﬁlﬂdix c A A2 -
Parameters Min. [ Max. | Min. | Max. | Min. [ Max.
A 165 | .185 | .165 | .i185 | .155 | .180
e 185 | 215 | 215 | .245 | .390 | .410
eq 090 | .110 | .105 | 125 | 090 | .110
F .013 | .033 | .013 | .033 | .020 | .030
k 027 | 034 | .027 | .034 | .024 | .034
k1 .027 | .045 | .027 | .045 | .024 | .038
L ..500 | .570 | .500 | .610 | .500 | .600
L1 .050 .050
L2 250 250
o 45° BSC 36° BSC 45°
¢b 016 | .019 [ .016 | .019
b1 016 | .021 | .016 | .021 | .016 | .021
¢D 350 | .370 | .350 | .370 | .590 | .610
¢D1 305 | .335 | .305 | .335 | .540 | .560
¢D2 120 | .160 | .120 | .160 | .390 | .410
Q .015 | 045 | 015 | .045

Notes: 1. Standard lead finish is bright acid tin plate or gold plate.
2. ¢b applies between L, and L,. ¢by applies between L4 and 0.500”
beyond reference plane.
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PACKAGE OUTLINES (Cont.)

MOLDED DUAL IN-LINE PACKAGES
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PACKAGE OUTLINES (Cont.)

MOLDED DUAL IN-LINE PACKAGES (Cont.)

P-24-1 p-28-1

fataYavatatatatatatatatal Fis Vil Bl B rbe T Db R T ke Bk Y Do Do e k|

T 7 5] _r 2 15
A
i— 1 12 L 1 14
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—~| L—3| St —l— SEATING

S — e R
R I

PLANE
e

3

| s
e

.

P-40-1

D Teha vl e Tk W Wb Weho ke Fuke T ke Tk Wk D N Wk Wk Bk}
40 21

e ) )
_L'l 20

AL I T IR G T R R R W R A R B
SEATING

$1 —|

PLANE

AMD Pkg. P81 P-10-1 P-141 P-16-1, P-18-1 P-20-1 P-221 P-24-1 P-28-1 P-40-1
Parameters | Min. | Max. [ Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min, { Max. | Min, | Max. | Min. | Max. | Min. | Max. | Min. { Max.
A 150 | .200 | .150-| .200 | .150 | .200 | .150 | .200 | .150 | .200 |.150 | .200 | .150 | .200 | .170 | .215 | .150 | .200 | .150 | .200
b 015 | .022 015 | .020 .015 | .020 .015 | .020 015 | .020 .015 | .020 015 ;| .020 .015 | .020 015 | .020 015 | .020
b1 .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065 | .055 | .065
c .009 | .01 009 | .011 009 | .01 009 { .on .009 | .011 .009 | .01 .009 | 011 .009 | .011 009 | .01 .009 | .011
D .375 | .395 505 | .550 745 | .775 745 775 895 925 |1.010 | 1.050 | 1.080 | 1.120 | 1.240 | 1.270 | 1.450 | .1.480 { 2.050 | 2.080
E 240 | 260 | .240 | .260 | .240 ( .260 | .240 | .260 | .240 | .260 | .250 | .290 | .330 | .370 | .515 | .540 | .630 | .550 | .530 | .550
E2 .310 | 385 | .310 | .385 | .310 | .385 | .310 } .385 | .310 | .385 | .310 | .385 | .410 | .480 | .585 | .700 | .685 | .700 | 685 | .700
e .090 | .110 .090 | .110 090 | .110 .090 | .110 090 | .110 080 | .110 .090 | .110 .090 | .10 .090 | .110 090 | .110
L 125 | 150 | 125 | 150 | 125 | .150 | 125 | .150 | 126 | 150 | .1256 | .150 | .126 | .160 | .125 | .160 | .125 | .160 | .126 | .160
Q .015 | .060 | .015 | .060 { .015 [ .060 | .015 { .060 | .015 | .060 | .015 | .060 | 015 [ .060 | 016 | .060 | .015 | .060 | .015 | .060
S1 .010.1 .030 .040 | .070 .040 | .065 .010 | .040 .030 | .040 .0256 | .055 015 | .045 035 | .065 .040 | .070 .040 | .070

Notes: 1. Standard lead finish is tin plate or solder dip.
2. Dimension Ey is an outside measurement.




PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES
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PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES (Cont.)
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PACKAGE OUTLINES (Cont.)
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PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES (Cont.)

AMD Pkg. D-8-1 D-8-2 D-14-1 D-14-2 (301(:.2) D-16-1 D-16-2
Common SIDE- : SIDE- METAL SIDE-
Name CERDIP BRAZED CERDIP BRAZED DIP CERDIP BRAZED
38510

Appendix C - - D-1(1) D-1(3) D-1(1) D-2(1) D-2(3)
Parameters Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
A 130 | .200 | .100 | .200 | .130 | .200 | .100 | .200 | .100 | .200 | .130 | .200 | .100 | .200
b .016 .020 .015 .022 .016 .020 .015 022 .015 .023 .016 .020 .015 022
b4 .050 .070 .040 .065 .050 .070 .040 .065 .030 .070 .050 .070 .040 .065
c .009 .011 .008 .013 .009 .01 .008 013 .008 011 .009 .011 .008 .013
D 370 400 .500 540 .745 .785 .690 730 .660 .785 745 .785 .780 .820
E 240 | 285 | 260 | .310 | 240 | .285 | 260 | .310 | .230 | 265 | .240 | .310 | .260 | .310
Eq .300 .320 .290 .320 .290 .320 290 320 .290 310 .290 .320 .290 .320
e .090 110 .090 110 .090 110 .090 110 .090 110 .090 110 .090 110
L 125 150 125 .160 125 150 125 160 100 150 125 .150 125 .160
Q .015 .060 .020 .060 .015 .060 .020 .060 .020 .080 .015 .060 .020 .060
S, 004 .005 .010 .005 .020 .005 .005

a 3° 13° 3° 13° 3° 13° 3° 13°

Standard

Lead b borc b borc c b borc
Finish

AMD Pkg. D-18-1 D-18-2 D-20-1 D-20-2 D-22-1 D-22-2 D-24-1
Common SIDE- SIDE- SIDE-

Name CERDIP BRAZED CERDIP BRAZED CERDIP BRAZED CERDIP
38510

Appendix C - - - - - - D-3(1)
Parameters Min, Max. | Min. | Max. Min, | Max. Min. | Max. Min. Max. | Min. Max. | Min, Max.
A 130 .200 .100 .200 140 .220 .100 .200 140 .220 .100 .200 150 225
b .016 .020 015 .022 .016 .020 .015 .022 .016 .020 .015 .022 | -.016 .020
by .050 .070 .040 .065 .050 .070 .040 .065 .045 .065 .030 .060 .045 .065
c .009 .01 .008 .013 .009 011 .008 013 .009 .011 .008 013 .009 .01
D .870 .920 .850 .930 .935 .970 950 1.010 | 1.045 | 1.110 | 1.050 | 1.110 | 1.230 | 1.285
E 280 | .310 | .260 | .310 | .245 | .285 | .260 .310 | .360 | .405 | .360 [ .410 | .510 | .545
Eq 290 320 .290 320 280 .320 .290 320 .390 420 .390 420 .600 .620
e - .090 110 .090 110 | .090 110 .090 110 .090 110 .090 110 .090 110
L 125 .150 125 .160 125 .150 125 .160 125 150 125 160 .120 .150
Q .015 .060 .020 .060 .015 .060 .020 .060 .015 .060 .020 .060 015 .060
S .005 .005 ".005 .005 .005 .005 010

a 3° 13° 3° 13° 3° 13° 3° 13°
Standard

Lead b borc b borc b borc b
Finish




PACKAGE OUTLINES (Cont.)
HERMETIC DUAL IN-LINE PACKAGES (Cont.)

AMD Pkg. D-24-2 D-24-4/D-24-4* D-28-1 D-28-2 D-40-1 D-40-2 D-48-2
Common SIDE- SIDE- SIDE- SIDE-
Name BRAZED CERVIEW CERDIP BRAZED CERDIP BRAZED BRAZED
38510
Appendix C D-3(3) - - - D-5 - -
Parameters Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
A .100 .200 .150 .225 150 225 .100 .200 150 225 100 .200 .100 .200
b 015 .022 .016 .020 .016 .020 .015 .022 016 .020 .015 .022 .015 .022
b4 .030 .060 .045 .065 .045 .065 .030 .060 .045 .065 .030 .060 .030 .060
c .008 .013 .009 .01 .009 011 .008 013 .009 .011 .008 .013 .008 .013
1.170 | 1.200 [ 1.235 | 1.280 | 1.440 | 1.500 | 1.380 | 1.420 | 2.020 | 2.100 | 1.960 | 2.040 | 2.370 | 2.430
E .550 .610 510 .550 .510 .550 .560 .600 510 550 .550 610 570 .610
E4 .590 620 .600 .630 .600 .630 590 .620 .600 .630 590 .620 .590 620
e .090 .110 .090 110 .090 110 .090 110 .090 110 .080 110 .090 110
L 120 .160 .120 .150 120 150 120 .160 120 .150 120 160 125 160
Q 020 .060 015 .060 015 .060 .020 .060 .015 .060 .020 .060 020 .060
Sy .005 .010 .005 .005 .005 .005 .005
43 3° 13° 3° 13° 3° 13°
Standard
Lead borc b b b borc borc
Finish

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.
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PACKAGE OUTLINES (Cont.)

FLAT PACKAGES
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PACKAGE OUTLINES (Cont.)

FLAT PACKAGES (Cont.)
F-28-2 F-42-1 F-48-2
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AMD Pkg. F-10-1 F-10-2 F-14-1 F-14-2 F-16-1 F-16-2 F-20-1 F-22-1
Common METAL METAL METAL METAL
NAME CERPACK | g a1 pak | CERPACK | p) a7 pak | CERPACK | g At pak | CERPACK | £/ AT PAK
38510
Appendix C F-4 ~ F4 F-1 F-1 F-5 - - -
Parameters Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
A 045 | 080 | .045 | .080 | .045 | 080 | .045 | .085 | .045 | .085 | .045 | .085 | .045 | .085 | .045 | .090
b 015 | 019 | 012 | 019 [ 015 ] 019 | 012 ] 019 [ .o15| 019 [ 015 019 | 015 | 019 | 015 | .019
c .004 | .006 | .003 | .06 | .004 | .006 | .003 | .006 | .004 | .006 | .003 | .006 | .004 | .006 | .003 | .006
D 230 | 255 | 235 | 275 | 230 | 255 | 230 | 270 | 370 | 425 | .370 | 400 | .490 | 520 | .380 | .420
D4 275 .280 410 .440
E 240 | 260 | 240 | 260 | 240 | 260 | .240 | 260 | .245 | 285 | .245 | .285 | .245 | .285 | .380 | .420
Eq 275 .280 275 .280 .290 .305 .290 .440
e 045 | 055 | .045 | .055 | .045 | 055 | 045 | 055 | .045 | 055 | .045 | .055 | .045 | .055 | .045 | .055
L 300 | .370 | .300 | 370 | .300 | .370 | .300 | .370 | .300 | .370 | .300 | .370 | .300 | .370 [ .250 | .320
Ly 920 | 980 | .920 | 980 | .920 | .980 | 920 | .980 | .920 | .980 | .920 | .980 | .920 | .980 | .920 | .980
Q 010 [ 040 | 010 | 040 [ .010 | 040 [ 010 | 040 | 020 | .040 | 010 | 040 | .020 | 040 | 010 | .040
$1 .005 .005 .005 .005 .005 .005 .005
Standard : )
Lead b c b c b c b c
Finish
AMD Pkg. F-24-1 F-24-2 F-24-3 F-28-1 F-28-2 F-42-1 F-48-2
Common CERPACK METAL METAL METAL CERAMIC CERAMIC CERAMIC
Name FLAT PAK | FLAT PAK |  FLAT PAK | FLAT PAK FLAT PAK FLAT PAK
38510
Appendix C F-6 F-8 - - - - -
Parameters | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. |'Max. | Min. | Max. | Min. | Max.
A 050 | .090 | .045 | .090 | .045 | 090 | .045 | 080 | .065| .085]| .070 | .115| .070 | .110
b 015 | 019 [ .015 ] .019 [ .o15 ] 019 | 015 | 019 [ 016] 025| 017 | .023 | .018| .022
c 004 | .006 | .003 | .006 | .003 | 006 | .003 | .006 | .007| .010] .006 | .012 | .006 | .010
D 580 | .620 | 360 | .410 | 380 | 420 | 360 | 410 | .700[ .720 | 1.030 | 1.080 | 1.175 | 1.250
D¢ .420 440 410 720 1.090 1.250
E 360 | 385 | 245 | 285 | 380 | 420 | 360 | 410 | 25| 650 | 620 | 660 | .615| 670
Eq 410 .305 440 410 650 660 670
e 045 | 055 | 045 | 055 | .045 | 055 | 045 | 055 | .045[ 055 | .045| .055 | .045 | .055
L 265 | 320 | .300 | 370 | 250 | 320 | 270 | 320 | 415| 435| 320 | .370 | .320 | .370
Ly 920 | .980 | .920 | .980 [ .920 | .980 | .955 | 1.000 | 1.475 | 1.500 | 1.300 | 1.370 | 1.310 | 1.365
Q 020 | .040 | 010 | .040 [ .010 | 040 [ .010‘[ 040 | .017| .025| .020| .060 | .020 [ .055
$1 .005 .005 0’ 0 .005 .005 015
Standard
Lead b c c c ¢ ¢ ¢
Finish

Notes: 1. Lead finish b is tin plate. Finish ¢ is gold plate.
2, Dimensions E; and D4 allow for off-center lid, meniscus, and glass overrun.

C-12



SALES OFFICES AND REPRESENTATIVES

SOUTHWEST AREA
Advanced Micro Devices
9595 W|shlve Boulevard

Hnlls California 90212

Tel (213) 278-9700

(213) 275-9701

91049021&3
Advanced Micro Devices
1414 Wast Broadway Road
‘?u‘w 23?\'\ 85282

empe, Arizona

Tel: (602) 244-9511
TWX: 910-950-0127
Advanced Micro Devices
4000 MacArthur Bivd.
Suite 5000

Newport Beach, California 92660
Tel: (714) 752-6262
TWX: 910-595-1575
Advanced Micro Devices
13771 No. Central Expy.
Suite 1008
Dallas, Texas 75243
Tel: ( 14) 234-5886

:"910-867-4795
Adnneod Micro Devices
5955 Desolo Ave., Suite 249

nd Hills, Caldcmla 91367

Tel (213) 992-4

TWX: 91 0—494-4720

NORTHWEST AREA
dv

0-338-0192

Denver, Colorado 80221
Tel: (303) 426-7100
TWX: 91&9@! 2562

Advanced M
7110 SW. Flr Loop Sulle 130
Tl? ard, Oregon 97223
Tel: (503) 620- 02
. 910-458-8797

Advanced Micro Devices
Honeyweti Ctr., Suna 1002
500 108th Ave. N.E.

Bellevue, Washington 98004
Tel: (206) 455-361

Advanced Micro Devices International Sales Offices

BELGIUM

Advanced Micro Dawces
Overseas Corporati

Avenue de Tervueren 412,ble 9

FRANCE
Advanced Micro Devices, S.A.

Eur an Marketing Centre
?h?d Général \?aumn

MID-AMERICA AREA
Advanced Micro Devices
1111 Plaza Drive, Suite 420
Schaumburg, lllincis 60195
Tel: (312) 882-8660

TWX: 910-291-3589

Advanced Micro Devices
3400 West 66th Street
Suﬂs 375

dina, Minnesota 55435
Tel (612) 929—5400

Mv-nud Mlcvo Dcvms
50 McNaughton Road

Suite 102

Columbus, Ohio 43213
Tol: (614) 864-9906
TWX: 810-339-2431
Advanced Micro Devices
33150 Schoolcrat

Livonia,
Tel: (313) 425-3440
TWX: 810-242-8777

MID-ATLANTIC AREA

Tel: (su?)' 364-8020
WX; 510-221-1819
Aavlncod Micro Devices
wbmok

Ave.
New York 13057
Tel éa‘s) 437-

Edison, New Jersey 08817
Tel: (201) 985-6800
TWX: 710-480-6260

Advanced Micro Devices
1 Gibralter Plaza, Suite 219
Horsham, Pennsylvania 19044
Tel: (215) 441-8210

WX: 510-665-7572
Advanced Micro Devices
82 Washington Street, Suite 206
Poughkeepsie, New York 12601
Tel: (914) 471-8180

WX: 510-248-4219

NORTHEAST AREA
Advanced Micro Devices
300 New Boston Park
Woburn, Massachusetts 01801
Tel: (617) 933-1234

TWX: 710-348-1332

SOUTNEAST AREA

Linthicum, M
Tel: (301) 796-9310
TWX: 710-861-0503
Advanced Micro Devices
éDOI N.W. 62nd Street

it
Ft. Lauderdale Florida 33309
Tel: (305)

Aanneod UIcm Device:
8755 Peachtree Indusmal Boulevard

Sulte 104
Atlanta, Georgia 30360

Tel: (404) 7920
0-766-0430

Adnneod Micro Devices

501 Archdale Dr., Suite 227

Charlotte, North Carolina 28210

Tel: (704) 525-1875

GERMANY
Advanced Micro Devices GmbH
Rosenheimer Str. 139

JAP
Advancsd MICIO Devices KK.

SWEDEN

Advanced Micro Devices AB

Box 7013

$-172 07 Sundbgberg
(08) 98

-8000 Muenchen i
B-1150 Bruxelles F-OGQOO Canl Tel: (083) 40 19 76 Suginami-ku, Tokyo 168 Tel:
PI: 0?) 77199 93 Tél éOSG) 73. 60,75 TELEX: 0-523883 Tel: (03) 329-2° TELEX: 11602
ELEX: 61028 TELEX: 470966 Advanced Micro Devices GmbH EX: 232 UNITED KINGDOM
Advanced Micro Devices, S.A. Harthaeuser Hauptstrasse 4 Advanced Micro Devices, K.K. Advanced Micro Devices (U.K.) Ltd
Silic 314, Immeuble Helsinki D-7024 Filderstadt 3 Daidoh-Seimei Ezaka Dai-2 Bldg. AM.D. House. . .
7l rue d' Amu Tel: (07158) 6263 0 23-5, 1-chome, Ezaka-cho, Suita-shi Goidswonh Road,
ingis Cedex TELEX: 0-721211 Osaka 564 Woki "
Tél ém) 68802586 Tel: (06) 386-9161 su"ey Gu21
ALY
Advanoed Micro Devlces SRL. ;eEILE‘A)I(okmg (04862) 22121
Centro Direzionale
Palazza Vasari, 3° Piano
l2 Segrale (M)
o s
TEL 3t 5286
N . R
I Sales Repr and Distrib
ARGENTINA GERMANY indelco, S.aL. ~ Roma NETHERLANDS DEN
Thlko, S.A. Electronica Cosmos Elektronik GmbH Via C. Colombo, 134 Arcobel BV Svansk Teleindustri AB
Peru Hegelstrasse 16 7

VOGB Buenos Aires
Ts? ( 30-4132

é 33-4870
TELEX: 17825
Koti International (:ovpcratnon
1660 Rollins Roa
Burlingame, Camofma 94010
Tel: (415) 692-3200
TELEX: 331491

AUSTRALIA

A.J. Distributors Pty. Ltd.

P.0. Box 71

44 Prospect Road

Prospect, S.A. 5082

Tel (8) 269-1244
ELEX: 82635

R and D Electronics

257 Burwood Highway

P.O. Box 206

eurwood 3125

ictori:
Tel: (03) 288-8232/62
TELEX: AA33288

Rand D Electromcs

P.O. Box

grows Nss\ N.S.W. 2065

‘I’:Id {61) 439-5488
TELEX: (790) 25468

AUSTRIA
Kontron Ges.m.b.H.
Induslnostr B 13

345 Brunn am Gebirge
Yel (02235) B 66 31

BELGIUM
MCA Tronix S.P.R.L.
Route du Condroz, 513

1200 Ougree
Tél: (041) 3627801362795
TELEX: 42052
DENMARK

Advanced Electromc of Denmark Aps
Manendu

FINLAND
Komdel OY
Vanha Finnoontie 4

SF—0227‘| E 27

Tel: (0)
TELI |2 ‘926
FRANCE

6, Avenue du Général De Gaulle
Hall A

a
F-78150 Le Chesnay
Tél éO‘l)

E|swonlc D-relec (LED)
1 rue Henri Pen:
F—69352 Lyon Cedex 2
é078.)3 58.85.85
TEL 00 270

73 avenue Charles De Gaulle
92200 Neuilly-sur-Seine

m 01) 747.11.01

TELEX: 611985

D-8000 Musnchen 83
Tel: (089) 60 20 B8
TELEX: 0-522545
EBV-Elektronik Vertriebs GmbH
Oberw 8
Interhaching b. Muenchen
(089 6 " 05 1
T LEX:

EBVvEIektroruk Vertrlebs GmbH

D—4000
Tel 0211) a 48 46/7

TELEX: 0-8587267
EBV-Elektronik Vertriebs GmbH
Kiebitzrain 18
D-3006 Burgwedel 1/Hannover
Tel: (05139) 50 38
TELEX: 0-923694

EBV-Elektronik Vertriebs GmbH
usstr. 54

D-6000 Frankurt 1

TeliéOGII) 7204 16

TELEX: 0-413590

EBV-Elektronik Vertriebs GmbH

Alexanderstr. 42

D-7000 Stuttgart 1

Te!: (0711) 24 74 81/83

TELEX: 0-722271

Etbatex GmbH

Tel: (07131)83 00 1
TELEX: 0-728362

Nome!ektromk Vertriebs GmbH
Bahnhofstr.
0-2301 KneFRausdori
1: (04307) 54
Nordelsktromk Vermebs GmbH
Harksheiderweg 238-240
D-2085 Quickborn
Tek: é04106) 40 31

MEV-Mikro Elektronlk Vertrieb
H. Lichotka

Muenchener Strassa 16A

D-8021 Deining b. Muenchen

Tel: (08170) 71 61

TELEX: 0-527828

INDIA
SRI RAM Associates
P.O. Box 60965
Sunnyvale, CA 94088
Tol: é:(w) 738-2295

: 9
SR
245 Jayanagara III Biock
Bangatore 56001

Tel 611606
TELEX: 8458162

1SRAE

Ta)vlloh Elemmnlcs. Ld.
P.0. Box 21104

9, ammor Sheel

Tel: é?(@) 444572

TELEX: 03-3400

Tel: (02) 862963

1-00147 Roma

Tel: (06) 514 0722

TELEX: 611517

Cramer Halia S.p.A.

Via Ferrarese, 10/2

140128 Bologna

Tel: (051) 372777

TELEX: 511870

Cramer Italia S.p.A.
Via S. Simpliciano, 2
-20121 Milano

Tel (02) 809326

Cramer Halia S.p.
3" Tvaversa Domemco Fontana, 22 AB

Tel‘ (061) 55300

Cramer Halia S.| p A
Via C Co!ombo

I
(OS) 51198
TELEX 611517

Cramer ltalia S.p.A.
Corso Traiano, 109
1-10127 Torino

Tel: {011) 619 2062/2067
TELEX: 211252

JAPAN
Advaj\ced Technology Corporation
n

Tashi Bldg., 3rd Floor

No. 8, Minami Motomachi
Shinjuku-ku, Tokyo 160
Tel: (03) 265-9416

Asahi Glass Comrany. Ltd.
2-1-2, Marunouchi
Chiyoda-ku, Tokyo 100
Tel: (03) 218-5690
Dainichi Electronics

Bunkyo-ku, Tok

Tel: (03) 813-6876

Dainichi Electronics

Kintetsu-Takama Building

38-3 Takama-cho

Narashi 630

IS1 Lid.

8-3, 4-chome, Lidabashi

Chiyoda-ku, Tokyo 102

Tel: (03) 264-3301

Kanematsu Denshi KK.

Takanawa Bldg., 2nd Floor
6, 3-chome, Takanawa

Mm'noku Tokyo 108

Microtek, Inc.

Naito Building

7-2-8 Nishishinjuku

Shinjuku-ku, Tokyo 160

Tel: (03) 363-2317

TELEX: J28497

KOREA
Duksugtradmg
H — Jinwon Bldg 507-30
Sinrim 4-Dong
Gwanak-ku
il

Seoul
Tel: 856-9764
TELEX: K23459

Van Almondestraat 6
Box 344

NL-5340 AE Oss
Tel: é04|20) 24200/27574
TELEX: 50835

NEW ZEALAND
G.T.S. Engineering, Ltd.
P.O. Box 42-053, Orakei

wekiand
Tel: {Auck) 543 214
(Auck) 546 745
TELEX: NZ2591

NORWAY
A.S Kiell Bakke
Nygata

. Box 143
N-2011 Stroemmen
Tel: {02) 71 53 50
TELEX: 19407

SINGAPORE
Sentry-Tech (Pte.) Ltd.
3210 Shaw Towers
00 Beach Road
Singapore 0718

el: 292 4342

746 4260
TELEX: RS 34235

SOUTH AFRICA
Cominsnlal Devices (Pty.) Ltd.
P 0. Box

Tel o11) 789 2400

TELEX: 4-24849 S,

SOUTH AMERICA
Inte

2349 Charleston Road

Mountain View, CA 94043
Tel: (415) 967-8818/25
TELEX: 345 545

SPAIN
ula S.A.
Avda. Baro 19
Barcelona
Tet: (03) 386 19 58

A\?%a de'némén y Cajal. 5

S 162 05 Véllmgbg'
Tel: (08) 89 043
TELEX: 13033

SWITZERLAND
Kurt Hirt AG
Thurgauerstr. 74
CH-8050 Zuerich
Tel: (01) 30221 21
TELEX: 53461

TAIWAN

Everdata Pacific Co.

3421 Geary Biv

San Francisco, CA 94118
Tel: (415) 668-7524
TELEX: 171470

Everdata International Corp.

11/F 219, Chung Hsiao E. Rd.
. 4, Taipel

Tel: 752-9911

TELEX: 21528

UNntglélKINGDOg
lectronic Components
52 College Road
Matdswne Kem ME15 6SA
: (0622) 540!

TELEX 965998

Hawke-Cramy

Hawke Electtms Limited
Amotex House

45 Hanworth Road

el é01} 979-7799
TELEX: 923592

Dage Eurosem, Ltd.

Hay Hou:

64 High Street

Pinner, Middlesex, HAS 5QA

Tel: {01) 868 0028/9

TELEX: 24506

ITT Electronic Services
Edinburgh Way

Harlow, Essex CM20 20F

Tel Havlow 5&0279) 26777

Me ec, Lid.
Thame Park Industrial Estate

ladrid- Oxoﬂ OX9 3!
Te!l: (01) 459 33 00/04/08 Tet: Thame (W 421) 3146
TELEX: 42 207 TELEX:
Sagitrén, S.A. Ouarndon Elecuomcs
General de L.

C/. Castell$, 25, 2°
Madrid-1

Tel: (01) 2754824
TELEX: 43819

Tsl%emy (0382) 363291



U.S. and Canadian Sales Repr

Eboctronlc Manutacturers A ents

2309 Starmount Circle, S.!

Hunlsvllle Alabama 35601
(205) 533-6440

TWX 810-726-2110

CALIFORNIA

(;loﬂhlm)

I Incorporated

3350 Scott Boulevard

Suite 1001, Bidg. 10

Santa Clua. Camomla 95050

Tel: (
910-338 0182

Bestones
7627
Tel (

og)o éalﬂomla 92“\

CANADA (Eastern)
Elactroni

ics

Cota Vertu, Suite 203
S( Laurent, Quebec,
Canada H4R 2B7
Tel: (514) 331-7393
TWX: 610-421-3124
TELEX: 05-821762
Vitel Electronics
1 Vuican St., Suite 203
Rexdale, Onvllarlo,

anada 13
Tel: (416) 245-8528
0-49 -3728

85 Alboﬂ Sm\. Suite 1610
Ottawa, Ontaria

wa,
Canada K1P 6A4
Tel: (613) 236-0396
TELEX: 0533198

CANADA (thm)

lectronics
3665 Klngsway. Suite 211
Burnaby, British Columbia
Canada V5R !
Tel: (604) 438-6121
TWX: 610-953-4925

CONNECTICUT
Sdanﬂﬂc Components
85 South Main Street

55-2078

FLORIDA

soonla &Assoolates. Inc.
235 South c.mm Ave,
Oviedo, Florida 32765
Tel: (305) 365-3283
TWX: 810-856-3520

Conle &Assoclates. Inc.
1812 LW, Second Ave.

Box ’;
Booa a 33432
Tel: (305) ass»sms

y & Assoda S, Inc.
4021 W Waters Avenue
Sul te 2
mpa, Florida 33614
Tel (813) 885-7658
TWX: 810-876-9136

GEOROI
Electronic Manutacturers Agents

6755P htree Industrial Bivd., N.E.

‘l’el (404‘”’&9430

ILLINOIS

Oasis. Salss, Inc.

1101 Towne Road

Elk (.?rovs) Vlllage, Niinois 60007
TWX 9

|0-222 1775

INDIANA

Electro Reps., Inc.

941 E esm Sl Suus 101
lis, Indiana 46240

TWX‘ 810—341-3217

Electro Reps.,

60 Hobson | Rd . Suite 106
Ft. Wayne, Indiana 46815
Tel: (219) 483-0!

TWX: 810-332- 1613

IOWA

Lorenz Sales,

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

KANSAS
Kebco Sales
7070 West 1o7m Street

Suite 160
Overland Park, Kansas 66212
Tel: (913) 649—1051

Sk Varketng Corp
PO Box N "0

ighton, Michigan 48116
Tal (313)2271756
TWX: 810-242-1518

MISSOURI

Kebco Manufacturers

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

TWX: 910-764-0826

NEBRASKA

Lorenz Sales

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

NEW JERSEY
T.A Corp.

12 S0, Black Horse Pike
Bellmawr. New Jersey 08031
933-2600

Tel: (609
TWX: 710-639-1810

NEW MEXICO
Thorson Company
1101 caldenas N.E.

bquorqua, Nw Mexlco 87110
Tel: (505) 265-
;91 &989-1 1 74

NEW YORK

Inc.
msr Orive

East Syracuss, New York 13057
Tel: (315 437-8343
TWX: 710-541-1506

QHIO
Doll;_,ssPRoot & %0 »
Strof Ile Ohm 44136
Tel: -0300
TWX: 510427 9148
653 Miat ptay sbu'r'we rville Road
ami ntervilte Roa
Suite 202
Centervills, Ohio_45459
Tel: (513) 433-6776

PENNSYLVANIA

Dolfuss-Root & Co.

United Industrial Park

Suite 203A, Building A

96 Vanadium Road

rgh Pennsylvania 15017
Tal (412) 221-4420

TEXAS
Bonser-Philnower Sales
13777 Nz Central Expressway

DAIIn.s. Texas 75243
Tel: (214) 234-8438

Bonser-Phithower

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

RZ

840 North 400 East, Suite B
North Salt Lake, Utah 84054
Tel: (801) 268-2631

TWX: 810-925-5607

WASHINGTON
Venture Electronics
1601 nem N.E., Suite 109
B ?I Washi 98005
Bellevue,
Tel: &Oﬁs wﬁ
2-8851

WISCONSIN

Oasis Sales, Inc.

N. 81 W, 12920 Leon Road

Suite 111

Menomonee Falls, Wisconsin 53051
Tel: (414) 445-6682



U.S. AND CANADIAN STOCKING DISTRIBUTORS

ALABAM,

Hammon/Avnel Eleﬂronlcs
4812 Commercial Driv
Huntsville, Alabama 35305
Tel: (205) 533-1170

Hall-Mark Electronics
4900 Brad(ord Drive, N.W.

0. Box
svllle A\abame 35807
Tel (205) 837-8700

ARIZO

le Distribution Group
8155 North 24th Avenue
Phoenix, Arizona 85021
Tel: (602) 249-2232

Hamilton/Avnet Electronics
505 South Madison Drive
Tempe, Arizona 85281
Tel: (602) 275-7851

TWX: 910-951-1535

CALIFORNIA

Avnet Electronics

350 McCormick Avenue

Irvine Industrial Complex
Costa Mesa, California 92626
Tel: (714) 754-6084

TWX: 910-595-1928

Bell Industries

1161 North Fairoaks Avenue
Sunnyvale, California 94086
Tel: (408) 734-8570

TWX: 910-339-9378

Hanmilton Electro Sales
10912 West Washington Boutevard
Culver City, California 90230
Tel: (213) 558-2131
(714) 522-8220
TWX: 910-340-6364
910-340-7073
TELEX: 67-36-92

Hamlllon/Avnel Electronics
1 175 Bordeaw

yvale, Calllorma 94086
Tel (408) 3300
TWX: 910- 339 9332

Hamilton/Avnet Electronics
4545 View Ridge Road
San Diego, Cal Oanla 92123
Teol: (714) 571-7

TELEX: 69-54- |5

Hamnton/Avnet Electronics
3170 Pullm:

Costa Mesa. Cahlorma 92626
Tel: (714) 641-1850

Wyle Distribution Group
9525 Chesapeake Drive
San Dleg alifornia 92123
Tel: (714) 565-9171

TWX: 910-335-1590

Schweber Electronics
17811 Gillette

Irvine, California 92714
Tel: (213) 537-4320
TWX: 910-595-1720

Schweber Elaclromcs
3110 Patrick Henry Di
Santa clara Camorma 95050
Tel (
338 2043

Wyle Distribution Group
124 Maryland Avenue

El Sequndo, Calfornia 90545
Tel: &m) 00
T 03407 140

910-348-7111

Arrow Electronics
720 Palomar Avenue
ale, Cahlomm 94086

Sunnyv.
ol 1405& 011
339- 9371

‘Wyle Distribution Grouplsanla Clara
3000 Bowers Avenu
Sanla Clava Calufomla 95052
Tel: (wa) 727-2500
TWX: -338-0296
91 0-335 0541

Wyle Distribution Group
Orange County Division
17872 Cow:

Irvine, calworma 927|A
Tel: (714) 641~

CANADA
Hamulton/Avnel Electronics
2670 Sabouri

St. Laurent, Ouebec, Canada H4S 1M2

Tel: (514) 331-6443
TWX: 610-421-3731

Hamilton/Avnet Electronics
3688 Nashua Road

Mississauga, Ontario, Canada L4V 1M5

Tel: (416) 677-7432
TWX: 610-492-8867

Hamitton/Avnet Electronics

1735 Courtwood Crescent
Ottawa, Ontario, Canada K2C 3J2
Yel: (GI 3) 226-(700

RAE Induslrlal Eleclronu:s Lid.
3455 Gardne

Burnaby, Brmsn Columbta
Canada V5G 447

TELEX: 04356533

Future Electronics
5647 Ferrier Street
Montreal, Quebec, Canada H4P 2K5
Tel: (514) 731-7441
TWX: 610/421- 251
05-827789

Future Electronics
4800 Dutferin Street
Downsview, Ontario
Cnnada M3H 559
Tel: (416) 663-5563

Future Electronics

3070 Kingsway

Vancouver, Ermsh Columbia
Canada VS5l

Tel: (604) 438- 5545

TWX: 610-922-1668

Future Electronics
Baxter Centre
1050 Baxter Road

Tel: (613) 820-8313

COLORADO

Wyle Distribution Group
451 East 124th Avenue
Thornton, Colorado 80241
Tel: (303) 457-9953

Hamilton/Avnet Electronics
8765 Easl Orchard Road

Su
Engles wood Colorado 80111
Tel: (303) 740-1000

Bell Industries

8155 West 48th Avenue
Wea\nd%e Coloradu 80033
Tel: (303) 424-1

TWX: 910-938- 0393

CONNECTICUT
Hamilton/Avnet Electronics
Commerce Pavk

Commerce Driv

Danbury, Connemlwl 06810
Tel: (203) 797-2800

TWX: 710-456-9974

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbur;, Connecticut 06810
Tel: (203) 792-3500

Arrow Electronics
295 Treadwell Street
Hamden, Connechcul 06514
Tel: (203) 248
TWX: 710~ 465 0780

Wilshire Electronics
Village Lane
Bames Industrial Park

x 200
Wa\lm iold Connscllcut 06492
Tel: (203) 265-3822

FLORIDA

Arrow Electronics

éls Paim Bay Road, N.W.
uite

Palm an, Florida 22905

Tel: (305) 725-1480

Arrow Electronics

1001 N.W. 62nd Street, Suite 402
Fi. Lauderdale, Florida 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

1302 Wast McNabb Road

Ft. Lauderdale, Florida 33309
Tel: (305) 971-9280

TWX: 510-956-9720

Hamilton/Avnet Electronics
6800 N.W. 20th Avel

Ft. Lauderdale F|onda 33309
Tel: (305) 971-2:

Hamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg, Flonda 33702
Tel: (813) 576-3!

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
6700 1-85
Suite 1E

Norcross, Georgia 30071
Tel: (404) 448-0800

ILLINOIS

Arrow E\ectronlcs

492 Lunt Ave

Schaumhurg Illlncls 60193
Tel: (312) 893-9420

Hail-Mark Electronics
1177 Industrial Drive
Bensenville, Illinois 60106
Tel (3 2) 860-3800

: 910-222-1815

Hamiiton/Avnet Eleclromcs
3901 North 25th Avenue
Schiller Park, lllinois 60176
Tel: (312) 678-6310

TWX: 910-227-0060

Pioneer/Chica

1551 Carmen

Elk Grovavma e IIhnons 60067
Tel: (31

TWX: 91 0-222~1834

INDIANA

Ploneerllndiana

6408 Castle Place Drive
Indlanapo)hs |nd|ana 46250

TWX: 6!0—260-1794

Arrow Electronics
2718 Rand Road
Indlanapohs. Indiana 46241
Tel: (317) -9353

: 810-341-3119

Hammon/Avnel Electronlcs
485 Gradle

Ind-anapclns Indlana 46032
Tel: (317) 844-9333

Schweber Electronics

6270 North Park Place, N.E.
Cedar Rapids, lowa 52402
Tel: (319) 3731417

KANSAS

Hall-Mark Electronics

11870 West 91st Street
Congleton industrial Park-
Shawnes Mission, Kansas 66214
Tel: (91 3) 888-4747

TWX: -928-1831

Hamilton/Avnet Electronlee
9219 Quivira Roa

Overland Park, Kansns 66215
Tel: (913) 888-8900

MARYLAND

Arrow Electronics

4801 Benson Avenue
Baltimore, Maryland 21227
Tel: (301) 247-5200

Hall-Mark Electronics

6655 Amberton Drive
Ba!umura Maryland 21227
Tel: (301
TWX: 710 852 1942
Hamilton/Avnet Electronics
7235 Standard Drive
Hanover, Ma Iand 21076

Tel. (307 79
T80
TELEX: 8-79-68

Ploneer/WashIngton

9100 Gaither R

Gaithersbut 3 Maryland 20760
Tet: (301)

TWX: 710-828- 0545

MASSACHUSETTS
Arrow Electronics
960 Commerce Way

Woburn, Massachusens 01801
Tel: (617) 130
TWX: 510~224 6494

Hamitton/Avnet Electronics
50 Tower Office Park
Woburn, Massachusetts 01801
Tel: (617) 935-8700
TWX: 710-393-0382

Schweber Electronics

25 Wiggins Road

Bedford, Massachusetts 01730
Tel: (617) 275-5100

Wilshire Electronics

One Wilshire R

Burlington, Massachusens 01803
Tet: (617) 2

TWX: 710»332 6359

MICHIGAN
Arrow Electronics
3921 Varsity Drive
Ann Arbor, Michigan 48104
Tel: (313) 971-8320
: 810-223-6020

Hamilton/Avnet Electronics
32487 Schoolcraft

Livonia, Mlomgan 48150
Tel: (313) 522-4700
TWX: 810-: 242-8775

Pioneer/Michigan

13455 Stamford

Livonia, Michigan 48150
o (313) 525-1800
TWX: 810-242-3271

MINNESOTA

Arrow Electronics

5230 West 73rd Street
Edina, Minnesota 55435
Tel: (612) 830-1800

Hall-Mark Electronics

7838 12th Avenue South
Bloomington, anesola 55420
Tel: (612) 854-322

TWX: 910-576- 3137

Hamilton/Avnet Electronics
7449 Cahill Road

Edina, Minnesota 55435
Tel: (612) 941-3801

MISSOURI
Hall-Mark Electronics
13789 Rider Trail
Earth City, Missouri €3045
Tel: (314) 291-5350

WX: 910-760-0671

Hamilton/Avnet Electronics
13743 Shoreline Court
Earth City, Missouri 63045
Tet: (314) 344-1200

NEW JERSEY

Arrow Eleclramcs

Pleasant Va"er»{

Moorestown, New Jerssy 08057
Tel: (609) 235-1900

Arrow Electronics
285 Midland Avenue
Saddle Brook, New Jersey 07662
Tef: (201) 797-58
: 710-988-; 2206

Hamilton/Avnet Electronlcs
10 Industrial Roa
Fairfield, New Jersey 07006
Tel: (201) 575-3390

Hamilton/Avnet Eleclronics

1 Keyslone \venus

Ty Hill, NewJersey 08003
Tel (609) 424-0100

Schweber Electronics

18 Madison Road

Fairfiald, New Jersey 07006
Tel: (201) 227-7880

TWX: 710-480-4733

Wilshire Electronics
1111 Paulison Avenue
Clitton, New Jersey 07015
Tel: (201) 340-1900

WX: 710-989-7052

Hall-Mark Electronics

2091 Springdale Road
ringdale Business Center

[+ eﬂr; Hill, New Jersey 08003

Tel: (215) 355-7300

TWX: 510-667-1750

NEW MEXICO
Mam‘lwnIAvnel Elemon}cs
50 Baylor Drivi
Albuqnerque New Mexlco 87119
Tel: (505) 765-1500

Electronic Devices Co., Inc.
3301 Juan Tabo,

Albuquerque, New Mexico 87111
Tel: (505) 293-1935

NEW YORK

Arrow Electronics

900 Broad Hollow R
Farmingdale, Nsw Yolk 11735
Tal: (516) 634

TWX: 5|0~224—6155

Arrow Electronics

7705 Maltage Drive
Liverpoof, New York 13088
Tel: (315) 652-1000

TWX: 710-545-0230

Arrow Electronics

3000 South Winton Road
Rochester, New York 14623
Tel: (716) 27

TWX: 510- 253 4766

Arrow Elsclronlcs

venue
Haupp
ong Is Iand New York 11787
Tel (516) 231-1000
TWX: 510-227-6623

Hamilton/Avnet Electronics
333 Metro Park

Rochester, New York 14623
Tel. (716) 442-7820

Hamilton/Avnet Electronics
5 Hub Drive

Melville, New York 11746
Tel: (516) 454-6000

TWX: 510-224-6166

Hamilton/Avnet Electronics
6500 Joy R

East Syracuse, New York 13057
Tel: (315) 437-2642
TWX: 710-541-0959

Summit Dlstnbutors. Inc.
916 Main Stree!

Butfalo, New York 14202
Tel: (716) 884-3450

TWX: 710-522-1692

Wilshire Electronics

110 Parkway South

Haupp:

Lom; I land New York 11787
Tet: (516) 543-5599

Wilshire Electronics

1260 Scottsville Road
Rochester, New York 14623
Tel: (716) 235-7620

TWX: 510-253-5226

Wilshire Electronics

10 Hooper Road

Endwell, New York 13760
Tel: (607) 754-1570
TWX: 510-252-0194

Schweber Electronics

Jericho Turnpike

Wesmurg, New York 11590

Tel: (516) 334-7474

TWX: 510-222-9470
510-222-3660

NORTH CAROLINA

Arrow Electronics

1337-G South Park Drive
Kernersville, North Carolina 27284
Tel: (919) 996-2039

Hall-Mark Electronics.

1208 Front Street, Building K
Raleigh, North carolma 27609
Tel: (919) 832-4465

TWX: 510-928-1831

Hamilton/Avnet Electronics
2803 Industrial Drive

leigh, North Carollna 27609
Tel (919) 829-8030

OHIO

Arrow Electronics

6238 Cochran
Solon, Ohio 44139
Tel: (216) 248-3990

Arrow Electronics

7620 McEwen Road

Cents ervnlle Ohio 45459

Tet: (5 435-5563
810—459 1611

Hamilton/Avnet Electronics
954 Senate Drive
Dayton, Ohio 45459

Tet: (513) 433-0610
TWX: 810-450-2531

Hamlllon/Avne
588 Emery lndusmal Parkway
Cleveland Ohio
Tel: (216) 831- 3500
TWX: 810-427-9452

Arrow Electronics

P.O. Box 37856
Cincinnati, Ohio 45222
Tel: (513) 761-5432
TWX: 810-461-2670

Pioneer/Cleveland
4800 East 131st Street
Cleveland, Ohio 44105
Tel: (216) '587-3600
TWX: 810-422-2211

Arrow Electronics
10 Knolicrest Drive
Reading. Ohio 45237

OKLAHOMA
Hall-Mark Electronics
4846 South 83rd East Avenue
Tulsa, Oklahoma 74145
Tel: (918) 835-8458
WX: 910-845-2290

OREGON
Hamilton/Avnet Electronics
24 . Jean

Bldg. C, Suite 10
Lake Oswego, Oregon 97034
Tel: (503) 635-8831

Almac Stroum Electronics

8022 Southwest Nimbus, Bidg. 7
Koll Business Park

Portland, Oregon 97005

Tel: (503) 641-9070

TWX: 910-467-8743

PENNSYLVANIA
chweber Eleclronlrs
101 Rock Roa
Horsham, Penns lvania 19044
Tel: (215) 441-0600

Pmneer/Pmsburgh
59 Kappa Drive
Pmsburgh Penns fvania 15238
Tel: (412) 782-2!
TWX: 710—795'3122

TEXAS
Hall- Mark Electronics
P.0. Box
11333 Page Mill Road
Dallas, Texas 75222
Tel: (21 4) 234-7300

: 910-867-4721

Hall-Mark Eleciromcs
8000 Wes!
Houston, Texas 77063
Tsl (7| d) 781-6100

: 910-881-2711

Hall-Mark Electronics
10109 McKalta Drive
Suite F

Austin, Texas 78758
Tel: (512) 837-2814
TWX: 910-874-2010

Hamilton/Avnet Electronics
2111 West Walnut Hill Lane
Irving, Texas 75062

Tet: éZM) 659-4111
TELEX: 73-05-11

Hamilton/Avnet Electronics
3939 Ann Arbor Street

Houston, Texas 77042
Tel: (713) 780-1771

Hamitton/Avnet Electronics
10508A Boyer Boulevard
Austin, Texas 78757

Tel: (512) 837-8911

Schweber Electronics

Tel: (2|4‘ 661-5010
TWX: 910-860-5493

Schweber Electronics

7420 Harwin Drive
Houston, Texas 77036

Tel: (713) 784-3600

UTAH

Bell Industries

3639 West 2150 South
Sait Lake cny. U(ah 84120
Tel: (801) 9

TWX: 910~925~5686

Hamilton/Avnet Electronics
1585 West 2100 South

Salt Lake Cl( UIah 84119
Tel: (801) 972-2800

TWX: 910- 925 4018

WASHINGTON
Hamilton/Avnet Electronics
14212 N.E. 21st Street
Ballevue Washm Iun 98005
Tel: (206) 74

TWX: 910- 443 2449

Wyle Distribution Group
1750 132nd Avenue, N.E.
Bellevue, Washington 98005
Tel: (206) 453-8300

TWX: 910-443-2526

Almac Stroum Electronics
5811 Sixth Avenue South
Seattle, Washington 98108
Tel: (208) 763-2300

TWX: 910-444-2067

WISCONSIN
Arrow Electronics
434 West Rawson Avenue
Oak Creek, Wisconsin 53154
Tel: (414) 764-6600

WX: 910-262-1193

Hall-Mark Electronics

al
Tel: (414) 761-3000

Hamilton/Avnet Electronics
2975 Moorland Road

Berlin, Wisconsin 53151
Te| (414) 784-4510
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Am9517A

During memory-to-memory transfers, EOP will be output when
the TC for channel 1 occurs. EOP always applies to the channel
with an active DACK; external EOPS are disregarded in
DACKO-DACKS3 are all inactive.

Because EOP is an open-drain signal, an external pullup resis-
tor is required. Values of 3.3K or 4.7K are recommended; the
EOP pin can not sink the current passed by a 1K pullup.

A0-A3 (Address, Input/OQutput)

The four least significant address lines are bidirectional 3-state
signals. During DMA Idle cycles they are inputs and allow the
host CPU to load or read control registers. When the DMA is
active, they are outputs and provide the lower 4-bits of the out-
put address.

A4-A7 (Address, Output)

The four most significant address lines are three-state outputs
and provide four bits of address. These lines are enabled only
during DMA service.

HREQ (Hold Request, Output)

The Hold Request to the CPU is used by the DMA to request
control of the system bus. Software requests or unmasked
DREQs cause the Am9517A to issue HREQ.

DACKO0-DACK3 (DMA Acknowledge, Output)

The DMA Acknowledge lines indicate that a channel is active. In
many systems they will be used to select a peripheral. Only one
DACK will be active at a time and none will be active unless the
DMA is in control of the bus. The polarity of these lines is pro-
grammable. Reset initializes them to active-low.

AEN (Address Enable, Output) .

Address Enable is an active high signal used to disable the
system bus during DMA cycles to enable the output of the exter-
nal latch which holds the upper byte of the address. Note that
during DMA transfers HACK and AEN should be used to de-
select all other I/O peripherals which may erroneously be acces-
sed as programmed /O during the DMA operation. The
Am9517A automatically deselects itself by disabling the CS
input during DMA transfers.

ADSTB (Address Strobe, Output)

The active high Address Strobe is used to strobe the upper
address byte from DB0-DB7 into an external latch.

MEMR (Memory Read, Output)

The Memory Read signal is an active low three-state output
used to access data from the selected memory location during a
memory-to-peripheral or a memory-to-memory transfer.

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 2. Am9517A Internal Registers.

MEMW (Memory Write, Output)

The Memory Write signal is an active low three-state output
used to write data to the selected memory location during a
peripheral-to-memory or a memory-to-memory transfer.

FUNCTIONAL DESCRIPTION

The Am8517A block diagram includes the major logic blocks and
all of the internal registers. The data interconnection paths are
also shown. Not shown are the various control signals between
the blocks. The Am9517A contains 344 bits of internal memory
in the form of registers. Figure 2 lists these registers by name
and shows the size of each. A detailed description of the regis-
ters and their functions can be found under Register Description.

The Am9517A contains three basic blocks of control logic. The
Timing Control block generates internal timing and external
control signals for the Am8517A. The Program Command Con-
trol block decodes the various commands given to the Am9517A
by the microprocessor prior to servicing a DMA Request. It also
decodes each channel's Mode Control word. The Priority En-
coder block resolves priority contention among DMA channels
requesting service simultaneously.

The Timing Control block derives internal timing from the clock
input. In Am9080A systems this input will usually be the ¢2 TTL
clock from an Am8224. However, any appropriate system clock
will suffice.

DMA Operation

The Am9517A is designed to operate in two major cycles. These
are called ldle and Active cycles. Each device cycle is made up
of a number of states. The Am9517A can assume seven sepa-
rate states, each composed of one full clock period. State 1 (S1)
is the inactive state. It is entered when the Am9517A has no
valid DMA requests pending. While in S1, the DMA controller is
inactive but may be in the Program Condition, being program-
med by the processor. State 0 (S0) is the first state of a DMA
service. The Am9517A has requested a hold but the processor
has not yet returned an acknowledge. An acknowledge from the
CPU will signal that transfers may begin. S1, S2, S3 and S4 are
the working states of the DMA service. If more time is needed to
complete a transfer than is available with normal timing, wait
states (SW) can be inserted before S4 by the use of the Ready
line on the Am9517A.

Memory-to-memory transfers require a read-from and a
write-to-memory to complete each transfer. The states, which
resemble the normal working states, use two digit numbers for
identification. Eight states are required for each complete
transfer. The first four states (S11, S12, S13, S14) are used for
the read-from-memory half and the last four states (S21, S22,
S23 and S24) for the write-to-memory half of the transfer. The
Temporary Data register is used for intermediate storage of the
memory byte.

IDLE Cycle

When no channel is requesting service, the Am9517A will enter
the Idle cycle and perform “S1” states. In this cycle the
Am9517A will sample the DREQ lines every clock cycle to de-
termine if any channel is requesting a DMA service. The device
will also sample CS, looking for an attempt by the microproces-
sor to write or read the internal registers of the Am9517A. When
CS is low and HACK is low the Am9517A enters the Program
Condition. The CPU can now establish, change or inspect the
internal definition of the part by reading from or writing to the
internal registers. Address lines A0-A3 are inputs to the device
and select which registers will be read or written. The IOR and
IOW lines are used to select and time reads or writes. Due to the
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Am9517A

number and size of the internal registers, an internal flip/flop is
used to generate an additional bit of address. This bit is used to
determine the upper or lower byte of the 16-bit Address and
Word Count registers. The flip/flop is reset by Master Clear or
Reset. A separate software command can also reset this flip/
flop.

Special software commands can be executed by the Am9517A
in the Program Condition. These commands are decoded as
sets of addresses when both CS and IOW are active and do not
make use of the data bus. Functions include Clear First/Last
Flip/Flop and Master Clear.

ACTIVE CYCLE

When the Am9517A is in the Idle cycle and a channel requests a
DMA service, the device will output a HREQ to the micropro-
cessor and enter the Active cycle. It is in this cycle that the DMA
service will take place, in one of four modes:

Single Transfer Mode: In Single Transfer mode, the Am9517A
will make a one-byte transfer during each HREQ/HACK hand-
shake. When DREQ goes active, HREQ will go active. After the
CPU responds by driving HACK active, a one-byte transfer will
take place. Following the transfer, HREQ will go inactive, the
word count will be decremented and the address will be either
incremented or decremented. When the word count goes to zero
a Terminal Count (TC) will cause an Autoinitialize if the channel
has been programmed to do so.

To perform a single transfer, DREQ must be held active only
until the corresponding DACK goes active. If DREQ is held con-
tinuously active, HREQ will go inactive following each transfer
and then will go active again and a new one-byte transfer will be
made following each rising edge of HACK. In 8080A/9080A
systems this will ensure one full machine cycle of execution
between DMA transfers. Details of timing between the Am9517A
and other bus control protocols will depend upon the charac-
teristics of the microprocessor involved.

Block Transfer Mode: In Block Transfer mode, the Am9517A
will continue making transfers until a TC (caused by the word
count going to zero) or an external End of Process (EOP) is
encountered. DREQ need be held active only until DACK be-
comes active. An autoinitialize will occur at the end of the ser-
vice if the channel has been programmed for it.

Demand Transfer Mode: In Demand Transfer mode the de-
vice will continue making transfers until a TC or external EOP is
encountered or until DREQ goes inactive. Thus, the device re-
questing service may discontinue transfers by bringing DREQ
inactive. Service may be resumed by asserting an active DREQ
once again. During the time between services when the micro-
processor is allowed to operate, the intermediate values of ad-
dress and word count may be read from the Am9517A Current
Address and Current Word Count registers. Autoinitialization will
only occur following a TC or EOP at the end of service. Follow-
ing Autoinitialization, an active-going DREQ edge is required to
initiate a new DMA service.

Cascade Mode: This mode is used to cascade more than one
Am9517A together for simple system expansion. The HREQ and
HACK signals from the additional Am9517A are connected to
the DREQ and DACK signals of a channel of the initial
Am9517A. This allows the DMA requests of the additional device
to propagate through the priority network circuitry of the pre-
ceding device. The priority chain is preserved and the new de-
vice must wait for its turn to acknowledge requests. Since the
cascade channel in the initial device is used only for prioritizing
the additional device, it does not output any address or control

signals of its own. These would conflict with the outputs of the
active channel in the added device. The Am9517A will respond
to DREQ with DACK but all other outputs except HREQ will be
disabled.

Figure 3 shows two additional devices cascaded into an initial
device using two of the previous channels. This forms a two
level DMA system. More Am9517As could be added at the sec-
ond level by using the remaining channels of the first level.
Additional devices can also be added by cascading into the
channels of the second level devices forming a third level.

2ND LEVEL
AmOS17A
MICROPROCESSOR ISTLEVEL "
HOLD REQ
HREQ DREQ HREQ
HOLD ACK
HACK  DACK HACK
Am9517A
DREQ HREQ
DACK HACK
INITIAL DEVICE Am9517A
ADDITIONAL

MOS-035 DEVICES

Figure 3. Cascaded Am9517As.

TRANSFER TYPES

Each of the three active transfer modes can perform three dif-
ferent types of transfers. These are Read, Write and Verify.
Write transfers move data from an I/O device to the memory by
activating IOR and MEMW. Read transfers move data from
memory to an I/O device by activating MEMR and IOW. Verify
transfers are pseudo transfers; the Am9517A operates as in
Read or Write transfers generating addresses, responding to
EOP, etc., however, the memory and l/O control lines remain
inactive.

Memory-to-Memory: The Am9517A includes a block move
capability that allows blocks of data to be moved from one mem-
ory address space to another. When Bit CO in the Command
register is set to a logical 1, channels 0 and 1 will operate as
memory-to-memory transfer channels. Channel 0 forms the
source address and channel 1 forms the destination address.
The channel 1 word count is used. A memory-to-memory trans-
fer is initiated by setting a software DMA request for channel 0.
Block Transfer Mode should be used for memory-to-memory.
When channel 0 is programmed for a fixed source address, a
single source word may be written into a block of memory.

When setting up the Am9517A for memory-to-memory opera-
tion, it is suggested that both channels 0 and 1 be masked out.
Further, the channel 0 word count should be initialized to the
same value used in channel 1. No DACK outputs will be active
during memory-to-memory transfers.

The Am9517A will respond to external EOP signals during
memory-to-memory transfers. Data comparators in block search
schemes may use this input to terminate the service when a
match is found. The timing of memory-to-memory transfers may
be found in Timing Diagram 4.
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