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ChipCorder”

TECHNOLOGY BY ISD

Applications Note 7

Message Management in Large Array ISD Devices

ISD Application Note Number 2, Message Man-
agement in the ISD33000 demonstrated a meth-
od of recording, playing back and erasing
messages in first generation 3-Volt ISD product..
Only 100 bytes of honvolatile memory were nec-
essary for a reasonable message management
scheme. Since each row of memory represented
only a maximum of 300 milliseconds, a message
block of 8 rows still gave a resolution of 2.4 sec-
onds. The 800 total rows could be addressed by
100 bytes of memory.

ISD devices have continued to grow in size how-
ever. Today’s ISD4004 has 2400 rows of data and
each row has a maximum of 400 milliseconds of
storage. It requires a 12-bit address to access all
the rows of memory in this device. If the same
message management scheme and a compao-
rable row resolution are used, we are pushed
intfo using 2 bytes of memory per pointer. This
technique would now require over 1 Kbytes of
nonvolatile memory to accomplish this function.

Today’s more sophisticated applications also re-
quire more features. For example, many messag-
ing systems need multiple mailboxes, messages
priorities, etc. Each of these added requirements
increases the complexity of the message pointer
bytes. This paper will demonstrate another, more
memory economical way of achieving these
application goals. A comparison of these two
approaches will give the software designer in-
sight into different methods of message man-
agement.

The technique described below could be used
with any of the ISD33000 or ISD4000 Single-Chip
Record/Playback device families. This discussion,
however, will focus on the ISD4004-16, which is a
member of the ISD4004 series. The ISD4004 gener-
ic device has 3,840,000 cells in its Flash cell ana-
log memory array. As with all curren t ISD
ChipCORDER devices, the resultant record and
playback time depends on the speed of the in-
ternal sample rate clock. Each analog sample
taken is stored away in an analog memory cell.
Thus the ISD4004-8 achieves 8 minutes of storage
by sampling the array at 8 KHz and the 1ISD4004-
16 achieves 16 minutes by sampling at 4 KHz. See
the ISD4004 Series Family data sheet for com-
plete information on this device.

MESSAGE MANAGEMENT PLANNING

The ISD4004-16 has 2400 addressable rows, each
400 milliseconds long. This proposed message
management method would group a number of
rows intfo a message block to minimize the size of
the memory necessary for pointers. Once a mes-
sage is recorded into a block or a series of
blocks, it cannot be moved to other address lo-
cations in the chip. The blocks of memory used
may not be contiguous because of previous
record and erase operations. Pointers are used
to keep track of the beginning address locations
of each block of memory in a message. We will
call this list of pointers the MAT or Message Ad-
dress Table.
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This type of message management is made pos-
sible by the ability of the ISD33000 and ISD4000
series to seamlessly jump from the end of one row
to the beginning of any other row in the device’s
memory during record or playback. This allows us
to find unused memory during the record operation
and efficiently reuse it, regardless of its location.
The information in the MAT allows us to rebuild
and playback the recorded message.

Our message management scheme will use two
types of data bytes. The first byte in the MAT for
any message will be a Tag Byte. . The sign bit, i.e.
bit 7 of the Tag Byte will always be a 1. Except for
bit 7, this byte may be formatted as required by
the needs of the messaging system. The bits in it
can be used for any purpose. In our example, we
will use the Tag Byte to indicate mailbox number,
an unread message and priority of message. Bits
0, 1 and 2 indicate a mail box number, leaving
room for 8 different mailboxes. Bit 3 will indicate
that the message is new and therefore unread.
Bit 4 will be used to indicate a priority message.
We will always keep the priority messages ahead
of hon-priority messages in playback order. Bits 5
and 6 are unused for now but may be used for
something else in a “future product.” Figure 1
charts the bit positions of a representative Tag Byte.

Figure 1. Example Tag Byte

BitNumber 7 6 5 4 3 2 1 0
[1 x x 01 01 0f

Indicates Tag Byte — 44
Unused

Priority Indicator
New Indicator
Mailbox Number

The Tag Byte above would indicate that our mes-
sage is non-priority, has not yet been read, and is
in mailbox number 2. Note that it is not necessary
to keep track of a "number” for the message in
this example. We will derive a number for a mes-
sage by keeping them in order. For example, the
first message in the MAT in Mailbox 3 will be mes-
sage #1 of Mailbox #3. The second message in the
MAT in Mailbox 3 will be message #2 of Mailbox
#3. If we wish to change the number of a mes-
sage in a mailbox, we simply reorder the mailbox
entries in the MAT.

The second type of byte is the Address Pointer
Byte. Bit 7 is always a zero in an Address Pointer
Byte. The other 7 bits contain the 7 most signifi-
cant bits of the beginning address of the memo-
ry block this byte points to.

Figure 2:

Example Binary Multiply by 18

The process of multiplying by 18 requires a multiply
by 16 of the original number added to a multiply
by 2 of the original number. A multiply by 2 is a
single left shiff operation of the original 12-bit
address. A multiply by 16 is 4 bit shift left of the orig-
inal number, We can then combine the two opera-
tions by performing one shift left, storing off the result,
then performing 3 additional shift left operations. Then
add the 4 bit shifted result to the 1 bit shifted result.
We now have the original number multiplied by 18.

Example: 18 x 24 = 432 (= 0001 1011 0000 binary)
24 =0000 0001 1000

Shift left 1 = 0000 0011 0000 (mult x 2)
Shift left 4 = 0001 1000 0000 (mult x 16)
Add together = 0001 1011 0000 (mult x 18)

We can determine the minimum possible block
size by dividing the total number of addressable
rows by the 128 possible combinationsin 7 active
bits of the Address Pointer Byte. The result of di-
viding 2400 by 128 is 18.75 rows. This is of course
not an infeger number so 19 rows per block is the
theoretical minimum. In our example message
management scheme we are going to assume
a block size of 18 rows or 7.2 seconds. When we
multiple 128 x 18 we get 2304. This is the number
of rows we can address in the 1SD4004. That
leaves 94 rows or a total of 37.6 seconds we can
use for prompts or other non-message storage.
The only difficulty in this approach is the genera-
tion of the real address for the I1ISD4004. This re-
quires a multiply by 18 function which may
require some effort in a low-end micro. But four
16 bit shifts and one 16 bit add is not a difficult
task for most processors. See Figure 2.

An example Address Pointer Byte is shown in Figure
3. The seven bit address 010 0010 (34 decimal) is
contained in the Pointer Byte. The real address of
the first byte of the message block to be address-
esis001001100100 (612 decimal) after a multiply
by 18.
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Figure 3: Example of an Address Pointer Byte

BitNumber 7 6 5 4 3 2 1 0
[001 00 01 0]

Indicates Address Pointer Byte
Block Address

SIZE OF THE MAT

We can now define the size of the MAT. We need
128 bytes to address the message blocks in the
analog array. It additionally takes one Tag Byte
for each message. If we define the system such
that we can have a maximum of 50 messages
stored in our ISD4004-16, then it will take a maxi-
mum of 178 bytes in the MAT. Our minimum mes-
sage resolution is 7.2 seconds, which defines the
smallest possible message, and the maximum
amount of space that might be wasted in a mul-
tiple block message.

Table 1: Example MAT

Slock Adaress | Fo3 Be0ning messace
Message Addr.Table Priority New Mail

(MAT) entry Tag Byte?| Message? | Message? | Box # Binary Dec Binary Dec Msg Nr.
1000 0101 Yes No No

0000 0011 0000011 3 0000 00110110 54 #1/3 (20
00000110 0000110 6 0000 0110 1100 108 | seconds
0000 1001 000 1001 9 0000 10100010 162 long)
1001 0010 Yes Yes No

0000 1000 000 1000 8 0000 1001 0000 144 #1/2
0000 1010 000 1010 10 0000 1011 0100 180 (28.2
0000 1011 000 1011 11 0000 11000110 198 | seconds
0000 1111 000 1111 15 00010000 1110 | 270 long)
10000111 Yes No No

0000 1000 000 1000 4 0000 0100 1000 72 #1/7 (21
00000111 0000111 7 000001111110 126 | seconds
0000 1110 0001110 14 0000 11111100 | 252 long)
1000 1010 Yes No Yes

0000 0000 000 0000 0 0000 0000 0000 0 #2/2
0000 0001 000 0001 1 0000 0001 0010 18 (50.4
0000 0010 000 0010 2 0000 00100100 36 seconds
0000 0101 000 0101 5 0000 0101 1010 90 long)
0000 1100 000 1100 12 0000 1101 1000 | 216

0000 1101 000 1101 13 0000 1110 1010 | 234

0001 0000 001 0000 16 0001 00100000 | 288

0000 0000

155 bytes, all zeros
ISD 3
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An example MAT is shown in Table 1. It indicates
that 4 messages are currently stored in the chip.
They are of different lengths and fragmented
over the first 17 message blocks of the memory
array. Three of the 4 messages have been read;
only Message #2 of Mailbox #2 is unread. There
are 21 bytes currently used in the MAP leaving
165 bytes for future message storage. Note that
the MAP will always fill from the top down. Un-
used memory will always be at the bottom of the
MAT table.

OTHER POSSIBILITIES

It is certainly possible to set up the message man-
agement system with larger or smaller blocks
and for a larger or smaller number of messages.
There may be more Message Address Pointer
memory available enabling a smaller message
block and more efficient message storage. Con-
versely, there may be less memory available re-
quiring a larger block size. The determination of
the exact system used is left up to the system de-
signer.

PLAYBACK EXAMPLE

We chose to playback any unread message in
Mailbox #2. The software will search the Tag
Bytes, only looking for those from Mailbox #2 with
a set bit 3 (New Message bib). In this case, it will
find the 4™ message in the MAT, which is also the
second message in Mailbox #2. Next, the soft-
ware will clear bit 3 of the current Tag Byte to in-
dicate the message has been read, and set up
to playback the message. The first message
block is at address zero, and message playback
will begin with the execution of a single 3 byte
command’.

1. Note that the other devices in the ISD4000 series re-
quire only a 2-byte command because of their smaller
sizeand addressing range. Also, the | SD4000 series au-
tomatically sets the IAB bit after the execution of a
Play or Record command at an address. The older
ISD33000 series required a second Record or Play
command just to set the IAB hit.

As soon as playback is started, the microcontrol-
ler software should start polling the RAC pin of
the ISD4004. The RAC pin will go LOW 50 millisec-
onds before the end of each playback row and
go back HIGH exactly at the end of each mem-
ory row? . Since we know how long the RAC pin
is LOW, a poll repetition rate of approximately 25
milliseconds is a good choice. We now count 17
RAC pin cycles. At the end of the 171" cycle, af-
ter the RAC pin has gone back HIGH, we can
look in the MAT for the address of the next block
in this message. In this example, the second
block of the message is also the second block of
memory in the chip. We could detect this in the
software and just allow the playback to contfinue
on into the next block without further action. Our
example however will use the more general
case and will always load the next address re-
gardless of where it is located.

After the completion of the 171" RAC cycle, we

are playing back the 18™ (and last) row of this
block. To avoid confusion, please note that in this
specific example, the 18 row has the row address
of 17, since we started playback with address ze-
ro. Our MAT tells us that the address of the next
block for playback is “1”. After our 18X muiltiply,
we know the real starting address of this block is
18 decimal. We can now load a new play at an
address command into the device to cause it to
next playback at row 18. When the end of the
current row (row 17) is reached, the 1SD4004
“jumps” to address 18 and continues playback.

The more interesting jump occurs at the end of
block 2 when the chip jumps to the beginning of
block 5, or address 90 decimal.

The last block in this message is Block 16 (which is
also the last block in the current MAT). After the
jump to address 288 decimal, playback will pro-
ceed through this block until a set EOM bit is en-
countered. At that point, playback will end and
an EOM Interrupt will occur.

The only change to the MAT after this playback
operation is that the second message in Mailbox
2 will now be marked as “read”. That is, the Tag
Byte will now be 1000 0010 (82 hex). Table 2
shows the new Tab Byte entry for this message.

2. Seethe|1SD4004 series data sheet for exact timings.
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Table 2: New Tab Byte Entry

Real Beginning message

Blocaudiess Block Address (X18)

Message Addr. Tag Priority New Mail
Table (MAT) entry | Byte? | Message? | Message? | Box# | Binary Dec Binary Dec MSG Nr.
1000 0010 Yes No No

ERASE EXAMPLE

We will now show how a message is erased and
its memory space reclaimed. To demonstrate
this, we will erase the message in Mailbox #7 (See
Table 1). The erase routine must first determine
how many bytes are in this message’s MAT table
entry. The MAT entry for this message contains 4
bytes, i.e. one Tag Byte and 3 Address Pointer
Bytes. After this determination, the erase routine

simply shifts all the following bytes up the deter-
mined number of places, in this case 4 bytes. This
“erases” the message by removing the MAT en-
try for this message. After the message is erased,
the MAT will look as indicated in Table 3 3. Blocks
4,7 and 14 are no longer used and may be used
in a future message.

3. The second message in Mailbox 2 is being shown as
‘new’ for the purposes of thefollowing Record Example.

Table 3: Erase Example

slook Address | R Be0ing messeae
Message Addr. Table Tag Priority New
(MAT) entry Byte? | Message? | Message? | Box # Binary Dec Binary Dec Msg Nr.
1000 0101 Yes No No
0000 0011 0000011 3 000000110110 54 | #1/3 (20
00000110 0000110 6 00000110 1100 108 | seconds
0000 1001 000 1001 9 0000 10100010 162 long)
1001 0010 Yes Yes No
0000 1000 000 1000 8 0000 1001 0000 144 #1/2
0000 1010 000 1010 10 0000 1011 0100 180 (28.2
0000 1011 000 1011 11 0000 11000110 198 | seconds
0000 1111 000 1111 15 0001 0000 1110 270 long)
1000 1010 Yes No Yes
0000 0000 000 0000 0 0000 0000 0000 0 #2/2
0000 0001 000 0001 1 0000 0001 0010 18 (50.4
0000 0010 000 0010 2 0000 00100100 36 | seconds
ISD 5
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Table 3: Erase Example (Continued)

Real Beginning message
Block Address | *"g|5ck Address (X18)

Message Addr. Table Tag Priority New
(MAT) entry Byte? | Message? | Message? | Box # Binary Dec Binary Dec Msg Nr.
0000 0101 0000101 5 0000 0101 1010 90 lon@)
0000 1100 000 1100 12 0000 1101 1000 | 216
0000 1101 000 1101 13 0000 11101010 | 234
0001 0000 001 0000 16 000100100000 | 288
0000 0000

155 bytes, all zeros
RECORD EXAMPLE Once again we begin counfing RAC cycles. At

We will now show how a new message is record-
ed. The MAT will inifially be configured as shown
in Table 3. A new non-priority message in Mailbox
2 will be recorded. The TAG Byte would therefore
e 1000 1010 (8A hex). It will be loaded into the
MAT immediately after the last currently valid
Address Pointer Byte. Note that this Tag Byte is
identical to the Tag Byte in the second message
already in Mailbox #2. This message is also is non-
priority and unread.

Our software must next determine the location
of the first free block of memory residing in the
ISD4004-16M. There are numerous clever meth-
ods of accomplishing this type of search. The sim-
plest is to start searching the Address Pointer
Bytes for an unused block 0O, then an unused
block 1, then 2 etc. From Table 2, we can see
that blocks 0 through 3 are already in use. The
first free block is block 4. The first Address Pointer
Byte in this message will then be 0000 0100. The
address of the beginning of block 4 is (18x4) dec-
imal 72. This is a real beginning message block
address of 00 0100 1000 (hex 048). A 3-byte com-
mand at that address begins recording of the
message.

the end of the 17 RAC cycle, and after the RAC
pin goes back HIGH signaling that we are now
recording on the last row of block 4. We can now
calculate the next block address jump. Our
search reveals that the next available block ad-
dress is address 7. We again go through the ad-
dress calculation and determine that this block
has a decimal address of 126 and real beginning
message block address of 00 0111 1110 (hex
07E). A 3-byte command at that address is im-
mediately issued (and must be issued before the
end of the current row). The chip will continue to
record on the current row until it is complete.
When the RAC cycle completes and RAC goes
HIGH, recording will continue in the new block 7.

This sequence continues as long as the user wish-
es to record with blocks 14, 17, 18, 19 etc. being
used. When the record process is stopped, an
EOM bit is recorded into the chip’s digital EOM
memory. For the purposes of this example, we
are assuming that recording stopped some-
where in block 19. That means the recorded
message is between 36 and 43.2 seconds in
length. The new MAT is shown in Table 4.
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Table 4: Record Example

Slock Adaress | e Beaing messace
Message Addr. Table Tag Priority New Mail

(MAT) entry Byte? |[Message? |Message?| Box # Binary Dec Binary Dec Msg Nr.
1000 0101 Yes No No 3

0000 0011 000 0011 3 0000 00110110 54 #1/3 (20
00000110 0000110 6 00000110 1100 108 | seconds
0000 1001 000 1001 9 0000 10100010 162 long)
1001 0010 Yes Yes No 2

0000 1000 000 1000 8 0000 1001 0000 144 #1/2
0000 1010 000 1010 10 0000 1011 0100 180 (28.2
0000 1011 000 1011 11 0000 11000110 198 | seconds
0000 1111 000 1111 15 0001 0000 1110 270 long)
1000 1010 Yes No Yes 2

0000 0000 000 0000 0 0000 0000 0000 0 #2/2
0000 0001 000 0001 1 0000 0001 0010 18 (50.4
0000 0010 000 0010 2 0000 0010 0100 36 seconds
0000 0101 000 0101 5 0000 0101 1010 90 long)
0000 1100 000 1100 12 0000 1101 1000 216

0000 1101 000 1101 13 0000 1110 1010 234

0001 0000 001 0000 16 0001 0010 0000 288

1000 1010 Yes No Yes 2

0000 1000 000 1000 4 0000 0100 1000 72 #3/2 (36
00000111 0000111 7 000001111110 126 To 43.2
0000 1110 000 1110 14 0000 1111 1100 252 | Seconds
0000 0000 001 0001 17 0001 0011 0010 306 Long)
0000 0001 0010010 18 0001 01000100 324

0000 0010 001 0011 19 0001 01010110 342

0000 0000

152 bytes, all zeros

CONCLUSION

The above explanation has shown a method of
message management that will work on large
array ISD devices such as the 1ISD4004-16M. This
technique allows a user maximum flexibility in
handling recording, playback and erasure of

messages while requiring a minimum of process-
ing bandwidth from the host microcontroller. Oth-
er methods of message management are
possible. Our customers are invited to try their
hand at other clever methods of using this device.
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