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TECHNOLOGY BY ISD

APPLICATION INFORMATION FOR ALL ChipCorder PRODUCTS

Introduction

THE TECHNOLOGY AND THE PRODUCTS

The ISD patented ChipCorder technology brings
analog data into the semiconductor memory
world. This “oreak through” EEPROM storage meth-
od allows analog data 1o be written directly info a
single cell without A/D or D/A conversion. This re-
sults in:

* Increased density over equivalent digital
methods

* Nonvolatfile storage of analog data

Numerous schematics in the following sections
show single-chip voice message systems. A block
diagram of one family of ISD devices is shown in
Figure 1. In this device, the external components
(@ microphone, loudspeaker, switches, a few re-
sistors and capacitors, and a power source) are all
that is required to build a complete voice record

and playback system. All other functions (pream-
plifier, filters, AGC, power amplifier, control logic,
and analog storage) are performed on-chip. This
device, the ISD2500 and other products such as
the ISD1100, 1SD1200 and ISD1400 families em-
phasize simple push-button or parallel addressed
microcontroller operation from a single 5-volt sup-

ply.

A new series of devices, starfing with the 1ISD33000
family, emphasizes 3 volt operation and serial port
control and may be tailored for specific markets.
The ISD33000, for instance, does not have the on-
chip microphone amplifier and speaker driver, al-
lowing for a more cost-effective solution for those
applications that already have those functions in-
cluded elsewhere in the circuit.

Figure 1: 1SD2560/75/90/120 Basic Block Diagram
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OPERATIONAL OVERVIEW

During recording, the ISD device performs several
stages of signal conditioning before the actual
storage operation takes place.

For example, in those products with an included
on-chip AGC, the first stages are composed of a
preamplifier, amplifier and AGC blocks.

The preamplifier is connected to the microphone
by a DC blocking capacitor that removes the DC
component from the low level (2 to 20 mV) AC sig-
nal. Amplification is performed in two stages; ini-
fially by the input preamplifier and then by the
fixed gain amplifier. The signal path is completed
by connecting a capacitor between the ANA OUT
and ANA IN pins.

Such an architecture allows system design flexibil-
ity, particularly for non-voice applications and
also provides an additional pole for low frequency
cutoff, The AGC circuit dynamically monitors the
signal level at the amplifier output and sends a
gain control voltage to the preamplifier. The
preamplifier gain is automatically adjusted to
maintain an optimum signal level into the filter,
This gives the highest level of recorded signal while
reducing clipping to a minimum.

The characteristic of the AGC circuit is described
by two fime constants; the attack time and the re-
lease time.

* Affack time is the time required by the AGC to
reduce gainin response to anincreasing input
signail.

« Release time is the time constant of the gain
increase in the presence of a decreasing
signal.

The user can adjust both the attack and the re-
lease time by selecting values of the resistor and
capacitor connected to the AGC pin. Certain de-
fault values will give optimum performance for
normal speech; however, the accessibility of the
resistance and the capacitance allows the user o
tailor the AGC to his own particular needs. The 20
dB or so gain compression range on the pream-
plifier compensates for various microphone char-
acteristics and also various levels of speech
volume. The signal integrity is maintained. There is

minimum clipping or other forms of distortion yet
the dynamic signal range is increased by 20 dB.

All' ISD devices next include a stage of signal con-
ditioning performed by an input filter. As we will
see later, the storage, although analog in nature,
still employs sampling techniques. As a result the
device requires an antialiasing filter to remove (or
at least reduce 1o an insignificant level) input fre-
quency components above half the sampling
frequency. This is to satisfy the well-known Nyquist
Ciriterion that applies to all sampled data systems.

Voice quality better than “telephone quality” (tele-
phones cut off below 300 Hz) is achieved with a
sampling frequency of 8 KHz. The high frequency
cutoff of the low pass filter is then chosen to be 3.4
KHz, satisfying the Nyquist criterion, but sfill with a
wide enough frequency band to allow for good
quality voice reproduction. The filter is a confinu-
ous fime, 5-pole low-pass filter with a roll-off of
40 dB per octave at 3.4 KHz.

Signal conditioning is now completed. The input
waveform is then passed into the analog frans-
ceivers to be written into the Analog Storage Array.
Samples are taken by the 8-KHz sample clock.
These samples undergo a level shifting process to
produce the high voltages required for the non-
volatile writing procedure, at the same time com-
pensating for some of the practicdlities related to
Fowler-Nordheim tunneling. The sample clock is
also used to increment the array decode so that
the input samples are mapped sequentially into
the array.

During playback, the recorded analog voltages
are sequentially read from the storage array under
control of the same sample clock, reconstructing
the sampled waveform. The smoothing filter on
the output path removes the sampling frequency
component and the original waveform is restored.

The frequency of the sample clock affects record
duration and quality. As the frequency increases
the sound quality is improved, but, of course, the
record duration is reduced. Conversely, a lower
oscillator frequency gives increased duration atf
the cost of lower quality. The oscillator frequency

Voice Solutions in Silicon
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is timmed to an accuracy better than 1% before
the product leaves the factory. This is achieved by
taking further advantage of the features of this
technology. Trimming of oscillator components is
done by programming nonvolatile trim bits that
have been included on-chip.

The same process variables that affect the oscilla-
tor frequency also effect the filter cutoff frequen-
cy. When we trim the oscillator frequency, we also
automatically trim the filter cutoff frequency.

All'ISD devices also include a smoothing filter con-
nected to the output of the analog storage array.
In devices without an on-chip speaker driver, this
filter output is buffered and presented to an out-

put pin.

Some ISD products include an on-chip speaker
driver. In these devices, the output of the smooth-
ing filter is connected through an analog multi-
plexer info the output power amplifier, Two output
pins provide direct speaker drive capability of
about 12,5 mW RMS (25 mW peak) into a 16 ohm
speaker. This is enough to be clearly heard from
the other side of a normal sized room. In some
products the speaker driver is also available for
system use via the AUX IN pin. From this input it can
provide 50 mwW RMS output,

The circuit design used in the ISD Series of devices
results in the equivalent of 8 bits of storage in each
EEPROM cell. Information is written into the cell in
a closed loop fashion. A sample-and-hold circuit
holds the data during the programming cycle
and supplies the analog voltage to be stored to
one input of a comparator, The other input to the
comparator is the output of the storage cell itself,
Electrons are pumped into the cell during multiple
writes and the resulting stored level is fed back to
the comparator.

When the comparator signals that the cell output
voltage equals the level from the sample-and-
hold, programming of that cell ceases. The mini-
mum amount of charge injected into the cell dur-
ing each write sets up system resolution. This
is approximately 256 levels, which is equivalent to
8 bits of accuracy. Writing to the cell in this manner
also eliminates cell to cell variations.

Figure 2: ISD2500 Pinout
I1SD2560/75/90/120
AOMOLC]1® 28 [ Vceb
Al/M1[]2 27 [ PR
A2/M2[] 3 26 [1 XCLK
A3/M3 [ 4 25 [1 EOM
A4/MAT] 5 24 [ PD
ASM5 ] 6 23 [ CE
A6/M6 ] 7 22 [ OVF
A7 8 21 [ ANA OUT
A8[]9 20 1 ANAIN
A9 10 19 (3 AGC
AUX INC 11 18 [ MIC REF
VSSD ] 12 17 (3 MIC
VSSALT]13 16 [ VccA
SP+ 14 15 [ SP-
DIP/SOIC

The process used is based on the EEPROM floating
gate technology. ISD guarantees 10 years of data
retention but laboratory tests suggest that the typ-
ical data retention will be 100 years.

ISD



[~

ChipCorder”

TECHNOLOGY BY ISD

APPLICATION INFORMATION FOR ALL ISD ChipCorder PRODUCTS
Microphone and Speaker Selection

The ISDT000A series data sheet recommends a
minimum speaker impedance of 16 Q. An 8 Q
impedance speaker may be used that will result in
a higher volume level and increased distortion. In
addition, I current will be higher. An 8 to 20 Q re-
sistor, in series with the speaker, controls volume
and reduces Ic¢ playback current. Additionally,
the speaker enclosure is important for best audio
performance. Experiment with the sound cavity,
grille, and foam baffle behind the speaker to op-
fimize the system’s performance.

Volume and audio improvements of 50 to 100
percent can be realized with improvements to the
speaker enclosure that can include a sound baf-
fle of foam or glass wool.

It is ecommended that the ISD devices be evalu-
ated initially using high quality speakers and low
background noise to confirm the high voice qual-
ity possible. Then if tfrade-offs need to be made
later on speaker size or quality, an informed qual-
ity versus cost decision can be made.

The selection of a good quality microphone and
speaker enhances the audio performance of your
application.,

Two sources for 16-Q speakers are;

MCM Electronics
Dayton, OH
(800) 543-4330

QUAM
Chicago, IL
(312) 488-5800

With the proper connections, some telephone
handsets can also be used. Good quality audio
fechnigues should be used so input signal noise
and background noise will be minimized during
recording.

Table 1: Speaker Sources

Mfg. Device # Shape Weight Freq. Resp. Max. Watts
Quam 4A1716 3" sq. 0.25 lbs. 200-11K 3
Quam 35A05716 3 x5 oval 0.50 ls. 150-7K 2
Pioneer ALLEC80-092F 4.5" round 1.50 Ibs. 68-15K 30

ISD
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MICROPHONE OPTIONS FOR THE ISD1000A, 1SD1100, 1SD1200, I1SD1400,

ISD1500, AND 1SD2500 SERIES

Most schematics for the ISD single-chip voice
record and playback devices show the use of a
conventional electret or “capacitor’ microphone.,
These microphones have several advantages
over other common types. They have excellent
frequency response and high oufput. They are
available in many different sizes, from “grain-of-rice”
to a standard 1/4-inch diameter. They are also
rugged and inexpensive.

The ISD “standard” microphone application re-
quires seven components to operate; see Figure 1.
These components perform several functions.

Microphone bias is supplied by a network
composed of R2, R3, and R4, with C3 acting as
a filter capacitor,

C4 is a DC blocking capacitor between the
microphone and the MIC pin on the ISD
device.

C5 acts as a coupling capacitor bringing
microphone ground noise into the MIC
REF pin.

The MIC REF input provides a noise canceling
(common mode rejection) input to reduce
recorded noise.

Since R3 and R4 are equal, the power supply
noise will be equal and canceled by the
common mode rejection of the microphone
preamplifier.

These parts must be used with any microphone
that requires DC bias. Another example would be
a carbon microphone. These were used until re-
cently in telephones or two way radios. However,
there are other microphones that do not require a
bias supply.

There are several types of microphones that are
“self-generating.” These microphones cause a
current to flow (or a potential 1o be developed) di-
rectly from sound wave pressure, Two of these are
dynamic and crystal microphones.

A dynamic microphone uses a coil of wire and
amagnet, One end of the magnet is tied to a
diaphragm to generate a current proportional
fo sound pressure.

A crystal microphone has a diaphragm
connected 1o a crystalline structure. Sound
pressure causes stress in the crystal. Through
the piezoelectric effect the crystal generates
a voltage.

Such self-generating microphones may be con-
nected directly to an ISD device's microphone in-
puts,

The two microphone inputs to the ISD device are
MIC and MIC REF. These two pins are differential
inputs to the on-chip microphone preamplifier. A
non-biased microphone, as discussed, may be
connected directly across these two pins. No cou-
pling capacitors are needed. This benefits the de-
signer in several ways. Most obvious is the
elimination of the components associated with
the microphone bias. The secondary consider-
ations may be as important,

Figure 2 shows how a non-biased microphone is
connected to an ISD single-chip voice record/
playback device. Only the components directly
associated with the microphone are shown,

When an electret microphone is used, ifs signal
must be referenced to the external circuit ground.
This is because of the bias requirement. This cre-
ates two potential external sources of noise. Noise
can come from the V¢ supply and from currents
flowing in the circuit board ground.

The MIC REF pin is @ common mode noise can-
celing input in the electret application. This meth-
od of noise reduction usually works well. It
depends on good PC board layout rules and ad-
equate bypassing of the Voep and Ve RINS.
When a non-biased microphone is used, howev-
er, these two noise sources are eliminated. A de-
signer may find the circuit will perform adequately
with no bypass capacitors at all.

Voice Solutions in Silicon
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Several readily available microphones will drive
ISDT000A, ISD1100, 1SD1200, I1SD1400 ISD1500,
and 1SD2500 series devices. The following notes
have been determined experimentally from a
sample of microphone elements,

Crystal, ceramic, and dynamic microphone
elements (as well as crystal earphones) will
work when connected directly to the MIC and
MIC REF inputs of ISD devices.

In general, the crystal and dynamic
microphones have more output level and the
ceramic elements less.

The best quality was achieved using the
dynamic microphone,

A piezo speaker element (sometimes called a
sounder) will work adequately for some
applications. It must be mechanically
mounted to some sort of sounding board
(such as a piece of cardboard). The
cardboard becomes a sounding board and
couples the sound pressure into the element.
Note that piezo sounders come in active and
passive styles. The active piezo elements are
actually noise makers and cannot be used as
microphones.

Catalog suppliers such as Mouser (1-800-346-6873)
carry microphone elements of several types that
will work adequately. The Mouser catalog shows
electret, crystal, ceramic, and dynamic micro-
phones plus crystal earphones.

One source for piezo speaker elements is Radio
Shack (part number is 273-091).

ELECTRET MICROPHONE SPECIFICATIONS

Specifications for the electret microphone are:

1 KQ impedence
Omni-directional

64 dB sensitivity

50 Hz to 8 KHz frequency
Less than T mA current drain
Greater than 40 dB /N ratio
Operates 2 to 10 VDC

These microphone specifications are not critical;
however, microphones with these characteristics
have been found to operate satisfactory.

Three sources for electret microphones are;

Mouser Electronics
(800) 346-6873
#25LM049 (PC mount)
#25LM045 (Coax leads)

Radio Shack

(800) 433-2024
#270-090 (PC mount)
#270-092 (Coax leads)
#273-091 (Piezo)

DIGI-KEY
(800) 344-4539
#P9931-ND (PC mount)

PREFERRED ELECTRET MICROPHONE CIRCUIT

Figure 1 shows a differential circuit for the standard
ISD device microphone input, In this circuit, an
electret microphone is used to differentially drive
the microphone preamplifier. The microphone is
connected directly between MIC and MIC REF,
Since R3 and R4 are equal resistors, power supply
noise will be a common mode signal. Common
mode rejection inherent in the microphone
preamplifier will aftenuate any noise.

ISD
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Figure 1: Differential Electret Microphone Circuit
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Figure 2: Self-Biasing Microphone
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APPLICATION INFORMATION FOR ALL ISD ChipCorder PRODUCTS
Address Segment Resolution

Sample Rates
8.0 KHz|6.4 KHz|5.3 KHz|4.0 KHz|8.0 KHZI 6.4 KHz |5.3 KHz |4.0 KHz
ISD Part Numbers
1110
1210 | 1212

1016A | 1020A

1416 | 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 [33120-4
DEC| A9 [ A8 A7 [A6 A5 [Aa] A3 [A2] AL | A0 2560 | 2575 | 2590 | 25120 | 33120 | 33150 | 33180 | 33240
of ol of of of of of of o ojo o 0 0 0 0 0 0 0 0
1] o] o] ol of of of of o 1o 01| 0125| 015] 02| o015 01875 0225 03
2 o] o] ol ol of of o] ol 1| oo o2 o025 03 04| 03| 0375 o045 06
3] ol of of ol of of of of 1| 1fo3] 03| 0375 045 06| o045 05625 0675 09
4] ol of of ol ol of of 1| of ofo4 o4 o5 06 08 0.6 0.75 0.9 1.2
s] ol of of of ol of of 1| ol 1fos] 05| 0625 075 1| 075 09375 1.125 15
6] ol of of o] ol of of 1] 1| ofos] 06| 075 09 12 09| 1125 1.35 1.8
71 of o] ol o of of of 1| 1| o7l 07| 0875 1.05 1.4 1.05] 1.3125] 1575] 21
8l ol of of of ol of 1| o| of ofos] os 1 1.2 1.6 1.2 15 1.8 2.4
ol ol of of ol of of 1| o| of 1fo9o] o9 1125 135 18] 1.35] 16875 2025 27
0] ol of o] ol of of 1] ol 1| ofoA 1] 1.25 15 2 15| 1.875] 225 3
11| o|l of ol ol of of 1] ol 1| 1]os 11 1.375] 165 22| 1.65] 20625 2475 3.3
12 ol of ol ol of of 1] 1| of oJlod 12 15 18 2.4 18 2.25 2.7 3.6
13] ol of of ol of of 1] 1| of 1o 1.3] 1.625] 1.95] 26| 195 24375 2925 3.9
14] o] of o ol ol of 1| 1| 1| ofoE 14 1.75] 21 2.8 2.1 2625 315 42
15] ol of ol ol of of 1] 1| 1| 1]oF 15| 1.875| 225 3| 225] 28125 3375] 45
16] ol of o] ol of 1] of of of oliof 16 2 24| 32 2.4 3 36| 48
17} o] of o ol of 1} of of of 1| 17| 2125 255 3.4 255 31875 3.825) 5.
18] ol of o] ol of 1| of ol 1| ol of 18] 225 27 36| 27| 3375 405 54
19] ol of of ol ol 1} of ol 1| 1fh 3] 19| 2375 285 38| 285 35625 4275 57
201 ol o] of of ol 1] of 1| o] o} 4 2| 25 3 4 3 3.75 4.5 6
211 o] o] o| o of 1] of 1| of 1fh g 21| 2625 315 42| 315 39375 4725 6.3
221 o] o] o| o of 1] of 1| 1] oh ¢ 22| 275 33 44| 33| 4125 495 66
23] o| o] o o of 1] of 1| 1] 1ph 7 23] 2875 345 46| 3.45] 43125 5175 6.9

ISD 1
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Sample Rates
8.0 KHz|6.4 KHz|5.3 KHz|4.0 KHz|8.0 KHZI 6.4 KHz |5.3 KHz |4.0 KHz
ISD Part Numbers
1110
1210 | 1212

1016A | 1020A

1416 | 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 |33120-4
DEC| A9 [A8 ] A7 [A6 A5 [Aa] A3 A2 ] AL | A0 2560 | 2575 | 2590 | 25120 | 33120 | 33150 | 33180 | 33240
24] of o] o] of of 1] 1] o o 8] 24 3 3.6 4.8 3.6 4.5 5.4 7.2
2s5] o]l o] of of ol 1] 1] o 1ol 25] 3125] 375 5| 3.75| 4.6875| 5.625 7.5
26] ol of o] of of 1] 1] o] 1] off A 26| 325 3.9 5.2 39| 4875 5.85 7.8
271 o] of of of ol 1] 1| ol 1] 1fh8] 27| 3375 405] 54| 405] 50625] 6.075 8.1
28] ol of of of of 1] 1| 1] of o d 28 3.5 4.2 5.6 4.2 5.25 6.3 8.4
291 ol o] o of of 1] 1| 1| o ' 29| 3625 435 58| 435 54375] 6.525 8.7
30 of of of ol of 1] 1| 1| 1| ohE 3| 375 4.5 6 45| 5625 675 9
311 of of of of of 1] 1| 1| 1| pF 31| 3.875| 465 62| 465 58125 6.975 9.3
32f of o] ol ol 1] o] ol of of of2of 32 4 4.8 6.4 438 6 7.2 9.6
33 of o] ol o 1| o] of o] of 121 33| 4125 495 66| 495 61875 7.425 9.9
34 of o] ol o 1| of of of 1| o2 34| 425 5.1 6.8 5.1 6.375 7.65]  10.2
351 of o] ol o 1] o] ol of 1| 1|23l 35| 4375] 525 7| 525 65625 7.875] 105
3] of o] ol o 1] o] ol 1| o of24 36 4.5 5.4 7.2 5.4 6.75 8.1 108
371 of o] ol o 1] of ol 1| of 1|28l 37| 4625 555 7.4] 555 69375 8.325| 111
38 of o] ol of 1| of of 1| 1| of2¢ 38| 475 5.7 76| 57| 7125 855 114
39 of of ol of 1] of of 1| 1| 1|27l 39| 4875] 585 78| 585 73125 8775 11.7
a0l of o] ol of 1] of 1| o of o]z ¢ 4 5 6 8 6 7.5 9 12
a1l o|l of ol of 1] of 1] o o 1|29l 41| s125] 615] 82| 6.15] 7.6875] 9.225] 12.3
420 of of of of 1| of 1| of 1| o2 A 42| 525 6.3 8.4 63|  7.875| 9.45] 126
43l of o] ol o 1| of 1| o 1| 128l 43| 5375 645 86| 645 80625 9.675) 129
a4 of o] ol of 1] of 1| 1] of o2 44 5.5 6.6 8.8 6.6 8.25 9.9 132
asf of o] ol o 1] of 1| 1| of 1o 45| 5625 675 9| 6.75| 8.4375| 10125 135
a6f of of of o 1| of 1| 1| 1| o2l 46| 575 6.9 9.2 69| 8625 1035 13.8
a7 o| of o| of 1| of 1| 1| 1| 1|2rF 47| 5875 705 94| 705| 88125) 10575 14.1
48] of o] ol o 1] 1] of of o oflsol 48 6 7.2 9.6 7.2 = 10.8] 14.4
a9l of o] ol o 1| 1] of o] of 131 49| 6125 735 98| 7.35| 91875 11.025| 147
sof of ol ol o 1| 1] of o 1] o]z 2 5| 625 7.5 10 75| 9375 11.25 15
511 of o] ol o 1| 1] of o| 1] 133l 51| 6375 765 102| 7.65| 95625 11.475( 153
s2f of o] ol o 1] 1] of 1| o oz 4 52 6.5 78| 104 7.8 9.75 11.7] 156
53l of o] ol o 1| 1] of 1| o 1|asl 53] 6625 795 106| 7.95] 9.9375] 11.925] 159
s4f of o] ol of 1| 1] of 1| 1| ola¢ 54 675 81| 108 81| 10125 1215] 162
ssf of o] ol o 1] 1] of 1| 1| 1|87 55| 6875] 8.25 11| 825 103125 12.375| 165
sef of o] ol o 1| 1] 1| o] o] ofz e 56 7 84| 11.2 8.4 105 12.6] 168
571 of o] ol of 1| 1] 1| o] of 139l 7| 7125 855 11.4] 855 106875 12.825( 17.1
ssf of o] ol of 1| 1] 1| o] 1| ols Al s8] 725 87| 116 87| 10875 1305 174
sof of of ol o 1| 1] 1| o 1| 1s8l 59| 7375 885 118 885 11.0625 13275 17.7
6of of of ol of 1| 1] 1| 1] o] ofsd 6 75 9 12 9 11.25 13.5 18
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Sample Rates

8.0 KHz|6.4 KHz|5.3 KHz|4.0 KHz|8.0 KHZI 6.4 KHz | 5.3 KHz |4.0 KHz

ISD Part Numbers

1110
1210 | 1212

1016A | 1020A

1416 | 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 (33120-4
DEC| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL [ AO 2560 | 2575 | 2590 | 25120 | 33120 | 33150 | 33180 | 33240
61 of o]l of of 1 1} 1} 1] o] 13D 61 7.625( 915 122 9.15| 11.4375| 13.725| 18.3
62f o of of of 1 1 1| 1| 1| O)3E 62| 7.75 93| 124 9.3 11.625| 1395 18.6
63f o of of of 1 1 1| 1| 1] 1J3F 63| 7.875| 9.45| 12.6| 9.45| 11.8125| 14.175| 189
64) 0O Of Of 1 0| Of Of 0| O O0}J40 6.4 8 9.6 12.8 9.6 12 14.4 19.2
650 o of ol 1| of of o of o] 141 65| 8125 9.75 13| 9.75| 12.1875| 14.625| 195
66 O Of Of 1 0| OfF 0O 0O 1 o4 2 6.6 8.25 9.9 13.2 9.9 12375 14.85 19.8
670 O Of Of 1 0| OfF 0O 0O 1 114 3 6.7| 8375| 10.05 13.4| 10.05| 12.5625| 15.075 20.1
68 O Of Of 1 0| Of 0O 1 O Op4 4 6.8 8.5 10.2 13.6 10.2 12.75 16.3 20.4
69 O Of Of 1 0] Of 0O 1 O 114 5 6.9 8.625| 10.35 13.8| 10.35| 12.9375| 15.525 20.7
700 of of of 1| of o o 1| 1| OJ46 7| 875 105 141 105 13.125| 1575 21
711 ol of o 1| o of of 1| 1| 147 7.1 8.875| 10.65| 14.2| 10.65| 13.3125| 15.975| 21.3
721 o of of 1| of o] 1| O O OoJa8 7.2 9| 108 144 108 13.5 162| 21.6
731 o of of 1| of of 1| Of O] 1149 7.3 9.125| 10.95| 14.6| 10.95| 13.6875| 16.425| 21.9
74 ol oy o 1| af of 1| of 1| Of4 A 7.4 925 11.1 14.8| 11.1| 13.875| 16.65| 22.2
751 o of of 1| of of 1| O 1| 1]48 7.5 9.375| 11.25 15 11.25| 14.0625| 16.875| 22.5
768 ol of of 1| of of 1| 1| 0Of 0)4d 7.6 95| 11.4| 152 114 14.25 17.1  22.8
770 ol oy o 1| af of 1| 1| 0o 1440 7.7| 9.625| 11.55| 15.4| 11.55| 14.4375| 17.325| 23.1
78] o oy of 1| aof of 1| 1| 1| Of4E 7.8 975 117 156| 11.7| 14.625| 17.55| 23.4
790 ol of o 1| of of | 1| 1| 1)4F 7.9 9.875| 11.85| 15.8| 11.85| 14.8125| 17.775| 23.7

“End of Message Storage Space for ISD1110, ISD1210, and ISD1212 Devices”

ISD 3




Application Information for ChipCorder Products

Sample Rates

P?HOZ 6.4 KHz K5H32 P?HOZ 8.0 KHz| 6.4 KHz (5.3 KHz 4.0 KHz
ISD Part Numbers

1016A | 1020A

1416 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 33075 | 33090 (33120-4
DEC| A9 | ABJ A7 | A6 | A5 | A4 J A3 | A2 [ Al | AO 2560 | 2575 | 2590 |25120| 33120 33150 | 33180 | 33240
80f 0| O O] 1 o] 1] 0| O 0]5 O 8 10 12 16 12 15 18 24
81 0| OofF Of 1 o] 1] 0| O 115 1 8.1 10.125| 12.15| 16.2| 12.15| 15.1875| 18.225| 24.3
82 0| O} O] 1 0] 1§ O 0Of 1 0]5 2 8.2 10.25( 12.3| 164 12.3 15.375| 18.45| 24.6
83] 0| O O] 1 0| 1§ O 0Of 1 195 3 8.3 10.375| 12.45| 16.6| 12.45| 155625( 18.675| 249
84y 0| O} O| 1 o 1§ Of 1 0Of O}5 4 8.4 10.5| 12.6| 168 12.6 15.75 18.9] 252
85] 0| O O| 1 o 1§ Of 1| 0Of 1155 8.5 10.625| 12.75 17| 12.75| 15.9375| 19.125| 255
86] 0| O O| 1 o] 1§ Of 1 1 0]5 4 8.6 10.75 12.9| 17.2 12.9 16.125| 19.35| 258
871 0| O O] 1 o] 1§ O 1 1 145 7 8.7| 10.875| 13.05( 17.4| 13.05| 16.3125| 19.575| 26.1
88y 0| O O] 1 0] 1 1 0| O Op58 88 111 132 17.6 13.2 16.5 19.8( 264
89y 0| Of O] 1 0] 1 1 0| O 1159 8.9 11.125| 13.35| 17.8| 13.35| 16.6875| 20.025| 26.7
o0f 0| Oof O] 1 o] 1 1 0| 1 015 A 9 11.25| 135 18 13.5 16.875| 20.25 27
91 ol of 0O 1 ol 1 1 ol 1 115 B 9.1 11.375] 13.65( 18.2| 13.65| 17.0625| 20.475| 27.3
92f 0| Of O] 1 o] 1 1 1 O] opsQA@ 9.2 11.5| 13.8| 18.4 13.8 17.25 20.7] 27.6
93] 0| Oof O] 1 o] 1 1 1 0O 15O 93| 11.625| 13.95| 18.6| 13.95| 17.4375| 20.925| 27.9
94] O OfF O] 1 o] 1 1 1 1 Of5 E 9.4 11.75] 14.1( 18.8 14.1 17.625| 21.15| 282
950 O OfF O] 1 o] 1 1 1 1 15 F 9.5| 11.875| 14.25 191 14.25( 17.8125| 21.375| 285
96f 0| Of O] 1 11 Of O 0] O] 060 9.6 12| 144 19.2 14.4 18 21.6| 28.8
971 0| Of O] 1 1/ OfF O Of O] 1461 9.7 12.125| 14.55( 19.4| 1455 18.1875| 21.825| 29.1
98y 0| Of O] 1 11 Of O] 0] 1 o6 2 9.8 1225 147 19.6 14.7 18.375| 22.05| 29.4
99f 0| O O] 1 11 Of O] 0] 1 106 3 9.9 12.375| 14.85( 19.8| 14.85| 18.5625| 22.275| 29.7
1000 Of OofF 0O 1 11 Of Of 1 O] Of6 4 10 12.5 15 20 15 18.75 22.5 30
101 0| OF Of 1 1/ OfF O 1 O 1465 10.1| 12.625| 15.15( 20.2| 1515 18.9375| 22.725| 30.3
1020 Of Of 0O 1 11 Oof O 1 1 ogé 4 102 12.75] 153 204 15.3 19.125| 2295 306
103 Of Of 0O 1 11 Oof O 1 1 16 7] 10.3| 12.875| 15.45| 20.6| 15.45| 19.3125| 23.175 30.9
104 Of Of 0O 1 11 of 1 0| O| 068 104 13| 15.6| 208 15.6 19.5 2341 312
1050 Of Of 0] 1 11 of 1 0| O 169 105| 13.125| 15.75 21| 15.75] 19.6875| 23.625| 31.5
106 Of Of 0] 1 11 of 1 0| 1 o6 A 106 13.25( 15.9| 21.2 15.9 19.875| 23.85| 31.8
107 Of O O] 1 11 Oof 1 ol 1 106 B} 10.7| 13.375| 16.05| 21.4| 16.05| 20.0625| 24.075| 32.1
108 Of Of 0O 1 11 of 1 1/ O o6 dq 108 13.5| 162 21.6 16.2 20.25 2431 324
109F Of Of 0] 1 11 of 1 1 0O 16O 109 13.625| 16.35( 21.8| 16.35| 20.4375| 24.525| 32.7
1100 Of o 0] 1 11 o 1 1 1 OJ6 E 11 13.75] 165 22 16.5 20.625| 24.75 33
1 of of 0O 1 11 Oof 1 1 1 16 F) 11.1| 13.875| 16.65| 22.2| 16.65| 20.8125| 24975 33.3
112 Of o O] 1 1 1} O O of o7 9@ 11.2 141 168 224 16.8 21 252 33.6
113 Of Oof O] 1 1 11 O O] Of 197 1) 11.3| 14.125| 16.95| 22.6| 16.95| 21.1875| 25.425( 33.9
114f Of O O] 1 1 1 O 0] 1 o7 2 114 1425 171 228 17.1 21.375| 25.65| 34.2
1150 Of O 0] 1 1 1} O 0] 1 117 3] 11.5| 14.375( 17.25 23| 17.25] 21.5625| 25.875| 34.5
116) Of O 0O 1 1 11 O 1| Of Of7 4 11.6 145 17.4| 232 17.4 21.75 26.1 34.8

Voice Solutions in Silicon™




Application Information for ChipCorder Products

Sample Rates

P?HOZ 6.4 KHz K5H32 P?HOZ 8.0 KHz| 6.4 KHz (5.3 KHz 4.0 KHz
ISD Part Numbers

1016A | 1020A

1416 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 33075 | 33090 (33120-4
DEC| A9 | ABJ A7 | A6 | A5 | A4 J A3 | A2 [ Al | AO 2560 | 2575 | 2590 |25120| 33120 33150 | 33180 | 33240
1170 Of Of 0] 1 1 10 Of 1| 0O 1§75 11.7| 14.625| 17.55| 23.4| 17.65| 21.9375| 26.325| 35.1
118§ 0Of Of O] 1 1 11 O 1 1 o7 6§ 11.8 1475 17.7] 23.6 17.7 22.125| 26.55| 354
119 Of Oof 0] 1 1 11 O 1 1 197 7] 11.9| 14.875| 17.85| 23.8| 17.85| 22.3125| 26.775| 35.7
1200 Of Of O] 1 1 1 1 0| 0| O0Of7 8§} 12 15 18 24 18 22.5 27 36
121 0| ofF Of 1 1 1 1 0| O 197 9Q 12.1| 15125| 18.15| 24.2| 18.15| 22.6875| 27.225| 36.3
122 0O Of O] 1 1 1 1 0| 1 o7 Ay 122 15.25( 18.3| 24.4 18.3 22.875| 27.45] 366
123 Of O 0] 1 1 1 1 ol 1 107 B} 12.3| 15.375| 18.45| 24.6| 18.45| 23.0625| 27.675| 36.9
124} Of O O] 1 1 1 1 1l O o7 A 124 1565 18.6| 24.8 18.6 23.25 279 372
1250 Of O O] 1 1 1 1 1 0O 17O 125 15625| 18.75 25| 18.75| 23.4375| 28.125| 37.5
126 Of O O] 1 1 1 1 1 1 Of7 E} 1246 15675 189 252 18.9 23.625| 28.35| 3738
1270 Of O O] 1 1 1 1 1 1 107 F} 12.7| 15.875| 19.05| 25.4| 19.05| 23.8125| 28.575| 38.1
128§ Of Of 1| O] O Of of O O] O)8 Oy 128 16| 1921 256 19.2 24 28.8| 38.4
1290 Of OfF 1| Of O Of Q| Of O] 1§81 129 16.125| 19.35| 258| 19.35| 24.1875| 29.025| 38.7
1300 Of of 1| O O OfF of 0O 1 0]8 2 13 1625 195 26 19.5 24.375| 29.25 39
131 ol op 1| of 0o ofF o Of 1 18 3] 13.1| 16.375| 19.65| 26.2| 19.65| 24.5625| 29.475( 39.3
1320 Of Oof 1| O] O Of of 1| O] Of8 4 132 16.5| 19.8| 26.4 19.8 24.75 29.71 39.6
1330 Of Of 1| O O OfF Qf 1| O] 7185 13.3| 16.625| 19.95| 26.6| 19.95| 24.9375| 29.925| 399
134 Of of 1| O] O Of of 1 1 08 ¢ 134 1675 20.1| 26.8 20.1 25.125( 30.15| 40.2
1350 Of of 1| O] O Of of 1 1 148 7] 13.5| 16.875| 20.25 27| 20.25| 25.3125| 30.375| 405
136§ O of 1| O 0O Oof 1 0| O Op8 gy 136 171 20.4| 27.2 20.4 25.5 30.6| 408
1370 Of of 1| O] O Oof 1 0| O 1§89} 13.7| 17.125| 20.55| 27.4| 20.55| 25.6875| 30.825| 41.1
138§ Of of 1| O O Oof 1 0| 1 o8 Ay 138 17.25] 20.7| 27.6 20.7 25.875 31.05| 41.4
139§ Of of 1 O O Oof 1 0| 1 118 B} 13.9| 17.375| 20.85| 27.8| 20.85| 26.0625| 31.275( 41.7
1400 Of of 1| O O Oof 1 11 0] 0)8d 14 17.5 21 28 21 26.25 315 42
141 of of 1| Of O OfF 1 1 0O 18 0@ 14.1| 17.625| 21.15( 28.2| 21.15| 26.4375| 31.725| 423
142} Of OofF 1| Of Of ofF 1 1 1 OJ8 E} 142 17.75] 21.3| 28.4 21.3 26.625( 31.95| 42.6
143} Of OofF 1| Of Of ofF 1 1 1 118 F} 14.3| 17.875| 21.45| 28.6| 21.45| 26.8125| 32.175| 429
144y Of O 1| Of O 13 Q| O O] o2 O 144 18| 21.6| 28.8 21.6 27 324 432
1450 Of OfF 1| Of O 13 Q| Of O 109 1 145| 18.125| 21.75 29| 21.75] 27.1875| 32.625| 43.5
146 Of O 1| Of O 13 Qf Of 1 09 2} 14.6 1825 21.9( 29.2 21.9 27.375| 32.85| 438
147y Of o 1| Of O 13 Qf Of 1 119 3] 14.7| 18.375| 22.05| 29.4| 22.05| 27.5625| 33.075| 44.1
148y Of OfF 1| Of O 13 Qf 1| O] Of2 4 148 18.5| 22.2| 29.6 22.2 27.75 33.3| 44.4
1490 Of OfF 1| Of O 13 Qf 1| O] 1095 149 18.625| 22.35| 29.8| 22.35| 27.9375| 33.525| 44.7
1500 Of of 1| O] O 1§ Of 1 1 0f¢9 4 15 18.75| 225 30 22.5 28.125| 33.75 45
151 of of 1 Of O 14 Of 1 1 19 7] 15.1| 18.875| 22.65| 30.2| 22.65| 28.3125| 33.975| 453
152 Of o 1| Of O] 1 1 of? 8] 152 191 22.8( 304 22.8 28.5 34.2| 456
1530 Of ofF 1] O] Of 1 1 19 9] 153 19.125| 22.95| 30.6| 22.95| 28.6875| 34.425( 459
ISD 5




Application Information for ChipCorder Products

Sample Rates
P?Hoz 6.4 KHz K5H3z P?HOZ 8.0 KHz| 6.4 KHz (5.3 KHz 4.0 KHz
ISD Part Numbers
1016A| 1020A
1416 1420
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 33075 33090 (33120-4
DEC| A9 | AB J A7 [ A6 | A5 | AA J A3 | A2 [ Al | AO 2560 [ 2575 | 2590 |25120| 33120 33150 33180 | 33240
154 O O 1 0 O 1 1 1 Oj2 Ay 154 19.25| 23.1| 30.8 23.1 28.875| 34.65 46,2
1550 Of O 1 g O 1 1 1 119 Bf 155| 19.375| 23.25 31 23.25| 29.0625| 34.875 46.5
156 O Of 1| of o 1} 1 11 O] o9 156 19.5| 23.4| 31.2 23.4 29.25 35.1 46.8
157 o O 1 0 O 1 1 1 0 19 @ 157| 19.625| 23.55| 31.4| 23.55| 29.4375| 35325 47.1
158 o O 1 g O 1 1 1 1 Oj? Ef 158 19.75| 23.7|] 31.6 23.7 29.625| 35.55 47.4
159 Of O 1 0 O 1 1 1 1 119 F| 159 19.875| 23.85| 31.8| 23.85| 29.8125| 35.775 47.7
"End of Message Storage Space for ISD1416, 13D1420, ISD1016A, and ISD1020A Devices”
Sample Rates
I?HOZ 6.4 KHz I(5H32 IfHOZ 8.0 KHz| 6.4 KHz |5.3 KHz|4.0 KHz
ISD Part Numbers
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 |33120-4
DEC| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO 2560 | 2575 | 2590 (25120 33120 | 33150 | 33180 | 33240
160 O| of 11 O 1| OfF 0| O o] AO 16 20 24 32 24 30 36 48
161 0] O 1 0 1 of 0 O 1] A1} 16.1] 20.125( 24.15| 32.2| 24.15| 30.1875| 36.225 48.3
1620 O| O 1| O] 1| OfF of O 1| OfF A2y 162| 2025 24.3| 324 24.3| 30.375| 36.45| 48.6
163 O| Of 1| O 1] OfF of O 1| 1§ A3} 163| 20.375( 24.45| 32.6| 24.45| 30.5625| 36.675| 48.9
164 O| O 1 0 1 Of O 1 O Of A4 164 20.5| 24.6| 328 24.6 30.75 36.9 49.2
1650 0| Of 1| O] 1| OfF Of 1| O 1@ A5 165| 20.625| 2475 33| 24.75| 30.9375| 37.125| 49.5
166 0| O 1 0 1 Oof O 1 1 Of A4 166| 20.75| 24.9| 332 249 31.125( 37.35 49.8
1670 Ol of 1| O 1| OfF of 71| 1| 1§ A7} 16.7| 20.875| 25.05| 33.4| 2505| 31.3125| 37.575| 50.1
1648 Ol of 1 O 1| OfF 1/ O O] OfF A8} 168 21| 25.2| 336 252 31.5 37.8| 504
1690 O of 1 O 1] OfF 1 0O O 1@ A9 169| 21.125| 25.35| 33.8| 25.35| 31.6875| 38.025| 50.7
1704 ©| op 1| o 1| OfF 11 0O 1| OfF AA 171 21.25| 255 34 255| 31.875| 38.25 51
171 0] © 1 0 1 o] 1 0 1 1] A B} 17.1| 21.375( 25.65| 34.2| 25.65| 32.0625| 38.475 51.3
172 0| O 1 0 1 o] 1 1 of of AQQ 17.2 21.5| 258 344 258 32.25 38.7 51.6
173 O O 1 0 1 o] 1 1 0 1] ADQ} 17.3] 21.625( 25.95| 34.6| 2595| 32.4375| 38.925 51.9
174} 0| O 1 0 1 o] 1 1 1 Of AEl 174 21.75| 26.1| 348 26.1 32.625| 39.15 52.2
1750 0| O 1 0 1 o] 1 1 1 1} AF} 17.5]| 21.875( 26.25 35| 26.25| 32.8125| 39.375 52.5
176§ ©| of 1| O 1| 1§ G| 0| O OfF BO} 176 22| 26.4| 352 26.4 33 39.6| 528
1770 O of 1| O 1| 1§ Of O O 1§ B 1} 17.7| 22.125| 26.55| 35.4| 26.55| 33.1875| 39.825| 53.1
178§ O o 1| O 1| 1§ Of O] 1| OfF B2} 17.8| 2225 267 356 26.7| 33.375| 40.05| 53.4
179§ O o 1| O 1| 1§ Of O 1| 1§ B3| 17.9| 22.375| 26.85| 358| 26.85| 33.5625| 40.275| 53.7
180 O| O 1 0 1 1 0 1 O] B 4 18 22.5 27 36 27 33.75 40.5 54
181 0] O 1 0 1 1 0 1 1 B 5 18.1| 22.625| 27.15| 36.2| 27.15| 33.9375| 40.725 54.3

Voice Solutions in Silicon™




Application Information for ChipCorder Products

Sample Rates

I?HOZ 6.4 KHz I<5H32 I?HOZ 8.0 KHz| 6.4 KHz |5.3 KHz|4.0 KHz

ISD Part Numbers
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 (33120-4
DEC| A9 | AB | A7 | A6 | A5 | A4 A3 | A2 | Al | AO 2560 | 2575 | 2590 [25120| 33120 | 33150 | 33180 | 33240
1820 0| of 1 Of 1 1 1 1| Of B 4] 182| 22.75| 27.3| 364 27.3| 34.125| 40.95| b54.6
183 0| ofF 1 Of 1 1 1 1 1] B 7] 18.3| 22.875| 27.45| 36.6| 27.45| 34.3125| 41.175| 54.9
184 0| Oof 1 Of 1 1 1| O 0| O] B8y 184 23| 27.6| 36.8 27.6 34.5 414 552
1850 0| OofF 1| Of 1 1 11 O O] 1} B9y 185| 23.125( 27.75 37| 27.75| 34.6875| 41.625| 555
186 0| OofF 1 Of 1 1 1l O 1| O} BA 186 2325 27.9| 372 27.9| 34.875| 41.85| 558
1870 0| of 1| Of 1 1 11 O 1 1] B B] 18.7| 23.375| 28.05| 37.4| 28.05| 35.0625| 42.075| 56.1
188 0| of 1 Of 1 1 1 1l 0 Of B 188 23.5| 28.2| 376 28.2 35.25 42.3| 56.4
189 0| ofF 1 Of 1 1 1 1| O 1] B DO 18.9| 23.625( 28.35| 37.8| 28.35| 35.4375| 42.525| 56.7
1900 O ofF 1| O] 1 1 1 1 1| O] BE 19| 23.75| 285 38 28.5( 35.625| 42.75 57
191} O of 1| 0O 1 1 1 1 1 1] B F] 19.1| 23.875| 28.65| 38.2( 28.65| 35.8125| 42.975| 57.3
1920 O Of 1 1/ 0] of 0f of O] Of CcO 192 24| 28.8| 384 28.8 36 432 57.6
193] O Of 1 1/ 0] Of Of O O] 1] C 1y 193] 24.125| 28.95| 38.6| 28.95| 36.1875| 43.425| 57.9
194} O Of 1 1 O] Of O Of 1 Of C 2 194 2425 29.1| 388 29.1| 36.375| 43.65| 58.2
1950 O Of 1 1 0 Of O Of 1 1] C 3] 19.5| 24.375| 29.25 39 29.25| 36.5625| 43.875| 58.5
196 0| Of 1 1 0] Of O 1 Of Of C 4 196 24.5] 29.4| 39.2 29.4 36.75 441 58.8
197 0| Of 1 1 O] Of O 1 Of 1 C 5 19.7| 24.625| 29.55| 39.4| 29.55| 36.9375| 44.325| 59.1
198 O Of 1 1 0 OofF O] 1 1 Of C & 198 24.75| 29.7| 396 2971 37.125| 44.55| 594
199} O Of 1 1 0 OofF O] 1 1 1] C 78 199| 24.875| 29.85| 39.8( 29.85| 37.3125| 44.775| 59.7
200 o] Oof 1 1/ 0 of 1 Of O] Of C8 20 25 30 40 30 37.5 45 60
201 O Of 1 1/ 0o of 1 O O 1] C 9 20.1| 25.125| 30.15| 40.2 30.15| 37.6875| 45.225| 60.3
202 0| Of 1 1/ 0o of 11 Of 1| Of CA 202| 2525 30.3| 404 30.3| 37.875| 4545 60.6
203] o] Oof 1 1/ o] of 11 O 1 1] C Bl 20.3| 25.375| 30.45| 40.6| 30.45| 38.0625| 45.675| 60.9
204) o] Of 1 1/ 0] of 1 11 0 o Cq 204 25,5 30.6| 408 30.6 38.25 459 61.2
2050 O] Of 1 1/ 0] Oof 1 1l O] 1] C O 205| 25.625( 30.75 41| 30.75| 38.4375| 46.125| 61.5
206) 0| Of 1 1/ 0] Oof 1 1 1| Of CE] 206| 2575| 309 412 30.9| 38.625| 4635 61.8
2070 O Of 1 1 0] Of 1 1 1 1] CF] 20.7| 25.875| 31.05| 41.4| 31.05| 38.8125| 46.575| 62.1
208) O] Of 1 1/ 0 1} O0f Ol O Of DOy 208 26 31.2| 416 31.2 39 468 62.4
209 0| Of 1 1 O] 13 O Qf Q] 1§ D 1 20.9| 26.125| 31.35| 41.8| 31.35| 39.1875( 47.025| 62.7
2100 0| Oof 1 1 0] 13 O Of 11 Oof D2 21| 26.25| 31.5 42 31.5| 39.375( 47.25 63
211 0| Oof 1 1 0 13 O Of 1 11 D 3] 21.1| 26.375| 31.65| 42.2| 31.65| 39.5625( 47.475| 63.3
212 0| Oof 1 1 O] 13 O 1 Of Of D4 212 26.5| 31.8| 424 31.8 39.75 47.71 63.6
213 0| Oof 1 1 O 13 O 1 O 1] D 5 21.3| 26.625| 31.95| 42.6| 31.95| 39.9375| 47.925| 63.9
214 0| Of 1 1 0 13 O] 1 1| O D &) 21.4( 26.75| 32.1| 428 32.1| 40.125| 48.15] 64.2
2150 0| Of 1 1 0 13 O] 1 1 1] D78 215| 26.875| 32.25 43| 32.25| 40.3125| 48.375| 645
216 0| Of 1 1 0] 1 1| O O O} D g 216 27| 32.4| 432 32.4 40.5 48.6| 64.8
2170 0| Of 1 1 0] 1 11 0| O 1§ D9l 21.7| 27.125( 32.55| 43.4| 32.55| 40.6875| 48.825| 65.1
218 0| Of 1 1 0] 1 11 0| 1] Of DA 21.8| 27.25| 32.7| 43.6 32.7| 40.875| 49.05| 654
219y 0| Of 1 1 0] 1 11 0] 1 1] D B} 21.9| 27.375| 32.85| 43.8( 32.85| 41.0625| 49.275| 65.7
2200 0| Of 1 1 0] 1 1 11 0 Of DA 22 27.5 33 44 33 41.25 49.5 66
ISD 7



Application Information for ChipCorder Products

Sample Rates

I?HOZ 6.4 KHz I<5H32 I?HOZ 8.0 KHz| 6.4 KHz |5.3 KHz|4.0 KHz
ISD Part Numbers

Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 [33120-4

DEC| A9 | AB | A7 | A6 | A5 | A4 A3 | A2 | Al | AO 2560 | 2575 | 2590 |25120( 33120 | 33150 | 33180 | 33240
221} O] of 1 1 0] 1 1 1| O 1] D DO 221| 27.625( 33.15| 44.2| 33.15| 41.4375| 49.725| 66.3
222 0| oOf 1 1 0] 1 1 1 1| Of DE} 222| 27.75| 33.3| 444 33.3| 41.625| 4995 66.6
223) 0| oOf 1 1 0] 1 1 1 1 1] D F} 223 27.875| 33.45| 44.6| 33.45| 41.8125| 50.175| 66.9
224) 0| oOf 1 1 1/ Of 0| Of O Of EOQ] 224 28| 33.6| 448 33.6 42 50.4| 67.2
2250 0| Oof 1 1 1/ O 0| Of O 1] E 1] 22.5| 28.125| 33.75 45( 33.75| 42.1875| 50.625| 67.5
226) 0| Of 1 1 1/ Of O Of 1| O} E 2 22.6| 28.25| 33.9| 452 33.9| 42375 5085 67.8
227] 0| oOf 1 1 1/ Oof 0O Of 1 1] E 3] 22.7| 28.375| 34.05| 45.4| 34.05| 42.5625| 51.075| 68.1
228 0| oOf 1 1 1/ Of O 1{ O O} E 4 228 28.5( 34.2| 456 34.2 42.75 51.3| 684
229} 0| Of 1 1 1| Of O 1{ O 1) E 5] 22.9| 28.625| 34.35| 458| 34.35| 42.9375| 51.525| 68.7
230} O] Oof 1 1 1 of 0 1 1| Of E 4 23| 28.75| 34.5 46 34.5| 43.125( 51.75 69
2311 0| Of 1 1 1 of O] 1 1 1] E 7] 23.1| 28.875| 34.65| 46.2| 34.65| 43.3125| 51.975| 69.3
232 0| Of 1 1 1/ Of 1 Of O O} E g 232 29| 34.8| 46.4 34.8 435 52.2| 69.6
233] 0| Of 1 1 1 Of 1| O Of 1] E 9] 23.3| 29.125| 34.95| 46.6| 34.95| 43.6875| 52.425| 69.9
234 0| Of 1 1 1 Oof 1 O 1| O EAl 234| 2925 351| 468 35.1| 43.875| 52.65| 702
2350 0| Of 1 1 11 of 11 O] 1 1] E B] 23.5| 29.375| 35.25 47| 35.25| 44.0625| 52.875| 70.5
236) 0| Of 1 1 1 of 1 11 O Of EQ 236 29.5| 35.4| 47.2 35.4 44.25 53.1 70.8
2370 0| Of 1 1 1 of 1 11 O] 1) E D@ 23.7| 29.625| 35.55| 47.4| 3555| 44.4375| 53.325| 71.1
238 0| Of 1 1 1 of 1 1 1| O EE} 238 29.75| 35.7| 47.6 35.7| 44.625| 5355 714
239 0| Of 1 1 1 of 1 1 1 1] EF] 23.9| 29.875| 35.85| 47.8( 35.85| 44.8125| 53.775| 71.7
2400 O] Of 1 1 1 1] 0| 0| O Of FQO 24 30 36 48 36 45 54 72
241y 0| Of 1 1 1 11 O] 0| O 1§ F 1} 24.1| 30.125( 36.15| 48.2| 36.15| 45.1875| 54.225| 72.3
242 0| Of 1 1 1 10 O] O] 1] Of F 2 24.2| 30.25| 36.3| 484 36.3| 45.375| 5445 726
243 0| Of 1 1 1 11 0] O] 1 1] F 3] 24.3| 30.375| 36.45| 48.6| 36.45| 45.5625| 54.675| 72.9
244 0| Of 1 1 1 11 0| 1] O Of F 4] 244 30.5| 36.6| 4838 36.6 45.75 549 73.2
2450 0| Of 1 1 1 10 O] 1] O 1§ F 5] 24.5| 30.625| 36.75 49| 36.75| 45.9375| 55.125| 73.5
246 0| Of 1 1 1 11 0] 1 1| Of F 4 24.6| 30.75| 36.9| 492 36.9| 46.125| 5535 73.8
2470 0| Of 1 1 1 11 0] 1 1 1 F 78 24.7| 30.875| 37.05| 49.4( 37.05| 46.3125| 55.575| 74.
248 0| Of 1 1 1 1 1l O O] O} F 8 248 31| 37.2| 4946 372 46.5 55.8| 74.4
249y 0| Of 1 1 1 1 11 O] O 1@ F 9l 24.9| 31.125( 37.35| 49.8| 37.35| 46.6875| 56.025| 74.7
2500 0| Of 1 1 1 1 11 O 1| O FA 25( 31.25| 37.5 50 37.5| 46.875 56.25 75
2511 0| Of 1 1 1 1 11 0] 1 1] F B} 251 31.375| 37.65| 50.2| 37.65| 47.0625| 56.475| 75.3
252 0| Of 1 1 1 1 1 11 0] Of FQ@ 252 31.5| 37.8| 504 37.8 47.25 56.7 75.6
2530 0| Of 1 1 1 1 1 11 O] 1) F DO 253| 31.625| 37.95| 50.6| 37.95| 47.4375| 56.925| 75.9
254 0| Of 1 1 1 1 1 1 1| Oy FE} 254( 31.75| 38.1| 50.8 38.1| 47.625| 57.15| 76.2
2550 0| Of 1 1 1 1 1 1 1 1] F F] 255| 31.875| 38.25 51| 38.25| 47.8125| 57.375| 765
256 0| 1§ O] 0| Of OfF O O O Oofp100] 256 32 38.4| 51.2 38.4 48 57.6| 76.8
257) O 1§ O O] O OfF O 0O Of 1p10 7} 257 32.125| 38.55| 51.4| 38.55| 48.1875| 57.825| 77.1
258 0| 1§ O O Of OoF O O 1| Op102y 258 32.25| 38.7| 51.6 38.7| 48.375| 5805 774
259 0| 1@ Ol 0| O ofF O] 0O 1 11 10 3] 25.9| 32.375| 38.85| 51.8| 38.85| 48.5625( 58.275| 77.7
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Application Information for ChipCorder Products

Sample Rates
I?HOZ 6.4 KHz I<5H32 I?HOZ 8.0 KHz| 6.4 KHz |5.3 KHz|4.0 KHz
ISD Part Numbers

Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 (33120-4

DEC| A9 | AB | A7 | A6 | A5 | A4 A3 | A2 | Al | AO 2560 | 2575 | 2590 [25120| 33120 | 33150 | 33180 | 33240
260] O 1§ O O Of Oof O] 1 0f 10 4 26 325 39 52 39 48.75 58.5 78
261] 0| 1§ 0| 0o Oof Oof O] 1 10 10 5} 26.1| 32.625| 39.15| 52.2| 39.15| 48.9375| 58.725| 78.3
262) 0| 1§ O] 0O Of Oof O] 1 1| Of 10 6] 262| 32.75| 39.3| 524 39.3| 49.125| 5895 786
263] O 1§ O 0O Of Oof O] 1 1 10 10 7] 26.3| 32.875| 39.45| 52.6| 39.45| 49.3125| 59.175| 78.9
264 0| 1§ O O] Of OfF 1| O O Of10 8] 264 33| 39.6| 528 39.6 49.5 59.4 792
2650 0| 1) O O] Of OofF 1| 0O O 1p109] 265| 33.125| 39.75 53| 39.75| 49.6875| 59.625| 79.5
266 0| 1} O O] Of ofF 1] QO 1| Of10 A 266| 3325 39.9| 532 39.9| 49.875| 59.85| 79.8
2670 0| 1@ O 0| Oof of 1| 0O 1 1] 10 B} 26.7| 33.375| 40.05| 53.4| 40.05| 50.0625| 60.075| 80.1
2680 O 1§ O 0O Of OoF 1 1l O OfJ10QQ 268 33.5| 40.2| 536 40.2 50.25 60.3| 804
269] O 1§ O 0] Of OoF 1 11 O 141100 269| 33.625( 40.35| 53.8| 40.35| 50.4375| 60.525| 80.7
2700 0| 13 O O Of of 1 1 1| OfJ 10 E 27| 33.75| 40.5 54 40.5| 50.625( 60.75 81
271Q 0| 13 O O Of of 1 1 1 10 10 F} 27.1| 33.875| 40.65| 54.2| 40.65| 50.8125| 60.975| 81.3
2720 Q| 13 O Ol O] 1} O ©Of of op1m1 O 272 34| 40.8| 54.4 40.8 51 61.2] 81.6
2730 O 13 O O O 1 O] Of Oof 1311 1y 273 34.125| 40.95| 54.6| 40.95( 51.1875| 61.425| 81.9
274} 0| 1] O O O 1} O Of 1 of11 2y 274 34.25| 41.1| 548 411 51.375| 61.65| 822
2750 0| 13 O Of O] 1 0O of 1 1 11 3] 27.5| 34.375| 41.25 55( 41.25| 51.5625| 61.875| 825
276 0| 1] O Of O] 14 O 1| of ofp11 4 276 345 41.4| 552 41.4 51.75 62.1 82.8
2770 O] 1} O O O 1y O 1| Of 1411 5 27.7( 34.625| 41.55| 55.4| 41.55( 51.9375| 62.325| 83.1
278 0| 13 O Of O 1} O] 1 1 Of 11 6 27.8( 34.75| 41.7| 556 41.7| 52.125| 6255 834
279 0| 13 O Of O 1 O] 1 1 111 7} 27.9| 34.875| 41.85| 558 41.85| 52.3125| 62.775| 83.7
280] 0| 1§ O 0| O] 1 11 O] O Oof11 8 28 35 42 56 42 525 63 84
281 O 13 O] O Of 1 11 O] O 1p11 9] 28.1| 35.125( 42.15| 56.2| 42.15| 52.6875| 63.225| 84.3
2820 0O 13 O O Of 1 11 O 1| Of11 Ay 282 3525 423| 564 42.3| 52.875| 63.45| 84.6
283] 0| 1 O 0| O] 1 11 O 1 10 11 Bl 28.3| 35.375| 42.45| 56.6| 42.45| 53.0625| 63.675| 84.9
284 0O 13 O O Of 1 1 11 O Oof11 q 284 35.5| 42.6| 568 42.6 53.25 63.9| 85.2
285 0| 1 O 0| O] 1 1 11 O 1411 OO0 285| 35.625( 42.75 57| 42.75| 53.4375| 64.125| 855
286 0O 13 O O Of 1 1 1 1| Of 11 E}] 286| 3575| 429| 572 429 53.625| 64.35| 858
2870 O 13 O] O Of 1 1 1 1 10 11 F} 28.7| 35.875| 43.05| 57.4| 43.05| 53.8125| 64.575| 86.1
288 0| 1 O O 1| OfF O O Of Op12 0 288 36| 43.2| 57.6 43.2 54 64.8| 86.4
289 O| 1@ O O] 1| OfF O 0O Of 1p12 1) 289| 36.125| 43.35| 57.8| 43.35| 54.1875| 65.025| 86.7
290y O| 1@ O O 1| OfF O O 1 Op12 2 29 36.25| 43.5 58 43.5| 54.375| 6525 87
291 O 13 O Of 1] OofF O] oOf 1 10 12 3] 29.1| 36.375| 43.65| 58.2| 43.65| 54.5625| 65.475| 87.3
2920 Q0| 1] O O 1] OfF O 1| Of ofp12 44 292 36.5| 43.8| 584 43.8 54.75 65.7| 87.6
293] O] 1§ O O] 1 OfF O 1| QO 1p12 5] 293| 36.625| 43.95| 58.6| 43.95| 54.9375| 65.925| 87.9
294y Q0| 1} O Of 1] OofF O] 1 1 Of 12 6} 29.4( 36.75| 44.1| 58.8 441 55.125| 66.15| 88.2
2950 0| 13 O Of 1] OofF O] 1 1 1112 7] 29.5| 36.875| 44.25 59 44.25| 55.3125| 66.375| 88.5
296 O 1§ O 0O 1 OfF 1| O O Of128 296 37| 44.4| 592 44.4 555 66.6| 88.8
2970 O] 1} O O 1] Of 1| Of of 14129 297 37.125| 44.55| 59.4| 44.55| 55.6875| 66.825| 89.1
298 O 1] O Of 1| OfF 71| Of 11 Oop12 A 298| 37.25| 44.7| 596 44.7| 55.875| 67.05| 894
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Application Information for ChipCorder Products

Sample Rates
SHOZ 6.4 KHz |f|'—|32 éhoz 8.0 KHz| 6.4 KHz (5.3 KHz|4.0 KHz

ISD Part Numbers
Address Inputs 2532 | 2540 | 2548 | 2564 | 33060 | 33075 | 33090 (33120-4
DEC| A9 | A8 A7 | A6 | A5 [ A4 | A3 | A2 | Al | AO 2560 | 2575 | 2590 |25120| 33120 | 33150 | 33180 | 33240
2900 o 1] of o 1| of 71| of 1| 1§12 B} 29.9| 37.375| 44.85| 59.8| 44.85| 56.0625| 67.275| 89.7
300 0O 1 O Oof 1 o] 1 1 0 Oog12d 30 37.5 45 60 45 56.25 67.5 Q0
301 of 1§ of of 1| of 1| 71| 0o 1§12 0 30.1| 37.625| 45.15| 60.2| 45.15| 56.4375| 67.725| 90.3
3020 of 1§ of of 1| of 1| 71| 71| Oof12E} 302| 37.75| 45.3| 60.4| 453| 56.625| 67.95| 90.6
303) of 1§ of of 1| of 1| 71| 71| 1§12 F} 30.3| 37.875| 45.45| 60.6| 45.45| 56.8125| 68.175| 90.9
304y 0O 1 O Of 1 1 0| O O o130 304 38| 45.6| 60.8 45.6 57 68.4 91.2
305 of 1§ of o 1] 1] O| O O 1]13 1] 305| 38.125| 45.75 61| 45.75| 57.1875| 68.625| 91.5
306 0O 1 O Oof 1 1 0| Of 1 Of 13 2] 30.6| 38.25| 459| 61.2 459 57.375| 68.85 ?1.8
307} of 1) o of 1| 1] O O 71| 1§13 3] 30.7| 38.375| 46.05| 61.4| 46.05| 57.5625| 69.075 92.1
308y 0O 1 O Oof 1 1 Q] 1 O Of 13 4 308 38.5| 46.2| 61.6 46.2 57.75 69.3 92.4
3090 O 1 O Oof 1 1 Q] 1 O 113 5 30.9| 38.625| 46.35| 61.8| 46.35| 57.9375| 69.525 92.7
310 0] 1 O Oof 1 1 Q] 1 1 0] 13 4 31 38.75( 46.5 62 46.5| 58.125| 69.75 93
311 Q] 1 O Oof 1 1 Q] 1 1 1] 13 7} 31.1| 38.875( 46.65| 62.2| 46.65| 58.3125| 69.975 @3.3
312 0O 1 O Oof 1 1 1 0| Of Oog13 8 312 39| 46.8| 624 46.8 58.5 70.2 93.6
313y 0 1 O Oof 1 1 1 O] Of 113 94 31.3| 39.125| 46.95| 62.6| 46.95| 58.6875| 70.425 ?3.9
3140 of 1§ o of 1| 1} 1| 0Of 1| Of13 A 31.4| 39.25| 47.1| 628| 47.1| 58.875| 70.65| 94.2
315 0] 1 O Oof 1 1 1 Q] 1 1] 13 B} 31.5| 39.375( 47.25 63| 47.25| 59.0625| 70.875 94.5
316) of 1§ of of 1| 1] 1| 1| 0O of13 @ 316 39.5| 47.4| 632 474 59.25| 71.1| 9438
3170 of 1) of of 1| 1@ 1| 1| 0O 1413 Oy 31.7| 39.625| 47.55| 63.4| 47.55| 59.4375| 71.325| 95.1
318} of 1§ o of 1| 1} 1| 1| 71| Of13 E} 31.8| 39.75| 47.7| 63.6| 47.7| 59.625| 71.55| 954
3190 of 1§ o of 1| 1} 1| 1| 1| 1413 F} 31.9| 39.875| 47.85| 63.8| 47.85| 59.8125| 71.775| 95.7

"End of Message Storage Space for 1ISD2532, 1ISD2540, 1I3D2548, and 1SD2564 Devices”

Sample Rating
SHOZ 6.4 KHz K5H32 IfHOZ 8.0 KHz| 6.4 KHz |5.3 KHz IfHOZ

ISD Part Numbers
Address Inputs 33060 | 33075 | 33000 12
DEC| A9 | A8 J A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO 2560 | 2575 | 2590 |25120| 33120 | 33150 | 33180 |33240
320 Of 1 o 1 Oof Oof O O Oj14 O 32 40 48 64 48 60 72 96
321} o| 11 o 1| o of of o 114 1] 32.1| 40.125| 48.15| 64.2| 48.15| 60.1875| 72.225| 96.3
322 Of 1 o 1 0o of O 0O 1 O} 14 2] 322| 40.25| 483 644 48.3 60.375| 72.45| 96.6
323 Of 1 o 1 o of O 0O 1 1114 3] 32.3| 40.375| 48.45( 64.6| 48.45( 60.5625| 72.675| 96.9
324 o| 11 o 1| Ol Of of 1| 0| 014 4] 324 40.5| 48.6| 648 486 60.75| 72.9| 97.2
325 Of 1 o 1 0o Oof 0O 1 O 1§14 5 32.5| 40.625| 48.75 65| 48.75| 60.9375( 73.125( 97.5
326 Of 1 o 1 0o OofF 0O 1 1 O] 14 6] 32.6| 40.75| 489 652 48.9 61.125( 73.35| 97.8
3270 o| 11 o 1| o of of 1| 1| 1§14 7] 32.7| 40.875| 49.05| 65.4| 49.05| 61.3125| 73.575| 98.1
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Application Information for ChipCorder Products

Sample Rating

39 leakHz| o3 | &0 180KHz| 6.4 KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 33120

DEC| A9 [ A8 [A7 [ A6 | A5 [ A4 [ A3 [A2 [AL [ A0 2560 | 2575 | 2590 |25120| 33120 | 33150 | 33180 |33240
328] o] 1] o] 1] o] of 1] o of12 g 328 41| 492 656| 492 615 738| 984
329l of 1| of 1| of of 1] o 1114 o] 329[ 41.125[ 49.35| 58] 49.35] 61.6875| 74.025| 98.7
330l of 1| of 1 of of 1| of 1| ofia Al 33| a1.25] 495 6| 495 e1.875] 7425 99
331l of 1| o 1| of of 1| of 1| 1f1a 8l 33.1] 41.375] 49.65| 66.2| 49.65] 62.0625| 74.475] 99.3
332l of 1| of 1 of of 1| 1| o ofiacl 332 a15] a98| e6a| 98] 6225 747 996
333 of 1| of 1 o of 1| 1| o 1|14 of 333| 21.625] 49.95] 66.6| 49.95| 62.4375| 74.925] 99.9
332l of 1| of 1| of of 1| 1| 1| ofia g| 334 21.75] 50.1| 668| 50.1| 62.625| 75.15 100.2
335] o 1| of 1| o of 1| 1| 1| 1|14 f[ 335| 241.875] 5025 67| 50.25| 62.8125| 75.375| 100.5
33l o 1| o/ 1 o 1| o of of ofi5 of 336 42| 504 67.2| 504 63| 75.6] 1008
3371 o 1| of 1 of 1| o of o 1|15 1| 33.7| 22.125] 5055| 67.4] 50.55| 63.1875| 75.825| 101.1
338l of 1| of 1[ of 1| ol of 1| ofis 2 338 2225 s07| 67.6] 507 63.375| 76.05 101.4
339l of 1| of 1 of 1| of of 1| 1|15 3 33.9] 42.375] 50.85| 67.8] 50.85| 63.5625| 76.275] 101.7
saol o] 1| of 1 of 1| of 1| o ofis 4l 34| 25 51| e8] 51| 6375 765 102
saar]l of [ of 1] of 1 o[ 1| of 1|15 5| 321| 42625 51.15] 82| 51.15| 63.9375| 76.725| 102.3
sa2l of [ of 1] of i of 1| 1| olis ¢ 322] 42.75] 51.3] 84| 51.3] 64.125] 76.95| 102.6
3a3] of [ of 1] of 1 of 1| 1[ 1|5 7[ 323| 42875] 51.45] 8.6 51.45| 64.3125| 77.175] 102.9
342l o 1| of 1 of 1| 1] of o ofis g 324 43| 516 688 516 645 77.4] 103.2
345l o 1| o 1 o| 1| 1| of o 1|15 o 35| 23.125[ 51.75] 9| 51.75| 64.6875| 77.625| 103.5
sq6l of 1| of 1 of 1| 1] of 1| ofis Al 326 2325 519 692] 51.9] 64875 77.85 103.8
3a7] of [ o| 1] of [ 1| of 1| 1|5 8l 32.7| 43.375] 52.05| 9.4| 52.05| 65.0625| 78.075 104.1
aa8l o 1| of 1 of 1| 1| 1 o ofiscl sas| 435 s22| 696] 522 6525 78.3| 1044
3a5] o 1| of 1 of 1| 1| 1 o 1|15 ol 3a9| 43625] 52.35| 69.8] 52.35 65.4375| 78.525| 104.7
ssol of 1| of 1 of I 1| 1| 1 ofis el 35| 2375 525 70| 525 é5625| 78.75| 105
351l of 1| ol 1 of 1f 1| 1| 1| 1|15 Fl 351 43.875] 52.65| 702| 52.65 65.8125| 78.975] 105.3
352l of 1| of 1| 1] of of of of ofie of 352 44| 528| 70.4| 528 66|  79.2] 105.6
353l of 1| of 1[ 1] ol o of o 1|6 1| 353| 22.125] 5295 706 52.95 ¢6.1875| 79.425] 105.9
352l of 1| of 1| 1] of of of 1| ofie 2l 354 2225 53.1| 708] 53.1| 66375 79.65] 106.2
355l of 1| of 1[ 1] of o of 1| 1|1 3 355| 22375 53.25] 71| 53.25| 66.5625| 79.875| 1065
sl of 1| of 1| 1] of of 1| o ofie 4| 356 245 534 712] 534 4675 80.1] 1068
3571 of 1 of 1 1] of of 1| o 1|1 s 357| 22625 5355 71.4] 53.55| 66.9375| 80.325| 107.1
358l of 1| of 1| 1| of of 1| 1| ofie o 358 2475 537 71.6] 537 &7.125] 80.55| 107.4
355l of 1| of 1| 1] of of 1| 1| 1|6 7| 359 44875] 53.85| 71.8] 53.85 67.3125| 80.775] 107.7
360l of 1| of 1| 1] ol 1| of o ofis s 36 45| 54| 72| 54 675 81| 108
so1] of [ of 1| 1| ol 1] ol of 1|16 of 36.1| 45.125] 54.15] 72.2| 54.15| 67.6875| 81.225| 108.3
362l of 1| of [ 1] ol 1] of 1| ofie Al 62| 2525 543| 72.4] 543 67.875] 81.45] 108.6
363l of 1| of 1 1] of 1| of 1| 1|6 8l 36.3| 25.375] 54.45] 72.6| 54.45| 68.0625| 81.675| 108.9
362l o 1| of 1 1] of 1] 1 ol1e | 364 455 s46| 728] 546 825 81.9]109.2
365l of 1| ol 1 1] of 1 1 1176 O] 365 45.625[ 54.75] 73| 54.75| 68.4375| 82.125| 109.5
ISD 11




Application Information for ChipCorder Products

Sample Rating

39 leakHz| o3 | &0 180KHz| 6.4 KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 33120

DEC| A9 [ A8 [A7 [ A6 | A5 [ A4 [ A3 [A2 [AL [ AO 2560 | 2575 | 2590 |25120| 33120 | 33150 | 33180 |33240
366] 0| 1| o] 1] 1 11 1] 1] 016 E| 366| 4575 549| 73.2| 549] 68625 82.35] 109.8
3671 o 1| of 1| 1 11 1] 1] 116 F| 36.7| 45.875| 55.05] 73.4] 56.05| 68.8125] 82.575| 110.1
368l of 1| o| 1| 1| 1| o| o of ofi7 of 368 46| 552| 73.6| 552 69| 82.8] 1104
369l of 1| of 1| 1| 1| o of o 117 1| 369] 46.125] 55.35| 73.8| 55.35] 69.1875| 83.025] 110.7
s7ol ol 1 of 1 1| 1| of of 1| ofi7 2 37| 2625 555 74| 555 69.375] 83.25] 111
371l of 1 o 1| 1| 1| o of 1| 117 3| 37.1] 26.375] 55.65| 742 55.65| 69.5625| 83.475] 111.3
372l ol 1| of 1| 1| 1| of 1| o ofi7 4 372 465 s58| 744| 558 69.75| 83.7| 111.6
3731 of 1 of 1 1| 1 o 1| o] 1|17 5[ 37.3| 26.625] 5595 74.6| 5595 69.9375| 83.925] 111.9
372 o 1| ol 1| 1| 1| o] 1| 1| of17 o] 37.4] 2675 56.1| 748| 561| 70.125| 84.15 112.2
a7sf of [ o 1| 1| 1 of 1| 1| 1|17 7[ 37.5] 46875] 56.25] 75| 56.25| 70.3125| 84.375] 112.5
376l of 1| of 1| 1| 1| 1| of o ofi7 ¢[ 376 47| 56.4] 752| 564 705| 846| 1128
3771 o 1| o 1 1| 1| 1| of o| 1§17 of 37.7] 47.125] 5655| 75.4] 56.55| 70.6875| 84.825| 113.1
a7el ol [ of 1| 1| [ 1| of 1| oli7 Al 378] 4725 567 756| 567 70875| 85.05| 113.4
375l o 1| o 1 1| 1| 1| of 1| 117 8l 37.9] 47.375] 56.85| 758| 56.85| 71.0625| 85.275] 113.7
ssof of [ o 1| 1| [ 1| 1] of ofizcl s8] 475] 57| 76| 57| 7125 855| 114
381l o| 1| o| 1| 1| 1| 1| 1| o| 1|17 ol 381| 47.625] 57.15| 762| 57.15] 71.4375| 85.725] 114.3
sg2l ol 1| of 1 1| 1| 1| 1| 1| ofi7 e[ 32| 27.75] 573| 764| 57.3| 71.625| 85.95| 1146
33l of 1| o 1 1| 1§ 1| 1| 1| 1|17 F[ 383| 247.875] 57.45| 76.6| 57.45| 71.8125| 86.175| 114.9
382l o 1| 1] of of of of of of ofis of 384 48] 576 768 576 72| 86.4] 1152
385 o 1| 1] o o| ol o of o 1|ie 1 385| 28125 57.75] 77| 57.75| 72.1875| 86.625| 1155
38l o 1| 1/ of of of of of 1| ofis 2 ss6| 2825 579 772 57.9] 72.375| 86.85] 1158
387l of 1| 1] of o of of of 1| 1|ve 3 387| 28.375] 58.05] 77.4] 58.05| 72.5625| 87.075| 116.1
388l o 1| 1/ of of ol of 1| o ofie 4 sss8| 485 s82| 77.6] 582 7275 87.3] 1164
385l o 1| 1] of of of of 1 o 1fis sl 38| 48625] 58.35| 77.8] 58.35] 72.9375| 87.525] 116.7
3ol of 1| 1] of of of of 1| 1| ofis 6] 39| 2875 s85| 78] 585 73125 87.75] 117
391l of 1| 11 of of of of 1| 1| 1fis 7| 39.1| 48875| 58.65| 782| 58.65| 73.3125| 87.975] 117.3
392l ol 1| 1] of of of 1] of o ofis g 392 49| 588| 78.4| 588 735 882| 117.6
393l of 1| 1] of of of 1| of o 1|ie o 39.3| 29.125] 58.95] 78.6| 58.95 73.6875| 88.425] 117.9
304 of [ 1] o of of 1] of 1| ofis Al 39| 925 s9.1| 788] 59.1| 73.875| 88.65| 118.2
395l of 1| 1] of of of 1| of 1| 1| 8l 395| 29.375] 59.25] 79| 59.25| 74.0625| 88.875| 1185
396 of [ 1] of of of 1] 1] of ofis cl 396| 495 59.4] 792] 59.4] 7425 89.1| 1188
3971 ol 1| 1| of o of 1| 1| o 1|is o 39.7] 29.625] 5955 79.4| 59.55| 74.4375| 89.325| 119.1
398l of 1| 1| o of of 1| 1| 1| ofis e[ 308 29.75] 597 796| 59.7| 74625 89.55| 119.4
3ol of 1| 1| of of of 1| 1| 1| 1fis Fl 39.9| 29875] 59.85| 79.8] 59.85] 74.8125| 89.775] 119.7

"End of Message Storage Space for ISD33060, ISD33075, ISD33090, and ISD33120-4 Devices”
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Application Information for ChipCorder Products

Sample Rating

390 l6akHz [5.3KHz| 0 80KHz| 6.4KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC| A9 [A8[A7 [A6 [A5 [Aa]A3 [A2 [AL] A0 2560 | 2575 | 2500 |25120| 33120 | 33150 | 33180 |33240
a00] o] 1] 1] o] o| 1l o] o of1o o] 40 50 60 80 60 75 90| 120
a01] of 1] 1] of of 1] of o 1179 1| 201] 50.125] 60.15| 80.2] 60.15] 75.1875] 90.225] 120.3
202 of 1| 1] of of 1[ of of 1| of19 2| 402] 5025 ¢0.3] 804 603 75375 90.45| 1206
203 of 1| 1] o o 1[ of of 1| 1|19 3| 403[ 50.375] 60.45] 80.6] 60.45| 755625 90.675| 120.9
a0l of 1| 1] o of 1l of 1| of of19o 4| 404] 05| 06| 08| 06| 7575] 909 121.2
a0s] of 1| 1] o o 1[ of 1] of 1|19 5| 405] 50625 60.75] 81| 60.75| 75.9375] 91.125| 121.5
aoel of 1| 1] o of 1[ of 1| 1| of19 of 406] 5075 09| 812] 609 76125 91.35] 121.8
a07) of 1§ 1] o of [ of 1| 1| 1§19 7| 407 s0875] 61.05] 81.4] 61.05] 763125 91.575] 122.1
208 of 1| 1] of of 1[ 1] o] of of19 8| 40s 511 612 816 612 765 91.8| 1224
a9 of 11 1] o of [ 1] of of 1§19 of 409 51.125] 61.35] s1.8] 61.35] 76.6875| 92.025| 122.7
aiol of 1f [ of of 1l 1] of 1] o9 A a1 s125] 15| 82| 615 76875 9225 123
anl of 1f 1] of of [ 1] of 1| 1|19 8| a1.1| 51.375] 1.65| 822| 61.65] 77.0625| 92.475| 123.3
a2l of 1 1 of of [ 1] 1] of oo c| a12] 515 18] 824 18 77.25]  92.7] 123.6
atsl of 1l 1] of of 11 1] 1] of 1|19 o| a1.3] 51.625] 61.95] 82.6| 61.95] 77.4375| 92.925| 123.9
aial of f 1] of of 1l 1] 1] 1| of19 | a1a| s1.75] 21| s28] e21| 77.625] 93.15| 124.2
ats] of 1| 1] of of 1l 1] 1] 1| 1|19 F| 415] 51.875] ¢225] 83| 6225 77.8125| 93.375| 124.5
st of 1| 1] of 1] of of of of ofia of 416 52| 624] 832 624 78] 93.6] 1248
a7l of 1f 1] of 1] of of of of 1\7a 1| a1.7] 52.125] ¢2.55| 83.4] 62.55] 78.1875| 93.825| 125.1
aig] of 1l 1] of 1 of of of 1] oA 2o a18] 5225 27| 836| 627 78375 94.05| 1254
aof of 11 1] of 1 of of of 1] 1A 3| 419 52375] ¢285] 838| 6285 785625 94.275] 125.7
a0 of 1 1] of 1[ of of 1] of oA 2| 42| 525 63| 84 63 78.75] 945 126
a1 of 1f 1] of 1] of of 1] of 1\7A 5| 421 52625 ¢3.15| sa2| 63.15] 78.9375| 94.725| 126.3
o of 1l 1] of 1] of of 1] 1| of1a of 4a22] 5275 ¢33 saa| 33| 79.125] 94.95| 1266
a3 of 1| 1] of 1] of of 1] 1| 1[1Aa 7| 423 52875 ¢3.45] 8a6| 63.45| 79.3125| 95.175| 126.9
a4 of 1 1] of 1 of 1] of of o[1A 8| 424 53| 636| 848 636 795  95.4| 127.2
a5f of 1 1] of 1 of 1 o] o] 1A o] 425] 53.125] 63.75] 85| 63.75] 79.6875| 95.625| 127.5
w6l of 1l 1] of 1l of 1 of 1] oA Al 426 5325] ¢39| 852 639 79875 9585] 1278
a27f of 1 1] of 1 of 1 of 1] 1[1A 8l 427] 53.375] 64.05| 854| 64.05] 80.0625| 96.075] 128.1
w8l of 1| 1] of 1] of 1] 1] of of1ac| 428 535 622 856] 642| 8025 96.3| 128.4
a9 of 1 1] of 1 of 1| 1] o] 1A ol 429| 53.625] ¢4.35] 858| 6435 804375 96.525] 128.7
ol of 1l ] of 1] of 1] 1] 1| of A ef 43| 5375] 45| 86| 645 80625 9675 129
a31] of [ 1] of 1 of [ 1] 1] 1A Fl 43.1| 53875 064.65| 862| 6465 808125 96.975] 129.3
a2y of 1) ] of 1] 11 o] o] of ofis of 432 54| 48| 864 648 81| 972 129.6
w33l of 11 1] of 1] 1l of of of 1f18 1| 43.3] 54125 6495 866| 6495 81.1875| 97.425] 129.9
a3l of 1l 1] of 1 1 of of 1] ol8 2| 434 5225 ¢51| 868| 651 81.375] 97.65] 130.2
235l of 1| 1] of 1] [ of of 1| 1|8 3| 435] 54375 6525] 87| 6525 815625 97.875| 130.5
w36 of 1 1] of 1 1| of 1 ol 18 4] 436 545 o654 87.2] 54| 81.75] 98.1] 1308
w37 of | 1] of 1] 1 o] T 1178 8| 23.7] 54625 6555 87.4] 6555 81.9375| 98.325| 131.1
ISD 13



Application Information for ChipCorder Products

Sample Rating

390 l6akHz [5.3KHz| 0 80KHz| 6.4KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC| A9 [A8[A7 [A6 [A5 [Aa]A3 [A2 [AL] A0 2560 | 2575 | 2500 |25120| 33120 | 33150 | 33180 |33240
238] o] 1| 1] o] 1] 1] 1] Ol 1B 6] 438| 5475 657| 87.6] 657] 82125 9855] 131.4
aso] of 1| 1] of 1] 1 1] 1018 7] 43.9] 54875 6585| 87.8| 65.85| 82.3125| 98.775] 131.7
aaol of 1| 1] of 1| 1l 1] of of ofi 8] 44 55 66| 88 66 82.5 99l 132
ant| of 1f 1] of 1| [ 1] of of 1f18 of 441 55.125] 6.5 882 66.15] 826875 99.225| 132.3
a2l of 1| 1] of 1] [ 1] of 1| ofie A| 442] 5525 663 884 663| 82875 99.45| 1326
aas| of 1| 1] of 1| [ 1] of 1| 1|8 8| 443 55375 66.45] 88.6] 66.45| 83.0625| 99.675| 132.9
aaal of 1| 1] of 1| [ 1] 1] of ofie c| 44a] 555 ¢66| 888 666] 8325 999 133.2
aas| of 1| 1] of 1| [ 1] 1] of 1|18 of 445 550625 66.75] 89| 66.75| 83.4375]100.125| 133.5
aa] of [ 1] of 1 f 1 1] 1] ol 8 | 446 5575 69| 892 669 83.625| 100.35] 133.8
aa7) of f [ of 1| [ 1| 1| 1| 118 F| 427 55875] ¢7.05] 89.4] 67.05] 83.8125|100575 134.1
28] of 1| 1 1] o ol o of of ofic of 4ss 56| 67.2| 89.6] 672 84| 100.8| 134.4
aao] of 1 1] 1] of of of of o 1[ic 1| 449| s6.125] 67.35] 89.8] 67.35| s84.1875|101.025] 134.7
ol of 1l ] 7] o] of of of 1| ofic 2| 45 s625] 7.5 90| 675 84375 101.25] 135
511 of f ] 1] o of of of 1| 1fic 3| 451 56.375] 67.65] 902| 67.65] 84.5625|101.475] 135.3
w2l of 1 ] 1] o] of of 1] of ofic 4| 452 565 o7.8] 904 678 8475 101.7] 1356
s3] of 1l 1] 1] o of of 1] of 1|ic 5| 453 s6.625] 67.95] 90.6] 67.95] 84.9375]101.925] 135.9
sl of 1l 1 1] o] of of 1] 1| ofic of 45| 5675 81| 908 68.1| 85125 102.15] 136.2
s8] of 1l 1] 1] o] of of 1] 1| 1|ic 7| 455 56875 6825 91| 68.25| 85.3125]102.375] 136.5
el of 1| 1] 1] o] of 1] of of ofic &| 456 571 84| 912 684 85.5| 102.6] 1368
571 of f ] 1] o] of 1 of of 1fic o| 457 57.125] 855 91.4] 6855] 85.6875|102.825 137.1
s8] of 1| 1] 1] o] of 1] o 1| ofic A 458] 5725 687 91.6] 687| 85875 103.05| 137.4
sl of 1l 1 1] o of 1] of 1| 1fic 8| 459 57.375] 885 91.8] 68.85] 86.0625|103.275] 137.7
se0l of 1 1 1] of of 1] 1] of oficc| 46 575 o 92 69| 8625 1035 138
ao1] of 1f 1 1] of of 1] 1] of 1fic o| 461 57.625] ¢9.15| 922| 69.15] 86.4375|103.725| 138.3
se2f of [ 1] 1] of of 1| 1] 1] olic | 462 5775 93| 924 693] 86.625| 103.95] 138.6
a63] of 1 1] 1| of of 1| 1] 1] 1ic | 463| 57.875] ¢9.45] 926| 69.45] 86.8125|104.175] 138.9
se] of 1| 1 1] o] 11 o] o] of ofip of 464 58| 69.6| 928 696 87| 104.4] 139.2
a65] of 1l 1] 1] o 1| of o o] 1[0 1| 465 58.125] 69.75] 93| 69.75] 87.1875|104.625] 139.5
a6 of 1l 1] 1] of 1 of of 1] oD 2| 466 5825 99| 932 699 87.375 10485] 139.8
se7) of f 1 1] o] [ of of 1 1|0 3| 467 58.375] 7005 93.4] 70.05] 87.5625|105.075 140.1
268l of 1| 1] 1] o] 1[ of 1] of oo 4| 468 585 702| 936] 702 87.75] 105.3| 140.4
2690 of 1l 1 1] of [ of 1] of 1|0 5| 469 s8.625] 70.35| 93.8| 7035 87.9375|105.525| 140.7
arol of f 1 1] of 1f of 1| 1] ofio o] 27| s875] 705| 94| 705| 8125 10575] 141
anl of f 1 1] of [ of 1] 1| 1§10 7| 471 58875 70.65| 9a2| 7065 88.3125]105.975| 141.3
a2l of iV 1 1] of 1l 1] o] of ofip &f 472 59| 708| 944 708 885 106.2| 1416
473 of 1l 1] 1] of 1l 1] o] of 1|10 of 473[ 59.125] 70.95| 9a.6| 7095 88.6875|106.425| 141.9
a7 of f 1 1] of 1l 1] of 1| oo Al 47.a] 925 71.1| oas| 71.1| 88875 106.65| 142.2
a7s] of 1l 1] 1] of 1l 1] of 1| 1|0 8| 475] 50.375] 71.25] 95| 71.25] 89.0625|106.875| 142.5
a7el of f 1 1] of 1l 1] 1] of ofio c| a76] 595 71.4] 952 71.4] 89.25] 107.1| 1428
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Application Information for ChipCorder Products

Sample Rating

390 l6akHz [5.3KHz| 0 80KHz| 6.4KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC| A9 [A8[A7 [A6 [A5 [Aa]A3 [A2 [AL] A0 2560 | 2575 | 2500 |25120| 33120 | 33150 | 33180 |33240
2771 o] 1l 1] 1] 0| 11 1] 1] 0] 111D O] 47.7] 59.625| 71.55| 95.4] 71.55| 89.4375]107.325] 143.1
a7el of 1| 1] 1] of [ 1] 1] 1| oo ef 478 5975 71.7] 956 71.7| 89.625| 107.55| 143.4
a7l of f [ 1] of [ 1] 1] 1| 1fi0 F| 479 s9.875] 71.85| 958| 71.85| 89.8125|107.775| 143.7
asol of 1| 1 1] 1] o o of of ofiEe of 48 60 72| 96 72 ool 108] 144
ag1] of 1| 1 1] 1] of of of of 1\ 1| 481 60.125] 7215 962 72.15] 90.1875|108.225| 144.3
ag2l of 1| 1 1] 1] of of of 1| ofie 2| 482 e025] 72.3] 964 72.3] 90.375| 108.45| 144.6
ags| of 1| 1] 1] 1] of of o 1| 1|1E 3| 483] 60.375] 72.45] 96.6| 72.45| 90.5625|108.675| 144.9
agal of 1| 1 1| 1] of of 1] of ofiE 4| 48a] 05| 726 968 726 90.75| 1089 145.2
ags| of 1| 1] 1| 1| ol of 1] of 1|1E 5| 485] 60625 72.75] 97| 72.75] 90.9375]109.125| 145.5
agol of 1| 1 1| 1] of of 1] 1| ofiE of 486| 6075 729 972 729 91.125] 109.35| 145.8
ag7) of f 1] 1| 1] of of 1| 1| Ve 7| 487 e0875| 7305 97.4] 73.05] 91.3125|100.575 146.1
agg] of 1 1| 1] 1 of 1| of of ofiE | s 61| 732| 976 732 915| 109.8| 146.4
agol of 1| 1] 1| 1] of 1] of of 1\iE of 489 61.125] 73.35| 97.8] 73.35| 91.6875|110.025| 146.7
aool of if 1 1 1] of 1] of 1| ofie A| 29| e125] 735 o8| 735 91.875| 11025 147
ot of f 1 1] 1] of 1] of 1| 1\1E 8| 491 61.375] 73.65| 982| 73.65| 92.0625|110.475| 147.3
a2l of il ] ] 1] ol 1] 1] of ofiE c| 402 615 738 984 738 9225 1107|1476
a3l of 1l 1 1] 1] of 1] 1] of 1|1E of 493[ 61.625] 7395 98.6] 73.95| 92.4375]110.925| 147.9
aoal of f 1 1| 1] of 1] 1] 1| ofiE | ava| 6175 7a1| 988 741| 92.625| 111.15| 148.2
aos| of 1l ] 1| ] of 1] 1] 1| 1\1E F| 495] 61.875] 74.25] 99| 7425 928125]111.375| 148.5
awol of 1l 1 1] 1] 1l of of of ofiF of 296 62| 744| 992 744 03] 111.6| 1488
a7l of f 1 1] 1] [ of of of 1§iF 1| 297 62.125] 7455 99.4] 7455] 93.1875|111.825 149.1
a8l of 1l 1 1] 1] [ o of 1| ofiF 2| 408 6225 747 996 747 93375 112.05| 149.4
a9l of f 1 1| 1| 1l of of 1| 1\iF 3| 499 62.375] 7485 99.8] 7485 93.5625|112.275] 149.7
soof of 1f 1 ] 1] [ of 1] of ofiF 4f 0] 25 75] 100 75 93.75| 112.5] 150
so1l of 1| 1] 1| 1| [ of 1] of 1JiF 5| s0.1| 62625 75.15| 1002] 7515 93.9375|112.725] 150.3
sool of il ] 1] 1] [ of 1] 1| ofiF of s02] 6275 75.3| 1004] 753 94125 112.95] 1506
so3f of 1l 1| 1| 1 1 of 1] 1] 1[1F 7] s03| 62875 75.45| 100.6] 7545 94.3125[113.175] 150.9
sosl of 1 1 1] 11 1] o] of ofiF 8| 504 63| 756| 1008 756 945 113.4] 1512
so5f of 1l 1| 1| 1| 1§ 1| o] o] 1[1F o] s05| 63.125] 7575 101| 7575| 94.6875|113.625] 151.5
soof of 1 1| 1] 1 1§ 1 of 1] oliF Al s06| 6325 7759|1012 759 94875 113.85] 1518
so7) of 1§ 1] 1| 1] [ 1] o 1| 1\iF 8| 50.7] 63.375] 76.05| 101.4] 76.05] 95.0625|114.075 152.1
sosf of 1l 1| 1| 1| 1| 1| 1] o] oliF c| s08] 35| 7622|1016 762] 9525 114.3] 152.4
sool of 1| 1] 1| 1| 1l 1] 1] of 1|iF o| 509 63.625] 76.35| 101.8] 7635 95.4375|114.525| 152.7
stol of if [ 1| 1| [ 1] 1] 1| ofiF e| 1| 6375 765 102| 765 95625 11475 153
sl of f [ 1| 1| [ 1] 1] 1| 1\iF F| 511 63.875] 76.65| 1022] 7665 95.8125|114.975] 153.3
st2l 1] o] of o o of o o of of20 of 512 64|  768| 1024 768 96| 1152 153.6
stal 1] of of o o of of of of 120 1| 51.3] 64125 7695 102.6] 7695 96.1875|115.425] 153.9
s1af 1] of o| of of of of of 1] of20 2| 514 6225 77.1[ 1028 77.1| 96.375] 115.65] 154.2
ISD 15



Application Information for ChipCorder Products

Sample Rating

390 l6akHz [5.3KHz| 0 80KHz| 6.4KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC| A9 [A8[A7 [A6 [A5 [Aa]A3 [A2 [AL] A0 2560 | 2575 | 2500 |25120| 33120 | 33150 | 33180 |33240
515] 1] O] 0] 0] 0| of o] o] 1| 10120 3] 51.5| 64.375] 77.25] 103| 77.25| 96.6625| 116.875] 154.5
ste] 1] of of of of of of 1| of of20 4| s16] 645 77.4[1032] 774 9675 116.1]| 154.8
5171 1] of o] o o of of 1| of 1J20 5| 51.7] 4625 77.55| 103.4] 7755 96.9375|116.325] 155.1
si8] 1] o] of of of of of 1| 1| of20 of 518 6475 77.7] 1036] 77.7] 97.125] 11655] 155.4
sto] 1] of of o o of of 1| 1| 1§20 7| 519 64875 77.85| 103.8] 77.85] 97.3125|116.775| 155.7
s20] 1] o] of of of of 1] of of of20 s 52 65 78] 104 78 975  117| 156
5211 1] ol of o o of 1] of of 1§20 of 52.1[ 65125 78.15| 1042] 78.15| 97.6875]117.225| 156.3
522l 1 o] of o o of 1] of 1| of20 A 522[ 6525 78.3| 1044 783 97.875| 117.45] 1566
523l 1] of of o o of 1] o 1| 1J20 8| 523 65.375] 78.45| 1046 78.45] 98.0625|117.675| 156.9
soa] 1 of of o o of 1] 1] of of20 c| 524] 655 7868|1048 786 9825 1179 157.2
525 1] of of o o of 1| 1| of 1|20 o] 525 65625 78.75] 105| 78.75] 98.4375|118.125| 157.5
so6] 1] of of o o of 1] 1| 1| of20 | 526| 6575 7891052 789 98.625| 118.35| 157.8
so7f 1] of o o of of 1| 1] 1] 1f20 | 52.7] ¢5875] 79.05| 105.4] 79.05] 98.8125[118.575] 158.1
so8l 1] o] of o of 1[ o o of of21 of 528 66| 7921056 792 oo 118.8| 158.4
soo] 11 of o of o 1| of of o 1[21 1| 529] ¢6.125] 79.35] 105.8] 79.35] 99.1875[119.025] 158.7
ssol 1] of of of of 1l of of 1| of21 2| s3] e625] 795 106] 795 99.375] 119.25] 159
sa1] 1] ol of o o 1[ of o 1| 1|21 3| 53.1| 66.375] 79.65] 106.2] 79.65] 99.5625]119.475] 159.3
sa2l 1] of of of of [ of 1] of of21 4| s32] 665 798| 1064 798 99.75] 119.7] 159.6
s3] 1] ol of o o 1[ of 1] of 1|21 5| 533 66.625] 79.95] 106.6] 79.95] 99.9375[119.925] 159.9
sasl 1 of of of of [ of 1| 1| of21 of 53.4] 6675 s0.1| 1068 80.1| 100.125] 120.15] 160.2
s35] 1] o] of o o 1[ of 1| 1| 1|21 7| 535 66.875] 8025 107| 80.25] 100.3125[120.375| 160.5
s3] 1] of of o of 1[ 1] of of of21 8| 536 67| 80.4| 1072] 804 1005 1206 160.8
5371 1] of of o o [ 1 of of 121 9| 53.7] 67.125] 80.55| 107.4] 80.55] 100.6875]120.825] 161.1
s3] 1] o] of of of 1[ 1] o 1| of21 A 538 6725 s80.7| 107.6] 07| 100.875] 121.05| 161.4
s35] 1] of of o o 1[ 1] of 1| 1|21 8| 539 67.375] 80.85| 107.8] 80.85| 101.0625]121.275] 161.7
saol 1 of of of of [ 1] 1] of of21 c| 4 75 81| 108 81| 101.25] 1215 162
sa1l 1] ol of o o 1l 1| 1] of 1|21 of 541| 67.625] 81.15 108.2] 81.15| 101.4375]121.725| 162.3
saol 1] ol of o of 1l 1| 1] 1| of21 £| s42] 6775 81.3] 108.4] 81.3] 101.625] 121.95] 1626
sasl 1| ol of o o 1l 1| 1| 1| 121 F| 543 67.875] 81.45| 108.6] 81.45] 101.8125|122.175| 162.9
sasl 1] o] of o 1] of o] of of of22 of 544 68| 81.6| 1088] 816 02| 122.4] 163.2
sa5] 1] o] of o 1| of of of of 122 1| 545 68.125] 81.75] 109 81.75] 102.1875|122.625 163.5
sael 1] of of o 1] of o of 1| of22 2| s46| 6825 s1.9] 1092] 819 102.375] 122.85] 163.8
sa7) 1] of o o 1] of of of 1| 1|22 3| 547 68.375] 82.05] 109.4] 82.05] 102.5625|123.075| 164.1
sasl 1 o] of of 1] of of 1] of of22 4| 548 685 8221006 822 10275 123.3| 164.4
sa5] 1] of of o 1| of of 1] of 1|22 5| 549 68.625] 82.35| 109.8] 82.35] 102.9375|123.525 164.7
ssol 1] of of of 1] of of 1] 1| of22 of 55 6875 825 110] 825 103.125] 123.75| 165
ss1] 1] of of o 1] of of 1] 1| 1|22 7| 55.1| 68.875] 8265| 1102] 82.65 103.3125]123.975| 165.3
ssol 1] of of o 1] of of 22 8] 552 69| 828| 1104 828 103.5] 124.2| 165.6
ssal 1] o] of o 1] of 1122 of 553 69.125] 82.95| 110.6] 82.95] 103.6875] 124.425| 165.9
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Application Information for ChipCorder Products

Sample Rating

390 l6akHz [5.3KHz| 0 80KHz| 6.4KHz [5.3KHz| &0
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC| A9 [A8[A7 [A6 [A5 [Aa]A3 [A2 [AL] A0 2560 | 2575 | 2500 |25120| 33120 | 33150 | 33180 |33240
554] 11 o] o] o] 1] of | 1] O[22 Al 554] 6925 83.1] 110.8] 83.1| 103.875| 124.65] 166.2
sss] 1] o] of o 1] of 1 11 1022 8| 55.5] 69.375] 83.25| 111| 83.25| 104.0625|124.875| 166.5
ssol 1] of of of 1| of 1| 1] of of22 c| 556] 695 834 1112] 834 10425 1251 1668
5571 1] of of o 1] of 1| 1| of 1|22 o| 55.7| 69.625] 83.55| 111.4] 83.55] 104.4375|125.325| 167.1
ss8l 1] ol of of 1| of 1] 1] 1| of22 £| 558] 6975 83.7] 111.6] 83.7| 104.625] 125.55| 167.4
sso] 1] of of o 1| of 1| 1| 1| 122 | 559 69.875] 83.85| 111.8] 83.85] 104.8125|125.775| 167.7
560l 1] of of of 1| 1] of of of of23 of 6 70 gal 112 84 05| 126] 168
so1] 1] o] of o 1| 1[ o] of of 1|23 1| 56.1| 70125 8a.15| 112.2] 84.15| 105.1875] 126.225| 168.3
se2l 1] of of of 1] 1[ of o 1| of23 2| se2| 7025 s23| 112.4] 843 105375 126.45] 168.6
seal 1] of of of 1] 1[ of of 1| 1|23 3| 563| 70.375] 8a.45| 112.6] 84.45] 105.5625|126.675| 168.9
seal 1] of of of 1| 1l of 1] of of23 4| s64| 705 826|128 s846| 10575 1269 169.2
ses] 1] of of o 1| 1[ o 1| of 1|23 5| 565| 70.625] 8475 113| 84.75] 105.9375|127.125| 169.5
seol 1] of of of 1| [ of 1| 1| of23 of s66| 7075 8291132 849| 106125 127.35] 169.8
se7l 1] of of o 1| 1l of 1 1| 1|23 7| s6.7| 70875] 85.05| 113.4] 85.05] 106.3125]127.575] 170.1
se8] 1] o] of of 1| 1[ 1] o] of of23 8| ses 71| 852| 113.6| 852 1065 127.8| 170.4
seol 1] of of of 1| [ 1 of of 1|23 9| 569 71.125] 85.35| 113.8] 85.35] 106.6875|128.025| 170.7
s7of 1] of of of 1| 1§ 1 of 1] of23 Al 57 7125 e55| 11a] 855 106875| 128.25| 171
5711 1] ol of of 1| 1l 1] of 1| 1§23 8| 57.1| 71.375] 85.65| 1142] 85.65| 107.0625| 128.475| 171.3
52l 1 ol of of 1| [ 1] 1] of of23 c| 572 715 e8| 11a4] 858 107.25] 128.7] 1716
573l 1] ol of of 1| 1l 1| 1| of 1|23 o] 57.3] 71.625] 85.95| 114.6] 8595| 107.4375|128.925| 171.9
s7al 1| of of o 1| 1l 1] 1| 1| of23 | 574 7175 861| 1148 86.1| 107.625| 129.15| 172.2
575l 1] ol of o 1| 1l 1| 1] 1| 1|23 F| 575] 71.875] 86.25] 115| 86.25| 107.8125]129.375| 172.5
s76] 1] of o] 1] o] of of of of of24 of 576 72| 864 1162| 864 108]  129.6] 172.8
5771 11 of o] 1] o| of of of o 1[22 1| 57.7] 72.125| 86.55| 115.4] 86.55| 108.1875]129.825] 173.1
s78l 1 ol of 1] o of of o 1| of24 2| 578 7225 87| 1156] 86.7| 108.375| 130.05| 173.4
5790 11 of of 1] o of of of 1| 1|24 3| 579 72.375] 86.85| 1158 86.85] 108.5625|130.275| 173.7
ssol 1] of of 1] o of of 1] of of24 4| s8] 725 87| 116 87| 108.75| 1305| 174
se1l 1] ol of 1] o of of 1] of 1|24 s| s8.1| 72.625] 87.15| 116.2] 87.15] 108.9375]130.725| 174.3
se2l 1] of of 1| of of of 1] 1] ol22 o] s82] 7275 87.3| 1164 87.3] 109.125| 130.95] 174.6
seal 1] of o| 1| of of of 1] 1] 1[22 7| 583| 72875 87.25| 116.6] 87.45| 109.3125[131.175] 174.9
seal 1 o] of 1] o ol 1] of of of24 8| 584 73| 876| 1168| 876 1005 131.4] 175.2
ses] 1] ol o] 1] o of 1] of of 1|24 o| 585 73.125] 87.75] 117 87.75] 109.6875|131.625| 175.5
ssol 1] of of 1] o of 1] of 1| of24 A| sse| 7325 8791172 879 109875 131.85] 175.8
se7l 1] of of 1] o of 1] of 1| 1|24 8| 587 73.375] 88.05| 117.4] 88.05] 110.0625|132.075] 176.1
sesl 1] ol of 1] o of 1| 1] of of24 c| ss8| 735 882 117.6] 82| 11025 132.3| 1764
seol 1] of of 1] o of 1| 1| of 1|24 o| 589 73.625] 88.35| 117.8] 88.35] 110.4375|132.525 176.7
soof 1] of of 1] of of 1| 1| 1] ol22 e| 59| 73.75] 885| 118 85| 110625 132.75] 177
so1l 1] ol of 1] o ol 1| 1] 1| 1|24 F| 59.1] 73.875] 88.65| 118.2] 88.65| 110.8125]132.975| 177.3
ISD 17



Application Information for ChipCorder Products

Sample Rating

SHOZ 6.4 KHz |5.3 KHz éHoz 8.0KHz | 6.4KHz [5.3KHz é’HOZ
ISD Part Numbers

Address Inputs 33060 | 33075 | 33000 [3312%°

DEC|A9 |A8 A7 |A6 | A5 |A4] A3 [A2 |Al | AO 2560 | 2575 | 2590 |25120| 33120 | 33150 | 33180 [33240
592§ 1| Of O 1] Of 134 0] O 025 Of 592 74 88.8| 118.4 88.8 111 133.2| 177.6
5931 1| of o 1| o] 1] 0| O 1125 1| 59.3| 74.125| 88.95| 118.6| 88.95| 111.1875|133.425( 177.9
594 1| o) O| 1| O] 1§ O] O 1| Ofj25 2] 59.4| 7425 89.1| 118.8 89.1| 111.375| 133.65| 178.2
5950 1| O} O 1| O] 1] O] of 1| 1§25 3] 59.5| 74.375| 89.25| 119 89.25| 111.5625|133.875| 178.5
596 1| o} o 1| o 1] o] 1| 0| ofj25 4] 596 74.5 89.4| 119.2 89.4 111.75] 134.1| 178.8
5970 1| O} O 1| o 1) O] 1| 0| 1§25 5] 59.7| 74.625| 89.55| 119.4| 89.55| 111.9375|134.325| 179.1
598 1| Of O| 1| O 1§ O] 1| 1| Ofj25 6] 59.8| 7475 89.7| 119.6 89.7| 112.125| 134.55| 179.4
5990 1| of o 1| o 1} o 1| 1| 1425 7] 59.9| 74.875| 89.85| 119.8| 89.85| 112.3125|134.775| 179.7

"End of Message Storage Space for ISD2560, 1ISD2575, 1I3D25%90, and ISD25120 Devices”
Sample Rates
}3'_'02 6.4 KHz (5.3 KHz é‘_‘oz 8.0 KHz | 6.4 KHz | 5.3 KHz éhoz
Address Inputs ISD Part Numbers

DEC [A9 |A8JA7 | A6 | A5 [A4] A3 (A2 |AL [AO 33120 | 33150 | 33180 |33240
600 1) Of O 1 O 14 1| O Of 25 8 90 112.5 135 180
601§ 11 Of O 1 O 14 1| O 11 26 9 90.15|112.6875( 135.225| 180.3
602 1| O O 11 O 1g 11 O 1] OfF 25 A 90.3| 112.875 135.45] 180.6
603 1| OF Of 1 O 1g 11 O] 1] 14 25 B 90.45]|113.0625( 135.675| 180.9
604y 1| Of O 11 O 1§ 11 1] O] O 25 C 90.6 113.25 135.9( 181.2
605 1| of of 1| of 1} 1| 1| O 1] 25D 90.75|113.4375| 136.125| 181.5
606 1| OF O 11 O 19 1] 1] 1] Of 25 E 90.9| 113.625 136.35( 181.8
607) 11 of of 1| of 1§ 1| 1| 1| 1] 25 F 91.05|113.8125| 136.575| 182.1
608 1| OfF O 11 1] Of O] 0] 0] O 26 O 91.2 114 136.8| 182.4
609) 1] of of 1| 1| o} of O| O 1] 261 91.35|114.1875| 137.025| 182.7
6100 11 o of 1| 1] of o] o| 1| Of 26 2 91.5| 114.375| 137.25| 183
6110 11 o) o 1| 1] of o] o 1| 1] 26 3 91.65|114.5625| 137.475| 183.3
6120 11 o) of 1| 1| of o] 1| of Of 26 4 91.8| 114.75 137.7| 183.6
613 1| of of 1| 1| of of 1| of 1] 26 5 91.95|114.9375| 137.925| 183.9
614 1|1 of o 1| 1| of of 1| 1| 0Of 26 6 92.1| 115.125| 138.15| 184.2
6150 11 of of 1| 1| of of 1| 1| 1] 26 7 92.25|115.3125| 138.375| 184.5
616 1| OF O 1] 1| OfF 11 O] O] Of 26 8 92.4 115.5 138.6| 184.8
6174 1| Of O 1 1| Of 1|1 Of O 1 26 9 92.55|115.6875( 138.825| 185.1
618) 11 of of 1| 1| of 1| of 1| Of 26 A 92.7| 115.875| 139.05| 185.4
619) 11 o) of 1| 1] of 1| O] 1| 1] 26 B 92.85|116.0625| 139.275| 185.7
620 1| Of O 1 1] Oof 1] 1 0] 26 C 93 116.25 139.5 186
6210 11 o} of 1| 1| of 1| 1 1] 26 D 93.15|116.4375| 139.725| 186.3
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Application Information for ChipCorder Products

Sample Rates

P?HOZ 6.4 KHz |5.3 KHz IfHOZ 8.0KHz | 6.4 KHz | 5.3 KHz I?HOZ
Address Inputs ISD Part Numbers

DEC A9 [A8 A7 |A6 | A5 |A4 A3 |A2 |AL |AO 33120 33150 33180 (33240
622 1| of of 1| 1 1 11 1 Of 26 E 93.3| 116.625| 139.95| 186.6
623 1| o Of 1| 1 1 1) 1 1] 26 F 93.45(116.8125| 140.175| 186.9
624y 1| o of 1| 1| 1] 0f Of Of O) 27 0O 93.6 117 140.4| 187.2
6254 1| O Of 1 1 1} O] O] O] 1§ 27 1 93.75(117.1875| 140.625| 187.5
626 1| o of 1 1 1] 0] O] 1| Of 27 2 93.9| 117.375| 140.85| 187.8
627 1| o of 1 1 1} O] O] 1| 1} 27 3 94.05(117.5625| 141.075| 188.1
628) 1| o of 1 1| 1] O] 1| 0| Of 27 4 94.2| 117.75 141.3| 188.4
629 1| o Of 1| 1| 1§ of 1| Of 1} 27 5 94.35(117.9375| 141.525( 188.7
630 1| O Of 1| 1| 1§ of 1 1| O} 27 6 94.5| 118.125( 141.75| 189
6310 1| Of Of 1| 1| 1y O 1| 1| 1} 27 7 94.651118.3125| 141.975( 189.3
6320 1| Of Of 1| 1| 1} 1| O] O Of 27 8 94.8 118.5 142.2] 189.6
6330 1| Of Of 1| 1| 1} 1| O] Of 14 27 9 94.951118.6875| 142.425( 189.9
634 1| Of O 1 1| 1f 1| Of 1] Of 27 A 95.1| 118.875| 142.65| 190.2
6350 1| Of Of 1| 1| 1§ 1| O] 1 1} 27 B 95.251119.0625| 142.875( 190.5
636 1| O Of 1| 1 1§ 1| 1| O] Of 27 C 95.4 119.25 143.1] 190.8
6370 1| of Of 1| 1| 1} 1| 1| Of 14 27D 95.551119.4375| 143.325( 191.1
638 1| Of Of 1| 1| 1§ 1| 1| 1| O} 27 E 95.7| 119.625| 143.55| 191.4
6390 1| Of Of 1| 1| 1y | 1| 1| 1} 27 F 95.85|119.8125| 143.775| 191.7
640 1| O 1| Ol Of Of of Of Of O 28 0O 96 120 144 192
641y 1| Of 1| Of Of of 0 O O] 1 28 1 96.15|120.1875| 144.225( 192.3
642 1| O 1| Of Of of 0 O 1| Of 28 2 96.3| 120.375| 144.45| 192.6
643 1| O 1| Of Of of of Oof 1] 1] 28 3 96.451120.5625| 144.675( 192.9
644y 1| O 1| Of Of of o 1| 0| Of 28 4 96.6| 120.75 144.91 193.2
645y 1| O 1| Ol Of Of of 1| Of 1] 28 5 96.751120.9375| 145.125( 193.5
646 1| O 1| Of Of Of of 1 1 O] 28 6 96.9| 121.125| 145.35| 193.8
6470 1| Of 1| O] O of Of 1 1| 1} 28 7 97.051121.3125| 145.575| 194.1
648 1| O 1| Of Of of 1| O] 0| Of 28 8 97.2 121.5 145.8| 194.4
6490 1| Oof 1| O] O of 1| O] Of 14 28 9 97.35|121.6875| 146.025| 194.7
650 1| O 1| Ol Of of 1| Of 1| Of 28 A 97.5| 121.875| 146.25| 195
651 1| O 1 Of Of of 1] O] 1] 1] 28 B 97.65|122.0625| 146.475| 195.3
652 1| O 1| Ol Of of 1| 1| O Of 28 C 97.8| 122.25 146.7| 195.6
653 1| O 1| Of Of of 1 1| Of 1] 28 D 97.951122.4375| 146.925( 195.9
654y 1| O 1| Of Of of 1| 1] 1| Of 28 E 98.1| 122.625| 147.15| 196.2
655 1| O 1| Of Of of 1 1] 1| 1} 28 F 98.251122.8125| 147.375| 196.5
656 1| O 1| Of Of 1 Of Of Of O 29 O 98.4 123 147.6| 196.8
657 1| O 1 Of Of 1] O] O] O] 1} 292 1 98.55|123.1875| 147.825| 197.1
658 1| O 1 Of Of 1] O] O] 1| Of 29 2 98.7| 123.375| 148.05| 197.4
659 1| O 1 Of Of 11 O] O] 1] 1} 29 3 98.85|123.5625| 148.275| 197.7
660 1| O 1 Of Of 11 O] 1 of 29 4 991 123.75 148.5| 198
661F 1| Of 1| O] O 14 Of 1 11 29 5 99.15|123.9375| 148.725| 198.3
ISD 19




Application Information for ChipCorder Products

Sample Rates

P?HOZ 6.4 KHz |5.3 KHz IfHOZ 8.0KHz | 6.4 KHz | 5.3 KHz I?HOZ
Address Inputs ISD Part Numbers

DEC A9 (A8 A7 |A6 | A5 |A4 A3 |A2 |AL |AO 33120 33150 33180 (33240
662 1| O 1| 0Of Of 1 11 1| Of 29 6 99.3| 124.125| 148.95| 198.6
663 1| O 1| 0O Of 1 1 1 29 7 99.45(124.3125| 149.175| 198.9
664 1| Of 1| Of Of 1] 1| O] O] Of 29 8 99.6 124.5 149.4| 199.2
665 1| Of 1| Of Of 1§ 1| Of Of 1] 29 9 99.75(124.6875| 149.625| 199.5
666 1| O 1| O of 1§ 1| Of 1| Of 29 A 99.9| 124.875| 149.85| 199.8
6670 1| Of 1| Of Of 1} 1] O] 1] 1] 29 B 100.05| 125.0625| 150.075| 200.1
668 1| O 1| Of of 1f 1| 1| O Of 29 C 100.2( 125.25 150.3| 200.4
669 1| O 1| Of Of 14 1| 1| Of 1] 29D 100.35| 125.4375( 150.525| 200.7
6700 1| of 1| Of Of 1} 1| 1] 1| Of 29 E 100.5| 125.625| 150.75| 201
671 1| o 1 Of Oof 1 1| 1] 1| 1} 29 F 100.65| 125.8125| 150.975| 201.3
672 1| O 1| Of 1| Of Of Of Of OQ 2A O 100.8 126 151.2] 201.6
673 1| Of 1 Of 1 Oof O O] O] 1} 2A 1 100.95]|126.1875( 151.425| 201.9
674 1| Of 1| O] 1| Of Of O] 1| Of 2A 2 101.1| 126.375| 151.65| 202.2
6750 1| O 1 Of 1 Oof O O] 1] 1] 2A 3 101.25]|126.5625( 151.875| 202.5
676 1| O 1 Of 1 Oof O 1| O] Of 2A 4 101.4| 126.75 152.1] 202.8
6770 1| Of 1| O] 1| Of Of 1| Of 1 2A 5 101.55|126.9375| 152.325| 203.1
6781 1| Of 1| O] 1| Of Of 1| 1| Of 2A 6 101.7| 127.125| 152.55( 203.4
6790 1| Of 1| O] 1| Of Of 1 1| 1} 2A 7 101.85|127.3125( 152.775| 203.7
680 1| Op 1 Of 1 of 1| O] O] Of 2A 8 102 127.5 153 204
6811 1| Of 1| O] 1| Of 1| O] Of 1 2A 9 102.15|127.6875| 153.225| 204.3
682 11 Of 1| Of 1] OofF 1| Of 1] Of 2A A 102.3| 127.875| 153.45( 204.6
6830 1| Of 1| O] 1| Of 1| O] 1| 1} 2A B 102.45]|128.0625( 153.675| 204.9
684f 1| Of 1| Of 1) OofF 1| 1{ O] Of 2A C 102.6| 128.25 153.9| 205.2
6850 1| Of 1| O] 1| Oof 1| 1| Of 1 2A D 102.75]|128.4375( 154.125| 205.5
686 1| Of 1| O] 1| Oof 1| 1| 1| O) 2A E 102.9| 128.625| 154.35| 205.8
6870 1| Of 1| O] 1| Of 1| 1| 1| 1} 2AF 103.05|128.8125( 154.575| 206.1
688 1| O 1| Of 1| 1 Of Of Of O] 2B O 103.2 129 154.8| 206.4
689 1| Oof 1| O] 1| 1) Of O] Of 1} 2B 1 103.35| 129.1875( 155.025| 206.7
690 1| Of 1| Of 1| 1§ Of O] 1| Of 2B 2 103.5| 129.375| 155.25( 207
61 1| Oof 1| Of 1| 1} Of O] 1 1} 2B 3 103.65| 129.5625| 155.475| 207.3
692 1| Of 1| Of 1| 1§ Of 1| O O} 2B 4 103.8| 129.75 1565.7| 207.6
693f 1| of 1| O] 1| 1} Of 1| Of 1} 2B 5 103.95]|129.9375( 155.925| 207.9
64 1| Of 1| O] 1| 1} Of 1| 1| Of 2B 6 104.1| 130.125| 156.15| 208.2
6950 1| Of 1| Of 1| 1y Of 1 1| 1} 2B 7 104.25|130.3125| 156.375| 208.5
696 1| Of 1| Of 1| 1} 1| O] Of O} 2B 8 104.4 130.5 156.6| 208.8
697p 11 Oof 1 O] 1| 1} 1| O] Of 1§ 2B 9 104.55| 130.6875| 156.825| 209.1
698 1| Of 1| Of 1| 1 1| Of 1] Of 2B A 104.7| 130.875| 157.05( 209.4
699 1| Oof 1| Of 1| 1} 1| O] 1| 1} 2B B 104.85|131.0625( 157.275| 209.7
7004 1| Of 1| O 1 1pg 1] 1 of 26 C 105| 131.25 157.5] 210
7014 1 O 1| O 1 1qg 1] 1 1] 26 D 105.15|131.4375( 157.725| 210.3
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Application Information for ChipCorder Products

Sample Rates

P?HOZ 6.4 KHz |5.3 KHz IfHOZ 8.0KHz | 6.4 KHz | 5.3 KHz I?HOZ
Address Inputs ISD Part Numbers

DEC A9 [A8 A7 |A6 | A5 |A4 A3 |A2 |AL |AO 33120 33150 33180 (33240
702] 1| Of 1 1 1 1 11 1 Of 2B E 105.3| 131.625| 157.95| 210.6
703 1| Of 1 1 1 1 1 1 1] 2B F 105.45|131.8125| 158.175| 210.9
704f 1| Of 1| 1| O] Of 0| 0] O] op2Cc O 105.6 132 158.4( 211.2
7050 1| Of 1| 1| O| Of O 0] O 1p2C 1 105.75|132.1875| 158.625| 211.5
706f 1| Of 1| 1| O| Of O O] 1| Op2C 2 105.9| 132.375| 158.85| 211.8
7070 1| Of 1| 1| O| Oof O O] 1| 1p2C 3 106.05| 132.5625( 159.075| 212.1
708f 1| Of 1| 1| O| Of O 1] O Ofp2C 4 106.2( 132.75 159.3| 212.4
709f 1| Of 1| 1| O] Of O 1] O 1p2C 5 106.35| 132.9375( 159.525| 212.7
7100 1| Of 1| 1| O Oof O 1] 1| Op2C 6 106.5( 133.125| 159.75| 213
7114 1 O 1| 1] Of Of Qf 1] 1| 1§2C 7 106.65|133.3125| 159.975| 213.3
712 1 Of 1| 1| O OfF 1| O] O og2C 8 106.8 133.5 160.2| 213.6
713§ 1| O 1| 1] O Of 1| O] O 1p2C @9 106.95| 133.6875| 160.425| 213.9
714 1| O 1| 1| O] Of 1] O 1| Op2C A 107.1| 133.875| 160.65| 214.2
7154 1 O 1| 1| O Of 1| O] 1| 1J2C B 107.25]|134.0625( 160.875| 214.5
716 1| O 1| 1| O] Of 1] 1| O] Oop2C C 107.4| 134.25 161.1] 214.8
7174 1| O 1| 1| O Of 1| 1| O 1g2€ D 107.55(134.4375| 161.325| 215.1
718§ 1| O 1| 1| Of Of 1| 1] 1| OfJ2C E 107.7| 134.625| 161.55( 215.4
719§ 1 O 1| 1| Of Of 1| 1] 1| 1J2C F 107.85(134.8125| 161.775| 215.7
7204 1| O 1| 1] O 1§ O] O] O op2D O 108 135 162 216
721 1| O 1| 1| O 1§ O] O] Of 12D 1 108.15|135.1875( 162.225| 216.3
7224 1 Of 1| 1| O 1§ Q| O] 1| Oof 2D 2 108.3| 135.375| 162.45| 216.6
723 1| O 1| 1| O 1§ Q| O] 1| 1§2D 3 108.45| 135.5625| 162.675| 216.9
724 1 Of 1| 1| O 1§ Q| 1] Of O 2D 4 108.6| 135.75 162.9| 217.2
7254 1| O 1| 1| O 1§ Q| 1] O 12D 5 108.75]|135.9375( 163.125| 217.5
726 1| O 1| 1| O 1§ Q| 1| 1| O 2D 6 108.9| 136.125| 163.35| 217.8
7274 1| Of 1| 1| Of 1§ Qf 1] 1| 1§ 2D 7 109.05| 136.3125| 163.575| 218.1
7284 1| Of 1| 1| O 14 1| O] Of Oof 2D 8 109.2 136.5 163.8| 218.4
7294 1| O 1| 1| O 1p 1| O] O 12D 9 109.35| 136.6875( 164.025| 218.7
730§ 1| O 1| 1] O] 1p 1| O 1| Op2D A 109.5| 136.875| 164.25( 219
731 1 O 1| 1| Of 1q 1| O] 1| 12D B 109.65|137.0625( 164.475| 219.3
732 1| O 1| 1| O] 1g 1| 1| O] Op 2D C 109.8| 137.25 164.7| 219.6
733§ 1| O 1| 1| O g 1| 1] O 1g2b D 109.95]|137.4375( 164.925| 219.9
734y 1 O 1| 1| Of 1 1| 1] 1| Ofp 2D E 110.1| 137.625| 165.15( 220.2
7354 1 O 1| 1| Of 1g 1| 1] 1| 12D F 110.25|137.8125( 165.375| 220.5
736 1| Of 1| 1| 1| Of O O] O O 2E O 1104 138 165.6| 220.8
7374 1| Of 1| 1| 1| OfF Q| O Of 19 2k 1 110.55]|138.1875( 165.825| 221.1
738§ 1| O 1| 1| 1| OfF Q| O 1| Of 2k 2 110.7| 138.375| 166.05( 221.4
739 1| O 1| 1| 1| OfF Q| O 1| 19 2k 3 110.85]|138.5625| 166.275| 221.7
7404 1| Of 1| 1| 1 Of O 1 Oof 2k 4 111 138.75 166.5| 222
741y 1 Of 1| 1| 1 OfF O 1 1] 2E 5 111.15]|138.9375( 166.725| 222.3
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Sample Rates

P?HOZ 6.4 KHz |5.3 KHz IfHOZ 8.0KHz | 6.4 KHz | 5.3 KHz I?HOZ
Address Inputs ISD Part Numbers

DEC A9 (A8 A7 |A6 | A5 |A4 A3 |A2 |AL |AO 33120 33150 33180 (33240
7420 1| Oof 1| 1| 1] O 11 1| Of 2E 6 111.3[ 139.125] 166.95| 222.6
7430 1] Oof 1| 1| 1] O 1 1| 1] 28 7 111.45|139.3125| 167.175| 222.9
744 1| Of 1| 1| 1| Of 1| O] O| Of 2E 8 111.6 139.5 167.4| 223.2
7450 1| Of 1| 1| 1] Of 1| O] O| 1§ 2k 9 111.75| 139.6875| 167.625| 223.5
746 1| Of 1| 1| 1| Of 1| O| 1| Of 2E A 111.9| 139.875| 167.85| 223.8
7470 1| Of 1| 1| 1| Of 1] O] 1| 1) 2E B 112.05| 140.0625| 168.075| 224.1
748 1| Oof 1| 1| 1| Of 1| 1| O| Of 2k C 112.2( 140.25 168.3| 224.4
7490 1| Of 1| 1| 1] Of 1| 1| O 1§ 2ED 112.35| 140.4375| 168.525| 224.7
750p 1| Of 1| 1| 1| Of 1| 1| 1| Of 2k E 112.5( 140.625| 168.75| 225
7510 1| Of 1| 1| 1| Of 1| 1| 1| 1§ 2E F 112.65|140.8125| 168.975| 225.3
752 1| O 1| 1| 1| 1§ O] O] O O 2F O 112.8 141 169.2| 225.6
753 1| Of 1| 1| 1| 1§ O] O Of 1p 2F 1 112.95|141.1875( 169.425| 225.9
754 1 Of 1| 1| 1| 1§ QO O] 1| Of 2F 2 113.1| 141.375| 169.65| 226.2
755 1 Of 1| 1| 1| 1§ O O 1| 1y 2F 3 113.25]|141.5625( 169.875| 226.5
756 1 Of 1| 1| 1 1§ O 1] O Of 2F 4 113.4| 141.75 170.1] 226.8
7570 1| O 1| 1| 1| 1§ O] 1| O 1y 2F 5 113.55]|141.9375( 170.325| 227.1
758 1| O 1| 1| 1| 1§ O] 1| 1| Of 2F 6 113.7| 142.125| 170.55( 227.4
759 1| Of 1| 1| 1 1§ QO 1| 1| 1§ 2F 7 113.85|142.3125( 170.775| 227.7
7600 1 Of 1| 1| 1| 1§ 1| O] O Of 2F 8 114 142.5 171 228
761y 1 O 1| 1| 1| g 1| O] O 1y 2F 9 114.15|142.6875( 171.225| 228.3
762 1| O 1| 1| 1| 1§ 1| O 1| Of 2F A 114.3| 142.875| 171.45| 228.6
763y 1 Of 1| 1| 1| 1 1| O] 1| 1§ 2F B 114.45|143.0625( 171.675| 228.9
764 1) O 1| 1| 1| 1§ 1| 1| O] Of 2F C 114.6| 143.25 171.9] 229.2
7650 1 O 1| 1| 1| g 1| 1| O 1§ 2F D 114.75|143.4375( 172.125| 229.5
766 1 O 1| 1| 1 1§ 1| 1] 1| Of 2F E 114.9| 143.625| 172.35( 229.8
7670 1| Of 1| 1| 1 g 1| 1] 1| 1§ 2F F 115.05|143.8125( 172.575| 230.1
768 1| 1] O| O O] Of 0| O] Ol Oop 30 O 115.2 144 172.8] 230.4
7690 1| 1] O| O] O] Of O O] O 1301 115.35|144.1875( 173.025| 230.7
770p 1| 1} O| O O] Of O O] 1| Of 30 2 115.5| 144.375| 173.25( 231
771 1| 1} O] O O] Of O O] 1| 1§30 3 115.65|144.5625( 173.475| 231.3
772 1 1§ Q0| O] O OfF Q| 1] Of O 30 4 115.8| 144.75 173.7] 231.6
7730 1| 1] O| O O] Of O 1] O 1430 5 115.95|144.9375( 173.925| 231.9
774 1| 13 O] O] O OF Q| 1| 1| Of 30 6 116.1| 145.125| 174.15| 232.2
775§ 1| 1§ Q| O] Of Oof Qf 1] 1| 13 30 7 116.25|145.3125( 174.375| 232.5
776f 1| 1} O| O O] Of 1| O] O| Of 30 8 116.4 145.5 174.6| 232.8
7774 1| 13 O] O] O Of 1| O] O 1430 9 116.55|145.6875( 174.825| 233.1
778 1| 1} 0| O] O] Of 1| O| 1] Of 30 A 116.7| 145.875| 175.05| 233.4
779 1| 1§ Q0| O O OF 1| O 1| 13 30 B 116.85| 146.0625( 175.275| 233.7
780p 1| 1] O O O] Of 1] 1 of 30 C 117 146.25 1755 234
781 1 1§ O] O] O o 1] 1 1] 30 D 117.15|146.4375| 175.725| 234.3

22
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Sample Rates

P?HOZ 6.4 KHz |5.3 KHz IfHOZ 8.0KHz | 6.4 KHz | 5.3 KHz I?HOZ
Address Inputs ISD Part Numbers

DEC A9 [A8 A7 |A6 | A5 |A4 A3 |A2 |AL |AO 33120 33150 33180 (33240
782 1| 1] 0| 0| O 1 11 1f Of 30 E 117.3| 146.625| 175.95| 234.6
7830 1| 1] 0| 0| O 1 11 1f 1] 30 F 117.45|146.8125| 176.175| 234.9
784 1| 1] 0| 0| O] 1] 0| O] O] op 31 O 117.6 147 176.4| 235.2
7850 1| 1] O| 0| O| 1§ O O] O] 1§ 311 117.75|147.1875| 176.625| 235.5
786 1| 1] O| 0| O| 1§ O O] 1| Of 31 2 117.9| 147.375| 176.85| 235.8
7870 1| 1} 0| 0| O| 1§ O O] 1| 1§31 3 118.05| 147.5625| 177.075| 236.1
788 1| 1] 0| 0| O| 14 O 1| O| Of 31 4 118.2( 147.75 177.3| 236.4
789 1| 1] O| O] O 1§ O 1] O 1431 5 118.35| 147.9375| 177.525| 236.7
790f 1| 1} O| O] O 1§ O 1] 1| Of 31 6 118.5| 148.125| 177.75| 237
791y 1 1§ O O Of 1 Qf 1] 1f 1§ 31 7 118.65|148.3125( 177.975| 237.3
792 1 1§ 0| O Of 1 1| O] Of o 31 8 118.8 148.5 178.2| 237.6
793§ 1| 13 O O] O 1q 1| O] O 14 31 9 118.95|148.6875( 178.425| 237.9
794y 1| 1§ 0| O] O] 1§ 1| O 1| Of 31 A 119.1| 148.875| 178.65| 238.2
7950 1 1§ O O Of 1 1| O 1| 1§ 31 B 119.25]|149.0625( 178.875| 238.5
796 1| 1§ 0| O] O] 14 1| 1| O] O 31 C 119.4| 149.25 179.1] 238.8
7974 1| 13 O] O O 1g 1| 1] O 1§ 31D 119.55]|149.4375( 179.325| 239.1
798§ 1| 1§ O O Of g 1| 1] 1| Of 31 E 119.7| 149.625| 179.55( 239.4
799 1 1§ O O Of g 1 1] 1| 1§ 31 F 119.85]|149.8125( 179.775| 239.7
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TECHNOLOGY BY ISD

APPLICATION INFORMATION FOR ALL ISD ChipCorder PRODUCTS
Frequently Asked Questions

I can’t get enough audio output from the
chip. It isnt loud enough.

Are you using the speaker directly across
the speaker leads? Is it in a box? Volume
varies greatly depending on the enclosure.
The ISD-ESOQO1 Evaluation System with an ef-
ficient 4-inch speaker drives us out of the
room. We use a 20-Q resistor in series fo
keep peace in the lab. If you experiment
and still need more volume you can use an
audio amplifier chip, as shown in *Using the
Device.”

How do | copy recordings from my tape
recorder into your chip?

Take audio from Line Out of the tape deck
and affenuate it with a resistor voltage di-
vider. Apply to ANA IN through a DC-block-
ing capacitorsuch asa 1.0 uF. The Line Out
of a tape deck is =100-150 mV RMS and
must be attenuated to 50 mV P-P (Peak-to-
Peak) for our chips. See Figure 4: Prototype 3
Volt AGC Circuit under the section "AGC Cir-
cuit for the ISD33000 Series” for a circuit exam-

ple.

3.

I record several messages into the chip but
it always plays beyond the end of the
message, into the next, playing everything
until it reaches the end of the chip!

You are probably holding CE (Chip En-
able), pin 23, LOW as you did when record-
ing. If you hold CE LOW it will play beyond
the End-of-Message (EOM) marker into the
next message. For playback you need only
pulse CE LOW momentarily. Then it will play
the message, stopping atf the end.

| hear a lot of noise when | play back my
recording. How much should there bhe?

Is it “hiss” or a “buzz or hum” sort of noise?
The nomal low-level background noise
comes across as a very weak “hiss.” It is
about the same as a long distance phone
call. If it is a “hum,” there may several ways
fo reduce it. First, are you using the differen-
fial microphone circuit illustrated in the *Mi-
crophone and Speaker Selection.” How is
Veep: Pin 28, bypassed? See Good “Audio
Design Practices” and “Single-Chip Board
Layout Diagrams” for layout details. It is
sometimes difficult to get good noise per-
formance on wire wrap or “proto board.”

ISD
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How many messages can | put in my chip?
There are eight address lines. Does this
mean there are eight messages?

No. It means that the messages are ac-
cessed with binary coding. The starting
point of each message is defined by its bi-
nary code. (See the address table in "Ad-
dress Segment Resolution.”) In the shorter
devices (ISD1110, I1SD1210), there are 80
addresses available for starting messages.
In the mid-sized devices (ISD1016A,
ISD1420), there are 160 potential starting
addresses. In the larger devices (ISD2560/
75/90/120), there are 600 starting address-
es. These are explained in “Basic Address-

ing.

My chip won’t do anything. It just sits there
when | try to make it record or play.

Is pin 24, PD (Power-Down), HIGH or LOW? It
must be LOW for the chip o come out of
standby, draw current and operate.

My chip will record a message but will only
play the message back once until | remove
the power. Then it will play one more time
only.

The chip probably played to the end of
memory and is in “overflow.” Pulse pin 24,
PD, HIGH briefly to reset the address
counter back to the beginning to play the
message again. Any time the chip plays all

the way to the end, the address counter
must be reset (ISD1000A and ISD2500 only).

My prototype circuit works intermittently (or
not at all). It records, but can only playback
once or twice before | have to power it off to
work again.

Do you have pin 26, TEST/XCLK, grounded?
There must be no floating digital inputs. All
address pins, control pins, and TEST/XCLK
must be defined as HIGH or LOW.

9.

10.

12.

13.

14.

15.

My chip gets hot when I plug it in and
doesn’t sound very good.

Do you have one of the speaker leads, SP+
or SP—, grounded? These leads must NOT
be grounded. They can be connected di-
rectly to the speaker or left floating.

Is a development system available?

Yes. See the section "ISD Development Sys-
tems.” Contact an ISD representative for
price and availability.

Will the ISD chip run from a 9 VDC battery?

Not directly! Use a voltage regulator to get
down to 5 VDC for the chip. It is possible to
run it from four AA cells af 6 VDC, however,

Can the ISD chips play a sound backwards?

No, the addressing technique doesn't al-
low it.

Can the I1SD33000 run at 5 volis?

No, the operating voltage of the ISD33000
family is 3 volts =10 percent. You need to
regulate the supply voltage down to 3 volts.

| am confused about the SPI command
format for the 1SD33000. Do you have an
application note that describes the SPI
command format.

Yes, See the section "Operations, Tricks and
Techniques.”

I need a low-cost AGC circuit fo use with the
I1SD33000. What do you recommend?

Please see "AGC Circuit for ISD33000" (also
see Figure 4; AGC Schematic under the sec-
fion A ‘C’ Language Source code Example for
Use with the ISD33000 Series” for a low cost
AGC.

Voice Solutions in Silicon
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TECHNOLOGY BY ISD

STAND-ALONE/PARALLEL INTERFACE PRODUCTS

Device Operation

GENERAL DESCRIPTION

All ISD single-chip voice record/playback devices
are analog sampled data systems. Current product
offerings include the ISD1000A series, the ISD1100
series, the ISD1200 series, the ISD1400 series, and
the 1SD2500 series. Each series member has an
on-chip microphone preamplifier, AGC, antialiasing
and smoothing filters, high-density multilevel stor-
age array, speaker driver, control interface and in-
ternal precision reference clock. The difference
between the ISD technology and other compet-
ing voice storage technologies is that no A-D or
D-A converters are required. As each sample is
taken, it is temporarily stored in a sample and hold
circuit and eventually “recorded” into a single EE-
PROM cell. Since we are recording with the equiv-
alent of 8 bits of accuracy, it would require

3.8 million bits of digital memory (as well as the
A-D and D-A converters) to equal the 480,000
cells contained in the ISD2500 series device's stor-
age aray.

The sample rates versus storage time and filter up-
per pass band for each device in the above series
are shown in Table 1. Filter specification applies to
the antialiasing filter and the smoothing filter.

How the frequency response is determined will be
covered later in this document.

NOTE Al pin numbers quoted assume a DIP
package and an ISDIO00A, ISD1100,
ISD1200, I1SD1400 or ISD2500 device.

Table 1: Sample Rate, Storage Time, and Frequency Response

Device Part Number Sample Rate (KHz) Storage Time (seconds) Filter Pass Band (Hz)
ISD1016A 8.0 16 3400
ISD1020A 6.4 20 2700
ISD1110 6.4 10 2600
ISD1112 5.3 12 2200
ISD1210 6.4 10 2600
ISD1212 5.3 12 2200
ISD1416 8.0 16 3300
ISD1420 6.4 20 2600
1ISD2532/60 8.0 32/60 3400
1ISD2540/75 6.4 40/75 2700
1ISD2548/90 53 48/90 2300
ISD2564/120 4.0 64/120 1700

ISD 1
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Device Operation

All analog circuits in the ISD device series are ref-
erenced to an intemnally generated analog
ground bias of approximately 1.5 volts. A designer
can measure this bias level externally af the MIC
INPUT (pin 17), MIC REF (pin 18), and ANA IN input
(pin 20). This measurement will be within =20 mV
of the internal value. All connections to these pins
should be capacitively coupled so that this bias is
not disturbed.

MIC (PIN 17)

The on-chip microphone amplifier is designed to
amplify signals in the 1 to 20 millivolt range. This
gain controlled fransconductance amplifier has
an input impedance of =10 KQ and a maximum
gain of 24 dB. A typical electret microphone sup-
plies a level adequate to drive this amplifier. Since
the input impedance is known, the low end fre-
quency response is determined by the audio
source and the input coupling capacitor. In the
ISD1000A data sheet example, an electret micro-
phone is used with a 0.1 uF coupling capacitor,
This becomes a high pass filter with an approxi-
mate low end cutoff frequency response of
160 Hz. This is determined by first assuming that
the input signal will be attenuated 3 dB at frequen-
cies below where the reactance of the input ca-
pacitor equals the intemnal impedance of the
microphone input. The equation for this is;

Faas = _ 1
21TRRC

Since R nominally equals 10 KQ, this equation
may be further simplified to:

Faar =__ 1
62832 xC

where C is in Farads

An on-chip AGC circuit controls the gain of the mi-
crophone preampglifier. Its gain will vary from 0 to
20 dB as required to maintain an appropriate in-
put level,

MIC REF (PIN 18)

The MIC REF input is the inverting input to the mi-
crophone preamplifier. This provides a noise can-
celing or common mode rejection input to the
device. The preferred circuit for connecting the
microphone is the differential circuit illustrated in
the “Microphone and Speaker Selection” section
of Application Information. This configuration
gives even better noise rejection than the next
method. Alternatively, a capacitor is connected
from this pin fo analog ground. This capacitor
should have exactly the same value as the Micro-
phone preamplifier input coupling capacitor. The
ground for the microphone should be physically
close to the ground connection for the MIC REF
capacitor. The addition of this *noise-canceling”
input gives approximately 10 dB of improvement
in the background noise level over not using it. If
this input is not used, it must be left unconnected.

AGC (PIN 19)

The applications schematic in the data sheet
shows R2 and C2 connected from pin 19 to
ground. These two components set up the attack
and release time constants for the internal Auto-
matic Gain Control circuit in the microphone
preamplifier. The aftack fime is determined by a
network consisting of an internal R and extermnal C
while the release time is determined by the two
external components in parallel. Nominal values
of 470 KQ (R2) and 4.7 uF (C2) give satisfactory re-
sults in most cases.

ANA OUT (PIN 21)

ANA OUT is the direct output of the microphone
preamplifier. In a typical application, this output is
capacitively coupled to the ANA IN pin.,

Voice Solutions in Silicon
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ANA IN (PIN 20)

The ANA IN pin feeds an input amplifier with an in-
put impedance of =2.7 KQ. As with the micro-
phone input, the coupling capacitor that
connects ANA IN to ANA OUT sets the low end fre-
quency response of this section of the circuit. With
the ISDT000A data sheet circuit example value of
0.1 uF for C1 and C3, the system low end frequen-
cy response is the series combination of these two
single pole high pass filters. Since the MIC circuit
has a pole at approximately 160 Hz, the result will
be a system high pass with a 3 dB point at a slight-
ly higher frequency than either pole or approxi-
mately 600 Hz. With the 4.5 to 6.5 VDC operating
voltage range of a 5.1 KQ resistor is normally used
in series with the coupling capacitor to slightly
drop the voltage fed to the array to prevent distor-
tion; this changes the frequencies slightly.

ANTIALIASING AND SMOOTHING FILTERS

The antialiasing and smoothing filters are actually
a single filter that is multiplexed into each circuit
function as needed for Record and Playback. This
filter is constructed using conventional (non-
switched capacitor) circuit technigues with no ex-
femal components. It is a 5-pole Chebychev filter
with <2 dB of ripple. The 3 dB point of this filter is
set for each of the devices in the ISD series. The re-
sponse is in Table 1 at the beginning of this
section.

SAMPLE AND HOLD REGISTERS

Some of the complexity of the internal design of
the ISD devices can be grasped once the user un-
derstands the internal workings of the device.
Looking only at the ISD1016A device during
Record, samples are taken of the incoming wave-
form every 125 us (8 KHz sample rate). It takes
about 10 ms 1o “record” an incoming sample into
the storage array. Therefore two banks of at least
80 sample and hold registers are required to buff-
er the incoming samples. It is the hold fime of
these capacitors that determine the minimum
sample frequency. One bank will be receiving in-
coming samples serially in real-time while the oth-
er bank is connected in parallel to program
multiple cells simultaneously.

STORAGE ARRAY

The EEPROM storage array of the ISDT1000A series
is organized as 160 rows. Other ISD device series
may have a different organization. In a later
chapter you will find out how to control where a
message can be started for record or playback.
In the ISD1000A series there are 160 possible start-
ing addresses; you start record or playback from
the beginning of one of the 160 rows. Whenever a
message is recorded or played back, you pro-
ceed through a row until the end, at which time
the internal row address counter advances by
one and you continue at the beginning of the
next row. The address counter is infernal to the ISD
devices. The address pins of the device are inputs
only. The “current” address is not directly available,

EOM (PIN 25) AND EOM BITS
(ISD1000A AND ISD2500 SERIES)

An inherent requirement for addressing multiple
words or “messages” in the ISDT000A and ISD2500
devices is knowing where the message ends. Any-
time a Record cycle is stopped by a rising CE sig-
nal, an EOM bit is set in a separate digital EEPROM
memory inside the ISD device. When a message
playback is begun with a pulsed CE signal, that
playback will continue until an EOM bit is found.,

Each of the rows of the storage array in an ISD1000A
or ISD2500 device is addressed individually. There
are four evenly spaced EOM locations that point
into each row. In the ISDT000A device, this
equates 1o 4x 160 or 640 EOM locations. The
ISD2500 series devices have 4 X 600 or 2400 pos-
sible EOM locations. The 8 KHz sample rate prod-
ucts available from ISD are addressable on
100 millisecond boundaries and the EOM resolution
is 25 ms. Thus the maximum delay from the end of
a message to the output of an EOM signal is 25 ms.
The EOM signal is low going and lasts for 12.5 ms.
The rising edge of EOM actually marks the end of
the message. So, audio will continue fo be output
from a ISD device during the time EOM is low and
will stop at ifs rising edge. These times will vary with
other sample rate devices available from ISD. See
the appropriate ISD data sheet for these timings.

ISD
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In the ISD1000A series, the EOM pin also carries the
Overflow indication. At Overflow in playback, the
EOM pin will go LOW and stay LOW until Overflow
is cleared. At Overflow in record, the CE input sig-
nal will transfer fo the EOM output.

RECLED (PIN 25) AND EOM BITS
(I1SD1100, ISD1200 AND 1SD1400 SERIES)

This pin on the ISD1100, ISD1200, and ISD1400 se-
ries carries two signals. The identified signal, RE-
CLED, pulls LOW at the start of a Record operation
initiated by taking the REC pin LOW. It has ade-
quate drive capability to control an LED through a
1 KQ resistor fo V. This signal will go back HIGH
at the end of a Record operation when the REC
pin is taken back HIGH or the end of the device
memory is reached.

The ISD1100, I1ISD1200, and ISD1400 series also
contain an EOM structure similar to that in the
ISD1000A series. There are half as many possible
EOM bits per row, however, giving a 50 ms. End of
Message resolution, for instance, in the I1SD1416
device. To maintain the ability fo determine when
a Playback cycle is finished, the RECLED pin also
carries an EOM signal. It pulses LOW at the end of
a message during a Playback cycle. If this pin is
connected to an LED as indicated in the previous
paragraph, it may be seen 1o "olink” on momentarily
at the end of each message during playback.

There is no Overflow signal in the ISD1100, 1SD1200,
and ISD1400 series. If a message ends at the end
of the device memory, an EOM bit is set at mem-
ory end. When this message is played back, a nor-
mal LOW going EOM pulse is generated fo the
RECLED pin.

OVF (PIN 22, ISD2500 SERIES ONLY)

One of the maijor features added in the ISD2500
was the separation of the Overflow (OVF) and end-
of-message (EOM) output signals into two sepa-
rate pins, OVF and EOM. This more efficiently
enables multi-device cascade. In the ISD2500 se-
ries, the EOM pin only pulses LOW during playback
when a set EOM bit is encountered. It does not
pulse LOW at Overflow. Instead, the OVF pin puls-

es LOW for approximately 6 ms when an Overflow
condition is reached.

After Overflow is reached, the CE signal is coupled
through the device to the OVF output. This means
that the input CE signal “appears” at the OVF output
of any device in overflow.

To understand why this operates this way, consider
several ISD2500 devices connected in cascade.
To cascade properly, each OVF is connected fo
the CE of the following device. The OVF of the final
device will be discussed later. The CE now “daisy
chains” through devices that are in overflow.
Changing the state or pulsing CE LOW at the input
of the first device in cascade will directly control
the first device down the line that is not in overflow.

Operation of OVF in Record

Since the CE signal is held LOW during recording,
OVF goes LOW and stays LOW at Overflow. It does
not pulse LOW. When the CE input goes LOW, OVF
follows it LOW.

Operation of OVF in Playback

Normal Playback operations begin by pulsing CE
LOW and then back HIGH. In this case, the OVF pin
will pulse LOW at Overflow to cause playback to
begin in the next device in the cascade. If the sys-
tem uses a continuous LOW CE during Playback, the
OVF pin will go LOW and stay LOW at Overflow. The
LOW pulse will not be output.

NOTE The EOM output of the [ISD2500 series
device does not pulse LOW when the
Overflow condition is reached. A message
being played back can end with a set
EOM bit, or, because it runs info overflow.
If the designer needs a single logic output
to indicate that a message has ended, it
is necessary to or the EOM and OVF out-
puts together. Since these are active LOW
signals, a two-input and gate may be
used to generate an active LOW combined
signal. Alternatively, two diodes and a pull
up resistor may be used. (Note that the
OVF signal is a 6 us long pulse.)
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SPEAKER OUTPUT, SP+ (PIN 14) & SP- (PIN 15)

The ISD devices include a differential speaker driv-
er. It has the capability to drive 50 milliwatts into
16 Q from the AUX IN pin. From the memory array,
with a properly recorded signal, it wil provide
12.6 MW output power. The signals are exactly
180 degrees out of phase. A lower impedance
speaker may be used but distortion and pedk ¢
current will increase as the speaker impedance
decreases. Do not use an impedance less than
8 Q. These outputs may be used single ended with
the signal taken from either pin but should never
be shorted together or tied to ground. When driv-
ing a single ended connection, capacitive cou-
pling is recommended because of the possible
large DC bias current that could result (100 mA). If
the outputs are used single ended, the unused pin
must be left unconnected. Do not ground the
unused output.

When the power-down pin is low (device powered
up) and the Playback/Record pin is high (Playback
Mode) both speaker pins will be at an average
value of about 1.5 volts, When the device is in
Record or is Powered Down, the two speaker out-
puts will be pulled hard to ground. Do not parallel
the speaker outputs with other signals without
taking this into consideration. The speaker out-
puts can sink and source large amounts of cur-
rent!

The speaker outputs are internally pulled to
ground to protect the output transistors on the 1ISD
devices. Remember, these outputs are normally
connected to a speaker. A speaker is an electro-
mechanical device with the ability to inductively
generate a large voltage spike if abruptly struck or
dropped.

AUX INPUT (PIN 11, ISD1000A AND 1SD2500 SERIES)

When an ISD device is in the Playback Mode (Play-
back/Record Pin 27 HIGH), not powered down
(power-down Pin 24 LOW) and not actively playing
back a message, the AUX IN is an input to the
speaker output. This analog path to the differential
speaker driver has a voltage gain of a little less
than O dB. The input impedance is =10 KQ to an-
alog ground. Other signal sources can therefore
use the speaker output drivers. This input is also
used in Cascading applications. This pin is not con-
nected on the ISD1100, I1SD1200, and ISD1400 de-
vices.

PLAYL (PIN 23, 1SD1100, I1SD1200, AND 1SD1400)

The PLAYL pin starts a Playback cycle when taken
LOW. The Playback cycle will continue until an
EOM is reached as long as PLAYL is held LOW. If the
PLAYL pin is taken back HIGH during playtback, play-
back will immediately stop. When playback stops
(because of PLAYL going LOW or an EOM being
reached) the device will automatically go into a
power-down state,

The PLAYL pin may also be used to interrupt a Play-
back cycle initiated by the PLAYE pin by cycling
PLAYL LOW then back HIGH. A Playback cycle may
also be inferrupted by the REC pin. See the head-
ing entitled "REC (Pin 27, 1ISD1100, 1SD1200, and
ISD1400)" below.

The ISD1100 device has a pull-up resistor o Ve
on the PLAYL pin. This pull-up resistor is approxi-
mately 100 KQ.

PLAYE (PIN 24, 1SD1100, 1SD1200, AND ISD1400)

The PLAYE pin starts a Playback cycle when taken
LOW. This is an edge triggered event and playback
will confinue, even if PLAYE is taken back HIGH.
Playback will stop when a set EOM bit is reached
or interrupted by the PLAYL pin as explained
above. When playback stops, the device will
automatically power-down. A Playback cycle
may also be interupted by the REC pin. See the
heading entitled “REC (Pin 27, ISD1100, 1SD1200,
and ISD1400)" below.

ISD
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The ISDT100 device has a pull-up resistor o Ve
on the PLAYE pin. This pull-up resistor is approxi-
mately 100 KQ.

REC (PIN 27, 1SD1100, 1SD1200, AND 1SD1400)

The REC pin initiates a Record cycle when taken
LOW. This is a level activated signal and Record
will end when REC is taken back HIGH. The device
will automatically power down when REC goes
HIGH.

If REC is held LOW after the end of device
memory s reached, the device will not
power down until this pin is allowed to go
back HIGH.

NOTE

The REC control pin takes priority over both PLAYL
and PLAYE pins. Taking REC LOW during a Playback
cycle willimmediately inferrupt playbback and begin
a Record cycle.

The ISD1100 device includes a pull-up resistor to
Ve on the REC pin. This pull-up resistor is approxi-
mately 100 KQ.

MICROCONTROLLER INTERFACE (PINS 23, 24, 27,
ISD1000A AND ISD2500 SERIES)

The CE, PD and P/R pins on the ISD devices are in-
temally debounced. They can be diiven by toggle
switches. There will be a number of circuit examples
given later to demonstrate their ease of use in various
applications. These same inputs are flexible
enough, however, to be driven from a microcon-
troller. The above named pins along with EOM are
all TTL compatible and can be driven from a mi-
crocontroller system,

NOTE The address lines of all I1SD single-chip
record/playback devices are not micropro-
cessor bus compatible, If a device is to be
used on aq bus oriented system, fthe

adadress lines must be buffered and lafched.

OVERFLOW (ISD1000A, 1SD2500)

The internal logic of ISD devices is designed to al-
low easy cascading of chips. This will extend the
fotal storage fime available to the user. To ac-
complish this, the device changes Operation
Modes when completely full. This change in
mode is called Overflow. Once a device is in
Overflow, it will not respond to a new CE cycle until
cleared from this state. In both the ISD1000A and
ISD2500 device series, a PD cycle is required to
clear the Ovelflow state. The length of power-
down cycle required to reset an Overflow condi-
tion is Tsgr. The device will now respond to a CE
pulse,

The ISD1100, ISD1200, and ISD1400 series do not
have a comparable Overflow state,

PRECISION CLOCK WITH EXTERNAL DRIVE (PIN 26)

The ISD devices include an on-chip temperature
compensated reference oscillator that controls
the sample rate of the device. This oscillator re-
quires no external parts. The sample rate is derived
from a set of dividers following the internal oscilla-
for circuitry.

An external clock may be used to drive the ISD de-
vices through the XCLK pin (Pin 26). Driving from an
external clock can be useful for system synchroni-
zation. Otherwise, this pin is normally tied LOW to
ensure that the internal oscillator drives the de-
vice. If aTIL level clock is fed into this pin, the inter-
nal oscillator switches off and the external clock
runs the device. The XCLK pin feeds a +2 flip-flop.
Thus, the external clock must be twice the desired
internal clock. It also means that the duty cycle of
the external clock drive is not important.

NOTE Care should be faken fo ensure that the
I and O logic level requirements are met
when driving any ISD device input. Over or
under shoot outfside the data sheet limits
may cause an incregse in device noise.
This is especially important when externally
ariving the XCLK pin.
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It is important fo remember that the antialiasing
and smoothing filters are fixed and do not
change with the external clock rate. As a result, it is
possible to have problems with aliasing into the
passband if the clock is driven slower than the de-
signed speed. When the clock is driven faster than
the designed speed, the filters will still control the
passband upper limit to the original value and
there may be no advantage in doing this. Table 2
shows the external clock speed requirement for
each of the standard ISD devices.

NOTE The frequency range is limited by factors
that may change from device fto device
and are not tested. The ISD devices are
only guaranteed fo operate at their design
frequency. Customers may vary this clock
frequency only at their own tisk. You should
know that the primary factors involved in
the upper and lower clock frequency limits
are sample-and-hold “droop” on the low
end of the range and EEPROM program-
ming speed on the high end.

The information under the previous heading Sample
and Hold Registers, described how intemal sample-
and-hold registers temporarily store the analog
sample until the EEPROM programming step. At
some low end speed (which varies from device to
device) the analog voltage stored in the sample-
and-hold registers will droop unacceptably.

As you speed up the device, at some frequency
there will no longer be enough time to successfully
program the EEPROM storage locations. Significant
reduction in signal quality will occur,

EXTERNAL CLOCK DRIVE USING THE 1SD1100, I1SD1200
OR ISD1400

In the ISDTO00A or ISD2500 device series, some
customers experienced difficulties in switching
from internal to external clock and back again.
Particularly, any noise or spikes at the wrong time
could convince the part it was in the external
mode when there was no clock present. Then the
device would cease fo function, ignoring all inputs
until the power was removed and reapplied.

Table 2: External Clock Drive Frequencies

par?i\::;eber Int. (?ic';_izl;req. Ext. D(E\;Iez;:req. SanEEIsZF)Qate Filter Pass Band (Hz)
ISD1076A 512.0 1,024.0 8.0 3400
ISD1020A 409.6 819.2 6.4 2700
ISD1110 409.6 819.2 6.4 2600
ISD1112 341.3 682.7 5.3 2200
ISD1210 409.6 819.2 6.4 2600
ISD1212 341.3 682.7 5.3 2200
ISD1416 512.0 1.024.0 8.0 3300
ISD1420 409.6 819.2 6.4 2600
1ISD2532/60 512.0 1.024.0 8.0 3400
ISD2540/75 409.6 819.2 6.4 2700
1ISD2548/90 341.3 682.7 5.3 2300
1ISD2564/120 256.0 512.0 4.0 1700
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The ISD1100, ISD1200, and I1SD1400 series is de-
signed so the device will not end up in a locked
up state. This is accomplished by logic that auto-
matically switches the device back to intermnal
clock whenever the three pins, REC, PLAYL, and
PLAYE, are all HIGH. In this way, the device is al-
ways looking for commmand inputs with the intermnall
clock if the external clock is off.

Expressing this a different way, to use the external
clock, one of the three inputs must be LOW. A re-
cording is made by having an external clock
present at the XCLK pin when REC goes LOW. The
PLAYL input should be brought LOW simultaneous-
ly (or shortly after) with REC. At the end of the re-
cording REC is brought HIGH. This begins the “finish
recording” process. Because the device contin-
ues to sample and record for the remaining por-
fion of the row until it reaches an EOM location,
PLAYL must be kept LOW for another 50 fo
75 msec (see Figure 1). This keeps the device in
the external clock mode until everything is written
to memoy. If only REC is used there will be a short
“chirp” or change in pitch at the very end of the re-
cording.

Playback with the external clock requires that the
PLAYL pin be used, not the PLAYE. This is because
the device will switch 1o external clock when PLAYE
goes LOW but will immediately revert to the inter-
nal clock when PLAYE goes HIGH again.

For applications where one wants to vary the pitch
of playback the PLAYL pin must be used for play-
back. Another alternative is to record with the ex-
ternal clock and then use the internal clock and
PLAYE for playing back the messages. This elimi-
nates the need for external timing of the PLAYL sig-
nal in playback.

NOTE The ISD1100, ISD1200 and ISD1400 devices
include a pull-down resistor to Vgg on the
XCLK pin. This pull-down resistor is approx-
imately 100 KQ.

MESSAGE ADDRESSING

The ISD devices allow the designer to select indi-
vidual messages using eight or ten address input
lines. From 80 to 600 individual message start lo-
cations can be addressed. Each message has an
internal End Of Message (EOM) bit that is saved
with a recording to indicate when the message is
complete. This capability is discussed in detail in
the Basic Addressing section page 8.

The ISD1100 device includes pull-up resistors to
Ve on address lines A6 and A7 and pull-down re-
sistors to AQ through A5. These pull-up or pull-down
resistors are approximately 100 KQ.

NOTE The address lines of all ISD single-chip
record/playback devices are not micropro-
cessor bus compatible, If a device is to be
used on a bus oriented system, fthe
address  lines must be buffered and
latched.
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Table 3: Delay Time from REC to PLAYL Rising Edges

. Duration Internal Sample Rate . - .

Device Type (seconds) (KH2) Delay Time to Finish Recording (msec)
ISD1110/1SD1210 10 6.4 62.50
ISD1112/18D1212 12 5.3 75.00
ISD1416 16 8.0 50.00
ISD1420 20 6.4 62.50

Figure 1: Delay Time from REC to PLAYL Rising Edges
REC Delay
Time
PLAYL
OPERATIONAL MODES

The address maps of the ISD devices have unique
address locations set aside for special operating
modes. This part of the address map is unique in
that all Operational Modes use addresses with the
two most significant address bits HIGH simulta-
neously. These do not latch. An Operational Mode
function is only in effect for the operational cycle
initiated by the faling edge CE (ISD1000A or
ISD2500) or on the falling edge of PLAYL, PLAYE, or
REC (ISD1100, 1SD1200, and ISD1400). If an Oper-
ational Mode is not selected in the next operation-
al cycle, a plain address cycle will be performed.

Because the Operational Modes do not latch, the
user cannot simultaneously address individual
messages and execute an Operational Mode. All
Operational Modes start at address <00000000>
unless they themselves modify or control chip ad-
dressing. The Operational Modes are discussed in
detail under the Application “Operational Modes.”
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CHIP ENABLE INITIATED RECORD AND
PLAYBACK CYCLES (ISD1000A, 1SD2500)

The ISD data sheets describe a CE initiated
Record and playback cycle. The designer sets the
PD pin LOW 1o power up the device, sets up the
address and P/R pins, waits Tpyp, and then drops
CE. The device then operates as desired. Once
CE has fallen, the device ignores further transitions
on the address and P/R pins. When PD has been
LOW more than Tpp before address and P/R pins
are changed, these pins must be stable Tggr time
before CE falls (Tsgr is always very much shorter
than TPUD)'

RECORD

CE controls start and stop of a Record cycle. The
faling edge of CE starts Record and the rising
edge stops Record within 12.5 1o 37.5 msec. This
fime is utilized by the chip to complete program-
ming cycles that may be under way.

PLAYBACK

A momentary LOW CE (at least T long) initiates a
playback cycle. After a playback cycle initiated
by a momentary CE has been started, it will end
one of three possible ways;

The device reads an internal end of message
(EOM) bit set HIGH. At this time, a Tgom long
EOM signal will be output while audio
continues to be played out of the device. At
the end of the EOM pulse, the audio output will
cease.

The device goes into the overflow condition
(this assumes that an Operational Mode
action is not under way; Operational Mode
use of EOM will be covered later), EOM will go
LOW and remain in that state. Audio output will
continue for an additional Tgoy affer EOM
goes LOW. This means that the EOM signall
actually goes LOW Tgo\ before the device
finishes playing its memory.

Along Power-Down cycle is performed. If PD is
held HIGH for at least Tpp the playback cycle
will be interrupted.

PD INITIATED RECORD AND PLAYBACK CYCLES
(ISD1000A, ISD2500)

A Record or Playback cycle may be initiated by a
falling PD. Address and P/R pins should be set up
as desired and CE held LOW. When PD is changed
to a LOW, the appropriate cycle will begin Tpp of-
ter PD falls.

In this case, inifially, the device will be powered
down. When the PD pin is faken LOW, the device
will *wake up” (i.e., come out of the Power-Down
condition), read the current address and control
pins, then execute the desired operation.,
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RECORD AND PLAYBACK CYCLES IN THE
ISD1100/1200/1400 SERIES

The ISD1100/1200/1400 have a different interface
than the ISDTO00A and ISD2500. These devices
do not have a PD pin. Power-down is always auto-
matic. They also do not have CE or P/R pins. All op-
erations start by changing state on a single
input pin.

The ISD1100/1200/1400 interface consists of the
following input pins: REC, PLAYE, PLAYL. The only
digital output is called RECLED. Record is accom-
plished by holding the REC pin LOW for the dura-
tion of the Record. RECLED stays LOW during
Record. Playback is started with a pulse on the
PLAYE or "play edge” pin and will end with Auto-
matic Power-Down when a set EOM or overflow is
reached. RECLED pulses LOW momentarily at the
end of the message. This pulse is an EOM pulse.
The PLAYL or “play level” pin must be held LOW for
the duration of the Playback. If it is taken back
HIGH, Playback ceases. A PLAYL initiated Playlbback
cycle will stop and Power-Down when a set EOM
or overflow is reached even when the input is held
LOW. Power-down is always automatic, regardless
of how the Record or Playback cycle is ended.

The ISD1100 series has built in pull-up resistors on
all three control inputs (PLAYL, PLAYE, and REC).
The presence of these on-chip resistors enables
simple push buttons to control each input without
other external components.

The ISDT100 series also has pull-up resistors
on address lines A6 and A7 and pull-down resistors
on AO through A5. A Record or Playback Operation
that begins with the address pins set in this manner
will proceed exactly as if the device was addressed
at address 0 with no Operational Mode set,

Additionally, the XCLK pin of the ISD1100 also has
a pull-down resistor,

Care should be taken when using an ISD1100 se-
ries device in extremely LOW power applications.
The input pins should not be continuously held
“opposite” the associated on-chip resistor, Each
pin with a pull-up or pull-down resistor has the po-
tential for drawing approximately 50 ypAmps of cur-
rent when held at other than the comrect supply
voltage. For instance, if A6 and A7 were connect-
ed to Vgg in a circuit using an ISD1110, approxi-
mately 100 uAmps would be confinuously
dissipated. This current would be dissipated even
when the device is powered down. The ISD1200 and
ISD1400 devices do not have these pull-up or pull-
down resistors.

CASCADING MULTIPLE DEVICES
(ISD1000A, ISD2500)

Devices from several of the ISD device families
may be cascaded together to enable the de-
signer to achieve longer record and playback
times. Both the ISDT000A series and the 1SD2500
series have internal logic to enable the designer
fo easily cascade multiple devices. There is less
than two microseconds of dropout when chang-
ing from device to device.

CASCADING THE 1SD2500 SERIES

A complete cascading application for the
ISD2500 series with a detailed explanation of its
operation is included in the circuit example section
that follows. There is also an explanation in the
“Operational Modes” section under Application
Information.

NOTE  The ISD2500 series includes additional logic
to enable additional cascading features not
provided in the ISD1000A seties, This is cov-
ered in detail in the “Device Operation”

under Application Information.
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CASCADING THE ISD1000A SERIES

In brief, the operation of CE and EOM during cas-
cade operation proceeds as follows:

1. Set up the Operational Mode for cascade
(A2, A5, A6 and A7 all HIGH).

2. A Record or Playback cycle is started with
CE.

3. When the first device in the cascade goes
into overflow to indicate it is at memory
end, the EOM pin goes LOW to provide a CE
signal to the next device in the cascade.

4. Following devices are enabled in the same
manner down the line.

Audio processing in the cascade mode may be
handled several different ways. The easiest appli-
cation uses the first device's microphone preamplifier
and it's ANA OUT output during record to drive the
ANA IN pins of each device in the cascade circuit,
During playback, the SP+ output is fed back to the
preceding device’s AUX input. The first device in
the series is connected to a speaker and provides
the audio output for the system. Other methods
will be discussed in the applications section.

ADDRESSING ACROSS A MULTI-DEVICE
BOUNDARY (I1SD1000A, 1SD2500)

Some users of the ISD analog storage devices
may need more address space than provided in
a single device. The following description discusses
methods by which the ISD1000A series may be
used to achieve additional storage space. A
method of accomplishing this with the 1ISD2500
series is included in the “Circuit Examples” under
Application Information.,

ADDRESS ACROSS A MULTIDEVICE BOUNDARY USING
THE ISD1000A SERIES

There are two ways to approach this application.
The simpler solution occurs when any single mes-
sage is short and it is possible to contain any given
selection of messages within a single ISD1000A. In
this case, each device is addressed individually
and the short message 1o be played is selected
as needed.

The more complicated application requires a
message field that is fotally independent of chip
boundaries. The ISD1000A device combines two
functions in the EOM output pin. These two functions
are end-of-message indication and overflow. If
the system using the ISD1000A can retain a time
map of each word or phrase stored, it can arbitrate
this signal and determine which condition is occur-
ring. It is necessary to have a system time resolution
of less than 25 ms to accomplish this. It may also be
necessary to externally drive the ISD1000A device's
clock to achieve proper time synchronization.

When the controlling logic or microprocessor de-
fermines that an overflow has occurred, it will im-
mediately drop CE to the next ISD1000A so that
the audio output can continue.,

The Operational Mode used in the cascading ap-
plication described in “Device Operation” cannot
e used when addressing across a chip boundary.
This is because Operational Mode and the address-
ing of individual messages do not coexist.

LOOPING CONSIDERATIONS

There are several applications that require contin-
uous, or intermittent, looping of record or playbback
of audio sound effects, voice, etc. All ISD single-
chip voice record/playback devices have the
ability o perform this task either self-contained on-
chip or with external logic. The circuit example
section of this document includes several different
applications that fit different requirements.

Two basic methods are used to loop record or
playback ISD devices. The first method uses an
Operational Mode to carry out the loop. Only a
message that begins at address 000 (the beginning
of the memory) and does not completely fill the
memory may be looped this way with the
ISDTO00A devices. The memory may be completely
full in the ISD1100/1200/1400 or ISD2500 series.

The second method uses external logic to create a
looping condition. A signal froon EOM or RECLED is
used to pulse CE or PLAYE fo start a new repetitive
playback cycle.
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LOOPING WITH A CONTINUOUS TONE

Some customers want looping to generate a con-
finuous tone for an extended period of time. The
ISD Applications group achieved this using the CE
initiated looping method in an ISDT1016A with
moderate results. A perfect waveform match at
the transition between the end of memory (indi-
cated by the EOM) and beginning of the next cy-
cle through the loop is difficult to achieve. The
worst case 25 ms EOM granularity defines the
problem.

Intermittent looping may be achieved using a
timer (such as an NE555) reset by the EOM output,
Upon time-out, the timer executes a new CE or
Power-Down cycle starting the playback over.

CONTINUOUS RECORD LOOPING (ISD1000A)

Another frequently requested application sche-
matic is a continuously looping record. Several
considerations must be kept in mind including the
write wear out mechanism inherent in EEPROM
memory cells, A discussion of this phenomenon is
found under Write Endurance Considerations in
this chapter. A second consideration is how im-
portant it is for the user to know exactly where the
looping record ends. If the looping record always
ends on memory overflow, then the application is
simple. If an accurate replay of the “last N sec-
onds” is required, stopping at a random time, then
the circuit requirements are more complex.

A looping record application in an ISD1000A de-
vice uses the EOM signal to start a new CE Record
cycle. Since EOM is the overflow indication during
Record, this signal indicates the end of the mem-
ory space. It is fime to start Record over at the be-
ginning of the memory. If you choose to stop the
loop and playback the memory af the EOM
boundary, then the memory contains the last N
seconds of recorded data according fo which of
the ISD devices were used in the application.

The more complex (and more general) require-
ment is that the Record loop end at a random
time. If CE is taken HIGH during a looping Record
cycle the intfernal address location of this event is
not available to extermnal logic. An EOM bit is writ-
ten info the memory to indicate this location. The

ISD devices do not include a mechanism to read
out the memory location of this EOM. Also, the
fransition from Record to Playback resets the inter-
nal address counter to 000,

It is easy to determine the point where recording
ended in the Record Loop Application. It will be
marked with a set EOM bit. The message cueing
Operational Mode may be used to find this loca-
fion in a few milliseconds and playback may then
begin at exactly where Recording ceased.

CONTINUOUS RECORD LOOPING
(1SD1100/1200/1400 AND 1SD2500)

The M3 Looping Operational Mode is available in
the ISD1100/1200/1400 and ISD2500 series devices
during Record as well as Playback. Continuous
record looping is possible in those products using
only Operational Mode input address strapping.

AUDIO DRIVE LEVELS AND IMPEDANCES

The ISD devices may be driven by an external
source other than a microphone. The characteristics
of the two inputs are shown in Table 1.

EXTERNAL COMPONENTS

The ISD products require only a few external compo-
nents in most applications. A list of these compo-
nents and comments follow:

BYPASS CAPACITORS

A playback only application typically does not
need bypass capacitors. In fact, a playback only
application in an ISDTO00A or ISD2500 can operate
with switches and a speaker and no other compo-
nents. An ISD1100 playback only circuit only re-
quires the chip, a push-button and the speaker
(since the PLAYE pull-up resistor is contained on-
chip). Several of the circuits in the “Circuit Example”
section under Application Information.

A record and playback application should have
low impedance high frequency bypass capaci-
tors from each V¢ power supply pin to ground. A
value of 0.1 uF is recommended. In addition, a
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large capacitor for low frequency bypassing
should be used to further decouple the power
supply. A value of 10 to 100 uF should work ade-
quately.

Table 1: Drive Levels and Impedances
. ANA IN
MIC (Pin 17) (Pin 20)
Input Impedance =10 KQ =2.7 KQ
Max. Drive Level 20mV p-p 50 mV p-p
AGC Control up to 20 dB none
COUPLING CAPACITORS

An application that directly drives one of the input
pins of the ISD device requires a coupling capac-
itor fo DC isolate the input. The design issues of
concern are the required voltage specification for
the capacitor, capacitor leakage and capacitor
value. The value of the capacitor is determined
by the required frequency response and this is cov-
ered elsewhere in this document.

NOTE  ISD does not recommend using fanfalum
capacitors in coupling capacitor applications.
RESISTORS

In a typical application, resistors are not used in
any gain or level critical areas. A 10 percent foler-
ance is adequate for most applications.

POWER SUPPLY CONSIDERATIONS

Standard ISD devices are designed to operate
from a single 4.5 to 6.5 volt power supply, except
for the ISD33000 series, which operates from a sin-
gle 2.7t0 3.3 volt power supply. This supply should
have a low intermal impedance and be noise
free. These factors are especially critical during
the recording process; any high frequency noise
appearing at the Ve supply pin (pin 16) may e
recorded into the device’s memory array. For this
reason, it is also important that the connections to

the power supply be short, and have little series re-
sistance or inductance. Additionally, some types
of power supplies tend to contain noise that falls
within the passband of the ISD device. For in-
stance, aircraft power supplies operating from
400 cycle AC or switching power supplies may re-
quire additional DC filtering to ensure they are
“quiet.”

Playback only applications are not as critical and
can stand a higher internal power supply source
impedance without appreciable sound quality
degradation.

BATTERY OPERATION

Batteries are often used to power ISD applications.
All ISD product families now support operation
from 4.5 to 6.5 volts, except for the ISD33000 se-
ries, which supports operation from 2.7 to
3.3 volts. Higher voltage sources must be regulat-
ed down to this range. A simple shunt zener diode
regulated supply is adequate for the average ap-
plication that does not require low power, In mul-
fichip situations the zener is inadequate and a
three terminal regulator must be used.

The designer of any passively regulated battery
source supply should keep in mind that the infernal
resistance of a battery increases rapidly as it ap-
proaches a discharged condition. If this imped-
ance is not lowered by effective decoupling,
record quality will degrade.

If reliable high quality record and playback are re-
quired from a battery source supply, the designer
should use a higher voltage battery and an active
regulatfion device such as a 5-volt three terminal
regulator.

LOW POWER OPERATION

Many applications of the ISD devices need long-
life low-power battery operation. The I1SD1100/
1200/1400 and ISD2500 Families have automatic
power down options to help achieve this goal. If
the ISD1000CA series is used, the PD pin must be
faken HIGH using external circuitry to gain the very
low power standby state. By using any of the
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above procedures, standby currents near the
“shelf life” of many batteries may be achieved.
The actual battery life, of course, depends on how
often the device is operated.

RECORD/PLAYBACK NOISE CONSIDERATIONS

A number of factors influence the practicable sig-
nal-to-noise record performance of the ISD devic-
es. The power supply sensitivity has already been
covered. Proper PC board layout can effect a
large improvement in signal-to-noise by keeping
the noise generating parts of the circuit separated
from the low level input pins. The pins with a noise
sensitivity are MIC (pin 17), ANA IN (pin 20), AGC
(pin 19), and MIC REF (pin 18). Additional informa-
fion on PC board layout may be found in the “Sin-
gle-Chip Board Layout Diagrams” under
Application Information.,

The principal noise source from the ISD devices is
Veep: pin 28, and during a Record cycle only. The
frequency distribution of this noise may be found
in several regions. One source is centered around
80 Hz which is the repetition rate of the internally
generated EEPROM programming power supply.
Another source may be found between 30 MHz
and 200 MHz in a number of discrete bands. An
FCC recognized testing lab has done an evalua-
fion of the radiation from an unshielded ISD1016A
recording application. The results from that investiga-
fion show the emissions to e below the FCC Class
B Radiation Limit for a computational device. The
results are available from ISD upon request.

There is no substantial noise source during a play-
back cycle. However one will hear the inherent
noise from the array. This is a very low level “hiss.”
When viewed on an oscilloscope, the amplitude
will be about 10 mV p-p from either speaker lead
fo ground. Measured with an AC meter this noise
will be less than 4 mV RMS. This is from a recording
made with ANA IN, pin 20, connected o ground
through a 0.1 uF capacitor.

One potential noise source during record or playtback
of ISD single-chip voice record/playlback devices is
voltage over- or under-shoot on signals connected
fo the address and control pins. Continuous or very
short duration signals (for instance address fransition

"ringing”) greater than 0.3 volt over V¢ or under
Vpp May cause a considerable increase in re-
corded noise. Care should be taken to ensure sig-
nals on all pins are always within data sheet
specifications (currently 0.3 volts over- or under-shoot).

LOW NOISE AND/OR HIGH-POWER OUTPUT
APPLICATIONS

Some applications need extremely low noise
record and playback. A good example of such a
requirement is where the output of an ISD device
is going to be amplified and used to drive a high
power public address speaker system. One meth-
od of achieving an improved signal-to-noise ratio
is to use the speaker outputs to drive an expander
circuit such as found in the Philips/Signetics NES75
Low Voltage Compandor. Since the ISD device
records using automatic gain control, the ex-
pander half of the NE575 may be used by itself o
re-establish the dynamic range of the original re-
cording and attenuate background noise. The re-
sults are impressive with virtually no detectable
noise in the “dead fime” between words and
phrases. Other circuits similar to the Phillips chip
can achieve comparable results,

Additionally, a circuit such as the NE575 or high-
power amplifier stage should be driven differen-
fially from the ISD device. When the speaker +
(or —) output is used to drive the next stage in a sin-
gle ended configuration, a transient is generated
when the speaker outputs are pulled to ground
during the Power-Down or a Record Operation.
This transient results in a loud pop. If output is taken
differentially, this transient is minimized because
both pins are taken to ground together.

An example application using the NE575 expander
driven differentially is found in the "Circuit Exam-
ples” under Application Information. An example
of an amplified speaker output circuit may also
be found on the next page.
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MAKING IT SOUND LOUDER

Many applications for ISD devices use very small
speakers, often less than two inches in diameter,
The basic sampling system used by all ISD single-
chip voice record/playback devices in itself sup-
ports a wide frequency response, only limited in
low frequency by the value of the coupling co-
pacitors in the microphone and ANA IN to ANA
OUT circuits. Small speakers usually do not repro-
duce low frequencies well, The result is that a “full
bandwidth” recording often does not sound very
loud when played through such a speaker. Anoth-
er way to look at this is that the low frequency
components consume much of the output power
of the ISD speaker driver. This power is not usable
by a small speaker.

One method of recording “louder” signals that re-
produce well through a small speaker is to limit the
ISD device's low-end frequency response. This
may easily be done by decreasing the size of the
coupling capacitors used in the microphone cir-
cuit. The ISD1400 data sheet shows 0.1 uF capac-
itors connected to MIC and MIC REF. This value
results in signals above 160 Hz being recorded
without aftfenuation. A better choice for a small
speaker system is to change these capacitors to
0.01 uF. This results in a low end pole
of approximately 1500 HZ, sharply roling off
frequency response below this value,

The resulting recording will be made without the
low frequencies that distort a small speaker. The
relative “loudness” of the playback will be increased.

The circuit designer should try several values of ca-
pacitance to determine what is best for a specific
application.,

REALLY MAKING IT LOUDER

The on-chip speaker drivers present in all current
ISD single chip voice record/playback devices
have adequate power output for most applica-
fions. Some applications, however, need more
speaker power than these chips provide. Fortunately,
a number of manufacturers make single chip or
single module speaker amplifiers that range from
a few hundred milliwatts to 50 watts or more into
an 8 Q load.

Most of these speaker amplifier devices are sup-
ported by manufacturers applications informa-
fion that shows a single ended connection to the
audio source. In the case of the ISD products,
however, there are advantages to a balanced
feed to the amplifier circuit, The potential pop re-
sulting from a Power-Down cycle, for instance,
may be avoided by driving the speaker amplifier
from both SP+ and SP—. Forfunately, many of the
available speaker driver products have an opera-
fional amplifier front end that includes a differen-
fial input.

The following two circuits demonstrate the general
method that may be used to increase the speak-
er drive from ISD products.

NOTE  ISD customers are strongly encouraged to
obfain the appropriate data sheet from
the listed manufacturer to determine exact
device specifications and the suitability of

these devices in their specific application.

USING THE NATIONAL SEMICONDUCTOR CORPORATION
LM386 LOW VOLTAGE AUDIO POWER AMPLIFIER

The NSC LM386 amplifier was designed for use in
low voltage consumer applications. According to
the NSC data sheet, it will operate over a voltage
range of 4 1o 12 volts or 5 1o 18 volts. The voltage
gain is adjustable from 20 fo 200. At 6 volts the
typical power output is 325 mW, at 9 volfs it is
700 mW. (These numbers are at 10 percent THD.)
In the circuit in Figure 1, the output level of the ISD
device must be attenutated by resistors R1 and R2
before it can be applied to the inpufs of the
LM386. This is because the ISD device output
leads are designed to drive a speaker directly to
12.5 mW. The voltage swing drives the LM386 into
distortion if not reduced. At 5 volts, the value re-
quired is approximately 1 MQ; atf 9 volts the resistors
can be at 560 KQ. This is because the input pins of
the LM386 have about a 50 KQ to ground imped-
ance, forming a voltage divider. Using 560 KQ resis-
fors and putting the 100KQ potentiometer R3
across the input pins creates a volume control,

ISD
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The LM386 data sheet includes various applica-
fions circuits, all single ended. To eliminate the
“pop” that can occur with the ISD speaker outputs
being used single ended, the LM386 is used differen-
fially. This lets the common mode rejection of the
LM386 reduce the “pop” considerably. Because
the differential connection is DC isolated, the
LM386 can be run at any voltage in its allowable
range while the ISD device remains at 5 volts. This
give the designer some options as far as required
power output for the particular application.

In the example circuit in Figure 1, pins 1 and 8 are
left open for minimum gain of 20 in the LM386N-
1. Then a volume control is provided in the poten-
tiometer (R3) across pins 2 and 3.

Figure 1: LM386 Speaker Driver
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USING THE MOTOROLA MC34119 LOW-POWER AUDIO AMPLIFIER

The MC34119 low power audio amplifier integrat-
ed circuit, shown in Figure 2, was intended prima-
rily for telephone applications. According to the
Motorola data sheet, it operates over a voltage
range from 2 to 16 volts and can supply up to
250 mW into a 32 Q speaker. It can drive speaker
loads down to 8 Q. The MC34119 does not auto-
matically power down. If the CD pin (pin 1) is faken
to Ve, however, the device will power down to
typically less than 1/2 mA.

The circuit used with the MC34119 is similar to that
used with the NSC device. The FC1 and VIN inputs
are driven differentially from the ISD Speaker out-
puts. Speaker volume is set by adjusting the value of
R3 which is a feedback resistor used to set gain in
the MC34119. Care should be taken so that the
Motorola amplifier's package power dissipation
specification is not exceeded. The designer may
wish fo derive a control signal to drive the CD pin to
lower circuit power consumption when not in use.,

8
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Figure 2: MC34119 Speaker Driver
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WRITE ENDURANCE CONSIDERATIONS

Conventional EEPROM technology exhibits a long
term failure mechanism defined by the term
"Write Endurance.” This means that each bit in the
memory may be reliably erased and written only a
certain number of times. Numbers commonly
specified by EEPROM digital memory manufactur-
ers for this phenomenon are 10° write cycles,

The ISD devices redlistically exhibit a Write Endur-
ance number of one fo two orders of magnitude
befter than conventional EEPROM products for
two reasons:

The writing process used by ISD results in less
stress on the memoiry cell. Digital EEPROMs
program the cell with a large in-rush of current.
This in effect "blasts” a *1” or "0" info the cell.
The ISD devices meter small amounts of
charge onto the cell during the closed loop
writing sequence.

A single cell failure during the programming of
a digital EEPROM is devastating and renders
the memory unusable. A single cell failure in a
ISD device results in an imperceptible change
in distortion. In fact, many random failures

ISD



Application Information for ChipCorder Products

Using the Device

would have 1o occur before recording quality
would noticeably degrade.

ISD believes that typically 1 0° write cycles may be
executed in an ISD device without noticeable ef-
fect on record and playback quality.

RECORDING TECHNIQUES

Some applications require the recording of sound
from some other media into an ISD device. This is
easily accomplished if care is observed in several
areas:

Input levels

Care should be exercised during recording to en-
sure that the input level specifications are ob-
served. If levels are too low, background noise
may be objectionable. Too high a level during
Record may cause clipping of the output wave-
form during playback.

ANA IN input

Driving the ANA IN input will result in the highest
quality and lowest distortion recording. The effec-
five dynamic range, however, wil be less than
when driving the MIC input because of the AGC in
the microphone preamplifier. (50 mV P-P maximum
to ANAIN.)

MIC input

Driving the MIC pin gives the largest dynamic range
during record. However, this AGC controlled am-
plifier stage will contribute some distortion due to
the gain control process. (20 mV p-p maximum
to MIC.)

Program material

The user should experiment with the programming to
be recorded. Certain types of music, speech,
sounds, etc., may record better through one input
than another. Also, program material with a large
dynamic range may give unacceptable results
because quiet passages may sound noisy while
loud passages are distorted.

UNEXPECTED RECORD

Sometimes an unexpected recording takes place
when a circuit is powered up. This “undesired re-
cording” puts an EOM at the very beginning of the
memory. Then, when one goes to playback the
previously recorded message, it is gone! Actually,
it is still there but the EOM is detected in the first row
and the device quits playing. The original mes-
sage is no longer accessible for normal playback
from address 000.

The reason for this undesired effect is in the type of
network used to control the CE pin. (The same ef-
fect can be observed on the ISD1100/1200/1400
REC pin.) Although the ISD device has a power
down circuit so one does not need to disconnect
the battery, some customers chose to disconnect
the battery anyway. Depending upon their circuit
design they may be able to eliminate all standby
current this way, However, even when the power is
normally connected all the fime, the problem
can appear when changing the battery.

This is because the V¢ voltage to the device may
rise faster than the voltage at the control pins. The
normall state of the control pins is HIGH. They are
taken LOW to signal a request. They are normally
held HIGH by external pull-up resistors. As long as
power is applied, this is just fine. But, depending
on the capacitance at the pin, and the value of
the pull-up resistor, when the power is applied, the
pin may go HIGH more slowly than the internal
Ve So. affer the device has sufficient V¢ to op-
erate, 100 nanoseconds after the internal POR
delay, it will detect a LOW at CE. If P/R is also LOW,
it will begin a Record Operation that will end very
quickly as the time constant of the resistance and
capacitance attached to the CE pin lets the volt-
age rise above the detection threshold.

A simple method to eliminate this situation is to
have a capacitor (a starting value could be
0.001 uF) connected from the control pin to V.
Then, with power up, that capacitor will bring the
pin voltage up with V¢ as it rises. This is because
one cannot change