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ChipCorder”

TECHNOLOGY BY 15D

1ISD2560/75/90/120 Products

Single-Chip Voice Record/Playback Devices
60-, 75-, 90-, and 120-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 1SD2500 Chip-
Corder® Series provides high-quaiity, single-chip
record/playback solufions for 60- to 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscilator, microphone pream-
piifier, autornatic gain control, anticliasing fitter,
smoothing fiter, speaker ampilifier, and high den-
sity multilevel storage aray. In addifion, the
1SD2500 is microconticller compdatible, allowing
complex messaging and addressing o be
achieved.

Recordings are stored in on-chip nonvoiatie
meamory cells, pioviding zefo-power message
storage. This unique, single-chip soiution is made
possible through ISD's patented muttilevel storage
fechnology. Yoice and audio signals are stored
directly info memory in their natural form, providing
high-quaitly, solid-state voice reproduction,

Figure: 1SD2560/75/90/120 Device Block Diagram
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FEATURES

Easy-to-use singie-chip volce record/playback
solution

High-quality, natural voice/audio reproduction

Manual switch or microconiroller compatible
playback con be edge- of level-activated

Single-chip durations of 60, 75, 90, and 120
seconds

Directly cascadable for longer durations
Autormatic Power-Down {Push-Button Mode)
- Standgby current 1 uA (typlcal)
Zero-power message stoiage

- Eliminates battery backup circuits

Fully addressabile fo handle multiple
messages

100-year message retention {lypical)

100,000 record cycles {fypical)

On-chip clock source

Progiammer support for play-only applications
Single +5 voit power supply

Avaliabile in die form, DiP, and TSOP
packaging

industial fermperature (-40°C to +85°C)
versions avaiicble

Table: 1SD2560/75/90/120 Product Summary

|npm Sample

-Part " Duration . Typical Filter Pass

Number (Seconds) .- Rate (KHz) - Band {KHz)
1502560 60 8.0 3.4
18D2575 75 6.4 27
1802590 20 53 2.3
18D25120 120 4.0 17
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DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The ISD2500 series includes devices offered at 4.0,
5.3, 6.4, and 8.0 KHz sampling frequencies, allow-
ing the user a choice of speech quality options.
Increasing the duration within a product series de-
creases the sampling frequency and bandwidih,
which affects sound qualily. Please refer 1o the
1SD25460/75/90/120 Product Summary table on
page i to compare filter pass band and product
durations.

The speech sampies are stored directly into on-
chip nonvolatie memorny without the digitization
and compression associated with other solufions.
Direct anatog storage provides a very trus, natural
sounding reproduction of voice, music, tones,
and scund effects not available with most solid-
state digital solutions.

DURATION

To meet end system requitarnents, the 1SD2500
series offers single-chip solutions at 60, 75, 90, and
120 seconds. Parts may aiso be cascoded to-
gether for longer durations.

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
Is the use of on-chip nonvolatile memory, provid-
ing zerc-powet message storage. The message is
retained for up 1o 100 years typically without pow-
ar. In addifion, the device can be re-tecorded
typically over 100,000 times.

MICROCONTROLLER INTERFACE

In addition to its simplicity and ease of use, the
BD2500 sedes includes all the inteifaces necessary
for microconholler-diven applications. The ad-
dress and contret lines can be interfaced to a mi-
crocontoller and manipulgled to perform a
varely of tasks, including message assembly,
message concatenation, predefined fixked mes-
sage segmentation, and message manage-
ment.

PROGRAMMING

The 1SD2500 seres is also ideal for playback-only
applications, where single or mulliple messages
are referenced through buttons, switches, or a mi-
crocontroller. Once the desired message config-
uration s crected, duplicates can easily be
generated via an I1SD programmer.

Voice Solutions In Silicon™
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Figure 1: 1SD2560/75/30/120 Device Pinouts
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PIN DESCRIPTIONS
VOLTAGE INPUTS (Veca, Vecp) POWER DOWN INPUT (PD)

To minimize noise, the analog and digital circuits
in the ISD2500 serics devices Use sepataie power
busses, These voltage busses are brought out to
separate pins and should be tied together as
close to the supply as possible. In addition, these
supplies should be decoupled as clese o the
packoge as possible,

GROUND INPUTS (Vss,, Vssp)

The ISD2500 series of devices ulilizes separate an-
alog and digital ground busses, Thase pins should
be connected separately through a low-Imped-
ance path to power supply ground.

when not recording or playing back, the PD pin
should be pulled HIGH o place the part in a very
low power mode (see lgy specification), When
ovetflow {OVF) pulses LOW for an overfiow condi-
fion, FD should be brought HIGH to reset the ad-
dress pointer back fo the beginning of the record/
playback space. The PD pin has additional func-
fionality in the M6 [Push-Button) Operational Mode
described later in the Operational Mode section.

CHIP ENABLE INPUY (CE)

The CE pin Is taken LOW to enable ali playback
and record operations. The address inputs and
playbackfrecord input (P/R) are latched by the fall-
ing edge of CE. CE has additional functionality in
the Mé (Push-Bulton] Operational Mode de-
scribed later in the Operational Mode section.

Voice Solutions in Silicon™
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PLAYBACK/RECORD INPUT (P/R)

The PR input is latched by the falling edge of the
CE pin. A HIGH level selects a playback cycle
while a LOW level selects a record cycle. For a
record cycle, the address inputs provide the start-
ing address and fecording continues unil PD or
CE is pulled HIGH or an overflow is defected {ie.
the chip is full]. When a record cycle Is leminated
by puling PD o CE HIGH, an End-Of-Message
(EOM) marker is stored at the curent address in
rmemory. For a piayback cycle, the address inputs
provide the starting address and the device wil
piay until an EOM marker Is encountered. The de-
vice can continue past an EOM marker in an Op-
eiational Mode, or if CE is held LOW in address
mode. [See page 5 formore Operational Modes).

END-OF-MESSAGE / RUN OUTPUT (EOM)

A nonvolatile marker is autornatically inserted ot
the end of each recorded message. it remains
there unill the message is recorded over. The EOM
output pulses LOW for a period of Ty at the end
of each message.

In addition, the 18D2500 series has an infemal Voo
detect circuit to maintain message infegrily
should Ve fall below 3.5V. In this case, EOM
goes LOW and the device is fixed in playback-only
mode.

When the device is configured in Operational
Mode Mé (Push-Button Mode), this pin provides an
acfive-HIGH RUN signal, indicating the device is
cumrently recording or playing. This signal can con-
veniently diive an LED for a visual indicator of a
record or playback operation in process.

OVERFLOW OUTPUT (OVP)

This signal pulses LOW of the end of memoly
space, indicating the device has been filled and
the message has overflowed. The OVF output
then follows the CF input until @ PD pulse has reset
the device. This pin can be used to cascade sev-
eral 1ISD2500 devices fogether 1o increase recordf
playback durations.

MICROPHONE INPUT (MIC)

The microphone input transfers its signal to the on-
chip preamplifier. An onchip Autormatic Galn
Confrol (AGC) ciicut controls the gain of this
preamplifier from ~15 to 24 dB. An extemnal micro-
phone should be AC coupled 1o this pin via G se-
fies capaciior, The capacitor value, together with
the intemal 10 KQ resisiance on this pin, deter-
rines the low-frequency cutoft for the ISD2500 se-
res passband, See Application information for
aadditional information on low-frequency cutoff
calculation.

MICROPHONE REFERENCE INPUT (MiC REF)

The MIC REF input is the inverting input fo the mi-
crophone preamplifier. This provides a nolse-can-
celing or common-mode rejection input to the
device when connacled o a differential rmicro-
phone,

AUTOMATIC GAIN CONTROL INPUT (AGC)

The AGC dynomically adjusts the gain of the
preamplifier to compensate for the wide range of
miciophone Input levels. The AGC allows the full
range of whispers 1o loud sounds to be recorded
with minimal distortion. The *attack” fime is deter-
mined by the time constant of a 5 KQ intemal re-
sistance and on exemal capacitor IC2 on the
schermatic on poge 18} connected from the AGC
pin 10 Vgea analog ground. The “elease” time is
determined by the fime constant of an extemal
resistor {R2} and an external capacitor (C2) con-
nected in paraliel between the AGC Pin and Vgga
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

ANALOG OUTPUT (ANA OUT)

This pin ptovides the preamplifier output to the us-
ar, The voltage gain of the preamplifier is deter-
rmined by the voltage level at the AGC pin.

1SD
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ANALOG INPUT (ANA IN)

The andlog input pin transfers its signal to the chip
for recording. For microphone inputs, the ANA OUT
pin should be connected via an extemal copaci-
for 1o the ANA IN pin. This capacitor value, togeth-
er with the 3.0 KQ input impedance of ANA N, Is
selected to give additional cutoff at the low-fre-
quency end of the volce passband. if the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The extemal clock input for the 1302500 devices
tas an infemal pull-down device, These devices
are configured at the factory with an infemal sam-
pling clock frequency centered to +1 percent of
specification, The frequency is then maintained to
a variation of £2.25 percent over the entire com-
meicial temperature and operating vottage rang-
es. Tha infemd clock has a 5 pefcent lolerance
over the indushial temperature and voliage
range. A regulated power supply is recommended
for industial temperahwe ronge pars. if greater
precision is required, the device can be clocked
through the XCLK pin as follows:

These recommended clock rates should not be
vared because the aniialiasing and smoothing fitfers
are fixed, and dliasing problems can occuwr if he
sample rate differs from the one recommended,
The duty cycle on the input clock is not critical, as
the clock is immediately divided by two. Hif the
XCILK is not usad, this input must be connected
fo ground.

SPEAKER OUTPUTS (SP-+ /SP-)

All devices in the 1502500 series include an on-chip
differential specker driver, capable of diving
S50 MW info 16 Q from AUX IN {12.2 mW from

memory).

The specker outpuls are held at Vgsa levels during
record and power down. It is therefore not possi-
bie to parailel speaker outputs of mutiiple 1SD2500
devices aor the oulputs of other speaker drivers.

NOTE Connection of speaker outputs In parallel
may cause damage to the device.

A single output may be used dlone (including o
coupling capacitor between the SP pin and the
speakeat]. Thess outputs may be used individually
with the output signal taken from either pin. Using
the differential oufputs fesuts in a 4 10 1 improve-
ment in output power.

NOTE Never ground or dive an unused speaker
output,

AUXILIARY INPUT {ALIX IN)

The Auwdiary Input is multiplexed through 1o the
output amplifier and speaker output pins when CE
is HIGH, PR is HIGH, and playback is currently not
aclive or if the device is in playback overflow.
When cascading multiple ISD2500 devices, the
AUX IN pin is used fo connect a playback signal
from a following device to the previous output
speaker drivers. For noise considerations, it is sug-
gested that the auxiiary input not be diiven when
the storage array Is active,

Table 1: External Clock Sample Rates
part -~ | . L ' o
Number _:'—_:Sfmple._gg_te | Reququd Clock

15D2560 8.0 KHz 1024 XHz
ISD2575 6.4 KHz 819.2 KHz
1SD2590 5.3 KHz 682.7 KHz
1SD25120 A0 KHz 512 KHz

4
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ADDRESS/MODE INPUTS (AX/MX)

The Address/Mode Inputs have two functions de-
pending on the level of the two Most Significant
Bits {MSB) of the address (A8 and A?).

If either or both of the two MSBs are LOW, the inputs
are dll inferpreted as address bits and are used as
the start oddress for the cunent record o play-
back cycle. The address pins are inputs only and
do not output intemal address information as the
operation progresses. Address inputs are laiched
by the falling edge of CE.

i both MSBs are HIGH, the Address/Mode Inputs
are interpreted as Mode bits according to the Op-
erational Mode iable. There are six Operational
Modes (MO..M6) available as indicated in the ta-
ble. it Is possible fo use mulliple Operational
Modes simultaneously. Operational Modes are
sampled on each faling edge of CE, and thus
Operafional Modes and direct addressing are
mutually exclusive,

OPERATIONAL MODES

The 1SD2500 series is designed with several buiit-in
Operational Modes that provide maximum func-
fionality with minimum additional components.
These are described in detail below. The Opera-
fienal Modes use the address pins on the [SD2500
devices, but are mapped outside the vallkd ad-
dress range. When the two Most Significant Bits
{MSBs) are HIGH (A8 and A9), the remaining ad-
dress signals are interpreted as mode bits ond not
as address bits. Therefore, Operctional Modes
and direct addressing are not compatible ond
cannct be used simuttaneousty.

There are two imporfant considerafions for using
Operational Modes. First, all operations begin ini-
fially ot address 0, which is the beginning of the
1SD2500 address space. Later operations can be-
gin at other adkiress locations, depending on the
Cperational Mode(s) chosen. In addition, the ad-
dress pointer is @set 1o 0 when the device is
changed from record o playback, playback to
record [except Mé mode), or when a Power-Down
cycle is executed.,

Second, Operational Modes are executed when
CE goes LOW and the two MSBs are HIGH. This Op-
ergtional Mode remains in effect until the next
LOW-going CE signal, at which point the curent
addressimodoe levels are sampled and executed.

Table 2: Operational Modes Table

Mode Control| :'éunc_tlon R - Typical Use e | - Jointly Compatible®

MO Messoge cueing Fast-forward thiough messoges M4, M5, M&

M1 Delata EOM markers Position EOM marker of the end of the last M3, M4, M5, M4

messcge

M2 Not applicable Reserved N/A

M3 Looping Continuous piaybock from Address O M1, M5, M6

M4 Consecutive addressing | Recordiplay muttiple consecutive messages | MG, M), M5

M5 CE level-activated Allows message pausing MO, M1, M3, M4

Mé Push-button control Simplified device inferface MO, M1, M3

1. Additional Operational Modes can be used sirmultaneously with the given mode.

150
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OPERATIONAL MODES DESCRIPTION

The Opsiationa Modes can be used in conjunc-
tion with a microcontioller, or they con be hard-
wired {o provide the desired systerm operation.

M0 — MESSAGE CUEING

Message Cueing allows the user to skip through
messages, without knowing the actual physical
oddresses of each message. Each TF LOW pulse
causes the intermal addrass polnter 1o skip 1o the
next message. This mode should be used for play-
back only. and is typically used with the M4 Oper-
ational Mode.

M1 — DELETE EOM MARKERS

The M1 Operational Mode dllows sequentially re-
corded messages to be combined into a single
message with only one EOM mairker set at the end
of the final message. When this Operafional Mode
is configured, messages recorded sequentially
are played back as one continuous message.

M2 — UNUSED

When Operational Modes are selected, the M2
pin should be LOW.

M3 — MESSAGE LOOPING

The M3 Operational Mode allows for the automat-
ic, continuously repedated playback of the mes-
sage located at the beginning of the oddiess
space. A message can completely fili the
1ISD2500 device and will loop from beginning o
end without OVF going LOW.

M4 — CONSECUTIVE ADDRESSING

During nomnal operations, the address pointer will
reset when a message is played through to an
ECM marker. The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
sages to be played back consecutively.

M5 — CE-LEVEL ACTIVATED

The default mode for 1502500 devices is for CE 1o
be edge-activated on playback and level-actival-
ed on record. The Mb Operalional Mode causes
the CE pin o be intempreted as level-activated as
opposed 1o edge-activated duiing playback. This
is specifically useful for terminating playtback op-
erations using the CE signal.

in this mode, CE LOW begins a playback cycle,
at the beginning of the device memory. The piay-
back cycle continues as long as CE is held LOW.
when TE goes HIGH, playback will Immediately
end. A new CE LOW will restart the message from
the beginning uniess M4 is also HIGH,

Mé — PUSH-BUTTON MODE

The ISD2600 series of devices contain a Push-But-
ton Operational Mode. The Push-Bution mode is
used pimarily in very low-cost applications and is
designed to minimize extemal circuitry and com-
ponents, theieby reducing systern cost. In order fo
configure the device in Push-Buiton Cperational
Made, the two most significant address bits must
be HIGH, and the Mé mode pin must also be
HIGH. A device in this mode always powers down
at the end of eoch playback or record cycle afier
CE goes HIGH.

When this Opetational Mode is implernented,
several of the pins on the device hove altemnate
functionality:

Table 3: Alternate Functionality in Pins
el ) E Anern _' rnate 'Funct-i'onal.ity in
PinName | " push-Button Mode
CE StartPause Push-Button
{LOW pulse-activated)
PD Stop/Reset Push-Button
(HIGH pulse activated)
oM Active-HIGH Run Indicater

Voice Solutions in Silicon™
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CE PIN {START/PAUSE)

in Push-Button Operational Mode, CE acts as a
LOW-going pulse-activaied START/PAUSE signal. If
no operation is curenty in progress, a LOW-going
pulse on this signal will initiafe a playback or a
record cycle according to the level on the PR pin.
A subsequent pulse on the CE pin, before an End-
Of-Message is reached in piayback or an overflow
condifion occuwrs, will cause the device to pause.
The address counter is not reset, and ancther CE
pulse will cause the device to contfinue the oper-
ation from the place where it was paused.

PD PIN {STOP/RESET)

in push-button Operafional Mode, PD acls as o
HiIGH-going pulse-activated STOP/RESET signall.
When a playback or record cycle is in progress
and a HIGH-going pulse is observed on PD, the
curment cycle Is terminafed and the address point-
&r is reset 1o address G, the beginning of the mes-

sage space.

EOM PIN (RUN)

In Push-Button Operational Mode, EOM becomes
an active-HIGH RUN signal which can be used to
drive an LED or other external device. It is HIGH
whenever a record or playback operation is in

progress.

Recording in Push-Buffon Mode

1. The PD pin should be LOW. usually using
a pull-down resistor,

The PR pin is taken LOW,

3. The CE pin is puised LOW, Recording stars,
EOM goes HIGH 1o Indicate an operation in

progress.

4. The CE pinis pulsed LOW. Recording paus-
os, EOM goes back LOW, The intemnal ad-
dress pointers are not cleared, but an EOM
marker is stored in memory to point to the
message end. The P/R pin may be taken
HIGH at this time. Any subsequent CE would
start o playback ot addiess 0.

5. The CE pin is pulsed LOW. Recording starls
at the next address after the previous set
EOM marker, EOM goes back HIGH.

NOTE if the M1 Operational Mode pin Is also
HIGH, the fust previously wiltten EOM bif fs
eragsed, and recording starls of  that
address.)

6. When the recording sequences are fin-
ished, the final CE puise LOW will end the
iast record cycle, leaving a set EOM marker
at the message end. Recording may also
be teminated by a HIGH level on PD,
which will leqve a set EOM marker.

Playback in Push-Bufton Mode
1. The PD pin should be LOW.

2. The PR pinis foken HIGH.

3. The CE pin is pulsed LOW. Playback starts,
ECM goes HIGH to indicate an operation in
progress.

4. Ifthe CE pinlis pulsed LOW or an EOM mark-
ef is encountered duing an operation, the
port will pause. The intemal address point-
ers afe not cleared, and EOM goes back
LOW. The P/R pin may be changed at this
time. A subsequent record operatlion
woud not reset the address pointers and
the recording would begin where playback
ended,

5. CE Is ogain pulsed LOW. Playback starts
where it left off, with EOM going HIGH to in-
dicate an operation in progress.

6. Playback continues as in steps 4 and 5 until
PD is pulsed HIGH or overflow occurs.

7. [ in overfiow, pulling CE LOW will reset the
address pointer and start playback from
the beginning. After a PD puise, the part is
reset 1o address 0.

NOTE Push-button mode can be used In conjunc-
fion with modes MO, MT, and M3.

18D
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GOOD AUDIO DESIGN PRACTICES

iISD products are very high-quality single-chip
voice recording and playback systems. To ensure
the highest quality voice reproduction, it is impor-
fant that good audio design practices on layout
and power supply decoupling be followed. See
the 1SD Application Notes in this book for details.

1SD1000A COMPATIBILITY

The 1SD2500 series of devices is designed fo pro-
vide upward compatibility with the 1SD1 000A fam-
ity. When designing with the 1SD2500 sedes, the
following differences should be noted.

ADDRESSING

The 18D2560/75/90/120 devices have 480K sior-
age cells designed to provide 80 seconds of stor-
age of a sampling rofe of 8.0KHz This is
approximately four fimes the stoiage of the
ISE1000A family. To enable the same addressing
resolution, two addilional address pins have been
added. The address space of each device is di-
visible info 600 increments with valid addressing
from 00 to 257 Hex. Sorme higher addresses are
mapped info the Operafional Modes. All other
addresses are invalid.

OVERFLOW

The ISDT000A serfies combined two functions on
the EOM pin: end-of-message indication and
overflow. The 153D2500 separates these two func-
tions. Pin 25 (PDIP package) remains as FOM, but
outputs only the EOM signal indication. Pin 22
[PDIP package) becomes OVF and pulses LOW
only when the device reaches its end of memory,
or is "full.” This change ollows easy message cue-
ing and addressability across device boundaries.
is also means that the M2 Operdalionatl Mode
found in the ISD1000A family is not implemented
in the 1SD2500 series,

PUSH-BUTTON MODE

The ISD2500 seres includes an additional Opera-
fional Mode called Push-Button mode. This pro-
vides an glitemative interface 1o the record and
playback functions of the part. The CE and PO pins
become fedefined as edge-activated “push-but-
fons.” A pulse on CE initiates a cycle, and if trig-
gered again, pausas the cument cycle without
resetting the address pointer (i.e., a Start or Pause
functionj. PD stops any cusent cycle and resets
the address pointer to the beginning of the mes-
sage space (i.e., a Stop and Reset function}. Ad-
ditionally, the EOM pin functions as an active-
HIGH un indicator, ond can be used to diive an
LED indicating a record or playback operation isin
progress. Devices in the Push-Bullon mode cannot
be cascaded.

LOOPING MODE

The 1SD2500 series can loop with a message that
compietely fills the memory space.

NOTE Additional descriptions of [SD2500 device
functionality and application examples are
provided In the ISD Application Notes In this
book,

Volice Solutions in Slicon™
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TIMING DIAGRAMS
Figure 2: Record
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Figure 3: Playback

P — -

ce AN - A N
| Teer - -

PiR F \\ Don't Care :

[ THO‘.D ] TPOH Tp[;s 1PDP

e N
PD Dont Care M
AD-A9 Don't Care X Don't Care -
-t Ty ———
§P+ /-
o N
EOM
4
- — Tos | Teom

15D
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Table 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(!) (Packaged Parts)
Condilon - Valua o conditions - |7 Value
Junction femperature 150°C Commerclal operaling 0°Cto +70°C
temperature ranget’
Siorage temperature range -65°C to +180°C
Industiicl operating ~40°C 1o +858°C
Voltage applied to any pin (Vss—0.3V) 1o termperature rangel!!
Vee +0.3V) _
Supply vottage (Vec)l? +4.5VI0 +55V
Voltage applied to any pin {Vgs— 1.0 V}t0
(input curent fimited 1o £20 mA) | (Ve + 1.0V) Ground vottage (V)™ oV
Lead temperature (soldering - | 300°C
2. Voo = Veooa = Veon.
VCC - V$ -03Vio+7.0V 3 VSS = Vesa = VSSD'
1. Stresses above those listed may cause permanent
domage fo the device. Exposure fo the absolute
maximum ratings may affect device reflobity.
Funcliondl operation Is not Impiied at these
conditions.
Table 6: DC Parameters (Packaged Patts)
Symbol Parameters ‘Min@ | yph 7 Haxm TUnits : . Conditions
ViL input Low Vottoge 0.8 v
Vi input High Voltage 2.0 %
Vou Cutput Low Voltoge 04 v o = 40mA
Vo1 OVF Quipul High Voilage 2.4 Y lon = -1.6 MA
Vouo EOM Qutput High Valtage | Vo= 1.0 | Ve -0.8 v lon = -3.2mA
fee Vee Cutrent (Opesating) 25 30 mA | Rpg==W
g Vec Current (Slandby) ) 10 uh @
e Input Leakage Curent +1 HA
D fput Current HIGH with Pull 130 pA | Foice Ve @
Down
Rext Cutput Locd Impedaonce 16 Q Specker Load
Ruvic Prearnp in Input 4 9 15 KQ MIC and MIC REF Pins
Resistance
Raux AUX INPUT Resisiance 5 11 20 KQ
10 Voice Solutions in Silicon™
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Table 6: DC Parameters (Packaged Parts)

Symbol - Parameters. [ Mm@ yp il e - Units | Conditions
Rana N ANA N Input Resistance 2.3 3 & KQ
Aerer Preamp Gain 1 21 24 26 dB |AGC =00V
Appes Preamp Gain 2 -15 5 dB AGC =25V
A AUX IN/SP+ Gain 0.98 1.0 Vv
Angp ANAIN fo SP-+/- Gain 21 23 26 B
Racc AGC Outpu! Resistonce 25 5 9.5 KQ

1. Typical values @ T, = 25°C and 5.0 V.

2. Al Min/Max imifs are guaranieed by 5D via electcdl iesfing or characterization. Nof all specifications are
100 percert tested.

3. Veoa ond Veop connected together.
4. XCIK pin oniy.

Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic | Min@ | Typ{M | 'Max® | units | - Conditions
Fg Sampling 1SD2560 8.0 KHz |11
Frequency 102575 6.4 KHz )

ISD2590 5.3 Kz |7}
1025120 4.0 e |

For Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point (81 @)
1SD2575 2.7 KHz | 3 dB Roll-Off Point 131 8)
1502590 2.3 KHz | 3 dB Roll-Off Point 3 (8)
15D25120 1.7 KHz | 3 dB Roli-Off Point [3(8)

Trec Record Duration 1SD2560 58.1 600 | 620 sec | Commeicial Operationt’]
1502560 56.5 60.0 63.8 sec | industial Operation!”!
ISD2575 72.6 75.0 7.5 sec | Commercial Operationt”)
1802575 70.7 75.0 79.7 sec | industial Operationt?
18D2590 87.1 90.0 93.0 sec | Commencial Operationl’}
15D25120 | 116.1 120.0 | 123.9 sec | Commercial Oparation!”)

Toay Playback Duration  18D2560 58.1 &0.0 62.0 sec Commerclal Cperation
1502560 56.5 60.0 &3.8 sec Indusirial Operation
1802575 72.6 78.0 77.5 sec Commescial Cperation
ISD2575 70.7 75.0 9.7 $ec Indushricl Qpexation
1SD25%0 87.1 20.0 23.0 sec Commercial Operation
185025120 | 164 1200 | 1239 sec Commercial Operation

Tce CE Pulse Widih 100 nsec

Tser Control/Adaress Setup Tme 300 nsec

Thotn Control/Address Hold Time 0 nsec

1sD
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Table 7: AC Parameters (Packaged Parts)

To Power-Up Delay 1802560 260 27.8 | msec | Commercial Operation
1502560 23.6 28.5 msec | industial Operation
1SD2575 30.2 313 34.3 msec | Commeicial Opseration
18D2575 29.3 31.3 3582 | msec | Industhial Operction
ISD25%0 36.2 375 40.8 msec | Commeicia Operation
SD25120 | 482 80,0 53.6 | rmsec | Commercial Operatfion

Tror PD Puise Widith 1502560 25 msec

Record 1SD2575 31.25 msec
18D26%0 375 msec
15025120 50,0 msec

Tepp PD Pulse Width Play 1502540 125 msec
i1SD2675 15.625 msec
18D25%0 18.75 msec
18026120 25.0 msec

Teos PD Pulse Width Static 100 nsec | ©

Tpon Power Down Hold 0 nsec

Teom EOM Pulse Widih 1SD2860 12.5 msec
ISD2675 15.625 msec
1502690 18.75 msec
18026120 25.0 msec

Tove Overflow Puise Wiath 65 usec

THD Total Hamonic Distortion 1 2 % @ 1 KHz

Pour Speaker Cuiput Power 12.2 50 ] mW |Rpg=160W

Vour Voilage Acioss Speaker Pins 25 | Vpp [Rpg=6000

Ving MC Input Vottage 20 mV | Peck-to-Peck

Ving ANA IN Input Vollage 50 mv | Peokio-Peak

Ving Aux Inpist Vollage 1.25 v Peack-to-Padk;

lypical values @ T4 = 25°C ond 5.0V,

All Min/Max §mits ore guarantesd by 15D vio electrical tesling or characterzation. Not all specifications are
100 percent fested.

Low-frequency culoff depends upon the value of external copadcilors [see Fin Descriptions),
From AUX IN: f ANA IN Is diven at 60 mV p-p. the Poyr = 122 mW. iypical.

With 5.1 KQ series resistor at ANA IN.

Teps Is requited during a siatic condition, typlcally overfiow.

Sampling Frequency and plovback Durafion con vary as much as +2.25 percent over the commercial
temperature range and voltage range and +5 percent over the Industilal temperature and voltage range. For
grecter stabifty. an externdal clock can be utiized (see Pin Dascriptions).

Fiter specification applies fo both the anficliasing fifer and the sroofhing fifer. Therefore, from Input fo output.
expoct a 6 dB drop by nature of passing through both fiffers,

12
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I5D2560/75/90/120 Products
TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)
Chart 1: Record Mode Operating Current Chart 3: Standby Current (Igg)
{lco) 1.2+
25
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E QO«MM g 0.8
g a p
3 154 2 06T
a
g B
§ 10 g 0.4+
é’ 024
5
0 } i >
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Chart2:  Total Harmonic Distortion Chart4:  Oscillator Stability
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Table 8: Absolute Maximum Ratings Table 9: Operating Conditions
(Die)t" (Die)
Condition Valse . -~ Condition value
Junction temperature 150°C Commercic operaling 0°C 1o +50°C
ternperature ronge
Storage temperature iange -565°C to +160°C
Supply voltage Vet +45Vio 465V
Voltage applied fo any pad {Veg - 0.3 V)10
Vee + 0.3V) Ground voitage (Vs oV
Voltage appiled to any pad Vs -1.0Viio
(Input cument imited to 20 MA]} | (Voe + 1.0V) 1. Vee = Voca = Voo
2, Vgg = Vssa = Vsso-
VCC—VSS D3vio+70V
1. Stresses above those listed may cause permanent
damage 1o the device. Exposure fo the absolute
maximum ratings may dffect device refflabillty.
Funciionol operation is not implled ot these
conditions.
Table 10: DC Parameters {Die)
Symbol Parameters Hin‘?} 1 Typft | maxt® Units | - Conditions
ViL Input Low Voltage 0.8 Y
Vi input High Vollage 20 v
Voo Cutput Low Vaolloge 0.4 v oL = 4.0mA
Vou Cutput High Voltage Ve —04 v lon = 10 uA
Vo OVF Qutput High Voltage 2.4 v lon =-1.6mA
Vo EOM Output High Voltage Vee -1 0 | Voo 0.8 v lon = -3.2mMA
lee Vee Current {Operating) 25 30 MA | Reg =@
s Ve Current (Siandby) 1 10 pA | @
iy Input Leakage Curent = A
ltpo input Cunrent HIGH with Pull 130 uA | Force Ve @
Down
Rexr Output Load Impedance 16 Q Specker Locd
Rmic Preamp In Input Resistance 4 9 18 KO MIC and MIC REF Pads
Ratx AUX INpuUt Resistance 5. 11 20 KQ
Rana N ANA IN Input Resistance 2.3 3 5 KQ
Appes Preamp Gain 1 21 24 26 dB AGC =00V
14 Voice Solutions in Silicon™
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Table 10: DC Parameters (Die)

Symbol | _Péi-anieterii}_- 1 'jfjfl_i:q‘i‘z"" Wp‘” : Haxm Unlts _ Conditions
s | Proamp Galn 2 T 51 dB |AGC =26V
Anix AUX IN/SP+ Gain 0.98 1.0 VIV

Ame | ANAINTO SP+/- Gain 2} 23 2 | oB

Race AGC Cutput Resistance 2.5 5 9.5 KQ

1. Typlcol values @ T4 = 25°C and 5.0 V.

2. Al Min/Max #mits are guaranteed by ISD via electical testing or characterization. Not oll specifications are
100 percent tested.

3. Veea ond Vioop connected logether.
4. XCiK pad only.

Table 11: AC Parameters (Die)

Symbol | Characteristic - Minl® Tyb 0 'maxt® | Units | Conditions
Fg Sompling ISD2560 8.0 KHz |
Frequency 1SD2576 6.4 Kiz |3

1SD2590 53 Kz |1
15025120 40 Kz |

For Fitter Pass Band I1SD2560 3.4 KHz | 3 B Roll-Off Point (813
ISD2575 2.7 KHz | 3 B Roll-Off Point (418
ISD2590 23 KHz | 3 dB Roll-Off Point (51(8)
1SD25120 1.7 KHz | 3 dB Roll-Off Point (3 8]

Thee Record Duration ISD2560 58.1 800 | 620 | sec | Commercia Operation!”)
ISD2575 72.6 75.0 77.5 sec | Commercial Operationt’)
1802500 | 87.1 900 | 930 | sec | Commeiciat Operation!”)
15025120 | 1161 1200 | 1239 sec | Commercial Operation!”)

Thiay Piayback Duration  1SD2560 58.1 00 | 620 | sec | Commerclal Operation!?)
1SD2675 72.6 75.0 775 sec | Commercial Operationt”)
1SD2590 87.1 90.0 93.0 sec | Commeiciol Operationt”)
ISD25120 | 1161 1200 | 1289 sec | Commercial Operation!”!

Tes CE Puise Width 100 nsec

Iser ControlfAddress Setup Time 300 nsec

Tweo ControlfAddress Hold Time 0 | nsec

Trup Power-Up Delay 1502560 24.1 280 278 | msec | Commercial Operation
iISD2575 30.2 31.3 34.3 msec | Commercial Operation
ISD2590 36,2 37.5 40,8 msec | Commercial Operation
15025120 48.2 50.0 83.4 msec | Commercial Operation

I1SD
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Table 11: AC Parameters (Die)

Symbol Charabta__rlsti_e-- ,';'Hln(?) 'WP (1) . Mz} 'fl.ll__'l_it_Sr _ ) Conditions
Tror PD Pulse Widhth 18D2540 25 msec
Record ISD2575 3125 msec

1502590 37.5 msec

ISD25120 50.0 msec
Trop PD Puise Width Play  1SD2560 125 msec

ISD2575 16.625 msec

15025990 18.76 msec

150256120 250 msec
Teos PD Pulse Width Siatic 100 nsec |
T Power Down Hold 0 nsec
Teom EOM Puise Width 1SD2560 12,5 msac

1502575 15.625 msec

ISD2590 18.76 msec

15025120 280 msec
Tove Overftow Pulse Widith 6.5 usec
THD Total Hamonic Distortion 1 3 % @ 1KHz
Pout Speaker Output Power 12.2 50 | mw |Rgg=t6aM
Vout Voltage Across Speaker Ping 25 | Vpp |Rpg=46000Q
Vint MIC Input Voltage 20 mV | Peak-to-Peck ©
Vino ANA N Input Voltage 50 mv | Peakto-Peak
Ving Aux input Voltoge 1.25 v Pegk-to-Pexik;

Rexy = 16 Q

1. Typical values @ T4 = 25°C and 50 V.

2. Al Min/Mox Imits are guaranteed by IS via electricdl testing of charactedzanion. Not off specifications e
100 percent lested,

3. ilow-frequency cutolf depends upon the value of external copacitors {see Pin Descriptions).

4. From AUX IN: if ANA IN Is driven at 50 mV p-p. the Poyr = 12.2 mW, typledl.

5. With 5.1 KQ serles resistor at ANA IN,
8. Tpng is required during a siatic condifion, fypicolly overfiow.

7. Samping Frequency and piayback Durction can vary as rmuch as +2.25 percent over the cormmercicl
termperature range and voltage range. For greater stabiity, an extemat ciock can be utiized {see Fin Descriplions).

8. Fiter speciicalion applies to the ontidliasing fiter arnd the smoolting fifer.

16
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)
Chart 5: Record Mode Operating Current Chart7: Standby Current (lgg)
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1SD2560/75/90/120 Products
Figure 4: 1SD2560/75/90/120 Application Example—Design Schematic
vee
I8D2560/75/90/120 T
oag . vecn |28 -
vee 2ia "veea |le 1 |
T = sl a2 e
Rl = 1
SWPETNARG < ltoka M :
ki 6lps L
— » 7 M o -
POWSR DOWN 2 a7
9l Aan
o 10} AY
—20 .
21
PLAYBACK/RECORD 24l pp .+
O 27§ P
~—0 BIToM
L 2l on
= 28] vk
NOTE: If desired, pin 18 (PDIP package) may be left unconnected (microphone preamplifier noise will ba higher). In
s case, pin 18 must nol be tied to any other signal or volloge. Additional design example schematics are
provided in the Applicotion Notes in this book.
Tabie 12: Application Example—Basic Device Control
Control Step k . s .:lf'l_.me_ubn | Action
1 Power up chip and select recordiplayback mode  { [1.)PD = LOW, [2.) PR = As deslired
2 Set message address for recordmlayback Set addresses AD-AP
3A Begin playback PR = HIGH, TE = Pulsed LOW
3B Begin record PR = LOW. CE = LOW
4A End playvback Automatic
48 End record PD or CE = HiGH
18 Voice Solutions in Silicon™
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Table 13 Appllcation Example—Passive Component Functions

Part.. ' Functlon ETE 3 Comments

R M:crophone power supply decoupling | Reduces power supply noise

R2 Releqse time constant Sals relocse time for AGC

R3, RE Microphone biasing iesistors Provides biasing for microphone operation

R4 Serles limiting resistor Reduces level to prevent distorfion at higher supiy
voliages.

R& Serles limiting resistor Reduceas levet 1o high supply voitages

C1.Cs Microphone DC-blocking capacitor Decoupies micropnona bigs from chip. Provides single-

Low-frequency cutoff pole low-frequency cutoff and common mode noise

rejection.

c2 Aftack/Release fime constant Sefs aftackireleass tme for AGC

C3 Low-requency cufoff capacitor Provides additional pole for low-frequency cutoff

C4a Microphone power supply decoupling | Reduces power supply noise

C6,C7,C8 Power supply capacifors Filter and bypass of power supply

EXPLANATION

in this simplified block diagram of a microcontrol-
ler application, the Push-Butfon mode and mes-
sage cuelng are used. The microcontrolieris a 16-
pin version with.enough port pins for buttons, an
LED, and the ISD2500 series device, The software
can be written to use three buttons: one each for
play and recoid, and one for message selection.
Because the microcontroller ls interprefing the
buttons and commanding the ISD2500 device,
software can be writlen for any functions desired
in a parficular application.

NOTE ISD does not recommend connecting
address ines directly 1o a microprocessor
bus. Address fnes should be externally

fatchexd.

15D

19




15D2560/75/90/120 Products

Figure 5: 1SD2560/75/90/120 Application Example—Microcontroller/1SD2500 Interface
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Figure 6: 1SD2500 Application Example—Push-Button
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NOTE:  Pleqase refer to Application Information,
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Table 14: Appllcation Example—Push -Button Control

Control Step Functlon e : Action
1 Select lecordfploybock mode PR = As desited
2A Begin playback PR = HIGH, TE = Pulsed LOW
2B Begin record PR = LOW, CE = Pulsed LOW
3 Pause recoxd of playback CT = Pulsed LOW
4A End playback Automatic at EOM marker or PD = Pulsed HIGH
48 End record PD = Pulsed HIGH
Tabla 15: Application Example—Passlve COmponent Funcﬂons
. Part Function ' Cc.\mmants
n2 Release time constant Sets release ime for AGC
R4 Seties Imiting resistor Reduces leve! to prevent disiortion ot higher supply
voitages
R&, R7 Pull-up ond puil-down resistors Defines stalic state of inpuls
C1,C4.C5 Power supply capacitors Filters and bypass of power supply
c2 Atiack/Release time conslont Sets attackirelease time for AGC
C3 Low-frequency cutoff capacttor Provides additional pole for low-frequency cutoff
Table 16: Push-Button Parameters
Symbol . c:haracierisiic'_ : 47 Min ClTvRty Max | Units Conditions
Tee CE Pulse Width [Starl/Pause) 360 nsec
Yot ContiolfAddress Setup Time 300 nsec
Trup Power-Up Delay 1502560 25 msec
1SD2575 31.25 msec
1SD2590 37.25 msec
15025120 50.0 msec
Ten PD Puise Width [Stop/Reset] 300 nsec
Thun CF to EOM HIGH 25 400 | nsec
TPAUSE CE 10 m LOW 50 400 nsec
Tos CE HiGH Debounce  18D2560 70 105 | msec
18D2575 85 135 msec
15D2590 105 160 | msec
1ISD25120 135 2i5 msec
1SD
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PUSH-BUTTON TIMING DIAGRAMS

Figure 7: Push-Button Mode Record

Start Pouse Shary Stop
_c_i i TCE et TCE ——-| .lcf
I s N

v il /P:

MIC ANA IN————— T4/ :
ovF : :
\ Tm_i,.}_ — \ti__ Toine \_l'f
EOM e : /_ Nt /
fRun) ' | - Tpg ! fe— T —= T
Notes mn (2 ] {4.5) (%] 13}

Figure 8: Push-Button Mode Playback

Start Pauss start Stop

EE" —_— TCE _‘-'!CE _"ICG
(Start/Pouse ™~ N Y
) 14- Teer —™ }4— Toer

e T ) daal
e S

Run) N e Tog — T s
T : % Tl T
Notes 0 @ © 14.5) .7} 8

1. A9, A8. and A6 = 1 for push-button operafion.
2. The fist CE LOW puise performs o Starf function.
3. the part wil begin to play of record dfter a power-up creiay Topp.
4. The poit must have CE HIGH for a debounce perfod TDB before it wil recognize another faling edge of CE and
paouse,
8. The second CE LOW pulse, and every even pulse thereailer, peroims a Pause function.

6. Again, the paf must have CF HIGH for g debounce period TDB before It wil recognize another faling edge of
CE. which would restait an operation. in addition, the part will not do on irternal power down unti CE is HIGH for
the TDB fime.

7. The third CE LOW pulse, and every odd puise theredtter, performs a Resume function.

8. At ony time. o HIGH level on PD will stop the cuirent function, reset the address counter, and power down The
device.
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DEVICE PHYSICAL DIMENSIONS

Figure 9: 28-Lead 8x13.4mm Plastic Thin Small Outline Package (TSOP) Typa | (E)

A

! |

: B |
—gle 28
—t 2 27;2
=13 26—
e—d 4 25
—5 24—
— & Py =1
—f7 22 pomeny
=38 PN —=
—f 9 ek ——v]
— 10 19 =
—f 11 b1 ]
—t 12 17 b
= 3 WE=
—f 14 Y =1

Tabie 17: Plastic Thin Small Outline Package (TSOP) Type 1 {(E) Dimensions

_i_NCHEs_ e o T MILLIMETERS

Miﬁ_ _ . Nom o Max o8 Min o - ~Nom Max
A 0.520 0.528 0.535 13.20 13.40 13.60
B 0.461 0.465 0.469 11.70 11.80 11.90
C 8.311 0.315 0.319 7.90 8.00 8.10
D 0.002 0.006 0.05 0.15
E 0.007 0.009 0.011 0.17 0.22 0.27
F 0.0217 0.55
G 0.037 0.039 0.041 0.95 1.00 1.05
H 0° 3 6° 0 3 é°
! 0.020 0.022 0.028 0.50 0.55 0.70
J 0.004 0.008 C.10 0.21

NOTE:  lead coplkanailly to be within 0.004 Inches.
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Figure 10: 28-Lead 0.600-Inch Plastic Dual Inline Package (PDIP) (P)

e T v o O o N s I s s I v e Y o 25 1 S o
28 27 26 25 24 23 22 21 20 19 18 17 14 15

D O O

J
N 9\/
Table 18: Plastic Dual Inline Package {PDIP) (P) Dimensions

R INCHES T MILLIMETERS

Min. Nom : Hax B CMin L - Nom 3 Max
A 1.445 1.450 1.465 36.70 346.83 36.96
B1 0.150 3.81
B2 0.065 0.670 0.075 1.65 1.78 1.9%
1 0.600 0.625 15.24 15.88
c2 0.530 0.540 0,550 13.46 13.72 13.97
(] 0.19 4.83
Di 0.015 0.38
E 0.125 0.135 3.18 3.43
F 0.015 0,018 0.022 0.38 0.46 0.56
G 0.055 0.060 0.065 1.40 1.52 1,65
H 0.100 2.54
J 0.008 0.0 0.012 0.20 0.25 0.30
5 0.070 0.075 0.080 1.78 1.91 2.03
q 0° 15° o° 15°

NOTE:  iead coplanarnly to be within 0.004 inches.
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Figure 11: 32-Lead 8x20mm Plastic Thin Small Outiine Package (TSOP) Type I (T)

. A D
[
| B | -
=1 e kvl =—] o Yl‘E
—] 2 KN ===] ] t
— 3 KT m— t
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e 7 24 = o
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=] e 24 == c !
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Table 19: Plastic Thin Small Outllne Package (T SOP) Typa L(T) Dlmensions

mcues DI S BRI MILLIMETERS

Min- b Nem - | S Max MR ST - Max
A 0.780 0.787 0.795 19.80 20.00 20.20
B 0.720 0.724 0.728 18.30 18.40 18.50
C 0.31 0.315 0.319 7.90 8.00 8.10
D 0.002 0.006 0.05 0.15
2 0.006 0.009 0.0M 0.17 0.22 0.27
F 0.0197 0.50
G 0.037 0.039 0.041 0.95 1.00 1.06
H 0 3 5* 0° 3 5°
| 0.020 0.024 0.028 0.50 0.60 0.70
J 0.004 0.008 0.10 0.21

NOTE: lead copianarity to be within 0.002 inches.
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Flgure 12: 1SD2560/75/90/120 Products Current Bonding Physical Layout1 (Unpackaged Die)

Al VCCD XCLK
Tele Tl r
ISD2560/75/90/122 . i . i _.i » o
Mu;ﬁlll R h
I. Dle Dimenslons A5 .__-- A mi—CE
X: 187 +1 mils 1 ' : ' R 1
Y: 399 =1 mils AS s BT OV

Il. Die Thickness?
17.5 1 mils

. Pad Opening
109 x 109 microns

I*""2!’Nl’»¢'!‘l.rvsntm %0

4.3x 4.3 mils
8 T
A dw e _m—ANAOUT
Ml wowm - ETANAIN
A?wéf-'.'! T T'T T T "n

AUXIN ! Vi | - | MiC\ AGC
VSSD P4 VCCA MIC REF

1. The backside of die is itemally connected 1o Vs, it MUST NOT be connected fo any other potenticl or damage
may oCCLy.

2. Die thicknass is subject fo change. please contact 15D factory for status.
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Table 20: 1SD2560/75/90/120 Products Current PIN/PAD Designations,
with Respect to Die Center (um)

L . PinName o o xAxia ' - YAxis
AD Address 0 . -1148.9 4898.2
Al Address 1 -1406.9 4898.2
A2 Address 2 -1661.9 4898.2
A3 Address 3 -1916.9 4898.2
A4 Address 4 : —2049.9 44608.2
Ab Adcress 5 -2194.9 4358.2
Ab Address 6 ~2194.9 4108.2
A7 Address 7 -2194.9 -4212.3
AB Adaoress 8 -2194.9 —4456.3
A9 Adcress 9 -2076.4 -4897.3
AUX IN Auiliary ingut -1607.9 —4868.3
Vesp Vs Digital Power Supply -1343.9 -4850.8
Vasa Vg Analog Power Supply -651.9 -4884.8
SP+ Speaker Ouipul + -111.4 ~4790.8
SP— Speaker Output - 425.6 —4790.8
Veea Vee Analog Powes Supply 8656.1 -4848.32
MIC Microphone Input 1320.7 -4897.3
MIC REF Microphone Reference 16051 -4897.3
AGC Aulomatic Gain Control 1877.6 -4871.3
ANAIN Anciog Input 2202.11 -426%9.8
ANA CUT Andiog Cutput 21231 -3910.8
oW Ovetflow Ouiput 2142.6 4184,7
CE Chip Enable input 22021 4558.7
PD Power Down input 20481 4898.2
EOM End of Message 14481 A865.7
XCLK No Connect {optionof} 12211 4898.2
PR PlaybackRecord @65.6 4898,2
Veeo Ve Digital Power Supply 646.1 4895.7
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Figure 13: 1SD2560/75/90/120 Products Future Bonding Physical Layout’ (Unpackaged Die)

A3 A Voep XCIK
el TR
1SD2560/75/90/120X* TTRAE . O
o . Mo g
l. Die Dimensions A a—CF
X: 149.5 £1 mils ™. -l
Y: 262.0 =1 mis A oW
il. Die Thickness? R PN S
11.8 +.4 mils 15D2560/75/90/120X -
. Pad Opening - R
111 x 171 mictons
4.4x 4.4 mils
T . . ANAIN
A8 .
ey el Tre

o
| 1 i {
AUXIN | Vesa ' P l MIC\ AGC

1. The backside of die Is ifematly connectsd o V. it MUST NOT be connected ta any ofther potertial or damage
may oCCul. :

2. Die thickness Is subject 1o change. please contact 15D factory for staius and avallability.
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Table 21: 1SD2560/75/90/120 Products Future PIN/PAD Designations,
with Respect to Die Center (um)

Pin e  PinName - Lo Xmds | YAxis
AD Addlass o . B —897.§ 3135.2
Al Address 1 -1116.4 3135.2
AZ Address 2 -1331.0 3135.2
A3 Addiess 3 -1544.0 3135.2
Ad Address 4 -1640.4 2888.9
Ab Addiess 5 -1698.2 26710
A6 Addiess 6 -1698.2 24415
A7 Address 7 -1731.2 -2683.2
A8 Adciess 8 -1731.2 -2748.4
AQ Address 9 -1731.2 -3050.8
AUX IN Auxifary tnput -1410.1 -3115.7
Vssp Vg5 Digital Power Suppty -1112.8 -3096.2
Vasa Vg5 Analog Power Supply -407.8 -3138.5
SP+ Spedaker Output + -47.4 -30&7.7
SP- Speaker Outout - 386.9 -3067.7
Veea Ve Anaiog Power Supply 746.5 -3110.4
MiC Microphone input 1101.2 =3146.0
MIC REF Microphone Reference 1294.7 -31456,0
AGC Autornatic Gain Control 1666.4 -3130.3
ANAIN Anclog input 1728.6 ~2654.0
ANA OUT Anaiog Cutput 1700.9 —2411.0
OvF Overflow Qutout 1340.9 na7
CE Chip Enable input 1726.7 2824.4
PD Power Down Input 17305 30%24.0
EOM End of Message 1340.9 3121.7
XCLK No Connect {opfional) 984.5 3160.7
PR Playback/Record 807.2 31634
Veen Ve Digital Power Supply 544.7 3159.2
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15D2560/75/90/120 Products

ORDERING INFORMATION
Product Number Descriptor Key

ISD25 __ _ _
2500 Series . T I Lpeclai Temperature Fleld:
Duration Blank= Commescial Packaged (0°C to +70°C)
&0 = 60 Seconds or  Commerclal Die (0°C to +80°C)
75 = 75 Seconds | = Industrial {(-40°C to +85°C}
T20- 120 Seconcs — Package Type:
G = 28Llead0.350-Inch Smail Cutline Integiated
Circut {SOIC)
P = 28-Leqad 0.600-Inch Plastic Dudl inline Package
(PDIP)
T =  32-Leod Bx20-mm Thin Small Outiine Package
(TSCP)
X = Die

When ordering 15D02560/75/90/1 20 products, please refer to the following valid part numbers.

. Part Number | Part Numbg,- - partﬂumber Part Number
15025806 15D2575G 15D2590G 15D251 206
1SD25606G! 18D2575GI 1SD2590P 18D25120P
1SD2560P I8D2575P 18D2590T 18D25120X
1SD2560P 1SD2575P 1SD2590X
1SD2560T I8D25757
[SD2660T 18025751
1SD2560X% ISD2575X

For the iatest product informnation, access 1SD's worldwide website ot hiip:/fwww. iscl.com.
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MT8888C

Integrated DTMF Transceiver
with Intel Micro interface

Features

+ Central office quality DTMF transmitterfreceiver
» Low power consumption
+ High speed Intel micro interface

» Adjustable guard time

» Automatic tone burst mode

+ Cail progress tone detection to -30dBm

Applications

« Credit card systems
+ Paging systems

» Repeater systems/mobile radio
+ Interconnect dialers
» Personal computers

ISSUE & March 1997
Ordering Information
MT8888CE 20 Pin Plastic DIP
MT8888CS 20 Pin SOCIC
MT8888CN 24 Pin S50P
-40°C to +85°C
Description

The MT8888C is a monolithic DTMF transceiver with
call progress fiter. It is fabricated in CMOS
technology offering low power consumption and high
reliability.

The receiver section is based upon the industry
standard MT8870 DTMF receiver while the
transmitter utilizes a switched capacitor DJ/A
converter for low distortion, high accuracy DTMF
signalling. Intemal counters provide a burst mode
such that tone bursts can be transmitted with precise
timing. A call progress filter can be selected allowing
a microprocessor to analyze call progress tones. -

The MT8888C utilizes an Intel micro interface, which
allows the device to be connected to a number of
popular microcontroliers with minimal external logic.

Flgure T - Functional Block .Diagram

Row and Data — o
DiA baed  Transmit Data
TONE 4= Column Bus 1)1
NE Converters Counters Regiater Buffer
— D2
Status pr 3
Tone Burst Cortro} Register Interrupt
Gating Cet. Logic 1 Logic o
1 »RQICP
IN+ Diai Control
Tone - Register
N-—T"1 Fitter High Group Digital A i -
Filter Algorithm L
GS * and Code Control ol -
i | Low Group Converter Register
OSC1 —1  Oscillator Filter B Control .
Cirguit T RiwW
0SC2 — s
Control - . RSO
Bias logic | Siesting frsetdvan
Circut Logic egl
1 ¥
I i i
Voo Vrer Vsg ESt SYGT
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r
N+ L[] 9 = 201voD IN+[] 1 247 voD
IN-[] 2 19 1syGT IN-[] 2 233 sver
6s}a 181 ]Est Gsi} 3 223 1 ESt
vief [} 4 171103 VRef | 4 211 D3
vss[]5 16[1D2 vss[ ] & 20{]) p2
osc1{]e 158101 oscil} e 180] D1
osca 7 141 1D0 osc2l} 7 1811 DO
TONE[] 8 13 [JiRGQicP " Ne[] s 171 NC
9 12{|RD NCil g 18] ] NC
cslj0 11[ RS0 TONE[ {10 15{ | ING/ICP
RAWL] 11 141] RD
cslf2 131 1 Rso
20 PIN PLASTIC DIP/SOIC 24 PIN SS0OP
__ =
Flgure 2 - an Connections
Pin Description
Pin #
20 | 24 Name Description
iN+ Non-inverting op-amp input.
2 IN-  |Imverting op-amp input.
GS |Gain Select. Gives access to output of front end difierential amplifier for connection of
feedback resistor.
4t 4 Vget |Reference Voitage output (Vpp/2).
5 5 Vgsg Ground (0V).
6 & | OSC1 |Oscillator input. This pin can aiso be driven directly by an external clock.
7 7 | 0SC2 |Osciliator output. A 3.578545 MHz crystal connected between 0SC1 and OSC2 completes
the internal oscillator circuit. Leave open circuit when OSC1 is driven externally.
8 | 10 | TONE |Output from internal DTMF transmitter.
11 | WR |Write microprocessor input. TTL compatible.
101 12 TS |Chip Select input. Active Low. This signal must be qualified externally by address latch
enable (ALE) signal, see Figure 12.
11 | 13 | RSO |Register Selact input. Refer to Table 3 for bit interpretation. TTL compatible.
12 | 14 | RD |Read microprocessor input. TTL compatible.
13| 15 | TRV |Interrupt Request/Call Progress (open drain) output. In interrupt mode, this output goes

low when 2 valid DTMF tone burst has been transmitted or received. In call progress mode,
this pin will output a rectangular signal representative of the input signai applied at the input |-
op-amp. The input signal must be within the bandwidth limits of the call progress filter, see
Figure 8.

14- | 18- | DO-D3
17 | 21

Microprocessor Data Bus. High impedance when CS = 1orRD = 1.
TTL compatible.

18 | 22 ESt

Early Steering output. Presents a logic high once the digital algorithm has detected a valid
tone pair {signal condition). Any momentary loss of signal condition will cause ESt to return
to a logic low.

19 | 23 | SYGT

Steering Input/Guard Time output (bidirectional). A voltage greater than Vrg, detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vg frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the volitage on St.

20 | 24 | Vpp

Positive power supply {5V typ.).

8.9 NC
16,17

No Connection.
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Functional Description

The MT8888C Integrated DTMF Transceiver consists
of a high performance DTMF receiver with an
internal gain setting amplifier and a DTMF generator
which employs a burst counter to synthesize precise
tone bursts and pauses. A call progress mode can
pe selected so that frequencies within the specified
passband can be detected. The intel micro interface
allows microcontrollers, such as the 8080, 80C31/51
and 8085, to access the MT8888C internal registers.

Input Configuration

The input arrangement of the MT8888C provides a
differential-input operational ampiifier as well as a
bias source (Vref), which is used to bias the inputs at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output {GS}) for gain
adjustment. In a single-ended configuration, the
input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Table 1). These
filters incorporate notches at 350 Hz and 440 Hz for
exceptional dial tone rejection. Each filter output is
foliowed by a single order switched capacitor filier
section, which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at the
frequencies of the incoming DTMF signals.

IN+
Oo— —AAwy '
IN-
c Ry ‘
Ry as
VRet
VOLTAGE GAIN MTRBRAC
(Av}=Re/ Ry

Gs l

Vet

MTeB8aC

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=100F

R1= R4 =R5= 100k

R2 = 60ke2, R3 = 37.5 K0}

R3 = (RZREY(R2 + R5)

VOLTAGE GAIN

{Ay diff) - R&/R1

INPUT IMPEDANCE

@iy = 2¥ R1Z + (1wCy?

Figtire 4 - Differential tnput Eonﬁguration |

FLow Frian DIGIT Dy D, Dy 278
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1338 5 0 1 0 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1] 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 o 1 0
941 1209 * 1 0 1 1
941 1477 # 1 1 0 0
697 1833 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 c 1 1 1 1
941 1633 D 0 a 0 Q

M
Figure 3 - Single-Ended Input Configuration

0= LOGIC LOW, 1= LOGIC HIGH
Table 1. Functional Encode/Decode Table
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Following the filter section is a decoder empioying
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent toss of signat condition will cause EStto
assume an inactive state.

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 5) 1o
fise as the capacitor discharges. Provided that the
signal condition is maintained {ESt remains high) for
the validation period (tg1p). v reaches the threshold
(V1) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the Receive Data Register. At this point the GT
output is activated and drives v, to Vpp GT
continues to drive high as iong as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the JRQYCP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (drop out) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

4-92

1
SYGT
R$ R2
ESt
a) decreasing tGTP; (tGTP < tGTA)
I tgre = (R1G1) In Vpp / (Vop-Vrsul
v tara = (RC1) In (Vpp/Vrsd
pD O - | Rp = {R1R2}/ (R1+R2)
c1
SVeT
R1 R2
ESt
b) decreasing tGTA; 1GTP > t1GTA)

Voo
MTB388C
Voo | o
SYGT Ve
ESt

Rt

tgra = (R1C1) In (Voo / Visd
tatp = (RIC1} In Vpo / (Vo Vrsd]
Figure 5 - Basic Steering Circuit

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the following inequalities
{see Figure 7):

trec 2 topmax ™G TPmax * 1DAmIN

tREG < 'oPmin*taTPmin thAmax
tip 2 toAmax*tGTAmax * t0Pmin
tpo < toaminttaTAmIn = themax

The value of typ is a device parameter (see AC
Electrical Characteristics) and tpec is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most

_
tare = (ReC1) In [Vpo / (Voo-Vrad
tgTa = (R1C1} In (Vpp/Vrsd
Rp = (R1R2)/ {R1 + R2)

g
Q

Figure 6 - Guard Time Adjustment |
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applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independent tone present (tgrp) and
tone absent {igya) guard times. This may be
necessary to meet system specifications which place
both accept and reject limits on tone duration and
interdigital pause. Guard time adjustment also allows
the designer to tailor system parameters such as talk
off and noise immunity.

Increasing trec improves takk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short tpee With a long tpo would be appropriate for
extrernely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 7 with a description of the events in Figure 9.

Call Progress Filter

A call progress mode, using the MT8888C, can be
selected allowing the detection of various tones,
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.

DTMF signals cannot be detected if CP mode has
been selected (see Table 7). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are hard-
limited by a high gain comparator with the [RQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a microprocessor of counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the 'reject’ area
will not be detected and consequently the [RQ/CP
pin will remain low.

I
LEVEL 4
{dBm)

-25

o 250 500 750
EREQUENCY (Hz)

= Reject
May Accept

_ _ Ao
EVENTS | A | = | ¢ ] o | E | ¢
trer —g.: 14-- p REC :4- :4--‘;0—*1 —+: tpo :4--

Vin —D D TONE #0 JONE ToNe |

T t

tm:n_’1 i —¥ = toa

w I g S e I e

e i TA

i N ] v
SYGT A X ; — Vst

| RGRX DECODED TONE # (n-1) )( #n X #£(n+ 1)
—> e togen
b3 T
b2 I l l
i '

Raad L I-_] r]
Status '
Register |
RGcp y

L

|-

N I
Figure 7 - Receiver

!

iming Biagram

wd]
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————
EXPLANATION OF EVENTS
| A) TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.
B} TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER,
C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.
(53] TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED ANG LATGHED IN RX DATA REGISTER.
E) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.
F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.
EXPLANATION OF 5YMBOLS
Vi DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING OUTPUT. INDICATES DETECTION GF VALID TONE FREQUENCIES.
SGT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

VALID DTMF SIGNAL.

REGISTER IS READ.

DTMF Generator

The DTMF transmitter employed in the MT8888C is
capable of generating all sixteen standard DTMF
tone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters, The row and column tones
are mixed and filtered providing a DTMF signal with
low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Table 1 must be written to
the transmit Data Register. Note that this is the
same as the receiver output code. The individual
tones which are generated (fow and fyen) are
referred to as Low Group and High Group tones. As
seen from the table, the low group frequencies are
697, 770, 852 and 941 Hz. The high group
frequencies are 1209, 1336, 1477 and 1633 Hz.
Typically, the high group to low group amplitude ratio
(twist) is 2 dB to com-pensate for high group
attenuation on long loops.

The period of each tone consists of 32 equal time
segments. The pericd of a tone is controlled by
varying the length of these time segments. During
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RXgRX; 4-BIT DECODED DATA IN RECEIVE DATA REGISTER
b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FCR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

TR/ICP  INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

tReC MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VAUID.

¥ taec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

tip MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VALID FREQUENCIES PRESENT.

toa TIME TO DETECT VALID FREQUENCIES ABSENT.

tate GUARD TIME, TONE PRESENT.

toTa GUARD TIME, TONE ABSENT.

I';igure - Bescﬂption of ﬂming Events

el

write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length,
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
of time segments is fixed at 32, however, by varying
the segment length as described above the
frequency can also be varied. The divider output
clocks another counter, which addresses the
sinewave lookup ROM. :

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and
column tones, which are then mixed using a low
noise summing amplifier. The oscillator described
needs no ‘“start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth flimiting filter is
incorporated and serves to attenuate distortion
products above 8 kHz. It can be seen from Figure 8
that the distortion products are very low in amplitude.
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Burst Mode

in certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined either by the particular
application or by any one of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 mst1 ms, which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, the burst/pause
duration is doubled to 102 ms 2 ms. Note that when
CP mode and Burst mode have been selected,
DTMF tones may be transmitted only and not
received. in applications where a non-standard
burst/pause time is desirable, a software timing loop
or external timer can be used to provide the timing
pulses when the burst mode is disabled by enabling
and disabling the transmitter.

Single Tone Generation

A single tone mode is available whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

Figure 10 - Spectrum Plot

OUTPUT FREQUENCY (Hz
NPUT SPECIFIED ACTL:AL) *ERROR
L1 697 699.1 +0.30
12 770 766.2 049
L3 852 847.4 .54
L4 241 948.0 +0.74
H1 1209 12159 +0.57
H2 1336 1331.7 0.32
H3 1477 1471.9 -0.35
H4 1633 1645.0 +0.73
Table 2. Actual Freqguencies Versus Standard
Requirements

Distortion Calculations

The MT8888C is capabile of producing precise tone
bursts with minimal error in frequency (see Table 2).
The internal summing amplifier is followed by a first-
order lowpass switched capacitor filter to minimize
harmonic components and intermodulation products.
The totat harmonic distortion for a single tone can be
calculated using Equation 1, which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a

percentage.
(\/7\""21'+ Vi VRt L Vi )

THD (%) = 100
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The Fourier components of the tone output
correspond to Var.... Vs @s measured on the output
waveform. The total harmonic distortion for a dual
tone can be calculated using Equation 2. V_and Vy
correspond to the low group amplitude and high
group amplitude, respectively and V"’.MD is the sum
of all the intermodulation components. The internal
switched-capacitor filter following the D/A converter
keeps distortion products down to a very low ltevel as
shown in Figure 10.
) A ——

V2 Vg 4 VP Vo
Vi + - Vi + Vi

DTMF Clock Circuit

The internal clock circuit is completed with the
addition of a standard television colour burst crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Resonance Mode: Parallel

L cad Capacitance: 18pF

Maximum Series Resistance:150 ohms
Maximum Drive Level: 2mW

e.g. CTS Knights MPQ36S
Toyocom TQC-203-A-98

A number of MT8888C devices ¢can be connected as

Figures 17 and 18 are the timing diagrams for the
Intet 8031, 8051 and 8085 (5 MHz) microcontrollers.
By NANDing the address latch enable (ALE) output
with the high-byte address (P2) decode output, CS is
generated. Figure 12 summarizes the connection of
these Intel processors to the MT8888C transceiver.

The microprocessor interface provides access to five
internal registers. The read-only Receive Data
Register contains the decoded output of the last valid
DTMF digit received. Data entered into the write-only
Transmit Data Register will determine which tone
pair is to be generated (see Table 1 for coding
details). Transceiver control is accomplished with two
control registers (see Tables 6 and 7), CRA and
CRB, which have the same address. A write
operation to CRB is executed by first setting the most
significant bit (b3) in CRA. The following write
operation to the same address will then be directed
to CRB, and subsequent write cycles will be directed
back to CRA. The read-only status register indicates
the current transceiver state (see Table 8).

A software reset must be included at the beginning
of all programs to initiatize the control registers upon
power-up or power reset (see Figure 17). Refer to
Tables 4-7 for bit descriptions of the two control
registers.

The multipiexed IRQ/CP pin can be programmed to
generate an interrupt upon validation of DTMF
signals or when the transmitter is ready for more
data (burst mode only). Alternatively, this pin can be
configured to provide a squarewave output of the call
progress signal. The IRQ/CP pin is an open drain
output and requires an external pull-up resistor {see
Figure 13).

shown in Figure 11 such that only one crystal is RSO Wi RB FUNCTION
required. Alternatively, the OSC1 inputs on all me—
devices can be driven from a TTL buffer with the 0 0 U e regra
0SC2 cutputs left unconnected. B i ) Road from Receive
- Data Register
MT8888C MTBA88C MT8833C 1 0 1 Write to Controf Register
0sC1 05C2 0SCt OSC2 0SC1 0SCc2 1 1 1 0 Read from Status Register
Ll I Table 3. Internal Register Functions
3.579545 MHz B3 I:z b1 b0
RSEL IRQ CP/DTMF TOUT

Figure 11 « Common Crystal
Microprocessor Interface

The MT8888C incorporates an Intel microprocessor
interface which is compatible with fast versions {16
MHz) of the 80CS51. No wait cycles need to be
inserted.
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Table 4. CRA BIt Positiens

b3 b2 b1 bo
TR SID TEST BURST
ENABLE

——— ﬂ_
Table 5. CRB Bit Positions
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BIT

NAME

DESCRIPTION

bo

TOUT

Tone Output Control. A logic high enables the tone output; a logic low turns the tone output
off. This bit controls all transmit tone functions.

b1

|

CP/D

g

Call Progress or DTMF Mode Select. A logic high enables the receive call progress mode;
a logic low enables DTMF mode. in DTMF mode the device is capable of receiving and
transmitting DTMF signals. in CP mode a rectangular wave representation of the received
tone signal will be present on the TRQ/CP output pin if IRQG has been enabled (control
register A, b2=1). In order to be detected, CP signals must be within the bandwidth
specified in the AC Electrical Characteristics for Call Progress.

Note: DTMF signals cannot be detected when CP mode is selected.

b2

IRQ

interrupt Enable. A logic high enables the interrupt function; a logic low de-activates the
interrupt function. When iRQ is enabled and DTMF mode is selected (controf register A,
b1=0), the IRQVCP output pin will go low when either 1) a valid DTMF signal has been
received for a valid guard time duration, or 2) the transmitter is ready for more data {burst
mode only).

b3

RSEL

Register Select. A logic high selects control register B for the next write cycle to the control
register address. After writing to control register B, the foliowing control register write cycle
will be directed to control register A.

w
Table 6. Control Register A Description

BIT

NAME

DESCRIPTION

BURST

Burst Mode Select. A logic high de-activates burst mode; a logic low enables burst mode.
When activated, the digital code representing a DTMF signal {see Table 1) can be written
to the transmit register, which will resuit in a transmit DTMF tone burst and pause of equal
durations (typically 51 msec.). Following the pause, the status register will be updated (b1 -
Transmit Data Register Empty), and an interrupt will occur if the interrupt mode has been
enabled.

When CP mode (control register A, b1) is enabled the normal tone burst and pause
durations are extended from a typical duration of 51 msec to 102 msec.

When BURST is high (de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, b0).

b1

TEST

Test Mode Control. A logic high enables the test mode; a logic low de-activates the test
mode. When TEST is enabled and DTMF mode is selected (control register A, b1=0), the
signal present on the JRCYCP pin will be analogous to the state of the DELAYED
STEERING bit of the status register (see Figure 7, signal b3}..

b2

s/

Single or Dual Tone Generation. A logic high selects the single tone output; a logic low
selects the dual tone (DTMF) output. The single tone generation function requires further
selection of either the row or column tones (iow or high group) through the C/R bit (control
register B, b3).

b3

Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This function is used in conjunction with the S/D bit (control register B,
b2).

Table 7. Control Register B Description
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BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b IRQ Interrupt has occurred. Bit one interrupt is inactive. Cleared after
{b1) or bit two (b2} is set Status Register is read.
b1 | TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA REGISTER | Valid data is in the Receive Data | Cleared after Status Register is
FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of Cleared upon the detection of a
the absence of a DTMF signal. valid DTMF signat.
—w—
Table 8. Status Register Description
L
603178031 "
AB-A15 (&3]
A8 RSO
ptm—pt 30013
PO ol
RO RO
WR WR
Figure 12 - MT8883C Irterface Connections for Varicus Intel Micros
A —
DVDD
MTB3BRC o3
|
TP R N+ voo H s |
FH
INPUT I—-\W—m’{ iN- SHGT m:- é a4 /J7
.—E s ESt -
Rz L—E VRef D3 [}— o -D
{]vss o2{] >
X-al
/77 Dl__c 0SC1 D1} >
osc2 oo k- >
== P
BIJ%EU ; O L1 rone rRace [} - & :?;ilc H
R —{] wr RD [} >
I—C cs rso £} >
Notes: :
Rt,R2=100kQ 1% >
R3 = 374k 1%
R4 =33 k2 10% - r
2’; == 11%:; r?F(:';: } * Microprocessor based systems can inject undesirable noise into the supply rails.
= The performance of the MTE888C can be optimized by keeping
gg = 100 nF 5% R noise on the supply raks to a minimum. The decoupling capacitor (C3) should be
X-la_l l%csrg;gz?MHz conneded ciose 1o the device and ground loops should be avoided.

—Wﬁ —
Figure 13 - Application Circuit {Single-Ended Input)
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5.0VDC 5.0 VDC
MMPGE 50)(or 2.4 G2 Ao
ulvalent
TEST POINT ed TEST POINT
O—
130 pF 100 pF
MMD7000 {or
aquivalent)
Test load for DO-D3 pins Test load for IRQ/CP pin
Flgure 14 - Tost Glrcuits
INITIALIZATION PROCEDURE

A software reset must be included at the beginning of all programs to initialize the control registers after
power up.The initialization procedure should be implemented 100ms after power up.
Description: Control Data
RS0 WR
1) Read Status Register
2) Write to Control Register
3} Write to Controt Register
4) Write to Control Register
5) Write to Control Register
6) Read Status Register

TYPICAL CONTROL SEQUENCE FOR BURST MODE APPLICATIONS
Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.

Sequence:
RSOC WR RD
1) Write to Control Register A 1 0 1
{tone out, DTMF, IRQ, Select Control Register B)
2} Write to Control Register B 1
{burst mode)
3) Write to Transmit Data Register 0
(send a digit 7)
4) Wait for an interrupt or poll Status Register
5} Read the Status Register 1 1

-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 1] 0
{send a digit 5)

-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 4] 1

-if both bits are set...
Read the Receive Data Register
Write to Transmit Data Register 0 0 1 0

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WiLL NOT BE SET UNTIL 100 ms (X2 ms)} AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TiME WILL BE DOUBLED TO 280 ms {* 4 ms).
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Jbsolute Maximum Ratings”

Parameter Symbol Min Max Units
T | Power supply voltage Vpp-Vss Voo ) v
2 | Voltage on any pin Vi Vgg.3 Vpp+0.3 v
3 | Current at any pin (Except Vpg and Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
_§ Package power dissipafion Pp 1000 mw
*| Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Recommended Operating Conditions - Votages are with respact to ground (Vgs) unless otherwise stated.
Parameter Sym Min Typ* Max Units | Test Conditions
1 | Positive power supply Vop 475 5.00 525 v
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fox | 3.575965 | 3.579545 | 3.583124 MHz
{ Typical figures are at 25 ~C and for design aid only: not guaranteed and not subject to produdtion testing.
DC Electrical Characteristics”-vgg=0V.
Characteristics Sym | Min Typ? | Max | Units Test Conditions
_1# s Operating supply voltage Vpp | 475 | 50 | 525 v
2 u Operating supply current Ibp 7.0 11 mA
3| © [ Power consumption Pc 578 | mW
4 | High ievel input voltage Vo | 35 Vv Note 9*
N | (OSCY)
5 | © | Low levelinput voltage Viio 15 | V | Note9
T | {osct)
6 | S | Steering threshold voltage Vyge | 22 | 23 | 25 Vv | Vpp=bV
7 Low level output voltage No load
o (0SC2) Voo 01 A Note 9*
|Tf o | High level output voltage No load
T | (0OSC2) Vouo | 49 \' Note 9*
g E Output leakage current
T | (IRQ) oz 1 10 MA | Vou=24V
101 S | Ve output voltage Veet | 24 | 25 | 28 V | Noload, Vpp=5V
11 Vges OUtpUL resistance Ror 13 k2
121 D | Lowlevel input voitage Vi 038 v
13| o [ Highlevel input voltage Vg | 20 v
14 z input leakage current Iz 10 pA | Vin=Vgs to Vpop
\
15 | pata | Source current loH -14 | 66 mA | Vou=24V
16 | Bus | Sink current lov 20 | 40 mA | Vo =0.4V
17 | Est | Source current lon | 0.5 | -3.0 mA Vg;=4,6\l
18 | oray | Sink cumrent o, | 2 | 4 mA | Vo =04V
19 ?"g—';é Sink current oL | 4 | 16 mA | VoL=0.4V
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T Cha.racteristjﬁ are over recommended operating conditions uniess otherwise stat
f Typical figures are at 256 °C, Vpp =5V and for design aid only: rot guaranteed a
See “Notes” following AC Electrical Characteristics Tables.

nd not subject to production testing.
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Electrical Characteristics

Gain Setting Amplifier - vottages are with respect to ground (Vss) unless ctherwisa stated, Vgg= OV.

Characteristics Sym | Min | Typ Max | Units Test Conditlons
1 |Input leakage current N 100 nA Vas SViN<Vnpp
2 iinput resistance Ry 10 M
3 |Input offset voltage Vos 25 mv
4 | Power supply rejection PSRR | 50 dB 1 kHz
5 {Common mode rejection CMRR | 40 dB
6 |DC open loop voltage gain Avol 40 dB C =20p
7 i Unity gain bandwidth BW 1.0 MHz C_=20p
8 |Output voltage swing Vo 05 Vpp0.5 V R 2100 kQto Vgg
9 {Allowable capacitive load (GS) C 100 pF PM=>40°
10 | Aliowable resistive load (GS) R 50 kQ Vo =4Vpp
11 | Common mode range Vem 1.0 Vpp-101 V Ry =50k

Figures are for design aid only: not guaranteed and not subject to production testing.
Characteristics are over recommended operating conditions unless otherwise stated.

MT8888C AC Electrical Characteristics! - voitages are with respect to ground (V) unless otherwise stated.

Characteristics Sym Min Typt | Max | Units Notes*
R | Valid input signal levels -29 +1 dBm | 12356
1 (each tone of composite
X signal) 275 869 MVems | 1.2.3.56

+ Characteristics are over recomimended operating conditions (unless ciherwise stated) using the test circuit shown in Figure 13.

AC Electrical Characterlstics'f - Vokages are with respect to ground (Vgs) unless otherwise stated. fc=3.579545 MHz

Characteristics Sym Min Typt | Max | Units Notes*
1 Positive twist accept 8 dB 23,69
2 Negative twist accept 8 dB 2,369
3 Freq. deviation accept +1.5%% 2Hz 235
4 | R} | Freq. deviation reject +3.5% 235
5 Third tone tolerance -16 dB 2,34,59,10
8 Noise tolerance -12 dB 23457910
7 Dial tone tolerance 22 dB 234589

1 Characteristics are over recommended operating conditions unless otherwise stated.

+ Typical figures are at 25°C, Vg =

* Sas *“Notes” foliowing AC Electrical Characteristics Tables.

5V, and for design aid only: not guaranteed and not subject to production testing.
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AQ Electrical Characteristics!- Call Progress - Votages are with respect to ground (Vg), unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 | Accept Bandwidth fa 310 500 Hz @ -25 dBm,
Note 8
2 | Lower freq. (REJECT) fir 290 Hz | @-25dBm
3 | Upper freq. (REJECT) fur 540 Hz | @-25dBm
4 | Call progress tone detect levet {total -30 dBm
power)

H
—t

Fharacteristica are over recommended operating conditions uniess otherwise stated
ypical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject io production testing

AL Electrical Characteristics’™ DTMF Receptlon - Typical DTMF tone accept and reject requirements. Actual
values are user setectable as per Figures 5,6 and 7.
Characteristics Sym | Min | Typ* | Max | Units Conditions
1 | Minimum tone accept duration tREC 40 ms
2 | Maximum tone reject duration e 20 ms
Minimum interdigit pause duration to A0 ms

4 | Maximum tone drop-out duration top 20 ms

1 [Charadieristics are over recommended operating conditions unless otherwise slated

1 [Typical figures are at 25°C, Vpp=5Y, and for design aid only: not guaranteed and not subject to production testing
AC Electrical Characterlstlcs* -Viohages are with respect to ground {Vsg), unjess ctherwise stated.
Characteristics sym | Min | Typ* | Max | Units Conditions
1 ; Tone present detect time top 3 11 14 ms |Note 11
2 | N |Tone absent detect time toa 05 4 85 ms |Note 11
3 | F |Delay Stto b3 tpsihs 13 us |See Figure 7
4 :* Delay St to RXg-RX3 tpaiRx 8 us |See Figure 7
5 Tone burst duration tasT 50 52 ms |DTMF mode
6 Tone pause duration tps 50 52 ms |DTMF mode
7 Tone burst duration {extended) tastE 100 104 ms |Call Progress mode
8 | T |Tone pause duration {extended) tpse 100 104 ms |Call Progress mode
9 | S Itigh group output level Viour | 6.1 21 | dBm |R=10kQ
10 | € |Low group output level Viour | 8.1 4.1 | dBm R =10kQ
11 3 Pre-emphasis dBp 0 2 3 dB  |R_ =10kQ
12 | T |Output distortion (Single Tone) THD 35 dB |25 kHz Bandwidth
13 RL-'-'- 10kE2
14 Frequency deviation 5 #.7 | 1.5 % |fc=3.579545 MHz
15 Output load resistance Rir 10 50 ke
16 Crystalidock frequency fc 3.5759 1 3.5795 | 3.5831 | MHz
17 | ¥ |Clock input rise and fall time toLrr 110 | ns |Ext clock
18 f Clock input duty cycle DCeL 40 50 60 % |Ext clock
19 Capacitive load (0SC2) Co 30 pF
i Timing is over recommended temperature & power supply voltages.

1

Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
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AC Electrical Characteristics’- Call Progress - vokages ate with iespect io ground (Vgs), uniess otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Conditions
i | Accept Bandwidth fa 310 500 Hz | @-25dBm,
Note 9
Lower freq. (REJECT) fir 280 Hz | @-25dBm
Upper freq. {(REJECT) fur 540 Hz | @-25dBm
Call progress tone detect level {total -30 dBm
pawer)

1 [Characteristics are over recommaended operating conditions unless otherwise stated
1 [Typical figures are at 25°C, V=5V, and for design aid only: not guaranteed and not subject to production testing
A

lC Electrical Characteristicst- DTMF Recaption - Typical DTMF tone accept and reject requirements. Actual
vaiues are user selectable as per Figures 5, € and 7.

Characteristics Sym | Min Typ* | Max | Units Conditions
1 | Minimum tone accept duration - trec 40 ms
2 | Maximum tone reject duration ol io20 i ms
3 | Minimum interdigit pause duration e | 140 - ms
4 | Maximum tone drop-out duration ton 20 ms

| Characteristics are over recommended operating conditions unless otherwise stated
1§ Typlcal figures sre at 25°C, V=5V, and for design aid only: not guaranieed and aot subjest to production testing
AC Eiectricai Characteristics! - voitages are with respact to ground (Ves), unless otherwise stated.
l Characteristics Sym | Min | Typ* | Max | Units Conditions
1 | T iTone present detect time ton 3 11 14 ms iNote 11
2 2 Tone absent detect tir toa 0.5 4 85 s Nole 1
3 | © |Deiay Stto b3 tpstba 13 pus  |See Figure 7
(47| | [Delay Stto RXyRX, tpsix 8 pus  [See Figure 7
5 Tone hurst duration : tosT 50 K2 ms (DTMF mode
8 Tone pause duration s 50 52 ms BTMF mode
7 Tore buirst duration {exiended) tasTE 100 164 s |Call Progress mode
8 | T |Tone pause duration (extended) tpsE 100 104 ms iCall Progress mode
9] % [Figh group output level Veour | 6.1 21 | dBm [R =10kD
10 | ® iLow group output level Vipour | 81 41 | dBm |R =10k
i1 g Pre-emphasis dBp 0 2 3 dB |R, =10k
12 | v !QOutput distortion (Single Tone) THD -35 dB 125 kHz Bandwidth -
13 R =10k
"l 14 |Frequency deviation b 0.7 +1.5 % [ic=3.578545 MHz
i5 Output ioad resistance Rer 10 50 k&2
16 Crystal/dock frequency fc 357591357951 3.5831 | MHz
17 | % [Clock input rise and fall time torre 110 | ns |Ext clock
18 i Clock input duty cycle DCeL 40 50 60 % {Ext clock
19 | |Capacitive load {OSC2) Cio 30 pF

1 Tim_ing is over recommended temperature & power supply voltages,
i Typical figures are at 28°C and for design aid only: not guaranteed and not subjec to production testing.
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AC Electrical Characteristics’- MPU Interface - voltages are with respect to ground (Vss), unless otherwise stated.

Characteristics Sym | Min | Typt | Mex | Units Conditions
1 | RD/WR clock frequency teve AD . MHz | Figure 16
2 | RD/WR cycle pericd tove 250 ns | Figure 16
3 | RDANR rise and fall fime b ote te 20 ns | Figure 16
4 | Address setup ime tag 23 ns Figures 17 & 18
5 ddress hold time tant 20 ' ns | Figutes 17 & 18
6 | Data hold time (read) tnur 22 ns Figures 17 & 18
7 | RD to valid data delay {read} tonr 100 ns Figures 17 & 18
8 1 RD, WR pulse width low towa | 150 ns | Figures 16, 17 & 18
¢ | RD, WR pulse width high towd | 100 ns | Figures 16, 17 & 18
10 | Data setup time (wriie) taw | 49 ns Figuies 17 & 18
11 | Data hold time (write) touw 10 ns Figures 17 & 18
12 | Input Capacitance (data bus} Ciy 5 pF
13 | Output Capacitance (IRQ/CP) Cour 5 pF

1 Characteristics are over recommended operating conditicns uniess otherwize stated
1 Typicai figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

NOTES: 1) dBm=decibels above or helow a refarence power of 1 mW inta a RO chm load

2) Digit sequence consists of all 18 DTMF tones.

3} Tone dumation—40 me. Tone pavse~40 me,

A% Momina} DTMF frequencias are-ussd:

£} Both tones fn ths composiie signal have an equal amplituds.

&) The ians pair is deviated by T 1.5%%2 Hz.

7} Bandwidti limited {3 kHz) Gaussian noise. )

Bj The precise diaf fone {frequencies are 350 and A40 Hz (2%}

9) Guaranteed by design and characterization. Mot subject to production 1esting.
10) Referenced to the lowest ampliude tone in the DTMF signal.

11} For guard {ime caicuiation purposes,
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Notes:
< o —3 1) Notio scaie
2} Dimensions in inches
L { { 33 {Dimensions in milimaters)
Az ] \ 4) Ref. JEOEC Standard MO-150/M0118 for 48 Pin
L u Pl u [ T T 5} A & B Maximum dimenslons include allownble mold fiash
i H = H =
b A R W = = LA
A, L] tj A [ S N N S -
A b (N I I I I B I B —i]
i
B —> le—v0
Z0-Pin 24-Fin 23-Fin 48-Pin
. Dim
Min Max Min Max Min Max Min Max
A 8072 - - 0.079 0079 0.008 0410 i
% 2) 73 {z41) | (2.79)
Ay .00 G002 0.002 0008 L.U1%
(2.05) {0.05) (0.05) 02y | (D.408)
B pooR7 + 0042 1 Q0087 T 0.013 one7 § 0012 0008 | 038
022 | 033 | @22 | ©33) | ©022) | 033} | (©F |04
C 008 Q.u0u8 .00 GO0
n21) (0.21) {0.21) (0.25)
D 027 0,208 031 1 033 0.29 012 Q82 083
{6.9) 75 | @8 | 85 | @5 | (10.5) | {i575) | (18.00)
E 0.2 0.2 0.2 0.22 0.2 0.22 | 0391 | 0.299
(5.0) {5.5) {5.0) e 5.0 say | (Fam ] (7sm
e 0025 85C 0.025 BSC 0.025 BSC 0.025 BSC
{0.635 B30) {0.635 B3C) {0.835 B5C) i0.635 B8C)
Ay 0.065 0073 t 0.065 { 0073 | (065 0473 .089 (L0992 I
(1.65) | (+.85) | (1.65) | (1.85) | (1.85) | (1.85) | (2.28) | (2.52)
H Q.20 .32 029 0,32 0.29 032 0,395 042
] {6.2} T4y § (8.2 (74 8.2} | {10.03) | (1667
i 0.022 0.037 0.022 Q0.037 0.022 0.037 Q.02 .04
(055) | (0.95) | (0.56) | 0.96) | (0.55) | {0.95 I 051 | (1.02)

Small Shrink Qutline Package {SSOP) - N Suffix




ittt NIl Pin1
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E
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: ;r “ ! 4 mils {lead coplananty) T
i )
{1 ¢+ F T F 1T 77 FF FE T} hntas:
! ld H q l—l _ H H d = 13 Not to scale
A 1 Lt L 1 Ld 1 | 2y Dimensions in inches
: (00 T T O O O O A 3} [hmeﬁsmmmﬂhmerﬂs}
’P .--——éi 3&-—- 4) A & B Maximum dimensions include aliowable mold flash
1 i
| =]
DIM 16-Pin 18-Pin 20-Fin 24-Pin 23-Fin
Tl omm Max Min Max Min Max Min Max Min Max
A 0.G83 0.104 0.093 0.104 0.093 0.104 0.083 0. 104 3.093 0.104
(2.35) {2.65) 2.35) (2.65) (2.35) 12.65) {2.35) (2.65} {2.35) {2.65)
Ay Q.004 0.012 0004 Q12 0.004 0.012 8.004 0.012 0.004 0.012
{0.10) (0.30) {0.10) (0,30} (0.10) (0.30) .10} (0.20) (©.10} (6,30}
) 0.013 0.020 0.013 2,02 0.012 0.020 0.013 0,020 0.013 0,020
{G.33) {051 (G.33; {05.51) {£.33) {G.51) {0.33) 051} {0.33) 6.51}
[ 0.009 0.013 3.009 0.013 0.00G9 0.013 0.009 0.013 2.000 0.013
10.231) {0.318}) {0.231) 0.318) {0.234) {0.318) {0.231) {0.318) {0.231}) {0.318)
b 0.398 0413 0.447 0.4825 0.498 8.512 0.5985 0614 0.697 0.7123
{(10.1) (0.5 (138 | (11.78) 1260) | (1300 15.2) (15.8) (7.7 REXD
E 0.201 0.229 0221 £.299 0291 0229 0201 0.295 0.2914 0.29%
{7.40) {7.40} {7.40) (740) {740} (740} \T.40} \7.40) {740} (7.40}
[ O.050 BSC (.050 BSC Q.050 BSC 0.050 BSC 0.050 BSC
{1.27 BSC) {1.27 B3C) (1.27 BSC) {1.27 BSCY {1.27 B3C)
H H.364 0419 1.504 {1,418 0.304 0419 H.304 1419 0.394 0.419
(oo | roes) | oooy | ogoesy | poosy | opoesy | oo | ocoesy | opmony | o(108S)
L 0016 0.050 G018 5.050 8.018 8.050 0018 0.050 5018 0.050
{0.40) (1.27) {0.40) {(i.21 {0.40) {1.27) {0.40) {i.27 {0.40) (.27

Lead S0IC Package - 3 Suffix

NOTES: 1 Cantroiling dimensions in parsnthesis | } are in millimatars.

2. Convarted i!-u-h dlmnqninng are npt na

rnceu!—il\: axant.
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1) Not to scale
112y Dimensione in inches
3) {Dimensiong in mitlimetersy
Plastic Dual-In-Line Packages {(PDIP) - £ Suffix
R-Pin 168-Pin 18-Pin 20-Pin
Dim Piastic Plastic Plastic Plastic
Min Max Min Max Min Max Min- HMax:
x 0.210(5.33) - 20 (8.33) 0210 {5.33) 0210 (5 33
;‘\2 0.115{2.82) | 0.195(4.85) | 0.115 (2.92) | 0.185 (4.95) TG.i15{2.92) | 0.1954.95) | 0.115{2.92) i.195 (4.95)
b 0,014 (0.356) | 0.022 (0.558) 0.014 (0.356) | 0.022 {0.558) 0.014 (0.356) | 0.022 (0.558) | 0.014 {0.356) | 6.022 {0.558)
by 6045 (4.14) | 0070{1.77) | 6.045{1.94) | SO0 (1.77) | G.045(1.14) | 3070 i L o0d5 iy | B0Te T
c 0.008 0.014 {0.356)- | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) 0.014 (0.356) | 0008 (0.203) | 0-014 {0.356)
{0.203)
D D0.355 (0.0} | 9.400 (10.1€} ; 0.720 (19.21) 0,800 {20.32} | 0.880 (22.35) | £.020 (23.37) 0.980 {24.80) { 1.080 {26.0}
Dy 0005 {0.13) 6,005 (0.13) 0.005 {0.13) 0.005 {0.13)
E L aa00¢7.62) | 02250 26) | 0.300.82) | 0325 A28y | 0300782y ¢ 0.225(A2H) | 030G {782} | 6225 {A.28)
B4 £.24G (3.10) | 0.280{7.11) | 6.240{8.10) | 0.280{7.71) T 0.240(8.10) | 0.280 (7.11) | 0.2408.10) | G2BG{7.11)
Y 0.100 BSC (2.54) ' 0.100 BSC (2.54) ' 0.100 BSC (2.54) 0.100 BSC (2.54)
ax 0.300 BSC {7.82 0.300 BSC (7.682) £.300 BSC (7.62) 0.300 BSC (7.82)
I3 0.116(2.92) | D.150(3.81) | 0.115(2.92) | 0.150(3.81) | 0.115{2.92) | 0.150 (381) | 0.116(2.92) £.150 (3.81)
= “BA30 (10.02) 0,430 (10.02) 0430 (10,92} 0,430 {1092}
ec V) 0.080 {i.52) v} 0,060 { 1.52) t] 5.060 {i.52) 7] $.060 {i.52)
NOTE: Controlling dimensions in parenthesis | } are in millimeters.
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Plastic Dual-In-Line Packages {PDIP} - E Suffix

22-Pin Z24-Pin Z8-Pin 40-Pin

DiM Flastic Fiastc Fiasfic Flasftic

i Max Min Max Min Max Min Max
A D210 (507 QPR R.35) £.950 {8.35) 0.250 (B.35)
Ay | 0.125 {3.18) { 0.135 {4.85) | 0.125{3.18) | 0.185{4.86) | 0.125(3.18) | G185 {4.95) | 0.125{3.18) | 0.195 {4.95)
h 0.014 {0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.368) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
bs G.045 (1.15) | 0070 (177 | D030(0.77) | QOVO(1.77) | COACI0.T7) | LATH{LTT) | D.030(0.7Y | 00TO{1.T)
C Q.U (0.204) { 0.015 (0.381) | O.OUB (U.204) | Q.0TH (U.381) | Q.UDH (0.204) | GANS (0381} | 0008 (U.204) | L.O16 (0.381)
D 1.050 (2847) £ 1.120(28.44) | 1.150(20.8) § 1.200(327) | 1.3804361) | 1685(307) | 1980503 | 2008 (A3 2}
D4 0.005 (0.13) 0.005 {0.13) 3.005 {013} 0.605 (0.13)
E 0.390 (9.91) | 0.430(10.92) | 0.800 {15.24) | 0.670 (17.02} | 0.800 {15.24) | 0.670 (17.02} | 0.800 (15.24) | 0.670 (17.02)
Ei 0330(339) 0330 (985) 0435 (1232} 6.566-(14.'73) o.4és.f1é.32") 6.5:'3'07(41;.73) 6:455{12.52)7 0.580.[14.73)7
E, 0248 8.25) | 0.251 184
e 0100 BSC {2.54) 0.100 BSC (2.54) 0.100 BSC {2.54) 0,100 BSC (2.54)
2. 0400 REC {10.16) 6.600 RSC {15.24) 0600 RACC (15.24) 0800 RS (15.24)
e, 0300 BT (762
8g 0.430 {10.92)
L C.415(2.93) | G160 (4.08) | C115{2.03) | 0.200(5.08} | 0.115{203) | o200(308 | 04450203 | 0200508
o 15~ s 15 15
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