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AMII Introduction

American Microsystems, Inc., the first commercial producer of MOS/LSI beginning in 1966, is a major designer,
manufacturer and marketer of circuits for the consumer, EDP and communications markets.

AMI is the leading designer of custom LSI, makes and markets its proprietary S2000 family of 4-bit microcomputers,
is a major alternate source for the S6800 8-bit microprocessor family and the only alternate source for the S9900
16-bit family of microprocessors. The Company provides the market with selected 1K and 4K low power CMOS
Static RAMs, 16K and 32K ROMs.

The most experienced designer of systems-oriented MOS/LSI communication circuits, AMI provides components for
station equipment, PABX and Central Office Switching systems, data communications and advanced signal process-
ing applications.

AMI is pioneering in same-chip integration of digital and analog circuitry, and is a recognized leader in switched
capacitor filter technology.

Processing capability includes N-Channel, advanced silicon gate CMOS and the largest production capability
available in P-Channel.

Headquartered in Santa Clara, California, AMI has design centers in Santa Clara, Pocatello, Idaho and Swindon,
England. Wafer fabricating plants are in Santa Clara and Pocatello, and assembly facilities are in Seoul, Korea and
the Philippines.

Field sales offices are located throughout the United States, in Europe and in the Far East. Their listing, plus those of
domestic and international representatives and distributors appear on pages B.27 through B.31 of this publication.
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Communication Products

Codes (D) — Direct Replacement (C) — Codec Only, No Filters (F) — Functional Replacement
General
AMI Instruments Intel Mitel Mostek Motorola National
S2559A - — — MK-5086(D) — -
S$52559B — — — — - —
$2559C - - - MK-5086(D), — —
MK-5087(F)
$2659D — — — — — —
S2560A AY-5-9151(F), — MT-4320(F) MK-5098(F), — MM-5393(F),
AY-5-9152(F) MK-5099(F) MM-53190(F)
S2561 - - - — - =
S2561A — — ML-8204(F) - — —
$2561C — — — — — —
S$2562 TZ-2001(F) - - MK-5170(F) - -
52859 — — — — — -
$2860 - — — MK-5089(F) —_ —
S2861A - - — MK-5087(F) — —
S2861B — — — — - —
$3501/53502 - 2910/2912(F) — MK-5151(FC) MC-14406/ —
14414(F)
$3503/53504 — 2911/2912(F) — MK-5156(FC) MC-14407/ —
14414(F)
S$3525A/B - — MT-8865(F) — - —
Memory Products
CMOS RAMs NMOS ROMs

Vendor 256 X4 1KX1 1K X4 4K X1 2K X8 4K X8 8K X8
AMI S5101 S6508 S6514* S6504* S6831B 568332 S68364*
AMD - — - 9216 9232 —
EA —_ - - 8316 2332 -
FSC — - - 3516 - —
FUJITSU - - 8414 8404 — — —
GI - - _ 9316 9332 9364
HARRIS 6561 6508 6514 6504 — - -
HITACHI 435101 - 4334 4315 — - —_
INTEL 5101 — - 2316 2332 2364
INTERSIL 6551 6508 6514 6504 - - —
MARUMAN - - - 2316 2332 2364
MITSUBISHI - - - 58731 58733 -
MOSTEK - — - 34000 - 37000
MOTOROLA 145101 146508 146504 68316 68332 68364
NATIONAL 74C920 74C929 6504 2316 52132 52164
NEC 5101 6508 444 - 2316 2332 2364
OKI 573 574 - — 3870 - -
RCA 5101 1821 1825 5104 - - -
ROCKWELL — — - — 2316 - —_
SIEMENS - — — - 8316 8332 —_
SIGNETICS - - - —_ 2600 2632 2664
SGS — - — — 2316 - -
SSS 5101 5102 - - - - -
SYNERTEK 5101 5102 - - 2316 2332 2364
TI1 — - — — 8316 4732 4764
TOSHIBA 5101 5508 5514 5504 331 333 -

*To Be Announced
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$6800 Family

General
AMI Fairchild Instruments Hitachi Motorola National Texas Instruments
S1602 — AY-3-1014 —_ - MM5303N TMS6011
52350 — — - - - -
S6800 F6800 - HD46800 MC6800 - -
$6801 - — - MC6801 - -
S6802 F6802 - HD46802 MC6802 — —
S6805 - - HD46805 MC6805 - -
56808 F6808 — HD46808 MC6808 — -
S6809 - - — MC6809 — -
S6810 F6810 - HD46810 MC6810 — —
S6821 F6821 — HD46821 MC6821 — —
56840 F6840 — HD46840 MC6840 — —
S6846 F6846 — HD46846 MC6846 — —
S6850 F6850 — HD46850 MC6850 - —
S6852 F6852 - HD46852 MC6852 — —
S6854 F6854 — HD46854 MC6854 - -
568488 F68488 - HD468488 MC68488 — -
56894 — - — — — —
S$68045 — — — — — —
S68047 — — — — — —
S9900 Family

AMI Texas Instruments

S9900 TMS9200

59901 TMS9901

$9902 TMS9902

$9903 TMS9903

S9940 TMS9940

S9980 TMS9980

$9981 TMS9981

Ab







Custom Capabiiitiés

AMERICAN MICROSYSTEMS, INC.




AMIL

‘Custom Capabilities

AMP’s Six Step Program
for Success in Custom LSI.

No other company can match AMI’s track record in
developing state-of-the-art custom MOS products. With
more than 1,400 custom devices designed and manufac-
tured since 1967, AMI has more experience than any
other integrated circuit company in building a wide var-
iety of custom microcircuits.

AMI not only has the experience but the design engineer-
ing organization and the advanced production and test-
ing facilities to produce the highest quality MOS/LSI cir-
cuits. Because AMI also offers standard memory, micro-
processor, telecommunication and consumer products
and the widest variety of custom LSI processes in the
industry, we're able to be objective in helping customers
determine their most cost effective approach.

AMI can participate at any level of
the custom LSI process.

We participate at any level in the design of the custom
IC, from the classic ‘‘we’ll-design-and-produce-it-for-you’
approach where we have complete responsibility, to the
“Customer Tooling” cooperative approach for customers
who do their own design but want us to do the manufac-
turing. We will even enter into long-term, fully-funded
joint development agreements, designing ICs for families
of end products, joining together your systems designers
with our circuit designers.

We've developed a six step program in which you, the
customer, can work with us to successfully develop the
custom IC for your product by:

. Considering All the Factors.

. Looking At the Custom Options.

. Selecting the Right MOS/LSI Process.

. Designing The Best Circuit.

. Fabricating the Optimum Device.

. Testing For Reliable Performance.

S G W N e

The results are a unique product designed to your com-
plete satisfaction.

1.2

Step One: Considering all the Factors.

There are many ways to build your product, so, why do
we believe the custom MOS/LSI approach is right for
you? For the answer let’s look at the alternatives:

Electromechanical. These assemblies suffer compared
to MOS circuits: in reliability because moving parts
wear; in convenience because of the greater space
needed; and because of their limits in handling highly
complex functions.

Hardwired Logic. This is more expensive due to the high
labor and material cost involved. Much space is needed
and power is much higher than for MOS/LSI circuits.

Standard Circuits. Standard ICs perform the same jobs
as custom ICs but require more devices, higher assembly
costs, more power and space with lower reliability.

Microprocessors. Using standard microprocessors re-
quires several microcircuits, and much of the device’s
capability may not be needed. A custom circuit, however,
can combine all your needed functions on one IC, con-
serving space and cost.

The custom MOSI/LSI decision

The advantages of custom MOS/LSI circuits become
more apparent when considered in relation to IC com-
plexity, component count, power consumption and confi-
dentiality (it’s your circuit exclusively).

Complexity. An application suitable for custom LSI is
usually one needing moderately complex circuits or func-
tions; i.e., more than 100 to 500 gates. Fewer than this
might not justify the engineering, design, and manufac-
turing effort required for the custom IC.

Custom LSI may be the only way technically to achieve a
desired result, no matter what the development cost.

Component Count. An important consideration affecting
cost is the number of components in a system that are
eliminated by the substitution of a single custom LSI cir-
cuit. A reduction in component count significantly lowers
the number of electrical interconnections and increases
product reliability.

This factor often reduces troubleshooting problems at
the board, subsystem and system levels, minimizes field
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repairs and usually reduces warranty costs. The reduc-
tion in component count also decreases assembly and ini-
tial checkout costs.

Power Consumption. The amount of power required to
operate an end product is increasingly an important con-
sideration. MOS/LSI circuits require much less power
than the electro-mechanical and hardwired logic alterna-
tives. A custom MOS/LSI solution usually requires less
power than the multi-chip alternatives offered by stan-
dard circuits and microprocessors. For battery operated
designs, we offer custom, high performance/ultra-low
power complementary MOS (CMOS) capability.
Confidentiality. Of prime concern in any highly competi-
tive market situation is confidentiality of design. AMI
treats each circuit assignment as a highly proprietary
project insuring complete security to, and through, the
product’s manufacturing life.

Step Two: Looking at the Custom Options.

There are two basic ways AMI teams up with its

customers, although we are very flexible:

O AMI designs and makes the circuit to meet customer
requirements; or,

[ the customer designs the IC with AMI assistance and
AMI produces it.

The total AMI approach

AMT’s custom capability encompasses the entire devel-
opment sequence of a product. The services we provide
start with five conceptual planning steps:

O System Definition;

O System Design and Partitioning;

0O Preliminary Logic Design/Simulation;

O Final Logic Design; and

0 LSI Circuit Design.

First, system definition requires the customer to have
full knowledge of the system requirements for the cus-
tom IC. Working with AMI’s application engineers, the
two companies form a team to develop a final system

which not only meets the needs, but optimizes perfor-
mance and economics.

Second, system. partitioning follows the joint develop-
ment of system definition. This involves the cataloging of
functions into MOS subfunctions, and then into chip

functions. At this step the optimum MOS process for the
application is chosen. Usually, functional flow charts and
timing diagrams are generated at this time as a prelim-
inary step in logic design.

Once partitioning is complete, preliminary logic design
and simulation can be done. The chip functions are trans-
lated into MOS logic diagrams. Traditional breadboard-
ing techniques are quite often used to verify these logic
designs. AMI uses proprietary computerized simulation
programs for verification. These programs check the
design as well as help reduce time and cost factors for
design verification.

Final logic design is next. First, system errors discovered
through breadboarding or simulation are corrected.
Earlier partitioning may be refined if the final logic
design indicates the need. During the final logic design
step all system design objectives are analyzed again.
MOS logic diagrams are finalized, the chip sizes are
estimated, and testing procedures are generated.

And then—the chip design. The topological chip layout is
a precise science. The exact dimensions and placement
for each transistor and other components must be deter-
mined. Here again AMI uses computerized circuit anal-
ysis programs to validate chip designs and verify that
the design meets the performance objectives. The compu-
terized analysis not only substantiates logic, it is an
integral part of the on-going quality assurance program
at AMI.

The cooperative approach

In this approach, the customer designs the circuit and
has complete control over the logic and electrical require-
ments, the design budget and schedule, and the design
changes prior to tooling.

Design workshops, consultation and' information docu-
mentation packages are provided by us depending on the
needs of the customer. We divide our customer interfac-
ing into four phases: Phase 1 is a feasibility study; Phase
2 is a preliminary wafer fabrication or sample run; Phase
3, preproduction yield evaluation; and Phase 4,
production.

Phase 1 begins before MOS logic is drawn. AMI
customer tooling engineers provide suggestions on MOS
design, discuss process and design rule parameters, pro-
vide a standard device, help plan ahead for testing, and
provide information on packaging and tooling interface.

Our experience has shown that the customer tooling in-
terface works best when the customer is aware from the

1.3
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start of how we will make the device. If it’s already been
designed, Phase 1 begins when AMI provides a process
and design rule questionnaire. This gives us information
about packaging requirements, testing needs and tooling
interface level. Our customer tooling experts review the
data to see if AMI can meet all the requirements. At the
end we supply at no charge a program plan, a firm quota-
tion for the next two phases, and a budget quote for
production.

During Phase 2 we'll process one wafer lot and then map,
optically inspect, package and ship sample quantities of
untested ICs, and, if the customer requires them, several
untested wafers. Furthermore, AMI guarantees these
samples will be within the agreed parameters and will
meet our standards of quality and workmanship. The
customer can supply working plates for Phase 2, or AMI
will accept pattern generator tapes or 10x reticles.

After the customer approves the Phase 2 sample devices,
AMI moves to Phase 3: pre-production yield evaluation.
Here we guarantee the required manufacturing documen-
tation, run acceptances on the test program, and build
the wafer probe cards and the program board for AMI
testers. We then make several reproducibility runs of
wafers and sort them for yield information.

From these runs AMI engineers will assemble and final
test a number of good devices. The unit cost for them will
be based on the costs of assembly, type of package and
final test. These units provide the customer with a low
volume production run for additional evaluation and
start-up production commitments.

Pre-production deliveries actually start during Phase
3. Initial production deliveries during Phase 4 usually
begin 9 to 11 weeks after approval of the pre-production
units.

. . . But there are other options

We’re not biased particularly in favor of custom LSI,
especially if it becomes clear it’s not the best way to solve
a customer problem. AMI is also a major microprocessor
supplier in the 4-, 8-, and 16-bit categories: our own fam-
ily of S2000 single chip microcomputers, the Motorola-
designed 6800, and Texas Instrument’s 9900 product
line, respectively.

By having available both custom LSI and standard mic-
roprocessors, we can offer customers alternatives that
can also combine the two. For example, to test the
market for a new product, we can design a micropro-
cessor-based system which provides a relatively quick,
though not necessarily cost effective way to get a pro-
duct to market. As part of the approach, we customize
the microprocessor program or “software,” and then, if

the product is successful, design and make a custom LSI
circuit dedicated to that particular application.

But if a microprocessor—ours or anyone else’s—is the
best solution, custom LSI is still useful, for micropro-
cessors can’t operate alone. They need interface devices.
To achieve a system with a minimum chip count, custom
devices can be designed to allow the customer to effi-
ciently interface standard microprocessors with the cus-
tomer’s system.

Step Three: Choosing the right
MOSI/LSI process.

One of the most important decisions to be made in the
custom LSI approach is determining the right MOS/LSI
process.

Where many of our competitors offer one, and possibly
two MOS processes with which to build devices, AMI of-
fers seven custom MOS process options, more than any
other company supplying custom circuits. They are:

P-channel high voltage metal gate

This is the most mature process in the industry and
because of its relative simplicity, has the lowest cost per
wafer. It provides high noise immunity, making it ideal
for applications involving mechanical equipment which
can generate RF noise and where low power dissipation is
not a prime requirement.

P-channel ion implanted metal gate

This is very similar to its high voltage P-channel process,
with two additional processing steps. An ion implanta-
tion of the gate areas reduces the device thresholds to
levels consistent with the low voltage P-channel process
while at the same time retaining the high field thresholds
of the high voltage process.

A second ion implant in selected gate regions reduces
those thresholds to the point of forcing depletion mode
transistor operation. The use of depletion mode devices
as load transistors greatly increases device speed per unit
area, can lower power, improve noise margins, makes
bipolar interfacing easier, permits the use of unregulated
power supplies, and allows generation of full amplitude
signals on chip with only one power supply. This latter
feature can be especially useful in converting certain logic
implementations to much simpler forms which thereby
reduce chip area significantly. This process has been used
in several different standard memory products as well as
many custom chip applications where speed, noise im-
munity and wide power supply tolerances are specified.
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P-channel silicon gate (SiGate)

This process has two main features: (1) somewhat
smaller transistor structures due to a self-aligning fabri-
cation technique that eliminates certain masking
tolerance problems, and (2) a partial third layer of inter-
connect which can sometimes significantly reduce cell
area and interconnections between cells. The self-aligning
gate structure lowers the effective gate capacitance, The
circuit response is faster than regular P-channel low
voltage devices, but slower than ion implanted circuits
with depletion mode load devices. This process has been
mostly used in memory applications and in customer
tooled circuits. AMI no longer designs products in this
process.

N-channel silicon gate

This process uses ion implantation in the field areas to
achieve high field threshold without having to resort to
thick field oxides. Then the gate regions are implanted to
establish the required control of device thresholds. This
process is designed for single supply circuits that do not
have stringent performance requirements but must have
significant packing densities. This packing density
results from the following: (1)for a given device
N-channel can charge or discharge a mode faster than
P-channel, (2) the self-aligning feature of the process,
and, (3) the extra layer of interconnect inherent in silicon
gate which can be used to reduce chip interconnect area.

N-channel ion implanted SiGate
with depletion loads

This is a high performance process; it offers all the advan-
tages of the N-channel, ion implanted SiGate process
plus the increased speed associated with depletion loads.
The drawback to this process lies in the increased com-
plexity of the additional processing steps.

Complementary MOS (CMOS)

The CMOS technology has many advantages. Its biggest
asset is that CMOS draws very little power. The major-
ity of the power is consumed when switching occurs.
Under static conditions or during power down CMOS
dissipates virtually no DC power. CMOS is also very
fast, and it has very high noise immunity, comparable to
ion implanted circuits using depletion mode transistors.
Like ion implanted depletion mode circuits, CMOS can
work over a very wide single supply power range. The
area used per logic function has been larger than with

other processes, but this is decreasing with advanced
CMOS techniques. CMOS chips are currently used in low
power, often battery operated applications such as elec-
tronic watches, clocks, and memories where the ability to
work at very low power is an absolute requirement, and
in automotive electronics, where low standby current and
high noise immunity are important. CMOS is also mak-
ing important inroads into microprocessors and com-
munications circuitry.

Present CMOS technologies include both standard metal
gate and silicon gate, as well as a high density, isoplanar
silicon gate process.

Five-Micron CMOS

AMTI’s major second generation 5-micron CMOS process
uses an n+ only ubiquitous P-well approach to improve
performance, simplify layout and reduce circuit size. This
process permits implanting in the field oxide region, thus
eliminating guard rings. AMI’s process also reduces
P-well doping levels below alternative 5-micron processes
and consequently lowers junction capacitances and in-
creases switching speeds.

We use this 5-micron process to design and produce swit-
ched capacitor circuits for analog and digital functions.
Among the kinds of circuits that can benefit enormously
from mixed digital-analog approaches are low-noise,
high-gain op amps, high-speed offset-cancelled compara-
tors and high-current line buffers. CMOS linear sub-
systems have appeared on AMI-designed circuits to per-
form A to D and D to A conversion, switched capacitor
filtering and quasi-adaptive phase lock and auto-zero
loops. System level integrated circuits have been design-
ed and fabricated for complex filter functions, DTMF,
MF and SF receivers, low and medium speed modems,
codecs, voice compression, industrial control and voice
synthesis.

Step Four: Designing the best circuit.

A key to AMI’s success in the custom LSI business is its
Computer-Aided Design (CAD) capability. Our CAD cap-
abilities, the most advanced in the semiconductor indus-
try, are based on a wealth of experience in custom
MOS/LSI circuit design work. CAD software and hard-
ware aids are employed throughout the custom IC devel-
opment cycle, from the early logic design stage to crea-
tion of production tooling.
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Logic Simulation

Early in the design phase logic simulation is used to
verify that the logic is sound. The circuit is extensively
simulated to verify logical correctness as well as timing
and signal propagation characteristics. Logic simulation
is used throughout the design cycle from hierarchical
block-level logic design to test program generation.

SIMAD is an MOS oriented four-state logic simulator

which supports assignable rise and fall switching delay.
It includes such features as:

[ block-oriented input notation, including macros, Boo-

lean expressions, and array notation;

O basic logic gates, several types of MOS transmission

gates, RAMs, ROMs, shift-registers, and user speci-
fied combinational logic gates;

four-state (¢, 1, u, z) simulation;
multi-phase user specified clocking schemes;
assignable rise and fall delay;

race detection and inertial delay simulation;

oo0DogoDoao

versatile input, output, and simulation
control options;

dJ

checkpoint-restart capability;

8|

accurate initialization algorithm;

[J extensive compression and formating of simulation

results for automatic test equipment.
Circuit simulation

At the circuit design phase, a circuit simulator contain-
ing semiconductor device models is used to identify
undesirable circuit behavior. Exact circuit behavior is
simulated and the results are used to insure the circuit
will operate within allowable tolerances.

The ASPEC circuit simulator can perform non-linear DC,
non-linear DC transfer function, non-linear transient and
small signal (linear) AC circuit analysis. Built-in compo-
nent models include independent voltage and current
sources; linear elements such as resistance, inductance,
capacitance, transconductance, voltage controlled swit-
ches and coupled-inductors. Non-linear transistor models
for junction field effect transistors (JFETs), MOSFETs,
and bipolar junction transistors (BJT) are also available.

The MOSFET model simulates linear and saturation

16

region DC operation; body effect as a function of sub-
strate bias; channel length modulation in saturation;
mobility reduction at elevated gate voltages; channel
pinchoff; short channel effects; weak inversion; as well as
full non-linear voltage-dependent modeling of the MOS
capacitors which determine device transient behavior.

Symbolic mask design using SIDS

AMI has developed an advanced symbolic mask design
system for MOS ICs. This Symbolic Interactive Design
System (SIDS) reduces the total mask design cycle time
as much as 50 percent, with half the manpower effort and
half the cost of the hand drawn approach. SIDS
eliminates hand drafting by using symbols to represent
complex multi-level circuit elements.

SIDS circuit masks are designed symbolically on an
interactive color CRT terminal. The mask design process
is supported by such checking aids as:

O Design Rule Chécking (DRC) which checks for all
symbol-to-symbol layout violations;

O TRACE, which traces a circuit node and visually
highlights the node on the color CRT terminal so the

user can observe circuit continuity errors.

CONTINUITY, which generates a net list from a
logic description file, compares it to a net list traced
from the symbolic layout, and prints out any contin-
uity differences.

The final SIDS step is the conversion from symbols to
polygons (STP) and the generation of the pattern genera-
tion (PATGEN) tape.-

Hardware design aids

O On-site Bunbughs 7765 large scale computer with

multiprocessing capability.
0 Prime minicomputers in Santa Clara, Pocatello and

Swindon, England.

A Calma GDSII interactive graphics system for digi-
tizing and editing of composite drawings; includes 3
digitizing surfaces and 4 CRT edit stations.

High speed, high resolution Electromask

pattern generator.

O Versatec 42 inch high- speed electrostatic plotter.

Calcomp 748 Flatbed Plotter.
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Software design aids

ASPEC Circuit Simulator

Semiconductor device models tailored to
AMI processes

]
]

Tides Logic Simulator for:
— Logic Validation

— Pattern Validation

— Test Word Generation

SIDS for mask design

Geometrical Design Rule Checking (DRC) for
hand drawn circuits

Trace and continuity checking for
hand drawn circuits

O Device test program development aids

Step Five: Fabricating the optimum device.
A partnership

AMTI’s long history of success in the custom MOS/LSI
business is the result of a close, working partnership
between AMI and each of our customers.

These customers have taken advantage of orders of mag-
nitude increases in circuit complexity over the years,
thereby reducing even further the component count in
their systems.
The flexibility of AMI’s development program allows the
customer to select the interface point best suited to his
particular needs. The most common interface points are
noted as (*) in the review of the sequence of steps invol-
ved in developing a custom MOS/LSI circuit below:

1.

. Preliminary logic design and simulation(¥)

System Definition Design *

. Final logic design and system design review
. Chip circuit design

. Topological design

Artwork generation (*)

. Mask fabrication ()

. Wafer fabrication and map test

. Wafer sort test (*)

. Final test and characterization

© W NS U A W N
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. Product assurance tests

Step Six: Testing for reliable performance

Currently more than 50% of the custom LSI circuits
designed by AMI work the first time. The key to this
impressive record is a comprehensive program of quality
assurance, rigorous testing and constant double checking
of each step.

It starts at the initial stages of logic design, with the
custom LSI chip designed to incorporate facilities for
ease of testing and ends with prototype debugging.

Common test data base

To facilitate the processing of vast quantities of test
data, a base of parametric and functional information
with run, wafer or die resolution has been created by
AMI engineers.

With this data analysis system, each user creates a per-
sonal data base secured by user code and information in-
putted from magnetic tape, cards or remote terminals.
Using an interactive command language for manipula-
tion of data, subsets of test information can be retrieved
and listed through the use of key attributes—test group,
process, product number, test date, test time at start,
operator ID, save data, run or lot number. The retrieved
data base subset can be analyzed statistically as: histo-
grams, scatter plots, wafer maps, trend charts, tabula-
tions of percentiles, means, standard deviations and cor-
relation coefficients.

Extensive test facilities

AMI maintains fourteen Fairchild Sentry II and 600
automated test systems, plus a wide range of other
testers for debugging of protypes, solving design and
testing problems and production testing.

Quality assurance

An on-going activity that pervades the entire design and
manufacturing process is AMI’s quality assurance pro-
gram. This includes a special group of inspectors organi-
zationally separate from the production group, whose
main responsibility is to examine and test the custom
LSI circuits and all the raw materials that go into them.
Some of the quality control checkpoints include:

O final logic design where system objectives
are reviewed;
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O chip circuit design, where it is verified that
performance meets objectives;

working plates check;

mask fabrication check;

wafer fabrication check;

wafer sort;

scribe and break with 100% optical inspection;
die attach checks;

lead bonding followed by 100% preseal
optical inspection;

D seal checks;
[J final tests; and,
[0 final electrical/environmental tests.

Ooo0goooao

At each one of these pre-production steps meticulous
checks of both design and workmanship are made. And
only after the checks at each of these steps are completed
is a device considered fully manufacturable. It is then
turned over to production with its yield history. In pro-
duction a similar series of quality control checks is made.

Custom MOSILSI from AMI

The information in this section has been presented to
show not only how and why custom can be used, but also
to explain the types of custom services available at AMI,
and the level of commitment at AMI to total custom cir-
cuit development and to customer tooling processing. If
your application can benefit from high quality custom
MOS/LSI circuits, AMI is the place to go for design,
engineering, manufacturing, and testing capability. To
get in contact with AMI Custom, just complete the in-
quiry card at the back of this catalog.
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Communication Products Selection Guide

AMERICAN MICROSYSTEMS, INC.

STATION PRODUCTS

Part No. Description Process Power Supplies Packages
S2559A/B Digital Tone Generator CMOS 3.5V to 13V 16 Pin
$2559C/D Digital Tone Generator CMOS 2.75V to 10V 16 Pin
52859 Digital Tone Generator CMOS 3.0V to 10.0V 16 Pin
52860 Digital Tone Generator CMOS 3.5V 16 Pin
S2861A/B Digital Tone Generator CMOS 2.5V to 10.0V 16 Pin
S2560A/B Pulse Dialer CMOS 1.5V to 3.5V 18 Pin
S2561, S2561C Tone Ringer CMOS 4.0V to 12.0V 18 Pin
S2561A Tone Ringer CMOS 4.0V to 12.0V 8 Pin
S$2562 Repertory Dialer CMOS 3.5V to 7.5V 40 Pin
PCM PRODUCTS
Part No. Description Process Power Suppli Packag
$3501/S3501A wLaw Encoder with Filter CMOS +5V 18 Pin
$3502/S3502A wLaw Decoder with Filter ‘ CMOS +5V 16 Pin
S3503 A-Law Encoder with Filter CMOS +5V 18 Pin
S3504 A-Law Decoder with Filter CMOS +5V 16 Pin
OTHER PRODUCTS
S$2811 Signal Processing Peripheral VMOS 5V 28 Pin
S2814 Fast Fourier Transformer VMOS 5V 28 Pin
S3525A/B DTMF Bandsplit Filter CMOS 10.0V to 13.5V 18 Pin
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S2559A/B/C/D

Features

O

d
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Wide Operating Supply Voltage Range: 3.5 to
13.0 Voltis (A, B) 2.75 to 10 Volts (C, D)
Low Power CMOS Circuitry Allows Device
Power to be Derived Directly from the Tele-
phone Lines or from Small Batteries, e.g., 9V
Uses TV Crystal Standard (3.58 MHz) to Derive
all Frequencies thus Providing Very High
Accuracy and Stability
Mute Drivers On Chip
Interfaces Directly to a Standard Telephone
Push-Button or Calculator Type X-Y Keyboard
The Total Harmonic Distortion is Below
Industry Specification
On Chip Generation of a Reference Voltage to
Assure Amplitude Stability of the Dual Tones
Over the Operating Voltage and Temperature
Range
Dual Tone as Well as Single Tone Capability
Four Options Available:

A:3.5 to 13.0V Mode Select

B:3.5 to 13.0V Chip Disable

C: 2.75 to 10V Mode Select

D:2.75 to 10V Chip Disable

DIGITAL
TONE GENERATOR

General Description

The S2559 Digital Tone Generator is specifically
designed to implement a dual tone telephone dialing
system. The device can interface directly to a standard
pushbutton telephone keyboard or calculator type X-Y
keyboard and operates directly from the telephone lines.
All necessary dual-tone frequencies are derived from the
widely used TV crystal standard providing very high
accuracy and stability. The required sinusoidal
waveform for the individual tones is digitally synthe-
sized on the chip. The waveform so generated has very
low total harmonic distortion. A voltage reference is
generated on the chip which is stable over the operating
voltage and temperature range and regulates the signal
levels of the dual tones to meet the recommended
telephone industry specifications. These features permit
the $2559 to be incorporated with a slight modification
of the standard 500 type telephone basic circuitry to
form a pushbutton dual-tone telephone. Other applica-
tions of the device include radio and mobile telephones,
remote control, Point-of-Sale, and Credit Card Verifica-
tion Terminals and process control.

3.58MH:
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Absolute Maximum Ratings

DC Supply Voltage (VDD —VSS) SZ559 A, B ...\ttt ittt ittt ettt +13.5V
DC Supply Voltage (VDD —VS8) S2559 C, D .ottt ittt ettt e e ettt ettt e +10.5V
Operating TempPerature .. .............uiiniintne ittt et e et eaaeaeaas —25°C to +70°C
Storage Temperature ........ ...ttt e e e —55°C to +125°C
Power Dissipation at 25°C ... . .. . i e 500mW
INPUE VOILAZE © ..ottt et ettt e e e e e —0.6<ViNSVpp+0.6

S2559A & B Electrical Characteristics:

(Specifications apply over the operating temperature range of —25°C to 70°C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbol Parameter/Conditions . WD{,)O_“ZSS) Min. Typ. Max. Units
Supply Voitage
Tone Out Mode (Valid Key Depressed) 3.5 13.0 | \%
VDD Non Tone Out Mode (No Key Depressed) 3.0 13.0 \Y
Supply Current
Standby (No Key Selected, Tone, XMIT 3.5 0.4 40 pA
and MUTE Outputs Unloaded) 130 15 130 WA
Ipp Operating (One Key Selected, Tone, XMIT 3.5 0.95 2.9 mA
and MUTE Outputs Unloaded) 13.0 11 33 mA
Tone Qutput ‘
Single Tone
Vor Mode Output Row Tone, Rp,=390Q 5.0 417 596 789 mVrms
Voltage Row Tone, Rp,=240Q 12.0 378 551 725 mVrms
dBcr Ratio of Column to Row Tone 3.5—13.0 1.76 2.54 3.75 dB
%DIS Distortion* 3.5—13.0 10 %
XMIT, MUTE Outputs
v XMIT, Output Voltage, High | (Ipg=15mA) 3.5 2.0 2.3 v
OH {No Key Depressed)(Pin 2) {Tog=50mA) 13.0 12.0 12.3 v
Ior §(§';Izbgutqu Source Leakage Current, 13.0 100 WA
v MUTE (Pin 10) Output Voltage, Low, 3.5 0 0.4 v
oL (No Key Depressed), No Load 13.0 0 0.5 v
v MUTE, Output Voltage, High, 3.5 3.0 3.5 \
OH {One Key Depressed) No Load 13.0 13.0 135 v
MUTE, Output Sink 3.5 0.66 1.7 mA
Tor Current ? VoL=05V 13.0 3.0 8.0 mA
o MUTE, Output Source Vou=2.5V 3.5 0.18 "~ 0.46 mA
Current Voug=9.5V 13.0 0.78 1.9 mA
Oscillator Input/Qutput
ToL Output Sink Current Vo1,=0.5V 3.5 0.26 0.65 - mA
One Key Selected VoL=0.5V 13.0 1.2 3.1 mA
Ion Output Source Current Voug=2.5V 3.5 0.14 0.34 mA
One Key Selected Vou=9.5V 13.0 0.55 1.4 mA

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous frequencies in
the voiceband above 500Hz accompanying the signal to the total power of the frequency pair’.
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S$2559A & B Electrical Characteristics: (Continued)
Symbeol Parameter/Conditions (VD‘BO_“ZSS) Min. Typ. Max. Units
Input Current
Leakage Sink Current, _
I One Key Selected ViL=13.0V 13.0 1.0 A
Leakage Source Current _
Iig One Key Selected Vig=0.0V 13.0 1.0 A
I Sink Current ViL=05V 35 24 93 7y
No Key Selected ViL=0.5V 13.0 27 130 uA
t Oscillator Startup Time 3.5 3 6 mS
START 13.0 038 6 mS
Cro Input/Output Capacitance 1(2] ij P g
p.
Input Currents
Sink Current,
I ViL=85V (Pulldown) | 3P T 17 uA
Sink Current
Row & Vi1,= 13.0V (Pull-down) 13.0 150 400 uA
Column Inputs Source Current,
: ] A
I Vi =3.0V (Pull-up) 3.5 90 230 M.
Source Current,
VIg=12.5V (Pull-up) 13.0 370 960 uA
Source Current,
- Mode Select Vig=00V (Pullup) | 3° 1.5 36 uA
Input (S2559C Source Current,
P ) Vig=0.0V (Pull-up) 13.0 23 74 pA
Source Current,
1L Chip Disable ViL=3.5V (Pull-down) 3.5 4 10 A
Input (S2559D) Sink Current,
put ) VIL=13.0V (Pull-down) | 13.0 90 240 HA

$2559C & D Electrical Characteristics:

(Specifications apply over the operating temperature range of —25°C to 70°C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbol Parameter/Conditions (VDE;I:S]SS) Min. Typ. Max. Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 2.75 J 10.0 \'
Vobp Non Tone Out Mode (No Key Depressed) 2.5 [ 10.0 \'
Supply Current
Standby (No Key Selected, Tone, XMIT 3.0 0.3 30 HA
and MUTE Outputs Unloaded) 10.0 1.0 100 uA
Ipp Operating (One Key Selected, Tone, XMIT 3.0 1.0 2.0 mA
and MUTE Outputs Unloaded) 10.0 8 16.0 mA
Tone Output
Single Tone 3.5 250 362 474 mVrms
Vor Mode Output Row Tone, Rj,=390Q 5.0 367 546 739 mVrms
Voltage Row Tone, Rp,=240Q 10.0 328 501 675 mVrms
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$2559C & D Electrical Characteristics: (Continued)

Symbol Parameter/Conditions (Vne‘;t: ss) Min. Typ. Max. Units
dBcr Ratio of Column to Row Tone 3.0—10.0 1.75 2.54 3.75 dB
%DIS Distortion* 3.0—10.0 .10 %
XMIT, MUTE Outputs
v XMIT, Output Voltage, High | (Ipgy=15mA) 3.0 1.5 1.8 \%
OH -(No Key Depressed)(Pin 2) (Tog=50mA) 10.0 85 8.8 \i
XMIT, Output Source Leakage Current,
Ior Vor=0v 10.0 100 uA
v MUTE (Pin 10) Output Voltage, Low, 2.75 0 0.5 A"
OL {No Key Depressed), No Load 10.0 0 0.5 v
v MUTE, Output Voltage, High, 2.75 2.5 2.75 \'
OH {One Key Depressed) No Load 10.0 9.5 10.0 v
MUTE, Output Sink 3.0 0.53 1.3 mA
I : VoL=0.5V
OL Current OL 10.0 2.0 53 mA_
Tou MUTE, Output Source Vog=2.5V 3.0 0.17 0.41 mA
: Current Vou=9.5V 10.0 0.57 1.5 mA
Oscillator Input/Qutput
ToL Output Sink Current VoL=0.5V 3.0 0.21 0.562 mA
One Key Selected Vor,=0.5V 10.0 0.80 2.1 mA
Io Output Source Current Vog=2.5V 3.0 0.13 0.31 mA
H One Key Selected VoH=9.5V 10.0 0.42 1.1 mA
Input Current
Leakage Sink Current, -
Iy, One Key Selected ViL=10.0V 10.0 1.0 HA
Leakage Source Current _
Itg One Key Selected Vig=0.0V 10.0 1.0 HA
I Sink Current VIL=05V 3.0 24 93 WA
No Key Selected Vi, =05V 10.0 27 130 uA
tSTART Oscillator Startup Time 3.5 2 5 mS
10.0 0.25 4 mS
. 3.0 12 16 pF
C I
1/0 nput/Output Capacitance 100 10 T4 pF
Input Currents
Sink Current,
L Vi, =3.0V (Pulldown) | 30 65 16 HA
Sink Current
Row & Vi1,=10.0V (Pull-down) 10.0 9.2 24 uA
Column Inputs Source Current,
g Vig=2.5V (Pull-up) 30 8 210 uA
Source Current,
Viz=9.5V (Pull-up) 10.0 280 740 [77.%
: Source Current,
I Mode Select Vig=00V (Pullup) | 30 14 83 HA
Input (S2559C) Source Current,
i Vig=3.0V (Pull-up) 100 18 46 pA
Source Current,
I Chip Disable ViL=3.0V (Pulldown) | 30 39 95 uA
Input (S2559D! Sink Current
i ) Vi1,=10.0V (Pull-down) 100 55 143 HA

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous frequencies in the
voiceband above 500Hz accompanying the signal to the total power of the frequency pair”.
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Table 1. Comparisons of Specified vs Actual Tone
Frequencies Generated by S§2559

Table 2. XMIT and MUTE Output Functional Relationship

ACTIVE OUTPUT FREQUENCY Hz % ERROR outpur | DIBIT KEY DIBIT KEY | oy
INPUT SPECIFIED ACTUAL SEE NOTE RELEASED DEPRESSED
R1 697 699.1 +0.30
R2 770 766.2 —0.49 XMIT Vbp High impedance | Can source at
R3 852 847.4 —0.54 | least 50mA at
R4 941 948.0 +0.74 10V with 1.5V
C1 1,209 1,215.9 +0.57 max. drop
c2 1,336 1,331.7 -0.32
C3 1,477 1,471.9 -0.35 MUTE Vss Voo Can source or
C4 1,633 1,645.0 +0.73 sink current
NOTE: % Error does not include oscillator drift.
Circuit Description )
P Oscifiator

The S2559 is designed so that it can be interfaced easily
to the dual tone signaling telephone system and that it
will more than adequately meet the recommended
telephone industry specifications regarding the dual
tone signaling scheme.

Design Objectives

The specifications that are important to the design of the
Digital Tone Generator are summarized below: the dual
tone signal consists of linear addition of two voice fre-
quency signals. One of the two signals is selected from a
group of frequencies called the “Low Group” and the
other is selected from a group of frequencies called the
“High Group”. The low group consists of four frequen-
cies 697, 770, 852 and 941 Hz. The high group consists of
four frequencies 1209, 1336, 1477 and 1633 Hz. A
keyboard arranged in a row, column format (4 rows x 3 or
4 columns) is used for number entry. When a push button
corresponding to a digit (0 thru 9) is pushed, one appro-
priate row (R1 thru R4) and one appropriate column (C1
thru C4) is selected. The active row input selects one of
the low group frequencies and the active column input
selects one of the high group frequencies. In standard
dual tone telephone systems, the highest high group fre-
quency of 1633Hz (Col. 4) is not used. The frequency
tolerance must be +1.0%. However, the S2559 provides
a better than .75% accuracy. The total harmonic and
intermodulation distortion of the dual tone must be less
than 10% as seen at the telephone terminals. (Ref. 1.) The
high group to low group signal amplitude ratio should be
2.0 £2dB and the absolute amplitude of the low group
and high group tones must be within the allowed range.
(Ref. 1.) These requirements apply when the telephone is
used over a short loop or long loop and over the operating
temperature range. The design of the S2559 takes into
account these considerations.

2.7

The device contains an oscillator circuit with the
necessary parasitic capacitances on chip so that it is only
necessary to connect a 10MQ feedback resistor and the
standard 3.58MHz TV crystal across the OSCI and OSCO
terminals to implement the oscillator function. The
oscillator functions whenever arowinput is activated. The
reference frequency is divided by 2 and then drives two
sets of programmable dividers, the high group and the low
group.

Keyboard Interface

The S2559 employs a calculator type scanning circuitry
to determine key closures. When no key is depressed, ac-
tive pull-down resistors are “‘on” on the row inputs and
active pull-up resistors are “on’’ on the column inputs.
When a key is pushed a high level is seen on one of the
row inputs, the oscillator starts and the keyboard scan
logic turns on. The active pull-up or pull-down resistors
are selectively switched on and off as the keyboard scan
logic determines the row and the column inputs that are
selected. The advantage of the scanning technique is that
a keyboard arrangement of SPST switches are shown in
Figure 2 without the need for a common line, can be used.
Conventional telephone push button keyboards as
shown in Figure 1 or X-Y keyboards with common can
also be used. The common line of these keyboards can be
left unconnected or wired “high”’.

Logic Interface

The S2559 can also interface with CMOS logic outputs
directly. The S2559 requires active *“High'’ logic levels.
Since the active pull-up resistors present in the S2559 are
fairly low value (5002 typ), diodes can be used as shown
in Figure 3 to eliminate excessive sink current flowing in-
to the logic outputs in their “Low’’ state.
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Tone Generation

When a valid key closure is detected, the keyboard logic
programs the high and low group dividers with appro-
priate divider ratios so that the output of these dividers
cycle at 16 times the desired high group and low group
frequencies. The outputs of the programmable dividers
drive two 8-stage Johnson counters. The symmetry of
the clock input to the two divide by 16 Johnson counters
allows 32 equal time segments to be generated within
each output cycle. The 32 segments are used to digitally

synthesize a stair-step waveform to approximate the
sinewave function (see Figure 3). This is done by connec-
ting a weighted resistor ladder network between the out-
puts of the Johnson counter, Vpp and Vggpr. VRgr
closely tracks Vpp over the operating voltage and
temperature range and therefore the peak-to-peak
amplitude Vp (Vpp— VgrEer) of the stairstep function is
fairly constant. Vg is so chosen that Vp falls within the
allowed range of the high group and low group tones.

Figure 1. Standard Telephone Push Button Keyboard
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Figure 3. Logic Interface for Keyboard Inputs of the $2559
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The individual tones generated by the sinewave synthe-
sizer are then linearly added and drive a bipolar NPN
transistor connected as emitter follower to allow
proper impedance transformation, at the same time
preserving signal level.

Dual Tone Mode

When one row and one column is selected dual tone
output consisting of an appropriate low group and
high group tone is generated. If two digit keys, that
are not either in the same row or in the same column,
are depressed, the dual tone mode is disabled and no
output is provided.

Single Tone Mode

Single tones either in the low group or the high group
can be generated as follows. A low group tone can be
generated by activating the appropriate row input or
by depressing two digit keys in the appropriate row.
A high group tone can be generated by depressing
two digit keys in the appropriate column, i.e., select-
ing the appropriate column input and two row inputs
in that column.

Mode Select

S2559A and S2559C have a Mode Select (MDSL)
input (Pin 15). When MDSL is left floating (uncon-
nected) or connected to VDD, both the dual tone and
single tone modes are available. If MDSL is connected
to Vgs, the single tone mode is disabled and no out-
put tone is produced if an attempt for single tone is
made. The S2559B and S2559D do not have the
Mode Select option.

Chip Disable

The S2559B and S2559D have a Chip Disable input
at Pin 15 instead of the Mode Select input. The chip
disable for the S2559B and S2559D is active “high.”
When the chip disable is active, the tone output goes
to Vgg, the row, column inputs go into a high imped-
ance state, the oscillator is inhibited and the MUTE
and XMIT outputs go into active states. The effect is
the device essentially disconnects from the keyboard.
This allows one keyboard to be shared among several
devices.

Crystal Specification

A standard television color burst crystal is specified
to have much tighter tolerance than necessary for

tone generation application. By relaxing the tolerance
specification the cost of the crystal can be reduced.
The recommended crystal specification is as follows:

Frequency: 3.579545MHz +0.02%
Rg <1002, Ly = 96MHY
CM = 0.02pF Cp, = 5pF

MUTE, XMIT Outputs

The S2559 A, B, C, D have a CMOS buffer for the
MUTE output and a bipolar NPN transistor for the
XMIT output. With no keys depressed, the MUTE out-
put is “low” and the XMIT output is in the active
state so that substantial current can be sourced to a
load. When a key is depressed, the MUTE output goes
high, while the XMIT output goes into a high imped-
ance state. When Chip Disable is “high” the MUTE
output is forced “low’ and the XMIT output is in
active state regardless of the state of the keyboard
inputs.

Amplitude/Distortion Measurements

Amplitude and distortion are two important para-
meters in all applications of the Digital Tone Gen-
erator. Amplitude depends upon the operating supply
voltage as well as the load resistance connected on
the Tone Output pin. The on-chip reference circuit
is fully operational when the supply voltage equals or
exceeds 5 volts and as a consequence the tone ampli-
tude is regulated in the supply voltage range above
5 volts. The load resistor value also controls the
amplitude. If Ry, is low the reflected impedance into
the base of the output transistor is low and the tone
output amplitude is lower. For Ry, greater than
5K(2 the reflected impedance is sufficiently large and
highest amplitude is produced. Individual tone ampli-
tudes can be measured by applying the dual tone signal
to a wave analyzer (H-P type 3581A) and amplitudes
at the selected frequencies can be noted. This measur-
ment also permits verification of the preemphasis
between the individual frequency tones.

Distortion is defined as ‘“‘the ratio of the total power
of all extraneous frequencies in the voiceband above
500Hz accompanying the signal to the power of the
frequency pair.” This ratio must be less than 10% or
when expressed in dB must be lower than —20dB.
(Ref. 1.) Voiceband is conventionally the frequency
band of 300Hz to 3400Hz. Mathematically distortion
can be expressed as:

V(V1)2+(V2)2+ . . +(Vp)2

Dist. =
VI(VL)2H(VH)2

2.10
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where (V1) ... (Vp) are extraneous frequency (i.e.,
intermodulation and harmonic) components in the
500Hz to 3400Hz band and VT, and VH are the indivi-
dual frequency components of the DTMF signal. The
expression can be expressed in dB as:

V(V1)2+(V)2+ . . (V)2

DIST4B = 20 log
VI(VL)2+(Vip)2

=10{1og [(V1)2+. . (Vn)2] - log [(VL)2+(ViD)2]} ... (1)

An accurate way of measuring distortion is to plot
a spectrum of the signal by using a spectrum analyzer
(H-P type 3580A) and an X-Y plotter (H-P type
7046A). Individual extraneous and signal frequency
components are then noted and distortion is calcu-
lated by using the expression (1) above. Figure 6
shows a spectrum plot of a typical signal obtained
from a S2559D device operating from a fixed supply
of 4Vdc and R, = 10k in the test circuit of Figure
5. Mathematical analysis of the spectrum shows

distortion to be ~30dB (3.2%). For quick estimate of
distortion, a rule of thumb as outlined below can
be used.

“As a first approximation distortion in dB equals the
difference between the amplitude (dB) of the extra-
neous component that has the highest amplitude and
the amplitude (dB) of the low frequency signal.”
This rule of thumb would give an estimate of -28dB
as distortion for the spectrum plot of Figure 6 which
is close to the computed result of —30dB.

In a telephone application amplitude and distortion
are affected by several factors that are interdependent.
For detailed discussion of the telephone application
and other applications of the 2559 Tone Generator,
refer to the applications note “Applications of Digital
Tone Generator.”

Ref. 1: Bell System Communications Technical
Reference, PUB 47001, “Electrical Characteristics
of Bell System Network Facilities at the Interface
with Voiceband Ancillary and Data Equipment,”
August 1976.

Figure 5. Test Circuit for Distortion Measurement

SI6

SPECTRUM

11y, TONE [ 16
o out
+ 2 xmr MosL 18
+
1
b e m P
LOW IMPED. v
oc M 25590
POWER 2 13
SUPPLY —c2 R [
LSl as 2
81 ves R L
21 ose; wote (2
3.579545MHz E %
CRYSTAL E o )
1 usc, Co p—

XY
ANALYZER PLOTTER

HP HP

TYPE TYPE
35804 70464

b3
$ Ru=ttka Xout f=—— X

Your ——— ¥in

GND

2.11




AMle S2559A/BI/C/ID

Figure 6. A Typical Spectrum Plot
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Features

]

Wide Operating Supply Voltage Range:
3.0 to 10 Volts

DIGITAL TONE GENERATOR

General Description

The S2859 Digital Tone Generator is specifically
designed to implement a dual tone telephone dialing

[0 Low Power CMOS Circuitry Allows Device system. The device can interface directly to a standa}rd
Power to be Derived Directly from the Tele- pushbutton telephone keyboard or X-Y keyboard with
phone Lines or from Small Batteries, e.g., 9V contllrn(;n tertrl?u;ai c%nnec;ed t‘;KSS and Op‘zratfi di-

. rectly from the telephone lines. All necessary dual-tone

L Uses TV Crys.tal Standard ‘3'.58. MHz) to Der.lve frequencies are derived from the widely used TV crystal
all Frequencies tlf‘fs Providing Very High standard providing very high accuracy and stability.
Accuracy and Stability The required sinusoidal waveform for the individual

0O Timing Sequence for XMIT, REC MUTE tones is digitally synthesized on the chip. The

y sy P
Outputs waveform so generated has very low total harmonic

O Interfaces Directly to a Standard Telephone distortion. A voltage reference is generated on the chip
Push-Button or Calculator Type X-Y Key- which is stable over the operating voltage and
board with Common Terminal temperature range and regulates the signal levels of the

0 The Total H ic Distortion is Below dual tones to meet the recommended telephone indus-

e ‘ota, tarmonic LAstortio try specifications. These features permit the S2859 to
Industry Specification be incorporated with a slight modification of the stan-

0 On Chip Generation of a Reference Voltage to dard 500 type telephone basic circuitry to form a
Assure Amplitude Stability of the Dual Tones pushbutton dual-tone telephone. Other applications of
Over the Operating Voltage and Temperature the device include radio and mobile telephones, remote
Range control, point-of-sale, and credit card verification termi-

O Dual Tone as Well as Single Tone Capability nals and process control.

O Darlington Configuration Tone Output
Block Diagram Pin Configuration
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XTAL 7»| l | I _>| 1 2] it mute
3 Exm'h% OSCILLATOR 2 . MUTE LOGIC I D RECMUTE
INH r___ ______ —I
) } : Voo [Jrone out
R,‘ = ::BGRAMMABIE I STAGE RESISTOR ' XHTMUTE 3CE
il I AR I : o
[Ame | o Il &N I 3 7z
T e & .
“ o [ [E}— ! M
| S T
o [l [ Ko | L . oSt [Jrecmute
afel  cownm T resiston * osco (e
€3 {5 Jesf«evB0aRO LOGIC e : coumen [ werwonk i
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Absolute Maximum Ratings:

DC Supply Voltage (VDD = VSS) 1t tvvtentttuniatien ittt itiaiasarnaaaesta ittt ttnaataaess +10.5V
Operating TEMPETALULE . ... ...tttunie ettt ettt ittt sttt eeeaas i anets —~25°C to +70°C
StOrage TemMPEIALUIE ... .....cuutuutrruneerneennereneeetesnetueenetssetoasenaeiisetsiotosenns —55°C to +125°C
Power Dissipation at 25%C .. ... ... ou ittt 500mW
INPUE VOIEAZE ..ottt ettt e et ~0.6<VINSVDD + 0.6
Input/Output Current {(except tone output) ............ T R R TR 15mA
Tone QUEPUL CUITENE ...\ v vttt ettt e ettt ettt et ia et aetetaattuie sttt stteseentntttieentns 50mA

Electrical Characteristics:
(Specifications apply over the operating temperature range of —25°C to 70 °C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbol Parameter/Conditions WDec;t‘s,SS) Min. Typ. Max. Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 3.0 - 10.0 \'%

VoD Non Tone Out Mode (Mute Outputs Toggle 2.2 - 10.0 \'
With Key Depressed)

Vz Internal Zener Diode Voltage, Iz = 5mA — — 12.0 - v
Supply Current
Standby (No Key Selected, 3.0 - 0.001 0.3 mA
Tone and Mute Outputs Unloaded) 10.0 — 0.003 1.0 mA

Ipp Operating (One Key Selected, 3.0 — 1.3 2.0 mA
Tone and Mute Outputs Unloaded) 10.0 - 11 18 mA
Tone Output

Vor Single Tone Row Ry, =100Q 5.0 366 462 581 mVrms
Mode Output Tone Ry, =100Q 10.0 370 482 661 mVrms
Voltage

dBcr Ratio of Column to Row Tone 3.0—10.0 1.0 2.0 3.0 dB

%DIS Distortion* 3.0—10.0 - — 10 %
REC, XMIT MUTE Outputs

Ion Output Source Current Vog=1.2V 2.2 0.43 1.1 — mA

Vou=2.5V 3.0 1.3 3.1 - mA
Vou=9.5V 10.0 4.3 11 — mA

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous
frequencies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair”.
2.14
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Electrical Characteristics: (Continued)

Symbol Parameter/Conditions 'vngo_l tZSS ) Min. Typ. Max. Units
OSCILLATOR Input/Output
IoL One Key Selected VoL = 0.5V 3.0 0.21 0.52 - mA
Output Sink Current VoL = 0.5V 10.0 0.80 21 — mA
Ion  Output Source Current Vou = 2.5V 3.0 0.13 0.31 - mA
One Key Selected Vog = 9.5V 10.0 0.42 1.1 - mA
Input Current
I, Leakage Sink Current Vi, = 10.0V 10.0 - - 1.0 pA
One Key Selected
Ity Leakage Source Current Vig = 0.0V 10.0 - - 1.0 KA
One Key Selected
I, Sink Current ViL = 0.5V 3.0 24 58 — uA
No Key Selected Vi, = 0.5V 10.0 27 66 - HA
¢ Oscillator 3.0 — 2 5 ms
START Time 10.0 — 0.25 0.75 ms
C Input/Output 3.0 — 12 16 pF
110 Capacitance 10.0 — 10 14 pF
Row, Column and Chip Enable Inputs
v Input Voltage, 3.0 — — 0.75 \Y
IL Low 10.0 — - 3.0 \4
Input Voltage, 3.0 2.4 — \
Vin High 10.0 7.0 —_ v
Iy Input Current Vig = 0.0V 3.0 20 60 100 uA
(Pull up) Vig = 0.0V 10.0 66 200 336 pA

Circuit Description

The S2859 is designed so that it can be interfaced easily
to the dual tone signaling telephone system and that it
will more than adequately meet the recommended
telephone industry specifications regarding the dual
tone signaling scheme.

Design Objectives

The specifications that are important to the design of
the Digital Tone Generator are summarized below: the
dual tone signal consists of linear addition of two voice
frequency signals. One of the two signals is selected
from a group of frequencies called the ‘“Low Group” and
the other is selected from a group of frequencies called
the “High Group”’. The low group consists of four fre-
quencies 697, 770, 852 and 941 Hz. The high group con-
sists of four frequencies 1209, 1336, 1477 and 1633 Hz.
A keyboard arranged in a row, column format (4 rows x

3 or 4 columns) is used for number entry. When a push
button corresponding to a digit (0 thru 9) is pushed, one
appropriate row (R1 thru R4) and one appropriate col-.
umn (C1 thru C4) is selected. The active row input
selects one of the low group frequencies and the active
column input selects one of the high group frequencies.
In standard dual tone telephone systems, the highest
high group frequency of 1633Hz (Col. 4) is not used. The
frequency tolerance must be *+1.0%. However, the
S2859 provides a better than .75% accuracy. The total
harmonic and intermodulation distortion of the dual
tone must be less than 10% as seen at the telephone
terminals. (Ref. 1.) The high group to low group signal
amplitude ratio should be 2.0 +2dB and the absolute
amplitude of the low group and high group tones must
be within the allowed range. (Ref. 1.) These require-
ments apply when the telephone is used over a short
loop or long loop and over the operating temperature
range. The design of the S2859 takes into account these
considerations. a

2.15
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Oscillator

The device contains an oscillator circuit with the
necessary parasitic capacitances on chip so that it is only
necessary to connect a 10MQ feedback resistor and the
standard 3.568MHz TV crystal across the OSCI and OSCO
terminals to implement the oscillator function. The
oscillator functions whenever a row input is activated.
The reference frequency is divided by 2 and then drives
two sets of programmable dividers, the high group and
the low group.

Keyboard Interface

The S2859 can interface with either the standard
telephone pushbutton keyboard (see Figure 1) or an X-Y
keyboard with common. The common of the keyboard
must be connected to Vgg.

Figure 1. Standard Telephone Push Button Keyboard
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Logic Interface

The S2859 can also interface with CMOS logic ouputs
directly. (See Figure 2.) The S$2859 requires active
“Low’’ logic levels. Low levels on a row and a column in-
put corresponds to a key closure. The pull-up resistors
present on the row and column inputs are in the range of
33kQ —150k Q.

Tone Generation

When a valid key closure is detected, the keyboard logic
programs the high and low group dividers with appro-
priate divider ratios so that the output of these dividers
cycle at 16 times the desired high group and low group
frequencies. The outputs of the programmable dividers
drive two 8-stage Johnson counters. The symmetry of

2.16

the clock input to the two divide by 16 Johnson counters
allows 32 equal time segments to be generated within
each output cycle. The 32 segments are used to digitally
synthesize a stair-step waveform to approximate the
sinewave function (see Figure 3). This is done by connec-
ting a weighted resistor ladder network between the
outputs of the Johnson counter, Vpp and Vggp. VRer
closely tracks Vpp over the operating voltage and
temperature range and therefore the peak-to-peak
amplitude VP (Vpp — Vigp) of the stair-step function is
fairly constant. Vg is so chosen that VP falls within the
allowed range of the high group and low group tones.

Table 1. Comparisons of Specified
Vs, Actual Tone Frequencies Generated by $2859

ACTIVE OUTPUT FREQUENCY Hz | %ERROR
INPUT SPECIFIED { ACTUAL | SEE NOTE
R1 697 699.1 +0.30
R2 - 770 766.2 —0.49
R3 852 847.4 -0.54
R4 941 948.0 +0.74
C1 1209 1215.9 +0.57
G2 1336 1331.7 -0.32
C3 1477 1471.9 -0.35
C4 1633 1645.0 +0.73

NOTE: %ERROR DOES NOT INCLUDE OSCILLATOR DRIFT

Figure 2. Logic Interface for Keyboard
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Figure 3. Stairstep Waveform of the Digitally Synthesized Sinewave
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The individual tones generated by the sinewave syn-
thesizer are then linearly added and drive a Darlington
NPN transistor connected as an emitter follower to
allow proper impedance transformation at the same time
preserving signal level.

Dual Tone Mode

When one row and one column is selected dual tone out-
put consisting of an appropriate low group and high
group tone is generated. If two digit keys, that are not
either in the same row or in the same column, are
depressed, the dual tone mode is disabled and no output
is provided.

Single Tone Mode

Single tones either in the low group or the high group
can be generated as follows. A low group tone can be
generated by depressing two digit keys in the appro-
priate row. A high group tone can be generated by de-
pressing two digit keys in the appropriate column, i.e.,
selecting the appropriate column input and two row in-
puts in that column.

Chip Enable

The S2859 has a chip enable input at pin 15. The chip
enable for the S2859 is active “High”. When the chip
enable is “Low’”’, the tone output goes to Vgg, the
oscillator is inhibited and the MUTE outputs go into an
open state.

Crystal Specification

A standard television color burst crystal is specified to
have much tighter tolerance than necessary for tone
generation application. By relaxing the tolerance specifi-
cation the cost of the crystal can be reduced. The recom-
mended crystal specification is as follows:

Frequency: 3,579545MHz +0.02%
Rg 1009, Ly =96MHY
Cym =0.02pF Cy=5pF C,=12pF

MUTE Outputs

The S2859 has P-Channel buffers for the REC MUTE
and XMIT MUTE outputs. With no keys depressed,

2.17
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the MUTE outputs are open. When a key is depressed,
the MUTE outputs go high. When chip enable is ‘“Low”’
the MUTE outputs are forced in the “open” state
regardless of the state of the keyboard.

Timing Sequence

Figure 4 illustrates the sequence in which the MUTE
outputs operate when a key is depressed and released.
When a valid key is depressed the REC MUTE output
goes high first. The XMIT MUTE output goes high after
a delay of about 1.6ms. This allows the receiver to be
muted prior to the muting of the transmitter and genera-
tion of the dual tone. This prevents an undesirable click
to be heard in the earpiece due to the momentary inter-
ruption of the direct current flowing through the net-
work during the transition time when the transmitter is
disconnected and dual tone applied. On release of the key
the XMIT MUTE output goes open first, simultaneously
the dual tone output is removed. The receiver at this
time is still muted so that the click due to the momentary
interruption of the direct current during the release of
the key is not heard at the earpiece. The REC MUTE
output goes open after a delay of about 1.7ms which
reconnects the receiver to the network. The leading and
trailing edge delays are guaranteed for supply voltages
exceeding 3.0 volts. Below 3.0 volts the REC, XMIT
MUTE outputs and tone output coincide with each other.

Amplitude/Distortion Measurements

Amplitude and distortion are two important parameters
in all applications of the digital tone generator.
Amplitude depends upon the operating supply voltage
as well as the load resistance connected on the tone out-
put pin. The on-chip reference circuit is fully operational

when the supply voltage equals or exceeds 4 volts and as
a consequence the tone amplitude is regulated in the sup-
ply voltage range above 4 volts. The load resistor value
also controls the amplitude. If Ry, is low the reflected
impedance into the base of the output transistor is low
and the tone output amplitude is lower. For Ry, greater
than 1KQ the reflected impedance is sufficiently large
and highest amplitude is produced. Individual tone
amplitudes can be measured by applying the dual tone
signal to a wave analyzer (H-P type 3580A) and
amplitudes at the selected frequencies can be noted. This
measurement also permits verification of the pre-
emphasis between the individual frequency tones.

Distortion is defined as ‘‘the ratio of the total power of
all extraneous frequencies in the voiceband above 500Hz
accompanying the signal to the power of the frequency
pair”’. This ratio must be less than 10% or when express-
ed in dB must be lower than —20dB. (Ref. 1.) Voiceband
is conventionally the frequency band of 300Hz to
3400Hz. Mathematically distortion can be expressed as:

V (V)2 4+(Va)2+. . +(Vy)2

Dist. =

V (V)2 +(Vy)2

where (Vy) . . . (VN) are extraneous frequency (i.e., inter-
modulation and harmonic) components in the 500 Hz to
3400Hz band and Vi, and Vy are the individual fre-
quency components of the DTMF signal. The expres-
sion can be expressed in dB as:

V (V)2 +(Vg)2+. . +(Vy)2

DISTdB =20 log

V (V)2 +(Vyy)2
=10{log[(V;2+. . (VN)2] —log (VL)2+(Vy)?] }o--)
[

Table 2. Truth Table

INPUTS OUTPUTS

KEYS DEPRESSED NUMBER OF COLUMNS LOW NUMBER OF ROWS LOW CHIP ENABLE . TONE REC MUTE  XMIT MUTE
X X X 0 0 QPEN OPEN
NONE 0 - 0 1 0 OPEN OPEN

ONE 1 1 1 R+C 1 1

TWO OR MORE KEYS IN COLUMN 1 20R30R4 1 C 1 1

TWO OR MORE KEYS IN ROW 20R30R4 1 1 R 1 1
MULTI KEY OTHER COMBINATIONS  OTHER COMBINATIONS 1 0 OPEN OPEN

NOTE 1 4 ) 3 1 R+C A B

X DON'T CARE A: 16 (ROW FREQ) B: 16 (COL FREQ)

NOTE 1: THIS MODE IS USED FOR TEST PURPOSES ONLY. IT IS INITIATED BY CONNEGTING ALL COLUMN INPUTS AND THREE OUT OF FOUR ROW INPUTS TO Vss.
THE ROW INPUT THAT IS CONNECTED TO Voo ROUTES THE CORRESPONDING 16 TIMES ROW FREQUENCY TO THE REC MUTE OUTPUT AND THE APPROPRIATE 16
TIMES COLUMN FREQUENCY (i.e., Ry SELECTS C, etc.) TO THE XMIT MUTE OUTPUT.
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Figure 4. Timing Diagram for (Vpp — Vgg) = 3.0V

KEY CLOSURE
(VALID ROW,
COL INP)
- Iy
" ————_——W
osc ={ N
— OPEN ——1t4 |<——> OPEN
ECMU — g
t
XMITMUTE  —e : OpEN
[
tg
TONE OUTPUT
14 =1.7m$S

1.3mS <t5 <1.6mS 0 <tg <1.7m§

(EXTERNAL PULL-DOWN RESISTOR ASSUMED ON MUTE OUTPUTS)

Figure 5. Test Circuit for Distortion Measurement

1 TONE J16
Voo ouT SI6
2 [xmir 15
—{mute  CE |—
3]-= — |
LOW IMPED. ) € Ul SPECTRUM X-Y
DC POWER v ANALYZER PLOTTER
SUPPLY M L P ol L H-PTYPE H-PTYPE
2 3580A 7046A
$2589
5 |- — I
— Ry |— Xour I3 Xiv
] _In
<
Vs R, 3 Ro1000
7 REC 1 Your ¥
3.579505MHz o 0s6;  MutE I~
. z >
CRYSTAL E 3 1M _
—— 8 Josc, cafl
GND
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An accurate way of measuring distortion is to plot a spec-
trum of the signal by using a spectrum analyzer (H-P type
3580A) and an X-Y plotter (H-P type 7046A). Individual
extraneous and signal frequency components are then
noted and distortion is calculated by using the expression
(1) above. Figure 6 shows a spectrum plot of a typical
signal obtained from S2859 device operating from a fixed
supply of 4VDC and Ry, =100Q in the test circuit of
Figure 5. Mathematical analysis of the spectrum shows
distortion to be —30dB (3.2%). For quick estimate of
distortion, a rule of thumb as outlined below can be used.

“As a first approximation distortion in dB equals the dif-
ference between the amplitude (dB) of the extraneous
component that has the highest amplitude and the
amplitude (dB) of the low frequency signal.”” This rule of
thumb would give an estimate of —28dB as distortion for
the spectrum plot of Figure 6 which is close to the com-
puted result of —30dB.

In a telephone application amplitude and distortion are
affected by several factors that are interdependent. For
detailed discussion of the telephone application and other
applications of the S2859 Tone Generator, refer to the
applications note ‘‘Applications of Digital Tone
Generator.”

Ref. 1: Bell System Communications Technical Reference, PUB
47001, “Electrical Characteristics of Bell System Network
Facilities at the Interface with Voiceband Ancillary and Data
Equipment,” August 1976.

Figure 6. A Typical Spectrum Plot

AMPLITUDE (dB) s

FREQUENCY (KHZ) o

DEVICE: 2859 RL = 100Q
TEMP: ROOM TEST CKT: FIGURE 5
(Voo — Vss): 4V DC FIXED DUAL TONE: Ry, C

HORIZONTAL SCALE = 0.5KHz/DIV
VERTICAL SCALE  =10dB/DIV
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ADVANCED PRODUCT DESCRIPTION
S$2860

AMERICAN MICROSYSTEMS, INC.

DIGITAL TONE GENERATOR

CATIONS

z
2
=
=
=]
o

Features General Description

O Optimized for Constant Operating Supply The S2860 Digital Tone Generator is specifically
Voltages, Typically 3.5V designed to implement a dual tone telephone dialing

[0 Tone Amplitude Stability is Within +1.3 dB of system in applications requiring fixed supply operation
Nominal Over Operating Temperature Range and high stability tone output level, making it well

0O Low Power CMOS Circuitry Allows Device suited for electronic telephone applications. The device
Power to be Derived Directly from the Tele- can interface directly to a standard pushbutton
phone Lines or from Small Batteries telephone keyboard or X-Y keyboard with common ter-

O Uses TV Crystal Standard (3.58 MHz) to Derive minal connected to VSS and operates directly from the
all Frequencies thus Providing Very High telephone lines. All necessary dual-tone frequencies are

Accuracy and Stability derived from the widely used TV crystal standard pro-
[0 Specifically Designed for Electronic Telephone viding very high accuracy and stability. The required
Applications sinusoidal waveform for the individual tones is digitally
O Interfaces Directly to a Standard Telephone synthesized on the chip. The waveform so generated has
Push-Button or Calculator Type X-Y Key- very low total harmonic distortion. A voltage reference
board with Common Terminal is generated on the chip which is very stable over the

operating temperature range and regulates the signal
levels of the dual tones to meet the recommended tele-
phone industry specifications.

[J The Total Harmonic Distortion is Below
Industry Specification

0 Dual Tone as Well as Single Tone Capability

Block Diagram Pin Configuration
voo [1]
XTAL 7 — E AKT
) 0SCILLATOR ) MUTE LOGIC I -
"
5o Cd—{8 -~ 0] &KD
INH
! I
it [1e«>] o : | Yoo O
v PROGRAMMABLE
2 [peef ron xevsonno nen Lo || Lf s | f o | o
3 LOW GROUP )
i [izjes]  ocic 160345 193 18 : COUNTER NETWORK 2in
r{ P
RA {11 [y EN 4
im | ez
1 o
&3 I INHIBIT 1 BEF a0
Lo6Ic GEN. i Y ]
3} E« X : ™ oser ]
— PROGRAMMABLE 0sco
afifed ot OWIDER 164, | J’zi‘N“s%E" "f::fgg: g
-
63 [5 Jew{<evaoano Locic J35.5076.6 I| counten NETWORK
@ E 4 | E TONE OUT
12v
Vs {6 f——Pff—————> vpyp
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Absolute Maximum Ratings:

DC Supply Voltage (VDD = VS « v ncvtttittii ittt +10.5V
Operating TeMPEratUre . ... .........euueunernaenneeeaeenneenenueeteeeniotsetnetnneriaseaens —30°C to +70°C
Storage TeMPELALUIE . ... ...t iuenunten ettt ernereetetsaneenseaeenensteaesoneaiiensinns —55°C to +125°C

Power Dissipation at 25°C ... ... ...ttt e e 500mW
INPUL VOILAZE .. ovitti ittt e e e - 0.6<VIN<VpD + 0.6
Input/Output Current {except tOne OUEDUL) ... .....itunittrttre ittt 15mA

50mA

Tone QUEPUL CUITEIL . ..o\ iut ettt ittt e e ettt et et e e et st e s e toe it s aaetasaasnateesnaeesns

Electrical Characteristics:

(Specifications apply over the operating temperature range of —30°C to 70°C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbel Parameter/Conditions ‘VD?’o—l tZSS) Min. Typ. Max. Units
Supply Voltage
Tone Qut Mode (Valid Key Depressed) 3.0 — 10.0 \

VDD Non Tone Out Mode (AKD Outputs toggle 1.8 — v
with key depressed)

\ZA Internal Zener Diode Voltage, Iz = 5mA — ~ 12.0 - \4
Supply Current
Standby (No Key Selected, 3.5 - 1 20 wA
Tone and AKD Outputs Unloaded) 10.0 — 5 100 wA

Ipp Operating (One Key Selected, 3.5 - 9 1.25 mA
Tone and AKD Outputs Unloaded) 10.0 -~ 3.6 5 mA
Tone Output

Vor Dual Tone Row Ry = 10k Q 3.5 305 350 412 mVrms
Mode Output Tone Ryp= 1k Q 3.5 272 350 412 mVrms

dBcr Ratio of Column to Row Tone 3.0-10.0 1.0 2.0 3.0 dB

%DIS Distortion 3.0 - 10.0 - - 10 %
AKD Outputs '

Ion Output Sink Current VoL=-1V 35 | o1 | 10 ] - mA

. OSCILLATOR Input/Output

IoL One Key Selected VoL = 0.5V 3.0 0.21 0.52 — mA
Output Sink Current VoL =05V 10.0 0.80 2.1 - mA

Ion Output Source Current VoH = 2.5V 3.0 0.13 0.31 - mA
One Key Selected VoH = 9.5V 10.0 0.42 1.1 - mA
Input Current

Iii, Leakage Sink Current Vi = 10.0V 10.0 — — 1.0 uA
One Key Selected

Iig Leakage Source Current Vig = 0.0V 10.0 - - 1.0 uA
One Key Selected

I Sink Current Vi, = 0.5V 3.0 24 58 — uA
No Key Selected Vi =05V 10.0 27 66 — A

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous
frequencies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair’.
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Electrical Characteristics: (Continued)

Symbol Parameter/Conditions wDeo_i t‘s’SS ) Min. Typ. Max. Units
OSCILLATOR Input/Qutput (Continued)
t Oscillator 3.0 - 2 5 ms
START Time 10.0 — 0.25 0.75 ms
C Input/Output 3.0 - 12 16 pF
110 Capacitance 10.0 — 10 14 pF
Row, Column and Chip Enable Inputs
Input Voltage, — _ 2(VDD
ViL Low Vss—0.6 —Vsg) \"
Input Voltage, — 8(VDD -
ViH High —Vss) VDD +0.6 v
Iy Input Current Vig = 0.0V 3.0 20 60 100 HA
(Pull up) Vig = 0.0V 10.0 66 200 336 uA
Oscillator Figure 1. Standard Telephone Push Button Keyboard
The S2860 contains an oscillator circuit with the

necessary parasitic capacitances on chip so that it is only
necessary to connect a 10MQ feedback resistor and the
standard 3.58MHz TV crystal across the OSCI and OSCO
terminals to implement the oscillator function. The
oscillator functions whenever a row input is activated.
The reference frequency is divided by 2 and then drives
two sets of programmable dividers, the high group and
the low group.

Crystal Specification

A standard television color burst crystal is specified to
have much tighter tolerance than necessary for tone
generation application. By relaxing the tolerance specifi-
cation the cost of the crystal can be reduced. The recom-
mended crystal specification is as follows:

Frequency: 3,579545MHz +0.02%
Rg 1009, Lyy=96MHY
Cp=0.02pF Cy=>5pF Cy,=12pF

Keyboard Interface

The S2860 can interface with either the standard
telephone pushbutton keyboard (see Figure 1) or an X-Y
keyboard with common. The common of the keyboard
must be connected to Vgg.

.écz

COMMON
(CONNECT TO Vsg)

——~— MECHANICAL
LINKAGE

Ron (Contact Resistance) < 1kQ

Logic Interface

The S2860 can also interface with CMOS logic outputs
directly. (See Figure 2.) The S2860 requires active
“Low’’ logic levels. Low levels on a row and a column in-
put corresponds to a key closure. The pull-up resistors
present on the row and column inputs are in the range of
33kQ —150kQ.

Tone Generation
When a valid key closure is detected, the keyboard logic
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Tone Generation (Continued)

programs the high and low group dividers with appro- Table 1. Comparisons of Specified

priate divider ratios so that the output of these dividers Vs. Actual Tone Frequencies Generated by S2859
cycle at 16 times the desired high group and low group

frequencies. The outputs of the programmable dividers ACTIVE | QUTPUT FREQUENCY Hz | °%ERROR
drive two 8-stage Johnson counters. The symmetry of INPUT SPECIFIED | ACTUAL | SEE NOTE
the clock input to the two divide by 16 Johnson R1 697 699.1 +0.30
counters allows 32 equal time segments to be generated a2 770 766.2 049
within each output cycle. The 32 segments are used to ; -
digitally synthesize a stair-step waveform to approx- R3 852 847.4 —0.54
imate the sinewave function (see Figure 3). This is done R4 941 948.0 +0.74

by connecting a weighted resistor ladder network be- c1 1209 1215.9 +0.57
tween the outputs of the Johnson counter, VDD and c2 1336 1331.7 ~0.32
VREF. VREF closely tracks VDD over the operating c3 1477 14719 ~0.35
voltage and t‘emperature range and therefore the. peak- ca 1633 1645.0 1073
to-peak amplitude VP (VDD -VREF) of the stair-step

function is fairly constant. VREF is so chosen that VP NOTE: %ERROR DOES NOT INCLUDE OSCILLATOR DRIFT
falls within the allowed range of the high group and low

group tones.

The individual tones generated by the sinewave synthe-
sizer are then linearly added and drive an NPN transis-
tor connected as an emitter follower to allow proper
impedance transformation at the same time preserving Figure 2. Logic Interface for Keyboard
signal level. This allows the device to drive varying Inputs of the S2860

resistive loads without significant variation in tone

amplitude. For example, a load resistor change from 1 BE
10kQ to 1kQ causes a decrease in tone amplitude of less G Vop Voo
than 1dB. 1 N 14 "

/ 1

N 13
Dual Tone Mode L~ 12 R
When one row and one column is selected dual tone out- Ry
put consisting of an appropriate low group and high S U,
group tone is generated. If two digit keys, that are not K ] 52860
either in the same row or in the same column, are e C
depressed, the dual tone mode is disabled and no output NS .
is provided. < 5 2

e &

. o 0

Single Tone Mode D €y
Single tones either in the low group or the high group Vss Vss

can be generated as follows. A low group tone can be 3
generated by depressing two digit keys in the appro-
priate row. A high group tone can be generated by de- G1THRU GB ANY TYPE CMOS GATE
pressing two digit keys in the appropriate column, i.e.,
selecting the appropriate column input and two row in-

puts in that column.

r-——
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Figure 3. Stairstep Waveform of the Digitally Synthesized Sinewave
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Reference Voltage

The structure of the reference voltage employed in the When no key is depressed the AKD outputs are open.
S2860 is shown in Figure 4. It has the following When a key is depressed the AKD outputs go to Vgg.
characteristics: The devices are large enough to sink a minimum of
100uA with voltage drop of 0.2V at a supply voltage of

a) Vggr is proportional to the supply voltage. Output 35V

tone amplitude, which is a function of (Vpp
— VREF), increases with supply voltage (Figure 5).

r Voo

b) The temperature coefficient of Vg is low due to a
single Vgg drop. Use of a resistive divider also prov-
vides an accuracy of better than 1%. As a result, tone
amplitude variations over temperature and unit to
unit are held to less than *+1.3dB over nominal.

¢) Resistor values in the divider network are so chosen
that Vggr is above the Vgg drop of the tone output
transistor even at the low end of the supply voltage
range. The tone output clipping at low supply volt-
ages is thus eliminated, which improves distortion 24k R
performance.

(17kQ) Ry

é PEAK TONE AMPLITUDE o (Vpp — Vief)

=

R3 (k) ‘

AKD (Any Key Down or Mute) Outputs

The AKD outputs (pin 15 and pin 10) are identical and con-
sist of open drain N channel devices (see Figure 6.)

vss

Figure 4. Structure of the Reference Voltage
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Figure 5. Typical Tone Output Amplitude Vs Supply Voltage (R =10k)
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Figure 6. AKD Output Structure
(Pin 15) AKD
———————————O (Pin 10) AKD -0
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AKD
O— " :7 Vss
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ADVANCED PRODUCT DESCRIPTION
S2861A/S2861B

Features

a

g

O

0

o 0O 00

og

Replaces S2559 Family with Reduced Tone
Output Distortion
Wide Operating Supply Voltage Range: 2.5 to
10 Volts
Low Power CMOS Circuitry Allows Device
Power to be Derived Directly from the Tele-
phone Lines or from Small Batteries. e.g., 9V
Uses TV Crystal Standard (3.58 MHz) to Derive
all Frequencies thus Providing Very High
Accuracy and Stability
Oscillator Bias Resistor On Chip
Interfaces Directly to a Standard Telephone
Pushbutton or Calculator Type X-Y Keyboard
The Total Harmonic Distortion is Below
Industry Specification
On Chip Generation of a Reference Voltage to
Assure Amplitude Stability of the Dual Tones
Over the Operating Voltage and Temperature
Range
Dual Tone as Well as Single Tone Capability
Two Options Available on Pin 15;

S2861A: Mode Select (Replaces S2559A/C)

S2861B: Chip Disable (Replaces S2559B/D)

DIGITAL
TONE GENERATOR

General Description

The S2861A/B devices are improved versions of the
S$2559 family and are recommended for use in new
designs or as replacements for S2559 devices. Func-
tionally the S2861A is identical to S2559A and S2559C.
The S2861B is functionally identical to S2559B and
S$2559D. An exception is the built in oscillator bias
resistor across the oscillator input/output pins of S2861
so that the external 10M @ resistor is no longer
necessary.

Certain major differences in electrical performance
should be noted. Preemphasis, the ratio of the column
tone to the row tone, is changed to 2 dB + 1 dB in the
S2861 and the reference voltage circuit has been' im-
proved. These modifications substantially lower distor-
tion in the tone output, especially at low operating
voltages, with only a small decrease in available tone
output level. Electrical specifications other than tone
amplitude and preemphasis are nearly identical to their
S2559 counterparts, except for maximum operating
voltage, which is higher in the S2559A/B.

Block Diagram Pin Configuration
Vi 1
o 5]
an =) - OSCILLATOR +2 TRANSMIT/MUTE l Z] r
) sle';E Logic fi0] mute
INH
_______ — —— ——
00K r— SINE WAVE SYNTHESIZER j
: | voo [ 16 [ ] Tone our
m (12} L— i ! xwir [ 2 15 [ mos/co
| 164, 8 STAGE RESISTOR
R2 Eh-» ROW KEYBOARD lg;(vé%,}” v } JORNSON LADDER o |: 3 " j A1
#3 iz« tocic . 160, %46, 132, 18, | COUNTER NETWORK o l: . o :I w
e f [ fev S2861AB
| af]s 12[]
— T
INHIBIT REF Vss [] n R4
comos. i) J LoGIC [ ! | GEN. I——— E ]
SR = osui 17 10 [ mure
|
o 5] P T osco [ s s [Je
PROGRAMMABLE ISTOR
(ee  corumn o ey i Ll Jowwson “LabbER
¢3 [5 jerfKevBOARD LOGIC +92.84.76, 68 1’| couwten NETWORK
s 4 I 16) TONE OUT
L J
Ve E
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S$2861A & B Electrical Characteristics:

(S;;ecifications apply over the operating temperature range of —25°C to 70°C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbol I Parameter/Conditions ‘vneo_lt‘s, ss) | Min. | Typ. I Max. I Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 2.75 10.0 v
Vop Non Tone Out Mode (No Key Depressed) 2.5 10.0 \
Supply Current
Standby (No Key Selected, Tone, XMIT 3.0 0.3 30 pA
and MUTE Outputs: Unloaded) 10.0 1.0 100 HA
Ipp Operating (One Key Selected, Tone, XMIT 3.0 1.0 2.0 mA
and MUTE Outputs Unloaded) 10.0 8 16.0 mA
Tone Qutput
Single Tone 3.5 mVrms
Vor Mode Output Row Tone, Ry, =390Q 5.0 mVrms
Voltage Row Tone, Ry =240Q 10.0 mVrms
dBcr Ratio of Column to Row Tone 3.5—13.0 1.0 2.0 3.0 dB
%DIS Distortion* ‘ 3.5—13.0 10 %
XMIT, MUTE Outputs
XMIT, Output Voltage, High | (Ipg=15mA) 3.0 1.5 1.8 v
Von (No Key Depressed)(Pin 2) (Iog=50mA) 10.0 8.5 8.8 A
Iop i}((l;/;lgbgutput Source Leakage Current, 10.0 100 A
MUTE.(Pin 10) Output Voltage, Low, 2.75 0 0.5 A\
VoL (No Key Depressed), No Load 100 0 05 v
MUTE, Output Voltage, High, 2.75 2.5 2.75 \J
Vou (One Key Depressed) No Load 10.0 9.5 10.0 v
MUTE, Output Sink _ 3.0 0.53 1.3 mA
foL Currenty VoL=05V 10.0 20 53 mA
Ton MUTE, Output Source Vou=2.5V 3.0 017 | 041 mA
Current Vog=9.5V 10.0 0.57 1.5 mA
Oscillator Input/Output
Ior Output Sink Current VoL=0.5V 3.0 0.21 0.52 mA
’ One Key Selected VoL=05V 10.0 0.80 2.1 mA
Ton Output Source Current Voug=2.5V 3.0 0.13 0.31 mA
One Key Selected Voug=9.5V 10.0 0.42 1.1 mA
Input Current
L 16‘;‘1“;1‘;‘{%‘; %e‘f‘llécfe‘:j"e“t' Vi, =10.0V 100 1.0 WA
In &Z“;ﬁ; Source Current VIH=0.0V 10.0 10 WA
I Sink Current ViL=05V 3.0 24 93 uA
No Key Selected ViL=05V 10.0 27 130 7
tSTART Oscillator Startup Time 3.5 2 5 mS
10.0 0.256 4 mS

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous frequencies in the
voiceband above 500Hz accompanying the signal to the total power of the frequency pair’.
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S2861A & B Electrical Characteristics: (Continued)

Symbol Parameter/Conditions Vpp-Vss) | min, Typ. | Max. | Units
. 3.0 12 16 pF
C Input/Output C: tan
1/0 nput/Uutput Capacitance 10.0 10 14 pF
Input Currents
Sink Current,
I ViL=3.0V (Pull-down) i 6.5 16 uA
Sink Current
Row & ViL=100V (Pulldown) | 100 9.2 2 uA
Column Inputs Source Current,
- V=25V (Pullup) 3.0 85 210 HA
Source Current,
Vis=05V (Pullup) 100 280 740 KA
Source Current,
It Mode Select Vig=00V (Pullup) | %0 14 33 uA
Input S2861A Source Current,
Vi =3.0V (Pull-up} 10.0 18 46 KA
Source Current,
- Chip Disable ViL=30V (Pulldown) | 30 39 95 uA
Input S2861B Sink Current
Vi, =10.0V (Pull-down) 100 55 143 A
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Features

g

O

Low Voltage CMOS Process for Direct Opera-
tion From Telephone Lines

Inexpensive R-C Oscillator Design Provides
Better than +5% Accuracy Over Temperature
and Unit to Unit Variations

Dialing Rate Can Be Varied By Changing the
Dial Rate Oscillator Frequency

Dial Rate Select Input Allows Changing of the
Dialing Rate by a 2:1 Factor Without Changing
Oscillator Components

Two Selections of Mark/Space Ratios
(33-1/3/66-2/3 or 40/60)

Twenty Digit Memory for Input Buffering and
for Redial With Access Pause Capability

PULSE DIALER

0 Mute and Dial Pulse Drivers on Chip

0O Accepts DPCT Keypad with Common
Arranged in a 2 of 7 Format; Also Capable of
Interface to SPST Switch Matrix

General Description

The S2560A Pulse Dialer is a CMOS integrated circuit
that converts pushbutton inputs to a series of pulses
suitable for telephone dialing. It is intended as a replace-
ment for the mechanical telephone dial and can operate
directly from the telephone lines with minimum inter-
face. Storage is provided for 20 digits, therefore, the last
dialed number is available for redial until a new number
is entered. IDP is scaled to the dialing rate such as to
produce smaller IDP at higher dialing rates. Additional-
ly, the IDP can be changed by a 2:1 factor at a given
dialing rate by means of the IDP select input.

KEYBOARD
INPUTS

HOOK e 9
i R S aa—

o |
RATE

Block Diagram

Ry O

KEYBOARD
INTERFACE

[

200I1G1T
MEMORY

Ro 0 a—
00— osc

RWPOINTER
os¢ ’ RE O-dg

LOGIC

|

CONTROL LOGIC

11!

DRS 1P M/S

S ]

|————0 MUTE

Pin Configuration

Ry — B3
17—,
16— ¢,
25604 15— IPS
PULSE 14— DRS
DIALER 13— Vpp
12— ms
11— MUTE

10 Vs

Ry —
Ry —
Ry —1
s —
Rg ——
Cp —

PR

Ry —
W —
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Absolute Maximum Ratings:

1T e 3 Y 0) L7 Y= +5.5V
Operating Temperature Range . . . —25°C to +70°C
Storage Temperature Range ... e veve.. —40°C to +125°C
Voltageatany Pin ....................0ooin .. . Vgg —0.3V to Vpp +0.3V
Lead Temperature (Soldering, 10SEC) . ... ... .uuii ittt e ettt et et r et a et e aaes 300°C

Electrical Characteristics:
Specifications apply over the operating temperature and 1.5V< Vpp to Vgg <3.5V unless otherwise specified.

Vop— Vi
Symbol Parameter DD 7SS|  Min, Max. Units Conditions
(Volts)
Output Current Levels
DP Output Low _
IoLppP Current (Sink) 3.5 125 uA Vour = 0.4V
. DP Output High 1.5 20 A Vour = 1V
OHDP Current (Source) 3.5 125 kA Vour = 2.5V
. MUTE Output Low 3.5 125 KA | Vour = 0.4V
OLM Current (Sink)
1 MUTE Output High 1.5 20 A Vour = 1V
OHM Current (Source) 3.5 125 kA | Voyr = 2.5V )
Tone Output Low _
IoLT Current (Sink) 15 20 pA Vour = 0.4V
Tou Tone Output High 15 2 | A Vour = 1V

Current (Source)
Ipp Quiescent Current 1.5 750 nA “On Hook” HS = Vpp

Input Current Average One row end one col. input connected to

T I (Keyboard Inputs) 35 60 KA Vpp. Other keyboard inputs open.
Input Current An
I, Itg Otl;lel' Pin y 3.5 100 nA Vin = Vggor Vpp
Ipp Operating Current 1.5 100 HA DP, MUTE open, HS = Vgs (“‘Off Hook”)
3.5 500 uA Keyboard processing and dial pulsing at 10
pps at conditions as above
fo Oscillator Frequency 1.5 10 kHz
Afo/fo Frequency Deviation 1.5 t0 2.5 -3 +3 % Fixed R-C oscillator componeht:
50kQ<Rp<750k®; 100pF<Cp~ <1000pF;
2.5 t0 3.5 -3 +3 % 150k9 <Rg <5MQ
300pF most desirable value for Cp
Input Voltage Levels
Vin Logical “1” 0.8 Vpp v
(Vpp—Vss) +0.3
ViL Logical “0” - Vsg 0.2 v
—0.3 |Vpp—Vsg)
CiN Input Capacitance Any.Pin 7.5 pF

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off before the
power supply is turned off (Vgs < Vi< Vpp as a maximum limit). This rule will prevent over-dissipation and possible damage of the input-
protection diode when the device power supply is grounded. When power is first applied to the device, the device should be in ““On Hook”
condition (HS=1). This is necessary because there is no internal power or reset on chip and for proper operation all internal latches must
come up in a known state. In applications where the device is hard wired in “Off Hook ' (HS) =0} condition, a momentary “On Hook " condi-
tion can be presented to the device during power up by use of a capacitor resistor network as shown in Figure 6.
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Functional Description
The pin function designations are outlined in Table 1.

Oscillator

The device contains an oscillator circuit that requires
three external components: two resistors (Rp and RE)
and one capacitor (Cp). All internal timing is derived
from this master time base.- To eliminate clock in-
terference in the talk state, the oscillator is only enabled
during key closures and during the dialing state. It is
disabled at all other times including the “‘on hook”
condition. For a dialing rate of 10 pps the oscillator
should be adjusted to 2400 Hz. Typical values of exter-
nal components for this are Rp and RE=750kQ and
Cp=270 pF. 1t is recommended that the tolerance of
resistors to be 5% and capacitor to be 1% to insure a
+10% tolerance of the dialing rate in the system.

Keyboard Interface (2560A)

The S2560A employs a scanning technique to determine
a key closure. This permits interface to a DPCT
keyboard with common connected to VDp (Figure 1),
logic interface (Figure 2) and interface to a SPST switch
matrix (Figure 7). A high level on the appropriate row
and column inputs constitutes a key closure for logic in-
terface. When using a SPST switch matrix, it is
necessary to add small capacitors (30 pF) from the col-
umn inputs to VS to insure that the oscillator is shut
off after a key is released or after the dialing is complete.

OFF Hook Operation: The device is continuously
powered through a 150kQ resistor during Off hook
operation. The DP output is normally high and sources
base drive to transistor Q; to turn ON transistor Qs.
Transistor Qg replaces the mechanical dial contact
used in the rotary dial phones. Dial pulsing begins
when the user enters a number through the keyboard.
The DP output goes low shutting the base drive to @
OFF causing Qg to open during the pulse break. The
MUTE output also goes low during dial pulsing allow-
ing muting of the receiver through transistors Q3 and
Q4. The relationship of dial pulse and mute outputs are
shown in Figure 3.

ON Hook Operation: The device is continuously pow-
ered through a 10—20M Q resistor during the ON hook
operation. This resistor allows enough current from the
tip and ring lines to the device to allow the internal
memory to hold and thereby providing storage of the
last number dialed. '

The dialing rate is derived by dividing down the dial
rate oscillator frequency. Table 2 shows the relation-
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ship of the dialing rate with the oscillator frequency
and the dial rate select input. Different dialing rates
can be derived by simply changing the external resis-
tor value. The dial rate select input allows changing of
the dialing rate by a factor of 2 without the necessity
of changing the external component values. Thus,
with the oscillator adjusted to 2400Hz, dialing rates
of 10 or 20 pps can be achieved. Dialing rates of 7
and 14 pps similarly can be achieved by changing the
oscillator frequency to 1680Hz.

The Inter-Digit Pause (IDP) time is also derived from
the oscillator frequency and can be changed by a
factor of 2 by the IDP select input. With IDP select
pin wired to Vgg, an IDP of 800ms is obtained for
dial rates of 10 and 20 pps. IDP can be reduced to
400ms by wiring the IDP select pin to Vpp. At dialing
rates of 7 and 14 pps, IDP’s of 1143ms and 572ms
can be similarly obtained. If the IDP select pin is con-
nected to the dial rate select pin, the IDP is scaled to the
dial rate such that at 10 pps an IDP of 800ms is obtain-
ed and at 20 pps an IDP of 400ms is obtained.

The user can enter a number up to 20 digits long from a
standard 3x4 double contact keypad with common
(Figure 1). It is also possible to use a logic interface as
shown in Figure 2 for number entry. Antibounce protec-
tion circuitry is provided on chip (min.20ms.)to prevent
false entry.

Any key depressions during the on-hook condition are
ignored and the oscillator is inhibited. This insures that
the current drain in the on-hook condition is very low
and used to retain the memory.

Normal Dialing

The user enters the desired numbers through the key-
board after going off hook. Dial pulsing starts as soon
as the first digit is entered. The entered digits are
stored sequentially in the internal memory. Since the
device is designed in a FIFO arrangement, digits can
be entered at a rate considerably faster than the out-
put rate. Digits can be entered approximately once
every 50ms while the dialing rate may vary from 7 to
20 pps. The number entered is retained in the memory
for future redial. Pauses may be entered when required
in the dial sequence by pressing the “#” key, which
provides access pauses for future redial. Any number
of access pauses may be entered as long as the total
entries do not exceed twenty.
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Auto Dialing

The last number dialed is retained in the memory and
therefore can be redialed out by going off hook and
pressing the “#” key. Dial pulsing will start when
the key is depressed and finish after the entire num-
ber is dialed out unless an access pause is detected.
In such a case, the dial pulsing will stop and will
resume again only after the user pushes the “#” key.

Table 1. S2560A Pin/Function Descriptions

Pin Number Function
Keyboard 7 These are 4 row and 3 column inputs from the keyboard
(R4, Ry, R, Ry, Cy, Cy, Cs) contacts. These inputs are open when the keyboard is inac-

tive. When a key is pushed, an appropriate row and column
input must go to Vpp or connect with each other. A logic
interface is also possible as shown in Figure 3. Active pull
up and pull down networks are present on these inputs
when the device begins keyboard scan. The keyboard scan
begins when a key is pressed and starts the oscillator. De-
bouncing is provided to avoid false entry (typ. 20ms).

Inter-Digit Pause Select (IPS) 1 One programmable line is available that allows selection of
the pause duration that exists between dialed digits. It is
programmed according to the truth table shown in Table
3. Note that preceding the first dialed pulse is an inter-
digit time equal to the selected IDP. Two pauses either
400ms or 800ms are available for dialing rates of 10 and 20
pps. IDP’s corresponding to other dialing rates can be
determined from Tables 2 and 3.

Dial Rate Select (DRS) 1 A programmable line allows selection of two different out-
put rates such as 7 or 14 pps, 10 or 20 pps, etc. See Tables 2
and 3.

Mark/Space (MS) 1 This input allows selection of the mark/space ratio, as per
Table 3.

Mute Out (MUTE) 1 A pulse is available that can provide a drive to turn on an
external transistor to mute the receiver during the dial
pulsing.
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Table 1. (Continued)

Pin

Number

Function

Dial Pulse Out (DP)

Dial Rate Oscillator

Hook Switch (HS)

Power (Vpp, Vss)

1

18

Output drive is provided to turn on a transistor at the
dial pulse rate. The normal output will be “low” during
‘“space” and ‘‘high” otherwise. i

These pins are provided to connect external resistors
Rp, Rg and capacitor Cp to form an R-C oscillator
that generates the time base for the Key Pulser. The
output dialing rate and IDP are derived from this time
base.

This input detects the state of the hook switch contact;
“off hook” corresponds to Vgg condition.

These are the power supply inputs. The device is de-
signed to operate from 1.5V to 3.5V.
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Figure 1. Standard Telephone Pushbutton Keyboard
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Table 2. Table for Selecting Oscillator Component Values for Desired Dialing Rates and Inter-Digit Pauses

Dial Rate Osc. Freq. Rp Rg Cp Dial Rate (pps) IDP (ms)
Desired (Hz) (k<) k<) ®F)  "DRS=Vgs | DRS=Vpp | IPS=Vgs | IPS=Vpp
5.5/11 1320 5.5 11 1454 727
6/12 1440 6 12 1334 667
6.5/13 1560 6.5 13 1230 615
7114 1680 Select components in the 7 14 1142 571
15(15 1800 ranges indicated in table 1.5 15 1066 533
816 1920 of electrical specifications 8 16 1000 500
8.5/17 2040 8.5 17 942 471
9/18 2160 9 18 888 444
9.5/19 2280 9.5 19 842 421
10/20 2400 750 750 r 270 10 20 800 400
f3/240)/ f, 24 12 1920 960
(( f%// 12(()))) d (fq/240) (fa/120) ( T x103> (Tx103>
Notes:

1. IDPis dependent on the dialing rate selected. For example, for a dialing rate of 10 pps, an IDP of either 800ms or 400ms can be selected. For
a dialing rate of 14 pps, and IDP of either 1142ms or 571ms can be selected.

Table 3.

Function Pin Designation Input Logic Level Selection

Dial Pulse Rate Selection DRS Vss (£/240) pps
Vbp (£/120) pps

- . 960

Inter- Digit Pause Selection IPS Vbp = §

Ves 1920
f

Mark/Space Ratio M/S Vss 33-1/3/66-2/3
Vpp 40/60

On Hook/Off Hook HS VbbD On Hook
Vss Off Hook

Note: fis the oscillator frequency and is determined as shown in Figure 5.
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Figure 4. Pulse Dialer Circuit with Redial
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Figure 6. Circuit for Applying Momentary “On Hook” Condition During Power Up
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Features

O

O
a
|

CMOS Process for Low Power Operation
Operates Directly from Telephone Lines
with Simple Interface

Also Capable of Logic Interface for
Non-Telephone Applications

Provides a Tone Signal that Shifts Between
Two Predetermined Frequencies at
Approximately 16Hz to Closely Simulate
the Effects of the Telephone Bell

Push -Pull Output Stage Allows Direct Drive,
Eliminating Capacitive Coupling and
Provides Increased Power Output

25mW Output Drive Capability at 10V
Operating Voltage

TONE RINGER

O Auto Mode Allows Amplitude Sequencing
such that the Tone Amplitude Increases in
Each of the First Three Rings and Thereafter
Continues at the Maximum Level

[0 Single Frequency Tone Capability

General Description

The 52561 Tone Ringer is a CMOS integrated circuit
that is intended as a replacement for the mechanical
telephone bell. It can be powered directly from the
telephone lines with minimum interface and can
drive a speaker to produce sound effects closely
simulating the telephone bell.

Data subject to change at any time without notice. These sheets transmitted for information only.

Block Diagram

Pin Configuration

AMPL