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INTEGRATED CIRCUITS INDEX BY GENERIC NUMBER

GENERIC CATALOG DESCRIPTION PAGE GENERIC CATALOG DESCRIPTION
NUMBER NUMBER NUMBER NUMBER NUMBER
AYSHO10A 2761747 PROG SND GEN 106 556 2761723 TINMER 65
CTE266AL2 276.1786 CODE.TO-SPCH 77 456 2761728 DUAL TIMER 6%
HYBL 18472 2762508 MEMDRY (RAM; 29 567 276-1721 TONE DECODER 72
MG 1e88 2762520 CUAD LINE DRV a5 723 2761740 ADJ REG B0
MC 1469 276-2501 GUAD LINE RUVR a8 744 276007 OP AMP 52
MEM2764RS 276-1251 MEMORY (EPROM) 35 1455 276-038 DUAL OF AMP 63
SPO255 2781784 SPCH PROC % 3909 276 1705 LED FLASHERIOSC 73
$81202 276-1303 DTMF RCVR 74 4001 276-2401 NOR GATE 24
TA7205AP  276-705 AUD AMP 57 4011 276241 NAND GATE 22
TDA1520A  276-1305 AUD AMP 58 4013 2762413 DUAL FLIP-FLOP 23
TDA7000 276-1304 FM RADIO 15 4017 2762417 DECADE CNT 24
TLC548 276-179 A-D CONV 50 4049 276-2449 INV HEX BUFFER 25
TLC55% 2761718 TIMER 54 4066 276-2446 QUAD BILATERAL SW 26
TMS4256 2761252 MEMORY (RAM) 36 7400 276-1801 NAND GATE 39
umM3482 2761757 MELODY GEN 27 7404 2761802 HEX INV 40
At 2761778 ADJ REG 67 7408 2r5 1822 AND GATE a4
304 276-1711 QUAD OP AMP 64 7447 2761805 BCD DECODER/DRY o2
339 2761712 COMPARATCR 71 7490 2751808 BCHD COUNTER “u
%53 2761718 WD BAND AMP 60 T805 2161770 sV REG 70
483 276703 ALD PWR AP &3 7812 27617 12V REG 0
386 2761731 AUD PWH AMP 56 FR15 2161772 15V REG 70
INTEGRATED CIRCUITS INDEX BY CATALOG NUMBER .
GENERIC CATALOG DESCRIPTION PAGE CATALOG GENERIC DESCRIPTION PAGE
NUMSER NUMBER NUMBER NUMBER NUMBER NUMBER
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2781284 MEMITEARS MEMORY (EPROM) L PYE- 1787 AY3BUa  PROG SND GEN 06
2761252 TMS4D56 MEMOAY (RAM) 34 27617396 TLOSAN A D TONY 50
2781303 £51202 DTMF ROVR 14 2781747 UM3LE2 MELCDY GEN 27
276-1304 TOA7000 FM RADIC 115 2761801 TADD NAND GATE 30
2781305 TDAIB20A  AUD AMP 58 276-1802 7404 HEX INV 40
2781705 3900 LED FLASHERIOSC 79 276-1805 7447 BCD DECODERDEY 42
2161711 324 QUAD OP AMP 64 2761808 7400 RCD GOUNTER 44
2761712 339 COMPARATOR 71 2761822 7408 AND GATE 41
276 1715 353 WD BAND AMP 60 2762401 4001 NOR GATE 21
2781718 TLES55 TIMER 54 276-2411 4011 NAND GATE 22
2781721 567 TONE DECODER 12 27628123 A042 DUAL FLIP.FLOP 23
2761722 LA TIMER 85 2762417 4017 DECADE CNT 24
2784728 65¢ DUAL TIMER 56 276-2449 4048 INV HEX BUFFER 5
2781711 286 AUD PWH aAMP 58 2TG- 2486 4068 QUAD BILATERALSW 26
278-1740 723 ADJ REG ¢4 2763506 HYB4164P2 MEMORY (RAM) 29
26770 B80S 5V REG 70 2763520 MG1488 QUAD LINE DRV a5
2784771 7812 12v REG 70 276251 MG 1485 QUAD LINE RCYR 48
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INTRODUCTION

This SEMICONDUCTOR REFERENCE HANDBOOK is intended to be just that—a reference handbook. It is not
a definitive text book on semiconductors. It is a compilation of data on Radio Shack’s line of prime-quality
ARCHER®semiconductors. Every ARCHER device covered in this Handbook is guaranteed prime —they are not
“fall-outs” or “seconds”; all are top-quality. with known JEDEC, EIA or manufacturer's numbers.

At the back of the book is a cross-reference listing for replacement of Transistors, Diodes and other inter-
changeable semiconductor devices. The total number of cross-referenced devices exceeds 94,000. These
cross-reference/replacement listings are computer-selected and are based on careful analysis of important
parameters of the listed devices.

NOTE: If you can't find a replacement listing for a device you require. refer to the specification listings of the ap-
propriate ARCHER family device. Often you will be able to make suitable replacements based on the information
presented.

Each ARCHER replacement should meet or exceed the required parameters. However. due to differences in
Quality Control and Manufacturing procedures (which often allow for or result in broad parameter variations). and
because many of the ARCHER devices are capable of better performance than the original. Radio Shack does not
guarantee. nor does it imply. that the listed items will provide an exact replacement in every instance. Therefore
we recommend that you check the voltage and current requirements of the circuit (and other pertinent specifica-

tions) before replacement and compare with the specifications listed for that particular ARCHER device.

HOW TO USE THIS BOOK

This book has been prepared to aid in BOTH re-
placement and original applications of Semiconductor
devices. The information included will be invaluable
for the service technician as well as the circuit de-
signer (whether he be an engineer. hobbyist. student or
electronics experimeter).

We have included hints on handling Semiconductor
devices. operating considerations, and some simple
tests to aid you in evaluating the quality of the device
in existing equipment (and thus the need for replace-
ment). Also. a complete section on the specifications
for each of the ARCHER devices is included: if there is
any question in your mind about replacement equiva-
lents or original use. refer to the appropriate category
in the book. You will find the important characteristics
specified there.

The next to last section is an extensive listing of
replacement and cross reference between other manu-
facturer’s numbers (both JEDEC/EIA 2N—numbers and
in-house designations) and the ARCHER devices. This
listing provides for the substitution of over 94,000 semi-
conductors with ARCHER devices.

The final section includes case style drawings and
some handy reference notes, a comprehensive glossary
of commonly used words. plus symbols and abbrevia-
tions.

CARE AND HANDLING OF TRANSISTORS

Most modern transistors are somewhat immune
from mechanical shock: however., it is always a good
idea to keep them from excessive mechanical shocks.
especially the metal-case type (avoid dropping. etc).

When cutting transistor leads, use scissor-type cut-
ting tools (rather than diagonal cutting tools which use
a crimping action). Crimp-type cutting tools produce a
mechanical shock along the lead which when trans-
mitted to the semiconductor chip or material can cause
fracture. Consider the force with which the cut lead
flies off the crimp-type cutting tool and you have a
good idea of the intensity of the equal and opposite
force which acts on the lead going into the device.

It is always a good practice to use a heat-sink tool
on a transistor lead when soldering (use a low-wattage
iron —30-watts or less). Heat from soldering can cause
problems (especially with certain types of semicon-
ductor devices). Thus. to be sure. always use a heat-
sink on the lead when soldering. Gripping the lead
with long nose pliers between the solder connection
and the case of the device makes a good heat-sink: or
use a tool designed for such use.

SILICON OR GERMANIUM?

The quickest way to determine if a transistor is ger-
manium or silicon type. is to check the normal emitter-
base voltage drop. With NPN devices. if the base is ap-
proximately 0.25 volts positive with respect to the
emitter. it is a germanium type. If the voltage is about
0.65 volts. it is a silicon type. For PNP devices. the
voltage will be the same value. but opposite in polarity
(0.25 volts for germanium and 0.65 for silicon).

OPERATING CONSIDERATIONS

Before replacing an original-equipment device with
the recommended Archer Type:

(A) Compare the lead or terminal arrangement of
the Archer replacement device with the lead or ter-




minal arrangement of the orig:nal device. If these ar-
rangements are different, and the original transistor is
a “plug in” type. bend the leads of the ARCHER device
so that the base, emitter and collector leads will mate
with the original transistor leads. Trim the leads after
soldering in place.

CAUTION: Be particularly careful about “pin-cir-
cle” and “in-line” lead break-out type transistors.
Often one manufacturer makes a type with “in-line”
leads. while another may make the same type with
“pin-circle” configuration. Doublecheck both the orig-
inal and the replacement device before soldering or
plugging in transistors.

BOTTOM VIEW

IN-LINE

PIN-CIRZLE

(B) Certain considerations are involved whenever
an original equipment transistor is replaced by one
having a different type designation. When an
ARCHER series transistor is used 10 replace an origi-
nal equipment device in an untuned amplifier stage
operating at a low signal level such as the untuned RF-
amplifier (antenna) stage of a radio receiver. or a low-
level AF amplifier stage, it is generally unnecessary to
make any circuit adjustment 10 assure proper perform-
ance of the equipment. However. when a replacement
is made in a turned RF amplifier stage. it is always
advisable to check the alignment of the associated
tuned circuits to assure proper tracking and to achieve
the required gain without loss of stability.

(C) When replacements are made in stages operat-
ing at relatively high power levels. such as Class A and
Class B AF output stages of automobile radio re-
ceivers, phonographs and AF-amplifier systems. the
transistor bias should be checked and adjusted. if nec-
essary. to protect the ARCHER replacement transis-
tors against excessive dissipation ard to minimize dis-
tortion. Means fcr making adjustments are generally
provided in the equipment. and the necessary instruc-
tions are usually given in the equipment manufac-
turer's service data.

(D) When installing an ARCHER transistor as a
substitute for an original equipment type in an FM
tuner. TV tuner. or other circuits operating at frequen-
cies in the VHF or UHF regions, it is extremely impor-
tant not to change any of the lead lengths or position of
the original circuit. Before removing the original tran-
sistor. carefully ncte its position with respect to other
circuit components as well as the lengths and place-
ment of the transistor leads. and dup! cate these details
as closely as possible with the ARCHER replacement
transistor. Failure to observe this precaution can result
in improper tuning or circuit instability. The same
holds true for any replacement of Integrated Circuits.
specially in FM radios and TV Receivers. Failure to

observe this precaution can result \n damage in the
device. Transistor substitution in tuned circuits will
often require realignment of the circuit.

SILICON VS SELENIUM RECTIFIERS

Silicon rectifiers are inherently more efficient than
selenium or other metallic-oxide type rectifiers. When
a silicon rectifier is used to replace a selznium rectifier
in the power supply of a typical line-opzrated radio or
TV receiver. the silicon rectifier will frequently deliver
higher DC output voltage than the original device.

In some cases. this higher supply voltage may im-
prove the performance of the equipment. However. in
many other cases. it may immediately or eventually
damage filter capacitors and/or other components
which were designed to withstand only the voltage
delivered by the original selenium rectifier. To prevent
such damage. it is generally advisable to insert a power
type resistor in series with the silicon rectifier either
on the input side. between the AC supply and the rec-
tifier. or on the output side between the rectifier and
the first filter capacitor. The value of this resistor will
depend on the required reduction in the DC output
voltage and on the DC load current of the equipment.
This value may be determined experimentally or cal-
culated from the equation:

R= E
I

where R is the required resistance in ohms. E the

required reduction in DC output voltage in volts

and I the DC load current in amperes.

The wattage rating of the resistor should be at least
2 X ElI (in no case less than 10 watts).

SOLDERING PRECAUTIONS

Extreme care should always be used in making
solder connections to semiconductors. Momentary ap-
plication of excessive heat. or even prolonged applica-
tion of a properly heated soldering tool to a semicon-
ducior lead or terminal. can permanently damage the
device. Observe the following precautions 1n soldering
a semiconductor lead or terminal:

1. Solder as far as possible from the body of the
semiconductor.

2. Never. apply heat or molten solder to a lead or
terminal for longer than 10 seconds or at a point closer
than 1/16 inch to the body of the device.

3. Use a low voltage iron (30 watts or less) specifi
cally intended for use with transistors or miniature cir-
cuit components.

1. Keep the surfaces to be soldered clean ind the tip
of the soldering tool adequately tinned so that the con-
nection can be made as quickly as possible.

5. Always use a heat sink on the lead when solder-
ing. Gripping the lead or terminal with longnose pliers
between the solder connection and case or body allows
the pliers to act as a heat sink. conducting heat away
from the internal elements of the device.

ABOUT CASE DIMENSIONS

In some instances. the case of an ARCHER Semi-
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conductor may be slightly taller or thicker than that of
the original device or have a slightly different shape,
particularly if the original device is a foreign type not
made to U.S.A. EIA (JEDEC) standards. These
mechanical differences should not affect the perform-
ance of the equipment in which the replacement is
made and normally will not prevent or complicate the
installation of the ARCHER replacement device.

You should realize that cross-reference substitution
listings are created based on electrical parameters
(not necessarily on mechanical size or type). Thus,
when you make substitutions based on our listings.
check for physical/mechanical compatibility. If space
is limited. it would be a good idea to check physical
dimensions as well as electrical specs before making
substitution.

GENERAL PRECAUTIONS

ARCHER transistor and ARCHER semiconductors
should not be inserted or withdrawn from circuits
with the power on, because transient currents may
cause permanent damage to the device. In some cases
ARCHER semiconductors are in metal cans and thus
could possibly become shock hazards if they are
allowed to operate at a voltage appreciably above or
below ground potential.

For the most effective protection. a power transistor
should be operated with an adequate heat sink and
with the lowest value of resistance or impedance in
the emitter-to-base circuit consistent with driving sig-
nal considerations. The transistor should be protected
against extremely high collector voltage pulses which
may be generated when the device is operated with
inductive loads particularly when current transients
are present.

When replacing a power transistor or rectifier which
is attached to the equipment chassis, or to a special
heat sink. observe the following precautions:

A. In the case of oxide coated metal washers or
wafers. which are frequently used as electrical insula-
tors between the cases of power transistors and the
chassis or heat sink, it is important not to scralch. chip
or otherwise damage the oxide surface.

B. When installing an ARCHER power transistor.
where a mica or oxide coated metal washer was used
to insulate the case of the original device electrically
from the case. apply a thin coating of Heat Sink Com-
pound (Radio Shack Number 276-1372) between the
washer and the chassis or heat sink.

TESTING A TRANSISTOR

Before replacing a transistor you want to be sure it
needs to be replaced. Always check the entire circuitry
to be sure the transistor requires replacement.

The best method for checking transistors is to use a
good transistor checker (dynamic in-circuit and out-
of-circuit type). However. a sensitive VOM can give
vou a good indication of the quality of the device.

I. In-Circuit Testing
A. First. check to see if the emitter-base junction is
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forward-biased. An NPN transistor should show
the base 0.2 to 0.65 volts positive with respect to
the emitter (approximately 0.25 volts for a ger-
manium type and 0.6 volts for silicon). A PNP
transistor should show the base 0.2 to 0.65 volts
negative with respect to the emitter (0.25 volts for
germanium and 0.6 volts for silicon).

B. Check to see if the device is functioning as an
amplifier. Short the emitter-base junction to re-
move forward bias. Voltage at the collector lead
should rise to approximately the potential of the
collector supply buss line. Any difference is caused
by Ices (collector-to-base leakage current). The
closer the collector voltage approaches the buss
line. the lower ICES is and the better the transistor.

il. Out-of-Circuit Testing

Again, for the best indication of transistor quality.
use a good transistor checker. However, an ohmmeter
can be used as described here. ,

Before using the ohmmeter. find out which polarity
of the internal ohmmeter battery is connected to
which test lead (not all ohmmeters have the + battery
polarity connected to the red lead and the — battery
polarity connected to the black lead). To determine the
polarity of the leads when using the ohmmeter func-
tion, use an external voltmeter or study the schematic
of your VOM.

Also. remember that in most transistor circuits you
are dealing with low voltages and currents (in some
cases., very low). Therefore, NEVER use RX1 scale
(extensive currents can flow through a junction. per-
manently damaging the transistor). It is best to deter-
mine the maximum amount of current available in
each resistance range before using an ohmmeter for
testing semiconductor junctions.

After you have evaluated your VOM for the above
and are sure you will not damage a transistor (with ex-
cessive current or voltage in any given ohmmeter
range). proceed as follows:

A. Small Signal PNP Germanium Transistors

1. Connect the positive lead of your ohmmeter to
the emitter. Connect the negative lead to the
base. You should read 200-500 ohms.

2. Connect the negative lead to the collector. You
should read 10K-100K. Shorting collector base.
the resistance should decrease.

B. Small Signal NPN Germanium Transistors
Reverse the polarity of the leads; the readings
should be approximately the same.

5. Power PNP Germanium Transistors
1. Connect the positive lead to the emitter. Con-

nect the negative lead to the base. The reading

should be 35-50 ohms.

Connect the negative lead 1o the collector The

reading should be several hundred ohms. Short-

ing collector to base. the resistance should de-
crease.

D. Power NPN Germanium Transistors

Reverse the polarity of the leads; the reading

should be approximately the same.

~
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E. Small Signal PNP Silicon Transistors

1. Connect the positive lead 1o the emitter. Con-
nect the nsgative lead to the base. The reading
should be 1K-3K.

2. Connect “he negative lead fo the collector. The
readin% should be very high {may show as an
“open").

F. Small Signal NPN Silicon Transistors
Reverse the polarity of the leads; the readings
should be approximately the same.

G. Power PNP Silicon Transistors

1. Connect the positive lead to the emitter. Con-
nect the regative lead to the base. The reading
should be 200-1K.

2. Connect the negative lead to the collector. The
reading should be about 1 megohm or more.

H. Power NPN Silicon Transistors

Reverse the polarity of the leads; the readings

should be approximately the same.

The resistance readings noted above can only be ap-
proximate: as lonF as you obtain somewhat propor-
tionate read'ngs (emitter-base readings as compared
to emitter-collectar). you can safelv assume the trans-
istor is OK.

HANDLING OF INTEGRATED CIRCUITS

Because MOS devices have extremely high input re-
sistance. they are susceptible to damage when exposed
to static electrical charges (even electrical charges that
normally build up on the human bedy can cause
damage). To avoid possible damage to the devices dur-
ing handling, testing, or actual operation. the following
procedures should be observed:

1. Except when being tested or in actual operation.
the leads of devices should be in contact with a con-
ductive material. to avoid build-up of static charge.

2. Soldering iron tips. tools. metal parts of fixtures
and handling facilities should be grounded.

3. Transient voltages may cause permanent dam-
age to the device if it is removed or inserted with the
power on.

4. Do not apply signals to the input with the power
supply off.

5. All unused input leads must be connected to
either Vss or Vbn (thichever is appropriate for the
logic circuit involved).

v
ZENER DIODES—1 Watt
DIODES AND
Catalog Vz iz Zz « Iz Case
RECTIFIERS Number Volts £10% 2 mA ohms max Style
276-565 51 49 7 DO41
276-561 6.2 41 2 DO41
276-562 9.1 25 7 DO41
GENERAL PURPOSE DIODES RATINGS @ gt 21 o RO
25°C 276-564 15.0 17 14 DO41
Ir (max) Vf (max)
Catal PIV {min) I a Vi af Cas
Number v R v Snlo BRIDGE RECTIFIERS
276-1101 50 1.000 10 16 D041 Catalog BIV (min) It (max) —
276-1102 200 1.000 10 16 DO41 Number v A - Style
276-1103 400 1.000 10 16 DO41 276-1146 50 4 M532a
276-1104 600 1.000 10 16 DO41 276-1151 50 14 M548
276-1114 1000 2.500 200 1.0 Alvm 276-1152 100 1.4 M548
276-1122 75 0.010 250nA 1.0 A1 276-1161 50 1 Y1
276-1123* 50 008 15 1.0 A1 276-1171 100 4 M532a
276-1141 30 3.000 500 12 A3q 276-1173 400 4 M532a
276-1143 200 3.000 500 1.2 A3q 276-1180 50 6 M532a
276-1144 400 3.000 500 1.2 A3q 276-1181 250 6 M532a
276-11651 40 1.000 5mA 065 A1 276-1185 50 25 —
*GERMANIUM
tSCHOTTKY



BIPOLAR TRANSISTORS

Direct Power Diss. fy lcso
Catslog Commercial @25°C Typical Vcgo Veeo Veso lc by hee @Vee @ e at max Case
Number Equivalent  Mat. Appll. Polarity Free Air MHz v v v Max Max v mA Vea Style
276-1604# 2N3906 S G.P. PNP 350mW 250 40 40 5 200mA — 60 1 0.1 — T092
276-1617# 2N2222 S G.P. NPN 500mwW 250 60 30 5 800mA — 35 10 0.1 — TO18
276-2009 MPS2222A S G.P. NPN  625mwW 300 75 40 6 800mMA — 50 10 1 10nA T092
276-2016  MPS3904 S S NPN  625mW 300 60 40 6 200mA — 100-300 10 1 50nA T092
276-2017 TIP31 S P NPN  40W% 3 40 40 5 3A 1A 10-50 4 3A 300uA TO0220AB-2
276-2020 TIP3055 S P NPN  90Wg 3 100 70 7 15A 7A 20-70 4 4A 1mA  T0220
276-2023 MPS2907 SULS! PNP  625mW 200 60 40 5 600mA — 50 10 1 20nA  T092
276-2027 MJE34 S P PNP  90Wi 3 40 40 5 10A 3A 20-100 4 3A 220uA T0220
276-2030 2N3053 SHElE NPN  5W 100 60 40 5 700mA — 50-250 10 150 — TO39
276-2041  2N3055 SEIE NPN  115W¢ 2.5 100 60 7 15A 7A 20-70 4 1A — TO3
276-2043 MJ2955 S P PNP  150W% 4 100 60 7 15A 7A 70 10 0.5 0.7mA TO03
276-2055 2SC1308 S SW NPN 50W% — 1500 400 6 7A 0.8A 3 2 4A 100xA TO3
276-2058 2N4401 S G.P. NPN 625mw 250 min. 40 60 6 600mA — 500 10 1 0.1uA TO092
276-2068 TIP120 SEPE NPN  65W¢ 0.1 60 60 5 5A 120mA 2500 3 500 0.2mA TO0220AB-2
NOTE: All ratings given are for 25°C except where otherwise noted. #—~Archer-Pack 3 With heat sink
MATERIAL:
S—Silicon; G—Germanium
APPLICATION:
S—Switch P—Power amp/switch * —High Gain Darlington LL—Low Level
G.P.—General Purpose RF/IF—RF/IF frequency UHF—Ultrahigh frequency SW—TV Sweep
USEFUL INFORMATION
- R
— = : s
e { ouTPUT
INPUT g A9 OUT.PUT SIGNAL
2 SOURCE| 1. oureds -l
!
RAg ~
! ) L % LOAD% L ‘ l !
Parameters of Common-Base Circuit Parameters of Common-Collector Circuit Parameters of Common-Emitter Circuit
Input Impedance  Z,, =1y Input Impedance Zn =6+ 17 input Impedance  Z, = hyefy
where, Load Impedance Z; = R in parallel with input
Load impedance Z, = Ry in parallel with input Z_ is Ry in parallel with Rg. impedance of next stage
impedance of following stage.
- i A= 3E=n
Current Gain A=a= _175_5- Output Impedance Zout = A Current Gain (T Al Me
{In practice, a is 0.95 to where, where,
0.995, or approximately 1.) R is the output imped h gi= o e
Z ance of the signal source. te Iy 1 -a
Volitage Gain e & gmlL Current Amplification A, = 8 Ve 2
¢ Voltage Gain A, = —== —mg. |
AVg ™
Voitage Amplification A, = Less than unity
. Vout loul_ e Z_L
Power Gain Ap = v o




SPECIAL TRANSISTOR (FET)

SILICON N-CHANNEL JUNCTION MPF102
FIELD EFFECT TRANSISTOR 276-2062

GENERAL DESCRIPTION PIN CONNECTION

The MPF102 is designed for small signal applications. These include VHF
amplifiers and mixers.

BOTTOM VIEW

ABSOLUTE MAXIMUM RATINGS
(TA = 25°C unless otherwise noted) :
Drain-Source Voltage . ... ... .. .. ... .. . . 25V "<l
Drain-Gate Voltage .. ......... ... .. i 25V D N R CERCATE ‘
Gate-Source Voltage . .. ... ..o 25V Drain and source may be interchanged el
Gate CuBTENt i eer . - - . 00 o e b s ol o B L e o Bl - 10 mA
Total Device Dissipation . . ... ...t 310 mW
Operating 'lunct'on Temperature . . . - ............ ... ..o eeuen.. 125°C
Storage TemperatureRange ......._............ ....... -65to + 150°C

N-CHANNEL MOSFET TRANSISTOR IRF511

276-2072

GENERAL DESCRIPTION PIN CONNECTION

The efficient zeometry and unique processing of the HEXFET design
achieve very low on-state resistance combined with high transconductance
and great device ruggedness.

This transisto~ also features all of the well established advantages of F——————— sounce
MOSFETs such s voltage control, freedom from second breakdown, very fast O —————— omamn
switching, ease of paralleling, and temperature stability of the electrical il
parameters.

FEATURES

Fast switching

Low drive current -
Ease of paralleling 3
No second breakdown

Excellent temgerature stability

FAONT VIEW

APPLICATIONS
Switching power supplies
Motor cor:trols

Inverters

Choppers

Audio amplifie~s

High energy pulse circuits

ABSOLUTE MAXIMUM RATINGS

Drain-Source Voltage, Vps . -« .o e i 50V
Drain-Gate Voltage [Rgs = 1 MQ), VDGR o cvvviinin e, 60V
Gate-Source Voltage, Vs - v v vverovee creii i +20V
Continuous Prrain Current, Ip @ Te = 86°C ... .. ... it 3A
Pulsed Drain Currant, Ipap - ..o oo oot i it ot 8A
Maximum Power D'ssipation, P« . ... ... ... o oo i 20W
Linear Derating Factor ......... ... ... .. ... . i, 0.16W/K
Inductive Current, Clamped, I;» (See Fig. 1) L = 100 uH .................. 8A
Operating Temperature Range, Ty .. ........................ —55 to +150°C
Storage Temperature Range, Tyg . ... ..., —55to +150°C




SPECIAL TRANSISTORS (FET)
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TEST CIRCUITS

TO OBTAIN

3

=~ 0.75BV g

0 05¢

E, = 0savpgg

Figure 1—Clamped Inductive Test Circuit and Waveform
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SPECIAL TRANSISTORS (FET)

SILICON N-CHANNEL JUNCTION 2N3819
FIELD-EFFECT TRANSISTOR 276-2035

GENERAL DESCRIPTION PIN CONNECTION
The 2N3819 is designed for general purpose small-signal applications. It
features low capucitance between drarn and gate terminals and an excellent high- BOTTOM VIEW

frequency figure of merit. It achieves a low noise figure and good power gain with
low crossmodulation and intermodulation.

ABSOLUTE MAXIMUM RATING

(T, = 25°C unless otherwise noted) gy o
Gate-Sourse Breakdown Voltage BVeeg ..o oo 0V

Zero Gate Voltzge Drain Current Ipgg oo ... 20mA T092
Forward Transconductance g, . . ... SEGEI00 ¥ (A R A 7.0- mmhos

Reverse Gate Leakage Iggg ..o - 100 pA

"ON"Resistance rpg ..o . ... 500 ohms

Pinch Off Voltage Vigopr) -« - oo v ~6.0V

Output Conductonce g, ... oo 10 umhos

Feedback Capacitance C,. .. . .. TN e e e 0.9 pF

Input Capacitarce Cig. ... ... ... Aorzio o™ Ranc ot an s B Yoty -4.0pF

Power Gain Gpe. . ... ... s I P AR O ..12dB

Power Dissipatien. ... 350 mW

TYPICAL CHARACTERISTICS
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& 4 e _AI.O —§ t” == o
w z = - - - 1 z
2 S e £ I =
s = 3 —_— |- ) Q
£ 5% Lpomrt e 3 =t
3 H :llm - l‘Jsv' - - TS H Vps @ Vf—db L
s g = +——11+1+H S | JGel=OMETCS Lt
: = ; 3 I
z 01— L S S I 5 |
O e T B
FREQUENCY { — MHz GAEGEENC USRS FREQUENCY 1 — MHz
Input Admittance Forward Transfer Admittance Output Conductance
vs Frequency vs Frequency vs Frequency

COMMON GATE

«

100 — = = °

3 Vos = 15V i ? % iﬁ w E

€ Vgs = 0 I — -v—vo—o—i»—’ l.z)

E i Tt 4 |
~+ + — ey -

1 [ e et L LS E _ £

- | 2 Y

¢ 1T i 3

& | | % 1 :

w —4

5 el i :

E 4 ; %) B

3 11 <& 1 z

a 1ot :' e i 3

< T x f * | et

5 T **F FIY ) — o 3

£ \ il { l 5

S g L 11 01 L i e L aleal LB © 0014~

100 oM 500 1000 100 200 500 1000
FREQUENCY { — MHz FREQUENCY { — MHz FREQUENCY t—MHz
Input Admittance Forward Transfer Admittance Output Conductance

va Frequency vs Frequency vs Frequency




SPECIAL TRANSISTORS (FET)

STl N-CHANNEL TMOS FET

276-2074

GENERAL DESCRIPTION

This TMOS FET is designed for high-voltage, high-speed switching applica-
tions such as line drivers, relay drivers, CMOS logic, microprocessor or TTL-
to-high voltage interface and high voltage display drivers.

PIN CONNECTION

FEATURES

e Fast Switching Speed—t,,, = t,g = 6.0 ns Typ

e Low On-Resistance—5.0 Ohms Max

o Low Drive Requirement, Vggyn = 3.0 V Max

e Inherent Current Sharing Capability Permits Easy Paralleling of Many

Devices PIN 1 DRAIN
2 GATE
3 SOURCE
ABSOLUTE MAXIMUM RATINGS
Drain-Source Voltage (Vipss). - - -« « v vvve e i 60V
Gate-Source Voltage (Vig). -« oo it c e e +20V
Drain Current—Continuous (1) (Ip). .+ - oo oo vt e 05 A
Total Power Dissipation @ Te = 25°C(Pp). ..o, 0.83 W
Operating and Storage Temperature Range............... —55°C to + 150°C
(1) The Power Dissipation of the package may result in a lower continuous drain current.
TYPICAL APPLICATIONS
Switching Test Circuit Switching Waveforms
+ 25V fotomet o o
v,
e To Sampling Scope
50 0 Input 90%
Pulse Genzrator woph r - i""::u.w —— % ?mu:d = =
500 10 M 0%
10% 4 -
: Input V., d |
{V,, Amplitude 10 Volts}
' l Puise
! " Width
Vgs(th) Normalized Versus Temperature On-Reglon Characteristics
20 - f—— - — - =
I T | = | 1—v‘\. 10V
— B, - —_—
w 18 | : e = : 3 ===
<
P s e e e e
12 4 e i 1~ —
: - S S S S S A
Y 0 [ | ——F o S ——
E | | | sov
i |
> 04 ] - 4 - — 4 - —sov—]
L — . + —s e —— e L =7 U
oL | L L1 L e — =,
50 0 50 20 0 LY
T.. JUNCTION TEMPERATURE Vese DRAIN TO-SOURCE VOLTAGE (VOLTS)
Output Characteristics Capacitance Versus Drain-to- Source Voltage

DRAIN CURRENT (AMPS)
° -
= ©
| T T
I 1
‘
\
| -
1
|
et
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o
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+

[¥{ | S — | — — L | U 1
SSSSScc WheEect
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= ] — -k jﬁﬁ_,d_d
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|
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SPECIAL PURPOSE DEVICES (VARISTOR)

TRANSIENT/SURGE ABSORBER [3:yZelib[[¢10} 1V

276-568

ERZ-C14DK201U

276-570

GENERAL DESCRIPTION

ZNR varistors are zinc oxide resistors whose resistance changes as a func- PIN CONNECTION
tion of the applied voltage. The ZNR has a bilatera! and symmetrical V-1 char-
acteristic curve and can therefore be used in circuits in place of back-to-back
zener dicdes. This gives your circuit clamping protection in either direction.
The ZNER provides a highly reliable and economical way to protect against
repeated high voltage transieats and surges such &s those produced by light-
ning, switching surges and noise spikes.

FEATURES I l

¢ Excellent clamping voltage characteristic and fast response time (< 50 nsec.)
when subjected to impulse surges. Eliminates the discharge lag that is indic-
ative of gap-type arrestors.

o Bilateral anc symmetrical V-I characteristic curve. The ZNR can, therefore,
be used both in AC and in DC circuits, for protection of either positive or
negative trarsients.

ABSOLUTE MAXIMUM RATING

Varistor Voltage (V-1 @ 1mA DD) (165V 225V) ..............ccuuvvnnn.. 200V
Applied Voltage ACRMS): - -« vttt ittee et et 130V - T |
SR e o e . 170V ! 1
Clamping Vol age @ Test Current (8 X 20 usec) Ve(V). ...ttt 340V s
IP (A)(276-568).......... 100A E 4
IP (A) (276-570). .. ........ 50A 3
Peak Pulse Current (8 X 20 us) 1 Time (276-568) .. .................... 6500A
RTEEET0) 5 ont oo 5 -0 e 4500A Py ]
Energy (J1 (276-568) . . .. .ttt ittt e e s 70] VOLTAGE ——o
(B7BB70) . . ottt 35]
POWET (276-568) . . ..ottt ittt et ettt e e 1W V-1 Characteristic Curve
(Z7657C) - . v ettt 0.60W
Capacitance (PF @ 1kHz) (276-568)...............ccoiuiiiiiiiinnnnn. 2000PF
(27E 70 et W B i b A e 1000PF
Operating Ambient Temperatare. ... ......................... —40° + 85°C — S
Storage Temperature....................... .. i —-40° +125°C T [ '/]“\\ " he ‘
gl lle O~ .
TYPICAL APPLICATIONS L L_°

# oS
!
PROTECTED \ TIME ——o

i CIRCUIT °—‘{ L had

! | A: Original surge wave lorm
| PROTECTED 8: Clamping voltzge using gap type arrestor
CIRCuIT C: Clamping voltege using ZNR
i 7: Discharge lag

_——_———

Clamping Voltage Characteristics

Single Phase Line Surge
Three Phase Line Surge

r Y Y 3
rxlfl
NdlgEs:

Transformer Inductive Surge
by Primary Switch Off

THREE PHASE
TRANSFORMER
|

<

Solenoid Inductive Surge Solenoid Inductive Surge
by Thyristor Switching by Transistor Switching

1



SPECIAL PURPOSE DEVICES (SCR) (TRIAC)

276-1020
276-1067

GENERAL DESCRIPTION

Thynstors and their trigger devices can take numerous forms. but they share these characteristics:

® They are “open circuits.” capable of withstanding rated voltage
® They become low-impedance current paths when triggered. and

until triggered.
remain so. even after the trigger source 1s removed. until current

through that path stops. or is reduced below a minimum “holding” level.

SCRs

Sihcon-Controlled Rectifiers (SCRs) are Thyristors intended
to switch load currents in one direction only. making them use-
ful for DC and half-wave AC applications as well as full-wave
apphications 1in which bidirectional current is routed 1n one di-
rection through the SCR via a bridge rectifier.

TRIACs

Triacs are bidirectional Thyristors. in which a single trigger
source turns the device on for load current in either direction.
Because they do not require a bridge rectifier in order to handle
full-wave AC. Triacs are useful in AC power applications that
require full source power control capability to be applied to the
load.

lgy

v

Var loT GT
Catalog Imax Vmax (max) (max) Case Catalog Imax Vmax (max) (max) Case
Number A v _mA V. Style Number A v “mA V. Style
276-1067 6 200 25 1.5 MuU27 276-1000 6 400 50 25 Mu27
276-1020 6 400 25 1.5 MuU27
FUNCTION CATALOG NO. PAGE NO.
DISPLAY AUHED o L - oo oo Ts s LSRR 18
276064 . .. ... .. 17
2UHD G . hooo " =ao g T Hcc o < 17
276I08HMEEEREEEINE L e - 15
DRIVER 276-134 .. . 16
EMITTER 176-142 ... ... 20
2O ASER W e PR - - - - 14
LED (BLINKING) 276-030 ... ... 1S
276-036 .. ... ... 15
LED INDICATORS 276-018 . ... ... 13
(CHART) 276-021 .. ... ... 13
2001022 . . . .. e < - - 13
276-0250 000 . . . o oha ke bl 13
276026 .. .. .. ... 13
276-033 . ... .. 13
276-037 .. .. 13
276-041 .. .. ... 1% FIGURE 10
STeoReA LIy P B s T
206INEEI R S SN el ! 13
276069 .. .. .. ... 13
276088 ... ... ... 13
LED (TRI-COLOR) 276-035. .. ... 19
PHOTOCELL 276-116 . . .. .. 18
PHOTOTRANSISTOR 276-145.. ... ... ... ... .cccuuunn. 19
SOLAR CELL 276-124 .. ... 20

12




OPTOELECTRONIC (LED)
LED INDICATORS

Max DC
Direct Peak Forward Reverse Forward Max Pwr
Catalog Commercial Wave Length Voltage Voltage Current Diss Fig.
Number Equivalent nM Color Ve (V) Ve (V) Ie (MA) Pp (MW) No.
276-018 PR5534S 700 RED 25 4 100 75 4
276-021 SLP-236B 565 YELLOW 28 3 30 70 5]
276-022 SLP-236B 565 GREEN 2.8 3 30 70 5)
276-025 R9-56 — RED/GREEN 2.0 3.0 10 — 7 .
276-026 — 650 RED — 3 50 100 2
276-033 TLR-147 700 RED 2.1 4 35 100 1
276-037 SLP-235B 565 GREEN 2.8 3 30 70 4
276-041 — 700 RED 1.75 3 70 140 8
276-065 369HHD 697 RED 1.8 5] 20 75 8
276-066A  SLA-891LT3 660 RED 25 (@20 MA) 4 50 100 9
276-068 — 700 RED 1.9 — 30 — 6
276-069 — 560 GREEN 2.1 — 30 — 6
276-088 SLP-888A 660 RED 22 (@2 MA) 3 20 70 10
.]|| II 3 ( Y
‘ 1 P 3 4l
]
CATHODE ANODE ANODE CATHODE e A lonE
FIGURE 1 FIGURE 2 FIGURE 3

Miniature LED with diffused lens Th.s LED
I1s compatible with most TTL and transistor
circuits It features a Fresnel lens dasign

t'ﬂil 5 Qf

/
“ ANODE
s
FIGURE 4

Subminiature LED with diffused fens This
device has solid state reliabibity and 13
compatible with most TTL and transistor
circuits

CATHODE

L]
U3
2
'

-ONG LZAD IS CATHODE
FIGURE 7

This 1s a three rerminal LED. The light col-
or radiates "red” when terminals 2 znd 3
are used. Grez2n licht radiates wher ter-
minals 1 and 2 are used.

This LED features a frosted diffused lens in
a plasiic encapsulant When the device is
on, it appears as a large saft hght source
making 1t ideally suited for front panel ap-
plications.

CATHODE ANODE

FIGURE 5
This is a frame type solid state LED with a
diffused lens.

— L
L e__—/

d

]
L AR

ANODE  carnone

— =
.

FIGURE 8

This is a jumbo red LED. It consists of two
LED elements connected cathode to cath-
ode in & 10mm diameter housing.

This device 1s a jumbo LED with a diffused
lens. It can be used in apphications such as
pitot and indicator lamps

E_]
s =3
=

ANODE CATHODE

FIGURE 6
This I1s a submimature LED indicator with
polished chrome reflective holder

C=

FIGURE 9

This is a high-brightness red LED. It is
many times brighter than ordinary LEDs,
yet still runs cool.



OPTOELECTRONIC (EMITTER)

TIL906-1

276-143

INFRARED- EMITTING DIODE

GENERAL DESCRIPTION

This is a P-N Gallium Aluminum Arsenide Infrared-Emitting diode designed
to emit near infrared radiation when forward biased. Its output is spectrally
compatible with silicon sensors and has a high power output with a 20° beam
angle.

ABSOLUTE MAXIMUM RATINGS

Forward Voltage (Static) (VF). ...t 1.75V
Reverse Voltage (VA) o 3V
Continuous Forward Current at (Or Below)

25°C Free-Air Temperature .................covviiiieeninnn.. 100 mA
Peak Forward Current (See Note 1)................ovveriinieinnon s 2A
Reverse Current (VR =3 V). .. ... 100 pA
Radiant Power Output (Pg) (IF = 20mA)..............ovvivnrnnn.. 1.5 MW
Emission Beam Angle Between

Half-Intensity Points. ...........oooivnin i 20°
Wave Length at Peak Emission (IF =20mA)........................ 880 nM
Operating Temperature Range. . ........................... —40°C To 80°C
Storage TemperatureRange . .............................. —40°C to 100°C
NOTE: 1. This value applies for t, < 10 us, f < 1 kHz. See Figure 1.

FEATURES

o High power output With a 20° beam angle
e Output spectrally compatible with silicon sensors

TYPICAL CHARACTERISTICS
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PIN CONNECTION
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OPTOELECTRONIC (DISPLAY) (LED)

® SUMUE  HIGH EFFICIENCY RED BAR GRAPH DISPLAY

GENERAL DESCRIPTION
The B1DO1R s a 10 segment bar graph display with separate anoces and
cathodes for each light segment. The packages are end stackable.

PIN CONNECTION

FEATURES TORVEA
¢ Large segments. closely spaced BAR 1 ANODE —— — AR 1 CATHODE
e End stackable ! 5
e Fast switching, excellent for multipiexing BARIZIANODE Sy e G
e Low power consumption T [ N
o Directly compatible with ICs 3 K
o Wide viewing angle BAR 4 ANODE —— | BAR 4 CATHODE
BAR 5 ANODE ——— ——— BAR S CATHODE

ABSOLUTE MAXIMUM RATINGS 03 - i -
(25°C Free Air Temperature Unless Otherwise Specified) e . T SR8 CATHOOE
Powerdissipat €n....... ... ... 0 L e 100mW BAR 7 ANODE ~——— —4 BAR7 CATHODE
Continuous forward current

Total .. 300 mA BAR 8 ANOOE 7 LR e~

Persegment ........... ... .. .. L PR 30 mA BAR 9 ANODE —— —— BAR 9 CATHODE
Reverse voltage ! b

Per SERIMENT . ...\ttt ettt 50V BAR 10 ANODE 75— [~y BAR 10 CATHOOE
Storage ard op2rating temperature. . .............. ......... ~30to - 80°C

ELECTRO-OPTICAL CHARACTERISTICS
Forward Voltage ... ... . e 16V
Peak emission wavelength. ...... .. . ... ... ... . 555nm

F336GD
276-030 BLINKING LED

F336HD

276-936

GENERAL DESCRIPTION PIN CONNECTION
The F335GD is a =olid state LED with a green diffused plastic lens. The
F336HD is a solid state LED with a red diffused plastic lens. A builtin IC
flashes the LEDs on/off and can be driven directly by standard TTL and CMOS )
circuits, eliminating the need for external switching circuitry. /
UTNODE/

FEATUEES & v
e Built-in iC chip, flashes LED on ard off to attract attention &
e Pulse rate 1.0HZ
o T1 3/4 size
o Larger full flood radiating area
e 1-inch leads
e 1.2mcd @ Vy = 3.0V AN
e IC compatible
ABSOLUTE MAXIMUM RATINGS
Operating Voltage ... ..........cc ittt i, .5V
Peak Inverse Votage ... ... i e 04V
Operating Temperature. ............ ... iiiiiiiiiiireeann. 0°C to 70°C
Storage Temperature ................coviuneennnnn. ... —20°Cto +B5°C
Lead Soldering Temperature (1/16 inch fromcase) ... ....... 5 sec. @ 260°C
ELECTRO-OFTICAL CHARACTERISTICS
Luminous Intensity. . ... ... . . 1.2 med
Emission Peak Wavelength (F336GD) ....................coooiiun... 565nm
(E336H D) tm . AT o el V0N | sl 567nm
Spectral Lire Hallwidth (F336GD) .. .........c0oiiiiiiiiiie i 30nm
‘ (TR L) 5 00) I UL O 90nm
Peak Current (50% Duly Cycle) ..............coi i, 3.5 MA
Pulse Rate ...... ...ttt i 20HZ
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OPTOELECTRONIC (DRIVER)

felek(}[l] OPTOCOUPLER TRIAC DRIVER

276-134

GENERAL DESCRIPTION PIN CONNECTION
This device consists of a gallium-arsenide infrared emitting diode. optically
coupled to a silicon bilateral switch and is designed for applications requiring iso-

lated triac triggering. low-current isolated ac switching. high electrical isolation JORVIEN
(to 7500 V peak). high detector standoff voltage. small size. and low cost. ANODE — L
h 4
>~
INFRARED EMITTING DIODE MAXIMUM RATINGS catmone * J( [ omven sussraure
DO NOT Ef
Reverse Voltage ... ... 3.0 volts l_ ST g
Forward Current—Continuous . .................. ... ... ...50 mA Nl o
Total Power Dissipation @ TA « 25C.......................... .. 100 mW 3 ¢ Al
OUTPUT DRIVER MAXIMUM RATINGS
Off-State Output Terminal Voltage. . .............. . ... ... ... .. ... 250 Volts
On-State RMS Current TA = 25°C ... ... ... N ......100 mA
(Full Cycle. 50 to 60 Hz TA = 70°C) ... ...  aoolilsocoscoann ol .50 mA
Peak Nonrepetive Surge Current .. ... 2A
(PW = 10ms. DC = 10%)
Total Power Dissipation @ TA =« 25°C ... .. ........... Cii.... 300 mW
Derate above 25°C ... ... .40 mW/IC
TOTAL DEVICE MAXIMUM RATINGS
Isolation Surge Voltage (18)............. ... ... ... ... ....... 7500 Vac
(Peak ac Voltage. 60 Hz. 5 Second Duration)
Total Power Dissipation ..........................................330mW
Junction Temperature Range .. ... .. . ... ... . ... —40 to +100°C
Ambient Operating Temperature Range....................... —40to +70°C
Storage Temperature Range. . ........... ... oN........ A -40 to +150°C
Soldering Temperature (10s) .. ... ................ ... e 260°C
APPLICATIONS TYPICAL CHARACTERISTICS
Fin A, 800 [ gy T T T
Vo O—AMA—— i v §| !“au:vw&i v‘uom B0uF
:1:))—2— Mocw10 ‘. ) o ;’— ‘°°H":°,:fc 1 1 Tir 1
- ; § o} 4444 "'TTT;
o
= P
Resistive Load 2—000 55 % 04 | '.L e 1 T oy

-2 -8 -4 0 4 B8 12
ON-STATE VOLTAGE Vyy ~ V

On-State Current vs
On-State Voltage

M
-___‘D>—2 0C3010

Inductive Load with Sensitive Gate Triac

(IgT = 15mA) U 1
13 1. —t | 4
E 1.1 T —
R : ]
vcc.)—'vi:»——" 5 0.9} -T + .r
D o T ’
71 mocaoto
Ol Lt }
g -40 -20 (] 20 L] 60 80 100
¢ AMBIENT TEMPERATURE T4 — °C
Inductive Load with Non-Sensitive Gate Triac Trigger Current
{(15mA < Igy < 50mA) vs Temperature
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OPTOELECTRONIC (DISPLAY)

COMMON CATHODE DISPLAY w7V

276-075
GENERAL DESCRIPTION PIN CONNECTION
This is a rec .3 inch common cathode RHDP Display device with a bright-
ness or lumincus intensity (Per Seq- MIN} of 125 ucd @ 10mA.
TOP VIEW
APPLICATIONS
e Instruments i [
e Test Equipment ] b0
o Office Mactines ‘ - - "
e Computers = '/ /b %
e Automobiles g
e Clocks Radios DI o Tz
e Communication Equipment ! '-'/ /C o e
e Calculators : — '°
e CB Radios — N
ABSOLUTE MAXIMUM RATINGS ! :
Forward Voltage .. ......oovivnnt i e 2V
Forward€urrent . . . ....ooviet g ettt eeieeneiimneseaenns onaes 20 mA
T ) R 700 mW
WAL 70 00 0 5 4o 06 g0 30800004 00600060000 TIHC 00 IE 58 oer 05020 660 nM
Brightness/Luminous Intensity @ 10mA. ......................... . 125 pcd
BIG HI-EFFICIENCY RED LED
EL-811HR
276-064
!
PIN CONNECTION
GENERAL DESCRIPTION
The 276-064 i= a 0.79" diameter hiefficiency Red LED. This device is ideal for ¥ a2 - !
a variety of applications where a large bright source is required.
ABSOLUTE MAXIMUM RATINGS
Reverse Voltage .. ... ... ... i ittt i .5V
Reverse Current (Ve = 5V} .. ... ... i 10pA
Operating Temperature Range .................... ... —40°C To 85°C
Storage Temperature Range ........ .................... —~40°C To 100°C
Lead Soldering Temperature ....... ................. 260°C For. 5 Seconds
[1.6mm (0.0563 inch) From Bady]
Spectral Line Half-Width (AN} ....... ... oot 45mm A
Power Dissipation (Pd) ............o i e 100mW
Peak Forward Current (duty 1/10. 1KHz) If (Peak) ................... 160mA
Recommend Operating Current If (Rec) .............. ... ..o 20mA 1 23 s 8
Average Luminous Intensity 1.2 (If = 10mA}lv ..................... 25ucd
Luminous Intensity Matching Ratiolv-m .............................. 2:1
Forward Voltage (If = 20mA)Vf .... ... ... ... ... . i 2.8V
PIN FUNCTION
FEATURES 2 | Rooe
©0.79" (20.0mm]} big LED. ety
o Graphic stacking allowable. s | awooe
o Suitable for multiplex operation. N e
e High lumincus intensity. 0 | dao
e Solid state reliability. R
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OPTOELECTRONIC (DISPLAY) (PHOTOCELL)

GENERAL DESCRIPTION
The 276-053 is a common anode LED numeric display. The large 0.3” high
character size generates a bright. continuously uniform 7 segment display. De-

0.3" SOLID STATE SEVEN SEGMENT DISPLAY

PIN CONNECTION

A cadmium sulphide photo cell is a light variable resistor which is most sensi-
tive in the green to yellow portion of the light spectrum. With it you can use light

ohms. max. voltage 170 V. max. wattage .2 watts. rugged epoxy case.

APPLICATIONS
® Night light

® Light control

® Burglar alarm

® Relay

SPECIFICATIONS

SIS T o e . Round
® Sensilive Area ............... 07 sq. in
® Weight .. ... 1.56 gms.
® Resistance at 1 Fte ( 870 O e Y . 1.7k Ohms . 40%
® Typical Resistance 100 Ftc (2870°K). .. ... ... ... ... ........ 100 Ohms
® Resistance Dark Minimum (1 Minute). ............. .. . . .. 0.5 Megohms
ABSOLUTE MAXIMUM RATINGS

Max. Applied Voltage (acorde) .................... ... ....... 170 V peak
Max. Power Dissipation at 25°C ................ ... .. ............. 2 watts
Power Derating.. ..~ ............. ... ... ... ... ... ... ... Linearly to 0 @ 75°C
Operating Temp. Range . .. .................................. —40 to +75°C

to control many electronic devices. Max. resistance .5 meg.. min. resistance 100

BOTTOM VIEW

TOP VIEW
signed for viewing distances of up to 10 feet. this single digit display has been
human engineered to provide a high contrast ratio and wide viewing angle. T —
FEATURES 7 a B
® Fits 14 pin DIP socket . 1 o
® Excellent character appearance —continuous uniform segments; wide viewing 9 I
angle: high contrast . —— T
® [C compatible —1.6 V per segment : e € L
® Standard 0.3” DIP lead configuration: PC board or standard socket mountable —_— .
® Both left and right decimal points i dp
APPLICATIONS 7 8
® Electronic calculators ® Frequency counters
® TVs ® Digital clocks
® Radios
RADIANT CHARACTERISTICS (IF= 20mA) T,=25°C
N,
Luminous Intensity. ... ... ... 250 med COMMON ANODE CONNESTION
Wavelength (Peak) - 655 nM PIN FUNCTION PIN FUNCTION
o D | [1(Be
ABSOLUTE MAXIMUM RATIN 1 | noein i | ATHDDE g
5 NO PIN 5 CATHDDE-e
Power Dissipation TA=25"C.................... SRR RTERRRRE, 400 mW 6 g:mggs go § | catHoDe-d
Average Forward Current/Segment or Decimal Pt. T, =25°C . ........ ... 5mA g |SaelEmed - 8 [ NoPiN
Peak Forward Current/Segment or Decimal Pt. T, =12"C oLl (CATHODEE AT onE %
(Pulse Duration 500u8) ... ...t 150 mA 2 | Noem 12 | CATHODE
Reverse Voltage per Segment or Decimal Pt ... ... ... 6V 14_| ANODE 14_| NOPIN
Operating Temperature Range .................. ... . —20 to +85°C
Storage Temperature Range. ............... ............... -20 to +85°C
Max Solder Temperature 1/16” Below Seating Plane (t <5 wc) ........ 230°C
GENERAL DESCRIPTION CONNECTIONS
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OPTOELECTRONIC (LED)(PHOTOTRANSISTOR)

TRI-COLOR LIGHT EMITTING DIODE [@qefY. 1]

' 276-035

i
GENERAL DESCRIPTION PIN CONNECTION

The XC-5491 tri-state LED provides red green. and yellow emission in the
same package. 'This LED is & popular .200 diameter. two-leaded package contain-

ing a red and green LED chip in inverse parallel. By reversing the polarity of the Eon UG
applied current. the LED will emit red or green light while an AC voltage results
in yellow light. The chips used in the XC-5491 are brightness matched so that the SHORT LEAD LOMG LEAD
light output is vniform. 'This eliminates the necessity for the special drive circuits
previously required with tri-state lamps.
These lamps provide the designer with the capability of efficiently displaying
three functions. with one indicator. This reduces the number of front panel
indicators and simplifies design.
7N\
FEATURES GREEN (( j 0
® 3 States—red. green. and yellow t Wy “"”
® Equal brightress in all three colors RED = !
® Popular T 1« size package L — .
® Wi rrappable leads \
ire wrappable leads SHORT LONG ‘ e
LEAD LEAD
ABSOLUTE MAXIMUM RATINGS Red Cathode  Red Anode —t .
Forward Current .. ...... ... ... ... ... i s 26 mA Green Anode  Green Cathode Lﬂ""“ﬂl‘o i
Peak Reverse Woltage .. ... ... ... i 5V J L J
Power Dissipa’ion. . ............ ... .. 100 mW |
Operating Temperature Range . .............. ............... -55 to +85°C ‘ Yoo
Lead Solder Temperature ............... ... .. .. ... .. .. ... 260°C 0.025
L '
U 00%0
~ 010
276-145
GENERAL DESCRIPTION PIN CONNECTION
The TIL414 is an NPN silicon phototransistor in A T-1 3/4 stvle case [t pro-
vides high speed and high photosensitivity. suitable for [R switching applications. f T‘] ECTIDMASCW
ABSOLUTE MAXIMUM RATINGS INDICATOR
Collector-Emifter Voltage .. ... ... . 50 V :
Emitter-Collector Voltage . ............... i 7V | EMITTER COLLSHICR
Power Dissipation. ..................... . . g - LR 50 mW g
Operating Temperature. . ... ... i —40° to +100°C

ELECTRICAL CHARACTERISTICS (Typical) (LT LR

Dark Current Vep =30V).............. ... ... ... . 25DA
Light Current (V(:E =5VOE, =20mW/ecm2] ........... ... ... .. ..7mA
Collector-Emit'er Saturation . . . coo Il y e 04V
Rise Time. .. ... 8 us
EMINTIME . ) o ot o 5§ . e ol it homsmatlile « o il 6 us

COLLECTOR-EMITTER SATURATION VOLTAGE

10 % 0 70 %
IRRADIANCE €, — miW/icm?

Collector-Emitter Saturation Voltage
vs Irradiance
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OPTOELECTRONIC (EMITTER)(SOLAR CELL)

INFRARED EMITTER AND DETECTOR

GENERAL DESCRIPTION

The 276-142 is a pair consisting of an infrared photodetector and an infrared-
enutting diode. The diode is capable of emitting radiant energy in the infrared re
gion of the spectrum.

FEATURES

® Spectrally and mechanically matched
® high power efficiency . . typically 5 percent at 25C

ABSOLUTE MAXIMUM RATINGS
Photodetector

Collector Emitter Voltage .
Collector Current ... . . 25mA
Continuous Device Dissipation at {or below) 25°C Free-Air Temperature 50mW
Operating Free-Ane Temperature Range. . ... ... . —40to ~80°C

Storage Temperature Range .. ... ... ... o 0L -40 to +85°C
Lead Temperature 1/16 Inch from Case for 5 Seconds ... ........... ... 240°C

Infrared-Emitting Diode

Reverse Voltage ... o o 2V
Continuous Forward Current ... ..o oo oo 40mA
Radiant Power Qutput .. ... 0.5mW
Wavelength at Peak Emission .. ..., .. e 915mm

PIN CONNECTION

BOTTOM VIEW

EMITTER COLLECTOR

CATHODE

GRAPHIC SYMBOL
SRS

DIODE PHOTODETECTOR

2.5x5cm SILICON SOLAR CELL

GENERAL DESCRIPTION

A solar cell is a sihcon semiconductor device which converts light energy di
rectly to electricity. A typical 2.5+ 5¢m cell will produce 0.42 volt and up to .18
amp of usable current. The power generated 1s affected by the load resistance
{circuit powered by cell) strength of sunlight and temperature.

Be extremely careful when soldering leads. Use only a very fine wire (#26 or
thinner) and use a small soldering iron (less than 50 watts). Solar cells may bhe
connected in series to produce more voltage and in parallel for more current.

ABSOLUTE MAXIMUM RATINGS
Voltage (Open Circuit):
Current (short circuit): - .- : ; 0.2A
(Test conditions: Full sunlight at noon on a clear day at 25°C (76'F) )

TYPICAL CHARACTERISTICS

015+ + b

005" T

CURRENT — A

0 100 200 300 400 500 800
VOLTAGE = mV

Current vs Voltage

CONNECTIONS

FRONT VIEW

NEGATIVE LEAD -
(SOLDER TO FRONT)

POSITIVE LEAD +
(SOLDER TO BACK)
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DIGITAL (CMOS)

v

' _
GENERAL DESCRIPTION

The 4001 quad 2-Input NOR gate is constructed with MOS P-channel and N-
channel enhancement mode devices in a s'ngle monolithic struciure. These com-
plementary MOS logic gates find primary use where low power dissipa‘ion and/
or high noise immunity is desired.

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields: however. it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impadance circuit. For proper operation it is recommended that V,, and
V,out be constrained to the range Vgg <(V,, or V) <Vpp.

Unused inpnts must always be tied to an appropriate logic voltage level (e.g.
either Vggor V).

FEATURES

® Quiescent current = 0.5 nA typ/pkg @ 5 Vdc
¢ Noise immunity = 45% of Vpy, typical

® Diode protection on all inputs

® Supply voltage range = 3.0 Vdc to 16 Vdc

® Single supaly operation—positive or negative
® High fanou: - 50

® Input impedance = 1012 chms typical

® [.ogic swing independent of fanout

ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to V)

0.5 to * 16 Vdc
0.5to Vg + 0.5 Vde
........................ 10 mAdc
~40 to +85°C
-65 ta + 150°C

Input Voltage All Inputs
DC Current Dirain per Pin
Operating Te nperature Range

INPUT

PULSE

GENERATOR

T ) OUTPUT
C I

17
Vss
“Ali unused Inputs of OR. NOR gates must ba connected to Vgg.

TYPICAL APPLICATIONS

Voo
2

[}1®
2 ]SPEAKER

0.01:F

Tone lrequency is about tkHz

Gated Tone Source

PIN CONNECTION

TOF VIEW

QUAD TWO-INPUT NOR GATE

4001

276-2401

SYNC TIMING WAVEFORMS

- = 20ns 20rs
v
90°% o,
INPUT 50%
0% ov
Atpue - ~Itpiw-
20% Vou
INVERTING 50%
OuTPUT 1%
Yo
= kL sl ab U]
= = e - v
0% .
NON:INVERTING S0%
OUTPUT
10% Vou
= < e
—AAA————————
1K p
LED //
4 l'/IA J
&
= a7

LED Mashes 1-2 imes/second

LED Flasher
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DIGITAL (CMOS)

4011

276-2411

GENERAL DESCRIPTION

The 4011 is constructed with P and N channel enhancement mode devices in a
single monolithic structure (Complementary MOS). Their primary use is where
low power dissipation and/or high noise immunity is desired.

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields: however. it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedance circuit. For proper operation it is recommended that V;, and
Vit be constrained to the range Vgg < (Vi or V,,,) € Vpp

Unused inputs must always be tied to an appropriate logic voltage level (eg..
either Vgg or V).

FEATURES

@ Quiescent current = 0.5 nA typ/pkg @ 5 Vdc
® Noise immunity = 45% of Vpp typical

® Supply voltage range = 3.0 Vdc to 16 Vdc

® Double diode protection on all inputs

ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to V)

DC Supply
Input voltage. All Inputs
DC Current Drain per Pin
Operating Temperature Range
Storage Temperature Range. . ..............

SWITCH TIME TEST CIRCUIT

............................................. 05to +16 Vdc
0.5to Vpp +0.5 Vdc
................................... 10 mAdc

-40 to +85°C
-65 to +150°C

Yoo
14
INPUT
0E:‘E’:i$0ﬂ [ '_T—‘i OuTPUT
4011 ol
o I
11
Vss

*All unused inputs ol AND, NAND gates must be connacted to Vg

TYPICAL APPLICATIONS

e Voo g
4011 4011
] 2 1
Ec 10 " TOPIN 4
E | DISPLAY © otasn
9 [E e ¢4
W | FLASHES
L OFF 100K T e azpF
1

Display tlashes once per second when E i3 high

Display Flasher

QUAD TWO-INPUT NAND GATE

PIN CONNECTION

TOP VIEW

SYNC TIMING WAVEFORMS

= 20ns ol ~ 20ns
| fo% \ |
INPUT |f50%
10%
»]'mu- ~<Pru¢
90% )
INVERTING 50% f
ouTPUT | o
T
- L'm —<l -t
= thm = owL 1~
P N
NON.INVERTING B
ouTPUT vl
10%
-1 L'nn i
+12v { TOPIN 3
R2 S——=OF 550240
S 10K crock
14 114 7] 11
011 #0011
114 4066
- n 2 10 \
[E] ) i
R12 100K = 7 2
0.wF TOPINS 1 &2
L— OF 550240
cLock

This produces bagpipe and other unusual sounds.
Adjust A1 10 vary imferruption rate.

Special Effects

VoL
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DIGITAL (CMOS)

DUAL TYPE D FLIP-FLOP

GENERAL DESCRIPTION

The 4013 dual type D flip-flop is constructed with MOS P-channel and N-chan-
nel enhancement mode devices in a single monolithic structure. Each flip-flop has
independent Data. (D). Direct Set. (S). Direct Reset. (R). and Clock (C) inputs and
complementary outputs (Q and Q). These devices may be used as shift register
elements or as type T flip-flops for counter and toggle applicaticns.

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields: however. it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedlance circuit. For proper operation it is recommended that V,, and
V,ut be constre ined 10 the range Vgg < (V,, or V) < V.

Unused inputs must always be tied to an appropriate logic vo tage level (e.g..
either Vg or V).

FEATURES

® Static operation

® QQuiescent current = 2.0 nA/package typical @ 5 Vdc

Noise immurity = 45% of V) typical

Diode prote:tion on all inputs

Supply voltaze range = 3.0 Vdc to 16 Vic

Single supply operation

Toggle rate = 4 MHz typical @ 5 Vdc

Logic edge-clocked flip-flop design—logic state is retained indefinitely with

clock level ¢ither high or low: information is :ransferred to the output only on

the positive-going edge of the clock pulse.

® Capable of d-iving two-low-power TTL loads. one low-power schottky TTL
load or two HTL loads over the rated temperature range.

ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to V)
DC Supply Voltage. ... .

-0.5to +16 Vdc

Input Voltage. AllInputs ............ .. .. > o R 0.5 ta Vpp + 0.5 Vdc
DC Current Drain per Pin. . ... ... ... . 10 mAdc
Operating Temperature Range .. ............................ 40 to +85°C

65 to —150°C

Storage Tempe-ature Range........... ..

TYPICAL APPLICATIONS

1 2 nlh
DATA ¢ 1] Q D -] - o Q >Q
I—- c [} r c & _J—- c -]
CLOCK ¢ : ! .
n-Stage Shift Register
1 2 ath

1D o‘——| F" b <
cLock ¢ [} c [}
TFLIPFLOP

Binary Ripple Up-Counter (Divide-by-2")

[ 0‘
]

Modified Ring Counter (Divide-by-(n+1))

cLoCK

L

276-2413
PIN CONNECTION
TOP “IEW
Voo
14 13 12 " 10 9 1
=
: [f el
Q v D —{Q ¢ o]
3 o ] = el —
L]
|| L k] ] s L [7
Vs
TRUTH TABLE
Tweuts  Joureus
| Clock! | Data [Reset | Set | Q | Q |
— 1L, 1[5 i, (£ H
— H I L H | L
- X I, L. |No Change
X X H L - H
X X I H H L
[ X | x | H [ H | H]H]
X = Don't Care H = High Level

[. = Low Level

SYNC TIMING WAVEFORMS

Level €hange

~ = 20ns ~ - 20ns
v
90% o0
DATA (D) 50%
10%
: vsp
= =l oy 4 - ~ 20ns
v,
oW X | LB
CLOCK (C) 50%
10% Ves
= lwy twi
1
'ﬂ
U 1o
oy Vou
OUTPUT (Q) 50%
10% Vou
Inputs R and S low. 1t UCTR R o
Data, Clock, and Output
20ns - - - 20ns
: 7
90% 29
SET(S) 50%
10% Vsa
= 1w = 20ns- - - 20ns
v
iy oo
RESET(R) 0%
0% — Vg5
-ty
“ = tpuu - “ touL
! Vou
OUTPUT(Q) £ s0% \
oL

Set, Reset, and Output
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DIGITAL (CMOS)

DECADE COUNTER/DIVIDER

GENERAL DESCRIPTION PIN CONNECTION
The 4017 is a five-stage Johnson decade counter with built-in code converter.
High-speed operation and spike-free outputs are obtained by use of a Johnson JOPLER
decade counter design. The ten decoded outputs are normally low. and go high
only at their appropriate decimal time period. The output changes occur on the -— crock
positive-going edge of the clack pulse. This part can be used in frequency divi- 16 Gis §u‘ B2 oo e
sion applications as well as decade counter or decimal decode display applica- = s
tions. =
This device contains circuitry to protect the inputs against damage due to high

static voltages or electric fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to ]
this high impedance circuit. For proper operation it is recommended that V,, and
Vut be constrained to the range VgsS(V,, or Vou)<Vinp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.. T as e og At s

either VSS or V|)[),

e R e——.
FEATURES 5
® Fully static operation ) -
® DC clock input circuit allows slow rise times I
® Carry out output for cascading AL A L
® 12 MHz (typical) operation @ Vpp = 10 Vdc Bay
® Quiescent current = 5.0 nA/package typical @ 5 Vdc
® Supply voltage range = 3.0 Vdc to 16 Vdc TRUTH TABLE (Positive Logic)
® Capable of driving two low-power TTL loads. one low-power schottky TTL = =

load or two HTL loads over the rated temperature range [ Clock Decode
I_Cl(ﬁ__ Enable Reset | Output = n

ABSOLUTE MAXIMUM RATINGS L T x 1 1 | .
(Voltages referenced to Vgg) X H L n
DC Supply Voltage. . ........... ... ... ... 0.5 to +16 Vdc X X H QL
Input Voltage, Alllnputs . ............................. 0.5 to Vpyp +0.5 Vdc = L L n+1
DC Current Drain per Pin. ..o, 10 mAdc - X L 0
Operating Temperature Range . .............................. 40 to ~85°C X = L 0
Storage Temperature Range. ................................ - 65 to + 150°C 1 | =~ | L | n+1

X = Don't Care If n <5 Carry—f"H"‘
Otherwise = “L"
L = Low Level H = High Level

TYPICAL APPLICATIONS

8 8 3 2 1

b bbbl bodd Pt bk

4017 4017

[0 16 8 [0 13 16 ) 13 14 15
RESET  RUN

Yoo CLOCK ToON

Voo . cLack TON For N = 9, ground pin 15

Count to N and Halt Count to N and Recycle
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DIGITAL (CMOS)

, INVERTING HEX BUFFER 4049

L 276-2449

GENERAL DESCRIPTION PIN CONNECTIONS

The 4049 hex inverter/buffer is constructed with MOS P-channel and N-
channel enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power dissipation
and/or high noise immunity is desired. These devices provide logic-level con- TOP VIEW
version using naly one supply voltage, Vco. The input-signal high level (Viy)
can exceed the Ve supply voltage for logic-level conversions. Two TTL/DTL
loads can be driven when the devices are used as CMOS-to-TTL/DTL convert-

ers (Vgg = 5.0V, Vg, < 0.4V, Ig, = 3.2 mA). Note that pin 16 is not connected [
internally on tais device; consequently connections to this terminal will not

18 15

affect circuit operation.
FEATURES

® High source and sink currents
¢ High-to-low level converter

® Quiescent current = 2.0 nA/package typical @ 5 Vdc I l
® Supply voltage range = 3.0 Vdc to 16 Vdc T

Vee Vor
ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to Vgg, Pin 8)
DCSupply Volage....................c0 oo, —0.5 to +16 Vdc
Input Voltage. Alllnputs ................. ............ —0.5to Vpp +0.5 Vdc
DC Current Drein per Input Pin. . ........... ... ... ... ... ... 10 mAdc
DC Current Drein per Output Pin. . ............................... 45 mAdc
Operating Temperature Range ... ............................ 40 to +85°C
Storage Temperature Range. . ............................... - 65 to +150°C
TYPICAL CHARACTERISTICS Ve
1
Yo
(]
Vss
- - s . ans=ch Vnn « Vos=Vor =
R I == == LEERssERrTy
2 b4 T ‘ g
by oo g - L‘ 10V ) ;?/ g ' j' 1 TT"\
e = . « & i s < Py
g LI-—»“”C 14 ,‘“:" 4‘,be ?: Y % - - t + i
] i € -x 1A H Yt L]
& 3 715y 5 CAUTION:MAXINUM
3 @ _w AT | maximum_| = 40& 41— ;-FA_CTGG_E'DTS'SFIﬁErT
5 5 L _ L _L LT _| _cummentever & = MUST BE OBSERVED
3 E ] i B o o M
3 <] -10 -8 -8 -4 -2 0 a3 2 4 [] L] 10
] VinINFUT VOLTAGE — VOLTS 3 Vpg DRAIN.TO-SOURCE VOLTAGE — VOLTS 2 Vos, 0RAINTOSOURCE vOLTAGE -voLTS
Qutput Voltage Output Source Current vs Output Sink Current vs
v3 Input Voltage Drain-To-Source Voltage Drain-To-Source Voltage

TYPICAL APPLICATIONS

R2

10M -

c1
2
T | l I | i~ o— '——D‘ e out
001F M
004 TO Y0, F
123 = 1/2 4049
1.2 & 13 4049 Noie that the inveriers are used in 3 LINEAR mode
Puae Rate « 11 4RI1CH Gain « R2IA1
Clock Pulse Generator Linear 10X Amplifier
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DIGITAL (CMOS)

4066

276-2466

QUAD BILATERAL SWITCH

GENERAL DESCRIPTION

The 4066 consists of four independent switches capable of controlling either
digital or analog signals. This Quad Bilateral Switch is useful in signal gating.
¢hopper. modulator. demodulator. and CMOS logic implementation.

This device contains circuitry to protect the inputs against damage due to high
static voltages or electrical fields: however. it is advised that normal precautions
be taken to avoid applications of any voltage higher than maximum rated
voltages to this high impedance circuit.

For proper operation it is recommended that Viy and V7 be constrained to
the range Vg « (Viy or Viyer) € Vpp ©

Unused inputs must always be tied to the appropriate logic voltage level (eg..
either Vgg or Vip).

FEATURES

Wide supply voltage range—3V to 15V

High noise immunity —0.45 Vyy typ

Wide range of digital and analog switching— 7.5 Vpgax
“ON" resistance for 15V operation—80Q2 typ

Matched "ON' resistance over 15V signal input—ARpN = 52 typ
“ON’ resistance flat over peak-to-peak signal range
High "ON"/"OFF” output voltage ratio—65 dB typ
High degree of linearity —-0.4% distortion typ
Extremely low "OFF" switch leakage—0.1 nA typ
Extremely high control input impedance —1012Q typ
Low crosstalk hetween switches —— 50 dB typ
Frequency response. switch "ON"—40 MHz typ

APPLICATIONS

INJOUT

CONTROL B

CONTROLC

Vss

OUT/IN

2
OUTAN

3

IN/OUT 7

PIN CONNECTION

TOP VIEW

1

7 Yoo

NTROL A
'Y €Ol

12 CONTROL D

IN#
IT] ouT

3 1 OUT/IN

OUTHN
[

INIOUT

7 B

— il
Eﬁ

TRUTH TABLES

CONTROL | SWITCH

0 OFF
1 ON

® Analog signal switchingsmultiplexing

VconTroL| VINTO Vout RESISTANCE

Signal gating
Squelch control
Chopper

»10? ohms typical
3 x 102 ohms typical

Vbp

Modulator'Demodulator
Commutating switch
® Digital sipnal switching/multiplexing
® CMOS logic implementation
® Analog-to-digital/digital-to-analog conversion
® Digital control of trequency. impedance. phase. and analog-signal gain

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. .. ... —0.5V to +18V
Input Voltage. .. . -0.5 to Vpp +0.5V
Package Dissipation 500 mW
Operating Temperature Range .. .......... .. 40 to +85°C
Storage Temperature Range. . ............. . —65 to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

TYPICAL APPLICATIONS

INFOUT

comnouf—Do—

LOGIC DIAGRAM

1/4 OF 4066

% )OUTAN

LOGIC DIAGRAM RESTRICTIONS

Vss Vi Voo
Vss' Your Vop

Vour

Input Voltage

Vour

Voo - Vggi2 Vin )—Do._‘
Vin W E ] J_ > Vour
C
»—Jb—- A
Ve
° V¢ # Vpp for bandwidih test. PULSE

Vop Vss Vi Vgg for feedthrough test, GENERATOR —

. do

Bandwidth and Feedthrough Attenuation Vo) Vss

€
A I

L
Vss Vop

Propagation Delay Time, Control to Output
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DIGITAL (CMOS)

MELODY GENERATOR  [TIYEYTT
| 276-1797
PIN CONNECTION
GENERAL DESCRIPTION B =—u=m
The UM3482A is a mask-ROM-programmed multi-instrument melody gener-
ator, implemented in the CMOS technology. It is designed to play the melody ce—2 15— 0SCy
according to thes previously programmed information and is programmed with - X o
12 songs with 3 instrument sounds, the piano, the organ and the mandolin.
The UM3482A will play the following songs: AMERICAN PATROL, RAB- st —e 1 o0sca
BITS, OH, MY DARLING CLEMENTINE, BUTTERFLY, LONDON BRIDGE
IS FALLING DOWN, ROW, ROW, ROW YOUR BOAT, ARE YOU SLEEPING, == L uT
HAPPY BIRTHDAY, JOY SYMPHONY, HOME SWEET HBOME, nCemle . -5
WIEGENLIED, and MELODY ON PURPLE BAMBOO.
The device &lso includes a pre-amplifier which provides simple interface to ENV 7 10— or1
the driver circuit.
Vas 8 9 p—— MTO
FEATURES APPLICATIONS
e Powered by a 1.5V battery e Toys
e Low stand-by current e Doorhells
e 512 notes memory, up to 16 songs o Music Boxes
e Play all the songs repeatedly or auto stop o Melody/Clock Timers
o Play one song only, repeatedly or auto stop e Telephones
e Every song starts from the first note
e Any song can be present
e 3 timbres—piano, organ and mandolin
e 5 tempos available through mask setting
® On chip envelope modulator and pre-amplifier
ABSOLUTE MAXIMUM RATINGS
DCsupplyvoltage. ..., -03Vto50V
Input/output voltage . ... Vgs =0.3VioVpp —0.3V
Operating amb ent temperature. . ........................... =~ 10°C to 60°C
Storage temperature . ......... ... i i = 55°C to 125°C
BLOCK DIAGRAM TYPICAL APPLICATION
- [CSEA0S " General application
= e T — =5 v,
| [oscmator Tore | == [ SW, sP
| Pl e} — &y g
! | L T AR N T
: : Ry “:’ -
) ' " 1w S R, R A, 100 K c =oh B
! : 80K $150K Td'lpr Gl
! i a7nf 1ot
: :.____ __MI'_| 1% 15 " 19 12 " 10 9
: : UM3452A
i i 1 2 4 5 L] 7 8
] | P —,——l Pt s_‘w:z — swa.ll _s:vs [ } 112
i 512m¢m— A"'v’:"" —f——on rc T "252\!“' 3 s
i j
e 2 !
| pm———- 3
CEASLPSL : Timbre & :
: Tempa Select :
! ]
i i
| |
| L eyt F Tiibre !
i Generstor i
| 1
] ]




DIGITAL (CMOS)

TYPICAL APPLICATIONS
276-1797
Chime function application
Ve
L& g
1 =+ 2762009
J o wour o Vg, | 10lvaR Yoy
Tl 3% A "\r‘ & L
o R, 'Lfv' £ m’:)’; i u’ o
L LR S/ ‘I‘ p r——:'fr m(;——«
Ve, 01 OS2 oscs  mr or ok W
(Y 3 MT1 1
UM34a2A PIN
TSR cE P s A5 NC ENV Ve NAMES FUNCTION
1 [ 1(TSP) Output flag of melody
+ swi o &> auto stop
T a0 % v ] . In normal operating
this pin should be
open
Melody door bell 2(CE) Chip enable if
Ve - connected to Vpp
Lgicn' Chip disable if
o0l wsme oy T connected to V
- ?'7 o >3::)’K - ./——\1 c 83
]“_,; B 3(LP) The melody plays only
T 08 g J‘,f‘,,, s C“_,_{C"__ ut one song if this pin
T 002ut  0.02ut connected to Vpp
s ST ) o, The melody plays all
UM3482A songs if this pin
ot S e 2 S connected to Vss
+1 L 4(SL) A positive going edge
swi { applied to this pin the
a [ » pplie is p
T ST & IRLYLS R 1 melody will change to
the next song
5(AS) The melody will be
repeated if this pin
Low cost applications connected to Vpp
o The melody will be
4] N . N
v EE S0 auto stop if this pin
o l y /] connected to Vsg
““‘T = 6(NC) No connection
- <1
) o s 7(ENV) Envelope circuit
6 15 14 3 12 1110 terminal
UMas24 8(Vss) Negative supply
— e, P . power
l = 9(MTO) Modulated tone signal
ilsw' 2:25 ¥ R otifpat
! 10(0OP1) Pre-amplifier output 1
11(0OP2) Pre-amplifier output 2
12(MT1) Modulated tone signal
% o input ltio the pre-
Ve . . 27620609 amplifier
= = :
13(0OSC3
L - Pin 13-15 can be
1 s connected as an RC
% 15 14 13 12 U 10 9 14 [OSCZ] oscillator
Uh4azA External oscillating
(I S SN S YO LA | signal can be input to
l r ] Pin 15
+iswz 2‘:2‘]5 180 K 15(0SC1)
— 16{(Vpp) Positive power supply
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DIGITAL (MEMORY)

65,536-BIT DYNAMIC RANDOM [RVEyTrIn.»:
ACCESS MEMORY (RAM) 276-2506

GENERAL DESCRIPTION PIN CONNECTION

The HYB4164 is a 65536-word by 1-bit, MOS random access memory circuit
fabricated with new 5-volt only n-channel silicon gate technolcgy, using dou-

ble layer polyslicon. To protect the chip against a-radiation & chip cover is TOP VIEW
used. The HYB4164 uses single transistor dynamic storage cells and dynamic \—
control circuitry to achieve high speed at very low power dissipation. Multi- Ne —— =
plexed address inputs permit the HYB4164 to be packaged in an industry _;J *
standard 16-pin dual-in-line package. o= g =5
System orierted features include single power supply with +10% tolerance, - S
on-chip address and data latches which eliminate the need for interface regis- 9 '
ters and fully TTL compatible inputs and outputs, including clocks. RAS — Pl
In addition to the usual read, write and read-modify-write cycles, the o] .
HYB4164 is capable of early and delayed write cycles, RAS-only refresh and s 2
hidden refresh Common /O capability is given by using *‘early write” opera- 4 —— el
tion.
= w0
FEATURES S} <
® 65,536 X1 bit organization 2
e Industry starndard 16-pin JEDEC
configuration
e Single +5V *10% power supply
e Low power dissipation
- 150 mW active (max.) PIN
- 20mW stangby (max.) _
® 150 ns access time, 280 ns cycle NAMES FUNCTION
e All inputs ard outputs TTL com- Ag- A, Address Inputs
atible —
. %igh over-and undershooting capa- CAS Column Address Strobe
bility on all inputs DI Data In

e Low supply current transients

e CAS controlled output providing NC No Connection
latched or unlatched data DO Data Out
e Common I/O zapability using “ear- RAS o R
ly write” operation =
e Read-Modify-Write, RAS-only re- WE Write Enable
fresh, hidden refresh e Power Supply t+5V)
e 256 refresh cwiles with 4 ms long
refresh period Vss Ground (OV)

e Page Mode Read and Write
ABSOLUTE MAXIMUM RATINGS

Voltages on any Pinrelativeto Vsg. .. ...... ... .. —1.0to +7.0V
Voltage High Level Input (All Inputs) ..... ................. +2.4to +6.0V
Voltage Low Level Input................. . i, —1.0to +0.8V
Voltage Output High (Ip = ~5mA)......... ................ +2.4to +Vc V
Voltage Output Low (Ig = +4.2mA). . ...........cvieininn . P 000 o0 0.4V
Short Circuit Output Current ........... ... ittt 50mA
Power Dissipation ......... ... oo i 1.0W
Operating Tempzsrature Range ........................covuun.. 0to +70°C
Storage Temperature Range ............................... —65 to +150°C

FUNCTIONAL DESCRIPTIONS
Addressing (A, - A;)

For selecting cne of the 65536 memory cells, a total of 16 address bits are
required. First 8 row-address bits are setup an pins A, through A; and latched
onto the row address latches by the Row Address Strobe (RAS). Then the 8
column-address bits are set-up on pins Ay through A; and latched onto the col-
umn address latches by the Column Address Strobe (CAS). All input addresses
must be stable on or shortly after the falling edge of RAS and CAS respectively.
CAS is internally gated by RAS to permit triggering of column address latches
as soon as the Row Address Hold Time (tran) specification has been satisfied
and the address inputs have been changed from row-address to column-
address.

It should be no!ed that RAS is similar to a chip enable in that it activates the
sense amplifiers as well as the row decoder. CAS is used as a chip-select acti-
vating the column decoder and the input and output buffers.
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DIGITAL (MEMORY)

HYB4164 276-2506

cLoCK
— WRITE S
RAS ~———————| GENERATOR CLOCKS HE
CLOCK J
— GENERATOR :
CAS - — NO. 2
COLUMN ADDRESS
ECODER pre— o
I T
=il DUMMY CELLS
Ay « e
5 .
e = 2 . MEMORY ARRAY
s S °
w 8
£ a 2 258 DATA OUT
7y p——100
A 2 s SENSE REFRESH AMPS BUFFER
—_ @
5 |
‘e < z . 32K
Ay & . MEMORY ARRAY
Ay > DUMMY CELLS Vea
T GENERATOR

FUNCTIONAL DESCRIPTIONS (Cont'd)

Write Enable (WE)

_The read or write mode is selected with the WE input. A logic high (Viu) on
WE dictates read mode; logic low (Vi) dictates write mode. The data input is
disabled when the read mode is selected. When WE goes low prior to CAS,
data output (DO) will remain in the high-impedance state for the entire cycle
permiiting common 1/O operation.

Data Input (DI)

Data is written during a write or read-modify-write cycle. The falling edge of
CAS or WE strobes data into the on-chip data latch. In an early write cycle WE
is brought low prior to CAS and the data is strobed in by CAS with set-up and
hold times referenced to this signal. In a delayed write or read-modify write
cycle, CAS will already be low, thus the data will be strobed in by WE with
set-up and hold times referenced to this signal.

Power ON

An initial pause of 200 us is required after power-up followed by a minimum
of eight (8) initialization cycles (any combination of cycles containing a RAS
clock such as RAS-only refresh) prior to normal operation. The current
requirement of the HYB4164 during power on is, however, dependent upon
the input levels RAS, CAS and the rise time of V¢, as shown in the (Current
Consumption During Power Up) diagram.

Data Output (DO)

The output buffer is three-state TTL compatible with a fan-out of two stand-
ard TTL loads. Data-out is the same polarity as data-in. The output is in a high-
impedance state until CAS is brought low. In a read cycle, or read-write cycle,
the output is valid after tgac from the transition of RAS when tgcp (min) is sat-
isfied, or after tecac from the transition of CAS when the transition occurs after
trcy (max.). CAS going high returns the output to a high-impedance state. In an
early write cycle the output is always in the high-impedance state. In a delayed
write or read-modify-write cycle, the output will follow the sequence for the
read cycle.

TYPICAL CHARACTERISTICS

Current Consumption During Power
Up (V¢ Risetime 10us)

= vecl
B R T—T
[} 100 200 300 400 5008

Current Consumption During Power
Up (V¢ Risetime 100.s)

Icc1 {AVERAGE) vs, CYCLE RATE

CCi=
WRITE CYCLE
ma Ta=25°C

Iccy (AVERAGE) va. CYCLE RATE
Voo =55V
RAS ONLY REFRESH CYCLE
mAT,=25°C
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DIGITAL (MEMORY)

FUNCTIONAL DESCRIPTIONS (Cont'd)
Hidden Refresh

RAS only refresh cycle may take place while maintaining valid outpu’ data.
This feature is referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at V'j;, from a previous memory read cycle.

Page Mode

Page Mode operations allows a faster data transfer rate. This is achieved by
maintaining the cow address while strobing successive column addresses onto
the chip. The time required to set-up and s'robe sequential row addresses for
the same page is eliminated.

Refresh Cyc.le

A refresh operation must be performed at least every four milli-seconds to
retain data. Sinez the output buffer is in the high-impedance state unless CAS
is applied, the FAS only refresh sequence avoids any output signal during
refresh. Strobing each of the 256 row addresses (A, through A;) with RAS
causes all bits in each row to be refreshed. CAS can remain high (inactive) for
this refresh sequence to conserve power.

Vin
AAS
Vie |
Vin
cAS
Yiu

v
ADDRESSES

—{thes

HYB4164 276-2506

TYPICAL CHARACTERISTICS
(Cont’'d)

Icc (AVERAGE vs TEMPERATURE (TYP|
Veg = 5.5V, tpe = 280 neec
Igct WRITE CYCLE

mA tccy FAS ONLY REFRESH CYCLE

ICC"TT TI T T 1

Icc, !
leea |

r 20;——4- oo e

| 1cc,
1ST—T— . + + 4 . -
10—t :
| | |
| ] ]
s"r— 4 1 ~ 4 1 4
|

)

7 L D A ) L

-40 -20 0 20 40 &0 B8O NC
—_—T

lgcz STANDBY CURRENT ve TEMPERATURE (TYP )
=5
o

i
Vin 7
wE g
YL
. thac ~ toFF b
Vou f 4 Y
oo OPEN VALID DATA poe
Vou
Read Cycle
— nc ]
- tRas 4 |
| I lan =3
= Vin
RAS \ K \
e
¥ tog ¥ o Y Feip—
= tcp *=i-r- tRem ! .
- " toas -~ RAS ACCESS TIME CAS ACCESS TME
Vin | | vs. SUPPLY VOLTAGE vs, SUPPLY YOLJAGE
&e ‘ ; Ta-25°C Tam 25°C
Vi U 13r T 13
1 than = =] |- tasc = tcon — taac teac
e e T tcau taac Teac
Vin 3 1.2
ADDRESSES T i r e ! \ : ! !
11 11 \
WE
1.0 10
0o "o
ol
i | |
l L Lt wl A
35 4 45 3 55 6V 3s 4 15 5 56 6V
00 OPEN ——Vee —e
Voo

Write Cycle (Early Write)

Typical Access Time Curves

World Radio History]|
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DIGITAL (MEMORY)

HYB4164 276-2506
TYPICAL CHARACTERISTICS (Cont'd)

[ tawe: 'RMWC ~
tRas
Vin o
AAS \
Vi A 7
|
“tosu ==
f=———tRcD - fasH "1 tepn
—fcas
Vin
CAS
v 1 7
i I
tasn
Vin /—
ADDRESSES
Vi
e —— [——‘ tawL —
|

=l
Vin
wE \
Vi |
l—— teac ~1 —4 twe ” = torr
Vou s !

oo 4 OPEN VALID DATA

ol
Vin
ADDRESSES now
ADDRESS
Vie
Vou
oo OPEN
VoL
}_ -~ READ CYCLE ‘-1—— RAS ONLY CYCLE —— -l
I’ . e "1
[ I s =) "—'np =
Vin '
RAS
Vi
p>=-~ ‘rcp ~—— ‘
Vin
CAS
Vo L T
‘RAM [~ {RAH Il«« '.— tepn
4+ I+ tasc 1 |
tanr - =] |+ |4+ ‘ean '——-
9 (
L}
ROW COLUMN
ADURESSES ADDRESS . | ADDRESS
Vi
“taes —=! | tRcH -
Vin 1 1
WE YA |
v, L
b——1 1
L toFF— |—
teac — [
Vou
00 OPEN VALID DATA
Voo

Read-Write/Read-Modity-Write Cycle

“RAS-ONLY” REFRESH CYCLE
NOTE CAS = V,,;; WE = DON'T CARE

Hidden Refresh
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DIGITAL (MEMORY)

HYB4164 276-2506

TYPICAL CHARACTERISTICS (Cont’d)

Page Mode Read Cycle

‘-—4 tRsH
1 [ tcas
e = _.] —teas -

t,

)

Page Mode Write Cycle

twew f—
b tow! —e

SSSSSSSSS

VALID DATA
‘ .
Fe—tpur
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DIGITAL (MEMORY)

HYB4164 276-2506

TYPICAL CHARACTERISTICS (Cont'd)

]

A3

) Do—

W
ADDRESS

a7 A
EXTERNAL ——,)
RO

D

AS

A2

At

A0

A8

D

A3

A7
EXTERNAL AS

COLUMN

ADDRESS
A2

Al
A0

INTERNAL DATA POLARITY
DATA STORED = D) F A, (ROW)

NOTE: The logic symbo!l “exclusive nor” is used
solely 1o indicate the logic funciion.

Address Decoder Scrambiing

Topology Description

RO

R1

R2

R3
R4
RS
Ré
R7

Co

c1
c2
c3
C4
Ccs
ce
cr

INTERNAL
ROW
ADDRESS

INTERNAL
COLUMN
ADDRESS

R255 R255
€255 Cco
(

{PIN 5} A0 —o RAS (PIN 8)
P - L _ o—p——
LAy & DATA STORED = BT RIS
(PIN 7) A1 —C O——— 0D (PIN2
PN 8) V, —C
(PIN 8 Vee 256 SENSE REFRESH AMPS
{PIN 9) A7 14— O—4—— Vgs (PIN 16)
PIN ——0 o—f——&as
CLO6E DATA STORED = D! ¥l S aLs)
PIN11) A4 —"—O ° 0 O—f—— DO (PIN 19)
{PIN 12) A3 ——+—0 l o A8 {(PIN 13)
RO RO
c255 co

The evaluation and incoming testing of RAMs normally requires a description
of the internal topology of the device in order to check for *“worst case”

pattern.

Internal Topology
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DIGITAL (MEMORY)

64K UV EPROM MSM 2764RS

276-1251

GENERAL DESCRIPTION PIN CONNECTIONS
The MSM2764RS is a 8192W X 8 bit ultraviolet erasable and electrically
programmable read-only memory. Users can freely prepare the memory con-

tent, which can be easily changed, so the MSM2764RS is ideal for micropro- e | i~z 70—y
Cessor programs.
The MSM2764RS is manufactured using the N channel double silicon gate 5B E 2 pom
MOS technology. - , " e
— 25—
FEATURES = o
® + 5V single power supply a—s 24— ao
e 8192 words x 8 bits configuration L
e Access time: MAX 250ns A= 2
e Power consumption: ] 7 22 f— B
MAR 525 mW (during operation)
MAX 184 mW (during stand-by) A2 s 2 A1
e Perfect stat.c operation e K - -
o INPUT/OUTPUT TTL level (three state output)
Ag ———1 10 19 p—— Op
ABSOLUTE MAXIMUM RATINGS S0t 11 wl—os
Program Voltage Vpp ... .o, -06Vto23V o ” o "
All input/outpit voltages Vin, Vout + oo ccevieieecee e, -06Vto7V !
Power Pp. ... e e e e 15W 02— ] 04
Operating Temperature Ta...............oiii .., 0°C to 70°C
Storage Temperature Tsag - . ... oo vvveeeeieae o eeeae., — 55°C to 125°C L= K 18 -
BLOCK DIAGRAM Time Chart
[o T S —— o, : ‘
[ ] " m— K
Output butfers [
(] ‘A4
- —_ s onmer ()
ey — | g

It
-V, | |
vee
CE ——» CE
e ‘
“———— GND 53 X /
i

OF ——— OF

]

1Y) (o A

f=ew - |-oes
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DIGITAL (MEMORY)

WUSEYEI o056 K DYNAMIC RAM

276-1252

GENERAL DESCRIPTION
The 4256 is a high-speed, 262,144-bit dynamic random-access memory,
organized as 262,144 words of one bit each. It employs state-of-the-art SMOS

PIN CONNECTION

(scaled MOS) N-channel double-level polysilicon/polycide gate technology for as 7] u [ ves
very high performance combined with low cost and improved reliability. _ b
This device features maximum RAS access times of 150ns. Typical power i S
dissipation is as low as 275 mW operating and 12.5 mW standby. i e o
New SMOS technology permits operation from a single 5-V supply, reducing ]
system power supply and decoupling requirements, and easing board layout. W a e
Ipp peaks are 125 mA typical, and — 1-V input voltage undershoot can be toler- 205 2 A3
ated, minimizing system noise considerations. |
All inputs and outputs, including clocks, are compatible with Series 74 TTL. A2 6 gr e
All address and data-in lines are latched on chip to simplify system design. oS o
Data out is unlatched to allow greater system flexibility.
VDDT 9 A7
FEATURES
o 262,144 X 1 organization
e Single 5 V supply TRUTH TABLE
e Access time row address 150ns (Max.) PIN
e Access time column address 75ns (Max.)
e Read or write cycle 260ns (Min.) DR Hlorltie
o Long refresh period 4ms (Max.) A0-A8 Address Inputs
e Low refresh overhead time CAS Column-Address
e On-chip substitute bias generator Strobe
e All inputs, outputs, and clocks fully TTL compatible Data 1
e RAS-only refresh mode D 2T
e Hidden refresh mode Q Data Out
o CAS-before-RAS refresh mode RAS Row-Address Strobe
Vb 5-V Supply
ABSOLUTE MAXIMUM RATINGS Vss Ground
Voltage. range for any pin including Vpp supply (see Note 1) .... .. —-1Vto7V W Write Enable
Short circuit output current ......... ... i 50 mA
Power dissipation .. ....... ..ottt 1W
Operating free-air temperature range. .......................... 0°C to 70°C
Storage temperature Tange. . . .......coveeoteeareenieonons —65°C to 150°C
NOTES: 1. All voltage values are with respect to Vss.
BLOCK DIAGRAM
RAS cas w
H
| l S
j TIMING AND CONTROL [ ]
J L [ —;ll l
———
|r— 32K ARRAY e 32% ARRAY
[ ] fow
r— —*1 ADDRERS 256 SENSE AMPS 256 SENSE AMPS
| e BuF :l Ay =
I [_ ——o 320 ARRAY o:coc::)( 32% ARRAY "f"" "
¢ el Vo REG
= r : COLUMN DEC ODE a\.;r:'z‘ns
SELEC
H— o ﬁ/ TION =
:‘. = 1T 17 : cotumn | 32K ARRAY D:SC::)E 3Zm ARRAY 2,”:, -
ADORESS
Ay — 4 — —{ BUFFERS
‘ _ _—II~ . — e 296 SENSE AMPS 25 SENSE AMPS
:’ ; j; .7 . B : I2n ARRAY 0:(0(‘)7" 32 ARHAY

COLUMN
R . Ll |
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DIGITAL (MEMORY)

OPERATION TMS 4256 276-1252

address (A0 through A8)

Eighteen address bits are required to decode 1 of 262,144 storage cell loca-
tions. Nine row-address bits are set up on pins A0 through A8 and latched
onto the chip by the row-address strobe (RAS). Then the nine co umn-acdress
bits are set up on pins AO through A8 and latched onto the chip by the
column-address strobe (CAS). All addresses must be stable on or hefore the fall-
ing edges of RAS and CAS. RAS is similar to0 a chip enable in that it activates
the sense ampliFers as well as the row decoder. CAS is used as a chip select
activating the column decoder and the input and output buffers.

write enable (W) -

The read or write mode is selected through the write-enable (W) input. A
logic high on the W input selects the read mode and a logic low selects the
write mode. The write-enable terminal can be driven from standard TTL cir-
cuits without a pull-up resistor. The data input is disabled when the read mode
is selected. When W goes low prior to CAS, data out will remain in the high-
impedance state for the entire cycle permitting common I/O operation.

data in (D)

Data is writter: during a write or read-modify-write cycle. Depending on the
mode of operat on, the falling edge of CAS or W strobes data into the on-chip
data latch. This latch can be driven from stendard TTL circuits without a pull-
up resistor. In an early write cycle, W is brought low prior to CAS and the data
is strobed in by CAS with setup and hold t:mes referenced to this signal. In a
delayed-write or read-modify-write cycle, CAS will already be low, thus the
data will be strobed in by W with setup and hold times referenced to this
signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pull-up
resistor requirea) with a fan out of two Series 74 TTL loads. Data out is the
same polarity as data in. The output is in the high-impedance (floating) state
until CAS is breught low. In a read cycle the output goes active after the access
time interval ty.; that begins with the negative transition of CAS as long as t,g
is satisfied. The output becomes valid after the access time has elapsed and
remains valid while CAS is low; CAS going high returns it to a high-impedance
state. In a read-modify-write cycle, the output will follow the sequence for the
read cycle.

refresh

A refresh operation must be performed at least once every four milliseconds
to retain data. This can be achieved by strobing each of the 256 rows (AD-A?7).
A normal read or write cycle will refresh all bits in each row that is selected. A
RAS-only operation can be used by holding TAS at the high (inactive} level,
thus conserving power as the output buffzr remains in the high-impedance
state.

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than
RAS (see parameter tcri) and holding it low after RAS falls (see parameter
tciri). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is
generated interaally.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at V,;, after a read operation and
cycling RAS afler a specified precharge period, similar to & “RAS-only”
refresh cycle. The external address is also ignored during the hidden refresh
cycles.

page mode

Page-mode operation allows effectively faster memory access by keeping the
same row address and strobing random column addresses onto tne chip. Thus,
the time required to setup and strobe sequential row addresses for the same
page is eliminated. The maximum number of columns that can be addressed is
determined by L., the maximum RAS low pulse duration.

power-up
To achieve proper device operation, an initial pause of 200 us is required
after power up followed by a minimum of eight initialization cycles.
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DIGITAL (MEMORY)

TMS 4256 276-1252

AAS-only refresh cycle fiming
fe— fe(rd) —

‘-—— (AL} «‘ f—  'w(RH) —-1

RAS )
~—{'CLAH ! o
T —oi f-—ArcL
| W ( R i
: W viL

cAs - n(Ra)

hidden refrash cycie timing

| paman MEMORY CYCLE — -— REFRESH CYCLE

RAS ,

po— REFRESH CYCLE -

J— twiRL) — |-— w(AH) — o (AL} o= w{RH) —
|

Vi

f
{ | ‘ _'RLCHR

i..-— . “w(CL) o

1 Llr
‘dis(CH)—~ -
R e o L vow
Q ———{ VALIO DATA }-
i

voL

automatic (CAS-befare-RAS) refresh cycie timing

= ‘c(rd) AI
b AH) wiRL) -~
\ VIH
RAS
| 'cLAL ',,,‘ viL
‘AHeL———— | | ‘ALCHA
ViH
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viL
VOH
Q HI-Z VoL
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DIGITAL (TTL)

QUAD TWO-INPUT NAND GATE

GENERAL DESCRIPTION

This device employs TTL logic to achieve high speed at moderate power dis-
sipiation. It provides the basic functions vsed in the implementation of digital
integrated circuit systems.

For best noise immunity and switching speed, unused inputs should not be left
floating, but should be held between 2.4 V and the absolute maximum input
voltage.

Two possib.e ways at handling unused ‘nputs are:

(1) Connect unused inputs to V¢c. For all reulti-emitter conventianal TTL inputs,
A 1 to 10K ohm current limiting series resistor is recommerded, to protect
against Vg transients that exceed 5.5 V.

(2) Connect the unused input to the output of an unused gate that is forced high.

ABSOLUTE MAXIMUM RATINGS

Sy hAellE: A Ge 600 36600 19, | LPE L]0 00 85 c 500000 oo 5.25V
Input HighVoltage .. .. ...ttt it iiinne e 20V
Inputiow Vialllige - . .. ... e e - g e 08V
Input Clamp Ciode Voltage{Vge = 5.0 V,iy = -12mA) ..... ...... -15V
Input High CUrrent (Vgg = Max., VN = 24 V). ... oo nn 40 uA
Input Low Current(Vge = Max., ViN = 04V) .......... ... ... .. ~1.6 mA
Operating Temperature. . ....... ..ot 0to +70°C
TYPICAL APPLICATIONS

A 1) out

L L H

~ H H A | OuY

H L H

Ho oW | uye

=

Inverter

7400

276-1801

PIN CONNECTION

TOR VIEW
Vec B4 A4 Y4 B3 Al Y3

lu 13 |12 |n ||nr )

A 8 |our
L L L « 7400 A B [ 0 |[our
L M| H
X X W H|mwu
o : H N X X | H
H H H H H
OR Gate AND-OR Gate

4-input NAND Gate Exclusive-OR Gate

TRUTH TABLE

Y=AB
W 7480
A 8 | our
4 L L L
S S GO g ek e
H L L
H H H
AND Gate

our
H
L
L
L
NOR Gate
« 7400
A 12 .
7400 14 77400
1 Vee |1
@ al9 - 3 eny
2 8)2
v [T
5 « 7400
« 7400
A 8 |our
i L | H
L H I
H L 4
M H | H

Exclusive-NOR Gate
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DIGITAL (TTL)

7404

HEX INVERTER

276-1802

GENERAL DESCRIPTION

This device employs TTL logic to achieve high speed at moderate power dis-
sipation. This hex inverter provides the basic functions used in the implementa-
tion of digital integrated circuit systems.

For best noise immunity and switching speed, unused inputs should not be left
floating, but should be held between 2.4 V and the absolute maximum input
voltage.

Two possible ways of handling unused inputs are:

(1) Connect unused inputs to V¢c. For all multi-emitter conventional TTL inputs,
A 1 to 10K ohm current limiting series resistor is recommended, to protect
against Vg tragsients that exceed 5.5 V.

(2) Connect the unused input to the output of an unused gate that is forced high.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Vog - - oo v ov e i i e 525V
InputHighVoltage . ...........c.coviiiiiie s 2.0V
Input Low Voltage . .........covvnieriniereorronerotonnnserunans 0.8V
Input Clamp Diode Voltage (Vge = 5.0V Iy = —12mA) ............ -15V
Input High Current (Ve = Max., VN = 2.4V) . ... ..ot 40 pA
Input Low Current (Vg = Max.,, VN =04V) ... ...t -1.6 mA
Operating TEMPerature. . .........ovvunreeeeoneeonnaseennn. 0to +70°C

TYPICAL APPLICATIONS

OuT = IN

Output follows switch position.

Bouncefree Switch Universal Expander

Voo

106 16 174 7408

T404 7404

A l>
(ADDRESS) 3 DE 6

Allows one signal to control two or more inputs.

1/4 7408
4

—;&
out A
2 3
4
5> ouT 8
e

This circuit steers the input bit to the cuipul selected by the address.

DATA ADDRESS OuT A OuUT B
L L L H
H L H H
L H H L
H H H H

1-0f-2 Demultiplexer

PIN CONNECTION

TOP VIEW
Vec A8 YE A Y5 A4 Y4

I

|
FEEL

Al Y1 A2 Y2 A3

. b
Y3 GND

TRUTH TABLE

—

l

Y=A

Oulput tone Is akHz.

Audio Oscillator
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DIGITAL (TTL)

QUAD TWO-INPUT AND GATE 7408

GENERAL DESCRIPTION

This device employs TTL logic to achieve high speed at moderate pcwer dis-
sipation. These gates provide the basic functions used in the implementation of
digital integrated circuit systems.

For best ncise immunity and switching speed, unused inputs should not be left
floating, but should be held between 2.4 V and the absolute maximum input
voltage.

Two possibie ways at handling unused inputs are:

(1) Connect unused inputs to Ve, For all multi-emitter conventional TTL inputs,
a 1 to 10K ohm current limiting series resistor is recommended, te protect
against V¢ transients that exased 5.5 V.

(2) Connect the unused input to the output of an unused gate that is forced high.

ABSOLUTE MAXIMUM RATINGS

ST\ 798 0000000006000 0006006004040 00 okl oo (f 05000 5.25V
InputHighVottage . ......... .. oo i 20V
InpUBIEOWAVOIIEZE) 18 & ol o b lalh e elolo e lee o [o oo etiwe « owe 8 4w 3 0.8V
Input Clamp Diode Voltage (Vg = 50V, Iy = - 12mA) ............ -15V
Input High Current (Vgc = Max.,, Vin = 24V) ... ..o oo . .40 pA
Input Low Current (Vg = Max.,ViN =04V) ...........oiiae. ~1.6mA
Operating Temperature.............. e . cedaeing b Nl Oto +70°C

TYPICAL APPLICATIONS

IN = OUT
Use for Interfacing without
changing logic states.

A B8 ouT
T r A B ¢ D four
L =g X x X X |H
} S\ Lt Lox x|
il f 2 L oL oL Lt
NAND Gate AND-OR-Invert Gate
Vec
ENABLE
Vee
IN
A
" 7408 A B |ouT
116 T404 o L L H
L H L
16 7404 H L L N E _|our
H H [l & L L
8 - L oML
4 7 H L L
H H H
E » ENABLE
NOR Gate Digital Transmission Gate

276-1822

PIN CONNECTION

TO® VIEW
Voc B84 A4 Ya 83 & V3
|u '13 '12 In 0 e 1]

3
T

Lk b Lk

A1 e Y1 A2 B2 Y2 GND

TRUTH TABLE
Y=AB

A ;] C D jour

» X
xx
X
»xzx
-z

4-Input AND Gate

x T
x X
x T
x T

-

4-input NAND Gate
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DIGITAL (TTL)

7447 BCD TO SEVEN-SEGMENT DECODER/DRIVER

276-1805

GENERAL DESCRIPTION

This versatile binary-coded-decimal 7-segment display driver fulfills a wide
variety of requirements for most active high (common cathode) and active low
(common anode}) light emitting diodes (LED) or lamp displays. It fully decodes a PIN CONNECTION
4-bit BCD input into a number from O through 9 in the standard 7-segment

display format, and BCD numbers above 9 into unique patterns that verify o o8
operation. All circuits operate off of a single 5.0V supply. The output will with- ve N .
stand 15 Volts at a maximum leakage current of 250uA. o s e fa fr2 o o e
FEATURES
® Lamp-test input
® Leading trailing zero suppression (RBI and RBO)
® Blanking input that may be used to modulate lamp intensity or inhibit output
® TTL and DTL compatible
® Input clamping diodes
® Open collector outputs drive indicators directly
ABSOLUTE MAXIMUM RATINGS T PO P Y P Y P
B C LAMPBI/RBO RBI D GNO
Supply Voltage Vg . .- oo vie i 4.75—5.25V “weors TEST “ineoTS
Continuous Voltageat Qutputsa-g ..............coooviiiiunn. Max. 15V
Logic 1Input Voltage.. ... ...ttt Min. 2 V
LogicOInput Voltage. ... Max. 0.8 V
Logic 0 Output Voltage BURBO ... Max. 0.4 V
Logic 1 Output Voltageat BURBO. ...t Min. 2.4 V
TG b 800 650050 108 BEBO0EE 00 aBABE o 00060 Ho T EOEE0Bb: doBos 320 mW
TRUTH TABLE
DECIMAL | 1 ‘
OR e — 4 BI/RBOt — — '—OU'—TEUTS- —rt NOTE
FUNCTION | LT RBI D C€C B A a b ¢ d e f g 1
0 H H L i I L H L L 1L 1 15 L H
1 | H X L L L H H H L L H H H H
2 H X L L H L I H L L H L L H L
3 H X L L H H H L L L L H H L
4 H X L H 14 L H H I L H H L I |
5 H X L H L H H l I sl 1L L H 1L Ik |
6 H X I H H L H H' L H 1L It It I 2
7 H X L H H H H |L L L H H H H
8 | H X H L L L H i T A TH R A1 1
9 ‘ H X H L L H H I L L H H L L
10 H X H L H L H I SHE S HE R S EEH Sl
11 | H X H L H H H T TR T TR FT T
12 i H X H H L L H LT I T O G T GRS IE s 1
13 H X H H L H H IERETS SEIR NI LR
14 H X H H H L H H H H 14 I 1 b
15 H X H H H H H H H H H H H H
Bl X X X X X X L H H H H H H H 2
RBI H L L L L I L H H H H H H H 3
L LT L X X X X X H L L L L 10 L L 4
H = High Level. L. = Low Level, X = Irrelevant
Notes: 1. The blanking input (BI) must be open or held at a high logic level when output functions 0 thru 15 are desired.
The ripple-blanking input (RBI) must be open or high, if blanking of a decimal zero is not desired. —
2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are H regardless of the 0
level of any other input. ' b
3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp-test input high, all g
segment outputs go H and the ripple-blanking output (RBO) goes to a low level (response condition). ——
4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp
test input, all segment outputs are L. < i
t BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). d

) Tt [ (= T = o gy =
= 3 At U aEhal T Td et
) /

ey e A e L O [ e

I~

e b
6 7 8

s
=
i
S
&

0 1 2 3 4 10

Numerical Designations and Resultant Displays
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DIGITAL (TTL)

7447

276-1805
INPUT/OUTPUT EQUIVALENTS
-- 1 - = Vee
uounb;:t i) ::)WNAL :: 3 :: ouTPUT
ce 3 \ J
S i =
INPUT v
h 4
- ¢

Each lnput Except BI/RBO BI/RBO Input Typical of Outputs a Thru g

TYPICAL APPLICATIONS

Vee
115
° 6
¢ 2
7447
. 1
o—=1
- 7

Manually Switched Display

Vee Vee Vee
ts Iw
R3
3 *
3300
o
‘:,', 14 o 6 R4
“ —AM—e b
a ] s1 12 3300
i RS
- c [ F——"VW— ¢
7 3 8 2 M 30
RE
55 7430 b — AN ——
8 o T847 A, d
R2S R7
1K . 8 — A — @
3 9 1 9 330
2 6 t Re .
l - 1% 3300
1 Az ul4 RY
f——AN— ¢
d 7 14
c1 -L 011004 F e

1 I,

Cilose S1 to start liming cycle.
Calibrate 55% for 1 pulse (count) per second of ? count per minute by adjusting R1.

0-9 Second/Minute Timer
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DIGITAL (TTL)

ZL DIVIDE BY 2 OR 5, BCD COUNTER
276-1808
GENERAL DESCRIPTION I
This monolithic BCD counter contains four master-slave flip-flops and addi-
tional gating to provide a divide-by-two counter and a three-stage binary counter
for which the count cycle length is divide-by-five. PIN CONNECTION
This counter has a gated zero reset and gated set-to-nine inputs for use in BCD — WER ST
nine's complement applications. "3 hc a. 0o om0 @ ac
To use maximum count length. the B input is connected to the Q4 output. The " I“ P E A
input count pulses are applied to input A and the outputs are as described in the
appropriate truth table. A symmetrical divide-by-ten count can be obtained from
the 90 counter by connecting the Qp output to the A input and applying the input = —
count to the B input which gives a divide-by-ten square wave at output Q,. b
FEATURES
® Low power consumption PO
® High count rates . . . typically 50MHz INPUT RO(1) AO(E) NC Voo RRT) RS(Z)
® Choice of counting modes
® Fully TTL and CMOS compatible
ABSOLUTE MAXIMUM RATINGS TRUTH TABLES
Typical Power Dissipation .. .......... .. ... ... .. ... ... 145 mW EESET/COUNI
E{OU;I‘I(LFFC?;JCHC?'V “ o e(Mln] .................................. 42 MZI'Ic RESET INPUTS UTPUTS
igh Level Input Voltage(Min) . .......... ... .. i PR S N~ W W T
Low Level Input Voltage (Max) ............coiiiiiiiiinnininnnnns 0.8V RO(1) RO(2) R9(1) Rg(z)ﬂgl Qc Qs Qa
HighLevel Input Current .............ccooiiiuuuuneeeeennnnnns 800 uA H H L X [L L L L
Low Level Qutput Current(Max) . . . . ... .ooottiiiiiinninn 16 mA H H X I e L L
VeetoGround . .. ..ot -0.5t0 +7.0V X X H H |H L L H
Voltage Applied to Outputs (OutputHigh) . ................. -0.5t0 +5.5V X L X Iy COUNT
L X L X COUNT
INPUT/OUTPUT EQUIVALENTS - X B @pun T
UT/OUTPU QuUIVA | X If L X |  COUNT
Vee - Vee BCD COUNT SEQUENCE (See Note A)
NowinaL COUNT |  OuTPUTS |
INPUT -- SN 1 Qo Qc Qs Qa
0 Il L. 1 I
ouTPUT 1) {’ {‘ ll‘l [ll
- 3 Iy I H H
4 L H | I\
NPUT | Roq NOMINAL 5 L H L H
: "::K 6 It H H I
ALL RESETS 6K 7 L H 1" H
8 H I s 1,
Each Input Typical of all Outputs | 9 | H L. [, H
BI-QUINARY (5-2) (See Note B)
BLOCK DIAGRAM | counT | ourpuTs |
INPUT A a, Qg Q¢ % . A Qo Qc Qs
14 12 9 8 11 0 l; l; l; [A
1 I 13 | H
2 1 L H 1
3 L L H H
3 Q (S = 3 Q s o} 4 I H I, It
e 5 H l. | I
P cx —> CK ——a> CK ——ab> CK 6 H i [ H
3 [ K 5 3 @ ” ™. 7 H L H I
- 8 H )5 H H
Q Q | | w8 W e e O
( L = Low Level
I H = High Level
Notes:
(A) Output Qa is connected to input B for
BCD count.
oy T q 2T Ts (B) Output Qy is connected to input A for bi-
RO(1) R9(2) INPUT B RO{1) RO{Z) quinary count.
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INTERFACE (DRIVER)

278-2520
R
GENERAL DESCRIPTION PIN CONNECTION
The 1488 is a monolithic quad line driver designed to interface data terminal
equipment with data communications equipment in conformance with the TOP VIEW
specifications of EIA Standard No. R3-232C. o« L= -
1 "
FEATURES INPUT A z 3 INPUT DY
e Current Limited Output
*10 MA typ QUTPUT A INPUT D2
e Power-Off Source Impedance 3 7
300 Ohms min
e Simple Slew Rate Control with External Capacitor INPUT B outPUTD
e Flexible Operating Supply Range
INPUT 82—5— o INPUTCY
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Vi) - oo oo i e 15V ouTPUT B — S INPUTC2
BV EE) s s e SRR s . e - 15V
Output Signal Voltage (VO) ........... ..oy *15V oo — oureli:
Power (PD) ..o e 1w Z -
Input Current-Low Logic State (V;, = 0) (See Fig. 8) ................. 1.6 mA
Input Current-High Logic State (Viy = 5.0V) (See Fig.8) .............. 10 A
Output Resistance (Voe = Vgg = 0/Vol = £2.0V
(See Fig. 11) .. ..o i e e 300Q
Operating Temperature Range (TA) ........................ 0°C To + 75°C
Storage Temperature Range (Tgg) ...t —-65°C To +175°C
INTERNAL CIRCUIT
. (% of Circuit Shown) yee O 1
PINS 4,9,120R 2 282K 26K
INPUT&,—K—.
INPUT O————— 3
PINS 5, 10, 13 L 4 [\
:: 70
) 4 ouTPUT
VA DPINS 6, 8,110R 3
: =
36K ;e
! [y ,
J
GND 7
1 .
> 10K
37K 370
Vee 1 r = =
TYPICAL CHARACTERISTICS
) ) — PV Ve s 2V =
& g +9.0° = -vcf W“"E{:“JZ‘ 2
R e e e P
e e a1 i . eL
2 g ”.o v ! ‘.’#;:c ':sz_z1 3%
i 2 " X | | S 54
4 5.8 | * | z
» © -9.0 + 44 .
S -|2D L kit 3
% 0.2 04 06 08 1.0 1.2 14 18 18 20
€ CAPACITANCE (pF) Vin. INPUT VOLTAGE (VOLTS) 1, TEMPERATURE (*T)
Figure 1—Siew Rate vs Capacitance Figure 3—Transfer Characteristics Figure 4—Short-Circuit Output Current
for lgc = 10mA vs Power-Supply Voltage vs Temperature
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INTERFACE (DRIVER)

MC1488 276-2520

TYPICAL CHARACTERIST

SLEW RATE (VOLTS/us)

C. CAPACITANCE (pF)

Figure 5—Output Slew Rate vs
Load Capacitance

TEST CIRCUITS

+9V -9V

Al

ICS (Cont'd)

I o e

< T T
E —{3K0 LOAD LINE(
4 -
g e
g i
HRNI 1
3 = B
S £ NG
-8.0 L
E b |
) o N
5 -;‘ Vee=Vgem2 VL O ‘IL—jt' ﬂj
—ohiSC TR W, |

Z18 ~12 8.0 —40 0 +4.0 +6.0 +12 +16
Vo. OUTPUT VOLTAGE (VOLTS)

Figure 6 —Output Voltage and
Current-Limiting Characteristics

®in

Yo |
y 50%
DT Y

Irme 80d ty(y measured 10% to 0%

Switching Response

+1.9v

Voo

+0.8v

r

Figure 9— Output Voltage

Voe, Ver, POWER SUPPLY
VOLTAGE (VOLTS)

T, TEMPERATURE (*C)

Figure 7—Maximum Operating
Temperature vs Power-Supply
Voltage

Vee  VEE

.

+1.9v 2
[ [
log +
[
jos—
12
+0.8V

i;
Figure 10 — Output Short-Circuit
Current

3

]

Vo
s 2 2Vdc
~0-0 b 28.8mA MAX
1"

12 %‘3

-~

Figure 11 — Output

+0.8V

Resistance (Power-Off)

Vee

Figure 12— Power-Supply Currents
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INTERFACE {DRIVER)

APPLICATIONS INFORMATION

The Electronic Industries Association (EIA) RS232C specification detail the
requirements for the interface between data processing equipment and data
communications equipment. This standard specifies not only the number and
type of interface leads, but also the voltage levels to be used. The 1488 quad
driver and its companion circuit, the 1489 quad receiver, provide a complete
interface system between DTL or TTL logic levels and the R$232C defined lev-
els. The RS§232C requirements as applied to drivers are discussed herein.

The required driver voltages are def ned as between 5 and 15-volts in magni-
tude and are positive for a logic O’ and negative for a logic ““1”. These volt-
ages are so defined when the drivers are terminated with a 3000 to 7000-0hm
resistor. The 1468 meets this voltage requirement by converting a DTL/TTL
logic level into R:3232C levels with one stage of inversion.

The RS232C specification further recuires that during transitions, the driver
output slew rate must not exceed 30 volts per microsecond. The inherent slew
rate of the 1488 is much too fast for this requirement. The current limited out-
put of the device can be used to contrel this slew rate by connecting a capaci-
tor to each drive output. The required capacitor can be easily determined by
using the relationship C = lgs X AT?A V from which Figure 1 is derived.
Accordingly, a 330-pF capacitor on each output will guarantee a worst case
slew rate of 30 volts per microsecond.

The interface driver is also required to withstand an accidental short to any
other conductor n an interconnecting cable. The worst possible signal on any
conductor woulc be another driver using a plus or minus 15-volt, 500-mA
source. The 1488 is designed to indefinitely withstand such a short to all four
outputs in a package as long as the power-supply volitages are greater than 9.0
volts (i.e., V¢ =€.0 V; Vgg< —9.0 V). In some power-supply designs, a loss of
system power causes a low impedance on the power-supply outputs. When
this occurs, a low impedance to ground would exist at the power inputs to the
1488 effectively shorting the 300-ohm output resistors to ground. If all four out-
puts were then shorted to plus or minus 15 volts, the power dissipation in
these resistors would be excessive. Therefore, if the system is designed to per-
mit low impedarces to ground at the power-supplies of the drivers, a diode
should be placed in each power-supply lead to prevent overheating in this fault
condition. These two diodes, as shown in Figure 2, could be used to decouple
all the driver packages in a system. (These same diodes will allow the 1488 to
withstand momentary shorts to the *25-volt limits specified in the earlier
Standard RS232E.) The addition of the diodes also permits the 1488 to with-
stand faults with power-supplies of less than the 9.0 volts stated above.

The maximum short-circuit current allcwable under fault conditions is more
than guaranteed by the previously mentioned 10 mA output current limiting.

OTHER APPLICATIONS

The 1488 is an extremely versatile line driver with a myriad of possible appli-
cations. Several features of the drivers eahance this versatility:

1. Output Currant Limiting—this enables the circuit designer to define the
output voltage levels independing of power-supplies and can be accom-
plished by diode clamping of the output pins. Figure 14 shows the 1488 used
as a DTL to MOS translator where the high-level voltage output is clamped
one diode abovz ground. The resistor divider shown is used to reduce the
output voltage below the 300 mV above ground MOS input level limit.

2. Power-Supply Range—as can be seen from the schematic drawing of the
drivers, the postive and negative driving elements of the device are essen-
tially independent and do not require matching power-supplies. In fact, the
positive supply can vary from a minimum seven volts (required for driving
the negative pulldown section) to the maximum specified 15 volts. The nega-
tive supply can vary from approximately —2.5 volts to the minimum speci-
fied —15 volts. The 1488 will drive the output to within 2 volts of the postive
or negative supplies as long as the current output limits are not exceeced.
The combination of the current-limiting and supply-voltage features allow a
wide combination of possible outputs within the same quad package. Thus if
only a portion of the four drivers are used for driving RS232C lines, the
remainder could be used for DTL to MOS or even DTL or DTL translation.
Figure 15 shows one such combination.

MC1488 276-2520

TYPICAL APPLICATIONS

INTERCONNECTING
NNEE e e CaBlE LINE RECEIVER
1488 140

\ /
\ \ /

- \ e
=gt -
INTERCONNECTING

CABLE

] \ 1
1 1
MDTL LOGIC INPUT —o:-— :~ — MOTL LOGIC INPUT

y

Vee >t I I ------------ ¢ S
1 14 uf
] [ -
B
1438 1488 1438 :
[3 [ [ Y 1
O = r)-n—-D-—n—f —t——— -
1 - 1
¢ |
¢ ]
”":D}_ "_—_Do__‘ =S e
B -
T - 2. T h
1
' |
<m o oTbamm Wby DiRcot i) o
-t — i -
e < -+-1._ |
1
' i
o e 1
T = i vt
o4 — et WA
! ]
L J
—mqmem--
7 ' 71 ]| 7 :|
v
1 1] &
VEe O ¢—— e -

Figure 2—Power Supply Protection
to Meet Power-Oft Fault Conditions

+12v

MOS OUTPUT
L(WITH Vgg = GND)

-12v

Figure 14 —MDTL/IMTTL-to-MOS
Translator

9 3 MRTL OUTPUT
MOTL

Mot _D_‘O?T_—' S07VTO 437V
:l:):; 3__ [: +3.0V ADTL OUTPUT

GATE O =07 TO 457V
INPUT : 1488
MOTL o | 8 MHTL OUTPUT
H"Tﬂ =0.7V TO 10V
MOS OUTPUT
~10vV 7O 0V
! i7

+12v

ugé

|0K

1

#—0—

1V

Figure 15—Logic Translator
Applications
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INTERFACE (RECEIVER)

ekl QUAD LINE RECEIVER

276-2521

GENERAL DESCRIPTION

The 1489 monolithic quad line receiver is designed to interface data terminal
equipment with data communications equipment in conformance with
specificiations of EIA Standard No. RS-232C.

FEATURES

e Input Resistance—3.0 k to 7.0 K ohms
e Input Signal Range—+30 Volts
e Input Threshold Hysteresis Built In
e Response Control
a) Logic Threshold Shifting
b) Input Noise Filtering

ABSOLUTE MAXIMUM RATINGS

PIN CONNECTION

INPUT A 5

TOP VIEW
=4

RESPONSE
CONTROL A

e
14 cc

INPUT B
4

INPUT D
2 13
RESPONSE
OUTPUT ‘—_3 B CONTROL D

‘{g—OUTPUT ]
1"

RESPONSE

CONTROL B =

INPUT C
10

RESPONSE
E CONTROL C

Supply VOItage (VEr) - -« - v oottt ettt et e et e 0V -
Input Voltage Range (Vir) . ... ..ottt *30V s
Output Load Current (I1) .. .....vi it 20 mA
Power Dissipation (Pp) .. ...t 1w GROUNDLe R
Operating Temperature Range (TA) ........................ 0°C To +75°C
Storage Temperature Range (Tgg) . .........ocoovvvinn.n —65°C To +175°C
INTERNAL CIRCUIT
(% of Circuit Shown) TEST CIRCUITS
"
—Ovee +5Vde
v
3 b3 b 1
RESPONSE G ki ¥ 5K S 16K . l
CONTROL 20— A $—————O OUTPUT L8 ] L
? o3
| 4
>3] L
_L: o
10 8
v 12 »
INPUT ‘%‘_‘;5; ‘\ E _‘_‘f
b Sl e
7 7i
-0 GROUND
W
[ toxe | Input Current
Vee
Vine +5Vdc ?
' lec —e
OPEN © "L f“
T & 1 .
;)l'
T b o4 °
L)i —0
o2 8
Ot ;—(\‘—on -
KE
Vou| Vou 4 LA
ir
Output Voltage and Input Output Short-Circuit Current Power-Supply Current
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INTERFACE (RECEIVER)

TYPICAL CHARACTERISTICS

+5Vdc
1
AT
3
Iz “_—D)_ P
Cr
I 2° 8.0
+3v £
! [
% 50% &
[ -3
=
A | VESE | TR triny And by G
Eo ! measured =
e (" 10%-50% 2
1.5V 1.5V =
: =

Cr = 15pF - total parasitic capacitance,
which includes probe and wiring

capacitances Vi INPUT VOLTAGE (VOLTS)

Switching Response Figure 1—Input Current
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Figure 3—Input Threshold Voltage
vs Temperature

Figure 4—Input Threshold vs
Power—Supply Voltage

APPLICATIONS INFORMATION

The Electronic Industries Association (EIA) has released the RS-232C speci-
fication de:ailing the requirements for the interface between data processing
equipment and data communications equipment. This standard specifies not
only the number and type of interface leads, but also the voltage levels to be
used. The 1488 quad driver and its companion circuit, the 1489 quad receiver,
provide a complete interface sysiem between DTL or TTL legic levels and the
RS-232C defined levels. The RS-232C requirements as applied to receivers are
discussed here. The required input impedance is defined as between 3000
ohms and 7000 ohms for input veltages between 3.0 and 25 volts in magnitude;
and any vcltage on the receiver input in an open circuit condition must be less
than 2.0 volts in magnitude. The 1489 circuits meet these requirements with a
maximum open circuit voltage of one Vgg.

The receiver shall detect a voltage between ~3.0 and —25 volts as a logic “'1”
and input between +3.0 and +25 volts as a logic “0”. On some interchange
leads, an open circuit or power “OFF"’ conditior: (300 chms or more to ground)
shall be decoded as an “OFF” candition or logic “1”. For this reason, the input
hysteresis thresholds of the 1489 circuits are all above ground. Thus an open
or grounded input will cause the same output as a negative of logic “1” input.

g 20, L - s 3 +
Ereh - : o3 1 3
83 ety g, 33 23 {
c 514 t—— L 1489 Vipy - oy + + :
T 0 12k N R TR 3] ‘_ot__vmqul . - |
5510 ot = YL Vi Mee—— ]
23 0.8f—m—q—t— 7 29 | — ~ +
Z > 0.8 gt 1489 Vien —— g > [‘- 3
= 04 L SN SR s I S S }
> 02 ':t 7 i et

[] o L 13 1 oL , - ‘.b,

=

MC1489 276-2521

—% :
S oaomss!

~30-20-10 o mozo.ao
V| INPUT VOLTAGE {vdc)

Figure 2 —Input Threshold
Voltage Adjustment

E,, AMPLITUDE (VOLTS)

10 ~‘m~
PW, INPUT PULSE WIDTH (ns)
Figure 5 —Turn-on Threshold vs

Capacitance from Response
Control Pin to Gnd

TYPICAL APPLICATIONS

INTERCONNECTING
LINE DRIVER CABLE LINE RECEIVER
1288 1469

INTERCONNECTING
CABLE
1 \ 1

' |
MDTL LOGIC INPUT — -:- -5 -—I‘-—- MDTL LOGIC INPUT
1 1

+5Vde
==
R ] \
[ L.
MOS
LOGIC 1489 DTL OR TTL
"—\
=
-Vae - Vop +5Vde

Figure 7—Typical Translator
Application—MOS to DTL or TTL
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LINCMOS (A TO D CONVERTER)

ey} 8-BIT ANALOG TO DIGITAL
Zall CONVERTER

GENERAL DESCRIPTION PIN CONNECTION

The TLC548 8-bit Analog-to-Digital Converter is a complete data acquisition
system on a single chip. It is designed for serial interface with a microproces- L~
sor, peripheral, or digital logic circuitry through 3-state Data Qutput, Chip RER, Yo
Select, and 1/0 Clock control signals. ANaLCEDN N T (e
FEATURES REF DAYA OUY
e Versatile control logic GND —1
e An on-chip sample-and-hold circuit that can operate automatically or under

microprocessor control
e A high-speed converter with differential high-impedance reference voltage

inputs that facilitate ratiometric conversion and scaling, while isolating the

conversion circuitry from logic and supply noises. BLOCK DIAGRAM
e The TLC548 provides low-error conversion of *0.5 least-significant bit

(LSB) in less than 17 microseconds. ner &

i Iy
ABSOLUTE MAXIMUM RATINGS AnaLoG @ | SAMPLE oRTeRER
Supply Voltage, Ve (See Note 1) .. ..o 6.5V INPUT R Ci )
Input Voltage Range (Any Input)...................... —03VtoVges 03V
Qutput Voltage Range ............................... - 03VtoVces+ 0.3V
Operating free-air Temperature Range ...................... —40°C to 85°C .
INTERNAL
NOTES: 1. All voliage values are with respect to network ground terminal with the REF- and GND) ter- chLngr CONTROL
minal pins connected together, unless otherwise noted. Lecid
o i

Overview of Operation §0 eLac St
The TL.C548 is a complete data acquisition system and it includes such func- —]
tions as an internal System Clock, Sample-and-hold, 8-bit A/D converter, Data

register. Control logic, 1/0 Clock, and a Chip Select (CS).

These control inputs and a 3-state data output facilitate serial communica- ,
tions with a microprocessor or minicomputer. A conversion can be completed
in a maximum of 17 microseconds, while total access and conversion time is a CDATA'
maximum of 25 microseconds. SEESTRR
The internal System Clock and 1/0 Clock are used independently and require
no special speed or phase relationship. This simplifies the hardware and soft- -
ware control tasks for the device. Because of this independence and the inter- /{’
nal generation of the System Clock, the microprocessor and software need A Pr——
only read the previous conversion result and start the conversion with the I/O SELECTOR £ oaTA
Clock. The internal System Clock drives the “conversion-crunching” circuitry. DRIVER

When CS is high, the Data Output pin is in a high-impedance condition and
the I/O Clock pin is disabled.

This condition allows each of these pins to share a control logic point with
its counterpart pin when additional T1.C548 devices are used.

Typical Control Sequence
The control sequence has been designed to minimize the time and effort
required to initiate conversion and obtain the conversion result.
A typical control sequence consists of the following steps.
1. CS (Chip Select) is brought low.
After a CS transition (from high to low), the internal circuitry of the
TI.C548 waits for two rising edges and then one falling edge of the internal
System Clock before recognizing the transition. This delay minimizes
errors caused by noise at the CS input. The most-significant bit (MSB) of
the result of the previous conversion then appears on the Data Output pin.
2. The negative edges of the first four I/O Clocks shift out the 2nd, 3rd, 4th,
and 5th most-significant bits of the result of the previous conversion.
3. The on-chip sample-and-hold begins sampling the analog input after the
4th falling edge.
This operation basically involves the charging of internal capacitors to the
voltage level of the analog input.
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LINCMOS (A TO D CONVERTER)

TLC 548 276-1796

Typical Control Sequence (cont.)

4. Three mo-e clock cycles are applied to the I/O pin.
The 6th, 7th, and 8th bits of the result of the previous conversion are
shifted out on the negative edges of these clock cycles.

5. The 8th and final clock cycle is applied to the /O Clock pin.
The falling edge of this clock cycle completes the analog sampling process
and initia‘ es the hold function.

6. Conversicn is performed during the next 36 System Clock cycles.
After the fnal 1/0 Clock cycle, TS must go high or the I/O Clock must
remain low for at least 36 System Clock cycles to allow for the conversion
function.

The operating sequence is illustrated below.

Operating Secuence

1+ aflaslelsi]a) 7 20l 3} 2] s)s]7] ®

s 1
o s o],
CLOCK 2 [ ! :

~— ASCESS—+ = SAMPLE ACCESS =1 = SAMPLE —
C*CLE B CYCLEB (See Note A) i CYCLEC CYCLEC
{550 Note C)
cs
1.4 | m———— ] [
I

- DEEEEEOE— = —EEEEEEEHEE

—— FREVIOUS CONVERSION DATAA ~ —— CONVERSIC'N DATA B
MSB Ls8e MSB Ls8
{See Note B}

NOTES: A. The conversion cycle is initiated wita the trailing edge of the 8th /O Clock pulse after TS

goes On.

B. The most-significant bit (MSB} is ther placed on the DATA OUT pin after CS is brought low.
The remaining seven bits (A8~A0) are shifted out on the first seven 1/0 Clock falling edges.

C. To munimize errors caused by noise on tho CS signal, the internal circuitry waits for two ris-
ing edges and then one falling edge >f the Internal System Clock (1.4 us at 2 MHz) after a
Chip Select transition before responding to control input signals. Therefore, no attempt
should be made to shift out conversion data until the minimum Chip Select setup time has
elapsac.

Keeping CS Low During Multiple Conversions

CS can be kept low during periods of multiple conversions.

If CS is taken high, it must remain high until the end of the conversion. Oth-
erwise, a valid falling edge of CS will cause a reset condition, aborting the con-
version in process.

Stopping an Ongoing Conversion

An ongoing conversion can be stopped and a new conversion started by per-
forming steps 1 thru 6 listed under typical control sequence before the 36 Sys-
tem Clock cyzles occur. Such an action yields the conversion result of the pre-
vious conversion, not the ongoing conversion.

Starting Conversion at a Specific Time

For certain spplications such as strobing, it is necessary to start conversion

at a specific point in time. The TLC54B will accommodate these applications.

To trigger a conversion at a specific point in time, control hardware or soft-

ware must manipulate the 8th 1/O clack cycle. The sequence for a conversion
at a desired instant is:

1. The on-chip sample-and-hold operation waits for the falling edge of the 4th
/O clock cycle and begins sampling. The TLC548 follows the analog input
but does not hold it yet.

1. When the 8th 1/O clock cycle is high, control hardware or software must
keep it high until the desired instant.
I1I. At the des.red instant, control hardware or software must lower the clock.
The falling edge of the 8th I/O clock cycle causes the input to be held and
initiates the conversion.

51



LINCMOS (A TO D CONVERTER)

TLC 548 276-1796

Intel 8051/52 Serial Port Interface Operating Sequence

The serial data for the conversion result from the TLC548 enters the micro-
processor through the RXD pin. By using the inverted TXD shift clock as an
1/O Clock for the TLC548, previous conversion data can be transferred to the
microprocessor.

The serial port’s Mode 0 state is used to permit 8-bit transmission and recep-
tion. The TLC548 sends the most-significant bit of the conversion result first;
the serial buffer receives this bit as the least-significant bit. The software then
reverses the conversion bits and places them in the proper order.

The timing consists of the following three major phases:

1. After CS goes low, eight I/O Clock cycles access and sample the new ana-
log input. At the same time, /O Clock falling edges bring out the previous
conversion result.

2. Conversion begins when the eighth /O Clock goes low. Conversion
requires 36 internal System Clock cycles after the eighth I/O Clock goes
low. The maximum conversion time is 17 microseconds.

3. Eight falling edges of the I/O Clock bring out the previous conversion
result.

Interface Control Software

SR549D

ACALL SR549D

ACALL SR549D

RLC A

RLC A

MOV ACC.1,C
MOV C,ACC.2
RLC A

MOV ACC.3,C
MOV C,ACC.4
RLC A

MOV ACC.5,C
MOV C,ACC.6
RLC A

MOV ACC.7,C
RL A

SWAP A

CLR P1.6

ORL SCON,#10H
ANL SCON,#FEH
JNB SCON.0,RCV

CPL P1.6
RET
END

Access, sample and hold new analog
signal.

Delay must occur here to allow the
A/D chip to complete conversion. The
delay must allow 36 A/D chip internal
System Clock cycles to occur.
Conversion requires maximum of 17
microseconds.

Access, sample and hold new analog
signal. Bring out previoous conversion
result.

Serial port read reverses data
conversion bits coming to micro-
processor so that they are in the following
order: bO(LSB), b1, b2, b3, b4, b5, b6
b7(MSB). These bits and Carry bit

(C) are presented in the following
instruction comments so the reader
understands the technique used to
place bits in proper order.

6543210C 7; b7 is now in Carry
543210C7 6; b6 is now in Carry

54321067 6; put b6 into ACC.1
54321067 0; put b0 into C
43210670 5; b5 is now in Carry
43215670 5; put b5 into ACC.3
43215670 1; put b1 into C
32156701 4; b4 is now in Carry
32456701 4; put b4 into ACC.5
32456701 2; put b2 into C
24567012 3; b3 is now in Carry
34567012 3; put b3 into ACC.7
45670123 ; prepare for SWAP A
01234567 ; bits ordered correctly

Conversion result is in Accumulator

Subroutine ACALL

Lower Chip Select

Set REN

Reset R1

R1 flag not set; branch
until reception is complete.
Raise Chip Select
Conversion is in SBUF

TLC548
10 8/DATA 1
our v.ﬁ."_‘
11 Hw v |3
cLK -
9 INVERTER sl . ,waroc|z
INPUT

Inte! BO51/52
Famity
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LINCMOS (A TO D CONVERTER)

The Operating Sequence (cont.) TLC 548 26179
This interface s ideal if the Intel microprocessor’s serial port does not have

to be used for another purpose. However, if another purpose is required by the

serial port. the microprocessor’s ser:al port may be multiplexed so that both

the TLC548 and the additional purpose may be accommodated.

Access and sampie occurs Retriaval of conversion
during this time ‘nterval occurs here

- b Conversicn apcurs —4 L_
dunng this time interval | |

{Hald occurs at the faliing edge

I N
1 |
&~ |
I ] |

L
[+ -—«—Iscms
)
1 T
)
) | \
]
[ 1
1|
|
tse | 1 MSB___ | Ls8
)
)
)
1
1

)

I
0ATAl !
ouT | M

i
)
1] [
PREVIOUS CONVERSION DATA B
| (]3]

[ MsB

': PREVIOUS CONVERSION DA
4 [ £) R
Iy (] ] )
b h0n: 153 I |
% f i (11908 e 17.50m
|

i
| 1
| |
1

1
= oy 128 08 1 b 62 48
-~ $9.s — 116 =169,

; et

— 79 ——-4l
Circuit Timing for Intel 8051/52
Microprocessor Inlerface
830ne
—1 126 48 - .1 S + SVO—AAN- l L
i L e 21,8 —t
cs ju s ] 1__‘_
- i b 10 —] RESET
<1 DATA
Bt | ) Dl ML '} [ > <~ our
280A TLCS48
Z80A Interface . RGO [
The Z80A intarface is an economical solution, offering efficient control soft-
ware and communicetions with the TLC548. —
CLK
Required Software —
. . . . o
A simple program segment that reads in a previous conversion result and e cLock
starts a conversion is shown below. Placing this program segment in a loop

makes it possible to initiate a conversion and read previous conversion results
in 111 microsecands.

LD C,08H Load bit counter

LD B,D0OH Initialize result register

OUT (GSLOW) ,A ; Bring Chip Select low
LOOP RLCBHB Rotate result register left

IN A,[BIT) ; Read in a bit & shift next
AND D1H ; Mask off bit 0

OR B ; Or new bit with result
LD B,A ; Store in result register
DEC C ; Decrement bit counter

JP N2,LOCP ; Get anether bit if not zero
OUT iCSHIGH),A ; Bring Chip Select high

The Operating Sequence

Latching in a low from address bit A0 brings Chip Select low. Execution of
an IN instruction causes RD and TORQ to become active, generating one /O
Clock pulse. A data bit is read in just before the falling edge of the 1/O Clock.
The falling edge shifts out the next data bit.

Sampling of analog input begins at the falling edge of the 4th 1/0O Clock and
continues until the falling edge of the 8th 1/O Clock. At that time, conversion
begins; conversion requires 17 microseconds.

CS is brought high after the 8th /O Clock to disable all inputs and outputs so
that conversior may proceed undisturbed.
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LINCMOS (TIMER)

LIS TIMER

276-1718

GENERAL DESCRIPTION

The TLC555 is a monolithic timing circuit fabricated using the Lin CMOS™
process. Due to its high-impedance inputs (typically 1012Q), it is capable of pro-
ducing accurate time delays and oscillations while using less expensive,
smaller timing capacitors. The TLC555 achieves both monostable (using one
resistor and one capacitor) and astable {using two resistors and one capacitor)
operation. In addition, 50% duty cycle astable operation is possible using only
a single resistor and one capacitor. The Lin CMOS™ process allows the
TLC555 to operate at frequencies up to 2 MHz and be fully compatible with
CMOS, TTL, and MOS logic. It also provides very low power consumption
{typically 1 mW at Vpp = 5V) over a wide range of supply voltages ranging
from 2 volts to 18 volts.

Threshold and trigger levels are normally two-thirds and one-third respec-
tively of Vpp. These levels can be altered by use of the control voltage terminal.
When the trigger input falls below trigger level, the flip-flop is set and the out-
put goes high. If the trigger input is above the trigger level and the threshold
input is above the threshold level, the flip-flop is reset and the output is low.
The reset input can override all other inputs and can be used to initiate a new
timing cycle. When the reset input goes low, the flip-flop is reset and the out-
put goes low. Whenever the output is low, a low impedance path is provided
between the discharge terminal and ground.

While the complementary CMOS OUTPUT is capable of sinking over 100
mA and sourcing over 10 mA, the TLC555 exhibits greatly reduced supply cur-
rent spikes during output transitions.

FEATURES

Very low power consumption {1 mW typical at Vpp = 5 V)

Capable of very high-speed operation (2 mHz in a stable operation)
Complementary CMOS output capable of swinging rail to rail

High output-current capability (sink 100 mA typical) (soucre 10 mA typical)
Output fully CMOS, TTL, and MOS-compatible

Low supply current reduces spikes during output transitions

High impedance input 10 typical)

Single supply operation from 2 to 18 volts

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vpp) (See Note 1) .............oiiiiiiiiiineaneanns 18V
Input Voltage Range (Any Input) ........................... -03VTo18V
Power Dissipation (mW) ........... ... ... ... e 600mW
Operating Temperature Range .. ............................. 0°C To 70°C
Storage Temperature Range ............................. —65°C To 150°C

NOTES: 1. All voltage values are with respect to network ground terminal.

BLOCK DIAGRAM

Vee RESET

CONTROL

<R R1
THRESHOLD

T

s
3n
TRIGGER —¢

1T

PIN CONNECTION

TOP VIEW
-
GND ——— Voo
1 8
TRIG ——0scH
2 7
our —— THRES
3 6
RESET —— CONT
[ 5
TYPICAL APPLICATION
Voo
o.wF_L
RA: OPEN
(5)' ]
P.
CONT Voo :RL
(a)
RESET
m
W @
out OuTPUT
Rp O Jrures l
@ &
TRIG
CYJI- GND I

Reset can override Trigger, which
can override Threshold.

ml

Circuit for Astable Dperation

OUTPUT

DISCHARGE
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LINEAR (AUDIO)

4 8 WATT AUDIO POWER AMPLIFIER 383

275-703

GENERAL DESCRIPTION PIN CONNECTION

The 383 is a cost effective, high power amplifier suited for automotive ap-
plications. High current capability (3.5A) enables the device to drive low im-
pedance loads with low distortion. The 383 is current limited and thermally pro-

tected. The 383 comes in a 5-pin TO-220 package. « el e
— 0 )
FEATURES O ——— cnomo
. . 1 2INVEFTING INPUT
® High peak current capability (3.5A) Low distortion — NG Ve T

® [arge output vcltage swing

® Externally programmable gain

® Wide supply veltage range (5V—20V})
® Few external parts required

® Pin for pin compatible with TDA2002

High input impedance
No turn-on transients
Low noise

Short circuit protected

ABSOLUTE MAXIMUM RATINGS TYPICAL CHARACTERISTICS
Peak Supply Voltage (50ms). ..................... ... ... 25V . -
Operating Supply Voltage. . .......... ... . ... ... .. 20V | P
Output Current 0 | JET A
Repetitive ...... ............... .. 50 1801 1HE0 08008808 e et B GO A i i | aye 100
NON-TEPEHEIVE ... oot 1.5A P s L |
Input Voltage. ... ............ ... .. ............ BT e ZOBSV L
Power Dissipation................ ... e LN 15W g . 1 { =1
Operating Temperature ...... .. NN T 0to +70°C O : t !
Storage Temperature. ................ ... ... ... ... .. .....—60to +150°C o -+
Lead Temperature (Soldering. 10seconds) ............................ 300°C
INTERNAL CIRCUIT 76 50 100 200 500 1K 2K 5K 10R 20<
FREQUENCY —Hz
A T ' T S Distortion vs
! {1 Frequency
® D @ = ®
T -l
— ¥
20pF '\ RS
_{/r—' »—t 7 Vour
+—s { :
e ™ i
e il g
150K LN 20K .‘%_
3

f [} N _

1 2
+INPUT -INPUT VsuppLy—VOLTS
Output Swing vs
TYPICAL APP LICATIONS Supply Voltagse

f"o 3 8
SIGNAL . R,
neut —4 * 4

104F
~ T .
=
4 I 0.2)F TO 2F

-

70uF 220!
220 224

16W Bridge Amplifier Basic Audio Amp
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LINEAR (AUDIO)

276-1731
GENERAL DESCRIPTION PIN CONNECTION
The 386 is a power amplifier designed for use in low voltage consumer ap-
plications. The gain is internally set to 20 to keep external part count low, but TP VIEw
the addition of an external resistor and capacitor between pins 1 and 8 will in- |
crease the gain to any value up to 200. GAIN — il
The inputs are ground referenced while the output is automatically biased to ! ¢
one half the supply voltage. The quiescent power drain is only 18 milli-watts =L =7 evPass
when operating from a 6 volt supply, making the 386 ideal for battery operation. e L
GNO 3 —s- Your
FEATURES
® Battery operation ® Ground referenced input
® Minimuin external parts ® Self-centering output quiescent
® Wide supply voltage range 4-12 volts voltage
@ Low quiescent current drain 3 mA ® Low distortion
® Voltage gains from 20 to 200 ® Eight pin dual-in-line package
APPLICATIONS
T
® AM-FM radio amplifiers ® Line drivers INTERNAL CIRCUI
® Portable tape player amplifiers ® Ultrasonic drivers NPUT  BYPASS GAIN  GAIN - INPUT
® Intercoms ® Small servo drivers i T ’ P
® TV sound systems ® Power converters o o
iy ()
ABSOLUTE MAXIMUM RATINGS 1 i
Supply Voltage .. ... ... 15V XIS
Package Dissipation 8Pin DIP.................................... 660 mW A E S
Input Voltage. . ... ... 0.4V ) 4
Junction Temperature. . ... oo Lo +150°C
Operating Temperature .. ... oo 0to +70°C P
Storage Temperature. .. ............... i ~65 to +150°C sox
Lead Temperature (Soldering. 10 seconds). . ......................... +300°C 50K i
4 SGND
TYPICAL CHARACTERISTICS
z 20 z
T T p 7 SO TTTTTT 7 o TI T T
8 e 5 " laie E EHEH G BT[] L
& 181 Pour - 125mw E obos e H $ oaf—ve 12v CONT—| 3 04— 1~
S a2 o)l || e HHH = g == % 4} tos | T | ,P,
8 12—+ 1 1 g 11 2 g 06— + g o v, 55_—’%\*’
e, =t 1 . g 1 E i ve sl 10% DIST a e r 16w st
Z aef—1 1 Z 4 L H 2 o4 = # GeveL—| B o2 o eveL
; : j z JF 8 8 B ‘\_}Iv:ii g l”3~!\6lsr'
< MMF 4 : B { 8 GO | | oot ] 8% o] | vever”
: . = [ g 1| LevEL H * |
= o’_‘ LA _lﬂ S ol 8 ool " é ol TTT _I_il_fﬁ H o_J.J._LLJ.l[
[+ 20 100 1 10k (=] 001 0.01 L8] 1.0 [ 0.1 0.2 03 04 0S5 [] 0.2 04 o8 o8 1.0 0.2 0.4 0.6 08 1.0
= FREQUENCY (Hz) = OUTPUT POWER (WATTS) OUTPUT POWER (WATTS) OUTPUT POWER (WATTS) OUTPUT POWER (WATTS)
Distortion vs Distortion vs Device Dissipation vs Device Dissipation vs Device Dissipation vs
Frequency Output Power Outpyt Power—4Q) Load  Output Power—8Q Load Output Power—16Q Load
TYPICAL APPLICATIONS
Vs Vs
8 asouF 4 2s0uF
Vin ' Vin
#o.os,.r
éwﬂ I":o‘:";ss _Jr- 0.084F
4 +
Amplifier with Gain = 20
(Minimum Parts) Amplifier with Gain = 50 Amplifier with Gain = 200
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LINEAR (AUDIO)

5.8W AUDIO POWER AMPLIFIER LLYg{LT-\y

276-705

GENERAL DESCRIPTION PIN CONNECTION

The TA7205AF 1s a monolithic audio power amplifier with a built in thermal

shut-down circuil designed for car radic and stereo applications. .
FRONT VIEW

FEATURES

® Low distortion O
THD=0.15% (T yp.) (@ Puuyr=1W. Gy=55dB)
THD=0.07% (Typ) (@ Pour=1W. Gv=44dB)

® Operating supboly voltage range: V¢ =9~18V

® 'PCT’ process to insure low noise characteristic )

® Current limiting for short-circuit protection T [ l l I | l ‘[ [

® Built in thermal shut-down circuit 1i2(3lafs [ef7 |8 |0 10

® Built in surge voltage protection circuit

PIN FUNCTION
ABSOLUTE MAXIMUM RATINGS 1| ve
Operating Supply Voltage(Vee) ..o oo 18V 3 | oecouriina
Quiescent Supply Voltage (Veeg) oo 25V Ml B it
()u!put Peak Curent (Ip) .. ... ... 45A HE B
Quiescent Current (Igeg) . - o oo oo 80mA 3 | puase comrensanon
Operating Temperature ... ... o o i —20 to +75°C 10 | outPur
Storage Temperature. .. ...ttt —55 to +150°C
INTERNAL CIRCUIT TYPICAL CHARACTERISTICS
0 =gy i -
oy Q3 { ] 2 3] l’—« e 4—1 TJ; _l_—gz -&E"H
1 . 014 nae S Tt T vee = 18V ey
z 4 —f -
. (i
[t & h a LJ/X - -+
i ony n o;"' R23 ! g = 1 - t + =%
ok [k | ¢ AT
3 ore JoT e % 2 e 6 & w2 M
z::ii 0"\' | OUTPUT POWER Py —W
3 - P oy r Az
s R T Power Dissipation
o ; L /w vs Output Power
3 7 a0 [-1}] R17 3 Q27 —(an
WNofee ¥ an = « 1001
3y ny A1 2% € |u
oy ne RS o X 3 a8 o f i tg i §
’ ’ = 3
Zz 80 »o
7 5 4 S E T ?' b
? 3 wl 3%
- L =
3 o3 1 ]
TYPICAL APPLICATION SUPPLY VOLTAGE Vco—V
Quiescent Carrent and
Output Voltage vs
_L OV Supply Voltage
= a70uF
z 00T T3 I 1
2 i r»l!;FINIlE Jgel‘r s'mi 4} l {
& s =l BS
4 2me ||
o 10004F g3 T
u wy
) 1
) ouTPUT g + ]
‘I’ j.o.oamr x .[‘
l < T Bl iz 8 175
AMBIENT TEMPERATURE T,
Allowable Power Dissipation
5 Watt Audio Amplifier vs Ambient Temperature
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LINEAR (AUDIO)

20W HI-FI AUDIO AMPLIFIER

TDA1520A

276-1305

GENERAL DESCRIPTION PIN CONNECTION
The TDA1520A is a monolithic integrated hi-fi audio power amplifier designed é
L]

for asymmetrical or symmetrical power supplies. The circuit can deliver out-
put power up to 20 watts into 4 and 8 ohm speakers and is intended for use in
audio and television.

FEATURES

¢ L.ow input offset voltage
e Qutput stage with low cross-over distortion
JRHANY

e A.C. short-circuit protected

o Very low internal thermal resistance

e Thermal protection M
e Very low intermodulation distortion

e Very low transient intermodulation distortion

ABSOLUTE MAXIMUM RATINGS

Supply voltage (VP) . ... .o 50 V
Total quiescent currentat Vp = 33V (Itot) ......................... 70 mA
Qutput power at d,, = 0.5% sine-wave power

Vp=33V;R, =4Q(PO) ... 20W

Vp=42V;R, = 8R(PO) ..... .o 20 W
Closed-loop voltage gain (externally determined) (Gc) ................. 30dB
Input resistance (externally determined by Rg.q) (Ri) ................ ... 20 k@2
Signal-to-noise ratioat P, = 50mW (S/N) ............ .. ... ... ..., 76 dB
Supply voltage ripple rejectionat f = 100Hz(RR) .................... 60dB

BLOCK DIAGRAM

6 PIN FUNCTION
1 Non-inverting input
T T 2 | input ground
(substrate)
1 3 | Compensation
— A '\l 4 | Negative supply
THERMAL SOAR {ground)
ToALEz08 v PROTECTION +|PROTECTION 5 | Output
y T 6 Positive supply (Vp)
| ] = I 7/ Not connected
h 4 I 8 | Ripple rejection
] Investing nput
1 = : S {feedback)
¥ ] } Y
p.
1 soan 3
2 PROTECTION |
7 3
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LINEAR (AUDIO)

TDA1520A 276-1305
TYPICAL APPLICATION
vp Rsupply
¢ — M= — — = Vaupplyv)
% 0.t ]
uF e 22mF
8 R TDA15204 I T
150uF % % L ne
2 20 1
£35S S
Rsource THF 1
I'"V"""[L + $ zzr;F
AMPL. 0
2 = 'Lm:r S
l ISOAR & THERMAL
s PROTECTION 6B
< Xt 2 i/
. f—q .
10uF 1 = 1 i
R -
Test Circuit %‘zm
TYPICAL CHARACTERISTIC TYPICAL CHARACTERISTICS
06
30 - T T —
5 T T T T T 11
w) | : // ] )
25 _— e e —
| | | lag |
| | | 07 '
20 l < ; % l / i Isn 04
15 —— / f/ —
- : | ,/ ’Y/ —
NEAREYEa4EN
| T | Lol
5 . + / ? ; + - -
l / t || T 1l
1 - | | =
0 | / L | s - | o »
0 10 20 3c 40 Vo) 0 01 1 10 Po(W) 100
Output power (P,) versus supply voltage (V,) Total harmonic distortion (dy,)) varsus output
atf = 1kHz, dy,, = 0.5%, G, = 30 dB. power (P)atV, = 33V,R, = 4Q,f = 1 kHz.
50 0.3 T T
Ciry { |
w)
Gyor
a0 2
N
N\ \; i
\ = =TT
£ "
N
20 \ +
\s \ 01 /
S y
-
\b \\
10 a |
N\
A
N
o— 25 5‘6 00 r.'"b o 0041 1 *0 f(hH2) 100
Power derating curves. Total harmonic distortion (d,,,) versus operat.
mounted on infinite heatsink. ing frequency (f) at V, =33 V, R, = 4 Q,
- — —~ mounted on heatsink of 2,3 K/W. P, = 10 W (constant).

59



LINEAR (OP AMP)

353 WIDE BANDWIDTH DUAL JFET INPUT

276-1715

GENERAL DESCRIPTION

These devices are low cost, high speed, dual JFET input operational amplifi-
ers with an internally trimmed input offset voltage (BI-FET II™) technology).
They require low supply current yet maintain a large gain bandwidth product
and fast slew rate. In addition, well matched high voltage JFET input devices
provide very low input bias and offset currents.

These amplifers may be used in applications such as high speed integrators,
fast D/A converters, sample and hold circuits and many other circuits requir-
ing low input offset voltage, low input bias current, high input impedance,
high slew rate and wide bandwidth. The devices also exhibit low noise and off-
set voltage drift.

FEATURES

Internally trimmed offset voltage = 2 mV
Low input bias current = 50pA

Low input noise voltage = 16nV/.»Hz
Low input noise current = 0.01 pA/,~Hz
Wide gain bandwidth = 4 MHz

High slew rate = 13 V/us

Low supply current = 3.6 mA

High input impedance = 10'Q

Low total harmonic distortion Ay = 10,
Ry, = 10k, V¢ = 20 Vp-p, BW = 20 Hz—20kHz = <0.02%
Low 1/f noise corner = 50 Hz

fast settling time to 0.0% = 2us

ABSOLUTE MAXIMUM RATINGS

SupplytValtage! -t e e s s +18V
Bowern Dissipation) ... 0L R e R | s e < 500 mW
Differnetial Input Voltage. ................ oot +30V
Input Voltage Range ........ ..ottt +15V
Output Short Circuit Duration . .............. ... ... ... ... Continuous
T|(MA,\] ............................................................ 115°C
Operating Temperature Range ................. ..o 010 70°C
Storage TemperatureRange .............. .. ... ..o —65to +150°C
Lead Temperature (Soldering, 10 seconds). ...............coooviiion 300°C

TYPICAL APPLICATIONS

Ln p
ﬁ:o.nomr
s
-—
2y +
INQ
" 343
MHIGH Z,,, AUX AMP
LOW Zoyy
IR R
*High at 100 nA 'CNOP:IECNU:A.ENT

Low Drift Peak Detector

OPERATIONAL AMPLIFIER

PIN CONNECTION

TOP VIEW
v
OUTPUT A~ A
INVERTING
INPUT A 7] P
A\ 0
NON-INVERTING INVERTING
INPUT AT = o 15 Nha © INPUT B
NON-INVERTING
v “ 5 INPUT 8

TYPICAL CHARACTERISTICS

UNITY GAIN BANDWIDTH —MHz

TEMPERATURE —°C

Unity Gain Bandwidth
vs Temperature

c1
'

\J
0011F

1

Ig = 1khz Y0 JA

1
8.t 100k 3
Ay =2

DC Coupied Low-Pass RC Active Filter

Ground Referencing A Differential Input Signal
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LINEAR (OP AMP)

TYPICAL APPLICATIONS (Cont'd)

—
Vo
A

Ay = 1 + R2RY

Ay = 11 (As shown)

AC Coupled Non-Inverting Amplifier

10K

DRF
Ay =Ry 1
Ay = 10 (ar. shown)

AC Coupled Inverting Amplifier

R4

100K

+V,¢

For R1/R2 = R&/R3I{CMRR depends on this resistor ratio maetch)
Vo = 1 + RWRI(V, - Vy)
As shown Vg = 2(V; = V)

High Input Z, DC Differential Amplifier

o

353 276-1715

c1
001
1L
"
R2 $ 330K
RY ¢z ¢ RE
\AA Ag E
390K 00VF B 120K
. vz 353 VA~ -
R4S 8201 20K
1 + 2 353 — Vo
3
R3 § 620K : R
c3 l R7 R
10pF 100K 100K oot
T , R
Ve
Bandpass Active Filter
RY

Fourth Order High Pass Butterworth Filter

it

VAVAN

+ Vet —

— ¢ ouTPUT 2

R [ 0.05uF
W -
100

o ) JUL
AAA- / W 353 2 OUTPUT 1
51K W
51K Vai2 +
A2 S 50K 51K
§ 100K

"Wide control voltage range: OVpe < Ve € 2(V+ —1.5Vc)

Voltage Controlled Oscillator (YCO)
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LINEAR (OP AMP)

741 OPERATIONAL AMPLIFIER

276-007 N

GENERAL DESCRIPTION PIN CONNECTION

The 741 series are general purpose operational amplifiers which feature im- TOP VIEW
proved performance over industry standards. T
The amplifiers offer many features which make their application nearly
foolproof: overload protection on the input and output. no latch-up when the CRASERHULLEgEN 3 NC
common mode range is exceeded. as well as freedom from oscillations. INVERTING INPUT — . — Ve
g RT|
ABSOLUTE MAXIMUM RATINGS e . & ovreur
Supply Voltage. ........... ... . == (A% - —— oFFseT NuLL
Power Dissipation. . ............ . i 500 mW ¥
Differential Input Voltage ........... . ... .. 5 00a 0ol bos™annns .. Bov
Input Voltage . ........................... b . . o e L EERY
QOutput Short Circuit Duration. ...................... ... P Y Indefinite
Operating Temperature Range . .......... .. . R ...0to +70°C
Storage Temperature Range. .. .......... ... .. _ SRR .—65 to +150°C
Lead Temperature (Soldering. 10 seconds) ... .. L Ce e 3000C
TYPICAL APPLICATIONS
R2 R2 + 9V
: +V
G 2 51018V
3 741 £ ——O QUTPUT
INPUT O———AWVAV—
R1R2
R1 - R2
GAIN R1 R2 BW ™ )
-5lo - 18V
10 1K 9K 100kHz | 400W:" v, » Vi {1 + RZAY -
100 | 100 99K | 10kHz | 280M: our = TN *R1 sels the voltage detection threshold (up to + 8V).
1000 | 100 | 99.9K ST Whaen Vyy, exceeds the threshold {referance), the LED glows
Non-inverting Amplitier Non-Inverting Amplifier Level Detector
R2 LEN
VA VAA—
13\2 AL I AL
ik +V +Vv
51018V 510 18V Ra
AL
c2 c3
> Vour [t =
-V d U v
-5to - 18V -5to - 18V TO AUDIO
Vour « - Vin (RZR1) Vour = Vin " AMPLIFIER
Inverting Amplitier Unity Gain Follower LB
*Adjust R3 10 just below oscillation point.
Adjust R2 and R3 tor sounds such as bell, drum linkling, eic
02 ,F
si: Electronic Bell
4 0-100 A o sl
20- 1.04A A A VERY
3:0- 0.1 A 2,F, SENSITIVE PCY
{4 circum N\ s
3 mox? TOO MUCH CdS PHOTOCELL
LIGHT wiLL
S r SLAM THE .
2 o METER
1 s ‘_‘ NEEDLE.
*FULL SCALE
METER 0N

READINGS

R A s
£ ‘It\ SPEAKER

]

PC2

/;" /275415

CdS PHOTOCELL

SILICON SOLAR
CELL

Light on PC1 decreases tone lrequency
Light on PC2 increases tone trequency

Optical Power Meter Audible Light Sensor
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LINEAR (OP AMP)

DUAL OPERATIONAL AMPLIFIER 1458

276-038

GENERAL DESCRIPTION PIN CONNECTION

The 1458 is a gemeral purpose dual operational amplifier. The two amplifiers

share a common bias network and power supply leads. Otherwise. their operation B
is completely independent. |
OUTPUT A - ] Ve
FEATURES
® No frequency compensation required. INVERTING | outPuT e
~ . an 3 INPUT A )
® Short-circuit protection : [
® Wide common-mode and differential voltage ranges e ETE A\ ,'{_ LR
® Low-power consumption INPUT A 73 =3 1% € INPUT B
® No latch up when input common mede range is exceeded
NON-INVERTING

= S INPUT B

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. ... ... e *1i6V
Power Dissipation ... .. ... 400 mW
Differential Input Voltage .. ... ... T TP PP i L Hov
Input Voltage ... ...................... 5OLPRRRY - L v . w EL5V
Ouiput Short-Cir ant Duration. . .. .. o sss souvacoaWhao Indeinite
Operating Temperature Range .. ...... ... .. ... ... ..., ... 0to #70%C
Storage Temperature Range. . ... ... .. 5 000000G00000WPa0000G =65 to +150°C
Lead Temperature (Solderning, 10sec). . ................ AR A R T b0 @

TYPICAL AFPLICATIONS

R2 ua
10K 1™ ’

5to 18V

R1
b Vour e
Vin !
L 100sF
C1 store. the peak vollage al Viy s FREOQUENCY
0001, F 5872Hz
0.010;:F B860Hz
0.100;:F 51Hz
1.000;:F 8Hz Putses are DC when C1 = 0 iF
13 5 volls,
Peak Detector Pulse Generator
R5 A8
AN e —AN—— — FREQUENCY 1kHz
100K
c3 R1Y

sovARe =75v |1 -F - tRanGle sav AAA/ sINE -2v N\ N\ N\

Function Generator

63



LINEAR (OP AMP)

324 QUAD OP AMP

276-1711

GENERAL DESCRIPTION

The 324 series consists of four independent. high gain. internally frequency
compensated operational amplifiers which were designed specifically to operate
from a single power supply over a wide range of voltages. Operation from split
power supplies is also possible and the low power supply current drain is inde-
pendent of the magnitude of the power supply voltage.

Application areas include transducer amplifiers. dc gain blocks and all the con-
ventional op amp circuits which now can be more easily implemented in single
power supply systems. For example. the 324 series can be directly operated off of
the standard +5 Vi power supply voltage which is used in digital systems and
will easily provide the required interface electronics without requiring the addi-
tional + 15 V. power supplies.

FEATURES

® Internally frequency compensated for unity gain
Large dc voltage gain 100 dB
Wide bandwidth (unity gain) 1 MHz (temperature compensated)
Wide power supply range:

Single supply 3 Vi to 30 Viy;

or dual supplies +1.5 V¢ to ¥15 Vp
Very low supply current drain (800 xA)—essentially independent of supply
voltage (1 mW/op amp at +5 Viy)
Low input biasing current 45 nAp (temperature compensated)
Low input offset voltage 2 mVyy and offset current 5 nApy
Input common-mode voltage range includes ground
Differential input voltage range equal to the power supply voltage
Large output voltage swing 0 V' to V+ —1.5 V¢

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. V* . ..o oo 32 Vpgor 16V y;
Differential Input Voltage. . ....................... 32V
[nput V()ltug(' ................ coocooaoanoao -~ S 3 0.3 V[)(; to +32 V[)(;
Power Dissipation
Molded DIP ... ..o oo oo S : e 570 mW
(O T+ DY o 60 A s o (0000 90056000000 0 > 0 o RN ERTEREN T 900 nW
Output Short-Circuit to GND (One Amplifier). ... Continuous
V215 Vg and T = 25°C
Input Current (Vi< =03 Vo) oo e 50 mA
Operating Temperature Range ... .« 3000 ISR ans 0to +70°C
Storage Temperature Range. ... .. “BE - - XXX ~65 to +150°C
Lead Temperature (Soldering. 10 seconds) .. .. .. e cee 0 3000C

TYPICAL APPLICATIONS

o 1amp voll Vi Ay 218
{Increase R for Ig small)

Driving TTL

High Compliance Current Sink

R1 R IN9I4

100K

<1

Squarewave Oscillator Pulse Generator

QUTPUT

PIN CONNECTION

TOP VIEW

INPUT 1—

1 Ty OUTPUT 4
2 3 INPUT 4~
=1 . - b

INPUT 1+

v

INPUT 2

3

e

2 INPUT 4+

57 GND

INPUT 2—

OUTPUT 2

INPUT 34
5 —7 PRl o 70 NPV
T s INPUT 3—

4

(3 QUTPUT 3

INTERNAL CIRCUIT
(Each Amplifier)

Vi

\;)w

{ os

QuTPUT

iy
]

{9 )soun

>

Your Vi

Voltage Follower

Pulse Generator
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LINEAR (TIMER)

GENERAL DESCRIPTION

The 555 is a highly stable device for generating accurate time de ays or cscilla-
tion. Additional terminals are provided for triggering or resetting if desired. In the
time delay mode of operation. the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator. the free running fre-
quency and duty cycle are accurately controlled with two external resistors and
one capacitor. The circuit may be triggered and reset on falling waveforms. and
the output circuit can source or sink up to 200 mA or drive TTL circuits.

FEATURES

® Timing from microseconds through hours

® QOperates in both astable and monostable modes
® Adjustable daty cycle

® Output can srurce or sink 200 mA

® Output and supply TTL compatible

® Temperature stability better than 0 005% per °C
® Normally on and normally off output

APPLICATIONS

® Precision timing
® Dulse generation
® Sequential timing

ABSOLUTE MAXIMUM RATINGS

® Pulse position
modulation
® Linear ramp generator

® Time delay generation
® Pulse width
modulation

Supply Voltage ... . ... ... .. +16V
Power Dissipation... . ........ ot 0 10 1000 o L 00 G o o o G G 600 mW
Operating Temperature Range . ..... . ... ... ... .......... ..0to +70°C
Storage Temperature Range. . ..... .. >0 0 IO DO S TR —65 to +150°C
Lead Temperature (Soldering. 10 seconds) ... ........ooveniin ... 300°C

TYPICAL CHARACTERISTICS

CAPACITANCE C — 4 F

TIMER

555

276-1723

PIN CONNECTION

TOP ViEW
|
GND ———1 T e
TAIGGER —— — DISCHARGE
OUTPUT — b——;—mnzsnom
RESET —— % VsiTace
TRUTH TABLE
PIN 2 PIN 6 PIN 4 PIN 3
TRIGGER | THRESHOLD RESET OUTPUT
H X H 10
L X H H
H L H L,
X X I L

X = Don't Care L. = Low Level H = High Level

The charge time (output high) Is glven by: 1, = 0693 (A, + RglC
The discharge time (output low) is given by. 12 = 0.693(Rg) C
Thus the 10ial period Is: T = 1, + 12 = 0693 (R, + 2Ry) C

The trequercy of oscillation is* | = 1T » 1.44 [(Rg + 2Rg) C

ot 1 10 100 1K 10K 100K
FAEE-AUNNING FREQUENCY | — Hz
Capacitance vs
g AA A s
ree-Run t v v o—
Free-Running Frequency R Tim 45
s
TYPICAL APPLICATIONS < 2
1
555
D1 5 s
i HEADLIGHTS 10
o SWITCH +15v NDAMALLY 0.01uF
1N4001 o ON LOAD
— o0 1 “~——0 M 2arx
DELAY & ON ] ] t 5 (;1 4
g N Lo
.
: s |a o E S 10k
IGNITIDN 002 5M [ n
SWITCH R2 2300k [a [a 1 To -t VWA A
6 e— 3 s ! NORMALLY 0.01uF aK 2K
stantodo —— UGHTS 553 { OFF LOAD ]
= 7 Dt A ) 7 | 02 2 7
=y —— sss » { | S
> N40O1 5000 | _ 2
AUTO X LIS 12V > T 555
BATTERY ) 1 m*
* X 32 10F g U
0.801 s1 \
arx ls " START I ] [ L 5 31 0
| SPEAKER
c1_-l7uF 01 e [ n2
=R il J L

Automatic Headlight Turn-Off Circuit Relay Timer

220

Warble Alarm Circuit
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LINEAR (TIMER)

556 DUAL TIMER

276-1728

GENERAL DESCRIPTION

The 556 dual timing circuit is a highly stable controller capable of producing
accurate time delays or oscillation. The 556 is a dual 555. Timing is provided by
an external resistor and capacitor for each timing function. The two timers
operate independently of each other sharing only V¢ and ground. The circuits
may be triggered and reset on falling waveforms. The output structures may
sink or source 200 mA.

FEATURES

Timing from microseconds through hours
Operates in both astable and monostable modes
Replaces two 555 timers

Adjustable duty cycle

Qutput can source or sink 200 mA

Output and supply TTL compatible
Temperature stability better than 0.005% per °C
Normally on and normally off output

APPLICATIONS

® Precision timing

® Pulse generation

® Sequential timing

® Time delay generation

ABSOLUTE MAXIMUM RATINGS

® Pulse width modulation
® Pulse position modulation
® Linear ramp generator

Supply Voltage ..............c +16V
Power Dissipation............. .. ... . .. .. 600 mW
Operating Temperature Range . . ................................ 0to +70°C
Storage Temperature Range. . . ............................ —65 to +150°C
Lead Temperature (Soldering, 10seconds) ... ... 300°C
TYPICAL CHARACTERISTICS
100 r
10
‘L A The charge time (output high) is given by
o ty = 0693 (R, + Rg)C
o The discharge time (output low) is given by
< 12 - 0693(Rg) C
5 01 Thus the tolai period is:
&) T =iy 4 t; = 0.893(R, + 2Rg) C
ﬁ The trequency ol oscillation s
o 1= 17T = 144 /(R + 2RI C
oot
0001 - L
o1 1 10 100 1K 10K 100K
FREE RUNNING FREQUENCY { — Hz
Capacitance vs
Free-Running Frequency
12( T

SUPPLY CURRENT — mA

SUPPLY VOLTAGE — V

Supply Current
vs Supply Voltage

MINIMUM PULSE WIDTH — us

TOP VIEW
RGE —1 v,
DISCHARGE — Ve
THRESHDLO o5 - <3 DISCHARGE
N |
it ) LN
— CONTROL
RESET S 11 VOLTAGE
oUTPUT — — RESET
— "
TRIGGER = S-outeut
GNO— HTRIGGER
12— S
Ve = 15V
10—+ q ' —

Ta = +125°C

0.8 r
0.6 I— 'y
{ -55°C 4.
04 ++ +
0.2} 1
1
Dl -
L] 0.1 0.2 03

0.4

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE

Vour x Vec — V¥

Minimum Pulse Width vs

Lowest Voltage Level of Trigger Pulse

HIGH OUTPUT VOLTAGE Vge = Vour — ¥

20— T ]

| +25°C

12—
1 i
| |er287c

il i

100

OUTPUT SOURCE CURRENT Igoypce — MA

High Output Voltage vs
Output Source Current
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LINEAR (VOLT REG)

3-TERMINAL ADJUSTABLE POSITIVE REGULATOR 3177

GENERAL DESCRIPTION

The 317T is an adjustable 3-terminal positive voltage regulator capable of
supplying in excess of 1.5 A over a 1.2 V to 37 V output range. This device is
exceptionally easy to use and requires only two external resistors to set the
output voltage.

In addition to higher performance than fixed regulators, the 317T offers full
overload protection available only in IC’s. Included on the chip are current
limit, thermal overload protection and safe area protection. All overload pro-
tection circuitry remains fully functional even if the adjustment terminal is dis-
connected.

Normally, no capacitors are needed unless the device is situated far from the
input filter capacitors in which case an input bypass is needed. An optional
output capacitor can be added to improve transient response. The adjustment
terminal can be bypassed to achieve very high ripple rejection ratios which are
difficult to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, the 317T is useful in a wide variety of
other applications. Since the regulator is “floating” and sees only the input-to-
output differential voltage, supplies of several hundred volts can be regulated
as long as the maximum input to output differential is not exceeded.

It will also serve as a simple adjusteble switching regulator, programmable
output regulator, or by connecting a fixed resistor between the adjustment and
output, the 317T can be used as a precision current regulator. Supplies with
electronic shutdewn can be achieved by clamping the adjustment terminal to
ground which programs the output to 1.2 V where most loads draw little
current.

FEATURES

® Adjustable ou put down to 1.2V ® 100% electrical burn-in

® Guaranteed 1.5A outpput current @ Eliminates the need to stock many

® Line regulation typically 0.01%/V voltages

® Load regulation typically 0.1% # Standard 3-lead transistor package

® Current limit eonstant with ® 80 dB ripple rejection
temperature

ABSOLUTE MAXIMUM RATINGS

Power Dissipation ............ ... e Internally limited

Input-Output Voltage Differential. . ... o T R 40V
Operating Juncticr. Temperature Range . .. .. e 0 to +125°C
Storage Temperaiure. ..o, —65 to +150°C
Lead Temperature (Soldering. 10 seconds) ............................ 300°C

INTERNAL CIRCUIT

276-1778

PIN CONNECTIONS

FRONT VIEW
Your

O e

D —— YY)

3177

TYPICAL APPLICATIONS

Yin——o Your

a.
2
E' 8, Vour=12svo+g)

Vin > Your + 1.25
VOLTAGE REGULATOR

84

Vi — v, AA

our tour

(LS
ouT “‘

CURRENT LIMITER

Yin
R1 S 2 A3 R4 Rs o2
3109 o g 1901 ant 5.6K
oto !
/190 02
Q23 J 7'y
l/ 3ron 8.3v

Q14

¥
S

0|5>
Qan 0'2)——" [*}}4
Cct L
30pF T
c2 L /25
R13 pF T 3u
S 54K S A
R4 R2¢8
12K 0.4 v,
out
ADJ
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LINEAR (VOLT REG)

317T 276-1778

TYPICAL APPLICATIONS

7 Rg"
o1 u Vin—— Vin Vour —WWA
2N3792 A0 oz
"
T R1 22400 =
800 H* 3
A1 w7 R2
838V WA Vin Vour = 18:32v
zn 0281 R2 3 2.4K
ADJ
L)
R
J- Lo 2000
4 c2 ALl .
sofr‘ :T' b Y ox OUTPUTADY co = 1004F¢ 12V Battery Charger
T Re
15K
As & c3 401
10003 ¢ 4 1n3880
300pF 37
—qVin Vour
1Solid Tanmielum ADJ
*Core—Arnoid A-254188-2 60 turns ;uou
o
< . 24
i e o |
Low Cost 3A Switching Regulator
J 4800
3
> 1200
ADJ
—{Vin Vour
n7
AC Voltage Regulator
Vin 317 —AAA

0.20

Sl
——1 317 MJ4502
e

0.:
\J cz-LI 100pF c“"“::}}?‘nz R3

¢ 250K 2 0.2
37 | > sW
: ouTPUT
nr sy o | Vin Vour P
—e—Vin Vour N 45.25v y ADJ J_
- 15 wyF €3¢ == 10uF
ADJ I
Ra 3 6800
S 03
¥ 01 "y
1 4l V-
Pt }
1NAS? |
LED*
3 2 Re
$ 240
R7
ot 2200
1500 L A/
<
T3
4 1Solid tantalum R8 r l
“Lights In constam currem mode ~870 -15V VOLTAGE ADJj ce I 104F
Adjustable 4A Regulator SA Constant Voltage/Constant Current Regulator
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LINEAR (VOLT REG)

ADJUSTABLE VOLTAGE REGULATOR

GENERAL DESCRIPTION

The 723 is a voltage regulator designed primarily for series regulator applica-
tions. By itself. it will supply output currents up to 150 mA; but external transis-
tors can be adced to provide any desired load current. The ci~cuit features
extremely low standby current drain. and provision is made for either linear or
foldback current !imiting.

FEATURES

® 150 mA outpui current without external pass transistor

Output currents in excess of 10A possible by adding external transistors
Input voltage 40V max

Output voltage adjustable from 2V to 37V

Can be used as either a linear or a switching regulator

The 723 is also useful in a wide range of other applications such as a shunt reg-
ulator. a current regulator or a temperature controller.

ABSOLUTE MAXIMUM RATINGS

Pulse Voltage from V+* toV-(50ms) . ......................... ...... . 50V
Continuous Voltage fromV+toV-............................ ...... . 40V
Input-Output Voltage Differential ... ............. ... ... ..... ........ 40V
Maximum Amplifier Input Voltage (Either Input)....................... 7.5V
Maximum Amplifier Input Voltage (D.fferential) ............... ... ... ... 5V
Currentfrom Vz . ... ... 25 mA
Current from Vggr ... ... 15mA
Internal Power Dissipation Metal Can......................... 800 mW

Cavity DIP ... 900 mW

Molded DIP ... ... . ... .. . ....660 mW
Operating Temperature Range ... .............................. 0to +70°C

........ —65 to +150°C
................... —55 to +125°C
................. 300°C

Storage Temperature Range Metal Can. .
DIP ...

TYPICAL CHARACTERISTICS

723

276-1740

PIN CONNECTION

0P view

FREQUENCY
NC  COMPENSATION Ve Ve Your vz NC
" 3 ” " |m I ll

VOLTAGE

REF AMP
lv 2 3 . 0 s »
NC CURRENT CUMMENT INVEATING  NOW Vour v-

Ly SENSE N INVERTING

TYPICAL APPLICATIONS

INPUT

(Vour * 210 7 Volts)

1[0
S 2, Rsc REGULATED
w e BlotrenT
Rl sl 72 3
VWA
s R

Regulated Output Voitage sV

Ll

Load Regulation { & I = S0mA) 1.SmV

Note: R3

Basic Low Voltage Regulator

(Vour = 7 10 37 Volts)
v+ T2 11| Ve

VReF Vour 1'°
] v
7 o
2 REGULATED
R3
B ouTPUT
cs
& v
NI

—
—

- B
7 13|
l c1 -‘-j. 100pF
TYPICAL PERFORMANCE

ne Regulstion ( AVe * 3V) 0.5mV

R1R2
R1+ R2

for minimum temperature drift.

Yin

12 | SO S T IR T
(1] [T 1 1] ] Ln——tr:“ gt 8
L | 1 L o +12v_‘> i
w VO % = <+ Rgc = 100 —
< l_Jfﬁt.J.j\J\. 1 | 2 ——4 }-L*-l_l
e | - < 0 L 1 4 )
2 1 1 1 Sa * ‘ 2 0°C
5 “Ta = P°C ! ~il_| Ta = 25°C
2> 1 1 i 1 A=
e ] ([we| & T
$ T M o Ty = 70°C -~
= 0-4|>—1—L—‘—» 1111 5 -mr - T u
& Vi = 412y || 2 ]
3 Vour » 45V 3 [ - T —apy
* 02| Rge = 100 —+— - . 4 ! |
. 440 =3
[T [ EENENSEE
0 ~ . -02L 1 1 il SOl I B
0 2 a0 80 80 100 0 1 20 %
OUTPUT CURRENT—-mA OUTPUT CURRENT —mA
Relative Output Voltage Load Regulation vs
vs Output Current Output Current
200 " ! T} cee—
[ T Tomax = 125° i L & e~
I Ry = 1110 e —F z ‘4;# ~t «l» —
L1 1 1 | Psranpey = S0mW > & |
thy "1 (NOHEAT SINK) e s °(,.4 +—1 —#—*—' —woE
T 1l g H":"Cu,," Je T J
€ — 5 3 06 W 20 Z
| o ! 0= g
% — w - b =
] \ z NN 3
= ‘\ u = \ 1 fo g
. (3 Lingy S =
» 25°C ——1 - _ M T NIT o - - =
@ 1 z RRENT R H
40 - 1 £ o - SC = 105, w
w
f Tp = 70°C e E —~
ol 1 | & THap 3 oal i A
0 10 2 30 [ %0 ~50 +50  +100 4150

Vin = Your) — YOLTS

Maximum Load Current vs
Input-Output Voitage Differential

JUNCTION TEMPERATURE—°C

Current Limit Sense Yoltage
vs Junction Temperature

V-|7 13|compP 1
100pF
TYPICAL PERFORMANCE
Regulaled Output Volage 15V

Line Regulation (3 Vjy = 3V)  1.5mV
Load Regulation (3 | = 50mA) 4.5mv

A1A2
Note: R3 = At + AZ for mirimum temperatare drift

Basic High Voltage Regulator
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LINEAR (VOLT REG)

7805

276-1770

5V VOLTAGE REGULATOR
12V VOLTAGE REGULATOR
15V VOLTAGE REGULATOR

7812

276-1771

7815

276-1772

GENERAL DESCRIPTION

This series of three terminal regulators s available with several fixed output
voltages making them useful in a wide range of applications. One of these is local
on card regulation. eliminating the distribution problems associated with single
point regulation. The voltages available allow these regulators to be used in logic
systems. instrumentation. HiFi. and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages and currents.

This series will allow over 1.5A load current if adequate heat sinking is pro-
vided. Current limiting is included to limil the peak output current to a safe
value. Safe area protection for the output transistor is provided to limit internal
power dissipation. If internal power dissipation becomes too high for the heat
sinking provided. the thermal shutdown circuit takes over preventing the 1C from
overheating.

FEATURES VOLTAGE RANGE
® Internal thermal overload protection 7805 5V
® No external components required 7812. 12v
® Qutput transistor safe area protection 7815 . . 15V
® Internal short circuit current limit
ABSOLUTE MAXIMUM RATINGS
Input Voltage
(Output Voltage Options 5V through 18V) ... ... .. ... 35V
(Output Voltage Option 24V). . P R (1%
Internal Power Dissipation................ . Internally Limited
Maximum Junction Temperature. . ........... ... 150°C
Operating Temperature Range .. ......... ..0to +70°C
Storage Temperature Range. ............. : .65 to +150°C
Lead Temperature (Soldering. 10 seconds) .. .. ... 300°C
TYPICAL APPLICATIONS
276-2043
== Wty v 3 ' ImH
\J INS812

ar
>

; ‘n :
47K 0.33uF

4=4 10uF

47
)
2050
>=Vour 1*
<

*+Tracking Voltage Regulator Switching Regulator

2N4398
INPUT (

High Output Current, Short Circuit Protected

ﬁ

anvo)l O

p——O Vour

fe: 2000.F

R

PIN CONNECTION

TOP VIEW

——JoutpPuT (2)
——————3GND(3)

r—:IINPUT (8]

(\‘:@\

~ ™
“r
.

INPUT O—

V¢
OUTPUT CURRENT | Ry

Current Regulator

> +OUTPUT

LT

,I. O1uF
-ouTPuT

Positive and Negative Regulator

COuUTPUT
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LINEAR (MISCELLANEOUS)

QUAD COMPARATOR 339

276-1712

GENERAL DESCRIPTION PIN CONNECTION

The 339 series consists of four independent voltage comparators whick were TOP VIEW
designed specifically to operate from a single power supply over a wide range of

voltages. Operaion from split power supplies is also possible and the low power
o . . . OUTPUT 2 OUTPUT 3

supply current drain is independent of the magnitude of the power supply 1 0
voltage. These somparators also have a unique characteristic in that the input ouTeuT 1 ~outeuT 4
common-mode voltage range includes ground. even though operated from a
single power supply voltage. e e }TGNG
FEATURES N 7 INPUT 4+
® Wide single supply: INPUT 14— 15 INPUT 4=

Voltage range 2 Vi to 32 Ve or duat supplies ¥1 Vg to 16 Ve INPUT 2- eyt 34
® Very low supply current drain (0.8 mA)—independent of supply voltage

(1 mW/comparator at +5 Vpc) INPUT 24— + INPUT 3—
® Input common-mode voltage range includes ground

® Differential input voltage range equal to the power supply voltage

® Low output 1 mV at 5 uA: saturation voltage 70 mV at 1 mA

® Oulput voltage compatible with TTL (fanout of 2). DTL. ECL. MQS and CMOS
logic systemrs

ABSOLUTE MAXIMUM RATINGS INTERNAL CIRCUIT
SlpplyAVoltageVAa RN B SR . B 32 Ve or £16 Ve ¥
Differential Input Voltage. .. ..... ... $ooooons0naodloas e ihem s w36 Ve [ooa Joon Tasa ] 100
Input Voltage. . . ........ooiiiiiii - 0.3 Vi to +36 V¢ ) ') vy, (y
Power Dissipation Py b ¥ i
Molded DIP . ... .. .o ......570 mW L e
CRVITWIDIP g e e —— 900 mW 4, —;Lj__‘ .
Qutput Short-Circuit to GND . ... ... Continuous »—k}_‘ I
Input Current t\Vin< =03 Vpe) .o o i ceei.......50mA S o a¢ &0
Operating Temperature Range .. ... .................... .. ... 0 ta +70°C ] {
Storage Temperature Range. . ............... Ceiiie......—B65t0 +150°C R f.
Lead Temperaiure (Soldering. 10 seconds) ............................ 300C ' <
Qs -3
TYPICAL APPLICATIONS {1
£ VOLT GROUP
15V GROUP
v+
3K V+
Vo
> Your
Vg €
A (] A =AW— 1
Basic Comparator P
vﬂ‘ c
e
dd
0 0
o AND Gate OR Gate
4011 v %
. 1
Driving CMOS 3 100K 2 15K
Ve ;‘_J—L 51K
Q S AR X 5 45y
100K
I i I o G
oK 741500 e -
C R —AN -
:‘ 100K
- 74L500 L
Driving TTL One-Shot Multivibrator Bi-Stable Multivibrator
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LINEAR (MISCELLANEOUS)

567

TONE DECODER

276-1721

GENERAL DESCRIPTION

The 567 is a general purpose tone decoder designed to provide a saturated
transistor switch to ground when an input signal is present within the
passband. The circuit consists of an I and Q detector driven by a voltage con-
trolled oscillator which determines the center frequency of the decoder. Exter-
nal components are used to independently set center frequency, bandwidth
and output delay.

FEATURES

20 to 1 frequency range with an external resistor

Logic compatible output with 100 mA current sinking capability
Bandwidth adjustable from 0 to 14%

High rejection of out of band signals and noise

Immunity to false signals

Highly stable center frequency

Center frequency adjustable from 0.01 Hz to 500 kHz

APPLICATIONS

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

ABSOLUTE MAXIMUM RATINGS

Supply VOItage . . .......ooiii it 9V
Power Dissipation ...........cciiiiiiiiiiieiiiiiiiiiiiiinee i 300 mW
Vg (Output VOItABE) .. ...ttt iiiiiiionienenenietenees 15V
Vi (G Vol tag Ela I TTD LI t) Rt o R0 Noprene U R Lo e ohons o - - spapon = < agoner- -10V
Vi(+VoltageatInput). . ........ ... i Vg+0.5V
Operating TEMPerature .. ............c.ovovueneoieieeneoneioons 0to +70°C

Storage Temperature Range

TYPICAL APPLICATIONS

sV cr*

ﬂ—]
- 0.0033,F

A R12 24K

5 24 $ s The center frequency of the tone decoder Is equal to the free-running

frequency of the VCO.
This is given by 1o ® 1/R1CY
L4 The band width of the fliter may be found from the spproximation

BW = |oroﬂv_"‘ in % of fo.
1 2 l: 4 1.C2
002 001

#F [0005]| uF Whers: Vi = Input voltage (voits rms), Vi s 200mV,

AR

SIGNAL
INPUT

C2 = Capacltance at pin 2 in 4F.

[=
+ 5V
*Note: Adjust for o = 100kHz.

f; = 100kHz +8V
AC Test Circult

+

_R_L%
587

S
PURT!
oI

Oscillator with Double
Frequency Output

PIN CONNECTION

TOP VIEW
°3-I?{IT—E]'{>* §-ouTeur
A, 5~ GNo
INPUT 5 S e
T _?;'::'I:(T;on
v

- - DH
i
+1 D

—
l I L
¥ it
< v
567 %
- 13382 l
_I_ Component values
(typ)
s
I I R1 6.4 10 15K
A2 41K
¥ R3 20K
€1 0.004F
€2 1.0uF
€3 2.2uF
sa7
T T Ca 250uF oV
i:o.s..r l
100 /)
10 = ot
200myrme I -

Touch-Tone Decoder
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LINEAR (MISCELLANEOUS)

LED FLASHER/OSCILLATOR

GENERAL DESCRIPTION

The 3909 is ¢ monolithic oscillator specifically designed to flash light emitting
diodes. By using the timing capacitor for voltage boost. it delivers pulses of 2 or
more volts to the LED while operating on a supply of 1.5V or less. The circuit is
inherently self-starting. and requires addition of only a battery and capacitor to
function as a LED flasher.

It has been optimized for low power drain and operation from weak batteries so
that continuous operation life exceeds that expected from battery rating.

Application is made simple by inclusion of internal timing resistors «nd an
internal LED current limit resistor.

Timing capacitors will generally be of the electrolytic type. and a small 3V
rated part will be suitable for any LED flasher using a supply up to 6V. However.
when picking flash rates. it should be remembered that some electrolytics have
very broad capacitance tolerances. for example — 204 to +100%.

FEATURES

® Operation over one vear from one T size flashlight cell

® Bright. high current LED pulse

® Minimum external parts

® Low voltage operation. from just over 1V to 5V

® Low current drain. averages under 0.5 mA during battery life
® Powerful: as an oscillator directly drives an 8Q2 speaker

ABSOLUTE MAXIMUM RATINGS

Power Dissipation. .......... . e D b . e PO 500 mW
V*Voltage .. ............ ... .. T R - - - ST 6.4V
Pulse Width . ... ... 6 ms
Peak LED Current. . ... ..ottt 45 mA
Operating Current. . ... ... oo e 75 mA
Flash Frequency......... ... ... ... . . . i i 1.3 Hz
High Flash Frequency.......... .. .. ............ ... R .. 1.1 kHz
Operating Temperature Range . . .......................... ... ~25 to +70°C
TYPICAL APPLICATIONS . \//
i
L
'L‘ b Ir s s |
Asg //
+ .“v\‘ 3909 4 1.5v
Arp 3 =
1 2 |3 0
8 T s 5 -
300uF Note: Normal tlash rate: 1 Hz
v
909 Ca 1.5V Flasher
%
l| 2 [3 |a v
n
%
+ P VR
k4
G
Warning Flasher High Voltage Powered 4 o
/4
. .4\/4,.
—\/ \Y‘ kY
e} N LA O C P
s |r fo s b Ao gy

2900 v
I 2 |3 ]’c
Ind

it
1100pF
—[ av 75&;)

:\oo“r Note: Normal fiash rate: 1Mz
Average lomas « 0.77mA

Nominat llash rale: 1.3Hz Aversga Ippay = 2mA

3V Flasher Parallel LED's

9K SLOW RC

3909

276-1705

PIN CONNECTION

s lr [ 5

% (1]
8K L
p: S
3K 20K 0K | 20K
3K o1
e
L o
8.5V

1000
Q3 AN VWA
4000 | o0
L ]
1 2 | 3 .
3K FAST AC our NC V-

TYPICAL CHARACTERISTICS

TYPICAL | pmandmA)

%, L] Al L Y e .
10 1.1 1.2 1.3 14 1518
BATTERY VOLTAGE (V)

Drain Current vs
Battery Voltage

ESTIMATED BATTERY LIFE
{CONTINUQUS 1.5V FLASHER OPERATION)

TYPE
SIZE CELL
STANDARD ALKALINE
AA 3 MONTHS 6 MONTNHS
[+ 7 MONTHS 15 MON"HS
D 13 YEARS 2.6 YEARS

Note: Estimates sre made from our lests sand manu-
facturers data. Condilions are fresh bafieres and
room Clad or Ik ! batteries

are recommended for any application of five mosths
or more, Nicked Cadmium cells are nol recommended,

TYPICAL OPERATING CONDITIDNS

NORMAL

e FLASH M2 Cr LR Are Venanae
ov 2 400uF ® 15K s-25v
18V 2 180,F 3.9 1X 1350V
100V 17 18008 43K 1K 85-200V
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MOS (CMOS)

SSI202

276-1303

GENERAL DESCRIPTION

The SSI 202 is a complete Dual Tone Multiple Frequency (DTMF]) receiver
detecting a selectable group of 12 or 16 standard digits. No front-end pre-
filtering is needed. The only externally required components are an inexpen-
sive 3.58-MHz television ‘“‘colorburst” crystal {for frequency reference) and a
bias resistor. Extremely high system density is made possible by using the
clock output of a crystal connected SSI 202 receiver to drive the time bases of
additional receivers. The SSI 202 uses a monolithic integrated circuit fabri-
cated with low-power, complementary symmetry MOS (CMOS) processing. It
requires only a single low tolerance voltage supply.

The SSI 202 employs state-of-the-art circuit technology to combine digital
and analog functions on the same CMOS chip using a standard digital semi-
conductor process. The analog input is pre-processed by 60-Hz reject and
band splitting filters and then hard-limited to provide AGC. Eight bandpass fil-
ters detect the individual tones. The digital post-processor times the tone dura-
tions and provides the correctly coded digital outputs. Outputs interface
directly to standard CMOS circuitry, and are three-state enabled to facilitate
bus-oriented architectures.

FEATURES

e NO front-end band-splitting filters required

e Single, low-tolerance, 5-volt supply

e Detects either 12 or 16 standard DTMF digits

e Uses inexpensive 3.579545-MHz crystal for reference

e Excellent speech immunity

e Output in either 4-bit hexadecimal code or binary coded 2 of 8
e Synchronous or handshake interface

e Three-state outputs

ABSOLUTE MAXIMUM RATINGS*

Supply Voltage (DC). . ..ottt i ia et aasns 7V
Input Voltage (All Inputs Except AnalogIn) .................. - .5Vto +.5V
AnalogInVoltage ............... i it - 10V to + .5V

DC Current Into Any Input ............ i +1.0 MA
Power Dissipation{Note 1). ... ... ... ... i 65 MW
Operating Temperature ............. .. ... .. ...
Storage Temperature. .. ............ooviiiuieianin s

* All unused inputs must be connected to V,, or GND as appropriate.
Note 1: Operate above 25°C @ 6.25 mw/°C

ANALOG IN

This pin accepts the analog input. It is internally biased so that the input sig-
nal may be AC coupled. The input may be DC coupled as long as it does not
exceed the positive supply. Proper input coupling is illustrated in Fig. 1.

The SSI 202 is designed to accept sinusoidal input wave forms but will oper-
ate satisfactorily with any input that has the correct fundamental frequency
with harmonics greater than 20 dB below the fundamental.

CRYSTAL OSCILLATOR

The SSI 202 contains an onboard inverter with sufficient gain to provide
oscillation when connected to a low-cost television “color-burst” crystal. The
crystal oscillator is enabled by tying XEN high. The crystal is connected
between XIN and XOUT. A 1 MQ 10% resistor is also connected between these
pins. In this mode, ATB is a clock frequency output. Other SSI 202’s may use
the same frequency reference by tying their ATB pins to the ATB of a crystal-
connected device. XIN and XEN of the auxiliary devices must then be tied
high and low respectively. Ten devices may run off a single crystal-connected
SSI 202 .

5V LOW-POWER DTMF RECEIVER

PIN CONNECTION

p1—f1e 1 |— o2
HEves —f 2 17— D¢
EN—] 3 16 — o8
IN1833 — 4 15 |— CLRDV
vp—1 8 14 p—ov
NIC — & 13— ATB
ano — 7 12— xiN
XEN — 8 1 f— xour
ANALOGIN — ¢ 10 p— GND
v, 1 ve
'y 3
VIN<V, VINGS YV,
: O
ANALOG 10pF ANALOG el
IN N
100K(: 100K0!
GND GND
| (ON CHIP) (ON CHIP)
Fig. 1
V,
XIN AAA XouT
12 "
XEN
a8 13 §S1 202 8

l XIN CONNECTED TO V,

12

$8I 202

UP TO 10 DEVICES
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MOS (CMOS)

Block Diagram

SSI202 276-1303

r BANDPASS FILTERS i
: r
§ q AMPLITUDE
: g
; : . 0 g TIMING
- i BAND ZERO y :
8 SPLIT | CROSSING | ! n s t I > : CIRCUTRY 0
! PAEPROCESSOR FILTERS | DETECTORS | ! ? i : o
1 4 '
‘ ¥
)
[ l‘ CLRDV
n i o
: ' ' T3
, {
= | A
H ]
Ho ) 5 i : B cLR
1] : I~ ov
. DV STROBE 4] 1> o
’ 177 d
ats
3 :
(] H
- . 4
cLOCK DATA STROBE 5
- GENERATOR L. CHIP CLOCKS ”)
3 1 2
e
-l:our outPuT ourput D1
DECODER |—od REGISTER _«%——q—o
" 1
v—{}, 2
-
POWER REGULATOR gy 1
1
——
r 17
L
08
!
18
DATACLEAR __§ EN
3
bl
v, 15 gnpd'™ qup-” IN1833 &8

This pin selects the format of the digital output code. When HEX/B28 is tied
high, the output ‘s hexadecimal. When tied low, the output is binary coded 2 of
8. The table below describes the two output codes.

Hexadecimal Binary Coded 2 of 8
Digit D8 D4 D2 D1 D8 D4 D2 D1
1 0 0 0 1 0 0 0 0
2 0 0 1 0 0 0 0 1
3 0 0 1 1 0 0 1 0
4 0 1 0 0 0 1 0 0
5 0 1 0 1 0 1 0 1
6 0 1 1 0 0 1 1 0
7 0 1 1 1 1 0 0 0
8 1 0 0 0 1 0 0 1
9 1 0 0 1 1 0 1 0
0 1 0 1 0 1 1 0 1
‘ 1 0 1 1 1 1 0 0
# 1 1 0 0 1 1 1 0
A 1 1 0 1 0 0 1 1
B 1 1 1 0 0 1 1 1
C 1 1 1 1 1 0 1 1
D 0 0 0 0 1 1 1 1

adio History|
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MOS (CMOS)

SSI202 276-1303

IN1633

When tied high, this pin inhibits detection of tone pairs containing the
1633-Hz component. For detection of all 16 standard digits, IN1633 must be
tied low.

OUTPUTS D1, D2, D4, D8 and EN

Outputs D1, D2, D4, D8 are CMOS push-pull when enabled (EN high) and
open circuited (high impedance) when disabled by pulling EN low. These digi-
tal outputs provide the code corresponding to the detected digit in the format
programmed by the HEX/B28 pin. The digital outputs become valid after a
tone pair has been detected and they are then cleared when a valid pause is
timed.

DV and CLRDV

DV signals a detection by going high after a valid tone pair is sensed and
decoded at the output pins D1, D2, D4, D8. DV remains high until a valid pause
occurs or the CLRDV is raised high, whichever is earlier.

N/C PINS

These pins have no internal connection and may be left floating.

DETECTION FREQUENCY

Low Group f, High Group f,
Row 0 = 697 Hz Column 0 = 1209 Hz
Row 1 = 770 Hz Column 1 = 1336 Hz
Row 2 = 852 Hz Column 2 = 1477 Hz
Row 3 = 941 Hz Column 3 = 1633 Hz

SSI 202 TIMING

ton e L |
20ms Al 20ms RJ
tone burst 1 pauso tone burst 2
ANALOG
INPUT
L L
46ms 50ms

CLRDV +

1 o
22ms =" 18ms

T S ) (SUSE
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MICROCOMPUTER (8 BIT)

CODE-TO-SPEECH CHIP [J&priloltw,
276-1786

GENERAL DESCRIPTION PIN CONNECTION

The Code-To-Speech chip set consists of two chips: the SPO256A-AL2 (Cat.
No. 276-1784), an allophone-base single chip speech synthesizer, and the

TOP VIEW

CTS256A-AL2, an 8-bit microcomputer programmed with a letter-to-sound \J

based algorithm. This chip set translates English characters into LPC synthe- aws —| 1 . w |—vss

sized speech sounds. =
The SP0O256A-AL2 is a standard allophone chip and is based on the - L

SPO256A speech synthesizer. This synthesizer consists of a 10 or 12 pole SusY== s bl

second-order cascaded LPC filter, a controller, and a 16-Kbit ROM in which 59

T 7 b=

allophones (speech sounds) and five pauses are stored. it § ry Lo
The CTS256A-AL2 is a device whose on-board ROM is masked with code-to-

speech algorithm. This algorithm converts English text (in the form of stand- T [ e

ard ASCII characters) into SPO256A-AL2 compatible allophone addresses, — u b—oe

using letter-to-scund rules. SIE .
This chip set delivers highly recognizable speech output from any peripheral nerenytol

device or compuater in a flexible and cost effective manner. It can be config- o 52| s

ured as a dedicated code-to-speech system, as well as add speech output to a 4 n o

user’s program running in this CTS256A-AL2 from off-chip Rom. Such user a1 o o

programs are written in PIC7001 assembly language which is 100% compatible
with TMS7001 assembly language. T —| 12 By
Eproms can be added to improve the pronunciation of certain proper names,

INT —1 13 = |— 0o
acronyms and technical words as well as to store user programs.
RESET — 14 T A

FEATURES: — —
e Unlimited vocabulary AcvR — 18 = }—voe
e Utilizes letter-to-sound rules =i .
e Serial or para lel interface
e Microprocessor available for user code 11 KiG S ik

MS —1 1 B I A2
PIN SELECTABLE CODE-TO-SPEECH OPTIONS: a— n | an

Refer to TABLE 1.

INPUT INTERFACE  —Serial port & baud rate vs. Parallel port

INPUT BUFFER —Internal RAM vs. External RAM

DELIMITER —Any-delimeter vs Carriage-return-only

UART PARAMETERS —Program defaults vs 74LS373 selectable (or eprom
definable)

FIRMWARE (EXCEPTION-WORD/USER EPROM]}
CONTROLLED CODE-TO-SPEECH OPTIONS: (optional)
Refer to TABLE 2.

e Parallel port decode relocatable

e UART parameters 74LS373 decode relocatable
e UART parameters selectable

e Start & end address of External-Ram relocatable

CODE-TO-SPEECH ALGORITHM FEATURES:

-ESCAPE ’ESC”, (1B Hex) THE ESCAPE-KEY CODE WILL DUMP
THE CONTENTS OF THE INPUT AND
OUTPUT BUFFERS, AND WILL ALSO
SILENCE SPEECH OUTPUT WHICH IS
IN PROGRESS.

-BACKSPACE ’<-",(0BHex) THE BACKSPACE-KEY CODE ERASES
THE INPUT BUFFER ONE CHARACTER
AT A TIME, BEGINNING WITH THE
LATEST ENTRY.

NOTE: The R/C combination indirectly connected to PIN 14 of the CTS256A-
AL2 and to PIN 2, 25 of the SPO256A-AL2 acts as a power-on reset.
The requirement to reset the chip-set is a negative-going pulse which
remains L.O for a minimum of 500 microseconds.

NOTE: A signal finput or output) that is active-LO is designated by its signal
name fo'lowed by an asterisk (*).
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MICROCOMPUTER (8-BIT)

CT8256AL2 276-1786

CODE-TO-SPEECH ALGORITHM (Cont’d)

NOTE: The program default address decode of the SPO256A-AL2’s ALD*
input is 2000H. It is re-definable via the EXCEPTION-WORD or USER
eprom. Refer to TABLE 2,

NOTE: MSnibble means most significant nibble, where a nibble is half a byte.
MSB means most significant byte; LSB means least significant byte.
‘X’ stands for the MSnibble of the MSB of the two byte address, and
can be 1,2,3,4,5,6,7,8,9,A,B,C,D, or E because an eprom may reside
from 1000H to EQOOH.

NOTE: The term ‘delimiter’ refers to any punctuation following a word or
numerical sequence. These include: , . ; : ! ? spaces and carriage-
returns.

CODE-TO-SPEECH ALGORITHM

Upon power-up {(or hardware reset) the CTS256A-AL2 determines the system
configuration with respect to the following five options:

1- INTERNAL / EXTERNAL RAM SELECTION: (Refer to
TABLE 1.)

INTERNAL-RAM mode has an input buffer which accommodates words
or phrases that are no greater than 19 characters in length followed by a
delimiter; and an output buffer that accommodates an allophone transla-
tion of that word or phrase that is no greater than 26 allophone addresses.

Since the translation more often than not results in the output buffer
contents consisting of two times that of the input buffer, words no longer
than 13 characters in length and numerical sequences of no longer than 4
numbers in length should be used as a rule of thumb. If the output buffer
overflows, what has not been spoken yet from the output buffer might be
lost, and the BUSY* flag will not necessarily show an input buffer empty
status even though the input buffer might be empty. If a translation results
in an output buffer overflow, the system reset may have to be used to clear
the system.

EXTERNAL-RAM mode can be used to extend the size of the input and
output buffers. If no EXCEPTION-WORD or USER eproms are present,
the start address default is 3000H. Static RAM can be added in 256 byte
contiguous block increments, beginning with a minimum of 512 bytes. The
algorithm will find the end address by searching for the first non-RAM
location at 256 byte intervals. The search for the end address will not prog-
ress beyond 2K bytes.

If an eprom is present, the start and end addresses are re-definable there.
Requirements are: minimum start address is 0200H; the start address must
begin on a boundary where the LSByte of the address =00; and without
the end address specified in eprom, the maximum valid start address is
EEOO0H.

In any case, 256 bytes are taken for the output buffer; the remainder is
the input buffer. (External-Ram used must have an access time of 250 nS or
less.)

2- ROM: A search is made from 1000H to E000H is 4K increments for
the 5 byte sequence (80H, 48H, 28H, 58H, 85H) which uniquely identifies
the presence of an EXCEPTION-WORD or USER eprom. If neither are pres-
ent, the system options are set to algorithm default values or can be chosen
by the Pin selectable options. If only a USER eprom is present, the system
options may be re-defined from the USER eprom; refer to APPENDIX-0. If
both USER and EXCEPTION-WORD eproms are present or if only an
EXCEPTION-WORD eprom is present, the system option may be re-defined
from the EXCEPTION-WORD eprom; refer to APPENDIX-A,B. (External-
Ram used must have an access time of 300nS or less.)

Exception-Word Eprom(s): (optional)

Exception-word eprom(s) say reside anywhere within the decodeable
addresspace of the CTS256A-AL2 from 1000H to E000H, providing its start
address falls on a 4K boundary. The code-to-speech initialization routine will
search for its existence which is denoted by a unique 5-byte sequence of num-
bers (80H, 48H, 28H, 58H, 85H). A few other locations in the primary
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Exception-Wcrd Eprom(s): (Cont’d)

exception-word eprom are reserved, and must contain specific sequences of
numbers; the remainder are user-defined. Additional exception-word eprom(s)
contiguous to the primary exception-word eprom contain no reserved loca-
tions. Refer tc APPENDIX-A, B for the applicable EXCEPTION-WORD
EPROM MEMORY MAP.

User-Eprom s): (optional)

If a USER eprom is accompanied by an EXCEPTION-WORD eprom, it may
reside anywhere. If no EXCEPTION-WORD eprom accompanies it then it may
reside anywhere from 1000H to EOOOH providing its start address falls on a 4K
boundary; and it must then begin with the sequence 80H, 48H, 28H, 58H., 85H;
and also contain other reserved locations. If an EXCEPTION-WQORD eprom is
present, the USER’s program can even reside in an unused portion of the
EXCEPTION-WORD eprom. Refer to APPENDIX-D,E for the applicable USER
EPROM MEMORY MAP.

Interaction between a USER program and the code-to-speech algorithm must
be controlled in an orderly manner, ie; he user must save the processor status
before taking control of the processor for execution of any USER code (except
for character string loading operations, which is described next:)

To prepare the code-to-speech algorithm to process and speak, the USER
program passes the character string it wants spoken into the Accumulator one
character at a time, then calls the routine @SAVE which transfers it into the
input buffer. After the character string loading has been completed, the USER
code can initiate the speech by calling the @ SPEAK routine; assuming that a
delimiter followed that character string. After the loaded character string is
processed and s«poken, program control resumes in the hands of the USER pro-
gram by the Branch @ USERCODE instruction.

No registers ised by the code-to-speech algorithm may be disturbed by the
USER code during character string loading, (except for the Accumulator}.

Prior to the USER code executing anvthing other than character string load-
ing, all registe~s used by the code-to-speech algorithm as well as the Stack
Pointer and STATUS register are to be saved. These registers must be recov-
ered prior to future character string loading operations; or prior to initiating
speech.

Because of masked code-to-speech restrictions within the CTS256A-AL2,
Interrupt-1* and Interrupt-3* are not USER accessible. Also, input frcm the
serial port into the USER code can be obtained, but restrictions apply.

Refer to APPENDIX-F for a discussion of the sequence of events and subrou-
tines necessary for USER/CODE-TO-SPEECH interactions as described above.

3- Serial / Parallel Input Interface Selection: (Refer to
TABLE 1.)

In the parallel mode, ASCII data is latched by an 74LS374, upon receipt
of an Active LO data-valid strobe. This strobe also vectors the algorithm to
accept the data via Interrupt-3*, PIN 12 of the CTS256A-AL2. The latch’s
address default is 200H. It is re-definable from EXCEPTION-WORD or
USER eprom. (Refer to TABLE 9 for timing requirements of the parallel
port.)

In the serial mode, ASCII data is accepted via the CTS256A-AL2 PIN 16,
which is a built-in UART that requires a TTL level signal input. The baud
rate is selectable at 50,110,300,1200,2400,4800 and 9600. The other UART
parameters are set to algorithm default values, or are hardware selectable
via an 74LS373 buffer. The buffer address default is 1000H. The UART
parameters as well as the baud rate is re-definable from EXCEPTION-
WORD or USER eprom. The algorithm default UART values are: Asyn-
chronous, 7 bits/character, 2 stop bits, and no parity.

In either serial or parallel mode, the input buffer is protected from over-
flow by a hysteresis subroutine which signals the host when the input
buffer is full, and when the input buffer is ready for additional input. Hard-
ware handshaking (BUSY*) is provided to accomplish this signaling of
input buffer status.

BUSY* is Active-LO. It toggles LO when the input buffer becomes 87.5%
full. In this way the host system may use its discretion to complete that
transmission or a part thereof. If the input buffer becomes 100% full, the
parallel and serial port interrupts are disabled to prevent input buffer over-
write; and the interrupts are not re-enabled until the input buffer full con-
dition has dissipated. BUSY* will :oggle hi when the input buffer becomes
50% empty; at which time the interrupts are enabled if they had been disa-
bled by a 100% full condition. (BUSY* is PIN-3 of the CTS256A-AL2 which
is a TTL level output capable of sinking 10 mA maximum.)

CTSZSGALZ 276-1786
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4-

Software / Hardware (or Firmware) UART Parameters
Selection: (Refer to TABLE 1.)

This hardware option tells the code-to-speech algorithm to use the
default UART values, or to find the parameters at the 74LS373 buffer. The
buffer address default is 1000H. The UART parameters are re-definable
from eprom, but only if the hardware mode is selected via Pin 9 of the
CTS256A-AL2.

Any-Delimiter / Carriage-Return-Only Selection: (Refer to
TABLE 1.)

In the any-delimiter mode, the code-to-speech algorithm will process and
speak words or phrases as soon as they are followed by any delimiter. In
the carriage-return-only mode, the algorithm will process and speak words
or phrases only after a carriage-return is received as a delimiter. The
carriage-return-only mode is meant for use with a slow input device such
as a terminal, where the user wishes to buffer-up a complete phrase so that
it is spoken with fluency. If the carriage-return-only mode is chosen in con-
junction with EXTERNAL-RAM, limit to 160 characters the length of the
phrase which is entered before the carriage-return is entered. This allows
for a two line phrase to be spoken with fluency while insuring that the 256
byte output buffer should not overflow.

After completion of the initialization the phrase ""O.K.” is spoken to demon-

stra

te that the system is ready for input, then one of the following two paths is

taken dependent upon the system configuration:

1:

TA

In a ‘dedicated code-to-speech system’ (ie; USER eprom is not present),
the algorithm idles as long as the input buffer remains empty. Input is via
standard ASCII characters. Processing begins with an alphabetical search
of the EXCEPTION-WORD eprom, if it is present. If no exact match for the
character string is found, or if an EXCEPTION-WORD eprom is not pres-
ent, the algorithm employs a letter-to-sound rule table against which main,
right, and left context matches are performed. This results in the transla-
tion of a particular word into the proper string of allophone addresses nec-
essary for its pronunciation. This list of allophone address is sent to the
SP0258A-AL2 after a carriage-return, or after any delimiter—depending on
the mode selected.

In the ‘add speech to USER's program’ mode (ie; USER eprom is pres-
ent), control of the processor is relinquished to the USER code immedi-
ately after the initialization is complete. The USER code may then execute
its own code, may pass character strings into the input buffer memory, or
may hand-off processor control to the code-to-speech algorithm to speak
any previously loaded character strings. If speech is initiated, control
returns to the USER code after the last delimited character string in the
input buffer has been processed. Refer to APPENDIX-F.

BLE 1.

Hardware selectable option pin-outs of CTS256A-AL2:

PIN

PIN

PIN

6 7 8

0<PARALLEL INPUT MODE

1 BAUD 50

0 BAUD 110

1 BAUD 300

0 BAUD 1200 SERIAL INPUT MODE
1

0

1

BAUD 2400
BAUD 4800
BAUD 9600

=R eL2,O0000

[=Je]

<PROGRAM DEFAULT UART VALUES (Asynchronous, 7 bits/
character, 2 stop bits, no parity).
1 <HARDWARE (or FIRMWARE) SELECTED UART VALUES.

10
0+ INTERNAL-RAM BUFFERS, (20 BYTE INPUT/26 BYTE OUT-
PUT).
1+ EXTERNAL-RAM BUFFERS, (1792 BYTE INPUT/256 BYTE OUT-
PUT WITH A 2-KBYTE RAM).
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TABLE 1. Con’t.

PIN 11
0« CARRIAGE-RETURN-ONLY DELIMITER.
1« ANY DELIMITER.

PIN 03 “BUSY$" (Input buffer flag is a TTL level output}; for RS232
compatibility use MC1488 Line Driver or equiv.
0— INPUT BUFFER IS > =87.5% FULL.
1— INPUT BUFFER IS < =50.0% EMPTY.

PIN 16 = UART RECEIVER (Serial input is a TTL level input}; for RS232
compatibility use MC1489 Line Receiver or equiv.

NOTE: 0 implies TLL LO level; 1 implies TTL HI level.
+< implies input; — implies output.

A typical connection to a computer with an RS232 interface:

COMPUTER CODE-TO-SPEECH CHIP-SET
protective GND + signal GND (Circuit ground).
signal GND + signal GND (Circuit ground).
Clear To Send (CTS)+~ Request To Send (RTS) = CTS256A-ALs’s FIN 3
(BUSY$).
Transmitter’s Line Driver —CTS256A-AL2 UART'’s Line Receiver.

TABLE 2. NEW PARAMETERS.

X009 FF NUMBER OF BYTES OF 50% OF EXTERNAL INPUT
3UFFER (MSB])

X00A FF NUMBER OF BYTES OF 50% OF EXTERNAL INPUT
BUFFER (LSB)

X00B FF NUMBER OF BYTES OF 12.5% OF EXTERNAL INPUT
BUFFER (MSB)

Xo00C FF NUMBER OF BYTES OF 12.5% OF EXTERNAL INPUT
BUFFER (LSB)

X00D FF EXTERNAL RAM START ADDRESS (MSB) see note 2.3

X00E FF EXTERNAL RAM START ADDRESS (LSB]} see note 2.3

X00F FF EXTERNAL RAM END ADDRESS-100H (MSB]) see note 2.3

X010 FF EXTERNAL RAM END ADDRESS-100H (LSB} see note 2.3

X011 FF EXTERNAL RAM START ADDRESS-1 (MSB] see note 2.3

X012 FF EXTERNAL RAM START ADDRESS-1 (LSB}) see note 2.3

X013 FF EXTERNAL RAM END ADDRESS-FFH (MSB) see note 2.3

X014 FF EXTERNAL RAM END ADDRESS-FFH (LSB} see note 2.3

X015 FF EXTERNAL RAM END ADDRESS + 1 (MSB) see note 2.3

X016 FF EXTERNAL RAM END ADDRESS + 1 (LSB} see note 2.3

X017 FF ADDRESS DECODE OF SPO256A-AL2’s ALDS (MSB{ see
note 2.4

X018 FF ADDRESS DECODE OF SPO256A-AL2’s ALD$ (LSB} see note
24

X019 FF ADDRESS DECODE OF 74LS374 PARALLEL PORT LATCH
{MSB)

X01A FF ADDRESS DECODE OF 74LS374 PARALLEL PORT LATCH
‘LSB})

X01B FF see note 2.1

X01C FF TOTAL NUMBER OF BYTES IN INPUT BUFFER (MSB}

X01D FF TOTAL NUMBER OF BYTES IN INPUT BUFFER (LSB}

X01E FF see note 2.1

X01F FF see note 2.1

X020 FF  SERIAL PORT REGISTER (see table 5) see note 2.5

X021 FF SERIAL PORT CONTROL REGISTER (see table 6) see note

25
X022 FF  SERIAL PORT TIMER DATA REGISTER (see table 6} see
note 2.5

L YOUR EXCEPTION-WORD OR USER EPROM CAN RESIDE ANY-
WHEEE FROM 1000H TO E000H PROVIDING IT BEGINS ON A
4K BOUNDARY WHERE X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E. (The
least significant 3 nibbles of the address must remain as shown.}

CTS256AL2 276175
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NOTE 2.1

NOTE 2.2
NOTE 2.3
NOTE 2.4
NOTE 2.5
NOTE 2.6
NOTE 2.7
TABLE 3.
X0A3 X1
X0A4 93
X0A5 X1
X0A6 A8
X0A7 X1
X0A8 A9
X0A9 X1
X0AA B1
X0AB X1
X0AC B2
X0AD X1
X0AE B3
X0AF X1
X0BO B4
X0B1 X1
X0B2 E1
X0B3 X1
X0B4 E2
X0B5 X2
X0B6 oD
X0B7 X2
X0B8 OE
X0B9 X2
X0BA OF
X0BB X2

THESE LOCATIONS MUST BE FF, (THEY ARE NOT USER
DEFINABLE).

TO MAINTAIN ANY PARAMETER AT ITS DEFAULT VALUE,
LOAD THAT LOCATION WITH FFH.

IF ANY OF THE EXTERNAL RAM BUFFER PARAMETERS
ARE REDEFINED HERE, ALL OF THEM MUST BE REDE-
FINED HERE.

NO MATTER WHAT ADDRESS IS CHOSEN FOR ALDS$, THAT
ADDRESS THRU THAT ADDRESS + 3FH IS RESERVED FOR
SPO256A-AL2 ADDRESSING.

IF ANY OF THE SERIAL PORT PARAMETERS ARE REDE-
FINED HERE, ALL OF THEM MUST BE REDEFINED HERE.
H, AS IN 100H REFERS TO HEXADECIMAL NOTATION.

A NIBBLE IS HALF OF A BYTE, OR 4 BITS.

SAMPLE OF ASSEMBLED ALPHABETIZED
EXCEPTION-WORD INDEX.

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “A"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “A”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “B”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “B"”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “C"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “C”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “D"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “D"

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “E”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “E”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “F”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “F"

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “G”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “G”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “H"”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “H"

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “I"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “I”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “J"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “J”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “K”

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “K”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “L"

LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “L”

MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “M"”
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TABLE 3. (Cont'd)

X0BC
X0BD
XO0BE
XO0BF
XoCO
XoC1
Xo0C2
X0C3
X0C4
X0C5
Xo0Cé
X0C7
XoCs
X0C9
X0CA
X0CB
XoCC
XoCD
X0oCE
XO0CF
XoDO
XoD1
XoD2
Xo0D3
XoD4
X0D5
XoDé
XoD7
XoDs

1

1B
X2
1C
X2
1D
X2
1E
X2
2D
X2
2E
X2
2F
X2
30
X2
3D
X2
S5A
X2
5B
X2
64
X2
65
X2
6F
X2

70

T

LSB OF POINTER TO
EEGINNING WITH “M"
MSB OF POINTER TO
EEGINNING WITH “N”
LSB OF POINTER TO
EEGINNING WITH “N”
MSB OF POINTER TO
BEGINNING WITH “O”
LSB OF POINTER TOC
BEGINNING WITH “O”
MSB OF POINTER TO
BEGINNING WITH “P”
L.SB OF POINTER TO
BEGINNING WITH “P”
MSB OF POINTER TO
BEGINNING WITH “Q”
LSB OF POINTER TO
BEGINNING WITH “Q"”
MSB OF POINTER TO
BEGINNING WITH “R”
LSB OF POINTER TO
BEGINNING WITH “R”
MSB OF POINTER TO
EEGINNING WITH “S”
LSB OF POINTER TO
EEGINNING WITH “S”
MSB OF POINTER TO
EEGINNING WITH “T”
LSB OF POINTER TO
BEGINNING WITH “T”
MSB OF POINTER TO
BEGINNING WITH “U”
LSB OF POINTER TO
BEGINNING WITH “U”
MSB OF POINTER TO
BEGINNING WITH “V”
LSB OF POINTER TO
BEGINNING WITH “V”
MSB OF POINTER TO
BEGINNING WITH “W’
LSB OF POINTER TO
BEGINNING WITH “W”
MSB OF POINTER TO
BEGINNING WITH “X”
LSB OF POINTER TO
BEGINNING WITH “X”
MSB OF POINTER TO
BEGINNING WITH ““Y”
LSB OF POINTER TO
BEGINNING WITH “Y”
MSB OF POINTER TO
BEGINNING WITH “Z”
LSB OF POINTER TC
EEGINNING WITH “Z2”

START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF
START OF

START OF

EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTI!ON-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPT!ON-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPT'ON-WORD
EXCEPTION-WORD
EXCEPT(ON-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPT ON-WORD
EXCEPTION-WORD

EXCEPTION-WORD

MSB OF POINTER TO START EXCEPTION-WQRD
EEGINNING WITH “NUMBER OF PUNCTUATION"
1LSB OF POINTER TO START EXCEPTION-WORD
EEGINNING WITH “NUMBER OF PUNCTUATION"

The least significant nitble of the MSB and the entire LSB
address locations will vary with a different set of exception
waords; X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.

YOUR EXCEPTION-WORD EPROM CAN RESIDE ANYWHERE
FROM 1000H TO E000OH PROVIDING IT BEGINS ON A 4K
BOUNDARY WHERE X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E. (The least
significant 3 nibbles of the address must remain as showr.)

CT8256AL2 276-1786
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TABLE 4. SAMPLE OF ASSEMBLED ENCODED EXCEPTION-WORDS

X193 13 6E 24 AA:DB 19,110,36,185,19,90,11,1,33,19,0,18,15,0,1,65,34,39,20,141
X196 B9 13 5A 0B 01 21 13 00 12 OF
X1A000 01 41 22 27 14 8D
i <[ANDY]< =[AE NN1 PA2 DD2 IY PA1 DH1 AX PA1 PA2 GG3 RR2 EY TT2] ANDY-THE-GREAT
X1A7 FF DB 255

X1A8 FF BB:DB 255

X1A9 13 61 BO C: DB 19,97,176,33,106,20.137;<[CAP]A: [KK1 EY PP) CAPABILITY
X1AC 21 6A 14 89

X1B0 FF DB 255

X1B1 FF D: DB 255

X1B2 FF E: DB 255

X1B3 FF F: DB 255

X1B4 13 E9 13 6: DB 19,233,19,74,7,11,51,62,0,12,11,55,13,39,31,16,7,11,2,141

X1B7 4A 07 OB 33 3E 00 0C 0B 37 0D

X1C1 27 1F 10 07 0B 02 BD
;<[Gl}< =[JH EH NN1 ER1 EL PA1 IM NN1 SS TT2 RR2 UW2 MM EH NN1 PA3 TT2]
;GENERAL INSTRUMENT

X1C8 13 E9 2D DB 19,233,45,33,41,44,19,74,7,11,51,62,0,12,11,55,13,39,31,16,7,11,2,141

X1CB 21 29 2C 13 4A 07 0B 33 3E 00

X1D5 0C 0B 37 0D 27 1F 10 07 0B 02

X1DF 8D

;<[GI}[MAIL< =[JH EH NN1 ER1 EL PA1 IH NN1 SS TT2 RR2 UW2 MM EH NN1 PA3 TT2)
X1E0 FF DB 255
X1E1 FF H: DB 255

X1E2 13 E413 1. DB 19,228,19,70,0,33,7,11,2,13,12,40,12,2,42,20,37,15,139; < [ID]< = [AY PA1
X1ES5 46 00 21 07 0B 02 0D 0C 2B 0C
X1EF 02 2A 14 25 OF 8B
;DD2 EH NN1 PA3 TT2 IH FF IH PA3 KK1 EY SH AX NN1) IDENTIFICATION
X1F5 13 73 2C DB 19,115,44,165,19,70,1,190; <[ISLE] < = [AY PA2 EL] ISLE
X1FB A5 13 46 01 BE
X1FD 13 73 2C DB 19,115,44,33,46,164,19,70,0,45,26,11,1,21,1; < [ISLAND] < = [AYPA2ELAENN1DD1]
X200 21 2E A4 13 46 00 2D 1A 0B 01

X20A 15 01
X20C FF DB 255

X20D FF J: DB 255

X20E FF K: DB 255

X20F 13 6936 L: DB 19,105,54,37,164,19,109,12,35,3,149; < [LIVED] < = [LL IH VV PA4 DD1] LIVED
X212 25 A4 13 6D 0C 23 03 95

X21A FF DB 255

X21B FF M: DB 255

X21C FF N: DB 255

X21D FF O: DB 255

X21E 137532 P: DB 19,117,50,48,47,51,165,19,73,51,9,15,55,183; < [PURPOSE] < = [PPER1PPAXSSSS]
X221 30 2F 33 A5 13 49 33 09 OF 37

X22B B7

X22C FF DB 255
X22D FF b DB 255
X22E FF 'R DB 255
X22F FF ,S DB 255

84



MICROCOMPUTER (8-BIT)

CT8256AL2 276-1786

TABLE 4. (Coni’d)

X230 13 6F 3¢ T: DB 19,111,52,33,172,19,77,53,13,0,15,190; <[TOTAL] < = [TT2 OW TT1 PA1 AX EL]
X233 21 AC 13 40 35 0D 00 OF BE
X23C FF DB 255

X23D 137325 JJ: DB 19,115,37,50,41,164,19,113,22,43,51,1,6,0,33,7,11,2,13,12,40,12,2,42,20,37

X240 32 29 A4 13 71 16 2B 33 01 06

X24A 00 21 07 03 02 0D 0C 2B 0C 02

X254 2A 14 25

X257 OF BB DB 15,139; <[USERID]< =[YY1 UM1 ZZ ER1 PA1 AY PA1 DD2 EH NN1 PA3 TT2 IH FF IH
;PA3 KK1 EY SH AX NN1]

X259 FF DB 255

X25A FF V: DB 255

X25B 13 65 07 W: DB 19,101,7,50,165,110,19,180 ;<[WE'RE] = [WW IY ER2] WE'RE
X25E 32 A5 6E 13 B4

X263 FF DB 255

X264 FF X: DB 255

X265 13 6F 35 Y: DB 19,111,53,7,50,165,19,89,186 ;<[YOU'RE]< =[YY2 OR] YOU'RE
X268 07 32 A5 13 59 BA

X26E FF DB 255

X26F FF Z: DB 255

X270 13 CF 13 NUMORPUN: DB 19,207,19,89,58,1,16,7,55,55,12,1,10,0,2,42,26

X273 59 3A 01 10 07 37 37 0C 01 0A

X27D 00 02 2A 1A

X281 0B 01 3F DB 11,1,63,19,0,55.55,2,9,53,2,42,7,11,0,46,12,29,0,18,15,0,2,13,15,2,50

X284 13 00 37 37 02 09 35 02 2A 07

X2BE 0B 00 2E oC 1D 00 12 OF 00 02

X29B 0D OF 02 22

X29C 00 OF 23 DB 0,15,35,0,20,0,2,42,19,128

X29F 00 14 00 02 2A 13 80
;<[/}< =[YY1 OR PA2 MM EH SS SS IH PA2 JH PA1 PA3 KK1 AE NN1 PA1 PA2 BB2 IY
;PAI SS SS PA3 PP OW PA3 KK1 EM NN1 PA1 WW IH TH PA1 DH1 AX PA1 PA3
:TT2 AX PA3 CH PA1 AX VV PA1 EY PA1 PA2 KK1 EY PA1]JYOU'RE MESSAGE CAN BE SPOKEN
;WITH THE TOUCH OF A KEY

X2A6 C6 5A 0B DB 198,90,11,21,128 i[&]=[AE NN1 DD1 PA1] AND
X2A9 15 80

X2AB FF DB 255 ;MUST END EACH CATEGORY WITH [ ].

i

L 'WHERE X=1,2,3,4,5,6,7,8,9,A,B,C,D, or E. (The least significant 3 nibbles of the address
will vary with a different set of exception words.)

85



MICROCOMPUTER (8-BIT)

CTSZSGALZ 276-1786

TABLE 5. SERIAL PORT MODE REGISTER

— MSB LSB
7 6 5 4 3 2 1 0

STOP SIO (PEVEN| PEN |[CHAR1|CHARO|COMM | MULTI

I_._, I_ 0=MOTOROLA PROTOCOL

1=INTEL PROTOCOL

0=ISOSYNCHRONOUS COMMUNICATION
1=ASYNCHRONQUS COMMUNICATION

00=5 BITS/CHARACTER
01 =6 BITS/ICHARACTER
10=7 BITS/ICHARACTER
— 11 =8 BITS/CHARACTER

1=PARITY ENABLED
— 0=PARITY DISABLED

1=EVEN PARITY
L 0=0DD PARITY

0=SERIAL /O MODE
— 1=COMMUNICATION MODE

0=0ONE STOP BIT
— 1=TWO STOP BITS

FOR TYPICAL APPLICATIONS USE: MOTOROLA PROTOCOL, ASYNCHRONOUS COMMUNICATION,
7 BITSICHARACTER, and COMMUNICATION MODE; THE NUMBER OF STOP BITS AND PARITY
MODE REMAIN UP TO THE USER.

TABLE 6. SERIAL PORT CONTROL REGISTER / TIMER REGISTER
Asynchronous Baud Rate = 2.5 MH:

64(PL + 1)(TL + 1)

Isosynchronous Baud Rate = 2.5 MH:
4PL + 1)(TL + 1)

where: PL = prescale latch value
TL = timer latch value

Example: To program the serial port to operate at 300 baud in the asyn-
chronous mode, the prescaler value is set to 0, and the timer
latch value to 81H.

— MSB LSB —
7 6 5 4 3 2 1 0
X 1 0 0 0 0 PRE1 PREO

L |

L 2 BIT PRESCALE LATCH VALUE (PL)

— MSB LSB —
7 6 5 4 3 2 1 0

TIMER LATCH VALUE (TL)
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TABLE 7. ASCII CHARACTER SET ENCODED VALUES

LETTER ENCODED VALUE (shown in Hexadecimal). LETTER ENCODED VALUE (shown in Hexadecimal).
A 21 N 2E
B 22 (8 2F
C 23 P 30
D 24 Q 31
E 25 R 32
F 26 S 33
G 27 T 34
H 28 u 35
1 29 \% 36
] 2A w 37
K 2B X 38
L 26 Y 39
M 2D Z 3A

TABLE 8. ALLOPHONE ADDRESS ENCODED VALUES (shown in Hexdecimal).

ENCODED SAMPLE ENCODED SAMPLE
VALUE ALLPHONE WORD DURATION (as) VALUE ALLPHONE WORD DURATION (as)

00 PA1 PAUSE 10 20 AW (@)0)¢ 250
01 PA2 PAUSE 30 21 DD2 Do 80

02 PA3 PAUSE 50 2 GG3 wiG 120
03 PA1 PAUSE 100 23 \'AY% Vest 130
04 PAS PAUSE 200 24 GG1 Guest 80

05 oy bOY 290 25 SH SHip 120
06 AY skY 170 26 ZH aZUre 130
07 EH End 50 27 RR2 bRain 80

08 KK3 Coab 80 28 FF Food 110
09 PP Pow 150 29 KK2 sKy 140
0A JE dodGe 400 2A KK1 Can't 120
0B NN1 thiN 170 2B YAA Zoo 150
oC IH slt 50 2C NG aNchor 200
oD TT2 To 100 2D I8[% Lake 80

OE RR1 Rural 130 2E ww Wool 140
oF AX sUceed 50 2F XR repalR 250
10 MM Milk 180 30 WH WHig 150
11 TT1 parT 80 31 YY1 Yes 90

12 DH1 THey 140 32 CH CHurch 150
13 1Y sEE 170 33 ER1 fIR 110
14 EV bElge 200 34 ER2 fIR 210
15 DD1 coulD 50 34 ow bEAU 170
16 Uw1l  tO 60 36 DH2 THey 180
17 AO OUght 70 3% SS veST 60

18 AA hOt 60 38 NN2 No 140
19 Yor2 Yes 130 3s HH2 Hoe 130
1A AE hAt 80 3A OR stORe 240
1B HiH1 He 90 3B AR alARe 200
(& BB1 Business 40 3C YR cleAR 250
1D TH THin 130 3D GG2 Got 80

1E UN bOOk 70 3E EL saddLE 140
1F uw2 fOOd 170 3F BB2 Business 60

TABLE 9. PARALLEL PORT TIMING REQUIREMENTS:

SETUP TIME, BEFORE DATA CLOCK LO TO HI TRANSITION: MIN. 20 nS. HOLD TIME, BEFORE DATA
CLOCK LO TO HI TRANSITION: MIN. 10 nS. WIDTH OF CLOCK LO: MIN. 500 nS.

HOLD OFF TIME, FROM DATA STROBE HI TO LOW TO HI, UNTIL NEXT DATA STROBE HI TO LOW: MIN.
450 uS.

NOTE: The addit.on of an 74LS74 Flip-Flop as shown on the schematic can be used for parallel port latch
handshaking using the Active-LO LATCH-BUSY$ output. LATCH-BUSY$ is LO when the latch is full,
and it is HI when the latch is empty and available for the next character to be strobed in.
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X000 80 48 28 58 85 EO 35 EO0 31

o ft |2 [s |+ |s [s |7 [s fo [a [B [c [0 [& [F

X010

X020

FF FF FF FF

FF FF

FF

FF

FF

FF

BRENRENFES EFSEEeEne [HE

FF

FF

FF

FF

FF FF FF

X030
X040
X050
X060
X070
X080
X090

X0A0

X0Bo
XoCo

X0Do

XoEo
X0F0
X100
X110
X120
X130
X140
X150
X160
X170
X180

X190

X1A0
X1Bo
X1Co
X1D0
X1E0
X1F0
X200
X210
X220
X230
X240
X250
X260
X270
X280
X290
X2A0

00

1E

1F

2C 2D 2E 2F
43 C5 AAXO
13 B9 9B 13
D5 12 DO 13
FF E2 14 A2
15 C3 AAXO
03 BE F7 2B

E0 36

20

32
09
C3
B9
40
09
9B

21

33
2D

28

34
FF

AA X0

9B
11
82
03

13
82
14
05

24

36
1E
2D
16
A2
29
07

224

65

23

78

AA X0

E2
E9
11
98
98

0B
C3
C3
2B
03

2A 2B 26

02 31 BE
23 D5 12
B8 AAXO
AAXO0 09
AA X0

07
19

22
8C

09
20
F1

B4
1D

5B

X1 E1
X2 1E

X2 64

X1

X1
X2

X2

93

E2
2D

65

X1

X2
X2

X2

AB X1

0D
2E

6F

X2
X2

X2

A9

OE
2F

X1

X2
X2

B1

OF
30

X1

X2
X2

B2

1B
3D

X1

X2
X2

B3

1C
5A

X1

X2
X2

70

BE

F7 4B

8E

7F 0B BE F3
AA X0 A4

14
0A
10
48
8E

AAXO
4D 2D
0A 3C
37 34
F4 9E

DB 39 8E

15
EO0

E7 02
99 52

Do
A4
FF
8E

77
20
OF
52
98
74
D5
98
C9
02
D9

D8

02

D8

03

98

03

|

0C 1D
00 02

80

B9

8D
13
02
0B
00
73
2D
oC
49
4D
2B
25
6F
10
37
00

C6 5A 0B

80

FF

07

32

BA FF
0A 00 02
2A 07 0B
00 OF 23

ofrfla2]afalslsl7(efe|afelc|p|E|F
YOUR EXCEPTION-WORD EPROM CAN RESIDE ANYWHERE FROM

+sample
NEW PARAMETERS.
(see table 2).

< NEW PARAMETER
INITIALIZATION
ROUTINE.

The MSnibble of the following locations

from the NEW PARAMETER INITIALIZATION
ROUTINE are user defined also:
X044,X04C,X057,X05F ,X06E,X07E,and X084;
where X = 1,2,3,4,5,6,7,8,9,A,B,C,D,or E.

+<sample
ALPHABETIZED
EXCEPTION-WORD
INDEX, where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.
(see table 3).
~EXCEPTION-WORD
ROUTINE.

The MSnibble of the following locations

from the EXCEPTION-WORD ROUTINE are user
defined also: XOFC,X101,X10D,and X112;

where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.

+sample
ENCODED
EXCEPTION-WORDS.
(see table 4).

(see APPENDIX-C
for discussion
of encoding scheme.)

1000H TO E000H, PROVIDING IT BEGINS ON A 4K BOUNDARY WHERE X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.
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APPENDIX-B

Exception-Word Eprom Map (For use without USER eprom present)
NOTE: ENCAPSULATED SEQUENCES ARE USER-DEFINED, REFER TABLES 2,3, AND 4.

o ls |z fs fals fe I ls |o |a s |c o e |r

X000 80 48 28 58 85 E0 35 E0 31|FF FF FF FF FF FF FF| +<sample
NEW PARAMETERS.
X010 |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF (see table 2).

X020 ({FF FF FF|1E 1F 20 21 28 29 24 25 22 23 2A 2B 26 <+« NEW PARAMETER
e INITIALIZATION
X030 27 2C 2D 2E 2F 32 33 34 35 36 E0 65 78 02 31 BE ROUTINE.
X040 F1 43 C5 AAX0 09 2D FF EZ 1E B8 AAX0 23 D5 12 The MSnibble of the following locataions
X050 Do 13 B9 8B 13 C3 AA X0 09 2D FF E2 0B Bsa AAXO from the NEW PARAMETER INITIALIZATION
X060 23 D5 12 Do 13 B9 9B 13 5D 16 E6 E9 C3 AA X0 09 ROUTINE are user defined also:
X070 2D FF E2 14 A2 40 11 82 11 A2 15 11 C3 AA X0 09 X044,X04C,X057,X05F,X06E,X07E,and X084;
X080 82 15 C3 AAX0 09 82 14 98 29 03 98 2B 07 22 20 where X=1,2,3,4,5,6,7,8,9,A,B,C,D,or E.
X090 9B 03 BE F7 2B 9B 03 05 98 07 09 98 03 19 8C MS <+(see note 1 below).

X0A0 LS E0 36[X1 93 X1 AB X1 A¢ X1 B1 X1 B2 X1 B3 X1| +sample

ALPHABETIZED

X0B0|B4 X1 E1 X1 E2 X2 0D X2 OE X2 OF X2 1B X2 1C X2 EXCEPTION-WORD

X0C0|1D X2 1E X2 2D X2 2E X2 2F X2 30 X2 3D X2 5A X2 INDEX, where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.
(see table 3).

XoDo{5B 82 64 82 65 82 6F 82 70(D8 02 D8 03 98 03 11 <« EXCEPTION-WORD

ROUTINE.

XO0EO BE F7 4B 8E F7 OF 77 01 0A 05 74 80 OB EO 03 73

XO0F0 7F 0B BE F3 AF 76 20 0A OE 52 34 AA80 A3 DO 14 The MSnibble of the following locations
X100 AA80 A4 D0 15 E0 OF C5 2A 41 2C 02 AA80 A3 DO from the EXCEPTION-WORD ROUTINE are user
X110 14 AA80 A4 DO 15 52 01 BE F4 88 8E F4 C2 76 10 defined also: XO0FC,X101,X10D,and X112:
X120 OA 4D 2D FF E2 60 98 11 1D 73 BF 0A BE F5 64 76 where X =1,2.3,4,5,6,7,8,9,A.B.C,D,or E.
X130 10 OA 3C 8E F4 7E 74 40 0OA 8E F5 64 76 10 0A 42

X140 48 37 34 79 00 33 D5 37 73 FD 0B 52 02 8E F4 88

X150 8E F4 9E 98 OF 03 98 03 11 8E F7 4B 77 80 0B 0A

X160 DB 39 BE F3 47 C9 C9 8C F1 36 C9 C9 8C F3 F4 D3

X170 15 E7 02 D3 14 52 02 BE F4 88 72 01 37 73 FD OB

X180 E0 99 52 D3 E0 F1 D9 03 D9 2 D5 37 73 FD 0B 8C

X190 F3 EE FF|13 6E 24 B9 15 5A 0B 01 21 13 00 12 QF | «sample

ENCODED
X1A0/00 01 41 22 27 14 8D FF FF 13 61 BO 21 6A 14 89 EXCEPTION-WORDS.
X1BO|FF FF FF FF 13 E9 13 4A 07 0B 33 3E 00 0C 0B 37 (see table 4).
X1Co|oD 27 1F 10 07 0B 02 8D 13 E9 2D 21 29 2C 13 4A
X1Do|07 0B 33 3E 00 0C 0B 37 0D 27 1F 10 07 0B 02 BD
X1E0|FF FF 13 E4 13 46 00 21 07 0B 02 0D 0C 2B 0C 02
X1F0{2A 14 25 DF BB 13 73 2C A5 13 46 01 BE 13 73 2C
X200 |21 2E A4 13 46 00 2D 1A 0B 01 15 01 FF FF FF 13 (see APPENDIX-C
X210 {69 36 25 A4 13 6D 0C 23 03 95 FF FF FF FF 13 75 for discussion
X220 {32 30 2F 33 A5 13 49 33 09 OF 37 B7 FF FF FF FF of encoding scheme).
X230 {13 6F 34 21 AC 13 4D 35 0D 00 OF BE FF 13 73 25
X240 (32 29 A4 13 71 16 2B 33 01 06 00 21 07 OB 02 0D
X250 {0C 28 0C 92 2A 14 25 OF BB FF FF 13 65 07 32 A5
X260 {6E 13 B4 *F FF 13 6F 35 07 32 A5 13 59 BAFF FF
X270 (13 CF 13 59 3A 01 10 07 37 37 O0C 01 0A 00 02 2A
X280 1A 0B 01 3F 13 00 37 37 02 09 35 02 2A 07 0B 00
X290 |2E 0C 1D 00 12 OF 00 02 OD OF 02 32 00 OF 23 00
X2A0114 00 02 2A 13 80 C6 5A 0B 15 80 FF

NOTE: 1. APPENDIX-B is the same as APPENDIX-A, except for two address. These are X09F and X0A0 (MSB and LSB respec-
tively, labeled MS and LS above). Place the origin of the MAIN-CONTROL-PROGRAM (see APPENDIX-F) in these loca-
tions so that program control will transfer to the user’s code at the appropriate time.

89

World R



MICROCOMPUTER (8-BIT)

CT8256AL2 276-1786

APPENDIX-C

Exception-Word Encoding Scheme

To store a unique word or symbol and its corresponding allophone address string in an efficient and flexible manner, the
following encoding format was derived:

< [encoded word or symbol]< = [encoded allophone address(es))

where: < equals 13H.
[ equals 40H.
] equals 80H.

The first and last byte is 13H. This informs the code-to-speech algorithm that the word or symbol is not a prefix or suffix.

If the word or symbol is an individual letter, then the representation of it between the brackets is an FFH; this includes the value of
the left and right brackets.

Otherwise:

(1) The first letter in the word or symbol is always to be ignored.

(2) The next letter in the word is represented by the value of the letter from TABLE-7, plus the value of the left bracket “[* which is
40H.

(3) The following letter(s), if and only if it is not the last letter in the word or symbol, is represented solely by its value from
TABLE-7.

(4) The last letter in the word or symbol is represented by the value of the letter from TABLE-7, plus the value of the right bracket
“]"" which is 80H.

The allophone address string is encoded in a similar manner:

If only one allophone is used for the pronunciation, it is represented by its value from TABLE-6, plus the value of the right [
and left “]”” brackets which are 40H and 80H respectively.

Otherwise:

(1) The first allophone is represented by its value from TABLE-8, plus the value of the left bracket [ which is 40H.

(2) The following allophone(s), if and only if it is not the last allophone in the string, is represented by its value from TABLE-8.
(3) The last allophone is represented by its value from TABLE-8 plus the value of the right bracket *“]” which is 80H.

Example: To encode ““Au” to pronounce as “GOLD”
<[Au]< = [GG2 0W LL DD1]
13,F5,13, 7D, 35,2D,95 <+ This line is ready to store in EXCEPTION-WORD epros under the ““A”’ category.
1 (The encoded string is shown in Hexadecimal notation.)
—Remember, throw away the first letter (in this case an *“A”), then find the value of the next letter in TABLE-7 and
add 40H plus 80H to it so as to represent the left ““[” and right **]”" brackets.

APPENDIX-D

User Eprom Map (For use without EXCEPTION-WORD eprom)
NOTE: ENCAPSULATED SEQUENCES ARE USER-DEFINED, REFER TABLES 2,3, AND 4.

loJi 23 ]als 6] |sfo|as]c|p|e|r

X000 80 48 28 58 85 EO 35 E0 31|FF FF FF FF FF FF FF | «~sample
NEW PARAMETERS.
X010 |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF (see table 1).

X020|FF FF FF|1E 1F 20 21 28 29 24 25 22 23 2A 2B 26 +~NEW PARAMETER

INITIALIZATION

X030 27 2C 2D 2E 2F 32 33 34 35 36 EO0 65 78 02 31 BE ROUTINE.

X040 F1 43 C5 AAX0 09 2D FF E2 1E B8 AA X0 23 D5 12 The MSnibble of the following locations

X050 DO 13 B9 9B 13 C3 AA X0 09 2D FF E2 0B B8 AAXO from the NEW PARAMETER INITIALIZATION
X060 23 D5 12 DO 13 B9 9B 13 5D 16 E6 E9 C3 AA X0 09 ROUTINE are user defined also:

X070 2D FF E2 14 A2 40 11 82 11 A2 15 11 C3 AA X0 09 X044,X04C,X057,X05F,X06E,X07E,and X084;
X080 82 15 C3 AAXO0 09 82 14 98 29 03 98 2B 07 22 20 where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.

X090 9B 03 BE F7 2B 9B 03 05 98 07 09 98 03 19 8C MS <«(see note A on following page).

90




MICROCOMPUTER (8-BIT)

CTS256AL2 276-1786

APPENDIX-D {Cont’d)

X0A0 LS 8C F3 F4

User code may start at X0A4,
but must contain the MAIN-CONTROL-PROGRAM
somew 1ere within, refer to APPENDIX-F.

NOTE A. Place the immediate address of the origin of the MAIN-CONTROL-PROGRAM (see APPENDIX-F) in these locations; so
that pragram control will transfer to the user’s code at the appropriate time.

APPENDIX-E
USER EPROM MAP (For use with EXCEPTION-WORD eprom)

NOTE 1. Contair.s no reserved locations, except for the MAIN-CONTROL PROGRAM. (See APPENDIX-F}.

NOTE 2. A user’s code does not have to reside in a second eprom (USER eprom). It may reside in an unused portion of an
EXCEPTION-WORD eprom which is for use where “USER eprom is present”. Refer APPENDIX-B.

APPENDIX-F

USER’s MAIN CONTROL PROGRAM (For residency anywhere within USER eprom).
NOTE: ENCAPSJULATED AREAS ARE USER DEFINED UNLESS OTHERWISE NOTED.

F1AC = AUDIBLE EQU 0F1ACH < —

F3E7 = GISPEECH EQU 0F3E7H ;< — | THESE ARE ADDRESS VECTORS WITHIN

F1E2 = SAVE EQU OF1E2H ;< ——| THE MASKED CODE-TO-SPEECH ALGORITHM.

F1Fo = ESCAPE EQU OF1FOH (< —

000B = F2 EQU R11

0002 = F1HI EQU R2

0003 = F1LO EQU R3

0004 = R1HI EQU R4

0005 = R1LO EQU R5

0007 = F2LO EQU R7

0009 = R2LO EQU R9

0038 = WORDCNTH EQU R56

0039 = WORDCNTL EQU R57

0032 = BUFBVALU EQU R50

0000 = IOCNTO EQU PO

9000 ORG > 9000 ;This is the origin of the Main Control Program which is defined by the user.
;Here it is arbitrarily chosen to be 9000H. Remember to place this immediate

;address in the ‘“MS” “LS" locations of the EXCEPTION-WORD eprom (“for use
;with USER eprom"), see APPENDIX-B. (MS = MSB =90 and the LS = LSB =00 in
;this example.)

9000 BEF1AC MESSAGE: CALL @AUDIBLE

+ —_— THIS ENCAPSULATED AREA IS NOT USER DEFINED — —————— 4
| The following two lines are placed here only if the user code wishes to gain |
to th ial port.

i s s iR e P | (The XXXX XXXX here does

| XXXX XXXX ANDP %>FE,IOCNT1 ;DISABLE INTERRUPT-4 (SERIAL not have the same meaning
as the X from the previous

PORT). | :

appendices and tables.)

| XXXX XXXX ANDP %FE,PORTB ;SET BUSY* LO. |

+ ' - +

9003 EOOE JMP ANYSTART

;THE BRANCH ADDRESS BELOW IS USER DEFINED.

9005 BC9046 CRSTART: BR @USERCODE ;AFTER INITIALIZATION OR AFTER PROCESSING AND
;SPEAKING WHAT HAS BEEN LOADED INTO THE INPUT
;BUFFER CONTROL TRANSFERS TO THE USER CODE VIA THIS
;BRANCH INSTRUCTION.
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APPENDIX-F (Cont’d)

900B 76010B07
900C 73EF0B
900F 77100BFC
9013 4D0305
9016 E607
9018 4D0204
901B E602
901D EOE6
901F 7D0038
9022 E605
9024 7D0039
9027 E2F6
9029 770B0B09
902D 7D0132
9030 E211
9032 760BOBFC
9036 BEF3D7
9039 4D0O709
903C E205
903E A40100
9041 EoDoO
9043 BCF1F0

9046 00

SPEAK:

CRWAIT:
ANYSTART:

HOLEWORD:

BFULTEST:
LOCKUP:

BFULHOLD:

PROCESS:
MAINROUT:

ESC:

BTJO %>01,F2, ANYSTART
AND %> EF,F2

BTJZ %10,F2,CRWAIT
CMP F1LO,R1LO

JNE HOLEWORD

CMP F1HLR1HI

JNE HOLEWORD

JMP CRSTART

CMP %> 00,WORDCNTH
JNE BFULTEST

CMP % >00,WORDCNTL
JEQ HOLEWORD

BTJZ % >08,F2,PROCESS
CMP %3>01,BUFBVALU
JEQ ESC

BTJO % >08,F2,BFULHOLD
CALL @GISPEECH

CMP F2LO,R2LO

JEQ ANYSTART

DRP %>01,10CNTO

JMP ANYSTART

BR @ESCAPE

USERCODE: NOP

;FROM THIS POINT IT IS THE USER CODES RESPONSIBILITY
;TO EXECUTE ITS OWN CODE OR TO LOAD A CHARACTER

MODE1:

;STRING INTO THE INPUT BUFFER.

;THE TWO EXAMPLES SHOWN BELOW DEMONSTRATE THE
;RECOMMENDED SEQUENCE OF EVENTS FOR EACH MODE.
;MODE 1 IS USED WHEN THE USER CODE HAS PREVIOUSLY
;PREPARED THE CHARACTER STRING IT WISHES TO HAVE
;SPOKEN; MODE 2 IS USED WHEN THE USER CODE WISHES
;TO EXECUTE ANYTHING ELSE.

;LOADING INPUT BUFFER OF CODE-TO-SPEECH ALGORITHM:

;ACCUMULATOR AND STATUS REGISTER ARE TO BE SAVED.
;NO OTHER REGISTER IS TO BE MODIFIED.

;Loading a character string is accomplished

;by placing each character into the Accumulator and

;then using CALL @SAVE to load it into the input

;buffer. Remember to end each word or phrase with a

;delimeter. Restore the Accumulator and the Status Registers. Call @ SPEAK to

;process
;and speak the word(s) or phrase(s) that were loaded.

NOTE: Once “SPEAK" is initiated, control does not return to the USERCODE until the last word or phrase that is in the input
buffer has been processed by the code-to-speech algorithm. NOTE: Because of masked code-to-speech restrictions, the USER can
not intercept input from the serial port while speech processing is in progress. During this interval, handshaking (BUSY*) shall
hold off additional serial communication. This is accomplished by the two encapsulated lines shown above.

9047
9048
9049
904B
904E
9050
9053
9054
9055

0E

B8

2241
8EF1E2
222D
BEF1E2
B9

08
8C900B

PUSH ST
PUSH A

MOV %>41,A
CALL @SAVE
MOV % >0D,A
CALL @SAVE
POP A

POP ST

BR @SPEAK

;THE FOLLOWING EXAMPLE WILL LOAD THE LETTER “A” AND
;SPEAK IT:

;SAVE CONTENTS OF STATUS REGISTER.

;SAVE CONTENTS OF ACCUMULATOR.

;MOVE 41H (which is ASCII “A”) into the ACCUMULATOR.

;LOAD THE ASCII “A” INTO THE INPUT BUFFER.

;MOVE 0DH (which is a carriage return).

;LOAD THE DELIMETER INTO THE INPUT BUFFER.

;RECOVER CONTENTS OF ACCUMULATOR.

;RECOVER CONTENTS OF STATUS REGISTER.

;TRANSFER CONTROL TO THE MAIN-CONTROL-PROGRAM WHICH

;WILL ACCESS THE CODE-TO-SPEECH ALGORITHM; AFTER WHICH
;THE CONTROL WILL RETURN TO THE “BR @ USERCODE” INSTRUCTION
LOCATION.
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9058 00 MODE2: NOP H
;The following is the recommended
;sequence of events necessary for the user’s code
;to do anything else (except for loading the input
;buffer as described under MODE 1.)
;SAVE STATUS REGISTER
;SAVE REGISTER 0 THRU 39H (EXTERNAL-RAM MODE]), along with 3AH thru
;current Stack Pointer.
;OR, SAVE REGISTER 0 THRU 7FH (INTERNAL-RAM MODE).
;(DO NOT USE PUSH INSTRUCTIONS TO SAVE THE REGISTERS BECAUSE
;THE STACK IS NOT LARGE ENOUGH, INSTEAD
;BLOCK MOVE THE RESPECTIVE REGISTER CONTENTS INTO
;EXTERNAL-USER-RAM.
;USER DEFINED CODE GOES HERE NEXT.
;[TO READ THE SERIAL PORT, SEE THE EXAMPLE SEQUENCE BELOW).
;THEN RECOVER RESPECTIVE REGISTERS.
;RECOVER STATUS REGISTER.
;BRANCH TO MODE 1, OR BRANCH TO OTHER USER CODE such as the
;example shown below
;for reading the serial port.
;The following is the recommended sequence of events necessary
;for the user’s code to obtain input from the serial port:
LOOP: DRP %>01,I0CNT1 ;ENABLE INTERRUPT-4 (SERIAL PORT) BECAUSE WANT TO RECEIVE SERIAL
s INPUT.
DRP %>01,PORTB ;SET BUSYS$ HI.
IDLE ;WAIT HERE FOR SERIAL INTERRUPT TO OCCUR AND TO BE SERVICED.
ANDP % >FE,IOCNT1 ;DISABLE INTERRUPT-4 (SERIAL PORT).
NOP ;THE CHARACTER RECEIVED BY SERIAL PORT IS IN THE ACCUMULATOR,
;SO THE USER MAY EVALUATE IT HERE.
MOV % >108,A ;LOAD A “"BACKSPACE” INTO ACCUMULATOR IN ORDER TO TEL..
CALL @SAVE ;THE CODE-TO-SPEECH INPUT BUFFER TO IGNORE THE CHARACTER
;WHICH ARRIVED VIA THE SERIAL PORT.
NOP ;IF USER WANTS ADDITIONAL CHARACTERS FROM THE SERIAL PORT TO

;EVALUATE:
;JUMP TO LOOP TO WAIT FOR NEXT SERIAL PORT INTERRUPT (JMP LOOP).

‘OTHERWISE: ENABLE INTERRUPT-4 (DRP %>01,J0CNT1), SET BUSY$ LO
:(ANDP %> FE,PORTB),
;THEN FALL THRU TO REST OF USER CODE.

NOTE: To successfully incorporate a USE