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INTEGRATED CIRCUITS INDEX BY GENERIC NUMBER

GENERIC CATALOG DESCRIPTION PAGE GENERIC CATALOG DESCRIPTION PAGE
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER
AY-3-8910A 276-1787 PROG SND GEN 106 555 276-1723 TIMER 65
CTS256AL2 276-1786 CODE-TO-SPCH 77 556 276-1728 DUAL TIMER 66
HYB4164-P2 276-2506 MEMORY (RAM) 29 . 567 276-1721 TONE DECODER 72
MC1488 276-2520 QUAD LINE DRV 45 723 276-1740 ADJ REG 69
MC1489 276-2521 QUAD LINE RCVR 48 741 276-007 OP AMP 62
MSM2764RS 276-1251 MEMORY (EPROM) 35 1458 276-038 DUAL OP AMP 63
SP0256 276-1784 SPCH PROC 96 3909 276-1705 LED FLASHER/OSC 73
SSI1202 276-1303 DTMF RCVR 74 4001 276-2401 NOR GATE 21
TA7205AP  276-705 AUD AMP 57 4011 276-2411 NAND GATE 22
TDA1520A  276-1305 AUD AMP 58 4013 276-2413 DUAL FLIP-FLOP 23
TDA7000 276-1304 FM RADIO 115 4017 276-2417 DECADE CNT 24
TLC548 276-1796 A-D CONV 50 4049 276-2449 INV HEX BUFFER 25
TLC555 276-1718 TIMER 54 4066 276-2446 QUAD BILATERAL SW 26
TMS4256 276-1252 MEMORY (RAM) 36 7400 276-1801 NAND GATE 39
UM3482 276-1797 MELODY GEN 27 7404 276-1802 HEX INV 40
317T 276-1778 ADJ REG 67 7408 276-1822 AND GATE 41
324 276-1711 QUAD OP AMP 64 7447 276-1805 BCD DECODER/DRV 42
339 276-1712 COMPARATOR 7 7490 276-1808 BCD COUNTER 44
353 276-1715 WD BAND AMP 60 7805 276-1770 5V REG 70
383 276-703 AUD PWR AMP 55 7812 276-1771 12V REG 70
386 276-1731 AUD PWR AMP 56 7815 276-1772 15V REG 70

INTEGRATED CIRCUITS INDEX BY CATALOG NUMBER

GENERIC CATALOG DESCRIPTION PAGE CATALOG GENERIC DESCRIPTION PAGE
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER
276-007 741 OP AMP 62 276-1772 7815 15V REG 70
276-038 1458 DUAL OP AMP 63 276-1778 317T ADJ REG 67
276-703 383 AUD PWR AMP 55 276-1784 SP0256 SPCH PROC 96
276-705 TA7205AP  AUD AMP 57 276-1786 CTS256AL2 CODE-TO-SPCH 7
276-1251 MSM2764RS MEMORY (EPROM) 35 276-1787 AY-3-8910A PROG SND GEN 106
276-1252 TMS4256 MEMORY (RAM) 36 276-1796 TLC548 A-D CONV 50
276-1303 S81202 DTMF RCVR 74 276-1797 UM3482 MELODY GEN 27
276-1304 TDA7000 FM RADIO 115 276-1801 7400 NAND GATE 39
276-1305 TDA1520A  AUD AMP 58 276-1802 7404 HEX INV 40
276-1705 3909 LED FLASHER/OSC 73 276-1805 7447 BCD DECODER/DRV 42
276-1711 324 QUAD OP AMP 64 276-1808 7490 BCD COUNTER 44
276-1712 339 COMPARATOR 71 276-1822 7408 AND GATE 41
276-1715 353 WD BAND AMP 60 276-2401 4001 NOR GATE 2l
276-1718 TLC555 TIMER 54 276-2411 4011 NAND GATE 22
276-1721 567 TONE DECODER 72 276-2413 4013 DUAL FLIP-FLOP 23
276-1723 555 TIMER 65 276-2417 4017 DECADE CNT 24
276-1728 556 DUAL TIMER 66 276-2449 4049 INV HEX BUFFER 25
276-1731 386 AUD PWR AMP 56 276-2466 4066 QUAD BILATERAL SW 26
276-1740 723 ADJ REG 69 276-2506 HYB4164-P2 MEMORY (RAM) 29
276-1770 7805 5V REG 70 276-2520 MC1488 QUAD LINE DRV 45

276-1771 7812 12V REG 70 276-2521 MC1489 QUAD LINE RCVR 48
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INTRODUCTION

This SEMICONDUCTOR REFERENCE HANDBOOXK 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).
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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 original 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

PIN-CIRCLE IN-LINE

(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 to 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 to 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 stablhty

(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 and to minimize dis-
tortion. Means for 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 note its position with respect to other
circuit components as well as the lengths and place-
ment of the transistor leads, and duplicate 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 in 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 selenium rectifier
in the power supply of a typical line-operated 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:

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 EI (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-
ductor lead or terminal, can permanently damage the
device. Observe the following precautions in 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.

4. Keep the surfaces to be soldered clean and 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 scratch, 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
you a good indication of the quality of the device.

l. In-Circuit Testing
A. First, check to see if the emitter-base junction is

4

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.

C. 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.

2. Connect the negative lead to 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.



E. Small Signal PNP Silicon Transistors

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

2. Connect the negative lead to the collector. The
reading 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 negative 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 long as you obtain somewhat propor-
tionate readings ?emitter-base readings as compared
to emitter-collector), you can safely 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 body 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 VDD thichever is appropriate for the
logic circuit involved).

'
ZENER DIODES—1 Watt
D|ODES AND Catalog Vz Iz Zz @ Iz Case
R ECTl Fl ERS Number Volts ¥10% @ mA ohms max Style
276-565 Sl 49 7 DO41
276-561 6.2 41 2 DO41
276-562 9.1 25 7 DO41
GENERAL PURPOSE DIODES RATINGS @ e1pips 120 21 9 Do
25°C 276-564 15.0 17 14 DO41
Ir (max) Vf (max)
Catal PIV (min) If @V @ If Case
Ndaber ) A g v Style BRIDGE RECTIFIERS
276-1101 50 1.000 10 1.6 DO41 Catalog PIV (min) If (max) Case
276-1102 200 1.000 10 1.6 DO41 Number \ A Style
276-1103 400 1.000 10 1.6 DO41 276-1146 50 4 M532a
276-1104 600 1.000 10 1.6 DO41 276-1151 50 1.4 M548
276-1114 1000 2.500 200 1.0 Alvm 276-1152 100 1.4 M548
276-1122 75 0.010 250nA 1.0 A1l 276-1161 50 1 et
276-1123* 60 0.085 1t5) 1.0 Al 276-1171 100 4 M532a
276-1141 50 3.000 500 1.2 A3q 276-1173 400 4 M532a
276-1143 200 3.000 500 2 A3q 276-1180 50 6 M532a
276-1144 400 3.000 500 52 A3q 276-1181 250 6 M532a
276-11651 40 1.000 5mA (0515 A1l 276-1185 50 25 —
*GERMANIUM
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BIPOLAR TRANSISTORS

Direct Power Diss. f; lcso
Catalog Commercial @25°C Typical Vego Veeo Veso ke Ig hee @Vee @lc  at max Case
Number Equivalent Mat. Appli. Polarity Free Air MHz v v V  Max Max v mA Vca Style

276-1617# 2N2222 S G.P. NPN 500mW 250 60 30 5  800mA — 35 10 0.1 — TO18

276-2016 MPS3904 S 128 NPN  625mW 300 60 40 6 200mA — 100-300 10 1 50nA T092

276-2020 TIP3055 SR NPN  90Wi 3 100 70 15A 7A 20-70 4 4A 1mA T0220

276-2041 2N3055

276-2055 2SC1308

276-2068 TIP120 SHEETPS NPN 0.1 60 ' 60, .54 5A 120mA 2500 3 500 0.2mA TO0220AB-2

NOTE: All ratings given are for 25°C except where otherwise noted. #—Archer-Pack $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
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Parameters of Common-Base Circuit Parameters of Common-Collector Circuit Parameters of Common-Emitter Circuit
Input Impedance  Z;, = ry, . Input Impedance Zin = (B + 1)Z, Input Impedance Z;, = h¢ry,
" e Wh?re' " ; Load Impedance Z, = R in p:_arallel with input
Load Impedance Z, = Ry in parallel with input Z, is R_in parallel with Rg. impedance of next stage.
impedance of following stage.
B Ry Slors
Current Gain A=a= g Output Impedance  Zoy = ~pq— Curreniizalg fi= mp =t
(In practice, a is 0.95 to where, where,
0.995, or approximately 1.) Rg is the output imped o I_c_ by (]
7l ance of the signal source. fe Iy fi=ia
Voltage Gain By e T Gmel Current Amplification A = 3 L
Voltage Gain A, = -A—-\;— = —r-—=ngL
Voltage Amplification A, = Less than unity B i
Vout Iout Z

Power Gain Ap = —VnT = =



SPECIAL TRANSISTOR (FET)

: SILICON N-CHANNEL JUNCTION
FIELD EFFECT TRANSISTOR

GENERAL DESCRIPTION

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

ABSOLUTE MAXIMUM RATINGS
(TA = 25°C unless otherwise noted)

DraincSoureeiVoltage = CHEEGIGEZsn Marddne e e IR IR s 25V
Drain-Gateloltage i il sastee il SiSieat i s Rl ue s sl o) 253V
Gate:SoureeVoltage s . oot T 25V
Gatei@rrrentisemiiin ki Bimse Tl e o e sl e i e e 10 mA
TotaliDevigellDissiDati onyeueil Srts. i S S S s TR St e 310 mW
Operatingfunctiom Temperaturer. £ X2 Els o e 125°C
Storage Temperature Range! i ol b Dl i e al o aais, e - 65to + 150°C

Drain

276-2062

PIN CONNECTION

BOTTOM VIEW

3
Q

owm

1
O

DRAIN SOURCE GATE

and source may be interchanged

N-CHANNEL MOSFET TRANSISTOR

GENERAL DESCRIPTION

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

This transistor also features all of the well established advantages of
MOSFETs such as voltage control, freedom from second breakdown, very fast

switching, ease of paralleling, and temperature stability of the electrical
parameters.

FEATURES

Fast switching

Low drive current

Ease of paralleling

No second breakdown
Excellent temperature stability

APPLICATIONS

Switching power supplies
Motor controls

Inverters

Choppers

Audio amplifiers

High energy pulse circuits

ABSOLUTE MAXIMUM RATINGS

Drain-SonrceNVoltage, Vips i e 0t i abdlaibatdicdiailis b sleale o 60V
Drain-Gate:Vialtage(Resi="1 M), Vpegr. - i it st s g Sl S L 60V
Cate-SourcesVioltage SVicsil e tyda ! Sei=es S Bty Tl St +20V
Continueus Drain'Current, Ipi@ Tc = 862G .. i ol v leiujoinisderasisrenssslats Tl 3A
PulsedDramm@Gurrentslpis o ke bl v st ahs o E v f o s et 8A
MaximumEewer Bissipation iBnill i b L R e s e St 20W
Linear Berating EaGlor =Lt ok i i o b S el e s 0.16W/K
Inductive Current, Clamped, I\ (See Fig. ) L=100pH.................. 8A
Operating Temperature Range, Ty /... oooviiion.. =55 101502 C

Storage Temperature Range, Taig .. - - oomis cnieoiieaiesuivaac o =55it0 +=150%C

IRF511

276-2072

PIN CONNECTION

FRONT VIEW

@

[=—==—=——=-1 SOURCE
I==—————DRAIN
[EETaer ey GATE

MPF102




SPECIAL TRANSISTORS (FET)

VARY t, TO OBTAIN
REQUIRED PEAK I,

o
Vgs =10V t
AL

out o—@
L

IRF511 276-2072

TEST CIRCUITS

TYPICAL CHARACTERISTICS

Breakdown Voltage
vs Temperature
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ip, DRAIN CURRENT—AMPERES
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7.20—Vpg =25V

Figure 1—Clamped Inductive Test Circuit and Waveform
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Figure 2—Switching Time Test Circuit
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DRAIN-TO-SOURCE ON RESISTANCE
(NORMALIZED)
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SPECIAL TRANSISTORS (FET)

SILICON N-CHANNEL JUNCTION BPIYRERE
FIELD-EFFECT TRANSISTOR il

GENERAL DESCRIPTION PIN CONNECTION
The 2N3819 is designed for general purpose small-signal applications. It

features low capacitance between drain 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) SOUACE GATE  DRAN

Gate-Source Breakdown Voltape BV eca - oo ighibn o i —40V

Zero Gate Voltage Drain CurrentIpgg ............. R b 20 mA T092

Forward [franscondberance gr s it Srii i i e 7.0— mmhos

Reverse Gatellieakage Vacorl o it o it citem oo sl s ble bl s —100 pA

FONEResistancexpa ek bl aRalb s L e S0 L e s S S 500 ohms

BinChl O 0N age Ve c(DRE) wh s deres o ool M o i bt —-6.0V

@utputiConductanceig 0 i ilviis s e SR 10 umhos

Heedbacki@apaeitanee € Wil amil Sl i e i N e, 0.9 pF

InpiitiCapacitancei@ sl s o o TR b i S e e e S 4.0 pF

RowerGainiGps. it et Foul i o s S RS A R S e e 12dB

PowersDiSsIDation s . e o e e oy e ety 360 mW

TYPICAL CHARACTERISTICS

COMMON SOURCE

10

T @ 1.0
w [ Vos =1V é
° —Vas =0 w £
-E g + i - e |
V
A E - T .
3 Be 22 o g Bows (5107
s <E = H
eé 4 «E / ~ by & // //
349 w1 10—— W1l Boss
8 7 i 25 Z =
Z = - = —
< b 7 = o
E = E 2 Vi 15V g
H < + Vos = = Erae
2 R e 2 Vag =D 8 Vos = 0
= o =
2 w 2
a &
z 0.1 3 oot
100 200 500 1000 Ly 20 o 090 100 200 500 1000
FREQUENCY f — MHz GHEQUENEY M NE FREQUENCY | — MHz
Input Admittance Forward Transfer Admittance Output Conductance
vs Frequency vs Frequency ' vs Frequency
COMMON GATE
100 10 § 1.0
g [Vps=15v w €
€ [Vos=0 2 == ?
{4 < A Y
! = > b, i
; £ - ] = e
1 o
; 0% o] so o
S0 2 2 1.0 s S o1
¢ o = ) g —
< [ - &
E as Pl =
z Bios g 8
= Sl 3 5 | Vpg =15V
2 w =
i st Vgs = 0
z =)
1 0.1 © 001
100 200 500 1000 100 200 500 1000 100 200 500 1000
FREQUENCY { — MHz FREQUENCY f — MHz FREQUENCY f—MHz
Input Admittance Forward Transfer Admittance Output Conductance
vs Frequency vs Frequency vs Frequency




SPECIAL TRANSISTORS (FET)

rSrram 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- PIN CONNECTION
to-high voltage interface and high voltage display drivers.

FEATURES

Fast Switching Speed—to,n = tof = 6.0 ns Typ

e Low On-Resistance—5.0 Ohms Max

e Low Drive Requirement, Vs = 3.0 V Max

e Inherent Current Sharing Capability Permits Easy Paralleling of Many

= PIN 1. DRAIN
Devices b

e

3. SOURCE

ABSOLUTE MAXIMUM RATINGS

Drain=Solrce Vollagei(Vmss)t wehn it o e o et o G 60V
Gate:Seuree Voltage(Vas)e b s Lo s o iboiiin i i es o sttt s o +20V
Draini@unrent—Continuous (AIE) 0 e i s o D s e 0.5 A
TotallPower Dissipation @ licl=1252C (Pp)- i -l il i ol vl 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 |o— tot —|
To Sampling Scope
50 Q Input
suf EETe—ra—u:' 50 O Attenuator Vou Output vy | 10%
I Inverted
: =
1
Lo 90%
% 50%
Input v, .1_.(17 \_
(Vin Amplitude 10 Volts) ’
Vas(th) Normalized Versus Temperature On-Region Characteristics
20 20
Vos = 10V
w 16 Vos = Vos » 18 / 9.0V
o Ip = 1.0mA g
= = /
= = I 80V
242 &2
3 [ =z /i
& —] 3 70V
4 os —r Z 08
£ =y 3 '/ e
& =
£ oa £ 04 ; 50V —]
40V—]
[}
-50 0 50 100 150 (°C) 0 10 20 30 40
T, JUNCTION TEMPERATURE Vs, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Output Characteristics Capacitance Versus Drain-to- Source Voltage
20 100 !
Vs = 10V Vos = OV
Gl 9.0 V—] 80 °
? e .
H / S
= - 80V £
gz Lo Y e
u 7.0V 2 \
©
£ — — E
S on C—1 60V g o :\
< <
E / - | 3 o
: o 50V 2
£ 04 20
40V__| e
Ca
0 1.0 20 30 40 0 10 20 30 40 50 60

Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
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SPECIAL PURPOSE DEVICES (VARISTOR)

TRANSIENT/SURGE ABSORBER [T VST I

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 bilateral and symmetrical V-I char-
acteristic curve and can therefore be used in circuits in place of back-to-back
zener diodes. This gives your circuit clamping protection in either direction.
The ZNR provides a highly reliable and economical way to protect against
repeated high voltage transients and surges such as those produced by light-
ning, switching surges and noise spikes.

FEATURES

e 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 and 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 transients.

ABSOLUTE MAXIMUM RATING

Varistor Voltage (V-I @ 1mA DD) (185V 225V) ......ivurunuinnrnnnnnns 200V
Applied:Voltage AGRys) Ll b RE 0 e e e 130V
e e L e 170V !
Clamping Voltage @ Test Current (8 X 20 usec) Ve(V). oo vvvvvvennnnnn... 340V =
IB(AJ(276:568). . 100A g
TR {AY(276:-570) s 50A 3
Peak Pulse Current (8 X 20 us) 1 Time (276-568) .. ....vvvvrrrrrrennn.n 6500A
([276-570) 2.5 il Bl b e 4500A
Energy (I (276:568)r ol as b bl e e L S e O e st 70] VOLTAGE ——&
(O Ey 1) e O s e SR B W o o = S 35]
Pawers[276:068) - a1 an Sl ol S e e e e G A T 1w V-I Characteristic Curve
(276:570) 0 b e e e Ol S Bl e s e el 0.60W
Gapacitancel(PE @ 1kHz) (276-568)/-5 s 5 il en ki s i 2000PF
(27657 Q) ai bl o om0 i STl R 1000PF
Operating Ambient Temperature . ............cooveevueenneann. —40° + 85°C
Starage Femperature: . i e an ol e il e L R —40° +125°C 1 A=)
g1 Uie, sk
z 2 c ~ EQUIPMENT
3

PROTECTED - TIME —>
CIRCUIT

A: Original surge wave form
PROTECTED o B: Clamping voltage using gap type arrestor
CIRCUIT C: Clamping voltage using ZNR
A 7: Discharge lag

Clamping Voltage Characteristics

TYPICAL APPLICATIONS N
e # e [ —

Single Phase Line Surge
Three Phase Line Surge

THREE PHASE

i TRANSFORMER °
+ + & 1r <
O—0
] + * %
O—0

Transformer inductive Surge
by Primary Switch Off

e

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

o)

1"



SPECIAL PURPOSE DEVICES (SCR) (TRIAC)

276-1020
276-1067

GENERAL DESCRIPTION

Thyristors and their trigger devices can take numerous forms, but they share these characteristics:
® They are “open circuits,” capable of withstanding rated voltage until triggered. :
® They become low-impedance current paths when triggered. and remain so. even after the trigger source is removed. until current
through that path stops. or is reduced below a minimum “holding” level. )

SCRs

Silicon-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
applications. in which bidirectional current is routed in 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.

lgT Var laT Ver
Catalog Imax Vmax (max) (max) Case Catalog Imax Vmax (max) (max) Case
Number A \ mA \ Style Number A \ mA \ Style
276-1067 6 200 25 1)oi3) MuU27 276-1000 6 400 50 2:5 MuU27
276-1020 6 400 25 1.5 MU27

OPTOELECTRONIC INDEX BY

FUNCTION CATALOG NO. PAGE NO. e
DISPLAY 2A60530t % 2 e gl P Re Rt 18
206:0040 0 2 e e S b 17
DI ] 17
JTCORT . o R 15
DRIVER B34 P e S e ) 16
EMITTER 6= 20k 20
A O SRR I 14
LED (BLINKING) 2760308 %l 5 o i e 1153
206:0861 57 o Rl e 15
LED INDICATORS PWE-ONBll v e r 13
(CHART) 206021 5T el e i e e e 13
260220 T L S R S s S 13
206:0250 e e 13
206:0267 S 1 Rt s 13
AASHURIE dia ol s s o i b e 13
276:087 10 irs e e R 13
e FIGURE 10 |
BB DBBAL o i e 13 N =P iniholder
2760881 £ e 13
276:-0600 8 1 il e 13
276:088 5 o AL e 13
LED (TRI-COLOR) 276:0350 Fit. AP L e R 19
PHOTOCELL 2760167 B e R e 18
EEOTOTRANSISTO R 276145 e 19
SOLAR CELL 270: 1245 2o r e e SR e e e 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 __ Equi nM Color Ve (V) Vg (V) I (MA) Pp (MW) N

e 650

276-033 TLR-147 700
276-037 SLP-235B 565

276041  — 700

()

| CATHODE  ANODE

FIGURE 1

Miniature LED with diffused lens. This LED
is compatible with most TTL and transistor
circuits. It features a Fresnel lens design.

ANODE CATHODE

FIGURE 4

Subminiature LED with diffused lens. This
device has solid state reliability and is
compatible with most TTL and transistor
circuits.

1
@)
2)

LONG LEAD IS CATHODE
FIGURE 7
This is a three terminal LED. The light col-
or radiates "red” when terminals 2 and 3
are used. Green light radiates when ter-
minals 1 and 2 are used.

GREEN 2.8

N
=
W whwW

ANODE CATHODE

FIGURE 2
This LED features a frosted diffused lens in
a plastic encapsulant. When the device is
on, it appears as a large, soft light source,
making it ideally suited for front panel ap-
plications.

CATHODE ANODE

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

ANODE
ANODE  cATHODE

FIGURE 8

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

50 100 2
35 100 1
30 70 4
70 140 3

ANODE CATHODE

FIGURE 3

This device is a jumbo LED with a diffused
lens. It can be used in applications such as
pilot and indicator lamps.

Il

(i

al

N\

Il

FIGURE 6
This is a subminiature LED indicator with
polished chrome reflective holder.

FIGURE 9

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

P-N GALLIUM ALUMINUM ARSENIDE

TIL906-1

ZSCEM INFRARED- EMITTING DIODE
GENERAL DESCRIPTION PIN CONNECTION
This is a P-N Gallium Aluminum Arsenide Infrared-Emitting diode designed
to emit near infrared radiation when forward biased. Its output is spectrally CATHORE 4>
compatible with silicon sensors and has a high power output with a 20° beam
angle. a]
ABSOLUTE MAXIMUM RATINGS o]
Eeorward:Voltage (Statig) i) L0 S v ol oo s i o el 1762V
Reverse Voltage VA A i S R S B e 3V AHODS
Continuous Forward Current at (Or Below)
259@ Rree-Air Temperatune fielisr s Uil s rn e ot 100 mA ===
PeakEorward Gurrent (See Note 1)t oo st s oo il b BEGE I R 2A RIS Ly
ReverselCnrrent (Ve = 30V oo it o i T s e e 100 pA 4
Radiant:Power Output (Bo)(IF'="20mA) ... o a i o 1.5 MW g
Emission Beam Angle Between =S
Halt-IntensityiPointsime Ol i s s e ol il et L 202 § 04
Wave Length at Peak Emission (IF = 20 mMA) ........ovevevnenennnn.. 880 nM s RN gt
Operating Temperature RaNge. ..o« - siias dis ok cistonis iiesie sis s —40°C To 80°C S gl {=20kHz[IN N =10kHz N
Storageclemperature RANGe . . . oty bl oo obal ol T —40°C to 100°C % =z
NOTE: 1. This value applies for t,, < 10 ps, f < 1 kHz. See Figure 1. ““: 0.04 =
=
FEATURES u.u:#s 1048 10045 1ms

e High power output With a 20° beam angle

tw—PULSE WIDTH
e Output spectrally compatible with silicon sensors

Peak Forward Current
Vs
Pulse Width

TYPICAL CHARACTERISTICS Figure 1

8 16 T 1
Ta=25°C o
7 o o 0.
>
= / E = 0.8
216 | 12 2 / \
z Ta=-40°c| /] = & o7
5 > =
o' // E 10 v zZ 06 l \
w o P, S
25°C o z
£ L | = g 4 < 05
:a / = = / E 0.4
> 3 S 2 e = = / \
e [ >
75°C A =
E 2 A // = 2 / £ 0.3
z 7z = o 02/ / AN
i e = i 0.1
0 0 0

0 10 20 30 40 50 60 70 80 90 100
I—FORWARD CURRENT—mA

o

20 40 60 80 100 20° 10° 0° 10° 20°
Ig—FORWARD CURRENT—mA 6 —ANGULAR DISPLACEMENT
Relative Power Output Radiant Power Output Relative Radiant Intensity
Vs Vs Vs
Forward Current Forward Current Angular Displacement

00 R
1A= 7s°c/
80
%5“0/

!
SERE
=

10 14 1.2 1.3 14 15 16
Vg—FORWARD VOLTAGE—V

Ig—FORWARD CURRENT—mA

Forward Conduction
Characteristics
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OPTOELECTRONIC (DISPLAY) (LED)

HIGH EFFICIENCY RED BAR GRAPH DISPLAY

GENERAL DESCRIPTION

The B1001R is a 10 segment bar graph display with separate anodes and
cathodes for each light segment. The packages are end stackable. PIN CONNECTION

FEATURES s
Large segments, closely spaced BAR 1 ANODE L BAR 1 CATHODE
End stackable : &

Fast switching, excellent for multiplexing i T [ty e aae
Low power consumption
Directly compatible with ICs
Wide viewing angle

BAR 3 ANODE T BAR 3 CATHODE

18

BAR 4 ANODE T BT BAR 4 CATHODE

BAR 5 ANODE 5—' —1_3— BAR 5 CATHODE
ABSOLUTE MAXIMUM RATINGS e el .

(25°C Free Air Temperature Unless Otherwise Specified) T e B i
firBoweridissipation s et s e LR SR A e E 100mW BARIZANODE ) [q. BAR‘Z CATHODE

14
Continuous forward current Tl i
sy ——— BAR 8 CATHOD
Totally Sl s St s e Y v e e ol R 300 mA 8

13
Per:segmeniiins St s et i i B e e e e 30 mA BAR 9 ANODE —— —7 BAR CATHODE
Reverse voltage
PeriSeDIREnt ol ghos e, S G e et RS et (R 5.0V BAR 10 ANODE 75 BARI10:CATHODE
Storage and operating temperature. .............coooiuee..n. —30to +80°C

ELECTRO-OPTICAL CHARACTERISTICS
HorwatdiVieltager. . stk sin s ar ol MG i sk s olalic it nihled 1.6V
Peak emissioniwavelength. .. o5 oo il e e L 655nm

EEGSH BLINKING LED

F336HD

276-036

GENERAL DESCRIPTION PIN CONNECTION
The F336GD is a solid state LED with a green diffused plastic lens. The

F336HD is a solid state LED with a red diffused plastic lens. A built-in IC

flashes the LEDs on/off and can be driven directly by standard TTL and CMOS

circuits, eliminating the need for external switching circuitry.

FEATURES

Built-in IC chip, flashes LED on and off to attract attention

Pulse rate 1.0HZ

T1 3/4 size

Larger full flood radiating area

1-inch leads

1.2mcd @ Vy = 3.0V \\
IC compatible

ABSOLUTE MAXIMUM RATINGS

CATHODE

ANODE

@peratingVeltage: e ins e seiel sait o S e Lol R TR e o N GV
PealdlnverseiVioltager o aile Sl i o G e 04V
@perating Temperature k. L b Faii o o o s 0°C to/70°%G
Storage Temperatire. J. i s S rmmalitel, Ol G v i, —20°C to +85°C
Lead Soldering Temperature (1/16 inch from case) ........... 5 sec. @ 260°C
ELECTRO-OPTICAL CHARACTERISTICS
Euminous Intensitys o i e fdeie L ad i e o e e  CR 1.2 mcd
Emission Peak Wavelength (E336GDJ . ... .. .. . oo at i s T 565nm
[FB3GHB s o b e ot Sl S 597nm
Spectralikine/Halfwidthi((F336ED) . 1o iitol Sob s ol e L e 30nm
(EaREinyee otae el S0l R - e 90nm
Peak Current (50% Duty Cycle) .............. e e L R 3.5 MA
PulseiRate s i Rl el s S e e I e S 2.0 HZ

15



OPTOELECTRONIC (DRIVER)

'] OPTOCOUPLER TRIAC DRIVER

276-134

GENERAL DESCRIPTION

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
(to 7500 V peak). high detector standoff voltage. small size. and low cost.

INFRARED EMITTING DIODE MAXIMUM RATINGS

ReverseiVoltagei®e: o S s lean ol st xS s L e e AU 3.0 volts

Borward Current—Cantinuans:d. S ES 00U Tl e R 50 mA

TetaliPower Dissipation @' TA =258 u s s o kv 5a s s s s wmsivis ob i 100 mW

OUTPUT DRIVER MAXIMUM RATINGS

Off-State' Output Terminal Voltage. «icve v s hivn vns SRy 250 Volts

On:StateRMS:Current TA = 252G % sapmaithanin ., o+ SRl oo s e 100 mA
(Bulli€ycle i50totb0iHZz IEAC TR E) I ot i ool 5 s el i e 50 mA

PeakNonrepeiive Surge Gurrent a1 n BERa e il s e i 11200
(PW = 10ms. DC = 10%)

TotaliPower Dissipationt@ TAG= 951 . 55k oo v s oo i s 300 mW

Beraterabbver252@r: i tin o DDA AR LS e s 4.0 mW/°C
TOTAL DEVICE MAXIMUM RATINGS
[Salatian SurgeVoltager(1S) i 7 e e c s e e Tt 7500 Vac

(Peak ac Voltage. 60 Hz. 5 Second Duration)
iEotaliPower Dissipationt s s hin o il it S ab it e b o o 330 mW
Junetion: TemperatiimeRange: . oo ol L0 R i e —40 to +100°C
Ambient Operating Temperature Range....................... —40 to +70°C
Storagetdiemperature’Ranges e s e T —40 to +150°C
Snldebingtiemperature (10s)54 0 e A e S 260°C
APPLICATIONS

Riy Ry
Yec O 6 1800
:Do—2 mocaoio  f— 1200,
3] a

Resistive Load

MOC3010

Inductive Load with Sensitive Gate Triac
(lgT < 15mA)

MOC3010

Inductive Load with Non-Sensitive Gate Triac
(15mA <lgt < 50mA)

PIN CONNECTION

TOP VIEW
MAIN
EHORERSS 5 TERMINAL
¥
N TRIAC
CATHODE YA | DRIVER SUBSTRATE
2 5 (DO NOT CONNECT)
MAIN
NCSS 7 TERMINAL

400}f = 60Hz

S

TYPICAL CHARACTERISTICS

Ip = 20mA

P L

800l TRUT PULSE WiDT

= BOuF [

Tp = 25°C

°

V|

ON-STATE CURRENT Iy — mA

NORMALIZED Igy

g

L1

-12 -8 -4 0

4

8 12

ON-STATE VOLTAGE Vyy — V

On-State Current vs
On-State Voltage

2
2]

o
[

=
=

e
S

™~

0.5

-4 -20 0

20 40 60 80

100

AMBIENT TEMPERATURE Ty — °C

Trigger Current
vs Temperature
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OPTOELECTRONIC (DISPLAY)

GENERAL DESCRIPTION

This is a red .3 inch common cathode RHDP Display device with a bright-
ness or luminous intensity (Per Seq. MIN) of 125 pcd @ 10mA.

APPLICATIONS

Instruments

Test Equipment

Office Machines

Computers

Automobiles

Clocks/Radios
Communication Equipment
Calculators

CB Radios

ABSOLUTE MAXIMUM RATINGS

Eorward VOWage . it ot 5 o et laials i souiats st sss s ook, 0l 2V
Eorward:Gurrent oo le i aiin b T R S 20 mA
Power (Bl i & e i S e e 700 mW
Wave englho s oo ol e o el bl giribatoias ol utiacars oo tn 660 nM
Brightness/Luminous Intensity @ 10mA. ............cocovvieeininnens 125 pcd

COMMON CATHODE DISPLAY m/'J\\¥¢!

276-075

PIN CONNECTION

TOP VIEW

BIG HI-EFFICIENCY RED LED

GENERAL DESCRIPTION
The 276-064 is a 0.79" diameter hi-efficiency Red LED. This device is ideal for
a variety of applications where a large bright source is required.

ABSOLUTE MAXIMUM RATINGS

ReverseViolage s mta s o] S d s S il s 2l o U S el e 5N
Reverse Gurrent(VE = BNV thi i s o v e as o s aimiieeie o5 sraus v sievis 10uA
Operating Temperature Range ... v. .. csesedseeonsumeonicns s —40°C To 85°C
Storage Temperature Range .. ... .u..usicose e s soeeiien. —40°C To 100°C
Lead Soldering Temperature .................eeeuuunn 260°C For 5 Seconds
[1.6mm (0.063 inch) From Body]

Spectral LinesHalFEWIdthi(AN) - 5. 0o n i s b omistes o e 4 paoreio o 45mm
Power Dissipationi(Bdiit il oo 0 et e e e 100mW
Peak Forward Current (duty 1/10. 1IKHz) If (Peak) ................... 160mA
Recommend Operating Current if (Rec) .........coevevveiieeeeiennns 20mA
Average Luminous Intensity 1.2 (If = 10mA)lv ..................... 25ucd
Luminous Intensity Matching Ratiolv-m .............cc..oiiiiivina.. 2:0
Forward Voltage (If = 20mAJVE (000 o0 on hasi sl ek o 2.8V
FEATURES

00.79" (20.0mm) big LED.

o Graphic stacking allowable.

e Suitable for multiplex operation.
e High luminous intensity.

e Solid state reliability.

EL-811HR

276-064

PIN CONNECTION

12 1 10

98 7

FUNCTION

CATHODE
ANODE

17



OPTOELECTRONIC (DISPLAY) (PHOTOCELL)

IEZEXEEN 05" SOLID STATE SEVEN SEGMENT DISPLAY

GENERAL DESCRIPTION PIN CONNECTION
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- TOPVIEW

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. e ”
FEATURES 2 a 7
® Fits 14 pin DIP socket : Sl 5 'I lb =
® Excellent character appearance —continuous uniform segments; wide viewing g

angle; high contrast 7 g Ti
@ IC compatible—1.6 V per segment e c -
® Standard 0.3" DIP lead configuration; PC board or standard socket mountable —
® Both left and right decimal points g dp 5
APPLICATIONS . 7 8
® Electronic calculators ® Frequency counters
® TVs ® Digital clocks
® Radios
RADIANT CHARACTERISTICS (IF=20mA) T,=25°C il i
Luminous Intensit¥ ............................................... 250 med i COMM:‘:«N:::)?‘E h cou:ﬁﬁ::.gn
Wavelenethe (Peak)ise il 1o e Wi e et i sl 655 nM . B e

5 | &nope " 5 | CatHopE-t

ABSOLUTE MAXIMUM RATINGS : | Noaw i | camnooes
Pawer Dissipation fia=258C 58 e i n s 400 mW S| RCATHODE de § | CATHODEd
Average Forward Current/Segment or Decimal Pt. T4 =25°C ............ 25 mA 8. [ cATHODEd sliNe PN
Peak Forward Current/Segment or Decimal Pt. T5=12°C Tl e 10 | CATHODE-dp
(Rllse DurationiSO0ms) 1w i s i i st st 150 mA | Noen 1z | catHooes
Reverse Voltage per Segment or Decimal Pt. ................. ...l 6V 14_| ANODE 14_| NO PIN
@peratingFemperature Range s gl 7008 S0 8 STUE LG i —20tto!+85°C
Storape lemperatute:Range ./ s oo Ll bus v s s s =20 to £85°C
Max Solder Temperature 1/16” Below Seating Plane (t <5sec.) ......... 230°C

Y4 CADMIUM SULPHIDE PHOTOCELL

GENERAL DESCRIPTION CONNECTIONS
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

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

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

APPLICATIONS
® Night light

® Light control

® Burglar alarm

® Relay

SPECIFICATIONS :

@F Shapetin sl A E R el e 2 b oW T el i i s Round
®ESensitiverAroas s o Uiy STl e e 07 sq. in
O \Weiphib i s e R T e e RS e 1.56 gms.
®¥R esistanceiati (1Ete(AZ0EK) 0 vs WiGEel Ll ol i 0 el 1.7k Ohms . 40%
® 'TypicaltiResistance l00/Btc (ZB705K). o0 |0l i, o 100 Ohms
® Resistance Dark Minimum (1 Minute) . ...................... 0.5 Megohms
ABSOLUTE MAXIMUM RATINGS

Max#Applied Voltage (e orde)in s o e 170 V peak
MepciPoweriDissipalionfats2 oG sl i sl el s i HEEs b 2 watts
BoweriBerating et o s S el s i i e Linearly to 0 @ 75°C
@peratingiliempSRange i s htiiel fos SRl L et e slltir —40 to +75°C
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OPTOELECTRONIC (LED)(PHOTOTRANSISTOR)

TRI-COLOR LIGHT EMITTING DIODE pRJ{eR-1.I:}

276-035

GENERAL DESCRIPTION PIN CONNECTION

The XC-5491 tri-state LED provides red. green. and yellow emission in the
same package. This LED is a popular .200 diameter. two-leaded package contain-
ing a red and green LED chip in inverse parallel. By reversing the polarity of the gikidgid
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 LONG LEAD
light output is uniform. 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.
FEATURES GREEN Yk
® 3 States—red. green. and yellow >t jm
® Equal brightness in all three colors RED =
® Popular T 1% size package i T
. 1 e -
Wire wrappable leads SHORT LONG A2
LEAD LEAD
ABSOLUTE MAXIMUM RATINGS B R 0
Forward Guerent: irie dlicn s e Dot ol ol e el R et 0o 25 mA Green Anode  Green Cathode e
PeakeReverseiVoltage: Wialeri s ot o in s ea i inse S e b 5V
Powerzissypation il il m i Sssa Salsent st o SRiigRn BaTer i o s 100 mW
@Operatingsliemperature Range . oot 0 ol S riie et —55 to +85°C o
EeadiSolder Temperatiire: e o il b S W o s eiissi o i et e 260°C il oe
S0 | I
0.050
k)
Jo,wl—

INFRARED PHOTOTRANSISTOR mayj® P

276-145
GENERAL DESCRIPTION PIN' CONNECTION
The TIL414 is an NPN silicon phototransistor in A T-1 3/4 style case. It pro-
vides high speed and high photosensitivity. suitable for IR switching applications. BOTTOM VIEW
ABSOLUTE MAXIMUM RATINGS INDICATOR
Collector-EmitteraVuitanbe st sl Smas, |, , | 0o beoie bl e, 50 V
Emitter-CollegioriVoltnopBiiteis Smi .| .o e s s e e 7V EMITTER COLLECIOR
PowerDissipation = s eCaaiiig o oL vl 50 mW
Operatingilemperatumest; = Wi s Ul e e e —40° to +100°C
. TYPICAL CHARACTERISTICS
ELECTRICAL CHARACTERISTICS (Typical)
DarleGurrentiV g =808 m Siie il St S e R kel 25nA Ssi 28 1A i
Light Current (Vg =5 VOE, = 20mW/cm2) ... .. .oooniiiiiiennn, 7 mA 5 A g
Gollector-Emitter Saturation®. & fut 1 sl i b s e e sl e 04V % 18 |
Rised ety S bt S £ e e s e R el S S 8 us =
RalllFRimelse £t s o0 Sl it sed it S B Sl e S e 6 us %1 12 \‘ \‘\ LT
g8,
g os I ] amA ——
=
E ol aa
8 I
20 |
B 10 30 50 70 [}

IRRADIANCE E, — mWicm?

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-
emitting diode. The diode is capable of emitting radiant energy in the infrared re-
gion of the spectrum.

FEATURES

PIN CONNECTION

BOTTOM VIEW

EMITTER COLLECTOR
® Spectrally and mechanically matched
® High power efficiency . . . typically 5 percent at 25°C
st

ABSOLUTE MAXIMUM RATINGS bty
Photodetector
EollectorsEmittersVoltage @l Rl s iat o s i ik ot 20V
@ollectoniCIMICHt ot a8 s il S T S SR R 25mA GRARHIC SYMBOL
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 50mW G
Operating Free-Air Temperature Range. ...................... —40 to +80°C
Storage Temperature Rangewb: = iETil . ol o s i —40 to +85°C
Lead Temperature 1/16 Inch from Case for 5 Seconds .................. 240°C DIODE  PHOTODETECTOR
Infrared-Emitting Diode
ReversesVollage s o e U i e i s e A e b 2V
@ontinuensForward Gurrent Limear Lo tii . o LSRR s 40mA
RadiantiBoWeri@UpUL. oo il s s - o e ML R 0.5mW
Warnelength at-Pealc Emission et . S0 ci o0 o0 onhIIG S 0h ST 915mm

YR PIE 2.5<5cm SILICON SOLAR CELL
GENERAL DESCRIPTION CONNECTIONS

A solar cell is a silicon semiconductor device which converts light energy di-
rectly to electricity. A typical 2.5X5c¢m cell will produce 0.42 volt and up to .18 e

amp of usable current. The power generated is 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 be
connected in series to produce more voltage and in parallel for more current.

ABSOLUTE MAXIMUM RATINGS

Voltage  (Open Ginetit) s e e s 0.55V
CurientilShortiGicuit) e s smen o s sadomin. o i e LS S 02A
(Test conditions: Full sunlight at noon on a clear day at 25°C (76°F) )

TYPICAL CHARACTERISTICS

0.25

o
S
4

o
=
o

e
o

CURRENT — A

\
\

200 300 400 500 600
VOLTAGE — mV

e
o
@

o

0 100

Current vs Voltage

N

POSITIVE LEAD +
(SOLDER TO BACK)

NEGATIVE LEAD —
(SOLDER TO FRONT)
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DIGITAL (CMOS)

QUAD TWO-INPUT NOR GATE

GENERAL DESCRIPTION

The 4001 quad 2-Input NOR gate is constructed with MOS P-channel and N-
channel enhancement mode devices in a single monolithic structure. These com-
plementary MOS logic gates find primary use 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
V,ut be constrained to the range Vgg <(V;, or V) <Vpp.

Unused inputs must always be tied to an appropriate loglc voltage level (e.g
either Vgg or Vpp).

FEATURES

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

Diode protection on all inputs

Supply voltage range = 3.0 Vdc to 16 Vdc
Single supply operation—positive or negative
High fanout > 50

Input impedance = 1012 ohms typical

Logic swing independent of fanout

ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to V)

DEISupplvaVipltage-eei s o n e el it et —0.5 to +16 Vdc
InputtVoltage Al nputs! Syl s BT SRRt —0.5 to Vpp +0.5 Vdc
DEMBurrentDramperiPin eoiss i niit . b e L S e R 10 mAdc
Operating Temperature Range . .............ccoovviiiinnanen —40 to +85°C
Storagesfemperdature Range:. . s Lol Sl o n s =65 toSR150:E

SWITCH TIME TEST CIRCUIT

PULSE INEUT.

GENERATOR

—O—I——o OUTPUT
C

L

=1

11
Vss
*All unused inputs of OR, NOR gates must be connected to Vgg.

TYPICAL APPLICATIONS

L\
0.01uF

Tone frequency is about 1kHz

Gated Tone Source

PIN CONNECTION

TOP VIEW

4001

276-2401

SYNC TIMING WAVEFORMS

~| ‘l- 20ns

INVERTING

OUTPUT J

NON-INVERTING
OUTPUT

-2 -
i

Bl

VoL

JJ B
'vHL

LED flashes 1-2 times/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
Vout be constrained to the range Vgg < (V;, or V) < Vi

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
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)

@IS upply et e S e e s R
Input voltage Allnpits e b b e s ot
BECurrentDrain per:Ping L T FiE i Sy el s
@perating Temperature Range . /i, 0o enh i
Storage lemperaturte Ranged. i & ri s 100 0n s o i

SWITCH TIME TEST CIRCUIT

—0.5 to +16 Vdc
= 0.5to Vpp +0.5 Vdc
10 mAdc
—40 to +85°C
—65'to +150°C

INPUT
Py _OT—Q ouTPUT
4011 e
17
Vss

“All unused inputs of AND, NAND gates must be connected to Vpp.

TYPICAL APPLICATIONS
114 Voo 4
4011 ot
E > qop 12 & i1 TOPIN 4
E | DISPLAY = = of 4511
H | FLASHES Y
L OFF S; w0k = iliazuF

Display flashes once per second when E is high.

Display Flasher

QUAD TWO-INPUT NAND GATE

PIN CONNECTION

TOP VIEW

SYNC TIMING WAVEFORMS

[~ 20ns

——] |— 20ns

INVERTING
OUTPUT

NON-INVERTING
OUTPUT

l" touL —
F90%
50%
10%

——: L'TLN L'THL

Hi2¢ TOPIN 3
R2 $<—— OF 550240
S 10K cLock
114 14 1 1
2011 4011
114 4066
12 1 8 10
13 9 2
R12 100K = 7 2
O.AUF, l TOPINS1&2
< L—— OF $50240
CLOCK

This produces bagpipe and other unusual sounds.
Adjust R1 to vary interruption rate.

Special Effects

Vou

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 applications.

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
V¢ be constrained to the range Vgg < (V;, or V) < V.

Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vgg or Vpp).

FEATURES

® Static operation

Quiescent current = 2.0 nA/package typical @ 5 Vdc

Noise immunity = 45% of Vpp, typical

Diode protection on all inputs

Supply voltage range = 3.0 Vdc to 16 Vdc

Single supply operation

Toggle rate = 4 MHz typical @ 5 Vdc

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

clock level either high or low; information is transferred to the output only on

the positive-going edge of the clock pulse.

® Capable of driving 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 Vgg)

BE Supply Voltage &« a it el beial s e Bt s —0.5 to +16 Vdc
Input Voltage. All Inputs —0.5to Vpp +0.5 Vdc
DG Gurrent Drainiper-Pin . i Fe eduimm o it (MRS TR i 10 mAdc
Operating Femperatute Range Sy daes Tl L0 s sl Jo —40 to +85°C
Storage llemperathicefRange. e B S MIMERREIGCs 1Ll e ket —65 to +150°C

TYPICAL APPLICATIONS

1 2 ot

DATA D Q D Q

n-Stage Shift Register

ol

ol
]
1
o
ol

CLOCK &

1 2 nth

—o QT e D o—‘_
CLOCK O c S c o, %

el

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

1 2 nth

il

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

ol

ol

T FLIP-FLOP

(=]}
|

Q

ol

CLOCKO

4013

276-2413
PIN CONNECTION
TOP VIEW
1
L
a o 16 PR
a i c Q 5 c
ST

Vss

TRUTH TABLE

INPUTS OUTPUTS
Clock! | Data | Reset | Set Q1| Q
— L j b i it H
— H L L H L
— X It L  |No Change
X X H L L H
X X L H H i3
X X H H H H
X = Don't Care H = High Level
L = Low Level t = Level Change

SYNC TIMING WAVEFORMS

90%
DATA (D) 50%
10%

|
— | tsur) tsu() —

r 90% =D
CLOCK (C) 50%
J ; 10%
— twH—T—twiL——]|
WAL |

OUTPUT (Q)

inputs R and S low.

|—20ns _i r?oﬂs

4

Vss
(~20ns

Vss

fa
—{tpLH =i 'PHL['—
90% |
50%
10%

Vou
VoL

1*‘mo ]——

Data, Clock, and Output

L~

1 V,

20ns ~-| |—20ns
‘1 [:o% ! Voo
SET(S) 50%
: .

RESET (R)

OUTPUT (Q)

20ns
—— Vpp

e

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 el L

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 v grock
positive-going edge of the clock pulse. This part can be used in frequency divi- 16

EIS §14 18 [z e fo e
sion applications as well as decade counter or decimal decode display applica- ¥ o
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 X ]

this high impedance circuit. For proper operation it is recommended that V;, and
Vut be constrained to the range Vgss(Vi, or Vou)<Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp.

Q0 Q1Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Coutj

& e |
FEATURES : . 2
® Fully static operation
® DC clock input circuit allows slow rise times ‘
® Carry out output for cascading L e A AT e N8 T
® 12 MHz (typical) operation @ Vpp = 10 Vdc : b
® 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

; Clock | Enable Reset | Output = n

ABSOLUTE MAXIMUM RATINGS 1 X L n
(Voltages referenced to Vgg) X H L n
BEISUpplye Valtape diid o it i e e e —0.5 to +16 Vdc X X H QL
InputeVeitage PAT Inputsssio fos 0 b L en il s L —0.5 to Vpp +0.5 Vdc = L L n+1
DEiEurrent!Dratn pertPin ki amt s S o L 10 mAdc s X L 1
@perating, Temperature Range . .k i b i i, —40 to +85°C X 0 L !
Starage Femperature RANEE. 1 a2 o o i eete s o ol il sbaars —65 to +150°C 1 T L n+1

X = Don't Care If n <5 Carry = “H"”,
Otherwise = “L"
L = Low Level H = High Level

TYPICAL APPLICATIONS

'—‘—-'@
L=
@
>~
@
e o
)
—
— o
)
—
~
s
IS
el
~
— O
w
—— @
©
—
o
e
o
—
_‘—’b
=]
—
=
e o
S
N
—
w

RESEI} RUN Iw _ a——l ] lm [15

) N

Vop cLOCK TON

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

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

INVERTING HEX BUFFER

GENERAL DESCRIPTION

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-
version using only one supply voltage, Vcc. The input-signal high level (Vi)
can exceed the V¢c 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 (Vec = 5.0V, VoL < 0.4V, Ig.= 3.2 mA). Note that pin 16 is not connected
internally on this device; consequently connections to this terminal will not
affect circuit operation.

FEATURES

® High source and sink currents

@ High-to-low level converter

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

ABSOLUTE MAXIMUM RATINGS
(Voltages referenced to Vgg, Pin 8)

DESupply iV ollase H e e e s s —0.5 to +16 Vdc
Input VoltagesAILpUts & ade S0l i 0 v il e v o —0.5 to Vpp +0.5 Vdc
DEiCurrent Drainiperiiput Pim: oo s il oy L as e st e 10 mAdc
DE CurrentiDrainiper @ufputBing oo i oo 45 mAdc
@perating TemperaturefRange o\ i 5.l s Sl S —40 to +85°C
Storageifemperatiire Range ot o hh o e v sl ilsinie st e it = 65te F150°C

TYPICAL CHARACTERISTICS

Vps=Von-Vop

<

AL R £ Lo LD
3 Vgg 15V AL Vas=5V +——
S 15} o = ko .

l -~ —55°C o A/
w | & 10V P
g 10V 1 — +125°C S _2 //
ER N i - 4
2 | g -2 — z
b 5V | 3 15V
2 Y 1 [ — | MAXIMUM__|
5 \ = CURRENT LEVEL
= L \ ) 2 O BT
= 0 5 -50
B 0 10 15 18 3 -10 -8 ) -4 =) 0
> = /

Vin,/NPUT VOLTAGE — VOLTS 3 Vps,DRAIN-TO-SOURCE VOLTAGE — VOLTS

Output Voltage
vs Input Voltage

Output Source Current vs
Drain-To-Source Voltage

TYPICAL APPLICATIONS

Voo
o

0.01 TO 10uF

1,23 = 1/2 4049
Note that the inverters are used in a LINEAR mode.
Gain = R2/R1

1,2 = 1/3 4049
Puise Rate = 1/1.4R1C1

Clock Pulse Generator

0.01F MO

PIN CONNECTIONS

TOP VIEW

;

4049

276-2449

Output Sink Current vs
Drain-To-Source Voltage

Voo

Linear 10X Amplifier

o TEEN =T

EI Vas=15V _ |

=

Z 120

o«

@

3 s 10V

2 ]

‘En S| P cAun(—x‘-unvm -::

B i PACKAGE DISSPATION

& 5V_IMUST BE OBSERVED
=

3 o [E=E |

= 2 4 6 8 10

2 Vps, DRAIN-TO-SOURCE VOLTAGE —VOLTS
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DIGITAL (CMOS)

L QUAD BILATERAL SWITCH

276-2466

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,
chopper, 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 Vyt be constrained to
the range Vgg < (Vg or Vour) < Vpp -

Unused inputs must always be tied to the appropriate logic voltage level (e.g.,
either Vgg or Vpp).

FEATURES

Wide supply voltage range—3V to 15V

High noise immunity —0.45 Vpp typ

Wide range of digital and analog switching— %7.5 Vpgak
“ON" resistance for 15V operation—80Q typ

Matched “"ON" resistance over 15V signal input—ARgy = 5Q 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 between switches——50 dB typ
Frequency response, switch “ON"—40 MHz typ

APPLICATIONS

® Analog signal switching/multiplexing
Signal gating
Squelch control
Chopper
Modulator/Demodulator
Commutating switch
@ Digital signal switching/multiplexing
® CMOS logic implementation
® Analog-to-digital/digital-to-analog conversion
® Digital control of frequency. impedance. phase. and analog-signal gain

ABSOLUTE MAXIMUM RATINGS

SupplyiVeltages i S0 B el O e e —0.5V to +18V
InpubiVoltage bl vtk Satsc sadsiedlen oL Tl i —0.5 to Vpp +0.5V
PackageDissipaion e s st ey b s S Tl ... 500 mW
Operating Temperature-Range | 05 i vws s s L —40 to +85°C
Storage iFempetature/Range st e 0 0l L0l S onlRE TS o —65/to +150°C
Lead Temperature (Soldering, 10 seconds) ...................ovvuuenn. 300°C

TYPICAL APPLICATIONS

( E Voo - Vss/2 Vin O—D{)—J

Lo

0 Vour

—

V¢ = Vpp for bandwidth test. PULSE
Vop Vss Ve = Vgg for feedthrough test. GENERATOR
z & —0 ___________________
Bandwidth and Feedthrough Attenuation Vo Vas

PIN CONNECTION

TOP VIEW

INJOUT —‘1
OUT/IN —
2

OUT/IN

3

IN/OUT

4

CONTROL Ca—‘

Vss TCE]

d SWD } [
CONTROL B 5 I % sws p 0 OUT/IN

e Voo

INTROL A
m col

2 CONTROL D

" INJOUT

3 OUT/IN

T IN/OUT

TRUTH TABLES ‘

CONTROL | SWITCH
0 OFF
1 ON
VcontroL| VINTO Vout RESISTANCE
Vgg >109 ohms typical
Vbp 3 x 102 ohms typical

LOGIC DIAGRAM

1/4 OF 4066

IN/OUT O

CONTROL O—| >o—d

OUT/IN

LOGIC DIAGRAM RESTRICTIONS
Vss< ViN <Vpp
Vss<Vout<Vpp

Input Voltage

o
Vss Vpp

Vour

Vour

Propagation Delay Time, Control to Output
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DIGITAL (CMOS)

e m

276-1797
PIN CONNECTION
GENERAL DESCRIPTION : L ! & Tl
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— 0sc1
according to the previously programmed information and is programmed with i . 41 el
12 songs with 3 instrument sounds, the piano, the organ and the mandolin.
The UM3482A will play the following songs: AMERICAN PATROL, RAB- gl 13— osc3
BITS, OH, MY DARLING CLEMENTINE, BUTTERFLY, LONDON BRIDGE i
IS FALLING DOWN, ROW, ROW, ROW YOUR BOAT, ARE YOU SLEEPING, ey 33 i 0
HAPPY BIRTHDAY, JOY SYMPHONY, HOME SWEET HOME, il oo
WIEGENLIED, and MELODY ON PURPLE BAMBOO.
The device also includes a pre-amplifier which provides simple interface to ENV 7 10}—— oP1
the driver circuit.
Vss 8 9 MTO
FEATURES APPLICATIONS
e Powered by a 1.5V battery e Toys
e Low stand-by current e Doorbells
e 512 notes memory, up to 16 songs e Music Boxes
e Play all the songs repeatedly or auto stop e Melody/Clock Timers
e 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
e On chip envelope modulator and pre-amplifier
ABSOLUTE MAXIMUM RATINGS
BEisupplyaveltage 2 e i ooail f e o b s —-0.3Vto50V
Input/outputveltagenieti, Lo iia ot LT SIS Vgs —0.3VtoVpp +0.3V
@perating ambient temperature. .. Ldl v il Lol —10°C to 60°C
Storage temperatiire /i (s St toiiiet s tiaie o e sl b s otsts —55°C to 125°C
BLOCK DIAGRAM TYPICAL APPLICATION
e BetERts General application
_____________________________________ Voo
[ ] i s s
o gsz i 13%,& ‘;‘;sm . 27:2°°° Q v Q:Z‘ﬁ‘
Ry 3
= 10v R bR ==C ook e e 1:“1 q
Y820k S150K | 47pF LA
16 15 14 13 12 \ 1 10 9
UM3482A
1 2 3 4 5 6 7 8
! sw2 sw3 swa L SW5 L
Control Melody ROM Pre. [——>OP1 J—O + —o l’ (2:'2,‘1 };g i
Circuit 512 words x 7 bits Amplifier —%——-’opz T T 10V
| e
! e
CEASLP SL ‘l Timbre & }
: Tempo Select :
1 1
1 1
1 1
I }
i |
i | Rhythm I . Timbre i
! i
iyl g e s e gy L T e g
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DIGITAL (CMOS)

TYPICAL APPLICATIONS

Chime function application

Voo

3
| i
J_T — e, 276.2009
» X ’
221 3 330K J;x.z N
.

2 {0k
= M >
z SR ey R, c, & .
S Rs = ut
820K 3T 47pF || 100K
3 150K

16 15

UM3482

276-1797

14 13 1 1
Vpo OSC1 0osc2 Osc3 MT1 oP2 OP1 MT0

UM3382A ; » PIN
NC ENV Vs NAMES

TSP CE LP SL
1 4

FUNCTION

l 1(SP)
-lIsw1 ?éo « ﬁ%‘%\r' =+

Output flag of melody
auto stop

In normal operating
this pin should be
open

Melody door bell

Voo

2(CE)

SP
Cs
i} 276-2009

Chip enable if
connected to Vpp
Chip disable if
connected to Vgs

il % e, 3(LP)

B R,
uf
s R 47 pF 330K
80K 3t 'l‘ P [

The melody plays only
one song if this pin
connected to Vpp

The melody plays all
songs if this pin
connected to Vgg

C;
4Tuf™T 180K S

1 : 4(SL)
[

Vss

A positive going edge
applied to this pin the
melody will change to
the next song

5(AS)

Low cost applications

5
l_—

/[E
byl

C3 4

The melody will be
repeated if this pin
connected to Vpp
The melody will be
auto stop if this pin
connected to Vgg

22,F

N 6(NC)

i
(s)

No connection

T 47oF 7(ENV)

Envelope circuit
terminal

UM3482A 8[VSS]

Negative supply
power

.Il e 9(MTO)

Modulated tone signal
output

10(0P1)

Pre-amplifier output 1

11(OP2)

Pre-amplifier output 2

I
ilF

12(MT1)

Modulated tone signal
input to the pre-
amplifier

13(0SC3)

RS
75K S @l

14 (0SC2)

+l R2
Tswz zziFT' 180K 15(0SC1)

Pin 13-15 can be
connected as an RC
oscillator

External oscillating

signal can be input to
Pin 15

16(Vpp)

Positive power supply
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DIGITAL (MEMORY)

65,536-BIT DYNAMIC RANDOM M7 YITYE D)
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 technology, using dou-
ble layer polysilicon. To protect the chip against a-radiation a chip cover is TOP VIEW
used. The HYB4164 uses single transistor dynamic storage cells and dynamic <7
control circuitry to achieve high speed at very low power dissipation. Multi- NC
plexed address inputs permit the HYB4164 to be packaged in an industry . 10
standard 16-pin dual-in-line package. e B

System oriented features include single power supply with +10% tolerance, e IS
on-chip address and data latches which eliminate the need for interface regis- 3 1
ters and fully TTL compatible inputs and outputs, including clocks. RAS ——

In addition to the usual read, write and read-modify-write cycles, the
HYB4164 is capable of early and delayed write cycles, RAS-only refresh and e O
hidden refresh. Common I/O capability is given by using “early write” opera- — -
tion.

FEATURES 7 [

® 65,536 X1 bit organization 9 g

e Industry standard 16-pin JEDEC

~ configuration

e Single +5V *+10% power supply

e Low power dissipation
- 150 mW active (max.) PIN
- 20mW standby (max.)

e 150 ns access time, 280 ns cycle NAMES FUNCTION

e All inputs and outputs TTL com- Nl
patible ——

e High 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 Hotonnene
latched or unlatched data DO Data Out

e Common I/O capability using “ear- RAS R A
ly write” operation D

e Read-Modify-Write, RAS-only re- WE Write Enable
fresh, hidden refresh

e 256 refresh cycles with 4 ms long Ve Akl R i)
refresh period Vss Ground (OV)

e Page Mode Read and Write

ABSOLUTE MAXIMUM RATINGS

Vss

Address Inputs

Voltages on any Pin relative to Vgg........ooviviiiieeiinn... —1.0 to +7.0V
Voltage High Level Input (AllInputs) ........c.ooovviiiinnnne. +2.4 to +6.0V
Voltage EowilievelInputy v Zos fo . osvans b b o U ERE TR —1.0to +0.8V
Voltage @utputHighi{lo = =5mA). <. o iiiii, oos delash s g +2.4t0 +Vcc V
Voltage Ouipntiliow(lg ="F42ZmA) o o onc ot o 0.4V
Short CireuiH @ iU L Ere I e e e 50mA
EoweriDISs1patiOm e o ole = eles o o sl sleia R oh iaalt ettt s to Rt Rk BB 1.0W
Operating Temperature RATBe - - . ..o« sloio s o aboiibais croiis b it 0to +70°C
Storage Temperature Range ... ...« . oo ineonin s volidia s aitns —65 to +150°C

FUNCTIONAL DESCRIPTIONS
Addressing (A - A))

For selecting one of the 65536 memory cells, a total of 16 address bits are
required. First 8 row-address bits are setup on 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 A, 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 noted 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.

29



DIGITAL (MEMORY)

HYB4164 276-2506

— CLOCK WRITE e
RAS \ER ATOR SRR WE
CLOCK l
e TOR o
CAS NO. 2
COLUMN ADDRESS
DECODER DATAN X
| BUFFER
Ao——] DUMMY CELLS
gl
i E . 32K
Ay « ] o MEMORY ARRAY
i 2 b
A 5 8
e ® 4
@ 2 256 b DATA OUT D6
A 2 2 SENSE REFRESH AMPS BUFFER
4 —— i =
A z 2 .
# < z . 32K
i > 2 . MEMORY ARRAY
A MMY CELLS Veg
7 bl GENERATOR

FUNCTIONAL DESCRIPTIONS (Cont'd)

Write Enable (WE)

The read or write mode is selected with the WE input. A logic high (Vi) on
WE dictates read mode; logic low (Vy) 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
permitting common /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 ps 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 tcac from the transition of CAS when the transition occurs after
trep (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

v
5

mA RAS,CAS =Vgg

mY¥cc

)

10 20 30 40 50us
t ——
Current Consumption During Power
Up (V¢ Risetime 10us)

v
5

Vee l
I :
mA! { : | i

1 ! H |
5

| : i !

| :
ot RA ,C_A_LS EVee

Voo —
T e
[ l=Vcc
[ 100 200 300 400  500ps
—
Current Consumption During Power
Up (V¢ Risetime 100us)

0

Icc1 (AVERAGE) vs. CYCLE RATE
Vee =5.5V

WRITE CYCLE

Tp=25°C

10

[ 1 2 3 4 MHz

Icca (AVERAGE) vs. CYCLE RATE
Voo =5.5V
RAS ONLY REFRESH CYCLE
mA Ty =25°C
25

lccs

TR

15 A

e ,/

0 1 2 3 4 MHz




DIGITAL (MEMORY)

FUNCTIONAL DESCRIPTIONS (Cont’d)
Hidden Refresh

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

Page Mode

Page Mode operations allows a faster data transfer rate. This is achieved by
maintaining the row address while strobing successive column addresses onto

the chip. The time required to set-up and strobe sequential row addresses for
the same page is eliminated.

Refresh Cycle

A refresh operation must be performed at least every four milli-seconds to
retain data. Since the output buffer is in the high-impedance state unless CAS
is applied, the RAS 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.

4
RC
tRas
tar
2 Vil
RAS \ \
Vi
tesH trp —
t—— trep trsH
tcas
Vi
CAS N
Vie
— tRAH - tasc tepn
tasn—|  [T— b=t an+
Vin
N ROW COLUMN
ADDRESSES V. ADDRESS ADDRESS
i
_—*‘RCS tReH
ot Vin
RN/ N\
Vie .
foac——+
o tRac torF —
v,
Do = OPEN 1‘ VALID DATA
Vo
Read Cycle
tre
tras
AR
Y Vi ie——n
RAS N \
Vi
tosu frp —i
— tRcp tRsH
v teas
— 1H 4
CAS I
A 17 13
teen trac:
trac
ADDRESSES t 12
11
WE
1.0
0.9
DI
0.8
Do OPEN
Vo
Write Cycle (Early Write)
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TYPICAL CHARACTERISTICS

mA lcca RAS ONLY REFRESH CYCLE
2
lect icc,
lcea I
20
icc,
15
10
5
0
—-40 -20 0 20 40 60 80 100°C

Iccz STANDBY CURRENT vs TEMPERATURE (TYP.)
v 1

HYB4164 276-2506

(Cont’d)

Icc (AVERAGE) vs. TEMPERATURE (TYP.)
Ve =5.5V, tpe =280 nsec
Icc1 WRITE CYCLE

oo =5.
mA
a4
lecz
3
\
2
1
0
—40-20 0 20 40 60 80 100°C
—_—T
RAS ACCESS TIME CAS ACCESS TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
Ta=25°C Ta=25°C
13
teac!
toac
r 12 \
\\ 1.1 \
1.0 \
fi 09
~N \
0.8
4 45 5 55 6V 38" 4 45 5 BE eV
— Ve — Ve

Typical Access Time Curves
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DIGITAL (MEMORY)

HYB4164 276-2506
TYPICAL CHARACTERISTICS (Cont’'d)

tRwe: tRMwC |
Ras
tar
Vi =
RAS
s !
(1
trp
tosn
trep trsH —tcen
tcas
Vi
CAs /
Vie —1 tRaH K =
L tcan [—
‘Asa——i Fl tasc e
Vin \
ADD ROW COLUMN
RESSES ADDRESS ADDRESS .
Vi A
trwp [E=tRwi=
T tewn
tResif—— towL
= Vin 7 7 77 \
WE /) / x
N
ViL
tcac —=1=1. /twe L— St torF
v,
OH ¥
DO OPEN { VALID DATA

DI
I thc
tRas
__Vm
RAS
Vie ~
~— tRan
—*1 task
Vik SR
ADDRESSES 0 o
Vie
Vou
DO OPEN
Vor
|
F— READ CYCLE i RAS ONLY CYCLE -———ol
v )
'‘RC
= = '8As trp
M e
RAS x
Vi
Laipeniie
Vin \
CAS \ /
Vie I~
— ‘RaH —{ trau ‘—— — tcen
1 tasc
L teay r,_
ADDRESSES CoLu R
ADDRESS IR
Vi /
Vie
trac
e topF—1[——
Vo I
y, p
Do OPEN ~ VALID DATA >__
Vor *

Read-Write/Read-Modify-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)

D
&l

Vi
CAS
ViL
tcan
ta tasc tas
Vin = \ / \ Page Mode Read Cycle
ADDRESSES . AbD.| 255D ( )
Vi r
tcac tcac tcac
e
torr = torr torr
Vou
DO —————————————OPEN b, *-
VoL
[-'ch tack
dC
Page Mode Write Cycle
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DIGITAL (MEMORY)

HYB4164 276-2506

TYPICAL CHARACTERISTICS (Cont’d)

RO
¥ _)’DO’—‘
7/
A3 R1
A7 =\
EXTERNAL -—) E >°
ROW 2
ADDRESS
A5 : RS
A4 R4
A2 RS
A1 R6
A0 R7
\
e i
A3 (]
A7 c2
EXTERNAL AS c3
COLUMN
ADDRESS A% o
A2 cs
Al c6
A0 c7

INTERNAL DATA POLARITY
DATA STORED = DI @A, (ROW)

NOTE: The logic symbol "exclusive nor” is used
solely to indicate the logic function.

Address Decoder Scrambling

Topology Description

INTERNAL
ROW
ADDRESS

INTERNAL
COLUMN
ADDRESS

R255 R255
C255 co

(PIN 5) A0 7o) o RAS (PIN 4)
(PIN 6) A2 o DATASTORE S BT o———WE (PIN 3)
(PIN 7) A1 —o O—1——ni (PIN2)
PI o
(EINBli¥ oo 256 SENSE REFRESH AMPS
(PIN 9) A7 o o Vgs (PIN 16)
(PIN 10) AS —o D ATASIORED DI O—{—— CAS (PIN 15)
(PIN 1) A4 ———0 % o O—1—— DO (PIN 14)
(PIN 12) A3 —0 o A6 (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- v i B 5 Veo
Cessor programs. fy abir
The MSM2764RS is manufactured using the N channel double silicon gate Ai2 2 20w EOM
MOS technology. A 3 AL T
FEATURES : g e B
e + 5V single power supply as —s 24— A
e 8192 words X 8 bits configuration
e Access time: MAX 250ns s ) it o
e Power consumption: e 5 o OF
MAX 525 mW (during operation)
MAX 184 mW (during stand-by) A2 8 21 At
e Perfect static operation 4 i =
e INPUT/OUTPUT TTL level (three state output) -
Ao 10 19 }—— 09
ABSOLUTE MAXIMUM RATINGS 00— 11 18 %
Program VoltagesVppsialadne i it oot el sty s —-06Vto23V o o
Allinput/output veltagesiVis iV s S A el —0.6 Vto 7V 3 ) i ot
e onTN Tl eyl e e s S S e B L e e e 1.5 W 02 13 16 04
OperatingsFemperaturelian. ci i ol ol aeli. sl e el s 0°C to 70°C
Storage Tamperatirersyer i o s T — 55°C to 125°C i i phd £
BLOCK DIAGRAM ; Time Chart
(o, REESETRER 0,
Address ADDRESS N 1
= K
e =
el pue ol oamawesr p—— LAY
el e Memory matrix L Y
8192 » 8 bits DS — Ok DR |

e

CEl=mtn) CE

VPP /

3 l—tvs -
e G ND) &= _\ Ve
oE——al ' 'oE ‘ ~ 7
|CES~]
PGM \

W -toES
e

35



DIGITAL (MEMORY)

LULESCSEI 256 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 A8 T u 76 vss
very high performance combined with low cost and improved reliability. =5 -

This device features maximum RAS access times of 150ns. Typical power i o
dissipation is as low as 275 mW operating and 12.5 mW standby. w3 M a

New SMOS technology permits operation from a single 5-V supply, reducing )
system power supply and decoupling requirements, and easing board layout. RS B
Ipp peaks are 125 mA typical, and — 1-V input voltage undershoot can be toler- = RS
ated, minimizing system noise considerations. =]

All inputs and outputs, including clocks, are compatible with Series 74 TTL. A2 6 A
All address and data-in lines are latched on chip to simplify system design. = s
Data out is unlatched to allow greater system flexibility.

VoD 8 | o a7
FEATURES
e 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.) Ny g EUNCTION
e 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
e RAS-only refresh mode D Data In
e Hidden refresh mode Q Data Out
e CAS-before-RAS refresh mode RAS Row-Address Strobe
VDD 5-V Supply
ABSOLUTE MAXIMUM RATINGS Vss Ground
Voltage. range for any pin including Vpp supply (see Note 1) ...... —1Vto7V W Write Enable
Short-cineuit outpUtiCUTTeRt pit i e ot e 0 s e o e dens ot 50 mA
Power dissipalion® o' ..o St s mealiaon s I (0 e s e 1w
Operating free-air temperature range. .............coovuveeennnn 0°C to 70°C
Sterage tempPeratiure FaANBe 1\ «oeixie s dels & =io fehaisinisin donlshara sreisle s —65°C to 150°C
NOTES: 1. All voltage values are with respect to Vsg.
BLOCK DIAGRAM
RIS CIS \I
TIMING AND CONTROL
32K ARRAY DERCO(‘)AII)E 32K ARRAY
ROW
ADDRESS 256 SENSE AMPS 256 SENSE AMPS
BUF;)ERS
32K ARRAY o 32K ARRAY DATA o
10 REG
A0 [ COLUMN DECODE le—of B;J‘EF‘E':SS
Al TION
A2 ROW [E)AUTT‘x fe——
oMM 32K ARRAY BECONE 32K ARRAY REG
a3 ADDRESS
A4 BUFFERS
s 8) 256 SENSE AMPS 256 SENSE AMPS
:: 32K ARRAY e 32K ARRAY
_COLUMN_
A8 ROW
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DIGITAL (MEMORY)

OPERATION

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 column-address
bits are set up on pins A0 through A8 and latched onto the chip by the
column-address strobe (CAS). All addresses must be stable on or before the fall-
ing edges of RAS and CAS. 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
activating the column decoder and the input and output buffers.

write enable (W) L

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 written during a write or read-modify-write cycle. Depending on the
mode of operation, the falling edge of CAS or W strobes data into the on-chip
data latch. This latch can be driven from standard 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 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 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 required) 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 brought low. In a read cycle the output goes active after the access
time interval t,(c) that begins with the negative transition of CAS as long as tug,
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 (A0-A7).
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 CAS at the high (inactive) level,
thus conserving power as the output buffer 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 tcg) and holding it low after RAS falls (see parameter
tcrre). 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 internally.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at Vy, after a read operation and
cycling RAS after a specified precharge period, similar to a ‘“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 the 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 tuy), 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.

TMS 4256 276-1252
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DIGITAL (MEMORY)

TM S 4256 276-1252

RAS-only refresh cycle timing
‘e(rd)
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OO X XY
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GRRXRXKDON'T CARE KRKEZXXER)

automatic (CAS-before-RAS) refresh cycle timing

—'w(RH)— ‘w(RL)

'CLRL

RAS 7 N zr_——VII'I

VOH

VoL

VOH
Q HI-Z
voL
hidden refresh cycle timing
MEMORY CYCLE CYCLE
CYCLE
l— ‘w(RL) — 'w(RH) —
_ VIH
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ViL
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06 7 viL
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‘su(RA)——1 PE 'su(CA)
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s e 3 3 B D K
Rowxc WM%WQ% SRRXXIRRXXRX, .w“W%
DON'T CARE X X
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su(rd) ] D)
(rd)
*h(RHrd)
RABEAKAE ORBLNOAANS oo X ('( % ViH
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DIGITAL (TTL)

QUAD TWO-INPUT NAND GATE 7400

GENERAL DESCRIPTION

This device employs TTL logic to achieve high speed at moderate power dis-
sipiation. It provides the basic functions used 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 possible ways at handling unused inputs are:

(1) Connect unused inputs to V. For all multi-emitter conventional TTL inputs,
A 1 to 10K ohm current limiting series resistor is recomrnended to protect
against V¢ 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

SupplyiVoltageVieg kg i fn e laiin s e i i sl e Sl it e 5.25V
TnputEighiVioltagel fse sk i atuy a0 i sl e s i R 20V
InputiiowVoltage St ik easeataa b e el ol iotian sy 0.8V
Input Clamp Diode Voltage (Vgg = 50 V,IiIy = —12mA) ............ -1.5V
Input'Hishi€lrrent(Vge = Max:; VN = 2.4 V) e s o i e s S 40 A
InputLow;Gurrent(Vege = Max.; VN = 0.4 V) ..o s n s -1.6 mA
@peratingiTemperature .. . .v.5 kb dli s o cnla el s Oto +70°C

TYPICAL APPLICATIONS

A B ouT
X L H
: H H A | ouT
i H
[ H
H H L H L
Control Gate Inverter
Ya 7400 Vee Ya 7400 Vee
A B ouT
L L i Y. 7400 A B [ D |ouTt
L H H
X X H H H
H H H H H
OR Gate AND-OR Gate
Ya 7400
A B (] D |ouTt A B |OuT
Ly X X X H
X (5 X X H t :; :"‘
X X (L X H H L H
X X X L H H H L
H H H H L
4-Input NAND Gate Exclusive-OR Gate

276-1801

PIN CONNECTION

TOP VIEW
Vec B4 A4 Ya B3 A3 Y3
14 ra Az l 10 |9 | 8

2] [

|1 2 3 4 |5 6 7
AT T B1 VY A2 (B2 ly2i iGND

TRUTH TABLE

Y=AB

Vee
Y 7400 Y 7400
A B |ouT
I8 % L
(BT o
H il L
H H H

AND Gate

Ya 7400

reex

NOR Gate

Ya 7400

a 7400
14

ouTt

Ya 7400

A B |ouT
L L H
= H L
H L =
H H H

Exclusive-NOR Gate
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DIGITAL (TTL)

7404 HEX INVERTER

276-1802

GENERAL DESCRIPTION PIN CONNECTION

This device employs TTL logic to achieve high speed at moderate power dis-
sipatior. This hex inverter provides the basic functions used in the implementa-

tion of digita! integrated circuit systems. TOP VIEW

For best neise immunity and switching speed, unused inputs should not be left Yoc iR S Yo b “s i
floating, but should be held between 2.4 V and the absolute maximum input l | I ] I
voltage.

Two possible ways of handling unused inputs are:

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

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

ABSOLUTE MAXIMUM RATINGS

SupplydVoltegelVaeidas st nide o e s s e e 51258V L L L |‘ L L s
IEq T o] 2 0o L e eyl e R S e e e e 2.0V Al YI A2 Y2 A3 Y3 GND
InputowsValtage e, St S b R B S e Al 0 S e 0.8V
Input Clamp Diode Voltage (Vgc = 5.0 V,Ijy = —12mA) ............ -15V
InputHighiGurrent (Ve =iMax: VIN =1 24 V) o 0y ol el 40 uA
Input Low:Gurrent(Vae = Max.. Vani = (0:40V) - . o i oiit v o f shos bioie -1.6mA
Operating Femperatile o So s e cn s s e s fe’s ae s et ss s 0to +70°C
TRUTH TABLE
Y= Al

TYPICAL APPLICATIONS

AAA
VWA

; 3 4.7K 3b1; 4
Allows one signal to control two or more inputs. 16

Output follows switch position.

Output tone is 4kHz:

Bouncefree Switch Universal Expander Audio Oscillator

Vee

1/4 7408
1 14
DATA IN
3 OuT A
2
1/6 1/4 7408
7404 7404

A § o ouTB
(ADDRESS) 3 4|5 6 5 7

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

DATA ADDRESS OuT A ouT B
L L {5 H
H L H H
L H H L
H H H H

1-of-2 Demultiplexer
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DIGITAL (TTL)

QUAD TWO-INPUT AND GATE

GENERAL DESCRIPTION

This device employs TTL logic to achieve high speed at moderate power dis-
sipation. These gates provide the basic functions used 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 possible ways at handling unused inputs are:

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

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

ABSOLUTE MAXIMUM RATINGS

SUPPLY VOt eIV G T T ke s S U S S e ek 5125V
InputiHighiWaltage - o f et ek e 20V
TnputowsVollages et I e i o b sl el i e L o b o i 0.8V
Input Clamp Diode Voltage (Vgg = 5.0V, = —12mA) ............ -15V
Input High Current(Vee ="Max., ViNi= 2:4 V)ie. o« s ddviie oo e 40 puA
Input Low Current (Vg = Max.,, VN =04V) ....oovivivennn.n, -1.6 mA
@peratingifemperature & bu b alol Sl s I 0Oto +70°C

TYPICAL APPLICATIONS

IN = OUT
Use for interfacing without
changing logic states.

Ya 741832
14

AND Gate Buffer Ya 7408

Ya7408

out

A B Jour
R ALBL vc. nyfour
LRt el e T R ST
H L | H L Lo pe e L
HE L (G BRI v e o T
NAND Gate AND-OR-Invert Gate

A B |ouT
1/6 7404 i L L H
L H L
1/6 7404 H L L IN E |our
bl S TEE T
B % H L
H L L
H H H
¥ E = ENABLE
NOR Gate Digital Transmission Gate

PIN CONNECTION

' TOP VIEW
Vec B4 A4 Y4 B3 A3 Y3
14 lu 12 |n | 10 |9 Ie

THT

Al BT YI A2 B2 Y2 GND

TRUTH TABLE
Y=AB

A B C D |out

xx
x T
xx
xxT
X

A B Cc D |ouT

x
XTI
xT
xT

U
H

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
4-bit BCD input into a number from O through 9 in the standard 7-segment

PIN CONNECTION

display format, and BCD numbers above 9 into unique patterns that verify o
operation. All circuits operate off of a single 5.0V supply. The output will with- i s e
stand 15 Volts at a maximum leakage current of 250uA. 16 15 |14 p3 12 |11 j0 |
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 YR P T o i e i
B C LAMP BI/RBO RBI D GND
SupplyiVoltageVee oot o ol Sh iilin s Lol sl R s 4.75— 5.25 V SR SR
Continuons Voltagerat Qutputsia-gi.c vl o vl siieh U oo Max. 15 V
Logic linputiVeltages r il Nos ol o, c i el sy EEEMIn 28V
Lagic 0inputMaltage o S0t = Bnal Sl il e e e Max. 0.8 V
Fogic 0/Output Violtage BIRBO L Son il i Ao ai i s o Max. 0.4 V
Logicill @utputVioltage attBI/RB@. £ G0 it & s i sl Min. 2.4 V
30 R e B i e SV A R e L e s e L e R o ey 320 mW
TRUTH TABLE
DECIMAL INPUTS OUTPUTS
OR BI/RBOf NOTE
FUNCTION | LT RBI D C B A a b c d e f g
0 H H 5 L I L H 15 L, L 15y i I
1 H R AT T T H Epe R T T
2 H X E I H L H 11 1w H L L] L
3 H X I I H H H L L L B H s o H I:
4 H X L H )5 L H H I 1 e liEmet IS 115
5 H X L H L H H ] gl dl i Bt b B 2 | L I:
6 H X T TE W E R H T e et R A S e
7 H X T TR H T O S R S i e
8 H X H I 1 L H 1 L L IL L L I 1
9 H M T S S H TR F R
10 H e el R (e H TS () % e e T R T
1 H S = e R M H P e T T =
12 H B )= 0 = (e e H TR N Dy p) 2 S & (e S M Gl
13 H S QDA A= Bl T ere | H TR E e T e
14 H X H H H L H H . H SH T 15 it L
15 H ba A s H FEL el R R gE
BI X SRR S S LS 5 T O P e 2
RBI H L iy L E I L iake sl G H e H 5
LT L X T X H 3l il DR A U LR D 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. PETUIEES
2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are H regardless of the a
level of any other input. 1 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
segment outputs go H and the ripple-blanking output (RBO) goes to a low level (response condition). s
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. ) c
 BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). d

e i Tbp T

L R R L T e B MR

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

Numerical Designations and Resultant Displays
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DIGITAL (TTL)

7447 276-1805

INPUT/OUTPUT EQUIVALENTS

Vee
l = e Vee
24K $ 8K - :: ::
NOMINAL $ NOMINAL L Sialbs oUTPUT
Vee
Y il o .)
- —— ',l
INPUT ’u1
b 4 Nk
Y
= i<
BIRBI L
Each Input Except BI/RBO BI/RBO Input Typical of Outputs a Thru g
Vee
16
o e
< 2
7447
L 1
4 S
Ii
Manually Switched Display
Vee Vee Vee
T5 rw
R3
< 13 3300 &
R1 D
Mg I 6 R4 5
A U 12 3300 .
RS
% z| 1 3300 7
RE
585 7447 e AN — i
< 10 3300
T R7
1K il >
1 9 3300
2 |e 1 R .
15 3300
1 7 R9
L 14 3300 8
C1 == 0.1-1001F

il

Close S$1 to start timing cycle.
Calibrate 555 for 1 pulse (count) per second or 1 count per minute by adjusting R1.

—

0-9 Second/Minute Timer
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DIGITAL (TTL)

DIVIDE BY 2 OR 5, BCD COUNTER

GENERAL DESCRIPTION

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.

This counter has a gated zero reset and gated set-to-nine inputs for use in BCD
nine’s complement applications.

To use maximum count length, the B input is connected to the Q4 output. The
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,.

FEATURES

® Low power consumption

® High count rates . . . typically 50MHz
@ Choice of counting modes

@ Fully TTL and CMOS compatible

ABSOLUTE MAXIMUM RATINGS

Typical PawerDissipationii. .- oo oo o s 145 mW
CountEregueney s -t i LY S T s R e e e 42 MHz
Hightievel InputiVioltage [IVin i o e i e o s ) 2V
Low Levellnpat Voltage (IMax) .. oo ciei i v dils oo o s ciats o isia os 0.8V
Highiiieyeldnputl@urrent e o s i il S s ey s s D 800 pA
LawLevellOutputGurrentiMan)l i e e e 16 mA
WVige tolGround: - e s -05t0 +7.0V
Voltage Applied to Outputs (OutputHigh) .................. -05t0o +5.5V

INPUT/OUTPUT EQUIVALENTS

INPUT R,q NOMINAL
A 2.5K
B 1.25K
ALL RESETS 6K
Each Input Typical of ail Outputs
BLOCK DIAGRAM
INPUT A Qp Qg Qc Qp
14 12 9 8 1"
J Q e I Q — J Q :I'D s a—
D cK —a> CK ——a>> CK ——ap> CK
K a K a K Q ’f R al—<

6 7 1 2 3
RS(1) R9(2) INPUT B RO(1) RO(2)

PIN CONNECTION

TOP VIEW

INPUT
NC Qi Qb GND Qs Qc
14 |13 12 n 10 9 8

W s
r>

1 2 3 4 5 6 7
INPUT RO(1) RO(2) NC Vcc R9(1) R9(2)
B

TRUTH TABLES
RESET/COUNT

RESET INPUTS OUTPUTS
RO(1) RO(2) R9(1) R9(2)[Qp Qc Qs Qa
H H ILs X R R
H H X L T Bl b i e 3l
X X H H & W 5 ) e o
X L X e COUNT
IL; X I X COUNT
1L, X X IL; COUNT
X L 1L X COUNT
BCD COUNT SEQUENCE (See Note A)
COUNT OUTPUTS
Qp Qc Qs Qa
0 1L L 5 I
1 = I IL: H
2 IL; IL, H L
3 L I, H H
4 I H 1L 16
5 1L H = H
6 L H H 1L
7 Ik, H H H
8 H IL; Il L
9 H L B H
BI-QUINARY (5-2) (See Note B)
COUNT OUTPUTS
Qa Qo Qc Qs
0 1L L 1L L
il I IL; ILs H
2 E 15 H 1L
3 L G Il H
4 L H L L
51 H IL: L Ik
6 = I L H-
% H L H L
8 H E H ol
9 H H I 15
L = Low Level
H = High Level
Notes:

(A) Output Qa is connected to input B for
BCD count.

(B) Output Qp is connected to input A for bi-
quinary count.
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INTERFACE (DRIVER)

QUAD LINE DRIVER R /[eaF:2:1]

276-2520
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. RS-232C.

Vv, F——V,
EE 1 14 cc

o/
FEATURES dehl -
e Current Limited Output

i L MA typ OUTPUT A— —— INPUT D2
e Power-Off Source Impedance 3 12

300 Ohms min
e Simple Slew Rate Control with External Capacitor INPUT B1—

e Flexible Operating Supply Range

ABSOLUTE MAXIMUM RATINGS —J—@ e
Supply Voltage (Vcc) 15V ouTPUT B—

OUTPUT D
1"

............................................... 5~ INPUT C2
|V DN i N R Vel it e T =215V
QutputiSignal Veltagel(VO) 5 oo ol i s S e S e S * 15V aND it
BEW e R e e e b S sl bl ol e et e SR i 1w ¢ g
Input Current-Low Logic State (Vi, = 0) (See Fig. 8) ................. 1.6 mA
Input Current-High Logic State (Vig = 5.0V) (See Fig.8) .............. 10 pA
Output Resistance (Vcc = Vgg = 0/Vol = £2.0V
(SeelBIg i e i s L AT N T e S S s A e 3000
Operating Temperature Range (TA) «.....coovviiiinnnennnns QS CiRar=7Z5°(E
Storagelliemperature Rangei(ilf:;) B anrus s e =65 C ol E1752 (@€
INTERNAL CIRCUIT
(% of Circuit Shown) R 1
PINS 4,9, 12 OR 2 > 8.2K 262K
INPUT O———¢———4
INPUT O———¢——4 3
PINS 5, 10, 13 .!.'- L
37
b 4 OUTPUT
VWA—-O PINS 6, 8,11 OR 3
300
3 Yy
3.6K ;:
10 x
GND 70—-—-]_
‘ = 210k
7K 370
Vgg 10 r i
TYPICAL CHARACTERISTICS
A e E e : e
= T i Q I Vec=Vee = —
2 30Vips 5 80 = +9V—] 35 +60
g 100g g 430 L £E 30
ES 5 v, L Vee=Vee ok o19v _PVec=9V
: : S : G g8 o
< - — L] - — =
£ 1 : : :2: _::_ s Ml 53 _::: ) e
y SiaseF SNy 5 i T 5 B
@ T Ly S -90 % —90 -
gl L1 vl T ] 8.0 os-
1.0 10 100 1000 10,000 0 02 04 06 08 1.0 1.2 1.4 16 1.8 2.0 55 0 +25 +75 +125
C, CAPACITANCE (pF) Vin, INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°C)
Figure 1—Slew Rate vs Capacitance Figure 3—Transfer Characteristics Figure 4—Short-Circuit Output Current
for Igc =10mA vs Power-Supply Voltage vs Temperature
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INTERFACE (DRIVER)

MC1488 276-2520

TYPICAL CHARACTERISTICS (Cont’'d)

Cy, CAPACITANCE (pF)
Figure 5—Output Slew Rate vs
Load Capacitance

®in

tryL and tyy measured

TEST CIRCUITS

+9V -9V

L

+9V -9V

Al

»

+0.8V

i7

0

A 6

—o-o v,

5 o
—0— 8 *2Vde

9 —0—o +6.6mA MAX
—O—

10 1
—O—1

Figure 11 — Output Resistance (Power-Off)

Vo, OUTPUT VOLTAGE (VOLTS)

Figure 6—Output Voltage and
Current-Limiting Characteristics

Figure 9— Output Voltage

1000, +20 18 I
o 2 +16 B SR !
S T Ef oSS 3K LOAD LINE 25 Vee e,
z B = : E2 " | -
= 100 i Gl
) 9 a0 [ x> 10 A N
2 Sl N\ = 2w g0 g
w + = 0 = 0TS i
£ o _D— gz 8 3K
< —40}1.9v - E 6.0({— AN
o< = '0S’ gy
10} = of © / Wy 1
5k & L8l v / AN >S9 a0l
& Ev v 5 0.8V "
g o ¢ Yo 3 -12f = o gias 7 &1 =
7] = T Al s L O——1 v
i 05 _;g VCC=VEE=39V—'?IL| 9 0 il |
1.0 10 100 1000 10,000 —16 —12 ~8.0 —40 0 +40 +8.0 +12+16 -55 0 +25 +75 +125

T, TEMPERATURE (°C)

Figure 7—Maximum Operating
Temperature vs Power-Supply
Voltage

Vo

10% to 90%

Switching Response

Vee Vee

I

+1.9V

|OS+I

los—

+0.8V

14

Figure 10— Output Short-Circuit
Current

Vee

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 RS232C defined lev-
els. The RS232C requirements as applied to drivers are discussed herein.

The required driver voltages are defined 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-ohm
resistor. The 1488 meets this voltage requirement by converting a DTL/TTL
logic level into RS232C levels with one stage of inversion.

The RS232C specification further requires 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 control this slew rate by connecting a capaci-
tor to each drive output. The required capacitor can be easily determined by
using the relationship C = Ips 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 in an interconnecting cable. The worst possible signal on any
conductor would 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 voltages are greater than 9.0
volts (i.e., Vcc=9.0 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 impedances 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 RS232B.) 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 allowable 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 enhance this versatility:

1. Output Current 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 above 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 exceeded.
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.
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MC1489

276-2521

GENERAL DESCRIPTION

QUAD LINE RECEIVER

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

Input Resistance—3.0 k to 7.0 K ohms
Input Signal Range—=30 Volts
Input Threshold Hysteresis Built In
Response Control

a) Logic Threshold Shifting

b) Input Noise Filtering

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vo) te ot - it s e
Input Voltage Range (Vig) .........ovvvvnnn...

Output Load Current (Iy)
Power Dissipation (Pp)
Operating Temperature Range (TA)
Storage Temperature Range (Ts)

INTERNAL CIRCUIT
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TYPICAL CHARACTERISTICS
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APPLICATIONS INFORMATION

The Electronic Industries Association (EIA) has released the RS-232C speci-
fication detailing 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
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 voltages between 3.0 and 25 volts in magnitude;
and any voltage 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” condition (300 ohms or more to ground)
shall be decoded as an “OFF”’ condition 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.
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LINCMOS (A TO D CONVERTER)

ileLYl:] 8-BIT ANALOG TO DIGITAL
a8 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- A= :
sor, peripheral, or digital logic circuitry through 3-state Data Output, Chip e i
Select, and 1/O Clock control signals. T e et olDeic
FEATURES REF — DATA OUT
e Versatile control logic GND cs
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. ReF + 2
REF — (C)] 8-BIT —
ANALOG-TO-
ABSOLUTE MAXIMUM RATINGS ANALOG @ | SAMPLE S ILIS
SupplyVeltagelVcet(SeaeiNote 1)t s o e R 6.5V INPUT HOLD AR oR
Input Voltage Range (Any Input)..........coovovennn.. —0.3VtoVccs 03V
@uiput Violtage Range =hlie i sidil o ool Do — 0.3VtoVgey 0.3V
Operating free-air Temperature Range . ..................... —40°C to 85°C s
NOTES: 1. All voltage values are with respect to network ground terminal with the REF- and GND ter- SC"EJCE,’:’ CONTROL
minal pins connected together, unless otherwise noted. . L;J’%C
[ OUTPUT
Overview of Operation el SO
The TLC548 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, I/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 ODATA"
maximum of 25 microseconds. ' RECISTER
The internal System Clock and 1/0O 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 L7 T
only read the previous conversion result and start the conversion with the I/O 7 Al JJ@GT
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 TLC548 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
TLC548 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)

Typical Control Sequence (cont.) TLC 548 2161796

4. Three more 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 I/O Clock pin.
The falling edge of this clock cycle completes the analog sampling process
and initiates the hold function.

6. Conversion is performed during the next 36 System Clock cycles.
After the final I/O Clock cycle, CS 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 Sequence

o fiadsfa|s)slr]s |12 slels|e|7]s
1o gl IlIlilIlI'IlI IDON’T égCAREIS
CLOCK ;
oYGLEB Sveles & oVeiEe Svelee
(See Note C)

CS—LS() [ o5 e
DSL;T\ _5 Q @ @ Q Q@o@ HI-Z STATE . . . . I MB s‘r:::é

PREVIOUS CONVERSION DATA A col ION DATA B

MsB LSB MSB LsB
(See Note B)

NOTES: A. The conversion cycle is initiated with the trailing edge of the 8th 1/0O Clock pulse after CS
goes low.

B. The most-significant bit (MSB) is then placed on the DATA OUT pin after CS is brought low.
The remaining seven bits (A6-AD0) are shifted out on the first seven I/O Clock falling edges.

C. To minimize errors caused by noise on the CS signal, the internal circuitry waits for two ris-
ing edges and then one falling edge of 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
elapsed.

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 cycles 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 applications such as strobing, it is necessary to start conversion

at a specific point in time. The TLC548 will accommodate these applications.

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

ware must manipulate the 8th I/O clock 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
1/0 clock cycle and begins sampling. The TLC548 follows the analog input
but does not hold it yet.

I1. When the 8th 1/O clock cycle is high, control hardware or software must
keep it high until the desired instant.
III. At the desired 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.
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TLC 548 276-1796
Intel 8051/52 Serial Port Interface Operating Sequence TLCH
The serial data for the conversion result from the TLC548 enters the micro- aopF 10 slosta bt
processor through the RXD pin. By using the inverted TXD shift clock as an b P
1/0O Clock for the TLC548, previous conversion data can be transferred to the b ‘ i
. 30pF 9 5|zs ANALOGI2
microprocessor. INPUT
The serial port’s Mode 0 state is used to permit 8-bit transmission and recep- S
tion. The TLC548 sends the most-significant bit of the conversion result first; sty
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/0O Clock cycles access and sample the new ana-
log input. At the same time, 1/O Clock falling edges bring out the previous
conversion result.
2. Conversion begins when the eighth I/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
ACALL SR549D ; 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.
ACALL SR549D ; 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 followmg
; 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.
RLC A ; 6543210C 7; b7 is now in Carry
RLC A ; 543210C7 6; b6 is now in Carry
MOV ACC.1,C ; 54321067 6; put b6 into ACC.1
MOV C,ACC.2 ; 54321067 0; put b0 into C
RLC A ; 43210670 5; b5 is now in Carry
MOV ACC.3,C ; 43215670 5; put b5 into ACC.3
MOV C,ACC.4 ; 43215670 1; put b1 into C
RLC A ; 32156701 4; b4 is now in Carry
MOV ACC.5,C ; 32456701 4; put b4 into ACC.5
MOV C,ACC.6 ; 32456701 2; put b2 into C
RLC A ; 24567012 3; b3 is now in Carry
MOV ACC.7,C ; 34567012 3; put b3 into ACC.7
RL A ; 45670123 ; prepare for SWAP A
SWAP A ; 01234567 ; bits ordered correctly
; Conversion result is in Accumulator
: ; Subroutine ACALL
SR549D CLR P1.6 ; Lower Chip Select
ORL SCON,#10H ; Set REN
ANL SCON,#FEH ; Reset R1
JNB SCON.O,RCV ; R1 flag not set; branch
; until reception is complete.
CPL P1.6 ; Raise Chip Select
RET ; Conversion is in SBUF
END 0

52




LINCMOS (A TO D CONVERTER)

The Operating Sequence (cont.) TLC 548 76-179
This interface is 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 serial port may be multiplexed so that both

the TLC548 and the additional purpose may be accommodated.

Access and sample occurs Retrieval of conversion
during this time interval occurs here

Conversion occurs
during this time interval

(Hold occurs at the falling edge

110 I”””””H”‘l of the 8th I/O clock)
CLOCK / i
D
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o

MSB LSB
PREVIOUS CONVERSION DATA B
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Z80A Interface - o ] | T
The Z80A interface is an economical solution, offering efficient control soft-
ware and communications with the TLC548. WR
CLK
Required Software

A simple program segment that reads in a previous conversion result and e
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 microseconds.

o
CLOCK

LD C,08H ; Load bit counter

LD B,00H Initialize result register

OUT (CSLOW) ,A Bring Chip Select low
LOOP RLCB Rotate result register left

IN A,(BIT) Read in a bit & shift next
AND 01H Mask off bit 0

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

JP NZ,LOOP ; Get another bit if not zero

OUT (CSHIGH),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 1/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 I/O Clock and
continues until the falling edge of the 8th I/O Clock. At that time, conversion
begins; conversion requires 17 microseconds.

CS is brought high after the 8th I/O Clock to disable all inputs and outputs so
that conversion may proceed undisturbed.
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TLC555

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*2Q typical)

Single supply operation from 2 to 18 volts

ABSOLUTE MAXIMUM RATINGS

Supply; Violtage (Vppli(See INote d) Talin o0 datou i o 18V
Input Voltage Range (Any Input) ...........cooiiiiiinnnnnn. —03VTo18V
BowerDissipation: (muWi i iness s Mnins o0 bl ol it s i e il e e 600mW
Operating Temperature Range . . ..ot ool vin o il b o s 0°C To 70°C

Storage Temperature Range =65°C Ta 150°C

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

BLOCK DIAGRAM
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LINEAR (AUDIO)

8 WATT AUDIO POWER AMPLIFIER 383

276-703

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.

ZRT| 5 SUPPLY VOLTAGE
___] 40UTPUT

FEATURES () Tl

[ 1 2INVERTING INPUT
High peak current capability (3.5A) Low distortion 1 1 NONNVERTING INPUT
Large output voltage swing High input impedance
Externally programmable gain No turn-on transients
Wide supply voltage range (5V—20V) Low noise
Few external parts required Short circuit protected
® Pin for pin compatible with TDA2002

ABSOLUTE MAXIMUM RATINGS TYPICAL CHARACTERISTICS
PeakiSupply:Voltage (50ims)id 0% i 00 s s Tt o S i Gl 25V
@peratingiSupplyiVoltage et Sl Eiste G st m e i a ek S T S 20V N
Output Current
Repetitive Mo tasin A e b ateier atple oo s i il s St e 3HA : Ay =100
Noncrepetitivelii st sl A Eu R o s S e e 4.5A ® e
Input Voltage. .. ... SR e R R e SRR $0.5V 10
Power Dissipiationgs s it baetame s emtilerlisentt . o AR s R CRTE G 15W =
@peratingiTemperatures i atanuiiie s, &0 S ehli o g s S T 0 to +70°C S 4
Storage‘Temperature ... ot o it s el Do s e —60 to +150°C a
Lead Temperature (Soldering, 10 seconds) ..................coovoii... 300°C 2 25w 1|
0.0sw_3—"]
INTERNAL CIRCUIT 020 5:0 200 500 1K 2K 5K 10K 20K

FREQUENCY —Hz

I ; 508 Distortion vs
CB <]D A) <|> ) Frequency
40K
= v
[ K e N
14 >—pt 32> Vour I [ /
Z L
¥ a 1 a0l
_< he o / // ,m/
L I; Vava
0 z Vi
150K _< 20K :?_, ; // /] 7
' ( £ )74
3z ) 4 %} 3 4 %
J € SOGND ! g
0

1 2 0 12 16 20

+INPUT  —INPUT VsyppLy—VOLTS

Output Swing vs

TYPICAL APPLICATIONS Supply Voltage

L
A\l
0.2uF lr TI 0.2uF 1M

SIGNAL +
INPUT © |
10y

16W Bridge Amplifier ' Basic Audio Amp

55




LINEAR (AUDIO)

386

276-1731

GENERAL DESCRIPTION

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
the addition of an external resistor and capacitor between pins 1 and 8 will in-
crease the gain to any value up to 200.

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
when operating from a 6 volt supply, making the 386 ideal for battery operation.

FEATURES
® Battery operation ® Ground referenced input
® Minimum external parts ® Self-centering output quiescent

® Wide supply voltage range 4-12 volts
® Low quiescent current drain 3 mA
® Voltage gains from 20 to 200

voltage
Low distortion
Eight pin dual-in-line package

APPLICATIONS

LOW VOLTAGE AUDIO POWER AMPLIFIER

PIN CONNECTION

TOP VIEW
GAIN — 5~ GAIN
~INPUT — - BYPASS
+INPUT —— s
GND— 5 Vour

INTERNAL CIRCUIT

® AM-FM radio amplifiers ® Line drivers
® Portable tape player amplifiers ® Ultrasonic drivers SINPUT  BYPASS GAIN GAIN  +INPUT
® Intercoms ® Small servo drivers 2 P 2
® TV sound systems ® Power converters v - ovs
y
ABSOLUTE MAXIMUM RATINGS @ (
T o] B A T o M Al b B S e Bl s LR R S S e S Sl 15V ] ¥
PackageiDissipationiSiPin=DIPRseree ol s e e S 660 mW 150 task | 15K O
Input Voltage. ........ A A T P A st 8 i B O S 0.4V R 3
JunetionElemperatures e ol e s Sl S Sl e S +150°C
@peratingilemperatiresdy S oL Sl Gt b L G 0 to +70°C 7
Sterage TEmperatite Pesiserars o am i & o i iy —65 to +150°C 50K
Lead Temperature (Soldering. 10 seconds)......................ou... +300°C S50k .
, OGND
TYPICAL CHARACTERISTICS
= 2.0 A = 10 b4 Tl @» 10 R @» 1.0 @ 05 T T
& ‘;L=:;Jx*|l { 8 _::J‘(’)}IL E ‘Vs='12v/‘< ulle— £ t l MiAX‘_ £ = lVastay
’g 1.6 Poyr = 125mW — % 8 1= kHzf—H S 08 7 A —CONT— S os—tVs 12V <l LcoNT— S 04 N
Ay = 26dB (Cy5 = 0). 1 11 e 5= % 40} o DIST|—] Pl b
"E; 12 ( % & T i 5 °~":; ! :"iEFT_- 5 oe_“-f?--r £ iia 5 03 Zal Pld
g / 2 111 B E / 1 ; by E _/Lv. is-wl-u’i‘»w'/a DIST E. ﬁ':!"/” 10% DIST
§ 0.8 é Ajlesitd [ {11 g 0.4 Vg=6V ] LEVEL g 0.4 7 7 LEVEL[] g 0.2 '<'<V LIEEVEL ==
[y i g 3 £ — a 7
; 0.4 - & E 2 | 1 1 | w02 J':.;El\;:.r 402 v;=s’ 4 3% DIST—| | W o1 {v,: : 31 E[\;IESLY
4 oMLY £ o | i S an e
e 20 100 K 10k © 0001 001 oi 1.0 0 01 02 03 04 05 0 02 04 06 08 1.0 02 04 06 08 10

FREQUENCY (Hz) OUTPUT POWER (WATTS) OUTPUT POWER (WATTS)
Distortion vs

Frequency

Distortion vs
Output Power

Device Dissipation vs
Output Power—4Q Load

TYPICAL APPLICATIONS

OUTPUT POWER (WATTS)

Device Dissipation vs

OUTPUT POWER (WATTS)

Device Dissipation vs
Output Power—8Q Load Output Power— 162 Load

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 pYe{'EY-\y

276-705

GENERAL DESCRIPTION PIN CONNECTION

The TA7205AP is a monolithic audio power amplifier with a built in thermal
shut-down circuit designed for car radio and stereo applications.

FRONT VIEW
FEATURES %)
® Low distortion )
THD=0.15% (Typ.) (@Poyr=1W, Gy=55dB) k
THD=0.07% (Typ.) (@Poyr=1W, Gy=44dB)
® Operating supply voltage range: Vcc=9~18V
® 'PCT’ process to insure low noise characteristic .
® Current limiting for short-circuit protection 1 ‘ ‘ ‘ ‘ l l | I I
® Built in thermal shut-down circuit 1123 ja s |6 |7 |8 |o |10
® Built in surge voltage protection circuit
PIN FUNCTION
ABSOLUTE MAXIMUM RATINGS T
Opgrating S‘upply Valtaee Vo)l bt e b s Sl o e 18V % §§§§§}£;A£$ENSAHON
Quiescent Supply Voltage (VCCQ) ...................................... 25V 5 | PHASE COMPENSATION
@uipit Peak Current(lg)ir ot bl SR e e e 4.5A S T oaack
@uiescentiCurrentiIcem)iiit Tt oun s wl s S R 80mA S s CCNPERIATION
@perating Temperature 7 oot i e —20 to +75°C 10 | output
Storage Temperature: b o T s v s sl —55 to +150°C
INTERNAL CIRCUIT TYPICAL CHARACTERISTICS
o2 ;"' R L]l:ﬂd’lj_
D11 Y mz; : ..)‘m /et é 8 Vlc ]: 1Lv | == :t = ‘qu_
| Ly z 2=t =t
01 = 6
< v 13.2!
ny R4 ';:iii R15 as) § ‘jf:;E=%h~
2y o w7 5 H ] o -
D6 o Q15 e '/020 § : 13.2v
1
i = a3 9 ae 3:;§E 0"\ e oA G0 A
D16y OUTPUT POWER Poyr—W
30— a1 | J - 5 ey r o
6o a5 as ? A 10 Power Dissipation
| me *"5 e i ey vs Output Power
Ha a7 (3 Q12 R17 3 @21 Q23
LER 4 X Bl o Lot gm)- w
- - wy s B ko
L8 4 ety it JB el L
! 2k v
l O 9 E ol ;> . 0
o [} [} = gL
f : 2 % 3 o 3% a =]
- | = —T
g Sl g ; 7 cca
w t S
A ot S

TYPICAL APPLICATION

z 10
& LT Nelnde hear dnk
NS /
A 7
s e N 64cm*® x 2mm { |
10K § e B N | Heat siNk
ez "]
2
; o
Oa 4 n|
a ~N
OUTPUT w N N
B e r P [ ENSUENG
S HEAT SINK | NN
5 = EEODE
<

5 Watt Audio Amplifier

6 8 10 12 14 16 18
SUPPLY VOLTAGE Vco—V
Quiescent Current and
Output Voltage vs
Supply Voltage

0 25 s0 75 100 125 150 175
AMBIENT TEMPERATURE Ty

Allowable Power Dissipation
vs Ambient Temperature
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LINEAR (AUDIO)

20W HI-FI AUDIO AMPLIFIER

TDA1520A

276-1305

GENERAL DESCRIPTION

The TDA1520A is a monolithic integrated hi-fi audio power amplifier designed
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

e Low input offset voltage

® Output stage with low cross-over distortion

e A.C. short-circuit protected

e Very low internal thermal resistance

e Thermal protection

e Very low intermodulation distortion

e Very low transient intermodulation distortion

ABSOLUTE MAXIMUM RATINGS

BupplyveltagefVB)Is s ieltiats S deionl s Lol el i e L e 50 V
iFotaliquiescent current atiVip = 33V (Itot) .. . Ll o L 70 mA
Output power at dioy = 0.5% sine-wave power

RS R E e e o e el R P U SO 20 W

VB 2V R = 8 P O e o r el o e o el 20 W
Closed-loop voltage gain (externally determined) (Gc) ................. 30dB
Input resistance (externally determined by Rg) (Ri) ................... 20 kQ
Signal-te-neiseratiofat B n=/50mWI(SIN) ..o 0. L e il 76 dB
Supply voltage ripple rejectionatf = 100Hz(RR) ...........cconun... 60 dB
BLOCK DIAGRAM

PIN CONNECTION

e 3 7

THERMAL

SOAR
TDA1520A PROTECTION +|PROTECTION

1

Fu le

SR
&

.u'_

1 soar s
2 = PROTECTION 4
! i

- = c—
= r—=1]
o= —]
e
o= —]
o1

PIN

FUNCTION

W -

©o N

Non-inverting input
Input ground
(substrate)
Compensation
Negative supply
(ground)

Output

Positive supply (Vp)
Not connected
Ripple rejection
Investing input
(feedback)

g
i
|
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LINEAR (AUDIO)

TDA1520A 276-1305

TYPICAL APPLICATION
e A :s_‘m pm—, (vs)
3 o; _I_ i- supply!
8 N TDA1520A i l L_E n
1504 o[ % il s
= $20 b

! SOAR & THERMAL|
; jisg B PROTECTION
Rsource TWF
& AT i 2.2mF
r=ww—f + . ;
AMPL.

il

| 2 - e O.;iF o
émi ] e % [
10uF ’_ J=:— =E . _L
== 680pF
Test Circuit o0
30 0.6
Po 4 ot
w) 7 (%)
25 L
a0 / /]
/, /,
20 0.4
// 80

15 /

/A
10 /
/[ /
// /

0 10 20 30

40 Vo) 50 0.1 1 10 Po(W) 100
Output power (P,) versus supply voltage V) Total harmonic distortion (d,,) versus output
atf = 1kHz, dyy = 0.5%, G, = 30dB.

power (P)atV, = 33V,R. = 49,f = 1kHz.
50

0.3

Ptot
w)

40

diot
N (%)
N \

\ 0.2 - ek
30 h N

\\ \ " /

\\P \ /
10 ‘\
\%\

\ <

|
0 b " - s e 0
-25 50 100 Tams (°C) 150 0.1 1 10 fikHz) 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).
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LINEAR (OP AMP)

353 WIDE BANDWIDTH DUAL JFET INPUT
OPERATIONAL AMPLIFIER

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 = 10'2Q

Low total harmonic distortion Ay = 10,
R;, = 10k, Vo = 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

Supply Veltagey. i sl it ol ettt ol et e i +18V
Power 1Dissipationtst i it bl imatii bl Sebenlitl s e 500 mW
DiffernetialinputiVeltage it Lol oo Bl i 2 vl 8 G s e +30V
InputiVeltagelRange . . bstiel b Cin Jbs o it o s o el e s +15V
Output ShertGircuitPuration: oL sahin ot 0 D0 Continuous
Ti(M AX) o et R S e e e e R R 1152C
@peratingilemperature Ranger . .. i b s W Gani oo ool e 0to 70°C
Storage - Temperature:Range <ot ool iiinatnh s st ves vl v = 65ito-F150RE
Lead Temperature (Soldering, 10 seconds). . ........coveeeeeeeenenn... 300°C

TYPICAL APPLICATIONS

% 353 ——o0Vo
I
S Zout
+
-Lmr lﬂn
= i
LN =
2N929° w
==0.0014F
Is
-
2l .
Mo
3 % 363
Moty AUX AMP
LOW Zgyr
1w _—
“High at 100 nA ) * CoupenaaTON

Low Drift Peak Detector

PIN CONNECTION

TOP VIEW
OUTPUT A— +V+
INVERTING
WhUT AT [——7 OUTPUT B
A\ B
NON-INVERTING INVERTING
INPUT A3 S i e [ & INPUT B
NON-INVERTING
V== S INPUT B

TYPICAL CHARACTERISTICS

S0 l
e T
I Vg= =15V
L i

L

AN
2 s \\
2 a0
H e
z
<
] \'\
Pl |
=
=
=

3.0

0 20 40 60

TEMPERATURE —°C

Unity Gain Bandwidth
vs Temperature

fo = 1kHz Ra <
81 prie:
Ay =2

—AVVA\—

ik

DC Coupled Low-Pass RC Active Filter

HIR M o me

Vo = Vg

Ground Referencing A Differential Input Signal
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LINEAR (OP AMP)

TYPICAL APPLICATIONS (Cont'd)

1 + R2IR1

11 (As shown)

AC Coupled Non-Inverting Amplifier

Ay =Ry /Rl

Ay = 10 (As shown)

AC Coupled Inverting Amplifier

R2
100K
R1
100K .
3
% 353 WA i
100K

+Vy + Y2 383
+V,0- +

For R1/R2 = R4/R3 (CMRR depends on this resistor ratio match)

Vo =1+ RURI(V, - V,)
As shown Vg = 2(V, - V,)

High Input Z, DC Differential Amplifier

Vo

353 276-1715

c1
0.014F
L
1A}
L
R2 $ 390K
R1 c2 R6
VinO—AW {¢ -
390K 0.014F R 120K
3 ¥ 353 AN =
R4S 6200 39K
e + % 353 b—0 Vo
R3 < 620K +
C3 & R7 R8
104F 100K 100K fae ARHE
BBt 8%
V+
Bandpass Active Filter
R1
v

Fourth Order High Pass Butterworth Filter

AN

== —0 OUTRUT 2
a [ 0.054F
WA 5
100K
s 5 ? U
WA ‘ + % 353 »—O OUTPUT 1
51K
51K V42 +
R2S 50K 53

kﬁ 100K | \

*Wide control voltage range: 0Vpc < Vo < 2(V+ —1.5Vpc)

Voltage Controlled Oscillator (VCO)
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LINEAR (OP AMP)

741

‘OPERATIONAL AMPLIFIER

276-007

GENERAL DESCRIPTION

The 741 series are general purpose operational amplifiers which feature im-
proved performance over industry standards.

The amplifiers offer many features which make their application nearly
foolproof: overload protection on the input and output. no latch-up when the
common mode range is exceeded. as well as freedom from oscillations.

ABSOLUTE MAXIMUM RATINGS

SupplyvaVioltagels e ael o G0 i el e e T S O =5 (G
RowenDissipation!tasictisb e e il S gicaue gt S i o R b e 500 mW
DifierentialfinputiVoltage -t oiSn i nalb.cinyt 8 0 SR il il e e sl 130V
InputiaVialtapedsetoite Sl Ly s EEsleina. o dbil e bl e e 1y 15V
@utput ShortiGireuiteMirations bl e o i s hv it 0kl Indefinite
@peratingdlicmperature IRange &0 e e o ey sl 0 to +70°C
Sterageillemperature Range. <A Slile il Seniis i Dol S b5 toEF1 601G
Lead Temperature (Soldering. 10 seconds) . ......................0o... 300°C

TYPICAL APPLICATIONS

R2
Gil Lo
6
4 S| ™ o ouTPUT
INPUT O—— A —
R1R2
R1 + R2
GAIN | Ri R2 BW | Ry o
~510 — 18V
10 1K 9K | 100kHz | 400me %
100 | 100¢ | 99K | 1okHz | 280Me Vour= Vin{t +R2/R1)
1000 | 1000 | 99.9K | 1kHz [ “somo

Non-Inverting Amplifier Non-Inverting Amplifier

+V
510 18V

=V
-5to —18V
Vour = - Vin (R2/R1)

=V
—5to —18V

Vout = Vin

Inverting Amplifier Unity Gain Follower

02 uF
si*
1:0-10.0 4A Mf 101:&1':§)N
2:0- 1.0 uA v s
S Ehe 24F, SENSITIVE
CIRCUIT!
i 100 K TOO MUCH
LIGHT WILL
S SLAM THE
s METER
s NEEDLE.
*FULL SCALE 4
METER 10K
READINGS %
5K
=
&
o

SILICON SOLAR
CELL

Optical Power Meter

PIN CONNECTION

TOP VIEW
OFFSET NULL —— [ N¢
INVERTING INPUT — = T
NON-INVERTING OUTPUT
INPUT 3 " )
V- —— OFFSET NULL
7] 5
Vin——5
R1* S
50K <
3

*R1 sets the voltage detection threshold (up to +9V).
When V) exceeds the threshold (reference), the LED glows.

Level Detector

R2*

R3*

1M

1Mo

0.0014F 0.0014F

*Adjust R3 to just below oscillation point.
Adjust R2 and R3 for sounds such as bell, drum, tinkling, etc.

N

m CdS PHOTOCELL

Electronic Bell

PC1
276-116

7

276-116
CdS PHOTOCELL

Light on PC1 decreases tone frequency
Light on PC2 increases tone frequency

AP~

TO AUDIO
> AMPLIFIER

R4
4700

80
50K SPEAKER

Audible Light Sensor
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LINEAR (OP AMP)

DUAL OPERATIONAL AMPLIFIER 1458

276-038

GENERAL DESCRIPTION PIN CONNECTION

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

share a common bias network and power supply leads. Otherwise, their operation TR
is completely independent. i

OUTPUT A 3 B V+
FEATURES .
® No frequency compensation required. 'Nﬁm;*gz_. — outeuts
® Short-circuit protection
® Wide common-mode and differential voltage ranges NOIINVERTING A\ g___mmmm
® Low-power consumption INPUT A 73 £ L 08 (s 6 INPUT B
® No latch up when input common mode range is exceeded

Vi T = I':‘I:':,::’N’VERTING

ABSOLUTE MAXIMUM RATINGS
SupplysVoltage TN et anm i St Blelia o sl i e e *16V
PoweriDissipation et autia vt el Lol el el S S 400 mW
DifferentialdinputiVoltage o i S e e S 30V
InputsVoltagel s s shieaizlbten s oo dasiid e e el sl K6 iat Lelie E15V.
@uiputiShort-CireuiDuration s s e e s Indefinite
@perating ilemperature Range (SRS Pl e R INRE s I S Ot +70°C
Storageifemperafire;Ranges Mo St iialiai i sl LS v e —65 to +150°C
[eadiMemperaturet(Soldering Fl0isee) SIS NIRRT SV s 300°C

TYPICAL APPLICATIONS

R2 R4
AA s
10MQ . +|
5to 18V c1*
R1
Vour 10MQ
Vin = i
L 100uF
C1 stores the peak voltage at V. *C1 FREQUENCY
0.001uF 5872Hz
0.010uF 660Hz
0.100uF 51Hz
1.000uF 8Hz Pulses are DC when C1 = 0.1uF
i is 5 volts.
Peak Detector Pulse Generator

R1 RS R8
Lo N ST FREQUENCY = 1kHz
100K 100K 100K
S _ e c3 i1
0.1uF 0.0022/F| 27K
] +9V
2 R4 |
% 1458 A - R7
€1 2= 0.014F a B ERLS €1 v 1as8 VWA SR8
3 a 7| ook 2 R10
+ % 1458 ANV -
5 1 10K 8
0 Sl 5 1458 >~
R2 R3 R6 $ 10K R9 3 10K 5]
1 2¢ 100K I IS =0 il
sauare : =75v -f-FF-F= TRANGLE: = 2v AAAL- SINE: =2v O\ A~

Function Generator
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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 Vpc power supply voltage which is used in digital systems and
will easily provide the required interface electronics without requiring the addi-
tional +15 Vpc 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 Vp¢ to 30 V¢
or dual supplies 1.5 Vp¢ to £15 Vpe
Very low supply current drain (800 wA) —essentially independent of supply
voltage (1 mW/op amp at +5 Vp¢)
Low input biasing current 45 nAp (temperature compensated)
Low input offset voltage 2 mVp¢ and offset current 5 nApg
Input common-mode voltage range includes ground
Differential input voltage range equal to the power supply voltage
Large output voltage swing 0 Vpg to V+ —1.5 V¢

ABSOLUTE MAXIMUM RATINGS

SuppivEVieltage Ve e e e e BV 32 Vpg or £16 Ve
BifferentiallinpuisVioliaget s ol et e L o s s e e e 32 Vpe
InputiVoltager Shatmliahe var Ll a sl it Late s i wmaadon s —0.3 Vpgto +32 Vg
Power Dissipation

MoldedsDIR el ot e el R el 570 mW
Cavityl DR SHCT e e Sl Fe ot S lE B OIS ol el S s S0 900 nW
Output Short-Circuit to GND (One Amplifier).................... Continuous

V+<15 VDC and TA = 25°C
InputEurrentiiViN s S0 amE et e e 50 mA
................................... 0 to +70°C
.................................. —65 to +150°C
............................ 300°C

Dfiving TTL lo 1amp/volt Viy Re 210

(Increase R for lp small)

R1 R1 1N914
VWV~ \/ la
100K ¢

c1

_L—l —
0.001uF

Squarewave Oscillator Pulse Generator

INPUTS

4

PIN CONNECTION

TOP VIEW

OUTPUT 1

5 77 OUTPUT 4
s o) L. 4
INPUT 1—— 73 INPUT
o + + -
INPUT 1+

3 2 INPUT 44
v+ 7 T GND
INPUT INPUT 3+

= + 4| = 10
OUTPUT 2 7 B OUTPUT 3

INTERNAL CIRCUIT

(Each Amplifier)

c
OuTPUT

——0 Vour
+V)y O

Vour = Vin

Voltage Follower

Pulse Generator
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LINEAR (TIMER)

GENERAL DESCRIPTION

The 555 is a highly stable device for generating accurate time delays or oscilla-
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
Operates in both astable and monostable modes
Adjustable duty cycle

Output 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

® Pulse position
modulation
® Linear ramp generator

® Time delay generation
® Pulse width
modulation

ABSOLUTE MAXIMUM RATINGS

SupplyaVoltage e i o e s
PoWEE DI SSTRA] QI . vk o e s S R e R i e e
@perating Temperatiure RANGE .. 2.t e o s s b ok onti s o 0 to +70°C
StorageTlemperaturefRange. .u st A im0 s —65 to +150°C
Lead Temperature (Soldering. 10 seconds) 300°C

TYPICAL CHARACTERISTICS

: \ \ \
10N\ N N N
" \ \ \\
! N N N
: 1 The charge time (output high) is given by: t; = 0.693 (R, + Rg) C
15} 2, ,* )q %, ;4_ The discharge time (output low) is given by: t, = 0.693 (Rg) C
= & % 74{/ ) Z Thus the total period is: T = t; + t, = 0.693 (R4 + 2Rg) C
= 01 N N\ N N \ The frequency of oscillation is: f = 1/T = 1.44 /(Ry + 2Rg)C
G O
b
0.01 NEUNC N
mim | NN\ N
0.001 N
0.1 1 10 100 1K 10K 100K

FREE-RUNNING FREQUENCY f — Hz

Capacitance vs
Free-Running Frequency

TYPICAL APPLICATIONS

D1

> HEADLIGHTS I
o
1N4001 ~ sw'g;;' o
> j 4{ ON |
<
DELAV:S \ < 100K ! |
ADJ S1M ! 3 ! o
S mife ! ; 7 LI R g
5000 |
IGNITION =S ssoklilst e 1 5M }
SWITeH b3 4 | HEAD 7 i
STARTo § 0 o | LIGHTS Al |E
on] OFF ‘ <%> !
2L 7 3,02 7 | D2
v T [ ot i
T ato 1N4001 5‘2’30 [
BATTERY 1t 2 t il 12 1 01*
0.001 10 6 |
S a7k | ]_5 ! START I ! I_
Lz .
L c‘I(‘T:NT)jE”
il i AL Al Gl A1 A

Automatic Headlight Turn-Off Circuit Relay Timer

%

555

276-1723

TIMER

PIN CONNECTION

TOP VIEW
|2
7 GND—— e [ 17/
6%  icceR— - DISCHARGE L13
S ouTPUT —— —-Hresnowo 2,/2
T L R— L ome 2 (]
TRUTH TABLE
PIN 2 PIN 6 PIN 4 PIN 3
TRIGGER | THRESHOLD RESET OUTPUT
H X H L
1L X H H
H Ji H L
X X L L

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

TO
NORMALLY
ON LOAD

~~——0
[y

4

NORMALLY
OFF LOAD

_ﬁﬁ:ﬁ

A A
t VA — o 0—0
0.1uF ™ ™
6 7
2 4
1
555
5 8
0.01uF
3
S
S
-5 R13 47K
it
—1F
10uF
10K
e A L AR
t \VAA-
0.014F 33K 33K
6 5
2 7
4
555
1 8
= 450
¢ SPEAKER

R2
220Q
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 tlmlng function. The two timers
operate independently of each other sharing only Ve and ground. The circuits
may be triggered and reset on falling waveforms The output structures may
sink’ or source 200 mA.

F EA‘TURES

e

® Timing from microseconds through hours

® Operates in both astable and monostable modes

® Replaces two 555 timers

® Adjustable duty cycle

® Output 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 width modulation
® Pulse generation ® Pulse position modulation
® Sequential timing ® Linear ramp generator

® Time delay generation

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage il s o b ol L e g +16V
BoWerBissipationr s esret e snis e e s L Ol UL sl ) 600 mW
Operating:Temperature Range:. /. iasc) Dt 5000 | e 0 0 to +70°C
StoragelemperatureiRanges & cAneed SRret Sl s il e i —65 to +150°C
Lead Temperature (Soldering, 10 seconds) ............................ 300°C

TYPICAL CHARACTERISTICS
N The charge time (output high) is given by:

N N
5 T iy ty = 0.693 (R4 + Rg) C
2 2 2 i e an 5
o*.(, ,"0 q% a"_ 4;( s:j s:h;-rsgeaat(lnrr; gaulpm low) is given by:
N, N, N N, Thus the total period is:
T =t + 1, = 0.693 (Ry + 2Rg) C
The frequency of oscillation is:
N N N f=1T =144 | (R + 2Rg) C
0.01
s 29y \ NN
0.001 l NN
0.1

1 10 100 1K 10K 100K
FREE-RUNNING FREQUENCY f — Hz

Vv

0.1

CAPACITANCE C — uF

Capacitance vs
Free-Running Frequency

12
Z
10
& Tai= 608C 1o //
EI 8
‘é . ,// +25°C
= §/+1.5°c
g a—p
a
2 %/
2
o

10
SUPPLY VOLTAGE — V.

Supply Current
vs Supply Voltage

PIN CONNECTION

TOP VIEW
DISCHARGE ——— Ve
THRESHOLD — 73 DISCHARGE
CONTROL
VOLTAGE 3 77 THRESHOLD
CONTROL
il 11 VOLTAGE
OUTPUT— 5 RESET
TRIGGER — S-ouTPUT
GND—— 5 TRIGGER
1.2 '
Vee = 15V

-~

Ta = +126°C

0.8 l
25°C \[
0.6

0.4

/]
2y

L] 0.1 0.2 0.3 0.4
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE
Vour x Vec —V
Minimum Pulse Width vs
Lowest Voltage Level of Trigger Pulse

AR
B
+25

MINIMUM PULSE WIDTH — us
1
o
2
o
*]L 5
=

»
°

|1

-

25°C

»

o
@

=
»

5V < Ve < 15V

k]

10 100
OUTPUT SOURCE CURRENT Igoypcg — mA

HIGH OUTPUT VOLTAGE V¢ — Voyur — V

C)

oy

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

3-TERMINAL ADJUSTABLE POSITIVE REGULATOR 3177

276-1778

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 PIN CONNECTIONS

exceptionally easy to use and requires only two external resistors to set the
output voltage.

FRONT VIEW
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 Vour
limit, thermal overload protection and safe area protection. All overload pro- Vin
tection circuitry remains fully functional even if the adjustment terminal is dis- O Vour
connected. ADJ

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. 37T

It will also serve as a simple adjustable 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 TYPICAL APPLICATIONS
electronic shutdown can be achieved by clamping the adjustment terminal to
ground which programs the output to 1.2 V where most loads draw little

Vin Vour
current. v
ADJ
2Ry
FEATURES
- ® Adjustable output down to 1.2V @ 100% electrical burn-in SR, Vour=125v( +§—f)
® Guaranteed 1.5A outpput current @ Eliminates the need to stock many E e viive s
® Line regulation typically 0.01%/V voltages ; VOLTAGE REGULATOR
® Load regulation typically 0.1% ® Standard 3-lead transistor package
® Current limit constant with ® 80 dB ripple rejection
temperature R
Vin Vour ‘v‘vl lout
ABSOLUTE MAXIMUM RATINGS
Power Bissipationi b o ot dn duspiee s i S S i L Internally limited
Input-Ouiput Voltage:Differential el s oo i is o e et 40V oy = 125
Operating Junction Temperature Range......................... 0 to +125°C Ry
Storage: Temperature o kst el o ates ey —65 to +150°C e
Lead Temperature (Soldering, 10'seconds)) . ... . iulvis il ahioi i B L 300°C
INTERNAL CIRCUIT
Vin
R1 R2 } R3 R4 RS Q22
3100 31092 1909 820 5.6K
Q1o 3
mum ) | &g
— o ozL“ pr o o r TR L R Q29
e : \ou : 12K 3 oy —< Rz‘a(
R6 .—J c3 S R21 bt "
A - a1 }—f ate oeh < 4000
200K RS )-lyﬂ_ R22 03 L
,r;m 12.4K \ R20 1600 < 6.3V 4
Qs 3k
/‘ Q24
o1 an o1z>—~ a7 R24'S
6.3V 4 a1 L 1600 3
a3 30pF T -
R12 S s ' 30pF :V: 1
o 7202 51K W
1800 R14 R26 S
12K ¢ 0.10 ¢ v,
ourt
ADJ
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LINEAR (VOLT REG)

317T 2761778

TYPICAL APPLICATIONS

Adjustable 4A Regulator

317 Rg*
a1 L1 ViN—— Vin Vour W\
2N3792 0:2¢
ADJ .
N R132400 =
600uH* > l
R1 3z R2 1 =
835V “AAA Vin Vour - 18:32v
220 0.250 R2 $ 2.4K
ADJ S
&
A3
J Ly 2400
+ c2 | < Ra +
TS 2 B¢ outPuTADY 4 = 10044 12V Battery Charger
Re
15K
RS c3 o1
1000 S K 1N3880
Z20oe 37
— Vin Vour
= tSolid Tantalum ADJ
*Core—Amold A-254168-2 60 tums ! 3 1200
%
> g
12V, $as0n ‘%’ 1A
gel oo p
Low Cost 3A Switching Regulator
$ 4800
< 1
ADT 3 1200
—Vin Vour
317
Ty 57 o AC Voltage Regulator
0.20
o S i MJ4502
0.20 _I_
CURRENT <7’nz R3
| ] C2 o= 11000F ADJ 2 250k S 0.20
25w
R1 f
OUTPUT
a7 38V VWA~ Vin 1.2v.30V
Le—viy Vour AAA 4525V J_ J_
0.20 i +)
18 1uF C3t == 10uF
ADJ ¢ I L) t I m
2N2005 | i = =
$ 1000
) 35K
L]
Iz
35K
308 < 2 R6
G S 2400
R?
8 3 AAA
D o
<
<
200K 2 1.5K 1Solid tantaium R8 i]_
“Lights in constant current mode ~6TO -15V VOLTAGE ADJ £ C8 S 10uF

5A Constant Voltage/Constant Current Regulator
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LINEAR (VOLT REG)

ADJUSTABLE VOLTAGE REGULATOR 723

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 added to provide any desired load current. The circuit features
extremely low standby current drain, and provision is made for either linear or
foldback current limiting.

FEATURES

® 150 mA output current without external pass transistor
® Output currents in excess of 10A possible by adding external transistors
® Input voltage 40V max
® QOutput 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

BulseiVoltage from VastosVasi(50/ms)lt sl e e 50V
Eontinuous VoltagefromiVaatosV=aue s o et o s 40V
Input-@Gutput;Veltage Differentialta oo e il Gt sl L 40V
Maximum Amplifier Input Voltage (Either Input)....................... 7.5V
Maximum Amplifier Input Voltage (Differential) ......................... 5V
GurrentfromaViost. ol et R L N e e 25 mA
CULTen I TOMIVIRERR s e st o B 5 SRt M el 15 mA
Internal Power Dissipation Metal Can.............................. 800 mW

Cavitya DIPTSR  B 900 mW

Moldedi DB pr o et s e s e e e 660 mW
@perating EemperaturetRange . il - s aao il Sanon s Shu 0 to +70°C
Storage Temperature Range Metal Can....................... —65 to +150°C

DI B S e ST PR o e T et R CA I RS o o e e =550l 125
Lead Temperature (Soldering, 10isec). .l .o i 300°C

TYPICAL CHARACTERISTICS

+0.1
12 Vour = +5V 4L
Vin = +12V
1.0 Rgc = 100 ——
. : ™
o
2 08 R0 | 5
. = 0°
s Ty = 70%¢ R e — A
g JERTEREl z = Tp = 25°C
6
'é b2 Ta = 25°C Ta = 0°C 2
s = P N~
L o0a | N 3 o1 I EIoe =
e ViN = +12V [}
3 [Vour = +sv L
x 0.2 Rgc = 100
1
0 -02
0 20 40 80 80 100 (] 10 20 30
OUTPUT CURRENT—mA OUTPUT CURRENT—mA
Relative Output Voltage Load Regulation vs
vs Output Current Output Current
200 TEA;S 125°C s 08 7 I 200
Ry = 111° CIW 3 514,-‘.@
160 Pstanpgy = 60mW __ 2 o \"o o
(NO HEAT SINK) 0 on % o <
I g 'Tn’r“l/a S i
<€ 120 5 So < STERy &
£ 2 08 120 &
i AL - i 2 g
g \ \ 2 NN 3
= % 05 N 0 o
X B B Ly z
A—N_T, = 25°C H T CRRg E
/5 DY i Rse <ont Al
£ o
\\ w
©
Tp = 70°C £
(] S 03 ()
0 10 20 30 a0 50 ~50 +50  +100 +150

Vin ~ Vour) — VOLTS JUNCTION TEMPERATURE—°C

Maximum Load Current vs
Input-Output Voltage Differential

Current Limit Sense Voltage
vs Junction Temperature

276-1740

PIN CONNECTION

TOP
FREQUENCY L
NC COMPENSATION V+ Ve Vour v; NC
14 13 12 " 10 9 8
VOLTAGE ERROR
REF AMP AMP
L 2 3 I4 5 0 7
NC CURRENT CURRENT INVERTING NON- VRee V-
LMt SENSE INPUT  INVERTING

INPUT

TYPICAL APPLICATIONS

(Vou =20 7 Volts)

11 [0
R
2| Rsc REGULATED
Vin ¥ — output
A1
U e )
5 4o N8

£
L

2
WA

B A

TYPICAL PERFORMANCE
Regulated Output Voitage 5V
Line Regulation ( AViy =3V) 0.5mV
Load Regulation ( Al_ = 50mA) 1.5mV

R1R2
R1 + R2

Note: R3 = for minimum temperature drift.

Basic Low Voltage Regulator

Vin

(Vour = 7 to 37 Voits)
V+ 112 11| Ve

VRer

)
Rsc
‘s REGULATED
na oL vy oUTPUT

Vour

&
nlw 3

alw

vv‘[vv
k4 Ed
a

INV

V-|7 13|COMP ICTNIN ¢
100ij

I~V

TYPICAL PERFORMANCE

Regulated Output Voltage 15V
Line Regulation (A Vjy = 3V) 1.5mV
Load Regulation (A |, = 50mA) 4.5mV

R1R2
Note: R3 = A1+ A2 for minimum temperature 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 is 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 limit 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 IC from
overheating.

FEATURES VOLTAGE RANGE
® Internal thermal overload protection 78050 sot SR G 5V
® No external components required TBIZ b Sy 12V
® Output transistor safe area protection 781 Bl b S e e 15V
® Internal short circuit current limit
ABSOLUTE MAXIMUM RATINGS
Input Voltage

(Output Voltage Options 5V, through18V) .. ............ciivriiin, 35V

(@utputiValtapel@ption: 22V)re SHEEE s LG SR SE S s 40V
InternaliRower Bissipationte Lt hi il aee i ih il S RErsiE s Internally Limited
MaximumijunctionEemperature (& o ool ol T 150°C
@perdatingiTemperaturedRantei sl LR Gy CIET R RIS T s 0 to +70°C
Storage.liemperaturesRange. , sesbcanam o oo Dol —65 to +150°C
Lead Temperature (Soldering. 10 seconds) .......................... . 300°C
TYPICAL APPLICATIONS

276.2043
+Vin O l 1 78XX 2 O+Vour ViNO—= 1mH
I 0.33uF 3 1N5812
47K J g
= = < 34.7Q 2470 =
< i)
6 1
78XX

347K 0.33uF l_[

Lﬂﬂ 10uF

o
&
tel

=V O

O=Vour

U
L .a5,F 2762027 =

—A,
LA

*Tracking Voltage Regulator Switching Regulator

2N4398

Imms

High Output Current, Short Circuit Protected

GND(J)I

PIN CONNECTION

TOP VIEW

————JOUTPUT(2)
[———1GND (3)
INPUT (1)

———OVour INPUT
2
+
S 2000LF, Current Regulator
4 | 78XX E 0 +OUTPUT
J_ LTJ
T RO
1 2
78XX
3
T :I': 0.1uF
-0 —OUTPUT

Positive and Negative Regulator
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LINEAR (MlSCELLAN EOUS)

QUAD COMPARATOR 339

276-1712

GENERAL DESCRIPTION PIN CONNECTION

The 339 series consists of four independent voltage comparators which were TOP VIEW
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 independent of the magnitude of the power supply o 13 OUTRUT
voltage. These comparators also have a unique characteristic in that the input oUTPUT 1 —ouTPuT 4
common-mode voltage range includes ground. even though operated from a
single power supply voltage. Vs 73 GND
= [+ - |+

INPUT 1— INPUT 4+
FEATURES ‘ : 7
® Wide single supply: P e T

N

Voltage range 2 Vp( to 32 Vpg or dual supplies 1 Vp¢ to 16 Vpc

INPUT 2—- ——INPUT 3+
® Very low supply current drain (0.8 mA)—independent of supply voltage Ry 2
(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 pA; saturation voltage 70 mV at 1 mA
® Output voltage compatible with TTL (fanout of 2). DTL. ECL. MOS and CMOS
logic systems
ABSOLUTE MAXIMUM RATINGS INTERNAL CIRCUIT
Supply.Voltage: Viamd s ol iiars tas p sl s e s 32 Vpg or 16 Vpe o
DifferentiablnputVieltagesi-alliamlasinl f bl B0 B i 36 Vpg T T GEET 10048
InpntVeltage & ik o i s sk b —0.3 Vpg to +36 Vpe 1D D VD D
Power Dissipation ¥ v
MoldedemIPin i Al il s o et L oo s b 570 mW | 1e
et S R G S A 900 mW ) 0};‘_ el
ButputiShoer=Eireuit tolGND: s sonsee B o i sl ol Continuous
Inputi@urrent (Vi = =0 3Vine )l s me fns s RS S e e e 50 mA +INPUT o :?— as
@perating iFemperature Range. . b oo SR s i 0 to +70°C + L
Storage Temperature RANZE. ..y vl i« woi shakosion o oS e ae s —65 to +150°C s
Lead Temperature (Soldering. 10 seconds) .. ..........ioeeeieneineinn. 300°C J IE‘"
Qs Qs =

TYPICAL APPLICATIONS
5 VOLT GROUP

15V GROUP

+0.375V

100K

100K

100K o

AND Gate OR Gate

v+

o 12 I = T ?

= o
Driving CMOS * Al

0

Sy +Vino—|

o 100pF
1NS14

3 3
100k 3 15K

S +
0 S O—AWA—¢ + 15

1/4 R
339 eV ouy,

o)
©

<
S 10K 74LS00

12

74LS00

Driving TTL dne-Shot Multivibrator Bi-Stable Multivibrator
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LINEAR (MISCELLANEOUS)

567

276-1721

GENERAL DESCRIPTION

TONE DECODER

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

e 20 to 1 frequency range with an external resistor
Logic compatible output with 100 mA current sinking capability

Bandwidth adjustable from 0 to 14%

Immunity to false signals
Highly stable center frequency

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

High rejection of out of band signals and noise

Center frequency adjustable from 0.01 Hz to 500 kHz

SUPPL Vel aga e e e R 8 s it s 9V
BoWeriisSIDatiON .t carty ot sty s adai sl B 300 mW
Ve (@utputiVieltage)t i b il e e Sl D s IS Bl 15V
Vsil=VoltageatInput)=. 2o b i sl e A S L —10V
Vai(EVoltage atlnput) L bl ey A e e e Vg+0.5V
ClperatingiFemperatiiret i 8 i e lnt i i e bt W 0to +70°C
Storage Temperature Range ...........c.coveuueenat =65itelcE1508€

TYPICAL APPLICATIONS

5V Ci

d
o
L 0.0033uF 17

L R12 24K

8 7 6 5

frequency of the VCO.

T SIGNAL  +5V
INPUT

*Note: Adjust for f, = 100kHz.
fi = 100kHz +5V

AC Test Circuit

i%
567

2 |6 s 3 Es
R1 /
c2 1

This is given by f, = 1/R1C1
567 The band width of the filter may be found from the approximation

. - [ VIN 0o
_l-' 2 J-a r BW = 1070 ez in % of fo.
0.02 0.01
I uF o.oosI uF . ‘F Where: Viy = Input voltage (volts rms), Vin < 200mV.
m

C2 = Capacitance at pin 2 in uF.

The center frequency of the tone decoder is equal to the free-running

nnnr

-xH
(2]
=

- b

T ar

Oscillator with Double
Frequency Output

PIN CONNECTION

TOP VIEW
ouTPuT
FILTER 7 @'D‘ 3= LTI
Loop
FILTER 2 TR
TIMING
TNPUT & CAPACITOR
L=ty TIMING
vta 5 RESISTOR
+V
R3
5 SOT) S AR B SR el i S s 4 DIGIT
897Hz ]

Hetef =] [T=D
=4 | ||t
b 770Hz “2:::_3
L 852Hz D‘—é—‘z
} -
e ~
I .
L% T D
1
L% I T %
o) ;4777»1:- % E%g%gw
e
B0 I I T 9T

Touch-Tone Decoder
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LINEAR (MISCELLANEOUS)

LED FLASHER/OSCILLATOR

GENERAL DESCRIPTION

The 3909 is a 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 and 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 —20% to +100%.

FEATURES

® Operation over one year from one C 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 8Q speaker

ABSOLUTE MAXIMUM RATINGS

Bower IDIsSTpation )t et et ae il s el e e o e 500 mW
NV aVioktages ki pgitley o holh S edn bl el R S e S e L e 6.4V
PalseltVidthM s St e o e Sl e el S e S T 6 ms
PeakiEBi@urremtatin raici il wie o e ot it N S i 45 mA
@perating Curnenti .o oo LG e e i 75 mA
ElashiBrequeneyi . . tut i L e s 1.3 Hz
EighePlashi BT e QUERCY e sl i s et o e S el iy ) 1.1 kHz
@perating“Femperatute Ranget i sttt i s s et =250 E705@
TYPICAL APPLICATIONS G
o
e N
| ol tiziie L
RsQ //
[ @ 3909 i 15V
“F!:
1 25 !4___
8 l7 6 |5 ——Lﬂ‘—l
300uF Note: Normal flash rate: 1 Hz
3v
909 Cam= 1.5V Flasher
i
1 PO B I @ ‘5;9
o
O s
o
LTy
Warning Flasher High Voltage Powered @ v
<
o = asa
!
e sl Jizi] 6t 55 > 2000
stilziile ls = 15V
3909 f
) 2 ]3 4
J\;L’
L0 T T
e A
300uF Note: Normal flash rate: 1Hz. Nominal flash rate: 1.3Hz Average lpgay = 2mA
3v Average lpgan = 0.77mA
3V Flasher Parallel LED’s

3909

276-1705

PIN CONNECTION

TOP VIEW
9K SLOW RC NC Ry V+
8 7 6 5
vAv‘v
12
Q4
36K 4
44 Wk 10K 20K
K p1 2
>t a1
6.5V 1000
a3 ANA AAA
4000 4000
= E [ Q2 Gy
®
1 2 l 3 4
3K FAST RC out NC V-

TYPICAL CHARACTERISTICS

°
N

e
o

e
o

13
>

o
w

b

TYPICAL 1pran(mA)

e ©
- N

.0 1.1 12 13 14 1516

BATTERY VOLTAGE (V)

Drain Current vs
Battery Voltage

ESTIMATED BATTERY LIFE

(CONTINUOUS 1.5V FLASHER OPERATION)

TYPE
SIZE CELL
STANDARD ALKALINE
AA 3 MONTHS 6 MONTHS
c 7 MONTHS | 15 MONTHS
D 1.3 YEARS 2.6 YEARS

Note: Estimates are made from our tests and manu-
facturers data. Conditions are fresh batteries and
room temperature. Clad or “leak-proof’ batteries
are recommended for any application of five months
or more. Nickel Cadmium cells are not recommended.

TYPICAL OPERATING CONDITIONS

Vo [NORMALLIES e, Rs W Rrs Vit
v 2 400uF 1K 1.5K 5-25V
15v 2 180uF 3.9 1K 13-50V
100V 17, 180uF 43K 1K 85-200V
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MOS (CMOS)

SSiPiPBl 5V LOW-POWER DTMF RECEIVER

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*

SupnlyaVialtagel(DE) skl S H g s S e 7\
Input Voltage (All Inputs Except AnalogIn) .................. —.5Vto +.5V
AmalogiiniValfagadt .o waed ws Sepairin o Tu Lo —10V to + .5V
DE Current IntorAny Inputh i iR i U e i e < e +=1.0 MA
Bower Dissipation (INoteid): . - ol e e i S S e a8 65 MW
(Operating:Temperature’. .25 et e ol o Db T e R0 0°C to 70°C
StorageTemperature ==t e CEIRCTIRN AlS —65°C to 150°C

* 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 M@ 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
SSI1202. -

PIN CONNECTION

DI—]1e 18 p— D2
HEX/B28 —] 2 17 — D4
EN—] 3 16 |— D8
IN1633 — 4 15 f— CLRDV
Vp—1 5 14 —ov
NIC —] 6 13 |— ATB
GND —} 7 12 — XIN
XEN — 8 11— XouTt
ANALOGIN —] 8 10 |— GND
A Ve
x x
VIN<Y, VIN>V,
i i
ol Stukig |
——a—it—o >t
ANALOG ek ANALOG 0k
IN IN
> >100KQ >100KQ
i
|
|
|
GND | GND
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Block Diagram

SSI202 276-1303
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This pin selects the format of the digital output code. When HEX/B28 is tied
high, the output is 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 a1 0 0 0 0
2 0 0 1 0 0 0 0 1
3 0 0 1 il 0 0 il 0
4 0 1 0 0 0 i 0 0
5 0 1 0 1 0 1 0 1
6 0 1 1 0 0 il i 0
7 0 1 1 i 1l 0 0 0
8 1 0 0 0 1 0 0 1.
9 1 0 0 1 s 0 1 0
0 | 0 1 0 1 1 0 !
o 1 0 1 1 1 il 0 0
# 1 1 0 0 1 i il 0
A 1 1 0 1 0 0 it 1
B 1 il 1 0 0 1 i il
C 1 1 i1 1 s 0 1 1
D 0 0 0 0 1 1 1 1
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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
| & | Loy |
l 20ms Ri | 20ms RJ ‘
AnaLo 22 o 7
{ive, 5 St i tn o]
46ms 50ms

D9 S R ey

D1,02,04,08

%h
I_Lm..

CLRDV

22me ™ % e Fm
LR N SR
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MICROCOMPUTER (8 BIT)

CODE-TO-SPEECH CHIP o3RSy 7AW

GENERAL DESCRIPTION

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
CTS256A-AL2, an 8-bit microcomputer programmed with a letter-to-sound
based algorithm. This chip set translates English characters into LPC synthe-
sized speech sounds.

The SPO256A-AL2 is a standard allophone chip and is based on the
SPO256A speech synthesizer. This synthesizer consists of a 10 or 12 pole
second-order cascaded LPC filter, a controller, and a 16-Kbit ROM in which 59
allophones (speech sounds) and five pauses are stored.

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-
ard ASCII characters) into SPO256A-AL2 compatible allophone addresses,
using letter-to-sound rules.

This chip set delivers highly recognizable speech output from any peripheral
device or computer in a flexible and cost effective manner. It can be config-
ured as a dedicated code-to-speech system, as well as add speech output to a
user’s program running in this CTS256A-AL2 from off-chip Rom. Such user
programs are written in PIC7001 assembly language which is 100% compatible
with TMS7001 assembly language.

Eproms can be added to improve the pronunciation of certain proper names,
acronyms and technical words as well as to store user programs.

FEATURES:

e Unlimited vocabulary

e Utilizes letter-to-sound rules

e Serial or parallel interface

e Microprocessor available for user code

PIN SELECTABLE CODE-TO-SPEECH OPTIONS:
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 7415373 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.

THE BACKSPACE-KEY CODE. ERASES
THE INPUT BUFFER ONE CHARACTER
AT A TIME, BEGINNING WITH THE
LATEST ENTRY.

-BACKSPACE ”<-”, (0B Hex)

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 LO for a minimum of 500 microseconds.

NOTE: A signal (input or output) that is active-LO is designated by its signal
name followed by an asterisk (*).

PIN CONNECTION
TOP VIEW
J
aws—| 1 o w0 }—vss
— 2 39 |— ENABLE
susys —| 3 38 — ALmcH
— s 7 |—
— s s N
— e s |—o7
— 7 u |—oe
47 (G e
— s 32 |—opa
— 1 31 |—oa
— 0 |—op2
INT —] 12 2 |—o1
Nt — 13 28 |— Do
RESET —{ 14 27 |— a8
— 5 28 |— a9
RCVR —{ 16 25 |— vee
AXL— v 24 |— at0
Xl —] 23 — A1t
s —| 19 2 |— a2
ats— 20 21 f— a1




MICROCOMPUTER (8-BIT)
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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 EOOQH.

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
EEOOH.

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-Word 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 to 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 EO00H 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-WORD 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; the 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 spoken, program control resumes in the hands of the USER pro-
gram by the Branch @ USERCODE instruction.

No registers used 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 anything other than character string load-
ing, all registers 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 from 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 741.S374, 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 toggle 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 74L.S373 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.

5- 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-
strate that the system is ready for input, then one of the following two paths is
taken dependent upon the system configuration:

1: 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
SP0256A-AL2 after a carriage-return, or after any delimiter—depending on
the mode selected.

2: 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.

TABLE 1.
Hardware selectable option pin-outs of CTS256A-AL2:
PIN6 7 8

0<PARALLEL INPUT MODE
BAUD 50
BAUD 110
BAUD 300
BAUD 1200 SERIAL INPUT MODE
BAUD 2400

BAUD 4800

BAUDMOBO0N N e

e 0000

0
0
1
1
0
0
1
it

ROROROR

PIN 9

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

PIN 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

PIN 11
0«

1«

1. Con’t.

CARRIAGE-RETURN-ONLY DELIMITER.
ANY DELIMITER.

PIN 03 “BUSY$” (Input buffer flag is a TTL level output); for RS232
compatibility use MC1488 Line Driver or equiv.

00—

11—

PIN 16 —

NOTE: 0

INPUT BUFFER IS > =87.5% FULL.
INPUT BUFFER IS < =50.0% EMPTY.

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

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 PIN 3

(BUSYS).

Transmitter’s Line Driver »CTS256A-AL2 UART’s Line Receiver.

TABLE
X009

X00A
X00B
Xo00C

X00D
XO00E
XO00F
X010
X011
X012
X013
X014
X015
X016
X017

X018
X019
X01A
X01B
SX01E
X01D
X01E
X01F
X020
X021

X022

o

2. NEW PARAMETERS.

FF NUMBER OF BYTES OF 50% OF EXTERNAL INPUT
BUFFER (MSB)

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

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

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

FF EXTERNAL RAM START ADDRESS (MSB) see note 2.3

FF EXTERNAL RAM START ADDRESS (LSB) see note 2.3

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

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

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

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

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

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

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

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

FF ADDRESS DECODE OF SPO256A-AL2’s ALD$ (MSB) see
note 2.4

FF ADDRESS DECODE OF SPO256A-AL2’s ALD$ (LSB) see note
2.4

FF  ADDRESS DECODE OF 74LS374 PARALLEL PORT LATCH
(MSB)

FF ADDRESS DECODE OF 74LS374 PARALLEL PORT LATCH
(LSB)

FF see note 2.1

FF TOTAL NUMBER OF BYTES IN INPUT BUFFER (MSB)

FF TOTAL NUMBER OF BYTES IN INPUT BUFFER (LSB)

FF see note 2.1

FF see note 2.1

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

FF  SERIAL PORT CONTROL REGISTER (see table 6) see note
2.5

FF  SERIAL PORT TIMER DATA REGISTER (see table 6) see
note 2.5

YOUR EXCEPTION-WORD OR USER EPROM CAN RESIDE ANY-
WHERE 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

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 ALD$, 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.

NOTE 2.7

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

TABLE 3. SAMPLE OF ASSEMBLED ALPHABETIZED

X0A3
X0A4
X0A5
X0A6
X0A7
X0A8
X0A9
X0AA
X0AB
X0AC
X0AD
X0AE
X0AF
X0B0O
X0B1
X0B2
X0B3
X0B4
XO0B5
X0B6
XO0B7
X0B8
X0B9
X0BA

X0BB

BEGINNING WITH “M”

EXCEPTION-WORD INDEX.

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “A”

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

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “B”

A8 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “B”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “C”

A9 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “C”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “D”

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

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “E”

B2 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “E”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “F”

B3 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “F”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “G”

B4 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “G”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “H”

E1 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “H”

X1 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “1”

E2 LSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “1”

'X2 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “J”

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

X2 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “K”

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

X2 MSB OF POINTER TO START OF EXCEPTION-WORD
BEGINNING WITH “L” :

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

X2  MSB OF POINTER TO START OF EXCEPTION-WORD
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TABLE 3. (Cont’d)

X0BC
X0BD
X0BE
X0BF
X0CO
X0C1
X0C2
X0C3
X0C4
X0C5
X0Cs6
X0C7
X0C8
X0C9
X0CA
X0CB
Xo0CC
XoCD
X0CE
XO0CF
X0DO
X0D1
X0D2
X0D3
X0D4
X0D5
X0D6
X0D7

XoDs

1B
X2
1C
X2
1D
X2
1E
X2
2D
X2
2E
X2

2F

X2
30
X2
3D
X2
5A
X2
5B
X2
64

X2
65

X2
6F

X2

70

fit

LSB OF POINTER TO
BEGINNING WITH “M”
MSB OF POINTER TO
BEGINNING WITH “N”
LSB OF POINTER TO
BEGINNING WITH “N”
MSB OF POINTER TO
BEGINNING WITH “O”
LSB OF POINTER TO
BEGINNING WITH “O”
MSB OF POINTER TO
BEGINNING WITH “P”
LSB 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
BEGINNING WITH “S”
LSB OF POINTER TO
BEGINNING WITH “S”
MSB OF POINTER TO
BEGINNING 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”

START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START

START

OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF

OF

EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD
EXCEPTION-WORD

EXCEPTION-WORD

LSB OF POINTER TO START OF EXCEPTION-WORD

BEGINNING WITH “Z”

MSB OF POINTER TO START EXCEPTION-WORD
BEGINNING WITH “NUMBER OF PUNCTUATION”
LSB OF POINTER TO START EXCEPTION-WORD
BEGINNING WITH “NUMBER OF PUNCTUATION”

The least significant nibble of the MSB and the entire LSB
address locations will vary with a different set of exception
words; 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 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 2761786
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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

X1A0 00 01 41 22 27 14 8D

;<[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 B0 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 0B 33 3E 00 0C 0B 37 0D

X1C1 27 1F 10 07 0B 02 BD
;<[GI]< =[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 E4 13 I: DB 19,228,19,70,0,33,7,11,2,13,12,40,12,2,42,20,37,15,139; < [ID]< = [AY PA1
X1E5 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 136936 L: DB 19,105,54,37,164,19,109,12,35,3,149; < [LIVED] < = [LL [H 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

X21E13875 328 PR 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 Q DB 255
X22E FF ;R: DB 255
X22F FF s: DB 255

)
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TABLE 4. (Cont’d)

X23013 6F 34 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 4D 35 0D 00 OF BE
X23C FF DB 255

X23D 13 73 25 U: 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 0B 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]<i=[\cY2 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 0C 1D 00 12 OF 00 02

X29B 0D OF 02 32

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

X29F 00 14 00 02 2A 13 80
;<[1< =[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]YOU’RE MESSAGE CAN BE SPOKEN
;WITH THE TOUCH OF A KEY

X2A6 C6 5A 0B DB 198,90,11,21,128 ;[&]=[AE NN1 DD1 PA1] AND
X2A9 15 80
X2AB FF DB 255 ;MUST END EACH CATEGORY WITH[ ].

LWHERE 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.)
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TAB%:E 5. SERIAL PORT MODE REGISTER u 3
W LY g i3 Z 7 5B

7/ 6 5 4 3 2 it

o

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

I__J l_ 0=MOTOROLA PROTOCOL

1=INTEL PROTOCOL

0=ISOSYNCHRONOUS COMMUNICATION
1=ASYNCHRONOUS COMMUNICATION

00=5 BITSICHARAGTER
01=6 BITSICHARACTER

10=7 BITSICHARACTER
| 11=8 BITSICHARACTER

1=PARITY ENABLED
L. 0=PARITY DISABLED

1=EVEN PARITY
0=0DD PARITY

0=SERIAL I/O MODE
L 1=COMMUNICATION MODE

0= ONE STOP BIT
L. 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:

4(PL + 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 it 0 0 0 0 PRE1 | PREO

S|

- 2 BIT PRESCALE LATCH VALUE (PL)

— MSB LSB —
7 6 5 4 3 2 il 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

22 (0] 2F
(@ 23 P 30
D 24 Q 34
E 25 R 32
F 26 S 33
G 27 T 34
H 28 18] 35
I 29 A% 36
J 2A w 37
K 2B X 38
L 2C i 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 OUt 250
01 PA2 PAUSE 30 21 DD2 Do 80

02 PA3 PAUSE 50 J 22 GG3 wiG 120
03 PA4 PAUSE 100 23 'A% Vest 130
04 PA5 PAUSE 200 24 GG1 Guest 80

05 @Y bOY 290 25 SH SHip 120
06 AY skY 170 26 ZE 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 JH dodGe 400 2A KK1 Can’t 120
0B NN1 thiN 170 2B Z7. Zoo 150
0oC IH slt 50 2C NG aNchor 200
0D TT2 To 100 2D LI Lake 80

OE RR1 Rural 130 2E WWwW Wool 140
OF AX sUceed 50 2F XR repalR 250
10 MM Milk 180 30 WH WHig 150
11 IRl parT 80 31 Yoyl Yes ! 90

12 DH1 THey 140 32 CH CHurch 150
i3 1Y sEE 170 33 ER1 fIR 110
14 EY bEIge 200 34 ER2 fIR 210
15 DD1 coulD 50 35 oW bEAU 170
16 UW1 tO 60 36 DH2 THey 180
17 AO OUght 70 37 SS veST 60

18 AA hOt 60 38 NN2 No 140
19 YY2 Yes 130 : 39 HH2 Hoe 130
1A AE hAt 80 3A OR stORe 240
1B HH1 He 90 3B AR alARe 200
1€ 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 addition 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.

87



MICROCOMPUTER (8-BIT)

CTS256AL2 2761756

APPENDIX-A

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

o i Jz]slalslelzls e |allc|p|e |F

X000 80 48 28 58 85 EO 35 E0 31|FF FF FF FF FF FF FF | <sample
NEW PARAMETERS.
X010|\FE FEFF FFE FE EF'EF FE EF FFJFF EE FE EF FE EE (see table 2).

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

INITIALIZATION

X(030027-2@ 2D 2E2F 13213334 35368 E0N667178 102231 BE ROUTINE.

X040 F1 43 C5 AAXO0 09 2D FF E2 1E B8 AAXO0 23 D5 12

X050 DO 13 B9 9B 13 C3 AAXO0 09 2D FF E2 0B B8 AAXO The MSnibble of the following locations

X060 23 D5 12 DO 13 B9 9B 13 5D 16 E6 E9 C3 AA X0 09 from the NEW PARAMETER INITIALIZATION
X070 2D FF E2 14 A2 40 11 82 11 A2 15 11 C3 AAXO 09 ROUTINE are user defined also:

X080 82 15 C3 AAXO 09 82 14 98 29 03 98 2B 07 22 20 X044,X04C,X057,X05F,X06E,X07E,and X084;
X090 9B 03 BE F7 2B 9B 03 05 98 07 09 98 03 19 8C F1 where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.

XO0A0 00 EO 36|X1 93 X1 AB X1 A9 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

X0Co11D 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).

X0Do|5B X2 64 X2 65 X2 6F X2 70|D8 02 D8 03 98 03 11 <« EXCEPTION-WORD

ROUTINE.

XO0EO BE F7 4B 8E F7 OF 77 01 OA 05 74 80 0B E0 03 73

X0F0 7F 0B BE F3 AF 76 20 OA OE 52 34 AAXO0 A3 DO 14 The MSnibble of the following locations
X100 AA X0 A4 DO 15 EO OF C5 2A 41 2C 02 AAXO0 A3 DO from the EXCEPTION-WORD ROUTINE are user
X110 14 AAXO0 A4 DO 15 52 01 BE F4 88 8E F4 C2 76 10 defined also: X0FC,X101,X10D,and X112;
X120 OA 4D 2D FF E2 60 98 11 1D 73 BF OA 8E 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 0A 8E F5 64 76 10 O0A 42

X140 48 37 34 79 00 35 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 8E F3 47 C9 C9 8C F1 36 C9 C9 8C F3 F4 D3

X170" 15 E7 02 D3 14 52 02 8E F4 88,72 01.37 73 FD.0B ;

X180 E0 99 52 03 E0 F1 D9 03 D9 02 D5 37 73 FD 0B 8C

X190 F3 EE FF|13 6E 24 B9 13 5A 0B 01 21 13 00 12 OF +<—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).

X1C0|0D 27 1F 10 07 OB 02 BD 13 E9 2D 21 29 2C 13 4A
X1Do{07 0B 33 3E 00 0oC 0B 37 oD 27 1F 10 07 OB 02 8D
X1EO |FF FF 13 E4 13 46 00 21 07 0B 02 0D 0C 28 0C 02
X1F0 |2A 14 25 OF BB 13 73 2C A5 13 46 01 BE 13 73 2C (see APPENDIX-C
X200 |21 2E A4 13 46 00 2D 1A 0B 01 15 01 FF FF FF 13| for discussion

X210 |69 36 25 A4 13 6D 0C 23 03 95 FF FF FF FF 13 75 of encoding scheme.)
X220 |32 30 2F 33 A5 13 49 33 09 OF 37 B7 FF FF FF FF
X230 (13 6F 34 21 AC13 4D 35 0D 00 OF BE FF 13 73 25
X240(32 29 A4 13 71 16 2B 33 01 06 00 21 07 0B 02 0D
X250 {0C 28 0C 02 2A 14 25 OF BB FF FF 13 65 07 32 A5
X260 |6E 13 B4 FF FF 13 6F 35 07 32 A5 13 59 BA FF FF
X270 |13 CF 13 59 3A 01 10 07 37 37 OC 01 OA 00 02 2A
X280 |1A 0B 01 3F 13 00 37 37 02 09 35 02 2A 07 OB 00
X290 |2E 0C 1D 00 12 OF 00 02 OD OF 02 32 00 OF 23 00
X2A0|14 00 02 2A 13 80 C6 5A 0B 15 80 FF

I lo [t lz fs fefs fo 17 e lo |ale Jc o e [r

YOUR EXCEPTION-WORD EPROM CAN RESIDE ANYWHERE 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.
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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.

fplrlzl3lalslel7lele|lalBlcIp e |F

X000 80 48 28 58 85 EO 35 EO 31|FF FF FF FF FF FF FF| <sample

NEW PARAMETERS.
X010HFFSEEIFRSE RSN R ES HESRESRES FESEFSEERRFUERE ERGER (see table 2).

X020 |FF FF FF|1E 1F 20 21 28 29 24 25 22 23 2A 2B 26 < NEW PARAMETER
INITIALIZATION
X030427°2C 2D 2E-2F32 .33 34 =35 36 “EO 165 78 102131 "BE ROUTINE. !
X040 F1 43 C5 AAXO0 09 2D FF E2 1E B8 AA X0 23 D5 12 The MSnibble of the following locataions
X050 DO 13 B9 9B 13 C3 AAXO0 09 2D FF E2 0B B8 AA X0 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 A9 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).
X0D0|5B 82 64 82 65 82 6F 82 70|D8 02 D8 03 98 03 11 <« EXCEPTION-WORD

ROUTINE.

X0EO BE F7 4B 8E F7 OF 77 01 0OA 05 74 80 0B EO0 03 73

X0F0 7F 0B BE F3 AF 76 20 OA OE 52 34 AA80 A3 DO 14 The MSnibble of the following locations
X100 AA80 A4 DO 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: X0FC,X101,X10D,and X112;
X120 OA 4D 2D FF E2 60 98 11 1D 73 BF OA BE F5 64 76 where X =1,2,3,4,5,6,7,8,9,A,B,C,D,or E.
X130 10 0A 3C 8E F4 7E 74 40 O0A 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 0B

X180 E0 99 52 03 EO0 F1 D9 03 D9 02 D5 37 73 FD 0B 8C

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

ENCODED

X1A0f{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
X1D0|07 0B 33 3E 00 0C 0B 37 0D 27 1F 10 07 0B 02 BD
X1EO|FF FF 13 E4 13 46 00 21 07 0B 02 0D 0C 2B 0C 02
X1F0|2A 14 25 OF BB 13 73 2C A5 13 46 .01 BE 13 73 2€
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 13229 A4 13 71 16 2B 33 @1 06 00 215070By02 10D
X250 0C 28006 102" 2A5 14" 258 0F " BBIFFE FRNI3V 65807532 ¥AS
X260 |6E 13 B4 FF FF 13 6F 35 07 32 A5 13 59 BA FF FF
X270 |13 'CF 13 59 3A 01 10 07 37 37 .0C 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.
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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
“l” 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 OW LL DD1]
13,F5,13, 7D, 35,2D,95 <« This line is ready to store in EXCEPTION-WORD epros under the “A” category.
i (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 “J”’ brackets.

APPENDIX-D

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

ool fs lels fe 17 ls lo |a s |c |p |e |F

X000 80 48 28 58 85 EO 35 EO 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 E0 65 78 02 31 BE ROUTINE. A

X040 F1 43 C5 AAXO0 09 2D FF E2 1E B8 AA X0 23 D5 12 The MSnibble of the following locations

X050 D0 13 B9 9B 13 C3 AA X0 09 2D FF E2 0B B8 AA X0 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 AAXO0O 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).
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X0AO0 LS 8C F3 F4

User code may start at X0A4,
but must contain the MAIN-CONTROL-PROGRAM
somewhere 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 program 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. Contains 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: ENCAPSULATED AREAS ARE USER DEFINED UNLESS OTHERWISE NOTED.

FIAG= AUDIBLE EQU 0F1ACH < —

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

F1E2 = SAVE EQU 0F1E2H ;< ——| THE MASKED CODE-TO-SPEECH ALGORITHM.

F1F0 = ESCAPE EQU 0F1F0H < ——

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 ——M—M ————— +

| The following two lines are placed here only if the user code wishes to gain |

| access to the serial port. |

(The XXXX XXXX here does
| XXXX XXXX ANDP %>FE,JOCNT1 ;DISABLE INTERRUPT-4 (SERIAL ST L G
PORT). l as the X from the previous
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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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 770B0OB09
902D 7D0132
9030 E211
9032 760BOBFC
9036 BEF3D7
9039 4D0709
903C E205
903E A40100
9041 E0DO
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 F1HILR1HI

JNE HOLEWORD

JMP CRSTART

CMP % >00,WORDCNTH
JNE BFULTEST

CMP %> 00,WORDCNTL
JEQ HOLEWORD

BTJZ %> 08,F2,PROCESS
CMP %>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

MODE?1:

;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.

9047
9048
9049
904B
904E
9050
9053
9054 08

9055 8C900B

PUSH ST
PUSH A

MOV % >41,A
CALL @SAVE
MOV % >0D,A
CALL @SAVE
POP A

POP ST

BR @SPEAK

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.

;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.

92




MICROCOMPUTER (8-BIT)

CT3256AL2 276-1786
APPENDIX-F (Cont’d)
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,JOCNT1 ;ENABLE INTERRUPT-4 (SERIAL PORT) BECAUSE WANT TO RECEIVE SERIAL
: ; INPUT.
DRP % >01,PORTB ;SET BUSY$ HI.
IDLE ;WAIT HERE FOR SERIAL INTERRUPT TO OCCUR AND TO BE SERVICED.
ANDP % >FE,JOCNT1 ;DISABLE INTERRUPT-4 (SERIAL PORT).
NOP ;THE CHARACTER RECEIVED BY SERIAL PORT IS IN THE ACCUMULATOR,
;SO THE USER MAY EVALUATE IT HERE.
MOV % >08,A ;LOAD A “BACKSPACE” INTO ACCUMULATOR IN ORDER TO TELL
CALL @SAVE ;THE CODE-TO-SPEECH INPUT BUFFER TO IGNORE THE CHARACTER
;sWHICH ARRIVED VIA THE SERIAL PORT.
NOP : ;JF 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,IOCNT1), SET BUSY$ LO
:(ANDP % >FE,PORTB),
;THEN FALL THRU TO REST OF USER CODE.
NOTE: To successfully incorporate a USER program with the code-to-speech algorithm requires a thorough understanding of the
concepts described in this application note, and an in-depth working knowledge of PIC7001 assembly language.
“ea 497

93



v6

+5
| D0-D7 5
100K0 AO-A7
SYSTEM L_.I
S 3.4
RESET
esors = RESET# _
J_ = T ©
Sl ey
= 741814
0.1yt -
I +5 =5 +5
e o
2 MC1489 25T 14 20 25 2
1 f ! N N 7
z acvn, " 2 {2 3la ¥ Apijeetis 184 g SBR S,
= SHaese g 29 2 4 5 4 17 23
INPUT D1 e G At at Vor =
100pF p2 |2 A S n |85 161 2 SE
pa |31 17 8] 4 asloi8 &l L
= =
& 13 1
SloNAL A Mmc1488 [ £ L1 a5 z Ves =
£ 34 217 A ok &
Mlq2 3 ol 5 3 | Ve Gl o 2 27 22ph
et BUSY* b7 a7 A a7 & osct e
[7ed 3 40 \ ,T—
g RS 137 Vss = =
36 38 il oA 2
; 4 E: MCh ALMCH - 2] = 28 L|
ALDH 0sc2
12 ez 169+° LRQ* out 312MHz  22pF i
- CTS256A—AL2 2 Sl pl 4
13 (2000H-2FFFH) 9
- 6 a2 |2 A v, B . H [ 24 1n
7 A3 |21 2 12 (3000H-3FFFH) 3000 oe M/
User Selected B Y
s;};ﬂonzc— O 8 A4 20 3 {03 e
Refer TABLE 1. = 9 Y, 115 (200H-OFFFH) 200H o5 f
o 10 Ats |19 5 Slay  7aLs138 ;
1 v, |24 (1000HAFFFH) J f
g 741514 il g o /
ENABLE0 |22 G2A Y4 |0 4000H4FFFH
1 O_A_s_____27 A8 SRl T Ys f=———0 5000H-5FFFH
o 5 INTa# o 4 G2B Yo b2 6000H-6FFFH
e LY Vss Y; f5———0 7000H-7FFFH
e A10 24 A0 e 13 =
TR oAl 2B a1 pwalle s AW
X2 X1
17 18
22pF 22pF
o
10.00MHz
Crystal JE
S 33K $
e
R
A
: = 33KQ

NOILLVIDITddV TVIIdAL

N

seLiele 211V9SES 11O
(L18-8) H31LNAWODOHDIN




S6

A0-A11

D0-D7

2

+5 14 “

RESET o[ Vo 0 _ LATCH-BUSY*
PR
74LS74
— Els Yy
| INT3 1licin VCLK 3 200H

+

-
=
o O—AN—)

<
=
<
o
@ J .
E 3 zo[_+<55 +5 24 é_l <L
I E LSB 3 Vec| 2 9[po Veo aol® +5 o o5 soliits
= oc* D o[os Vo pol2 s 3[ Ve ¢ ]2
A0
7
o L (3 o1l2 10054 At
19 b1 At — =4 pif®
6 11 8
o d D2 D2 a2
& s 6 7 o2l®
o o] Tose7 b 2 %
o
= ) D3 D3 A3 )
2 i 2los asl e pa}2
4 =
o = A3l gpatt2 o na ME 2 B T
- = 2
3 . S| saorezs) Da A4 £ D4
14 psl15 1 [
so N D5 A5 15 e 3 E 14 2 15
AS 5
17 16 16 2
v : = e £ 16 D6 2 17 D6 16
A8, —
oMss tal 1 5 i
Vg 8 17 1 18 19
2} D7 A7 e D7
10 RIW* i 23
8———RW* A8 e
7 = b As g
PARALLEL 3000H 18] .
PORT (optional) §/=—=—=ed CS, A9 2
A9
v, Awnje
5
o &5 00 At0l12
¥ 12[ 20
& o 18] ogr A1l 21
{ T = -
o S oh E o optionan
EX: 2K Byte "EXCEPTION-WORD”

AND/OR "USER"
EX: 4K Byte

(SNOILJO H3sn)
NOILVOI'TddV TVDIdAL

9sLi-ele IV9SCS1O

(Lig-8) H3LNdINODOHIIN



N-CHANNEL MOS (AUDIO)

276-1784
GENERAL DESCRIPTION
The SPO256 (Speech Processor) is a single chip N-Channel MOS LSI device
that is able, using its stored program to synthesize speech or complex sounds. PIN CONNECTION
The achievable output is equivalent to a flat frequency response ranging TOP VIEW
from 0 to 5KHz, a dynamic range of 42dB, and a signal to noise ratio of yoLa| = b
approximately 35 dB. 1 28
The SPO256 incorporates four basic functions: RESET— —7 0sc 1
A. A software programable digital filter that can be made to model a VOCAL g
TRACT. ROM DISABLEa—— —*EEHOM CLOCK
B. A 16K ROM which stores both data and instructions (THE PROGRAM). ey ] e T
C. A MICROCONTROLLER which controls the data flow from the ROM to 5 2
the digital filter, the assembly of the “word settings” necessary for linking Yea=-— 4 DIGITAL OUT
speech elements together, and the amplitude and pitch information to it 0
excite the digital filter. 6 2
D. A PULSE WIDTH MODULATOR that creates a digital output which is Voo— — TesT
converted to an analog signal when filtered by an external low pass filter. o \
\ ] ——SER IN
8 21
FEATURES TRa—— B
9 20
e Natural Speech e et
e Wide Operating Voltage ik i
e Simple Interface to Most Microcomputers or Microprocessors | i
e Supports L.P.C. Synthesis: Formant Synthesis: Allophone Mesnouasetl Eihy
Synthesis 1 ik
kST T3 A3
ABSOLUTE MAXIMUM RATINGS ns— e
S N A LR T (e L L e e s b e R S i R e 7N
(D7) e s A RS S PRl RIS S8 U S e o 7V
Al Pins With'Respect to Viss), ta ol st e ot ve s o s —0.3To8V
Supply Current (Ipp) (Vp1, Vop=7V)
(Resetand SBYfReset High) =t ol o s ety s 90 mA
Supply Current (Ip; (Vp1, Vpp=7V)
(Reset and SBY Reset High) .............coovuvnnn. 21 mA
Storage Temperature Range .. o s sl i vio gt =252 @iT0i252C
Operating Temperature Range ..........c..cveiiieeneenennan.n 02 EGia 705 E
STANDARD CONDITIONS
Clock-Crystal FroqUENCY, . ik i viose s et et e 3.120 MHz
TYPICAL APPLICATION hi e
MICROCOMPUTER INTERFACE 10,11,13 7. 23 19 AUDIO AMP
14—18
OSLIJEI;T i b AZE-UM g 33K 33K 10uF
.—‘/ DIgLTTAL EMNINW—-L—J”F
OuTPUT ALD o.ozz,LFI I).nzzur
SP0256 = £ f—osPKR
INPUT SBY 100uF
22pF
INPUT LRa
) 2 =L 312
MHz
0.1uF
+5V 27 22pF ]T:
T Ay AEsET o
100K
J¢ SBY RESET
Vss TEST
4
SPEECH PROCESSOR
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ALLOPHONE USAGE WITH A MICROPROCESSOR

The SPO256 requires the use of a processor to concatenate the speech
sounds to form words.

The SP0O256 is controlled using the address pins (A1-A8), ALD (Address
Load), and SE (Strobe Enable). The object for controlling the chip is to load an
address into it which contains the desired allophone. The speech data for the
allophone set is contained within the internal 16 K ROM of the SPO256.

This particular application (Allophone Set) requires only six address pins
(A1-A6) to address all the 59 allophones plus five pauses, a total of 64 locations.
For simplicity, since only six address pins are needed to address the 64 loca-
tions, pins A7 and A8 can be tied low (to ground) and now any further refer-
ences to the address bus will include A1-A6 and A7=A8=0.

There are two modes available for loading an address into the chip. SE
(Strobe Enable) controls the mode that will be used.

Mode 0. (SE=0) will latch in an address when any one or more of the
address pins makes a low to high transition. For example, to load the address
one (1), A2 to A6=0 and A1 is pulsed high. To load the address twelve (12
octal), A1=A3=A5=A6=0, A2 and A4 are pulsed high simultaneously. (Note
that an address of zero cannot be loaded using this mode).

Mode 1 (SE=1) will latch in an address using the ALD pin. First, setup the
desired address on the address bus (A1=A6) and then pulse ALD low. Any
address can be loaded using this mode, but certain setup and hold times are
required.

Two microprocessor interface pins are available for quick loading of
addresses. They are LRQ and SBY. LRQ (Load Request) tells the processor
when the input buffer is full. SBY (Stand By) tells the processor that the chip
has stopped talking and no new address has been loaded. Either interface pin
can be used when concatenating allophones. LRQ is an active low signal,
when LRQ goes low it is time to load a new address to the chip. If LRQ is high,
then simply wait for it to go low before loading the address. SBY will stay high
until an address is loaded, then it will go low and stay low until all the internal
instructions (Speech Code) from that one address are completed. Once this sig-
nal goes high, it is time to load a new address. Since speech does not require
very fast address loading, it would be acceptable to use SBY to interface to the
Pprocessor.

To end a word using allophones it is necessary to load a pause to complete
the word. For example, the word “TWO” can be implemented using the fol-
lowing allophones, TT2-VW2-PA1. PA1 is actually not an allophone but a
pause which is needed to end the word.

8 BITS

—— DIGITAL
out

BLOCK DIAGRAM a
| —— ROM DISABLE URCE

Coe—— | EXTERNAL ROM e INTERPOLATION

s ‘ —— (5 REGISTERS)

SER 1
out ™ T [
SERIAL COEFFICIENT TRANSFER
12 HOLDING
ALU REGISTERS

(COEFFICIENTS)

f e

n VOCAL TRACT
] DATA MODEL (12 POLE
DIGITAL FILTER)

T l 78IS
2K x8 BIT PULSE WIDTH
ROM MODULATOR
n
— ReaisTER oSG
START ADDRESS HANDSHAKE
LATCH

ALD SE LRQ SBY
L ——— =
S|

8 BIT
ADDRESS R

T | TILL |

SP0256 276-1784
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ALLOPHONE BASED SPEECH PROCESSOR—SP0256-AL2

PIN FUNCTIONS

PIN NUMBER NAME FUNCTION

1 Vss Ground

2 RESET A logic 0 resets that portion of the SP powered by Vpp. Must be returned to a logic 1
for normal operation.

3 ROM DISABLE For use with an external serial speech ROM, a logic 1 disables the external ROM.

4,5,6 @E1HE21EC3 Output control lines for use with an external serial speech ROM.
7 Vbp Power supply for all portions of the SP except the microprocessor interface logic.
SBY STANDBY. A logic 1 output indicates that the SP is inactive and Vpp can be pow-

ered down externally to conserve power. When the SP is reactivated by an address
being loaded, SBY will go to a logic 0.

9 LRQ LOAD REQUEST. LRQ is a logic 1 output whenever the input buffer is full. When
LRQ goes to a logic 0, the input port may be loaded by placing the 8 address bits on
A1-A8 and pulsing the ALD output.

10, 11, 13,14, | A8, A7, A6, A5, 8 bit address which defines any one of 256 speech entry points.
15,616,197, 18, A4, A3, A2, A1 ;

12 SER OUT SERIAL ADDRESS OUT. This output transfers a 16-bit address serially to an exter-
nal speech ROM.

19 SE STROBE ENABLE. Normally held in a logic 1 state. When tied to ground, ALD is
disabled and the SP will automatically latch in the address on the input bus approxi-

| mately 1us after detecting a logic 1 on any address line.

20 LD ADDRESS LOAD. A negative pulse on this input loads the 8 address bits into the
input port. The negative edge of this pulse causes LRQ to go high.

21 SER IN SERIAL IN. This is an 8-bit serial data input from an external speech ROM.

22 TEST This pin should be grounded for normal operation. ]

23 VD1 Power supply for the microprocessor interface logic and controller.

24 DIGITAL OUT Pulse width modulated digital speech output which, when filtered by a 5KHz low
pass filter and amplified, will drive a loudspeaker.

25 SBY RESET STANDBY RESET. A logic 0 resets the microprocessor interface logic and the
address latches. Must be returned to a logic 1 for normal operation.

26 ROM CLOCK This is a 1.56 MHz clock output used to drive an external serial speech ROM.

27 0sC1 XTAL IN. Input connection for a 3.12MHz crystal.

28 0SsC2 XTAL OUT. Output connection for a 3.12MHz crystal

ALLOPHONE SPEECH SYNTHESIS

INTRODUCTION

The allophone speech synthesis technique provides the user with the ability
to synthesize an unlimited vocabulary at a very low bit rate. Fifty-nine discrete
speech sounds (called allophones) and five pauses are stored at different
addresses in the SPO256 internal ROM. Each speech sound was excised from
a word and analyzed using linear predictive coding (LPC). Any English word
or phrase can be created by addressing the appropriate combination of allo-
phones and pauses. Since there is a total of 64 address locations each requires
a 6 bit address. Assuming that speech contains 10 to 12 sounds per second,
allophone synthesis requires addressing less than 100 bits per second.

LINGUISTICS

A few basic linguistic concepts will help you start your own library of “allo-
phone words”. (See Table 1 for Allophone Dictionary). First, there is no one-
to-one correspondence between written letters and speech sounds; secondly,
speech sounds are acoustically different depending upon their position within
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LINGUISTICS (Continued)

a word; and lastly, the human ear may perceive the same acoustic signal differ-
ently in the context of different sounds.

The first point compares to the problem that a child encounters when learn-
ing to read. Each sound in a language may be represented by more than one
letter and, conversely each letter may represent more than one sound. (See the
examples in Table 2.) Because of these spelling irregularities, it is necessary to
think in terms of sounds, not letters, when using allophones.

The second, and equally important, point to understand, is that the acoustic
signal of a speech sound may differ depending upon its position within a
word. For example, the initial K sound in coop will be acoustically different
from the K’s in keep and speak. The K’s in coop and keep differ due to the influ-
ence of the vowels which follow them, and the final K in speak is usually not as
loud as initial K’s.

Finally, a listener may identify the same acoustic signal differently depend-
ing on the context in which it is perceived. Don’t be surprised, therefore, if an
allophone word sounds slightly different when used in various phrases.

PHONEMES OF ENGLISH

The sounds of a language are called phonemes, and each language has a set
which is slightly different from that of other languages. Table 3 contains a
chart of all the consonant phonemes of English, table 4 all the vowel pho-
nemes.

Consonants are produced by creating an occlusion or constriction in the
vocal tract which produces an aperiodic sound source. If the vocal cords are
vibrating at the same time, as in the case of the voiced fricatives VV, DH, ZZ,
and ZH, (See Table 5) there are two sound sources: one which is aperiodic and
one which is periodic.

Vowels are usually produced with a relatively open vocal tract and a peri-
odic sound source provided by the vibrating vocal cords. They are classified
according to whether the front or back of the tongue is high or low (See Table
4) whether they are long or short, and whether the lips are rounded or
unrounded. In English all rounded vowels are produced in or near the back of
the mouth (UW, UH, OW, AO, OR, AW).

Speech sounds which have features in common behave in similar ways. For
example, the voiceless stop consonants PP, TT and KK (See Table 3) should be
preceded by 50-80 msec of silence, and the voiced stop consonants BB, DD,
and GG by 10-30 msec of silence.

ALLOPHONES

Phoneme is the name given to a group of similar sounds in a language.
Recall that a phoneme is acoustically different depending upon its position
within a word. Each of these positional variants is an allophone of the same
phoneme. An allophone, therefore, is the manifestation of a phoneme in the
speech signal. It is for this reason that our inventory of English speech sounds
is called an allophone set.

‘HOW TO USE THE ALLOPHONE SET

(See Table 1 for instructions on how to create all the sample words men-
tioned in this section.) The allophone set (Refer to Table 5) contains two or
three versions of some phonemes. It may be necessary to use one allophone of
a particular phoneme for word-or-syllable-final position. A detailed set of
guidelines for using the allophones is given in Table 5. Note that these are sug-
gestions, not rules.

For example, DD2 sounds good in initial position and DD1 sounds good in
final position, as a “daughter” and “collide.” One of the differences between
the initial and final versions of a consonant is that an initial version may be
longer than the final version. Therefore, to create an initial SS, you can use
two SSs instead of the usual single SS at the end of a word or syllable, as in
““sister.” Note that this can be done with TH and FF, and the inherently short
vowels (to be discussed below), but with no other consonants. You will want to
experiment with some consonant clusters (strings of consonants such as str, cl)
to discover which version works best in the cluster. For example, KK1 sounds
good before LL as in ‘“clown,” and KK2 sounds good before WW as in
“square.” One allophone of a particular phoneme may sound better before or

SP0256 276-1784
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HOW TO USE THE ALLOPHONE SET (Continued)

after back vowels and another before or after front vowels. KK3 sounds good
before UH and KK1 sounds good before 1Y, as in “cookie.” Some sounds (PP,
BB, TT, DD, KK, GG, CH, and JH) require a brief duration of silence before
them. For most of these, the silence has already been added but you may
decide you want to add more. Therefore, there are several pauses included in
the allophone set varying from 10-200 msec. To create the final sounds in the
words “letter” and “little” use the allophone ER and EL.

Remember that you must always think about how a word sounds, not how it
is spelled. For example, the NG sound is represented by the letter N in
“uncle”. And remember that some sounds may not even be represented in
words by any letters, as the YY in “computer”.

As mentioned earlier there are some vowels which can be doubled to make
longer versions for stressed syllables. These are the inherently short vowels
IH, EH, EA, EX, AA, and UH. For example, in the word “extent”” use one EH
in the first syllable, which is unstressed and two EHs in the second syllable
which is stressed. Of the inherently long vowels there is one, UW, which has a
long and short version. The short one, UW1, sounds good after YY in com-
puter. The long version, UW2, sounds good in monosyllabic words like “two.”
Included in the vowel set is a group called R-colored vowels. These are vowel
+ R combinations. For example, the AR in ‘“‘alarm” and the OR in “score.” Of
the R-colored vowels there is one, ER, which has a long and short version. The
short version is good for polysyllabic words with final ER sounds like “letter,”
and the long version is good for monosyllabic words like “fir.” One final sug-
gestion is that you may want to add a pause of 30-50 msec. between words,
when creating sentences, and a pause of 100-200 msec. between clauses.

Note: Every utterance must be followed by a pause in order to make the chip stop speaking the last allo-
phone.

TABLE 1: THE ALLOPHONE DICTIONARY
NUMBERS

Zero ZZ. YR OW thousand
one, won WW SX ZX NN1 \
two, to, too TT2 UW2 million
three TH RR11Y
four, for, fore FF FF OR
five FF FF AY VV Sunday
six SS SS IH IH PA3 KK2 SS Monday
seven SS SS EH EH VV IH NN1 Tuesday
eight, ate EY PA3 TT2 Wednesday
nine NN1 AA AY NN1 Thursday
ten TT2 EH EH NN1 Friday
eleven [H LL EH EH VV IH NN1 Saturday
twelve TT2 WH EH EH LL VV MONTHS:
thirteen TH ER1 PA2 PA3 TT2 IY NN1 ishay
fourteen FF OR PA2 PA3 TT2 IY NN1 February
fifteen FF IH FF PA2 PA3 TT2 IY NN1 i
sixteen SS SS TH PA3 KK2 SS PA2 PA3 TT2 -

IY NN1 iy
seventeen SS SS EH VV TH NN1 PA2 PA3 TT2 }\lﬁz

IY NN1
eighteen EY PA2 PA3 TT2 IY NN1 k‘lly L
nineteen NN1 AY NN1 PA2 PA3 TT2 IY NN1 s epgt el
twenty TT2 WH EH EH NN1 PA2 PA3 TT2

Iy Octob
thirty TH ER2 PA2 PA3 TT2 IY et
forty FF OR PA3 TT2 IY Ruai
fifty FF FF IH FF FF PA2 PA3 TT2 IY Qyemuer
sixty SS SS IH PA3 KK2 SS PA2 PA3 TT2

Iy December
seventy SS SS EH VV IH NN1 PA2 PA3 TT2

IY
eighty EY PA3 TT2 IY
ninety NN1 AY NN1 PA3 TT2 IY
hundred HH2 AX AX NN1 PA2 DD2 RR2 IH

IH PA1 DD1

DAY OF THE WEEK:

TH AA AW ZZ TH PA1 PA1 NN1
DD1
MM IHIHLL YY1 AX NN1

SS SS AX AX NN1 PA2 DD2 EY
MM AX AX NN1 PA2 DD2 EY
TT2 UW2 ZZ PA2 DD2 EY

WW EH EH NN1 ZZ PA2 DD2 EY
TH ER2 ZZ PA2 DD2 EY

FF RR2 AY PA2 DD2 EY

SS SS AE PA3 TT2 PA2 DD2 EY

JH AE AE NN1YY2 XR IY

FF EH EH PA2 BR RR2 UW2 XR IY
MM AR PA3 CH

EY PA3 PP RR2 IH [H LL

MM EY

JH UW2 NN1

JH UW1LL AY

AO AO PA2 GG2 AX SS PA3 TT1

SS SS EH PA3 PP PA3 TT2 EH EH
PA1 BB2 ER1

AA PA2 KK2 PA3 TT2 OW PA1 BB2
ER1

NN2 OW VV EH EH MM PA1 BB2
ER1

DD2 IY SS SS EH EH MM PA1 BB2
ER1
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ALLOPHONE DICTIONARY (Continued)

LETTERS:

N"<N§<C'—]U)WO'UOZZL"7<""":CO'TJMUOUJ>

DICTIONARY

alarm
bathe
bather
bathing
beer
bread
by

calendar

clock
clown
check
checked
checker
checkers
checking
checks
cognitive

collide
computer
cookie
coop
correct
corrected

correcting
corrects

crown
date
daughter
day
divided

EY

BB2 IY

SS SSIY

DD2 IY

8%

EH EH FF FF
JHIY

EY PA2 PA3 CH
AA AY

JH EH EY

KK1 EH EY

EH EH EL

EH EH EM

EH EH NN1
ow

PP IY

KK1YY1 UW2
AR

EH EH SS SS
TT2 IY

YY1 UW2

VV IY

DD2 AX PA2 BB2 YY1 UW2
EH EH PA3 KK2 SS SS
WW AY

ZZ1Y

AX LL AR MM

BB2 EH DH2

BB2 EY DH2 ER1

BB2 EY DH2 IH NG

BB2 YR

BB1 RR2 EH EH PA1 DD1

BB2 AA AY

KK1 AE AE LL EH NN1 PA2 DD2
ER1

KK1 LL AA AA PA3 KK2

KK1 LL AW NN1

CH EH EH PA3 KK2

CH EH EH PA3 KK2 PA2 TT2

CH EH EH PA3 KK1 ER1

CH EH EH PA3 KK1 ER1 ZZ

CH EH EH PA3 KK1 IH NG

CH EH EH PA3 KK1 SS

KK3 AA AA GG3 NN1 IH PA3 TT2
IH VV .

KK3 AX LL AY DD1

KK1 AX MM PP1 YY1 UW1 TT2 ER
KK3 UH KK1 I'Y

KK3 UW2 PA3 PP

KK1 ER2 EH EH PA2 KK2 PA2 TT1
KK1 ER2 EH EH PA2 KK2 PA2 TT2
IH PA2 DD1

KK1 ER2 EH EH PA2 KK2 PA2 TT2
IH NG

KK1 ER2 EH EH PA2 KK2 PA2 TT1
SS

KK1 RR2 AW NN1

DD2 EY PA3 TT2

DD2 AO TT2 ER1

DD2 EH EY

DD2 IH VV AY PA2 DD2 IH PA2
DD1

emotional
engage
engagement

engages
engaging

enrage
enraged
enrages
enraging
escape
escaped

escapes
escaping

equal
equals
error
extent
fir
freeze
freezer
freezers
freezing
frozen
gauge
gauged
gauges
gauging
hello
hour
infinitive

intrigue
intrigued

intrigues
intriguing
investigate

investigated

investigater

investigaters

investigates
investigating

key
legislate

legislated

legislates

SP0256 2761784

IY MM OW SH AX NN1 AX EL

EH EH PA1 NN1 GG1 EY PA2 JH

EH EH PA1 NN1 GG1 EY PA2 JH
MM EH EH NN1 PA2 PA3 TT2

EH EH PA1 NN1 GG1 EY PA2 JH IH
77

EH EH PA1 NN1 GG1 EY PA2 JH IH
NG

EH NN1 RR1 EY PA2 JH

EH NN1 RR1 EY PA2 JH PA2 DD1
EH NN1 RR1 EY PA2 JH [H ZZ

EH NN1 RR1 EY PA2 JH IH NG

EH SS SS PA3 KK1 PA2 PA3 PP

EH SS SS PA3 KK1 PA2 PA3 PP PA2
TT2

EH SS SS PA3 KK1 PA2 PA3 PP SS
EH SS SS PA3 KK1 PA2 PA3 PP IH
NG

IY PA2 PA3 KK3 WH AX EL

IH PA2 PA3 KK3 WH AX EL ZZ

EH XR OR

EH KK1 SS TT2 EH EH NN1 TT2

FF ER2

FF FF RR1 1Y ZZ

FF FF RR11Y ZZ ER1

FF FF RR1 IY ZZ ER1 ZZ

FF FF RR1 1Y ZZ IH NG

FF FF RR1 OW ZZ EH NN1

GG1 EY PA2 JH

GG1EY PA2 JH PA2 DD1

GG1 EY PA2 JH IH ZZ

GG1 EY PA2 JH IH NG

HH EH LL AX OW

AW ER1

IH NN1 FF FF IH IH NN1 IH PA2
PA3 TT2 IH VV

IH NN1 PA3 TT2 RR2 IY PA1 GG3
IH NN1 PA3 TT2 RR2 IY PA1 GG3
PA2 DD1

IH NN1 PA3 TT2 RR2 IY PA1 GG3
77

IH NN1 PA3 TT2 RR2 IY PA1 GG3
IH NG

IH IH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT2

IH IH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT2 IH
PA2 DD1

IH IH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT2 ER1
IH IH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT2 ER1
77

IH IH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT1 SS

EH EH NN1 VV EH EH SS PA2 PA3
TT2 IH PA1 GG1 EY PA2 TT2 IH NG
KK1 IY

LL EH EH PA2 JH JH SS SS LL EY
PA2 PA3 TT2

LL EH EH PA2 JH JH SS SS LL EY
PA2 PA3 TT2 IH DD1

LL EH EH PA2 JH JH SS SS LL EY
PA2 PA3 TT1 SS
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legislating
legislature

letter
litter
little
memory
memories
minute
month
nip
nipped
nipping
nips

no
physical
pin
pinned
pinning
pins
pledge
pledged
pledges
pledging
plus

ray

rays
ready
red
robot
robots
score
second
sensitive

sensitivity

sincere
sincerely
sincerity

sister
speak
spell
spelled
speller
spellers
spelling
spells
start
started

starter
starting
starts
stop
stopped

stopper
stopping

stops
subject (noun)

subject (verb)

SP0256 276-17s4

ALLOPHONE DICTIONARY
DICTIONARY (Continued)

Ll EH EH PA2 JH [H SS'SS LI EY:
PA2 PA3 TT 2 IH NG

LL EH EH PA2 JH JH SS SS LL EY
PA2 PA3 CH ER1

LL EH EH PA3 TT2 ER1

LLIH IH PA3 TT2 ER1

LL IH IH PA3 TT2 EL

MM EH EH MM ER2 IY

MM EH EH MM ER2 1Y ZZ

MM 1H NN1 IH PA3 TT2

MM AX NN1 TH

NN1 IH IH PA2 PA3 PP

NN2 IH IH PA2 PA3 PP PA3 TT2
NN1 IH IH PA2 PA3 PP IH NG

NN1 IH IH PA2 PA3 PP SS

NN2 AX OW

FF FF IH ZZ IH PA3 KK1 AX EL

PP IH IH NN1

PP [H IH NN1 PA2 DD1

PP IH IH NN1 IH NG1

PP IH IH NN1 ZZ

PP LL EH FH PA3 JH :

PP LL EH EH PA3 JH PA2 DD1

PP LL EH EH PA3 JH IH ZZ

PP LL EH EH PA3 JH IH NG

PP LL AX AX SS SS

RR1EH EY

RR1 EH EY ZZ

RR1 EH EH PA1 DD2 IY

RR1 EH FH PA1 DD1

RR1 OW PA2 BB2 AA PA3 TT2

RR1 OW PA2 BB2 AA PA3 TT1 SS
SS SS PA3 KK3 OR

SS SS EH PA3 KK1 IH NN1 PA2 DD1
SS SS EH EH NN1 SS SS IH PA2
PA3 TT2 IH VV

SS SS EH EH NN1 SS SS IH PA2

PA3TTE21IH \VV IH PA2 PA3 TT2 1Y

SS SS IH IH NN1 SS SS YR

SS SS IH IH NN1 SS SS YR LL IY

SS SS IH IH NN1 SS SS EH EH RR1
IHIPAYPASSTT2 TY

SS SS IH IH SS PA3 TT2 ER1

SS SS PA3 IY PA3 KK2

SS SS PA3 PP EH EH EL

SS SS PA3 PP EH EH EL PA3 DD1
SS SS PA3 PP EH EH EL ER2

SS SS PA3 PP EH EH EL ER2 ZZ

SS SS PA3 PP EH EH EL IH NG

SS SS PA3 PP EH EH EL ZZ

SS SS PA3 TT2 AR PA3 TT2

SS SS PA3 TT2 AR PA3 TT2 IH PA1
DD2

SS SS PA3 TT2 AR PA3 TT2 ER1

SS SS PP3 TT2 AR PA3 TT2 IH NG
SS SS PP3 TT2 AR PA3 TT1 SS

SS SS PA3 TT1 AA AA PA3 PP

SS SS PA3 TT1 AA AA PA3 PP PA3
TE2

SS SS PA3 TT1 AA AA PA3 PP ER1
SS SS PA3 TT1 AA AA PA3 PP IH
NG

SS SS PA3 TT1 AA AA PA3 PP SS

SS SS AX AX PA2 BB1 PA2 JH EH
PA3 KK2 PA3 TT2

SS SS AX PA2 BB1 PA2 JH EH EH -

PA3 KK2 PA3 TT2

sweat
sweated

sweater
sweaters
sweating
sweats
switch
switched
switches
switching
system
systems

talk
talked
talker
talkers
talking
talks
thread
threaded

threader
threaders
threading
threads
then

time
times
uncle
whale
whaler
whalers
whales
whaling
year

yes

SS SS WW EH EH PA3 TT2

SS SS WW EH EH PA3 TT2 IH PA3
DD1

SS SS WW EH EH PA3 TT2 ER1

SS SS WW EH EH PA3 TT2 ER1 ZZ
SS SS WW EH EH PA3 TT2 IH NG
SS SS WW EH EH PA3 TT2 SS

SS SS WH IH IH PA3 CH

SS SS WH IH IH PA3 CH PA3 TT2
SS SS WH IH IH PA3 CH IH ZZ2

SS SS WH IH IH PA3 CH IH NG2
SS SS IH IH SS SS PA3 TT2 EH MM
SS SS IH IH SS SS PA3 TT2 EH MM
VA

TT2 AO AO PA2 KK2

TT2 AO AO PA3 KK2 PA3 TT2

TT2 AO AO PA3 KK1 ER1

TT2 AO AO PA3 KK1 ER1 ZZ

TT2 AO AO PA3 KK1 IH NG

TT2 AO AO PA2 KK2 SS

TH RR1 EH EH PA2 DD1

TH RR1 EH EH PA2 DD2 IH PA2
DD1

TH RR1 EH EH PA2 DD2 ER1

TH RR1 EH EH PA2 DD2 ER1 ZZ
TH RR1 EH EH PA2 DD2 [H NG
TH RR1 EH EH PA2 DD2 ZZ

DH1 EH EH NN1

TT2 AA AY MM

TT2 AA AY MM ZZ

AX NG PA3 KK3 EL

WW EY EL

WW EY LL ER1

WW EY LL ER1 ZZ

WW EY EL ZZ

WW EY LL TH NG

eV 2 3R

YYS'EH EH SS SS
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TABLE 2—EXAMPLES OF SPELLING IRREGULARITIES

Same sound Different sounds
represented by represented by the
different letters same letters
Vowels mEAt vEIn
fEEt forElgn
pEte dEIsm
pEOple dEIcer
pennY gEIsha
Consonants SHip althouGH
tenSlon GHastly
preClous couGH
naTlon hiccouGH

TABLE 3—CONSONANT PHONEMES OF ENGLISH

SP0256 276-1784

LABIO- INTER- ALVEO-
: LABIAL DENTAL | DENTAL LAR PALATAL VELAR GLOTTAL
Stops: Voiceless PP HER KK
Voiced BB DD GG
Fricatives: Voiceless WH FF TH S5 SH HH
Voiced VA% DH vaTh ZE:
Affricates: Voiceless GE
Voiced JH
Nasals Voiced MM NN NG*
Resonants Voiced WwW RR,LL YoYe

These do not occur in word-initial position in English.

Labial:
Labio-Dental:
Inter-Dental:
Alveolar:

behind upper teeth)

Palatal:
Velar:

mouth)
Glottal:

Upper and Lower Lips Touch or Approximate
Upper Teeth and Lower Lip Touch
Tongue Between Teeth

Tip of Tongue Touches or Approximates Alveolar Ridge (just

Body of Tongue Approximates Palate (roof of mouth)
Body of Tongue Touches Velum (posterior portion of roof of

Glottis (opening between vocal cords)

TABLE 4—VOWEL PHONEMES OF ENGLISH

FRONT CENTRAL BACK
High YR
1Y UW#
IH* UH*#
Mid EY ER OW#
EH* AX* oY#
XR
Low AE* AW# AO*#
AY OR#
AR
AA*
*SHORT VOWELS
#ROUNDED VOWELS
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Silence

PA1 ( 10 ms) —before BB, DD, GG and JH

PA2 ( 30ms) —before BB, DD, GG, and JH

PA3 (50 ms) —before PP, TT, KK, and CH, and be-
tween words

PA4 (100 ms) —between clauses and sentences

PA5 (200ms) —between clauses and sentences

Short Vowels

*/TH/ —sitting, stranded

*/EH/ —extent, gentlemen

*|AE/ —extract, acting

*[UH/ —cookie, fgll

*|AO/ —t_a:ﬂ_cing, song

*|AX/ —lapel, instruct

*|AA/ —pottery, cotton

Long Vowels

Y/ —treat, people, penny

IEY/ —great, statment, tray

IAY] —Kite, sky, mighty

10Y/ —noise, toy, voice

/UW1/ —after clusters with YY; computer

[UW2/ —in monosyllabic words: two, food

IOW/ —zone, close, snow

AW/ —sound, mouse, down [

/EL/ —little, angle, gentlemen

R-Colored Vowels

/ER1/ —letter, furniture, interrupt

IER2/ —monosyllables: bird, fern, burn

/OR/ —fortune, adorn, store

/AR/ —farm, alarm, garment

IYR/ —hear, earring, irresponsible

IXR/ —hair, declare, stare

Resonants

IWW/ —we, warrant, linguist

/RR1/ —initial position: read, write, x-ray

IRR2/ —initial clusters: brown, crane, grease

/LL/ —like, hello, steel

YY1/ —clusters: cute, beauty, yarn, yo-yo

X2/ —initial position: yes, yarn, yo-yo

Voiced Fricatives

INAY —vest, prove, even

/DH1/ —word-initial position: this, then, they

/DH2/ —word-final and between vowels: bathe,
bathing

1ZZ/ —z00, phase

IZH/ —beige, pleasure

Voiceless Fricatives

*/FF/ —) These may be doubled for initial posi-
tion and used singly in final position

*/TH/ e

*/SS/ -)

ISH/ —shirt, leash, nation

[HH1/ —before front vowels, RY, 1Y, IH EY, EH,
XR, AE

{HH2/ —before back vowels: UW, UH, OW, QY,
AQ, OR, AR

IWH/

—white, whim, twenty

TABLE 5—GUIDELINES FOR USING THE ALLOPHONES

Voiced Stops
/IBB1/

/BB2/
/DD1/
/DD2/
IGG1/

IGG2/

IGG3/

Voiceless Stops

/PP/

ITT1/
ITT2/
/KK1/

IKK2/
IKK3/

Affricates

/CH/
[JH/
Nasal

IMM/
INN/

INN2/

ING/

—final position:
fibber;

—in clusters: bleed, brown

—initial position before a vowel: beast
—final position: played, end

—initial position: down; clusters: drain
—before high front vowels: YR, 1Y, IH,
EY, EH, XR

—before high back vowels: UW, UH, OW,
0Y, AX; and

—clusters; green, glue

—before low vowels: AE, AW, AY, AR,
AA, AO, OR, ER; and

—medial clusters: anger; and final posi-
tion: peg

rib; between vowels:

—pleasure, ample, trip

—final clusters before SS: tests, its

—all other positions: test, street

—before front vowels: YR, 1Y, IH, EY, EH,
XR, AY, AE, ER, AX;

—initial clusters: cute, clown, scream
—final position: speak; final clusters: task
—before back vowels: UW, UH, OW, OY,
OR, AR, AQ;

—initial clusters: crane, quick, clown,
scream

—church, feature
—judge, injure

—milk, alarm, ample

—before front and central vowels: YR, 1Y,
TH, EY, EH} XR{AE, ERVAX, AW, AY;
UW; final clusters: earn

—before back vowels: UH, OW, OY, CR,
AR, AA

—string, anger

*These allophones can be doubled.
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TABLE 6—ALLOPHONE ADDRESS TABLE
OCTAL ADDRESS DECIMAL ADDRESS ALLOPHONE SAMPLE WORD DURATION
000 000 000000 PA1 : PAUSE 10MS
001 001 0000 | PA2 PAUSE 30MS
002 002 90910 PA3 PAUSE 50MS
003 003 obol 1 PA4 PAUSE 100MS
004 004 . o' 80 PA5 PAUSE 200MS
005 005 e el 0T oY) Boy 420MS
006 006 0110 JAY/ Sky 260MS
007 007 Son il /EH End 70Ms
010 008 L1000 [KK3/ Comb 120MS
011 009 olagq | [PPI Pow 210MS
012 010 S e sy Dodge 140MS
013 011 A NN Thin 140MS
014 012 g o] Sit 70MS
015 013 ST T to 140MS
016 014 i O [RR] Rural 170MS
017 015 A AT Succeed 70MS
020 016 \ 500 0 MM/ Milk 180MS
021 017 ,000 | ITTY Part 100MS
022 018 0ol O /[DH1/ They 290MS
023 019 j ool Ty See 250MS
024 020 jo1 00 IEY/ Beige 280MS
025 021 yp] o0 P DD Could 70MS
026 022 (n1 | 0 TUWY To 100MS
027 023 -1 Ao Aught 100MS
030 024 101 50 IAA/ Hot 100MS
031 025 3 001 IYY2 Yes 180MS
032 026 L 101 @ IAE/ Hat 120MS
033 027 )| | [HH1/ He 130MS
034 028 ' * | 00I/BB1 Business 80MS
035 029 3ot ITHI Thin 180MS
036 030 ol U Book 100MS
037 031 P L Towel Food 260MS
040 032 odp 00 |AW/ Out 370MS
041 033 e o0 0 IDD2I Do 160MS
042 034 'Y 90 1 0 IGG3/ Wig 140MS
043 035 L poll VI Vest 190MS
044 036 109 GGl Got 80MS
045 037 L 2 e ol ISE Ship 160MS
046 038 | P A Azure 190MS
047 039 ol t | IRR2/ Brain 120MS
050 040 . 2.0 00 [FF/ Food 150MS
051 041 ‘[ ) 0 | [KK2/ Sky 190MS
052 042 ' o 10 [KK1/ Can’t 160MS
053 043 bo S 11 122 Zoo 210MS
054 : 044 -, 1 DO ING/ Anchor 220MS
055 045 B N ) ) Lake 110MS
056 046 1 40 IWWI Wool 180MS
057 047 i) VL IXR/ Repair 360MS
060 048 | 400 O OIWHI Whig 200MS
061 049 o 01y yes 130MS
062 050 Vg 1o JCH! Church 190MS
063 051 b oa t | IERY/ Fir 160MS
064 052 y | ol 0 O/ER2/ Fir 300MS
065 053 (i o1 00IOW/ Beau 240MS
066 - 054 0 ; O /DH2/ They 240MS
067 055 I ) LIss/ Vest 90MS
070 056 (o 0/NN2/ No 190MS
071 057 o o ! /HH2/ Hoe 180MS
072 058 14 | 0/OR/ Store 330MS
073 059 i J 1 1IAR/ Alarm 290MS
074 060 “; o OIYR/ Clear 350MS
075 061 : o LIGG2/ Guest 40MS
076 062 “ | 1 GIEL/ Saddle 190MS
077 063 i ; | IBB2/ Business 50MS
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FYEYTITTN PROGRAMMABLE SOUND GENERATOR

276-1787

GENERAL DESCRIPTION
The AY-3-8910A Programable Sound Generator (PSG) is an LSI circuit which
can produce a wide variety of complex sounds under software control. The - PIN CONNECTION
AY-3-8910A is manufactured in the Microelectronics N-Channel Ion Implant TOP VIEW
Process. Operation requires a single + 5V power supply, a TTL compatible T
clock, and a microprocessor controller. Vss (GND) —— o 1 40 Vee( +5V)
The PSG is easily interfaced to any bus-oriented system. Its flexibility makes Wi s % o
it useful in applications such as music synthesis, sound effects generation,
audible alarms, tone signaling, and home computer usage. In order to generate Analog Channel B 3 38 [—— Analog Channel C
sound effects while allowing the processor to perform other tasks, the PSG can RN 2 o l
continue to produce sound after the initial commands have been given by the
control processor. The fact that realistic sound production often involves more No Connect ——{ 5 36 DA1
than one component is satisfied by the three independently controllable analog
sound-output channels available in the PSG. These analog sound-output chan- fope o =t A2
nels can each provide 4 bits of logarithmic digital-to-analog conversion, greatly o : o il
enhancing the dynamic range of the sounds produced.
All circuit control signals are digital in nature and may be provided directly 1085 8 33 DA4
by a miroprocessor/microcomputer. Therefore, one PSG can produce the full
range of required sounds with no change in external circuitry. Since the fre- et 92 bAS
quency response of the PSG ranges from sub-audible at its lowest frequency to R 11 P B
post-audible at its highest frequency, there are few sounds which are beyond
reproduction. 1082 1 30 [—— DA?
10B1 — 12 29 BC1
FEATURES
e Full software control of sound generation bt 28 Be2
e Interfaces to most 8-bit and 16-bit microprocessors s st B I
@ Three independently programmable analog outputs
e One or two 8-bit I/O ports 1046 —— 15 26 No Connect
e Full 0° to 70°C operation
10A5 16 25 b—— A8
ABSOLUTE MAXIMUM RATING 1oas — 17 el
Ve and all other Input/Output o i i e
Voltages with ReSpeGtto Vissiiic i s » +aaiimlininislss s sbsisioisnio —0.3Vto + 8.0V
StorageiFemperature - it ol vt ue nae s dIBIIc ol T —55°C to + 150°C 10A2 —{19 . 2 e ook
@peratingEemperature’. o', . el amalin sl o I 0°C to +70°C
10A1 — 20 21 10A0
PIN FUNCTIONS

DA7-DAO (Input/Output/High Impedance)
Data/Address Bits 7-0: Pins 30-37

These 8 lines comprise the 8-bit bidirectional bus used by the microproces-
sor to send both data and addresses to the PSG, and to receive data from the
PSG. In the address mode, DA3-DAO select the internal register address
(0-17g) and DA7-DA4 in conjunction with address inputs A9 and A8, form the
chip select function. When the high order address bits are “incorrect,” the
bidirectional buffers are forced to a high impedance state.

Address 9, Address 8
A8 (input): Pin 25
A9 (input): Pin 24

High order address bits A9 and A8 are fixed to recognize a “01” code. They
may be left unconnected, as each is provided with either an on-chip pull-down
(A9) or pull-up (A8) resistor. In noisy environments, however, it is recom-
mended the A9 and A8 be tied to external ground and + 5V respectively, if
they are not to be used.
RESET (Input): Pin 23

For initialization/power-on purposes, applying a low level input to the
RESET pin will reset all registers to 0g. The RESET pin is provided with an
on-chip pull-up register.

CLOCK (Input): Pin 22

This TTL compatible input supplies the timing reference for the Tone,
Noise, and Envelope Generators.

BDIR, BC2, BC1 (Inputs): Pins 27, 28, 29
BUS Direction, BUS Control 2, Bus Control 1

These bus control signals are generated directly by a microprocessor to
control all bus operations internal and external to the PSG.
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PSG

BDIR BC2 BCi FUNCTION PSG
0 1 0 INACTIVE. BDIR
0 1 1 READFROM PSG.
1 1 0 WRITE TO PSG.
1 1 1 LATCH ADDRESS. FROM +5— BC2

PROCESSOR
>—— BC1

Analog Channel A, B, C (Outputs): Pins 4, 3, 38
Each of these signals is the output of its corresponding digital to analog con-

verter, and provides 1V peak-peak (max) signal representing the complex
sound waveshape generated by the PSG.

Pins 2,5, 26, 39

These pins are for test purposes only and should be left open. Do not ifse as
tie-points.
Vcct Pin 40
Nominal + 5 Volt power supply to the PSG.
vSs: Pin 1
Ground reference for the PSG.

ARCHITECTURE:

The AY-3-8910A is a register oriented Programable Sound Generator (PSG).
Communication between the processor and the PSG is based on the concept of
memory-mapped I/O. Control commands are issued to the PSG by writing to
16 memory-mapped registers. Each of the 16 registers within the PSG is also
readable so that the microprocessor can determine, if necessary, present states
or stored data values. All functions of the PSG are controlled through the 16
registers which, once programmed, generate and sustain the sounds, thus
freeing the system processor for other tasks.

REGISTER ARRAY:

The principal element of the PSG is the array of 16 read/write control regis-
ters. These 16 registers look to the CPU as a block of memory and, as such,
occupy a 16-word block out of 1,024 possible addresses. The 10 address bits (8
bits on the common data/address bus, and 2 separate address bits) are decoded
as follows:

A9 | A8 |DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO
0 1 0 0 0 0 0 0 0 0
THROUGH

BRI R 0 T O (R T

AY'3'891 OA 276-1787

L SLN iy
i 4 A
HIGH LOW
ORDER ORDER
(Chip Select) (Register No.)

The four low order address bits select one of the 16 registers (R0-R17g). The
six high order address bits function as chip selects to control the tri-state bidi-
rectional buffers (when the high order address bits are incorrect, the bidirec-
tional buffers are forced to a high impedance state). High order address bits
A9, A8 are fixed in the PSG design to recognize a “01” code; high order
address bits DA7-DA4 are programmed to recognize only a ‘0000’ code. All
addresses are latched internally. This internally latched address is updated and
modified on every latch address signal presented to the PSG via the BDIR,
BC2, and BC1 inputs. A latched address will remain valid until the receipt of a
new address, enabling multiple reads and writes of the same register contents
without the need for redundant re-addressing.

Conditioning of the Register Address Latch/Decoder and the Bidirectional
Buffers to recognize the bus function required (Inactive, Latch Address, Write
Data), is accomplished by the Bus Control Decode block.
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SOUND GENERATING BLOCKS:
The basic blocks in the PSG which produce the programmed sounds include:

Tone Generators Produce the basic square wave
tone frequencies for each channel
(AYB)C).

Noise Generator Produces a pulse width mod-
ulated pseudo-random square wave
output.

Mixers Combine the outputs of the Tone
Generators and the Noise Genera-
tor; per channel (A, B, C).

Envelope Generator Produces an envelope pattern
which can be used to amplitude
modulate the output of each Mixer.

Amplitude Control Provides the D/A Converters with
either a fixed or variable amplitude
pattern. Fixed amplitude is under
direct CPU control. Variable ampli-
tude is accomplished via the output
of the Envelope Generator.

D/A Converters The three D/A Converters each
produce a 16 level (max) output sig-
nal as determined by the Amplitude
Control.

OPERATION

Since all PSG functions are processor controlled by writing to the internal
registers, a detailed description of the PSG operation may best be accom-
plished by relating each PSG function to control of the corresponding register.
The function of creating or programming a specific sound effect logically fol-
lows the control sequence listed:

Operation Registers Function
Tone Generator RO-R5 Program tone periods
Control
Noise Generator R6 Program noise period
Control
Mixer Control R7 Enable tone

and/or noise on select-
ed channels

Amplitude R10-R12 Select fixed or variable
Control (envelope) amplitudes
Envelope R13-R15 Program envelope
Generator period and select enve-
Control lope pattern

Tone Generator Control
(Registers RO, R1, R2, R3, R4, R5)

The frequency of each square wave generated by the three Tone Generators
(one each for Channels A, B, and C) is obtained by first dividing the input clock
by 16 then by further dividing the result by the programmed 12-bit Tone Period
value. Each 12-bit tone period value is obtained by combining the contents of
the respective Coarse and Fine Tune registers, as illustrated:

Coarse Tune Fine Tune
Register Channel Register
R1 A RO
R3 B R2
R5 © R4
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COARSE TUNE FINE TUNE
[B7|Ba|Bs[B4|Ba|Bz|B1|BoJ |B7|Bs [B5 B4 |B3|B2|B1|Bo|

Not Used

BRI TP PP TP TR TP FFR TR | TP TP [<EP
A5 O1|SOMI S8 EIRZ S 68| S5 EAT #1528 AN 30

12-bit Tone Period (TP) to Tone Generator

The period of the output of the tone generator is therefore deter-
mined by:

16 X TP X P where P = the period of the input clock.

NOTE: If the Coarse and Fine Tune registers are both set to 000g, the
resulting period will be minimum, i.e., the generated tone
period will be as if the Coarse Tune register was set to 000,
and the Fine Tune register set to 001g.

Noise Generator Control
(Register R6)

The frequency of the noise source is obtained by dividing the input clock by
16, then by further dividing the result by the programmed 5-bit Noise Period
value. This 5-bit value consists of the lower 5 bits (B4-B0) of register R6, as
illustrated:

Noise Period
Register R6

|B7|Ba|Bs|B4|B3|Bz[B1.|Bo|
(- T

D, 2 R &7
Not Used 5-bit Noise Period (NP)
to Noise Generator

Mixer Control—I/O Enable
(Register R7)

Register R7 is a multi-function ENABLE register which controls the three
Noise/Tone Mixers.

The Mixers, previously described, combine the noise and tone frequencies
for each of the three channels. The determination of combining neither/either/
both noise and tone frequencies on each channel is made by the state of bits
B5-BO of register R7, as illustrated.

The direction (input or output) of the general purpose 1/O ports (I/OA and
1/OB) is determined by the state of bits B7 and B6 of R7, as illustrated.

MIXER CONTROL REGISTER—R?7

[B7 | Be [ Bs [ B4 [ B3 [ B2 | B1 | BoO
Input
Function: | Enable
Pont: S SBEE|RAT
Function: Noise Enable Tone Enable
Channel: CIBlA C|B|A

AY-3-8910A 2761787
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NOISE ENABLE TRUTH TABLE TONE ENABLE TRUTH TABLE 1/O PORT TRUTH TABLE
R7 Bits Noise Enabled R7 Bits Tone Enabled R7 Bits 1/O Port Status
B5 B4 B2 on Channel B2T B1 B0 on Channel B7 B6 I/OB I/OA
QS HOlSSH0 (& B A 03500 @ BREA 0 0 Input Input
OEiaf G ERIEER = 0% 0l M @ B 0 1 glput ?utput
DRETEO R E - A 01 allie = A 1 0 utput nput
05 s C o R 0 g GRS 1 1 Output Output
1l 0 0 — B A 1 0 0 — Bi A
i 0 1 — B — q 0 1 —_ B —
4 1 0 — — A 1 al 0 — — A
T T A e e

NOTE: Disabling noise and tone does not turn off a channel. Turning a chan-
nel off can only be accomplished by writing all zeros into the corresponding
Amplitude Control Register.

Amplitude Control
(Registers R10, R11, R12)

The amplitude of the signals generated by each of the three D/A Converters
(one each for Channels A, B, and C) is determined by the content of the lower
bits (B4-B0) of registers R10, R11, and R12 as illustrated.

These five bits consists of a 1-bit mode select (“M”’ bit) and a 4-bit “fixed”
amplitude level (L3-L0). When the M bit is low, the output level of the analog
channel is defined by the 4-bit “fixed” amplitude level of the Amplitude Con-
trol Register. This amplitude level is fixed in the sense that the amplitude level
is under direct control of the system processor. When the M bit is high, the
output level of the analog channel is defined by the 4-bits of the Envelope
Generator (bits E3—-E0). The amplitude mode bit can also be thought of as an
“envelope enable” bit.

Amplitude Control Register Channel
R10 A
R11 B
R12 C

|B7[Ba|Bs|B4|BaJBz|B1‘Bo|

Not used
sl s ] i
Amplitude 4 bit fixed
Mode Amplitude Level

0 0 0 0 0 Amplitude Defined

' ! i By L0O-L3

0 1 1 1 1

it X X X X Amplitude Defined
By E0-E3

Envelope Generator Control

To accomplish the generation of complex envelope patterns, two independ-
ent methods of control are provided: first, it is possible to vary the frequency
of the envelope using registers R13 and R14; second, the relative shape and
cycle pattern of the envelope can be varied using register R15. The following
paragraphs explain the details of the envelope control functions, describing

first the envelope period control and then the envelope shape/cycle control.
(See Figures 1 and 2).
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Envelope Period Control
(Registers R13, R14)

The frequency of the envelope is obtained by first dividing the input clock by
256, then by further dividing the result by the programmed 16-bit Envelope
Period value. This 16-bit value is obtained by combining the contents of the
Envelope Coarse and Fine Tune registers, as illustrated:

Envelope
Coarse Tune
Register R14

Envelope
Fine Tune
Register R13

AY'3'891 OA 276-1787

|B7 | B6 | B5 | B4 [ B3 | B2 | B1 | Bo LB7lB61B5[B4|B3rB21B1|BO

|EP15|EP14]EP13|EP12[EP11|EP10| EP9 | EP8 | EP7 | EP6 | EP5 | EP4 | EP3 | EP2 [EPl | EPO

16-bit Envelope Period (EP) to Envelope Generator

Thus the envelope period is given by:

256 x EPxP  Where P = period of input clock

NOTE: If the Coarse and Fine Tune registers are both set to 000, the
resulting period will be minimum, i.e., the generated tone period will
be as if the Coarse Tune register was set to 000g and the Fine Tune
register set to 0015.

Envelope Shape/Cycle Control
(Register R15)

The Envelope Generator further divides the envelope period by 16, produc-
ing a 16-state per cycle envelope pattern as defined by the 4-bit counter output,
E3, E2, E1 and EO0. The particular shape and cycle pattern of any desired
envelope is accomplished by controlling the count pattern of the 4-bit counter.
(See Figures 4 and 5). :

This envelope shape/cycle control is contained in the lower 4 bits (B3—-B0) of
register R15. Each of these 4 bits controls a function in the envelope generator,
as illustrated:

\Envelope Shape/Cycle
Control Register (R15)
\
| B7 [ Be | Bs [ B4 | B3 | B2 | B1 | Bo | Function
\ ~ - L Hold
Not Used
L Alternate ¢ To
Envelope
— Attack Generator
— Continue J
Bit 0: HOLD When this is set high (logic 1) the envelope is limited to
one cycle, the value of the envelope at the end of the
cycle being held.

Bit 1: ALTERNATE When set high (logic 1) the envelope counter reverses
direction at end of each cycle (i.e. performs as an up/
down counter).

Bit 2: ATTACK When set high (logic 1) the envelope counter will count
up (attack). When set low (logic 0) the counter will count
down (decay).

Bit 3: CONTINUE When set high (logic 1) the cycle pattern will be defined
by the HOLD bit. When set low (logic 0) the envelope
counter will reset to 0000 after one cycle, and hold that
value.
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D/A CONVERTER OPERATION

Since the primary use of the PSG is to produce sound for the non-linear
amplitude detection mechanism of the human ear, the D/A conversion is per-
formed in logarithmic steps with a normalized voltage range from 0 to 1 volt.
The specific amplitude control of each of the three D/A Converters is accom-
plished by the three sets of 4 bit outputs of the Amplitude Control block, while
the Mixer outputs provide the base signal frequency (Noise and/or Tone).

(See Fig. 3).
NORMALIZED
VOLTAGE e
W 15
NOTE: ENVELOPE ONLY—
RTS BITS NOISE AND TONES
B3 B2 B1 B0 ARE DISABLED.—
] A
o
NIAT
i R
Sl GRAPHIC REPRESENTATION
NiAlalO Typical ratio from one step to
Uillelimie OF ENVELOPE GENERATOR 2 'Kg next lower step is: 1.21.7
E|/K|E|D OUTPUT B3 B2 B1 BO.
0j0|X|X

o
x
x

DECIMAL VALUE
11010 o NINININININININNIN < OFESEZEIED

1|olol1 \/SuFlg.Hordﬂnll

1010@\/\/\/\/

1o11\|

EP l EP —__l
I (1/1e) I (11g)

EP ENVELOPE PERIOD

1110/\/\/\/\/\
1111/L

=+ EP }—— EP IS THE ENVELOPE PERIOD
(DURATION OF ONE CYCLE)

Fig. 3 D/A Converter Output

Fig. 1 Envelope Shape/Cycle Operation

GRAPHIC REPRESENTATION OF
THE DECIMAL VALUES OF 13
12 ENVELOPE GENERATOR 12
OUTPUT E3 E2E1 EO

Fig. 4 Singletone With Envelope Shape/Cycle Pattern 1010

EP | EP
f 1l T WPlpgon

Fig. 2 Detail of Two Cycles of Fig. 1
(Ref. Waveform “1010” in Fig. 1) n

Al

V c Y

Fig. 5 Mixture of Three Tones With Fixed Amplitudes
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STATE TIMING

While the state flow for many microprocessors can be somewhat involved
for certain operations, the sequence of events necessary to control the PSG is
simple and straightforward. Each of the three major state sequences (Latch
Address, Write to PSG, and Read from PSG) consists of several operations
(indicated below by rectangular blocks), defined by the pattern of bus control
signals (BDIR, BC1).

iNACTIVE  |—»d  OIRUT L o] nacTve  |—=]  OURPYT L iNacTivE
‘ Address and Write Data I
I to PSG Sequence 1
OUTPUT INPUT
iNacTIVE  |—»  OUTRMT Lo  inacTVE | —»] BN L iNacTIvE

| [

' Address and Read Data [
I to PSG Sequence |

The functional operation and relative timing of the PSG control sequences
are described in the following paragraphs.

ADDRESS PSG REGISTER SEQUENCE

The Latch Address sequence is normally an integral part of the write or read
sequences, but for simplicity is illustrated here as in individual sequence.
Depending upon the processor used, the program sequence will normally
require four principal microstates: (1) send NACT (inactive); (2) send INTAK
(latch address); (3) put address on bus; (4) send NACT (inactive).

7 \

BUS 7 7
CONTROL ey %4 INTAK % NACT

(

DON'T OUTPUT DON'T
DA7-DAO CARE X ADDRESS CARE
RESET tw Vin
Vi
Reset Timing
BUS 4 >
/ LATCH
ggggg(E)L INACTIVE %j ADDRESS % INACTIVE
PR —-[ J tan [—
A9 PREVIOUS b
9 A8 .
DA7-DAO STATE AonRES!
Vi
BUS CONTROL
j SIGNALS CHANGING *BDIR BC1
4 1 1

—*l L 50ns Max., Including Skew.

Latch Address Timing

AY'3'891 OA 276-1787

£l

Analog
Channel o———4
Output b————oVj

l (OP AMP Must Not Saturate)

Analog Channel Output Test Circuit
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WRITE DATA TO PSG SEQUENCE #1

(inactive).

READ DATA FROM PSG SEQUENCE #2

(read from PSG); (3) read data on bus; (4) send NACT (inactive).

—-\ P 50ns MAX, Including Skew

Read Data Timing

The Write to PSG sequence, which would normally follow immediately after
an address sequence, requires four principal microstates: (1) send NACT
inactive); (2) put data on bus; (3) send DWS (write to PSG); (4) send NACT

As with the Write to PSG sequence, the Read from PSG sequence would also
normally follow immediately after an address sequence. The four principal
microstates of the read sequence are: (1) send NACT (inactive); (2) send DTB

BDIR

| |

—J 1,77 50ns MAX, Including Skew

Write Data Timing

BC1 i
|
BUS 7 7 BUS 7 7
e NACT E/,a Dws E’Z?’ NACT i NACT b 7 oTB 7 NACT
DA7-DA0  DON'T CARE >< Sy >< DON'T CARE DA7-DAD X (FROM Pea) X
PSG Sequence #1 PSG Sequence #2
Vi
BDIR/
BC1
Vi
~—(BD-—‘
Vin
BDIR/
f i, ‘ BC
‘ U
Clock and Bus Signal Timing
BUS INACTIVE ~ 7 seim
CONTROL 7 '//,/ READ FROM PSG %/// INACTIVE
DECODE -
|
— toa oo [— e
| ‘ INACTIVE k 4 WRITE TO PSG* % % INACTIVE
PREVIOUS Yol .
DA7-DAO EREVC X READ VALID DATA X TRisTATE BUS
o CONTROL tow
i o DECODE
| tos toy——
taa——|
RWE Vou Vin
; / ERRyeLe X VALID DATA INPUT
Vou Vie
7 BUS CONTROL *BDIR B8C1 % BUS CONTROL
SIGNALS CHANGING 0 1 SIGNALS CHANGING
A A
*BDIR BC1
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GENERAL DESCRIPTION

The TDA7000 is a monolithic integrated circuit for mono FM portable
radios, where a minimum on peripheral components is important (small
dimensions and low costs).

The IC has an FLL (Frequency-Locked-Loop) system with an intermediate
frequency of 70 kHz. The i.f. selectivity is obtained by active RC filters. The
only function which needs alignment is the resonant circuit for the oscillator,
thus selecting the reception frequency. Spurious reception is avoided by
means of a mute circuit, which also eliminates too noisy input signals. Special
precautions are taken to meet the radiation requirements.

The TDA7000 includes the R.F. input stage, mixer, local oscillator, I.F.
amplifier/limiter, phase demodulator, mute detector and mute switch.

ABSOLUTE MAXIMUM RATINGS

Supply veltage range (pimis) (Vp) it os oot e 12V
Supplycurrentat:Vy = 4/5:Vi(IB)ar o cal i T besen sl b o Bens 8 mA
Bower .+ Tic .t s e e S S (See power derating curve)
R.F.'input frequency.range (g s, ¢ o 0io o f s s sl 1.5 to 110 MHz
Sensitivity for — 3 dB limiting

(e.m.f. voltage)

(source impedance: 75 @; mute disabled) .......................... 1.5 uV
Signal handling (e.m.f. voltage)

(source impedances7510) . 200 mV
AProutputveoltage at Ry =022k 80 o e s Seil Sl OR e O 75 mV
TYPICAL APPLICATIONS

AUDIO AMPLIFIER AND DETUNING INDICATOR

CIRCUITS

Audio output stages suitable for use with the TDA7000 are shown in Fig. E
and F. Figure G shows how the muting signal can be used to operate a LED to
give an indication of detuning.

+4.5V
220
To pin 5 _AM—} <F TDA1011A 3 AL
TDA7000 + 220pF
220pF == Z
8 POWER 2 1l
. AMP v +
A
do I 3 am
From pin 2
TDA7000 _I.‘”" iy
L 22ke
a7 £l
nF 3 (o9 == 0.1uF
1.8nF T
ov —

) These components replace C2 and R2 in Fig. A Pp5250mW, d =10%

quiescent current = 8mA

Fig. F An integrated 250mW audio output stage.
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TDA7000
276-1304

PIN CONNECTION

TOP VIEW
1 18
2 17
3 16
4 15
5 14
6 13
7 12
JEbith
8 1
—
9 10
PIN FUNCTION
1| Muting Capacitor
2 | Audio frequency output
3 | Noise source
4 | Loop filter capacitor
5 | Supply voltage
6| VCO
7 | 1st integrator capacitor*
8 | 2nd integrator capacitor
9 | 1st integrator capacitor*
10 | IF filter capacitor (to pin 11)
11 | IF filter capacitor
12 | IF limiter capacitor
13 | RF input
14 | Mixer
15 | Current source capacitor
16 | Ground
17 | Demodulator capacitor
18 | Correlator capacitor
*Connects between Pins 7 and 9.

+3

220k

From pin 2
TDA7000

1)

A

I A7nF $
ov

650
earpiece
BC5508

P, =0.4mW,
d=10%

1) These
R2 and C2in Fig. A

Fig. E A 0.4mW transistor audio output stage without
volume control for driving an earpiece.

From pin 1 of the'
TDA7000 (Fig. A)

ov

Fig. G A detuning indicator driven
by the mute signal from the TDA7000.

replace.

= current =4mA

BC558
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TDA7000 276-1304

TYPICAL APPLICATION

‘V

Vp (+4.5V) 7 Cia C2oT l
22nF  47pF c10
J_ ""1(5:¢;ZF S?JF el
L c18 = 35(;;; c1s LT 2] =il [
e 39pF
220pF AL 100nF my P!
18 17 16 15 14 13 [12 " 10
o T e e e e e s T 7000 7000
i e 1 RO
i o |
l} i) 2.7kQ l
1 I
| i i 1.4V
| AP2 10kQ I AP1 10kQ 1 |22 ] AF1B
i V i 2 ! 12k
! AAA =
1 - 15, AN~ ! G
1 o !
1 1S
i i I \F. FILTER
! AN I A ) LF. LIMITER S L
! Nl | AMPLIFIER RIS
! M3 i | TDA7000
i i i
1 I
i X : ! i ! } AF1A
|
i o i X 22k0  2.2k0
1 CORRELATOR I F.M. DEMODULATOR Jl en A AMA +1
___________ e e O S 13.6k2 i
I LF.
MUTE FILTER
mute control vco
LooP LA2 P I @
3 FILTER t It
LOCAL 0SC
Vp
NOISE
SOURCE
2 3 4 5 6 7 8 9
c7
L vp| L1 senH or
[
1 ==liC3] - )
c1 :L c2 T 22nF s o s ,SLQF
150nF R2 “B"FI IonFI &1
22 = = L c21 cs L
ke = = c20 55?—;_ 1000F T
a.f. output

Fig. A The TDA7000 as a variable capacitor tuned f.m. broadcast monitor.

C; to Cy3, C17 and Cyg:

Filter and demodulator capacitors. The values shown are for an i.f. of 70 kHz.
For other intermediate frequencies, the values of these capacitors must be
changed in inverse proportion to the i.f. change.

(€

Decouples the reverse r.f. input. It must be connected to the common return
via a good quality short connection to ensure a low-impedance path. Inductive
or capacitive coupling between C,; and the local-oscillator circuit or i.f. output
components must be avoided.

C15.'
Decouples the d.c. feedback for i.f. limiter/amplifier LA1.

ng Qnd‘ch.'
Local-oscillator tuning capacitors. Their values depend on the required tuning
range and on the value of tuning capacitor Cy.

Caz, Ca3, Ly, Ly:

The values given are for an r.f. bandpass filter with Q = 4 for the European and
U.S.A. domestic f.m. broadcast band (87.5 MHz to 108 MHz). For reception of
the Japanese f.m. broadcast band (76 MHz to 91 MHz), L1 must be increased to
78 nH and L, must be increased to 150 nH. If stopband attenuation for high

level a.m. or tv signals is not required, L, and C;, can be omitted and C,;
changed to 220 pF.

R

5
The load for the audio output current source. It determines the audio output
level, but its value must not exceed 22 k for V,=4.5 V, or 47 k2 for Vp=9V.
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TYPICAL APPLICATIONS

Circuit with variable-capacitance diode tuning

Since it is only necessary to tune the local-oscillator coil, it is very simple to
modify the circuit of Fig. A for variable-capacitance diode tuning. The modifi-
cations are shown in Fig. B.

- »
8 pin5
(4.5V) -L _L
100ke 820 S e A
) B2x79-
4 ) 3avo ) 56nH TDA7000
(Fig. A)
3 100k0
BC558 < i)
Sa00k BB809 pin 6
1.5k0
ov pin 16

Fig. B Variable-capacitance diode tuning for the local-ocillator. Additional
measures must be taken to ensure temperature stability.

Narrow-band f.m. receiver

The TDA7000 can also be used for reception of narrow-band f.m. signals. In
this case, the local-oscillator is crystal-controlled as shown in Fig. C and there
is therefore hardly any compression of the i.f. swing by the FLL. The deviation
of the transmitted carrier frequency due to modulation must therefore be lim-
ited to prevent severe distortion of the demodulated audio signal.

The component values in Fig. C result in an i.f. of 4.5 kHz and an i.f. band-
width of 5 kHz (Fig. D). If the i.f. is multiplied by N, the values of capacitors
C,7 and Cyg in the all-pass filters and the values of filter capacitors C;, Cg, Cyq,
Cio, C11, and C;, must be multiplied by 1/N. For improved i.f. selectivity to
achieve greater adjacent channel attenuation, second-order networks can be
used in place of C;9 and Cy;.

In this circuit the detuning noise generator is not used. Since the circuit
is mainly for reception of audio signals, the audio output must be passed
through a low-pass Chebyshev filter to suppress i.f. harmonics.

+4.5V

v
l b l l T .J- J—
4.7uF c23
3.9nF == C17 220pF c10
T amF c12 ATnF
< 220pF
18 17 16 15 14 13 12 1 10
TDA7000
(SEE Fig. A)

C7
100nF == cs 100nF
2.2nF

FEwpee

-|- c1 R2 4.7nF
150nF 22
Ko
c2
2.7nF

a.f. output

Fig.C A narrow-l;and f.m. receiver with a crystal-controlled local-oscillator.

TDA7000 276-1304
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FM RECEIVER

TDA7000 276-1304

TYPICAL CHARACTERISTICS

2

Piot

20(Iag)v— ) +10 =

W) \
15

(dB) *

B

Fig. H Audio output as a function of input e.m.f. The curves num-
bered 1 were measured with the muting system active. The curves
numbered 2 were measured with the muting system disabled by inject-
ing about 20 pA into pin 1 of the TDA7000. The input frequency was 96
MHz modulated with 1 kHz with a deviation of +22.5 kHz for the output
level curves, and + 75 kHz for the distortion curve.

il -60 1 i
\ 0 5 10 15 1(kHz) 20
Fig. D LF. selectivity for the narrow-band f.m. receiver.
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QUICK CASE REFERENCE

.

: bt

May show color bands to denote polarity.

e
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’" Mm"‘l o.1sormnj
——{ == 0
0.034 |
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0.028 S|

’— 0.2—[— 1.0 MIN—-[
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- 038 —0.500——

SCR TRIAC

1-CATHODE | 1-ANODE 1
2-ANODE | 2-ANODE 2

2-EMITTER
CASE-COLLECTOR

3GATE | 3.GATE
TO1 039
SEATING —
: .500 PLANE 210
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030 MIN —
MAX— 100 :
T = 350 ]
209 o
195 0 310315
v 5 8
0
SEATING PLANE ]|  [02!
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018
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0.147 0625 0562
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e
| 3
0.405 b 5
0.395
| 1
== 0.035
020 | | o.zsoj__‘! 0.020
0.230 ' LT e
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1-BASE 1-ANODE 1
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———3
oien =7
MAX
1
i 0.020
0.139 0.250 0.045
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QUICK CASE REFERENCE

TO220AB-2

0.255 0.365__ . ;
0.235 ~| 0.360 0.500 !-‘;T’?'.;,— 0210
0.190
T— D e d —]
s e == o
0.380 0.370
l ! Lo i
] 0.035 i
0.147  0.130 0.025 g-gig Al S 2180

1-BASE
2-COLLECTOR
3-EMITTER
4-COLLECTOR
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SEMICONDUCTOR CROSS REFERENCE NOTES

N1 Two required, connect in series—anode to anode.

N2 Two required, connect in series—cathode to cathode.
N3 Two required, connect in series—anode to cathode.
N5 Four required, connect as in original circuit.

N6 Five required, connect as in original circuit.

N7 Six required, connect as in original circuit.

N8 Seven required, connect as in original circuit.

N9 Eight required, connect as in original circuit.
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CATALOG
NUMBER

276007

276-026
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276-033
276-035
276-036

.06

276-068
276-069
276-075
el

" 276-143
276-145
276-561
276-562

563

276-705
276-1000
276-1020
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276-065
276-066A

276-142

276703

MASTER INDEX BY CATALOG NUMBER

GENERIC NO. GENERIC NO. GENERIC NO.
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IMPORTANT SUGGESTIONS ON THE USE
AND REPLACEMENT OF TRANSISTORS

You can use various styles and sizes of transistors in
any given circuit application, as long as the electrical
characteristics of the device are within the required
range of operation. Thus, a tab-type device can be used
to replace a TO-3 or TO-66 case device; or a small
epoxy-type device can be used in place of TO-5 or
other size transistor.

Generally speaking, you must observe the following
maximum characteristics of a transistor when con-
templating substitution or selection:

Power dissipation

Maximum collector current

Maximum collector-to-emitter voltage

Maximum collector-to-base voltage

Maximum emitter-to-base voltage

Also, it is useful to consider the following charac-
teristics for actual circuit operation:

Gain

Frequency limitations

Caution: It may be necessary in some cases to adjust
bias values to achieve required operation. With tuned
circuits, it is a good practice to check alignment after
replacing any transistor.

When replacing power transistors, always check
driver devices to be sure they are OK. Also, check
other circuit components to be sure they were not
shorted (or otherwise defective) when the original
device failed. If you fail to correct such problems
before applying power to the circuit once again, the re-
placement transistor could easily be permanently
damaged. Be sure to use proper heat-sink precautions
and use silicon grease to reduce the thermal resistance
between the case of the transistor and the heat-sink.

Always observe temperature limitations as specified
with transistor ratings.

It almost goes without saying, but let us remind you
anyway—

Always observe voltage polarity with all semicon-
ductor devices.

T T e S e e L

CROSS-REFERENCE/SUBSTITUTION LISTING

Most users of semiconductors realize that it is al-
most impossible to guarantee absolute equivalents (as
in the case of tubes). Thus, the only way to create re-
placement or cross-reference listings is by carefully
evaluating each characteristic of both devices (original
transistor and the possible alternate). This is how the
Technical Staff of Radio Shack went about preparing
the following cross-reference/replacement lists.

IMPORTANT NOTE

We caution you that in many cases the listed cross
reference ARCHER device may be different in
appearance, size or mounting style. Thus, before
beginning replacement or installation procedures,
check to be sure you have enough room for proper
mounting.

Also, when making substitutions or replacements in
radio or high frequency circuitry, it may be necessary
to realign tunable circuit elements. This is true even

when making exact replacements (junction capaci-
tances normally vary between devices even from the
same production run).

Information contained in this guide is based on the
latest available data and is believed to be accurate.
Every care has been taken to assure technical ac-
curacy. However, Radio Shack does not assume re-
sponsibility for any contingencies of the use of this
information. Nor does Radio Shack assume any re-
sponsibility for any infringements of patents or other
rights of third parties which may result from its use.

When you are looking for a specific number and it
does not show up in the following listing —refer to the
technical data provided for our line of ARCHER
devices. With this information you probably will be
able to make a suitable substitution.
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MAJOR SEMICONDUCTOR COMPONENTS

COMMONLY USED ROUGHLY
NAME OF CIRCUIT MAX RATINGS MAJOR
JUNCTION ELECTRICAL CHARACTERISTICS ICATION! ANALOGOUS
DEVICE SYMBOL SCHEMATIC AVAILABLE APPLIC (ONS TO:
Diode ANODE ANODE ANODE | Conducts easily in 1500 Amps Rectification Check valve
or one direction, blocks 3000 Volts Blockin i
b iode tube
Rectifier B Vanooe () L in the other ‘g
[ nes) Ve VANODE (+) Detecting Gas diode
CATHODE Steering
CATHODE
Avalanche ANODE ANODE i Constant voltage 22 Volts Regulation V-R tube
(Zener) characteristic in 1 Watt Reference
Diode negative quadrant
FERE Vanooe () Clipping
B VanoDE (+)
CATHODE CATHODE
Integrated 2 Programmed to 40 Volts Shunt voltage Avalanche
Voltage T desired V,q by A regulator Diode
Resiainn a n two resistors 2 100 m
8 , Reference element
(IVR) o—iP 0.4 Watts
p E Error modifier
: 1l Level sensing
1 Level shifting
Tunnel POSITIVE POSITIVE Displays negative Peak point UHF converter None
Diode ELECTRODE ELECTRODE resistance when current = A
B s o Logic circuits
T Ip current excel m :
peak point current Resisti Microwave
BT Y = 1 ESISLIVE circuits
ADeRe P cutoff freq. ;
NEGATIVE NEGATIVE i = 40 Gc Level sensing
ELECTRODE ELECTRODE
Bgck ANODE ANODE | Similar o 5 mA M'icruwave None
Diode characteristics to 400 mV mixers and
T VancoE ) conventional diode low. power
except very low oscillators
T Vanooe ()
forward voltage
dro
CATHODE CATHODE P
Thyrector i Rapidly increasing 70 A peak Transient Thyrite
[ current above rated pulse voltage TWolavalatiche
B vpltage in either (2 Sq. cell) suppression diodesin
VOLTAGE direction and arc inverse-series
E suppression connection
%‘P-n COLLECTOR COLLEICTOR e Iss Constant collector 300 Volts Amplification Pentode
ransistor i
s L Ina current'for given 25 Watts Switohing Tube
Y i base drive
BASE BASE : o Oscillation
i l é Ig1
EMITTER EMITTER T s e
p-n-p COLLECTOR COLLTCTOR Veolector () 0 Complement to 75 Volts Amplification None
Transistor \'c - i ' n-p-n transistor 25 Watts Switching
\ Ak
BASE BACE : l:: Oscillation
Is I lsa
EMITTER EMITTER Iss lcoLLecToR (-)
Photo COLLECTOR COLLECTOR | COLLECTOR Incident light acts 45 Volts Tape readers None
Transistor s as base current of 0.25 Amps Card readers
BASE ~ ) the photo transistor ) B :
BASE : 0.6 Watts Position sensor
lh Tachometers
EMITTER EMITTER
z
5 3 BASE 1 o of ! q
Um]ur}ctxon BASE 2 S W w v Unijunction emitter 35 Volts Interval timing None
Transistor § NG blocks until i
u G until its 0.450 Watt Oscillati
(U]JT) E wo voltagereach ; 2us sprpation
= EMITTER s agereaches
= P] We Vpi then Level Detector
ley .‘EF_ conducts SCR Trigger
BASE 1 6‘5
BASE 2 Sw 0 EMITTER I,
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MAJOR SEMICONDUCTOR COMPONENTS

COMMONLY USED

T’ v

about 10 volts.

ROUGHLY
NAME OF CIRCUIT MAX RATINGS MAJOR
JUNCTION ELECTRICAL CHARACTERISTICS ANALOGOUS
DEVICE SYMBOL SCHEMATIC AVAILABLE APPLICATIONS TO:
BASE 1 5
Comple- BASE 1 ¥ Functional com- 30 Volts High stability None
tary plement to UJT timers
L tal bt DS 0.30 Watts
Unijunction . o n pS Oscillators and
Transistor = 3 0.15 Amps
= P —4 level detectors
(cuJT) £ £
S
fr 3
BASE 2 EMITTER |
BASE 2
Program- ANODE ' ANODE Programmed by 40 Volts Low cost timers UJT
mable 1 two resistors for oW and oscillators
Unijunction GATE P Ve SIS 4 : 3
GATE 2PV, d t
Transistor n VALLEY Fll;’ncgon 0.15 Amps Long period timers
(PUT) P el equivalent to SCR trigger
n PEAK
normal UJT.
CATHODE T POINT J Level detector
CATHODE _ Vi
Silicon ANODE ANODE ANODE With anode voltage 1000 Amps Power switching Gas
Controlled ] 1 (+), SCR can be 1800 Volts Phuse tontrol thyratron or
Rectifier P triggered by Ig, ignitron
(SCR) : Vanooe () [Lomasy ;emqining iﬂ con;i : Inverters
GATE \ VaNODE (-) uction until anode Choppers
u is reduced to zero
CATHODE  CATHODE[ ~lGATE ‘
IQ
ﬁl;:ltpal:)-, ANODE ANODE  GATE ANODE ;Zl::ittgé:gl}r;ple- 50 Volts Ring counters None
I ; i
Silicon GATE =’ l 0.25 Amps Low speed logic
3 ;
Com‘r(.)lled n Vac (o ~ed 0.45 Watts Lamp driver
Rectifier [ Vil
(CSCR) n
CATHODE |
CATHODE
Light ANODE ANODE ANODE Operates similar 1.6 Amps Relay Replace- None
Activated \ ] | to SCR, except can 200 Volt ment
* ) i olts
SCR \ also be triggered Bosition-controls
B ; X
(LASCR) VANODE (-) === into conduction by
B Vanooe ()  light falling on Photoelectric
GATE n \ (e i T
junctions applications
CATHODE CATHoosly’,g\ GATE Slave flashes
Silicon = ANODE S W ANont g)ggrates similar i” 100 Volts Logic applications ~ Complementary
Controlled W ANODE o w ] < 1 except can also transistor pair
Switch* = S 2 P o be triggered on by a 200 mA Counters
(SCS) S a 3 n = VANODE (-) negative signal on Nixie drivers
9 2 g P 9 Vanooe (,  anode-gate. Also fgsenif ki
I < b n < several other
. CATHODE = specialized modes
© O  CATHODE of operation
Silicon ANODE ANODE fanooe () Similar to SCS but  0.350 Watts  Switching Circuits  Shockley or
Unilateral l GATE zener added to anode  0.200 Amps Counters 4-layer
Switch GATE L gate to trigger device 10 Volts SCR Trigger diode
(8US) : E into conduction at Oscillator
Rs = r Vanooe ()~ 8 volts. Can alsg be
BATHOBE triggered by negative
CATHODE pulse at gate lead.
Silicon ANODED CATEISEANORE §2 lanooe 2 Symmetrical 0.350 Watts Switching Circuits ~ Two inverse
Bilateral bilateral version 0.200 Amps Counters Schockley
Switch . of the SUS. Breaks 10 Volts TRIAC Phase diodes
(SBS) ANGDERL) L Ao 20 . down in both Control
GATE e Vanooe 2(-) directions as SUS
does in forward.
ANODE 1
ANODE 1
Triac fina ANOIIJE 2 | Operates similar 25 Amps AC switching Two SCR's
n/ \n/ to SCR except can 500 Volts Phase control e
p V. be triggered into parallel
n m_-;a conduction in either Relay replacement
P =T77| Vawooe 2)  direction by (+) or
GATE n] [m\ (-) gate signal
ANODE 1
GATE ANODE 1
Diac i When voltage 40 Volts Triac and Neon lamp
Trigger | reaches trigger 2 Amps peak SCR trigger
n level (about 35 Oscillator
P volts), abruptly
W switches down
[

*Light Activated SCS also available.
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GLOSSARY OF WORDS, SYMBOLS AND ABBREVIATIONS

The following letter symbols and abbreviations are recommended by the Joint Electron Device Engineering

Council (JEDEC) of the Electronic Industries Association (EIA) and the National Electrical Manufacturers Association
(NEMA) for use in semiconductor device data sheets and specifications.

A a
B, b
h[s

bis
b(ls
brs

C, ¢
C(:h
Cee
C(ls
Cdu
Ceh
Cilm
Cihs

ieo

Cies
Cuh()
Cobs
Coeo
Gies

C(YSS
Crbs

Ciis
Cres
Crss
Cic

D, d
E,e

fhrn
fhre
fhre

fmax

G, g
8is

gis
gmMB
8MC
8ME
gns
Gps

Gph
Gpc

126

—Anode

—Base

—Common-source small-signal forward transfer
susceptance

—Common-source. small-signal input susceptance

—Common-source small-signal output susceptance

—Common-source small-signal reverse transfer
susceptance

—Collector

—Collector-base interterminal capacitance

—Collector-emitter interterminal capacitance

—Drain-source capacitance

—Drain-substrate capacitance

—Emitter-base interterminal capacitance

—Common-base open-circuit input capacitance

—Common-base short-circuit input capacitance

—Common-emitter open-circuit input capacitance

—Common-emitter short-circuit input capacitance

—Common-source short-circuit input capacitance

—Common-base open-circuit output capacitance

—Common-base short-circuit output capacitance

—Common-emitter open-circuit output capaci-
tance

—Common-emitter short-circuit output capaci-
tance

—Common-source short-circuit output capacitance

—Common-base short-circuit reverse transfer
capacitance

—Common-collector short-circuit reverse transfer
capacitance

—Common-emitter short-circuit reverse transfer
capacitance

—Common-source short-circuit reverse transfer
capacitance

—Collector depletion-layer capacitance

—Emitter depletion-layer capacitance

—Drain

—Emitter

—Intrinsic standoff ratio

—Common-base small-signal short-circuit forward
current transfer ratio cutoff frequency

—Common-collector small-signal short-circuit for-
ward current transfer ratio cutoff frequency

—Common-emitter small-signal short-circuit for-
ward current transfer ratio cutoff frequency

—Maximum frequency of oscillation

—Transition frequency (frequency at which com-
mon-emitter small-signal forward current trans-
fer ratio extrapolates to unity)

: —Gate

—Common-source small-signal forward transfer
conductance

—Common-source small-signal input conductance

—Common-base static transconductance
—Common-collector static transconductance
—Common-emitter static transconductance
—Common-source small-signal output conduc-
tance
—Common-base large-signal insertion power gain
—Common-base small-signal insertion power gain
—Common-collector large-signal insertion power
gain

Gre
G
Gy,
Gis
hep

heer,

hlB
hip

th
hlr,

hlE
hio

—Common-collector small-signal insertion power
gain !

—Common-emitter large-signal insertion power
gain

—Common-emitter small-signal insertion power
gain

—Common-gate small-signal insertion power gain

—Common-source small-signal insertion power
gain

—Common-source small-signal reverse transfer
conductance

—Common-base large-signal transducer power
gain

—Common-base small-signal transducer power
gain

—Common-collector large-signal transducer
power gain .

—Common-collector small-signal transducer
power gain

—Common-emitter large-signal transducer power
gain A

—Common-emitter small-signal transducer power
gain

—Common-gate small-signal transducer power
gain

—Common-source small-signal transducer power
gain

—Common-base static forward current transfer
ratio

—Common-base small-signal short-circuit forward
current transfer ratio

—Common-collector static forward current trans-
fer ratio

—Common-collector small-signal short-circuit for-
ward current transfer ratio

—Common-emitter static forward current trans-
fer ratio -

—Common-emitter small-signal short-circuit for-
ward current transfer ratio

—Inherent large-signal forward current transfer
ratio

—Common-base static input resistance

—Common-base small-signal short-circuit input
impedance

—Common-collector static input resistance

—Common-collector small-signal short-circuit in-
put impedance

—Common-emitter static input resistance

—Common-emitter small-signal short-circuit input
impedance

hic(imagy—Imaginary part of common-emitter small-signal

short-circuit input impedance

hic(real) —Real part of common-emitter small-signal short-

l‘lob
h.
hoe

circuit input impedance
—Common-base small-signal open-circuit output
admittance
—Common-collector small-signal open-circuit out-
put admittance
—Common-emitter small-signal open-circuit out-
put admittance

hoe(imagr—Imaginary part of common-emitter small-signal

open-circuit output admittance



hoe(real) —Real part of common-emitter small-signal open-
circuit output admittance

h,, —Common-base small-signal open-circuit reverse
voltage transfer ratio

h.. —Common-collector small-signal open-circuit re-
verse voltage transfer ratio

h,e —Common-emitter small-signal open-circuit re-
verse voltage transfer ratio

Ig —Base-terminal dc current

I, —Alternating component (rms value) of base-ter-
minal current

ip —Instantaneous total value of base-terminal current

Isgv —Base cutoff current, dc
IB2(mod) — Interbase modulated current

Ic —Collector-terminal dc current

I. —Alternating component (rms value) of collector-
terminal current

ic —Instantaneous total value of collector-terminal
current

Iceo —Collector cutoff current (dc), emitter open

Iceo —Collector cutoff current (dc), base open

Icer —Collector cutoff current (dc), specified resistance
between base and emitter

Ices —Collector cutoff current (dc), base shorted to
emitter

Icev —Collector cutoff current (dc), specified voltage
between base and emitter

Icex —Collector cutoff current (dc), specified circuit
between base and emitter

Ip —Drain current, dc

Ipeiy —Drain cutoff current

Ipony —On-state drain current

Ipss —Zero-gate-voltage drain current

I —Emitter-terminal dc current

I. —Alternating component (rms value) of emitter-
terminal current

i  —Instantaneous total value of emitter-terminal
current

Iepo —Emitter cutoff current (dc), collector open

Igs20 —Emitter reverse current

Ieciorsy —Emitter-collector offset current

Iecs —Emitter cutoff current (dc), base short-circuited
to collector

Igie2(0i—Emitter cutoff current

Ir = —For voltage-regulator and voltage-reference di-
odes: dc forward current. For signal diodes and
rectifier diodes: dc forward current (no alternat-
ing component)

It  —Alternating component of forward current (rms
value)

ir —Instantaneous total forward current

Irav) —Forward current, dc (with alternating component)

Irm —Maximum (peak) total forward current

Ir(ov) —Forward current, overload

Irrm —Maximum (peak) forward current, repetitive
Irrms) —Total rms forward current

Irsm —Maximum (peak) forward current, surge

Ic —Gate current, dc

Icrk —Forward gate current

Ick —Reverse gate current

Icss —Reverse gate current, drain short-circuited to
source

Icssy —Forward gate current, drain short-circuited to
source

Icssk —Reverse gate current, drain short-circuited to
source

I —Inflection-point current

Im(h;.)—Imaginary part of common-emitter small-signal
short-circuit input impedance

"Im(ho)—Imaginary part of common-emitter small-signal

open-circuit output admittance

Io —Average forward current, 180° conduction angle,
60-Hz half sine wave

Ir  —Peak-point current

Ir  —For voltage-regulator and voltage-reference di-

odes: dc reverse current. For signal diodes and
rectifier diodes: dc reverse current (no alternat-
ing component)

I, —Alternating component of reverse current (rms
value)

ir —Instantaneous total reverse current

Iriav)—Reverse current, d¢ (with alternating component)

Irv —Maximum (peak) total reverse current

Irrm —Maximum (peak) reverse current, repetitive
Irrms) —Total rms reverse current

Irsm —Maximum (peak) surge reverse current

is —Source current, dc

Isps —Zero-gate-voltage source current

Is(ofy) —Source cutoff current

Iv  —Valley-point current

Iz —Regulator current, reference current (dc)

Izk  —Regulator current, reference current (dc near
breakdown knee)

Iz —Regulator current, reference current (dc maxi-

mum rated current)
K, k —Cathode
L. —Conversion loss
M —Figure of merit
NF, —Overall noise figure
NR, —Output noise ratio

Pge —Power input (dc) to base, common emitter

pse —Instantaneous total power input to base, com-
mon emitter

Pcg  —Power input (dc) to collector, common base

pce —Instantaneous total power input to collector,
common base

Pce —Power input (dc) to collector, common emitter

pce —Instantaneous total power input to collector,
common emitter

Peg  —Power input (dc) to emitter, common base

pes  —Instantaneous total power input to emitter, com-
mon base

Pr —Forward power dissipation, dc (no alternating

: component)

pr —Instantaneous total forward power dissipation

Pyav)—Forward power dissipation, dc (with alternating
component)

Prv  —Maximum (peak) total forward power dissipation

Pig  —Common-base large-signal input power

“ pib —Common-base small-signal input power

Pic —Common-collector large-signal input power

pic —Common-collector small-signal input power

Pig —Common-emitter large-signal input power

pe —Common-emitter small-signal input power

Pos —Common-base large-signal output power

pos —Common-base small-signal output power

Poc —Common-collector large-signal output power

Poc —Common-collector small-signal output power

Poe —Common-emitter large-signal output power

p.e —Common-emitter small-signal output power

Pr  —Reverse power dissipation, dc (no alternating
component)

pr  —Instantaneous total reverse power dissipation

Priav)—Reverse power dissipation, dc (with alternating
component)
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Prv —Maximum (peak) total reverse power dissipation

Pr —Total nonreactive power input to all terminals

pr —Nonreactive power input, instantaneous total, to

all terminals

Qs —Stored charge

reg—Interbase resistance

r,C. —Collector-base time constant

Fcesaty —Saturation resistance, collector-to-emitter

Ipsion) —Static drain-source on-state resistance

Fdsion) —Small-signal drain-source on-state resistance

Re(h;.)—Real part of common-emitter small-signal short-
circuit input impedance

Re(h,J) —Real part of common-emitter small-signal open-
circuit output admittance

Telez(on) —Small-signal emitter-emitter on-state resistance

r; —Dynamic resistance at inflection point

Rg —Thermal resistance

Rgca —Thermal resistance, case to ambient

Rgja —Thermal resistance, junction to ambient

Rgjc —Thermal resistance, junction to case

S,s —Source

Ta —Ambient temperature or free-air temperature
Tc —Case temperature

ta  —Delay time

tuarry —Turn-off delay time

taon; —Turn-on delay time

tr —Fall time

t;r —Forward recovery time

T; —Junction temperature

tori —Turn-off time

ton —Turn-on time

t, —Pulse time

t; —Rise time

t.,r —Reverse recovery time

ts —Storage time

TSS —Tangential signal sensitivity
Tsig —Storage temperature

tw —Pulse average time

U, u —Bulk (substrate)

Ves —Base supply voltage (dc)

Vsc —Average or dc voltage, base to collector

Vi: —Instantaneous value of alternating component

of base-collector voltage
Vee —Average or dc voltage, base to emitter
vbe —Instantaneous value of alternating component
of base-emitter voltage

Vigr; —Breakdown voltage (dc)

vr) —Breakdown voltage (instantaneous total)

Visrjceo —Collector-base breakdown voltage, emitter
open

Viericeo —Collector-emitter breakdown voltage, base open

Visricer —Collector-emitter breakown voltage, resistance
between base and emitter

Visrices —Collector-emitter breakdown voltage, base
shorted to emitter

Vigricev —Collector-emitter breakdown voltage, specified
voltage between base and emitter

Visricex —Collector-emitter breakdown voltage, specified
circuit between base and emitter

VirieBo —Emitter-base breakdown voltage, collector
open

Vierieco —Emitter-collector breakdown voltage, base

Vierjeigz —Emitter-emitter breakdown voltage

ViBrjcss —Gate-source breakdown voltage

Visricssr—Forward gate-source breakdown voltage

Visr)jcssr—Reverse gate-source breakdown voltage

Vizp: —Interbase voltage

Ves —Average or dc voltage, collector to base
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veb —Instantaneous value of alternating component
of collector-base voltage

Vcs(ny —Collector-base dc open-circuit voltage (floating

potential)

Vceo —Collector-base voltage, dc, emitter open

Ve —Collector supply voltage (dc)

Vce —Average or dc voltage, collector to emitter

Ve —Instantaneous value of alternating component
of collector-emitter voltage

Vegm—Collector-emitter dc open-circuit voltage (floating
potential)

Vceo —Collector-emitter voltage (dc), base open

VcEejofs) —Collector-emitter offset voltage

Vcer —Collector-emitter voltage (dc), resistarice be-
tween base and emitter

Vces —Collectar-emitter voltage (dc), base shorted to
emitter

VcEsay) —Collector-emitter dc saturation voltage

Vcev —Collector-emitter voltage (dc), specified voltage
between base and emitter

Veex —Collector-emitter voltage (dc), specified circuit
between base and emitter

Vpp —Drain supply voltage (dc)

Vbc —Drain-gate voltage

Vps —Drain-source voltage

Vps(on) —Drain-source on-state voltage

Vpuy —Drain-substrate voltage

Ves —Average or dc voltage, emitter to base

Ve —Instantaneous value of alternating component

- of emitter-base voltage

Ves(y—Emitter-base dc open-circuit voltage (floating
potential)

Vieso —Emitter-base voltage (dc), collector open

VEgi1say—Emitter saturation voltage

Vec —Average or dc voltage, emitter to collector

Vec —Instantaneous value of alternating component
of emitter-collector voltage

Vecm—Emitter-collector dc open-circuit voltage (float-
ing potential)

VEc(ots) —Emitter-collector offset voltage

Vee —Emitter supply voltage (dc)

Ve —For voltage-regulator and voltage-reference di-
odes: dc forward voltage. For signal diodes and
rectifier diodes: dc forward voltage (no alternat-
ing component)

Vi  —Alternating component of forward voltage (rms
value)
V¢ —Instantaneous total forward voltage

Viavi—Forward voltage, dc (with alternating component)
Vim —Maximum (peak) total forward voltage
Vrirms)—Total rms forward voltage

Vcec —Gate supply voltage (dc)

Vcs —Gate-source voltage

Visr —Forward gate-source voltage

Ves(oiy —Gate-source cutoff voltage

Visrk —Reverse gate-source voltage

Visin) —Gate-source threshold voltage

Vcu —Gate-substrate voltage

Vi  —Inflection-point voltage

Vos: —Base-1 peak voltage

Vp  —Peak-point voltage

Vep  —Projected peak-point voltage

Vk = —For voltage-regulator and voltage-reference di-

iodes: dc reverse voltage. For signal diodes and
rectifier diodes: dc reverse voltage (no alternat-
ing component)

V.  —Alternating component of reverse voltage (rms
value)



vk —Instantaneous total reverse voltage

Vr(av) —Reverse voltage, dc (with alternating component)

Vrm —Maximum (peak) total reverse voltage

Vrrm —Repetitive peak reverse voltage

Vrirms)—Total rms reverse voltage

Vrsm —Nonrepetitive peak reverse voltage

Vrr —Reach-through voltage

Vrwm —Working peak reverse veltage

Vss —Source supply voltage (dc)

Vsu —Source-substrate voltage

V(to) —Threshold voltage

Vy —Valley-point voltage

Vz —Regulator voltage, reference voltage (dc)

Vzm —Regulator voltage, reference voltage (dc at max-
imum rated current)

yib —Common-base small-signal short-circuit forward
transfer admittance

yic —Common-collector small-signal short-circuit for-
ward transfer admittance

yie —Common-emitter small-signal short-circuit for-
ward transfer admittance

vis —Common-source small-signal short-circuit for-

ward transfer admittance
Vis(imag)—Common-source small-signal forward transfer
susceptance
Vis(real) —Common-source small-signal forward transfer
conductance
yis —Common-base small-signal short-circuit input
admittance
yic —Common-collector small-signal short-circuit in-
put admittance
yvie —Common-emitter small-signal short-circuit input
admittance
Vie(imag)— Imaginary part of small-signal short-circuit in-
put admittance (common-emitter)
Vie(real) —Real part of small-signal short-circuit input ad-
mittance (common-emitter)
yis —Common-source small-signal short-circuit in-
put admittance
Vis(imag) —Common-source small-signal input susceptance
V is(reall —Common-source small-signal input conduc-
tance

Vob —Common-base small-signal short-circuit out-
put admittance

Vor —Common-collector small-signal short-circuit
output admittance

Voe —Common-emitter small-signal short-circuit out-

put admittance
Voe(imag— Imaginary part of small-signal short-circuit out-
put admittance (common-emitter)
Voe(real) —Real part of small-signal short-circuit output
admittance (common-emitter)
Vos —Common-source small-signal short-circuit out-
put admittance
Vos(imag/—Common-source small-signal output suscep-

tance
Vos(real) —Common-source small-signal output conduc-
tance
yviv —Common-base small-signal short-circuit reverse
~ transfer admittance
vic —Common-collector small-signal short-circuit re-
. verse transfer admittance
vre —Common-emitter small-signal short-circuit re-
verse transfer admittance
vrs —Common-source small-signal short-circuit re-

verse transfer admittance
Vrs(imag)—Common-source small-signal reverse transfer

susceptance

Vrs(real) —Common-source small-signal reverse transfer
conductance

ziy —Intermediate-frequency impedance

zn —Modulator-frequency load impedance

z,; —Radio-frequency impedance

Zgja(y—]Junction-to-ambient transient thermal impedance
Zgjc(y—]Junction-to-case transient thermal impedance

Zgy —Transient thermal impedance

z, —Video impedance

z, —Regulator impedance, reference impedance
(small-signal atI,)

z,x —Regulator impedance, reference impedance
(small-signal atIzk)

zZ,m —Regulator impedance, reference impedance

(small-signal at Izy)

PREFIX AND MANUFACTURER IDENTIFICATION

PREFIX MANUFACTURER PREFIX MANUFACTURER PREFIX
BA Rohm MOC Motorola SLP
CEX Control Electronics MPS Motorola SN
DAC National Semiconductor MRF Motorola TA
FND Fairchild MU Motorola D
FRL Litronix MV General Instrument TIP
ICM Intersil NE Signetics TLO
LF National Semiconductor NSM National Semiconductor TL
LM National Semiconductor PCIM PC International TLG
MA National Semiconductor S American Micro Systems TLR
MC Motorola SAD Reticon VN
M] Motorola SE Signetics XC
MM National Semiconductor, SEL Sanken

Motorola or Teledyne SE5 Spectronics

GENERIC PART NUMBER PREFIX CODE

AD Analog To Digital DA Digital To Analog LM
AH Analog Hybrid DM Digital Monolithic MM
AM Analog Monolithic 5D Linear FET TBA
CD CMOS Digital LH Linear Hybrid

MANUFACTURER

Sanyo

Texas Instruments
Toshiba

Texas Instruments
Motorola

Texas Instruments
Texas Instruments
Toshiba

Toshiba

Siliconix

Xciton

Linear Monolithic
MOS Monolithic
Linear Monolithic
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ARCHER SEMICONDUCTOR REPLACEMENT GUIDE

DEVICE

0000001N60
00000010D1
000000DS17
000000DS18

0000015334
0000015990
.0000010DC1
0000015330A
00000DS18

0000-04

0000-0141
0000-0150
0000-0300
000015155

0000154460
00002SA550
000025B435
000025B460
000f

000025C461

000025C535
000025C536
000025C537
000025C606

000025C829
000025C838
000025C858
000025C870
00002

00025€945
000025C968
000025C1023
000025C1026
000025C1032

000072090
000072150
000072160
000072190
000073070
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DEVICE

000073320
000073332
000073333
000073351

0000FR20:
0000RS 1542
0000SD-1AUF
000-04
00015188

00025C458C
00025C537F
00025C644Q
00025C644S,R,Q

00025€930D
00025C930E
00025C968P
00025€1023

$C1026

| 0002sc1032

00025C1032C
00025C1061

0002SC1061A
00025C1061B

000704
0001849
0001849R
00023645

001-0000-00
001-00
001-007-00

001-0095-00
001-0095-02
001-02
001-03

1104
122
1617
1123

2009
2009
2016
2016

2016

2016
2020
2020
2020

DEVICE

001-02102-0
001-02103-0
001-02104-0
001-02105-0
001-02106-0

001-02111-1

001-02113-2
001-02113-3
001-02113-4
001-02113-5

001-02303-4
001-02405-0
001-02405-1
001-02405-2

001-02703-0
001-015010
001-015011
001-021010
001-021011

1-021070
001-021080
001-021090
001-021110
001-021111

001-021135
001-021136
001-021172
001-021180

001-022010
001-022020
001-023030
001-023033
001-023034

001-024051
001-024052
001-024060
001-024061
001-024080

276- | DEVICE

001-226030
002-006500
002-008300
002-009500

009!
002-009900
002-03
002-010300
002-010300A

002-010900
002-010900A
002-011400
002-011500

002-9501
002-9502
002-9502-12
002-9601
002-9601-12

0025C735-0Y
0025C7350Y
0025C1061
0025C1209C
002sC

003-005400
003-006700
003-007500
003-009000

| 003-009100

004-003000
004-003300
004-003400
004-003600
004-0037

DEVICE

006-0000146
006-0004443
006-02
007-0051-00
007-0051-01

007-1695301 1802
007-1699301 1822
007-7450301C 2041
009-00 2055

0020-0250
0020-0330
0020-0332
0020-0351

0050-0032
0050-0070
0050-0250
0050-0300

R
0051-0110 1104
0051-0130 1104
0051-0160 1104
0051-0290 1104 N1

0054-0240(,RD-12EB)
563

0054-0250 122

0099-1030 1101

| 003016

003017
003023
003102
003111

DEVICE

0031013045
0031013049
0031013050
0031013052
0031013056

e G
0f 029

0031014030
0063050118
01-03945
01-010473

01-010719
01-010733
01-010844
01-030372

-03046
01-030509
01-030536
01-030643
01-030668

01-030733
01-030734
01-030735
01-030763

01-030945
01-031047
01-031166
01-031173

5

01-031360
01-031364
01-031674
01-031675

01-031855
01-031906
01-031923
01-032057

32076

1104
1104
2016
2027

DEVICE

01-9018-6/2221-3
01-30828
01-30829
01-57291
01-117005

1
01-472814
01-571591
01-571751
01-571794

01-572631
01-572774
01-572784
01-572791

-572811

01-691674
01-700542

01 ST-MPS9700D
01K-4.6E

01ST-MPS9700D 2009
02-004558 038
02-25C458LGC 2009
02-1001-1/2221-3 1123

02-257205

02-437205

02-455804

02 RECT-UG-1004

02 ST-25C1815Y 2009

02s7-25C1875 2055
02Z-6.2A 561
0226.2A 561
02Z6.2W 561
0229.1 562

02Z15A
02Z62A
03-0018-0
03-160
03-460C




ALPHABETICAL/NUMERICAL INDEX

DIODES AND RECTIFIERS

Bridge Rectifiers—50V, 100V, 250V, 400V . . ..5
Diode (General Purpose)

40V, 50V, 60V, 75V, 200V, 400V, 600V

L0 IR < T A S B 5
Diode (Zener)

ORI BEAVLG IV STNTIGNE: - = o 5
INTEGRATED CIRCUITS
Digital (CMOS)
4001'NOR'Gate (276-2401) ............... 21
4011 NAND Gate (276-2411) .............. 22
ADNBINTElD-Flop (276-2413) . .. .o oo, 23
4017 Divider/Counter (276-2417) .......... 24
4049 Inverting Hex Buffer (276-2449) . ... ... 25
4066 Bilateral Switch (276-2466). .......... 26
UM3482 Melody Generator (276-1797) . ..... 27
Digital (Memory)
4164 Dynamic RAM (276-2506) . ........... 29
MSM2764RS 64KUV EPROM (276-1251). . . .. 35
TMS4256 256K Dynamic RAM (276-1252). . . .36
Digital (TTL)
7400 NAND Gate (276-1801) .............. 39
7404 rHex Inverter (276-1802) ............. 40
(A0BANDIGatel(276-1822) ... ......0....« 41
7447 Decoder/Driver (276-1805)........... 42
7490 BCD Counter (276-1808) . ... ......... 44
FM RECEIVER
WEATOBUIRT61804) . . s it e r b il
Interface (Driver)
MC1488 Quad Line Driver (276-2520) ... .... 45
Interface (Receiver)
MC1489 Quad Line Receiver (276-2521) ... .. 48
LinCMOS (A to D Converter)
TLC548 A to D Converter (276-1796) ........ 50
LinCMOS (Timer)
GEE58Timer (27607 18) . . .. e itk 54
Linear (Audio)
TA7205P Power Amp (276-705) . ........... 57
SINEISROA(RTEA305) . « 20, i s a s 58
383 PowerAmp(276:708) . ... ... . ... oo 55
BE6 BOWer AMpI(276=1T31 Y oo o i 0 s vias 56

Linear (Miscellaneous)

339 Quad Comparator (276-1712)
a6 lone DecadeM(276:1721) = oy sis
3909 LED Flasher/0sc (276-1705)

Linear (Op Amps)

324 Op Amp (276-1711)
353 Op Amp (276-1715)
741 OpIAMP(276:00). & -4 4 e N
1458 Op Amp (276-038)

Linear (Timer)
SEEMMe(2I6-17123) b 5o S by
556IDUAl TiMeR(R76-1728)4 . . il s

Linear (Voltage Regulator)

317T Positive Regulator (276-1778)
723 Adj. Volt Regulator (276-1740) .........
7805 5 Volt Regulator (276-1770) ..........
7812 12 Volt Regulator (276-1771) .........
7815 15 Volt Regulator (276-1772) .........

MICROCOMPUTER (8-Bit)

CTS256AL2 Code to Speech Chip
RUBANBR) T o St i D

MOS (CMOS)

SS1202 DTMF Receiver (276-1303) .........

N-Channel ION Implant (Sound Generator)
AY-3-8910A Programmable Sound
GEneratem276IT8I ). 0. ok o S 1

N-Channel MOS (Audio)
SP0256 Speech Processor (276-1784) . ... ...

OPTOELECTRONIC DEVICES
Blinking LED (F336GD)(276-030)...........
Blinking LED (F336HD)(276-036) ..........
Detector (Infrared Emitter)(276-142) ..... ...
Display (MAN74)(276-075) ...............
Display(BIOORR)(276-081)5 . . v iaiat s
DiSplayi( 26003k, . o kams 0 S 3 B
EiSplayiRr6064) | it | s st f e
Driver (MOC3010)(276-134) ..............
Infrared Emitter (TIL906-1)(276-143) .......
BhotaCell (@B A516Y .. 25 i ks o e
Phototransistor (TIL414)(276-145) .........
SOlARGEI2T6R1 240 .« ' N 2 el
Tri-Color Red/Green/Yellow (XC-5491)
(Pareies)s) s Bl LI F I B R R

LED CHART (Indicators)

Green SiP-236B(27/6-022) 00 bl BTN 13
Green SIP-235B (276037 ) . 15 E et B 13
Greeni(276:069)7 & FRlN S T e el e 13
Red|PR5534S1(276=0118)1" . . Ak St S En s 13
Red (276°026)% A0 i G 2 vl TSN 13
RediTLR- 147 (276-033)% . st W on Sore 13
Redi(276-041] it i o e 58 e 13
Red/369RHDI(276-065) . S0 L A R 13
Red SIA=591IS13 (276-066A) . 2. o7 s s 13
Red SLR-888AI(276:088)1 %.e 270 S5 EAETES 13
REQUZZE068)F . i ailnis o il € ST 13
Yellow:SLP-236BI(276-021) 1. . - 0, 0t 13
Dual Color Red/Green R9-56 (276-025) . . . . .. 13
SPECIAL PURPOSE DEVICES

SCR=200V,; 6A(276-1067) .. ... 5 s TEs 12
SCR-400V., A (276-1020)k.x. 0 o o Bt 12
TRIAC 400V, 6A (276-1000) .............. 12
VARISTOR ERZ-C14DK201U (276-570) .. .... 11
VARISTOR ERZ-C20DK201U (276-568) . . . . .. 11
SPECIAL TRANSISTORS

Field-Effect MPE102 (276-2062) ¢t it . . 08 7
Field-Eftect 2N3819 (276-2035). . .. e . 9
Power MOSFET BS170 (276-2074) ......... 10
Power MOSFET IRF511 (276-2072) .......... 7
TRANSISTORS (BIPOLAR)

General Purpose NPN-SIL (MPS2222A) . ... ... 6
General Purpose NPN-SIL (2N2222) .. ........ 6
General Purpose NPN-SIL (2N3904) . ......... 6
General Purpose PNP-SIL (2N3906) ... ....... 6
Horiz: Defl, NPN-SIL(2SGiI308) ", . i 6
Power Amp/Switch PNP-SIL (MJ2955) . .. .. .. 6
Power Amp/Switch PNP-SIL (MJE34) .. ...... 6
Power Amp/Switch PNP-SIL (TIP31) ......... 6
Power Amp/Switch NPN-SIL (TIP120) ........ 6
Power Amp/Switch NPN-SIL (TIP3055) . ... ... 6
Power Amp/Switch NPN-SIL (2N3053) ....... 6
Power Amp/Switch NPN-SIL (2N3055) . ... ... 6
Switching PNP-SIL (MPS2907) ............. 6
Switching/Amp NPN-SIL (2N4401) .......... 6



Radio fhaek

A Division of Tandy Corporation

Fort Worth, Texas 76102

PRINTED IN U.S.A.

PRINTED IN U.S.A.



