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Acknowledgement

Since 1925, the year Bell Laboratories was founded, AT&T has developed some 21,000 patents, or the phenomenal
equivalent of a new discovery every day for more than 60 years. It becomes immediately apparent that the single, most
unexpendable ingredient contributing to our success is innovation.

In view of this, we welcome the opportunity to fittingly address the efforts and consistent breakthrough accomplishments
of our system and design engineers. It is proudly noted, the critical strength of AT&T rests within the human resources of
our research partner, Bell Laboratories.
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Introduction

AT&T’s Reading Works today emerges as one of the world’s largest producers of analog integrated circuits, based on
our total annual manufacturing volume. Our lofty status and reputation in the electronic industry is the offspring of a
continual commitment to analog technology, quality and reliability, and customer satisfaction—in short, a commitment to
excellence.

Our heritage is marked by sophisticated accomplishments, progressing steadily from vacuum tubes to microelectronics.
But rather than rest on residual success, our solid foundation of achievements tends to stimulate even more
discovery—innovation based on experience. Conclusively, along with the variety of inventions outlined in the following
pages, you may rightfully expect new developments, diversified applications, proven procedures, and flexible product
offerings.

The assortment of analog devices discussed here spans a number of technologies, and gives analog circuit designers
an opportunity for selective product evaluation. Wherever possible, the device specifications are certified and supported
by significant test and performance data. Devices are further characterized by a low mortality rate and extended service
life. The successful application of any component, however, is contingent upon close adherence to the recommended
operating procedures, concurrent with maximum device limitations.

Ordering information and technical assistance is available through the AT&T sales force.
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Interfacing with AT&T

To place an order, or to inquire about pricing, delivery, or models and availability, contact an AT&T account manager at
the nearest regional domestic sales office (listed below), or call 1-800-372-2447.

AT&T Microelectronics

Domestic Regional Sales Office Directory
1-800-372-2477
Southwest

Sales Headquarters: Southern (Continued)

1 Oak Way
Berkeley Heights, NJ 07922

Northeast

111 Speen Street
Framingham, MA 01701
(617) 626-2161

ME, NH, VT, MA, CT, RI

Mid-Altantic

601 Allendale Road
King of Prussia, PA 19406
(215) 768-2626

NY, PA, NJ, DE, VA, WV, OH, KY,
IN, Mi, MD

Southern

3295 River Exchange Drive
Suite 350

Norcross, GA 30092

(404) 446-4712

GA E. TN

4717 University Drive
Suite 104

Huntsville, AL 35816
(205) 837-6062

AL, MS, W. TN
4805 Green Road
Suite 120

Raleigh, NC 27604
(919) 790-9001

NC, SC

9333 South John Young Parkway
Orlando, FL 32819
(305) 345-7296

FL, PR

Central

1650 W. 82nd St., Suite 700
Bloomington, MN 55431
(612) 885-4304

W. WI, MN, WY, ND, SD, NE

4001 Airport Freeway
Suite 370

Bedford, TX 76021
(817) 354-9798

TX (except El Paso), OK, LA

432 N. 44th St.
Suite 430

Phoenix, AZ 85008
(602) 244-1100

AZ, NM, El Paso

500 Park Boulevard
Suite 270

ltasca, IL 60143
(312) 250-9777

E. Wi, IL, MO, AR, KS, IA
6160 S. Syracuse Way
Suite 350

Englewood, CO 80111
(303) 850-2935

CO, Ut

16461 Sherman Way - Suite 250
Van Nuys, CA 91406
(818) 902-1201

West San Fernando Valley,
Ventura and Santa Barbara
Counties, East Valley to Pasadena,
Greater Los Angeles County

6300 Gateway Drive
P.O. Box 6008
Cypress, CA 90630
(714) 220-6223

San Diego County, Orange County
South, Orange County North

Pacific

1090 E. Duane Avenue
Sunnyvale, CA 94086
(408) 522-5555

N. CA, NV, HI

10220 S.W. Greenburg Road
Suite 250 - Two Lincoin Ctr.
Portland, OR 97223

(503) 244-3883

WA, OR, ID, MT, AK, BC
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AT&T’s Analog IC Achievements

As a world-leading manufacturer of linear bipolar and high voltage integrated circuits, we are continually advancing the
analog technologies that have brought us to the forefront in the semiconductor market place. During the past two
decades, our technologies have evolved methodically in response to the growing complexities of modern communi-
cation systems. Today, more than ever, our concentrated research efforts and manufacturing superiority provide a sound
basis to serve new developments and diversified applications.

Linear Bipolar Technology Showcase

The succession of milestones in bipolar development is indicative of our ongoing commitment to IC technology and
applications:

® 1965—the first bipolar circuits are introduced using 12-volt, standard buried collector (SBC) technology.

® 1968—SBC technology is extended to provide 30-volt capability for catalog op amps.

® 1973—the first complementary bipolar integrated circuits (CBIC) are manufactured, offering 30-volt capability.
" 1977—CBIC/buried injector logic (BIL) is established.

" 1978/79—Silicon tantalum integrated circuits (STIC) and bipolar field-effect transistors (BIFET) are developed.
" 1983—90-volt CBIC is introduced.

" 1986—CBIC-U becomes part of AT&T’s high-speed silicon IC family for ultra-high frequency lightwave applications
(2.5—4.0 GHz).

" 1987—Semi-custom linear arrays, characterized by the most technological capabilities in the industry, are introduced.
Arrays include CBIC-U 12 volt, CBIC-R 33 volt, and CBIC-S 90 volt capability.

It became clear during the early *70s that the potential of analog IC design had outgrown SBC technology. CBIC was
then developed by Bell Laboratories at Reading as a natural fit with circuit design efficiency, offering power-miser level
shifting, a push-pull output stage with low quiescent power and RF| immunity, symmetric current sources, up/down
emitter followers, and fundamental power and speed advantages.

As a result of our CBIC innovations, AT&T today holds prominence in the analog IC arena. CBIC’s high-performance
circuit design features include vertically-structured NPN and PNP transistors on the same chip.

The true strength of CBIC technology, however, is high speed and low quiescent power. Device designs using CBIC
technology can include all of the following attributes: '

® BlL—analog and digital functions on the same chip.
® STIC—compact, precision thin-film resistors on the same chip; temperature coefficient of 200 ppm/°C.

® BIFET—precisely controlled pinch-off voltage of 0.7—10 V; resistor values of 25—2000 ohms/sq.; metal nitride oxide
silicon (MNOS) capacitors with a value range of 1—1000 pF.

To promote an efficient use of silicon, all of the technologies can be designed with two-level metal interconnections.

Statistics show our average out-going quality (AOQL) products to be better than 250 ppm and our goal is to achieve
50 ppm by 1990. We have demonstrated high reliability of less than 25 FiTs.

High-Voltage IC Technology (Dielectric Isolation)

High-voltage ICs (HVIC) designed by AT&T Bell Laboratories exhibit a breakdown voltage in excess of 100 V. Fabricated
using a bipolar technology, the high-voltage product line is based on our Gated-Diode Crosspoint (GDX) family of ICs.
GDX devices are generally used in highly specialized applications.
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AT&T’s Analog IC Achievements
(Continued)

In the early 1980s, as HVIC application opportunities expanded to include the areas of telecommunications, display
drivers, and motor controllers, GDX technology gave way to yet another new development. MOS/Bipolar technology,
including (but not limited to) complementary low-voltage MOS and high-voltage DMOS devices, emerged as BCOMOS
technology. Currently, this technology has found applications in devices such as telephone interface circuits and
solid-state relays, all requiring bipolar and DMOS architectures.

While GDX and BCDMOS both use dielectric isolation, BCOMOS ofiers greater fiexibiiity in the variety of devices that
can be fabricated with a single chip containing multiple components and technologies. Examples include DMOS
transistors, SCRs, vertical NPN and lateral PNP transistors, and capacitors with voltage ratings of at least 300 V.

Today, typical BCDMOS applications include switches or relay replacements with minimal on-resistance, surge handling
capability up to 10 amps, and dc current ratings of approximately 200 mA. Most applications require chip sizes of
10—30 mm?; power dissipation ranges from 1—10 W.

Because of the power requirements necessary to achieve high speed at high voltage, power dissipation is usually a
stronger consideration than inherent speed. However, AT&T does offer low-voltage CMOS products that operate at high
speeds on the same chip—a data latch, for example. Current CMOS devices in BCDMOS technology can deliver clock
rates of 10—50 MHz.

Using a number of special techniques, the limits of our high-voltage devices have been spiraling upward. Individual
breakdown voltages have reached 500 V. By stacking devices, breakdown voltages of 1000 V are possible. Using
level-shifting or capacitive-coupling of control signals, 500—1000 V input/output isolation can be achieved. And with the
optoisolator packaging capabilities at the Reading Works, 2500—3750 V input/output isolation is available.

Although the new technologies are quite versatile, our competitive edge is superiority in manufacturing. in addition to

being the world’s largest producer of HVICs, AT&T Reading Works is the most experienced in testing and packaging
highly reliable parts.
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Applications: Telecommunications and Beyond

While linear bipolar and high voltage ICs are used popularly in the communication industry, there are considerable
opportunities for allied applications in other fields. In general, AT&T devices provide cost-effective solutions for a
significant number of applications required in consumer, industrial and instrumentation products. The listings below are
not comprehensive, although they do provide an overview of the types of applications and their associated devices.

Applications Compatible Devices
Communications

® Voice, DTE, Systems ® Protection devices

® Local Area Networks ® | ine/battery feeds

® Modems n

Analog switches

® Line receivers/drivers

® Voice-frequency op amps
® Compandors

® Wide-band op amps

® | evel expanders

" Transceivers

® Clock recovery circuits

Consumer Products

" Telephones ® Telephone ICs

. I-‘ch_m:]e aplfliances ® Speakerphone devices
-dishwashers
-ovens ® MOSFET Gate Arrays

-lighting *® Op amps
® Voltage-controlled oscillators
® Tone decoders
® Voice-signal conditioners
® Tone ringers
® Solid-State Relays
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Applications: Telecommunications and Beyond
(Continued)

Industry

Test equipment

Computers and peripherals
Automotive electronics
CAD/CAM equipment

Power equipment

Aerospace electronics

Factory automation equipment

Instrumentation

Process control equipment
Medical equipment
Sensors

Detectors

Sonar monitors

Custom Designs

Microwave equipment

90-volt equipment

General-purpose high-voltage devices
High-voltage digital-to-linear interfaces
P/N channels

Level translators

Regulation controllers

Precision voltage referencers

Power controllers
Solid-state relays
Pulse-width modulators
Relay drivers

Op amps

MOSFET Gate Arrays

Oscillators
Phase-locked loops
Analog multipliers
Comparators
Sample-and-hold amps
Micropower op amps
Relay timers

Timing circuits

Semi-custom linear arrays
MOSFET gate arrays

1-7



GENERAL

Data Sheet Categories, Commercial Products Linear and High Voltage IC Devices

Description

Data Sheets fall into the following three categories:

1.

ADVANCE: This Data Sheet is issued as soon as possible after the conceptual characteristics of the device have
been established. Electrical characteristics are usually based on computer simulation results. An Advance Data
Sheet (sample devices are not necessarily available at this time) is issued prior to the fabrication of initial models.

CAUTION: The ADVANCE Data Sheet is intended to serve as a product announcement. All aspects such as
functionality, specification, packages and pin-outs are subject to change.

. PRELIMINARY: This Data Sheet is issued as soon as possible after pre-production device models have been

fabricated. Typical electrical characteristic curves are obtained from these devices (test specifications are not
necessarily finalized at this time).

. FINAL: Data Sheets without a status indicator are classified as Final. These data sheets are issued after a statistically

significant amount of product has been manufactured. These Data Sheets contain primary testing characteristics of
the device.

Coding: Linear, Digital and High-Voltage IC Devices

AT&T has developed a method for coding linear, digital and high-voltage integrated circuits consistent with general trade
practices. The new coding scheme characterizes devices according to functional classification, technology, device
identifier, electrical, temperature, family variant, and package type as outlined in Figure 1.
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Coding: Linear, Digital and High-Voltage IC Devices (Continued)

123 4586789

1— Package Configuration—Alpha suffix designators for package variations.®

Omission of characters in positions 8 and 9 identifies the device as being in chip

form.
A = Wafer® W = 16-Pin SONB
B = 8-PinDIP . X = Special Package
C = 16-PinDIP Y = 20-Pin SOG
D = 18-PinDIP AA = Thinned Wafer
E = 20-PinDIP AB = 6-Pin Gull Wing
F = 24-Pin DIP AC = 8-Pin Gull Wing
G = 28-Pin DIP AD = 44-Pin Ceramic Chip Carrier
H = 32-Pin DIP AE = 16-Pin SOG
J = 40-Pin DIP AF = 14-Pin SONB
K = 16-Pin SOJ AG = 32-Pin Ceramic Chip Carrier
L = 20-Pin SOJ AH = 28-Pin SOTB
M = 28-Pin SOJ AJ = 28-Pin SOG
N = Reserved AK = 24-Pin Ceramic Chip Carrier
P = 44-Pin PLCC AL = 28-Pin Ceramic Chip Carrier
R = 68-Pin PLCC AM = 3-Lead Plastic
S = 8-Pin SONB AN = 48-Pin Ceramic Chip Carrier
T = 6-PinDIP AP = 14-Pin DIP
U = Unassigned AT = Tab-Bonded Chip

Electrical, Temperature, or Family Variation—Alpha Suffix Designator

Device Identifier—Alphanumeric Designator

Technology-Alpha Designator to Identify Technology

CBIC

CMOS

Gallium Arsenide
= High Voltage

= MJIM

SBC

NWeIOOW
I

I

Classification—Alpha Designator to Identify Type of Device

= Building Blocks/Transistor Array IC

Digital IC

= Hybrid IC

= Linear IC (May contain some
digital functions)

U = Microwave IC

rITIOoOw
It

Figure 1. Coding Scheme

@ For specific package dimensions, see individual Data Sheets.
® Devices are shipped in wafer form to the customer who is then responsible for subsequent processing to obtain usable chips.
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Analog IC Quality and Reliability

At AT&T, quality and reliability are not accidental by-products. Instead, they are established today as strategic business
assets in our quest as the world leader in information movement and management. Our primary objective, of course, is
to produce precision, error-free integrated circuits—circuits that meet or exceed at any given point in time the required
device specifications (quality), and offer continual high performance over an extended service life (reliability).

Our approach to product excellence beings in the design and development stages with the latest quality assurance tools
and accelerated life tests, and continues through manufacturing cycles with strict processing and screening methods.
AT&T’s popular 5SESS™ Switch is a prime example of a linear-supported product with quality designed in from start to
finish. With little margin for error, members of our Quality Assurance Center tirelessly documented and reviewed each
stage of switch development. Today, the 5ESS Switch alone can accommodate a staggering 18-million telephone lines.
Moreover, the estimated mean time to failure for the typical linear circuit used in the system is 30 years.

It is through these measures, along with time proven field experience, that we can accurately predict the behavior and
endurance of any device or group of devices. Most IC populations in normal service can be expected to exhibit high
initial failure rates which rapidly decrease in time. However, as devices mature, the failure rate attains a steady or
constant state in terms of failures per unit of time and mortality is therefore attributed to normal device exhaustion.
Simply stated, product longevity is based on design life intent.

As illustrated in Figure 1, wearout typically occurs very slowly over several decades and is not expected to be important
in any reasonable time for ICs manufactured by AT&T.

200 "

150
2
w INFANT
l-'E MORTALITY
é 100 H REGION
w
o«
o}
=
s

50
STEADY-STATE WEAROUT
REGION REGION
0 ] 1 1
0 10 20 30 40

OPERATING TIME (YEARS)

*FITs = One failure in 10° device hours

Figure 1. Typical Failure Rate (Tj = 80°C)
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Analog IC Quality and Reliability
(Continued)

" We commonly express reliability numerically in terms of a failure rate per unit of time, such as 0.001%. As we approach
the very low failure rates, it is more suitable to define a failure unit (FIT) as one failure in 10° device-hours. For example,
one failure among 10,000 devices operating for a year is a failure rate of 11 FITs, or 10 FITs = 0.001% per 1000 hours.

In making quantitative estimates of early life failure rates, it is more convenient to use the Weibull distribution model
shown in Figure 2. Here, the curve is based on average results for removals from system equipment as well as infant
mortality experiments. Since subsequent failure-mode analysis generally shows half the removed devices are in good
condition, the curve has been labeled “removal rate,” measured in RITs (one removal in 10° device hours). System
failure rates can be estimated at any point in time by using half the plotted value for each IC and summing failure rates of
the individual devices.

106 =
105 |

-
10 .

T T

REMOVAL RATE (RITs)

103 AN

102 poeerndb ol ILIlJII\J_LM

10 101 102 103 104

I

OPERATING TIME (HOURS)

Figure 2. Analog Integrated Circuit Removal Rate (based on experimental data); (Tj = 50°C)

The high incidence of infant mortality, about 0.1%, is the result of defects arising during the manufacturing process. The
objective is to reduce the proportion to less than 0.02% by design and manufacturing improvements, and/or 100%
in-process screening. To assure a high level of reliability, IC production is continually sampled and tested using the
following methods:

® Passivation-layer integrity

® Package terminal pull strength

® Package terminal bending-fatigue resistance
" Package terminal solderability

® Temperature-cycling resistance

® Humidity-temperature resistance
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Analog IC Quality and Reliability
(Continued)

® 300°C storage life
® High-temperature operating life

Typical manufacturing faults leading to device removal are poor electrical connections, cracked silicon, and electrical-
insulation defects. Some ICs fail because of mobile surface charge, metal migration, and other phenomena causing slow
degradation. On the bottom line, the failure rate for a well-made product is projected to be very small (10 FITS maximum)
over a typical 10- to 40-year equipment design life.

Nevertheless, in a customer environment, the best devices can be caused to fail if the equipment design allows severe
stress levels. Conventional ICs have little voltage margin and exhibit little capacity to absorb energy pulses. On the other
hand, failures due to lightning, static-electricity charges, voltage surges, and maintenance errors are almost impossible
to predict because of their random nature. Breakdowns due to high humidity or temperature, or temperature cycling, are
more predictable. Some of the common types of overstress and their effects on ICs are listed here.

® Lightning—If not properly arrested, lightning will short-circuit most ICs.

® Temperature or power cycling—ICs subjected to many temperature excursions, or to on-off power dissipation
changes, may tend to fail because of differing coefficient of expansion among materials or mechanical design
features.

® ESD—ICs are particularly vulnerable to electrostatic discharge (ESD), one of the most common causes of irre-
versible damage.

® Equipment maintenance—Many ICs are destroyed at the system or equipment level under circumstances that can
only be traced to inadvertent application of the wrong voltages during testing and diagnostics.

® Electrical pulses and surges—Surges, spikes, and regulator-fault overvoltages can damage ICs or groups of devices.
Systems should never exceed the maximum-rated voltage values of component ICs.

® Power sequencing—Semiconductors contain many parasitic junctions and devices which are not apparent in an
examination of the circuit schematic. Unusual electrical biasing, in some combinations, may “turn-on” parasitic
devices and can cause circuit damage.

® High humidity—ICs exposed to high relative humidity for long periods, while under electrical bias, tend to fail through
electrolytic corrosion.

® High Temperature—Technology has practically eliminated surface, contact, and connection degradation as a
negative reliability factor. Moreover, elevated operating temperatures actually reduce the probability of failure from
electrolytic corrosion. The reliability of linear devices exposed to humid environments is therefore elevated by
operating at higher temperatures, even up to the maximum operating limits.

The quality and reliability of AT&T’s ICs over the total system life is excellent. Moreover, at AT&T quality is everyone’s
responsibility and, traditionally, it is the one dominant factor setting AT&T above and apart from the competitive
mainstream. As a result, our customers can select with confidence from a wide assortment of the most innovative and
persevering devices available in the electronic industry.

For a more detailed discussion, we suggest the “Reliability Information Notebook,” published by the Bell Laboratories’
Quality Assurance Center. Or, “The Statistical Quality Control Handbook,” now in the sixth printing and in use by
companies worldwide.



ANALOG MULTIPLIER LS1111AC

Description

The LS1111AC Analog Multiplier is a full four-quadrant multiplier, meaning that two input voltages of any polarity can be
processed. It features adjustable signal gain (within a range of 3700 to 7050), accepts a wide range of power-supply
voltages, provides high- and low-impedance outputs, and has a guaranteed gain linearity error magnitude no greater
than 9.0%. An on-chip regulator provides a performance trade-off capability between power-supply rejection ratio,
temperature coefficient, and absolute multiplier gain accuracy with external resistors.

Applications of Analog Multipliers include: analog computing systems (multiply, divide, square root), frequency doublers,
phase detectors, process control equipment, electronic gain controls, and analog modulators/demodulators.

Features
® Full four-quadrant analog signal multiplication " Adjustable signal gain
® Accepts wide range of power-supply voltage ® 16-pin plastic DIP

Functional Block Diagram

13 14 2 16 15 3
(0]
12.2 k
INTERNAL COMMON
REFERENCE CURRENT
120— § VOLTAGE SOURCE
110— / Jl o1
07
40—
6
50—

21



LS1111AC ANALOG MULTIPLIER

Maximum Ratings

(TA = 25°C)

Power-Supply VOIAGE . . . . ..ottt e e e e e e 30V
Total Power Dissipation .. ... ... e 400 mW
Storage Temperature . ... ...ttt e —40 to +125°C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin Name/Function Pin Name/Function
1 Vs 9 Y Gain
2 RINT 10 No Connection®
3 IseT 11 — X Input
4 +Y Input 12 + X Input
5 —Y Input 13 X Gain
6 Low Z Output 14 X Gain
7 High Z Output 15 Vs
8 Y Gain 16 VINT

® This lead is not internally connected and may be used as a tie point, provided the ratings of the device are not exceeded.

Electrical Characteristics
(Ta = 25°C unless otherwise specified)

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing
requirements.

Characteristic Test Condition Min Typ Max Unit
Gain Factor 73 78 dB
Gain Linearity External Resistor to Vs — +9.0 %
Input Offset Voltage X or Y Inputs — +50
)
Measured at Lead 6 m
_ +
Output Offset Voltage with Lead 7 = GND T15
Output Voltage Swing Lead 6 t 122 —
- Vv
Common-Mode Voltage Range 125 —
Internal Reference Voltage X or Y Inputs Vs +4.6 Vs —6.2
Input Bias Current — 7.0
Input Offset Current — +1.0 | xA
Lead 7, IseT = 250 uA +350 +450
Maximum Output Current
- +500 —
Lead 6, R = 1-0 kQ — 200 LA
Power-Supply Current 3.4 6.3 | mA
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ANALOG MULTIPLIER LS1111AC

Test Circuits

+15 Vv

|
—
w
<

jj
[;._‘I
Le
I=

=
F
orFT L% 0.1 v
7y {3 1a /-[’; s1 5V
1.0 vo———{%] 13 r’/
. = _}Oki 10 ke
A = 100 ke 100 ke| 100 ke e
W{E {111 A A MgV |10 ke
7 [10] EO\O_T L L_“,_] 1\ Vv
8 s2 3100 ke 680 pF
i -1s v
7

65 kQ
/7L V0 Sl’ 52 CLOSED
vy 52 OPEN
vy Sl OPEN
Vg Sl’ 52 OPEN

Figure 1. Input Offset Voltage (Vio), Input Bias Current (li8), and Input Offset Current (lio) Test Circuit

-15 Vv +15 V

HRE

0.1 ul"/;E

0.1 yF

2t
65 ke
10 ke

;

* CAPACITOR ADDED FOR NOISE SUPPRESSION

Figure 2. Internal Reference Voltage (VinT) Test Circuit
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LS1111AC ANALOG MULTIPLIER

Test Circuits

(Continued)
-15 Vv +15V
O
-1PS (§) +IPs
\J
16]
0.1 uF [ 2]
,]; _1__4] /J; 0.1 uF
0.1 yF 4
-1 W
* /79_@ 0.1 1F.
(6] y
65 kQ
10 ke El
Figure 3. Power-Supply Currents (+ Ips, — Ips) Test Circuit
Application

Figures 1 through 6 show the required connections, external components, and representative performance for general
applications. Figures 1, 2, and 3 are shown with ac coupling capacitors on the inputs. For dc-applications, these are
omitted.

The external components are chosen according to the following equations and description.

As a four-quadrant analog muiltiplier, this device is suitable for a variety of applications such as squaring and modulating.
External resistors determine the gain and dynamic range, as shown in the expression for the transfer characteristic.

Vo=GFVxVy _P2  voiis
Rx Ry
where
GF = 12 (Ampere) '@
IseT

Rx and Ry provide individual adjustment of the transfer characteristic from the X and Y inputs, respectively, to allow the
user to optimize linearity for large ratios Vx to Vy. Figure 3 shows the four quadrant gain characteristic and Figure 4
shows a similar two-quadrant characteristic for ac signals. The level of the input voltages should be adjusted in
accordance with Figure 5 to maintain linearity and avoid saturation of the inputs. Ro applied to the high-impedance
output, fixes the overall gain by providing the current-to-voltage conversion before the signal is fed to a unity-gain buffer
that supplies the low-impedance output. Vo(sat) varies linearity with Ro. The high-impedance output is also a convenient
node for frequency shaping the multipliers transfer characteristic. RL is chosen to match the application requirements
and a value of 65 kQ is used for the test specification measurements.



ANALOG MULTIPLIER LS1111AC

Application
(Continued)

The multiplier has 3-dB bandwidth of approximately 2 MHz with Rx = Ry = 10 kQ and Ro = 1.0 kQ. The voltage
follower between the high-impedance output and the low-impedance output has approximately 20 MHz of 3-dB
bandwidth.

For maximum precision, an external reference current should be applied to lead 3 (IseT). However, several simple means
for obtaining IseT may be used (at reduced precision), and these are outlined in the following paragraphs.

By shorting lead 2 (RinT) to lead 3, the internal reference voltage is applied to the internal 12.2 kQ resistor to generate
IseT. This option provides minimum component count and good power-supply rejection ( < 52 pV/V) of the multiplier
gain. However, the gain factor (GF = 4400 A™) is subject to considerable variations because of manufacturing
tolerances (£25%) and temperature (+ 0.33%/°C), neglecting the effects of the three gain-setting resistors.

Ry
Lo 139 14 2"»? s .,
Yo v Io.m
6 4400R .
Vo=3w, W
0 Ry Ry
1
Vs
90 38 16
! Vint .
Ry R, T0~1HF L
' L

Figure 4. Internal Reference with Internal Resistor

® The theoretical numerator of Gr is 2.0, but experimentally the value 1.2 better describes this device.

Another option is to use the internal reference voltage and an external resistor to generate IseT (see Figure 8). This
resistor then determines the overall supply current as well as the gain and should be > 10 kQ. A resistor value close to
13 kQ should provide the best operation. This option produces a gain factor
GF = 1.2 Rext +3.4 kQ Al
41
which combines good power-supply rejection (0.03%/%) with improved tolerance (£ 12%), but without much
improvement in temperature coefficient (+.25%/°C), again neglecting contributions of external components.
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LS1111AC ANALOG MULTIPLIER

Application
(Continued)

Ry Rexr

Figure 5. Internal Reference with External Resistor

A third option places an external resistor between Vs and IseT. This option sacrifices power-supply rejection
(=1%/%) to gain considerably in initial tolerance (1=3%) and temperature coefficient (— 0.012%/°C). Here, the gain
factor is given by
GF = 1.2+REXT -i- 3.4 kQ A— —
Vs — Vs — 13

The value for RexT should be chosen so that IseT is > 300 u A, where

VS — Vs — 13

Rext + 2.8 kQ

IseT =

1

Figure 6. Internal Reference with External Resistor to the Positive Power-Supply



ANALOG MULTIPLIER LS1111AC
Outline Drawing
(Dimensions in Inches)
fe——————— 795 (20.19) MAX ——————— =
16 - 9
1 -- — — M
INDEX
MARK
.265
\7 (6.73)
/ MAX
INDEX/q/ l
AREA | . — —_ _ | S—
1 > 8
—»  j*—.065 (1.65) MAX —» e—.044 (1.12) MAX '323.&13)
.140 (3.56)
== == MAX I
__i_L
' 1t L
125 (3.17) .015 (.38) i !
MIN MIN i 1
i - - t I
i 1 ||
1 it

.032 (.81) MAX I :l le—.063 (1.60)
.100 (2.54) REF MAX

Ordering Information

Device Comcode

LS1111AC 104411889

-C
-C

. .6: |
l._ :sogs ('(/: 2)

.400 (10.16) MAX
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HIGH-SPEED DUAL ANALOG SWITCH

LB1017AC

Description

The LB1017AC High-Speed Dual Analog Switch integrated circuit contains two channels in one package. Each channel
consists of a driver circuit controller and SPST switch. The drivers interface with TTL-logic input signals for applications
such as multiplexing, commutating, and D/A converter applications. These drivers enable a low-level input (0.8 to 2.0
volts) to control the ON/OFF condition of each switch. In the ON-State, each switch will conduct equally well in either
direction. In the OFF-State, each switch will block voltages up to £ 5 volts. Positive Logic 1 will turn each switch ON and

Logic O will turn

Features

14 Vv and 10

it OFF.

0 kHz

Low ON resistance (9 to 15 ohms) for signals up to

Characterized for audio range; capable of handling

small-signal analog inputs to the MHz range

Functional Diagram

W IN |-

8

_—

Switching times < 50 ns
4 volt common-mode range
Low injected charge ( < 50 pC)

LOGIC | SWITCH
111 ON
000
001
010
011 OFF
100
101
110

High open-switch isolation (-70 dB) at 1.0 kHz
® | ow crosstalk (-50 dB) between switches
Low harmonic distortion

Switches have sink/source current capabilities
> 16 mA

Low feedthrough capacitance ( < 0.3 pF)

Pin Diagram

INAT [ 1 16 [] SWA1
swaz INA2(J 2 15 [] COMMON
Swe1 INA3[] 3 14 [J SWA2

NC( 4 13 [] COMMON
sws2 v+ s 12 Jv-

INB1 [ 6 11 [JswB2

INB2[] 7 10 [J COMMON

INB3 (] 8 9 [ swsi

Low leakage current ( < 100 nA) in the OFF-State
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LB1017AC High-Speed Dual Analog Switch

Maximum Ratings
(TA = 25°C unless otherwise specified)

Rating Value Unit
Ambient Operating Temperature Range 0to 70 °C
Storage Temperature Range —40to +125 °C
Pin Temperature (Soldering, 15 sec) 300 °C
Supply Voltage, V+ to COMMON +9.5 Vv
Supply Voltage, V— to COMMON —9.5 \'
Switch Voltages (SWA or SWB to COMMON) +50 \'
Input Voltages (INA or INB to COMMON) +55 \

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin Symbol Name/Function
1 1NA1
2 1NA2 . L . . .
TTL-compatible logic input pins for switching channels A and B, respectively.
3 1NA3 s . g .
A channel switch is normally closed if all of its inputs are logic HIGH.
6 INB1 A logic LOW on any input pin will open the switch
8 1NB3
4 NC No connection. This pin should not be used as a tie point for external circuitry.
5 V+ Connection for most positive external power supply.
9 SwB1 * One side of the switch output (designated Side 1) for channels B and A,
16 SWAT1 * respectively.
10 Ground or circuit common (not necessarily physical or system ground). All of
COMMON . .
13 these pins should be externally connected to one common point.
11 SwB2 * One side of the switch output (designated Side 2) for channels B and A,
14 SWA2 * respectively.
12 \ Connection for most negative external power supply.

* Tables and figures relating to SWA1, SWA2, SWB1, and SWB2 describe only one set of switches. They have been designated
Vswi, Vsw2, for tables and SW1, SW2 for figures.
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HIGH-SPEED DUAL ANALOG SWITCH LB1017AC

Characteristics
Switching Characteristics (Each Channel):
Ta = 25°C,V+ =9V,V— = —9V,ViNn = Pins 1, 2, 3, 6, 7, and 8 (Functional Diagram)
Characteristics Min Typ Max Unit

Turn-On Time (Figures 1 and 3)
VIN (Pins 1,2,7,and 8) = 24V
VIN (Pins 3 and 6) = Pulsed (Note 1)
RLoAaD = 400 ohms
VseT = —5V 20 — 50 ns
Vser = +5V 20 — 50 ns

Turn-On Time (Figures 2 and 3)
VIN (Pins 1,2,7,and 8) = 24V
VIN (Pins 3 and 6) = Pulsed (Note 1)
Rroap = 400 ohms

Vser = —5V 10 —_ 40 ns
VSeT = +5V 10 — 40 ns
Injected Charge (Note 2)

ViN = 24V
Vswi = —4.5V — +5 +50 pC
Vswil = 0 — +5 +50 pC
Vswl = +45V — t5 +50 pC

Note 1. Positive pulses with 400 ns width and 2.5 volt amplitude are applied with a repetition rate of 60 us.
Rise and fall times of this applied pulse are < 5 ns.

Note 2. Injected charge is defined as the amount of excess charge transferred to a 1000 pF load capacitor (connected to the SW2 side of
each channel switch) during the time interval associated with the switch Turn-Off.

Propagation Delay Time

P i 1 i
Low-To-High Level ropagation Delay Time

High-To-Low Level

T T T 5% —— — % — — 50%
INPUT PULSE | | :
tpLy—le— tpHL — ¢
I -¥- 9% | :
I
OUTPUT PULSE " _so%
Figure 1. Turn-On Time Figure 2. Turn-Off Time

swi| & sw2

$ oot b
F 3

Figure 3. Test Method for Switching Time and Switch Offset Voltage

L
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LB1017AC HIGH-SPEED DUAL ANALOG SWITCH

Electrical Characteristics (Each Channel):

Ta = 25°C,V+ =9V,V— = —9V,ViINn = Pins 1, 2, 3, 6, 7 and 8 (Functional Diagram)
Characteristics Min Typ Max Unit
Switch ON Resistance 9.0 — 15 Q

ViN = 24V, Vswi and Vsw2 = 0, f = 1 kHz
Switch Leakage Current, ON Condition

VIN = 2.4V, Vswi and Vsw2 = 0 — — +15 mA
VIN = 2.4V, Vswl and Vsw2 = —5V —_ — +15 mA
VIN = 24V, Vswi and Vsw2 = +5V — — +15 mA

Switch Source Current —16 — —30 mA
ViIN2.4V,Vswl = 15V, Vsw2 = 0

Switch Sink Current 16 — 30 mA
VIN = 24V,Vswl = —15V,Vsw2 = 0

Logic Input Current HIGH — — 1.0 pA
ViIN = 55V

Logic Input Current LOW —0.4 — —1.2 mA
Vin = 04V

Switch Leakage Current, OFF Condition

VIN=08V,Vswl = +45V,Vsw2 = —45V — —_ +100 nA
Vin = 08V,Vswl = —45V,Vsw2 = +45V — — +100 nA

Positive Supply Current — 7.7 13 mA
Switch in OFF Condition

Negative Supply Current — —3.0 —10 mA
Switch in OFF Condition

Power Supply Rejection Ratio, Positive and Negative 38 — — dB

Switch OFF Isolation —70 — — dB
Vin = 0.4 V (Figure 4)

Crosstalk Between Switches —50 — — dB
Vin = 2.4V (Figure 5)

Second Harmonic Distortion (Note 3) — — 250 ©Vrms
ViN = 2.4V, Vsource = 250 mVrms at 1 kHz (Figure 6,

Third Harmonic Distortion (Note 4) — — 140 ©Vrms

VIN = 2.4V, Vsource = 250 mVrms at 1 kHz (Figure 6
Switch Offset Voltage, No load (Note 5)
ViIN (Pins1,2,7,and 8) = 24V
ViN (Pins 3 and 6) = Pulsed (Note 1)

VseT = —5V — — +25 mv
VseT = 0 — — +25 mVv
VseT = +5V — — +25 1\

Switch Offset Voltage, 400 Q load (Note 5)
VIN (Pins 1,2,7,and 8) = 24V
ViN (Pins 3 and 6) = Pulsed (Note 1)
Vser = —5V — +165 +300 mV
Vser = +5V — +165 +300 mV

Note 3. Second harmonic distortion is defined as the amplitude of a 2 kHz signal at VouT (Vsource = 250 mVrms at 1 kHz).
Note 4. Third harmonic distortion is defined as the amplitude of a 3 kHz signal at VouT (Ssource = 250 mVrms at 1 kHz).

Note 5. The Switch Offset Voltage is defined as the difference in voltage (AV = Vser — Vour) during the last 200 ns of the positive
portion of the pulse described in Note 1. See Figure 3 for test method information.
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HIGH-SPEED DUAL ANALOG SWITCH

LB1017AC

A
f = 1kHz

3.5 1000

§

. 1 MQ = VouTt
Vrms pF J; I

Figure 4. Switch Off Isolation Test Method

swei| =& SwWB2
100 O 1000 —l- Vourt
pF
swall & SWA2
* f = 1kHz
VSOURCE 3.5 Vrms 400 Q
c K LOG gouT
ROSSTALK = 20 LOG ygounce
Figure 5. Crosstalk Test Method
swif & SW2
VSOURCE t =1KkHz 1000 —— Vout

Figure 6. Harmonic Distortion Test Method

| 250 mVrms pF I |
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LB1017AC

HIGH-SPEED DUAL ANALOG SWITCH

Characteristic Curves:

SWITCH OFFSET VOLTAGE (mV)

INJECTED CHARGE (pC)

T T

SPECIFICATION
-20 LIMIT —\ —
-30 | | | ||
-6.0 -2.0 2.0 6.0
COMMON MODE SWITCH VOLTAGE (V)
Figure 7. Typical Offset Voltage vs.
Common-mode Voltage

75 l

-50

-7 I A I B

-6.0 -2.0 2.0
COMMON MODE SWITCH VOLTAGE (V)

Figure 9. Typical Injected Charge vs.
Common-mode Voltage

6.0

SWITCH LEAKAGE CURRENT ON (xAdc)

POWER DISSIPATION (mW)

600

400

200

-200

-400

-600

-6.0

I ||

-2.0 2.0
COMMON MODE SWITCH VOLTAGE (V)

6.0

Figure 8. Typical Leakage Current vs.

Common-mode Voltage

]

l

103 —

E ZSWITCHES—\

102 jue \—1 SWITCH
=L LU L L
10-3 10-2 10-? 1

DUTY CYCLE

Figure 10. Typical Power Dissipation vs.

Duty Cycle



HIGH-SPEED DUAL ANALOG SWITCH

LB1017AC

Characteristic Curves

(Continued):

~89 l l
- PSRR +
m
k-
5 -65— PSRR - —
-
(8]
w
=
w
o«
w
& —61}—
g - -
«c
>
-
-8
S
(7]
@ 57— -
w
ES
o
a

-53 | I |

-40 0 40 80 120 160

JUNCTION TEMPERATURE (°C)

Figure 11. Typical Power Supply Ripple Rejection

LOGIC INPUT CURRENT LOW (:Adc)

vs. Temperature

ST T ]

840 [— —

820 — —

800 —

780 I l
-40 0 40 80 120 160

JUNCTION TEMPERATURE (°C)

Figure 13. Typical Input Logic Current Low
vs. Temperature

POWER SUPPLY CURRENT (mAdc)

SWITCH OFFSET VOLTAGE (mVdc)

8.0
6.0 — ]
4.0 — —
IpS -
2.0 L l | I
-40 0 40 80 120 160

JUNCTION TEMPERATURE (°C)

Figure 12. Typical Power Supply Current
vs. Temperature

3.0
: l l

RL=0
+20 —

+1.0 —

CMVsw = -5V

10— —
+5V
—20|— _
NO LOAD
-30 | | | |
-40 0 40 80 120 160

JUNCTION TEMPERATURE (°C)

Figure 14. Typical Switch Offset Voltage
vs. Temperature
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LB1017AC HIGH-SPEED DUAL ANALOG SWITCH

Characteristic Curves

(Continued):
270
| [ | | I ~400 T T I T
RL = 400 @ CMVsw = -5V
g <
E 3 -200— —
w 230 |— — 3
g £
= w
g
= 210 — ] o o —]
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g CMVsw = -5V e =
3 5 200 —
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== +5V
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Figure 15. Typical Switch Offset Volitage Figure 16. Typical ON Leakage Current
vs. Temperature vs. Temperature
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Figure 17. Typical Injected Charge Figure 18. Typical Source and Sink Current
vs. Temperature vs. Temperature
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HIGH-SPEED DUAL ANALOG SWITCH LB1017AC

Characteristic Curves

(Continued):
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Figure 19. Typical ON Resistance
vs. Temperature
Applications

The LB1017AC is a High-Speed Dual Analog Switch with low ON resistances and control inputs which are
TTL-compatible.

Figure 20 shows a diagram of the LB1017AC as used in a sampling application. The design of this device incorporates
high-speed current amplifiers. It is important that proper high-frequency bypassing of power supplies is used, and that
proper grounding designs are incorporated.
V+
INPUT 22— —————————————INPUT 1a
INPUT 2b————— ——INPUT 1b

CLK 2-——-] NG ’——CLK 1

8 7 6 5 4 3 2 1

LB1017AC

BUFFER/ 9 10 11 12 13 14 15 16 | BUFFER/

AMPLIFIER ] r AMPLIFIER
SIGNAL 2 > . <l SIGNAL 1

m
SAMF'LED< _ SAMPLED
SIGNAL 2 l | SIGNAL 1
>R 1000 pF v I 1000 pF

Figure 20. LB1017AC High-Speed Dual Analog Switch Sampling Application



LB1017AC HIGH-SPEED DUAL ANALOG SWITCH

Outline Drawing
(Dimensions in Inches)
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Ordering Information:
Device Comcode
LB1017AC 104208863
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QUAD LINE RECEIVERS

AM26LS32CC, AM26LS33CC

Description

The AM26L.S32CC and AM26L.S33CC Quad Line Receivers are general-purpose quad line receivers for balanced and
unbalanced data transmission. A TTL-compatible ENABLE, ENABLE is common to all four receivers in the device
package. The ENABLE, ENABLE allows the output to assume a high-impedance state for output busing.

Features
® Requires only a single 5 V (10%) power supply ® Direct replacement for industry-standard differential
® |nput sensitivity: Line Receivers
AM26L.S32CC 200 mV ® Meets EIA RS-422A/423A specifications
AM26L833CC +500 mV ® Four independent receivers with common strobe

® Minimum input hysteresis:
AM26LS32CC 15 mV

AM26L.S33CC + 30 mV
" Internal fail safe forces the output high for an open

input condition

Functional Diagram

TV¢ ENABLE O O ENABLE

Rt
R2
+INPUT O—

COMPARATOR

PULL-UP

INTERNAL
VREF

RS
—~INPUT O

4 TRANSISTOR

—————O out

RE

PULL-DOWN
TRANSISTOR

COMPARATOR

Notes: R1 and R6 are fail-safe resistors.
R2, R3, R4, R5 form an Input Divider.
With the internal reference (VRer), these components
set the input characteristics.
One of four identical circuits shown.

TTL-compatible input
® Electrostatic discharge protection on receiver inputs
" Typical propagation delay of 17 ns

Pin Diagram

Ain- 1
AN+ [2
Aout []3
ENABLE []4
Cout (5
Cin+ []6
cn- (7

COMMON 8

16
15
14
13
12
1"

10

1 v+

[] BiIN-

] BN+

1 Bour
[ ENABLE
] Dour
] Din+

] Din-




AM26LS32CC, AM26LS33CC QUAD LINE RECEIVERS

Maximum Ratings

Rating Value Unit
Supply Voltage (V1) 7.0 \'
Control Input Voltage (ENABLE, ENABLE) 7.0 v
Input Common Mode Range +25 \'
Input Differential Voltage +25 \%
Operating Temperature 0 to 85 °C
Storage Temperature Range —40to +125 °C
Power Dissipation (Package Limitation) 400 mwW
Pin Temperature (Soldering, 15 sec) 300 °C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin Symbol Name/Function
1 AIN— Negative Input, Receiver A
2 AN+ Positive Input, Receiver A
3 Aout Output, Receiver A
4 ENABLE Enable Input
5 Cout Output, Receiver C
6 CiN+ Positive Input, Receiver C
7 Cin— Negative Input, Receiver C
8 COMMON Circuit Common, not necessarily physical or system ground
9 DiNn— Negative Input, Receiver D
10 DiNn + Positive Input, Receiver D
11 Dout Output, Receiver D
12 ENABLE Enable Input
13 Bout Output, Receiver B
14 BiN+ Positive Input, Receiver B
15 Bin — Negative Input, Receiver B
16 V+ Supply Voltage, External
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QUAD LINE RECEIVERS AM26LS32CC, AM26LS33CC

Electrical Characteristics
0 < TAa £ 85°C,45V < V+ < 55V, unless otherwise specified

Characteristic Conditions Min Max Unit
lo= —04mA Vou = 2.7V
AM26L.S32CC, —70V < Vcm < 70V — 0.2
Differential Input AM261L.S33CC, —15.0V < Vcm < 150V — 0.5 v
Threshold Voltage lo = 40mA, VoL < 0.5V
(Figure 2) AM26L.S32CC, —7.0V < Vom < 7.0V — | -o2
AM26LS33CC, —15.0V < Vcm < 150V — —0.5
Dynamic Input —150V < Vem < 150V 6.0 _ KQ
Resistance (Figure 3) One input ac ground )
Input Current (Figure 4) Vin = 150V — 23 mA
Vin = —15.0V — —2.8
| H X V+ =50V, Ta = 25°C
nput Hysteresis AM26LS32CC, Vom = +7.0V +15 —
Voltage (Figure 2) mV
AM261.S33CC, Vom = +£15.0V +30 —
High-Level Output V+ = 45V,Vio = 1.0V, Ven = 0.8V,
Voltage (Figure 5) loH = —440 pA 3.6 —
V+ = 45V,Vio = 08V, VeEn = 0.8V %
Low-Level Output — ID EN
. loL 5.0 mA — 0.4
Voltage (Figure 5)
lo. = 10.0 mA — 0.45
Output Short-Circuit V+ =55V
— —15 —80 A
Current (Figure 6) EN = EN =08V m
Off-State Output V+ =55V,Vo =24V — 20 uA
Current (High 2) (Figure 7) V+ =55V,Vo = 04V _ —20
Power Supply Current V+ =55V _ 70 mA
(Figure 8) All Inputs Grounded, Output Disabled
Input Low-State Voltage*t — 0.8 v
Input High-State Voltage*t 1.8 —
Low-State Current* VINOV,V+ =55V — —0.36 mA
High-State Current* VIN = 27V,V+ =55V — 20 LA
High-Voltage Current* ViN = 55V,V+ = 55V — 100 uA
Input Clamp Voltage* V+ = 45V,IN = —18 mA — 1.5 \'

* These specifications refer only to the ENABLE and ENABLE inputs (pins 4 and 12 respectively).
t Indirectly guaranteed; not set up as an individual test.



AM26LS32CC, AM26LS33CC

QUAD LINE RECEIVERS

Timing Characteristics
Ta = 25°C,V+ = 5.0V, CL = 20 pF

Characteristic Conditions Min Max Unit
RL = 5.0 kQ (Figure 9) teu - 25
teHL — 25
. N _ . trLz — 30
Propagation Delay Time RL = 1.67 kQ (Figure 10) ns
teHz — 27
RL = 5.0 kQ (Figure 10) tez — 22
tezH — 24
- * See Figure 1 for Load Test Circuit, and Figures 11 and 12 for the Timing Diagrams.
TEST POINT V+
FROM OUTPUT >
UNDER TEST h
S1 2 kQ
* el
CL 20 pF /\-\ é RL HIGH-SPEED
SWITCHING TYPE
DIODES

h

= INCLUDING PROBE & JIG CAPACITANCE

S2

Figure 1. Load Test Circuits for 3-State Outputs

Recommended Operating Conditions

Rating Value Unit
Supply Voltage (V1) 451t05.5 \';
Operating Ambient Temperature Range 0 to 85 °C
Input Common Mode Range
AM26LS32CC +70 \
AM26L.S33CC +15.0 Vv
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QUAD LINE RECEIVERS

AM26LS32CC, AM26LS33CC

Test Circuits

+

N (/

v )V

AM26LS32CC

amzeLsascc o7

IN

S

-1
= Vem

8 12
[];:[V!ﬁ

I.
J

o vo(t)

VEN = VEN < 08V

VIN = At+b; b < Ve for VTH
Vin = —At+b; b > Vcm for VTH
VThreshold = V(t=t1)

T1 = time @ output transition

Input Hysteresis Voltage = VTLH — VTHL

Figure 2. Differential Input Threshold Voltage

0.1 4F

out : NC

16
+IN
AM26LS32CC
AM26LS33CC
-IN
4
I

= Ven

it

]

VEN = VEN < 08 V

I

Rm=E

Figure 3. Dynamic Input Resistance

ViN+

-
Vine

N

VIN-

+IN

AM26LS32CC
AM26LS33CC

VEN =

Figure 4. Input Current

+IN

AM26LS32CC
AM26LS33CC

out

loH

12
IIIW

T

VEN = VEN < 08V
VID = ViN+ ~ VIN-

Figure 5. High-Level Output Voltage &
Low-Level Output Voltage

Vo

MEASURE
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AM26LS32CC, AM26LS33CC

QUAD LINE RECEIVERS

TEST CIRCUITS (Continued)

+
Vine

i
-

+IN

AM26L.S32CC
AM26LS33CC

o ¥

our
12
/I% VEN
ViN+ = 405V
VIN- = =05V

Figure 6. Output Current, Short Circuit

16
NC E +IN
AM26LS32CC
AM26LS33cC 0T
Nc[: -IN
4 8 12

V+ =
/7L__E +IN
AM26LS32CC outr

VEN < 08V
VEN = 18V

Figure 7. Off-State Output Current (High Z)

AM26LS33CC [ne
I

Figure 8. Power Supply Current

46

Vi /I 0.1 F
+V
16
+IN
2k
N AM26LS32CC
amzeLsascc  OU7
C
vin ~IN RL
4 8 12
I h
/I VeEN ,l-— VEN
VEN = VEN = 04 V
Figure 9. Propagation Delay Times (trLH, trHL)
V+,i ,I 0.1 F
+V
16
+IN Vour
2 k2
= Ve AM26LS32CC
AamzeLsascc  OUT
o Ru

Jé_‘fr ‘jljil

Figure 10. Propagation Delay Times (trLz, trHz, trzL, trzH)

Timing Diagrams

DIFFERENTIAL e ———— +25V
INPUT

(IN PHASE
WITH OUTPUT)

OUTPUT —— — — — —

V ENABLE = V ENABLE = 04 V

Figure 11. Signal Propagation Delay Time



QUAD LINE RECEIVERS AM26LS32CC, AM26LS33CC

Timing Diagrams (Continued)

W —————— 3V
ENABLE AT - - = A
INPUT ov

—  tezL
— trLz P—
[—0.5V
QUTPUT NORMALLY |

LOW (S2 OPEN) N~ 7
;D‘” v 1.5V

— tezn L— —»| tPHZ j@——
| i—o.sv
|

VoH
13V —q ~1.
OUTPUT NORMALLY /__i e _ov 15V

HIGH (S1 OPEN)

Notes: S1 and S2 of Load Circuit are Closed Except as Noted Above, and V ENABLE = 1.8 V
Pulse Generator: Rate < 1.0 MHz, Zo = 50 Q,tr < 15 ns, tf < 6 ns

Figure 12. ENABLE, ENABLE Delay Times

Applications

The following Truth Table shows the ENABLE and ENABLE conditions which must be met to provide specific receiver
output states.

ENABLE ENABLE Output
0 0 Enabled
1 0 Enabled
0 1 Disabled 0 = Low State (Vin < 0.8 V)
1 1 Enabled 1 = High State (Vin > 2.0 V)

The following diagram illustrates basic information for application of the AM26LS32CC and AM26LS33CC Quad Line
Receiver devices in a two-wire balanced RS-422A system. This particular diagram shows the AM26LS32CC,
AM26L.S33CC Quad Line Receivers interfacing with the AM26L.S31CC Quad Line Driver.

DATA OUT

TERMINATING
RESISTANCE

ENABLE, ENABLE ENABLE, ENABLE
CONTROLS CONTROLS

Figure 13. AM26LS32CC, AM26LS33CC Quad Line Receiver Application Diagram
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AM26LS32CC, AM26LS33CC QUAD LINE RECEIVERS

Outline Drawing
(Dimensions in Inches)

o ‘%‘T

S—

125 MIN

|

PRIy L]
-l L_::T” .mom—L—J

810 MAX
16 = 9
| Y o i ————— — S —|
L
) s
I J - - —J l

Note: Pin numbers are shown for reference only

Ordering Information

Device Comcode
AM26L.S32CC 104438056
AM26LS33CC 104438064

4-8



QUAD LINE DRIVER AM26LS31CC

Description

The AM26LS31CC Quad Line Driver is an integrated circuit consisting of four independent line drivers with a common
control for both ENABLE, ENABLE. It provides high-speed differential drive to transmission lines having an impedance
of at least 100 ohms. Each of the four drivers has a complementary tri-state output. The device requires only a 5 volt
supply (=10%) for operation.

Features

® Propagation delay is less than 20 ns = Meets EIA RS-422A requirements
® Power supply current is reduced to less than 40 mA ® TTL-compatible ENABLE, ENABLE inputs

when device is disabled
® Qutput skew (time delay between direct output and -

" ENABLE, ENABLE to output delay is less than 40 ns inverse output) is typically 2 ns
" Direct replacement for industry standard differential
Line Drivers
Functional Diagram Pin Diagram
INVERSE ANT 1 161 V+
DRIVER output E
INPUT 1A OIRECT Ao-p[]2 15 (] DIN
OUTPUT Ao-1[]3 14 1 Do-D
INVERSE ENABLE [] 4 13 {J Do-t
DRIVER s OUTPUT Bo-1[]5 12 [] ENABLE
INPUT DIRECT Boo[]6 1 E co-
OUTPUT
BN 7 10 [1 Co-D
ENABLE ) COMMON(] 8 9 CiN
ENABLE
INVERSE
ORIVER e OUTPUT
INPUT DIRECT
- OUTPUT
INVERSE
DRIVER ’\"g OUTPUT
INPUT DIRECT
OUTPUT




AM26LS31CC QUAD LINE DRIVER

Maximum Ratings

Rating Value Unit
Power Supply Voltage (V+) 7.0 Vv
Input Operating Voltages, V +,
Driver Inputs, ENABLE, ENABLE 5.5 Vv
Ambient Operating Temperature Range 0 to 70 °C
Storage Temperature Range —40to +125 °C
Driver Output Current +35 mA
Pin Temperature (Soldering, 15 sec) 300 °C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
- rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin Symbol Name/Function
1 AIN TTL-Compatible Input, Line Driver A
2 Ao-D Noninverting Line Driver Output, Driver A
3 Ao-i Inverting Line Driver Output, Driver A
4 ENABLE Logic HIGH Enable, TTL-Compatible Input (see Truth Table for logic
programming of this pin)
5 Bo-i Inverting Line Driver Output, Driver B
6 Bo-p Noninverting Line Driver Output, Driver B
7 Bin TTL-Compatible Input, Line Driver B
8 COMMON Circuit Common (not necessarily physical or system ground)
9 CIN TTL-Compatible Input, Line Driver C
10 Co-pD Noninverting Line Driver Output, Driver C
11 Co-l Inverting Line Driver Output, Driver C
12 ENABLE Logic LOW Enable, TTL-Compatible Input (see Truth Table for logic
programming of this pin)
13 Do-i Inverting Line Driver Output, Driver D
14 Do-p Noninverting Line Driver Output, Driver D
15 Din TTL-Compatible Input, Line Driver D
16 v+ Connection for External Power Supply
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QUAD LINE DRIVER AM26LS31CC

Electrical Characteristics
Ta = 25°C, unless otherwise specified

Characteristic Conditions Min Max Unit
Power Supply Voltage, Operating 45 5.5 Vv
(Figure 1)
, V+ =45V, lo = 20mA, | High 2.5 3.5 v
Output Voltage (F 1 = Vil = ’
utput Voltage (Figure 1) ViH =20V,ViL = 08V [ 0w | 005 05 v
Input Clamp Voltage (Figure 2) V+ =45V, In = —18 mA 0 —1.5 \
Power Supply Current, No Load V+ =55V,ViNn=0 45 90 mA
(Figure 3)
Power Supply Current, Disabled V+ =55V,ViNn =20V 20 40 mA
(Figure 3)
Output Current, Disabled (Figure 4) Vo = 05Vor25V — +20 HA
Output Current, Power Off (Figure 5) Vo = —0.250r +6.0V — +100 HA
Output Current, Short Circuit V+ =55V — —150 mA
(Figure 6)
Input Current, Low (Figure 7) ViN = 04V 0 —0.36 mA
Input Current, High (Figure 7) ViN = 2.7V — +20 uA
Input Current, Reverse (Figure 7) Vin = 70V 0 0.1 mA

Timing Characteristics

Paramter Min Max Unit
Transition Time; ttHL, trin (Figure 10) — 20 ns
Propogation Delay Time; teHi, teLH (Figure 9) — 20 ns
Vo-b to Vo-i Time Difference, tskew (Figure 9) — +6.0 ns
Overshoot, M(Figure 10) — 10 %

Output Enable Times™
High Impedance to Output High; tzn—30ns

High Impedance to Output Low; tzL — 30 ns
Output Enable Times™*

Output High to High Impedance; tHz — 40 ns

Output Low to High Impedance; tLz — 40 ns

* The device is disabled when ENABLE = LOW and ENABLE = HIGH. All other conditions of ENABLE and ENABLE
will allow the device to operate (see Truth Table in Applications section, page 9-14).
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AM26LS31CC

QUAD LINE DRIVER

Test Circuits

Pin Allocation for Test Circuits (See Figures 1 through 8)

Driver IN ouT ouT
A Pin 1 Pin 2 Pin 3
B Pin 7 Pin 6 Pin 5
C Pin 9 Pin 10 Pin 11
D Pin 15 Pin 14 Pin 13
,i_ V& /J; 0.1 F
16
our J .
W AM26LS31CC v
i out
- 4 .
lj"J I‘ LI' 1] Vo
ol 220
VEN = 0V

412

W VEN < 08V

VO fuen < 20v
v v = 0sv

Figure 1. Output Voltages (High, Low)

- 3

N AM26LS31CC

"¢
O

iiu

Figure 2. Input Clamp Voltage

nc[gm

AM26LS31CC

16

" VIN

I'P—-[: g

Figure 3. Power Supply Current,
No Load & Disabled (VEn < 0.8 V)

O

16

AM26LS31CC

VT

T
]

VeN =< 0.8 V| Outputs
VEN = 2.0 V/ Disabled

Figure 4. Output Current (Disabled)



QUAD LINE DRIVER

AM26LS31CC

out

Ow AM26LS31CC

out
12 8 4 VIN
| :[I | Vo -

hd - N AM26LS31CC
+ oUT 3 NC

out[Jnc

o

Figure 5. Output Current (Power OFF) Figure 7. Input Currents (Low, High, Reverse)

0.1 4F

180 © 180 0

AM26LS31CC

out
+
IN
N AM26LS31CC o 50
+ ouT I_T_.
ViN out ViN 2 8 4
- 12 8 4 + ! III 30 pFT 750
f l | | 18 l
Il NC o /III /I ViN=5V /L °
Figure 6. Output Current (Short Circuit) Figure 8. Switching Time
Timing Diagrams
5.0 V
30V | ]
Vi 7 13V 18003 18003
IN
INPUT ov Voo
tPLH —8
IN Vo.
VOH —L 30 pF 7R
P
pIRECT VO ——— — % (Vor + Vo) 30 pF 7= 7503 $750
OUTPUT VoL T
tskew (Note) !
INVERSE VO
—_— VoH
output Y2 (VOH + VoL)
—_——— — —VvoL
tPHL —o»|

NOTE: tskew IS DEFINED AS THE ABSOLUTE TIME DIFFERENCE BETWEEN THE AVERAGE VOLTAGE
OF THE INPUT AND ITS COMPLEMENT. THE AVERAGE VOLTAGE IS ¥z (VOH + VoL). EITHER

OUTPUT, Vo-p OR Vo-1, MAY OCCUR FIRST.

Figure 9. Propagation Delay and tskew Diagram and Associated Load Schematic
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AM26LS31CC QUAD LINE DRIVER

Timing Diagrams (Continued)

V(peak)*
V+* z
tTLH —
* WHERE V+ = STEADY STATE
STEP VOLTAGE AND V/(peak)
= PEAK STEP VOLTAGE
1.0 4F
DRIVER Voo ) ¢
‘ +
iN 31000 g v
Vo-i ' -

ENABLE J—
ENABLE

|
! | i
OUTPUT ] I . Lo
NORMALLY | — | |
LW\{\ \ 2 OUTPUT |
1
|
|
]
|
|
|

¥ NORMALLY ——————__ ) -
| o5V LOW [ '{
OUTPUT : gy ! ! os :
NonuALLv—-———l-—> - OUTPUT ' | _{ o8
HIGH Z NORMALLY ———+——* 1 —
1 | : HIGH | Lo
I ! [
| ol T e
o —ol tzn o
Figure 11. ENABLE and Output Waveforms Figure 12. ENABLE and Output Waveforms
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QUAD LINE DRIVER

AM26LS31CC

Timing Diagrams (Continued)

tzL . LOAD
50V
OUTPUT
180 0 UNDER
OUTPUT TEST
UNDER
TEST

130 pF

tzn LOAD

3750

<

/[ 30 pF
77

7

OUTPUT
UNDER
TEST

Figure 13. Associated ENABLE, ENABLE Loading Diagrams

Applications

The following Truth Table shows the V 4+, ENABLE, ENABLE, and Data In conditions which must be met to provide

specific Driver Output States (both direct and inverse outputs).

The application diagram (Figure 14) illustrates basic information for application of the AM26LS31CC Quad Line Driver

device in a two-wire balanced RS-422A system.

DATA IN O

ENABLE, ENABLE
CONTROLS

TERMINATING
RESISTANCE

V+

AM26LS32CC
AM26LS33CC

ENABLE, ENABLE

CONTROLS

Figure 14. AM26LS31CC Quad Line Driver Application Diagram

AM26LS31CC Quad Line Driver Truth Table

Condition* Data In*| Direct Output Inverse Ouiput

ENABLE is High | High High Low

ENABLE is High Low Low High

ENABLE is Low | High High Low

ENABLE is Low | Low Low High

ENABLE is Low Don’t High

ENABLE is Low Care Impedance Impedance

V+ is Low Don’t High High

(£05V) Care Impedance Impedance

*

(Vin 2 20V, ViL < 0.8V).

High and Low levels for ENABLE, ENABLE, and Data In are TTL levels

LOAD
Qs0V

Wz & thz

$1800

~10pF $750
s

DATA OUT
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AM26LS31CC

QUAD LINE DRIVER

Outline Drawing
(Dimensions in Inches)

mmjl L; ) oL
B )) :{.

1 8

Note: Pin numbers are shown for reference only

Ordering Information

Device

Comcode

AM26LS31CC

104438049
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QUAD BUS TRANSCEIVER LB1025AC

Description

The LB1025AC contains four independent transceivers. Each transceiver will interface circuit board logic with a large,
low-impedance backplane party-line bus. It has current-source drive to the party-line bus and maintains a high-
impedance load to this bus under all conditions. All receivers have 3-state outputs and their inputs have built-in
hysteresis to improve noise control. Fail-safe design ensures that “transmit” is disabled when the enable pins are open.

Features

® Four independent transceivers ® 3-state receiver outputs

® Low output capacitance ( < 6 pF to bus) ® Receiver input hysteresis

® Simultaneous receive/transmit enabling of all ® Driver output high is 75 mA
transceivers ® 4,75V to 5.25 V supply voltage range

® TTL-compatible driver inputs

Functional Diagram Pin Diagram
8Us 2 Er 16] 8Us 1
8us 3 [2] ? 15] 8Us 0
V+ E p E Vs
oATA < 8US
1PR0G [4 ] [13] comson
RECEIVER & (2] 2] e
< IPROG g1d 2] Pon
o D
roR oata 3 [7] 4 DATA 0
ENABLE DATA 2|8 9 [ DATA 1
(Eg) CURRENT
€ REFERENCE
THRESHOLD
TRANSMIT ENABLE < ENABLE
(TE) (Ep)
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LB1025AC QUAD BUS TRANSCEIVER

Maximum Ratings (At 25°C)

Ambient Operating Temperature Range . ...ttt ittt 0to +70°C
Storage Temperature Range ...................ccoon... AP —40to +125°C
Pin Soldering Temperature (t = 15 S8C.) .. ..ttt e it et 300°C
Operating Voltage (all PINS) . ... ...ttt i et et e ettt e 55V
Power Dissipation . ... ... ..ot i 600 mwW

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions
(See Pin Diagram)

Pin Name Description
10 Data 0 Data inputs/outputs. These pins connect to on-board logic.
9 Data 1
8 Data 2
7 Data 3
15 Bus 0
16 Bus 1 Bus transmission line inputs/outputs. These pins connect to the “transmission
1 Bus 2 line” backplane, interconnect between circuit boards.
2 Bus 3
3,14 V+ External supply voltage (+4.75 V to 5.25 V). The supply voltage pins (3 and
14) are internally connected together.
13 COMMON Circuit common (not necessarily physical or system ground).
6, 15 Eo E1 Enable (zero) and Enable (one). See table 1 for logic programming of these
pins.
12 TE Transmit/Receiver control input. See table 1 for logic programming of this
pin.
11 POR Power on reset. A non-inverting buffered signal of the Eo input may be ob-
tained from this pin.
4 IPROG This pin should be connected to V + for all applications.
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QUAD BUS TRANSCEIVER LB1025AC

Electrical Characteristics

(At 25°C)
Characteristic and Conditions Min | Typical [ Max | Unit
input Voltage High-Level 20 — Y
Low-Level — — 0.8
gnvsr Input Current High-Level —| —0.03 —40| upA
ection Low-Level —| —005 | —o0.2
mA
Output Current High-Level —67.5 —75 | —825
Low-Level — —20 =40 uA
Input Threshold Voltage High-to-Low 0.3 0.48 08f
Low-to-High 0.5 0.76 1.1
Hysteresis Voltage 200 270 500 mv
gec:?lver Output Voltage High-Level 24 4.05 = v
ection Low-Level —| o035 0.4
Input Current High-Level — —7.0 —40 uA
Low-Level — —20 —40
Output Current Short-Circuit, Low-Level 15 50 150 mA
Short-Circuit, High-Level —15 —40 | —150
TE High-Level 2.0 — —
Input Voltage TE Low-Level — — 0.8
Eo Low-to-High 2.75 2.96 35 V
Eo High-to-Low 1.756 21 2.5
Logic Hysteresis Voltage E_olnput 0.5 0.85 1.5
Section TE High-Level —| —0.03 —20
ViN = 3.0 V| E1 High-Level —| —0.01 —20| uA
Input Current E_o High-Level — —0.1 —5.0
VIN = 0.4V ]’E Low-Level —j —007 | —04 mA
E1 Low-Level — — —0.4
Vin = 0.2 V| Eo Low-Level — —1.4 —4.0] wpA
See Low-to-High — 9.0 40
Driver Figures 9
1and 2 High-to-Low — 16 40
, See Low-to-High — 30 45
. Receiver Figures ns
Propagation 3and 4 High-to-Low — 16 40
Delay TE to Driver See High-to-Low — 20 50
TE to Receiver 5Flgurdez High-to-Low — 28 50
an Low-to-High — 40 60
Power Current (Maximum) — 380 500 mA
Supply Current (Quiescent, Idle) — 65 90
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LB1025AC QUAD BUS TRANSCEIVER

Test Circuits

Fe=====-=7

| | output
| | PULSE
DATA L | BUS
o——_1
INPUT : ‘ |
PULSE | : 2
v Ta=Te = 10
L - - - - - —-J DATA [ " AR P:JLS!'WIOYN": 100ns
TE. = ov
E =
- YOH(D)
Eg =H 8us 1N mmmm—m e N = m - ———
V+ =45y [
Figure 1. Driver Test Circuit Figure 2. Driver Timing Waveform
OUTPUT
PULSE +5v

500 Q

TR~}
s | _‘|>°—
O———¢ '
INPUT 1 o@
PULSE L

Te=Tg = 10ns
PULSEWIDTH = .00ns

8us L S ) o

ov

VOH(R)

0ATA

50% VOM(R)
ﬁ =H oL
T =
EO =
V+ =<+5Y
ALL DIODES = 458E or Similar
Figure 3. Receiver Test Circuit Figure 4. Receiver Timing Waveform
OUTPUT OUTPUT
PULSE PULSE

8US N

208 LEAD 12 ': iy

Ta="Tg=l0ns
PULSEWIOTH = (00ns

TPHLR)
Tozni0)

fe— TPH2(0)

8us I, B

TE LEAD 12 VOH(R) === = = = o — 0% vOniR
INPUT DATA L A "
PULSE VoL(m

B =1
Egr=H
V+ =+ 5y

Figure 5. TE to Driver and Receiver Test Circuit Figure 6. TE to Driver and Receiver Timing Waveform
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QUAD BUS TRANSCEIVER

LB1025AC

Applications

Table 1 gives the logic information necessary for the operation of the LB1025AC Transceiver.

Figure 7 is a typical application of the Quad Bus Transceiver. This diagram illustrates the device when used as an

interface between a 40-ohm party line bus and a computer or peripherals.

Table 1
LB1025AC Truth Table

TE Eo (NOTE 1) E1 INFORMATION FLOW OPERATION

0 0 0 Bus mmm Data Receiver

1 0 0 Bus = Data Receiver

0 1 0 Data =) Bus Normal Transmit
1 1 0 Bus mm Data Normal Receive
0 0 1 Bus s Data Receive

1 0 1 Bus mmm Data Receive

0 1 1 Isolate Disable Device
1 1 1 Isolate Disable Device

Note 1: Eo is generally LOW only during the power-on-state. During the power-on-state, the transceiver is forced into the “receiver”
state until the voltage at E0 exceeds 3 volts.

LC

40 Q DATA BUS (BACKPLANE PC BOARD)

rq4

§409

7

<
N

(C
27

1/4
LB1025AC

1/4
LB1025AC

1/4
LB1025AC

1/4
LB1025AC

R

'

'

J

~

DATA
(TO ON-BOARD LOGIC)

Figure 7. LB1025AC Quad Bus Transceiver Application Diagram

77
500 §
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LB1025AC

QUAD BUS TRANSCEIVER

Outline Drawing
(Dimensions in Inches)

je——— 795 (20.19) MAX ——————
16 = 9
M - i —/
INDEX
MARK
.265
™ (6.73)
/ MAX
INDEX "] % l
AREA § S e — — T 13
1 )

—={  |=—.065 (1.65) MAX

= fe—.044 (1.12) MAX

125 (3.17)
MIN

L—.osz (:81) MAX
1100 (2.54) REF

Ordering Information

1140 (3.56)
MAX

+ 4

t.ms (:38)
MIN

[*—.063 (1.60)
MAX

Device

Comcode

LB1025AC

104208962
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COMPANDOR DEVICE SET LS1128AC, LS1129AC

Description

The LS1128AC Compressor and the LS1129AC Expander or, used together, provide a Compandor function. The
LS1128AC/LS1129AC Compandor was developed for (but not limited to) syllabic companding in voice-frequency
applications.

The LS1128AC and LS1129AC are matched for low-distortion performance over a frequency range from 0 to 10 kHz. The
device features superior thermal stability. The devices will operate from power supplied ranging from £ 3.5 volts to
16.0 volts. External resistors and capacitors are required for proper operation. Both the LS1128AC and LS1129AC are
packaged in 16-pin dual-in-line plastic packages.

Compandors have numerous applications including telecommunications, cellular radio, telephone subscriber trunks,
dynamic filtering, noise reduction circuits, and high-level limiters.

Features
® Low distortion ® QOperates with power-supply voltage range 3.5 to
® Frequency range: 0 to 10 kHz 16.0 volts
Maximum Ratings Pin Diagram
(At 25°C unless otherwise specified)
+ N\
Input Vo|.tage e D 75V SET 1A Te] seT 1c
Power Dissipation .................... 200 mW
Storage Temperature Range ... —40to +125°C EMITTER Q13 [2] 15]DC FEEDBACK
Operating Temperature Range ........ 0to 60°C EMITTER Q14 [ 3 ] 14] DC FEEDBACK
Pin Soldering Temperature
R RECTIFIER OUT | 4 13 | GROUND
t=15smax) ......ccooviinin.n. 300°C I:
AC FEEDBACK E 12} INPUT
Stresses in excess of those listed undeAr Ma>.(m.\um Ratings NEGATIVE SW VOLTAGE L?_] 111 N0 CONNECTION
may cause permanent damage to the device. This is an absolute
stress rating only. Functional operation of the device at these or RECTIFIER IN 10} vPOS
any other conditions in excess of those indicated in the oper-
ational sections of this Data Sheet is not implied. Exposure to VNEG E ouTPUT
maximum rating conditions for extended periods of time may
adversely affect device reliability. LS1128AC PINOUT
N\
SET 1B 16] SET IC
EMITTER Q13 [2 ] 15) DC FEEDBACK
EMITTER Q14 |3 | 14]DC FEEDBACK
RECTIFIER OUT [ 4 | 13] GROUND
AC FEEDBACK [ 5 | N12] 1neuT
NEGATIVE SW VOLTAGE [ 6 | 11] NO CONNECTION
RECTIFIER IN 10] vpos
VNEG | 5 ] outPut

LS1129AC PINOUT

4-23



LS1128AC, LS1129AC COMPANDOR DEVICE SET

Pin Description

Pin Name/Function Pin Name/Function
1 Set |a (LS1128AC) Set Is (LS1129AC) 9 Output
2 Emitter Q13 10 VpPos
3 Emitter Q14 11 No Connection
4 Rectifier Output 12 Input
5 ac Feedback 13 Ground
6 Negative Switching Voltage 14 dc Feedback
7 Rectifier Input 15 dc Feedback
8 VNEG 16 Set Ic

Electrical Characteristics
(TA = 25°C unless otherwise specified)

Minimum and maximum vales are testing requirements. Typical values are characteristics of the device and are the
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing
requirements.

Characteristic | Test Condition Min Max Unit
LS1128AC
Output Voltage ViN = 725 mVrms 670 840 mvrms
(f = 1.0kHz, RL = 5.0kQ) | Vin = 7.25 mVrms 52 72
Output Offset Voltage 0 +80 "y
Input Offset Voltage (Rectifier, Lead 7) 0 +5.0
Output Voltage Swing +23 _ v
Vs = £35V,RL = kQ —1.9
Repeated Current [lin(Lead 7) = 100 uA] 94 104 LA
' Normal 14 28 mA
Power-Supply Current Vs = 6.0V —1.4 —2.8
Lead 6 Open, R = 2-10Q — —50 uA
Base Current (I = 24 uA) — 0.56
LS1129AC
Output Voltage VIN = 745 mVrms 450 620 mVrms
(f = 1.0 kHz) VIN = 61.3 mVrms 4.3 6.5
Output Offset Voltage 0 +80 mV
Input Offset Voltage (Rectifier, Lead 7) 0 +5.0
Output Voltage Swing (Vs = +35V) “_Lfg — v
Repeated Current [Iin (Lead 7) = 100 uA] 94 104 LA
Normal 14 28 mA
Power-Supply Current Vs = 60V —1.4 —2.8
Lead 6 Open — —50 LA
Base Current (Q10) (I = 24 pA) — 0.54
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COMPANDOR DEVICE SET LS1128AC, LS1129AC

BASIC SCHEMATIC §

16 o
Rad )
SEE NOTES 38 40— "

.
1o

o S 0 Q2] 024 023
so %20 R o . .
l 100
viw

1 6
S ths 4

SEE NOTES 9
384

Notes:

1. All resistance values are in k ohms.

2. R4 & R8 are pinch resistors.

3. For LS1128AC these chip leads are internally connected: 3 to 22, and 19 to 20.
4. For LS1129AC these chip leads are internally connected: 3 to 19, and 20 to 22.
5. For connections, see Lead ldentification Table.

Figure 1. Basic Schematic
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LS1128AC, LS1129AC COMPANDOR DEVICE SET

Test Circuits

+
I Vin © ovg
+
Vs
R6 RS
162 k 162k R2 a‘; 2k
R8 G2 215 16
;
295 k o Vi O 6
1 ? NC r 4.7 4F
77 vé
16 15 14 13 12 1 10 ) vt
R6 RS s R 300
46.4 k 90.9 k R2 R1
s c2 e 12,7k vy
278k 1.0 4F /_'0
LS1128AC i I oNe
16 15 14 13 12 n 10 9
1 2 3 4 5 6 7 8
T
- $ LS1129AC
A7 ROS  R10 R11
787kS 154k S 154k 274 M
8 s R12
R4 4.99 k 1 2 3
215
+ + + - g R7 R10
Vs Vew Vs Vsw Vs 75k 154Kk 154K
c3 {
J: 6 uF CTIST 04 F
vé Véw
* OPEN FOR CURRENT REPEATER TEST e
1 Vout ,l L
sk + 1.5k
- VO * OPEN FOR CURRENT REPEATER TEST CUTPUT VOLTAGE SWING
/7; AND TRANSISTOR GAIN TESTS.
Figure 2A. Figure 2B.
+
s Vin @ v
+
‘e Vin © |
+ N ey
R6 RS TV,
162k 182k | gy R1 0o & oovit A
c2 16.2 k §
R8 215 v
295 k 1~0‘ ;«F R6 RS A s Ry 3300
NC 46.4 k 90.9 k 1
— T ? a8 c2 2 127k Fy
16 15 14 13 12 1 10 9 278 k 1.0 uF oo
I1a I ? NG
16 15 14 13 12 11 10 9
Ls1128AC
LS1129AC
1 2 3 4 5 6 7 8
1 . 1 2 3
R7 R9 R10 R
787k> 154k 154k 274 M R12 RO R10
" 4.99 k 75k3 154Kk 154k
l 215
+ + + - -
Vs Vew Vs Vew Vs . .
c3 I Vs Vsw
66 4F C11%10 4F
* OPEN FOR CURRENT REPEATER TEST R3 nsk
127k v * OPEN FOR CURRENT REPEATER TEST QUTPUT VOLTAGE SWING
out

Figure 3A.

Note: All resistance values are in k ohms.
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COMPANDOR DEVICE SET

LS1128AC, LS1129AC

Test Circuits (Continued)

+
s Vin s
+
Vs
R6 RS 2k * Vou
162 k 162 k R2 :‘6‘ 2k
R8 c2 215 :
295k 1.0 4F
i I pne
16 15 14 13 12 1 10 9
LS1128AC
1 2 3 4 5 6 7 8 J
R7 RIS R10 R11 )
787k 15.4kS 15.4k 274M iz
™ 4.99 k
215
A _ _
v§ Vew Vs Vsw Vs
ca {
J; o6 uF C1IST0,F
R3
* OPEN FOR CURRENT REPEATER TEST 127k
Vour
Figure 4A.
s Vin 9 ové
+
Vs
Re RS
162k 162k | oo R1
R8s c2 ne 16.2k
295 k 1.0 uF
i T one
16 15 14 13 12 EE] 10 B
LS1128AC
1 2 3 4 3 6 7 8
R7 RIS R10 R11 )
787k$ 154k 15.4k 274M
R12
R 4.99 k
l 215
+ + + - -
Vs Vsw Vs Vsw Vs
c3
i 6 4F CiSTo,F
R3
* OPEN FOR CURRENT REPEATER TEST 127 k
L =% o
Vour
Figure 5A.
+
5 Vin T Vs
+
Vs
R6 s
162k 162 k R2 R1
Re c2 a2 6.2k
295 k 1.0 4F .
d gne
16 15 14 13 12 k] 10 )
LS1128AC
1 2 3 4 5 6 7 8
R7 ROS RI0 R11 Iss
787k 15.4kS 154k 274 M
R12
R 499k
l 215
+ + + - -
Vs Vsw Vs Vsw Vs
c3 ]
66 uF C1IN1.0 4F
R3
* OPEN FOR CURRENT REPEATER TEST 127k
Vour

Figure 6A.

Note: All resistance values in k ohms.

Vin © e
4.7 4F
+
/J? VS
vt
R6 RS s R S 300
46.4 k 909k | oy R1
RS c2 215 127k
278 k 1.0 4F
! ? NC
16 15 14 13 12 " 10 9
LS1129AC
1 2 3 4
10k
—0 415V
R7 RIS R103 R11
75k 154k 154 k 246 M
215
+ + +
Vs Vsw Vs
cs
;E 66 uF
1.5k
* OPEN FOR CURRENT REPEATER TEST OUTPUT VOLTAGE SWING
AND TRANSISTOR GAIN TESTS.
Figure 4B.
,
Vin © I5&
47 4F
& v¢ —OVour
v
R6 RS s
46.4 k 90.9 k R2 R1 -
R8 c2 215 12
278 k 10 ;F 1 ;’s
J 1 g
16 15 14 13 12 1 10 9
LS1129AC
1 2 3
R7 ROS R10
75k 154 k2 154k
v lvgw

185k
* OPEN FOR CURRENT REPEATER TEST OUTPUT VOLTAGE SWING
AND TRANSISTOR GAIN TESTS.

Figure 5B.

Vin © IS
4.7 4F
.
Vs
+
R6 RS Vs
46.4k 909k | o, R1
R8 c2 e 127k
278k 1.0 4F <
{ Qne
16 15 14 13 12 1 10 9
LS1120AC
1 2 3
R7 ROS RI10
75k 154 k 154 k
A
Vs Vsw

Sk
* OPEN FOR CURRENT REPEATER TEST OUTPUT VOLTAGE SWING
AND TRANSISTOR GAIN TESTS.

Figure 6B.

©Vour
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LS1128AC, LS1129AC

COMPANDOR DEVICE SET

Test Circuits (Continued)

i Vin Q@ ovg
v§
R6 RS .
162 k. 162 k
R2
R c2 e 162k 2k
295 k 1.0 4F A
i€ T ? NC
16 15 14 13 12 11 10 9
LS1128AC
1 2 3 4 5 6 7 8
R7 RS R10 R11 : 15
787k3 154k 154k 274 M a1z PS
fe 4.99 k
l 215
. _ _
v§ Vsw Vg Vsw Vs
1€
;I;%%“F C1IST0F
* OPEN FOR CURRENT REPEATER TEST BN
Figure 7A.
Note: All resistance values are in k ohms.
Typical Applications
v "
IN v
r T Vs
Vi 4
RS > ®s
162k
R8s 62k2 ¢ £162k R2 $ R
295k nF 25 (6. 2&{
! A ONC
6 1S 1e4 13 12 un 10 9
5020m
S 6 7 8
RN .
274
~M
10 o S R12
7:7- 15 u 1S 4 sl 4.99%
Ve Vi T ivaw VS éxo..r
Tc l a |
T 86xF -
®3
127
v

*Open for current repeater test.

our

Vi ©- St
x " 4.7 4F i
\ OVoutr
vé
R6 RS
464k 909Kk | o A1 R, 3300
R8 2 215 27k
278 k 1.0 pF
i I ? NC
16 15 14 13 12 1 10 9
LS1120AC
1 2 3
R7 R9 R10
75k 154k 154k
vé Véw
115k
* OPEN FOR CURRENT REPEATER TEST OUTPUT VOLTAGE SWING
VOUT AND TRANSISTOR GAIN TESTS.
Figure 7B.
St
4.
Vino 12
LAY
= Vour
\] " o
®6 M &,
46,4k
S RS R2$ R =
R3 €2 $90.9k
278k 1OxF 215 $12.7k|
(a1 | onc
W 1S 14 13 12 om0 9
5620N
7 R10 u 224
75k s “ S.4k 21
= M,.F

R3
.5k

*Open for current repeater, output voltage swing,
and transistor gain tests.

Figure 8. Typical Compressor Connections
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COMPANDOR DEVICE SET LS1128AC, LS1129AC

General Description

The LS1128AC is a compressor and the LS1129AC is an expandor for use in various compandor configurations. They are
specifically characterized for (but not limited to) syllabic companding in voice-frequency circuits. The devices will
operate from power supplies of 3.5 volts to 6.0 volts and require external capacitors and resistors for proper
operation.

Characterization

The following series of graphs indicate the dependence of the output voltage on signal level, frequency and temperature
over the ranges ordinarily used. They have been obtained by detailed measurements of units using the circuits shown in
Figures 1 and 2.

Data are presented in terms of normalized input and output voltages.

Compressor: Z = Vo/Vo (max) where Vo (max) = 1.5 Vrms
Y = VIN/VIN (max) where VIN (max) = 2.14 Vrms

Expandor: W = Vo/Vo (max) where Vo (max) = 1.5 Vrms

”‘ 1 i + I

Z(T)/Z (25°C) (dB)
o
L
>
) u
= &
N d
le}
W (T)/W (25°C) (dB)

I | |
-1
—60 —40 -20 0 =180 0 —20 0
RELATIVE INPUT LEVEL (d8) RELATIVE OUTPUT LEVEL, W (aB)

Figure 10. Temperature Stability of the Compressor Figure 11. Temperature Stability of the Expandor
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LS1128AC, LS1129AC

COMPANDOR DEVICE SET

|
N

lz{f)/z(1kHz)] (dB)

-6
10-1

Figure 12. Frequency Response of the Compressor

FUNDAMENTAL/SHD (dB)

4-30

L

Z

g4

/9

— ) IZ

. Y =0 dB (input level)
.Y =-20dB
11.Y=—-40d8
IV.Y=-—60dB

L LLTEI R
109 1

o!
FREQUENCY (kHz)

70
I D
— — CALCULATED WORST CASE
60 3 kHz
50
40
30
—60 —40 -20 0

RELATIVE INPUT LEVEL, Y (dB)

Figure 14. Second Harmonic Distortion
of the Compressor

|
-

IW(1)/W(1kHz)| (dB)

|
N

-3

TTII ; T ?IH,,I
\E
I.W=0d8
1.w=—s0d8 —
L R
10—1 1 10!

FREQUENCY (kHz)

Figure 13. Frequency Response of the Expandor

70
{ I ! |
3 kHz
= 1 kHz
260 pb—
=]
4
-
<
-
<
w
z
g 50— 300 Hz
2
w \\
N
-50 —40 -30 -20 -10 0

RELATIVE INPUT LEVEL, Y (dB}

Figure 15. Third Harmonic Distortion

of the Compressor



COMPANDOR DEVICE SET LS1128AC, LS1129AC

| | | 0
I
I -
S 4Q g 40—
3 _—— :E"
| I \\\\ |
— o~
= —_——T T T T —_s S
S o- S== S
= \§\ N 2
< h =
>3q— = S 30— —
I. 1 - 1250 Hz, f = 740 Hz I fq = 1250 Hz, f5 = 740 Hz
1. #5 = 1020 Hz, f3 = S00 Hz 1. f5 = 1020 Hz, {5 = 900 Hz
— — CALCULATED WORST CASE
L | ) I N R
-50 —40 -30 -20 -10 0 —50 —40 -30 -20 -10 0
RELATIVE INPUT LEVEL, Y (dB) RELATIVE INPUT LEVEL, Y (dB)
Figure 16. Intermodulation Product (f1 — f2) Figure 17. Intermodulation Product (2f2 — f1)
of the Compressor of the Compressor
50
L I | l
L
40— -
= I
!
s
2
S — =
1. f4 =71250 Hz, f5 = 750 Hz
11. f1 = 1020 Hz, f = S00 Hz
" I N
-50 —40 -30 -20 -10 0

RELATIVE INPUT LEVEL, Y (¢8)

Figure 18. Intermodulation Product (2f1 — f2) of the Compressor
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LS1128AC, LS1129AC COMPANDOR DEVICE SET

Outline Drawing
(Dimensions in Inches)

[e—————————————.795 (20.19) MAX——————————+
16
11— - — —
INDEX T
MARK
.265
™ / (6.73)
/ MAX
INDEX "] // l
AREA S D U S S S i
1 -8
—=  je—.065 (1.65) MAX —+| [—.044 (1.12) MAX 32,?,8(13)
L] ¥
.140 (3.56)
== == MAX
IR )
125 (3.17) t.ms (-38) ': E
MIN MIN i i
- - /N 1 i
l-—.osz (.81) MAX [e—.063 (1.60) 1" ”
1100 (2.54) REF—L—::’ MAX

-C
-C

l‘_ .300 (762) |

.400 (10.16) MAX

Ordering Information

Device Comcode
LS1128AC 104413117
LS1129AC 104413133
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GENERAL PURPOSE BATTERY FEED LB1011AB

Description

The LB1011AB integrated circuit is a general purpose electronic battery feed circuit which supplies a controlled dc
current to the TIP-RING pair of a telephone system. The battery feed circuitry presents a low impedance to dc currents,
while presenting a high impedance to ac signals. The LB1011AB is integrated as two complementary chips to supply dc
currents of both positive and negative polarities to either balanced or unbalanced lines. In the balanced line application,
this device helps suppress undesirable common-mode signals.

Features
® Basic battery feed function at a low cost ® Full internal lightning surge protection up to 4.0 amps
® High ac impedance characteristics for balanced line, " dc voltage drops can be adjusted to accommodate
differential-mode, voice-band signals different peak signal levels
Functional Diagram Pin Diagram
apt VPOSl 1 8 IVNEG
Y & v oF Leronas ccp | 2 71 coN
1
Fe=s- 1 1 TAPP [3 6] TAPN
AL UL B DS | STAGE ; sh
e ' b oc TP 4 5 | RING
Py 1 G E VOLTAGE
scer | 2] [ ' [ b1 | E g OROP
100 K Lom—=1d
POSITIVE
nsY LINE FEED
ALY " -—-
21!9
ccy 'L l{ — = '_"I
T AING
s -— -
NEGATIVE 1
100 K LINE FEED 3
e G H o
RTN : ' 2 E VOLTAGE
TAPN —‘-4t 1 oUTPUT 5§ oRrOP
! STAGE ;
8 —_—

v» OF LB1011AB

L v-



LB1011AB

GENERAL PURPOSE BATTERY FEED

Maximum Ratings
(TA=25°C unless otherwise specified)

Ambient Operating Temperature Range . .............eiiiiiiiiiiiiiiiiiiiieaanineenn —20to +70°C
Storage Temperature Range ............c.oiiiiiiiiiiiiiiiinnnn, e —40to +125°C
Pin Soldering Temperature (t =15 SECONAS MaX.) .. ...ttt it iiei e e 300°C
Current Positive Line Feed (VPOS-10 TIP) . ... ittt e e e ieeiiaes 100 mA
Current, Negative Line Feed (RING-t0-VNEG) . ... ..ottt et e e aans 100 mA
Voltage, Positive Line Feed (VPOs-t0-TIP) . ..ot (See testing requirements)
Voltage, Negative Line Feed (RING-10-VNEG) . .......covviiiiiiiiiiiii i (See testing requirements)

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin

Symbol

Name/Function

1

Vros

This pin connects to the most positive external power supply (in some cases
this may be ground) through an external resistor. This external resistor is a
factor in determining the amount of current which will be supplied by the
Positive Line Feed output.

CCP
CCN

Cross-Coupling, positive and negative respectively. A capacitor between
these two pins (for balanced-line configurations) creates a high ac impedance
between TIP and RING. Since full TIP-to-RING voltage appears across these
pins, it is recommended that a 1 kQ resistor be placed in series with the
cross-coupling capacitor for surge protection purposes. Unbalanced line
applications should connect the cross-coupling capacitor to ground so that
the common-mode impedance of the output is greatly increased.

TAPP
TAPN

Resistor tap pins. These terminals are used to adjust the dc voltage drops
across the Positive Line Feed and the Negative Line Feed respectively. The
nominal dc voltage drop is three volts when no resistor is connected between
pins 2 and 3, or pins 6 and 7. A short circuit between these same pin
combinations will produce a nominal voltage drop of four volts. A resistor
between these pin combinations will produce voltage drops varying between
three and four volts. A higher dc voltage drop (greater than three volts) may be
desirable for higher operating temperatures, or when the peak value of the ac
signal exceeds 2.5 volts.

TIP

Output of the Positive Line Feed supply.

RING

Output of the Negative Line Feed supply.

VNEG

This pin connects to the most negative external power supply through an
external resistor. This resistor is a factor in determining the amount of current
which will be supplied by the Negative Line Feed output.
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GENERAL PURPOSE BATTERY FEED

LB1011AB

Electrical Characteristics

(TA =25°C unless otherwise specified)

Characteristic Test Condition Min Typ Max Unit
dc Voltage Drop, Figure 1 2.50 — 3.50 \
Positive Line Feed
dc Voltage Drop, Figure 1 2.50 — 3.50 \
Negative Line Feed
dc Voltage Drop, Positive Line Figure i, 3.75 — 4.85 \
Feed (High-Level Mode) (Pin 2 connected to Pin 3)
dc Voltage Drop, Negative Line Figure 1; 3.60 — 4.00 \
Feed (High-Level Mode) (Pin 6 connected to Pin 7)
Shunt Impedance Figure 2 18 — — kQ
Shunt Impedance, Figure 2; 18 — — kQ
(High-Level Mode) (Pin 2 connected to Pin 3)
(Pin 6 connected to Pin 7)
Common-Mode (Longitudinal) Figure 3 45 — — dB
Rejection
Common-Mode (Longitudinal) Figure 3; 45 — — dB
Rejection (High-Level Mode) (Pin 2 connected to Pin 3)
(Pin 6 connected to Pin 7)
Distortion Figure 4 — — 2.0 %
Distortion (High-Level Mode) Figure 4 — — 2.0 %
(Pin 2 connected to Pin 3)
(Pin 6 connected to Pin 7)
Base-to-Emitter Voltage, Figure 5; 1.0 — 2.0 \
Positive Line Feed IPOS =50 mA
Base-to-Emitter Voltage, Figure 5;
Positive Line Feed IPOS =100 mA
Base-to-Emitter Voltage Change, Figure 5; 25 — 250 mV
Positive Line Feed AV =[V @ 100 mA] minus [V @ 50 mA]
Base-to-Emitter Voltage, Figure 5; 1.0 — 2.0 \
Negative Line Feed INEG =50 mA
Base-to-Emitter Voltage, Figure 5;
Negative Line Feed INEG = 100 mA
Base-to-Emitter Voltage Change, Figure 5; 25 — 250 mV
Negative Line Feed AV=[V @ 100 mA] minus [V @ 50 mA]
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LB1011AB

GENERAL PURPOSE BATTERY FEED

Electrical Characteristics
(Ta=25°C unless otherwise specified)

Characteristic Test Condition Min Typ Max Unit
Battery Feed, Total Voltage Figure 6; Ibf =50 mA 5.0 — 6.8 \'
Battery Feed, Total Voltage Figure 6; Ibf =100 mA
Change in Total Voltage Figure 6; — 400 — + 600 \'
AV=[V @ 100 mA] minus [V @ 50 mA]
Battery Feed, Total Voltage Figure 6; Ibf =50 mA 7.2 — 9.4 \
(High-Level Mode) (Pin 2 connected to Pin 3)
(Pin 6 connected to Pin 7)
Battery Feed, Total Voltage Figure 6; IBM =100 mA
(High-Level Mode) (Pin 2 connected to Pin 3)
(Pin 6 connected to Pin 7)
Change in Total Voltage Figure 6; —400 — + 600 v
(High-Level Mode) (Pin 2 connected to Pin 3)
AV=[V @ 100 mA] minus [V @ 50 mAj (Pin 6 connected to Pin 7)
Line/Supply Voltage Figure 7; IT=200 mA
Positive Line Feed — — 1.4 Vv
Negative Line Feed — — 1.4 \'/
PNPN Breakdown Voltage Figure 7; IT=35 mA
Positive Line Feed (Pin 2 connected to Pin 1) 8.0 — 10 \
Negative Line Feed (Pin 7 connected to Pin 8) 8.0 — 10 \'
PNPN Sustain Voltage Figure 7; IT=200 mA
Positive Line Feed (Pin 2 connected to Pin 1) 20 — 5.0 \Y
Negative Line Feed (Pin 7 connected to Pin 8) 2.0 — 5.0 \Y
Line/Cross-Coupling Voltage Figure 8
Positive Line Feed — — 1.4 \
Negative Line Feed — — 1.4 \'
Supply/Cross-Coupling Voltage Figure 9
Positive Line Feed — — 14 \
Negative Line Feed — — 1.4 \
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GENERAL PURPOSE BATTERY FEED LB1011AB

Test Circuits

50 mA 50 mA
[s
Measure E :7] Measure
Positive Negative
Line Feed I 3 6 | Line Feed
¢ 4] 5} —
777 Ve o 4
Figure 1. DC Voltage Drop, Test Circuit
1.0kQ 0.05uF
wwv—{|-
|
+ " - I + m -
200 4 2oV 20V & re R1 and R2 are matched
200Q o within 0.1 %.
Measure VM

Shunt Impedance (in ohms) = =129
VM (in volts)

2 [ B [
J‘f’”T“

——AAA
4000
40uF == —t
VIN=250mvims - 4OVF
1.0 kHz

A\
QY

Figure 2. Shunt Impedance, Test Circuit



LB1011AB

GENERAL PURPOSE BATTERY FEED

Test Circuits
(Continued)

1.0k 0.05uF

2000

AMA—{————

R1 and R2 are matched
10 within 0.1 %.

1

————cz

3—

4.0uF I | 40uF V!N
Measure VM
3680

VIN « 250 mVims
1.0kHz

Figure 3. Common-Mode Rejection, Test Circuit
10k} 0.05uvF
|
i
03 ll - s !
PP &L y BV S A1 and N2 e matched
2000 20002 10 within 0.1 %.
1 [)
RS | T
= 5]
4 S
400 )
AR
LLO v 40uF_|
VIN
1.0kHz
A——5A,
TOTAL HANMONIC
OISTONTION METER A=
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Figure 4. Distortion, Test Circuit



GENERAL PURPOSE BATTERY FEED LB1011AB

Test Circuits

(Continued)
Measure Measure
Positive Negative
Line Feed Line Feed
+ ‘ ‘ .
KN 8 }
; ;——[
- +
»{ 2] 7 le
3 6
IPOS INEG
777 S77
Figure 5. Base-to-Emitter Voltage, Test Circuit
Measure
D
IBF + \/ -
8
7
€]
T —
Figure 6. Battery Feed Total Voltage, Test Circuit
8
z Measure
Negative
:‘3 Line Feed
=1 4
777 777

Figure 7. Line/Supply Voltage, Test Circuit
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LB1011AB GENERAL PURPOSE BATTERY FEED

Test Circuits

(Continued)
Measure
Positive Measure
Line Feed Negative
Line Feed
S7 4
Measure
Positive Measure
Line Feed Negative
Line Feed
Y ad S 77
Figure 9. Supply/Cross Coupling Voltage, Test Circuit
100k
[72]
£ C=05uE \
=] =00U
c / /
= 10k
§ C = 0.05uF
g /
E 10k
€
2
17, External Resistor = 1.0 kQ
0.1k | |
10 100 1.0k 10k 100 k 1.0M

Frequency - Hz

Figure 10. Typical Shunt Impedance vs Frequency
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GENERAL PURPOSE BATTERY FEED LB1011AB

Surge Protection Characteristics

Internal surge protection circuitry (Functional Diagram), in conjunction with external resistors, provides protection
against forward voltage surges. Reverse surges are dissipated through large internal diodes bridged across each Line
Feed section.

Forward surge protection consists of a PNPN composite device. This PNPN composite device can withstand surges as
shown in Figure 11. It has a breakover point (VBo) of approximately 9.0 volts, as shown in Figure 12. After breakover, the
outputis clamped at less than 2.0 volts as long as the surge scurce supplies more than 150 mA. When the surge source
drops below 150 mA, the PNPN device recovers and normal operations resume.

CURRENT (AMPERES)

VF

4 If LL
3+
2 b SIMPLE

COMPOSITE

PNPN MODEL

1 |1|111;’ 1 llllllll 1 Lt L4l
0.1 1.0 10.0 100.0

PULSE WIDTH (ms)

Figure 11. Maximum Applied Forward Surge Limits (PNPN Composite Device)

10
LEADS
1704 |
-
c 8 OR I
2 5708 |
w |
e s |
5 NORMAL |
<] OPERATING ,
2 RANGE |
r |
g ) |
o RECOVERY { |
2 = |
l/'
vso
(4] 1 |
103 100 103

CURRENT (mA)

Figure 12. Typical Voltage vs Current (PNPN Composite Device)
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LB1011AB GENERAL PURPOSE BATTERY FEED

Applications

Figure 13 shows the LB1011AB in a balanced configuration. The complementary Positive and Negative Line Feeds are
capacitively cross-coupled.

Differential signals on the balanced line (TIP-RING) do not disturb the ac ground at the center of the cross-coupled
connection. Therefore, both circuits act as constant current sources that present a high shunt impedance of
approximately 50 kQ.

The cross-coupling does not affect feedback for either dc or common-mode signals. Therefore, for common-mode
noise, the two complementary power supplies act as low impedance paths to ground through the resistors connected to
Vpos and VNeg. Common-mode rejection depends on the degree of matching between resistors RP1 and RP2.

GND
RP1
350 Q
TIP P P
2T T 7
Capacitor value based on
frequency requirements. ,_ n
1 2 3 4 AC o,
LB1011AB SHUNT ¢
EXTERNAL 8 7 6 5 IMPEDANCE
ADJUSTING § d
RESISTOR
L e — 5—————
RING ’
RN1
350 Q
-48 V

Figure 13. Battery Feed Application (Balanced Configuration)
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GENERAL PURPOSE BATTERY FEED LB1011AB

Applications
(Continued)

Figure 14 illustrates the LB1011AB as a single-ended configuration which exhibits a very low dc impedance and a very
high ac impedance.

In some applications (where dc current needs to flow and ac current should be blocked) this LB1011AB configuration can
replace an inductor. It does not, however, have the “phase and amplitude versus frequency” characteristics of a true
inductor or RL network.

The TAPP connection (Pin 2) permits an external resistor (RTP) to change the dc voltage drop (Functional Diagram).
RTP can be selected to raise the voltage from 3.0 volts (normal operating value to as high as 4.0 volts). This voltage may
be desirable for high operating temperatures, or if the peak voltage of the ac signal exceeds 2.5 volts.

Since the dc voltage drop is relatively constant, the current supplied to the line is controlled by the supply voltage, the
external resistor to the supply, and the resistance which shunts the line. For ac signals, however, the capacitively- -
coupled ground causes the LB1011AB to operate as a constant-current source with an impedance of approximately

25 kQ.

EXTERNAL
POSITIVE
SURPLY
Q
350 Q
& TO LOAD
adAA%
RTP
1
500 Q 1 2 3 4
LB1011AB
Capacitor value based on 8 7 6 5
frequency requirements. guuuy

Figure 14. Battery Feed Application (Unbalanced Configuration)
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Outline Drawing
(Dimensions in inches)

8 5
P 9P 9P 11

[ §
.265
MAX.
| |
db db dJ
4
PIN NO. 1

[&—— 380 MAX.———— =

!

175 MAX.
|
.035 MAX. | :
|
} f ! :
] |
120 MIN. i I
I
|

| H
u
020 1wl L‘AL b | |
015 _01:13_ YI\:,AX. lq .300

100 TYP. 400 MAX.

|l

300 009

Ordering Information

Device Comcode
LB1011AB 104208814
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FULL FEATURE BATTERY FEED

LB1012AA/AD

Description

The LB1012AA/AD integrated circuit is an electronic battery-feed circuit which supplies a controlled dc current to the
TIP-RING pair of a telephone system. The battery-feed circuitry presents a low impedance to dc current, while
presenting a high impedance to ac signals. The LB1012AA/AD contains input and output terminals for voice-frequency
signals and a hook-status output signal. The LB1012AA is available in wafer form and the LB1012AD is available in an

18-pin DIP package.

Features
" Drives loop lengths up to 1300 Q

® Proper line matching can be provided with a 50:1
scaled network: 30 kQ provide a 600 Q termination

Functional Diagram

01uF J

” Vv J 10uF
3 IMPEDANCE

voc out MATCHING

® Common-mode rejection (longitudinal balance) better

than 60 dB (ac)

" TTL-compatible “hook-status” indicator

® Longitudinal balance and amplifier gains are laser

trimmed

30k | 0 OanF

p—————o0vac our

LOOP LENGTH
COMPENSATION
CURRENT

CONV

Rt
200F ‘ ERROR

INTERNAL
REFERENCE

HOOX
STATUS

VREF

n-,.rl

LB81012AD

FEEDBACK

SUBSTRATE

Q<

EXTERNAL
A =10 SECONDARY PROT
N né mecene pYs PROTECTION
S1GN, aNo
ok q 1 A m STABILIZATION NETWORK
VY01 AAA- OP-AMP Ag= e jm———————————— -
2% o1 A |
- A A4
LAw ] Ad |
omven bl 1000 & APz |
TIP SENSE 1 0 |
AMP ] '
! i
I Lo —
| 0.01uF 0 1
1 TELEPHONE |
] LooP
! A |
[ 1000 —1
3 c32
[} o |
bl ) Rl ]
[ |
' APy
o0 |
! 1l
! !
no | 1
A 'AVA
T 1A RING ]
| 1000 1
S, d
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LB1012AA/AD FULL FEATURE BATTERY FEED

Maximum Ratings

(At TA=25°C unless otherwise specified)

Ambient Operating Temperature Range . ...........couriiiiiiniiiiiiiiiiieninnnns —20to +70°C
Storage Temperature Range ...... ...ttt i i i —40 to +125°C
Lead Soldering Temperature (15 s. max.) (LB1012AD) ....... ..ottt iiieenaes 300°C
Power Dissipation (Note 1) (LB1012AD) . . ..ottt ettt e et 20W
Voltage, HOOK STATUS 10 V Lottt et ettt it 60 V
Voltage, GND 10 Vot ettt e e 60 V
Voltage (HOOK STATUS t0 GND) .. ..ottt ittt ettt e e e e et et e e e 55V
CUrrent (TIP DRIVE) ..ottt et ettt e et e e e et e e a e 50 mA

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may affect device reliability.

Note 1: Pin Diagram
Care in mounting and proper environmental conditions
are required to keep the operating temperature accept- N
ably low. The package of this device has a thermal Hook status [1] 18] 1ac v
resistance of approximately 12°C/W to its mounting vRer [2] [17] voc out
plane. The remainder of its environment (thermal resist- Ne Te] vac our
ance of wiring board mounting plane to ambient) should E] ]
not exceed an additional 30°C/W. Forced air circulation v- ] [15] v-
over the IC or high-thermal-conductivity wiring boards v- 51 12] v-
may be needed. v- ] E Ve
Thermal impedance between the package and the con- RING DRIVE [7 ] [12] TIP ORIVE
necting m.ountlng path may be minimized by connecting RING SENSE [ 8] 1] T1p sense
the V — pins to as large a thermally conductive land area
as is practical to place on the mounting board. See the oc ono [3] [10] ac oo
V — pin description for additional information. LB1012AD
Pad Diagram
V-
vacout | [J1e 13 DD TIP DRIVE
12
voc out | []17 1O | T sense
1ac ouT | [J1s 10 [ | Ac GROUND
HOOK STATUS | (1 9 (1| oc GROUND
8 [ ]| RING SENSE
Vaer | O2
7 [J| RING DRIVE
Nc (O3 adfv-
LB1012AA
Recommended Operating Conditions
Voltage Range (GND 10 V =) ...ttt e e e —42to —53V (Note 2)
Voltage (HOOK STATUS t0 GIND) .. ..ottt ettt ettt e et e aaaanns +50V

Note 2:
These conditions assume continuous operation with the HOOK STATUS operating at 5.0 volts. Momentary excursions
(t <100 ms) to — 55 volts are permissible.
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FULL FEATURE BATTERY FEED LB1012AA/AD

Pin Descriptions

Pin

Symbol

Name/Function

1

HOOK STATUS

HOOK STATUS output, TTL compatible (See Figure 1). This circuit function
performs very much like an open collector NPN. When the phone is ON-
HOOK, the drive current is zero and the output is essentially an open circuit. A
50 kQ pull-up resistor to +5 volts will raise the output voltage to 5 volts
(indicating a logic HIGH).

When the phone is OFF-HOOK, and with loop currents greater than 16 mA the
HOOK STATUS voltage will be <200 mV, indicating a logic low. The drive
current is approximately 100 xA and the output is pulled down until the
collector-base junction of the PNP is sufficiently forward biased to remove the
excess bias current. The HOOK STATUS output will sink at least 1 mA of
current for all operating conditions.

The criteria for OFF-HOOK detection is that the sum of TIP and RING current
must exceed a nominal 30 mA (20 mA to 36 mA). However, HOOK STATUS is
disabled during ringing when the RING current is approximately zero.

HOOK STATUS

Figure 1. Simplied HOOK STATUS Output Circuit

VREF

This pin connects to an internal reference voltage (approximately 2 of the V —
voltage). A bypass capacitor should be connected from this pin to the signal
ground pin to maximize power-supply rejection characteristics.

NC

No connection. This pin should not be used as an external tie point.

OO h W

V._
V_
V—

The most negative external supply voltage is connected to these pins. Pins 4,
5 and 6 are physically connected together with a large metal area internal to
the package. This statement is also true for pins 13, 14 and 15. All of these
pins should be connected to the external V — supply and to a large plated
area on the printed circuit board for heat dissipation.

RING DRIVE

Output of the RING DRIVE (RD) amplifier. A protective resistor should go
between this pin and the RING side of the active load (Functional Diagram).

RING SENSE

Input to the RING SENSE (RS) amplifier. This pin should be connected
through a resistor to the RING side of the active load (Functional Diagram).
The separation of the RING DRIVE and the RING SENSE allows the use of a
low-cost protective RC network (RP1-RP4 in Functional Diagram).

DC GND

High-current dc ground. This is the main source of TIP dc current. This pin
connects directly to system ground and is the most positive power supply
connection (note that HOOK STATUS is + 5.0 volts with respect to pin 9).
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LB1012AA/AD FULL FEATURE BATTERY FEED

Pin Descriptions (Continued)

Pin Symbol Name/Function

10 AC GND AC (signal ground). All signal bypass capacitors and the Hybrid/CODEC
ground should be connected directly to this pin. This AC GND pin should be
connected directly to the DC GND pin.

11 TIP SENSE Input to TIP SENSE (TS) ampilifier. This pin should be connected through a
resistor to the TIP side of the active load (Functional Diagram). The separation
of TIP DRIVE and TIP SENSE allows the use of a low-cost protective RC
network (RP1-RP4 in Functional Diagram).

12 TIP DRIVE Output of the TIP DRIVE (DR) amplifier. A protective resistor should go
between this and the TIP side of the active load (Functional Diagram).

13 V- See description for pins 4 through 6.

14 V-

15 V-

16 VAC OUT Low impedance output of an op-amp (Functional Diagram). A differential

TIP-RING signal input is converted to a single-ended output and is referenced
to ground. This ac signal is — 0.5 times the ac voltage from TIP-TO-RING. The
dc bias on this pin is — 3 volts. This pin requires a dc blocking capacitor.

17 VDC OUT This pin is an output from a loop length compensation path. A by-pass
capacitor must be connected from this pin to signal ground so that a “dc only”
signal is present in the loop-length compensation path. The voltage on this pin
is directly proportional to the loop length (approximately —0.05 of the dc
voltage from Tip-to-Ring). This pin could be used to control optional loop-
length functions.

18 IAC IN This is the input for the TIP-RING drive currents. It has very low ac input
impedance. The TIP-RING output currents are 100 times this input current. It
requires a dc blocking capacitor. The dc bias on this pin is — 1.35 volts. The
maximum ac signal input is 40 uAmps. This produces a signal level of
approximately +7 dBm in a 600 Q loop, without causing signal clipping.

Electrical Characteristics (v — = —53V and Ta=25°C unless otherwise specified)

The characteristics shown below are expressed in circuit functional terms. They are insured as the result of production
testing measurements shown in the test description table which follows this table.

Characteristics and Conditions Min Max Unit

Power Supply Current, OFF-HOOK (V— = —53 to —60 V), (Loop =2750Q 43 495 mA
Power Supply Current, ON-HOOK (V — = — 48 V), (Loop = Open Circuit) 0.2 3.5 mA
Ringing Current Capability, RING Lead Open 100 — mA
TIP Current for Power Gate Threshold 3.0 8.0 mA
Loop Current for Hook Status Threshold (Loop =500 Q) 11 16 mA
Loop Current: 150 Q 38.3 41.3 mA
500 Q 38.5 415 mA

800 Q 30.5 34.5 mA

1300 O 19.0 23.0 mA

Transmit Loop Current Gain, lac IN to TIP-RING 95.5 101 —
Receive Voltage Gain, TIP-RING to VAC OUT 0.476 0.506 —
Longitudinal Balance (ac) (Common-Mode Current <10 mA) 60 — dB
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FULL FEATURE BATTERY FEED LB1012AA/AD
Electrical Characteristics
(Continued)
Characteristics and Conditions Min Max Unit
Power-Supply Rejection: (Loop = 400 Q) 52 — dB
Noise Voltage, TIP/RING: (Loop = 500 Q) — 8.0 dBrnc
IAC IN, Input Resistance — 100 Q
VAC OUT, Output Resistance: (2.0 kQ between VAC OUT & GND) — 50 Q
Longitudinal Resistance 50 100 QO
TIP-TO-RING Shunt Resistance: (ALoop = 150 O — 400 Q) 30 — KQ
Input Current Capability of “IAC IN” without Clipping — 100 ©Ap-p
Output Voltage Capability of “VAC OUT” without Clipping — 2.0 Vp-p
Test Descriptions
(AtV— = — 53 Vand TA = 25°C unless otherwise specified)
Characteristic Test Condition Min Max Unit
. Figure 3; Measure V(B,G) @ R(Load) = 400 @ and
TIP-RING Voltage Balance, R(Load = 275 Q. Let AV(B,G) = thedifferenceof ~ —| £75| mv
AV(B-G)
these two measurements
Power-Supply Current Figure 4; R(Loop) = 275 Q, Measure V— Current] —43| —49.5| mA
Power-Supply Current, Figure 4; R(Loop) = 275 Q
Maximum Voltage Measure V— Current, V— = — 60V —43| —495| mA
ON-HOOK Power-Supply Current| Figure 2; Measure V— Current —02| —35| mA
VTip_+ VRING Figure 3; R(Loop) = 400 Q _ _

2 Measure V(B,G) 26.2 28.3 v
Common-Mode Voltage Figure 3; R(Loop) = 400 Q, Measure VCM —26.2| —28.3 Y
Longitudinal Loop Error Figure 3; [V(B,G)] — [VCM] - | £1.0 \';

Figure 5; Measure V(A,GND)
Input Voltage Open V— Power-Supply Lead 390 470 | mV
Bandgap Voltage Figure 6; Measure V(A, System GND), V(CM) —1.20 | —1.48 \'
= 26,5V
Figure 6; Measure V(T-R)
TIP-RING Voltage R(Load) = 150 0, V(CM) = 265 V 5.75 6.20 \"
VAC OUT, dc Level Figure 6; Measure V(16, System GND); V(CM) =
—265V
R(Load) = 150 Q —20| —4.0 \"
R(Load) = 500 Q —20| —4.0 \'
AVAC OUT, dc Level 150 Q meas. — 500 Q meas. - | fo4| v
VAC OUT Voltage, Figure 7; Measure V(AC)
Power Gate OFF I(TIP) = 3 mA - —1.0 \Y
Power Gate ON I(TIP) = 8 mA —20| —5.0 Vv
HOOK STATUS, Figure 8; Measure V(HS)
OFF Voltage Set I(ADJ) so that (L) = 11 mA 4.0 5.0 \
ON Voltage Set I(ADJ) so that I(L) = 16 mA —| *£o0.2 \
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LB1012AA/AD

FULL FEATURE BATTERY FEED

Test Descriptions (Continued)

Characteristic Test Condition Min Max Unit
Figure 9; Measure V(T-R)
. @ I(A) = +50 uA and @ I(A) = —50 pA.
Current Gain, IAC IN to I(Loop) Gain AV(T-R)/500 0 95.5 101 dB
100 pA
Figure 9; Measure V(T-R) and V(AC) @ I(A) =
Voltage Gain, —50 A and I(A) = +50 uA. 0.476 | 0.505 —
V(T-R) to V(AC) Gain = AV(AC)/ AV(T-R)
Longitudinal Balance (dc), Figure 9; Measure V(T-R) @ _ +25| mv
AV(TIP-to-RING) I(D) = +10mA, I(D) = —10 mA -
Figure 4; Measure I(Loop)
Loop Curtent R(Loop) = 500 385 414 mA
P R(Loop) = 800 Q 305| 345| mA
R(Loop) = 1300 Q 19.0 23.0| mA
. Figure 10; Measure V(IAC) @ +
IAC Input Resistance, AV(IAC) I(A) = —50 uA, I(A) = +50 uA —| T10| mV
. Figure 11; Measure V(T-G) _ _
TIP-RING Current Capability I(TIP) = 100 mA for 0.5 s. 12.0 15.0 \'
TIP-RING Voltage, Figure 12; Measure V(T-G)
Loop-Shunt Impedance) @ R(LOAD) = 150 Q and —| 20| mv
AV(T-G) @ R(LOAD) = 400 Q
Figure 13; Measure V(VAC)
@ R(VAC) = open and @ R(VAC) = 2000 Q _
AC OUT Source Impedance oedance — 2000 [V(open) — V(2000 Q)] 50 Q
P V(2000 Q)
Figure 6; Measure V(T-G)
) . ~ @V— = —53V,V(CM) = —265V and o+
Power-Supply Rejection, AV(T-G) @V— = —45V, V(CM) = 225V 20| mV
R(LOAD) = 400 Q
Longitudinal Resistance, Figure 14; Measure V(T-G) @ _ +20| mv
AV(T-G) I(D) = +10 mA, (D) = —10 mA -
Noise, Figure 15; Measure V(NOISE)
Short Loop R(Loop) = 500 Q — 8.0 | dBrnc
Long Loop R(Loop) = 1000 Q — 25.0 | dBrnc

Test Circuits
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Figure 2. Basic Test Circuit




FULL FEATURE BATTERY FEED

LB1012AA/AD

Test Circuits

(Continued)
Vv (8,6) >
lw\) 1
HS GND
1 1AC
vac TIP
SEE
VeM FIGURE
4
voc RING
VCM
Figure 3. Test Circuit
A lmo A
V(A,GND) ™ oND
IAC
VAC TIP
SEE
FIGURE
4
voc RING
VCM
Figure 5. Test Circuit
{
1(TIP)
V(AC) 9 ke HS GND
1AC d}
1 ke
VAC TIP
SEE
FIGURE
4
voC RING
VCM

Figure 7. Test Circuit

HS GNO

IAC

VAC

SEE
FIGURE

voc R

VCM

TIP

___l_ lI(LOOP)

R(LOAD) 3

ING L

Figure 4. Test Circuit

IO—V(I’-G)

HS
1 IAC

V(1b,Sys-g)

V(A,Sys-g)

Y

I(ADJ)l

— VCM

VAC

voC

VCM

SEE
FIGURE R(LOAD)

GND

TIP

RING

Figure 6. Test Circuit

5.11 ke

V(HS)

HS
IAC

GND

VAC
SEE Ly
FIGURE :
4 9
voe RING —-]
VCM

Figure 8. Test Circuit

TIP ——,—_

V(T-R)

S 500 @
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Test Circuits
(Continued)

T o o ®[

VRS ) HS GND 1(L00P)
e _r-.rlmj_ 1AC —
vAC TP 12.0v=] I
see 0 8 VAC TIP
FIGURE V(T-R) SEE
* 12.0 V= FIGURE $ 500 @
l—————‘m RING _l— 1500 2 4 g
V(0C) = veu vDC RING '——I
(SEE NOTE BELOW) 1(0)
12‘.5 Vj l VCM
26.5 V—
- NOTE: WITH V(DC) OPEN, SET I(A) = 0 AND MEASURE
THE VOLTAGE AT V(DC) TO THIS VALUE
Figure 9. Test Circuit Figure 10. Test Circuit
ll(m) WS GND v(T=6)
IAC
HS GND V(T-G)
IAC VAC TIP
SEE P4
VAC TIP FIGURE 3 R(LOAD)
SEE voe 4
FIGURE RING
, L
vbC RING VCM
VCM 26.5 Vv —
Figure 11. Test Circuit Figure 12. Test Circuit
IkV(T-G)
HS GND
V(VAC) 1AC 1500 ¢
R(VAC) HS GND y VY
IAC VAC TIP 12 V—=—
SEE 9
VAC TP FIGURE S 600 @
SEE , 4 ] 12 v—=
FIGURE < vbc

3 500 @ RING 1500 @

4 9 _I__¢.__W\,_]-

vbe RING’—-‘_— veM l
1(D)

VCM 26.5 V =

Figure 13. Test Circuit Figure 14. Test Circuit
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Test Circuits (Continued)

HS GND
IAC
VAC TIP
SEE +
FIGURE R(LOAD)
‘ -
voc RING
CMRR > 100 a8
VCM
26.5V —
C-MESSAGE L RMS-T0-DC
BANDPASS CONVERTER >
FILTER V(NOISE
GAIN = 10X ( )
Figure 15. Test Circuit
Characteristics
T T 1T T 1T 11 T T T T T T 1

2.0 p— -

WHEN CONNECTED
AS IN FIGURE 1
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WF- -

ol 1t 1 1 1 1 1 Py S T S T T -
0 200 400 00 900 1000 1200 1400 1608 0 200 400 800 800 1000 1200 1400 1800
LOOP RESISTANCE (OHMS) LOOP RESISTANCE (OMMS)
Figure 16. Figure 17.
Typical Loop Current vs Loop Resistance Typical Power Dissipation vs Loop Resistance
0.8 T T T T T TTTT
- [ ————— -~
0.4 - UPPER SPEC LIMIT -
o - -
°
; 0.2 — RELATIVE GAIN; A(1004) = 0dB
3 0.0 L —
w L 4
£ -02 - —
- - p
w
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- —a -
-0.6 N AN I W TN B S A W
102 108 104
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Figure 18(a). LB1012AA/AD Typical Gain vs Frequency Response 5-21
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Characteristic Curves
(Continued)

91 kQ

+ SINUSOIDAL
VOLTAGE
FREQUENCY = F kHz
AMPLITUDE = V(S) ms

Io—vuoO)
100 @
A A

1 yF

7

10 k
c>vnc 910 @
VeM
o
L
Vi
Figure 18(b). Frequency Response Test Circuit
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e 820 7
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Figure 19(a). LB1012AA/AD Typical Longitudinal Balance vs Frequency
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FULL FEATURE BATTERY FEED

LB1012AA/AD

Characteristic Curves
(Continued)

LB1012AD 12

45 ke
VAC
Q 16 1

150 pF

100 @

10 k

500 pF —

10 k
100 @

p
c1 I 7)) SINUSOIDAL
V(LONG) 3100 yF VOLTAGE
i FREQUNCY = FHz

Figure 19(b). Longitudinal Balance Test Circuit
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Figure 20(a).
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Figure 20(b). Typical Longitudinal Out-of-Band Noise
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Characteristic Curves

(Continued)
HS
IAC .0446 uF 1 10 9
A F—o1s 100 @ TIP
45 kQ Al 12
c LB1012AD YA M
Q 16 11 b
vDC 150 pF 500 oF —— 0 METALLIC VOLTAGE
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Figure 20(c). LB1012AD Noise Test Circuit
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Figure 21(a). Typical Distortion vs Input Characteristics
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Characteristic Curves

(Continued)
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Figure 21(b). LB1012AD Distortion Test Circuit

Table 1

Temperature coefficients of LB1012AD Battery Feed Circuit measured at low temperature (—25°C) and high
temperature (+100°C). Supply voltage range: —43 to —60 V

Test Specification Variation: % of Spec Range/°C

Name Min Max Units —25°Cto +25°C +25°Cto +100°C
Offhook Supply Current 43 49.5 mA —.04% —.03%
Onhook Supply Current —0.2 —35 mA —13% —.12%
Longitudinal Loop Error —_ +1 v +.02% <.001%
IAC to T-R Current Gain 95.5 101 — —14% —.21%
T-R to VAC Gain —.476 —.505 — —.21% —.18%
Long to Met Balance — +25 mvV <.001% <.001%
500 Q Loop Current 38.5 41.5 mA — 1% —.3%
800 Q Loop Current 30.5 34.5 mA —.02% —.13%
1300 Q Loop Current 19 23 mA <.001% —.07%
Power Supply Rejection — +25 mV <.001% <.001%
Long. Res., Al = 20 mA 1.0 2.0 \' —.32% 37%
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LB1012AA/AD FULL FEATURE BATTERY FEED

Functional Description
(Functional Diagram and Figure 22)

The LB1012AD Battery Feed device supplies a controlled dc current from its own external V— power supply to a
customer loop Tip-Ring pair (40 mA on loops up to approximately 600 ohms, decreasing to approximately 21 mA for
1300-ohm loops). Two precisely trimmed audio interface ports are provided: IAC IN with a current gain of 100 to the
Tip-Ring pair and the TIP SENSE to RING SENSE input with a voltage gain of —0.50 to VAC OUT.

These gains make it possible to control loop termination with impedances scaled 50:1 (30 k ohms connected between
VAC OUT and IAC IN look like 600 ohms across TIP-to-RING, Figure 22). A common-mode cancellation feature provides
75-ohm loading for common-mode TIP-RING current with peak values less than loop current.

The LB1012AD features very good “common-mode to differential” signal rejection (and vice-versa), high TIP-to-RING
termination impedance, and very good power-supply noise rejection. Internal thermal-shutdown circuitry protects
against overload currents. Lightning-surge protection is achieved with external diodes and resistors (see Applications).
The power gating circuitry is designed to minimize on-hook current drain. When Tip current falls below a nominal value of
5.0 mA (3.0 mA to 8.0 mA), the circuit goes into the “power down” mode. The signal path is broken in this “power down”
mode, and only a dc current is supplied by Tip and Ring for off-hook sensing. The TIP DRIVE output provides ringing
current capability for those times when the RING DRIVE output is open-circuited. Both TIP DRIVE and RING DRIVE are
clamped to their respective power supplies while the telephone set is on-hook.

The LB1012AD is designed for use with supply voltages of + 5.0 V, ground, and a negative voltage supply (V —). The
device is tested at V— values of both —42 V and —60 V, but can work at voltages as small as —30 V (if loop
resistance is low enough to prevent signal clipping).

Applications

Each LB1012AA/AD Battery Feed integrated circuit feeds an individual customer loop. It moderates the flow of dc
current from its external V — power supply to the loop system. Simultaneous to supplying the dc current, it serves as a
signal path between the hybrid (input/output in the Central Office) and the customer loop system (input/output to a
telephone set). The LB1012AA/AD must respond to ringing signals and to off-hook conditions. Morever, since the
battery-feed circuit must work in a potentially harsh environment (due to power line crossing and lightning surges), there
must be some protective provisions for the possibility of overvoltage.

Figure 22 shows a method for correctly connecting the LB1012AD device to the TIP and RING connections of a
telephone loop system. Careful grounding procedures will assure good common-mode and power-supply noise rejection
characteristics. The AC GND pin should be connected directly to the DC GND pin, and all bypass capacitors should be
connected directly to the signal ground (AC GND).

The RC network (RS1 and RS2) should be placed between TIP DRIVE and RING DRIVE, anda capacitor (CS2) should
be placed between TIP SENSE and RING SENSE. This assures stable operation under widely varying conditions.

An external network of four resistors (RP1-RP4) and four surge-protection diodes (D1-D4) are required to protect the
LB1012AD device against electrical transients, including lightning surges. The four diodes connected between TIP,
RING, system ground, and V — must be able to withstand secondary lightning surges (15 amps peak, 10 us risetime,
1000 us decay to half-peak amplitude).

For a detailed explanation of the resistor on the HOOK STATUS pin and the capacitors on IAC IN, VAC OUT, VDC OUT,
and VREF, refer to the respective PIN or pad description section.
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FULL FEATURE BATTERY FEED LB1012AA/AD
Applications
(Continued)
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Figure 22. LB1012AD Battery Feed Application Diagram
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LB1012AA/AD

FULL FEATURE BATTERY FEED

Outline Drawings
LB1012AA

(Dimensions in Microns)
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Note: Bonding pad numbers are for reference only. Bonding pads are 240 microns square, except where dimensioned otherwise.
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FULL FEATURE BATTERY FEED

LB1012AA/AD

Outline Drawing
LB1012AD

(Dimensions in Inches)
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HIGH-GAIN COMPARATOR LS1112AC

Description

The LS1112AC device is a high-gain, flexible comparator featuring an output voltage gain of 100k. The circuit is equiva-
lent to an operational amplifier with a TTL output stage and a differential input, and therefore is compatible with TTL,
DTL, and RTL logics.

The device offers a number of user options, including Darlington inputs, offset nulling, strobing, and an internal series
regulator for the TTL output stage. Applications include peak and zero-crossing detectors, switching power ampilifiers,
A/D converters, clock generators, multivibrators. logic interface, logic gates, line receivers, and hysteresis elements.

The high-gain comparator is designed for operation using a positive power supply range of 5.0 to 15 V and a negative
power supply range of 0 to — 15 V. For positive voltages less than 9 V, + 5.0 V must be supplied for the TTL output. The
LS1112AC High-Gain Comparator is packaged in a 16-pin plastic DIP.

Features
® Multiple applications ® 100 ns switching
" TTL, DTL, RTL logic compatible ® Typical output voltage gain of 100 k
" Single power supply operation available ® 10 mV input threshold without offset null
® Strobed output
Functional Diagram Pin Diagram
15 14
éb " e ,},’.T—l OFFSET NULL (]1 16 bosrssr NULL
-
% p— OFFSET NULL ]2 15[ +Vs
REGULATOR
TOTTL +DARL IN []3 14 ] Vref
1* +DARL TIE (4 Bvm
t—on +INPUT []5 12[] OUTPUT
3 -INPUT []6 1] GND
N - -DARL TIE [J7 10[] STROBE
W e D . -
oo {i 2 El‘ _?RL": -DARL IN[]8 9] -vs
A IE

Kt > ¢ —o 1
N vt OFFSET LOGIC
NuLL GROUND
16
STROBE

-Vs

1 2
—09 ? Q ? e
L
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LS1112AC HIGH-GAIN COMPARATOR

Maximum Ratings

Parameter Rating Unit

Supply Voltage:

Pins 15, 9 30 Vdc

Pins 14, 11 15 Vdc

Pins 13, 11 7.0 Vdc
Input Current: Pins 3, 5, 6, 8 10 mA dc
Power Dissipation 400 mwW
Storage Temperature Range —65to +175 °C
Operating Temperature Range 0to +60 °C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

|
Pin Descriptions
Pin Name/Function Pin Name/Function
1 OFFSET NULL - 9 —Vs
2 OFFSET NULL 10 STROBE
3 + DARLINGTON INPUT 11 GND
4 + DARLINGTON TIE 12 OUTPUT
5 + INPUT 13 VTTL
6 — INPUT 14 Vref
7 — DARLINGTON TIE 15 +Vs
8 — DARLINGTON INPUT 16 OFFSET NULL
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HIGH-GAIN COMPARATOR LS1112AC

Electrical Characteristics *
(TA = 25°C, Vs = 115V unless otherwise specified)

Characteristic and Conditions Symbol Min Max Unit
Positive Supply Current** l(15) 5.0 10
Negative Supply Current** 19 —3.5 —7.0
. V@a,11) = 15V 1(14) 2.5 5.5 mA
Logic Supply Current**
V@311 = 55V 1(13) 1.5 3.5
Strobe input Current V@o,11) = 0 I —0.6 —1.8
10
Stobe Leakage Current Vo,11) = 24V (o —2.0 20 | pA
. V@o, i) = 2.4V, l12) = —0.2 mAt 3.0 5.3
Output Voltage High VoH Y
V@o,11) = 0.8V, (12 = —4.0 mAtt 2.5 5.0
Output Voltage Low V@o11) = 1.8V, l1g) = —7.0 mA** VoL 100 370 | mV
Input Bias Current lis — 40 A
Input Offset Current Common-Mode Voltage = 0 lio — | *40 r
Input Offset Voltage (Nullable) Vio — +45| mv
AVio = 2.0 mV, + CMVR 8.7 —
Common-Mode Voltage Range \'
Vs = =132V —CMVR | —8.0 —
Input Bias Current . lis — —25
Darlington Input —Common-Mode LA
Input Offset Current lo — | 025
Voltage = 0
Input Offset Voltage Vio — | 75| mv
Darlington Input AVio = 2.0 mV, _
Common-Mode Voltage Range Vs = +132V CMVR 7.3 9.4 \
Voltage Gain Av 10k — | V/V
Tvpical P ion Delay Ti Vis,11) = 50V, trLH 110 —_
ical Propagation Delay Time ns
yp pag y Vs = +12V tPHL 95 —
Typical Differential Input Voltage For Switchingtt Vip <10 —| mVv

* Threshold voltage should be set at 1.4 V when using supply voltages of 5.0 V and 0 V.
**V(5,6) = —100 mV.

1 V(5,6) = 100 mV.
11 Includes Input Offset Voltage (Nullable) effects.
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LS1112AC HIGH-GAIN COMPARATOR

Timing Characteristics

10 mV
50mMV—# \

INPUT PULSE / \
-100V

—= tPLH

13V

OUTPUT PULSE

Figure 1. Positive Input and Output Waveforms

00 Vv ———\

INPUT PULSE /
50 mV———X /
10 mv

tPHL

13V

OUTPUT PULSE

Figure 2. Negative Input and Output Waveforms
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HIGH-GAIN COMPARATOR LS1112AC

Test Circuits

Resistor values selected for use in all test circuits are characterized by a nominal = 1% tolerance; capacitors = 10%.

+15V +15V
e}
(m 161 O 16 ]
(=] 15 1 d2 15
—3 14} MEASURE | —s 14
C 4 13 j C 4 13 : MEASURE
s 123 1s 127
6 1 —(]6 1
(mi 10 }—024V (m i 10 }—o024V
—{ |8 9 —O-15V —]8 9 -5V
1k
= L 1kes L =
1;.;ka I 1;;)'kﬂ
Figure 3. Positive Supply Current (l15) Figure 4. Logic Supply Current (l14)
+15V +15V
01 163 (mf] 1]
d- s ds . MEASURE
3 1 — s b
Oa 13
Oa 13[}—o0+45V _amA
5 12
s 123 @
s " +24V
.
d- 10 —{16 I
8 o[- MEASURE Oz 10[}——o0+08V =
1k —{]s o[ }e—O-15V
¢ 1 k@ = =
150 kQ l )
-5V ' 150 kO
Figure 5. Strobe Leakage Current (l10) Figure 6. High-Voltage Output (VoHn), (12 = —4 mA)
+15V

1 16
- MEASURE

(m
2 15
rl: 3 10
da 13[}—0+45V 7 mA
s 12—
—(J6 "np—
(4 10 h——-o +18V =
.-—-q 8 9 -5V
1ke3 1 1
7150 ko
Figure 7. Low-Voltage Output (VoL), (12 = —7 mA)
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LS1112AC HIGH-GAIN COMPARATOR

Characteristic Curves
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Figure 8. Typical Positive Supply Current vs. Temperature
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Figure 9. Typical Negative Supply Current vs. Temperature
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HIGH-GAIN COMPARATOR

LS1112AC

Characteristic Curves
(Continued)
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Figure 11. Typical Low-Level Output Voltage
vs. Temperature
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Figure 13. Typical Input Offset Current
vs. Temperature
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Figure 12. Typical Input Bias Current vs. Temperature
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LS1112AC

HIGH-GAIN COMPARATOR

Characteristic Curves
(Continued)
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Figure 15. Typical Common-Mode Voltage Range
vs. Temperature
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Figure 17. Typical Darlington Input Offset Voltage
vs. Temperature
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HIGH-GAIN COMPARATOR : LS1112AC

Applications

The following diagrams show the connections for the various options available with the LS1112AC High-Gain
Comparator.

® Figure 19 shows the required connections for the logic circuit operation.
® As shown in Figure 20, Darlington inputs are used by connecting lead 4 to 5 and lead 6 to 7, using leads 3 and 8 as the
positive and negative inputs, respectively. This connection provides higher input impedance at the expense of

additional input offset voltage.

" Figure 21 illustrates the use of internal logic reference. Lead 13 is not connected using this option. Positive supply
voltages greater than 7.5 V are required.

® Offset nulling is illustrated in Figure 22. A 10 k ohm potentiometer is connected between leads 1 and 2 with the wiper
arm connected to lead 16.

(mi 16 q 1 16 ]
[ P] 15[ F—O0+Vs O2 15[J——O0+Vs
mE 1] +0—{3 147
s 13[J—o05.0V o—e—{]4 13[}—o050V
+ O—d 5 12[}——-o0 o——{]s5 12[}—oO0
-o—]s n—-o o——{Te n[}—-o
a7 10[3—0 o——(7 10[1—o0
Os 9;]——0—Vs -o—{]s 9[—-o0-Vs
Figure 19. Logic Circuit Operation Figure 20. Darlington Inputs
q 1 16 ] :_J
0z 15[ }—9—0+Vs “fow °
s uhdo o—is——-—d 2 15 F——0+Vs
Os 140
04 sy Oa 13[}—o050V
+0—5 12[}—-o0 so—s 2h— o
-o—{]¢ n—0 -o—s 13—
(4 10[}—o0 (m i0[3—-o
Os 9[}—o0-Vs Os o[}—o0-Vs
Figure 21. Internal Logic Reference Figure 22. Offset Nulling




LS1112AC HIGH-GAIN COMPARATOR

Outline Drawing
(Dimensions in Inches)
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TIME-DELAY COMPARATOR LS1113AC

Description

The LS1113AC Time-Delay Comparator is a general-purpose timing circuit consisting of a comparator, constant-current
source, threshold voltage generator, a detector comparator with a logic-level output, and three logic gates. Functionally,
it serves as a single-shot adjustable delay comparator.

When used with the appropriate external components, the device is suitable in numerous general-purpose time-delay
applications including peak- and zero-crossing detectors, switching power amplifiers, A/D converters, clock generators,

multivibrators, logic interfaces, line receivers, and hysteresis elements,

The LS1113AC Time-Delay Comparator is available in a 16-pin plastic DIP.

Features
® Complex timing functions single package ® QOperates from a & 15 V power supply
® Low power dissipation (100 mW, max.) ® TTL-compatible logic output

® Pre-trimmed, low input offset voltage comparator

Functional Diagram Pin Diagram

EXTERNAL EXTERNAL

St e Vomeew  our Loaic powen -COMP IN[]1 16[ +COMP IN
1 12 a L
20k -Vps E 2 15 ] +VPS
16 25 k0*
N —m——% —COMP IN q 3 14[JNC
1
~IN _lsm
tour | |4 13
| -] bt . P
SRr[]5 12Jcr
ano N5 ww  ToEsoo  RmEAsE Lot SRout []6 1] comp out
VOLTAGE GND
OUT, REF p—
SRouT (7 10 Vrin
+Ves []8 9[ ] VT ouT (REF)
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LS1113AC TIME-DELAY COMPARATOR

Maximum Ratings*

Parameter Rating Unit
Supply Current (ls, 115, —I2) 5.0 mA
Supply Voltage (V15, V3) 15 Vdc
Supply Voltage (V2, V3) —15 Vdc
Power Dissipation** 100 mWwW
Operating Temperature Range 0 to 60 °C
Storage Temperature Range —40to +125 °C

* Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections
of this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device

- reliability.

** Derate at 1.0 mW/°C for temperature within the range of 25 to 125°C.

Pin Descriptions

Pin Symbol Name/Function
1 —COMP IN Negative comparator input
2 —Vps Negative power supply
3 —COMP IN Negative comparator input (through 25 k()
4 tout Timer output
5 SR Reset SR set/reset flip-flop
6 SRout Flip-flop output
7 SRout Inverted flip-flop output
8 +Vps Positive power supply
9 VT out (REF) Threshold voltage output
10 VT IN External threshold voltage input
11 COMP OUT Comparator output
12 Cr External capacitor
13 NC No connection
14 NC No connection
15 + Vps Positive power supply
16 + COMP IN Positive comparator input
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TIME DELAY COMPARATOR LS1113AC

Electrical Characteristics

(TA = 25°C)®
Characteristic and Conditions Symbol J Min Max Unit
Comparator Section
Positive Supply Current +lps — 3.0 mA
Negative Supply Current —lps — —3.0
Input Offset Voltage Vio —35 +3.5 mv
Input Sensitivity® Vin 10 —
Charging Current® Ic(Q12) 9.0 11.3 pA
Logic Section

Logic Supply Current ® IpsL — 4.0 mA
Output Voltages VH = 1.9V, loL = 41 mA VoL — 0.250
(Leads 9 & 10) ViL = 14V, lon = 20 uA Vor 5.35 — v
Input Forward Vi) = 00 L 0.14 0.28 mA
Current Vi = 0© 0.48 0.89
Input Leakage Vi) = 55 VO IH — 0.10
Output Leakage (Lead 6) — 20 uA
Output Leakage (Lead 7) loH — 7.0
Output Leakage (Lead 4) — 7.0

Notes: @ These characteristics are guaranteed by appropriate specification limits at the following conditions:
+ Vst (lead 15) = +6.2V. —Vs(lead 2) = —6.2 V. (Ground is lead 3.) Lead 10 shorted to lead 4 and lead 12 shorted to
lead 11 except for Vc(Q12) measurement.

® When the voltage on lead 16 exceeds the voltage on lead 2 by 10 mV (or more), lead 4 must be within 100 mV of + Vs2.

® Ic of Q12 is trimmed to a value between 9.0 uA and 11.3 pA in accordance with the following equation:
— +Vs + Vce(@) — Vrer

730 kQ

lc

® +Vs2(lead8) = +55V.

® Q29 is “OFF” so that only the input to Q30, which is attached to lead 5, is “LOW”.
® A large portion of this current is through R18.

@ Lead 5 is grounded to set logic and then taken to + 5.5 V for leakage test.
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LS1113AC

TIME-DELAY COMPARATOR

Test Circuits

Resistor values selected for all test circuits are characterized by a nominal 1% tolerance; capacitors, =10%.
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Figure 1. Positive/Negative Power Supply Current,
Comparator Section
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TIME-DELAY COMPARATOR

LS1113AC

Test Circuits (Continued)

VREF O—————0—

20v 16

vino—)}—o]

f

OPTIONAL DC

BLOCKING

CAPACITOR

50V 60V
; 1‘ CcT
RT =0

12 1" 8 15

cT COMP 1 7
ouT ouT—° )
6
OUT |—o ) LOGIC
LS1113AC

4
TIMER OUT |—o
v 5

T REF RELEASE
(ouT) VT (IN) r°

]

-60V

Figure 7. Typical Connections

Timing Characteristics

—
VIN A) 7t
A AN\ 7~"=GND = 00V
VARV I
R |l
+Vs (Ton) ] : :: : I | /___VCAP
T 1T AT A
Al ' : | /:
| | |
_/ I A ! _:/ : tr = 730 ms/uF
| |
‘ Ftr-. |
TIMER OUT -
& TIME
Truth Table
R (tn) To (tn) OUT (in-1) OUT (tn)
0 — — 1
1 0 — 0
1 1 0 0
1 1 1

Figure 8. Timing Diagram and Truth Table

PIN 16 (VREF) = 2V
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LS1113AC TIME-DELAY COMPARATOR

Circuit Overview

Figure 8 shows a typical connection with its timing diagrams and truth table. In this case, the external timing capacitor
(C7) is connected from leads 11 and 12 to ground (—Vs1 and + Vs1 can also be used). The internally generated
threshold voltage (VT), lead 9 is applied to the detector threshold input [T(iN)] lead 10.

When the signal on — IN exceeds that on + IN, the comparator output goes low, discharging the capacitor via the 2.0
kQ current-limiting resistor from +Vs1 —0.2V to —Vs + 0.6 V. After the capacitor voltage drops below the detector
threshold (= —Vs +8.0 V), the detector output accesses to the low state.

The access time is (2.0 s +1.0 ms/uF) T40% for 6.0 V power supplies.

When the signal on —IN drops below that on +IN, the comparator open-collector output releases, charging the
capacitor via the 10 u A current source. After the capacitor voltage exceeds the detector threshold input, the output of

the detector releases to the high state. The release time is = 730 ms/uF.

‘ The circuit is trimmed during manufacturing to ensure that the comparator input offset is within =3.5 mV and the release
- time of an appropriate external capacitor is 730 ms/uF =+ 5.0 percent when the VT is used as the VT(in) (leads 9 and 10
connected).*

Additional error terms will, of course, result from capacitor tolerance and leakage. In evaluating leakage errors, users should note that the
charging current is approximately 10 1A and the voltage in the capacitor during timing swings is set for —Vsto —Vs + 8 V.

+Vs

o o
? R21
1 |14 15 s 80 ke
RO
R20
500 2 o
R10 Q27,-o~Q28—t 020
R18 (29
1k 12 ko R19 }]1
- 20 ke
2k Q22 Q23 o2
R12 —v" (026
4k { 024
R13 o :
85K2 1M 25 ke
S oour
az}e4{ars R16
4, TIMER
') N 200 k2 0 our
() “oout
R27
{ l 8.0 ko
Qi1s Q204
RIS
35k
ateNy rJ
AN

[ ° a4 K
R25 Q35
20 ko Q18 Q25
P‘I 50 k2 R28 | oog
9

10 k22,570
n 12 1o 5
3
o o O RELEASE
comp THRESHOLD  EXTERNAL GND
our VOLTAGE ~ THRESHOLD

out VOLTAGE IN

Figure 9. Basic Schematic

Schematic, as shown, does not include parasitic components and is subject to change. However, the design intent of the device is
guaranteed by the electrical characteristics.
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TIME-DELAY COMPARATOR LS1113AC

Outline Drawing
(Dimensions in Inches)

16 9 16 16
FI—TH F 9 F‘T_FWT—FCI_THN
315
MAX O
l Y " " 5 " "
1 1
LEAD NO. 1 8
.810 MAX ALTERNATE
INDEX MARKS
SEATING PLANE je—— 400 MAX ———»
[ |
215
MAX ] ;__J !
160 I i
MAX ‘l' “‘]

Ordering Information
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QUAD COMPARATOR

LS1114AC

Description

This LS1114AC Quad Comparator is a general-purpose device certified for operation over a power supply range of +4
to +33 V and functions with single or dual power supplies. It consists of four identical comparator segments and
features an open collector output, common-mode voltage range below the negative supply, input protection, and a

shutdown option.

The optional shutdown function will disable the entire device to a current of less than 200 . A while allowing all outputs to
go high. Disabling is accomplished by connecting 80 xA into the disable lead, pin 8. Input protection is provided;
however, the input current must be limited to =16 mA.

The LS1114AC Quad Comparator is available in a 16-pin plastic DIP.

Features

" General-purpose applications
" Low standby power supply current (<700 pA ® Single or dual power supply
® Optional shutdown function
® |nput current protection to =16 mA

with =15 V supply)
® Overload protection

" Power supply range, +4to +33V

" Low output saturation voltage ( < 400 mV @ 4.5 mA)

Functional Diagram

OUTPUT B

OUTPUT A

—INPUT A

+INPUT A

OUTPUT C

OUTPUT D

+INPUT D

B c ‘———  -INPUT D
+ -+

-INPUT B —————J

+INPUT B

I————— +INPUT C

-INPUT C

Pin Diagram

OUTPUT B[]
OUTPUT A[]
+vs [
~INPUT A []
+INPUT A []
-INPUT B
+INPUT B [
DISABLE [

[

N o o & W

-]

16

15

14

13

12

1

pury

10

1 -Vs

[1 +Vs

OUTPUT C
[] OUTPUT D

] +INPUT D
] -INPUT D
1 +INPUT C
Tj -INPUT C
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LS1114AC

QUAD COMPARATOR

Maximum Ratings*

Parameter Pins Rating Unit
Input Voltages™* 3&1 :i’),v\% :414)\1 &(1;4)1:;(7v1(2 1) | (+Vs o \Z}d+ 0.5 v
Differential Input Voltages V(4,5), V(6, 7), V(10, 1) V(12, 13) +33 Vv
Output Voltages 1(1, 14), 1(2, 14), (15, 14), (16, 14) 34 Vdc
Power Supply Voltages V (3, 14) V(9, 14) 33 \'
Input Currents la, Is, ls, 17, l10, 111, 112, 113 +16 mA
Power Dissipation — 400 mW
Storage Temperature Range — —40to +125 °C
Operating Temperature Range — 0 to 60 °C

Notes:

* Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections
of this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device

reliability.

** Input voltages greater than 0.5 volt above the positive supply or greater than 0.5 volt below the negative supply are permitted,
provided that input currents do not exceed 16 mA. Correct output condition and high inputimpedence cannot, however, be assured for
input voltages outside of the common mode range.

Pin Descriptions

Pin Symbol Name/Function
1 Output B Output, Comparator B
2 Output A Output, Comparator A
3 +Vs Positive voltage supply
4 — Input A Negative input, Comparator A
5 + Input A Positive input, Comparator A
6 — Input B Negative input, Comparator B
7 + Input B Positive input, Comparator B
8 Dis Disable
9 +Vs Positive voltage supply
10 — Input C Negative input, Comparator C
11 + Input C Positive input, Comparator C
12 — Input D Negative input, Comparator D
13 ~+ Input D Positive input, Comparator D
14 —Vs Negative voltage supply
15 Output D Output, Comparator D
16 Output C Output, Comparator C
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QUAD COMPARATOR LS1114AC
Electrical Characteristics *
(TA = 25°C)
Characteristic and Conditions Symbol Min Max Unit
Input Offset Voltage Vio — +50 mV
Input Bias Current Vs = +20V Is 0 — 500 nA
Input Offset Current and lo — | =150
Output Voltage (Io = 3.5 mA) Vs = £165V Vo — | 400** | mv
Output Leakage Current loH — 1.0 LA
Power Supply Current +lps 0.1 1.8 mA
= *t16. + .
Power Supply Current (Disable) Vs 165V lps 02 700 LA
Vs = =20V + Ips 0.2 250
. Vs = 15V
Comparator Voltage Gain RL = 1.0 kQ Av 1,000 — —
Vs = +20V + CMVR 0.4 —_
Common-Mode Voltage Range CMVR —22 — \'
+Vs = +33V + CMVR 31 —
—Vs =0V —CMVR 0 —
10 mV teLH — 3.0
Overdrive trrL _ 3.0
Propagation Delay Timet Vs = =50V . us
100 mV RL = 10 kQ L — 1.5
Overdrive CL = 50 pF tPHL _ 15
Transmission Time t+ tre — 430 ns
TLH

* The minimum and/or maximum limits, specified for the characteristics, are based on the absolute system. The algebraic sign, implied

or specifically noted, applies to the direction or polarity of the characteristic.
** Output Voltage (Vo) measured with respect to — Vs.

1 Measurements are made with 100 mV underdrive as initial condition.

Operating Recommendations

Meeting at least one of the following precautions will guarantee proper operation of the LS1114AC Quad Comparator.
= Power-up the negative supply before the positive supply.
® Tie the disable pin to the positive supply during power-up.

® |nputs to ground must have a minimum of 3 K ohms series resistance. In addition, unused input pairs should be

connected with one of the following circuits:

— all unused input pairs floating,

— all negative inputs with 10 K ohm series resistance to ground and all positive inputs with 3 K ohm series resistance

to ground.
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LS1114AC

QUAD COMPARATOR

Test Circuits
General Notes:

Resistor values selected for use in all test circuits are characterized by a nominal 1% tolerance; capacitors, =-10%.
Test circuits illustrate comparator A only. Equivalent tests are also done on comparators B, C, and D.

Unless otherwise specified, comparators not being tested will be returned to ground through 1 kQ on the noninverting
side and 10 kQ on the inverting side. The outputs will remain open.

+3.15V

1k

1 16[]
Vao = +16 V 2 1sp

+33v°m—|:3 143—_4_
— ‘r:;vm_:‘ 13
10 kHz, 2v ‘AVAV 165 v )>——w—r_]5 12[]
X B Oe 1
Oz w01
Os o[1

Figure 1. Input Offset Voltage;
Input Bias Current;
Input Offset Current
(+Vs = 33Vand —Vs = 0V)

——@—( 4.5 mA

®

1 18]
2 k@
{]2 151
+165Vo—o |3 W[ }———e—o0-165V
+10V 0__312}1__[ 4 130
270 0
w5 127
) Os nQ
Oz 10[]
Os o]
Figure 3. Low-Level Output Voltage
(+Vs = +165Vand —Vs = —16.5V)
35mA
Vi
ORI
01 16[]
2 kQ
2 1507
+20Vvo——T13 U} ——a——o0-20V
+05 VO—::TI)PQ—-E 4 137
e ds e
= Os 1]
Oz 0]
Os LIn}
Figure 5. Low-Level Output Voltage
(tVs = +2Vand —Vs = —2YV)
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Input Bias Current;
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QUAD COMPARATOR LS1114AC

Test Circuits (Continued) [mj 16
02 15 L:l
s 1#4[J}—o0-Vs
10 kQ 3 1 kQ
4 13— W————
1 16
] 1 kQ 10 kQ L
q 2 15 r_-l ———wm—5 12 '—H
10k | 1k L
4 A
ds [ }F——-o-Vs ( WAV L6 i
1 kQ 10 kQ
——w— |4 13 F—mA———
1 kQ 10 kQ 8 9 +Vs
5 12 F—wn—9 MEASURE
10 kQ 1 kQ
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1 kQ 10 kQ = =
t—w—1(]7 1o F—w—"t
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MEASURE
4 + 80 ,A
Figure 7. Power Supply Current Figure 8. Power Supply Current (Disabled)
Characteristic Curves
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Figure 11. Temperature vs. Output Current (High) Figure 12. Temperature vs. Output Voltage (Low)
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LS1114AC QUAD COMPARATOR

Characteristic Curves (Continued)
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Figure 13. Temperature vs. Input Offset Voltage (Normalized)
at Various Supply Voltages
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QUAD COMPARATOR

LS1114AC

Outline Drawing
(Dimensions in inches)
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THREE-INPUT COMPARATOR LS1115AC

Description

The LS1115AC integrated circuit is a high-gain, high-impedance device consisting of a three-input, emitter-coupled
comparator; a two-input second-stage comparator, and an output amplifier. An approximate gain of 100 dB can be
achieved by using the chip in a comparator/amplifier combination.

The device accepts three inputs and provides an “OR” function with the two inverting inputs. The second comparator
includes complementary open-collector outputs and an internal diode-clamped output.

The comparator is recommended for a number of general-purpose applications such as peak- and zero-crossing
detectors, switching-power amplifiers, A/D converters, clock generators, multivibrators, logic interfaces, logic gates,
line receivers, and hysteresis elements. The LS1115AC Three-Input Comparator is available in a 16-pin plastic DIP.

Features
" High-output voltage gain, 100 dB ® Complementary open-collector outputs
" Two high-impedance input comparators " Internal diode-clamped output option

" Specialized logic functions

Functional Diagram Pin Diagram
Vce 12,13
V1IN ]t 16 ] DATA2 IN, S2
NC ]2 15[JV2IN
INPUT VOLTAGE 2 15 R " E ) ) jvs "
o—>] INPUT 1 ouTPUT vee (Ja 13 [Jvee
1
- LOAD (SECOND
INPUT VOLTAGE 1 O—— OUTPI.(IT STAGE) vee [5 12[Qvee
14
INPUT VOLTAGE 3 O——] £~ N0 STAGE ] vee (6 11 [ ] DATA1 IN, S1
INPUT 2 8
NCc 7 10 {J DATA OUT
EXTERNAL
fe) GATE EXT
& G q 8 9[JLoAD
3456
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LS1115AC THREE-INPUT COMPARATOR

Maximum Ratings

Parameter Rating Unit
Positive Power Supply (Vcc) 8.0 +5% Vdc
Negative Power Supply (VEE) —43 5% Vdc
Power Dissipation 210 mW
Storage Temperature Range —40to +125 °C
Operating Temperature Range 0 to 60 °C

* Stresses in excess of those listed under “Maximum Ratings”” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device
reliability.

e Pin Descriptions

Pin Number Name/Function Pin Number Name/Function
1 Input Voltage 1 9 Load
2 No Connection 10 Output
3 VEE 11 2nd Stage Input 1
4 VEE 12 Vce
5 VEE 13 Vce
6 VEE 14 Input Voltage 3
7 No Connection 15 Input Voltage 2
8 External Gate 16 2nd Stage Input 2
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THREE-INPUT COMPARATOR/AMPLIFIER LS1115AC
Electrical Characteristics
(TA = 25°C)
Characteristics and Conditions Symbol Min Max Units
First Stage
Vie = 4.6 Vdc Via = 4.0 Vdc, Avi*
Single-Ended Vie = 3.5 Vdc AVis < — 200 mVdc 27.95 _ dB
Voltage Gain Vie = 4.6 Vdc Via = 4.0 Vdc, Ava*r*
Vie = 3.5 Vdc AV1 < — 200 mVdc
Input Offset Vie = 4.0 Vdc Vio — | +20 | mvde
Voltage
Common-Mode Vi = Via = Vis = 4.0 Vdc CMim — | 10 | pAde
Input Current
Second Stage
Vi1 = 3.50 Vdc Vie = 3.45 Vdc —_ 0.50
Vie = 3.55 vd 7.7 —_
Output Voltage 10 & Vour 0 Vde
V11 = 4.60 Vdc Vie = 4.55 Vdc — 0.50
Vie = 4.65 Vdc 7.70 —
Vi1 = 3.50 Vdc, Vie = 4.60 Vd — 1.
Input Bias Current i AL © liB 0 uAdc
V11 = 4.60 Vdc, Vie = 3.50 Vdc — 50
Vi2 = Vi3 = 8.0 Vdc
Supply Current Is — 18 mAdc
V3 = Vs =Vs = Ve = —4.3Vdc

* AVie/AVA
** AV1e/AVi5

Test Circuits

Resistor values selected for used in all test circuits are characterized by a nominal &= 1% tolerance; capacitors, = 10%.
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C
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—
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—
C
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4
5
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7
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15[ }—m——0 -4.3 Vdc

13

14 J}—ww—0
m!
-
m!
fed

12

1 |——O+2.0 Vdc

10—
1
-

$26 ko
<

<
<

Figure 1. Current Supply (Is)
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LS1115AC THREE-INPUT COMPARATOR

Test Circuits

(Continued)
O 16 Vie
10 k0
(W 15— ——0-4.3 Vdc
10 k0
~4.3 Ve O———{3 14[}—wA——0 0.0 Vdc
1 04 13 _0+8.0 Vdc
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Figure 2. Input Bias Currents (liB)
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—{]s 12[}
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(M 4 10 :l-J
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Figure 3. Common Mode Input Current (CMlin)
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THREE-INPUT COMPARATOR LS1115AC

Test Circuits

(Continued)
10 kQ
-4.3 Vdc 0——w—{]1 16[}—O0 Ve
10 kQ
O 15 [F——wWA——0 -4.3 Vde
10 kQ
-4.3 Vdc O0———9—{|3 14 [ J}——m———0 +4.0 Vdc
—{]4 13 :L O +8.0 Vde
.»——d 5 12}
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Oz 10} -O Vourt
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Figure 4. Output Voltage (Vour)
Characteristic Curves
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LS1115AC THREE-INPUT COMPARATOR

User Information

10K
Oo—w———-]1 16[J}—o0
10 K
-2 15 F———w—0
10K
o+—{]3 1U}——-w—o0
o+—{J4 13} ')
o<+—{]s 122} O Vce
Vee O—+—{]6 13—
26 K
- 10 J———m——¢ OUTPUT
33K
(m [ s F———
Figure 7. Connection Diagram
16
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Figure 8. Basic Schematic
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THREE-INPUT COMPARATOR LS1115AC

Outline Drawing
(Dimensions in Inches)
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DUAL SAMPLE-AND-HOLD AMPLIFIERS LB1127AAK
ADVANCE

Description

The LB1127AAK is a silicon integrated circuit consisting of two separate sample-and-hold circuits, with differential
inputs, combined in one 24-pin, hermetically-sealed, leadless ceramic chip carrier. It consists of FET input amplifiers in
series with switched, high performance operational amplifiers. Internal holding capacitors are connected to the switch
output (Functional Diagram), but provisions have been made so that external capacitors may be connected in parallel.
This provides for application flexibility. This device is ideal for data systems where fast acquisition time, low
sample-to-hold offset and low droop rate are critical.

The LB1127AAK (in addition to being a dual device) has an advantage over comparable devices in that offset voltage
drift is guaranteed by production testing to be less than 20 xV/°C.

Features Applications
® Fast acquisition time (10 V step to =0.01%) <3 us ® Data Acquisition Systems
® Low droop rate (CH = 100 pF) <1.0 mV/ms ® Peak Detection
® Sample-hold offset step <3 mV ® Data Distribution Systems
® Low aperature jitter =0.5 ns ® Analog Delay and Storage
® TTL-compatible control inputs ® A/D Conversion Systems

® 100 pF internal hold capacitor. External capacitance
can be added to reduce droop rate when long hold
times and high accuracy are required.

Functional Diagram Pin Diagram

—_— OPTIONAL
VPOSt  HOLDY' CH1 1| SaoeiTon
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4Nt C ° Sw1

O z o< —Q oum
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w2 O o Q out2
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LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Maximum Ratings
(At Ta 25°C unless otherwise specified)

Ambient Operating Temperature Range . ............ouiiiiiiiiiiniiiii it eiaiiiiieeaaann 15 t0 75°C
Storage Temperature Range ........... ..ot i e i —40to +125°C
Pin Soldering Temperature (t = 15 SEC MAX.) .. ..ottt i e ee e 300°C
Supply Voltage (VPOS t0 VNEG) . . ... e ettt ettt it et et eans vee..... 30V
Short Circuit Output Current ................ciiiiiiain e e 40 mA
Logic Input Voltage (Pins 7 and 17) .. ... ... e Vros, VNEG
Differential INPUt VOIAGE . .. ..ottt ettt et ettt et et e e e e ettt +8v

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Table 1. Operating Characteristics

Parameter Min Max Unit
Operating Supply Voltage (Vros, VNEG) +5, —12 +165 \'
Output Current (Source or Sink) — 15 mA
Table 2. Logic Input Levels
Parameter Min Max Unit
HOLD1 (Pin 8) and HODL2 (Pin 17)
High Input Voltage 2.0 — \
Low Input Voltage — 0.8 \'

From
Internal
Circuitry

>

i

)

Q1§

R16

Qie

R17
200

out

Q14
‘lﬁ') VNEG

Figure 1. Sample-And-Hold Op-Amp Outputs (Simplified)
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DUAL SAMPLE-AND-HOLD AMPLIFIERS LB1127AAK

Pin Descriptions

Pin Symbol Name/Function
1 VNEG The most negative supply voltage to the device, serving both amplifiers.
2 OUTH Output for amplifiers 1 and 2 respectively. See Figure 1 for simplified output
21 ouT2 diagram.
3 RG1A Pin 4 is provided so that an external capacitor may be placed in parallel with an
4 CH1 internal hold capacitor CH1 (Functional Diagram). An external capacitor may be
5 RG1 connected between Pin 4 and OUT1 (Pin 2) to reduce droop when long hold
times and accuracy are required. Pins 3 and 5 provide ring guards (they should
always be connected to ground) for the output circuitry of Amplifier 1. The ring
guard circuitry minimizes output drift during hold-mode operation.
6 SUB1 Substrate for the device. These pins should always be connected to VNEG (Pin 1),
22 BUS2 the most negative voltage on the device.
8 * HOLD1 TTL compatible (see Table 2) inputs for amplifiers 1 and 2 respectively. A logic
17 HOLD2 low signal will put the respective ampilifier in the hold-mode.
9 NC No connection. External circuitry should not be connected to this pin.
10 —IN1 Inverting and noninverting inputs to amplifiers 1 and 2 respectively. These pins
11 + IN1 connect to FET input, unity gain amplifiers.
14 +IN2
15 —IN2
12 QaND Quiet Ground. This is the ground for low-current circuitry. It should be connected
directly to system ground. Care should be used to make certain that Panp is not
connected between this pin and system ground.
13 PGnD Power Ground. This is the high-current ground for the output stage. It should be
connected directly to the system ground.
16 BL Blank. External circuitry may be connected to this pin if the voltage does not
7 exceed 25 volts.
18 RG2A The description is the same as for Pins 3, 4, and 5, respectively, except that it
18 CH2 applies to amplifier 2.
20 RG2B
23 Vpos2 . e .
24 Vpost Positive supply voltage for amplifiers 2 and 1 respectively.




LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Testing Requirements
(At TA = 25°C unless otherwise specified)

These requirements are for each separate amplifier section. Referenced Test Figures are illustrated for amplifier section
1 only.

Characteristic Test Condition Min Typ Max Unit
Acquisition Time Figure 2; VIN1 = 5.0V — — 3.0 us
Droop Rate Figure 2 —_ — +1.0 | mV/ms
Pedestal Error Voltage Figure 2; VIN1 = 0 — — +3.0 mV
Feedthrough Voltage Figure 2; VHOLD1 = 0 — — 1.6 mVrms

VIN1 = 10 kHz
Open Loop Voltage Gain Figure 3 200 — — kV/V
Common-Mode Rejection Figure 4 80 — — dB
Full-Power Bandwidth Figure 5; — 3 dB point 100 — — kHz
Slew Rate Figure 6;
(AVOUT/ Ats) Atst 4.0 8.0 — V/us

Ats2 4.0 8.0 — V/us
Output Resistance Figure 7 — — 0.05 ohms
Input Offset Voltage Figure 8 — — +3.0 v
Input Offset Voltage Figure 8; — — 1.0 mV
Change, Temperature AV (75°C-25°C)
Input Bias Current Figure 9 — — +20 nA
Logic Input Current Figure 10 — — +50 uA
Positive Power Supply Figure 11
Current, Quiescent IPos1 — — 6.0 mA

IPOs2 — — 6.0 mA

Negative Power Supply Figure 11 — — 12.0 mA
Current, Quiescent
Power Supply Figure 12 75 — — dB
Rejection Ratio
Crosstalk Figure 13 — — 80 dB
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DUAL SAMPLE-AND-HOLD AMPLIFIERS

LB1127AAK

Test Circuits
(See Note 1)

9

16

15V r
° l 21 20 19 18 17
22
<+
1BV == E 23
24
1
O 2
—
3 s & 7
Measure @
4
50V TRACK
VHOLD1 HOLD
R
VOUT1 |
1
50V ——p time
ACQUISITION TIME _.l
50V |__TRACK
VHOLD1 0 l HOLD
VOUT1
—ftime
PEDESTAL ERROR VOLTAGE

VOUT1

DROOP AVOUT1

RATE ~ ~ at

P time

Vit O
0V

VOUT1

+10V

FEEDTHROUGH
VOLTAGE

Figure 2. Test Circuit

Note 1: All power supply rails should be by-passed with capacitors of 0.1 £ F or greater. These capacitors should be connected as close

as possible to the appropriate device pin.

Pin 13 is a high-current ground termination. Care should be used to make certain that Pin 13 connects directly to ground, and
does not connect to a tie-point between any other device pin and ground.




LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Test Circuits
(Continued)

. l [ ] —
21 20 19 18 17 16 -
22 15 _— 50V
+ -
15V 14 I

= 23 ]
) t 24 13

(Note 1)
777 12
O 2 1" R2 (1.0 Q)
VOUT! — 3 10
4 5 6 78 9
Measure

Figure 3. Open Loop Gain Test Circuit

| I 1 -

2120 19 18 17 16 == sov

» 5] .

” 16 (AVCM) (R1 + R2)

R2
24 13 CMR = y o
777 N )

b 1 12

2 " l R(IOKY)  RI(10KD)
456 78 9

10 k2

20kQ

S0V

*
—— 10 kQ
° l

Figure 4. Common Mode Rejection Test Circuit
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DUAL SAMPLE-AND-HOLD AMPLIFIERS LB1127AAK

Test Circuits
(Continued)

Measure

.-E—
vV =

|

21 20 19 18 17 16

2 1)
23 14
24 13
1 12
2 1"

10

4 5§ 6 7 9
20VE=

77 7(Noto1)

I
sov N : —/
|

" N
vam N_J '\

1 (Bandwidih) = ( Frequency at which
VOUTH = 0.707 VIN1)

Figure 5. Full-Power Bandwidth Test Circuit

»5V

VIN1

[T

1
20 19 18 17 ¢

15
1
13
12
1"

10

Figure 6. Slew Rate Test Circuit
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LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Test Circuits (Continued)

15 o

| . 22
1BV = E 23 14 ¢
i 24 13
77
1 12 (Note 1)
VOUT! !

; _]_
+
21 20 19 18 17 16 50V

2 1
3 10
4 5§ 6 7 8 9

+*
* ;
S50V=

v
‘ I(LOAD)
VARIABLE
A(LOAD)

Figure 7. Output Resistance Test Circuit

T f17
] .
21 20 19 18 17 6 .l_‘sov
22 15 fd ——al Vi
23 1}—@¢ i VIO — T
24 13 R2
12 (Note 1)
2 1"
10 p—rd
4 5 6 7 8 9
10 kQ
20Kk0
*
S50V == 10K

Figure 8. Input Offset Voltage Test Circuit
7-8



DUAL SAMPLE-AND-HOLD AMPLIFIERS

LB1127AAK

Test Circuits

(Continued)

'—]—:_lE

|

7 3

1

I_

21 20 19 18 17 16

22
23

24

15 e—
14 \ 4

13 /*

12 (Note 1

)

el
3

K1 and K2 Closed VCASE1
K1Open K2Closed  VCASE2
K1 Closed, K2Open  VCASE3

INPUT BIAS CURRENT (IR}

IB= B:eIB(s)
2

Figure 9. Input Bias Current Test Circuit

Exd

10
S 6 7 8 9 R4 (100 kQ)

IB(-) = YCASE1. VCASE?
[ RR-R

1B(+) =

RS (100 KQ)

RS

R1

R1

]

VCASE1 - VCASE3
R2-R1

]

o W

R3(100Q)
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LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Test Circuits (Continued)

o R

l ,
- 21 20 1918 17 16
22 15— 50V
+

F 10 )
- 24 13

—

J
N
S W
2
i}

(meas)

+
= sov
.

Figure 10. Logic Input Current Test Circuit

RL 20K
- + | 1POS1 ,+7 * * vVV |
l +
BV = O 21 20 19 18 17 16 _J == sov
- 22 15 -
777 L 23 14 1
- 13
INEG 2
* —_—1 1?2 /77 (Note 1)
O- 2 1
pd 3 10
20kQ 4 5 6 7 8 9

sov

=

Figure 11. Power Supply Current Test Circuit
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DUAL SAMPLE-AND-HOLD AMPLIFIERS LB1127AAK

Test Circuits
(Continued)

I ,

21 20 19 18 17 16
22 15— Sov

- AV
23 14 _,_i PSRR= -20L0G ———.
R1+ R2
24 1 (6.0V) _‘_5&._1_

1 12 /;7(Noto 1)

I

2 1 p— R2(100Q)  R3(1009)
— 3 10 ped
45 67 89
10 k0
20k
+
S0V = 10 kQ
*—

Figure 12. Power Supply Rejection Ratio Test Circuit

RL(2.0Kk0)

g e

1
21 20 19 18 17 16
22 15

Measure 20K0

Figure 13. Crosstalk Test Circuit
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LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Functional Operation

Sample-and-hold circuits are devices which store analog information and reduce the aperture time (Figure 15) of an A/D
converter. These devices are simply voltage-memory devices in which an input voltage is acquired and then stored on a
high-quality capacitor.

There are two modes of operation for a sample-and-hold device:
1. Sample (or Tracking) mode - SW1 is closed.
2. Hold mode - SW1 is open.

Sample-and-hold devices are usually operated in one of two basic methods. Devices can continuously track the input
signal and be switched into the hold mode only at certain specified times, thereby spending most of the time in the
tracking mode. This is an example of sample-and-holds employed as a deglitcher at the output of a D/A converter.

Conversely, devices can stay in the hold mode most of the time and go to the sample mode just to acquire a new input
signal’level. This is the case for sample-and-hold devices used in a data acquisition system following a multiplexer.

Figure 14 shows the basic functions of the LB1127AAK device. It consists of a high-performance operational amplifier
(A1) in series with a low-leakage analog switch (SW1) and a high-impedance input unity gain amplifier (A2).

An internal holding capacitor (CH-int) is connected to the switch output. Also, provisions have been made so that an
external holding capacitor (CH-ext) may be connected in parallel to the internal holding capacitor. The addition of
external capacitance will reduce the droop rate when long hold times and high accuracy are required.

When the low-leakage switch is closed, the device operates as an operational amplifier, and any of the standard op-amp
feedback networks may be connected around the device to control gain, frequency response, etc. When the switch is
opened the output will remain at its last level.

N1 O—ip
JN1 O—

Figure 14. Simplified Functional Operation

712



DUAL SAMPLE-AND-HOLD AMPLIFIERS LB1127AAK

Definition of Terms

Acquisition Time (Figure 2) is probably the most important parameter in characterizing sample-and-hold performance.
The definition is similar to that for settling time for an amplifier. It is the time required, after the sample command is given,
for the output of the device to reach its final value (within 1=0.01%). Included are switch-delay time, the slewing interval
and settling time.

Several hold-mode specifications are also important. Hold-mode droop (Droop Rate) is the output voltage charge per
unit time when the switch (SW1) is opened. This droop is caused by the leakage currents of the hold capacitors and
switch, and the output amplifier bias current. Hold-mode feedthrough (Feedthrough Voltage) is the amount of input
signal transferred to the output when the switch is open. It is measured (Figure 2) with a sinusoidal input signal and is
caused by capacitive coupling.

The most critical phase of sample-hold operation is the transition from the sample-mode to the hold-mode. Sample-to-
hold offset error (Pedestal Error Voltage) is the change in output voltage from the sample-mode to the hold-mode, with
a constant input voltage (Figure 2). It is caused by the switch transferring charge onto the hold capacitor as it turns off.

Aperture Delay is the time elapsed from the hold command to when the switch (SW1) actually opens. Aperture jitter
(or aperture uncertainty) is the time variation, from device to device, of the aperture delay.

Sample-and-hold circuits are simple in concept, but are difficult to fully understand and apply. Their operation is full of
subtleties and subjective interpretations. Therefore, they must be carefully selected and tested in given applications.

TYPICAL LB1127AAK
input —CHABACTERISTICS
Signal
Na 5 APERTURE DELAY; 35 NSEC
Signal APERTURE JITTER; 0.5 NSEC
—P [4— APERTURE HO;I?—RgoO'?E OFFSET; <30mV
DELAY DROOP; <1.0mvimS
SAMPLE
CONTROL
@— TRACK ——{¢—————— HOLD >

Figure 15. Several Sample-Hold Characteristics
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LB1127AAK DUAL SAMPLE-AND-HOLD AMPLIFIERS

Outline Drawing
(Dimensions in Inches)

.021 MIN
NOTE2

410

an .103 MIN
NOTE 1

SOLDER aump// TERMINAL 24

TYP TERMINAL 1

L 5 SPACES .050 = .250
.050
043 TYp -E- REF 3 PLACES
"N "‘] REF v -
Tvp 'T! HJ UUUOUN
(- |
(.
- 2022 .o
§ o
O I
(.
INDEX MARK FOR TERMINAL 1
APPEARS IN APPROXIMATELY THIS AREA
TERMINAL 1 TERMINAL 24

Ordering Information

Device Comcode
LB1127AAK 104412622
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PHASE-LOCKED LOOP LS1119AC

Description

The LS1119AC device is a general purpose phase-locked loop (PLL) characterized by a wide frequency range and low
power consumption. It is suitable for applications in thermally unstable environments. The PLL is designed to operate in
the 10 Hz to 10 MHz frequency range. At a frequency of 100 kHz, it exhibits excellent thermal stability of less than
+50 ppm/°C.

The PLL circuit consists of a voltage-controlled oscillator (VCO) and phase comparator (PC), each functionally isolated
from the other. The VCO output is TTL-compatible (open collector).

The device operates with bipolar power supplies over a range of 5.0 to =15 V. The supply voltages need not be
symmetrical. The supply current drain is controlled by an external resistor (Rf); typical current drain is less than 8.0 mA
with a resistance value of 2.5 k ohm.

In application, the circuit is used for frequency synthesis, signal conditioning, clock extraction, and FM demodulation. It
is available in a 16-pin plastic DIP.

Features

® Wide frequency range ® 10 Hz to 10 MHz operation

® Applications in thermally unstable environments " | ow temperature coefficient (=50 ppm/°C)
® Low power consumption ® Typical supply current <8 mA

® TTL-compatible

Functional Diagram Pin Diagram

CONTROL
PCO  VOLTAGE GAIN

OUTPUT INPUT  SET ct
o

Rext
Tz Rt ] VCOROUT
NpuT 0—2]
puT common o—4  pe veo L -vs [ VCOout
|NPI.“'°—"‘2 15
lTsli VCOR, GND d +Vs
—

Lowpass GND - GAIN oot vcom [] +XIN
veoaan [ -XiN, -YiN
vcoaan [ +YIN

PCout [ LPF
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LS1119AC PHASE-LOCKED LOOP

Maximum Ratings*

Rating Value Unit
Power Supply Voltage (V +)(V—) 30 \
Power Supply Current (+ Ips) 9.0 mA
Storage Temperature Range (Tstg) —40to +125 °C
Ambient Operating Temperature Range 0to +60 °C
Power Dissipation** 400 mW

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.
* The ratings specified are limiting values under all variations of circuit and environmental conditions beyond which the serviceability of
the device may be impaired from the viewpoint of life and satisfactory performance. Ratings, as such, do not constitute a set of
operating conditions and all values may not, therefore, be attained simultaneously.

** Derate at 4.0 mW/°C for temperature within the range of +25°C to +125°C.

Jlll Pin Descriptions

Pin Pin
Number Name/Function Number Name/Function
1 Timing Capacitor 9 Low-Pass Filter
2 Timing Resistor 10 +Y Input
3 —Vs 11 —Xand —Y Inputs
4 VCO Reference 12 + X Input
5 VCO Input 13 +Vs
6 VCO Gain 14 VCO Output
7 VCO Gain 15 VCO Output Reference
8 PC Output 16 Timing Capacitor




PHASE-LOCKED LOOP

LS1119AC

Electrical Characteristics

(TA = 25°C)
Characteristics and Conditions* Symbol l Min I Max l Unit
Phase Comparator
Input Offset Voltage Vio —| x£50| mv
Input Bias Current liB — 4.5
Input Offset Current lio —| +10]| wA
Maximum Output Current Lead 9 (Test Circuit 3) | lom +350 | 450
X Input —132 —
Common-Mode Voltage Range CMVR +127 \"
33 -
Voltage Follower
Output Offset Voltage Voo —| £150| mv
Maximum Output Voltage Swing (Test Circuit #4) Vom +135 —| Vv
—13.0
Voltage-Controlled Oscillator
Free-Running Frequency (Test Circuit 2) fFR 0.95fo | 1.05fo Hz
VCO Sensitivity RC e ki between | g0 60| 84
%/V
Power Supply Rejection Ratio AVs = 10V PSRR —| %041
Common-Mode Voltage Range CMVR —13.2 —
+125 Vv
Low-Level Output Voltage lo= —5.0mA Voi(14.15) 0.2 1.0
VCO Range AfFR +400| *62| %
General
—11.5
Output Voltage Reference Range VORR +125 — Vv
Power Supply Current (Test Circuit 1) +lps 5.0 9.0 mA

*Characteristics are certified by appropriate manufacturing test limits. Vs = 15V, Rt = 2.5 kQ, Ct = 0.2 uF unless otherwise

specified.
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LS1119AC PHASE-LOCKED LOOP

Test Circuits

Resistor values selected for use in all test circuits are characterized by a nominal 1% tolerance; capacitors 1=10%.

19 uF
|1
mln
—{1 16—
—{2 15 }T—D
2.5 kQ :: T1 pF 2840 K
-Vs o——-@————i.—c 3 u}—e A O+5V
S o )1 1373 {(AF—o+vs
—s 2
s nt—se
0z 10 }—
65 kQ 10 kQ
<>—w—e—{|8 FH—w—=>
Figure 1. Power Supply Current (L Ips)
c
L
i LI sQuARE WavE
1 16/ }— @ |osciLoscore

+5V

5

—f g
5 12—
1 }————D
sWi 6
—{]7 10—
65 kQ [:3 9: 10 kQ

Notes: 1. faRr= 2RC (e.g., R = 25kQ,C = 0.2 uF, frrR = 1kHz)
2. VCO—Power Supply Rejection Ratio (PSRR):
Gvs = 115 Volts, Close K1; Output Frequency = FO
Gvs = 110 Volts, Close K1; Output Frequency = F1

F1-FO
3. PSRR = FO AV supply = 10 volts
R = 25kQ
AV suppl
PPl C = 0.2 uF
4. Units = Q—A’-
\

Figure 2. VCO Free Running Frequency (Notes 1-4)
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PHASE LOCKED LOOP LS1119AC

Test Circuits (Continued)

65 k@ dc VOLTMETER

Measure Vout under the following conditions

Vout
10 kQ

IMAX =

Figure 3. Phase Comparator: Maximum Output Current

A9 uF
1l
ali
|——C 1 153—J
2 15
2.5 kQ 3_—1—1 oF
-vs 3 u—T
4 13 b——o+Vs
5 12[}—owvi
qs "nog——o
(m 10[}——owv2
Vourt
e 8 o]

dc
VOLTMETER (V 65 ko

1. Negative voltage swing
Vi = + .5 volts
V2 = —.5volts
Vout = — Vos

2. Positive voltage swing
V1 = + .5 volts
V2 = + .5 volts
Vout = + Vos

Figure 4. Voltage Follower — Maximum Voltage Swing (% Vos)
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LS1119AC PHASE LOCKED LOOP

Applications
ouTt +15V
fe) cﬁ 470 pF
GND O )
Rd
-OTIuF 10 ko | 8-2ke
¢ 10ke -°\‘ wF
47 k@ W J—OIN
W 5:5.0 kQ
16 15 |14 13 12 1 10 |9
TTL
4 PHASE
560 pF -~ ) - vco
s 7] COMP
ouT
1 2 3 4 5 6 7 8
RO
;m 180 kQ
4.7 kﬂO b
-15V  GND

Figure 5. 200 kHz Synchronizer Application

Figure 5 shows connections and external components for a synchronizer application of this device. The external com-
ponents are chosen according to the following equations and descriptions:

Voltage-Controlled Oscillator (VCO)

The free-running frequency (fFr) of the VCO is determined by the timing resistor (Rt) and the timing capacitor (Ct).

—_ 1
fFrR = fo = (—2tht ) Hz
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PHASE LOCKED LOOP LS1119AC

Applications (Continued)

The oscillator follows this relation very closely at frequencies well below its upper limit, typically within =+ 3 percent for
Ri = 2500 Q. Rr also sets up the bias currents for the entire device. At full bias current, typically 7.5 mA for
Rf = 2500 Q temperature stability and high-frequency performance are optimized. Higher values of Rt, up to 25 k(Q,
may be used to reduce the power consumption but at the expense of a slight degradation in performance.

The VCO sweep gain (Gsw), defined as the percent change in frequency per volt of input, can be controlled by the gain
resistor (Ra).

Gsw = 268 (ﬂ ] % AF/IV
Ra

This expression is only accurate for sweep gains <500% Af/V, since actual performance asymptotically approaches
800% Af/V as Ra approaches zero.

VCO gain (Ko), defined as the change in frequency per volt of input:

1.34
RGCt

Ko =

Hz/V

In normal operation, the VCO can be swept 150 percent about frg.

The output of the VCO is an open collector compatible with TTL logic. For improved performance a 47 kQ pull-up
resistor may be used between the VCO OUT pin and the positive voltage.

The VCO output is externally ac coupled to the PC input. The level of the input to the PC should be kept below ~2.5 volts
peak to peak. This may require an attenuation of the VCO output voltage (in Figure 3, achieved by the 47 kQ pull-up
resistor, in conjunction with the 10 kQ resistor, from X to ground). The VCO frequency can be phase-locked with a
low-level, but highly stable, reference signal which may have a low S/N ratio. The VCO output reproduces the reference
signal frequency with the same accuracy, but at much higher power level. This output is referenced to ground, but can be
referenced anywhere between —11.5 and 12.5 volts (V; + 3.5 Vdc, Vd — 2.5 Vdc).

Phase Comparator (PC)

The X and Y inputs share a common reference, which in most applications is returned to ground. The optional 5 kQ
resistor from this lead to ground equalizes voltage drops caused by input bias currents.

The PC current output is converted to a voltage by external resistance (Rd) from the low-pass filter (LPF) lead to ground.
The gain of the PC, a function of this resistor is:

Kd = 0.51 [ % ) volts per radian

The signal appearing at the LPF lead enters a unity-gain voltage follower. The low output impedance of the follower
greatly enhances the usefulness of the PC output and simplifies system interfacing, especially for additional signal
processing between the PC and the VCO.

Filters

In most PLL applications, an LPF is needed between the phase comparator output and the VCO input. The
characteristics of this filter and the loop gain of the PLL determine the lock range and capture range. Typically, the filter
consists of a capacitor in series with a resistor, both in parallel with PC gain resistor. Alternatively, the low-pass filter,
either active or passive, can be inserted between the PC and the VCO. It is generally desirable, however, to perform
some of the filtering action directly at the LPF lead to keep the ripple voltage swings at that point within the allowable
voltage range.
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LS1119AC PHASE LOCKED LOOP

Outline Drawing
(Dimensions in Inches)
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PHASE-LOCKED LOOP/TONE DECODER LS1120AC

Description

The LS1120AC is a phase-locked loop (PLL) intended for use as a tone decoder. The circuit contains a phase
comparator (PC), a window detector, a current-controlled oscillator (CCO), a quadrature phase comparator, an internal
voltage regulator, ON and OFF timers, and a TTL-compatible output.

Thiss circuit is designed for use with power supplies from 9.0 to 30 volts. The free-running frequency (fFr), determined by
an external resistor (Rf) and capacitor (Cf), can range up to 1.0 MHz. The ON timer, which requires an external capacitor
(Cony, produces a delay between capture of an incoming signal and the actual indication, at the output, that capture has
been achieved. Similarly, the OFF timer, which also uses an external capacitor (CoFr), creates a delay between loss of
capture and output indication.

Features Applications

" Fast capture time ( <10 cycles) ® Touch-tone decoding

® Adjustable bandwidth ® Wireless communications system controls
" Variable on and off delays ® Precision oscillator

® Operation over frequency range to 1.0 MHz ® Ultrasonic detection

" TTL-compatible output " Frequency monitor

® Operates from 9.0- to 30-volt power supply ® Pulse generator

Excellent temperature coefficient is typically
<100 ppm/°C for frequencies < 10 kHz

16-pin plastic DIP

Pin Diagram

INPUT [1] ~ 16] Cp

BWSEL [2] 15] cp
?Zi)fllinimgegnugrjess otherwise specified) BWSEL IE E OFF TIMER
Power-Supply Voltage . .................... 30V BWSEL Iz] E ON TIMER
Power-Supply Current ................... 12 mA wseL [5] [12] MUTE
Power Dissipation .................... 400 mW Rf <] 11] MUTE
Storage Temperature ......... —40to +125°C v g =] [10] v g

Stresses in excess of those listed under “Maximum Ratings” OUTPUT E z VOR

may cause permanent damage to the device. This is an absolute
stress rating only. Functional operation of the device at these or
any other conditions in excess of those indicated in the oper-
ational sections of this data sheet is not implied. Exposure to
maximum rating conditions for extended periods of time may
adversely affect device reliability.



LS1120AC PHASE-LOCKED LOOP/TONE DECODER

Pin Description
(See Pin Diagram)

Pin Symbol Name/Function
1 INPUT
2 BWSEL These pins are used to select the bandwidth temperature stabilization
3 BWSEL across the low-pass filter resistor (BWSEL = Bandwidth Select).
4 BWSEL
5 BWSEL
6 Rt This pin is used for the external frequency component of the CCO.
7 Vs The most negative supply voltage pin.
8 OUTPUT
9 VoR Output reference voltage
10 Ve The most positive supply voltage pin.
11 MUTE These pins allow retrofit into second order tone-decoder phase-locked
12 MUTE loops.
13 ON Timer These pins are used to establish the external timing of the timer output
14 OFF Timer driver.
- 15 Ct These pins are used for the external frequency component of the CCO.
16 Ct

Electrical Characteristics

(TA = 25°C)
Parameter and Conditions Symbol Min Max Unit
Maximum Bandwidth BWwmaX +5.0% +10%
Output Voltage High Vor VoR-0.5 — %
Low (lo = 10 mA) VoL — 0.4
Free-Running Frequency fFR 0.975 fo 1.025 fo Hz
VoH V@o.7) = V@79 = 12V 14 2.6
Supply Current V@1o.7) = V@o,7) = 30V IPs 2.0 4.0 mA
VoL (10,7 = V@,7 = 12V 25 7.0
V@o,7) = 30V 1.5 12
In Band —6.0 —16
ON Timer Current Muted IoN 27 47
No Signal 10 18 LA
OFF Timer Current In Band loFF —%0 —84
Muted 24 42
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PHASE-LOCKED LOOP/TONE DECODER LS1120AC

Applications

The Pin Diagram shows a functional representation of the LS1120AC Phase-Locked Loop/Tone Decoder. The external
components should be chosen according to the following equations and descriptions.

The free-running frequency of the CCO, established by external components, is given to within 3.0 percent by
fo = 1/(12 RtCt). Performance is optimized by Rt values between 1.4 kQ and 2.6 kQ. The CCO design ensures low
temperature drift ( <100 ppm/°C typically), assuming no contribution from the external timing elements. The on-chip
voltage regulator maintains this level of performance over the full 9.0- to 30-volt power-supply range (typical CCO
stability <150 ppm/V).

Fast capture (within 10 cycles of incoming tone) is achieved by a first-order locking loop rather than the more
conventional second-order loop (with the filter components connected to ground).

The window detector monitors the filtered error voltage appearing across the low-pass filter resistor (RLPF) and inhibits
the output if the error is large enough to signify an out-of-band input signal. Bandwidth is thus established to a first order
by the value of RLpr and to a second order by that of the low-pass filter capacitor (CLPF).

The MUTE line, which carries the inhibit signal to the output circuitry in the case of an out-of-band input, must be
connected externally by shorting the adjacent “MUTE” leads together. However, by leaving these leads open, and by
adding a parallel RC filter from the PC output (lead 4) to ground, the device can be degenerated to a standard
second-order loop tone decoder. This allows the achievement of a narrower bandwidth at the expense of longer capture
time. Also, it allows the LS1120AC to retrofit into applications that use commercial second-order tone decoder
phase-locked loops.

Bandwidth temperature stabilization is achieved by keeping RLpF on the chip, with taps to permit users to select among
bandwidth of 2.0% (25 k), £4.0% (13 k), 126.0% (9.0 k), and +8.5% (< 4.0 kQ). Leads 2, 3, 4 and 5 are
used to select bandwidth. Rl

With the LS1120AC, intermediate bandwidth values are obtained, as shown in Figure 1 by shunting RLpF with an external
resistor. Figure 1 also illustrates the discrepancy between the average of the upper- and lower-band edges and the
free-running center frequency. This discrepancy, a function of RLpPF, must be compensated for to yield a symmetrical
bandwidth. For example, in order to achieve a 1=3.0% bandwidth centered at 1.0 kHz, Rt should be trimmed to get a
free-running frequency (monitored with an ac-coupled low-capacitance probe at Ct) of 1.005 kHz. As with most PLLs, the
loop dynamics of the capture process are difficult to define, but good performance is generally achieved with a low-pass
filter capacitor selected so that CLpF = 3 Ci.

The quadrature PC enables the tone decoder to distinguish between a “no signal” case and a “centered signal” case,
both of which provide zero error signal into the CCO. The quadrature PC multiplies the input with the CCO signal; thus,
when an in-band signal is present, the ON timer is enabled and Con begins charging up. If the signal is lost or shifts out of
band, CoN is discharged. When the voltage on Con exceeds a fixed threshold, Corr quickly charges past the output
threshold to produce a detection signal at the output (“low” state). When the signal is lost, Con quickly drops below its
threshold which causes Corr to discharge until it crosses the output threshold, resulting in a switch to the no-signal state
(outpui “high”). The equations for the delay times between the loop lock or release and the appropriate output
transistions are:

ToN = 187 Rt (Con + CorF/36)
Torr = 57 Ri (Corr + Con/2.2)

Ton is the delay after loop capture, which itself may take up to 10 cycles of incoming tone.
For Con = C, ToNn/C = 160 ms/uF.
Since the decoder input is self-biased at + 3 VB, a coupling capacitor, Cc, is generally required. As the input impedance

of approximately 20 kQ is used, a value of Cc = Ct will pass any valid signal with less than 2.0-dB loss ensuring

detection for input levels between 100 millivolts and 3.0 volts peak. 8-11




LS1120AC

PHASE-LOCKED LOOP/TONE DECODER

Applications

(Continued)
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Figure 2. Functional Schematic



PHASE-LOCKED LOOP/TONE DECODER LS1120AC

Outline Drawing
(Dimensions in Inches)
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VOLTAGE-CONTROLLED OSCILLATOR

LB1121AC

Description

PRELIMINARY

The LB1121AC is a general-purpose voltage-controlled oscillator (VCO) with operating capabilities as high as 70 MHz.
It is designed for use in voltage-to-frequency conversion applications, including function generation and signal

conditioning.

The device is characterized by superior thermal stability and features four ECL-compatible outputs with relative phases
of 0, 90, 180, and 270 degrees. An applied input voltage within the range of £1.0 V controls the VCO operating
frequencies. Two power-supply voltages, + 5.0 and — 5.2V, are required for operation. The VCO is available in a 16-pin,

plastic DIP.

Features

® High frequency operation

" Temperature stability

® Multiple clock frequency applications (general- ® Operation to 70 MHz

purpose VCO)

® Four ECL-compatible outputs

® Optional phase-shift selection ® VCO input range, 1V

" Tight VCO control voltage

Functional Diagram
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LB1121AC VOLTAGE-CONTROLLED OSCILLATOR

Maximum Ratings
(Ta = 25°C unless otherwise specified)

Parameter Rating Unit
Positive Power Supply Voltage 5.5 Vv
Negative Power Supply Voltage —5.7 \
Power Dissipation 670 mw
Storage Temperature —40to +125 °C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability.

Pin Descriptions

Pin Symbol Name/Function
1 —Vs — 5.2 V negative supply
2 CLK 4 Clock output, 270° relative phase
3 CLK 2 Clock output, 90° relative phase
4 GND Ground connection
5 TANK 1 External tank circuit inductor connection
6 TANK 2 External tank circuit inductor-capacitor connection
7 NC No connection
8 +Vs + 5.0 V positive supply
9 Ve Control voltage input
10 —Vs — 5.2 V negative supply
11 NC No connection
12 NC No connection
13 GND Ground connection
14 NC No connection
15 CLK 1 Clock output, 0° relative phase
16 CLK 3 Clock output, 180° relative phase

8-16



VOLTAGE-CONTROLLED OSCILLATOR LB1121AC

Electrical Characteristics (Ta = 25°C unless otherwise specified)

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the re-
sult of engineering evaluations. Typical values are for information purposes only and are not part of the testing
requirements.

Characteristic and Conditions Symbol Min Typ Max Unit
Positive Power Supply Current = 5.0 V + Vps 15 19 24 mA
Negative Power Supply Current = —5.2V —Vps 40 46 54
Free Running Frequency fFR — 20.9 — MHz
Frequency w/Input Voltage = 0 fviN — 20 —

Frequency Deviation w/Input Voltage = 1.0 V fd 0.6 0.9 1.2 MHz/V
Frequency Deviation w/Input Voltage = — 1.0V fd —0.6 —1.1 —1.2

Output Clock Level (High) w/Input = 0 CLKoH —0.7 —0.8 —1.0

Output Clock Level (Low) w/Input = 0 CLKoL —1.3 —1.8 —25 Y
Clock Amplitude — 0.5 1.0 1.75

Clock Duty Cycle w/Input = 0 — 35 50 65 %
VCO Input Bias Current w/Input = 0 V lis — 1.2 —

VCO Input Bias Current w/Input = 1.0 V liB 0.3 —0.2 —1.0 LA
VCO Input Bias Current w/lnput = —1.0V liB 0.3 —24 —15

Power Supply Rejection PRR — — 0.07 % AP/V

Test Circuits (All unconnected pins are floating.)

Resistor values selected for use in all test circuits are characterized by a nominal 1% tolerance; capacitors, 1=10%.

-52V
T -52V
LC 1 16
[—-E 1 16
2 15 3——o0 u]
MEASURE (mH] 15[ }——O MEASURE
Os 14 p FREQUENCY FREQUENCY
s 14 b
—{]4 13—
—]4 13—
—{]5 12[] s ]
—{1e 13 - lim]
0.8 O- 10[}—
] Oz 10—
+50 vOo——{8 C1m| 8 9 j——1
47 pF* - =
* Capacitor should be adjusted so the resonant frequency of the * Capacitor should be adjusted so the resonant frequency of the
tank circuit (including lead length, etc.) is nominally 20 MHz. tank circuit (including lead length, etc.) is nominally 20 MHz.
Figure 1. Free-Running Frequency Figure 2. Frequency with Vin = 0.0 V
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LB1121AC VOLTAGE-CONTROLLED OSCILLATOR

Test Circuits (Continued)
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Figure 3. Clock Level High and Low; Clock Amplitude
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VOLTAGE-CONTROLLED OSCILLATOR LB1121AC

Application
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2 MHz OSCILLATOR

LS1122AC

Description

The LS1122AC Oscillator, when used with an external crystal, functions as a general-purpose oscillator at frequencies

up to 2 MHz.

This device will provide a symmetcial (typically &=10%) square wave output suitable for driving integrated logic circuits.
Five on-chip transistors are provided which can be used as Logic buffers or to boost drive currents.

Features

® TTL-compatible
® Symmetrical square wave output
® 16-pin plastic DIP

Functional Diagram
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LS1122AC 2 MHz OSCILLATOR

Maximunr Ratings (At TA = 25°C unless otherwise specified)

POWEr-SUPPIY VORaGE .. . oot 10V

Power DisSipation . .. ... e 180 mW
| Storage Temperature Range . ...ttt ettt et —40 to +125°C

Operating Temperature RANGE .. ... ....ouuutttee ettt et et a e et a s, 0 to 60°C

Pin Soldering Temperature (t = 15 8) . ......uiiiin ittt et e 300°C

Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is an absolute stress
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of
this data sheet is not implied. Exposure to maximum rating conditions <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>