
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AY-3-8211 INSTROGERE

Characteristic Min Typ Max Units Conditions

Tuning Clock (15)
External Resistor to Vec 47 - 1000 KQ
External Capacitor to Vss 10 — 220 nf
Leakage to Vss (Tuning Clock OFF) — - 1 MA Vin=Vcc
System Clock (33)
External Resistor to Vcc 2 - 330 KQ
External Capacitor to Vss 10 — 100 pf Normally adjusted for 16.0KHz at Pin 7.
Valid 1 (27) Valid 2 (28) Inputs .
Low Level - 3 v *Note 4
High Level Vce-3 - Vee \
Input Leakage to Vss - - 10 uA Vin= Vcc
Valid Output (26) Push Pull
Low Level - — 1 \" Isink = 0.4mA
High Level Vee-1.0 - - \ Isource = TmA
Tuning Output (29) Vrer =5 to 7.1 Volts
Low Level —_ — 0.4 v Isink = 500uA
High Level Vrer-0.4 — — \ Isource = 100pA
Rise Time, Fall Time — — 50 ns C = 10pf

10-90%
Tuning Reference (30) 5 - 7 v
Supply Current Vcc (40) - - 50 mA |T=70°C

NOTES: 1. All Pull Ups, unless otherwise stated, are configured with depletion FET's with gate connected to source. They have non-
linear VI characteristics.
2. Rise time and fall times measured Vgc-1 to V-8 Voits.
3. Tristate ‘Pull Ups’ and ‘Pull Downs’ are configured with enhancement FET’s. They have non-linear VI characteristics.
4. Guard ring to clamp any input more negative than Vss. Maximum clamp current = —100uA.

PIN FUNCTIONS

Pin No. Name Function
1 Vss Connect to zero volts.
2 16/32 Program/Resolution Selects program number and tuning resolution. Low 32 mode, high 16 mode.
Option
Resolution
1] B2.4] 83
Open 16 Prog. 1 12 14
Low 32 Prog. 12 13 14

In the 16 program mode, program numbers up to 32 are accepted on the 20, 21, 22, 23
and 24 inputs. The number of programs is limited to 16 only when the Program
Up/Down input is used. i

3 Datal/O

4 c3

5 co To ER1400

6 C1

7 16KHz Clock System Clock + 128

8 Fine Tune Down When connected, a low causes Fine Tune to decrement automatically at approx-

imately 8 steps/second. There is a pause of approximately % second before the
first step is executed.

The input is disabled if either a Band Input is selected, Tune Up or Tune Down is
selected, or if MUTE is active.

Tuning information is stored when Fine Tune Down is‘released. There is a 20
millisecond debounce on the store function.

9 Tune Up/Down Input Tristate input which determines Tuning direction. Tune down for low, tune up if
open circuit or connected high.

When using the Band Select Option this input is used for tuning, low tune down,
high tune up, and open circuit OFF. The Fine Tune Up/Down input is inhibited
while tuning and tuning information is stored automatically upon release of either
tune up or down. There is a 20ms antibounce delay on the store function.

Note: Tuning will occur if this input is active, independent of the Band Inputs.
10 Band Step 3/4 Select Tristate input. When connected low the 3 band step search mode is selected.
When connected high the 4 band step search mode is selected. Tuning is now
carried out using the Tune Up/Tune Down input.
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TUNING

JENERAL

ECONOMEGA Il

G RAL
INSTRUMENT

GENERAL INFORMATION

Frequency Locked Loop Tuning Systems

INTRODUCTION

Economegallll is a powerful Frequency Locked Loop (FLL) tuning
system with applications in Radio, TV and wherever the control of
frequency or speed is required. It is based on the General Instru-
ment PIC series of single chip microcomputers.

The FLL principle can be used for many applications with many
varied implementations. Some examples are shown later but it
should be emphasized that the system is specifically designed to
be flexible and that variants having other features and cost/per-
formance trade-offs can be provided.

Depending upon the requirements, the system will use any of the
General Instrument PIC's (1650A, 1655A, 16C55, 1656, 1670, etc.)
with or without an EAROM (ER1400, ER2055, etc.).

Low cost and simplicity are the key features of Economega Ill.

TUNING SYSTEMS
The Superheterodyne Receiver
Practically all Radio and TV receivers currently manufactured are
of the Superheterodyne variety. These receivers mix the incoming
signal with local oscillator to translate the signal to a third, fixed
lower frequency called the Intermediate Frequency (IF). Most of
the amplification and selectivity is provided at the IF, the signal is
then demodulated to recover the Audio or Video. The receiver is
tuned by varying the local oscillator frequency. The frequencies
are related by the following equation:

Fs=Fo—Fi
(in the typical case where the oscillator frequency is higher than
the signal frequency).
To take a specific example in the FM Band,

if Fg= 87.7MHz, F = 10.7MHz

then F| o must be set to 98.4MHz.
A simplified block diagram of an FM receiver is shown in Fig. 1

SIGNAL
87 TMHz

10.75MHz

IF
AMPLIFIER

10 7MHz

DEMODULATOR AF AMPLIFIER SPKR

AUDIO

98.4MHz

LOCAL
OSCILLATOR

Fig. 1 FM RECEIVER SIMPLIFIED BLOCK DIAGRAM

Mechanical Tuning

The classical way to tune areceiver is to use a mechanical variable
capacitor with a knob, slow motion drive, scale and pointer. This
method is used in virtually all portable radios and in many low end
TV sets (Figure 2).

Varactor Tuning

Here the bulky and inconvenient mechanical variable capacitors
are replaced by Varactor Tuning Diodes which are voltage vari-
able. They thus open up the way to electronic tuning. In the simplest
implementation the tuning voltage is provided from a voltage ref-
erence by a potentiometer or bank of potentiometers (Figure 3).

10-8
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Voltage Synthesis

The first mass production electronic tuning systems replaced the
potentiometers with a digital store and a D/A convertor (Figure 4).

The digital words are stored in a non-volatile memory such as an
ER1400. Since the tuning is fully electronic, it becomes relatively
simple to add features that were previously difficult or uneco-
nomic, such as favorite program storage, automatic tuning,
remote control.

INSTROMENT

The systems so far described are all open loop and demand a high
order of stability in all components to achieve long-term accuracy
of tuning. Furthermore, there is no inherent readout of frequency
availability, and expensive mechanical or electronic arrangements
are necessary if readout is desired. Finally, if any component is
changed, the receiver will have to be completely retuned. These
disadvantages encouraged the adoption of closed loop systems
where a highly stable quartz crystal is used as control reference.

Economega Ill

D/A

CONTROL

MEMORY

;i

CONV

SYSTEM

J

Fig. 4 ELECTRONIC TUNING SYSTEM

Phase Locked Loop (PLL) Frequency Synthesis

This was the first closed loop system to be adopted and was
initially used in professional radio communications equipment
which demand high stability and accuracy in extreme environ-
ments, using components that make it difficult or impossible to
achieve the requirements using simpler techniques.

The basic system operates by phase locking a sub-multiple of the
local oscillator frequency to a crystal controlled reference (for
example a 1KHz reference and a 1MHz oscillator divided by 1000).
By altering the division ratio, the oscillator frequency can be
altered in steps (e.g. to 1.001MHz by using a divide by 1001) . The

local oscillator is varactor tuned and the tuning voltage is set by
the output of a phase comparator which compares the reference
and the divided local oscillator signal. As the oscillator tries to drift
off frequency, the phase comparator output changes and the
tuning voltage is readjusted to compensate. The rate at which
corrections can be made is high, commonly more than 1000 per
second. This is fast enough to improve the noise spectrum of a
noisy oscillator or to reduce frequency modulation caused by
mechanical vibration.

A basic PLL Synthesizer is shown in Figure 5.

10.7MHz
SIGNAL IF
87.7MHz AMPLIFIER —
98.4MHz
PHASE REFERENCE
COMPARATOR OSCILLATOR
VOLTAGE
PROGRAMABLE |1KHz 1KHz
CONTROLLED +100 DIVIDER +1000
LOCAL ™ oaa)
OSCILLATOR
CONTROL J I
VOLTAGE
CONTROL 1MHz =
SYSTEM I

FILTER & BUFFER

Fig. 5 BASIC PLL SYNTHESIZER
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TUNING

INSTROMERT

Practical systems are often more complicated, especially where
small frequency steps are required.

A typical system would contain a high frequency dual modulus
divider (in ECL technology), a synthesizer (consisting of pro-
gramable divider, reference divider and phase comparator), a
buffer amplifier/filter, and a control block (usually a microcom-
puter). For certain well defined applications, some or all of the
blocks may be contained in one integrated circuit.

Economega Il

Frequency Locked Loop (FLL) Frequency Synthesis

The FLL synthesizer approaches the problem from a different
direction. It assumes that it is fairly easy to make a low noise
oscillator with good short-term stability (every conventional
Radio and TV has one) and aims to add long-term stability and a
means to accurately set the frequency.

At the heart of the system is a varactor tuner, the frequency of
which is determined by the voltage stored on a capacitor. The
basic stability of the tuner and the discharge rate of the capacitor
are ideally specified so that uncorrected, the frequency would stay
within acceptable limits for several seconds.

Longer-term stability is achieved by counting the frequency and

comparing it with the desired frequency. If the error exceeds
acceptable limits a current pulse is fed to the capacitor to readjust
the tuning voltage and bring the oscillator onto frequency. The
amplitude and length of the pulse may be made proportional to the
error to speed the initial tuning procedure.

To tune the system initially, it is desirable to repeat the frequency
measurement fairly rapidly to minimize the tuning time. Once on
tune, however, the measurements need only be made intermit-
tently and measurement cycles may be omitted as desired. The
system because of this, lends itself to implementation in software
and the system control microcomputer can do the tuning as well.
Compared to a PLL. the synthesizer block has been eliminated.
Another simplification is in the prescaler which can be a simple
divider.

Frequency synthesizer systems inherently give a frequency read-
out and, since microcomputers are used as controllers, it is very
easy to provide features to simplify operations and differentiate
products (Figure 6).

Thereis only one application for which FLL is not entirely suitable;
single sideband reception. For this class of transmission, a very
high order of short-term stability is required, a simple FLL system
does not control the frequency closely enough.

MIXER
10.7MHz F
-
SIGNAL AMPLIFIER
8. TMHz REFERENCE
98.4MHz OSCILLATOR
153.75KHz
COUNTER +
CONTROLLER
VOLTAGE
CONTROLLED
LOCAL
OSCILLATOR IMHz =
CONTROL uP
VOLTAGE
DOWN =

CHARGE PUMP

Fig. 6 BASIC FLL SYNTHESIZER
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ECONOMEGA 1l ,
Introduction The control loop has been optimized to give high stability and low

Economega lIl is a family of Tuning Systems with a wide variety of noise together with fast locking.

applications . All the variants have in common the FLL principle A PIC1650A microcomputer is used as the control element and an
and the General Instrument PIC microcomputer. The implementa- ER1400 as the favorite program store together with a 4096 pre-
tion, however, varies considerably as each has a different trade-off scaler (+256, +16).
between cost, performance and features.
Each member of the family is designated by a letter suffix (e.g. FEATURES
Economegal lll E) and an optional numerical suffix where thereis a ® Tunes CCIR Channels 2-4, 5-12 and 21-71
minor variant (e.g. Economega Ill E-1). The individual PIC used is ® Three Bands
identified by its type and pattern number (e.g PIC1650A-031). Full ® Non-Volatile Storage of 16 Favorite Programs
PIC data sheets are in the Microcomputer section of this catalog B Fine Tune + 4MHz in 50KHz steps
Six existing Economega Il systems are briefly described and ®m 2 + 2 Digit Display of Program and Channel Number
compared in the following sections. ® Lock Time 200ms (max)
B 38 9MHz IF
Economega llIA m Local Commands for Channel 10's, Channel 1s, Fine Tune
This system is programed for European TV applications and tunes Up, Fine Tune Down
61 channels in 3 bands. Favorite program storage is provided in B Parallel Remote Control Input for Program Number

EAROM for 16 stations (Figure 7). Customizing Service Available

1 1= | PROGRAM
[IRUSU Vo)
U143 M
—pf ORI » 749 ER1400 DECODER/
LOCAL +256 +16 ECODES
OSCILLATOR
i
LocaL J - —‘I
INPUTS REMOTE
’ CONTROL
' PIC1650A INPUT
ganp J &
OUTPUTS ‘l —] .
—l
CT2017 7447
CV%TESE CHARGE DOWN DECODER
PUMP DRIVER

i
'
Tl

Fig. 7 ECONOMEGA Iil A BLOCK DIAGRAM
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nsTROMERT

Economega Il

7
Economega llIB FEATURES
This system is programed for USA TV applications and tunes 82 ® Tunes 82 Channels
channels in 3 bands. Favorite channel storage is provided in ® Three Bands
EAROM. A remote control receiver function is incorporated. This, ®m Favorite Channels Stored in EAROM
in addition to controlling the tuning, provides a main ON/OFF m Built in Remote Control Receiver
output and a 16 step volume control (Figure 8). ® Main ON/OFF Output
A PIC1650A microcomputer 1s used as the controller and an ® 16 Step Volume Control
ER2055 as the favorite channel store together with a -+ 2048/4096 ® Local Control of Volume and Channel
prescaler (+128, +16/32). B Output for On Screen Display
B Lock Time 200 ms (typ)
® Customizing Service Available

TO ON SCREEN DISPLAY

LocaL | . 5 2x ER2055
OSCILLATOR ; 7493
| i
> ¢ l LOCAL
TMHz ‘ KEYBOARD
‘ PIC1650A
ganp J @ REMOTE
OUTPUTS ‘. — ¢ ~ CONTROL
CONTROL uP
VOLTAGE CT2017
4—{ cHARGE
PUMP . DOWN VOLUME
OUTPUT

l ON/OFF
T°

Fig. 8 ECONOMEGA I11IB BLOCK DIAGRAM
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Economega lIIC

This system is programed for USA TV applications and tunes 82
channels in 3 bands. Favorite channel storage is provided in RAM.
A remote control receiver function is incorporated. This, in addi-
tion to controlling the tuning, provides a main ON/OFF output and
a 16 step volume control (Figure 9).

A PIC1650A microcomputer is used as the controller together with
a-+2048/4096 (+256; +8/19) prescaler and a 2102 RAM for favorite
channel storage.

Economega llI

INSTROMENT

FEATURES
82 Channels
Three Bands

Local Keyboard

Favorite Channel Storage in RAM
Two Digit LED Display

Built in Remote Control Receiver
16 Step Volume Control

Main ON/OFF Output

Lock Time 200 ms (typ)

7447 7447
DECODER DECODER
DRIVER DRIVER
2102
LOCAL ) 7403
OSCILLATOR —®| + 256 £8/18
’ Nl
L ‘
l—
[¢——— | LoCAL
¢——
1MHz PIC1650A KEYBOARD
¢
BAND J ¢——
1 REMOTE
¢——
OUTPUTS REMOTE

uP
cT2017
CONTROL
VOLTAGE ] CEGIGS’E DOWN

AAA
AAA.
WA
AAA,
W
AAA

AAA
Wy

1
I-

ON/OFF

Fig. 9 ECONOMEGA 11iC BLOCK DIAGRAM

VOLUME
],>°"“_’ OUTPUT
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Economega lIID

This system is programed for USA Radio applications and tunes
MW and FM bands. It has direct frequency entry, manual tuning

FEATURES

® AM Band 530KHz to 1610KHz, 10KHz Channels,

455KHz/260KHz IF

and a seek function (Figure 10). 8 Direct Frequency Entry
A PIC1656 microcomputer is used as the controller together with a ® Manual Tune Up/Down
+16/640 prescaler (+80; +8/16). -
8 Fine Tune Up/Down
B 4Digit LED Display
B Customizing Service Available
LOCAL g0
OSCILLATOR It
N SP8627 74L593
=+ 80 + 8/16
BAND
INPUT — PIC1656
b
y
UpP
CONTROL CT2017 KEYBOARD
VOLTAGE CHARGE
PUMP DOWN
1
Fig. 10 ECONOMEGA 1i1D BLOCK DIAGRAM

4MHz

i
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Economega HIE

This system is a high performance Radio Tuning System pro-
gramed for European applications. It tunes MW and VHF bands
and provides storage for 43 favorite programs, direct frequency
entry, manual tuning with a knob, and search tuning (Figure 11).
Two PIC1650 microcomputers are used as the controllers, an
AY-5-8105 as the FLL counter/display driver and an ER1400 as the
favorite program memory together with a +8/--80 prescaler.

FEATURES
® MW Band 510KHz to 1609KHz, 1KHz Steps,
455/459/460/468KHz Selectable IF

Economega Il

INSTROMERT

FM Band 87.4-108. 1MHz Steps,

10.64/10.67/10.70/10.73/10.76MHz Selectable IF

FM Channel Mode

Manual Knob Tuning
Up/Down Search Tuning

2 + 5 Digit Fluorescent Display
Lock Time 300ms (typ)

Very Low Oscillator Noise
Customizing Service Available

Storage of 43 Favorite Programs in EAROM
Direct Frequency Entry with Automatic Range Selection

FLUORESCENT DISPLAY

LOCAL SP8794 a 74LS90

OSCILLATOR +8 +10/1

COUNTER/DISPLAY DRIVER

AY-5-8105

CT2017
CONTROL‘_ CHARGE J

VOLTAGE PUMP ¢
BAND

outpuTs §

]

PIC1650—013

ad

= 4.096
MHz

P1C1650—014

1

L 4

TUNING KNOB

Fig. 11 ECONOMEGA IIIE BLOCK DIAGRAM

ER1400
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Economega lIIE-1

This system is a variant of Economega Il E. It is a high perfor-
mance Radio TuningSystem programed for Europeanapplications
(Figure 12).

It tunes LW, MW and VHF bands and provides storage for 38
favorite programs, direct frequency entry, push button manual
tuning, and search tuning.

Economega lll

MW Band 520-1609KHz, 1KHz Steps

FM Band 87.4-108.1MHz, 10KHz Steps

AM IF Programable 455/459/460/468KHz

FM If Programable 10.64/10.67/10.70/10.73/10.76MHz
Storage of 39 Favorite Programs (Including Audio Functions)
Direct Frequency Entry with Automatic Range Selection
Manual Push Button Tuning

Up/Down Search Tuning, 9KHz Channels AM, 50KHz

Two PIC1650 microcomputers are used as the controller, an AY-5-
8105 as the FLL counter/display driver and an ER1400 as the
favorite program memory together with a +8/+-80 prescaler.

FEATURES

8 LW Band 150-265KHz, 1KHz Steps

Channels FM

Lock Time 300ms (typ)
Very Low Oscillator Noise

2 + 5 Digit Fluorescent Display

Customizing Service Available

FLUORESCENT DISPLAY

4

Fig. 12 ECONOMEGA IIIE-1 BLOCK DIAGRAM

LOCAL SP8794 741 S90 AY-5-8105 4096
OSCILLATOR —® =8 =101 COUNTER/DISPLAY DRIVER MHz
3 -
CONTRO e ke I :
L CHARGE —!
VOLTAGE PUMP
BAND P1C1650—015 > ER1400
OUTPUTS | 4— PIC1650—016 T
]
T
KEYBOARD
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COMPARISON CHARTS
TABLE 1 TV Tuning Systems — Performance Comparison
TABLE 2 TV Tuning Systems — Components Comparison
TABLE 3 TV Tuning Systems — Performance Comparison
TABLE 4 TV Tuning Systems — Components Comparison

Economega Il

INSTROMERT

TABLE1 ECONOMEGA Il TV TUNING SYSTEMS — PERFORMANCE COMPARISON

Sy Bands/Ch 1 Tuning Storage Display Fine Tune Performance Other
A CCIR Remote EAROM (ER1400) | 2 + 2 Digit LED | £4MHz Gate Time 10ms Parallel Remote
] Ch2—4 Program/ 16 Favorite Program 50KHz Steps | Lock Time 200ms (max)| Control Input
. Ch5—12 Number Programs Channel Stability +25KHz Power Supplies
V/VCh21—71 Number Correction Rate: +33v
Local 8Hz absolute (max) +8v
Channel Step 2Hz (typ) +5V
Fine Tune —26V
Up/Down
[11N-] USA Remote EAROM (ER2055) | On Screen None Gate Time 250ms On Chip Remote
VHFLO Ch2—8 Channel 82 Favorite Lock Time 200ms (typ) | Receiver with
VHF HI Ch6—13 Number Channels Stability £50KHz Volume Control
UHF Ch14—83 Correction Rate 4MHz | Power Supplies
Local +33V
Channel Up/ +5V
Down —30V
me USA Remote RAM 2 Digit LED None Gate Time 250ms On Chip Remote
VHFLO Ch2—6 82 Favorite Lock Time 200ms (typ) | Receiver with
VHF HI Ch6—13 Channels Stability 50KHz Volume Control
UHF  Ch14—83 Correction Rate 4MHz | Power Supplies
Local +33V
+5V

TABLE2 ECONOMEGA Il TV TUNING SYSTEMS — COMPONENT COMPARISON

(Excluding Displays and Decoupling Components)

System LSl MSl/Linear Discretes PCB
A PIC1650A 1 SP4541 1 Resistors 20 | Holes 191
ER1400 1 CT2017 1 Capacitors 5
7493 1 Diodes 2
4049 1 Transistors 7
7447 1 Crystal 1
LED Driver 1
nms PIC1650A 1 Prescaler 1 Resistors 33 Holes 24
ER2055 1 CT2017 1 Capacitors 4
7493 2 Diodes 3
7404 1 Transistors 8
LM321 1 Crystal 1
mc PIC1650A 1 Prescaler 1 Resistors 49 Holes 280
2102 1 CT2017 1 Capacitors 4
7493 1 Diodes 3
7404 1 Transistors 6
7447 2 Crystal 1
LM324 1
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Economega Il

TABLE3 ECONOMEGA Ill RADIO TUNING SYSTEMS — PERFORMANCE COMPARISON

System Ranges Resolution Tuning Methods Storage Display Performance Other
1o 530KHz—1610KHz 10KHz Direct Entry None 4 Digit LED | Gate Time 300ms Fine Tune
87.7MHz—108.1MHz | 200KHz Manual Up/Down Lock Time AM
Seek Stability +16KHz, 1KHz Steps
Noise FM
Correction Rate +160KHz, 10KHz
Steps
IME 510KHz—900KHz 1KHz Direct Entry EAROM 5 + 2 Digit Gate Time 8ms Automatic Range
850KHz—1609KHz 10KHz Seek Up/Down 43 Programs | Fluorescent | Lock Time 300ms Selection
87.4MHz—108.1MHz | 100KHz Knob on any Range Stability £0.5KHz AM
CH2—Ch70+ 1+5KHz FM
Noise 5Hz p-p AM
Correction Rate 1Hz
(typ)
I E-1 | 150KHz—265KHz 1KHz Manual Direct Entry EAROM 5 + 2 Digit Gate Time 8ms Automatic Range
520KHz—1609KHz 9KHz Seek Seek Up/Down 39 Programs | Fluorescent | Lock Time 300ms Selection
Manual Up/Down | on any Range Stability £0.5KHz AM 3 Audio Ranges
10KHz Manual +5KHz FM
87.4MHz—108.1MHz | 50KHz Seek Noise 5Hz p-p AM
200Hz p-p FM
Audio 1,2,3 Correction Rate 1Hz
(typ)

TABLE4 ECONOMEGA Ill RADIO TUNING SYSTEMS — COMPONENT COMPARISON
(Exciuding Dispiays and Decoupiing Components)

System LSI LSl/Linear Discretes PCB
1o P1C1650 1 SP8627 1 Resistors 37 Holes 217
74LS93 1 Capacitors 7
4016 1 Diodes 9
Transistors 15
Crystal
HE PIC1650 2 SP8794 1 Resistors 56 Holes 320
AY-5-8105 1 74LS90 1 Capacitors 12
ER1400 1 LM324 1 Diodes 6
CA3080 1 Transistors 8
CA3130 1 Crystal 1
1 E-1 PIC1650 2 SP8794 1 Resistors 47 Holes 293
AY-5-8105 1 74LS90 1 Capacitors 10
ER1400 1 LM324 1 Diodes 5
CA3080 1 Transistors 7
CA3130 1 Crystal 1
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ECONOMEGA IV

PLL Tuning System

FEATURES

B 100 Channel Tuning Capability — Includes All CCIR Standard
Channels, Italian and Australian Special Channels

® 32 Favorite Programs

B Automatic Sweep Tuning Option (with Automatic Fine Tune) "

B Fine Tune in 50KHz Steps (Manual for Stable Transmitters,
Automatic for Unstabie Transmitters)

® Two Digit Channel Display

® Two Digit Program Display

® EAROM Non-Volatile Memory

® Lock Up Time 10ms (typ)

DESCRIPTION

Economega IV is a PLL Frequency Synthesizer system designed
for accurate tuning of Color TV. It consists of the following five
chips.

(a) Prescaler and preamplifier — CT2010 8 pin DIL
(b) Frequency Synthesizer — AY-3-2012 24 pin DIL
(c) Controller — AY-3-1650 40 pin DIL
(d) Non-Volatile Memory (optional) — ER1400 14 pin DIL
(e) Peripheral Circuit — CT2017 18 pin DIL

The controller is microcomputer based and can be repro-
gramed to provide features and channels as required, with or
without favorite program memory and direct channel tuning.

FEATURES PROVIDED WITH CONTROLLER
AY-3-1650-20

Channel Entry

Two buttons, tens and units, allow the channel to be set. When
operated the number increments every 0.5 sec (there is no carry
from the units). On release of the button the channel number is
stored in the memory against the selected Program Number.

Program Entry
Activation of parallel 5 bit binary input recalls the required
program.

Program Display
Available as a 2 digit multiplexed BCD output.

Channel Display
Available as a 2 digit multiplexed BCD output.

Manual Fine Tune Up/Down

50KHz steps with a range of +4.0MHz and —3.95MHz around the
selected channel with roll over at both ends. On depression of the
button one step is made. After a delay of 0.4 sec, steps are made
every 50ms. The fine tuning is automatically stored on release of
the button.

Automatic Fine Tune

This mode is selected if the Auto/Manual button is pressed. The
status for any program is stored inthe EAROM. The Fine Tuning is
then controlled by the output of the AFC discriminator and the
system will track the incoming signal within £25KHz. If there is no
signal present, the system will search within a range of t4MHz in
50KHz steps at a rate of 12ms per step.

Auto Sweep Mode

Operating the Auto Sweep button causes the system to sweep
though all channels in steps of 250KHz at a rate of 100 steps per
second. The channel number is incremented appropriately. When a
station is found, the sweep stops and the Auto Fine tune mode is
entered.

Band Output
4 outputs are provided.

Memory
An ER1400 non-volatile memory is used to store the channel, Fine
Tune offset, and Fine Tune mode for each of the 32 programs.

Power Up
At switch on, Program 1 is selected.
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TUNING

ECONOMEGA IV GENERAL INFORMATION

PLL Tuning System — Synthesizer Block

The three devices described form the synthesizer block of the
ECONOMEGA IV system, a complete family of integrated circuits
for frequency synthesis in television receivers. The Phase Locked
Loop is controlled via the Data Bus by a Control Block, which
consists of a PIC1650 microcomputer and an ER1400 non-volatile
memory.

The CT2010 and CT2017 are manufactured by Plessey Semicon-
ductors and data is included for information only.

1+

;

—
-

-

> ' PRESCALER
CT2010

1‘ _L .l. +12v
I °

TUNER

AMHz [——>0Av ouTt
1 I m p l——————O AV ENABLE

e e =

+33v +12v L AV BAND
< |
L9 =
-VE vaoO-——-I 0 POWER ON
! SYNTHESIZER
T
LINE FLYBACK O—A M\~ mflé:IFNA%E —~0 AUTO UP
cT2017
AFC O] O AUTO DOWN

AAA

s

b

THE SYNTHESIZER BLOCK

2
: ¥
£ AAA
s VWV
<] 23
o Efd
o SE AAA
< az VWA
3] 29
z 20 45V @ e e <
< P4 P4 D4 P4

< b3 1» b3

DOWN
BAND SELECT OUTPUTS
SYNTHESIZER AY-3-2012 DATABUS
& 50KHz

CONTROL
BLOCK
PIC1650-020
ER1400
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TUNING

AY-3-2012

Economega IV PLL Synthesizer Divider

FEATURES
® 50KHz Tuning Resolution, Range Approximately 80 to PIN CONFIGURATIONS
1000MHz 24 PIN DUAL IN LINE
® Fine Tuning Range; —3.95 to +4.00MHz in 50KHz Steps
8 4MHz Crystal Oscillator Reference
DESCRIPTION TopView
The AY-3-2012 forms part of the Economega IV phase locked loop —
TV tuning system. The chip is a synthesizer divider circuit fabri- :“:;Z g ;‘ z;g :Ssofw‘:fgj:
cated in N channel MOS. Functions include a programable divider, Data Bus H;,,p E 3 2281 s upOlp
reference oscillator and divider, phase/frequency comparator, Hip O 218 N
prescaler modulus controller, and a band decoder. Tuning data is MPXClk []5 2017 Crystal
shifted into the chip under control of a PIC1650A microprocessor. 25KHz Ref Clk [} 6 190 +NOut
Q7 18 [J Crystal, Tnmmer
Vaa (+5V) OO 8 17 1 Oscillator Momitor O/p (50KHz)
Band30/p []9 16 [ Modulus Control O/p
Band20/p (]10 150 AV i/p
Band 4 O/p : n 14 7 Av Bana i/p
Band 1 0/p []12 13{] AV O/p
Pin Functions
Pin Number Name Function
1-4 Hg-Hj Inputs 4 Bit data highway H,is LSB. 4KQ (nom) pull up to +5V
5 MPX Clock Input Highway timing input
6 Reference Clock Output 2.5KHz output derived from 4MHz clock
7 —
8 Vop +5V (nom) Supply
9 Band 3 Output Open drain band output, on when Band 3 is selected. Select by Code 01
10 Band 2 Output Open drain band output, on when Band 2 is selected. Select by Code 11
1 Band 4 Output Open drain band output, on when Band 4 selected. Select by Code 10
12 Band 1 Output Open drain band output, on when Band 1 is selected. Select by Code 00
13 AV Output Open drain output, on when AV Band input and AV input are both high
14 AV Band Input input from band switch to allow AV mode to be selected
15 AV Input Input from program decoder to allow AV mode to be selected
16 Modulus Control Output Output to CT2010 prescaler to control the division ratio
17 Oscillator Monitor Output 50KHz output used to set the oscillator frequency
18 Crystal Trimmer Oscillator input pin
19 +N Out Programable divider output used for test purposes
20 Crystal Oscillator output pin
21 +Nin Input from prescaler to programable divider
22 @ UP Output to charge pump to raise oscillator frequency
23 ¢ DOWN Output to charge pump to lower oscillator frequency
24 Vgs (OV) Connect to zero volts
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SYSTEM DESCRIPTION

The AY-3-2012 contains six main sections:

1. A section to recognize the Tune code (hexadecimal 1D) or Fine
Tune code (hexadecimal 1E) on the data highway Hjto Hoand
then latch the following relevant tuning information.

2. A 10 bit programable divider synchronously loaded with Tune
data and counted down to part of the Fine Tune data. The
amplifier on the clock input to the divider enables operation with
a small swing from the output of the prescaler (CT2010). The
small prescaler output keeps radiation and, hence, interference
to a low level.

AY-3-2012

INSTROMERT

3. A fine tuning system which generates pulses to control the

modaulus of the prescaler enabling 50KHz shifts in synthesized

frequency.

A crystal oscillator circuit (for 4MHz crystal) and fixed +1600

divider to give the 2.5KHz comparison or reference frequency

and the fine tuning timing.

5. A phase/frequency comparator for the programable divider and
fixed divider outputs. Comparison frequency 2.5KHz.

6. ogic for band decoding and for video time, constant switching
for audio/visual (AV) mode.

>

Tune Operation Highway Information Order

H3 H2 H1 Ho
TUNECODE C1{0 0 0 1 Control code
c2|t1 0 1 to synthesizer
DATA D1{0 0O 0 O
D2(o 0 0 O Unused time slots
D3]0 0 0 O
D4 BO Q9 Q8

B1
D5|Q7 Q6 Q5 Q4
D6|Q3 Q2 Q1 Qo0
D7{0 0 0 R4
D8[R3 R2 R1 RO
FINISHCODE |X X X X

Band Frequency
and Offset

Fine Tune Operation

H3 H2 H1 HO
FINETUNE Ct1{0 0 O 1
CODE cz2|t1 1 0
DATA D1|F7 F6 F5 F4
D2|F3 F2 F1 FO
FINISH CODE XX X X

Control Code

Fine Tune
Number

An ‘0’ refers to an input low level and a ‘1’ refers to an input High level.

Four binary numbers define the synthesized frequency of the loop:

1. Q; a 10 bit number (Qq.o) loaded into the programable divider.
This sets the synthesized frequency to the nearest 1MHz.

2. R; a 5 bit number (R,,) controlling the number of Fine Tune
modulus control pulses. Zero to 19 steps of 50KHz each reduce
the synthesized frequency by up to 950KHz. Combining Q and
R the frequency is set to a resolution of 50KHz.

3. F; an 8 bit number (F;.) the four least significant bits of which
provide 0 to 19 steps of 50KHz each, similar to Fine Tune. The
three most significant bits operating on the programable
divider. Combining the effect of these two provides fine tuning
of —3.95MHz to +4.00MHz around the channel center.

4. B; a 2 bit number (B,.) selecting one of 4 bands.

TUNING RANGE

Combining the Fine Tune range with the programable divider
range allows tuning of the local oscillator, for all television broad-
cast channels in Bands |, 11, IV and V, to within 25KHz of channel
center. In practice, all television channels are integer multiples of
50KHz and so may be received exactly apart from any crystal
frequency error. This frequency error can be trimmed out.

The Fine Tuning system gives a range of —3.95 to +4.00MHz
around the channel frequency.

BAND AND AV LOGIC

Four open drain band outputs are provided for driving external
PNP band switch transistors.

If AV Band and AV IN are both high then AV OUT will go low: this
can be used to change the time constant of the video synchro-
nizing circuit to suit domestic video recorders. The AV Band pin
would be connected to the appropriate band switch transistor.

PHASE COMPARATOR

Outputs ¢ UP and ¢ DOWN are generated by the phase compara-
tor from the programable divider output and from the reference
clock to give pulses whose length depends on the time difference
between the rising edges of these signals. If Reference clock rises
first the pulse will occur on @ DOWN. These phase comparator
outputs control the loop integrator.

During the time used to demultiplex new tuning data, both outputs
of the phase comparator are blocked in order to prevent erroneous

ramping when changing from one channel to another. This could
occur for channels close in frequency but having very different
values in the more significant bits, which are latched first. As an
example, consider the change from Q = 10 0000 0000 to 01 1111
1111, a shift of 1MHz, but the value will momentarily be 01 0000
0000 and 01 1111 0000 before settling to the correct value. This
represents spurious shifts of 256 and 16MHz.

REFERENCE GENERATION

The crystal oscillator is based on the well known Pierce circuit
providing a sine wave output of sufficient purity to avoid picture
patterning from radiation.

The circuit is chosen to prevent overtone oscillation with a 4MHz
series resonant crystal, and may be driven externally, if preferred.
The oscillator output drives a fixed <1600 to provide the 2.5KHz
reference or comparison frequency. By decoding various states of
the reference divider, the timing signals needed for the Fine Tun-
ing and Fine Offset system are produced.

To aid accurate setting of the crystal trimmer capacitor, a 50KHz
output is provided.

POWER ON

After power is applied to the chip, 16 Multiplex Clocks must be
transferred to initialize the data decoder. Tune and Fine Tune
codes may then be transferred.
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TUNING

INSEOVGERE AY-3-2012

SIMPLIFIED TIMING DIAGRAMS

NOTE: Control Codes C1, C2 are latched ( + ) on the rising edge of Multiplex Clock, Data DO...on the following edge

MULTIPLEX __§ 1 T 1
CLOCK —
HIGHWAY Hyy — — TUNE — TUNE —_— —_ —  — DATA— DATA—
CODE CODE D4 D5
c1 c2
Fig. 1 HIGHWAY TIMING FOR TUNE
PRESCALER OUTPUT (+N IN) T
soxrerrrea ooy - L LI L LU ML, TLILT
J)
W
REF FREQ (2.5KHz) — 1 l @ I
.o M
MODULUS CONTROL Lo J I
FINE TUNING FINE OFFSET PULSES
CONTROL PULSES
Fig. 2 FINE TUNING
REFERENCE n L
CLOCK | « |
PROGRAMABLE I | n | |
DIVIDER | | A I
@ upP | I B* ’

@ DOWN s
Fig. 3 PHASE DETECTOR OUTPUTS

_._>A -ty —— | —— tp
- | — - ty ——————
MULTIPLEX o 1
CLOCK
A ~—
Hy—H, INSTRUCTION DATA
-t~ |~ tpg ————
—— et - ~— tpn

Fig. 4 CHANNEL SWEEP — TIMING DIAGRAMS
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TUNING

INSTROMERT

AY-3-2012

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Voltage on any Pin (except Band and AV Outputs)

* Exceeding these ratings could cause permanent dam-

with Respectto Vggpin .............. e ... —0.3Vto +7V age to these devices. This is a stress rating only and
Voltage on Band and AV Outputs with Respect functional operation of these devices at these conditions
tOVesPiN. i ittt it iiieenann e —0.3V to +14V is not implied—operating ranges are specified in Stan-
Storage Temperature Range . .......covveeenneeennnn. —55° to +125°C dard Conditions. Exposure to absolute maximum rating
Ambient Operating Temperature Range ................ 0°Cto +70°C conditions for extended periods may affect device
reliability.
Standard Conditions (unless otherwise stated): Data labeled “typical” is presented for design guidance
Vss=0V only and is not guaranteed.
Vpp = +5V £10%
Ta=0°C to +70°C
Nominal Reference Clock frequency = 4MHz
Characteristics Sym Min Typ Max Units Conditions
<+input (21)
Level — 200 — - mVpe | AC coupled Sine Wave
Capacitance — — —_ 10 pf
Frequency Fin 0.1 — 28 MHz
H, to H; Data Inputs (1 to 4)
Low Level Vi — - 0.8 \
High Level Viu | Vop—1 — — v
Pull Up Resistance — 2 - 6 KQ Note 1
Capacitance — — — 10 pf
Muitiplex Clock Input (5) MPX
Low Level VL — — 0.8 v
High Level Vi Vpp —1 - —_ v
Leakage — — — 10 MA Vin= Voo
Capacitance — — — 10 pf
Frequency — DC — 500 KHz
Rise Time/Fall Time tr te — — 200 ns
AV Inputs (14 & 15)
Low Level Vi — — 0.8 v
High Level Vi Vpp—1 — - v
Leakage — — — 10 LA Vin= Voo
Capacitance — — — 10 pf
4MHz Clock Input (18)
(if driven externally)
Low Level Vi — — 0.8 \"
High Level Ve | Voo—1 - — v
Input Current:
Low level source I — — 100 A Vin= 0.8V Note 2
High level sink ™ - - 100 HA Vin=Vpp—1V
Band & AV Outputs (9 to 13)
Low Level VoL — — 5 v lo = 1mA sink
Off Leakage — - - 10 HA Vour = 13.2V
Reference Clock Output (6)
Low Level VoL - —_ 0.4 v loL = 2mA sink
High Level Vou |Vop—0.5 — - \ lon = 0.5mA source
Modulus Control Output (16)
Low Level - - - 0.4 \ loL = 0.3mA sink
High Level — |Vpp—05| — — \' lo = 0.1mA source
@ UP, » DOWN and Oscillator Monitor
Outputs (22, 23 & 17)
Low Level - - - 0.4 v loL = 0.8mA sink
High Level - Vpp —0.5 — — \ lon = 0.1mA source
Supply current lop — — 45 mA Outputs/Inputs unloaded
Data to Clock timings (See Fig. 1)
Data/Instruction time to. ty 1 — — us
Data/Instruction to
Clock Set Up Time tos: tis 400 — — ns
Data Instruction to
Clock Hold Time tom tin 100 — - ns

NOTE:

1. Pull ups are configured with diffused resistors.

2. Current from the device is defined as source current, current into the device is sink current.
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CT2010

1 GHz - 380/400 Prescaler

FEATURES

® On Chip Wideband Amplifier

| High Input Sensitivity

| High Input Impedance

| Low Output Radiation

| Single ECL Output

B 5V Logic Level Control Input

| Control Independent of Distortion and Delay

DESCRIPTION

The CT2010is a 380/400 two modulus divider which will operate at
frequencies between 80MHz and 1GHz. The device is the pre-
scaler used in General Instrument Economega IV Tuning System.
The input is terminated by a nominal 50 ohms and should be AC
coupled to the signal source. The reference pin should be AC
decoupled. The decoupling should be effective over the full oper-
ating frequency range.

The divider contains a fixed divide by 20 followed by a divide by
19/20. The divide by 19/20 divides by 20 when no control pulses are
applied to the control input. The divide by 19/20 will divide by 19
once for every positive going edge applied to the control pin. The
control input edge is latched and synchronized so that the follow-

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

PIN CONFIGURATION
Top View
\>
Vee +5V [ @1 8] Ground
Modulus Control []2 7 [3 Input Reference
Output (|3 6] Not Connected
Ground (] 4 5[] UHF VHF Input

ing output cycle, commencing with a negative edge, is produced
by 380 input cycles to the whole divider stage, rather than 400. This
means that the device is highly tolerant of delay in the control loop
and distortion of the control waveform.

To ensure that there is an output cycle produced by 380 input
cycles for every control pulse, the rate of control pulses should not
exceed half the output frequency. (See timing diagrams).

The output source impedance is nominally 100 ohms. The output
swing is nominally 300mV and swings down from the positive
supply.

Supply VOItage, Voo v e v v vveenneinneeennneeennnnnnns vee. TTV *Exceeding these ratings could cause permanent dam-
UHF InputVoltage .......oovvviiinnnnnnnns ceeees 25V D-p age to these devices. This is a stress rating only and
Storage Temperature .. ...vovveerennenanss ve... —55° to +125°C functional operation of these devicec at these condi-
Operating Ambient Temperature. .. .. Ceeeeee e —10°C to +65°C tions is not implied—operating ranges are specified in
Standard Conditions Exposure to absolute maximum
Standard Conditions (unless otherwise stated): rating conditions for extended periods may affect device
Ve =5V, Tawg =25°C rehability
Data labeled “typical” is presented for design guidance
only and is not guaranteed.
Characteristics Pin Min Typ Max Units Conditions
Operating Voltage Range 1 45 — 5.5 "
Supply Current 1 - 90 110 mA
Input Voltage, V,y 80MHz 8,6 17.5 - 200 mV rms, sine wave 50Q
300MHz 8,6 17.5 —_ 200 mV rms, sine wave 50Q
500MHz 8,6 17.5 — 200 mV rms, sine wave 50Q
700MHz 8,6 175 — 200 mV rms, sine wave 50Q
1000MHz 8,6 17.5 — 200 mV rms, sine wave 50Q
Output Voltage Swing 3 240 300 — mV p-p, no load
Output Impedance 3 — 100 — Q
Control Input, High 2 2/3 Ve - — \
Control Input, High — - - 50 HA
Control Input, Low - - — 1/3Vee v
Control Input, Low — -10 — - UA
Control Input Pulse Width — 0.2 3 — us
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CT2010

- 19/20

1 45v
SUPPLY

g
*; 100

3
@——O0OUTPUT

I

s

6
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-20
— W
4
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DIFFERENTIAL
INPUTS
Vee 2 CONTROL
2 INPUT
5
ov
Fig.1 CT2010 BLOCK DIAGRAM
+5V
10nf \vs nf
I —{ 8 |——o 50
I— CONTROL ~ 'l b Voo
10nf CT2010 nf 50 SIGNAL
vom_| }__.E 3 6 j__| |_1 SOURCE
.L—E 4 5 j__L == =
Fig. 2 TEST CONFIGURATION
3 VHF LOCAL
' OSCILLATOR
180pf
FROM CT2012 OR
SIMILAR CONTROL
1nf 10pf
~ UHF LOCAL
5V 1 8 OSCILLATOR
2 am|
CT2010
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Fig. 4 TIMING DIAGRAM
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OUTPUT I I I
380/400 I I
CONTROL
INPUT le N
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CT2017

GENERAL
INSTRUMENT

Synthesizer Tuning Interface

FEATURES

® Low Varicap Driver

B Active Filter Charge Pump

8 Logic Level Control

m Signal Quality Detector

® AFC Input Option

® Auto Up, Auto Down Logic Level Tuning Correction
B Power Low Detector

DESCRIPTION

The CT2017 is designed for use in Frequency Synthesis Tuning
Systems, in particular the Economega IV System.

The device contains a charge pump with a high impedance voltage
follower, a signal detect circuit, a digital AFC circuit and a Power-
On low detect circuit.

The charge pump is operated by two 5V logic inputs, UP (active low)
and DOWN (active high). These inputs turn on a charge current and
discharge current respectively. The charge pump circuit and its
voltage follower operate from the +33V supply rail. The combined
charge pump, external filter and voltage follower may be used as
the filter and varicap driver for synthesis tuning systems.

The signal detect circuit is used in tuning systems capable of
automatically sweeping the received broadcast bands. The circuit
examines the line synchronization pulse and line flyback pulse for
coincidence. When a regular supply of adequate coincident line
synchronization pulses occurs, the filter voltage falls. This indi-
cates a received signal of a sufficient strength to produce a view-
able picture.

When the signal detect filter voltage is higher than the signal
detectors threshold the AUTO UP and AUTO DOWN outputs are
clamped at Logic ‘0’. When the filter detect voltage is below the
level detector’s threshold the AUTO UP and AUTO DOWN outputs
are enabled. The enabling of AUTO UP and AUTO DOWN may be
used to indicate that a signal of adequate strength has been
received and the sweep may be stopped.

Using appropriate external components, pin 5 may be used as a
sync pulse separator, when fed with negative video or a positive
line sync pulse input.

The signal strength recognized as adequate depends upon the
signal to noise ratio at the input to pin 5. This will depend on the
type of sync separation used, whether noise gating is used and
the noise figure of the signal processing circuits. A digital AFC

PIN CONFIGURATION
18 PIN DUAL IN LINE

Top View
J
Veor (+12) [ o1 18] Auto Up Control Outputs
Signal Detector Enable input [} 17 [ Auto Down Correction Tuning

Coincidence Filter [[] 16 [] AFC Detector Input

Line Flyback Input [] 15 ] Power Low
—VE Video Input []
Vees (+5V) [

Varicap Control Voltage []

14 [] Power Low Detector Delay Capacitor
ov

12 [ Vecr (-33V)

nue L Varicap Control

Inputs from CT2012
10 D Down T ) or Similar Circurt

Charge Pump Filter []

© ® N B s @ N
>

Current Reference []

circuit, which comprises AFC level detector and correction tun-
ing control, examines the AFC signal (‘S’ curve) produced by
conventional television AFC circuits. The circuit produces an
AUTO UP Logic ‘1’ output when the AFC voltage is greater than
the upper AFC threshold, and an AUTO DOWN Logic ‘1’ output
when the AFC voltage falls below the lower AFC threshold. Both
outputs are Logic ‘0’ when the AFC voltage is between the upper
and lower thresholds.

CORRECTION TUNING

The AUTO UP and AUTO DOWN outputs may be used to adjust
the correction tuning number of a synthesis tuning system and
hence produce a digitally quantized AFC.

The power low detector circuit compares the +5V supply and the
+12V supply against internal reference levels. When either supply
falls below its relevant reference level the delay capacitor is dis-
charged and the power low detector reset output is set to logic ‘1"
When the supplies exceed their relevant reference levels, the delay
capacitor is charged to the threshold level, which turns on a tran-
sistor and the output is set to logic ‘0’ after a delay.

The resulting output pulse may be used for setting the logic of the
tuning synthesizer and for protecting the memory from corruption
during power on and power off.
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CT2017

TR |

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

F12V SUPPIY (Vog1) v vvevrnntenninsrnnssenansenaennnnes +20V * Exceeding these ratings could cause permanent dam-
5V SUPPIY (Vo) cvveverervneeenoroennneesnnsenannnns +20V age to these devices. This is a stress rating only and
33V SUPPIY (Vogta) e v v vvreveeeeneneennnensnesenesnnns +40V functional operation of these devicec at these condi-
Operating Temperature Range .. .....vovvveunnans —10°C to +65°C tions is not implied—operating ranges are specified in
Storage Temperature Range . . ..o vvvvvennnnnnnn —55°C to +125°C Standard Conditions Exposure to absolute maximum
rating conditions for extended periods may affect device
Standard Conditions (unless otherwise stated): reliability.
Tamb = 25°C, Veey = +12V, Ve = +5V, Vegrp = 133V Data labelea “typical” is presented for design guidance
Test Circuit: Fig. 2 only and is not guaranteed.
Characteristic Sym Min Typ Max Units Conditions
Operating Voltage Range
Veey (H12V) 1 10.8 — 13.2 v
Veee (15V) 6 45 - 5.5 \"
Veeiz (+33V) 12 31 — 36 v
Supply Current
Veer (+12V) 1 - 8 12 mA
Veee (15V) 6 — 12 20 mA Vg =0V, V4o =0V, V43 = +5V
Veerz (133V) 12 33 45 55 mA lg=2mA, V4u= 0V, V4 = +5V
Varicap Control
High Leve! Output Voltage 7 29.5 - —_ v lg=2mA, Vg = +33.0V
Continuous Source Current 7 — — 1 mA v =330V
Low Level Output Voltage 7 05 - 0.9 v cor ’
Transient Sink Currents 7 1.51 - - mA lg=0.1mA to 2.5mA
Filter Leakage Current 8 — — 40 mA Vi =45V, V=0V
UP Control Input Active 11 - — 1 v
UP Control Input Inactive 1 3 - — v
UP Control Input Current 11 — - 50 UA Vy =+5V
DOWN Control Input Active 10 3 - -_ \
DOWN Control Input Inactive 10 — — 1 \"
DOWN Control Input Current 10 — - 50 LA Vo= +5V
AFC Control
Detector High Threshold 16 7 75 8 v
Detector Low Threshold 16 4.1 4.5 4.9 v
Detector Window 16 2.8 3 3.2 "
Input Current 16 — — 25 LA Vig=+12V
Cor Tuning Outp
(AUTO UP, AUTO DOWN)
Voltage High 17,18 45 - - Y V,7 (high) = DOWN, V44 (high) = UP
Current Source = 50uA
Voltage Low 17,18 — — 0.5 Vv Both low = inactive
current sink = 2mA
Line Flyback Threshold
High 4 2 — — v
Low 4 — — 0.7 Vv
Negative Video Input
Threshold 5 — 0.7 — \
Sync Pulse Switching Current 5 — — 12 MA
Leakage Current 5 - - 0.3 MA Vg = -5V
Coincidence Detector
Enable 2 4.5 — — Vv
Inhibit 2 -_— — 2 \
Threshold 3 - 2.4 — "
Power on Detector
Output Voltage 15 4.5 - — Vv Current source = 50uA
Normal — - - 0.5 \ Current sink =2mA
Detector Threshold
Vees (+12V) 1 9.2 9.9 10.6 v See Fig 4
Veee (15V) 6 37 4 43 Vv See Fig 4
Delay Capacitor Charging Current 14 —_ 10 — LA
Delay Threshold 14 — 9 —_ "
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TO CORRECTION TUNING

SIGNAL “auto  AuTO"
DETECT ENABLE up DOWN
I U
+12vo - - 18
=1
>
0 1uf 2 17
L I 220nf
4mMe = —{s 16 Je———AFC
LINE FLYBACK / lssv = 100K
PULSE ° w—{] « 5 POWER
LoW
.I'l\/'L 33nf 27K 0 33uf
- 1onf
VEVIDEO N/ g, p)"l fo——w—_]s craov 43— T
-5V0 {s 13[4 = GND
0 1uf
VARICAP LINE - {17 12 j—J___o +33V
e — N VARICAP
b3 e UP_ | CONTROL
22K 18 1 LT [ weuTs
FROM
mE] 10 ;k——DOWN CT2012
A4 OR SIMILAR
1k CIRCUIT
R1 2 I,. P
56K': TU i O it

it

Fig. 2 TEST CONFIGURATION

+12V SUPPLY +12V SUPPLY
F12VTHRESHOLD = — — —f— — = — e e e e e e e e e e e -

+5V SUPPLY +5V SUPPLY
FSVTHRESHOLD - /= - - — — = — —m — e e e e e e e e e e e e e o

ov
+5V

RESET
OUTPUT

ov

NOTES:

1. T, period timed by delay capacitor.

2. Output is connected to +5V supply via pull-up resistor. .

3. T, is set by value of capacitor, changing current, and output threshold voltage. Changing current is normally 10uA. Threshold
voltage is normally 9V.

Fig. 3 POWER LOW DETECTOR TIMING DIAGRAM (POWER ON)

+12V THRESHOLD

+5V THRESHOLD

+5V

RESET
OUTPUT

ov
(a) (b)

Fig. 4 POWER LOW DETECTOR TIMING DIAGRAM (POWER OFF)
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PIC1650-020 ER1400

Economega IV TV PPL Tuning System Control

FEATURES

® 100 Channel Tuning Capability — Includes CCIR Standard
Channels, Italian and German Cable Channels

® 32 Favorite Program Storage in Non-Volatile Memory
(ER1400)

| Automatic Sweep Tuning Option (with Automatic Fine Tune)

Fine Tune in 50KHz Steps (Manual or Automatic)

Two Digit Channel Number Display

Two Digit Program Number Display

Fast Lock Up Time, 10ms (typ)

Parallel Remote Control Input

38 9MHz IF

Easily Reprogramed for Different Channels (eg U S A.),

Features and Interfaces (Inquire for Alternative Versions)

DESCRIPTION

This specification describes a PIC1650-020 microcomputer which

is used as a control chip in a phase locked loop television tuning

system. The microcomputer interfaces with a number of sub-

systems which are detailed below.

AY-3-8475 |.R. Receiver. The PIC1650-020 accepts program

numbers from the receiver thus allowing remote program

selection.

2 ER1400. Electrically Alterable ROM The ER14001s used to store
Channel, Fine Tune and AFT data for each program. Informa-
tion is stored and recalled by the PIC1650-020 as required.

CT2012 Frequency Synthesizer. The PIC1650-020 sends fre-
quency and band data to the synthesizer. This data is ultimately
used to determine the local oscillator frequency. The PIC1650-
020 also controls the AVIN signal to the synthesizer chip.
CT2017 Tuning Interface. Signals from this chip are monitored
by the PIC1650-020 when operating iIn CHANNEL SWEEP or
AUTO MODES. The Tuning Interface chip also controls the
P1C1650-020 master clear input via an external inverter.

5. User controls including SN7447A, BCD to Binary decoder/

driver.

(a) Four 7 segment displays which are used to display Pro-
gram and Channel information.

(b) One LED to indicate if AUTO mode is selected.

(c) Seven push button switches for channel selection, local
Program Selection, Fine Tuning and AUTO Mode
selection.

. The PIC1650-020 supplies a MUTE signal to mute the TV sound
during Program and Channel change.

- AEEEEERES

w
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OPERATION

Program Selection (A0-A5)

32 remote programs can be entered viainputs (A0-A4) from the |.R.
receiver AY-3-8475 These lines contain valid program information
only when the STROBE input (A5) is low. Information on A0-A4 is
in the range 0-31 representing programs 1-32 respectively.

The PIC1650-020 will tune the TV to a new program only if the
STROBE is low and the program data on A0-A4 is different from
the current program data.

Program numbers are used to address the ER1400 allowing the
user to allocate a TV channel to each program.

The TV sound is muted for 600ms at each program change.
Changes in program number are ignored If any of the local
switches are pressed.

ER1400 Interface (B0-B4)

To enable the ER1400 inputs to be pulled high to Vyy, PIC1650-020
pins (B0-B4) have open drain outputs with external pull up resis-
tors as shown in Fig. 2.

The ER1400 contains 100 words of 14 bits. Two words are needed
to store the 17 bits of information required for each program.
CHANNEL information for PROGRAM N is stored at ER1400
address N. The corresponding FINE TUNE NUMBER and AFT
information is stored at address N +40.

Address Formats

Address MSB DATA
N XX XXXX CT.CT.CT.CT. CuU.CU.CU.CU.
N+ 40 XX XXXAFT FT.FT.FT.FT. FT.FT.FT.FT.

X = Not Used

CcT BCD digit for CHANNEL TENS data

([l

cu BCD digit for CHANNEL UNITS data
AFT AUTO/MANUAL mode. AFT =1 = AUTO mode
FT = FINE TUNE NUMBER

Data is written to the ER1400 when:

1. Either the CHANNEL TENS or CHANNEL UNITS switch is
released.

2. Either the FINE TUNE UP or FINE TUNE DOWN switch is
released.

3. AUTO switch is pressed.

4. AUTO mode is entered from CHANNEL SWEEP.

1l

Data is read from the ER1400 when a new program is selected. The
data is converted to a suitable format and then transferred to the
synthesizer. If the Channel data read from the ER1400 is not a valid
BCD number then the channel number is set to 00. Under these
conditions it is likely that the Fine Tune data from the ER1400 will
also be non-valid. No attempt is made to correct this data. Itis sent
to the synthesizer as read from the ER1400.

Frequency Synthesizer Interface (B6, B7, C0-C3)

AVOUT — (B6)

This output is normally low and goes high when programs 16 or 32
are selected. It is routed via the synthesizer and can be used to
modify the time constant of the video synchronizing circuit of the
television for use with video recorders.

Data Highway & Clock — (B7, C0-C3)

Tune information is transferred to the synthesizer on a 4 bit high-
way which is shared with the display decoder/driver The synthe-
sizer ignores data on the highway unless a clock is present. Clock
signals (SYN CLK) are generated by the PIC1650-020 as required.
A timing diagram is shown in Fig. 3

When the power is initially switched on 16 clock pulses, with ran-
dom data, are sent to initialize the synthesizer. Under normal
operating conditions 11 clock pulses are required to transfer Tune
data and 5 clock pulses are required to transfer Fine Tune Data.
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TUNE DATA FORMAT
H3 H2 H1 HO
SC1 0 0 0 1 Control Code to
SC2 1 1 0 1 } synthesizer
SD1 0 0 0 0
SD2 0 0 0 0
sD3 0 0 0 0
SD4 B1 BO Q9 Q8 Band and
SD5 Q7 Qé Q5 Q4 Frequency
SDé6 Q3 Q2 Q1 Qo Number Data
sSD7 0 0 0 R4 Fine Offset
sD8 R3 R2 R1 RO } data
SC3 X X X X Not Specified
NOTES:
1. Band Information is coded as follows:
B1 BO

0 0 BAND1—VHFI

0 1 BAND 3 — VHF I

1 0 BAND4 — UHF

1 1 BAND 2 — NOT USED

2. Q9-QO0 is a binary number representing the required tune fre-
quency in MHz. The frequency is in the range 84MHz to
914MHz. Q9 is the most significant bit.

3. R4-R0 is a binary number in the range 0-19. This is used to
modify the tune frequency in 20 steps of 50KHz. R4 is the most
significant bit. An increase in the Fine Offset number means a
corresponding decrease in frequency.

FINE TUNE DATA FORMAT

H3 H2 H1 Ho
SC1 0 0 0 1 } Control Code to
SC2 1 1 1 0 Synthesizer
SD1 F7 F6 F5 Fa4 } FINE TUNE
SD2 F3 F2 F1 FO NUMBER Data
SC3 X X X X Not Specified
NOTES:

1. F7-FO is a binary coded modular 20 number which is used to
modify the tune frequency in 160 steps of 50KHz. F7 is the most
significant bit. An increase in the Fine Tune Number means a
corresponding decrease in frequency.

Tuning Interface (CT2017)

UP and DOWN (A6, A7)

These inputs are derived from an AFC circuit within the television.
They perform two functions. They signal a Stop Sweep when in
CHANNEL SWEEP and they control the television Fine Tuning
when in AUTO mode.

Master CLear (MCLR)

The PIC1650-020 Master Clear signal is controlled via an external
inverter by the POWER ON DET signal from the Tuning Inter-
face chip. The Master Clear signal must be held low for at least 1ms
after all power supplies become valid. When the Master Clear
signal goes high the PIC1650-020 will tune the TV to the channel
allocated to Program 1.

User Controls

Four common anode 7 segment displays are used to display
Channel and Program information. Two digits are used to display
channel information in the range 00 to 99. Leading zeros are not
blanked. The remaining 2 digits display the selected program.
Program information lies in the range 1-32. Leading zeros are
blanked.
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Digits are displayed in turn by enabling 1 of the 4 digit driver
transistors (C4-C7) and simultaneously outputting the corres-
ponding segment code on C0-C3. Each digit is enabled for approx-
imately 3ms in any 12ms period. '

As the segment outputs share a common highway with the syn-
thesizer the display is blanked, by switching off all 4 digit drivers,
during a data transfer to the synthesizer. This blanking is not
noticeable during normal operation.

It is not possible to maintain the displays when writing to the
ER1400. Displays are blanked for 80ms each time a WRITE takes
place.

Seven push button switches are mounted on the front panel. Only
one switch s serviced at any one time, all other switches being
inhibited until the current switch is released.

The following functions are controlled by the switches:

1. Increment Channel Tens

2. Increment Channel Units

3. Fine Tune Up

4. Fine Tune Down

5. Program Step

6. Channel Sweep

7. Auto

Increment Channel TENS or UNITS (DO, D1)

These switches enabie the teievision to be tuned to any of 100
channels in the range 00-99.

Closure of the Channel Tens switch causes the Channel Tens
display to increment one step and thereafter one step every 0.5
sec, overflowing from 9 to 0, until the switch is released. At each
step the appropriate TUNE data is transferred to the synthesizer
and MUTE is activated for 600ms.

Closure of the Channel Units switch causes the Channel Units to
increment similarly, there being no overflow to Channel Tens.

In both cases, at every step, the Fine Tune Number is set to its
mid-point (128) and transferred to the synthesizer.

On release of either switch the current channel and Fine Tune
Number are stored at the appropriate ER1400 address.

Fine Tune Up and Fine Tune Down (D3, D4)

Closure of a switch causes a single Fine Tune step, in the appro-
priate direction, to be executed. This is followed by a pause of 0.4
seé, thereafter steps occur at 50ms intervals. The pause allows
single step Fine Tuning to be carried out. At each step the new Fine
Tune Number is transferred to the synthesizer.

On release of the switch current Channel and Fine Tune Number
are stored at the appropriate ER1400 address.

NOTE: Fine Tune Up means decrease in Fine Tune Number which
gives a corresponding increase in frequency.
Fine Tune Down acts in a similar fashion.

The Fine Tune Number allows tuning of +4MHz, —3.95MHz, in
50KHz steps around the allocated channel frequency.

Program Step (D6)

Ciosure of the Program Step switch causes the displayed program
number to increment one step and thereafter one step every 0.5
sec, overflowing from 32to 1, until the switch is released. At each
step the channel display is updated and the appropriate TUNE
information is sent to the synthesizer. The MUTE signal is acti-
vated for 600ms at each step.

Channel Sweep (D5)

The Channel Sweep enables the user to sweep through each
channel in turn (in order of increasing Channel Number, with roll
over from 99 to 00) stopping when a valid stop signal, as indicated
by the UP and DOWN inputs, is detected. The sweep is imple-
mented by decrementing the Fine Tune Number in steps of 5, at
12ms intervals, which is equivalent to increasing the frequency in
steps of 250KHz.



Band 1 and Band 3 channel widths are 7MHz and are swept
—3.45MHz, +3.3MHz around the allocated channel frequency.
UHF band channel widths are 8MHz and are swept —3.95MHz,
+3.8MHz around the allocated channel frequency

When the switch is initially closed the sweep starts from the bot-
tom of the next channel. A pause of 250ms is initiated before
continuing. On succeeding channel boundaries there is a 12ms
pause unless a bank changeis involved in which case thereisa0.5
sec pause.

For normal operation the sweep switch should be closed momen-
tarily and then released. If the switch is held closed and a STOP is
detected, AUTO mode is entered where the appropriate Channel
and Fine Tune data is stored in the ER1400. At this point because
the sweep is closed, the sweep is restarted from the bottom of the
next channel.

The sweep mode can be terminated at any time by pressing any of
the push buttons (other than CHANNEL SWEEP) on the front
panel or by selecting a new program. A STOP signal, indicating a
TV station has been found, is recognized by UP going high then
low followed by DOWN going high (Fig. 4). When a TV station is
found the P1C1650-020 enters the AUTO mode.

Auto (D2)

Auto mode is entered either by pressing the AUTO push button or
from channel sweep when a STOP is detected. Current Channel
information is stored in the appropriate ER1400 address.

The FINE TUNE number stored is the current FINE TUNE number
plus 20 FINE TUNE steps. This is equivalent to off-setting the
frequency by —1MHz to give a symmetrical AFC capture range.
Note: The above —1MHz offset is a maximum value. If by off-
setting by —1MHz a channel boundary is crossed the offset is
reduced to stay within the current channel.

The AFT bit is stored as a 1 to indicate Auto mode is selected. To
exit from the ‘Auto’ mode and cancel the AFT bit, either the Fine
Tune Up, Fine Tune Down, Channel Tens or Channel Units switch
must be operated.

In Auto mode if UP is high the Fine Tune number is decremented
by one every 12ms until UP goes low. Similarly if DOWN is high the
Fine Tune number is incremented by one until it goes low. The

PIC1650-020 m ER1400 INSTROMERT |

maximum tuning range is —3.95MHz, +4MHz around the allocated
channel frequency. No roll over occurs when these limits are
reached, i.e. the system will only tune down from the +4MHz limit
and up from the —3.95MHz limit.

Auto Fine Tune Indicator (D7)

This is a LED which is ON when the system is operating in the
AUTO mode. The state of the LED is determined by the AFT bit
from the ER1400.

Mute — (BS5)

The Mute signal is normally high but goes active (low) for 600ms
each time TUNE data is transferred to the synthesizeri.e. duringa
channel or program change or when the power is initially switched
on. In the Channel sweep mode the MUTE is active continuously
from the start of sweep until 600ms after a STOP is detected. The
Mute does not go active if only Fine Tune information is trans-
ferred to the synthesizer.

The Mute output serves to mute the sound of the television when
disturbances are made to the tuning.

osC

This is an RC network which provides the basic oscillator fre-
quency for the PIC1650-020. A 47K potentiometer is provided to
allow accurate setting of the frequency to 1.0MHz.

Channel-Frequency Conversion
The channel data read from the ER1400 is converted by the
P1C1650-020 into Frequency, Band and Offset information. The
table below lists the Frequency Number (Q), Band (B) and Offset
(R) allocated to each of the 100 channels.
For example the Tune data for channel 21 is as follows:—
Q=514
B= 2
R= 17
This information is transferred to the synthesizer in the Tune Data
format specified earlier. If thé Fine Tune data is set to 128 and
transferred to the synthesizer then the local oscillator will be tuned
to a frequency of 510.15MHz.
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ELECTRICAL CHARACTERISTICS * Exceeding these ratings could cause permanent dam-
* age to the device. This is a stress rating only and func-
Maximum Ratings tional operation of this device at these conditions is not

Storage Tempera}ure_ ................................ —55°C to +150°C implied—operating ranges are specified in Standard
Voltage on any Pin with Respectto Vgg ........ccovvvunnn —0.3V to +12V Conditions. Exposure to absolute maximum rating con-
Standard Conditions (unless otherwise noted): ditions for extended periods may affect device reliability.
Operating Temperature (Ambient) T, = 0°C to +70°C Data labeled “typical” is presented for design guidance
only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Supply Voltage Voo 4.5 — 7 \
Output Buffer Supply Voltage Vyx 4.5 — 10 "
Supply Current lop — 30 55 mA No Load
Output Buffer Supply Current Iyx — 1 5 mA No Load (see Note 1)
All Inputs
Input Low Voltage Vi —0.2 - 0.8 v
1/0 Ports With Internal Pull-up
Input High Voltage Vi 2.4 — Voo v
MCLR, RTCC & OSC
Input High Voltage Viy Vpp—1 — Voo )
All Outputs Except CLK OUT
Output Low Voltage VoL — - 0.45 " loL = 1.6mA (see Note 2, 3, 4) Vyyx = 4.5V
- - - 0.90 v loL = 5mA (see Note 2, 3, 4) Vyy = 4.5V
- - 0.50 — v lo. = 5mA (see Note 2, 3, 4) Vyx =9V
— - 0.9 — v loL = 10mA (see Note 2, 3, 4) Vyy =9V
CLK OuUT
Output Low Voltage Voo - — 0.45 \ Vyx = 9.0V
All Outputs With Internal Pull Up loL=1.6mA (see Note 2, 3, 4)
Output High Voltage Vo 2.4 — — Vv lon = 100uA (see Note 2, 3, 4)
All I/O Ports With Internal Pull Up
Input Low Current e —0.2 —-0.6 -1.6 mA VL= 0.4V (see Note 4)
Input High Current (™ -0.1 —0.4 — mA Viy = 2.4V (see Note 4)
MCLR, RTCC
Input Leakage Current [ -10 — 10 UA Vss < VN Vpp (see Note 4)
1/0 Ports With Open Drain Outputs
Input High Voltage Vi 2.4 - Vyx '
Input Leakage Current loL -10 — 10 HA Vgs < ViN< Vi (see Note 4)
AC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
osC
Oscillator Frequency f 0.2 — 1 MHz
Instruction Cycle Time toy 4 - 20 us (see Note 6)
CLK OUT & I/0 Ports with Internal Pull Up
Rise Time tr - - 200 ns 1 TTL Load + 100pf
Fall Time te — — 200 ns 1 TTL Load + 100pf
1/0 Ports with Internal Pull Up
Output Mode
CLK OUT to Data Valid tep 0 500 .800 ns
Input Mode
Data Set Up Time ts 0 - Yatoy ns
Data Hold Time tn 0 —_ 25ns ns
RTCC Input
Period tar toy - - us
High Pulse Width taT Yatoy — — us (see Note 7)
Low Puise Width trth Yatcy -— - us
NOTES:

1. Maximum Iy occurs when all I/O ports are high.

2. Total | for all outputs (I/0 ports + CLK OUT) must not exceed 175mA.

3. Vyx supply drives 1/0 ports. The Vpp supply drives CLK OUT. )

4. Positive Current indicates current flow into the device. Negative Current indicates current flow out of the device.

5. Oscillator circuit as shown in Fig. 1.

6. Both the instruction Cycle Time and CLK OUT period are equal to four times the oscillator freqtﬁg%lccéi.e. toy = 4/f secs.

7. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the input, CLK OUT may be
directly tied to the RTCC without any loss of counts.
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Band
Channel Channel L.O. Freq Q (Freq) R (Offset) AY-3-2012 Channel
Number Name MHz Band Number Number Output B Width
00 1 80.15 1 84 17 BAND 1 0 7MHz
01 1 80.15 1 84
02 2 87.15 VHFI 91
03 3 94.15 98
04 4 101.15 CCIR 105
05 5 214.15 218 BAND 3 1
06 6 221.15 225
07 7 228.15 232
08 8 235.15 VHF 1l 239
09 9 242.15 CCIR 246
10 10 249.15 253
1 1 256.15 260 {
12 12 263.15 267 Y i
13 A1 108.15 112 BAND 1 0
14 B1 115.15 119
15 c1 122,15 126
16 D1 129 15 133
17 E1 136.15 140
18 F1 85.15 89
19 G1 98.15 102
20 H1 132,15 136 Y Y Y
21 21 510.15 514 UHF 2 8MHz
22 22 51815 522
23 23 526.15 530
24 24 534.15 538
25 25 54215 546
26 26 550.15 554
27 27 558.15 562
28 28 566.15 UHF 570
29 29 57415 CCIR 578
30 30 582 15 586
31 31 590 15 594
32 32 598.15 602
33 33 606 15 610
34 34 614.15 618
35 35 622.15 626
36 36 630.15 634
37 37 638.15 642
38 38 646 15 650
39 39 654.15 658
40 40 662.15 666
41 41 670.15 674
42 42 678.15 682
43 43 686.15 690
44 44 694.15 698
45 45 702.15 706
46 46 710.15 714
47 47 718.15 722
48 48 726.15 730
49 49 734.15 UHF 738
50 50 742.15 CCIR 746
51 51 750.15 754
52 52 758.15 762
53 53 766.15 770
54 54 774.15 778
55 55 782.15 786
56 56 790.15 794
57 57 798.15 802 v Y Y |
58 58 806.15 810
59 59 814.15 818 17 UHF 2 8MHz
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CHANNEL FREQUENCY ALLOCATIONS

Band .
Channel Channel L.O. Freq Q (Freq) R (Offset) AY-3-2012 Channel
Number Name MHz Band Number Number Output B Width
60 60 822.15 826 17 UHF 2 8MHz
61 61 830.15 834
62 62 838.15 842
63 63 846.15 850
64 64 854.15 858
65 65 862.15 866
66 66 870.15 874
67 67 878.15 882
68 68 886.15 890
69 69 894.15 898 Y \
70 70 902.15 UHF 906 / )
71 71 910.15 CCIR 914 17 Y 2
72 A 92.65 % 7 BAND 1 0 TMHz
73 B8 101.15 105 17 0
74 c 121.15 125 17 0
75 D 214.15 ITALIAN 218 17 BAND 3 1
76 E 222.65 226 7
77 F 231.15 235 17
78 G 240.15 244
79 H 249.15 253
80 s1 144.15 148
81 s2 151.15 155
82 s3 158.15 162
83 s4 165.15 169
84 S5 172.15 176
85 s6 179.15 183
86 s7 186.15 190
87 s8 193.15 197
88 So 200.15 204
89 S10 207.15 GERMAN 211
90 S11 270.15 CABLE 274
91 s12 277.15 281
92 s13 284.51 288
93 S14 291,15 295
% s15 298.15 302
95 S16 305.15 300
9% s17 312.15 316
97 s18 319.15 323 { { { {'
98 s19 326.15 330 | / /
99 S20 333.15 337 17 BAND 3 1 7MHz
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I/0 TIMING
CLK OUT ﬁ /—\ ﬂ
GATE / —_
INCREMENT EXECUTE |ANSWER| WRITE
-—PC i~ - TO—
ADDRESS ROM INSTRUCTION /0
FOR NEXT INTERNAL
INSTRUCTION BUS
—  tpg !‘_
I
NOTE:
OUTPUT | VALID Rise and fall times
! are load dependent
X
I o ‘
-t :4— —| t, :4-—-
INPUT :«-STABLE *X
TYPICAL INTERFACE-BIDIRECTIONAL I/0 LINE
____________________ F——————
Voo —1 ] Vee
Vix | |
by Q, : |
(INTERNAL D |
DATA BUS) WRITE Q ] [
(INTERNAL —{C S t } —_———
SIGNAL) | | [TTL DEVICE INPUT
QZ I — e —— — — o—
MCLR | [ ————"
= .
by
by
L =
READ Iy
(INTERNAL || TTL DEVICE OUTPUT
SIGNAL) PIC /O BIT '_(OPEN-COLLECTOR)

Fig. 1 1/0 TIMING AND INTERFACE
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47K 47K
ro_jM,'_W\,——H-SV
I
= 36
AY-3-8475 0SC
o3 PO 2 0
12 P1 3 +5V
2 At
270 V4
02| 2 P2 1P o7 |24
P3 6
2 A3 D6 |33__PROGRAM STEP
2 P4 A PO 7X SPST MOMENTARY ACTION
PUSH BUTTON SWITCHES
stRose |12 STROBE 5as D5 [32__CHANNEL SWEEP ~ )
® 4|31 FINE TUNE DOWN
P upP 1 PN
12 DOWN 0f,, D3 [30__FIVE TUNE-UP
+5V 9
<
CT 2017 S22k \ D2|28__AUTO ~—
7 |——
’ MCLR 28 CHANNEL UNITS
D1
POWER |15 o %
ON DET Pt { 0o |27_CHANNEL TENS ~ \
P .
S0k 014 seon QIGITDRIVERS =
ov ~ T | P AA-EROGRAM UNITS
e Vas 5600
_]_ I _L WES PROGRAM TENS
= gl BV 01ut c
T 57 2 5690 CHANNEL UNITS +5v
+5V ————v,; cs vy T
i 40
©— CHA
% Vax 2 5600 TERS
c4 AN
< <
82K 4: <
< <
[ + - + +
—26V  +9V 4 X COMMON a -
I b 4 7-SEGMENT 'I of ] ‘ | | | I
> > > -
2v 1V 3:10K3:10Ki:10K5 10K DISPLAYS ]
9 s SEGMENT DRIVERS °| g °| | I ‘ | l I
12 | L P9 +5V
a2 12|,
8 13
c2 &2 $ $ 3 3 3 $ixom
c1 7 14 83 1KQ ® s S :, $ S 3
£ 184 3 3 SE¢
ER1400 13 SEG 2
5 12_SEG b
T0 MUTE 16 22 6 11 SEG ¢
TV MUTE O- 35 c3
ccT 21 2 10 _SEG d
17 c2
36 oy 1 9 SEG e
14
18] . 2 15_SEG f
PIC1650-20 14 SEG g
447 ~{+5V
> >
$ 23
prid H3 W
H2
H1
< <
S0k S0k Ho
SYNCLK
AVOUT MPX CLK
AVIN
AY-3-2012
NOTES:
1. 1/0’s BO, B1, B2, B3, B4, B5, C0O, C1, C2, C3 & D7 have open drain outputs.
2. Unless otherwise noted:
a. Diodes are IN914
b. NPN Transistors are 2N3904
c. PNP Transistors are BC327
Fig. 2 CIRCUIT DIAGRAM
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SYNCLK l I |

)

nJL

To2 To2
—| |-—T
To— *

Tor
)

Tor | Tor | Tor | Toz | Tor [ Tpe
| ||

P

20v
SYNCLK 7] N_ o6v
— tr — -— tf
DATA
ts
|| - TH
Parameter Notes
Clock Pulse Width T 4us
Clock Period To1 56us NOTES. ‘ ' .
T, 44us 1. Rise and Fall times are maximum values. Other times are
Data Set Up Time t: aus typical values with a tolerance of £ 250ns.
Data Hold Time Tm >36us 2. Times other thanrise or fall times are based on a PIC1650 clock
Clock or Data frequency of 1MHz.
Rise Time te 200ns 3. Logic Levels: ‘0’ <0.5V; ‘1> 2.0V.
Clock or Data
Fall Time t; 200ns

Fig. 3 PIC1650 — TIMING DIAGRAMS
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INSEOGERT PIC1650-020 m ER1400

ADDRESS TRANSFER

CONTROL
LINES
VALID — ILJ L
| ' [ ! |
ADDRESS ] L4
DATA
— Tcs <—-->| {4——TAS T |— —| |a—Tc, —>| '*———TAH
DATA TRANSFER
CLOCK
DATA 1 IO
’H ”<—T TH‘_. H »} L
Parameter Value CONTROL
Clock Period T T2us og ‘bc;g-i
Clock Duty Cycle 50%
Control Set Up Time Tes 52us
Control Hold Time Ten 4us
Address Set Up Time Tas 8us
Address Hold Time Tan 4us
Write Data Set Up
Time
Logic 0 Tso 16us
Logic 1 Ts 32us
-\Il_\{me Data Hold NOTES:
|mLe . 1. Rise and fall times are maximum values. Other times are
ogic 0 Tho dus typical values with a tolerance of £250ms. Times are measured
Logic 1 Th 20us to 50% values.
Read Data sample R . .
X 2. Times other than rise and fall times are based on
Time Tro | 36-40us PIC1650 clock f f 1MH
Control or Clock a clock frequency o Z.
Rise Time tg s 3. Address transfer is shown for ER1400 address of 74.
Control or Clock 4. ER1400 Erase/Write cycles—continuous clock pulses for 18.5ms.
Fall Time te 1us 5. Logic Levels: ‘0' <(Vxx—8) Volts; '’ >(Vyx —1) Volts.
Data Rise Time Tr 8us
Data Fall Time Te 4us

Fig. 4 PIC1650/ER1400 TIMING DIAGRAMS
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TUNING

AY-5-8105

Frequency Synthesizer/Counter

FEATURES

8 Three Display Ranges: MW 9,999KHz, FM 399.99MHz,
SW 39,999KHz

B AM IF Offset: Five User Programable Frequencies (0, 455,
459, 460, 468KHz)

B FM IF Offset: Five User Programable Frequencies (10.64,
10.67, 10.70, 10.73, 10.76MHz)

® High Voltage Capability for Direct Drive of Fluorescent
Displays

® Together with PIC1650A Controller, Forms the Economega 111
E and F Tuning Systems

DESCRIPTION

The AY-5-8105 is a PMOS integrated circuit containing a 39,999
count frequency synthesizer/counter for use In radio receivers
Three main display ranges are provided: 39,999KHz for SW,
399.99MHz for FM and 9,999KHz for MW. FM frequencies can aiso
be displayed in the standard European channel format (0 to 99+).
The timebase is provided by an on-chip oscillator using a
4.096MHz quartz crystal A 50Hz output derived from this oscilla-
tor is available to serve as the timebase for an AY-5-1200A digital
clock which can share the same display.

Digit and segment outputs have high voltage capability and will
drive fluorescent displays.

The AY-5-8105 1s configured to work in conjunction with the
PIC1650 family of controllers The bidirectional SERIAL LINK
provides the path for data exchange between the two devices to
form a synthesized frequency-locked radio tuning system.
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Av-5-5105 iR |
OPERATION
AY-5-8105 Synthesizer Under PIC1650 Control
1024
)i ? M?Hz |FTS1 IFS2 Voo Vss A0 A1 A2 A3
SUBSTRATE ]
BCDTO7
SEGMENT
TIMING
VYVYYYY oS
INTERNAL CLOCKS —»O SNB
—pO SNC
SEGMENT
RCO—P DRIVERS »O SND
—O SNE
RD H IF .0
OFFSET SNF
FMIFO—{ ROM —O SNG
AMIF
CclO > COUNTER
1
$O urP
COMPARATOR $O DOWN
O LOCK
BCD TO 7
SEGMENT
DECODER
N/
CONTROL FREQUENCY U
SL O®¥ ccisTeR REGISTER
—pO SA
—»O SB
—»O sC
DISPLAY —»O sD
DRIVER L »0sE
—pO sF
—»O SG
—»O soP

Fig. 1 AY-5-8105 BLOCK DIAGRAM

EXL Y

D1 D2 D3 D4 D5
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TUNING

INSTROMERT

ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Voltage on any Pin with Respect to Vgg pin

AY-5-8105

(except Segment and Digitoutputs) ..........covuunn.. +0.3 to —20V
Voltage on Segment and Digit outputs with Respect

O Vg PiN. ettt e +0.3V to —35V
Storage Temperature Range ...............0vue....—65°C to +150°C
Power Dissipation — 40 pinpackage ............cccvvvvun. ... 800MW

Standard Conditions (unless otherwise noted):
Vgs =0V

Vpp = —12V +1.2V

Operating Temperature range = 0°C to +70°C
Crystal frequency = 4.096MHz + 0.01%

*Exceeding these ratings could cause permanent dam-
age to these devices. This is a stress rating only and
functional operation of these devices at these conditions
is notimplied—operating ranges are specified in Stand-
ard Conditions. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Data labeled “typical” is presented for design guidance
only and is not guaranteed.

Characteristic Min Max Units Conditions

All Inputs
Capacitance — 15 pf at 1MHz
Cl (Note 1)
Input Frequency 0.05 2 MHz
Input Pulse Width

(High or Low) 2 - ns
Input Low Voo —4 \
Input High -1 Vss Vv
Input Source — 3 mA Vin=—4.8V
Current 0.15 —_ mA Vin=—1V
AM IF, FM IF (Note 2)
Input Low Voo —4 v
Input High —1.2 Vss "
Input Sink — 0.3 mA Vin= Vss
Current 30 — MA Vin=—5.4V
A0-A3, RC, RD (Note 1)
Input Low Voo —4 Vv
Input High -1 Vss v
Input Source — 0.3 mA Vin=Vpp
Current 20 - HA Vin=—1V
SL (as input) (Note 1)
Input Low Vpp —4 \
Input High -1 Vss -
Input Source — 25 mA Vin=Vop
Current 50 - HA Vin=—1V
SL (as output) (Note 3)
High Voltage -2 Vss \ lsource = 0.2mA
Off Current (Leakage) - 10 MA Vour = Vop
1.024MHz, UP, DOWN (Note 3)
LOCK
High Voltage —2 Vss \ lsource= TMA
Off Current (Leakage) - 2 HA Vour = Vgs =5V
IFS1 (Note 3)
High Voltage —0.5 Vss v lsource = 3MA
Off Current (Leakage) - 10 HA Vour = Voo
IFS2 (Note 3)
High Voltage —0.5 Vss \ Isource = 0.5mA
Low Voltage Voo —8.5 \" Igink = 0.1mA
Segment Outputs (Note 4)
High Voltage -2 Vss \ lsource = 2mMA
Off Current (Leakage) — 10 uA Vour = —33V
Digit Outputs D2-5 (D1) (Note 4)
High Voltage -3 Vss \' lsource = TMA (14mA)
Off Current (Leakage) —_ 10 HA Vour = —33V
Supply Current —_— 40 mA Vpp = —13.2V

NOTES:

1. These inputs have pull-ups to Vgg.

2. These inputs have pull-downs to Vpp,

3. These are open-drain outputs. Maximum applied negative voltage = 15V.
4. These are open-drain outputs. Maximum applied negative voltage = 33V.
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TUNING

ER2051
ER2051IR
ER2051HR

512 Bit Electrically Alterable Read Only Memory

® 32 Word x 16 Bit Organization
| 5 Bit Binary Addressing
m +5, —28 V Power Supplies
® Word Alterable
® 10 Year Data Storage for ER2051 (at +70°C)
® 1 Year Data Storage for ER2051IR (at +85°C) and ER2051HR
(at +125°C)
B TTL Compatibility with Pull-Up Resistors on Inputs
® Tri-State Outputs
B Read Time: 1us (ER2051), 2us (ER20511R and ER2051HR)
8 Write/Erase Time: 50ms (ER2051), 100ms (ER2051HR)
® No Voltage Switching Required
® Chip Select
B Two Extended Temperature Ranges;
—40°C to +85°C ER2051IR
—55°C to +125°C ER2051HR

DESCRIPTION

The ER2051, ER20511R and ER2051HR are fully decoded 32 x 16
electrically erasable and reprogramable ROMs. Write, erase,
and read voltages are switched internally via a 2-bit code applied
to C1 and C2.

Data is stored by applying negative writing pulses that selectively
tunnel chargeinto the oxide-nitride interface of the gate insulator
of the 512 MNOS memory transistors. When the writing voltage is
removed the charge trapped at the interface is manifested as a
negative shift in the threshold voltage of the selected memory
transistors.

The EAROM may be operated with the Vss power supply between
+5V and +10Volts, as long as the Vss—Vse always equals 33
Volts. Thus, Vss can be +5Volts for TTL compatibility or up to
+10Volts for CMOS compatibility, if Ves isappropriately adjusted.
The ER2051IR and ER2051HR are screened to Mil Std. 883B/
method 5004.1/level B, pre-cap visual inspection, environmental
testing, burn-in and external visual. They are available in 28 lead
ceramic dual in line packages.

OPERATION

Data is stored in a two transistor memory cell After the cell is
preconditioned by an erase signal (which causes a positive shift
in the threshold of both transistors), data is written into one of the
transistors making its threshold more negative. A sensing flip
flop is used to read the memory cell and presents a logic high or
low to the output depending upon which transistor is written.

PIN FUNCTIONS

PIN CONFIGURATION

28 LEAD DUAL IN LINE  Top view
A4

o1 e 28 P DO
0202 27Pcs
033 %P c2
pal] 4 250 cC
[ Y= 24 [ vgq (-28V)
(=] 230 A4
Ve (GND) ([ 7 22 A3
orQgs 210 A2
os 9 200 A1
os d 10 190 A0
oogn 18 [J Clock
on 2 17 [ Vs (+5V)
D12 13 16 0 D1s
D13 ] 14 150 D14
BLOCK DIAGRAM
ci c2 is
r CONTROL LOGIC ]
oo i
D1 €
MEMORY
02 € o matai pe—y  SHOCK - leciock
03 H DATA 32x16 BUFF
] CONTROL
H AND
. ouTPUT
€ BUFFER f&————
D14 €
D15 €

ADDRESS
DECODER

A0 AT A2 A3 A4

It 1Is important to note two things. first, that an erase i1s required
before a wire to precondition the cell, and second, that after an
erase, both transistors will have the same threshold voltage and
valid data will not be present at the output.

The ER2051, ER2051IR and ER2051HR EAROM'’s use internal
dynamic, edge triggered circuits. This requires either a mode
change, a clock, or a transition of the chip select between
successive operations. Thus successive operations in the same
mode must be separated by transitions of one of these four lines.
Clock pulses are not normally required during erase or write
operations, but are needed for successive operations if the chip
select i1s held high, i.e., applications where one EAROM is used.

Pin No Name Function
19,20,21,22 | AgA, 5-Bit Word Address.
1-6,8-14,28 | Dy-Dys Data input and output pins.
27 cs Chip Select. Chip selected at logic “1”. When chip select is at logic “0”, outputs are open circuit,
read, write and erase are disabled. Power is reduced.
25,26 C1,C2 Mode Control Inputs.
C1 c2
0 A Erase Mode: stored data is erased at addressed location.
1 Don't Care Read Mode: addressed data read after clock pulse. Output data retained at output
pins until chip deselected or control lines switched.
0 0 Write Mode: input data written at addressed location. Clock not required.
18 CLK Clock input. Pulse to logic “1” for read operation.
17 Vss Substrate supply. Normally at +5 volts.
7 Va Ground Input.
24 Vag Power Supply Input. Normally at —28 volts.
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ER2051 ® ER2051IR ® ER2051HR

INSTROMERT

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All Inputs and Outputs (with Respectto Vgg) ... vvuvvnenn.. —35V to +0.3V
Storage Temperature 65°C to +150°C
Soldering Temperature of Leads (10 seconds)

Standard Conditions (for TTL compatibility)

Vgg = +5V £5%

Vgg = —28V 5%

va = GND

Operating Temperature T, = 0°C to +70°C for ER2051
T, = —40°C to +85°C for ER2051 IR
Ta = —55°C to +125°C for ER2051 HR

Output Load = 100pf, 1 TTL load

* Exceeding these ratings could cause permanent dam-
age to the device. This is a stress rating only and func-
tional operation of this device at these conditions is not
implied—operating ranges are specified in Standard
Conditions. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.
Data labeled “typical” is presented for design guidance
only and is not guaranteed.

ER2051 ER2051 IR/ER2051 HR
Characteristics Sym | Min. [Typ.**| Max. Min. |Typ.*"| Max Units | Conditions

DC CHARACTERISTICS

Input Logic “1” Vin |Vss =1.5 — |Vss +0.3 Vgg—1.6| — |Vss +0.3] V

Input Logic “0” Vii |Vss —15 — 08 | Vgs—10| — 0.6 v

Output Logic “1" Vou |Vss =15 — — | Ves—15]| — - v lon = 100uA

Output Logic “0" Voo — — 0.6 — — 0.6 v loL = 1.6mA for Vgs = +5V

Input Leakage L — 2 10 — 2 10 uA Vin=Vss =15

Output Leakage Io — 2 10 — 2 10 uA Chip deselected

Power Supply Current

Read Tee — — 14 — — 18 mA

Write Ice — — 1 - —_ 15 mA Ige returned

Erase Ica - — 1" — - 15 mA through Vss

Deselected Iee — — 9 — — 12 mA

AC CHARACTERISTICS

Access Time tacc — — 1 — — 2 us

Clock Pulse Width tew 2 - 20 2 — 20 us

Erase Cycle Time te 50 —_ 200 100 — 200 ms

Write Cycle Time tw 50 — 200 100 — 200 ms

Read Cycle Time ta 35 — 24 45 — 25 us

Address to Clock Time ta 50 — — 50 — - ns

Data Set Up Time tos 50 - — 50 - — ns

Data Hold Time ton 50 — - 50 - — ns

Control to Address& Data Change tc 0 — — 0 — - ns

Number of Reads/Word Refresh | Nga 10" — — 10" — -

Number of Erase/Write Cycles Nw 108 - - 10° — - -

Input Capacitance (all pins) Cwo — 8 15 - 8 15 pf

Unpowered Data Storage Time ts 10 - — 1 — — Years | at max temperature

Power Dissipation Read Cycle Po — 450 500 — 450 500 mwW at 25°C Vgs = +5, Vae = —29
Po not applicable — — 500 mwW at 125°C Vss = +5, Vg = —29
Po not applicable . — 600 mwW at -55°C Vss = +5, Vg = —29

Pulse Rise, Fall Time Wt 10 _ 100 10 _ 100 ns

**Typical values are at +25°C and nominal voltages
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INSROMERT ER2051 m ER2051IR 8 ER2051HR
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Service

The Microelectronics Group of General Instrument
Corporation is one of the world’s leading manufac-
turers of LSI (Large Scale Integrated) microcircuits.
A pioneer in MOS in 1966, General Instrument is
a worldwide source of microcircuits utilizing MOS
and Hybrid technologies in service to the con-
sumer, communications, computer, industrial and
military marketplaces.

The Microelectronics Group has facilities in
every major market providing customers with a
full spectrum of services including immediate
delivery...new product development...applications
engineering...and high volume circuit
manufacturing.

Strategically Located Plants

The Microelectronics Group operates four main
production facilities in the United States, Europe
and Far East. Plants at Glenrothes, Scotland,
Chandler, Arizona; and Hicksville, New York, have
complete capability for product design, mask mak-
ing, diffusion, assembly, test and quality assurance.
The factory in Kaohsiung, Taiwan, is dedicated

to high volume assembly, test, quality assurance

and applications of Microelectronics products.

In addition to providing reliable sources of
supply on three continents, General Instrument
operates each plant as a backup facility to the
others, to insure uninterrupted delivery. Common
processes and equipment are employed and
major product styles are always produced in at
least two separate locations. To maintain uniform
standards from plant to plant, the quality assur-
ance and process control groups at each facility
are directed by quality control policy established
at Group and Corporate levels.

Processes

Products produced by the Microelectronics
Division are in accordance with technologies that
are standard to the Microelectronics industry.
Production capability exists for CMOS Silicon
Gate, N-Channel Silicon Gate, CMOS Metal Gate,
N-Channel Metal Gate, and P-Channel Metal
Gate. In addition, General Instrument is the world's
leading manufacturer of products in the
Non-Volatile Nitride Memory technology. This
broad repertoire provides you, the customer, with
the best process for the job every time.

Product Quality

With a major investment in product test and in-line
quality control equipment, the Microelectronics
Division of General Instrument is dedicated to
achieving the reliability its customers require. All
products receive final test at elevated temperature.
Extensive burn-in facilities exist for 100% preship-
ment stress to insure outgoing product quality.
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Customer Service

General Instrument Microelectronics believes in
CUSTOMER SERVICE. Customer Service depart-
ments are maintained on a worldwide basis to pro-
vide immediate response to questions concerning
order service and delivery. Our customer service
personnel are trained to consider our customer’s
needs as their most urgent requirement. Call on
them and let us prove that we are dedicated to
responsive services.

Advanced Design Centers

To provide our customers with the latest in LSI
technology, General Instrument Microelectronics
maintains R&D centers at Glenrothes, Scotland;
Hicksville, New York; and Chandler, Arizona. The
Microelectronics activity is also supported by gen-
eral research in various fields carried out with such
prestigious organizations as the Massachusetts
Institute of Technology, the State University of New
York at Stony Brook and the University of Utah.

In addition to its extensive catalog of standard
products, General Instrument Microelectronics is
happy to provide custom design services to satisfy
special requirements. In some cases, the applica-
tion is best served by a software or firmware mod-
ification of one of our standard microprocessors.

In other cases, a programable logic array is more
cost effective. These services may be arranged
through any of the Microelectronics sales offices.

Applications Assistance
Around the Globe

To provide the special applications assistance
that customers may require, General Instrument
Microelectronics maintains fully staffed Appli-
cations Centers at strategic locations around
the world...
U.S.A. — Hicksville, New York and Los Angeles,
California.
EUROPE — Glenrothes, Scotland; London,
England; Paris, France; and Munich, Germany.
ASIA — Tokyo, Japan; and Hong Kong.
Arrangements can be made for immediate
assistance from these centers by contacting any
of the sales offices listed in this catalog.

Corporate Support

General Instrument Microelectronics is backed
by the full resources of the General Instrument
Corporation, which has for over 50 years been
among the leaders in the application of modern
technology to entertainment, industrial, military,
data and communications electronics. The skills,
production know-how, and technological capability
of the entire General Instrument organization are
utilized by the Microelectronics Group to further
improve its products and customer services.
Among the many other electronic components
manufactured by General Instrument are discrete
semiconductors, relays, miniature lamps, and TV
components. General Instrument is a leading
manufacturer of cable TV products, off-track and
on-track wagering systems, point-of-sale equip-
ment and apparatus for defense applications.
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MANUFACTURING FACILITIES

CHANDLER, ARIZONA KAOHSIUNG, TAIWAN
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INFORMATION

11-6



Package Outlines

PACKAGE OUTLINES
8LEADTOS8

502383
040 | [+454:3%° |
MAX
1 172 MAX
¥ IJ SEATING
PLANE
019:389 I ‘5251275
(8 PLACES) H u D [] {

14 LEAD DUAL IN LINE

ANANANANAWAWA

L]
INDEX

L~
RN VAVEAVIAVVEVIAV

180
740

BASE_PLANE
SEATING PLAN!

:_Jﬁ—'* | L
030
Lrve .]

—

298
272

INDEX =
POINT 860
iI——————1
125
BASE PLANE [T _ MAX.
SEATING PLANE ‘ 4
160 J
MIN i | T

7 || .ot0% 002 _ofle
\/;

J0o 005Typ le—.300 —o|
e NON-CUM
PLASTIC CERAMIC
16 LEAD DUAL IN LINE
ANANANAWAWAWANA
A o~ an
260 1
243 295
240
INDEK//'O —L (w4 g ‘
LU VIAVVEVAVV VIV, - L_uo
760 30° Max %‘!’N# 356
745 830
i e 020 MIN
BASE_PLANE 175 BASE PLANE
SEATING PLANE | 1 i | Max SEATING PLANE
o2
’| L 060 Cisomin  0%20% o8
G50 TYP w5 030 110 020 _“‘ 055 30
o210 e 50 s Sé0 250
)
PLASTIC CERAMIC

1-7

.}
<T
o
wl
-
wl
(=)

INFORMATION




Package Outlines

PACKAGE OUTLINES
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PACKAGE OUTLINES
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Microelectronics Division/General Instrument Corporation
WORLDWIDE SALES OFFICES

A

NORTH AMERICA

UNITED STATES:
MICROELECTRONICS DIVISION
NORTHEAST—600 West John Street
Hicksville, New York 11802

Tel: 516-733-3107, TWX: 510-221-1866
20th Century Plaza

Daniel Webster Highway

Merrimack, New Hampshire 03054
Tel: 603-424-3303, TWX: 710-366-0676
858 Welsh Road

Maple Glen, Pennsylvania 19002

Tel: 215-643-5326

SOUTHEAST—7901 4th Street. N., Suite 208
St. Petersburg, Florida 33702

Tel: 813-577-4024, TWX: 810-863-0398

1616 Forest Drive

Annapolis, Maryland 21403

Tel: 301-269-6250, TWX: 710-867-8566

4921C Professional Court

Raleigh, North Carolina 27609

Tel: 919-876-7380

SOUTH CENTRAL—5520 LBJ Frwy., Suite 330
Dallas, Texas 75240
Tel: 214-934-1654, TWX: 910-860-9259

CENTRAL—4524 S. Michigan Street
South Bend, Indiana 46614

Tel: 219-291-0585, TWX: 810-299-2518
5820 West 85th Street, Suite 102
Indianapolis, Indiana 46278

Tel: 317-872-7740, TWX: 810-341-3145
2355 S. Arlington Hts. Road, Suite 408
Arlington Heights, lllinois 60005

Tel: 312-981-0040, TWX: 910-687-0254
32969 Hamilton Court, Suite 210
Farmington Hills, Michigan 48018

Tel: 313-391-4070

SOUTHWEST—201 Standard Street
El Segundo, California 90245

Tel: 213-322-7745, TWX: 910-348-6296

NORTHWEST—3080 Olcott Street, Suite 230C
Santa Clara, California 95051
Tel: 408-496-0844, TWX: 910-379-0010

EUROPE

EUROPEAN SALES HEADQUARTERS:
GENERAL INSTRUMENT MICROELECTRONICS LTD.
Times House, Ruisiip, Middiesex. HA4 8LE

Tel: Ruislip, 35700, Telex: 23272

NORTHERN EUROPEAN SALES OFFICE:
Times House, Ruislip, Middlesex. HA4 8LE

Tel: Ruislip, 35700, Telex: 23272
Sandhamnsgatan 67

S-115 28, Stockholm

Tel: (08) 67 99 25, Telex: 17779

SOUTHERN EUROPEAN SALES OFFICE:
5-7 Rue De L'Amiral Courbet

94160 Saint Mande, Pans

Tel: (1) 365 72 50, Telex: 213073

Piazza Novelli, 8

20129 Milano

Tel: (02) 720914, Telex: 843-320348

CENTRAL EUROPEAN SALES OFFICE:
GENERAL INSTRUMENT DEUTSCHLAND GmbH
Nordendstrasse 3, 8000 Munchen 40

Tel: (089)27 24 049, Telex: 528054

6070 Langen Bei Frankfurt A Main
Wilhelm-Leuschner Platz 8, Postf. 1167

Tel: (6103) 23 051, Telex: 415000

ASIA

HONG KONG:

GENERAL INSTRUMENT HONG KONG LTD.

139 Connaught Road Central, 3/F, San-Toi Building
Tel: (5) 434360, Telex: 84606

JAPAN:

GENERAL INSTRUMENT INTERNATIONAL CORP.
Fukide Bldg. 8th Floor, 1-13 Toranomon 4-Chome
Minato-ku, Tokyo 105

Tel. (03) 437-0281, Telex: 2423413

TAIWAN:

GENERAL INSTRUMENT

MICROELECTRONICS TAIWAN

77 Pao Chiao Road, Hsin Tien

Taipei, Taiwan

Tel: (02) 914-6234, Telex: 785-3111

MANUFACTURING FACILITIES

U.S.A.—Hicksville, New York ® Chandler, Arizona ¢ EUROPE—GIenrothes, Scotland ® ASIA—Kaohsiung, Taiwan

APPLICATIONS CENTERS

U.S.A.—Hicksville, New York ® Chandler, Arizona ® Los Angeles, California
EUROPE—Glenrothes, Scotland ® London, England e Paris, France ® Munich, Germany

ASIA—Kaohsiung, Taiwan ® Tokyo, Japan ¢ Hong Kong
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Sales Representatives

UNITED STATES
SALES
REPRESENTATIVES

ALABAMA

Montgomery Marketing, Inc.
1010 Henderson Road, 24
Huntsville, AL 35805

Tel: (205) 830-0498

ARIZONA

Spectrum Assoc.

947 South 48th, Suite 103
Tempe, AZ 85281

Tel: (602) 966-1788

CALIFORNIA

Varigon Assoc.

2356 Moore Street, Suite 102
San Diego, CA 92110

Tel: (714) 299-5413

Quad Rep

2713 N. First Street
San Jose, CA 95131
Tel: (408) 946-4000

COLORADO

Wm. J. Purdy Co.

1327 South Inca Street
Denver, CO 80223

Tel: (303) 777-1411

CONNECTICUT
Gerald Rosen Co.
2505 Main Street
Stratford, CT 06497
Tel: (203) 375-5456

KANSAS

Midtec Assoc.
7702 Mize
DeSoto, KS 66018
Tel: (913) 441-6565

MASSACHUSETTS
Gerald Rosen Co.

247 Worcester Road
Framingham, MA 01701
Tel: (617) 879-5505

MISSOURI

Midtec Assoc.

110 South Highway 67
Florissant, MO 63033
Tel: (314) 837-5200

NEW JERSEY
R.T. Reld Assoc.
705 Cedar Lane
Teaneck, NJ 07666
Tel: (201) 692-0200

NEW YORK

Pi'Tronics, Inc.

Pickard Building, Office 162
5858 Molloy Road
Syracuse, NY 13211

Tel: (315) 454-9346

OHIO

G&H Sales Co.

7754 Camargo Road
Cincinnati, OH 45243
Tel: (513) 272-0580

G&H Sales Co.

P.O. Box 91

Grove City, OH 43123
Tel: (614) 878-1128

OREGON

Jas. J. Backer Co.
2035 S.W. 58th Street
Portland, OR 97221
Tel: (503) 297-3776

Jas. J. Backer Co.

353 Reese Hill Road SE
Salem, OR 97302

Tel: (503) 362-0717

PENNSYLVANIA

Knowles Assoc.

1 Fairway Plaza, Suite 310
Huntingdon Valley, PA 19006
Tel: (215) 947-5641

UTAH

Wm. J. Purdy Co.

1321 South State Street
Salt Lake City, UT 84115
Tel: (801) 486-8557

WASHINGTON
Jas. J. Backer Co.
221 West Galer Street
Seattle, WA 98119
Tel: (206) 285-1300

CANADA
SALES
REPRESENTATIVE

ONTARIO
Pipe-Thompson Ltd.

5468 Dundas Street W, Suite 206

Islington, Ontario M9B 6E3
Tel: (+16) 236-2355
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UNITED STATES
DISTRIBUTORS

ALABAMA
Arrow (205) 830-1103
Hall-Mark (205) 839-8700

ARIZONA
Anthem (602) 968-6182
Hall-Mark (602) 243-6601

CALIFORNIA (Northern)
Anthem (408) 946-8000
Arrow (408) 745-6600
Hall-Mark (408) 773-9990
Pacesetter (408) 734-5470

CALIFORNIA (L. A. Area)

Anthem (714) 730-8000 (Tustin)
Anthem (213) 700-1000 (Chatsworth)
Arrow (714) 851-8961 (Orange County)
Arrow (213) 701-7500 (Chatsworth)
Pacesetter (714) 557-7131 (Santa Ana)

CALIFORNIA (San Diego)
Anthem (714) 453-9008
Arrow (714) 565-4800
Hall-Mark (714) 268-1201

COLORADO
Arrow (303) 758-2100
Hall-Mark (303) 934-3111

CONNECTICUT
Arrow (203) 265-7741

FLORIDA

Arrow (305) 776-7790 (Ft. Lauderdale)
Arrow (305) 725-1480 (Palm Bay)
Hall-Mark (305) 971-9280 (Ft. Lauderdale)
Hall-Mark (305) 855-4020 (Orlando)
Hall-Mark (813) 576-8691 (St. Petersburg)

GEORGIA
Arrow (404) 449-8252
Hall-Mark (404) 448-5132

ILLINOIS

Advent (312) 297-6200
Arrow (312) 893-9420
Hall-Mark (312) 860-3800

INDIANA
Advent (317) 872-4910
Arrow (317) 243-9353

IOWA
Advent (319) 363-0221
Arrow (319) 395-7230
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KANSAS
Hall-Mark (913) 888-4747

MARYLAND
Arrow (301) 247-5200
Hall-Mark (301) 796-9300

MASSACHUSETTS
Arrow (617) 933-8130
Lionex (617) 272-9400

MICHIGAN

Advent (313) 477-1650 (Detroit)
Arrow (313) 971-8220 (Detroit)
Arrow (616) 243-0912 (Grand Rapids)

MINNESOTA
Arrow (612) 830-1800
Hall-Mark (612) 854-3223

MISSOURI
Arrow (314) 567-6888
Hall-Mark (314) 291-5350

NEW HAMPSHIRE
Arrow (603) 668-6968

NEW JERSEY (Northern)
Arrow (201) 797-5800
Hall-Mark (201) 575-4415
Lionex (201) 227-7960

NEW MEXICO
Arrow (505) 243-4566

NEW YORK (Long Island)
Arrow (516) 231-1000
Lionex (516) 273-1660

NEW YORK (Upstate)
Arrow (716) 275-0300 (Rochester)
Arrow (315) 652-1000 (Syracuse)

NORTH CAROLINA

Arrow (919) 725-8711 (Winston-Salem)
Arrow (919) 876-3132 (Raleigh)
Hall-Mark (919) 832-4465 (Raleigh)

OHIO

Arrow (513) 435-5563 (Dayton)
Arrow (216) 248-3990 (Cleveland)
Hall-Mark (216) 473-2907 (Cleveland)
Hall-Mark (614) 891-4555 (Columbus)

OKLAHOMA
Hall-Mark (918) 665-3200

Distributors

PHILADELPHIA AREA
Arrow (609) 235-1900
Hall-Mark (609) 424-0880
Pioneer (215) 674-4000

PITTSBURGH
Arrow (412) 856-7000

TEXAS

Arrow (512) 835-4180 (Austin)
Arrow (214) 386-7500 (Dallas)
Arrow (713) 491-4100 (Houston)
Hall-Mark (512) 258-8848 (Austin)
Hall-Mark (214) 341-1147 (Dallas)
Hall-Mark (713) 781-6100 (Houston)
UTAH

Arrow (801) 539-1135

VIRGINIA

Arrow (804) 282-0413
WASHINGTON

Arrow (206) 643-4800
WISCONSIN

Arrow (414) 764-6600 (Milwaukee)
Arrow (608) 273-4977 (Madison)
Hall-Mark (414) 761-3000 (Milwaukee)

CANADA
DISTRIBUTORS

Future (604) 438-5545 (Vancouver)
Future (514) 694-7710 (Montreal)
Future (416) 663-5563 (Toronto)
Future (613) 820-8313 (Ottawa)
Future (403) 259-6408 (Calgary)
R-A-E (604) 291-8866 (Vancouver)
R-A-E (403) 451-4001 (Edmonton)

AUSTRALIA
DISTRIBUTOR

Daneva (03) 598-5622



Agencies & Distributors

EUROPE
AGENCIES &
DISTRIBUTORS

AUSTRIA
Elbatex GmbH
Endrestrasse 54,
A-1238 Wien

Tel: 0222/88 56 11
Telex: 0133128

BELGIUM

Curijn Hasselaar

Van Utenhoveweg 100
P.O. Box 37, Geldermalsen
Tel: 03455-3150

Telex: 40259

Vekano

J Van Hovestraat 88
1950 Kraaynem

Tel: 720 9204

Telex: 21923

DENMARK

A/S Nordisk—Elektronik
Transformervej 17
DK-2730 Herlev

Tel: 84.20.00

Telex: 35200

FINLAND

Jorma Sarkkinen Ky.
P.O. Box 19,
SF-02101 Espoo 10
Tel: 046.10.88

Telex: 122028

FRANCE

P.E.P.

4 Rue Barthelemy
92120 Montrouge,
Tel: 735.33.20
Telex: 204534

Gedis

53 Rue De Paris
92100 Boulogne
Tel: 604.81.70
Telex: 270191

GERMANY

Berlin
Roederstein-Baulemente
Vertriebs GmbH
Grunewaldstrasse 39a
1000 Berlin 41

Tel: 030/7 91 40 29
Telex: 0184327

Heilbronn

Elbatex GmbH
Cacilienstrasse 24
7100 Heilbronn
Tel: 071 31/890 01
Telex: 728362

Munchen
Electronic 2000
Vertriebs-GmbH
Neumarkter Str. 75
8000 Munchen 80
Tel: 0 89/43 40 61
Telex: 052 2561

Weisbaden

Elcowa

6200 Wiesbaden

Strasse der Republik 17-19
Posfach 129409

Tel: 06121 65005

Telex: 041 86202

HOLLAND

Curijn Hasselaar

Van Utenhoveweg 100

P.O. Box 37, Geldermalsen
Tel: 03455-3150 .
Telex: 40259

ITALY

Milano

Adrep Srl

Via Jacopo Palma 1
20146 Milan

Tel: (02) 408.41.01
Telex: 315459

International Commerce Company
Via Jacopo Palma 9

20146 Milan

Tel: 4045747 + 405197

Intesi

Via Le Milanofiori
Assago, Milan
Tel: 8242151
Telex: 311351

Claitron

Viale Certosa 269
20100 Milan

Tel: 3088506 + 3088083

Rome

Pantronic

Via Flaminia 219
00100 Rome

Tel: (06) 3284866
Telex: 612406

Modena

Hellis Di B. Prati

Plazza Amendola

41049 Sassuolo

Modena

Tel: 059-804104 + 802562

NORWAY

J.M. Feiring A/S

Box 101, Bryn, Oslo 6
Tel: (02) 19.62.00
Telex: 16435

PORTUGAL

Lisbon

Decada

Rue Pedro Nunes 47C
1000 Lisboa

Tel: 574984

Telex: 18469 Nunio P

SPAIN

Sagitron S.A.

¢/, Castello, n.25, 2° D
Madrid-1.

Tel: 4-02.60.85

Telex: 43.819

SWEDEN

Bexab Elektronik AB
P.O. Box 2101

183 02 Taby

Tel: 468 768 0560
Telex: 10912
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SWITZERLAND
Ellyptic AG
Fellenbergerstrasse 281
CH-8047 Zurich

Tel: 01 54 11 00

Telex: 56835

Elbatex AG

Alb. Zwyssig Strasse 28
CH-5430 Wettingen

Tel: 056/26 56 41

Telex: 55239

UNITED KINGDOM
Kelghley

Semicomps Ltd.
Halifax Road
Keighley, W. Yorks
Tel: 0535 65191

Telex: 517343

Oldham

Vako Electronics Ltd.
Pass Street

Werneth, Oldham Lancs,
Tel: 061-652 6316

Telex: 668250

Stevenage

Campbell Collins Ltd.,
162 High Street
Stevenage, Hertfordshire
Tel: 0438 69466

Telex: 825610

Slough

Gothic Crellon Ltd.
380 Bath Road
Slough

Tel: 06286 4434
Telex: 847571

West Drayton

Semiconductor Specialists Ltd.
Carroll House

159 High Street, Yiewsley

West Drayton, Middlesex

Tel: West Drayton 45522

Telex: 21958

YUGOSLAVIA
Computel

Via S. Francesco 18
34133 Trieste, Italy
Tel: (040) 77734
Telex: 460575
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MIDDLE EAST

ISRAEL

Alexander Schneider Ltd.
44 Petach Tikva Road
Tel-Aviv

Tel: 3 320.89-3 346.07
Telex: 33613

ASIA

INDIA

Bee Arosales (Exporters)

36 Eastcastle Street

London W.I.

Tel: 01-636-6614/01-636 8211

PAKISTAN

Bee Arosales (Exporters)

36 Eastcastle Street

London W.I.

Tel: 01-636-6614/01-636 8211

KOREA (Rep.)

Dae Ho Corp.

Dong Young Bldg. 903
82, 1-KA, Ulgiro,
Chungku, Seoul

Tel: 777-3848, 2487
Telex: K26264 Samin

THAILAND

Agencies & Distributors

AUSTRALIA

Victoria (Rep.) .
Daneva Control Pty. Ltd.
66 Bay Road
Sandringham, 3191

Tel: (03) 598-5622
Telex: 34439

SOUTH AFRICA

Transvaal

Pace Electronic Components (Pty.) Ltd.
P.O. 701

Isando 1600, Transvaal

Tel: (011) 361213

Telex: 83196

Choakchai Electronic Supplies Ltd., Part.

128/22 Thanon

Atsadang, Bangkok 2, Thailand

Tel: 221-0432, 5384
SINGAPORE

General Electronics & Instrumentation Corp. Pte Ltd.

Suite 117, 1st Floor
Singapore Electrical

Electronic & Hardware Centre

101, Kitchener Road
Singapore, 0820
Tel: 2587633

Telex: 24416

TAIWAN
President Enterprises Corp.
5 FL., No. 66-1

Sec. 1 Chung Ching South Road

Taipei, Taiwan
Tel: (02) 3317571
Telex: 23135



1. FORMATION OF CONTRACT. Any term of Buyer's order or of releases pertaining thereto or in
any communication from Buyer, which is in any way inconsistent with or in addition to these Terms of
Sale, shall not be applicable hereto or binding upon Seller Buyer's failure to object to any of these Terms
of Sale in writing prior to the commencement of performance by Seller or the acceptance of any of the
goods or services described on the front hereof (the “items”) shall be conclusively deemed to be
acceptance of all these Terms of Sale (without regard to whether Buyer makes or may make any
inspection with respect to such items) Seller's failure to object to t inany
from Buyer shall not be deemed to be a waiver of these Terms of Sale

ICES. Pricesare F O B Seller's plant, unless otherwise specified on the front hereof Prices do not
include any taxes or duties, now or hereafter enacted, applicable to the items or to this transaction, all of
which taxes and duties shall be Buyer’s responsibility Such taxes and duties shall be added by Seller to
the sales price hereunder, where appropriate
3. PAYMENT TERMS. |f Seller extends credit to Buyer, terms of payment will be net thirty (30) days
after date of invoice After the due date, the lesser of one and one-half (1%4%) percent of the unpaid
balance (annual rate of 18%) or the maximum late payment penalty charge permitted by law will be added
for each month or part thereof that payment is delayed Seller has the right, at any time, to change the
amount of credit or terms of payment or to withdraw credit, and to require partial or full payment in
advance as a condition of making further shipments If Seller delivers in instaliments, each installment
shall be deemed to be a separate delivery for f this parag Payment shall be made without
regard to whether Buyer has made or may make any inspection or tests Anything herein to the contrary
notwithstanding, if shipments are delayed at Buyer's request, payments shall be due on the date Seller is
prepared to make shipments Goods held thereafter by Seller or carrier for Buyer shall be at Buyer's sole
nsk and expen:
4. RISK OF LOSS AND SHIPMENT; TITLE. Liability for loss or damage passes to Buyer when
Seller puts the goods into possession of a carrier for shipment to Buyer (the carrier being deemed to be
acting as Buyer's agent) Seller has the rightto ship in datesare
Seller shall not be hiable for any loss or expense (consequential or otherwise) incurred by Buyer If Seller
fails to meet such dates for any reason, including, but not imited to, the contingencies stated in
paragraph 7 hereof or any other unavoidable production delays, delays in prompt approval of samples by

of

TERMS OF SALE

proceeding Seller shall not be obligated to defend or be liable for costs and damages if the infingement
arises out of compliance with Buyer's design or orfroma with, an addition to,
or modification of the goods after delivery by Seller, or from use of the goods, or any part thereof, in the
practice of a process No license, express or implied, is granted under any United States or foreign patent

ing the goods and by Seller, or from the use of the goods or any part thereof,
in the practice of a process

If any goods manufactured and supplied by Seller to Buyer are held to directly infringe any valid
United States patent and Buyer 1s enjoined from using the same, or If Seller believes such infringement is
likely, Seller will exert reasonable efforts, atits option and at its expense, (1) to procure for Buyer the rightto
use such goods free of any liability for patent infringement, or (ii) to replace (or modify) such goods with a
non-infringing y with all the of the contract, or
(m) upon return of the goods, refund the purchnse price and the transportation costs of such goods Ifthe
infringement is alleged prior to completion of delivery of the goods, Seller has the right to decline to make
further shipments without being in breach of contract. |f Seller has not been enjoined
from selling such goods to Buyer, Seller may (at Seller's sole election), at Buyer's request, supply such
goods to Buyer, in which event Buyer shall be deemed to extend to Seller the same patent indemnity
hereinabove stated

The same patent indemnity shall be deemed to be extended to Seller by Buyer if any suit or
proceeding 1s brought against Seller based on a claim that the goods manufactured by Seller in
compliance with Buyer's specifications infringe any valid United States patent.

The foregoing states the scle and exclusive liabllity of the parties hereto for Infringement or the like
ind copyrights, whether direct or contrlibutory, and is In lieu of all warranties,
Implied or statutory In regard thereto, without the y against
Iinfringement specified in the Uniform Commerclal Code.

13. SOFTWARE INDEMNIFICATION AND DISCLAIMER.

(a) In the event any software used by Seller in the products shown on the front hereof is furnished or
created by someone other than Seller, Buyer shall indemnify and hold Seller harmless from and against
any and all loss, claim, damages, hability, cost expense (including reasonable attorneys' fees) and any
causes of action 't of with claims by third parties of any description

Buyer, pi agreed upon or delays in
acceptable to Seller Delays n ‘mity or of an shall not
relieve Buyer of its obligations hereunder with respect to any other instaliments, each installment being
deemed to be aseparate contract Buyer hereby authorizes Seller to produce all or substantially all of the

or nati ning any such sohware |nclud|ng. but not imited to, a claim that such software is owned
by a third party

(b) Seller hereby disclaims any and all liability for any claims or damages of any description or nature
arising from (1) the unknowing duplication or use of Buyer's software, in whole or in part, in products

total quantity of any product set forth on the front hereof in ad f th date(s) and
hold for shipment in accordance with such date(s) Unless specified on the front hereof, Seller shall
selectthe mode of transportation and the carrier All right, title and interest in and to all items covered by
Buyer's order are reserved to Seller until the full purchase price for all such items has been paid Buyer

by Seller for others, or (2) alleged error in any software furnished or created by (1) any
person other than Seller or (1) Seller if Buyer has approved such software

14. TERMINATION. Except as provided in paragraph 15(a) this contract may not be terminated by Buyer
without Seller’s prior written consent If Seller so consents to such termination, Buyer shall be liable for

hereby authorizes Seller to execute and file, at any time or times, one or more with
respect to such items, signed only by Seller
5. INSPECTION AND ACCEPTANCE. The per for the product

shall beinaccord with the Seller’s onthe front hereof or
in leuthereof, Seller's published data sheet The Buyer shall iInspect and accept the products within three
weeks of date of Buyer's receipt or six weeks from the date of the Seller's shipment, whichever is the
shorter period Any claim for goods to ot must be made in writing
within this period Seller has the right to examine at Buyer's premises any items the Buyer claims are
nonconforming Seller has the right to impose a rescreening charge of not less than 25¢ per unit if
shipments returned to the Seller are found to be within a 65% inspection level. Repairs that are the
Seller's responsibility may, at Seller's election, be made at Buyer's premises

6. QUANTITIES. Any varation in quantities shipped over or under the quantities ordered (not to

charges without a price based on the quantity of goods
actually delivered and all costs, directand mdlracl incurred and commutted for this contract together with
for prorated profits
15. REMEDIES AND DAMAGES.

(a) Where Buyer nightfully and timely rejects or justifiably revokes acceptance of items, or where
Buyer has accepted nonconforming items and has timely notified Seller of a breach of warranty, Seller's
sole and exclusive hability will be (at Seller's option) to repaur, replace or credit Buyer's account with
respect to any nonconforming goods returned to Seller during the applicable warranty period set forth
above, and with respect to any nonconforming services, on condition that (1) Seller i1s, promptly upon
Buyer's discovery of the nonconformity, notified in wnting with a detailed explanation, (i1) Seller issues a
Return Material Authorization (RMA) number for return of goods, F O B Seller's designated plant, such
RMA shall be effective for 60 days from 1ssuance date, and (i) Seller's examination discloses that such

exceed 5% for standard products or 10% for custom and 1 ) shall
comphance with Buyer's order and the unit price shall continue to apply AII clalms for shortages in
excess of such variations shall be made within ten (10) days after date of receipt of shipment

7. CONTINGENCIES. Sellershall not be hable for any delay in performance or for non-performance,
in whole or in part, caused by a labor dispute or the occurrence of any contingency beyond the
reasonable control either of Seller or Seller's suppliers, including, but not imited to, war (whether an

Items are

Where Seller fails Io make or any other material provisions of this
contract (other than the warranty lnlnn pnenl without Selle:
with respectto Items, Buyer shall promptly give written notice to Seller. In the

event that Seller does not cure any such fallure to ship, repudiation or breach within 60 days after receipt of
such notice, then Buyer shall have the vlgm, atits opllnn. to canc-l the lpocmc qunnllly of goods not

actual declaration thereof 1s made or not), sabotage, insurrection, riot or other act of civil
act of a public enemy, failure or delay In transportation, act of any government or any agency or
subdivision thereof affecting the terms of this contract or otherwise, judicial action, accident, fire,
explosion, flood, storm or other act of God, shortage of labor, fuel, raw materials, tools, dies, or
equipment, or technical or yield fallure Any such delays shall excuse Seller from performance, and
Seller's time for performance shall be extended, for the period of the delays and for a reasonable period
thereafter If any contingency occurs, Seller may allocate producuon and dehvenes among any or all of
Seller's customers as Seller may det withou! regul not then
under contract and Seller s (iIncluding Sel!er 's subsidiaries’ end affihates’) own requlvements for further
manufacture or other u

8. SUBSTITUTION AND MODIFICATION OF GOODS. Seller has the right to modify the specifi-

goods

shipped, ol this contr: s as to orb ! and that
shall be Buyer’s sole and exclusive remedy. If Buyer desires to exercise such right of canceliation or
termination it shall give further written notice to Seller.

Exupl as set forth above, In no event will Seller be liable to nnyono for direct, indirect, special,

for f any of the butnot
limited to, brnch of Such
damages include, without limitation, costs of removal and reinstallation of items, loss of goodwill, loss of
profits and loss of use.

(b) Seller has the night to terminate this contract if, In Seller's sole judgement, Buyer's financial
condition does not justify the terms of payment applicable from time to time, and upon demand Buyer does
not immediately comply with any modification of payment terms required by Seller in accordance with
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cations of goods designed by Seller and q tosuch
modified specifications

9. WARRANTIES. Seller, except as otherwise herein provided, warrants that the goods shall be free
from defects in matenials and workmanship (under normal use and services) from the earlier of a) date of
invoice or b) date code indicated on the goods for the following periods

A Packaged LSI Devices - 1 year

B Processed Semiconductor chips - 30 days

Seller's warranties shall not extend to any items subjected to accident, misuse, neglect, alteration,

per testing or 1zed repair

Seller makes NO WARRANTY as to experimental or developmental goods or goods not manufac-
tured by Seller Asto goods not manufactured by Seller, at Buyer's request, Seller, to the extent permitted
by Seller's contract with its supplier, shall assign to Buyer any rights Seller may have under any warranty
of the supplier thereof

Seller's warranties extend to the Buyer and to no other person or entity

Seller's warranties as hereinabove set forth shall not be enlarged, diminished or affected by, and no
obhigation or hability shall arise or grow out of, Seller's rendering of technical advice or service in
connection with Buyer’s order of the goods furnished hereunder

The foregoing are In lieu of all warranties, express, Implied or statutory, including, but not limited to,
any implied warranty ol merchunlablllly or fitness for a particular purpose and any other warranty
obligation on the part
10. PROPRIETARY RIGHTS AND CONFIDENTIALITY.

(a) Allinformation, ki , plans,
specifications, designs and pat(ems furnished or created hy Seller or by Seller s agents or contractors
(other than Buyer) and any and all property rights embodied therein are and shall remain the sole
propeny of Seller and nelther Buyer nor any other party shall have or acquire any interest therein

(b) Buyer that certain secret or propi y information
possessed by Seller (“lnlormanon ) i1s a valuable business asset of Seller and that dqsclosure of the
Information would cause grave and irreparable injury to Seller Buyer shall at all times, whether during
the term of this contract or subsequent thereto, honor, maintain and protect the confidentiality and
secrecy of such of the Information as Seller may disclose to Buyer or its agents Buyer shall not make any
copies of any of the Information without prior written consent of Seller and will take appropriate action to
restrict access to the Information to those of its employees and agents who have an actual need for such
access In the course of their duties This provision shall survive the performance, termination or
cancellation of this contract
11. TOOLING. Unless otherwise expressly provided, Seller will retain title to, possession of, and the
night to exclusive use of, all jigs, dies, fixtures, molds, patterns, gauges, taps, equipment, manufacturing
aids and similar devices, made or obtained for the performance of this contract, without regard to
whether a separate charge 1s made for the same

12. PATENT INDEMNITY. Seller will defend any suit or proceeding brought against Buyer to the
extent that such suit or proceeding is based on a claim that goods manufactured and sold by Seller to

If Seller exercises such termination right, Buyer shall be liable for the charg toin

14.1n addition to any other remedies Seller may have hereunder or at law
16. WAIVER. In the event of any default or breach by Buyer, Seller has the right to refuse to make
further shipments Seller's failure to enforce at any time or for any period of time any of the provisions of
this contract shall not constitute a waiver of such provisions or of the right of Seller to enforce each and
every provision
17. GOVERNING LAW. The validity, construction and performance of this contract and the transac-
tions to which it relates shall be governed by the laws of the State in which the chief executive offices of
the Seller are located, without regard to conflict of laws principles All actions, claims or legal proceed-
ings In any way pertaining to this contract or such shall be and
the courts of such State or in a federal court of the United States physically situated in such State and in
no other court or tribunal whatsoever, and the parties hereto each agree to submit themselves to the
Junsdiction of such court

OVERNMENT CONTRACTS. If the items to be furnished hereunder are to be used in the
performance of a United States Government contract or subcontract and a United States Government
contract number appears on Buyer's order or other written communication to Seller, those clauses of the
applicable United States Government p which are y required by fed-
eral statute to be included in United States Government subcontracts will be deemed incorporated
herein by reference and will control if inconsistent with any provisions of this contract
19. ASSIGNMENT. Thiscontractis binding upon and inures to the benefit of the parties hereto and the
successors and assigns of the entire business and goodwill of either Seller or Buyer or that part of the
business of either used in the performance of this contract but will not be otherwise assignable except that
Seller has the rightto assign ofthiscontract Nothing inthis contract
shallinure to the benefit of or be deemed to give nse to any nghts in any third party, whether by operation
of law or otherwise
20. SEVERABILITY. Ifany ofthese Terms of Sale s declared invalid by a court, agency, commission or
other tribunal or entity having thereof, the of such p to parties or
circumstances other than those as to whlch 1t1s held invalid or unenforceable shall not be affected thereby,
and each term not so declared invalid ol hall be valid and be enforced to the fullest extent
permitted by law and the rights and obllgnuons of the parties shall be construed and enforced as though a
valid co ters with the under gs of the parties under this contract had
been substituted |n place of the mvalld provision
21. SET-OFF. Buyer may not set-off any amount owing from Seller to Buyer against any amount
payable by Buyer to Seller, whether or not related to this contract
22. MERGER. This contract constitutes the final written expression of all terms of the -gmmom
relating to the transactions descrioed on the front hereof and a and
those terms. This contract supersedes all previous prom-
Ises or statements, either nral or written, with respect to such without
any terms proposed by Buyer) and no
statements of any kind made oy any repuunuﬂve of Seller, which are not stated herein, shall be blndlng

Buyer constitute a direct infringement of any valid United States patent and Seller shall pay all damages on Seller. No addition to or of any printed p of this contract will be oinding upon
and costs awarded by final judgment (from which no appeal may be taken) against Buyer, on condition Selier unless made in wri to auy.f; order) and signed oy an officer of Seller. No
that Seller (1) 1s promptly informed and furnished a copy of each communication, notice or other action course of dealing or uuge of trade or course of performance will oe deemed relevant to explain or
relating to the alleged infringement, (11) I1s given authority, and defend any term in this contract.
or settle such suit or proceeding in such manner as Seller shall determine, and (i) 1s glven sole control of
the defense (including the right to select counsel), and the sole right to compromise and settle such suit or
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