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FREQUENCY 440 SERIES
| J DEVICES TUNEABLE QUADRATURE 093
SINEWAVE OSCILLATORS
1
FREQUENCY
FEATURES DEVICES INC
* Quadrature Sinewave Outputs fr‘_
¢ Low Distortion SO‘OQ
SIN: 0.2% THD
COS: 0.08% THD
¢ Tuning Range: 1000:1 (All Models)
* Frequencies from 0.05Hz to 20kHz
APPLICATIONS
¢ Distortion Testing
¢ Resolver Excitation
¢ Sinewave Signal Source
* Production Test
DESCRIPTION
Frequency Devices’ 440 Series Resistive Tuneable Sinewave Oscillators deliver
two simultaneous quadrature outputs which are 90° out of phase to each other.
Featuring high waveform purity, the Total Harmonic Distortion {THD) is less than
0.08% for the COS output and less than 0.2% for the SIN output.
All 440 Series models are user-adjustable over a 1000:1 frequency range. Specific
frequency selection is achieved by two nominally equal, standard x 1% tolerance
resistors, which both tune the frequency and maintain the amplitude ratio be-
tween the quadrature outputs.
The APPLICATIONS section of this specification presents detailed procedures
for selecting, programming and range-switching 440 Series oscillators. Also
presented is a method for continuous tuning using a dual-ganged potentiometer,
F.0.1. Part Number AB98093 or AB99072.
Frequency Devices furnishes computer-selected tuning resistor-pairs as a conve-
nience option. Simply specify the oscillator model, the desired frequency (or fre-
quencies) or, if you wish, the corresponding calcutated resistor values.
TUNING RANGE (f) AVAILABLE
MODEL INSTALLATION PACKAGE
NUMBER FROM TO SOCKET
440 0.05Hz 50Hz S$1012 C-3
442 0.5Hz 500Hz S1012 C-2
444 20Hz 20kHz 51012 C-2
TABLE I: Available Models
m
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SPECIFICATIONS
(Typical @ 25°C and Vg = +15V unless noted)
OSCILLATION FREQUENCY (f,)

Tolerance’ +3%
Externally Adjustable Range 1000:1
Drift vs. Temperature® 0.01%/°C
Drift vs. Supply Voltage or Output Amplitude 0.01%1%
QUTPUT?
SIGNAL
Preset Amplitude 10Vp-p 5%
Adjustable 2.5-20Vp-p
Stability vs. Temperature 0.02dB/°C
Stability vs. Supply Voltage 0.02d8/%
Rated Current @ 20Vp-p SmA
Resistance 10
AMPLITUDE RATIO
Initial 0.3d8
Drift 0.0008dB/°C
Drift vs. Supply Voitage or Output Amplitude 0.01%/%
QUADRATURE PHASE ERROR +0.0°, -0.1°
DISTORTION
Harmonic SIN Output 0.2%
COS Output 0.08%
Non-Harmonic 200uv
POWER SUPPLY (£ V) (DC)
Operating Voltage +12V to 18V
Quiescent Current 20mA
TEMPERATURE
Operating 0°C to +70°C

Storage -25°C to +85°C

NOTES:
1) Applicable for +1% tolerance tuning resistor-pair having nominal vaiue
closest to that predicted by Equation 1.
2) Applicable when using 25ppm/°C tuning resistors; 100ppm/°C resistors will
degrade drift specification by a factor of two.
3) Short circuit protected to ground. DO NOT CONNECT EITHER OQUTPUT to
+Vgor —Vg.

4) Assumes oscillator is tuned for f .. by connecting short circuit in place of
each tuning resistor. Worst case condition assumes a 2% tuning-resistor
mismatch for a 0.3dB specification.
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TUNING FORMATS

A choice of three fundamental tuning formats enables the user to select the 440
Series output frequency in a manner best suited to the application. The tech-
niques associated with each format will be discussed relative to advantages,
trade-offs and proper implementation.

The formats to be discussed are the following:

TECHNIQUE 1 - Selection of a single specific frequency.
TECHNIQUE 2 - Programming and range switching.
TECHNIQUE 3 - Continuous tuning over a range of frequencies.

TECHNIQUE 1 - Single Frequency Selection: T T3
Equation (1) defines the nominal value of each |
tuning resistor R in Figure 1:

| R R
f . ‘
R(K 22) «_2|E;ﬂ _] ,,,,,,,,, Eq (1) Figure 1 ‘
T2 T4

MODéL

. . L NUMBER | fr.. (HZ)
with f, the desired oscillation frequency and f ;5 220 50
the maximum permissable oscillation frequency 242 500
of the model being tuned. 444 20k |

The ratio of the amplitudes of the SIN and COS outputs varies with the ratio of the
two tuning resistors. For this reason, metal film resistors having a 1%
tolerance and a 25 or S0ppm/°C temperature coefficient are recommended for
use as tuning components. If two nominally equal, standard value, +1%
tolerance tuning resistors of the nominal value closest to that predicted by Equa-
tion 1 are used, frequency selection will be accurate to within +£3%. For even
greater accuracy, trim the R’'s to a more closely approach to calculated value. For
user convenience, Table 2 lists the 1% Resistor Standard Decade Values.

1.00 121 147 178 215 261 3.16 383 464 562 681 825
1.02 124 150 182 221 267 324 392 475 576 698 845
105 127 154 187 226 274 332 402 487 580 7.15 866
1.07 130 158 191 232 280 340 412 499 604 732 887
110 133 162 196 237 287 348 422 51t 619 750 908
1.13 137 165 200 243 294 357 432 523 634 768 9.3t
115 140 169 205 249 3.01 365 442 536 643 7.87 953
118 143 174 210 255 309 374 453 549 665 806 976

TABLE 2: 1% Resistor Standard Decade Values
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TECHNIQUE 2 - Programming and Range Switching:
All 440 Series Oscillators include frequency programming terminals by which external
resistors, capacitors and switching elements can determine the oscillation frequency fq.

Capacitive Range Switching: Connected as shown in Figure 2, matched pairs of external
capacitors can range-switch all 440 Series Oscillators. This technique can maintain tracking
between quadrature outputs to within specified limits, while tuning the oscillator over as
many as five or more decades of frequency.

The value of the external matched capacitors, Cgyt , iS express by

frnax _ £q(2)
Cext = Cint [T :l

where Cint and fmay are nominal characteristics of each 440 Series model. Their values are
listed in Table 3. The oscillation frequency is fg and Cgyt is the theoretical value of the exter-
nal capacitor required. Equation3 refersto a 2k1internal resistance and requires that fo < fma:q

Transposing Equation 2 gives the frequency of oscillation as:

Cint
fo = ftmax = — e Eq (3)
Cint.+ Cext.
with the same parameter definitions.
Polycarbonate capacitors are recommended for best waveform purity; their low dissipation
tactor is essential to maintaining low distortion. For critical applications, mechanical switch-
ing is recommended over semiconductor switching.

MODEL | fmax Cint.
NUMBER | (Hz)
140 50 159
442 500 0159
444 20k 000398

- 0159
fmax = (5000) X Cint Cyny INKF

TABLE 3:  Nominal Characteristics for
440 Series Oscillators

FIBUAE S Soanncin ot rnng ard i i s mamneots

Programming Resistor Selection: Matched pairs of external resistors connected as in Figure 2
can simultaneously tune both quadrature outputs over the 1000:1 specified frequency range.
The amplitude ratio between the quadrature (SIN and COS) outputs, as well as accuracy and
linearity of tuning, directly depend upon the accuracy and match of each tuning resistor pair.
This flexible approach is equally suited for selecting a singie frequency, a group of precisely-
set incremental frequencies or widely separated frequencies, as in range-switching.

Figure 2 shows an example of binary coded decima! (BCD) programming, with the resistor of
sach decade weighted in an 8-4-2-1 format. The programming resistor values are given by:

f
RKQ) = 2 ”"ﬁ‘ Eq (4)

[+]

with fmay and fg defined as before.

To obtain incremental oscillation frequencies of 1kHz, 2kHz, 4kHz and 8kHz requires F.D.l.’s
Model 444. For this BCD example, first compute the resistor value corresponding to the
lowest frequency (1kHz) and the least significant bit (L.S.B.). Equation 4 gives

R(1) (k2) = 2 (?:—:z))‘ or R(1) = 40kQ, nominal. The next highest frequency requires half
Z

the resistance, so that R(2) = 20k 2, nominal. Table 2 lists the calculated and recommended

resistor values for this example. THE USER SHOULD SELECT THE NEAREST STANDARD 1%

RESISTOR VALUE FOR TUNING EACH DESIRED FREQUENCY.

226

Frequency 25 Haverhili, (508) 374-0761
Devices Locust Massachusetts FAX
Incorporated  Street 01832 (508) 521-1839




S57E D WM 3731130 0002282 137 EMFRE
FREOQUENCY 440 SERIES
ﬂ] DEVICES™ FREQUENCY SELECTION: CONTD .

FREQUENCY DEVICES INC —

Programming Resistor Selection, continued

BCD Bit (Weighting) 1 2 4 8

fo (kH2) 1.0 20 4.0 8.0
Calculated Resistance (Eq 3) 40k Q 20k Q 10k Q 5k
Recommended 1% Resistor Value | 40.2k$2 20k Q 10k 2 499k

TABLE 4; Values and Pertormance of BCD Programming Example

Switching Element Selection: Electronically-signalled frequency switching is per-
formed by either the field effect transistor (FET) with its faster switching rate and
higher ON resistance, or the reed relay with its comparatively slower switching
rate and lower ON resistance. Because the switching element is in series with the
internal 2k programming impedance, the ON resistance of the switch con-
tributes increasing amounts of error with the selection of higher frequencies.
Along with this, any mismatch between switch pairs having significantly large
ON resistance can degrade quadrature output tracking.

Care must be taken that the large signal characteristics of a FET analog switch
can accommodate the full scale voltage and current demands of the signal being
switched. For example, at f, = f,,,, they could be required to accommodate a
full scale 10V peak signal, while driving the 2k 2 programming impedance.

For manually-switched applications rotary or thumbwheel switches plus a bank
(or banks) of toggle switches are suitable for the task.

TECHNIQUE 3 - Continuous Tuning:

Frequency Devices offers dual-ganged potentiometer for applications requiring
front-panel knob control of the oscillator fo- While providing continuous frequen-
cy tuning, these potentiometers introduce mismatch which degrades the
amplitude ratio tracking of the SIN and COS outputs. The mechanical linkage bet-
ween ganged resistive elements can create a mismatch of up to x 5%; this would
degrade the output amplitude ratio by approximately 2dB.

Many applications are satisfied by a single phase, high purity sine or cosine in-
put. The optional potentiometers are recommended for these applications as
well. Here, the potentiometers will maintain acceptable tracking between
quadrature output for minimal distortion, while providing high resolution tuning
by virtue of logarithmically-tapered resistance elements. The user must imple-
ment the connections in Figure 3; the potentiometers are furnished unwired.

CAUTION: PINS TS and T6 ARE EXTREMELY SENSITIVE POINTS. TO MAINTAIN
SPECIFIED HIGH PERFORMANCE, THE LEAD LENGTH OF ANY TUNING COM-
PONENT SHOWN IN FIGURE 2 WHICH CONNECTS TO T5 OR T6 MUST BE KEPT
TO AN ABSOLUTE MINIMUM.

¥ ase Prat o Cuunter Coockwise Actation
reases Frequen: ¢ nreases Frequenty

BN ABIK T2

FIGURE 3 to Options! Tun
Potentiometars are turnished onwired
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An external control voitage (V) can 440 SERIES
simultaneously adjust both oscuiAToR
quadrature output levels of all 440
Series Oscillators. Connected as in
Figure 4, Vg is capable of increasing
or decreasing the outputs, while
maintaining the specified ratio be-
tween their amplitudes.

3K+ 100

—  22Voc = 10%

It is important to refer (connect) V. to
the negative power supply voltage
(= Vg). If referenced to the positive
supply voltage (+Vg), the control FIGURE & Internai and External Control Circuitry

voltage would couple any variation of that supply, producing a proportional varia-
tion of the oscillator quadrature outputs. If the application requires V¢ to be
referenced to the positive power supply voitage (+ Vs), the polarity of Ve must be
opposite to that shown in Figure 4.

Figure 4 illustrates the equivalent cir-

cuit that the oscillator module oL

presents to the external control ¢

voltage source (V). The simplified § “r ve - s 1BV -
circuit is useful for establishing that g »+ s
series-opposing polarities exist be- 3.l o -7

tween the internal and external : R

sources. § T P @

Figure 5 illustrates the level of peak- ;4; :: o ,}0 L f‘, 141;4;0»
to-peak quadrature output voltage as GUADRATURE OUTPUT VOLTAGE (Vp.p!

a funCtion of external lnput Control FIGURE 5: Control Voltage Influence on Output levels
voltage, with power supply voltages

of £15V dc.

OPERATION FROM A SINGLE-ENDED POWER SUPPLY

The 440 Series oscillators are specified for operation from dual power supplies
between =12V to + 18V. Should it be necessary to operate from a single ended
supply the circuit of Figure 6 would be used for interface between the supply and
the oscillator. Since the oscillator will operate from =12V to + 18V, the single-
ended supply must be between + 24 and + 36 volts. Observing specified levels,
the output would be a + 10V swing about + Vg/2.

+ Vg

OSCILLATOR

Ccom

L SIGNAL ZERO
REFERENCE

Figure 6: Single-supply operation
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FREOQUENCY 440 SERIES

DEVICES" APPLICATION HINTS
VOLTAGE CONTROLLED TUNINP
INTRODUCTION
Connected to analog multipliers as Figures 7 and 8, any 440 Series model can

FREQUENCY DEVICES INC
function as a high performance voltage controlled oscillator (VCO). The discus-

sions below describe
tunes the frequency of oscillation.

METHOD A

This implementation of a VCO pro-
vides the maximum attainable fre-
quency adjustment range and ap-
pears in Figure 7. The operating fre-
guency is:

o (225) (1) o
fo=fomax (3500 + A

The value for both resistors labelled
R is given by:

two methods by which an external DC control voitage

CONTROL G
VOLTAGE

FIGURE 8: This VGO Approach Hinimizes Noise.
rtlon and DC Ofts bui the
Tunlng Runge 1o Nermowsr.

The operating equations are as
follows:

R(ﬂ)=200(V omax. 10) -Eq6 fo=fonom (1xA) . oooont Eq7
fo
where:
2

fo is the desired oscillation fre- fo nom— fomax (ﬁ%) ....Eq8
quency. +
fomax {6 50Hz for Model 440

500Hz for Model 442

20kHz for Model 444

V. is the DC control voltage in
0 <V, £ +10Vde.

volts

GONTROL
VOLTAGE VIC

FIGURE 7: A YCO Approach Configured for
Maximum Frequency Range

Pins T1 through T4 are external
device terminations which connect to
internal oscillator control points.
Please refer to the dimension draw-
ing further on for the location of
these pins.

METHOD 8

This VCO circuit of Figure 8 trades
off tuning range to obtain reduced
distortion, DC offset and noise.

2000 + R2\ (V¢
4= to nom (T) (ro).EqQ

f
R2 () = 2000( omax 1)
fO nom

..Eq10

2000 + R2) \g:).

R1(n)="1o nom( 2 T

R1> 2k ,R2 > 00

where

f 50Hz for Model 440

500Hz for Model 442

20kHz for Model 444
V. is the DC control voltage:

—10V £ Vo £ +10V;

for negative V., f,

will sweep below f, hom.

omax '8

For positive VC, fo will
sweep above fg nom.

NOTE: The drive capability of the
multiplier dictates the minimum per-
missable value of R1.

22}
N
o
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FAST START TECHNIQUES

FREQUENCY DEVICES INC

INTRODUCTION

External circuits can minimize 440 Series turn-on transient which results from in-
ternal capacitive charging requirements. This discussion describes two recom-
mended speed-up techniques, one manual and one automatic. Both techniques
use readily available components. For location of device pins, refer to the dimen-

sion drawings presented further on.

METHOD A - Manual Fast-Start:
The triple-pole double throw switch
of Figure 9 provides the following
shortened initial charge times:
Model 440:

T(Sec) = (S/IB 10™) (Vgos p_p)
Model 442:

T(Sec) = (S/B 10™*) (Veos p-p)
Model 444

T(Sec) = (S/B 107) (Veog p‘p)

The components and key operating

levels are defined as follows:
R, = 1.5kq, Y watt
I; = 10mA min

V. = (Vcosp-p)
e S a

SW.1. Can be implemented by a
mechanical switch or by appropriate-
ly configured reed relays. Triple-pole
GANGED operation is RECOMMEND-
ED.

To apply this technique, close the
switch (SW.1) for the value of T(Sec)
corresponding the 440 Series model
being used. Then open SW.1. The
oscillator will start instantly provided
Vz = Q’cos p_p)l.2. Any difference \fvill
result in the oscillator output setting
to the actual value of Vz over a
somewhat fonger time.

40 SERIES.
OSCILLATOR

+an 3 0
V.

a R
'

Loz 74 0 ‘

Figure 9: A Manual Fast Start Circuit

METHOD B - Automatic Fast Start:
The circuit shown in Figure 10 trades
speed for automation, but eliminates
the need for relatively high priced
switching elements. In addition, this
method provides automatic start-up
with a significantly shorter turn-on
delay compared to a basic 440 Series
Oscillator.

The operating equations for the cir-
cuit of Figure 10 are as follows:

Vpeak
C = —%VS—(C2) ... where

Vpeak = The peak value of the output
+ Vg = The positive power supply
R1 = 2k, Y watt metal film
CR1 = General purpose, silicon
signal diode
C2 is 3.18uF for Modeli 440
0.159uF for Model 442
0.00399uF for Model! 444

Use of a power supply having low out-
put ripple and noise is strongly
recommended. This is because noise
on the + Vg bus will couple through
the start-up circuit to the oscillator
output. Frequency Devices’ Model
100-15860-01, dual 15V power supply
would be an excellent choice for this
application.

440 SERIES
OSCILLATOR

™
+ vs 0|
R

o 12 R/
6 0|

—0 T3
CR1
R
GNO O
—0 T4

FIGURE 10: Automatic Fast Stan Clrcuit
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TERMINAL KEY

Cosine Output

SiN Sine Output

A Amplitude Control Terminal
+Vq Positive DC Supply
GND | Signal & Supply Common
-V Negative DC Supply

T2
T3
T4
5
6

The seven terminais T1 toT7 are
used in the various tuning and
range switching schemes. If the
use of any particular terminal is
not calied tor it should be left in
open circuit configuration. Do
not short to power supply.

MATING SOCKET $1012 DIMENSIONS

3

10,01

2.90

2.40
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OSCILLATORS

To order the Model 440, 442, or 444 you need only specify the complete part
number and the quantity.

For example: 10 each Model 442

TUNING RESISTORS

To order frequency selection resistors specify either the + 1% tolerance resistor
value closest to your calculated value or specify the frequency and model number
and Frequency Devices will provide the correct resistor value. If F.D.I. is to do
the resistor calculation also specify whether the tuning scheme employing Equa-
tion (1) or Equation (4) is desired. For example:

QUANTITY PART NUMBER DESCRIPTION EQUATION
1 Set of 2 Tuning Resistors for Model 442, f = 400Hz Eq (1)
1 Set of 2 Tuning Resistors for Model 444, f = B5kHz . Eq (4)

ACCESSORIES
Call out the item and the quantity. For example:

QUANTITY PART NUMBER DESCRIPTION

10 ea ABS8093 Dual Ganged Potentiometer
100 ea S1012 Instaltation Socket

30 ea 79PR1K Potentiometer

10 ea 665 Amplitude Control Module

TELEPHONE, TWX, TELEX OR MAIL THE ORDER.

Please address your confirming order as follows:

Frequency Devices, Inc.
25 Locust Street
Haverhill, Massachusetts 01830

Attention: Order Desk
Acknowledgement of the order will be forwarded.
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