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Ordering Information

Hy-Q references OEM (Original Equipment
Manufacturer), MIL, BS and IEC specifications
and in most instances crystals can be ordered
using appropriate identifications. In cases where
no specification exists, Hy-Q have developed a
straight-forward coding system to simplify the
task of specifying a crystal for a given
requirement. With this system sufficient
information for manufacturer is provided by the
following data:

e Nominal Frequency

e Overtone Order—Fundamental, 3rd, 5th or 7th
e Holder Style

e 'THREE COLUMN CODE’

The code itself is built up by reference to the
three columns, and is hence known as a ‘Three
Column Code’.

The FIRST COLUMN specifies the temperature
range and frequency stability over that range.
The stability is stated as a frequency tolerance in
parts per million (PPM) relative to the actual
frequency at the reference temperature. For non-
temperature controlled units, the reference
temperature is 25°C. Otherwise it is the nominal
oven temperature.

The SECOND COLUMN gives the preferred values
of the calibration tolerance in ppm. This is the
tolerance to which the crystal frequency will be
set at the reference temperature.

Finally the THIRD COLUMN gives the preferred
values of the load capacitance in picofarads (pF).

Non-Standard Requirements

Hy-Q

Crystal units ordered using the standard Hy-Q
‘Three Column Code’ are identified with our logo,
frequency and code. Additional marking may be
specified, subject to physical limitations on
available space.

Standard Test Conditions

The standard method of measurement used
throughout Hy-Q is based on the Zero Phase
Measurement System as described in IEC
Publication 444. Other measurement techniques
used are referred back to the zero phase system
as the primary standard. At frequencies above
the original upper limit of IEC Pub. 444,
extensive use is made of computer controlled
systems to reduce measurement errors. The
standard level of drive is 0.5 mW.

We will be pleased to assist in formulating a
specification appropriate for any application and
discuss the theoretical and practical limitations of
any parameters.

Environmental Compliance

Hy-Q International is committed to providing
environmentally compliant products. Hy-Q works
with its suppliers to restrict the use of hazardous
substances in the production. Wherever possible,
Hy-Q products meet the relevant environmental
specification. For further details please visit our
website.
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In cases where the Hy-Q ‘Three Column Code’ is insufficient to describe a particular set of
requirements, the following essential data is required for manufacturer:

Nominal Frequency

KHz

Overtone Order Fund 3rd 5th

7th 9th

Holder Style QC

Circuit Condition Series Resonant Load Resonant pF load
Calibration Tolerance + ppm
Operating Temperature range °Cto °C

Tolerance over Temperature range +

ppm

In addition, the following optional parameters may be specified:

Maximum Series Resistance ohms Max.
Shunt Capacitance pF * %
Motional Capacitance pF =+ %
Motional Inductance H £ %
Drive Level mwW

Aging (per year) = ppm Max.




Three column code AT-cut Crystals

Hy-Q

First Column
Code

Second Column

Third Column

To minimise costs, over-specification should be avoided

Temp Range Freq Tol Code Cal Tol ppm Code Circuit Cond. pF
deg C ppm 01 +/- 50 A 10
02 +/- 30 B 15
03 +/- 20 C 20 *
A | -55t0 +105 A +/- 100 04 +/- 15 D 25
B | -40to + 90 B +/- 50 05 +/- 10 E 30 *
c | -30t0 + 80 C +/- 30 06 +/- 75 F 32
D | -25to + 75 D +/- 25 07 +/- 5 G 40
E | -20to + 70 E +/- 20 08 +45 to +65 H 45
F | -15t0 + 65 F +/- 15 09 +35 to+55 I .
G | -10to + 60 G +- 10 10 +25 to+45 J 50
H | -5to +55 H +/- 7.5 11 +20 to +40 K 60
J Oto + 50 J +/- 5 12 +15 to+35 L 70
K | +5to + 45 M +- 4 13 +10 to+30 M 80
L | +10to+ 40 K +/- 3 14 +5 to+25 N 90
L +/- 2 15 0 to+20 0 -
16 -5 to+l5 P 100
Ovenised crystal codes 17 15 to+ 5 Q 18
stability +/- 0.5 ppm per 18 20 to O R 150
deg Cover +/-2 deg C. 19 25 to - 5 S SERIES *
20 30 to -10 T 35
Code Temp 21 35 to -15 U 55
— 45 22 -40 to -20 v 65
TS 50 23 -45 to -25 w 75
T 55 24 50 to -30 X 85
U 60 25 55 to -35 Y 95
™ 65 26 -60 to -40 z 12
W 20 27 -65 to -45
TX 75 28 70 to -50 * preferred values
— 30 29 75 to -55
AVAILABLE FIRST COLUMN CODE COMBINATIONS
A B C D E F G H J M K L
+100 +50 +30 +25 +20 +15 +10 +7.5 +5 +4 +3 +2
A -55 to +105 1 1 2 2 = = = =
B -40 to +90 1 1 2 2 2 oy Vi Vi
c -30 to +80 1 1 1 2 2 2 = = iy
D -25 to +75 1 1 1 1 2 2 2 = = =
E -20to +70 1 1 1 1 2 2 2 Vi Vi
F -15 to +65 1 1 1 1 2 2 2 = =
G -10 to +60 1 1 1 1 1 2 2 2 =
H -5 to +55 1 1 1 1 1 1 2 2 2
J 0to +50 1 1 1 1 1 1 2 2 2
K +5 to +45 1 1 1 1 1 1 1 1 2 2 2 2
L +10 to +40 1 1 1 1 1 1 1 1 1 1 2 2
Degree of difficulty 1 2 Please consult our technical staff

. The degree of difficulty in manufacturer increases

rapidly as requirements on temperature stability and calibration tolerance are tightened. If in doubt our staff
should be consulted for advice on cost-performance trade-offs in particular instances. Additionally, there are
limitations on the stability that can be offered for some combinations of holder style and frequency range.

Examples:

1. Temperature Range and Frequency Tolerance;

-10 to +60 and +15ppm. Calibration Tolerance;
+20ppm. Circuit Condition; 32pF input capacity.
Code =GF O3 F.

2. Temperature and Frequency Tolerance; +70( +2°C)
and +1ppm. Calibration Tolerance: £10ppm. Circuit
Condition; Series resonance. Code = TW 05 S.

Minimum Order Information

Nominal Frequency
Overtone Order—Fundamental, 3rd, 5th, 7th.
Holder Style
‘THREE COLUMN CODE’
Quantity Required

When an equipment manufacturer’s
Crystal Specification is known, normally
quoted in the Equipment Handbook, this
information may be given in lieu of the
‘Three Column Code’.

Note: It is necessary to specify the overtone order when the frequency is such that it can be
made as either one or two modes. (See Fig. 5)



General Information

AT Cut Crystals

Hy-Q

For precise frequency control in radio and line communication systems, quartz crystal resonators
have proved indispensable. The material properties of crystalline quartz are such that quartz reso-
nators display stabilities and Q factors that can not be matched by other types of resonator over a

frequency range from a few KHz to 200 MHz.

Frequency Temperature Characteristics

The AT-cut crystal has a frequency temperature
characteristic which may be described by a
cubic function of temperature.

This characteristic can be precisely controlled by
small variations in the exact angle at which the
crystal blank is cut from the original quartz bar.
Fig. 1 illustrates some typical cases. This cubic
behaviour is in contrast to most other crystal
units, which have parabolic temperature
characteristics.

As a consequence, the AT-cut is generally the
best choice when specifying a unit to operate
over a wide temperature range, and is available
in a range of frequencies from 1 to 200 MHz.
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AT Cut Characteristic Curve Family
Relation of frequency and

temperature to angle of cut
0

.

Curve Angle Max. Temp. Stability Range
A Low Narrow (10 —50 deg C typ)
B Med. Normal (—30+ 80 deg C typ)
C High Wide (—55+ 105 deg C typ)
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Fig. 1

Equivalent Circuit

Fig. 2 shows the conventionally accepted
equivalent circuit of a crystal resonator at a
frequency near its main mode of vibration. The
inductance L; represents the vibrating mass,
the series capacitance C; the compliance of the
quartz element, and the resonance R; the
internal friction of the element, mechanical
losses in the mounting system, and acoustical
losses to the surrounding atmosphere.

The shunt capacitance Co is made up of the
static capacitance between the electrodes,
together with stray capacitance of the mounting
system.
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Fig. 2

There are two zero-phase frequencies
associated with this simple circuit; one is at
series resonance fs;, another at anti-resonance
fa. When used in an oscillator at any frequency
within the broken lines of Fig. 3 as determined
by the phase of the maintaining circuit.

1

|
|

FREQUENCY

REACTANCE

Reactance/Frequency
Variation characteristic
in the vicinity or resonance

Fig. 3

By variation of this reactive condition the
crystal frequency may be trimmed to a limited
extent. The degree to which this frequency may
be varied (frequency pulling) is inversely
proportional to the capacitance ratio.

Co
ratio = —
Ci1



General Information (cont.)

Load Capacitance & Frequency Pulling

Many practical oscillator circuits make use of a
load capacitor C_ in series or parallel with the
crystal, either in order to provide a means for
final frequency adjustment, or perhaps for
modulation or temperature compensation
purposes. The presence of the load capacitor
shifts the operating frequency of the crystal by
an amount dependant on the value of C_ and

the values of C, and C;. The fractional
difference in frequency between the load
resonance frequency F_. and the series

resonance frequency Fs is known as the load
resonance frequency offset (L.O.).

l‘:1
~ 2(Co+Cy)

N

o
I
I
|
¢

In many applications a variable capacitor
(trimmer) is used as the load reactive element
to adjust the frequency. The fractional
frequency range available between specified
values of the load reactive element is called
the pulling range (P.R.) and it can be
calculated by using the following formula:

(le - fLE:] _ Cy [CLE - CLl) ]
)

P.R.= = —
fg 2 L(Co + Cpy)(Co + Cpy

A useful parameter to the design engineer is
the pulling sensitivity (S) at a specified value of
load capacitance. It is defined as the
incremental fractional frequency change for an
incremental change in load capacitance. It is
normally expressed in ppm/pf (10°%/pf) and can
be calculated from the formula:

g —OLO) ct
39 2(Cg+cC)?

It is very important to define the mean load
capacitance to enable the actual «crystal
frequency to fall within the tolerances of the
specified nominal frequency. It is also
important to use, wherever possible, standard
values of load capacitance; for example 20pf,
30pf.

Fig.4 shows the relationship between L.O.,
P.R. and S.

Hy-Q

Load resonance frequency offset (L.O.)
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The equivalent circuit of the crystal has one
other important parameter: This is R;, the
motional resistance. This parameter controls
the Q of the crystal unit and will define the
level of oscillation in any maintaining circuit.
The load resonance resistance for a given
crystal unit depends upon the load capacitance
with which that unit is intended to operate. The
frequency of oscillation is the same in either a
series or parallel connection of the load
capacitance. If the external capacitance is
designated, the load resonance resistance may
be calculated as follows:

Co..
cl.

The equivalent shunt or parallel resistance at
the load resonance frequency is approximately:

1
R, = =
P Ry[e(Cq+C )

It should be remembered that R1 does not
change, thus the effective parameters of any
user network can be readily calculated.

Frequency Pulling Calculation

An approximation to the pulling of any crystal
can be calculated from this simple formula:

Af

f
1078 /pF]l= ————
O™ /PRl = s+ o)

fAC,,




Holder Styles

Hy-Q

The Hy-Q range of AT-cut crystals covers a frequency spectrum from 1 MHz to 200 MHz. The
resistance weld range of holders include the common international standard types. Resistance
welding is now the preferred type of encapsulation, having replaced the solder seal technique by
virtue of its greater reliability and efficiency in production. Fig.5 shows the frequency range

available for each overtone order within each group of holder styles.

The size of the crystal enclosure determines the maximum size of the resonator that it can
accommodate. This limits the lower end of the frequency range for each enclosure type. It may also
limit the ruggedness, reproducibility, and choice of equivalent circuit parameters.

Products in this guide cover Hy-Q's standard through hole crystal devices. For our range of surface

mount devices please refer to our website at www.hy-q.com.au.
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Holder Styles (cont.)
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Holder Styles (cont.)
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Frequency Ranges by Holder Style
Holder Frequency MHz
Group | Style (QC) Fund. 3rd 5th 7th 9th
A 61, 62,63 8-30 25-90 | 60-150 | 125-175 | 175-200
B This group allocated to cold weld (no longer offered)
C 38, 68 16-30 40-90 | 70-150 | 125-175 N/A
D 2;' 44, 45, 8-30 25-90 | 60-150 | 125-175 | 175-200
49, 50, 53,
E 55, 56, 59 3-30 18-90 | 60-150 | 125-175 | 175-200
F 48,51 1-30 15-90 | 60-150 | 125-175 | 175-200
G 52,54,57 4-30 18-90 | 60-150 | 125-175 | 175-200
Fig. 5

All dimensions are in mm and within manufacturing tolerances.
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! ! Worldwide manufacturer and
y- distribution of Quartz Crystals, Crystal
International Filters and Crystal Oscillators.

Hy-Q International is dedicated to the production for frequency management and control
systems. The parent company was formed in Australia in 1969 by a group of crystal
engineers determined to build a company where excellence of product and reliability of
delivery were the prime considerations. This has been, and remains, the cornerstone of the
Group policy and took Hy-Q from a single company with twenty five employees in 1969 to
employing over 400 people on five continents.

Hy-Q International
25 Winterton Road
Clayton, Victoria 3168
Australia

Sales: Accounts:
+61 (03) 9562-8222 +61 (03) 9562-7474
sales@hy-q.com.au accounts@hy-g.com.au

www.y-0.com.au
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