Frequency Domain Stability Measurements
Reprinted courtesy of Horizon House-Microwave, Inc.

Spectrum Analyzer Techniques
for Frequency Stability Measurements

The objectives of this paper are: to
examine the presently available techniques
of frequency stability measurement in the
frequency domain, i.e., by the use of
spectrum analyzers; to examine some of
the advantages and limitations of spectrum
analyzers for this application and to present examples of typical measurements.
INTRODUCTION

Designers of microwave instruments are
interested in measuring and specifying the
frequency stability associated with their
equipment. Stabilities on the order of 0.1
to 10 P;M are usually sufficient for the
majority of commercial instruments, such
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Morris Engleson and Gene Kaufman, Tektronix Project Engineers confer over a Type
491 Spectrum Analyzer.

as signal generators and receivers. We
shall, therefore, concentrate on this small
range of measurements.
The questions we shall examine are:
1. How does one differentiate between
long-term and short-term stability?
This question can be considered from
several viewpoints. a) Does a specific
change have to occur in seconds, in
milliseconds or in microseconds to be
considered short-term? b) How short
does the measurement time have to
be (again, in seconds, in milliseconds,
or in microseconds) in order for the
phenomenon to be measured to be
considered short term?
2. How does one measure frequency
stability? This question too has several facets. a) \-Yhat instrumentation
should one use; counters, frequency
deviation meters, spectrum analyzers,
etc? b) Should the measurement be
made in time domain (i.e., P /M
or frequency domain (i.e., spectrum
width)?
Frequency stability measurement techniques in time domain by means of a frequency counter are well known in the industry. This technique has the advantage
of simplicity, ease of operation, and the
capability of making measurements on
highly stable oscillators (i.e., better than
one part in 10 7 ). Frequency stability measurement techniques in frequency domain
by means of spectrum analyzers, on the
other hand, are not too well known. This
technique permits many measurements
(such as that of signal purity; i.e., noncoherent sidebands or AM as opposed to
FM) which cannot be performed with a
counter. \,Y e shall concentrate on these
measurements and show in which respects
the spectrum analyzer is superior to the
counter. This is not to imply that the
counter does not have its place or that the
counter is not superior to the spectrum
analyzers in many areas of frequency
measurement.

DEFINITIONS
There are at least two acceptable ways
of specifying oscillator stability. One describes the phenomena in time domain, the
other in frequency domain. The question
of how to characterize (time or frequency
domain) any particular signal is almost
impossible to answer. However, one can
arrive at a reasonable compromise by converging on the subject from both ends, i.e.,
starting with signals that are definitely in
one or the other category.
It is quite obvious that two or more CW
signals coexisting simultaneously side by
side can be characterized most meaningfully in the frequency domain. By the same
token, to characterize the drift of an extremely stable CW signal, such as a frequency standard, in terms of spectral distribution is inconvenient. Other signals are
more difficult to characterize. Thus, an
FM signal can certainly be legitimately
described by a carrier and sidebands. Yet,
as the FM rate gets smaller, the FM signal
approaches slowly drifting CW; under such
circumstances it should logically be described in time domain.
As another example, consider a pulsed
RF signal, such as encountered in radar
or a squegging oscillator. Radar pulses
are nearly always described by a spectral
distribution in the frequency domain. Yet,
surely as the pulse width gets wider and
the pulse repetition rate lower, a point is
reached where a description in frequency
domain is not generally useful. Therefore,
it appears that arbitrary standards without
regard to the measurement technique or
application are not helpful.
It seems the best description, whether
frequency or time domain, should be dependent on the characteristics of the measurement device or application. Experimental experience indicates that as long
as the frequency changes in the device
under discussion occur in a time interval
one-fifth to one-tenth of the basic time
constant of the associated equipment, one

cannot differentiate between simultaneously
coexisting signals and a single signal whose
frequency is changing with time. On the
other hand, when the instabilities in the
device under test occur in a time interval
of the same order of magnitude as the time
constant of the associated equipment it
becomes quite obvious that things are happening as a function of time. Thus, a good
demarcation line for the two methods of
describing frequency stability might be:
1. Frequency domain for phenomena
that occur faster than one-fifth of the
basic time constant of the end use
contemplated.
2. Time domain for phenomena that
occur at a slower rate than one-fifth
of the basic time constants of the
associated equipment.
Similarly, to our way of thinking, the
required measurement time and/or the
time for a particular frequency change to
occur in an oscillator must be individually
redefined for each application. We know
of no satisfactory practical definition without recourse to an application or measurement technique. Thus, those phenomena
which occur faster than some basic time
interval (e.g., detector time constant in a
receiver) of the measurement instrument,
or instrument in which the oscillator is to
be used, can be considered as short term.
Phenomena which take a longer time
interval to occur than the basic instrument
interval can be considered as long term.
Let us apply these definitions, as a case in
point, to the swept frequency spectrum
analyzer. The oscillator can be considered
as either an integral part of the spectrum
analyzer or an independent entity being
checked for stability with a spectrum
analyzer. It can be shown1 that a basic
time interval for a spectrum analyzer is
T =

D

where D is total disper-

V5.13 (B 2 )
sion (i.e., dispersion in Hzjdiv times the
number of horizontal divisions for full
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screen) and B is the final amplifier 3 dB
bandwidth. On the surface, it appears
that the boundaries were picked artificially. In practice there is a definite noticeable difference in the spectrum analyzer
display depending on the analyzer settings
and the type of instabilities present.
The following photographs will illustrate
these points. Fig 1 is a spectrum analyzer
display of a frequency modulated carrier.
The FM rate is 10Hz or 0.1 s for a complete frequency excursion. It will be noted
that the display exhibits a definite spectral
width, namely 4 em. The spectrum analyzer was sweeping at a rate of 0.2 sjdiv,
or a total of 0.8 s for 4 div.
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MEASUREMENT TECHNIQUES
The following experiments indicate the
versatility of the spectrum analyzer .and
present comparison data between spectrum
analyzer and counter for frequency stability and signal purity measurements.

fig 3 Long term drift measurement.
Long Term Drift

Both the counter and spectrum analyzer
are well suited to long term drift measurements. Fig 3 was obtained by triggering
a spectrum analyzer to sweep once every
minute. Analyzer settings were center frequency 400 MHz and dispersion 50 kHz/
em. Readings were simultaneously taken
in one minute intervals on a counter and
the data in Table I was obtained.

In this case, the phenomenon under
measurement is occurring at a rate eight
times faster than the measurement time.
Fig 2 shows the same signal displayed with
the same spectrum analyzer with all controls set identically to those for fig 1
except for sweep time. Here the sweep
time has been set for 20 ms/div or 80
ms for 4 div. Observe that the characteristic FM spectrum has disappeared. As
far as the spectrum analyzer is concerned
it might as well be responding to a CW
signal.

fig
Frequency
scanning rate.

D

Table I
Long Term Drift
fig 4 Short term FM measurement.

Interval
Number

Fig 3 shows the long term drift of an
oscillator obtained by triggering the spectrum analyzer sweep in 1 minute intervals.
It will be noted that each of the several
sweeps has generated a clean display tracing out the shape of the resolution bandwidth.

Frequency
MHz

We can now calculate total drift, drift
in P /M or di·ift/min from a knowledge
of the spectrum analyzer control settings.
The numbers thus obtained represent a
long term stability specification for the
oscillator. We can say very little about the
short term characteristics as the analyzer
controls were not set for a high resolution
analysis. Fig 4, on the other hand, shows
the short term characteristics of an oscillator without telling us anything about long
term performance. Here the dispersion
was set for 500 Hz;cm at a resolution of
100Hz and a sweep time of 0.2 s for full
screen. It will be noted that a definite frequency change has occurred during the
time interval of the single sweep. The trace
is spread out over approximately 1.5 em
for a total of 750Hz.
\-\T ere this oscillator to be used as a component of the measuring analyzer, it
would have a definite effect on the short
term stability of the analyzer. This could
be surmised by observing that a definite

Interval
Number
Frequency
MHz

2

3

4

5

400
.55

400
.51

400
.47

400
.43

400
.39

6

7

8

9

10

400
.35

400
.31

400
.28

400
.26

400
.25

From the spectrum analyzer data we
observe that oscillator drift during the ten
minutes of observation was 6.1 em and at
50 kHz;cm this is equivalent to 305 kHz.
The counter data indicates that total drift
was 300kHz. Similarly, drift during the
first minute, drift during the tenth minute,
average frequency change per unit, time,
etc., can be calculated from both counter
and spectrum analyzer data. Clearly the
counter is superior in accuracy to the
spectrum analyzer which had an error, in
this case, of 5kHz out of 300kHz or 1.7
per cent compared to the counter.
Incidental Frequency Modulation

Incidental frequency modulation is usually of a random nature so that given a
short enough averaging interval and a
sufficiently long observation time one can
get an excellent idea of the peak to peak
frequency deviation by the use of a counter.

Spectrum Analyzer General Information
SENSITIVITY-SIGNAL TO NOISE
Sensitivity of a Spectrum Analyzer is
specified as the signal power input required to produce a 2 to 1 ratio of signal
noise power to noise power at the
output. Noise power is a function of
amplifier band\,·idth and gain. Therefore, signal power is noise limited or noise
dependent.
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II

Noise power vs signal power may be
stated at 100kHz bandwidth (Resolution
control) to be -85 dBm. At 1kHz bandwidth (minimum bandwidth), the sensitivity may be stated as -105 dBm. This
indicates a 2'0 dB greater sensitivity at 1
kHz bandwidth than at 100kHz bandwidth. This is confirmed by a 100 to 1
(bandwidth reduction) ratio being equal
to 20 dB (a d'mensionless
number bu t an
I
'
expression of power ratios).

A senSitiVIty of -105 dBm says that a
signal with a power level of 105 dB below
a reference of 1 m Vv, plus the noise power,
will be 2 times ( 3 dB) greater than the
noise power alone; or, signal plus noise
equals 2X noise; noise being a function of
bandwidth and gain.
Knowing the amplifier bandwidth, sensitivity may be measured at any bandwidth.
In the interest of time and ease of measurement, the sensitivity figure, measured at
100kHz bandwidth, plus 20 dB ( 100 to 1
ratio) is correct for a bandwidth of 1 kHz,
as is specified in the catalog. The actual
measurement at 1 kHz bandwidth is tedious to make, requiring minimum dispersion and a very slow sweep.

491/1L20/1L30 DIAL ACCURACY
The RF Center Frequency dial accu-
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racy of ± (2 MHz
1% of dial reading)
may at first appear as an unusually large
frequency tolerance to be ascribed to a
10 MHz RF signal. It could just as well
have been described as ± 1% of local oscillator fundamental or harmonic frequency.
However, the latter explanation would not
allow calculation of the dial accuracy limits
from the dial reading.
When the dial reads 10 MHz the local
oscillator is tuned 200 MHz higher in frequency to 210 MHz. One percent of 210
MHz is equal to 2.1 MHz. On the other
hand ± (2 MHz
1% of 10 MHz) is also
equal to 2.1 MHz. Generally it is much
easier to derive the frequency accuracy
limits from the dial reading than having to
determine the fundamental or specific harmonic frequency of the local oscillator for
a particular dial reading.

+

REFERENCE CHART

I

CHARACTERISTICS

TYPE ll5
PLUG-IN

TYPE 3l5
PLUG-IN

CENTER
FREQUENCY

50 Hz to 1 MHz

SENSITIVITY

10 ,v /dlv RMS foe<pectcol

displays. 1 mV / div P to P
for time-based displays.

II

I

TYPE 3Ll 0
PLUG-IN

II

TYPE 491
PORTABLE

TYPE 1L30
PLUG-IN

1 MHz to 36 MHz

10 MHz to
4.2 GHz

925MHz to
10.5 GHz

10 MHz to 40 GHz

-100 dBm

-110 dBm
to -90 dBm

-105 dBm
to -75 dBm

-llOdBm
to -70 dBm

-.

CALIBRATED
DISPERSION

10 Hz/ div to 100 kHz/ div
100 Hz to 1 MHz full scale

10Hz/ div to 2 kHz/ div
100Hz to 20kHz full scale

1 kHz/div to 10MHz/div
10kHz to 100 MHz full scale

COUPLED
RESOLUTION

:::;; 10Hz to ~500Hz

10Hz to 1 kHz

1 kHz to 100kHz

INCIDENTAL FM

VERTICAL
DISPLAY
OSCILLOSCOPES
USED WITH

PRICE

TYPE R491
RACK
MODEL

TYPE ll20
PLUG-IN

TYPE lLlO
PLUG-IN

coupled with calibrated dispersion positions and separately switchable
:::;;3Hz from 50 to 9900Hz
:::;; 10Hz from 9.9
to 990kHz

IF-5Hz
L0-26 Hz to 61 Hz

log, linear, video

log, linear, linear X1 0 (1 L1 0
only), video

<300Hz at fundamental, with Phase Lock

log, linear,
video

-

530, 540,
550, and
(with adapter) 580
Series

Type 561A
and 564

530, 540,
550, and
(with adapter) 580
Series

Type 561A
and 564

$1000

$1100

$1150

$1260

square

law,

log, linear, square law

530, 540, 550, and (with
adapter) 580 Series

$1925

I

$1925

self contained

J

$4400
-

[

l

$4500
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Table II
Peak to Peak Frequency Deviation of Incidental Frequency Modulation
Int. No.
Freq. MHz* 78

2
72

3
67

4
65

5
70

6
71

7
73

8
68

9
70

10
73

11
74

12
75

13
62

14
71

15
74

16
76

17
75

18
66

19
70

20
65

21
69

22
63

23
63

24
56

25
62

26
66

27
58

28
63

29
69

30
71

31
65

32
65

33
76

34
79

35
80

36
81

37
80

38
85

39
90

40
87

41
90

42
91

43
96

44
94

45
91

46
94

47
91

48
94

49
89

50
81

51
81

52
81

53
76

54
66

55
66

56
59

57
62

58
65

59
53

60
63

61
68

62
65

63
67

64
62

65
61

66
64

67
72

68
74

69
75

70
74

71
77

72
76

73
72

74
78

75
72

76
77

77
86

78
77

79
68

80
75

81
75

82
76

83
77

84
72

85
71

86
70

87
68

88
72

89
67

90
70

91
71

92
63

93
56

94
64

95
59

96
64

97
61

98
59

99
52

100
60

101
62

102
52

103
55

104
62

105
65

106
70

107
61

fig 5 Incidental FM measurement; center Irequency: 392 MHz; dispersion: 1 kHzjcm.

* Frequency 392.4578, for convenience only last two digits are listed.

By analogy, given a sufficiently fast
sweep and sufficiently long observation
time, a spectrum analyzer will indicate the
peak to peak deviation. Fig 5 and the d.ata
presented in Table II were obtained by
sweeping the spectrum analyzer and reading the counter in two-second intervals
for a total observation time of about four
minutes.
From fig 5 the peak to peak incidental
frequency modulation is about 4.7 kHz.
From this and the center frequency we can
calculate a frequency stability of about 12
PjM.
The counter indicates a maximum deviation of 4.4 kHz or 11.2 P jM. The 300
Hz difference is probably the error introduced by the spectrum analyzer, which is
specified to be less than 400 Hz under the
above conditions. The counter is, of course,
the more accurate instrument. However,
the spectrum analyzer has the advantage
in that the signal level required is on the
order of microvolts, whereas the counter
requires many millivolts.
Amplitude Modulation
Some oscillator specifications require
not only low incidental FM, but a high
degree of spectral purity as well. Spectral
purity cannot be conveniently measured
with a counter but is very easy to determine with a spectrum analyzer. A case in
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point is undesired amplitude modulation.
Fig 6 clearly shows the 1 kHz amplitude
modulation. A counter would not indicate
this.

fig 6 Amplitude modulation measurement; center frequency: 400 MHz; dispersion: 1 kHz/em.

Symmetrical FM
When an oscillator is swept symmetrically (plus and minus) with respect to a
center frequency a long-term time average
will not show any frequency change. Thus,
unless the sweep interval is substantially
greater than the counting interval, a frequency counter will show a stable signal
which, in fact, may be frequency modulating. The following illustrates this.
An oscillator sweeping at a 60 Hz rate
was checked with a counter and spectrum
analyzer. The results are recorded in Table
III and in fig 7.

fig 7 Symmetrical FM measurement; center
frequency: 405 MHz; dispersion: 1 MHz/cm.

Table Ill
Frequency Change as Indicated by Counter
Int."·
Freq. MHzH·

1
274

2
293

3
272

4
331

5
275

13
339

16
313

17
378

18
328

19
374

20
335

14
304

15
357

* Count interval

6
343

7
288

1 s spaced 3 s apart.

**MHz 408.274, used only last three digits for convenience.

8
350

9
295

10
312

11

304

12
293

The spectrum analyzer shows a peak to
peak frequency excursion in excess of 2
MHz, ,,·hereas the counter shows a maximum frequency change of only 102kHz.

Fine Grain Analysis by Checking
the Reference Signal
Many stable microwave signals are derived from lower frequency sources by
frequency multiplication, phase locking or
other means. Fine grain analysis of the
reference signal will very often yield valuable information concerning the microwave
output without the necessity of utilizing
costly or com pI i cat e d microwave test
equipment.
Fig 8 shows the results of such an
analysis. The signal is the 1 MHz reference source used for phase locking the
local oscillator of a microwave spectrum
analyzer. It is observed that the reference signal has good spectral purity (no
observable extraneous outputs in the vicinity of the carrier) hence the reference
oscillator could be eliminated as a cause
should there be difficulty in phase locking.

dred Hz. Since the incidental FM characteristics of the two oscillators are random
and not coherent, several photographs
would have to be taken to be assured that
the maximum deviation is observed. In
addition, s!o,,·er sweep time measurements
would have to be performed in order to
make certain that the display broadening
is, in fact, due to FM and not something
else.

Fig 4 is the result of such a measurement. Here two phase-locked 2 GHz oscillators whose frequencies differ by 0.5 MHz
were heterodyned in a mixer and the result
displayed on a spectrum analyzer tuned to
0.5 MHz. Spectrum analyzer dispersion is
500 Hzjcm. It will be observed that the
combined incidental FM of both 2 GHz
oscillators is on the order of several hun-
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fig 9 Block diagram of spectral purity measurement.
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0

I

I
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fig 8 Fine grain analysis of reference signal;
dispersion: 50 Hzjcm; resolution: 70Hz.

.

F

0

OUTPUT OF MIXER
F2

Fine Grain Analysis by Down Conversion
Sometimes it is not possible to check the
stability of a signal's reference source, or
such a measurement does not yield sufficient information, or the signal is not
derived from a lower frequency source.
Under these conditions it is still possible
to use a low frequency spectrum analyzer
for fine grain analysis by down converting
the unknown signal. This can be accomplished by heterodyning the signal to be
measured with a second, known to be
stable signal, or a second source having the
same general characteristics as the signal
to be measured.

0

INPUT TO MIXER 2

OUTPUT OF MIXER 2
fig 10 Frequency relationships for the system of fig 9.
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Spectrum Purity Measurements
in Presence of FM
Sometimes it is desirable to observe
multiple outputs or amplitude modulation
in the presence of FM. This can be accomplished by utilizing the system shown
in the block diagram of fig 9. This system is best understood with reference to
the frequency diagram of fig 10.
In order to illustrate this technique we
have assumed that the signal to be analyzed has a small spurious sideband at a
frequency c,.f above the main signal at f2.
This signal is heterodyned with a stable
(e.g., crystal oscillator) low frequency signal at a frequency fl. Neglecting harmonic
conversions, the output of the mixer consists of signals at the sum and difference
frequencies of the two inputs and the two
inputs themselves reduced by mixer loss
and the degree of mixer balance. The
mixer output at f1 is now eliminated by
means of a band reject filter (a high-pass
filter rejecting f1 can also be used). This
signal, reduced in amplitude by an attenuator, is now applied to a second mixer
where it is heterodyned against the original
signal at f2. Here again, the output signal
consists of the sum and difference of the
input frequencies and reduced versions of
the two inputs. The output of the second
mixer, among other things, contains a
component at the frequency f1, having two
sidebands at a frequency separation of c,.f.
One important assumption in this analysis is that when the unknown signal is
used as the local oscillator (larger of the
two signals) for mixer 2, the sideband at
f2
M does not enter into the mixing
action. This assumption presupposes that
the sideband at f2
M is at least 20 dB
below the carrier at f2. Thus, the sideband power level is insufficient to act as
an efficient local oscillator and all conversions with f2
M will be negligibly small.
In order not to violate this assumption, the
input levels to mixer 2 should be kept as
low as possible.

A similar analysis for a double sideband
signal \\·ill show that no additional sidebands are created, but the sideband level
is increased by a factor of two relative
to the carrier.
Thus, the technique will indicate the
presence of sidebands, their spacing with
respect to the carrier, and the maximum
level of the sidebands relative to the carrier. This technique cannot be used to
determine whether a single or double sideband signal is involved or to determine
the true level of the sidebands relative
to the carrier. Utilization of a more complex system using imageless mixers would
eliminate these restrictions. Fig 11, 12
and 13 illustrate this technique.
Fig 11 was obtained with f1 = 1 MHz,
f2 = 400 MHz and the spectrum analyzer
set for a center frequency of 1 MHz, a
dispersion of 50 Hzjcm and a resolution
of 10Hz. The 60Hz amplitude modulation of the signal is clearly observed.
Fig 12 shows the spectrum of a 2 GHz
signal. The spectrum analyzer is set for
a dispersion of 500 kHzjcm. It is observed that the spectral width of the signal is close to 2 MHz. We are unable to
determine if any AM is involved.

fig 13 AM in the presence of FM with the FM

cancelled out.

Fig 13 shows the AM characteristics
of this 2 GHz signal obtained by using
the setup shown in fig 9, with f1 set
at 1 MHz. This dispersion is 500 Hzjcm,
indicating the presence of amplitude modulation at 1300Hz.

As these experiments indicate, there is
a considerable overlap in measurement
capabilities between the basic "time domain" versus "frequency domain" methods.
The ultimate decision as to which instrument to use in a specific measurement application must be made with respect to such things as; required accuracy, required form of data (i.e., quantitative or qualitative), convenience and
availability of equipment.

+

+

fig 11 Fine grain analysis of microwave signal.

One point that was neglected is incidental modulation of f2. With reference
to fig 9, it is obvious that the output
of mixer 2 at frequency f1 is a function
of the instantaneous frequency difference
of the two inputs. Assuming negligible
time delay in the first mixer, the filter,
and the attenuator, frequency modulating
of f2 will have no effect on the final
output.
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CONCLUSION

+

It will be noted that we have translated the signal to be measured from
f2 to a lower frequency fl. It should
also be observed that in the process the
signal has acquired a second sideband.

The photos for this article were taken with
the following Tektronix equipment types: JLS
and 1L20 Spectrum Analyzer Plug-ins in a 549
Storage Oscilloscope and a C- 12 Camera
with projected graticule; 497 SpeCtrum Analyzer with C-30 Camera.

Quite often, however, trade-offs might
be made; e.g., if a counter were not
available, a measurement to a very high
degree of accuracy or stability might be
made with a spectrum analyzer at the
expense of convenience, the data being
limited only by the accuracy or stability
of the reference frequency and the ingenuity of the user.
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fig 12 AM
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the presence of FM.
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Interpreting Markings on Semiconductor Components
The following information will be of
use when trying to identify a semiconductor supplied by Tektronix with, or
for, a Tektronix instrument.
Color codes should be read starting with
the dot or band nearest one terminal or
lead. By strong convention, that terminal
or lead goes to the "N" material (cathode)
if the component is a diode. Any single
dot, band, or unique symbol that appears
on a diode is supposed to be adjacent to
the "N" material terminal. If the device
is a transistor, any one special mark is
supposed to be adjacent to the collector.

EIA STANDARD
COLOR CODE

Black
Brown
Red
OrangeYellow
Green
Blue
Violet
Grey
White

0
1

2
3
4

5
6
7
8
9

1. 1Nxxxx or 2Nxxxx printed on the component indicates the JEDEC-registered
type number.
2. Nine-digit numbers starting with 151,
152, or 153 are the Tektronix part
numbers. Tektronix components whose
nine digit part number begin with 151
are transistors. Components whose part
number begin with 152 are diodes. Tektronix part numbers beginning with 153
are selected components and will consist
of both diodes and transistors.
3. Seven-digit numbers starting with 151,
152, or 153 will be a number code for
a Tektronix part number. The digits
will stand for the first seven digits in
the part number with the last two digits
in the part number understood to be
zeros.
4. Six-digit numbers starting with 151,
152, or 153 will be a number code for
a Tektronix part number. The last
three digits in the number code will
correspond to the fifth, sixth, and seventh digits of the Tektronix part number. The fourth, eighth, and ninth digits
in the part number will be zeros.

5. Four-digit numbers will probably be
a number code for a Tektronix part
number. The four digits in a four-digit
number code correspond to the fourth,
fifth, sixth, and seventh digits in the
Tektronix part number, with the last
two digits in the part number both zeros.
The first three digits will be 152 if a
diode, and 151 (or possibly 153) if it
has more than two connections.
6. Three-digit numbers that are alone will
usually be a number code for a Tektronix part number. If not alone they
will be a date code, or the manufacturer's type number. The three digits
in our three-digit number code correspond to the fifth, sixth, and seventh
digits in the Tektronix part number,
with the fourth and last two digits in
the part number understood to be zeros.
The first three digits will be 152 if a diode, and 151 (or possibly 153) if the
component has more than two terminals. The three digits in a date code
stand for the year and the week when
manufactured. The number 752 would
stand for the 52nd week of 1967.
7. Four-band color codes will stand for
a Tektronix part number, or a JEDECregistered type number. If the first of
four bands is pink or blue, the code is
for a Tektronix part number; if not
pink or blue, the code is for a JEDECregistered type number. At some time

in the future JEDEC numbers will
reach 6000, and at that time the first
of four color bands will be blue. At
that time, Tektronix will be using a pink
band exclusively on new components
to indicate that the code is for a Tektronix part number.
8. Three-band color codes will stand for
a JEDEC-registered type number or
the manufacturer's type number. If the
bands start with pink, blue, or black,
it will not be a JEDEC type number.
Some small three-band color codes may
look like four-band color codes if you
don't use a magnifying glass, because a
trademark or initial may also be printed
in color on the component, and appear
to be a band. For instance, Transitron
T12G diodes are presently coded black,
brown, red, and have a yellow T next to
the red band that sometimes appears to
be a yellow band.
9. Dot color codes consisting of one, two,
or three dots are manufacturer's type
number codes, and normally cannot be
interpreted without knowing who the
manufacturer is. Tektronix-made diodes
are also dot coded. Color dots on extremely small semiconductors may appear on a terminal or lead as well as
the body.
10. Trademarks, initials, or the manufacturer's name sometimes appear on
a semiconductor.

MANUFACTURER CODE
Amperex
Continental Devices
Elmar Electronics
ELM
Electron Research, Inc.
ERI
Fairchild Semiconductor
FS
General Electric
GE
General Instrument
Gl
Hoffman
HOF
Hughes Semiconductor
HUG
International Diode Corp.
IDC
International Rectifier
IRC
International Telephone
ITT
and Telegraph
Microwave Associates
MIC
MOT- Motorola
OHM- Ohmite

PHI
PSI
RAY
RCA
SEM
SPR
SYL
TEK
Tl
TRA
TRW
TUN
UTR
VAR
WES

Philco
Pacific Semiconductor
Raytheon
Radio Corp. of America
Semcor
Sprague
Sylvania
Tektronix
Texas Instrument
Transitron
Thompson Ramo
Woolridge
Tung-Sol
Unitrode
Varo
Westinghouse
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Soldering Techniques
Soldering Tektronix Circuit Boards
Stan Chojecki
Vern McAdams Component Evaluation Engineers

Soldering Leadless Capacitors

INTRODUCTION

METAL PREPARATION

Soldering is an alloying process between two metals. In its molten state,
solder dissolves some of the metal with
which it comes in contact. The metals
to be soldered are, more often than not,
covered with a thin film of oxide that
the solder cannot dissolve. A flux must
be used to remove this oxide film from
the area to be soldered. The solder used
in most electronic work contains this flux
as a center core which has a lower melting point than solder itself. When the
molten flux cleans the metal it accomplishes two things:

To do a proper soldering job the following must be done:

1. It allows the solder to wet the metal.

2. It holds the oxides suspended in the
solution.
The molten solder can then make contact with the cleaned metal and the solvent action of solder on metal can take
place.
The soldering process then is the following:
1. The cored flux melts first and removes the oxide film on the metal
to be soldered.
2. The solder melts, floating the lighter flux and the impurities suspended in it to the surface.
3. The solder partially dissolves some
of the metal in the connection.
4. The solder cools and fuses with the
metal.
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1. The connection itself must become
hot enough for the rosin to melt and
clean the metal. The cored solder
must be applied directly to the heated
connection so that the flux, which
melts at a lower temperature than
the solder, will melt first and clean
the connection by the time the solder has melted. (If the solder is
applied to the soldering-iron tip, the
flux, being lighter, will float on top
of the solder. It will be unable to
reach the connection and clean it.)
2. A good easy flow of heat from the
soldering-iron tip to the connection
must be obtained by a clean, welltinned soldering-iron tip. A thin film
of molten solder will transfer heat
rapidly.
In soldering techniques for circuit
boards, the basic principles for soldering
prevail. We are now interested in the
difference in the soldering of circuit boards
and normal soldering.

CIRCUIT BOARD CONSIDERATIONS
The first consideration of soldering to
circuit boards is the temperature limitation of the substrate. The Tektronix circuit boards have a substrate of fiber-glass
epoxy, which has a temperature limitation of 530° F for not more than 5 minutes. Hotter temperatures reduce the time
in inverse relationship; the hotter the tem-

perature, the less time the boards will
stand it before damage.
A second consideration is the solderingiron-tip temperature, which is determined
by the type of soldering iron and soldering-iron tip used. The wattage of the
soldering iron and the configuration of
the soldering-iron tip combined with the
speed of soldering will determine the
ultimate tip temperature as well as th~
working-tip temperature. Since we are
here primarily concerned with the working-tip temperature, the soldering iron and
tip should be chosen so that the workingtip temperature will at no time exceed the
limitations of heat set forth above.
A third consideration in soldering of
circuit boards is the type of solder used.
The best type for use on the Tektronix
circuit boards is a "eutectic" -type coredwire solder of size # 20 AWG, composed
of 63% tin and 37% lead (as designated
Fed Spec QQ-571c as Sn63) with a central
core of activated rosin flux (Divco X-25
or equivalent).
A fourth consideration is the technique
of repair-repair in this case consisting
of replacement of components. The correct sequence in the replacement of a
component is as follows:
1. Clip the leads of the soldered component.

2. Remove the component from the circuit board.
3. Remove the clipped leads individually from the circuit board.

THERMAL RESISTANCE OF
MOUNTING.

8cs

Can be reduced by employing
various techniques such as:

Silicone Grease for Tektronix Instruments

( 1) Honing to improve metal interface contact;
( 2) Silicone grease or similar
compound with high heat
conductivity to fill in surface irregularities and improve surface con t a c t between transistor and mounting surface.

8sA

=

THERMAL RESISTANCE OF
"HEAT SINK" OR MOUNTING
BASE.
Value is determined by factors
like surface area, color, volume
of air passing over it, etc. Usually this factor is designed-in
after the other elements have
been optimized.

P0

POWER DISSIPATION
Limited by ambient and maximum allowable junction temperature.

Of the many readily available silicone
dielectric compounds, we suggest Dow
Corning Type 4 or Type 5 Silicone Compound of heat sink use in current Tektronix instruments.

Try to avoid getting silicone grease on
leads that have to be soldered. Soiled
leads wiped clean with a doth should
respond \\·ell to standard soldering techniques.

A practical general rule for maintenance
operations is to use silicone grease whenever replacing any heat-sink-mounted transistor.
\~\~hen replacing such transistors, apply
a thin film of silicone grease between the
transistor case and the heat sink.

Dow Corning Type 4 Silicone Compound is available in 2 oz and 8 oz tubes
through electrical and electronic supply
houses.

If a mica or other type electrically-insu-

JUNCTION POWER
DISSIPATION = CURRENT

Typical Thermal Resistance
in °C/W (Gcs)

W /Silicon
Lubricant

Dry

OPPOSITION TO HEAT
TRANSFER = RESISTANCE

None

AMBIENT
TEMPERATURE

Teflon

JUNCTION
TEMPERATURE

In some cases (such as the 54 7 VA output transistors), the transistor is ele.ctrically insulated from the chassis by a white
beryllium oxide disk. If, for any reason,
you remove the heat sink disk, you should
also apply silicone grease where the disk
contacts the chassis.

Some other types of silicone greases may
be used that contain metallic oxides which
increase the thermal conductivity. These
are more expensive than ordinary silicone
greases like Type 4 and Type 5, which we
know will meet the thermal conductivity
and temperature range requirements for
our instruments.

Insulating
Washer

=

lating washer is used between the transistor
and the heat sink, apply a thin film of
grease to both sides of the insulating
washer as well.

0.2

.45

0.1

0.8

VOLTAGE

0.4

Mica
VOLTAGE

···•··

Anodized
Aluminum

0.4

I

0.35
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Service Notes
REED SWITCH INSTALLATION

The following considerations will be of
interest to those who are concerned with
the soldering of reed switches.

1. Stress: The less stress applied to the
glass-to-metal seal, the more chance
the reed has of performing its function.
Bending a lead without supporting the
lead inside the bend with a rigid support will cause changes in its operating
parameters. The reed should be supported by the coil and never by its
leads. The ideal situation is one where
the coil supports and retains the reed,
and nickel ribbon is soldered on the
leads for circuit connections.
2. Contact Gap: Gap placement is not
always in the center of the glass envelope. It is, therefore, important when
installing a reed in its coil to be sure
the contact gap is centered in its coil,
regardless of where inside its glass envelope it may be.

USED INSTRUMENTS FOR SAI.E
!-Type 545A; !-Type 535A; 2-Type
502; 2-Type 560j60j67. Contact: Henry
Posner, Pacific Combustion Engineering
Co., 5272 East Valley Boulevard, Los
Angeles, California 90032. Telephone:
225-6191.
!-Type B, SN 17266; !-Type D, SN
15737. Possibly interested in a trade for
a used CA, 1A2 or 1A6. Contact: Ashton Brown, 246 Cambridge, Kensington,
California 94708. Telephone: (415) 5243005.
3-Type D High-Gain DC Differential
Units, SN 017118, 017120 and 017121.
All instruments are in like-new condition.
$115 each. Contact: Electronicraft, P. 0.
Box 13, Binghamton, New York 13902.
Telephone: (607) 724-8785.
1-RM647jlOA2jllB2-10 months old.
Price $2100. Contact: John Robb, Lightning & Transient Research, 2531 West
Summer Avenue, St. Paul, Minnesota
55113. Telephone: (612) 631-1221.
l-515A, SN 3899. Price $350. Contact:
Mr. Sieger, General Resistance Company,
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3. Lead Length: Length is important in
that a reed is purchased to a given ampere-turn pull-in rating which is checked
with full-length leads. Cutting these
leads short will increase the ampereturn pull-in requirements for .the reed.
Leads cut to ;4-inch from the glass seal
increase the ampere-turn requirements
by 20%. Under normal conditions no
lead should ever be shorter than ;4inch.
4. Cutting: Cutting of leads will also,
under some conditions, cause operating
changes, due to the shock being transmitted up the lead. All cutting of leads
should be done with good support of
the lead inside the point of cutting.
Good support will help keep the stress
to a minimum and absorb the shock
of cutting action.
Poor installation practice will not always
show up in calibration but is certain to
cause problems eventually.

430 Southern Boulevard, Bronx, New York
14055. Telephone: (212) 292-1500.
!-Type 524D, SN 1328. Price $500.
Good operating condition. Contact: Enrique Valdes Pages, WKAQ-TV, P. 0.
Box 5096, San Juan, Puerto Rico 00905.
!-Type RM504, SN 1589, like new. Price
$400. Contact: Walker Medical Electronics, 8621 East 55th Street, Kansas City,
Missouri 64127. Telephone: (816) 3532038.
!-Type 547, SN 1342; !-Type lAl dualtrace plug-in, SN 2043. Electrical and
physical condition excellent. Contact:
H. R. Greenlee, 430 Island Beach Boulevard, Merritt Island, Florida 32952. Telephone: (305) 853-9542 (during working
hours).

TOUCH-UP PAINT CANS CLOG
You can probably prevent pressurized
cans of touch-up paint (252-0092-00)
from clogging by observing a simple practice: As soon as a paint job is done, turn
the can completely upside down, and
spray into a rag for a few seconds to clear
the nozzle and take-up tube.
PLASTIC TRANSISTOR LEADS CHANGE

Plastic transistors made by Texas Instruments are now being supplied with the
leads emerging at the points of a triangle instead of in a straight line. That
means the flat side of the new ones will
face a different direction from before,
so the flat side should not be used alone
as a guide for how a replacement transistor should be oriented.
E

C

B

J!_B)

C

B

E

(00)

NEW~

USED INSTRUMENTS WANTED
!-of the following type scopes: 533A,
535A, 524D or 531A. 1-Type CA plugin; !-Type H, L or B plug-in. Contact:
H. R. Greenlee, 430 Island Beach Boulevard, Merritt Island, Florida 32952. Telephone: (305) 853-9542 (during working
hours).
1-Type 503. Contact: Mr. B. Smalley,
Intercontinental Dynamics Corporation,
8940 South Bell, Chicago, Illinois 60620.
Telephone: (312) 238-8577.
1-Type 422. Consultant wants for personal use. Contact: Ross Hupp, 4961
La Gama Way, Santa Barbara, California
93105. Telephone: (805) 967-9331.

REFERENCE CHART
!-Type 512, SN 2113, in excellent condition with Tektronix modifications. XlO
probe and manual included. Price $180
FOB. Scope cart included with pick-up
purchase. Contact: Robert A. Dessert,
6703 Greendale Road, Alexandria, Virginia
22310. Telephone: (703) 971-2941.

The reference chart shown on page 15
is useful for identifying the pin numbers
of socket-mounted transistor and integrated circuits. By cutting along the
dotted lines, the chart can be detached
for use on your bench.

To remove, cut along dotted line .
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Silicone Grease for Transistor Heat-Sink Use

Some confusion apparently exists over
the need for silicone grease in mounting
heat-sinked transistors and if so, where
do you put it.

dissipated is about l.OoC due to 8cs
This is mainly due to irregularities
surfaces resulting in dead air spaces
do not readily transfer heat. See

The maximum power which may be dissipated in a transistor is limited by its
junction temperature, TJ. An important
factor in determining junction temperature is the ability to conduct heat away
from it. There are several "thermal resistances" to be considered in series with
heat transfer from junction to ambient
air. An electrical analogy of these separate "resistances" is shown in fig I. One
of these, 8cs, is the thermal resistance
from case to heat sink and is influenced
by the method of mounting. If a mica
insulating washer is used dry, the junction temperature rise per watt of power

Polishing the surfaces to reduce the
amount of dead air space would help, but
is expensive. A more economical method is to fill the spaces with a substance

alone.
in the
which
fig 2.

transi storl
washer

-j

superior to air in thermal conductivity.
Nearly anything is better than dead air,
but silicone grease has the advantage of
being a good electrical insulator while
readily conducting heat. The use of ordinary silicone grease can reduce the above
mentioned 1.0°C rise per watt of power
to about half, and some of the new types
of greases bearing metallic oxides claim
reductions to the area of 0.1 o C;Vv. As
an example, this would mean a difference
of 22.5°C in the junction temperature of
a power transistor dissipating 25 watts.

eJC

=

How A Magnified Cross-Section View
Of The Surfaces Might Look

THERMAL RESISTANCE OF
JUNCTION TO CASE BOND.
Controlled by manufacturing
process only.

Internal Junction Temperature

Mica or
Anodized
Aluminum

I

~~:~~~~~ l i- ~
'-==-

/~ ll

Temperature of Metal Case

cb)
Temperature of Mounting Base
CURRENT
GENERATOR

lj
Air
Temperature
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Carelessness in reheating the solder connections for the removal and replacement
of components is the only difficulty to
be guarded against here. Caution must
be taken not to overheat the substrate
and this can best be accomplished with
deft hands and by small applications of
heat. If the removal or replacement is
not accomplished in the first few seconds
of heat application, avoid transferring too
much heat to the substrate by going to
another connection or waiting a few minutes before reheating the connection. Giving the connection these few minutes to
cool will allow the heat to dissipate and
help to avoid overheating the substrate.
Heat dissipates quite slowly from some

of the smaller connections and too long
an application of the soldering iron will
result in the overheating of the substrate.
TIP CONSIDERATIONS

Some things to be considered in order
to obtain a low \\·orking-tip temperature
are:
1. At slow soldering speeds, a 25-watt
iron and a 1/8 inch tip.
2. At medium soldering speeds, a 40watt iron and a 3/16 inch tip.
3. At fast soldering speeds, a 50- or 60watt iron and a 1/4 inch tip.
A recommendation for soldering tips

is that they be made of copper and have
a chisel or bevel shape.
There are two areas on a circuit board
which might require different soldering
techniques. One is the large copper area
used as a common connection in contrast
to the smaller spot connections. The
larger areas will absorb heat much more
rapidly than the smaller spot connection.
This may necessitate a hotter iron and
a larger tip for these areas than the
smaller spot connections.
·with these cautions and recommendations in mind you should encounter no
trouble when soldering Tektronix circuit
boards.

Soldering leadless Capacitors

Special techniques are required to sucsolder leadless capacitors to cir,1~ cuit boards. The following steps will minimize the problems that may be encountered when soldering leadless capacitors
to circuit boards.

!

1 cesfully
...

I

I

1. Tin the capacitor if it is not already

tinned. This can best be accomplished
by using a small soldering iron with low
heat, and holding the capacitor down
by weighting the edge of it with a silver
com.

I

I
I

2. Tin the area of the circuit board where
the capacitor is to be attached. This
is usually a relatively large groundplane area.

i

I 3. Place the capacitor on the board in the
i"
desired location.

I 4.

I
I

l

I

II
Ii

Apply heat to the board adjacent to,
but not touching, the capacitor. This
will require more heat than the tinning
operation above. Do not attempt to
effect a bond by applying heat on top
of the capacitor as this will permanently
damage the device.

5. Press down lightly on the top of the
capacitor using a toothpick, or other
j
small
wooden stick, until it settles down
!i
onto the board-indicating that the
solder has melted underneath. Remove
the heat and allow to cool.

I

When soldering leads to the tops of leadless capacitors:
1. Solder the capacitor to the circuit board
using the method above.
2. Bend wires or component leads over the
top of the capacitor (within approximately one lead diameter) after the
other end of the component has been
secured in place.

3. Using a small iron, heat the component
lead and apply solder until the solder
wicks down onto the top of the cap.
4. Remove the soldering iron, and allow
the lead to seek its own equilibrium.
This will minimize the external stresses
on the capacitor.
Remember, practice makes perfect!

I

I
I

I
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