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1-18. When Nicolson devised his oscillator, none
of the possible functions of a piezoelectric vibrator
had previously been investigated or discussed. His
patent application offered no description of the
crystal’s function, although presumably the crys-
tal performed in some way to transfer part of the
plate circuit energy to the grid circuit. Evidence
that the normal vibrations of the crystal actually
controlled the frequency seems to have existed, but
no mention was made of this fact. The circuit,
however, embodies the combined principles of
coupler, filter, and resonator. Obviously the crystal
acts as a coupler between the plate and grid cir-
cuits; and, inasmuch as the crystal may block the
feedback of all plate energy except that at the
frequency of the crystal's normal mode of vibra-
tion, the crystal may be imagined to perform the
function of a filter, even though the over-all opera-
tion is that of an oscillator. Finally, if the plate
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tap is connected at the bottom of the coil, so that
the only feedback is through the plate-to-grid
capacitance of the vacuum tube, the crystal may
function as a conventional resonator, controlling
the frequency as would a tuned grid tank circuit—
the complete vacuum-tube circuit being the equiv-
alent of a tuned-plate, tuned-grid oscillator. Thus,
to Dr. Nicolson belongs the honor of being the
first to employ the piezoelectric crystal purely as a
circuit element, in all its principal circuit functions.
1-19. Although Nicolson was the father of the
piezoelectric crystal circuit, Professor Walter G.
Cady, of Wesleyan University, was its greatest
prophet. In 1918 during a series of experiments
being conducted to investigate the use of Rochelle
salt plates for underwater signaling, Dr. Cady be-
came interested in the electromechanical behavior
of crystals vibrating in their normal modes. Out
of the resonant properties that he discovered, he
came to visualize the great possibilities that the
piezoelectric crystal afforded as a resonator of
high stability. After experimenting with several
circuits, including the first quartz-controlled oscil-
lator, Dr. Cady, in January 1920, not aware that
Dr. Nicolson considered his oscillator controlled by
the resonance of its crystal, submitted a patent
application for the piezoelectric resonator, in which
he reported its possibilities as a frequency stand-
ard, filter, and coupler, and described the principles

Figure 1-1.
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The first crystal- (Rochelle salt) centrolied oscillater.

Invented by A. M. Nicolson, 1918
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and the slow rate of growth have, until very re-
cently, prevented quartz manufacture from being
commercially feasible. Advances are now being
made in growing imperfection-free quartz stones
having major dimensions so oriented relative to
the principal crystal axes that a desired type of
quartz cut can be obtained with minimum waste.
The future possibilities of quartz manufacture
appear quite promising.

1-42. The large quartz crystals of geological origin
are the products of long ages of growth under
great pressure. The growing crystal assumes the
shape of a hexagonal prism with each end pyramid-
ing to a point. The prismatic faces are designated
as m faces, see figure 1-4, and adjacent m faoces
always intersect at angles of 120 degrees. The
opposite m faces of the prism are always parallel,
but are rarely of the same dimensions. These faces
are not perfectly planar, but are streaked with
small horizontal growth lines, or striae. Parallel to
the growth lines are the bases of the six end faces
—three r and three z faces—which form a hexag-
onal pyramid, but with only the r faces meeting at
the apex. The end faces are quite smooth, with the
r, or major, faces usually appearing more polished
than the z, or minor, faces. Figure 1-3 shows a
mother crystal with one of the pyramidal ends
missing. Complete crystals are rarely found except
in very small sizes. More likely both pyramidal
ends will be missing, and frequently crystals are

Figure 1-3. Raw quartz stone
WADC TR 56-156
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found with all the natural faces broken or eroded
away. The largest quartz crystal that has been re-
corded was found in Brazil. It is described as a
crystal of smoky quartz, 7 ft 2 in. long, 11 ft 2 in.
in circumference, and weighing more than 5 tons.
1-43. Quartz is enantiomorphous—that is, it oc-
curs in both right-handed and left-handed forms,
which are mirror images of each other. The
enantiomorphic faces of two ideal alpha-quartz
crystals are represented in figure 1-4. The left-
handed and right-handed forms are indicated by
the direction in which the small upper x and s
faces appear to be pointing. Note that this rule is
valid regardless of which end of the crystal is
turned up. However, the x and s faces are rarely
found, so that the handedness of a crystal is
usually determined by noting the optical effects
when polarized light is passed through the crystal
parallel to the optic (lengthwise) axis.

IMPERFECTIONS IN QUARTZ

1-44. Pure quartz of structural perfection is a
transparent, colorless crystal—such that the early
Greek physicists believed it to be a perfected form
of ice. Through the centuries quartz has been cut
and ground into many ornaments, and was mysti-
cally respected in the ancient art of erystal gazing.
1-45. The presence of impurities can convert
quartz into a variety of gem-like colors. Amethyst,
agate, and jasper are all quartz crystals colored by
impurities. A different form of coloring is that
which gives a smoky appearance to quartz. This
effect differs in degree from crystal to crystal, and
in extreme cases a crystal may be so dark that it
cannot be inspected for defects nor for the align-
ment of axes. However, by heating a smoky crystal
from 850°C (662°F) to 500°C (982°F) it becomes

Figure 1-4. Left and right quartx crystals
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quite as clear as the purest stone. Possibly the
coloration is due to the dissociation of some of the
silicon dioxide molecules, which recombine on heat-
ing; in any event, crystals which have been cleared
of smokiness, remain clear, and have the same
physical properties as the normal colorless crystals.
1-46. Other than those arising from chemical
impurities, there are three types of structural
defects to be avoided when cutting blanks from
the raw quartz. These are cracks, inclusions, and
twinning.

Cracks

1-47. All raw crystals contain cracks to some
extent, particularly near their surfaces, where
fractures are easily caused by impacts. Tempera-
ture variations and growth conditions are also
causes of cracking. The larger cracks are readily
visible, but not the separations with dimensions
comparable to a wave-length of light. For this
reason, any detected crevice should be assumed to
extend somewhat beyond its visible length. Raw
quartz should be handled with particular care, for
the large crystals are more vulnerable to fractur-
ing than are the small finished plates. No finished
plate, however, should be permitted to contain &
crack.

Inclusions

1-48. Inclusions are small pockets, often sub-
microscopic, holding foreign matter which was
entrapped during the crystal's period of growth.
The trapped material may be a gas, liquid, solid,
or any combination thereof. The pockets are often
too small to be seen individually, but are readily
detected by the shapes and coloring of the clusters

they form. Groups of the smallest-size inclusions
have a bluish cast; groups of medium-size in-
clusions appear as a white frosting; and the larger
inclusions are individually visible as small bubbles.
Some of the clusters appear as small clouds; others
appear as needles, which may be fine or feathery,
and which may form parallel rows or spread
comet-like from a bubble origin; still other groups
are draped in sheets or folds like veils; and, finally,
there are those inclusions that arrange themselves
in surfaces parallel to the natural crystal faces,
outlining former growths, and appearing as crystal
phantoms within a crystal. See figure 1-5. Not a
great deal is known concerning the effect of in-
clusions upon the performance of finished plates.
However, the fine textured (blue) inclusions are
the least objectionable, and the isolated bubbles are
more to be tolerated than a veil or phantom. Blue
needles are permissible in large, low-frequency
plates that are not to be driven at high levels.
Nevertheless, any inclusion weakens a crystal, and
will not be present in a high-quality, finished plate.

Twinning

1-49. Twinning is the intergrowth of two crystal
regions having oppositely oriented axes. This ab-
normality is rarely detectable by a casual visual
inspection, and a crystal that appears homo-
geneous throughout may, indeed, have several
twinned areas; in fact, almost all large crystals
have twinning to some extent. There are two types
of twinning common to quartz—electrical twin-
ing and optical twinning. In electrical twinning,
only the electrical sense of the crystal axes is
reversed, whereas in optical twinning, not only the
electrical sense, but the handedness of the crystal

Figure 1-5. Quartz crystal contoining inclusions and froctures *
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Figure 1-9. Kelvin’s molecvlar model of the charge
distribution of clpha quartx. The positive direction
shown for the X axis corresponds to that of right
quartz, for a compression of the crystal along that
axis will cause the piezcelectric polarities to coincide
in sign with the X-axial directions. For left quartz,
the sign of the Y, as well as the X, axis, must be
reversed in order to maintain a right-handed
coordinate system *

ARRANTIMENT OF ATOMB 1N AL TE, REWED ALOWS AN X

Figure 1-10. Arrangement of atems in alpha quartz.
Plane of paper corresponds to YI plame in crystal

(a) (B}

Figure 1-11. Equivalent distribution of charges that account for observed piezoelectric effects of alpha quartx.
(A) Piezoelectric polarity along X oxis of right quartz due to compression along Y axis. (B) Piexoelectric polarity
of Y axis of right quartz due to shearing stress, where the resultant strain is equivalent fo o compression along
the axis designated GH. (Note that in both A and B, the piezoelectric effect is due to a rocking of the axial
dipoles, and not fo their compression or extension. To achieve the same deformations by the converse effect,
equal voltages, but opposite in sign to the polarizations indicated, are applied across the respective axes)*
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Figure 1-57. Polariscope-inspectoscope. Used for exomining row quartz

The lamp incorporates a high-powered (500- to
1000-watt) projection system of white light, and
inspection of the stone is performed by direct ob-
servation. The usable parts of the stone are
marked ; or if too many imperfections are present,
the stone is discarded.

INSPECTION FOR OPYIC AXIS AND
OPTICAL TWINNING

1-123. If a stone has retained some of its natural
faces, the optic (Z) axis may be readily located by
direct observation. In the usual case, however, it
is necessary to use the plane-polarized light system
that is provided by the inspectoscope. The light
from a mercury or incandescent lamp is plane
polarized by a polarcid plate placed between the
lamp and the tank. On the opposite side of the tank
is a second polaroid plate with its transmission
axis perpendicular to that of the first, so that if a
stone is not in the tank to rotate the polarity of the
light, the rays will be stopped at the second plate.
Light that does filter through, however, is re-
flected upward by a mirror, and the pattern may
be observed through the glass cover shown in
figure 1-57. When a stone is placed in the tank and
oriented so that its optic axis is parallel to the rays,
the polarity of the rays will be rotated and a bright

WADC TR 56-156

image will be reflected from the mirror. If white
light is used, a pattern of concentric rainbow colors
will appear; and if monochromatic light is used, a
pattern of concentric rings of light and darkness
will appear. The optic axis will be exactly parallel
with the light rays when the stone is in the posi-
tion that yields the fewest and broadest bands. If
optical twinning is present, it will be revealed by a
fine-toothed pattern cutting across the rings, as
indicated in figure 1-58. The twinning areas are
more clearly indicated when white light is used,
and when viewed slightly off the optic axis. On the
other hand, monochromatic light produces ring
patterns of maximum clarity for the determina-
tion of the optic axis itself. Flat surfaces are

. ground on opposite sidles of the stone, parallel to

the optic axis; and, with the stone resting on one
of the flat surfaces at the bottom of the inspecto-
scopehnk.alineisdnwnontbeuppermrhaw
indicate the approximate Z-axis direction.

USE OF CONOSCOPE FOR EXACT
DETERMINATION OF OPTIC AXIS

1-124. After the approximate optic (Z) axis is
determined, the stone is cemented to a glass plate,
and a small-end-section of the erystal is sliced off
with a diamond saw, leaving a flat surface approxi-



A VIEW ALONG THE OPTIC AXiS
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mately perpendicular to the optic axis. The stone is
then mounted on an adjustable orienting jig,
which is placed against the reference edge in a
conoscope tank. The conoscope (see figure 1-59)
provides a polarized light system with which the
optic axis may be accurately located by observing
a concentric ring system. The principle of the
conoscope is similar to that of the polarizing sys-
tem of the inspectoscope, except that a converging
lens system and a vernier system are provided that
permit the optic axis to be determined with an
accuracy of one degree. The handedness of the
crystal is readily determined by rotating the
second polaroid plate, or analyzer, of the conoscope.
The quartz is right or left according to whether
the concentric rings appear to expand or contract
for a given direction of analyzer rotation. When
the Z axis is accurately determined, each end is
trimmed to form plane surfaces (“windows”)
exactly perpendicular to the Z direction.

SECTIONING THE STONE

1-125. There are three general methods of cutting
the stone to obtain crystal blanks of desired
orientation: the direct-wafering, X-block, and Z-
section-Y-bar methods. In direct wafering, shown
in figure 1-60, wafers are sliced directly from the
stone at the desired orientation, and the blanks are
diced from the wafer. The X-block method, as in-
dicated in figure 1-61, is similar to that of direct

Figure 1-58. Polarized-light view of pyramidal cap
indicating optical twinning *

Figure 1-59. Conoscope. Used for locating accurately the optic axis and for determining
the handedness of quartz stones *
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wafering, except that, before being sliced
oriented wafers, the stone is cut into one or
blocks with place surfaces at each end of the Z
axis, and at the ends of one of the X

surface is accurately cut at right angles to the

it terminates. It is from these “X” blocks that the
properly oriented wafers are cut and then diced
into blanks. The third method of cutting proceeds
as indicated in figure 1-62. The stone is sliced into
7 sections (cross-sectional slabs with plane faces
perpendicular to the Z axis) ; the Z sections are cut
into Y bars (bars with the length parallel to the Y
axis) ; and crystal blanks are sliced at the desired

Figure 1-60. Direct-wafering method of cutting
crystal blanks

MOTHER QUARTZ SECTIONED
INTO I BLOCKS

+ X -AXIS
wiNDOW

ar

X SLOCK CuT FROM Z BLOCK

1%

WAFER

—————+ Y

Z-aXxiS WINDOW (PERPENDICULAR TO
PLANE OF PAPER) PLACED AGAINST
REFERENCE EDGE OF MOUNTING JIG

WAFER CUT FROM X BLOCX

Figure 1-81. X-block method of cutting wofers from unfoced stone. Waters, on being diced, provide crystal
blanks of the proper orientation
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orientation from the Y bar. Of the three methods
of cutting, the X-block method is the one most
commonly used, and will be the one assumed in the
following paragraphs.

DETERMINATION OF X AXIS

1-126. A reasonably accurate method for a pre-
liminary determination of the X axis of an unfaced
quartz is by observing the cleavage lines of a thin
Z section when it fractures after being heated and
dropped into cold water. The intersections of the
fractures with the XY plane of the Z section are
normally parallel to an X axis. A more useful pro-
cedure, however, is to first etch a Z block (block
or section with Z windows, before X windows have
been cut) in a bath of 30%¢ hydrofluoric acid, and
determine the approximate X axis with a pin-hole
oriascope, shown in figure 1-63. The oriascope
provides a pin-point source of ordinary light which
will cause a triangular image to appear on the
upper XY window when the lower window of the
Z block is placed over the pin hole. The sides of the
triangle are approximately parallel to the X axes,
and matching windows and a template are provided
to aid in marking the crystal.

1-127. With the X axis approximately located by

Section |
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Figure 1-62. ZI-section-Y-bar method of cutting
properly oriented crystal blanks

the cleavage or oriascope methods, an exact orien-
tation is determined by use of X-ray apparatus.
The Z block is cemented to a glass plate, which in
turn is placed on an adjustable orienting jig that
can later be transferred to a saw. As indicated in

L HO MATCHING -wow—-ﬂ’\,

LHO WMATCHING ARM

MARKING TEMPLATE

MARKING ARM

QUARTZ

s»sc-u.u«\a
i
LIS

NOTE LnQ LB T-mAND &

RRQ MATCHING ARM

ANO MATCHING WINDOW

FILAMENT

LAMP #OUSING

WO RIGHT MANT QUARTY

Figure 1-63. Pinhole oriascope with motching ana marking arms for use on 4 sections *
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GROUND SURFACES

Z- AXIS WNDOW *

Figure 1-64. X-ray determination of X axis in I
block. M is horizontal bisector of angle that ray must
make if reflected beam is fo enter ionization chamber.
6, the Bragg angle of X-ray reflection for copper-
anode K, radiction, is predetermined occording to the
particular atomic plane to be identified. For plane
that is parallel to an m face, and hence to an X axis,
# = 10°38". With positions of X-ray source and
ionization chamber fixed, rotation of I biock about
Z =xis will cause maximum current to fSow through
ionization chamber when aon X axis becomes

perpendicuiar to M

Figure 1-65. Reflection patterns of rwinned I section,
showing both types of twinning. The section is pre-
dominantly right quartx, but is foirly evenly divided
by the electrical twins @ and b. The small regions of
optical twinning of ane electrical sense are shown in
C, and those of the opposite sense are shown in D.
The X-axis polarities indicated apply only to the
respective bright regions. The regions marked f
contain flaws *
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figure 1-64, an X-ray beam is directed toward the
crystal’s vertical surface, which deflects part of the
beam into the window of an ionization chamber,
causing a current to flow that has an amplitude
proportional to the intensity of the rays entering
the chamber. X-rays of constant wavelength are
propagated in a narrow pencil from a properly
filtered source, which consists of a special high-
voltage cathode-ray tube having a copper anode.
The X-rays are emitted by virtue of the high-
energy electrons’ striking the copper target, and a
thin nickel plate is inserted in the X-ray path to
eliminate unwanted wavelengths. The atomic
planes of the crystal lattice effectively serve as
reflecting surfaces, except that interference be-
tween the reflected rays from adjacent parallel
planes eliminates all angles of reflection except
those that permit the path lengths of coinciding
rays to differ by an integral number of wave-
lengths. The above condition is satisfied when the
distance between the atomic planes is related to
the wavelength and the angle of incidence of the
X rays in a manner that can be expressed by
Bragg's law:

nA = 2d sin 6
where: n=1,2,8,....
A = wavelength of X rays

d = distance between parallel atomic
planes

# - angle of incidence of X rays with
atomic plane

The ionization chamber is a gas-filled metallic
cylinder having an electrode which is maintained
at a voltage relative to the cylinder. X rays enter-
ing the chamber will ionize the gas, permitting a
current to flow through the external circuit. With
# predetermined for a particular atomic plane, the
exact direction of the plane, and hence of the
crystal’s orientation, can thus be determined by
rotating the Z block for a maximum reading on
the ammeter.

CUTTING X BLOCK

1-128. When the X direction has been precisely
determined, the mountirg jig is locked in position
and transferred to a diamond saw, where windows
are cut perpendicular to, and at each end of, the X
axis—thereby forming an X block. After the align-
ment of the windows is rechecked with the X-ray
apparatus, the X block iz cleaned, and then etched
in 48% hydrofiouric acid or a saturated solution of
ammonium difluoride.



1-129. Electrical and optical twinning boundaries
can be observed directly by shining a spot lamp
upon the etched Z windows of the X block. The
light should be directed at approximately a 30-
degree angle with the surface being examined,
with the line of sight of the observer perpendicular
to the surface. As the block is rotated about the
axis perpendicular to the surface, there will be four
particular orientations, each corresponding to a
reflection of maximum brightness from the etched
area of one of the four possible twins—right-hand
quartz of either electrical sense, and left-hand
quartz of either electrical sense. See figure 1-65.
Normally a crystal is predominantly right or left,
so that optical twinning usually appears only in
small scattered regions. Electrical twinning, how-
ever, normally divides a crystal into large regions
of opposite electrical sense. The polarities of the
various twinned areas can be readily determined
by noting the angles »f rotation at which maxi-
mum brightness is observed. The axial polarities
of an X block may also be determined by examin-
ing the X windows with the aid of a pin-hole oria-
scope having matching and marking arms designed
especially for X sections. The images observed will
differ according to the electrical sense of the
particular area—also, according to whether hydro-
fluoric acid or ammonium difluoride was used in
etching. By a proper interpretation of the patterns,

Fabrication of Crystal Units

the axial directions of the twinned regions can be
suitably marked. If there is an excessive amount
of scattered twinning, the block must be dis-
carded; otherwise, the observation permits a
proper orientation for cutting slabs, so that opti-
mum use of the quartz is possible.

PREPARATION OF WAFERS

1-130. The mounting jig, adjusted to the correct
orientation, is transferred to a saw, and the X
block is sliced into slabs of sufficient thickness for
finishing. See figure 1-66. After being cleaned and
etched, the slabs are inspected and marked for
twinning, and the unusable portions are cut away
by a diamond saw. Each slab is cemented to a
holder and mounted in a jig for a final X-ray deter-
mination of the orientation. The adjusted slab
holders are transferred to the jig of a lapping
machine, and the slabs are lapped on one surface,
using an abrasive of 400-grain carborundum, until
the lapped faces have the desired orientation. The
slabs are then cemented to a large plate with the
corrected faces down, and the uncorrected faces
are lapped until parallel with the bottom faces. The
“wafers,” as the slabs are now called, are next
cemented to a glass-topped steel plate for dicing.

PREPARATION OF CRYSTAL BLANKS

1-131. The wafers are diced to the approximate
crystal blank size with a dicing saw, as shown in

Figure 1.66. wmucmmmx_u
5 '

WADC TR 56-156

-









Section |
Fabrication of Crystal Units

I ‘
g T R
i

FLAT
; ELECTRODE

sLAss GLASS
sPacer —ﬁw SPACERS
QuARTZ ! . FLaT
OSCILLATOR ELECTRODE
PLATE i

|
W | la—
x 2

Figure 1-70. Methods, old and new, for mounting crystal units. (A) Construction of early model crystal unit
employing the gravity air-gap type of mounting, now largely outmoded. The crystal holder shown is the type
FT-243. (B) Solder-cone wire mount for v-I-f length-Rexure crystal. (Courtesy HEEMCO). (C) Recently developed
techniq for ting shock-proof, 1-mc, A elements in the miniature HC-6/U metal holder to meet the
specifications for 1-mc CR-18/U crystol units: a. Reeves-Hoffman fexible nylon mount. b. Hupp loose-slotted
edge-clamped mouni. c. Bliley molded nylon bumper mount. d. RCA edge-clamping spring mount. (Courtesy
McCoy Electronics.)
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Figure 1-84. Solder-cone resonant-wire support. The solder ball “tunes” the wire to the crystal frequency i
it is placed ot a distance equal to an odd multiple of a quarter wavelength (1,, 1., etc.)
from the peak of the solder cone *

is least likely to rupture at the peak to form a
“crater.” For small erystals, the.part of the wire
enclosed by the cone may be straight, but for
larger crystals sufficient anchorage requires that
the end of the wire form a small hook. The wire
is tuned to resonance by fixing the position of a
solder ball at an odd quarter-wavelength from the
peak of the cone; the solder ball serves as a
“clamped” point for reflecting the wave energy
back to the crystal. The “free” end of the wire is
effectively at the point where it enters the solder
cone. The distances 1, 1,, and 1, indicated in figure
1-84 mark “free lengths"” of wire that will be reso-
nant at the given wavelength. Note that each of
the lengths defines a distance from the “free” end
of the wire to a node where the solder ball should
be placed.

Figure 1-85. Scider-cone wire mounting of
face-shear element

WADC TR 56-156

1-165. Theoretically, the resonant lengths 1, 1,
l,, ... obey the same clamp-free frequency equation
that is given for the cantilever clamp in paragraph
1-158. Experiment, however, has demonstrated
that somewhat longer lengths are required for
optimum performance. Normally, the free length
of the wire is made a quarter-wave section, 1,, in
the frequency range of 20 to 250 ke, and a three-
quarter-wave section, I, in the range of 250 to
1000 ke. For phosphor-bronze wire, the empirical
formulas for these distances are:

542 inches

d
f

d
2 124 -[— i
Is Vi inches

where: d — diameter of wire in inches (usually
0.0035, 0,005, 0.0063, or 0.008 in.).
f = freguency in kec.

1-166. After soldering to the crystal, the support-
ing wires are bent to make them serve as springs.
One, two, or three bends are carefully spaced and
directed so that the displacement per unit force
will be the same for all directions. The ends of
the wires are then soldered without tension to
metal rods, or “straights,”” which in turn are
welded to eyelets staked in a mica or bakelite base.
In mounting small crystal plates, the straights are
little more than short, metal stubs, but larger crys-
tals are mounted in “cages’” having a mica roof as
well as a mica base. Figure 1-86 shows the cage
assembly of a 40-kc length-width flexure crystal.
The cage is formed by two mica plates at each end,
and four straights. Besides providing for the
proper mounting of the straights, the mica plates
also serve as “bumpers” for the crystal. Theiinner
and outer plates limit the horizontal and vertical
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Rearranging, E, /E, = -’zr.- = CJ/C,

In the interest of maxium stability it is desirable
for R, to be a maximum. The problem is to find
what capacitance ratio, C,/C,, permits the largest
possible value of R, consistent with the rated drive
level and load capacitance of the orystal unit. The
phase-rotation equations do not enter the problem
—only those equations that concern the magnitude
of the equilibrium voltages and currents are of
concern now. The crystal specifications indirectly
set an upper limit for the tank current, I,. Thus,
the output voltage, E, ~ I, Z,, also has an upper
limit, since Z, (= Z,; — Z,) has a theoretical maxi-

mnmequlto,Z,:f%_lf‘- ;%i.whkhh»

proached as R, approaches zero. At the other ideal
extreme, Z, and Z, approach zero and the R,/Z,
ratio becomes very large. Now, 8 large R,/Z, is
desired, but some compromise must be made, since
the Q of the feed-back circuit becomes increasingly
small as Z, approaches Z,, in magnitude. A rigor-
ous treatment of the problem to find that relation

= =
Adl, = iy - S

- MEZZ,
ok = 7@ + %

or ulyZy, — RyZy = ZoZn,

On substituting (R,g.) for u, where g. is the
transconductance of the tube,

RuguZcZn, — Roly = 27
aa,-_lzz-‘_—z.- 1—284 (1)
Dividing both sides by Z,, we have

"W~ %o - .
b Bulgln — Iy ;l_-_%?_m_l

Our present concern is to seek the largest pragtical
value of R,/Zy, so that the phase of I, will be least
affected by small changes in R,. Now, Z, ~ Z,, — Z,,
where Z,, represents the predetermined crystal
impedance, which is approximately equal to X..
Also, Z;, ~ Z,!/R.. On substitution of these values
in the equation for R,/Z,, it is found that

W B
T Salole — R Balluls — Z) — Ra
1-284 (2)

It can be seen from equation (2) that for oscilla-
tions to be maintained g. (Z,Z, — Z,') must be
greater than R, A maximum R,/Z, ratio is'
approached as the product gu(Zy Z, — Z,") ap-
proaches the value of R,. Of course, it is impossible
for the denominator in equation (2) to be actually
equsltouro,torthenk,wouldbeinﬂnih;bnﬂt
is plausible to assume that a denominator much
smaller than the value of R, can be realized. Thus,
we can write

. il
(optimum) g % 77,
1—284 (8)

The more nearly this equality is approached, the
greater will be the frequency stability. The ques-
tion arises, is it preferable to seek this eguality
with a small or a large value of g.? Assuming that







Lrywal Oucibarers
x

C, = 5&%—‘1 1-284 8)
and

C, = Loty 1284 9)

»

Under these conditions the excitation voltage be-
comes greater than the voltage scross the plate
uw.mu':’.ummw-
tional relations hold:

(maz) R, = (u + 1) Zy 1284 (10)

1

1
(mi) & = -~ R 1284 (11)

for the sake of simplicity in discussion it is con-
venient to assume that the optimum C,/C, ratio is

cﬂbmmhr&u—h.nm.hm

ﬂﬂm»:n.l'ﬂofmuu is
nécessary. Returning to equation (2), it will be
seen that the maximum to be sought for R,/Z, is a

" not & “mathematical” maximum in the
sense that & curve of R,/Z, rises to a peak and then
decreases. The curve of equation (2) plotted against
2, passes from positive to negative infinity as the
denominator passes through zero and thus is dis-
continuous at that point. However, for any given
£ sufficiently large for R,/Z, to be posi-

:

mum possible without the risk of amplitude
instability. Thus, class-A operation where the tube
is operated only along the straight portion of the
E.l, curve is not feasible in gridleak oscillators.
Understand that if equation (7) holds, equations
(10) and (11) automatically hold. « in each equa-
tion is the effective » when equilibrium is reached
and is not the starting . It is the minimum . that
can be obtained as long as the crystal resistance,
R,, and the total load capacitance, C,, remain con-
stant. Because R,, g., and x all pass through ex-
tremes at the optimum capacitance ratio, it might
be thought that the operating conditions are more
ideally unique than they actually are, because the
instantaneous rate of change for all the tube
parameters with the capacitance ratio is zero
under these conditions. Remember, however, that
these maximum and minimum values apply only
in the event that the total C, remains constant. An
independent variation in C, or C, will cause the
frequency to change, and the tube parameters will
vary. For instance, g, will tend to vary directly
with both C, or C,. Only when C, and C, are
adjusted simultaneously so as always to maintain
the same total load capacitance will the instanta-
neous changes in the tube parameters be zero as
the capacitance ratio is varied through its opti-
mum value.

1-285. If equation 1--284 (3) is expressed as a
function of Z,., by substituting from equation
1—284 (4), the minimum value of g. becomes,
approximately,

4
(min) g = TE" 1286 (1)

.
Since Z,, is the crystal impedance, approximately
equal to X,, the minimum value of g. can be ex-
pressed as

1285 (2)

to be the maximum permissible effective resistance
according to the military specifications of the
crystal unit being used.
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Figure 1-195. Monitor chassis. Block diagram of a-f-c system in Radio Set AN/ARC-33

output from the 4th to the 13th, inclusive. The
selected harmonic is fed to the 1st mixer to be
heterodyned with the frequency from the vari-
able frequency oscillator. Harmonic selection is
achieved by capacitance tuning the primary aand
secondary of the harmonic generator output
transformer T401 to the desired harmonic f{ie-
quency. The switching is accomplished by 10-
position rotary switches S403A and S403B,
which are driven by the selector motor through
a harmonic generator clutch. These switches
merely select the proper fixed capacitors for tun-
ing the primary and secondary winding to the
desired harmonic of the 833.333-ke fundamental.
1-171. R-f input from the 1st crystal oscillator is
fed to the harmonic generator tube, Vi03A,
through coupling capacitor C107. A grid bias far
below cutoff 1s provided by grid resistor R407 in
order to ensure an output rich in harmonics. The
primary and secondary windings of transformer

WADC TR 56-156

T401 are permeability tuned for alignment at the
lowest (4th) harmonic. The highest frequency,
which is the 13th harmonic, is determined by
capacitors C418 and C419 across the primary and
C420 and C121 acress the secondary, Capacitors
C118 and C421 are trimmers for alignment at
the highest frequency. The selection of all har-
monics, up to but not including the 13th, is
accomplished by switching in the proper fixed
capacitor C108 through C417 across the primary
of transformer T101, and C222 through C431
across the secondary. For the lowest harmonic,
C116 and C117 for the primary and C430 and
C431 for the secondary are connected in paraliel.
For the highest harmonic, no auxiliary capacitor
is switched into the circuit. For proper operation
of the monitor, it is necessary that the input level
of the 1st mixer be approximately the same for
cach selected harmonic. This is accomplished by
selecting a grid bias for the harmonic generator
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1-235. Deviation of frequency with the collec-
tor supply voltage for various vaives of emitter sup-
ﬂym.hdudldudn-lﬂsohunoumd
shown in figure 1-224

{

1-556. The adjustment of the frequency-stabilized
oscillator depends upon the iresictance of the
erystal unit. A circuit adjusted for maximum
stability with one crystal unit may be relatively
unstable when a replacement erystal of the same
type and nominal frequency, but of different re-
sistance, is inserted. This might be expected, since
#he resistance of the crystal affects the amplitude
of oscillations as well as the phase-shifting Q of
the feedback circuit. A complete theoretical anal-
ysuis of the relations among the stability param-
eters has not been attempted, and no doubt would
weqniheumplex.nutoneofthemeimw
tant factors affecting the frequency stability is
the harmonic content of the oscillations. Any
change in the wave distortion, such as would
oceur with a change in amplitade due to a change
hmmlm‘vou)dhmﬂdentwlhift
the fundamental frequency (see paragraph 1-596)
toapdatwhmd\edrcuitf-mynombe
self-compensating.

1-567. Figure 1-288 shows a simple feedback os-
cillator tested by Dasher and Witt at the Georgia
Institute of Technology. The values of the param-
eters were selected to provide maximum fre-
Mlhbﬂit,forawﬁcnhrmmm.nd
crystal unit. Figure 1-239 shows how the fre-
mdﬂ\hudﬂatordsngedwitham-vdt
change in supply voltage. That a number of crys-
tal units having approximatély the same resist-
ance caused different effects in the frequency
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the project was a comprehensive investigation of
the frequency-control applications of a large
sample of radio sets currently in use by the
USAF. It was found that 80 to 90 percent of the
frequency-control requirements within the 0.8—
75-mec range could be met economically by three
conventional circuits, each designed for three
bands, or a series of nine standard oscillators in
all. It does not require this many separate oscil-
lator circuits simply to cover the necessary fre-
quency range, but it is desirable to have the
recommended operating band of each circuit suf-
ficiently narrow so as to avoid having to make
critical tuning adjustments. For the same reason
the circuits are not designed for specialized opti-
mum operating characteristics within each band,
but are intended only to provide a useful ¢ “put
consistent with the minimum requirements of
accuracy and stability of the average frequency-
control circuit used by the military.

1-568. The primary purpose of the packet-oscil-
lator project has been to develop a sequence of
plug-in circuits that can serve as models for
establishing an initial set of oscillator Military
Standards having the broadest practical toler-
ances. Once a beginning set of standards is agreed
upon, it is to be expected that electronic manu-
facturers of packaged oscillators will introduce
their own design modifications in meeting these
standards—modifications which may lead to more
rigid standards to supplement the broader stand-
ards for special applications. For example, the
need may arise for an oscillator having a mini-
mum deviation in frequency with ambient tem-
perature, or with time, or in having a minimum
tolerance in output amplitude, or in having &
maximum possible output for given load condi-
tions, or in having a minimum harmonic content,
and o on ad infinitum with all possible combina-
tions of electronie, physical, and operational spe-
cial requirements. From a Military Standards
point of viev- it is not the interior design of the
oscillator that need or should be officially speci-
fiod, but only what the unit can do or be or re-
quire in relation to the mechanic-thermodynamic-
electronic system in which it is to be mounted.
In this way a manufacturer is not discouraged
from developing an improved packaged oscillator
that can do an equivalent job more economically
or better than the original standards model.
1-564. On the other hand, from an economically
practical point of view, the Gruen packet series
can profitably serve as unofficial standards inso-
far as the designs of the various oscillators are
concerned—economical since the circuits used in

WADC TR 56-156

Section |
Crystal Oscillators

these units have known performance character-
istics, which, of course, would meet any Military
Standards based upon them. The circuits them-
selves are conventional, designed to be used with
Military Standard crystal units. Any standards
established for packaged oscillators based upon
the Gruen series will, of course, be no more rigor-
ous than those already established for the crystal
units being used.

1-565. The Gruen packet series employs three
basic oscillator circuits: the grounded-plate
Pierce, the electron-coupled grounded-plate
Pierce, and the cathode-coupled Butler circuit.
The two Pierce-type circuits are both used to
cover the same frequency range of 0.8 to 16 me.
The Butler circuit is designed to cover the higher
range of 10 to 75 me. The electron-coupled circuit
iz recommended as an alternate in the lower fre-
quency range when the input to the following
stage is & tuned circuit, or whenever a8 minimum
degree of coupling i8 desired between the crystal
oscillator and the succeeding stage.

GROUNDED-FLATE PIERCE PACKET
(0.8 TO 16 MC)

1-566. Figuve 1-242 is a picture of the miniature
packaged Pierce oscillator designed as a plug-in
unit by Gruen to cover the 0.8—16-mc range.
This range is covered in three bands. A schematic
diagram of the basic circuit and the values of
the parameters for each of the three bands is

Figure 1-242. Miniature plug-in (stonderd octal base)

Pierce oscillator 10.8 to 16 mc) doveloped af Armour

Reseorch Foundation by H. E. Gruen of ol., as an

initial basic pockaged oscillator unit to be standard-
ized for military use

PACKET OSCILLATORS

$5%
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shown in figure 1-243. Figure 1-244 shows the
output voltage versus frequency for each of the

three bands, and figure 1-245 shows the crystal
drive in milliwatts versus frequency. These per- c.l
formance charts, prepared by J. S. Kurinsky of Fapent
Armour Research Foundation, are based upon .. 2 3a; =, 15} ¢
measurements made under no-load conditions. i 3 &3 voLTS
The range of values at each frequency is repre-
sentative of the variations in output and crystal
drive to be expected due to typical variations in
crystal resistance. Thus, the bottom (lowest out-
put and lowest crystal drive) curves of each of
Rand R Ry G o G Ly B+
(me) (kilohms) (kilohms) (uf) (af) (muf) (mh) (volts)
08—5 1000 3.9 15 10 47 7.0 %
$—n 100 2.0 15 10 47 0.8 100
5—16 47 1.5 16 10 38 0.3 100

Note: The value of C, is chosen so that proper operation is obtained when this circuit operates into a load of 15usf. Wiring
capacitance increases the values of C,, Cy, and G, by the following amounts:

Ci: 5.5 pauf
C:: 3.6 ;uf
Ca: 10 puf

Figure 1-243. Schematic diogram and parameters of the grounded-plate Pierce circuit of Gruen packet serios
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Figure 1-244. Typicol sutpur voltage and voltage tolerances of the

FREQUENCY MO

grounded-plate Pisrce circvit of Gruen packet!

series. These voltages were messured vnder no load conditions except for the connection of o 15-uf copaci-
tonce ocross the ovipu! to insure o correc! effective load capacitance for the crystel vait
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Figure 1-245. Typical drive levels and operating tolerances to be expected for crystal units connected in the
grounded-plate Pierce circuit of Gruen packet series. The values shown assume no resistance losses in the
output load

the bands should not be interpreted as represent-
ing the output and crystal drive when crystal
units of maximum permissible resistance ure in-
serted in the circuits. The performance charac-
teristics for maximum-resistance crystals are
fairly closely approximated by the bottom curve
of the high band; but the highest-resistance
crystal units used in the low-band measurements
had resistance values only one-half to one-fourth
the permissible limits. Note in figure 1-242 that
the external mounting of the crystal unit and
vacuum tube permits a ready replacement of
either without diminishing the advantages of the
packaged unit. The metallic clasp appearing to
shield or support the vacuum tube is actually
inserted as a thermal conductor to prevent over-
heating. A tuning element, in the form of a screw
adjustment for C, (in figure 1-243), is provided
to ensure that the correct load capacitance (32
wpuf) is across the crystal unit. The parameters
indicated for C, are based on the assumption that
the external load will iniroduce an additional
16 uuf in parallel with C;. If not, C; must be

adjusted to give the proper total. Cy can also be igure 1-246. Drawing of miniature plug-in (stand-

used as a trimmer adjustment in the event of “l“:'dwl """'"', '””"".’.“M""""‘m"'“m
1 ing. The frequency stability of the -y "y

crystal aging by H. E ., as an initiel basic peckoged

A ot of
Pierce packet as a function of the plate voltage esciflater unit to be stondardized for militer' use
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particularly in the high band, are approximately
representative of crystal units having the maxi-
mum permissible values of resistance. Figure
1-253 shows the difference, in parts per million,
betwren the series-resonance frequency of the
crystal unit as measured in a Cl meter and the
operating frequency of the same crystal unit
when connected in the Butler circuit, as measured
by different operators at repeated tunings to peak
output voltage. This circuit-frequency deviation
should be added to the nominal frequency toler-
ance of the crystal unit in order to evaluate the
over-all frequency tolerance of the packaged
oscillator. For a 10 per cent change in plate sup-
ply voltage the stability of the oscillator unit is
within 1 to 2 parts per million in the 10-—20-me

range, 3 to 4 parts per million in the 20—40-mc "'“‘"':""‘“
range, and 4 to 5 parts per million in the 40-—75- ",' "I .".. ol.,
- unit to
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NOTE | c,
Lt
o
- FILAMENT
soz! 36
470 470
J cn-u:u HUF = upF
'P—"i!nf, " e vours
S WOTES
=
Frequency R R R, .G Co & C, B+
Range (mc) | (chme) | (ohms) | (kilohms) | (uad) () ) | %D, | Vol
10 — 20 1000 1000 10 470 100 4.7 15 100
20 — 40 1000 580 10 470 100 47 15 100
40 — 75 Note 3 1000 270 10 470 100 1.5 16 100

Note 1: Inductance L, is tuned to resonate with C, at the operating frequency.

Note 2: All test results were obtsined with the oscillator working into a 5000-ohm load.
Note 3: At f encies of 40 me and higher, an inductance which resonates with the static capacitance of the erystal
should be used to prevent unwanted oscillation. A low value of Q is desirable; coils wound on 1500-0ohm composi-

tion resistors perform well.

Note 4: The value of 15 uuf for €, includes stray wiring capacitance.

Figure 1-250. Schematic diagram and porameters of the Butler circuit of Gruen packet series
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Figure 1-251. Typical output vollage and voliage tolerances of the Butler circuit of Gruen packet series. when
operating into o 5000-0hm ioad
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Figure 1-252. Typical drive levels and operating tolerances to be expected for crystal units connected in the
Butler circuit of Gruen packet series. The values shown assume @ 5000-ohm load resistance
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Figure 1-253. Typical frequency folerances to be expected of crystal units connectad in Butler circuit of Gruen

packet series. The deviations plotted are deviations of the peak-oviput operating frequency from the series-

nm-nnhogmeyd'boindhﬂodayﬂdnhnnm-ﬂcam,ond-nmdovldbuln-

'hordoduonbdhoqqu'hwﬂdnb.fbn,'hoomllhhum'cboumddmlum

mwhhmddmwwamdhmwﬂum.lpododopavhgnmmldw-
ance, the latter being indicated by the measured deviation above
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Tronsistor

. or circuits are ideally suited for
d packaged units. Eventually, when
especially those in the h-f range, are
'actured with closer tolerances, it is
that a majority of the packaged
will be of transistor design. Almost
‘will this be true of those units designed
to be temperature controlled since the heat dissi-
pation of the transistor is so much smaller than
that of the vacuum tube, and hence less of a
factor in causing unwanted temperature gradi-
ents in an oven container. Research in the direc-
tion of loping standardized transistor pack-

aged tors is being initiated by the U. S.
w At the present writing the only infor-

available concerning the development of
any of transistor packaged oscillator is the

model developed at the National

Burean of Standards, discussed in the following
: and the temperature-controlled min-
iature umits already being manufactured by the

wu Company, discussed in paragraphs
1 1-672.

INIATURE PACKAGED

] OR FREQUENCY STANDARD

. complete packaged 100-ke frequency
with a self-contained power supply is

showtl in figure 1-254. This oscillator unit was
M by Peter G. Sulzer of the National
i of Standards. Although the primary pur-
the NBS project was to develop a pocket-

size, self-sufficient frequency standard, the result
provides an admirable illustration of the pessi-
bilities in packaged design. A G-element is.em-
ployed for frequency control, and as can be seen,
the dimensions of the crystal unit ccmprise about
half of the total volume, Power is supplied from
a mercury cell, which, of course, would not tbe a
necessary feature if the oscillator unit were
adapted for use as a general-purpose plug-in
component for precision frequency control. A
grounded-emitter junction transistor is used. Ca-
pacitors C, and C, form a voltage attenuator in
the feedback circuit to reduce the voltage applied
across the crystal unit. The relatively large values
of the capacitors connecting to the terminals of
the crystal unit serve to stabilize the feedback
phase. All the circuit elements except the crystal
unit and the mercury cell are supported in casting
resin on a plastic frame. The mercury cell iis at
the base. The oscillator is packaged in a metal
container (not shown), 7 inches by 134 inches.
The oscillator has a frequency deviation no gneater
than 1 part in 10* per degree C change in temper-
ature, or 1 part in 10* per 0.1 volt change in bat-
tery supply.

COMMERCIALLY AVAILABLE PACKAGED
(CRYSTAL-CONTROLLED TRANSISTOR
OSCILLATORS

1-571. A pioneer in the field of miniaturized pack-
aged oscillators has been the James Knights-Com-
pany. Their research team composed of R. Ives,
C. Reynolds, R. Beetham, R, Berge, C. Eickeberge,

. Small, portable, pockaged transistor crystal oscillator developed by P. G. Suzer of Nationa Bureav
. Unit is provided with mercury-cell power supply shown af right. Metal -optainer is no! shown
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“&- when the supply voltage was changed

“from ® to 4.5 volts. A 2-m. test oscillator has
shown an operating stability of 1 ppm over a
period of several weeks, but sufficient time has

not elapsed for these oscillators, so recently de-
véloped, to be tested thoroughly for operating life
and aging characteristics. The ovens in which the
) are mounted require a maximum of 1.5

nperes at 6.3 volts. The crystal temperature is

w within plus or minus 1°C over an
range of —55° to + 70° C. The assembled
p* is equipped with a standard octal base.

Standards for Packaged Oscillators
Many of the problems associated with the stand-
ardization of electronic components appear to defy
solutions that satisfy designer, fabricator, dis-
tributor, consumer, and repairer alike. As a re-
sult, the subject of standardization, itself, is often
a controversial issue. After discussing a number
of the conflicting points of view with different
d assooiates in the crystal industry, it seemed to the
“ W that perhaps some indirect good might re-
- &'l( points of view, as applicable in the
- mdardization of packaged oscillators, were as-
sembled on paper where they might more easily
be seen in relation to one andther. For this reason,
= «déscussion from paragraphs 1-573 to 1-581
E somewhat from the domain of technical
_ fact into an area more representative of mdividual
'm The reader interested omly tn the tech-
nical aspects of packaged oscillators can disregard
these paragraphs.
ADVANTAGES OF STANDARDIZATION
- 1-878: The primary advantages of standardized
d oscillators, as of other standard pack-

5-50 UUF

? 10-100%C ‘.I.:\_
9044 0.008uF - -
‘ r—-l(——1
$ 22,000 i - i rpaene:
i 295600
TesToew

transistor circwit in James Lnights packoged
low-frequency (10 to 100 ke oscillators. Square wave
output is rich in harmonics
10 UuF
.%
PEAK
ves e

diagram of crystal-controfled

transistor circuit employed in Jomes Ki m-f énd

h-f (0.1 1o 10 me) oscillators. pure sine-
wave output

aged units, can be described as those of economy :

a. It is an economical saving for research &nd
design departments to avoid having continually to
assign and train engineers in the special design
theory and developmental techniques of oscillstor
circuits; this saving can be achieved if there are
commercially available oscillator units of kndwn
operational characteristics capable of meeting all
normal frequency-control requirements.

b. It is more economical for equipment manu-

the different types of equipment in which it is to
be used, than by fabricating the oscillator as an
integral part of a much larger network where spe-
cial production procedures are required to make
the electrical and physical connections conform to
each different chassis layout.

¢. It is more economical for maintenance de-
partments to replace defective cscillators as plug-

A e

-
Y
A A

-

-
e ————

v

ot

..
>

Ty







models can be standardized, or if the
gpof standard items must be kept to an
te minimum, some of the difficulties facing
jon engineers are often avoidable when
¢ taken in establishing only those standards
that the funection that a particular item or
unit is to perform in relation to any system in
which it is to be used—not how the function is to
be achioved, unless the manaer of achievement in
way affects the design of the external sys-
;a: cost of maintenance and repair of the
8| a whole. Why, for example, should the
W which a crystal is mounted inside its
holder be standardized, if there is no intention to
repaip defective units? If a crystal unit can meet
all the ‘required physical, electrical, and opera-
i to the external system, what dif-

it make how this is accomplished?
1-679.44n regard tu packaged oscillators, it is to
1 ‘that sufficient performance tests can be
to eliminate the need for standards gov-
’ internal design of the package. Unless
unit is to be repluceable in the field, or
is ve an outside mounting, as in the case of
the Groen pachage, it should not be necessary to
‘the type of crystal unit employed, Indeed,
at can it make to the user of two
packaged units, identical insofar as their external
ics are concerned, if one contains a
crystaleontrolled oscillator and the other a little
imp tapning a crank? As long as either controlling
‘souret .is confined completely within its container

and works dependably within the rated tolerances,
the pe standards need not be concerned
y whether the control is piezoelectric or meta-

‘In the case of the crystal-controlled circuit,
) erystal unit is to be mounted inside the
container, as would be the case in a tem-
: ; trolled unit, a manufacturer should

p ired to use a Military Standard crystal
1 =I‘rm meet the oscillator requirements
vi,H more satisfactorily with another type of crystal

o mounting or holder. (We assume that the oscil-
: lator standards will not require that the crystal
. Dait bysweplaceable in the field. Such a specifica-
“aae ‘tion foF a completely packaged unit would mean
that one. of the primary advantages of packaging

- wasted—that in the case of breakdown,
ad of replacing the packaged unit, the inten-
is to service it.) Also, it may be preferable to

the crystal unit in place, than to depend

upon a plug-in connection, since the former
method usually permits a more stable circuit. A
properly fabricated crystal unit can generally.be
dependad upon to last as long as the useful life
of the equipment in which it is to be used, sc-no
objection to the soldered connection should axise
except in special applications. For example, the
specification for a plug-in crystal unit could be
important when mounted outside the package, as
in figure 1-242, where it can readily be replaged
without disturbing the packaged unit. Such an
arrangement should prove desirable if the same
oscillator is intended to operate at more than pne
frequency where space does not permit a switch-
ing arrangement capable of mounting and con-
necting all the required crystals, so that these
must be inserted manually in the field as the need
arises. Also, the plug-in arrangement becomes im-
portant when the operating life of the crystal unit
is expected to be much shorter than that of any
other part of the packaged unit; or if the operat-
ing lifc of the entire unit is to be of relatively
short duration. In any event, it would seem that
progress in the development of packaged oscilla-
tors will be promoted better if the standards in-
itially established are confined to specifying what
the packaged oscillators are to be able to do under
specified external conditions and do not tend to
limit the ways in which the functional specifica-
tions are to be achieved, even if at the timeithe
standards are established there appears to be only
one way in which the desired function can be
achieved.

Avoidance of Ambiguous Standards

1-580. If too much standardization vexes pri-
marily the manufacturer of the standardized item,
too little standardization scatters its headaches
chiefly among those that must use the item. Par-
ticularly sensitive to the uselessness of ambiguous
specifications or generalized advertising claims
concerning a component is the design or develop-
mental engineer who wishes to approach his cir-
cuit problems scientifically, yet who cannot do so
unless he knows quantitatively ~xactly what he is
putting into his circuit. To the engineer, a set of
standards sufficiently rigid and dependable for
predictable design and replacement purposes is
equivalent to a set of rigid production line tests,
since a unit cannot be guaranteed to pass certain
specifications unless at least a representative
sample has been tested to meet the specifications.
Furthermore, since the performance of a unit
depends upon the conditions under which it is
operated, it is often of little help to a design
engineer to specify exactly what a unit can do un-
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Figure 1-259. Typical

v —_—
VOLTAGE -~ CONTROLLED
(L

devices and characteristics. (A) Transistor emitter current-controlled

negative resistance (B) Transitron voltage-controlled negative resistance

Exactly what actions might result from the un-
stable conditions would depend upon the particu-
lar circuit and negative-resistance device,

Nagative Rrtissence Charactorts

Characteristics

1-590. iﬁnn 1-2569 shows volt-ampere charac-
teristic curves of two representative negative-
resistance devices. (A) shows a typical transistor
emitter characteristic, whereas (B) shows a typi-
cal transitron characteristic. The negative-resist-
ance property is confined to those regions of the
curves with a negative slope, as labeled between
points A and B. When either of the devices is
operated in the negative-slope region, an incre-
mental increase in one of the variables will be
accompanied by an incremental decrease in the
other variable. Thus, in (A) at a point C between
A and B, if the current increases by a very small
amount, di, the voltage will decrease by an
amount, dv. The ratio, dv/di, is the dynamic re-
sistance at the point in question, which in this case
is negative since dv and di are opposite in sign.
This does flot mean that the total resistance, v/i,
is necessarily negative, but simply that the resist-
ance to a small variation in current is negative.
It is the resistance to be met by a small a-c signal
superimposed on the direct current indicated at
point C. In curve (A), the slope at each point is
equal to the dynamic resistance at that point; in
curve (B) the slope is equal to the dynamic con-
ductance at each point.

"ﬂ 56-156

1-591. Note that for curve (A), one and only one
value of voltage corresponds to each value of cur:
rent. That is, the voltage is a single-valued func:
tion of the current. However, note that for a given
value of voltage in curve (A), there exist three

possible values of current. The current in thif§

case is thus a multivalued function of the voltaget
In curve (B), the current is a single-valued func-
tion of the voltage, but the voltage is a multi-
valued function of the current. Where a negatives
resistance characteristic is present, at least the
voltage or the current must be a multivalued func-
tion of the other. Theoretically both can be, but in
practical devices one of the parameters will be a
single-valued function of the other. That the other
must be multivalued is self-evident when we con-

sider that a volt-ampere characteristic having a

continuous negative slope would imply an infinite
capacity to supply energy. For some value of cur-
rent and voltage any electronic device can be made
to show a positive resistance. But wherever a
characteristic curve would show a change from
negative to positive resistance, the bend in the
curve will require that one of the parameters, v
or i, repeat its values as the other continues to
increase.

1-592. The characteristic curve, the emitter cir-
cuit, and the negative resistance indicated in fig-
ure 1-259 (A) are called current-controlled, since
the voltage is uniquely determined by the current.
The transitron circuit and its characteristics in
figure 1-2569 (B) are called voltage-controlled,
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TOR DESION
(Continved)

CRYSTAL OSCILLA!
CONSIDERATIONS

ll—pulity of crystal parameters
| Stability of oscillator

Resonance indicator
Fm requirements

s.)

See LC oscillators.)
ecircuits (See Fre-

Temperature control (See also

Section IV.)

muuf from crystal to LC

quency syn

control
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CRYSTAL UNIT CR-15/U

e
. FRONT Tor
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Figure 2-1. Crystal Unit CR-15/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
plastic holder and designed to operste on the fun-
damental frequency of the quartz plate. Used as
a low-frequency cortrol element in circuits which
must maintain good frequency stability in the ab-
sence of oven control, even when exposed to wide
variations in temperature. The crystal unit is in-
tended for operation at parallel resonance.

RATED OPERATING CHARACTERISTICS

Frequency Range: 80 to 199.999 ke

Nominal Frequency Tolerance: =0.01% at all
temperatures within operating range

Frequency Deviation with Temperature: Permis-
gible within limits of nominal frequency toler-
ance

Operating Temnerature Range: —40° to 4+70°C
+2°C

Operable Temperature Range: Not specified be-
yond operating temperature range

Resonance: Parallel

Load Capacitance: 32 0.5 puf

Harmonic of Quartz Vibration: Fundamental

Méaximum Drive Level: 2 mw

Marimum Pin-to-Pin Capacitance: Not specified

Mazimum Efective Resonance Resistance:

Frequency (kec) Resistance (ohms)
80 to 119.999 e 10,000
120 to 159.999 TP S 8000
160 to 199.999 e 6000

WADC TR 56-156
S

CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

See characteristics of element D, paragraph
1-116, figure 1-52.
TYPES OF CIRCUITS USED IN
modified transi-
tron, Miiler, modified Butler

MOUNTING DATA

Crystal Holder: HC-6/U or HC-21/U

Method of Mownting Crystal: Wire-mounted in
plastic holder

Limensions and Marking: See figure 2-1(B). All
dimensions in inches. Unless otherwise specified,
tolerances are +0.006 in. on decimals.

LOGISTICAL DATA

USAF Stock No.: 2100-2X515-frequency in ke

Status: Standard (Category 1)

Date of Status: 9 October 19560

Related Specifications, Standards, and Publica-
tions: See Appendix IV.

Commercial Sources: See Appendix ill :

Remarks: Use of this crystal is discouraged by
some manufacturers because, in their opinion,
the specified holder (HC-5/U) suffers these
mmm:mmumm
Mmld(m.mulb«mﬁedb-
sealed version will be used in procurement of
further models) ; it has poor form factor; and
it uses an unorthodox base which requires a
special socket.
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Equipment Used In: Radio Receiver R-277/APN-
70

MILITARY STANDARD TEST DATA

Authority: Military Specification MIL-C-3098B,
approved 9 December 1955

Requirements and }rocedures of Tests: See para-
graphs 2-21 through 2-50,

Reference Standard Test Set: Crystal Impedance
Meter TS-587/TSM

Electrical Connection of Holder: Not applicable

Method of Measuring Frequency and Effective
Resonance Resistance: B

WADC TR 56-156 434

Drive Adjustment Procedure: MS91482 (see para-
graph 2-81 and MIL-C-8098B)
Shock and Vibration Test:
Permitied change in frequency: +0.001%
Permitted change in effective resonance resist-
ance: +15%
Aging Test: Not required

Tensile Strength Test (Minimum Requirements):

Frequency (ke) Grams
80 to 119.999 1000

120 to 169.999 800

160 to 199.999 .. 700




CRYSTAL UNIT CR-16/V
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Figure 2-3. Crystal Unit CR-16/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, » nted in a
plastic holder and designed to operate on the fun-
damental frequency sed as
a low-frequency contro! i circuits which
must maintain good ity in the ab-

sence of oven control xposed to wide
variations of tempera i

tended for operatior
RATED OPERATIM RISTICS
Ff’»‘q'u ncy Range
Nominal Frequen: 2t all
temperatures witl

Frequency 1

s in

sible within lin y ler
ance
Operating Temper i L T70°(
mp .
nd operating t
R‘.vl"'ﬂ " p NOries
Load Capacitance: N
Harmonic of Quartz | ! ntal
Maxrimum Drive Le

TYPES OF CIRCUITS USED IN

Two-stage-grounded-cathode, transitron, trans-
former-coupled, modified Butler, and Meacham-
bridge

MOUNTING DATA

Crystal Holder: HC-5/U or HC-21/U

Method of Mounting Crystal: Wire-mounted in
plastic holder

[Mmensions and Marking: See figure 2-3(B). All
dimensions in inches. Unless otherwise specified,
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA

[ SAF Stock No.: 2100-2X516-frequency in ke

Status: Standard (Category 1)

Date of Status: 9 October 1950

Related Specifications, Standards, and Publica-
fions: See Appendix IV,

Commercial Sources: See Appendix I11.

Hemarks: Use of this crystal unit is discouraged
Ly some manufacturers because, in their opin-
ion, the specified holder (HC-5/U) suffers these
important disadvantages : The holder is not her-

Maximum Pin-to-Pir specified metically sealed (although a metal hermetically-
Maxtmum Efect 000 scaled version will be used in procurement of
{uture models) ; it has a poor form factor; and
_ it uses an unorthodox base which requires a
PERFORMANCE CHARACTERISTICS OF special socket.
‘\“RMA[ | R‘ N1 ELEMEN I'.'quipmt U.d l.:
racterist igraph Signal Generator SG-34(XA) /UP—see figure
gure 1-52 1-175 (K)
WANC "7 55-.156 436
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CRYSTAL UNIT CR-18/U
(MF—HF?

w e Cued

FUNCTIONAL DESCRIPTION Marimum Effective Resonance Resistance:
Metal-plated quartz plate, wire mounted in a Fr::)o"::' (:z.” m( )
metal holder and designed to o) e on the funda- % 800
mental frequency of the quartz plate. Used as & 1000 to 1,249.999 . ..
ed- v h r‘_;‘,‘\ on C ement 1n Cir- lzmw "‘“’” .............. ”
medium-to-high-fr _ v iy 1500 to 1,749.999 .. ... 600
cuits which w:txs ‘." "M“:)mrul 1750 to 1,999.999 550
quency stability i the ko . '!“Lf -y 2000 to 2,249.999 . .. 320
even w!wn exposed o Wi ; ‘mpt' e 2500 to 2,999.999.....e 500
ture. The crystal u o s 3000 to  3,749.999 175
at parailel resonance 3750 to 4,749.999 120
4760 to  5,999.999 5
6000 to 7,499.999 :
4 - e ISTICS 7500 to  9,099.999
RATED OPERATIN RISTICS 10,000 to 20,000 25
Frequency Rang
Nominal Frequer e at all PERFORMANCE CHARACTERISTICS ‘OF
temperatures with NORMAL CRYSTAL ELEMENT

Frequency Deviat ; Permis-

See characteristics of element A, paragraph
1-112, figures 1-49, -118, -115.

sible within nr

AliCe
. s T .y ! £ 90 C
G T TYPES OF CIRCUITS USED IN
Overable Temperats j necified be- Pierce, Miller, multivibrator-type

vond operating temperal

MOUNTING DATA

Resonance: Parallel

lLoad Capacitance: 32 Crystal Holder: HC-6/U
Harmonic of Quartz } nental Method of Mounting Crystal: Wire-mounted in
Maximum Drive Leve metal holder

800 to 9,999.999 ke—101 Dimensions and Marking: See figure 2-5(B). All
10,000 to 20,000 ke dimensions in inches. Unless otherwise specified,
Morimum Pin-to-Pin tolerances are +0.005 in. on decimals.
WADLC TR 56-156 438
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. CRYSTAL UNIT CR-19/U
(MF—HF)
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Figure 2.7. Crystal Unit CR-19/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, w yunted in a
metal holder and on the
fundamental {requency of the A ate. Used
as a medium-to-high-fre v { element in
circuits which must mai . rage fre
quency stability in the abse £ oven control,

{ tempera-
eration at

even when exposed L
ture. The erystal unit
series resonance

RATEYD OPERATING CHAI RISTICS

Frequency Rang N

Nominal Frequency Toleran 0.005% at all
temperatures wilhin operaling rangs

Frequency Deviati Temperature: Per-
missible within lin of ™ i fregquency

Operaling Temperature | : 5" to +90°C

>

Operable Temperature Range: Not spec fied be-
yond operating temperature range
Resonance: Series
load Capacitance: 7.0
Harmonic of Quar } : \e 2tal
Maximum Drive Level
800 to 9,999.999 ke—10 mw
10,000 to 20,000 ke——56 mw

Vaxzimum Pin-to-Pin pecified

WADC Tk 56-156

Marimum Effective Resonance Resistance:

Frequency (ke) Resistance (ohms)
800to 999999 . ...
1000 to 1,249.999. .. ...
1250 to  1,499.999 .
1500 to  1,749.999 —
1750 to  1,999.999
2250t0 8,749.999.. .. . . ..
3750 to 4,999.999. . .
5000 to 6,999.999. .. .
7000 to 9999999 ... ..
10,000 to 20,000 .. ..o

!
H
yezsTREE5ES

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

“oo characteristics of element A, paragraph
1-49, figures 1-49, -115, -118.

TYPES OF CIRCUITS USED IN

Butler, transformer-coupled, transitron, modi-
fied Colpitts

MOUNTING DATA

C'rystal Holder: HC-6/U

Mothod of Mounting Crystal: Wire-mounted in
metal holder

Dimensions and Marking: See figure 2-7 (B). All
dimensions in inches. Unless otherwise specified,
tolerances are +0.005 in. on decimals.
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! CRYSTAL UNIT CR-23/U
‘ {HF—VHF)
-
FRONT To’
- - 'y x 00, 00000 NOMINAL
| & e FREOUENCY
c 23/ o
c2z § 8OTTOM 3432338 .
S,
b .1 J
L23e*818 L.rsoﬁﬁg-l
2-9. Crystal Unit CR-23/U
FUNCTIONAL DESCRIPTION Morvimum Effective Resonance Resistance:
Metal-plated quartz plate, wir winted in a Frequency (me) Resistance (ohms)
metal holder and designed to operate on the third 10t0 1499999 ..o 60
or fifth mechanical harmon :‘EHH"‘T"L'*) 15 to 52 L e 40
frequency of the quariz plal & high-to 52.000001 to 75 s 60
very-high-frequency cont lement 1n cireuits
which must mainta e-average fregquency PERFORMANCE CHARACTERISTICS OF
stability in the absen ¢ RUDI, even NORMAL CRYSTAL ELEMENT
sed to wide variations of temperature. i
ﬁ‘:“c‘,’.’fﬂ;};{“ ur:n‘.m inter : at See characteristics of element A, paragraph
series resonance. 1-112, figure 1-49, -112, -118, -115, -118.
TYPES OF CIRCUITS USED IN
RATED OPERATING CHARACTERISTICS Zutler, transformer-coupled, capacitance-
Frequency Range: 10 to 775 Lridge, transitron, impedance-inverted
Nominal Frequency Toler - it all
temperatures wil y MOUNTING DATA
Frequency Deviation Fermis (rustal Holder: HC-6/U
sible within limi ‘ frequency tol Mohod of Mounting Crystal: Wire-mounted in
erance metal holder
ting Temperati t Dimensions and Marking: See figure 2-9 (B). All
e " b Jimensions in inches. Unless otherwise specified,
‘peveble Temperat il {olerances are = 0.005 in. on decimals.
yond operating temy
Resonance: Series LOGISTICAL DATA
e [SAF Stock No.: 2100-2X523-frequency in me
Harmonic of Quarts Vibmti Status: Standard (Category 2)
yerrton nec) Date of Status: 9 October 1950 &
Mhird 0 Felated Specifications, Standards, and Publica-
Fifth Lo tions: See Appendix IV,
Maximum Drive Level Commereial Sources: See Appendix II1.
10 to 24.999999 me (4 m Pemarks: Difficult to manufacture to all specifica-
25 t0 75 (2 mw) tion requirements over the entire upper and
reimum Pin-to-Pur lower range. N
NADC R 56-156 442
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CRYSTAL UNIT CR-24/V
(HF—VHF)

P 5581 08

10952088 —

[ 4

igure 2-1)

FUNCTIONAL DESCRIPTION

Pressure-mounted, or metal-plated quartz plate
wire-mounted in a metal holder designed to cp-
erate on the third or fifth mechanical harmonie of
the fundamental frequency of the quartz plate,
Used as a high-to-very-high-frequency control ele-

ment in circuits which must maintain above-
average frequency stability in the absence of oven
control, even when exposed & 1 awriation of
temperature. The crystal unit is intended for oper-

ation at series resonance

RATED OPERATING CHARACTERISTICS

Frequency Range: 156 Lo 50 m
Nominal Frequency To n at all
temperatures within operaling rang

Frequency Deviation with 7 Permis
sible within limits of nominal frequency tol
erance

Uperating Temperatu J L 90°C
£ 2°C

Operable Temperature Rang Not specified be
yond operating temperature range

Resunance: Series

Load Capacitance: Not apy

Harmonic of Quartz Vibrat
Ouvertone ! y (me)
Third 15 to 24.999999
Fifth )

wrivtum Drive Level: 2 mv
WADC TR 56-156

444

Crystal Unit CR-24/U

Marimum Pin-to-Pin Capacitance: 7.0 puf
Marimum Effective Resonance Resistance:

Frequency (me) Resistance (ohms)
15 to 24.999999. . .. .. . 50
25 to 50 Y {5 7%

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

Soo characteristics of element A, paragraph
1-112, figures 1-49, -112, -113, -116, -118.

TYPES OF CIRCUITS USED IN

Butler, transformer-coupled, capacitance-
bridge, transitron,

MOUNTING DATA

C'rystal Holder: HC-10/U

Victhod of Mounting Crystal: Pressure-mounted
or wire-mounted in metal holder

[noiensions and Marking : See figure 2-11(B). All
Jdimensions in inches. Unless otherwise specified,
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA

[ SAF Stock No.: 2100-2X524-frequency in me

Status: Standard (Category 1)

Date of Status: 9 October 1950

Related Specifications, Standards, and Publica-
tions: See Appendix IV.

Commercial Sources: See Appendix 111,

Remarks: None
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Figure 2-13. Crystal Unit CR-25/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
metal holder and designed to operate on the funda-
mental frequency of the quartz plate. Used as a
low-to-medium-frequency control element in cir-
cuits which must maintain good frequeney stability
in the absence of oven control, even when exposed
to wide variations of temperature. The crystal unit
is intended for operation at geries resonance.

RATED OPERATING CHARACTERISTICS

Frequency Renge: 200 to 500 1
Nominal Freguency Toler

- 0 2 4 .11
and A At au

temperatyres within operating

Frequency Lvviation with Temperature: Permis-
gsible wiithin limits r wney tol-
erance

Operating Temperature Rang to +T70°¢
o B

Operable Temperature Range | ecified be-

vond operating tempera
Resonance: Series
L.oad Capacitance: Not applica
Harmonic of Quartz Vibratior
Maximum Drive Level: 2 mw
Maxzimum Pin-to-Pin Capacitance: Not specified
Minimum Effective Resonance :

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

See characteristics of element D, paragraph
1-1186, figure 1-52.

TYPES OF CIRCUITS USED IN
Two-stage-grounded-cathode, transitron,
Meacham-bridge, modified Colpitts, modified ‘But-

ler

MOUNTING DATA
("rystal Holder: HC-6/U
Method of Mounting Crystal: Wire-mounted in
metal holder
Dimensions and Marking: See figure 2-13(B). All
Jimensions in inches. Unless otherwise specified,
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA

['SAF Stock No.: 2100-2X525-frequency in ke
Status: Standard (Category 1)
Tiate of Status: 9 October 1950
[ lated Specifications, Standards, and Publica-

fions: See Appendix IV.
Commercial Sources: See Appendix II1.
Remarks: Certain waivers from specification are

Freouency (ke) ! hms ) required by some manufacturers before they
200 1o 249.999 will produce this unit.

250 10 299.999 Equipment Used In:

200 to 399.999 Padio Receiver R-277/APN-70 —see figure
460 to 419.999 1-138(E) (Not a series-mode circuit as
150 to 500 shown)

WADC TR 56-156
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CRYSTAL UNIT CR-26/U
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Figure 2-15. Crystal Unit CR-26/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
metal holder and designed to operate on the funda-
mental frequency of the quartz plats Used as a
low-to-medium frequencs control in circuits where
superior frequency stability is required. This
crystal unit is intended to be mounted in & tem-
perature—controlled oven, and operated at series
resonance.

RATED OPERATING CHARAL TERISTICS

Frequency Range: 200 1o 500
Nominal Frequency Tole

Frequency Deviation 2
~0.0006% from [reque:
permitted over rang:

Operating Temperature Range: ;

Operable Temperature HKang
+2°C

Resonance: Series

Load Capacitance: Not aj

Harmonis of Quartz Vibralu

Maximum Drive Level: 2 mw

Mazximum Pia-to-Pin Capactiar Nob 8pe

Mazimum I’,‘ﬂ'r ctive Resomance Reswslance:
Frequency (ke)
200 to 249.999
250 to 299.999 1000
300 to 399.999 000
400 to 449.999 i
450 to 500

WADC IR 56-156

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT
See characteristics of element D, paragraph
1-115, figure 1-52.

TYPES OF CIRCUITS USED IN

Two-stage-grounded-cathode, transitron,
Meacham-bridge, modified Colpitts, modified But-

ler
MOUNTING DATA

Crystal Holder: HC-6/U

Method of Mounting Crystal: Wire-mounted in
metal holder

imensions and Marking: See figure 2-15(B). All
Aimensions in inches. Unless otherwise specified,
Lolerances are +0.005 in. on decimals.

LOGISTICAL DATA

["SAF Stock No.: 2100-2X526-frequency in ke

Siatus: Standard (Category 1)

Date of Status: 9 October 1950

Rolated Specifications, Stamdards, and Publica-

tions: See Appendix IV.

Commercial Sources: See Appendix I11.

Jiemarks: Certain waivers from specification are
required by some manufacturers before they
will produce this unit. -

Equipment Used In:

MILITARY STANDARD TEST DATA

Authority: Military Specification MIL-C-3098B,
approved 9 December 1255
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rigure 2-17. Crystal Unit CR-27/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
metal holder and designed to operate on the funda-
mental frequency of the quartz plate Used as a
medium-to-high-frequency control element in cir-
cuits where superior frequency stability is re-
quired. The crystal unit is intended to be mounted
in 8 temperature-controlled oven and operated at

parallel resonance.

RATED OPERATING CHARAC TERISTICS
Frequency Range: %00 to 20,000 K

Nominal Frequency Tolerance
Frequency Deviation with Temp

frequer

+ 0.0005% from
permitted over range

Operating Temperature Range
Operable Temperature Kany:

+2"C
‘esomance  Parallel
Load Capacitance: 32
Hermonic of Quartz Vibrat
Mazimum Drive Level

800 to 9,999,999 (5 mw)

10,000 o 20,000 (2.5 mw)

Marimum Pin-to-Pin Capucite

Mazimum Efective Re
Frequency (ke)

8OO to 999.999
1000 to  1,249.999
1250 to 1,499.999
1300 to  1,749.999

WADC Tk 56-156

SONANCE

0.002% at 75°C
easured at 75°C
19 {
L
: tal
1 g
i 1ce
ane nmn
1000
*T3T1)
700
'
[
450

E
i

Frequency (ke)
1750 to 1,999.999.. . .. ... v
2000 to 2,249.999. . . ...
2250 to 2,999.999... .. ...
3000 to 3,749.999. .. . . ...
3750 to 4,749.999. .. ... .
4750 to 5999999 . . .. ..
6000 to 7,499.999 . ..
7500 to 9,999.999

10,000 to 20,000 . .. e

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

Soo characteristics of elements A and B, para-
graphs 1-112, -114, figures 1-49, -50, -115, -118.

TYPES OF CIRCUITS USED IN
Merce, Miller, multivibrator-type

MOUNTING DATA

Crustal Holder: HC-6/U

Vethod of Mounting Crystal: Wire-mounted in
metal holder

nmensions and Marking: See figure 2-17(B). All
dimensions in inches. Unless otherwise specified,
tolerances are + 0,005 in. on decimals.

LOGISTICAL DATA

I'SAF Stock No.: 2100-2X527-frequency in ke

Status: Standard (Category 1)

Date of Status: 9 October 1950

Folated Specifications, Standards, and Publica-
tions. See Appendix 1V.

Commercial Sources: See Appendix IlL.
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Figure 2-19. Crystal Unit CR-28/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
metal hglder and designed to operate on the funda-
mental frequency of the quartz plate Used as a
medium-to-high-frequency control element in cir-
cuits where superior frequency stability is re-
quired. The crystal unit is intended to be mounted
in a temperature-controlled oven, and operated at
series resonance.

RATED OPERATING CHARACTERISTICS

Frequency Range: 800 to 20,000 ke

Nominal Frequency Tolerance: + D002

Frequency Deviation with Temperature
+0.0005% from frequency measured at 75°C

at 76°C

permitted over range
Operating Temperature
Operable Temperature Rang:

+2°C
Jcsonance: Series

wod Capacitance: Not applica
Harmonic of Quartz Vibration: Fundamenial
darimum Drive Level:

R00 to 9,999.999 (5 mw)

10,000 to 20,000 (2.5 mw)
Marimum Pin-to-Pin Capacitance:

‘faximum E ffective Resonance Reststance:

Range: 75 5°(

Frequency (ke) ; ce (ohms
800 to 999.999 K00
1000 to  1,249.999 500
1250 to 1,499.999 40
1500 to 1,749.999 350
1750 to  1,999.999 T

\WwADC TR 56-156

to +90°C

£52

Frequency (%ec) Resistance (ohms)
2000 to  2,249.999 iR 250
2250 to 3,749.999 .. ... 150
3750 to  4,999.999 : 100
5000 to 6,999.999.. ... .. 50
7000 to 9,959.999... .. ... ... 30
10,000 to 20,000 .. e 25

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

See characteristics of elements A and B, para-
graphs 1-112, 1-114, figures 1-49, -50, -115, -118.

TYPES OF CIRCUITS USED IN

Butler, transformer-coupled, transitron, modi-
fied Colpitts

MOUNTING DATA

Crystal Holder: HC-6/U

Method of Mounting Crystal: Wire-mounted in
metal holder

Dimensions and Marking: See figure 2-19(B). All
Jdimensions in inches. Unless otherwise specified,
tolerances are + 0.005 in. on decimals.

LOGISTICAL DATA

I'SAF Stock No.: 2100-2X528-frequency in ke

Status: Standard (Category 1)

Date of Status: @ October 1950

Related Specifications, Standards, and Publica-
tions: See Appendix IV,

Commercial Sources: See Appendix III.

Remarks: None
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Figure 2-21. Crystol Unit CR-29/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
plastic holder and designed to operate on the fun-
damental frequency of the quartz plate. Used as
a low-frequency control element in circuits where
superior frequency stability 1s required. The crys-
tal unit is intended to be mounted in & lempera-
turecontrolled oven, and operated at parallel
resonance.

RATED OPERATING CHARA( TERISTICS

Frequency Range: B0 to 199.599 ke

Nominal Frequency Tolerance: +0.002% at 75°C

Frequency Deviation with Temperature:
+0.0005% from frequency measured 7
permitted over range of 707 to 30

Operating Temperalure Range: T 5

Operable Temperature Range 10° to +80°C
*+2°C

Regonance: Parallel

Toad Capacitance: 32 + 0.5 ppuf

Harmonic of Quartz Vibration: Fu damental
Maximum Drive Level: 2 mw

Mazimum Pin-to-Pin Capacitance: Not specified
Mazximurs Effective Resonance Resistane

Resistance (ohms)

Frequency (ke)

R0 tc 119.999 10.000
120 to 159.959 ROOO
160 to 199.999 6001

WADC fF 56-156

454

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

See characteristics of element D, paragraph
1-1186, figure 1-52.

TYPES OF CIRCUITS USED IN

T'wo-stage-grounded-cathode, transitron, Miller,
modified Butler

MOUNTING DATA

('rystal Holder: HC-5/U or HC-21/U

Method of Mounting Crystal: Wire-mounted in
plastic holder

Dimensions and Marking : See figure 2-21(B). All
dimensions in inches. Unless otherwise
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA

I'SAF Stoeck No.: 2100-2X529-frequency in ke

Status: Standard (Category 1)

Date of Status: 9 October 1950

Related Specifications, Standards, and Publica-
tions: See Appendix IV.

Commercial Sources: See Appendix I11.

Remarks: Use of this crystal unit is discouraged
by some manufacturers because, in their opin-
ion, the specified holder (HC-5/U) suffers these
important disadvantages: The holder is not her-
metically sealed {aithough a metal hermetically-
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Figure 2-23. Crystal Unit CR-30/U

FUNCTIONAL DESCRIPTION

Metal-plated quartz plate, wire-mounted in a
plastic holder and designed to operate on the fun-
damental frequency of the quariz plate. Used as
a low-frequency control element in circuits where
superior frequency stability is required. The
crystal unit is intended to be mounted in a tem-
perature-controlled oven, and operates at series
resonance.

RATED OPERATING CHAR ACTERISTICS

Frequency Range: 80 to 199.999 ke

Nominal Frequency Tolerance: +0.002% at 15°C

Frequency Deviation with Temperature:
+0.0006% from frequency measured at 76°C
permitted over range of 70° to BO°C

werating Temperatur: Range: 76° +5°C
Operable Temperature Rang¢ 10° to 4 80°C
L

Resonance: Series

Load Capacitance: Not applicahle

Harmonic of Quartz Vibration: Fundamental

Marimum Drive Level: 2 mw

dazimum Pin-to-Pin Capacilance Not specified

Marimum Efective Resonance Resistance : 3000
ohms

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

cee characteristics of element D, paragraph
-116, figure 1-52.

\.ADC YR 56-156 456

TYPES OF CIRCUITS USED IN

Meacham-bridge, two-stage-grounded-cathode,
{ransitron, transformer-coupled, modified Butler

MOUNTING DATA

C'rystal Holder: HC-5/U or HC-21/U

Method of Mounting Crystal: Wire-mounted in
plastic holder

Dimensions and Marking: See figure 2-23(B). All
Jdimensions in inches. Unless otherwise specified,
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA

USAF Stock No.: 2100-2X530-frequency in ke

Status: Standard (Category 1)

Date of Status: 9 October 1950

lelated Specifications, Standards, and Publica-
tioms: See Appendix 1V.

Commercial Sources: See Appendix 111

Remarks: Use of the crystal unit is discouraged by
some manufacturers because, in their opinion,
the specified holder (HC-5/U) suffers these
important disadvantages: The holder is not her-
metically sealed (although a metal hermetically-
senled version will be used in procurement of
future models) ; it has a poor form factor; and
it uses an unorthodox base which requires a
special socket. In addition, the phenolic holder
is ¢ven more deirimental at the 75° operating
temperature.

Equipment Tsed In:






































































































































































CRYSTAL UNIT CR-39/U

Figure 2-75. Crystal Unit CR-59/U

FUNCTIONAL DESCRIPTION

Metal-plated quarts plate, mounted in a metal
holder and designed to operate at series resonance
on the fifth harmonic of the fundamental fre-
quency of the quartz plate. The crystal is intended
to be mounted in a temperature-controlled oven.

RATED OPERATING CHARACTERISTICS

Frequency Range: 50.0 to 91.0 me

Nominal Frequency Tolerance: +0.002% at
+85°C +56°C

Frequency Deviation with Temperature:
+0.0006% from frequency measured at 856°C
permitted over range of 80°C to 90°C

Operating Temperature Range: 856°C +5°C

Operable Temperature Range: —55° to +90°C

Resonance: Series

".0ad Capacitance: Not applicable

Harmonic of Quartz Vibration: Fifth harmonic
mode

Mazimum Drive Level: 1.0 mw

Mazimum Pin-to-Pin Capacitance: T puf

Mazimum Effective Resonance Resistance: 60
ohms

WADC TR 56-156

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT
See characteristics of element A,
1-112, figures 1-49, -112, -118, -115, -118

TYPES OF CIRCUITS USED IN
Butler, transformer - coupled, capacitance-
bridge, transitron, impedance-inverted

MOUNTING DATA
Crystal Holder: HC-18/U
Method of Mounting Crystal: Wire-mounted in
metal holder
Dimensions and Marking: See figure 2-75. All di-
mensions in inches. Unless otherwise specified,
tolerances are +0.006 in. on decimals.

LOGISTICAL DATA
USAF Stock No.: 2100-
Status: Special Application (Category 1)
Date of Status:
Related Specifications, Standards, and Publica-
tions: See Appendix IV
Commercial Sources: See Appendix 111
Remarks:
Equipment Used In:












CRYSTAL UNIT CR-61/Y
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Figure 2-79. Crystol Unit CR-61/U

FUNCTIONAL DESCRIPTION

A metal-plated, quartz plate mounted in a metal
holder and designed to operate at series resonance
on the third mechanical overtone of the funda-

mental frequency of the quartz plate. The crystal
unit is intended to be operated at a controlled
temperature.

RATED OPERATING CHARACTERISTICS

Frequency Range: 17.0 to 61.0 me
Nominal Frequency Tolerance: +0.002% at 85°C
Frequency Deviation with Temperature:
+0.0006% from frequency measured at 85°C
permitted over range of 80° to 90°C
Operating Temperature Range: 85°C +5°C
Operable Temperature Range: —556° to +90°C
Resonance: Series
Load Capacitance: Not applicable
Harmonic of Quartz Vibration: Third harmonic
mode
Mazimum Drive Level:
17.0 to 24.999 mc (2mw)
25.0 to 61.0 me (1mw)
Mazimum Pin-to-Pin Capacitance: T puf
Mazimum Effective Resonance Resistance: 40
ohms

WADC TR 56-156 52

PERFORMANCE CHARACTERISTICS OF
NORMAL CRYSTAL ELEMENT

See characteristics of element A,
1-112, figures 1-49, -112, -113, -115, -118

TYPES OF CIRCUITS USED IN
Transistor, Butler, transformer-coupled, ca-
pacitance-bridge, transitron, impedance-inverted

MOUNTING DATA
Crystal Holder: HC-18/U
Method of Mounting Crystal: Wire-mounted, in
metal holder
Dimensions and Marking: See figure 2-79. Alldi-
mensions in inches. Unless otherwise specified.
tolerances are +0.005 in. on decimals.

LOGISTICAL DATA
USAF Stock No.: 2100-
Status: Special application (Category 1)
Date of Status: 13 March 1956
Related Specifications, Standards, and Publica-
tions: See Appendix IV
Commercial Sourc:s: See Appendix I11
Remarks:
Equipment Used In:

















































































































































































CRYSTAL HOLDER HC-5/U
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Section IV
Crystal Ovens- Descriptions

CRYSTAL OVEN HD-54/U

Figure 4-19. Crystal Oven HD-54/U

FUNCTIONAL DESCRIPTICN

Crystal Oven HD-54/U provides temperature
stabilization for a single HC-6/U-mounted crys-
tal unit at a nominal operating temperature of
75°C, over an ambient range of —55°C to 455°C.
The oven operates on a heater voltage of 27.5 volts,
dc, and mounts in a standaid lock-in socket. A
booster thermostat with associated heating ele-
ment is incorporated in the oven to shorten the
warm-up period.

OPERATING CHARACTERISTICS
Opercting Temperature: 75°C
Temperature Deviation! —7° to +6°C
A:nbient Temperature Range: —55° to 4-556°C
Appreximate Warm-Up (stabilization) Time: 6
min
Oven Temperature (inside crystal holder) During
Warm-Up Time:

Oven Temp Warm-up Time
20°C max 0 to 8 min
65" to 86°C 3 to 4 min
68° to 81°C over 4 min

Power Requirements: 27.5 V, dc; 1.5 amp

WADC TR 56-156
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ALL DIMENSIONS
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Figure 4-20. Dimensions of Crystal Oven HD-54/U

PHYSICAL CHARACTERISTICS
Net Weight: 2 oz
Thermemeter: None
Provisions for Temperature Adjustment: None
Oven Materials: Plastic cover and base
Provisions for Mounting Oven: Standard lock-in
base

Oven Will Accommodate: One Crystal Holder
HC-6/U

LOGISTICAL DATA

Army-Navy Nomenclature: Crystal Oven HD-
54/U

Status:

Date of Status:

Cognizant Agency:

Govt. Specifications:

USAF Stock Class:

USAF Stock No.:

Source of Supply:* Bendix Radio; Clark (com-
mercial equivalent: Clark CO-10); Downing
(commercial equivalent: Downing Single Crys-
tal Unit Oven); Miller Labs (commercial
equivalent : Miller Labs BM-100)

* See Appendix 111 for complete name and address.
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SENDIX RADIO CRYSTAL OVEN L205428

T '

ALL DIMENSIONS IN IiCHES

Figure 4-21. Dimensions of Bendix Radio Crystal Oven 1205628

Figure 4-22. Bendix Radio Crystol Oven 1205628

FUNCTIONAL DESCRIPTION

The Bendix Radio L205628 Crystal Oven is a
multiple oven designed to provide temperature
stabilization at 75°C, nominal, over an ambient
range of —55°C to 455°C. Up to five HC-€/U-
mounted crystal units can be accommodated. The
oven operates from a heater voltage of 27.5 volts,
de. It was originally designed for use in Radio
Sets AN/ARC-19 and AN/ARC-33.

OPERATING CHARACTERISTICS

Operating Temperature: 75°C
Temperature Deviation: —10° to 46°C

WADC TR 56-156

Ambient Temperature Range: —55° to 455°C

Approximate Warm-Up (stabilization) Time: 7
min

Oven Temperature (inside crystal holder) During
Warm-Up Time:

Oven Temp Ambient Temp Warm-up Time
90°C max +20° to +55°C 0 to 3 min
€0° to B5°C 420° to +55°C 8 to 4 min
68" to 81°C +20° to +55°C over 4 min
90°C max —56"t0 +20°C | Oto3min
60° to 85°C —56° to +20°C 3 to 5 min
65° to 81°C —~56* to +20°C over 5 min

Power Requirements: 27.5 V, de¢; 1.5 amp

PHYSICAL CHARACTERISTICS

Net Weight: T oz

Thermometer: None

Provisions for Temperature Adjustment: None

Oven Materials: Metallic cover, plastic base

Provisions for Mounting Oven: Four thd studs
on 1% x 134 in. mtg centers

Oven Will Accommodate: Five Crystal Holders
HC-6/U

LOGISTICAL DATA

Source of Supply:* Bendix Radio (Dwg No.
L205628) ; Downing (commercial equivalent:
Downing Five Crystal Unit Oven)

* See Appendix 111 for complete name and address.
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