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The three-sphere YIG preselector in the 7L18
provides spuricus-free performance from 1.5 to
18 GHz and aliows accurale amplitude meas-
urements while still in the signal path.
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Some thirty vears ago, when
Tektronix started in the instrument
business, most oscilloscopes were
indicating devices. With the devel-
opment of regulated power
supplies, triggered calibrated time
bases, and integral calibrated sig-
nal sources, the oscilloscope was
transformed [rom an indicating de-
vice into a measurement device.

Standard components were
used to build the unique circuits
designed by the engineers, and
about the only parts fabricated by
Tektronix were the chassis, cabi-
nets, and front panels.

it spon became evident that if
oscilloscope performance was to
continue to advance, improvement
in the components available was es-
sential. And so we set about design-
ing and building better cathode
rayv tubes, developing more stable
timing capacitors, winding highly
reliable low- and high-voltage
transformers, developing low reac-
tance potentiometers for at-
tenuators, and designing distri-
buted terminations for wideband
amplifiers. Special coaxial cable
with a high resistance center con-
ductor was conceived to stretch the
bandpass of passive probes. And
new devices and techniques for
mounting components shortened
manuflacturing times and improved
serviceability. Innovation con-
tinued until, today, the state-of-
the-art oscilloscope is vastly differ-
ent [rom that of thirty vears ago.

Progress in spectrum analyz-
ers and other microwave products
at Tektronix is following much the
same pattern. State-of-the-art per-
formance is being achieved through
innovative circuit design and the
development of new and improved
microwave components.

Working with frequencies
in the microwave region requires
special skills. Materials exhibit a
different set of characteristics at
gigahertz [requencies, and physical
dimensions and surface conditions
become important design
considerations.

A very capable team possess-

ing the unique skiils needed, is in-
volved in the development of new
microwave devices at Tektronix,
from the concept stage through
manufacturing and evaluation of
the finished product. Their design
skills are augmented by modern
computer technology employing
programs such as COMPACT,
SPICE, and GLUMP—a TEK-
developed program.

Sophisticated processing
facilities are required to implement
the exotic designs of the microwave
engineers. Precision machining,
chemical milling and plating, ad-
vanced thin and thick film hybrid
technology, and integrated circuit
design and manufacturing all
contribute to the success of the
effort. Innovative people in each of
these areas regularly respond with
unique solutions to difficult
probiems.

Thin Alm technelogy at
Tektronix is exemplified by the thin
Alm assembly shown in figure .
Resident on the 3" x 3" quartz
substrate are fifty circuits, each
containing three capacitors and two
resistors. Metal conductors are laid
down on the quartz substrate using
a proprietary process which vields
low-resistance, well-defined con-
ductors that can be soidered, wire
bonded, die attached, or gap
welded. The deposited resistors are
heat treated in a high-temperature
bake to achieve the desired resistiv-
ity within = 5%. Laser trimming
is not used as it disturbs the
pattern-an undesirable situation
for geametry-sensitive microwave
devices. Passivation is performed
using a pinbole-free organic mate-
rial that provides a high voltage
dielectric for the capacitors depos-
ited on the substrate. Breakdown
voitage is in excess of 300 volts, and
dielectric losses at microwave [re-
quencies are substantially less than
can be achieved with silicon
passivation.

New techniques for mounting
microwave substrates have also



Fig. 1. Thin film technclogy at Tektronix is
axamplified by this 3" by 3" quartz
substrate which contains fifty circuits, each
consisting of three capacitors and two
resisiors. Resistors are brought to the
desired value by high-temperature bake
rather than by laser trimming.

been developed. Microstrip (con-
ductor above ground plane) be-
comes very lossy above about 8
GHz. A suspended substrate
technique is used that completely
encloses the substrate with ground,
thereby greatly reducing rf losses.
This technique is merged with
stripline to produce a balanced dis-
tributed transmission medium that
can be designed to create complex
microwave assemblies such as mix-
ers, amplifiers, oscillators, etc.

Augmenting the device devel-
opment and processing areas is a
well equipped and competently
staffed microwave component as-
sembly area. Electrical perform-
ance is directly related to tolerances
on most mechanical parts used in
microwave assemblies. An excellent
example of this is the three-sphere
YIG-tuned preselector that gives
the 7L18 its excellent wide-band
spurious-free calibrated perform-
ance. YIG-tuned filters are not new;
what is unique is the precision with
which the elements of the filter are
assembled, and processing of some
of the materials.

Optimizing frequency tracking
between the three filter sections re-
quires extreme care to ensure that
the pole pieces are parallel and the
YIG spheres are equidistant from
the axial centerline of the pole

pieces. Another important consid-
eration is the orientation of the YIG
spheres to minimize the effects of
temperature and magnetic field
variations. A mechanically complex
fixture is required to attach a YIG
sphere to a beryllia rod so the
sphere can be rotated about the 100
crystallographic axis. This allows
the sphere to be rotated so the best
possible axis, the 0, 8, 13, can be
aligned parallel to the applied
magnetic field.

Other considerations such as
minimizing spurious modes and
coupling variations call for special
attention to the design and orienta-
tion of the coupling loops and cavi-
ties associated with each sphere.

The external waveguide mix-
ers that allow 7L18 users to perform
accurate measurements to 60 GHz

Advanced YiG-iu




7—axcellent examples of the value
« ghlyinteprated electrical and
mechanical design.

The basic approach to the
design of a high-performance
hroadband harmonic mijxeris to

imize the unwanted parasitic
inductances and capacitances as-
sociated with the mixer diode
mounting system, and to provide as
much rf energy as possible to the
mixer diode. Achieving these two
zoals will result in optimum broad-
band flatness and conversion

'“jciency.

The 7L18’s external mixers use
a very small Schottky-barrier diode
and tungsten “cat’s-whisker” type
probe mounted directly across the
high-fields region of a ridged wave-
cuide. Mixers of this type are not
new. They were built twenty years
ago using standard waveguide and
older style silicon point-contact di-
odes. The use of a tungsten “cat’s-
whisker” probe dates back even
" “er, inding wide use in devices
‘v, g World War IL.

New technology in the fabrica-
tion of silicon wafers is the primary
factor contributing to the high per-
formance of the 7118 waveguide
mixers. An array of hundreds of
4.7 um diameter Schottky-barrier
diodes on a 0.010" X 0.010” silicon
wafer was developed by Tektronix
specifically for use in these mixers
{Aigure 5). Newly-developed metal-
lurgical processes are used to pro-
Asce a diode which can survive in

Enpackaged environment and
withstand the pressure of the
tungsten probe. These extremely
small diodes and the smaller still
i0.001" diameter) probe provide
minimal junction capacitance and
probe inductance, thus eliminating
in:band parasitic resonances and
}ﬂmizing reflections. The tip of
the tungsten probe is etched by an
¢lectrochemical process to produce
a ~-arp but rounded tip. This is im-
[ antinmaintaining chmic con-
lact against oxidation of the
tungsten, without damaging the
metallization and destroying

the diode.

Fig. 4. Aninternai view of the 40-80.5 GHz
mixer showing the ridged waveguide
construction. The diode matrix is mounted
on the smail disc in the left portion and the
tungsten “cat’s whisker” protrudes through
the smalf hale in the ridged portion, The
black weadge is a carbon block termination,

In addition to the careful de-
sign of the special mixer diode
assembly, refinements in the mixer
housing further improve broadband
flatness and conversion efficiency.
Conversion loss is minimized by
using ridged waveguide. This type
of structure concentrates the rf
energy in the gap between the top
of the ridge and the adjacent wave-
guide wall, where the mixer diode
assembly is located. Therefore, the
diode can become saturated with rf

Fig. 5. External mixer diode consists of a silicon wafer cantaining an array of
hundreds of 4.7.m Schaoitky-barrier diodes. Tungsien cat’'s whisker'' probe is

0.001 inch in diameter.

energy at power levels as low as
~30 dBm, but can easily withstand
up to 10 mW without damage,
Further improvements in flat-
ness are achieved by designing a
standard-to-ridged waveguide
broadband transition into the
mixer body preceding the mixer di-
ode, and a tapered waveguide foad
beyond the diode to terminate
the rfline.

Summary

This has been just a brief
glimpse into the microwave capa-
bility at Tektronix. The key element,
of course, is people. Dedicated, in-
novative people not content with
the current state-of-the-art. Sup-
porting the innovators are crafts-
men operating in many disciplines,
and extensive research and manu-
facturing lacilities to transform
their "dreams” into realities.
Realities in the form of instruments
like the 71.18 that help you make
microwave measurements with
greater ease and convenience, and
confidence in the accuracy of the
end result. $




A High Performance
Transportable Microwave
Spectrum Analyzer

Precision microwave meas-

urements typically are difficult and
time consuming to make and usu-
ally limited to a laboratory setting.
Now a new microwave spectrum
analyzer, the 7L18, offers substan-
tial improvement in the speed and
convenience of making such mea-
surements, and can be hand-carried
to the site.

Covering the spectrum from
1.5 GHz to 60 GHz, the 7L18 extends
the 7000-Series user’s choice of high
perfarmance analyzers over the
range of 20Hz to 60 GHz. The 7L18
can be used with any 3- or 4-wide
mainframe inciuding the
militarized USM-281C.

Several technological innova-
tions contribute to the ease and ac-
curacy with which measurements
are made. Advanced YIG-tuned
filter design gives spuricus-free dis-
plays from 1.5 GHz to 18 GHz. Ex-
ternal mitlimeter-wave harmonic
mixers of improved design provide
specified calibrated flatness from 18
GHz to 60 MHz. Advanced phase
lock techniques vield a usable reso-
lution capability of 30 Hz through
X-band (12 GHz) and 300 Hz resolu-
tion to 60 GHz. Customn LSI signal
processing chips provide split-
memory storage, computation of
average value, displav of maximum
signal level, and comparison of ref-

erence and incoming signal levels
for rapid analysis of differences. We
will discuss some of these innova-
tions, with others covered in detail
elsewhere in this issue.

Microprocessor based control
system

One of the major design goals for
the 7L18 was to achieve a quality
we call “transparent.” Transparent
means the controis have been
human engineered so the operator
can use the instrument without
conscious effort, and the instrument
gives accurate, unambiguous re-
sults. This goal was realized by im-
plementing a microprocessor-based
control systern.

The microprocessor has
changed the basic concept of how
test instruments are organized. Be-
fore, instruments were organized
much like a spoked wheel, with the
front panel being the wheel's hub.
The spokes were the various as-
semblies directly controlled by
front-panel knobs and switches. The
rim of the wheel was the various as-
sembly interconnection ol both sig-
nals and interacting controls. Naw,
the microprocessor is the wheel’s*
hub, the front panel is reiegated to
being one of the spokes, and only
signals travel the rim of the wheel.

Befare, instrument designers
were forced to compromise many
aspects of their design because of
the difficulties of controlling a com-
plicated system with a limited
amount of logic. Now, this barrier
has been removed. The designer is
free to optimize his design, knowing
that with a microprocessor he can
devise a control svstem.

The span attenuator circuit in
the 7118 is an example of this pro-
cess (see hgure §}. Previous micro-
wave analyzer designs required
two, and sometimes three, attenua-
tors: one {or the span knob, and one
for the band switch, to attenuate
the sweep for harmonic conver-
sions, all in cascade. Some phase

fock techniques require another
that is proportional to the first Jocal
oscillator frequency. This multitu”
of attenuators caused signal-to- -
noise degradation of the sweep sig-
nal but made it possible to control
the oscillator sweep width with a
series of user-operated switches.
Only one span attenuator is
used in the 7L18. The micro-
processor sets it to the proper valy-
which is computed from the spanf\
per division knob setting, the band
switch setting, and the local osciila-
tar frequency {in the phase locked
setting only). A complex algorithm
chooses the attenuator setting and
determines when to go into phase
lock. The result is simplified design
and improved signal-to-noise ratio.
Other functions performed by
the microprocessor include: com-
putation of center frequency from a
digital voltmeter reading thatis
proportional to the oscillator fre-{
quency and band switch setting;
reading the IF gain switch, RF
attenuator, and band switch set-
tings and computing the proper IF
control settings and the reference
level; reading the time per division,
span per division, and resolution
bandwidth settings and performing
the appropriate control [unctions
when automatic time and resolu-
tion bandwidth functions are
selected; and sending informatios_
to the crt readout for Center Fre-
quency, Reference Level, Resolution
Bandwidth, and Span per Division.
The microprocessor used in
the 7L18 is the Intel 4004, a 4-bit
processor well suited to this use.
The control bus consists of four ad-
dress lines, four data lines, a data;
input strobe line, and a data output
strobe line. This bus is carried
throughout the 7L18, touching on
most of the major circuit board
assemblies. ;
To get an overall picture of '
how the 7L18 functions let’s con-
sider the simplified block diagram



227 Preselector

Fig. 1. Special aftention was given te minimizing the number of connections hetween assembiies as evidenced in the
biock diagram of the 7L18 span control system,

Fig. 2, Simpiified block diagram of the 7L18. Note the elements that are affected by microprocessor control.
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shown in figure 2. A signal entering
through the coaxial input filter first
passes through the RF attenuator
and is then sent to the YIG-tuned
preselector. The 3-sphere YIG filter
(described elsewhere in this issue)
provides a voltage-tuneable band-
pass filter that selects which signal
is to be applied to the first
converter.

The first converter assembly
contains the first mixer and a
coupler for the external mixer input
on the front panel. (Three external
mixers handle input frequencies
from 18 GHz to 60 GHz. The first
mixer is a singly-balanced mixer
that operates in a harmonic mixing
mode. As the band switch is
changed, the mixer bias is varied to
enhance the harmonic content of
the local oscillator (LLO) current in
the mixer diode for the conversion
in use. This optimizes mixer per-
formance for each band.

The first LO operates in a fre-
quency band of 2.0 to 4.0.GHz. The
first IF frequency is 510 MHz. To
pass a signal from the input to the
first IF, the preselector must be
tuned to an appropriate [requency
with respect to the first LO. For
instance, if it is desired to pass a
signal in the range of 1.5 GHz to 3.5
GHz (Band 1}, the preselector must
be tuned at the same rate as the LO
but 510 MHz lower. Band 2 covers
2.5 GHz to 4.5 GHz. On this band
the preselector tunes at the same
rate and 510 MHz higher than
the LO.

In Band 3, which covers 3.5
GHz to 7.5 GHz, harmonic mixing is
used for the first time. As noted pre-
viously, the mixer bias is varied to
enhance, in this case, the second
harmonic of the LO. With the sec-
ond harmonic enhanced, the effec-
tive frequency of the LO is from 4.0
GHz to 8.0 GHz. The preselector is
tuned at the rate of the effective
frequency of the LO but 510 MHz
lower in frequency. Band 4 (6.5 GHz
to 12.5 GHz}and Band 5 (3.5 GHz to
18 GHz) are similarly tuned using
the third and fifth harmonics.

The preselector has a
bandwidth of about 50 MHz but

8

Fig. 3. The vertical section and front panel modute are hinged for uasy ACCESS

circuitry, An extender extruston gives access (o individual circuit baarg

¥

7L18 can be operated outside the mainframea in this conliguration by means of &

fiexible extender cable

significant unflatness will result
unless the preselector is tuned to
within about 2 MHz of the correct
frequency. Special attention was
given to temperature and drift
compensation to maintain the
accuracy of the oscillator and pre-
selector control circuitry.

The oscillator tune voltage,
which includes both the sweeping
component and an offset corre-
sponding to center frequency, is
amplified by an amount appropri-
ate to the harmonic in use (X1, X2,
X3,X5}. A second offset is then
added to tune the preselector to the
correct frequency.

As mentioned previously, the
first converter assembly includes a
coupler that sends the first LO sig-
nal to the external mixer jack on the
front panel and returns the 510 MHz
signal to the first IF The first IF has
two inputs from the first converter
assembly—one from the coaxial
mixer and one {rom the externa!l
mixer jack. The signal from the
external mixer jack is preamplified
and sent to a switch that selects
between this signal and the coaxial

mixer input signal. The ampliﬁex{f
following the switch is variable
gain to compensate for the wide
range of conversion [osses caused
by the use of harmonic mixing.

The amplified 510 MHz signal
is then filtered with a 3 MHz band
width flter and converted to 10 MHz
by the second mixer and the second
LO at 500 MHz. The second LO is
amplitude regulated and the har-
monics used as a calibrator signal

The 10 MHz signal is arnphﬁ{
by a variable gain amplifier con-
trolled by the IF gain control. It is
then filtered by the various resolu-
tion bandwidth filters, sent through
the log amplifiers to be logarithmi-
cally converted, detected, and the
resulting video sent to the digital
storage system. .

The digital storage systern (de=
scribed in detail else-where in this
issue) eliminates the need for a
long-persistence type storage crt to
display the slow sweeps required
for high-resolution measurement.._
In addition to providing flicker-free
displays, the digitized video signal
is processed further to provide sev-



eral computed signal parameters

"1ch as average value—ideal for
_:iminating the effects of noise,
comparison of a reference signal
and an incoming signal and display
of only the differences between the

"0, and the display of maximum

uncoming signal level over an ex-
tended period of time.

Mechanical design
In microwave design, mechanical
innovation is often as significant as
circuit innovation. This is particu-
larly true in the 7L18 where the
val was to package the electronics
_Jra state-of-the-art microwave
spectrum analyzer in a 3-wide
7000-Series Plug-In. Easy access
to internal moduies to facilitate ad-
justments, maintenance, and
occasional repair was a must —all
to be accomplished without com-
promising RF performance.

After extensive consultation
with the electrical design team,
precise space allocations were
~greed upon for each of the circuit

actions. The bulk of the circuitry
resides on 4" by 3" printed circuit
boards fitted into U-shaped extru-
sions. These extrusions interlock
with extrusions on either side of the
unit providing mechanical stability
and a means of shielding between
adjacent modules. Any module can
be removed without disturbing the
structural or functional integrity of
the other modules. An extender ex-
frusion is available to give access to
individual circuit boards while the

}18 is operating cutside of the

mainframe using a flexibie extender

cable.
Further access is accom-

plished by a hinge between vertical
(signal input) and horizontal
sections, and the front-panel mod-
ule (see figure 3). The front panel of
e horizontal section also is hinged
:c?provide access. The 7118 can be
operated with either or both of
these sections swung open.
One of the most challenging
achanical design problems was
housing the phase-lock system
which gives the 7L18 its outstand-
ing stability. Several assemblies
had to be well isolated to ensure

spurious free response, yet located
in close proximity.

The needed isolation was
achieved by housing the critical
phase-lock circuitry in an alumi-
num milling. The miliing utilizes
solid bottom wells into which the
individual circuit boards are
mounted. Compartment to com-
partment interconnections are
made by jumpers that pass through
slots cut in the top of the side wall.
To enthance the isolation further,
each circuit board has an individual
cover that fits under the outer cover.

To reduce incidental hum
modulation by stray line related
magnetic fields, the master sweep-
ing oscillator is shielded in two
layers of magnetic shielding. The
resonator itself is shielded in a
small mu-metal enclosure and the
entire oscillator circuit is shielded
within another mu-metal can. This
reduces hum modulation to a very
fow level.

Numerous other mechanical
design innovations in the 7Li8 in-
clude direct input to the front-end
attenuator; a 40:1, two-position,
center-frequency control with a
proprietary detent system that
locks it firmly into the selected posi-
tion; and a compact front-panei-
readout drum that indicates both
the selected band and its associated
harmonic. Precision bending of
semi-rigid coax to eliminate reflec-
tion and minimize transmission
iosses was achieved with special
tooling that controls bend curva-
ture within 0.5° and assures accu-
rate plane relationships.

Summary

State-of-the-art performance and
state-of-the-art packaging are com-
bined in the 7L18 to give you new
measurement capability and
unparalled operating ease in an
instrument that can easily be
transported to your measurement
site. The addition of this microwave
spectrum analvzer to the 7000-
Series family allows you to make
measurements over the spectrum of
20 Hz to 60 GHz with a high degree
of confidence in the results.
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Digital storage is a relatively recent
innovation in spectrum analyzers
and is usually found only in those
covering the frequency spectrum
below 100 MHz. Why, then, digital
storage in a microwave spectrum
analyzer?

The excellent stability made
possible by state-of-the-art circuits
and components permits resolution
measurements of 30 Hz at frequen-
ciesup to 12 GHz and 300 Hz up to
60 GHz. To scan through and fully
display a 10 kHz spectrum at 30 Hz
resolution requires scanning at
more than 20 seconds per sweep.
The usefulness of storage at these
sweep speeds is obvious—it lets
you view such slow moving displays
flicker free. A storage crt could ac-
complish much the same thing. But,
in addition to simplified operation,
digital storage offers other advan-
tages: for example, signal averaging
to reduce the effects of noise, cap-
turing the peak level of a signal,
displaying drift in a signal, and
comparing an incoming signal toa
previously stored reference signal.

In this article we will discuss
some of the problems, and solu-
tions, involved in developing a
digital storage system for the
TEKTRONIX 7L18 Microwave
Spectrum Analyzer.

The average calcuiation

The first problem considered was
the necessity of performing an av-
eraging function for smoothing of
the waveform. This is usually done
in an analog manner using a low
pass filter called a video filter. The
major problem encountered in
smoothing digitally is the wide
range of sweep speeds over which
the 7L18 operates (20 sec/div to 1
ms/div). This is a large dynamic
range over which to do digital
averaging.

The solution to this problem
involved finding a practical method
of performing division rapidly. After
considerable research, we adapted
a technique employed in an early
hand-operated mechanical
calculator—rthat of using a series
of subtract and shifts to effect

division. The numerator and
denominator are justified left and
subtractions are performed until .~
the denominator is larger than the *._
numerator. The denominator is

then shifted one place to theright

and subtraction continued until t!
division is completed. Using this
technique allows us to perform a
division of a 17-bit denominator
into a 25-bit numerator and arrive

at an B-bit quotient in 18 micro-
seconds—a speed adequate for

our needs.

The technique was first im- g
plemented in the TEKTRONIX 7L€
Spectrum Analyzer. The circuitry
occupied two printed circuit boards
totalling about 60 square inches,
used 60 integrated circuits, and
consumed a moderately large
amount of power. When the 7L18
was conceived, it was evident we
would not have nearly the same
space and power available so we
set about making the necessary
reductions.

Nearly all of the digital cir-
cuitry was put into two custom LS.{‘""
circuits—one for the horizontal
function, the other for the vertical.
These two ICs, along with external
D/A converters, operational
amplifiers, switches and switch de-
bounce circuitry, and connectors
are contained on a circuit board of
less than 20 square inches (see
figure 2).

The two chips are tied together
into one coherent unit by a major
synchronizing pulse which occurs§
every 9 us. Data is stored serially it~
the 8k X 1 random access memory.
This simplifies some of the other
chores to be performed and pro-
vides some unique operating fea-
tures, For example, you may want
to read out the memory contents
into an external device. This is ac—{v
complished through theuse of an ¥
external “handshake”. When a BUS
REQUEST signal is received, the
address bus on the memory goes
tristate once every 40 microseconds
and gives an external device access|
to the memory for one 9 us cycle.
The external device must provide
the addresses and whether the in-
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counter. This counter and the
eight-bit sum are cascaded to form
the 25-bit grand total. Each time a
new sample is added to the
numerator, a second 17-bit ripple
counter is incremented, generating
the 17-bit denominator.

A division cycle is started
when the horizontal chip detects a
change in the X coordinate. It sends
a logic START DIVIDE signal to the
vertical chip. Ten clock periods are
required to load the divide circuit
with the numerator and the de-
nominator, with the actual divide
taking an additional eight periods.
The cycle starts on a SYNC pulse
and the first bit of the quotient is
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Fig. 3. Simplified block diagrams of the integrated circuit containing the vertical portion of the storage circuitry.

available shortly after the positive
edge of the first clock pulse follow-
ing the next SYNC. As we discussed
previously, division is performed by
repeated subtract and shift. The
quotient is created serially with the
most significant bit first. Since only
eight-bit accuracy is required, the
divide circuit is loaded with the
eight most significant bits of the
denominator and the sixteen most
significant bits of the numerator.
The peak Y value reached dur-
ing the last set of samples has been
stored in an eight-bit shift register.
At the start of a conversion cvcle, a
serial compare circuit is set to the
state “don’t know if the old or new

number is larger”. Each bit of the
new and old value is then com-
pared, most significant bit first, arte
when one number is found to be
larger, a flip-flop is set and the
larger number is stored in the shift
register. A multipiexer circuit
selects either the peak or average
value to be routed to the memory,
based on the setting of the front
panel PEAK/AVERAGE control.
One of the special features of
the 7L18 is MAX Hold. When this
function is selected (by pressing a
front-panel pushbutton), the larger
of two values—the current memoy
value at this X coordinate, or the
previously selected peak/average




]
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value—is stored in memory. Be-
cause the memory cannot read and
write simultaneously, the current
memory value was read at the same
time the divide circuit was being
prepared, and was temporarily

/ ~’?}red in the vertical display

s#¥rial-to-parallel shift register. The
circuit which selects the larger of
peak/average or memory value is
functicnally identical to the peak
detector.

Timing for setting up the
divide and clearing the numerator,

Agnominator, and peak circuit is
3ntr0ﬂed by a ten-stage Johnson
counter. Nor gate taps are taken
from appropriate stages to develop
the necessary clear and latch timing
pulses.

As we discussed earlier, all
data enters and leaves the memory
serially. Data read from the mem-
ory enters an eight-bit shift register
and, timed by SYNC, is transferred
to the vertical display latch. This

- - shift register is used for other pur-

poses, so the DISPLAY ENABLE
signal allows only display informa-

tion to be transferred to the display
latch. One example of data moving
through this shift register is during
a B-A display. The A value is first
read from memory and stored in the
shift register. As the B value is read,
the subtraction is done serially and
the answer is fed to the shift regis-
ter. The subtraction must be per-
formed least significant bit first so a
set of exclusive OR gates change the
order of extracting B from memory.
The direction of shift for the shift
register is reversed also to present
the most significant bit to the
proper display latch, The answer is
transferred from the shift register to
the display latch by the DISPLAY
ENABLE signal.

The subtract network does
more than just B-A. The actual
expression is B-A+K where K isa
serial input external constant
specified by the user. This permits
you to place zero reference at any
point on the display. To avoid possi-
ble confusion, when B-A+K is off-
screen the subtractor blanks the
display.

When SAVE A is disabled and
both A and B are being displayed,
maximum resolution of 1024 ele-
ments is displayed. If this display
shows a very narrow pulse on the
screen, it is possible that the top of
the pulse is a single X coordinate
wide. If this maximum value were
in B memory, and SAVE A turned on
then display B turned off, there
would be an apparent drop in
amplitude on the screen, For this
reason, when SAVE A is turned on, a
special circuit on the vertical chip
compares all A and B values with
the same X coordinate and stores
the larger in the A memory.

The vertical chip also contains
a three-bit synchronous counter
which identifies which bit of the
eight-bit vertical value is to be read
or written by the memory. This is
the only memory addressing done
by the vertical chip; all other ad-
dressing is under the control of the
horizontal chip.

The horizontal chip
The horizontal chip is considerably
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better stability for the lower con-
version bands. It is the technique,
chosen for the 7L18.

Adding improvements

As indicated in the previous section,
an important key in getting good
stability is to sweep as narrow a
band as possible. The first choice in
this respect was to sweep the first
rather than second local oscillator.
A further improvement was to
switch between four fixed reference
oscillators to get | MHz stepsata 4
MHz reference. This is theoretically
worth 20 log4 =12 dB in sideband
phase noise improvement.

The complete basic imple-
mentation is shown in the block
diagram of figure 2.

The four megahertz reference
is used to generate 20-nanosecond
wide, 4-volt strobe pulses which are
further sharpened up to a 100 pico-
second or less riselime in a snap
diode circuit. This drives a sam-
pling phase gate to generate the
phase lock error signal. Phase gate

characteristics are important in
transferring the full cleanliness of
the reference signal to the local
oscillator. Precise balance between
coupler arms, sampling diodes, and
strobe pulse amplitude level has to
be maintained to prevent reference
strobe harmonics from getting into
the local oscillator, thus creating
spurious responses. Control of bal-
ance and amplitude level also
permit phase lock loop gain opti-
mization for best sideband noise
characteristics.

Balance control is obtained by
constructing the phase gate, as well
as associated circuitry, on an inter-
connected array of three alumina
substrates. These substrates include
a flat 2-4 GHz coupler to obtain a
sample of the local oscillator, a
resistive power divider to separate
the iocal oscillator input into two
channels, two terminated sampling
diode chips, a combiner and inte-
grator to drive the error amplifier, a
balanced snap diode driver with

snap diode, and two couplers for
coupling the snap diode generated
strobe pulses into the sampling "
diode lines.

Defining stability v,
With all this fuss about getting @
things stable it might be useful to
explain what it is that we are after.
Figure 4 shows an iliustration of the
three elements which are affected
by phase lock stabilization.

Drift —a gradual shift in center fre-
quency with time, temperature, line
voltage, eic. is arelatively slow pé_
nomenon. Incidental fmon the
other hand is a fairly rapid random
frequency shift or perturbation. It
can be analyzed as a narrowband
fm modulation process. When this
is due to power supply line related
ripple, we get coherent sidebands.
These can be quite troublesome for
a high resolution instrument like
the 7L18. The sideband noise pedes-
tal shows the “far down" stability
performance of the oscillator.

Fig. 2. Block diagram of 7L1B phase lock system. The inner loop serves as the frequency reference for the outer loop,

Cf'ystal .
Aeterance
Oscillator

.Strobe
* Dyiver .




Unfortunately, the stabiliza-
“"“on circuitry affects the three sta-
Lility elements differently. The
choice of performance is, therefore,
a matter of compromise.

Drift and incidental fm are

ely related to sweep or tuning
width and to the isolation of the
oscillator from the environment.
A wide tuning circuit must, by it’s
very nature, have elements which
greatly affect frequency. If uncon-
trolled environmental factors such
as voltage or temperature get into

frequency sensitive elements of
.& oscillator, then we have drift
and incidental fm. The solution is
two fold —reduction of frequency
sensitivity and isolation from the
environment.

Frequency sensitivity is
reduced by locking the main oscilla-
tor to as narrow a tuning reference
as feasible. Some of the efforts at
reducing reference sweep and
tuning range have already been dis-

cussed. In addition, many not so
" .wvious steps have been incorpo-

‘rated. Observe from figure 2 that
the basic crystal reference oscil-
lators differ from each other by only
8 kHz, i.e., 15.800 MHz and 15.808
MHz. Eventually, of course, this
small difference is multiplied to
become 1 MHz steps (2 GHz/14
MHz=125, 8 kHz X 125=1 MHz}.
The olfset oscillator moves 640
kHz/64=10kHz. This gives extra-
ordinarily little overlap when
switching between the four refer-

e crystals. Oversweep, false
locks, failure to switch crystals, or
failure to lock to the right crystal
can all cause annoyances or worse.
The usual procedure is to have
plenty of oversweep range for
safety. Not so in the 7L18. Here
extra effort in the lock, search, and

Iétml circuitry was traded for a
;M rower sweep range.

Once the main oscillator is
locked to a reference, the sideband

ase noise characteristics are de-

_.mined mainly by the reference
oscillator and lock loop bandwidth.
Obviously, great care must be taken
to make the basic reference oscil-

Fig. 3. Phase gate assembly includes a 2-4
GHz coupler, a resistive power divider, two
terminated sampting diode chips, a
combiner and inteqrator to drive the error
amplifier. and two couplers o cauple the
strobe pulses into the sampling diode lines.

fator as clean as possible. This
involves choice of crystals (type of
cut, Q, mounting etc.), choice of cir-
cuit, and isolation from the outside
environment. But even the best ref-
erence has a wideband noise floor
and the sideband noise level comes
up as 20 logM (M=multiplication
ratio). Therefore, the higher the ref-
erence frequency the better. For the
7118, the basic reference frequency
is 4 MHz (16 MHz +4). This is mul-
tiplied by 500 times to get to 2 GHz,
producing a 54 dB increase in ap-
parent reference sideband noise.
Had we used a ! MHz reference the
increase would have been 12 dB
Worse.

Fig. 4. An iflustration showing the three
elements affected by phase lock
stabilization — drift, incidental fm, and
phase sideband noise.

This performance area is ac-
centuated in the 7L18 because of the
sharp 4:1 resolution shape factors.
More gradual resolution bandwidth
roll off permits use of a dirtier lock
reference since the phase noise can
not be resolved. As a consequence it
was considered worth the complex-
ity to go to a four crystal reference
system in order to save up to 12 dB
on phase noise.

Finally, it is essential that sen-
sitive circuits be well isolated from
undesirable outside influences. The
crystal oscillators are separated
from the offset VCO by a mu-metal
housing. The reference oscillator
system sits in a separate compart-
ment of a multicompartment mil-
ling. Other elements of the phase
lock system are mounted in the
remaining compartments of the
milling. As a final measure, all
compartments are enclosed on both
sides by mu-metal plates. Input and
output connections are handled
through special feedthrough
capacitors to create the highly
isolated compartment shown in
figure 5.

A closer look

Now let's take a closer look at how
the phase lock circuitry does its job.
It is easier to understand if we dis-
cuss it in two parts. The first covers
the generation of the strobe, or ref-
erence frequency, to which the YIG
oscillator is locked. This is called
the inner loop. The second part
discusses the circuitry necessary to
lock the YIG oscillator to the strobe;
we call this the outer loop (see
figure 2).

The inner foop

As you can see from the block dia-
gram in figure 2, the inner loop con-
sists of three oscillators: a stable
crystal reference oscillator (referred
to as the reference oscillator), a
moveable reference oscillator (re-
ferred to as the offset oscillator),
and the controtled oscillator, which
is phase locked to the sum of the
reference and offset oscillators. The
controlled oscillator frequency is
divided by four and used as the
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source for the strobe driver. This
strobe is used as the reference to
which the YIG tuned (2-4 GHz) first
LO of the 7118 is phase locked.

The reference oscillator is
comprised of four crystal resonators
at 15.800, 15.808, 15.816,and 15.824
MHz. A 1 Hz change in this oscil-
lator moves the strobe 125 Hz at
2 GHz and about 250 Hz at 4 GHz
when the offset oscillator is cen-
tered at 12.8 MHz. Therefore, the
8 kHz spacing between crystal fre-
quencies moves the strobe lines in
increments of 1| MHz at 2 GHz. Both
the positive and negative supplies
of the reference oscillator are zener
referenced to reduce the affects of
power supply variations and coher-
ent side bands {rom other circuits in
the 7L18.

We use the offset oscillator to
sweep the controlled oscillator for
interpolating between lock points,
and to provide fine tuning. The
offset oscillator frequency is divided
by 64, then added to the reference
oscillator frequency, and again
divided by 4 for a total division

ratio of 256. When locking the YIG
oscillator at 2 GHz, the strobe sig-
nal is multiplied up about 500
times, depending on the reference
oscillator frequency. This means
that a | Hz change in the offset oscil-
lator will move the YIG oscillator
frequency about 2 Hz (500/256)
when the strobe line isat 2 GHz,
You will recall that the multiplica-
tion ratio depends on the YIG oscil-
lator frequency, thus a 1 Hz change
in the offset oscillator will cause a 4
Hz change in the strobe line at 4
GHz.

Because of noise considera-
tion, limitations on the linear
sweeping range of the offset oscil-
lator, and the bandwidth of the
16.012 MHz crystal filter, the recen-
tering range of the offset oscillator
is only 1.2 MHz on-screen at 2 GHz.
Consider that at 2 GHz, the strobe
must also move 500 kHz {£250 kHz)
to give a fine tuning range of one
screen diameter in the widest phase
lock position, plus provide a sweep
of 500 kHz. This means that the
strobe must move another 1 MHz.

Fig. 5. Milled housing contains phase tock system. Mu-metal shielding is used

extensively 1o create highly isolaled compariments
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The total range of the YIG oscil-
Iator, therefore, must be 2.2 MHz at
2 GHz. Hence, the offset oscillator /7
must move 1.1 MHz because of the *
2:1 multiplication ratio discussed
previously. In the offset oscillator
circuitry, the varactor, zener diod€ '
and operational amplifiers must b&
carefully selected for noise to give
good performance at an equivalent
YIG oscillator frequency of 12 GHz.
This is equivalent to looking at the
12th harmenic of the offset
osciilator.

A mixer combines the refer- 4~
ence oscillator, at about 15.8 MHz%
with the controlled oscillator, at
about 16 MHz. The difference fre-
quency of 200 kHz is applied to the
phase/frequency detector through a
low pass filter which prevents the
15.8 MHz and 16 MHz signals from
getting into the phase detector.
These frequencies combine with
harmonics of the 200 kHz to pro-
duce a family of crossover spurious
responses which must be down 150
dB-no small task. Careful] shielding.
is a must at this point. £

A phase/frequency detector
and compensation amplifier (Fs)
lock the output from the mixer, to
the offset oscillator. This lock loop
hasa bandwidth of about 10 kHz
because it must be swept.

The output signal from the
controlied oscillator is filtered by a
6-pole monolithic filter to remove the
residual 200 kHz sideband (200 kHz
being the update rate of the phase/
frequency detector) before going{

the strobe driver.
One final comment on the

inner loop function. Since the
strobe rate is about 4 MHz, there
will be a strobe [requency line ap-
proximately every 4 MHz to some
frequency greater than 4 GHz, (the
upper end being determined by L
the bandwidth of the phase gate
sampler). At 2 GHz, the strobe fre-
quency increments in | MHz steps
when a crystal in the reference os-
cillator is replaced by an adjacent .
crystal. The range allowed in the ¢
offset oscillator moves the strobe 1.2
MHz at 2 GHz to give a 20% overlap



(see figure 6). At 4 GHz, the mini-

" mum spacing due to incrementing a

crystal is 2 MHz. However, the
strobe harmonic at 4 GHz now
moves twice as far, or 2.4 MHz,
when the offset oscillator is varied

jbefore thus no additional
range is required from the offset
oscillator.

The outer loop

The discussion thus far has been
concerned with the generation of
the strobe reference. Now let’s con-
sider the loop that locks the YIG os-

ator to this reference. The outer
loop portion of the block diagram
is shown in figure 2.

The outer loop performs a host
of functions as follows:

« Connects the compensation
amplifier to the YIG oscillator
when in phase lock positions

* Provides search when not locked

« Delays connecting the error
amplifier after the strobe is
turned on

* Varies lock-in range as a func-
tion of tune voltage

* Commutates between crystals in
the reference oscillator

= Locks the YIG oscillator to the
strobe

« Senses when lock is achieved

* Moves the strobe reference to
recenter the YIG oscillator

» Connects the sweep and offset
oscillator filter after lock occurs

e Limits hold-in range

The compensation amplifier

le search oscillator form a condj-
ally stable amplifier that re-
quires the phase lock loop to have
acquired, to become stable, When
the loop is not locked, the compen-
sation amplifier oscillates at about
a3 Hz rate. As the amplifier oscil-
lates, the YIG oscillator searches
yimount somewhat greater than
MHz.

The search voltage moves the
oscillator more than the distance
between strobe lines to ensure that
neither temperature effects nor de

" balance errors from the phase gate

will change the lock-in range. As we
discussed earlier, the lock-in range

Fig. 6. The recenter range of the offset oscillator is + 20% 1o provide adequate

overlap between adjacent crystals.

when the YIG oscillator is at 2 GHz
must be greater than I MHz, the
spacing between crystals, and less
than 1.2 MHz. the maximum recenter
range of the offset oscillator. At

4 GHz these numbers are 2 MHz

and 2.4 MHz respectively.

The output voltage of the
search oscillator is monitored, and
when this voltage exceeds an abso-
lute value determined by the tune
voltage, a lock inhibit command is
given. In this manner, the allowable
lock-in range is varied a factor of
two as the oscillator is moved from
2104 GHz.

When the allowable lock-in
range is exceeded, it means the os-
cillator was not ahle to acquire lock
with the crystal in use, and a new
crystal is selected. The inner loop
has time to settle before the search
oscillator comes back into lock-in
range and the new crystal is tried.

Eventually the YIG oscillator
locks to the strobe reference and the
search oscillator stops oscillating.
When this happens, jock is sensed
after a fixed period of time has
elapsed to ensure that the lock is
real. The crystals are then no longer
allowed to change.

The next step is to recenter the
YIG oscillator so that a signal on-
screen will be in the same place as
before the lock was initiated. This is
done by applving a correction volt-
age to the offset oscillator from an
8-bit digitai-to-analog converter,
until the error voltage from the
phase gate is zero. This D/A must be
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very stable to ensure low drift of the
olfset osciflator. If, for some reason,
the D/A doesn’t have enough range
to recenter the oscillator, the lock
sequence is started again, with pro-
visions to ensure that the next crys-
tal in the sequence is the first tried.
After the YIG oscillator is
locked to the strobe reference and
returned to the frequency it was be-
fore lock was initiated, the sweep
voltage is connected to the offset
oscillator to sweep the reference.
The bandwidth of the outer loop
must be wide enough to ensure that
the loop remains locked during
sweep and retrace, This bandwidth
is about 10 kHz for the 7L18. The
hold-in range of the loop is about
4 MHz to allow for the sweep, fine
tune range, and drift of the
oscillator, ¥
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Two New Graphic Display
Modules for the OEM
System Designer

Fig. 1. The GMA101A Graphic Display Module designed specificaliy for the ORM
market.

Business, engineering, science and
education are all looking more and
more to the computer to solve spe-
cialized problems. In the publishing
field, large word processing systems
with graphic display modules are
used to layout and edit newspapers.
Computerized circuit board layout
systems are in use throughout the
electronics industry. Programmed
instruction systems can be found in
elementary and secondary schools
as well as in universities.

All these applications require
the ability to interact with the sys-
tem and graphically display words,
images, or complex phenomena.
Graphic displays are thus in increas-
ing demand by system designers to
heip make these new, specialized
computer systems more compatible
with non-programmers and other
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“non-computer types,” who will be
using them.

To meet this demand, two new
graphic displays, the TEKTRONIX
GMAI101A and the GMA102A, have
been designed specifically for the
OEM market.

Using its direct view storage
tube (DVST) technelogy, Tektronix
has for many years been a leader in
the design and manufacture of high
resolution, low cost graphic display
modules and terminals. With this
new OEM configuration, system
designers can now tailor the DVST
display to their specific system
needs. In addition, the GMA series
for the first time offers fully devel-
oped store-refresh capability, the
ability to display stored and
refreshed graphics on the DVST
screen at the same time.

I

Lots of options

In designing the GMA series of
graphic display modules for the
OEM market, many packaging and
performance options have been
made available. Both the GMA101A
and the GMA102A feature modular
construction within a sturdy, wire-
form chassis. The 19-inch display
screen can be oriented either hori- -
zontally (tv format) or vertically {
(page format), with a viewing angle
of either 90° vertical or tilted back
15°. Each unit includes a power-
supply, a vertical and horizontal
amplifter circuit board, a high volt-
age and Z-axis board and a storage
board. Space is available for three
additional circuit boards, which
can be selected from Tektronix' list
of performance options or built by
the OEM buyer. The list of perform-
ance options offered by Tektronix{
includes vector and character
generator boards and extra current
capacity for use by OEM-designed
circuits. A hard copy interface is in-
cluded as part of the standard dis-
play package. It can be removed, as
an option, for OEMs who will never
need hard copies directly from th{h
display. Both basic display modu
are all digital except for the X and Y
inputs which are analog. With the
interface options for both displays,
the user also can drive the X and Y
inputs digitally through useofa
16-bit, fuliy parallel, TTL-
compatible format.



Low cost graphics

~.The GMAI101A has the highest reso-
lution for its price of any graphic
display on the market. Since the
image is stored on the phosphor of a
NVST screen instead of in memory,

is required with a refreshed dis-
play system, DVST displays allow
high resolution, high density
graphics to be displayed at a rela-
tively iow computer overhead. Over
3200 inches of vector or over 8500
alphanumeric characters can be
stored on the 19-inch GMAI0IA

*splay screert.

" The many peformance and
packaging options available with
the GMAIOGIA make it usablein a
wide variety of applications in-
cluding word processing, graphic
display terminals, and graphic
work stations for computer aided
design systems.

The best of both worlds

The GMA102A offers the same preci-
sion graphic displays offered by the
GMAI01A, with the addition of
store-refresh. Along with stored
graphics, up to 1500 inches of
refreshed vector can be displayved
with the GMAIO2A.

Combined storage-refresh dis-
plavs have been made possible by
the development of a DVST tech-
nique called write-through. Using
write-through, intensity of the elec-
tron beam is slightly reduced to just
below the storage threshold level.
The beam then writes on the phos-

“or, but the image is not stored. By
.drying the beam intensity, infor-
mation can be displayed in a com-
bination of storage and refresh.

In the past, the chief disadvan-
tage of DVST displays has been the
inability to selectively edit the dis-
play without erasing the whole

~reen. With the development of
_are-refresh, the GMA102A offers
the best of both worlds: the low
cost, high resolution graphic dis-
plays obtained with DVST storage

nd the selective erase obtained
with refresh.

This combined storage-refresh
display will be useful in applica-

tions where a moderate amount of
display interactivity is required in
the creation of very complex, high
density graphics. These appiica-
tions include the design and layout
of IC masks and printed circuit
boards, newspaper page composi-
tion, and map making.

Costs versus refresh

Designers of graphic display sys-
terns have traditionally made heavy
demands on display technology.
Computer aided design systems like
those used in map making, for
example, require precise, high reso-
lution, high vector density displays.
Of the four presently available dis-
play technologies—DV ST, plasma,
video (raster) and directed heam—
only DVST and directed beam have
been able to meet these demands.
Both DVST and direct beam pro-
vide high resolution (60 to 110 ad-
dressable points per linear inch)
and high density (from 3,000 to
10,000 inches of displayed vector).
Directed beam displays are by na-
ture refreshed systems and thus
also provide selective erase capabil-
ity, DVST displays have tradition-
ally been pure storage devices, with
no refresh capabiiity. The ability to

store a display on the screen phos-
phor, eliminating the need for
costly refresh memory, however,
allows the design of very low cost
araphic display svstems. The choice
between DVST and directed beam
has thus always been ane of cost
versus refresh.

A new question

With the recent reductions in the
price of refresh memory, it appeared
that directed beam displays were
gaining on DVST in this competi-
tion. Now that store-refresh has
been added to the picture, DVST
displays shouid continue to offer the
most favorable cost/performance
combination for many years to
came. System designers no longer
will ask, “Do I need refresh?” The
question is now, “How much refresh
do I'need?”

A good example of an applica-
tion of the combined storage-
refresh capability of the GMAI02A
is its use in a computer aided circuit
board design system. Displaying all
the runs and pads of a six layer cir-
cuit board with a refresh display
requires a considerable amount
ol refresh memory. Using the

Fig. 2. The sturdy waveform chassis permits the 19-inch screen to be criented
vertically or horizontally with aviewing angle of 90 degrees vertically or tilited back

15 degrees.
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