











































































































RF design awards

Synthesizer Design With Detailed
Noise Analysis

By Terrence F. Hock
National Center for Atmospheric Research

Here is the winning software entry in
the 1993 RF Design Awards Contest.
The author has been awarded a soft-
ware package provided by EEsof, Inc.
which includes the Touchstone linear
circuit analysis program for Windows
and the LineCalc transmission line
analysis program.

This program is designed to aid in the
design of PLL synthesizers, taking
into account all the noise sources pre-
sent in the circuit. The program will ana-
lyze and design the loop filter and calcu-
late the loop steady state responses,
with results in both tabular and graphical
form. It will also compute the reference
spur levels for a digital phase/frequency
detector with a differential output and
can optionally add an active low pass fil-
ter to reduce the spur level. The pro-
gram was written to simplify designs
using commercial synthesizer integrated
circuits. It operates on a DOS machine
and requires a minimum of VGA graph-
ics.

The total phase noise of the synthe-
sizer is determined by several noise
sources in the loop such as the refer-
ence oscillator, voltage controlled oscil-
lator (VCO), phase detector and opera-
tional amplifier loop filter. Typically, the
op amp noise is considered a second or
third order effect when a good low noise
op amp is used, but in reality the op
amp may be the limiting noise factor in a
synthesizer.

Program Overview
When designing a synthesizer, there

are several performance criteria that
must be considered: phase noise,
switching speed, reference spur levels,
etc. Optimizing one parameter usually
gives less than adequate performance
in another area. Thus, the performance
of a single loop synthesizer is a compro-
mise of all design goals.

In the past when designing synthesiz-
ers, several design tools have been
used: spread sheets, small Basic pro-
grams and Spice simulators. This pro-
gram was developed to combine all syn-
thesizer design criteria into a single pro-
gram which allows a design to be com-
pleted in a minimal amount of time. One
parameter can be varied while the effect
is observed in all other performance
areas. Prior to developing this program,
an adequate mode! for the phase noise
of the synthesizer was not available.

The program calculates the noise con-
tribution from the individual stages to
obtain the total phase noise of the syn-
thesizer. The loop bandwidth can easily
be changed while observing the phase
noise, which allows for easy optimiza-
tion. The program displays the integrat-
ed phase jitter, providing an aid in
choosing the loop bandwidth for lowest
overall phase noise. The loop filter
model incorporates the performance of
a real op amp for the calculations of op
amp filter noise, reference spur levels
and steady state loop responses. The
Johnson noise of the resistors is also in-
corporated into the op amp noise calcu-
lation.

All calculations use linear control theo-
ry in the frequency domain for both the

steady state responses and phase noise
calculations. A wideband synthesizer
(loop bandwidth greater than 20 percent
of the reference frequency) analyzed
with linear analysis will introduce errors.
A better approach would be to use dis-
crete time analysis or Z-transforms for
analysis. However, if wide loop band-
widths are desirable for fast switching
speeds, the reference spurs may be at
undesirably high levels when using the
digital phase/frequency detector in a low
cost synthesizer IC.

To improve the accuracy of the calcu-
lations, the user has the option of
adding a delay term to the steady state
loop calculations. There has been con-
siderable discussion in past issues of
RF Design as to what the delay value
should be (1). The value of this delay
term is dependent upon the type of
phase detector used in the synthesizer
(digital phase/frequency, sample and
hold), and the location of the first pole.
There is not a clear consensus on what
the sampling delay should be for all
cases, so its value is left for the user to
choose.

Currently the program does not calcu-
late the switching speed of the synthe-
sizer, but uses a simple approximation
for a rough estimate of the switching
speed. Gavin has demonstrated how a
Spice simulator can be used to estimate
the switching speed incorporating all
delay terms for accurate switching
speed analysis (2).

Phase Noise
When designing a synthesizer for low-
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Figure 1. Method for selecting
loop bandwidth.
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Figure 2. Noise sources in a synthesizer.
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Frequency FILTER vco REF Phase Det. Total
(Hz) {dBc) (dBc) (dBc) (dBc) (dBc)
18.8 -88.1 -84.3 -64.7 -80.8 -61.4
17.8 -88.1 -81.8 -69.6 -88.8 -68.7 Fuco: 12806.08 Mz
3.6 -88.1 -29.3 -74.4 -88.8 -71.8
56.2 -88.1 -76.8 -79.8 -88.8 -72.9 Fref: 250.98 kiz
198.8 -80.0 -24.3 -83.4 -80.8 -72.2
17?.8 -73.8 -71.8 -87.3 -88.7 -78.6 Kuvco: 23.8 MHz/v
316.2 -79.1 -69.5 -98.6 -88.5 -68.7
562.3 -72.? -67.3 -92.9 -79.9 -66.7 Kpd: B.796 vsrad
1600.8 -%.6 -65.6 -93.9 -78.8 -65.8
1778.3 -73.4 -64.8 -.9 -7?.4 -64.1
3162.3 -73.5 -66.6 -95.6 -78.1 -65.6
5623.4 -88.6 -725.1 -1#4.3 -86.2 -73.8
16008 .8 -89.8 -84.8 -116.1 -97.6 -83.4 Phase jitter over
177282.8 -98.8 -92.9 -128.9 -118.2 -91.8 108 Hz to 1 MHz
31622.8 -188.1 -1@@.1 -142.8 -124.8 -99.5 2.89? deg.
56234.1 -117.8 -186.9 -157.4 -138.5 -186.5
106668.8 -127.7 -113.3 -172.3 -153.4 -113.1
17762?.9 -137.7 -119.3 -18?2.3 -168.4 -119.2
31622?.8 -147.7 -125.8 -282.6 -183.7 -125.8
S62341.3 -157.7 -138.5 -218.4 -199.5 -138.5
legeesd.B -167.7 -135.8 -235.2 -216.2 -135.8

Figure 6. Program analysis of the example synthesizer (tabular form).

tine prompts the user for the common
synthesizer design parameters such as
VCO tuning sensitivity, phase detector
gain, reference frequency, loop band-
width, etc. The component values of the
loop filter are calculated based on the
equations from reference (3). The pro-
gram allows the user to easily change
the component values for practical sizes
in the loop filter without having to re-
enter the initial design data. The new
values are immediately updated on the
screen. The program will next compute
the values of the reference spurs at the
VCO output. The spur calculation is only
valid for a digital phase/frequency detec-
tor using differential phase detector out-
puts. This type of phase detector is used
in the spur calculation since it has lower
spur levels than the single ended output
from a digital phase/frequency detector
as long as the loop filter is an op amp in-
tegrator. The program then provides the
option to add a 2-pole active low pass
filter to reduce the spur level. The pro-
gram prompts for the bandwidth and
damping coefficient of the filter. The fil-
ter component values are easily
changed for practical values.

The design routine will also compute
and display the steady state responses
of the synthesizer in table and graph
form. The steady state responses com-
puted are closed loop gain, open loop
gain, error ioop gain and phase margin.
The open loop gain and phase margin
are the most critical parameters for eval-
uating the loop stability. The phase mar-
gin at 0 dB open loop gain frequency

RF Design

PHASE NOISE COMPARISON
FREQUENCY MEASURED CALCULATED

kHz dBc dBc
1 —66.9 —-65.0
3 —61.4 —65.6
10 —83.5 -83.4
50 —-106 -106.0

SWITCHING SPEED
MEASURED 1.2 msec
CALCULATED 1.54 msec

Figure 7. Comparison of mea-
sured and computed results.

should typically be 40 to 60 degrees for
a well behaved loop.

Usually, a synthesizer is designed to
operate at several (or many) different
frequencies. In a single loop synthesizer
the output frequency may vary 25 per-
cent or more, which requires changing
the divider value, which varies the loop
gain. The loop should be evaluated at
several operating conditions for stability
and bandwidth.

Typically the tuning sensitivity of the
VCO changes at different control volt-
ages. Both the tuning sensitivity and di-
vider values can be evaluated quickly by
entering either K or F followed by new
values. The output frequency is
changed in lieu of changing the actual
divider ratio. The loop switching speed
is also calculated based on a simple ap-
proximation of t=4/loop BW.

Analysis — The synthesizer analysis
routine is very similar to the design rou-
tine except actual component values of
the loop integrator and active low pass
filter are entered. The steady state re-
sponses of the loop are calculated along
with reference spur level. The steady
state responses, open, closed and error
loop are calculated in table and graphic
form. The switching speed is not calcu-
lated since the analysis routine does not
directly compute the loop bandwidth.
The analysis routine is very valuable for
analyzing current designs and to evalu-
ate component sensitivity in the loop fil-
ter versus performance variations. The
output frequency and the VCO gain can
both be easily changed for different op-
erating frequencies and VCO gain varia-

Input Parameters:

Output Frequency: 488 MHz
Reference Frequency: 58 kHz
Phase Detector Gain: .?796 Us/rads

UCO Gain: 5 MHzAV
Total division N: 8688
UCO Bandwidth: 15 kHz

Op fmp: LF156

Resistance Tolerance: 5 %
Loop Bandwidth: 1.3 kHz
Phase Margin: 58 deg.
Low Pass B 3dB: 18 kHz

Low Pass Damping: .5

Rb—Cb

—BRa ——Ra
Ca
| LF156

Calculated Filter Parameters
Ra = 18.878 k ohms
Rb = 57.820 k ohns
Ca= 7?7.11»F
Cb = 6.888 nF
Rl = 5.684 k ohms
C1 = 5.68 nF
CZ = 1.488 nF
J c1
R1-L R1
Cc2
1
LF156

Figure 8. Input screen display.
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Figure 11. Graph of VCO performance.

operating frequency, loaded resonator
Q, output power, flicker frequency, ef-
fective noise resistance of varactor
diode and tuning sensitivity. The VCO
phase noise analysis separately calcu-
lates the phase noise due to the varac-
tor diode, Leeson’s equation and the
total phase noise. The performance of
the VCO is easily evaluated, with the re-
sults in table and graph form.

The resonator Q and tuning sensitivity
can easily be changed in 5 percent in-
crements up or down. This feature is
useful for adjusting the phase noise per-
formance to match that of a commercial
VCO. When the Q and tuning sensitivity
are changed, the results are updated
immediately on the screen. The phase
noise from this routine will be used in
the synthesizer phase noise calcula-
tions. When designing VCO’s this rou-
tine is very useful for estimating the
phase noise performance of an oscilla-
tor.

Synthesizer Phase Noise — The syn-
thesizer phase noise routine is the most
useful feature of the program. It com-
putes the individual terms from each
noise source in the loop and simultane-
ously displays the level of the reference
spur, switching speed and integrated
phase jitter. All design parameters are
displayed on one screen while the user
easily changes the loop bandwidth, ob-
serving the phase noise, spur level,
switching speed, etc. The output fre-
quency and VCO tuning sensitivity can
also be changed to account for the dif-
ferent operating conditions as the syn-
thesizer is set to different frequencies.

The synthesizer phase noise calcula-
tion uses data from either the Design or
Analysis routine for the loop filter and
data from the VCO phase noise routine.
Phase noise is computed for the op amp
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filter, reference oscillator, VCO, phase
detector and the sum of these noise
sources. The op amp noise model also
includes the active low pass filter if it is
chosen in either the analysis or design
routines. The model includes the ther-
mal noise of all the resistors in the fil-
ters. The phase jitter is also computed
by integrating the total phase noise from
100 Hz to 1 MHz. The phase jitter is
useful when adjusting the loop band-
width for lowest phase noise.

The loop bandwidth, tuning sensitivity
and output frequency can all be easily
changed in either the table or graphic
display of the synthesizer phase noise.
When a change is made, all data is up-
dated automatically on the screen.
When the loop bandwidth is changed,
the feedback capacitor is held constant
so all resistor values change. This is
very important when the loop bandwidth
is reduced as all the resistor values will
increase, thus increasing the op amp
noise level. The loop bandwidth cannot
be changed when using data from the
analysis routine. The phase noise plot
has five parameters plotted simultane-
ously, so when a parameter like VCO
gain is changed several times the graph
becomes cumbersome to evaluate. A
redraw feature is available by simply
pressing R.

Miscellaneous Features — The pro-
gram also has a Help file for operating
the program, but it is assumed that the
user is familiar with synthesizer design.
A few common parameters such as
sampling delay and resistance tolerance
seldom require changing and are en-
tered in a special utility routine. The re-
sistance tolerance is required for the
spur calculation. The spur calculation
computes the common mode rejection
of the op amp integrator from the op

Figure 12. Graph of synthesizer phase noise.

amp data and resistor values. The op
amp data is in a separate ASCI! file that
contains the individual parameters for
each op amp. This ASCII data file can
easily be changed with any text editor to
add, delete, or modify the op amp data
file. The READ.ME file provides the for-
mat for the ASCII op amp data file. A
second ASCII data file is required which
stores all synthesizer data parameters
as the default values when the program
is terminated. These parameters will
then be recalled when the program is
run again. The op amp and PLL data
files must reside in the same directory
when the program is executed for prop-
er operation.

General Operation

The program is designed to be very
easy to use and operate with a minimal
number of key strokes. At each prompt
there will be a question which will ask
for a value, such as phase detector
gain, or a single letter designating an
option. At the end of a prompt, the de-
fault value is shown in brackets. By sim-
ply pressing return, the program accepts
the default value. When only one para-
meter has to be changed, this feature
quickly allows the user to go through the
input parameters without having to re-
type every value. An option selection will
have different letters in brackets; press-
ing the letter will execute that command.

Printing — The results on the screen
can easily be dumped to a printer using
the PrintScreen key. A hard copy of the
graphs can also be printed by running
the DOS utility GRAPHICS.COM prior to
running the program, and pressing
[Shift] and [Print Screen} simultaneous-
ly. If a Laser printer is being used, be
sure to add the appropriate extension to
the graphics command given in a DOS
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RF tutorial

RF Component Modeling

for CAD/CAE

By Les Besser
Besser Associates

This article offers a tutorial review of
lumped passive RLC component mod-
els, including parasitic effects and loss-
es. For simplicity, only first order reso-
nances are considered, although sec-
ond-order effects are also discussed.
Most of the material presented here is
taken from a one-week long continuing
education course entitled “RF/High
Speed Circuit Components: Measure-
ments, Models and Data Extraction” (1).

During the 1970s and 80s defense-
supported R&D created significant
progress in the modeling of active mi-
crowave devices and various forms of
physical transmission lines. At the same
time, RF passive component models at-
tracted little attention. Researchers feit
that passive lumped components were
very “simple” and their modeling would
pose little challenge. As a result, RF
components were represented by their
ideal forms in early CAE programs. Re-
cent cutbacks in military microwave
spending prompted the CAE industry to
pay attention to lumped-element compo-
nents for commercial RF products.
While we are still far from having li-
braries with dependable lumped models,
RF component modeling is becoming an
increasingly important effort and should
play a more significant part in modern
CAE.

Q of Physical Inductors and
Capacitors

Before looking at equivalent circuits,
let’'s define an important circuit parame-
ter. The quality (Q) factor of a reactive
component is defined by the ratio of
stored energy over dissipated energy
that can be expressed in series or paral-
lel form:

X R
Q:QS:R—SSE:QP:X_PPE (1)

where:

Xg is the equivalent series reactance of
the series equivalent circuit.
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Xp is the equivalent parallel reactance of
the parallel equivalent circuit.
Rse is the total equivalent series resis-
tance of the series equivalent circuit.
Rpe is the total equivalent parallel resis-
tance of the parallel equivalent circuit.
The parallel and series circuits shown
in Figure 1 represent a series/parallel
conversion at a specified frequency,
maintaining the input Q.

RLC Component Models

Up to 1 GHz, relatively simple lumped
equivalent circuits may be used to accu-
rately describe the behavior of RLC
components in chip and discrete forms.
Above that frequency, depending on the
size of the components, modeling may
require more detailed circuits and dis-
tributed (transmission line) elements.
However, most surface mount compo-
nents can be adequately described by
the lumped modeis, even up to 2 GHz.

Resistors — Figure 2 illustrates the
equivalent circuit of a typical resistor,
using lumped circuit elements, assum-
ing that parasitic self-inductance and ca-
pacitance may be combined into single
components Lg and Cp. Depending on
the physical form of the resistor, the
nominal resistance, Ry, may or may not
be frequency dependent. For example, if
the thickness of the resist layer does not
exceed skin depth, the resistance is vir-
tually independent of frequency. The
second resistor of the model Rg repre-
sents the lead and contact resistances;
they may need to be separated from the
nominal resistance due to different tem-
perature and frequency dependencies.

For low value resistors the series in-
ductance is the prime parasitic, meaning
that the total impedance of the part in-
creases with frequency. At some point
the parallel capacitance creates a low-Q
parallel resonance with the inductance
of the series branch, from that frequency
the terminal impedance of the part de-
clines. Below the resonant frequency
the physical resistor behaves inductively
while above resonance it looks like a
lossy capacitor. If the nominal resis-
tance is relatively high (several hundred
ohms), the series inductance may be

neglected and the parailel capacitor rep-
resents the prime parasitic. In this case
the impedance declines as the frequen-
cy increases; approximating the behav-
ior of a parallel RC (see Figure 3). While
the parallel capacitance may be relative-
Iy small, i.e. a fraction of a picofarad, its
effect may need to be considered. For
example, if the resistor is used as a col-
lector-to-base DC bias resistor, even a
small parallel capacitance forms a sig-
nificant feedback path at RF.

Inductors — Figure 4 shows the first
order approximation of an RF inductor
equivalent circuit. In this model the se-
ries resistance Rg represents frequency
dependent ohmic self-resistance of the
inductor which forms a relatively high Q
series equivalent circuit with the nominal
inductance. The parallel capacitor repre-
sents the inter-winding and terminal ca-
pacitances lumped together into a single

- Rex

Figure 1. Lossy reactive elements
may be represented by these
equivalent circuits. Q may be
computed either way by taking
the appropriate ratios shown in
equation 1.

C
JF
1
Rg Ls Ry
= c C, 3t
re G
. ‘

Figure 2. Lumped R; equivalent
circuit of a resistor. Rg and Ry
may both be frequency depen-
dent. L; represents the total para-
sitic self-inductance and C; the
self-capacitance. If the resistor is
realized above a ground-plane,
the additional stray capacitances
C; also exist.
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capacitor decreases the apparent ca-
pacitance, and the parallel self-capaci-
tance of an inductor decreases induc-
tance, while the opposite is true for both
cases. The true capacitance and induc-
tance is always greater than the nominal
value, all the way up to the first primary
resonance. For example, a 22 pF chip
capacitor with 1 nH total self-inductance
behaves as a 28 pF at 500 MHz, which
is a 28 percent increase from the nomi-
nal value. The same is true for induc-
tors; a 0.33 pH inductor with 0.3 pF
stray parallel capacitance acts like a
1.58 uH inductor at 450 MHz, or about
380 percent increase above the nominal
value.

The effects of self parasitics may be
compensated by choosing smaller nomi-
nal values than specified. However,
compensation is only possible for nar-
row (5 percent) bandwidths, or even
less as the frequency approaches self-
resonance. In broadband applications
several smaller nominal values are
needed instead of a single component.
A careful simulation is always recom-
mended to prevent painful surprises. As
a rule-of-thumb, the ideal and physical
components behave alike until 10-15
percent of the resonant frequency. Sig-
nificant changes may take place at fre-
quencies higher than 25-30 percent of
resonance.

Parasitic Effect on Q

The presence of inductive or capaci-
tive parasitics always decrease the com-
ponent Q, even if parasitic elements
were completely lossless. To explain the
reason, let’s look at two cases; one for
inductors and one for capacitors.

Self-inductance of a capacitor —
Once we accept that self-inductance al-
ways increases the apparent capacitor
value (by reducing capacitive reac-
tance), it is easy to see that in a series
RC circuit the reactance is decreased,
the Q also decreases (Q=Xg/Rge).

To illustrate this point, let's look at the
22 pF capacitor mentioned above with a
1 nH self inductance (for simplicity as-
sume that this self-inductance comes in
an ideal lossless form). We showed that
the series inductance increases the true
capacitance increases to 28 pF at 1
GHz, which leads to a 28 percent reduc-
tion of series reactance and Q. This situ-
ation gets much worse as we approach
resonance where the effective compo-
nent Q, as we define it, goes to zero.

Self-capacitance of an inductor —
Since the parasitic capacitor acts as a
parallel element, its effect is viewed in
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Figure 7. Impedance plot of ideal
and physical 22 pF capacitors.
The physical component has 1 nH
self-inductance that causes a pri-
mary series resonance at 1074
MHz.

the parallel form. When the inductor is
reduced to a parallel RLC equivalent cir-
cuit it was said that the presence of the
parasitic capacitance increases induc-
tive reactance. Parallel Q is expressed
as parallel resistance over parallel reac-
tance, therefore when reactance in-
creases, the Q decreases.

Q Behavior of Physical
Capacitors and Inductors

Even though the capacitor and induc-
tor models contain both series and par-
allel circuit combinations, at a given fre-
quency these sections may always be
reduced to a single series or parailel
form of one resistor and one reactive el-
ement as shown in Figure 1. Q is then
computed by taking the appropriate ratio
of these elements.

The frequency dependent Q behavior
of inductors and capacitors are quite dif-
ferent. Physical capacitors have ex-
tremely high Q at low frequencies since
the equivalent series reactance is very
large and the series resistance (loss) is
very low. As the frequency increases,
the effective series resistance (ESR) in-
creases while the series capacitive reac-
tance decreases, resulting in a rapidly
decreasing Q versus frequency.

Inductor Qs, on the other hand, be-
have quite differently. At low frequency
the series reactance is very low, there-
fore Q is low. Series reactance increas-
es with frequency, also increasing Q lin-
early. As the skin-effect becomes no-
ticeable, the equivalent series ohmic re-
sistance increases with the square-root
of frequency, thereby the Q-slope
changes from linear to a square-root in-
crease. Next, the self capacitance
comes into the picture, further decreas-
ing the Q. At this point the Q levels off

Figure 8. PC board mounting of a
typical chip capacitor, showing
that current flow to the top fin-
gers must pass through addition-
al inductance resulting in sec-
ondary resonances. These reso-
nances may be “pushed” to high-
er frequencies by mounting the
chip rotated 90 degrees so that
the shaded surfaces contact the
circuit board.

freq
Figure 9. Inductor Q increases lin-
early at low frequencies, but ad-
versely effected by skin-effect,
self-capacitance, core and dielec-
tric losses. Capacitor Q always
decreases with frequency since
losses increase and series reac-
tance decreases.

with frequency, and when wire insulation
and/or core losses make the picture
worse, the Q begins to decline. Figure 9
compares the Q changes of inductors
and capacitors.

Component Measurements

RLC components may be modeled
based on one- or two-port scattering pa-
rameter measurements. For inductors
and capacitors, measuring the relatively
small equivalent series loss resistances
may be quite tricky in one-port form.
Two-port measurements on the other
hand provide the necessary loss infor-
mation with much higher resolution, al-
though system impedance sometimes
needs to be transformed by addition of
small series capacitors.

In most cases, the components to be
measured cannot be attached directly to
the calibrated network analyzer; they
must be placed into test fixtures. There-
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cuit based on the component models
provided to them. The old saying, “junk
in, junk out” strongly applies in this case.

' INEGATED FIXTURE FIXTURE DUT Proper use of carefully selected test fix-

i T T T T L N W . ; tures, calibration, measurements and

DUT 7 | ! -1 v 0 T P ro : data extraction can lead to appropriate

_ | Te : | F i L | models to behavior of circuits through-

_;________‘: E__ __i S " | out the RF range. RF
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under test. The final data then can be
used for model optimization to obtain
values of the component equivalent cir-
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experience in CAE software develop-
ment (author of the Compact pro-
gram) and RF product design, and

Summary

With greater availability of computer
simulators, it is possible to predict the
behavior of RLC circuits, minimizing has taught RF/microwave design
costly and time consuming prototype cy- courses worldwide. He can be

cles. Unfortunately, circuit simulators _
can only predict the outcome of the cir- reached at (415) 949-3300.
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new product concepts and specifications for modules (basic idea is to replace portions of RF circuit with

smaller, cheaper functional modules). Target end markets are cordiess phone, cellular, RF Data Units

components. Experience with low cost high volume design for consumer applications. Proven products

- and RF LAN. BSEE, MSEE preferred. Minimum 10 years experience with indepth knowledge complete
AF circuit design. 2GHz-Audio. Experience with spread spectrum technology. Familiar with current SST

Good technical writing skills.

VSAT 8r. Staft Englnaer: Familiarity with equipmentand sysiama utlized by troadcast organizations for the distribution of ana-
log and digital audia progt g via aatalie, with sysiama dasign, data communications recefvar
dasign and sataliite ink budge1 calcuiatons. BSEE.

SATCOM Systems Englinsers: Opportnities for sateliiie communications systema anginears. Responsibliities indude satsile
calculatons, biock diagram designs, aquip and for propossis and porgrama. Requirements Inciude &
BSEE, MSEE premarred, and a minmum of 5 yaars of applicable exparience. This must indude tha danign, proposal and imple-
mentztan of medium-to-arge spertura (4.5 to 21 meters) earth statons for commarciat satell compuer spreadsheats s & must.

RF Design Englneer: Responsibie for design of analog and RF systems and circuits for consumer and commercial digital wire-
less products. Five to ten years experience in RF systems analysis and design. Experience with low-cost design techniques for
frequency synthesizers, power amplifiers, upidown converters and baseband circuits for digital communications systems. Must
be able 1o derive RF systems and module requirements to meet overall performance and cast goals. Familiarity with time division
duplex or CDMA a plus.

Staft/Principal Engineer: This individual will be ible for the desi of UHFVHF amplifiers. Will be required
to control the design on a stand-alone basis while meeting cost and schedule requirements with the support from junior engineers
and experienced technicians. Hands-on engineer will also be required to lead IR&D efforts in UHFIVHF RF Power Amplifier design
to enhance transmitter technology position. BSEE/MSEE.

RFIC Design: MS or PhD in Electrical Engineering with minimum 5 years related experience is preferred. The candidate should
have a good knowledge and experience in Linear Bipolar High Frequency IC design and measurement techniques 1o design IC's
like Ampiifiers, Mixers, Oscillators, VCO's, Prescalers, Synthesizers, Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or
BiCMOS technologies.

MMIC Design Engineer: Develop L/S band GaAs MMIC
power amplifiers for commercial wireless communica-
tions. Requires:M.S. or BSEE, +2 years experience with
GaAs MMIC design, simulation, packaging and test.

Design Engineer: Responsible for the design and development of 900
MHz wireless consumer electronic products. Designed and —
AM/FM/FSK transmittersireceivers in 902-926 MHz frequency range.

Hands-on experience on HF/VHF/UHF systems and subsystems

which inciudes LNAs, medium power amplifiers, down converters,

saw and coaxial resonator oscillators, VCOs, AMIFM IF sys-

tems, RF modulators/demoduators, PLLs & audio video circuits. /

COMMUNICATIONS
‘ EXECUTIVE SEARCH
871 Turnpike St. « North Andover, MA 08145
in the pl of ications p i both nationally and i jonally.

We sp
CALL COLLECT: TEL: 508-685-2272 FAX: 508-794-5627

RF/MICROWAVE ENGINEERS

M/A-COM PHl is a state-of-the-art de-
signer and manufacturer of RF and
microwave transistors and amplifiers
utilizing bipolar and MOSFET technol-
ogy. Currently, we are looking for
creative and technically qualified cir-
cuit design engineers with 3+ years
experience in microwave circuit/com-
ponent design and applications, with
a BSEE or advanced degree. Mi-
crowave power bipolar and MOSFET
familiarity is desirable. Our team
based, concurrent engineering culture
requires excellent communications
skills.

In addition to a Southern California
beach lifestyle (we provide relocation
assistance), our company offers an
excellent compensation and benefits
package. Above all, M/A-COM PHI
offers growth opportunities within a
TQM/continuous improvement envi-
ronment. Please submit your resume
and salary history in confidence to the
Director of Human Resource:

M/A-COM PHI

1742 Crenshaw Blvd.

Torrance, CA 90501
(310) 320-6160

Equal Opportunity Employer M/F/H/V
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Data Converters Meet
RF Needs Bit by Bit

By Andy Kellett
Technical Editor

he advantages of moving RF data

between the analog and digital do-
mains have probably been obvious
since the first Analog to Digital Convert-
ers (ADCs) and Digital to Analog Con-
verters (DACs) were made. However,
the implementation of such systems has
been anything but obvious. It has been
a slow evoiution from expensive con-
verters operating at audio frequencies to
relatively inexpensive devices operating
at tens of megahertz.

Analog to Digital

The number of applications where
analog to digital conversion makes engi-
neering sense has increased as cost
has come down and performance has
gone up. ADCs are being used more
and more in document scanners, cam-
corders and medical imaging devices.
Once limited to cost insensitive military
systems, direct IF sampling is now be-
coming more cost effective than tradi-
tional analog signal processing in some
applications. “Cost is really the thing
that’s going to make data conversion at-
tractive,” says David Duff, Product Man-
ager for High Speed Converter products
at Analog Devices. According to Duff,
both parts and labor can be reduced
when digitized IF signals are demodulat-
ed and processed in digital signal pro-
cessing (DSP) devices.

Sampling speed and resolution are
traditionally the two most looked at fig-
ures of merit for ADCs. Both of these
figures have increased, but it is still nec-
essary to trade one for the other. Ac-
cording to Pat Kirk, Product Manager for
High Speed Products at Burr-Brown
Corporation, some speeds and bit reso-
lutions representative of higher end de-
vices are 16 bits at 1 Mega-sample per
second (Ms/s), 14 bits at 10 Ms/s, 12
bits at 25 Ms/s and 10 bits at 100 Ms/s.

While the number of bits is certainly
an indication of the resolution possible
with an ADC, the effective resolution de-
pends on several other factors. “The Ef-
fective Number of Bits (ENOB) is always
less than the theoretical resolution,”
notes Analog’s Duff, “at high analog
input frequencies, ENOB is dominated
less by quantization noise than by ADC

72

AC non-linearities.” An ADC’s applica-
tion determines what type of noise is
most undesirable. According to Comlin-
ear’s Data Conversion Product Line
Manager, Alan Hansford, applications
that convert sampled data into the fre-
quency domain are concerned with har-
monics. For those applications that keep
sampled data in the time domain, such
as video applications, signal to noise
ratio and differential non-linearity are
most important.

Sample speed, resolution and noise
are all balanced when an ADC’s archi-
tecture is selected. Flash converters are
the fastest, but are only used in ADCs of
eight bits or less. Most high speed, high
resolution ADCs today use subranging
or pipelined architectures. To reduce
non-linearities caused by mis-sampling
an AC signal, many ADCs use sample-
and-hold or track-and-hold amplifiers to
give the ADC a DC value to convert.

One more concern of ADC users is
power consumption. For portable appli-
cations, this concern is obvious, but
even some stationary applications such
as ultrasound imagers are also con-
cerned with power consumption. “For an
ultrasound machine with hundreds of
channels to be digitized, it's literally a
function of the current that can be pulled
out of the wall socket,” notes Burr-
Brown’s Kirk.

Digital to Analog

DACs at RF frequencies are almost
exclusively used in direct digital synthe-
sis (DDS). “DDS is an enabler, not just a
more elegant way to do something, but
a way to do something you couldn’t do
before,” says Bill Woodruff, Director of
Marketing at the DCSP Division of
TriQuint Semiconductor. Qualcomm is
currently releasing a line of DACs to go
specifically with their DDS chips. “We
would like to offer a complete system
solution,” noted Steve Anderson, a
Technical Product Manager for Qual-
comm, “in the past you didn’t know what
the spurious response of a DDS/DAC
combination was until you breadboarded
it.” Just as with ADCs, DACs often re-
duce part counts because of their ability,
in conjunction with a numerically con-

trolled oscillator (NCO), to directly pro-
duce a modulated IF signal. In the case
of a complex modulated signal such as
64 QPSK, the DDS approach is much
less complex and much more robust
than an analog approach.

While ADC designers try to strike a
balance between speed and resolution,
DAC designers struggle to balance
speed and spurious free dynamic range.
“The higher a DAC’s output frequency,
the more spurs you will get from the AC
non-linearities in the DAC,” says Burr
Brown’s Kirk. The same signals that are
the forte of DDS, broadband and fre-
quency agile signals, also make the de-
sign of filters to attenuate spurs exceed-
ingly difficult. The problem of designing
fast moving filters for frequency agile
applications can be eliminated if the
spur free dynamic range is large enough
to ensure that all significant spurs will
fall well outside the channel bandwidth.

Trends

ADCs and DACs are becoming less
expensive, in part, because more and
more of the devices are monolithic. High
performance ADCs and DACs have tra-
ditionally been hybrid devices. Hybrid
construction allows designers to use the
optimum technology for each part of the
system. Designers of monolithic con-
verters have to compromise the perfor-
mance of each sub-system to get an ac-
ceptable total system performance. The
disadvantage of hybrid construction is
its cost. “In high volume applications the
cost of hybrids can only come down so
much. But monolithically, that's when
you can really reduce the cost,” says
Richard Mintle, Director of Marketing for
Signal Processing Technology.

“The converter capacities and RF re-
quirements are beginning to go hand-in-
hand,” says Don Travers, Product Mar-
keting Manager at Analogic. It has been
a long haul from concept to implementa-
tion, but RF data conversion has gained
a foothold in RF designs. RF

For reprints of this report contact
Cardiff Publishing at (303) 220-0600.
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