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Abstract — This work focus on studying the basic circuitry of
a  Vector  Network  Analyser  (VNA).  A  signal  generator
prototype was designed, with the capability to adjust the output
power and phase and covering the 35 MHz to 4.4 GHz band.
Respective  frequency  extender  modules  were  fabricated  and
tested  achieving  16  GHz  of  bandwidth.  With  the  obtained
results an architecture study is proposed for a signal generator,
bandwidth 54 MHz to 24 GHz, that could be used in a VNA
prototype.

I. INTRODUCTION

Many instruments  offer the possibility to test and  measure
signals,  but  the  majority  doesn't  provide  a  complete
characterization  of  circuit  network  (phase  information  is
missing). Radio Frequency (RF) circuits requires exhaustive
optimizations, even the simplest, such as the RF Choke [1].
In the case of the RF choke it is necessary to minimize the
presence of the RF signal, on the Direct Current (DC) path.
It  seems  simple  but  it  is  necessary  to  verify  if  the
Characteristic  Impedance  (Z0)  from  the  transmission  line
doesn't  significantly change  once the  DC path  is  inserted.
For this type of problems a VNA is a necessary instrument to
fully characterize  a  Device Under  Test  (DUT),  since  it  is
able  to  provide  a  vectorial  measurements,  such  as  the
Scattering Parameters (S-Parameters). As new and wideband
Monolithic  Microwave Integrated  Circuit  (MMIC)  become
available at lower prices an opportunity emerges to develop
some of the essential circuitry that composes a VNA.

II. OBJECTIVES

The principal objective of this work is too study the principal
circuitry that composes a VNA. In order to obtain significant
results two main objectives were set, each focused on signal
generation for the VNA:

 Develop  a  wideband  signal  generator  prototype,
able to reach a bandwidth up to 4.4 GHz with the
capability of adjusting the output phase and power.

 Develop a frequency extender architecture in order
to  expand  the  bandwidth  of  the  signal  generator
prototype, up to 24 GHz.

III. VECTOR MEASUREMENTS

Before considering the architecture of VNAs it is necessary
to  understand  vector  measurements.  Vector  measurements
consist on measuring both magnitude and phase of a signal,
relative  to  a  reference.  It  is  a  very  practical  way  to
characterize linear  networks and has a great  importance in
circuit design optimization, since it it possible to determine
the reactive part  of networks.  Electrical  networks behavior
can  be  predicted  when  small  signals,  applied  to  network
ports,  cause  the  network  to  respond  in  a  linear  manner.
When  an  incident  traveling  wave is applied  in  one of the
network ports, the network will react and two waves appear,
the  reflected and  the  transmitted.  The  same analogy exist
when light is reflected and transmitted from a prism as show
in figure 1.

Fig. 1. Lightwave analogy to RF device characterization.

If the transmitted and the reflected waves are compared to
the  incident  wave,  it  is  possible  to  obtained  various
coefficients, which are useful to characterize networks. In RF
engineering the most famous are the S-parameters.

IV. S-PARAMETERS

Has mentioned in  section I VNAs rely on S-parameters  in
order to characterize linear  networks. Since it isn't  possible
to define open or short circuits when dealing with distributed
elements. Figure 2 illustrates a Device Under Test (DUT) of
two ports and the orientation of the power waves across it.

Fig. 2. Power waves on a 2-port network.
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The  incident  and  reflected  power  waves,  a1 and  b1

respectively, of a DUT are given by:

(1)

(2)

and  the  relation  between  the  power  waves  on  a  2  port
network and the S-parameter is given by

(3)

The matrix  of (3) contains the coefficients for a 2 ports S-
parameter matrix. Table 1 gives the common terms used in
RF/Microwave engineering for the 2 port coefficients.

Table 1 Common terms for a 2 port S-parameter matrix.

S11 Input reflection coefficient with a matched load

S21 Direct transmission gain with a matched load

S12 Reverse transmission gain with a matched source

S22 Output reflection coefficient with a matched source 

V. VNA ARCHITECTURE

A VNA is  composed by a  signal  generator  responsible to
generate  the  incident  traveling  wave  to  the  DUT.  A
microwave test-and-set  board  with  switching  capability in
order to route the stimulus signals to the DUT ports. At each
port  of  the  DUT  coupling  bridges  are  used  to  couple  a
portion  of  the  incident,  reflected  and  transmitted  waves.
After the three waves are acquired they are down-converted,
in order to be digitized with an Analog-to-Digital Converter
(ADC)  for  processing  the  signals.  Figure  3  illustrates  a
generalized VNA block diagram.

Fig. 3. Generalized VNA block diagram, source [2].

VI. VNA ARCHITECTURE – SIGNAL GENERATOR

The  signal  generator  for  a  VNA should  produce  a  clean
frequency tone, with low phase noise.  It  can be based in  a
Phase  Locked  Loop (PLL)  architecture,  which  allows low
phase noise.  Ideally the PLL most have a low phase noise
input  reference,  per  example  an  Oven  Controlled  Crystal
Oscillator (OCXO). With the PLL it is possible to translate
the reference to a new frequency using a Voltage Controlled
Oscillator  (VCO).  Figure  4  illustrates  a  PLL basic  block
diagram for a signal generator.

Fig. 4. Signal generator based in a PLL architecture.

Phase  noise  is  expressed  in  decibels  relative  to  a  carrier
(dBc), each section of the signal generator has an impact at
specific  regions  of  the  phase  noise  spectrum  [3].  Signal
generators can have very complex architectures, per example
Keysight have a triple loop architecture that can reduce the
phase noise in the pedestal region (1 kHz to 200 kHz offset)
by 12 dB [3]. This type of architecture could be applied in a
VNA.
 
 

VII. VNA ARCHITECTURE – SIGNAL COUPLING

If  a  transmission  line  has  other  lines  nearby,  the
electromagnetic  fields  will  interact.  Meaning  that  some
power will be coupled in those lines, in other words parallel
transmission line can act as probes to measure a signal from
a  main  line.  This  is  important  due  that  VNAs  rely  on
wideband  couplers  in  order  to  adquire  a  portion  of  the
travelling  waves.  To  understand  the  basics  of  directional
couplers it is necessary to understand the two present modes,
even and odd, for the electromagnetic fields between coupled
lines. The visualization of the two modes for each field in a
cross section of two coupled lines is illustrated in Figure 5.

Fig. 5. Magnetic and electrical fields in two coupled lines.
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For each mode there is a ZO, ZOeven (characteristic impedance
for the even mode) and  ZOodd (characteristic  impedance for
the odd mode), with (4) and (5) it is possible to calculate the
values of ZOeven and ZOodd,

(4)

   (5)

The variable 'c' of (4) and (5) is the coupling in linear units,
normally coupling is expressed in dB for that reason 'C' will
represent the coupling in decibels (dB). The 'C' is given by

(6)

Another  important  relationship  when  designing  coupled
lines is between the ZO, ZOeven and ZOodd, which is given by

(7)

(4)  to (7) are  fundamental  to design  a directional  coupler,
which  are  also used to  measure  the incident  and  reflected
signals  at  the  input  of the  DUT.  Directional  couplers  are
normally characterized by

(8)

(9)

(10)

(8)  is the coupling  factor (a  small  portion of the traveling
wave is acquired from the forward port at the coupled port).
(9) is the Isolation factor (which is the unwanted power at
the coupled port when power is injected at the reverse port).
(10) is the Directivity which  is a  the ability to distinguish
between  the  forward  signal  and  the  reverse  signal  at  the
coupled port (the higher the better).

VIII. VNA ARCHITECTURE – DOWN CONVERSION

VNAs receivers need to down-convert  the high  frequencies
to  Intermediate  Frequencies  (IF).  Traditionally  VNA uses
two categories, harmonic samplers and mixer samplers.
Mixers-samplers are often used at Radio Frequencies (RF),
due to their simplicity of using another local oscillator. Such
approach allows spur management advantages, in the other
hand  harmonic  samplers  are  used  at  microwave  and
millimeter-wave,  where  receiver  compression  and  cost  are
critical  [4]  (normally  driven  by  a  Step  Recovery  Diode

(SRD)).  Some VNAs have both  architectures,  such  as  the
MS4640A  series  from  Anritsu  [4],  in  order  to  optimize
performance  across  the  entire  frequency  range.  Figure  6
shows a  generic  VNA  that  uses  a  SRD down-conversion
architecture.

Fig. 6. VNA based in a SRD architecture, adapted from [6].

For  the  mixer-sampler  approach  there  are  two  possible
architectures for the tuned receiver. The heterodyne capable
to down-convert  to  IF  and  the  homodyne  which  makes  a
direct-conversion  called  Zero-IF.  Figure  7  illustrates  the
basic architecture of a VNA using a mixer-samplers.

Fig. 7. VNA based in a mixer architecture, adapted from [4].

The homodyne solution  which  is  a  simplistic  architecture,
doesn't need a local oscillator with a frequency offset, it only
needs the same frequency with a phase shift.
A disadvantage of the homodyne receiver is the DC offsets.
Since  the  two input  ports  have  the  same  frequency it  is
necessary a  higher  isolation  between them.  Saturation  can
also occur, if a strong interference enters the two ports of the
mixer. Another problem is self-mixing through the substrate
that  degrades  the  DC  value.  An  illustration  of  a  generic
homodyne receiver for a VNA is illustrated in Figure 8.

Fig. 8. Basic homodyne receiver with a directional coupler.
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To  acquire  the  magnitude  and  phase  measurement,  4
sequential measurements are performed. The local oscillator
of the homodyne receiver generates a signal  with the same
frequency of the traveling wave but with phases offsets of 0º,
90º,  180º  and  270º.  Each  measure  is  then  stored  and
processed  in  order  to  calculate,  for  each  frequency.  The
magnitude and phase given by:

(11)

(12)

As mentioned in [5], (11) gives the magnitude and (12) the
phase,  U1 is the  DC value of the mixer  output  for a  local
oscillator with a phase of 0º, U2 for a 90º offset of the local
oscillator, U3 for a phase of 180º and U4 for a phase of 270º.
This type of architecture takes more time to make a vector
measurement at each frequency because of the 4 sequential
measurements.

IX. STATE-OF-THE-ART

While SRDs allow VNAs to achieve bandwidths as high as
65  GHz,  they impose some limitations  to generate  higher
harmonic content. However recent implementations of Non-
Linear-Transmission-Lines  (NLTL) on  GaAs  substrates
allows  samplers  to  make  down-conversion  of  millimeter-
wave and submillimeter-wave signals possible [4][6].
NLTL  is  basically  a  high  impedance  transmission  line
loaded,  periodically,  with  hyper  abrupt  schottky varactors
allowing the propagation of nonlinear  electrical waves such
as  shocks  and  solitons.  This  type  of propagation  medium
allows to  control  the  phase  velocity,  as  a  function  of the
instantaneous voltage [4][6]. Figure 9 illustrates the output
"Shock-Wave" of a NLTL.

Fig. 9. NLTLs enhanced fall time compression[6].

The  accentuated  fall  time  of  the  shock-wave  creates  a
distortion  which  originates  the  high  content  of harmonics
that can be used in order to trigger the sampler gates.
Anritsu  exemplifies  in  [6]  the  bandwidth  improvements
between an SRD sampler and a NLTL sampler, illustrated in
Figure 10.

Fig. 10. Conversion efficiency NLTL vs SRD sampler [6].

The  major  advantage  of  Anritsu  VNAs  based  in  NLTL
technology is high level of monolithic integration, allowing
cheaper  and  compact  VNAs.  Figure  11  illustrates  an
integrated reflectometer bridge from Anritsu.

Fig. 11. Miniature reflectometer, with NLTL technology.

X. TRANSMISSION LINE CONSIDERATIONS

Before addressing the principal circuits that were developed
in  this  work  a  transmission  line  study,  which  included
electromagnetic simulations, is presented. 
There  are  2  commonly used  transmission  lines  that  were
studied in  this work, microstrip  and Co Planar  Waveguide
With  Ground (CPWG). Figure 12 illustrates the transverse
section of the microstrip and the CPWG.

Fig.12. Transverse section view of two transmission lines.

A comparison between various lines was made, in order to
verify what  was the  best  line  dimensions  considering,  the
connectors  SubMiniature  version  A (SMA) and  K (SMK)
and  the  substrate  ROGERS4350,  thickness  527μm.  The
CPWG was chosen because of its stability, compared to the
microstrip.  it  is  easier  to  maintain  a  50  Ω for  the
Characteristic  Impedance  (Z0).  Figure  13  illustrates  the
impedance comparison.
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Fig. 13. Simulation results between transmission lines.

The next step was to determine what would be the best gap
dimension for the CPWG with SMA connectors.  Figure 14
shows the  measurements  (using  the  VNA  'R&S ZVA24')
that were made to various CPWG with different gaps.

Fig. 14. Insertion loss of various CPWG with different gaps.

Another  test  was conducted  with  SMK connectors,  which
evolved a 3D electromagnetic  simulation  using  the  Finite-
Difference  Time-Domain  (FDTD)  algorithm.  It  was  also
possible to construct the transmission line of the simulation
in  order  to  compare  the  results.  Figure  15  illustrates  the
results obtained for a CPWG with a length of 30 mm with a
gap of 300 µm.

Fig. 15. CPWG insertion loss FDTD vs measured results.

It is important  to alert that only the feed through pins were
inserted in  the 3D simulation.  Another  important  aspect is

the  influence  of  the  air  gaps,  due  to  the  brass  support
structure  that  was  constructed  (mechanical  unstable).  An
alternative solution is to use the connectors mentioned in [7]
[8] and [9].

XI. ADF4351 SIGNAL GENERATOR PROTOTYPE

The  ADF4351  is  an  integer/fractional  synthesizer  with  a
core of three VCO, covering a total bandwidth of 35 MHz to
4.4 GHz. It has the capability to adjust the output power and
has  a  12  bit  word  for  adjusting  the  output  phase.  Such
feature  is  important  if  a  homodyne  receiver  at  the  down-
conversion  section  of a  VNA. The tests for the  Integrated
Circuit (IC) ADF4351 started on a first prototype board that
contains  the  ADF4350  synthesizer.  The  major  differences
between  the  ADF4350  and  the  ADF4351  is  the  output
bandwidth, and output phase adjustment. The first prototype
had a 100 kHz frequency step resolution, which is equal to
the Phase Frequency Detector (PFD) of the PLL. 
Figure  16 illustrates  the first  signal  board prototype board
using the ADF4350 with a total bandwidth from 137,5 MHz
to 4400 MHz.

Fig. 16. First signal source prototype using the ADF4350.

It was expected 5 dBm of output power of the prototype, but
a layout error on the CPWG created a mismatch between the
SMA connector  and  the  VCO output.  Table  2  shows the
power measurements  obtained  with  the  Rohde & Schwarz
Signal Analyzer FSV 10 Hz – 30 GHz.

Table 2 ADF4350 signal generator prototype measurements.

Frequency (MHz) Output power [dBm]

150 0,81

500 1,07

1000 1,48

1700 2,36

2000 1,55

3000 -1,33

3785 -9,44

4002 -3,53
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The  values  obtain  for  the  output  power  are  significantly
below 5 dBm, especially at 3785 MHz. At the time a 50 Ω
pull  up  resistor  and  a  DC  block  capacitor  were  used  to
terminate  the  open  collector  of  the  VCO.  This  is  a  very
simplistic solution when a broadband bias tee should be used
but at the time the major concern was to test the ADF4350
IC.
As for the phase noise measurements,  a 2000 MHz carrier
was tested and it was verified that the noise was significantly
high especially at a 10 kHz offset. Table 3 shows the phase
noise measurements.

Table 3 – Phase noise ADF4350 signal generator prototype.

Frequency offset
relative to the carrier

Phase noise for a 2 GHz carrier 
 (dBc)

10 kHz -52,92

100 kHz -102,37

200 kHz -115,06

1 MHz -128,03

The  phase  noise could  be lower  if  proper  electromagnetic
shielding  was applied  to the  whole board.  Another  aspect
that degrades the phase noise are the low phase frequency of
the detector (PFD) and the oscillator reference noise, in this
case a  20 MHz with  a  stability of ± 25 Parts  Per  Million
(PPM) was used.
In order to correct the problems of the first signal generator
a second prototype was developed using the ADF4351. The
second prototype was constructed with a different approach
(separate the most critical sections of the signal  generator).
The PLL loop filter  was separated in  a different  section of
the board in order to allow to change the components to test
various  loop  filter  topologies  that  can  be  used  in  the
ADF4351.  The  power  supply  and  the  control  signal  are
external  to the ADF4351 signal  generator  board prototype.
This solution allows future prototyping in order to maximize
the  generator  performance.  Figure  17  illustrates  the
ADF4351 signal generator prototype module.

Fig. 17. ADF4351 signal generator prototype module.

For VCO output a  bias-tee from mini  circuits  was applied
TCBT-14+. The CPWG of this board was also corrected in
order  to  avoid  significant  mismatches.  Table  4  shows the

dimensions  of the  CPWG using  the  substrate  rogers4350,
thickness 527μm.

Table 4 – CPWG dimensions of ADF4351 output section.

Design frequency 4400 MHz

Width 0,935 mm

Gap 300 μm

Via holes diameter 1 mm

Z0 50 Ω

Length 22,925 mm

The  ADF4351  signal  generator  prototype  unwanted
harmonic and output power measurements are presented in
Table 5.

Table 5 – ADF4351 output power measurements.

Frequency
(MHz)

Fundamental
(dBm)

2nd harmonic
rejection (dBc)

3rd harmonic
rejection (dBc)

2000 5,105 26,53 15,1

2200 5,48 26,36

3000 3,81 15,89 18,24

4000 2,963 32,51 25,48

4400 3,52 24,23 32,69

The output power results are satisfactory, however the phase
noise performance could not be measured with a 10 MHz for
PFD.  The  PLL sometimes  loses  the  lock,  because  of that
further  tuning  test  will  be needed  in  order  to  correct  the
problem that doesn't always occur.
Relative to the first signal  generator prototype this happens
because of the change that was made at the PLL loop filter.
For the first  signal  generator  using the ADF4350 the loop
bandwidth was 9,78 kHz with a PFD of 100 kHz. 
For  the  second  signal  generator  prototype,  using  de  the
ADF4351,  the  loop  bandwidth  was  changed  to  25,2  kHz
with a PFD of 10 MHz. The change was made in order to
minimize  the  phase  noise problems of the  first  prototype,
however the filter response of the second prototype doesn't
always allow a stable lock. Future tests should be performed
in order to correct the problem.

XII. FREQUENCY EXTENSION MODULES

To extend the frequency bandwidth of the signal  generator,
up to 24 GHz, 3 frequency doublers were tested in order to
verify if it was possible to obtain the desired bandwidth. The
passive  doubler  HMC189  has  a  4  GHz  to  8  GHz  output
bandwidth, and the HMC204 is from 8 GHz to 16 GHz, both
doublers need a certain  input power level in order to drive
the  balun  bridge  of shottky diodes  for  optimal  bandwidth
conditions.  For  the  last  multiplication  section  the  active
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doubler AMMP-6120 would be responsible for the 16 GHz to
24 GHz band.  Figure  18  illustrates  the  complete  chain  to
achieve the 8 GHz to 24 GHz bandwidth.

Fig. 18. frequency extender for the band 16 GHz to 24 GHz.

When this architecture was proposed the major concern was
the intermodulation products which could inflict significant
harmonic  distortion.  The  manufacture  of  the  passive
doublers doesn't specify the conversion losses for higher and
lower  frequencies  creating  doubts  about  the  doublers
performance  at  higher  frequencies.  However  it  is  always
necessary  to  filter  the  input  of  all  doublers  in  order  to
minimize  the  presence  of  the  unwanted  harmonics.  Per
example if the HMC189 has an input bandwidth of 2 GHz to
4 GHz it would be necessary to filter above 4 GHz but when
an  input  stimulus  of  2  GHz  is  applied  the  filter  won't
attenuate  the  2nd harmonic.  So  intermodulation  problems
could appear at the end of the last multiplier and it would be
required a significant  number of filters and a multiplexing
section, which will increase insertion losses leading to a new
architecture. In order to verify the architecture was reliable 4
prototype  modules  were  fabricated:  Module  A,  with  an
amplified output  4  GHz to 8 GHz bandwidth;  Module B1
without output amplification with an output bandwidth from
8 GHz to 16 GHz; Module B2 with output amplification and
an  output  bandwidth  of  8  GHz  to  16  GHz  and  a  fourth
module  capable  to  extend  the  bandwidth  up  to  24  GHz.
Figure 19 shows the block diagram for Module A.

Fig. 19. Block diagram for Module A.

Figure 20 shows the block diagram for Module B1.

Fig. 20. Block diagram for Module B1.

Figure 21 shows the block diagram for Module B2.

Fig. 21. Block diagram for Module B2.

The module C is basically the B1 but at the end of the chain
has the active doubler AMMP 6120.
At  each  module  a  frequency sweep  was  applied  and  the
obtained  results  of  the  measurements  indicated  that  the
harmonic  rejection  of  module  B1  is  very  low.  Although
module  A and  B2 have relative  good harmonic  rejection,
considering that has no filter section, and the output power
at  the  module  B1  is  sufficient  to  drive  the  last  doubler,
AMMP-6120. It would be necessary to filter every section in
order to minimize the unwanted harmonics, at least 30 dBc.
Table 6  summarize  the  results  of the  output  power of the
frequency multipliers modules.

Table 6 –  Frequency extender modules summary.

Module Output
frequency

(GHz)

Output power
(dBm)

Harmonic
rejection

(dBc)

A 4 11,336 16,794

6 12,860 18,314

8 10,441 17,658

B1 8 -3,247 8,208

12 -2,225 16,026

16 -8 5

B2
8 7,88 22,94

12 6,91 27,42

16 1,39 22,14
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But  inserting  a  filtering  section  that  attenuates  all  the
unwanted  harmonics  at  each  section  would  increase  the
insertion loss significantly. Meaning that different amplifiers
would be required to drive the passive doublers. Relative to
Module  C  it  wasn't  possible  to  corrected  unexpected
problems, however the results of the previous Modules led to
a new study for the architecture of the signal generator.

XIII. PROPOSED ARCHITECTURE FOR FUTURE ANALYSIS

Instead of using the ADF435x IC family a similar IC can be
used, the ADF5355 which is a signal source synthesizer with
an internal doubler. The IC have 3 output ports, two of them
covers the 54 MHz to 6,8 GHz band and the doubler output
covers the 6,8 GHz to 13,6 GHz band.  This  minimize the
effort of the frequency extender circuit,  with the possibility
of  achieving  a  125  MHz  of  PFD  (better  phase  noise
performance).  Figure  22  illustrates  a  block  diagram  that
could be studied using the ADF5355.

Fig. 22. Basic block diagram for the frequency extension.

In  this  architecture  only one  frequency doubler  would  be
required to achieve the 24 GHz of bandwidth,  the AMMP-
6125. Since the ADF5355 can achieve higher bandwidths, it
is easier to filter the harmonics for the doubler AMMP-6125.
The  surface-mount  filters  from  Mini-circuits  and  Marki
Microwave  are  ideal  to  minimize  the  presence  of  the
unwanted harmonics and  clearing  the thermal  noise of the
VGA HMC996  (5  GHz to  12  GHz bandwidth),  which  is
responsible to guarantee the input  power level to drive the
doubler.  Figure  23  shows  the  simulation  results  for  the
predicted input power at the doubler with CPWG lines, for
an  idealistic  output  power  of 0  dBm of the  ADF5355 (in
reality the ADF5355 varies from 2 dBm to -6 dBm).

Fig. 23 Estimated input power at the doubler AMMP-6125.

Compared  to  the  first  active  doubler,  AMMP-6120,  the
AMMP-6125  has  a  more  stable  output  power  along  the
bandwidth, even when the input power changes from -6 dBm
to  4  dBm.  Figure  24  illustrates  the  output  power  of  the
AMMP-6125 for various input power levels.

Fig. 24. Output Power, doubler AMMP-6125, datasheet [10].

For the  frequency band 54 MHz to 6,8 GHz,  the filtering
section  could  also  be  implemented  with  the  RF  switch
HMC322ALP4E (SP8T version).  And using  the band pass
filters from mini  circuits.  Table 7 and  8 shows some pass
band  filters  from  mini  circuits  that  could  be  used  for
attenuating the unwanted harmonics (54 MHz to 870 MHz
band and 870 MHz to 6800 MHz band).

Table 7 – Filters for the 54 MHz to 870 MHz band.

Filter
model

BPF-
C59+

RBP-
98+

RBP-
160+

RBP-
253+

RBP-
400+

BPF-
C670+

Pass
band

(MHz)

54
to
88

88
to

131

131
to

210

210
to

340

340
to

490

490
to

870
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Table 8 – Filters for the 870 MHz to 6,8 GHz band.

Filter
model

BPF-
A950+

BFCN-
152W-

75+

SYBP-
2250+

BFCN-
2975+

BFCN-
3600+

BFCN-
5100+

Pass
band

(MHz)

870
to

1200

1200
to

1970

1970
to

2620

2620
to

3440

3440
to

3900

3900
to

6800

Although this solution wasn't fully studied, compared to the
first frequency extender architecture, it requires less effort to
identify the various ICs to add output power for the lower
frequency  bands  (54  MHz  to  12  GHz).  However  it  still
requires caution,  since temperature drifts  could change the
estimated  input  power  at  the  AMMP-6125  doubler.
Mismatches between CPWG and ICs could also compromise
the  input  power  level  to drive  the  active doubler.  If  such
happens it would be required to change the VGA HMC996,
or add a second amplifier in the chain.  Another aspect is the
filters response at higher frequencies, although manufactures
provides  the  touchstone  files  the  characterization  doesn't
always cover higher frequencies.
As seen in Figure 22 there’s a filter bank at the input of the
VGA  HMC996.  That  is  necessary  because  of  the  poor
harmonic rejection of the ADF5355 internal  doubler (band
6,8 GHz to 13,6 GHz).  Figure 25 illustrates the ADF5355
doubler output spectrum for 13,6 GHz.

Fig. 25. ADF5355 doubler output spectrum.

But  as  seen  in  figure  23 the  simulation  indicates  that  the
attenuation  of  the  unwanted  harmonics,  relative  to  the
passband 6,8 GHz to 12 GHz, is significantly.
Another  important  aspect  that  also  needs  attention  is  the
phase  noise  degradation.  Amplifiers  and  multipliers  can
significantly  degrade  the  phase  noise,  the  phase  noise
degradation for multipliers is given by

(13)

N is the  multiplication  factor.  As for amplifiers  the phase
noise degradation  is  strongly dependent  on the  bandwidth
and in wide band amplifiers this can be a problem, if proper

filtering  isn't  applied.  The  phase  noise  degradation  of an
amplifier is given by

(14)

(NF  –  Noise  Figure;  k  –  Boltzmann  constant;  B  –
bandwidth; T – temperature in Kelvin;)

Although the architecture isn't  complete, it  was possible to
define some ICs for driving the doubler AMMP-6125. The
output power at the band 13,6 GHz to 24 GHz is estimated to
be 20 dBm, which is a considerable value since some Anritsu
VNAs  debit  a  -3  dBm  output  power  at  the  ports  (VNA
MS46122A 1MHz to 43,5 GHz).  It  is necessary to take in
account that  there will be losses when the Test-and-Set for
the  DUT  is  implemented.  As  for  the  lower  frequencies,
below 12 GHz, it is necessary to find the amplifiers in order
to have a similar output power. After that the 4 output ports
could be orientated to a coaxial switch, such as the Keysight
87104D.

XIV. FUTURE IMPLEMENTATION – POWER LEVELING

Once the signal source is capable to generate the output at all
frequency bands it  is necessary to adjust the output power,
due to the necessity to calibrate the VNA. A suggestion for
the power measuring  is two use Shottky diodes.  Figure 26
illustrates  a  power  detection  implementation  using  a  flat
detector with a matched pair of diodes, based in [11].

Fig. 26. Temperature compensated detector.

It wasn't possible to construct the power detector prototype,
because of the mentioned problems at section X. However a
brief  explanation  is  presented  for  future  development.  As
seen  in  figure  26  there's  a  50  Ω  resistor  to  reduce  the
reflections between the detector and the RF source, this type
of solution  allows an  extremely high  bandwidth  with  low
reflections (but with a degradation of the detector sensitivity)
[11].
With  the  DC values from the  video amplifier  it  would be
possible to create a Look-Up-Table (LUT) in order to control
a  wideband  variable attenuator,  per  example  AMMP-6650
(DC – 30 GHz), and with this the Automatic Gain Control
(AGC) module would be completed.
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XV. CONCLUSIONS

As seen in  this  work, VNAs are complex instruments  that
present  significant  challenges.  However it  was possible to
prototype a wideband signal generator. 
The  following  bullets  summarizes  the  capabilities  of  the
developed signal generator:

 35 MHz to 4,4 GHz bandwidth, with the capability
to adjust the output power in 3 dB steps;

 Maximum output power of the signal  generator  at
2,2 GHz is 5,48 dBm and at 4,4 GHz is 3,52 dBm;

 It is possible to control the signal generator with a
Personal Computer (PC) on Windows 7;

 The control  software of the signal  generator  has a
Graphic  User Interface (GUI).  It  uses a  Universal
Serial Bus (USB) to connect to the PC;

The ADF4351 is also capable of adjusting the output phase
of the signal generator. This is important, since it is possible
to construct to VNA that uses a homodyne down-conversion
architecture. However it is necessary to correct the problems
related to the lock of the PLL of the signal generator.
It  was  also  possible  to  develop  4  prototypes  in  order  to
extend the total bandwidth up to 16 GHz. Although no filters
were used the modules A and B2 have 16,8 dBc to 27 dBc of
harmonic  rejection.  However  the  results  for  the  harmonic
rejection  of Module B1 aren't  suficient,  5 dBc worst  case.
Because of the problems of B1 an alternative architecture for
the  signal  generator  was suggested,  in  order  to reduce the
complexity of the prototype. Using the synthesizer ADF5355
from Analog devices. The bandwidth of the synthesizer is 3
times higher than the ADF4351, this reduces the number of
other ICs in order to achieve the 24 GHz of bandwidth.

Relative to the future work, some tasks were defined for the
signal generator before considering the other circuitry for a
VNA:

 Broadband  matching  between  transmission  lines
and  connectors,  in  order  to  minimize  reflections
between modules (DE-embedding the test fixtures);

 Explore the faster lock topology of the synthesizers
ADF5355/ADF435x;

 Implement  a  tunable  reference  signal,  with  a  low
phase noise DDS with a differential output;

 Find amplifiers with the capability of delivering an
output  power  of  20  dB  of  output  power  for  the
bands: 54 MHz to 870 MHz, 870 MHz to 6,8 GHz
and 6,8 GHz to 12 GHz (section XIII);

 Test if the mentioned filters of table 12 and 13 can
be implemented, for the 54 MHz to 6,8 GHz band of
the suggested signal source of section XIII;

 Consider  to  implement  a  broadband  prototype for
the  power  detection,  as  suggested  in  section  XIV
(see reference [11]);

As  for  the  other  circuits  that  compose  a  VNA,  the  best
solution  is  to  separate  them  in  frequency  bands,  since
directional couplers have limited bandwidths. 
For the sampling architecture a homodyne mixer-sampler is
the easier solution. The mixer HMC773 (bandwidth 6 GHz
to 26 GHz) can be used in a homodyne architecture.
Relative  to  the  directional  coupling  devices,  this  devices
require  rigorous manufacturing.  An alternative is  to use a
multi-section  architecture.  A stripline  implementation  may
be the best solution  (requires a multilayer approach).
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