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1 Introduction and Motivation

Goal of this work is to build a noise source with a digitally stepped output power level.
This device is intended to be used as an interferer in the 2.4 GHz industrial, scienti�c and
medical (ISM) band. It should emulate real tra�c by generating noise bursts with modulated
amplitudes and lengths. Special focus will lie on a strongly growing market, called Internet of
Things (IoT). Aim of this branch is to provide communication for wireless devices like sensors
or smart wearables. For instance, smart watches show received messages, incoming phone
calls or record vitality data like the pulse rate.

In IoT, common standards like Bluetooth Low Energy (BLE) or Wireless LAN (WLAN)
located in the 2.4 GHz and 5 GHz (no BLE) ISM band, are used for data transfer. Due to a
increasing number of devices, tra�c load grows and subsequently also more potential interferer
exist. Although the functionality of WLAN and BLE provide techniques to prevent from such
errors, performance is still limited.

In real life scenarios, many further kinds of standards like SigFox, ZigBee, HyperLAN, etc.
are in the air. Thus, it becomes di�cult to emulate all kind of these interferer with a software
de�ned radio. Therefore, the noise source would be a much simpler approach for generating
tra�c. Real ISM band records serve data for a statistical model of channel occupation and
amplitude distributions. With this knowledge, it is possible to modulate the required noise
source.
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2 Theory and Calculations

The introduced �eld of application for the noise source demands additive white gaussian noise
(AWGN) on its output. Properties of such a signal are constant power spectral density over
frequency P (f) = const., normally distributed amplitudes in time domain and a autocorre-
lation function according to the delta distribution rxx(τ) = const. · δ(τ). Indeed such ideal
conditions do not appear in reality and several noise types have to be taken into account
for di�erent frequency ranges. The main types and their advantages will be discussed in the
following chapter about noise generators.

Of course the dynamic range, timing resolution and absolute output power must be determined
for the design. With a radio frequency link budget, it will be shown which e�ects have to be
considered for a correct analytical model.

2.1 Noise generators

Noise generators are typically used for noise �gure (NF) measurements, which require a broad-
band AWGN output. To generate such a signal, several techniques exist.

The simplest one is based on utilizing thermal noise of a resistor and its power spectral density
(PSD) may be altered by changing its temperature. According to equation 1 PSD can be easily
calculated for a 50Ω resistor at a temperature T:

PN = kT [PN ] =
W

Hz
(1)

At a �rst glance, this method impresses due to its simplicity, but it has several disadvan-
tages. For a bandwidth of 20 MHz and room temperature T = 290 K, overall noise power
equals −101 dBm, which is much lower compared to other techniques. Obviously, PSD can be
increased by a higher temperature, but this is very impractical due to its linear behavior. If
one would like to achieve 10 dB more power, temperature must become higher by a factor of
10.

Alternatively, shot noise current from diodes can be considered. The mechanism behind this
technique can be described by random �uctuations which occur when electrons pass through
a potential barrier, like in pn junctions. Diodes are usually biased in reverse direction. This
causes a higher potential barrier and subsequently the power level rises. Figure 1 shows the
typical biasing circuit of a noise diode in reverse direction. With the resistor R, the operating
point of the noise diode can be adapted and capacitor C provides AC coupling to prevent
from shorting the noise signal. With this method, power levels 30 dB higher than thermal
noise at room temperature can be achieved. But a major disadvantage occurs due to device
capacitance and carrier transport e�ects. The movement of electrons and holes in the depletion
region is dominated by drift currents, but outside this area drift vanishes and much slower
di�usion currents appear. Even if the depletion region is maximized through a higher biasing
voltage, di�usion limits the PSD for high frequency application.
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Figure 1: Typical diode biasing circuit

Current �uctuations in semiconductors like shot noise are described by a Poisson distribution
(pP (n) ∼ P (λ)). The Poisson distribution expresses the probability of a number of events
occurring in a �xed time if these events occur with a known average rate, and independently
of the time since the last event. The parameter λ is equal to the expected number of electrons
during a given time. It is remarkable, that for a high amount of electrons in the mentioned
time interval, this function becomes indistinguishable from a Gaussian distribution (pG(x) ∼
N(µ, σ2)). This e�ect can be explained with the Central Limit Theorem (CLT). The CLT
establishes that, in some situations, when independent random variables are added, their
properly normalized sum tends toward a normal distribution, even if the original variables
themselves are not normally distributed. In equation 3 we can see how the transformed
normal probability density function (PDF) relates to the Poisson PDF.

pP (n) =
λne−λ

n!
∼ P (λ) (2)

pG(x) = lim
λ−>∞

P (λ) =
e−(x−λ)

2/(2λ)

√
2πλ

∼ N(λ, λ) (3)

Due to the high frequency limitations, state of the art noise sources use silicon avalanche
diodes. They are more applicable because the avalanche e�ect does not su�er from device
capacitance and carrier transport e�ects. Carriers in the depletion region gain energies in a
high electrical �eld and then they collide with the crystal lattice. If the energy gained be-
tween collisions is large enough, then during collision another pair of carriers (electron and
hole) can be generated. This is a random process and the intensity of avalanche noise is
usually much larger than any other noise type. A further advantage is the frequency indepen-
dent PSD, which is described with equation 4 (I(A)...Bias current, τ(s)...Recombination time,
B(Hz)...Bandwidth):

PN (B) =
2qI

(2πBτ)2
(4)

Due to the CLT, �uctuations in semiconductor junctions can be assumed Gaussian and in-
dependently distributed. Thus, two of three necessary conditions for AWGN are established
(Gaussian, White). Only the PSD is not constant over the whole frequency range. Especially
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for low frequencies, diodes su�er signi�cantly from 1
f noise. Therefore, it has to be taken

into account, that the 1
f corner frequencies do not collide with the used range. With this

constraint, even the PSD can be assumed �at for a de�ned bandwidth, ful�lling all necessary
conditions for an AWGN source.

2.2 Requirements

The noise source will be used in a WLAN test setup. During an user datagram protocol
(UDP) transmission test between two WLAN cards the packet error rate (PER) is measured,
while the noise source introduces interference.

The insertion loss seen by the source's output is approximately 16 dB. In the 802.11 standard
it is mentioned that preambles of WLAN packets are detected down to −82 dBm and other
kinds, like noise, with energy detection down to −62 dBm. Due to ISM band tra�c records, we
know that the peak envelope power is about −35 dBm. Thus, the required dynamic is DR =
−35 dBm− (−82 dBm) ≈ 50 dB and the maximum output power equals Pmax = −35 dBm +
16 dB ≈ −15 dBm. To compensate additional losses a power margin was introduced.

Reduced interframe spaces (RIFS) are speci�ed in 802.11n standard and stand for the mini-
mum allowed delay time between two WLAN packets. These dead times last for 2µs and also
de�ne the maximum required switching speed Tsw of the noise source.

Pmax −15dBm

DR 50dB

Tsw 2µs

Table 1: Requirements on the noise source

Let us have a look on the noise �oor density which is −174 dBm/Hz. For a bandwidth of
20 MHz the total noise power equals −101 dBm. According to Table 1, this level must be
boosted to −15 dBm, to reach the �rst design goal. The required gain of 86 dB cannot be
reached by one single noise diode, several ampli�ers have to be cascaded.

Due to their advantages described in chapter 2.1, an avalanche diode is utilized as �rst instance
of the noise source. To describe the gain of a diode the excess noise ratio (ENR) is used in
equation 5 for T0 = 290K:

ENR = 10 · log
(T0E − T0

T0

)
(5)

Typical noise diodes o�er an ENR of 30 dB, so power ampli�ers (PA) are needed to deliver the
remaining gain of 56 dB. State of the art WLAN PAs perform a gain of about 30 dB. Thus,
at least two PAs are necessary.

To be able to realize a dynamic switching of the available output power with a minimum
resolution time of 2 µs, digitally stepped attenuators (ATT) can be used. Normally, such
components o�er a dynamic range of 32 dB. The required dynamic range of 50 dB can therefore
be reached by two attenuators.
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RF Link Budget

In RF link budgets the noise �gure (NF) always plays an important role for system perfor-
mance. As we are amplifying noise, one could think that the NF has an impact on output
power due to the varying insertion loss of digitally stepped ATTs. To prove this hypothesis,
an example has to be considered:

Let us assume a chain of one noise diode (ENR = 20 dB), a PA (G = 30 dB,
NF = 6 dB) and at the end an ATT with 32 dB insertion loss. According to for-
mula 5, the equivalent noise temperature of the noise diode is T0E = 29 290 K. With
this reference temperature, the NF of PA and ATT can be recalculated with equation
6.

NF = 1 +
TE

T0E

(6)

The recalculated NFs for PA and ATT are NFamp = 0.13 dB, NFatt = 12.22 dB.
According to Friis formula in equation 7, the overall NF of the given chain can be
calculated.

NFtot = NF1 + · · ·+ NFN − 1

G1 · · ·GN−1
(7)

For the given parameters, we derive an overall NF of NFtot = 0.2 dB.

In conclusion, one sees that the high dynamic range has no impact on the overall output noise
power. Therefore, NFs in the RF link budget can be neglected and formula 8 as an output
power level estimate with respect to insertion losses of ATTs (ILatt) and transmission lines
(ILtx), may be used.

Pout = −174 dBm/Hz + BW + ENR + Gamps − ILatt − ILtx (8)
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3 Realization

According to the RF link budget from chapter 2.2, an ampli�er chain with one noise diode, two
PAs and ATTs has been created. Figure 2 shows the detailed grouping of the components. A
bandpass �lter is added to the chain, which o�ers some advantages discussed in the following.

Figure 2: Noise source block diagram

PAs and ATTs are grouped in two stages. This has two main reasons. First, the ATTs are
controlled by a parallel data bus with a microcontroller and have problems with cross talk if
they are placed in a queue. So the bandpass �lter and the following ampli�er provide a higher
isolation for proper functionality. But the �lter has another advantage. The power spectra of
noise diodes is broadband and also the PA has a bandwidth of more than 100 MHz. Thus, the
bandpass �lter ensures through spectral shaping, that the second ampli�er is driven beyond
its saturation region.

According to formula 8, the theoretically calculated output power for this chain is (BW =
20 MHz):

Pout = −174 dBm/Hz + 10 · log(20 · 106 Hz) + 30 dB + 70 dB− 3.4 dB = −4.39 dBm (9)

It must be mentioned, that no losses due to transmission lines or matching circuits are con-
sidered. Figure 3 shows the realized PCB board. It can be noticed, that small RF connectors
are placed after each component for design veri�cation. These parts are neither considered in
calculation 9.

The noise source is modulated by an Arduino Nano microcontroller board with a ATMEGA328P
chip and a maximum clock frequency of 16 MHz. Arduino provides a simple development chain,
which makes it easy to program and �ash the on-board logic. The microcontroller is placed
on the upper right side and interfaces the used ATTs with an 8-bit parallel interface for each.
But also faster controllers which are pin compatible, like from the Nucleo family with a clock
speed of 80 MHz, can be utilized.

Details about the used components and layout guidelines are mentioned in chapters 3.1 and
3.2.
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Figure 3: Picture of the noise source

3.1 Components and Schematics

In this chapter, properties of single components are discussed in general. Beside the noise
source from �gure 3, two further evaluation boards for the chosen PA and ATT have been
developed. Please refer to the appendix, if a more detailed view on schematics and layouts is
needed.

Noise Diode

The behavior of noise diodes strongly depend on their package and mounting. In this work
the NS-301 diode from RF-Microwave is utilized, which has a SOT package and is applicable
up to 3 GHz.

According to Figure 1, the diode is biased with an applied voltage in reverse direction. De-
pending on the voltage, PSD is in�uenced. For a high voltage, the spectrum gets �at, even
for higher frequencies. But for lower voltages the ENR rises and �atness becomes worse. The
speci�cation sheet states that the optimum use case is an ENR of 30 dB at a reverse current of
8 mA, but no dimension recommendations. Therefore, the correct series resistor and voltage
must be determined empirically to achieve this operating point.

The AC coupling capacitor prevents the diode from being shorted by the following circuit
elements. If the noise source is used for broadband applications, the insertion loss characteristic
can have a major impact on performance due to resonance e�ects.

Power Ampli�er

Manufacturers like Microchip provide a huge variety of di�erent PAs for WLAN applications.
In this project, the SST12LP15A (�gure 4) is used with a gain of 35 dB and a linear output
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power of 29 dBm, which satis�es requirements from Table 1. Furthermore, external biasing
through a reference voltage of 2.9 V is necessary. Please have a look on the overall schematic
to see the detailed solution.

In �gure 4 we can see the input matching coil L = 2.2 nH and output matching capacitor
C = 2.7 pF. Due to uncertainties about material parameters (εr) and component properties
the input- and output matching elements may change. Therefore, the evaluation board is used
to characterize the PA on its own and verify proper matching conditions.

Figure 4: Schematic power ampli�er

Attenuator

Digitally stepped ATTs have a dynamic range of typically 30 dB and a fast switching speed
(settling time ≈ 100 ns). Unfortunately, some ATTs do not have a de�ned output state during
switching. Hence, the required dynamic for this application is not feasible. Thus, a glitch-free
7bit ATT (F1950) from IDT is used, which yields a maximum settling time of 400 ns.

Figure 5 shows the exact realization with a parallel interface, connected with logic level con-
verters. Here, the decoupling capacitors at the power supply pins of the converters must be
emphasized. Especially, for a 2-layer design where no layer separation for digital and analog
paths can be realized, prudent decoupling is necessary.

Design recommendations make use of high AC coupling capacitors of 1 nF. This seems not
to be necessary for WLAN applications. A design with C = (2π50 · 1.5 · 109)−1 = 2 pF for a
cuto� frequency of 1.5 GHz would be a better choice for reducing insertion loss and saturation
e�ects.
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Figure 5: Schematic attenuator

3.2 Layout

The noise source is used in WLAN channel 1, centered at 2.412 GHz with a bandwidth of
20 MHz. As this is small band, dispersion issues for transmission line design can be neglected.
This allows us to use a standard FR4 substrate material with an εr = 4.6 and a thickness of
1 mm. Unfortunately, the dielectric constant is de�ned as a mean value for a �xed frequency
of 10 MHz. Thus, changes of εr over frequency must be considered.

The package of the utilized PA and ATT have a pitch of 0.5 mm and the microstrip line width
for the given substrate thickness is about 2 mm wide. Hence, microstrip lines can only be used
in combination with tapered structures, which is suboptimal. Consequently, co-planar ground
topology is used, which o�ers several advantages for a proper design. In Figure 6, one can
�nd the cross sectional area of the used waveguide.
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Figure 6: Co-planar ground wave guide

Due to the slot width G and transmission line width S, two parameters can be changed to
maintain a more narrow width S, which �ts the given pitch. Furthermore, co-planar ground
wave guides are relatively insensitive on εr changes. As a compromise of the used components,
the transmission line parameters for Z0 = 50Ω impedance can be found in Table 2.

G 0.15mm

S 0.7mm

H 1mm

Table 2: Transmission line parameters

Manufacturing tolerances may have a crucial impact on the design goals. The width G of the
gap should be in a region where process deviations are in a small scale. Otherwise, transmission
line parameters will change. Furthermore, vias should be placed as close as possible to the
ground plane and the distance between them should not exceed λ

10 to create almost ideal
conditions.

In Figure 7, the layout of one ampli�er-attenuator cascade is depicted. On the upper part,
eight level converters are placed in parallel. In order to avoid additional ripple e�ects on
the power supply due to switching the attenuators, bypassing capacitors with proper vias are
needed. Therefore, a short example about calculating the right via size is mentioned below.

Parasitic capacitance and inductance may degrade circuit performance seriously, es-
pecially for bypassing capacitors. In the following equation for calculating via induc-
tance, all dimensions are in mm. Obviously, reactance is frequency dependent. This
e�ect is introduced by the transition time T10−90 of digital signals.

L = 0.2 · h ·
[
ln

(
4h

d

)
+ 1

]
[L] = nH (10)

Example: via length h = 1.55mm, via diameter d = 0.2mm, T10−90 = 1ns

L = 1.375nH XL =
πL

T10−90
= 4.32Ω (11)
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A value of 4.32 Ω may not be su�ciently low to shunt o� high frequency currents from a chip.
This problem can be counteracted with placing several vias in parallel. Another approach is
to use several bypassing capacitors in parallel. The e�ective radius, within this e�ect works,
is equal to l

12 , where l is the electrical length of a rising edge.

In this design, vias with a diameter of 0.4 mm, which have an inductance of 0.66 nH at a layer
thickness of 1 mm, are used. To ensure a low parasitic ground connection, several vias at the
bypassing capacitors have been placed in parallel.

Figure 7: Layout of the ampli�er attenuator cascade

Furthermore, the cascade depicted in Figure 7, has an additional surrounding shielding. The
thick grey line, which is interrupted at several points shows the cut out of the solder resist.
This shielding can be assembled in order to restrain additional crosstalk between the second
cascade.

Of course, a more compact design would be possible, but PCB assembly was done by hand
and this a�ords more space between components.
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4 Measurements

This chapter is about all necessary measurements for characterizing the built noise source in
Figure 3. Only the transmission line characteristics and PA matching was measured on the
according evaluation boards.

4.1 Transmission Line

As discussed in chapter 3, the boards are all �nished on FR4 prototype material. A major
issue that appears for prototype manufacturing is the inadequate de�nition of the dielectric
constant εr over frequency. For this material an εr = 4.6 at 10 MHz is given. For design
veri�cation, a 50Ω co-planar strip line has been realized.
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Figure 8: Transmission Line S-Parameters

Figure 8 shows the S-Parameters of the transmission line on the ATT evaluation board. This
trace is 34.98mm long and has an attenuation of −0.381dB. But re�ections possibly do not
arise from the transmission line only. Due to the connectors, resonance e�ects in the return
loss parameters S11 and S22 visualize. In addition to this, the data sheet of the used connector
(Rosenberger 32K243) provides formulas for insertion loss IL and voltage standing wave ratio
VSWR:
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IL ≤ 0.03
√

2.4 GHz(dB) = 0.047dB (12)

VSWR ≤ 1.1 + 0.02 · 2.4 GHz = 1.14 (13)

So the recalculated insertion loss is −0.287 dB which stays almost the same. Furthermore, a
VSWR of 1.14 corresponds to a return loss of −23.69 dB. The measured return losses S11 and
S22 at 2.4 GHz are both not in the range of the connector speci�cations 12 and 13. Therefore,
the transmission line can be assumed to have an impedance of 50 Ω.

4.2 Diode Biasing

In Chapter 2, it has been mentioned that the right biasing conditions must be determined em-
pirically. Normally, manufacturers provide detailed speci�cations of their testing conditions.
For the used diode NS-301 from RF Microwave this is not the case. There is no information
about maximum ratings, only achievable ENR and reverse current.
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Figure 9: PSD of the used diode for di�erent biasing voltages

According to the manufacturer, for 8 mA reverse bias current an ENR of approximately 30 dB
should be possible up to 3 GHz. An application note about a similar diode gives an idea in
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which scale biasing conditions should be adapted. Therefore, a 875 Ω series resistor and a
maximum biasing voltage of 13 V according to Figure 1, has been adapted.

Figure 9 depicts the PSD for di�erent biasing voltages. The avalanche e�ect starts at approxi-
mately 9.5 V and has its maximum below 500 MHz with a strong decay for higher frequencies.
For 10 V and 13 V biasing conditions, one can notice that for higher voltages the PSD becomes
more �at. An optimum biasing setting has to be found, because the higher the reverse voltage
gets, the maximum ENR decreases.

For 2.412 GHz, it turned out a biasing voltage of 13 V o�ers maximum ENR of 32 dB.

4.3 Power Ampli�er Matching

Microchip recommends the matching of the PA according to Figure 4. The input matching
circuit consist of a 2.2 nH coil and a 85 mil long transmission line. Unfortunately, the measure-
ment results of the PA evaluation board were not su�cient. The return loss S11 was above
−7 dB. Hence, a smaller coil with 1.8 nH was used and led to a return loss of −12 dB at
2.4 GHz (Figure 10).

1 1.5 2 2.5 3 3.5 4

Frequency (GHz)

-80

-60

-40

-20

0

20

40

M
ag

ni
tu

de
 (

dB
)

db(S11)
db(S22)
db(S21)
db(S12)

Figure 10: Power ampli�er input matching

Microchip does not provide information about stability which is crucial for high gain applica-
tions. Rollet's factor gives information about unconditional stability.
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K =
1− |S11|2 − |S22|2 + ∆2

2|S12S21|
∆ = S11S22 − S21S12 (14)

So for a center frequency of 2.412 GHz and 20 MHz bandwidth, the K-factor is always bigger
than 1, which states that the device is unconditionally stable. This calculation was also
con�rmed by the commissioning of the whole noise source from Figure 3.

4.4 Absolute Output Power

The overall output power was measured with an average power meter with a bandwidth from
10 MHz to 6 GHz. With this absolute power, the PSD of the spectrum analyzer which can be
found below in Figure 11 was calibrated. Absolute power ratings can be found in Table 3.

BW (MHz) Power (dBm)

5990 11.68

20 @ 2.412 GHz -2.67

Table 3: Output power of the noise source
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Figure 11: Noise source PSD

An output power of −2.67 dBm at 20 MHz bandwidth requires an overall gain of 97.33 dB.
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From equation 9 an output power of −4.39 dBm, which is more than 2 dB lower, was expected.
This can be explained through the higher ENR which is 32 dB instead of 30 dB.

4.5 Dynamic Behavior

The IDT F1950 ATT promises a glitch free transition between states with a maximums settling
time of 400 ns. In Figure 12 the output envelope of the �rst ATT after the noise diode is
depicted. For this measurement, a maximum switching speed of the Arduino Nano (discussed
in chapter 3), which is 610.5 kHz was realized. For sure, faster switching speed is possible
with pin compatible Nucleo boards, which have a 80 MHz clock frequency, but for measuring
settling time, this is no issue.
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Figure 12: Switching delay of the �rst attenuator

Figure 12 shows transition between maximum and minimum attenuation (31.75 dB and 1.3 dB).
Red lines mark the settling region, which is 242 ns long. Thus, the required timing resolution
of 2 µs (Table 1) is feasible.
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5 Conclusion

The goal of the project was to implement a noise source with a digitally stepped output
power level. Desired dynamic range was 50 dB, a maximum power of −15 dBm and switching
times up to 2µs. Indeed, the realized circuit achieves a dynamic of 63.5 dB, output power of
−2.67 dBm with 20 MHz bandwidth and a timing resolution of up to 484 ns. In summary it
can be said, therefore, that all design goals have been reached successfully.

Although WLAN tra�c is also present in the 5 GHz ISM band, this source is restricted to
2.4 GHz region for a �rst approach. Certainly, it is possible to use this concept for higher
frequency applications. Noise diodes are available up to frequencies of 18 GHz with a com-
pareable ENR as well as power ampli�ers and attenuators.

Obviously this type of source is broadband, if adjacent channel interference should be emulated
like it happens for instance between WLAN and BLE advertiser channels, another design
concept must be considered. A promising technique would be to amplify narrow band noise
and mix it up to the desired center frequency. But several problems have to be taken into
account. Due to the local oscillator properties, variations in the CCDF may arise and AWGN
assumption must be discarded.

On the one hand, it was shown how simple it is to implement a digitally controlled noise source
for 2.4 GHz ISM band applications. If it is necessary higher frequencies can be reached with
available products. On the other hand, if more degrees of freedom are required for adjacent
channel interference a more complicated scheme is needful.
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A Firmware & Matlab User Guide

On the InterOp homepage1 di�erent �rmware versions and a Matlab class has been provided
for an appropriate use of the presented noise source. Basically, two �rmwares exist. The �rst
one is utilized for the time-quantized modulation technique and the second one implements
the modulation of on-/o�-times as well. In order to understand these modulation techniques,
please refer to the measurement campaign report2. For the whole example codes the sources
noise diode has been powered with 13 V (current limit 100 mA) and the remaining components
with 4.2 V (current limit 500 mA).

A.1 Firmware Considerations

The communication between the noise source and Matlab is realized by a serial interface over
USB. It is necessary to desolder the diode between USB power supply and the chip on the
Arduino Nano board. Otherwise it is not possible to establish a serial data exchange while
the external power supply is running. In the following possible con�gurations and settings are
discussed.

Time-Quantized Emulation

First of all, it is necessary to �ash the correct �rmware to the microcontroller. In the Arduino
IDE one can read and modify the respective code. The two most important parameters which
can be changed in the code only are set_delay and array_length. set_delay de�nes the
time quantization length in microseconds and is set per default to 1 ms. The array_length

variable declares the array length of the power levels generated in Matlab. Be careful with this
parameter, too large values may cause an unstable behavior of the controller (default array
length is set to 500).

Modulated Noise

If it is required to modulate on- and o�-times as well, the second �rmware must be utilized.
In this case only the array_length has to be modi�ed. Per default, this value is set to an
array length of 200. Because of the additional arrays corresponding to on- and o�-times, the
memory space allows less samples compared to time quantization method. Again the on- and
o�-times are in microseconds.

A.2 Matlab Implementation

A Matlab class for interfacing the noise source is available to download. In the compressed
�le one can �nd also an example �le main which introduces all available commands.

obj.start_emulation(): Starts the emulation sequence corresponding to the stored values
of the power levels, on-, and o� times.

obj.stop_emulation(): Stops the emulation sequence and sets maximum attenuation.

1http://www.interreg-interop.eu/results/wlan_interference_analysis/low_cost_interference_

emulator/
2http://www.interreg-interop.eu/results/wlan_interference_analysis/measurement_campaign/
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obj.delete(): Deletes the created communication instance.

obj.stream_custom_data(emulation_mode, att_vals, 'On_times', on_times, 'Off_times',

off_times): Makes it possible to stream custom values to the noise source.

emulation_mode: time quantized noise, modulated noise.

att_vals: row vector, attenuation values are quantized with a resolution of 0.25 dB
between 0 dB and 63.5 dB.

on_times: row vector, positive on-time values (µs).

off_times: row vector, positive o�-time values (µs).

obj.stream_sequence(emulation_mode, array_length, pdf_power, 'PDF_on', pdf_on, 'PDF_off',

pdf_off, 'bandwidth', BW): With this function, one can use created random variables to
stream an emulation sequence to the noise source.

emulation_mode: time quantized noise, modulated noise.

array_length: positive scalar, de�nes the maximum amount of values gained from one
random variable.

pdf_power: random variable, power level PDF, e.g., Laplace or Kernel. (dBm)

pdf_on: random variable, on-times PDF, e.g., Laplace or Kernel (µs).

pdf_off: random variable, o�-times PDF, e.g., Laplace or Kernel (µs).

BW: positive scalar (Hz), describes the equivalent bandwidth of noise as reference power
level relative to the power levels gained from the statistics. (Np = −174 dBm/Hz +
10 log10(BW)) With this reference power level the attenuation values are calculated
with a resolution of 0.25 dB between 0 dB and 63.5 dB.
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B Component List
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C Schematic and Layout

Figure 13: Attenuator Schematic
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Figure 14: Attenuator Layout
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Figure 15: Power Ampli�er Schematic
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Figure 16: Power Ampli�er Layout
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