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w2naf
Sticky Note
Can we look at the receiver requirements as an optimization problem? How do we get the best performance for the cost?

w2naf
Sticky Note
We need to decide what parameters to vary.

nonAdmin
Sticky Note
The system is modular to try and make the major cost factors selectable. The GPS/Synth can be removed
to avoid a large amount of cost. Same with the magnetometer. Past that, discussing the requirements themselves
is in my view how we can adjust cost. It's very difficult to come up with a $/dB number for most parameters and those
costs are not finely adjustable. Usually costs are a step-function.  We can't change the design to save $0.05 by
changing the sensitivity by 1 dB. We have to throw out a component to save cost, and that has a big
change in the performance.

nonAdmin
Sticky Note
Unmarked set by nonAdmin
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1. Introduction 

1.1. Scope 

This document applies only to the RXM-5001D Receiver Variant. This module uses two 
14-bit AD converters, and is intended to support the Personal Space Weather Station 
(PSWS). It contains requirements in support of PSWS that may or may not exist for 
other receiver module variants. 

1.2. Purpose 

The Tangerine SDR Receiver Module RXM-5001D is a dual-channel module that 
contains two complete receivers, from the antenna connector through the ADC. It 
receives two radio frequency signals in the 100 kHz to 30 MHz range, optionally filters 
and attenuates the signals, digitizes the signals with a low-jitter clock, and transfers the 
digitized samples to the Tangerine SDR Data Engine module. 

The unit provides an integrated noise source that can programmatically connect each 
receiver to a broadband noise source of known amplitude in order to calibrate the 
receiver sensitivity. The unit may use a single noise source for the two receiver 
channels, but it will require two relays (one per channel) to select the noise source. It 
will also contain two plug in RF filters, two programmable attenuators, etc. The noise 
signal is injected ahead of the attenuator and filter. This provides the ability to capture 
test data that will allow determination of filter and other characteristics being applied to 
the received RF signal. 

1.3. Cost Goals 

The cost goal of the RXM-5001D Dual Channel RF module is $TBD. 

1.4. References 

 The RF module detailed form factor, mechanical layout, electrical signal 
interconnection, connectors and pinouts, and electrical specifications are 
described in the Interface Control Document (ICD) for the RXM-5001D module. 

 Tangerine SDR Clock Module Specification. Sets the jitter, frequency accuracy, 
channel-to-channel coherence and phase noise of the clock inputs to the RF 
Module. 

 Data Engine ICD. 

 Dual channel ADC, and ADC driver integrated circuit manufacturer data sheets. 

w2naf
Sticky Note
This should be <= ~$300. This is about where the Kiwi and RedPitayas are. If gets to be on the same order of an Ettus system with comparable specification, it is too much.

w2naf
Sticky Note
We need a cross-talk requirement between channels.

w2naf
Sticky Note
What does etc mean?

w2naf
Sticky Note
This also has a scientific purpose. For example, it will allow for monitoring absolute receiver noise level.

nonAdmin
Sticky Note
Will add better than-30 dB corsstalk. This is the value we agreed on last fall.

nonAdmin
Sticky Note
The antenna connectors for example.

nonAdmin
Sticky Note
I will add this as a note.

nonAdmin
Sticky Note
The original objectives were $500 for the system and $300 for the receiver. The GPS, Magnetometer, and Host computer were outside the $300 receiver cost number. The receiver number is listed as TBD because $300 is the sum of the Data Engine + RF Module, and we haven't cost estimated the Data Engine yet.
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1.5. Form Factor Objective 

The form factor will be defined in the ICD document for the RF Modules. 
 
Discussion (for further study):  
 

The module is planned to fit in the RFM single module size identified in the drawing, 
and is >45mm wide by TBD mm in length. An MEC connector is on one 45+ mm 
side and two SMA connectors on the opposite 45+ mm side. 
 
The anticipated module density is very tight for the dual-channel unit. Another option 
may be to use a dual module of dimensions roughly 85 mm by TBD mm. This would 
eliminate the ability to equip the second RFM slot with a transmitter module, but a 
transmitter module may not be needed in the PSWS application. 
 

2. Power Supply 

The RF Module shall be powered from: 

 +1.8 VDC, and shall draw less than TBD mA. 

 +3.3 VDC, and shall draw less than TBD mA. 

 +5VDC, and shall draw less than TBD mA. 

 TBD:    -5 VDC, and shall draw less than TBD mA. The ADC driver IC may 
require -5 VDC. If the ADC driver can be designed to operate only from +5 VDC, 
then this supply could be eliminated. 

 TBD:    +12 VDC at 10 mA may be needed for the noise source. If the noise 
source can be designed to operate at +5 VDC, then this supply could be 
eliminated. 

3. RF Module Inputs and Outputs 

3.1. Data Engine Interface 

The RF module is connected to the Data Engine (DE) via an MEC Right Angle 140 pin 
connector. This connection provides power, clocks, noise source control line, 
Identification EPROM, and attenuator control to the RF module (inputs) and generates 
output data samples to the Data Engine. The samples are clocked to the DE at the 
clock rate of the ADC (122.88 Mb/s rate). 
 
The RF module ADC clock must meet a tight jitter requirement in order to allow the ADC 
to meet the sensitivity requirement at higher RF frequencies (30 MHz). See the clock 
module specification. 

w2naf
Sticky Note
Can we choose a power supply that can run exclusively off of a battery? This could help to eliminate noise when the device is run in a low-noise environment.

w2naf
Sticky Note
Attention should be paid to data line not leaking through RF path.

nonAdmin
Sticky Note
This is a Data Engine requirement. The DE will receive external power, and condition it for each of the plug-in modules. Since this document is an RF module specification, it lists what is needed from the Data Engine.

nonAdmin
Sticky Note
This is unclear. Is the requirement that the level of spurious signals be below some specific value? Practically there will always be some spurious artifiacts, due not only to digital signals but also ADC imperfections.
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3.2. Antenna Interface 

The connection to the receive antenna is via two SMA receptacles (one per channel) on 
the module. 
 
The two receiver channels must be clocked by phase-coherent ADC sample clocks. It is 
recommended that the dual channel unit use signals for the ADC clocks for the two 
ADC converters that are referenceable to a single common clock in order to maintain 
tight phase coherence between the two channels. If the ADC clocks between the two 
channels were to vary with respect to one another, the downconverted baseband phase 
between them would wander causing degradation or loss of ability to use the two 
channels for receive polarization control. 
 
While two receive antennas plus the interconnecting cables will have different delays, 
those are static and can be removed via a one-time calibration. However if the ADC 
clocks drift relative to one another the resultant phase delay cannot be removed via 
prior calibration. 
 
The module shall provide an ADC overload output signal for each ADC indicating that 
the ADC has exceeded its digitization range. 
 

4. RF Module Performance Requirements 

The RF module shall meet the following requirements: 

4.1. Receiver Noise Figure 

The RF module at minimum attenuator setting, and with the filter bypassed shall 
achieve a Noise Figure of TBD dB across the 100 kHz to 30 MHz range. Note: The 
Noise Figure is likely to be about 6.5 dB. However the requirement does not need to be 
this low because the manmade noise level across most of the HF frequency range will 
be higher. 10 dB or less is probably reasonable, but the requirement is TBD until 
characterization is completed. If the NF climbs much above 10 dB then noise calibration 
becomes more difficult as the Excess Noise Ratio (ENR) of the noise source will have to 
be increased.  

4.2. Dynamic Range 

The dynamic range of the receiver shall be specified as the ratio of peak signal to either 
spurious ADC artifacts, or to 3rd order intermodulation products after the signal has 
been decimated to bring the ADC noise floor below the spurious or intermodulation 
products. The objective dynamic range is 88 dB or greater for both ADC spurious and 
receiver intermodulation products. 

w2naf
Sticky Note
What is the best Noise Figure we can afford?

w2naf
Sticky Note
We believe that it is desirable to to be below the manmade noise level. There will be people who are in good areas for reception, and we don't want the measurement floor to be limited by this.

w2naf
Sticky Note
Is this number being motivated by an engineering consideration? We can't think of a science reason to have a better dynamic range than this.

nonAdmin
Sticky Note
At 30 MHz the cosmic background noise level is about 15 dB above the thermal noise. Manmade noise even in quiet rural locations will be of this magnitude as well. So 10 dB NF should be acceptable, but as the paragraph states, we anticipate it to be about 6.5 dB.  Adding a low noise preamp to lower the NF will cause a whole host of problems: degradation of dynamic range, creation of additional spurious artifacts, greatly increased susceptibility to strong-signal overload without likely improving any measurable received signal.

nonAdmin
Sticky Note
See reply to previous

nonAdmin
Sticky Note
The ADC converter has a spurious free dynamic range of about 96 dB, and the ADC driver has a 3rd order intermod dynamic range of about 91 dB. The requriement of 88 dB allows for some degradation and is practically a very strong receiver front end.
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4.3. ADC Clock Jitter 

The ADC clock shall exhibit less than ±1 picoseconds jitter, peak. 
 

Note: Jitter on this clock degrades the SNR of the ADC conversion. See figure below 
from a representative ADC specification which graphs this effect. The ADC clock 
jitter is determined by the Clock Module and its specification. However this receiver 
module must be careful not to degrade that jitter. 

 

 
 

4.4. Clock Phase Noise 

The ADC clock input to the RF module shall meet the Phase Noise requirements in the 
Clock Module specification. Briefly these are: 
 

 The clock and synthesizer phase noise shall be less than -60 dBc at 1 Hz offset, 
declining as 1/f to less than -120 dBc at 1 kHz offset. 
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 The phase noise is specified at the NCO frequency of 30 MHz. The NCO is the 
internal FPGA quadrature down-conversion oscillator. (Since this point is 
inaccessible, the specification shall be verified by measurement of the resultant 
baseband signal). 

o Typically the NCO signal will be derived from a higher frequency stable 
clock by division. Since 30 MHz is the highest specified NCO frequency, it 
has the smallest division value, and thus should represent the worst case. 

4.5. Noise Source and Control 

Preliminary: The noise source will provide an Excess Noise Ratio (ENR) of 10.0 dB from 
100 kHz to 30 MHz. It may be necessary to adjust the ENR specification to assure that 
the noise is above the ADC noise level sufficiently. The ENR specification is preliminary 
until characterization is done. 
 
The RF module shall provide an input binary signal to select / deselect the noise source. 
When the noise source is DESELECTED, a relay will connect the normal receive signal 
from the RF input connector to the receiver. When the noise source is SELECTED the 
relay will connect instead the noise source to the receiver.  It is desirable to have the 
relay function ahead of the attenuator and plug-on filter. This allows using the noise 
source to verify the attenuator and filter module settings. 
 
A single control bit may be used to switch the noise selection relay for both receivers. 

4.6. RF Attenuator and Control 

The receiver shall implement a programmable attenuator from 0 dB to 31 dB in 1 dB 
steps. The attenuator control signals select the value of attenuation. One attenuator per 
channel is required. The attenuation value for the two receivers shall be independently 
settable. 

4.7. Filter Module 

The receiver will be fitted with two sockets on which to plug an optional filter module. 
One filter module socket per channel shall be provided. The socket can be bypassed if 
no filter is used. The purpose of the filter is to remove undesired strong signals that 
would otherwise overload the ADC or degrade the dynamic range of the receiver. For 
example, an AM Broadcast Band Reject filter may be needed in some locations to 
prevent ADC overload. Similarly some locations may require a Shortwave reject filter, or 
an FM/TV Broadcast lowpass filter.  

4.8. Data Engine Interface 

The receiver will interface to the Data Engine (DE) through a single connector. This 
interface will be used to support a wide variety of RF Module types, with differing I/O 

w2naf
Sticky Note
How often can I switch the diode in and out, and what is the rise time for the switch? Dicke switching in radio astronomy is used for implementing radio noise measurements and the switch operates typically between 10 to 1000 Hz.Also, are you leaving the diode hot? We want to leave it hot to keep it stable.See https://www.cv.nrao.edu/course/astr534/Radiometers.html

nonAdmin
Sticky Note
A relay is advised in order to avoid degrading the dynamic range of the receiver and to assure adequate deselected-state isolation. It however cannot be switched quickly. It is also likely the simplest and cheapest solution. A zener diode is proposed as it is inexpensive and stable. The plan is to leave it on all the time.

Making this electronic to speed up the switching may be a significant cost.
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types. The DE Interface Control Document (ICD) will define the superset of the 
interfaces. This receiver will implement a specific subset as defined in this module’s 
ICD. 

4.9. Identification 

The receiver will contain a small EPROM readable through the DE interface that allows 
the DE to read the type of this module, and identify it as an RXM-5001D. 
 

Different RF Modules (single and dual receivers, transmitters, and transceivers) 
will have different I/O signals, signal directions, and functions. The DE will use 
this identification signature information to load the proper FPGA image to 
interface to this module type. 

w2naf
Sticky Note
Will it have a hardware unique serial number?

nonAdmin
Sticky Note
It physically possible but I don't know the manufacturing implications of having a hardware-unique serial number.




