SDR Demo

This is simple demo for DC (Direction Conversion) SDR function use in FPGA, for analog input XADC is used (Zyngberry mic input).
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& Re-customize IP

XADC Wizard (3.2)

1§ Documentation [ IP Location

busy_out

FIFO Depth 7

Control/Status Ports

resetin | TempBus  [] JTAG Arbiter Sim File Selection | Default -
BT Analog Stimulus File | design
Sim File Location J
@) convstin convstdk in Waveform Type CONSTANT >
Frequency (KHz) 10 [0.1-480.77]
Mumber of Wave 1 [1- 1000]

7 - 1020]

[ Show disabled ports Component Name | zsys_xadc_wiz_0_0
7 Basic | ADC Setup | Alarms | Single Channel rSummary
Interface Options Timing Mode
() AXI4lite (D) DRP @ Mone (@ Continuous Mode  (7) Event Mode
Startup Channel Selection DRP Timing Options
{ ~) Simultaneous Selection FELE LN
) Independent ADC DCLK Frequency(MHz) 130 [8.0 - 250.0]
@) Single Channel ADC Conversion Rate(KSPS) | 1000 [154.0 - 1000.0]
o Acquisition Time (CL! 4 -
M_AXIS =k = ' Channel Sequencer - @9
Clock divider value = 5
[l| £ve_vn channel_out4:0] ADC Clock Frequency(MHz) = 26.00
fl m_axis_aclk eoc_out AXT4STREAM Options Actual Conversion Rate(KSPS) = 1000.00
s_axis_aclk alarm_out e
m_axis_resem eos_out

Analog Sim File Options

XADC is configured with streaming interface. Clock is set to 130MHz (generated with Clock Wizard) XADC sample rate exactly IMSPS.




g Re-customize IP

DDS Compiler (6.0)

ﬁ Documentation | IP Location

~" IP Symbol | Information

[] Show disabled ports

aclk M_AXIS_DATA-p

Component Name | zsys_dds_compiler_0_0

Configuration rlmplemematiuﬂ rDaia\IEd Implementation rOumutFrEquencies rSL.IITIITIErY rhdd\tianal Summary

Configuration Options | Phase Generator and SIN COSLUT
System Requirements

System Clock (MHz) | 130 [0.01 - 1000.0]
Number of Channels |1 h
Mode Of Operation | Standard -

Frequency per Channel {Fs) 130.0 MHz

Parameter Selection | System Parameters -
System Parameters
Spurious Free Dynamic Range (dB) | 138 Range: 18...150
Frequency Resolution (Hz) 0.4 4,61853e-07...1.625e+07
Moise Shaping Auto -

Cancel

DDS Compiler Wizard is used to generate LO (local oscillator) Sinus and Cosinus outputs. LO output is multiplied with the input from XADC. All AXI4-
Streaming components run from single system clock (130MHz). XADC asserts TVALID with the rate of ADC sampling, that is 1 MHz. To make DDS to
work at 130MHz TREADY input of the DDS Output stream must be tied to 1.



-
g: Re-customize IP

Complex Multiplier (6.0) ‘

ﬁ Documentation E IP Location

IP Symbol rlmplememation Details ] Component Name |zsys_crn|:|y_0_0 |
|| Show disabled ports Input and Implementation rConﬁguration and Output ]
Channel A
f @I, /At Operand width [6-53]
[] Has TLAST [] Has TUSER
@D s v -5
Channel B
@I, Br/51 Operand Width [8-63]
[[]Has TLAST [ Has TUSER

QD o -

Multiplier Construction

=l RS AXIS_A
=l LS _AXIS B_AXIS_DOUT 4k (5

aclk
(7 UseLUTs (@ Use Mults

Optimization Goal
@ Resources () Performance
Flow Control

@ Blocking  (7) NonBlocking

ok || cancel

After complex multiplier AXI stream subset converter is used to force TLAST to 1, then AXI stream datawidth converter is used to convert single samples
with | and Q values into stream of interleaved | and Q values. This stream is going into CIC block that converts the sampling frequency down.
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CIC Compiler (4.0) ‘

[fff) Documentation [ 1P Location

1P Symbol rFreq Response m 4 » B Component Name | zsys_cc_compiler_0_0
[ show disabled ports Filter Options rImplememaﬁon Cptions r5urnmary

Filter Specification

\ Filter Type Dedmation
Mumber Of Stages | 6 -
Differential Delay 2 hd
Mumber Of Channels | 2 =

Sample Rate Change Spedification

Sample Rate
@) Fixed () Programmable
P M_AKIS_DATA 5 =
= _-Hlk_ _ awent_tlast_unexpected
ac]
event_tlast_mizsing Fixed Or Initial Rate | 20 [4-8157]
| Selects the type of rate changel

Minimum Rate 20 [4 - 20]
Maximum Rate 20 [20 -8157]

Hardware Oversampling Spedification

Rate Spedfication Freguency Spedification

Input Sample Frequency (MHz) | 1 [1.0E-6 - 300.0]
Clock Frequency (MHz) 130.0 [2.0 - 600.0]
Sample Period (Clock Cydes) |1 [1 - 10000000]

[ OK J [ Cancel

Configuration of the CIC



IF Symbaol

Freq Response

Implementation Details
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Filter Analysis
Paszs Band
Range : 0.0 - |0.5
-1948,367332 dB
0,000000 dB
Ripple 1943,357932 dB
Stop Band
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-1994,301014 dB
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CIC Frequency response.

Downconverted | and Q stream enters a FIR block that also reduces sample rate by 2.
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FIR Compiler (7.2)

[fffd Documentation [ 1P Location

1P Symbol | Freq. Response | Implementation 4 b B

[ Show disabled parts

M_AKIS DATA 4 B

5 4k5_AKIS_DATA
event_s_data_tast_missing

aclk
event_s_data_Hast_unexpected

Component Name |zsys_fir_compiler_0_0

Filter Options | Channel Spedification | Implementation | Detailed Implementation | Interface | Summary

Filter Coeffidents
Select Source Wector -

Coefficient Vector 342354200e-08, 1.24966353022-08, -1.8902002751e-08, -2.8215730030e-08, -1.6030642970e-08, 4.1991839397e-09, 1.7052716275e-08, 1.49756022520-08, 1.

Cosfficient Fle  |ro_coe_fle_loaded = [ 4

Mumber of Coefficient Sets 1
MNumber of Coefficients (per set): 617

[1-1024]

[] Use Reloadable Coffidents

Filter Specification

Filter Type Decimation -
Inferred Coefficient Structure(s) : Symmetric or Mon Symmetric
Rate Change Type Integer -
Interpolation Rate Value | 1 [1-1
Decimation Rate Value | 2 [2- 1024]
Zero Pack Factor 1 [1-1]
« i, r

Configuration of the FIR.




IP Symbol- Freq. Response | Implementation Details | Coefficent Reload
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— Quantized (gain corrected by factor of 0.507264 dBE)
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Set to Display | 1| [1-1]

Filter Analysis
Pass Band
Range : 0.0 - (0.5
Min -180. 795726 dB
Max 0.935472 dB
Ripple 181.731198 dB
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Min
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Frequency response of the FIR Filter.

After FIR filter AXI stream datawidht converter is used again to get convert the interleaved samples of | and Q as single AXIS stream TDATA word. The
processing is terminated by AXI stream DEVNULL that eats all. For visualization and data capture ILA Logic Analyzer IP cores are inserted. For test
purposes the LO frequency was set to 134KHz (this is close to WSPR band where beacons are expected to be present in frequency band).

Waweform - hw ila 1 _ O =

XADC Raw data, capturing 135KHz signal from Zyngberry mic input.

Waveform - hw ila 2
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I and Q immediatly after the complex multiplier



Waveform - hw ila 3 O =

c...TDATA[63:0]
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Output with 133KHz input signal, 1KHz signal is seen 133KHz - 134KHz = -1KHz, the phase of | and Q is now different.
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