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HOW IMPORTANT ARE RECEIVER PERFORMANCE CRITERIA
IN AN ERA OF
SOFTWARE DEFINED RADIOS?
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* Applicak 5> SDR Radios

® Alternate Testing Criteria.
.
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* Bill .- ve in developing

policies relating to receiver performance.
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Look in on part of SEl's Laboratory

Receiver Test Data

(Terms Explained: DOC PDF)

Sorted by Third-Order Dynamic Range Narrow Spaced - or- ARRL RMDR (Reciprocal Mixing Dynamic Range) if Phase Noise Limited

Updated 31 August 2016 added Apache ANAN-200D

. z 2 Filter Dynamic Range Dynamic Range
Device LO Noise Spacing o e Ultimate  Wide Spaced Narrow Spaced

Under Test : s sele“iv‘.‘y (dB) (dB) kHz kHz

Added 9/29/14
FlexRadio Systems
6700
Hardware Updated

Added 11/10/15
Elecraft 5 B Band Pass
K3S

Added 02/23/15
Elecraft
K3 (RX Gain Recal)
New Synthesizer

B Band Pass

Added 04/25/16 :
Icom ¢ . A Trk Presel










® Blocking rload from a signal outside
the passbanc

* Example: Input power at a specified offset required to reduce by 1 dB the audio

output from a 1 nV test signal.
O
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®* Not applicable to a direct-sampling SDR, which does not block until ADC clips.
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hesized

e circuit,

®* Dynamic y test signals make distortion in the

radio equal to the an handle that range of signals before the

=

strong signals just start to overload the radio. Can be either 3" order or 2" order or both.




Table 1
Key Measurements FlexRadio FLEX-6500, Fin £\

serial number 2016-5312-65vu-0120

Summary

FlexRadio Systems FLEX-6500 Manufacturer’s Specifications
SDR Transceiver Frequency coverage: Receive, 0.03 — 72 MHz;
transmit, 160-, 80-, 60-, 40-, 30-, 20-, 17-,
"M 1 [ l 15-, 12-, 10-, and 6-meter amateur bands.
, L ‘ Power requirement: Receive, 2 A typical,
60 122 140 transmit, 23 A maximum at 13.8 V dc +15%.

20 kHz Reciprocal Mixing D ic R
b b e Modes of operation: SSB, CW, FM, RTTY,

130 digital, AM, and synchronous AM.
BG L Y] Receiver
130140 CW sensitivity: MDS in 500 H'z BW,
20 kHz Blocking Gain Compression (dB) E;ezsflgﬁtgé o_ff1 g 'e(fé"nf Ak
100

w 3 e
50 103110

20 kHz 3rd-Order IMD Dynamic Range (dB)

R E P R ES N 1. w L ‘ j Noise figure: Not specified.

115 140 Spectral sensitivity: Not specified.

2 kHz Reciprocal Mixing Dynamic Range AM sensitivity: Not specified.

130
5| B

r

70 129 140
2 kHz Blocking Gain Compression (dB)

w E ]

FM sensitivity: Not specified.

101 110
2 kHz 3rd-Order IMD Dynamic Range (dB)

Blocking gain compression dyna
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\K; COMPARISON OF LEGACY VS SDR RADIO ARCHITECTURE ((

O -0 = @ - e ) = -0 * ® & 0 = > - = 0 O O - 0

Simplified block diagram of superhet receiver

Notes: 1. Inductor cores and some capacitors can
generate passive IMD when driven into
saturation. IMD CHOKE POINTS

2. Crystal filters generate psassive IMD PHASE NOISE SOURCE

when excited into nen-linear region.




% COMPARISON OF LEGACY VS SDR RADIO ARCHITECTURE

O “Stand-Alone” SDR Transceiver

The lcom IC-7300

* FPGA BLOCK DIAGRAM (Receive circuits)
FPGA (IC1351) DSP (IC901)

(



1\& PERFORMANCE CRITERIA OF LEGACY RADIOS ((

——
O Main HF Receiver Impairments NSAre <~

NORTH

ATTLA RAME G 4R w

= |ntermodulation Distortion (IMD)
¢ Odd-order IMD
¢ Even-order IMD
+ |[MD from multiple carriers approaches noise

= Reciprocal Mixing Noise

¢ RF signal or noise mixes with LO phase noise
= |Image Response, IF Leakage
+ RF signal or noise response at image freq. & IF

= Sensitivity/MDS is not an issue in modern receivers.

+ Below 21 MHz, the receiver noise floor is > 10 dB below band
noise.
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s and a step-up

ran cve optimum MDS
without deg

® The IFSS curve shows the input level at which the receiver’s transfer curve changes

from 1%- to 3'9-order.
O
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IMD Example NSAre +-..
YT B & 15 w

ATTEN 100A MKR 81 B348m
HLL OgBEm 280 . OBMMHE

r

T
l

.03

CENTER 272 . B0OMHMH2 SFPFAN 385 ._00MMHM2
HBEWw A0 0Ok 2 VEBW 300k HZ SwWF SOmes

IMD Example: f; = 270 MHz, f, = 275 MHz.
IMD products at 265 and 280 MHz.
280 MHz IMD product masks weak signal.




Reciprocal Mixing Noise |' Gy

PERFORMANCE ot
CRITERIA OF
LEGACY RADIOS

1
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LO phase noize :
]
|
+
!

P o ————————

Weak S

L4
or

-

Channel FREQUENCY
Width

Strong interferer mixes with LO phase noise to “throw” noise into IF channel. If the
interferer consists of wideband noise, the IF channel will be filled up with noise.

A typical synthesized LO divides its VCO down to cover lower frequencies. Thus, its
phase noise will be worst at the top end of its tuning range than at the bottom end.

27 March 2014 NSARC HF Operators — HF RX Testing




PERFORMANCE
CRITERIA OF

LEGACY RADIOS

Masking of weak signal
when reciprocal mixing exceeds IMD Wi e G

ATTEN 104aBA MKR ~81 B3c0BAm
280 . 08MHZ

" WSS V=== B —

E—Hﬁ RM Noise

CENTER 272 .50MH2 SFPAN 385 . 00MMH2
HBW 300KkHZ vBw 300k Hz SwFE SOme

IMD Example: f, = 270 MHz, f, = 275 MHz.
IMD products at 265 and 280 MHz.
Reciprocal mixing noise masks weak signal.



F signal

ments.

; noise crystal clock
oscillator al nventional LO, the ADC clock’s

phase noise is independ

®* RMDR is usually very high (>> 100 dB).
@
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PLICABILITY OF
TRADITIONAL
CRITERIA TO SDR
RADIOS

RETURN TO SLIDE 21
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The DR3 Problem:

Perseus SDR vs. legacy receiver

3rd-order Dynamic Range (DR3) dB

27 March 2014

55

-50 45 -0 -35 -20 -25 -20 -15 -10
2-Tone InputPower dBmftone

NSARC HF Operators — HF RX Testing
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”
wer of

U-R P.372 band

noise aration as datum lines. We

term this IFSS

=

® |If the interferer is below the band noise at the user site, the band noise will mask it and it will not be heard.

Note that the P.372 band noise levels are typical; the actual noise levels will be site-specific.




APPLICABILITY The IP3 Problem in an ADC

OF TRADITIONAL
CRITERIA TO SDR
RADIOS

Emmn
i8
myan
/1
-
ame
Emme
Emme
Emme

IM3 productincreases 3 dB per dB of input power IM3 product is nearly independent of input power
(0 dBF S = ADC clipping level)




These are comm: | ejection than legacy radios

due to elimination of analog mixer and roofing filters.
g
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gacy

derpowered

shenomenon




0 ms
2:1is

* Warre ver a range of shape
factors from 1.04 | series SDR’s without degrading filter

performance.

%




TYPICAL FILTER SHAPE FACTOR /LATENCY CURVES
(ANAN SERIES, PSDR OPENHPSDR MRX V3.3.7)

Measurement Parameters:
* Primary Buffer Size = 64

* DSP BufferSize = 64

* Sample Rate = 384K

[y
n
o

—ao— LLFilter
—m- LPFilter
—a— Std. 3.3.7

@
E
100 O
c
@
®
P |

0
o

Shape Factor, 500 Hz Filter

LL: Low Latency. LP: Linear Phase. LP is provided as a user option. The basic V3.3.7 release does not have these options.




at 14 MHz,
' small changes in input

power increases.

® |f the interfe d.

* The IFSS method eliminates the "sweet spot” problem in DR3 measurements on SDR's, and is
valid for SDR and conventional receivers.




DS into

) ut power
performance c d a legacy receiver on a

common chart.

® A smooth, relatively monotonic IFSS curve will still yield a useful classic DR3

reading.




‘band noise.

/\ ‘DO NC ess band noise < S1
(-121 dBm) !

® In the IC-7300, the RF GAIN control manages front-end attenuation.



http://www.ab4oj.com/icom/dbmheaven.html
http://www.ab4oj.com/icom/dbmheaven.html
http://www.ab4oj.com/icom/dbmheaven.html

\l\\; ALTERNATE TESTING CRITERIA

O ITU-R band noise levels
(Courtesy ARRL)

RETURN TO SLIDE 21 :

§

Frequency (MHz)

Typical noise levels versus frequency for various environments.
(Man-made noise in a 500-Hz bandwidth, from Rec. ITU-R P.372.7, Radio Noise)

27 March 2014 NSARC HF Operators — HF RX Testing




ALTERNATE TESTING CRITERIA

IFSS CHART: EXAMPLE 1: PERSEUS

IMD vs. input power (IFSS):  n¢arc

Direct-sampling SDR vs. legacy receiver

For the Perseus, |
the IMD curve is
= 1%*-order until
-25 dBm input
level, then rises
rapidly to 3d-
order due to IMD
in active stages
ahead of ADC.

s |_R @3CY R INMD

— SO VD No Dither

—SDR IO DRhEF

= = Urban Noise Floor

— el Noke Floor
- 2E3CY NOISE FlOOC

Transition from first order to third
order for strong signals
(approximately 50 dB over S9)

IMD Amplitude, dBmin 500 Hz bandwidth

£0 50 -a0 -30
Two Tone Input Power (per tone) indBm

27 March 2014 NSARC HF Operators — HF RX Testing




\\5 ALTERNATE TESTING CRITERIA (
\l IFSS CHART: EXAMPLE 2
s

ik

ANNAERRNAN ARARS AMARRANNAEARARN AMANAANRNE AN MARS

INNEEEEERE ANEEENE
s Urban Band Noise
ural Ban i
Transition from first order to third

| order for strong signals
— .EEF.E..I.ii (approximately 40 dB over S9).

f:»

dBm in 500 Hz Bandwidth

IMD3 Product

Note irregularities in curve.

~ ELAD FDM-SW2 2-Tone IMD3 with 0dB ATT/
f, = 14100 kHz,f, = 14102 kHZ VA70J 17.8.2014

-55 -50 -45 -40 -35 -30 -25 -20 -15
Two-Tone Input Level (dBm/tone)
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ALTERNATE TESTING CRITERIA

IFSS CHART: EXAMPLE 3

Two Tone Input Level (pertone)indBm

| ==—1.0.24 RXIMD O dBRF
| ===1.0.24 RX Noise Fir
| ===1.2.1RXIMDO dBRF

[ —1.2.1 RX Noise Fr

——=Rural Band Noise

: «~—=Urban Band Noise

Quiet Rural Band Noise

Note IMD amplitude spike at -29
dBm/tone input level, due to an
FPGA processing anomaly.




ALTERNATE TESTING CRITERIA

IFSS CHART: EXAMPLE 4: EARLY DS-SDR RX (2007)

o
>
L
(]
=
E
L]
T
A
?
T
=
£
-

sampling SDR does post-

This direct

rather than an FPGA.

The gross irregularity of the IFSS

)

ADC processing with discrete IC’s
curve may be due to processing
anomailies in this signal chain at
specific input levels.

(DDC, NCO

IMD3 level

wgap ‘129 QI

Return to Slide 27

-50

-60

Input level, dBm/tone
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ALTERNATE TESTING CRITERIA

IFSS CHART: EXAMPLE 5: APACHE LABS ORION MK II (ANAN-8000DLE)

IFSS (Interference-Free Signal Strength) ' CLIP-13 dBm
Apache Labs Rev. 3 Orion Mk IIRX1, ATT=0
SW:Thetisv2.3.11 FW:V2.2

f1=14010 kHz, f2 = 14012 kHz

CW, B = 500 kHz

14.01.2017 VA70J/AB40) . E A
- Monotonic IFSS curve with dither &

randomization ON is “textbook”.

! == N0 Dith/Ran
e Dither only
| ====Dith +Ran
11T === Urban Noise
=====Rural Noise

Input level, dBm/tone




ALTERNATE TESTING CRITERIA

IFSS CHART: EXAMPLE 6: FLEX-6700 VS. ELECRAFT K3S

BOTH THESE RADIOS ARE EXCELLENT, AND THE IFSS DIFFERENCE BETWEEN THEM IS INSIGNIFICANT (£ 4 DB)

Flex-6700 & Elecraft K3S IFSS: 28 MHz band, 5 kHz spacing
Site: NCOB QTH, Ault CO. NCOB, 24.02.2017

6700:20 dB Preamp ON, K3S Preamp OFF, 0dB ATT

| DR3:670096 dB, K3S105dB

w6700 IM dBm
K3 IM dBm
= Site BN dBm

£
o
v.
)
-
2
-
£
© _
[a)
2

«6700 N.Flr.
K3S N. Flr.

Input power dBm/tone

At-120dBmT K3S IFSS = -25 dBm, 6700 IFSS = -29 dBm
T -120°dBm = equiv. 10m rural band noise level (ITU-R P.372)

Flex-6700 & Elecraft K3S IFSS: 28 MHz band, 5 kHz spacing |
Site: NCOB QTH, Ault CO. NCOB, 24.02.2017 ——
6700: Preamp OFF, K3S Preamp OFF, 15 dB ATT

- DR3:670099 dB, K35103 dB

6700 IM dBm

K3 IM dBm
= Site BN dBm

IMD amplitude dBm

~=6700 N.Flr.
K3S N.Flr.

Input power dBm/tone

At -109 dBm* K3S IFSS = -11 dBm, 6700 IFSS = -7 dBm
*.109 dBm = equiv. 20m rural band noise level (ITU-R P.372)




can arise if RF BPF is too

wide to atte

® All these products will appec agin as added noise.

%




® Passive IMD ca d RF transformers.

® All these products will qppear in AF output as added noise.

®* NPR can be read directly off spectrum scope. Deeper nofch = better receiver.

%




2
n passband at
ter defines

7

° - e notch.

® |deally, only the ¢ S airments will appear in the notch. This
Y, only P

noise is termed idle-channel noise

®* NPR = noise power in a channel equal in bandwidth to the idle channel, but outside
@

%

the notch = noise power in the idle channel.
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, Preamp on

®* Measured NPR is very close to calculated theoretical value

® 60m filter pair: 5340 kHz Bandstop, 60-5600 kHz BPF


http://www.ab4oj.com/test/docs/16bit_npr.pdf

\D has improved

significan

® Rob Sherwood notes whe ‘ k signal before you ever get to IMD performance

* ARRL uses a subtractive method that increases apparent IMD performance in an impractical way

%




legacy vs

* “\What me criteria that are perfectly

good radios eve h numbers of some of the newer ones.

—

Basing a purchase solely on very high IMD is silly.

Reciprocal Mixing Noise is usually the most important criterion because of the significant
/egec’r it has with only one offending signal.




legacy vs

* “\What me criteria that are perfectly

good radios eve h numbers of some of the newer ones.

—

Basing a purchase solely on very high IMD is silly.

Reciprocal Mixing Noise is usually the most important criterion because of the significant
/egec’r it has with only one offending signal.




grasp how
ind CW contests.

* Other ¢ g as simple as AGC impulse

response. A prime most receivers on the market

today handle impulse noise.

* A spark in a light switch, or an electric fence, can capture the AGC of virtually all radios
with a DSP back end.

y
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