SDR FE

SDRham, A Software Defined Radio Project
Nordic VHF/UHF/SHF Meeting 2007



The Project

B Project started in 2004
B Project goals

Develop an SDR FE (Front End) hardware
Develop SDR PC software

Learn SDR technology

Learn Digital Signal Processing

Use SDR in amateur radio applications where high
performance is needed

* \Weak signal reception in crowded HF bands

* EME (Earth-Moon-Earth) communication in the VHF band

To have a plattform, SDR FE and PC, for development of
analog and digital modes
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Status May 2007

B First SDR FE running

B A Windows/PC test application with SSB/CW demodulator
Is developed

B Some initial performance testing is done
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Agenda

B An introduction to SDRham

B Applied technology and theory

B Sampling

B Filter design, time and frequency domain
B USB, sample streaming
H

Signal Processing on PC
¢ MMX and SSE instruction sets in Pentium CPU

® Demodulation techniques
B Tools

B Receiver design
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The SDR Architecture, HW
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The SDR Architecture, Test SW
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Ideas of Project

— 7 A High-Performance Digital-
s Transceiver Design, Part 1

L .
S

Data-converter technology bas made tremendons strides
in the past several years. 1et’s take a look at bow
we can achieve bigh performance in an
almost-all-digital radio design.

Linrad: Né’w POS‘S‘jbiZiZ—igS By James Scarlett, KD70
for the Communications
Experimenter, Part 1

Discussion gpens with analog versus digital RF-input
techniques and attendant performance considerations.

By Leif Asbrink, SM5BSZ
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The Analog Devices Integrated Circuits
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Technology and Tools

Technology

B Direct RF sampling
B {o 200 MHz

H USB

B Digital Signal Processing on
PC

B MMX and SSE instruction set

Tools
B Borland C++ Builder6
® PC SDR SW
B Keil yVision2
B EZUSB FX2 8051 code
B Cypress EZ-USB Control Panel
B USB communication
B Altera Quartus I
® EPLD
B  MathCAD
B Filter design, analyses and
simulation
B Ansoft Harmonica

B Analog Simulation
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ADC Module

12

Design of KD70

CLK
B xx M Hz

RF
0-200M Hz

Jle
Jle

A D6645

v

h 4

CLK
00

—» D13




Analog to Digital Converter, AD6645 14-bit 80 MSPS

FUNCTIONAL BLOCK DIAGRAM

ADB645

VREF (O— 2.4v

ENCODE
ey Tt 8: N]?EESNN(?L DIGITAL ERROR CORRECTION LOGIC
ENCODE

GND pMmiD OVR DRY D12 D12 D1t /DM0 Do Da D7 D& D5 D4 3 D2 D1 (]
MsB LSB

ADC1 ADC?2 ADC3

80 MSPS Guaranteed Sample Rate
The AD6645 employs SNR = 75 dB, f,, 15 MHz @ 80 MSPS

Zrtchrﬁ:cﬁge subrange SNR =72 dB, f, 200 MHz @ 80 MSPS
SFDR = 89 dBc, f,, 70 MHz @ 80 MSPS
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Subranging ADC

) SAM PLE
A NDHOLD

N1BIT
SADC

N1BIT
SDA

C

A

T

§

OUT PUT REGRT ER

v

N NIM SBs

v

N2LSBs Vs

DAT AQUT PUT, NBIT S= N1+ N2

N-bit Two-Stage Subranging ADC
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Missing Codes

DIGIT ALOUT PUT

UM P

|

N

ST 1CKS"

M ISSING CODES

Missing Codes Due to
MSB SADC Nonlinearity
or Interstage Misalignment

ANALOG INPUT
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SNR, SFDR and Process Gain

SNR=1.+Y N+ V1

(Measured over the Nyquist Bandwidth: DC to f/2)

Calculated SNR for an 14-bit ADC
SFDR

SNR=6.02-14+1.76=86 dB

3
/, S |
SNR=6.02N+1.76+10log

2-BW

Process Gain 0 0. 02 03 04 05
Relative Frequency

f, = 64 MHz, BW = 3.2 kHz

6
SNR=6.02-14+1 .76+1010g%:126 dB

2-3.2:10°
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Some “Magic” of Process Gain

The AD6645 Input Voltage Range The voltage is then
is 2.2 V,,.The voltage for LSB
(Least Significant Bit) is then P=£$U=m=m=0 7 10-6
7 .
2.2V 6
Vi = =307 (134 0V) = 1 Wi

How can the ADC detect voltage
levels of one hundred (-40 dB)
of its LSB?

The power P in a signal of
-110 dBm is found from

_110:1010g(1)__3):, Answer: Th_e signal vo!tage is added
10 to the ADC internal noise voltage,

L, ot . which is more than many LSBs.
P=10"10" =1-10"" . .
With a process gain of 40 dB the
the signal will appear again.
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Sampling, Nyquist Zones

ZONE1
p///>\/ “A/ v W \/ \AI/ \ Undersampling and Frequency
> Translation between Nyquist
ﬁ fs 1 § i s Zones
D ZONE2
VARVATAVAEN
| i ¥

AR/ AR A

fS

The process of sampling a signal outside A restate of the Nyquist criteria:
the first Nyquist zone is often referred to
as undersampling or harmonic sampling A signal must be sampled at a rate equal to or

greater than twice its bandwidth in order to
preserve all the signal information
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Mathematics of Undersampling

M =125 n=0.M-1 i=08 N-1
s = [0 s =1
1
) N N N N N N ‘ N N N ‘
0 2 an : 00 T4

mmmmmmmmmmmm

TIZZ(S —nf )

————————

Relative Frequency
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Noise Factor (NF) of the AD6645

20

NF is an important parameter in receivers. To calculate a receiver NF one need to know
the NF of each stage. NF is normally not specified by ADC manufacturers.

v
2PP F trRAFO = 0 Noisfree transformer
VFSRMS =
[2 G=2 Voltage gain of the transformer
_SNR
\ -V 10 % Fol
NOISERMS FSRMS Fwr = F TRAFO *

G

V NOISERMS
F = NF wr = 20-log(F yw
k'T-R-B < > @

NF = 20-log(F) NF =35 ADG6645 calculated noise figure
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Maximum Input Signal to the AD6645

21

A 1:4 impedance transformer makes the 50 ohm antenna input to
200 ohm at the AD6645 input.

The maximum input voltage of the AD6645 is 2.2 V., that is
0.78 Vg,s- The power is then

U* 0.78°
R 200
P=10loe(——=)=101lo =4.8 dBm
g(lo ) (10_3 )
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Effect of Dither (MathCAD Simulation)

22

Gain, dB

SNR =

Without dither

20-log

| max(S)| W

JZ(sif(max(snz

i

SNR =79

Gain, dB

SNR =

150 1 1 1 1

With dither
(normal distributed noise)

0 T T T T

0 0.1 0.2 0.3 0.4 0.5
Relative Frequency

| max(S)]

jZ(sif(max(snz

20-log

SNR =73
i
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RSP (Receive Signal processor) Module

T R— ERLD 158
AD6620 Serial N
P b —/ FX2 <P S
CLK — parallel
conv
S
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Digital Signal Receive Processor, AD6620

24

The AD6620 decimating receiver is designed to bridge the gap
between high-speed ADCs and general purpose DSPs. It has four
cascaded signal processing elements: a frequency translator,

two fixed coefficient decimating filters and a programmable coefficient
decimating filter.

CICe
FILT ER
RCF
FILT ER

DATA
FORM A T

CIC!
FILT ER

008 T il
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Numeric Controlled Oscillator, NCO - HW

Phase
Increm ent Phalse Phase — (0S
Reg Ister > to
(Accum uator) Amplitude —— N

3

SDRham
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Numeric Controlled Oscillator, NCO

Frequency is phase change pr
. . time interval. A phase change
of 2n (360°) in 1 second is equal

to a frequency of 1 Hz
05T

0T 2 5 4 5 6 7 & 6 do 11 1213 14 15 16 f:@
dt
‘05 ° [ ]
. . NCO_FREQ is interpreted as a
. . 32-bit unsigned integer. NCO_FREQ

is calculated by

Clk = 16 MHz NCO 1py=2"xmod (L 1)
Phase increment=1->f=1 MHz S samp
Phase increment =2 ->f=2 MHz

6
fmm=6423120 =0.015
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Time and Frequency Domain

27

Time Domain Frequency Domain

NAWA N
I RVARY -

0 1 2 0 1 2 3 4
t f

Fourier transform og Fourier Series transform a signal
between the time and frequency domain

S(f): ? S(f).ejzﬂﬁdf S(f):f S(z‘).e—ﬂﬂﬁdt
—w :
0 i )
-Z.E-nt 3 .2.77:.”
S(t):Zn:—oocne] g C”:T J‘TS(t). jrmnft g,
2



The ideal filter in the frequency and time domain

28

R e L

Ideal filter

600 >

H(H) =0 (f- (1)) -0 (f 1)

H(f)
- 05T

2
h(t) - [ H(f)-¢ 2"t
2

ho f

325 15 05 [0 05 /1 1572 25 3
=1
t
Ideal Low Pass Filter y:sm(x)
time domain response X



Filter, frequency domain vs time domain

29

Multiplication in the frequency domain is convolution in the time domain

0

y(t)= f hit)s(t—1)de The Convolution Integral

Yf)=| | m(e)s(t—7)de-e ™ ar

— 00 —00
Changing variable with u = t - t and replace the integrals gives

0

Y(f)= | hiz)e ™ Fdr [ s(u)e ™ M du=H(f)S( f)

— 0

SDRham



FIR (Finite Impulse Response) Filter

A finite impulse response (FIR) filter is a discrete linear time-invariant system
whose output is based on the weighted summation of a finite number of past

inputs.

In the discrete domain (a sampled N-)

digital data system) the convolution ¥y ( n ): Z h ‘S( n—k )
integral changes to a summation k=+ "k

Yy
&—&

&
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Cascaded Integrator Comb Filter, CIC

The CIC filter is a fixed-coefficient, Two Stag e Decimating CIC Fifer
multiplierless, decimating filter.

The characteristics
are defined by the decimation rate. > | C —» ( >

Basic nteg  rator Basic Comb

yin[=yln=1l+xn yln|=x\n|-xn—RM |

SDRham
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CIC2 Frequency Response

32

Gain, dB

Sin(n_MC]CZ(.’f)
— 1 fSAMP
Seeat2
277 sin (7 / )
fSAMP

—-100

—200

300!

05 025 0 0.25 0.5

Relative Requency

floo M CICZ) BW k.fSAMP
2 Mcic2
Z H(EM cycp) df
k=1 B kfgamp
M
CIC2
DR(BW .M (jc;) = 20-log -
J H<f,M c1c2> df
0

foap = 65 MHz, My, = 10

BW =4 kHz ->DR =127 dB
BW =100 kHz -> DR =71 dB
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AD6620 RCF (RAM Coefficient Filter)

33

|
6% 18 _»0 _»@_» |0UT
|-RAM A
2% b
C-RAM
Q 56x 1
" ol OO0 4

This filter is an FIR (Finite
Impulse Response) filter

The length of the filter
kernel limits the transition

bandwidth

Where BW is a fraction
of sampling frequency
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ADG6620 Setup File, ad6620.imp

16

25

20
64000000
1

1

0

1

. 4

., M -Blackman(1) 10
1- — 19

2 ] 30

44
6l
80
100
121
141
158
172
181

| | | 183
0 20 40 60 80 175

Frequency (kHz)

Low Pass Filter with 3 kHz cut off frequency

2-Tt1 4-Tt1

M

+ 0.08:-cos

Black m(ap-=0.42 - 0.5-cos<

-100

—200

fSAMP

CHIP MODE
CLK MULT

FILTER
COEFF

SDRham

34



ADG6620 Filter Design Software

|_Filter Design

O] x]
File Design Ewvaluation Board Help
LHEF LR BEF STATES
Besh H-Zi
10 z5 32 % PASSED [EEEE)| I
- 2 25 " PASSED ml Composite Frequency Response (Hz)
18 z0 25 % PASSED
16 25 20 * PASSED 100000 200000 300000
a}
-20
-40
% -G0
[
=
T -0
o
o
-100
-120
-140
Impulse Response
0.6
0.5
0.4
0.3
) 0.z
ANALOG  ADBR20 Filter
DEVICES Design Software 0.1
| -141.495 dB  at 177.365158 FHe 0o
There ate 256 taps in the RCF fiter, o 10 20 30 40 S50 B0 FO 80 90 100\\1-0/120 130 Aﬁ}éo 150 170 180 190 200 210 220 230 240 250
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AD6620 Setup Dialog Box

36

~EZ USE File
P Laod EZUSE |  Togole Fieset

0Bl

~ADERZ0 Filter File——
& ADBE2D0 File

" Filter Coeffesients

Load File

L xmaszn|

Initialze Filter

Sample Freq (Hz) |54|:||:||:||:||]|j|

Moice |16 3: SCIC?
MCICE |25 3: SCICH
wrck |20 2] srer

Clock Multiplier

[=7]
4

L —

j—

LS LS

LS

INDrmaI

MNCO hMode

ISingIe Channel Real
Chip Mode

INDrmaI

FIF Filter bMode

The dialog box reads
parameters from a file
or let the user change
them
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EPLD, Serial to Parallel Converter

37

In the SDRham the serial output format of the AD6620 is used to get
24-bit resolution. An EPLD, Altera EPM3064, is used to convert the
serial bit stream to the 8-bit parallel FIFO interface of the EZ USB FX2

|E:

]ﬂFE

24 1o

240-0is

LK
SDAT A
SDFS
SOFE

EPLD

) 074
——» R
<« (I

SDRham



Why 24-bit when the Input is 14-bit ?

o ., . A sine wave sampled with
LLH_Hﬁ 2-bit

N — A sine wave sampled with
U 4-bit

| | | | | | A sine wave sampled with
r o 100 200 W &0 8—bit

SDRham



EZ-USB FX2

Seal
Inter ace
Eng ing

(SIE)

A

The Cypress Semiconductor EZ-USB FX2
(often abbreviated as “FX2” ) is a single chip
USB 2.0 peripheral with an 8051
microcontroller core

39

USB
Interf ace

FIFOs

Prog ram &
Data RAN

([
Enhanced
8051

I0-Ports

CPIF
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USB Transfer Types

40

B Bulk Transfers

®  Bulk data is bursty, traveling in packets of 8, 16, 32 or 64 bytes at full speed or 512
bytes at high speed. Bulk data has guaranteed accuracy, due to an automatic retry
mechanism for erroneous data. The host schedules bulk packets when there is
available bus time. Bulk transfers are typically used for printer, scanner, or modem
data. Bulk data has built-in flow control provided by handshake packets.

B [nterrupt Transfers

® |nterrupt data is like bulk data; it can have packet sizes of 1 through 64 bytes at full
speed or up to 1024 bytes at high speed. Interrupt endpoints have an associated
polling interval that ensures they will be polled (receive an IN token) by the host on
a regular basis.

B |sochronous Transfers

B  |sochronous data is time-critical and used to stream data like audio and video. An
isochronous packet may contain up to 1023 bytes at full speed, or up to 1024 bytes
at high speed.

SDRham



Pipes and Endpoints

41

The FX2 Full-Speed Alternate Settings

Alternate Setting 0 1 2 3
epl a4 o4 ad &4
epTout ] &4 bulk &d int &4 int
eplin ] &4 bulk &d int &4 int
ep2 0 B4 bulk out (2x) Gd int out (2x) 64 iso out (2x)
epd ] &4 bulk out (2x) &4 bulk out (2x) 64 bulk out {2x)
epb 0 B4 bulk in {2x) Gd int in (2x) 64 isoin (2x)
eps ] B4 bulk in (2x) 64 bulk in (2x) 64 bulk in (2x)

Mate: 07 means “not implementzd”, “2x” means double buffered.

From the driver point of view, the endpoints are referenced as pipes

SDRham



USB used in the SDRham

42

A D662

Control

Serial
Dala
Out

FX2

EPLD

=B
>

Control
Buk
0Port

FFO
Is0-

8y nch-

ronous

An OUT bulk endpoint is used for control (AD6620 setup)

An IN isosynchronous endpoint is used for sample streaming
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FX2 ReNumeration

43

Once the Default USB Device enumerates, it downloads
firmware and descriptor tables from the host into the FX2's on-
chip RAM. The FX2 then begins executing the downloaded
code, which electrically simulates a physical disconnect/connect
from the USB and causes the FX2 to enumerate

again as a second device, this time taking on the USB
personality defined by the downloaded code and descriptors.
This patented secondary enumeration process is called
“‘ReNumeration™”
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FX2 Access from Windows

44

The FX2 is accessed through Windows API functions and a Cypress

supplied driver ezusb.sys

The following table shows the function prototype tor DeviceloControl(). The EZ-USB GPD IOCTL

reference will use the same function argument names.

BOOL DeviceloControl

HLNDLE hhevice,

DWORD dwloControlCode,
LEVOID lpInBuffer,
DWORD nInBuffersize,
LEVOID lpOutBuffer,
DWORD nouktBuffersize,
LPDWORD lpBytesReturned,

LEOVERLAPFED lpOverlapped

// handle to dewvice of interest

J/ control
// pointer
J/ size of
// pointer
/7 size of

// pointer

code of operation to perform

to buffer to supply input data
input buffer

to buffer to receive cutput data
output buffer

to wvariable to receive output

S/ byte count

// pointer to owverlapped structure for

// asynchronous coperaticon
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MMX Instruction Set

45

The MMX instructions defines a SIMD (Single Instruction Multiple Data)
model to handle 64-bit packed integer data. MMX adds the following new
features to the Intel I1A-32 architecture:

B Eight new 64-bit MMX registers (aliased in th x87 register stack)

B Three new packed data types
B 64-bit packed byte integers (signed and unsigned)
B 64-bit packed word integers (signed and unsigned)
B 64-bit packed double word integers (signed and unsigned)

B New instructions to support the new data types and to handle the MMX
state management

SDRham



MMX Execution Model and Instructions

46

X3

X2

X1

X0

Y2

Y3
v ‘L v

Y1 Y0
YV v v

P

X 30PY 3

X 20PY 2

X 10PY 1

X 00PY 0

MMX Instructions

BData Transfer

B Arithmetic

BComparison

BUnpacking

B ogical

B Shift

BEmpty MMX State Instruction
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MMX Convolution Routine

47

void DSP001l::MMXConvolute (int *src ptr,int *dest ptr,unsigned int size)

{
int
int
int
int
int

dummy []1={0,0};

*end of buffer=&psig buf[ (size filter<<l)-2];
*pbuf sig=psig buf;

*pbuf filt=pfilt buf;

*pbuf signal=psignal buf;

unsigned int filtersize=size filter;

asm

{

MOV ECX, size
TEST ECX, -1
Jz no_convolute
//here to perform convolution
MOV EBX,pbuf signal //EBX is pointer to data line
MOV ESI,src ptr //ESI is pointer to source data
MOV EDI,dest ptr //EDI is pointer to destination data

next conv:

filter loop:

MOVQ MMO ,QWORD PTR [EBX]

PSRAD MMO, 8 //shift sourec to 16-bit
PMULHW MMO,QWORD PTR [EDI]

PADDSW MM1,MMO //accumulated vale is in MM1
CMP EBX,end of buffer

JGE new_ start buffer

ADD EBX, 8

JMP next loop

new_ start buffer:

MOV EBX, pbuf sig
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SSE Instruction Set

48

The SSE (Streaming SIMD Extensions) add the following features to the
|A-32 architecture

B Eight 128-bit data registers, called XMM registers

B 128-bit packed single-precision floating point data type (four IEEE
single-precision floating point values packed into a double quad word)

B |nstructions that perform SIMD operations on single-precision floating
point values and that extend the SIMD operations that can be
performed on integers:

B 128-bit packed and scalar single-precision floating point instructions that
operate on data located in the XMM registers

B 64-bit SIMD integer instructions that support additional operations on packled
integer operands located in MMX registers

The SSE extensions were introduced in the Pentium Ill processor family
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Demodulation Techniques

49

Give me In-Phase (I) and Quadrature (Q) signal components, and you can
get everything. The I- and Q-components contain both amplitude and
phase information of a received signal. Frequency is found from phase
change per time interval.

AM=\1*+0?
PMztan‘l([Q) ]

d(0(t))
dt
SSB=cos(w-t)cos(w t)xcos(w-t+90°)cos(w t+90°)

FM =

SDRham



SSB Demodulation

50

The phasing method

> =

-
ﬁ LSBILSE
0 —» =X= ) °

To obtain a filter with 90° phase shift over many octaves is not so easy in the

analog world. This is not a problem in a digital world (FIR filter)
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Tools

51

Borland C++Builder6
B Personal Edition, approx. EUR 100

Keil uVision
®  Free evalution version, 4k byte code maximum

or
EZ USB Control Panel
B Free,
Quartus Il

® Free WEB edition,
MathCad, www.mathsoft.com

Ansoft Harmonica
B Free student version with limited number of nodes, www.ansoft.com

SDRham
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Erfl C++Builder 6 - sdrsw

File Edit Search Yiew Project Hun Comporent Tool: Window Help

D -&
5=

B iSS | €

> T 0 o

<Monex - ﬁj

Standard ]Additional] Win32 | Swstem | Internet | Disloas | Win 3.1 | Samoles | Activex |

] . ED = T EOR ==

Object Inspector

|MainFDrm

Froperties l Events ]

Achion =
ActiveContral
Align allone
AlphaBlend | falze
AlphaBlendyal 255
ElAnchors [akLeft,akTop]
AutoScroll true
AutoSize falze
Bilitode bl eftT oRight
Borderlcons | [biSystembdenu,
BorderStyle | baSizeabls
Borderwfidth |0
Caption SDRhar —
ClientHeight | 593
Clientw/idth | 862
Colar clBtnFace
Conztraints [TSizeCaonsztraint
CH3D true
Cursar crliefault
Drefaultbd onitor | dméctiveFarm
DockSite falze
Drragkind dk[Dirag
Dragtode drnikd anual
Enabled true
Fant [TFant]
FarmStyle faMarmal
Height 539 =l
All shown

File Setup Help

SDR HW not connected

1Hz IR Chin

hode
e Ahd
T Fh
" NEFR
C USB
T |L5B

i

d
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Keil uVision2

53

EE“E Edit Wiew Project Debug Peripheral: Tools SYCS ‘Window Help _|ﬂ 5[
e = N - Ab 75 7 Vo T OUTE Tl e (& @ (mE|m e
@mﬂ|‘&lTargel1 ﬂ|
1= =
=23 Tagetd STARTUE =
E!a Source Graup 1 :
startup. a5 SHOMODS 1 ; disable predefined 28051 registers
adBE2 b 251 $nolist . . )
usbsub.a51 Sinclude (fzlregs.inc) : EZ-USE register assignnents
timersub.ab1
EZRegs.c HAME STARTUP
main.c
msgdecode.c EXTRN CODE (app_main. timer_init, timer_int)
EXTEN CODE (sudav_isr.sof_isr.sutok_isr.susp_isr.ures_isr. hispeed_isr.spare_isr)
EXTEN CODE (eplaclk_isr,eplin isr,eplout_isr.eplin_isr)
EXTRN CODE (eplout_isr epl?_isr.epd_isr.epé_isr.epi_isr)
EXTEN CODE (ibn_isr,eplping_isr,.eplping isr.epl2ping_isr)
EXTRN CODE (epdping_isr.epbping_isr.eplping_isr. errlim_isr)
EXTEN CODE (epliscerr_isr.epiiscosrr_isr.ephisosrr_isr.epfisosrr_isr)
PROG SEGHENT CODE
VDATA  SEGHENT DATA
VIDATA SEGHENT IDATA |
RSEG VIDATA
stack: DS 32
CSEG AT 0
LIHF start
ORG 000bh
LINF timer_int
ORG 0043k :INT2 USE interrupt
LIHF usb_junp_table
TSE jump table
ORG 100k
ush_jump_table:
sudav_isr ;00 Setup data awvaialable
DE
LIMP sof_isr ;04 Start of frame [or microframs)
DE 0
LIHF sutok_isr ;08 Setup token receiwved
DE
LI—I_'I TJIHF susp_isr ;0C USE =uspend request
T = DB 0 hd
2. [T T | ,rl

9
) -

] AL » ¥ Buitd A Command A Find in Files

FaorHelp, press F1 |L:1 C1

[ oM RA
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EZ-USB Control Panel

EEZ—USB Control Panel - [Ezusb-0]

.'éngiIe Edit “iew QOptiohs Toolz Window Help
B| =2 8|2 wesr] taeet [Ez-usB 2 Fx +| [GeE]
|Gt:t Pipe Info j ;)Sendl DEVicelEzush—I] vI | '-‘:‘ad”‘:""l S"n?:‘.“.di..gl

Getl:lel.ll Geu:onfl GetF"lpesl GetStnngI nawnloadl Fe- L.:.adl EEPHDMl UHBStatl HOLD | LM |

vendea| Reg [0xAZ | Value[0x0000 | %ﬂ%ﬁ Lengh[16_ | Dir[1IN =] HexBstes [BO 47 05 80 00 01 00 7]

'5°Tfa”5| Pipe | j Packets |123 | Size |1E | Buffers Frames / Buffer
E‘”"‘”"'tl Pips | j Length Hex Bytes |5 j E‘L'""-°°P|

HesetPipel P.bnrtPipel FiIeTrans..l Fipe | j SetIFacel Interface EI ,&|t53ttingD

Dewvice Descriptor:
blength: 18
blescriptorType: 1
bodUSE: 256
bheviceClass: 0Oxff
bleviceSubCla=ss: 0O=xff
bDeviceProtocol . 0O=zff
bHaxFacketSizel: 0x40
idV¥Vendor: 0=x547
idProduct: 0x2131
bodDevice:  0Oxd
iHanufacturer: 0=x0
iProduct: 0=0
1SerialHumber: 0=x0
bHumConfigurations: 0Oxl

Anchor Download

_ NUM
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ALTERA Quartus I

4!, Quartus II - C:/project /sdr/epld/epld - epld - [epld bdf] : -0 x|
ﬁ Eile Edit Wew Project Assignments Processing Tools wWindow Help -|5'|5|
D@E|§|$E‘|ﬂﬁ|k?“epld j
2 @% T »wr k| &®
-l
E ritity Macrocellz | Fir
Max 30004 EPMI0E4A,

b 3 epld 29 24

1] | W
Hierarch_l,ll Filesl g Design Llnitsl
<Ix]
Module | Progress 7 | Time () |
x|
I

System A Processing /

IMessage: E ﬂ ILucatiun; j Lozate |

For Help, press Fl LR I dle | | | &
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MathCad

56

[E Mathcad - [iip3nf]
E File Edit Test Math Graphice Symbolic Window Books Help

[_[O]x]
=181

D|s|@|s] | /)= @] =

| alaF]o =lw) ale| 2| @Z2l4{E]E|)

! Il [E S i Ea

‘Lalculate NF and IIP3 of a chain of N stages

=4 # of stages

15 35 15 2% 0000
F
M=]-15 10 -15 25 0000 G
57 034 57 5140000 P

P20 -1
My BT 5 M, 5
10 10 10
M, = 10 M, ;= 10 M, ;= 10
N-2 -1
Tz 1041 !
= M- 2 M
Mﬁ,n M4,k
k=n
M- 1
NF = 10log| M, ; + Z Mo !
. 0 n-1

KIS

Far Help, press F1

-

3
auto [ [MUM [ Page 1 /ﬂ
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Ansoft Harmonica

% Serenade Desktop - bp7100mhz - c:\projectisdrisim\bp7100mhz. sch
File Project Edit Partz Draw Wiew Settings Analpsic Beports Tool: Window Help

D|o|ele] 2=

o2 R|a|E|2|0|AlE|~|0])H]

Al e 2w oo

®|®|®| L |w|a 5|

- | -
S -== =]z

i et o Yt K R S B o1 2

ﬁ bp7100mhz - c:\projectisdrisim\bp7100mhz_sch

|
|
B
|
| W

d
RN

T 1 2
I

"FREQ .

o brear

¥ 718MHz Y1:E75

CaLEm

| Step AN BHz UBHz. . . . . .. ... ...

09/05/06 Ansoft Corporation - Harmonica ® SV 8.5 20:28:13

c:\projectisdrisimbp7100mhz.ckt

0.00

=10.00 \

-20.00 - / \

-30.00 /

| SELECT | REPEAT | MENU /209, -101) |SGrid1E  [NOME  |[VGid16 2

bp7100mhz))

dB(S21(ckt

=
=
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Receiver Design

Three important parameters
B MDS (Minimum Discernible Signal)

B Capability to pick weak signals out of the noise
B DR (Dynamic Range)

B Capability to read weak signals with other strong ones in the
receiver front end pass band

B [IP3 (3 order Input Intercept Point)
B Gijves information of the receiver two tone DR

SDRham
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MDS

59

The MDS is defined as the signal level at the receiver input that doubles the
output signal, that is 3 dB output increase.

A calculated MDS for a ideal receiver (NF=0) with 3 kHz bandwidth
P,=kTB=1.38-10"7-290-3000=1.2-10"""(Watt )

p, 1.2:107"
P =10-log(—2"—)=10-1
= 10-log{ o) =10-log (=

)=—139dBm

P, in 1THz bandwidth is -174 dBm

MDS=—-174dBm+10-log( B)+ NF

SDRham



MDS in the HF Bands

60

In the 14 MHz band (20 meters) the man made and atmospheric NF
is estimated to 22 dB (KD70). Then the receiver NF

needs not to be much better. As a rule of thumb a receiver NF of 6 dB
better than the background noise is enough.

For the 14 MHz band an analog front end with some gain is needed.
(The NF of the ADC is calculated to 29 dB). To maintain high DR
this amplifier needs a high [IP3, which is a design challenge.

In the lower short wave band, 1.8 MHz (160 meter), 3.6 MHz (80 meter)
and 7.0 MHz (40 meter) no gain is expected to be used in front of the
ADC (to be confirmed by tests).

In the VHF band, where the background noise is low, an analog front
end with a Low Noise Amplifier (LNA) is needed.

SDRham



Two Tone Dynamic Range

61

Why is the two tone dynamic range so important?

{1 f2
AN A A A
Third order distortion

. products are

- 2 impossible to remove
o Z e by filters in the analog
e~ = front end.

Sy W S ISR SN AR R
T Noise Floor
>

M — =
2 E8 = =
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Mathematics of Third Order Distortion

An amplifier or ADC is not ideal. A transfer function is given by

— 2 3 _ n
V., =KAKV, +K, V24K, V24 =) K,V

K,V,\® is 3rd order term and makes distortion products in the passband.
Expanding this term gives:

V,.=E(Eisinot+Esin’ o,t+3E; Eysin“o, tsin"o,+3E; E sin"o,tsin"o,1)

Expanding the last term gives:

sin wzt—%[sin(2ml+w2)t—

w=2-7f
, :3EfE2K3
out 2
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IMD Ratio and 3rd order Intercept Point

63

Sig.nl Output

The intercept point is a
figure of merit that is

commonly used to
describe the IMD (Inter

Modulation Distortion)
performance of an
individual stage or a
complete system

Inercgpt Point

Desied Sig nal
Slope =1

Interm od
Distortion
Slope =3

Sig. nal Input
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Signal Levels in MF and low HF Bands

In the MF and low HF bands extreme strong signals may appear. Remember
from old days, the circuit below works.

\/ A signal of S9 (defined to —73 dBm)
+40 dB has a signal voltage given by

—33
P=10"°10" =5.107°
U=vVPR=v5-10"%50=16-10"3

=
|
Q0
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Receiver Analysis

65

A MathCad worksheet is developed to analyse receiver NF and 1IP3

15 3
Ma=|-15 1
Ip:=10log
HE = 10-1eg

515

-2

2

29

000 oh
0 -15 25 000 0|
57 34 57 514 0000

ME 1
EIE?: [IP3= 1 G
+
/ IIP3, IIP3,
1 11
M-z
. IPz=1Ip- ZMI,k
k=10
4 . F2-1
F=FI+ Gl
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A Receiver Example
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=

NF 15
G 13
IP3 57

NF =22.1dB

A DC

*{ > =¥
NF 35 NF 15
G 10 G -15
IP3 34 IP3 57

IIP, = 34.8 dBm

NF 29
G0
IP3 51
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Performance Tests

Test Procedures Manual

by Michoel Tracy, KCISX, ARRL Test Engineer and
Mike Grober, WIMG, ARRL EMC/RF] Engineer

Manufacturer’s Specifications

Frequency coverage: Receive, 0.025-260 MHz.

Modes of operation: AM, FM, WFM, SSBE,

DSB, Ccw.2
Fower requirements: 0.2 A {max), 12V dc.

CW/SSB sensitivity: MDS —125 dBm at
500 Hz bandwidth, attenuator setto —10 dB
and IF gain at +12 dB.

Al sensitivity: Not specified.
FM sensitivity: Not specified.
Blocking dynamic range: Mot specified.

Two-tone, third-crder IMD dynamic range:
Mot specified.

Third-order intercept: Not specified.

Second-order intercept: Not specified.

Measured in ARRL Lab
Receive, as specified.

As specified.

0.38 A, tested at 12 V dc.

Noise floor (MDS), estimate: 14 MHz,
500 Hz bandwidth, —125 dBm.2

For 10 dB S+MN/MN: 14 MHz, 2.1 uV.
For12 dB SINAD: 14 MHz, 0.9 uV.
14 MHz, ADC averload, 110 dB.#
20 kHz spacing: 14 MHz, 34 dB.

14 MHz, —15 dBm to +29 dBm 2
14 MHz, +62 dBm.

Size (height, width, depth): 1.5"x5.5"x6.5"; weight, 1.2 pounds.

All dynamic range measurements were taken using the ARRL Lab standard spacing of
20 kHz. Third-order intercept points were determined using 55 reference.
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Measured Performance

68

MDS=—174dBm+10-log( B)+ NF

Calculated MDS
MDS=—174dBm+ 10-10g(3000)+29:— 110dBm

Measured MDS about as the calculated one

Some unexpected results seen in two tone dynamic range measurements.

Tones at frequencies that say they are third order products, but their
amplitudes do not follow the cube law.
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Project Publication

A series of articles are and will be
# W published in the NRRL (Norwegain
G- 2006 Radio Relay League) bulletin
AMATOR RADIO to promote

SDR technology among Norwegian
radio amateurs.

SDRham
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The next Generation of SDRham

70

RFIN —>

A DC

- »  FPGA <« 3B

A/D Converter
Combines Low-Power % .
and Best-in-Class SFORE -

SFOR(dBC) vs. Analog Frequency B

FE for receiver, spectrum

analyser and oscilloscope
applications

AD9254 - 14-Bit, 150 MSPS, 1.8 V ADC

*SNR =71.7 dBc (72.7 dBFS) to 70 MHz input
*SFDR = 83 dBc to 70 MHz input

*Low power: 250 mW @ 150 MSPS
*Differential input with 650 MHz bandwidth

SDRham
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