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Abstract — The purpose of this paper is to study and implement a design for FM Receiver that will not cause interference to other FM receivers. The receiver is designed using Agilent Design System and SysCalc has been used for Link Budget Analysis. The FM frequency band in the range 88-108 MHz was used for simulation.
Index Terms  —  Heterodyne, Dual IF , Radio receiver

I. Introduction

There has been much advancement in RF circuit and system design. This is because of the availability of architectures that were earlier discarded because of low integration, high power consumption and poor process [4].

The performance of radio receivers plays a significant role in the design and implementation of the latest wireless standards and technology. Radio receiver designs and topologies like super-heterodyne receiver and direct conversion are two of the basic architectures in use.

[image: image1.png]I %
0 1
BPF_Butierwarth

BSF
Feenter=98 MHz

Astop=60 4B

Freq=2 kHz
Delay=0 nsec
Damping=0
Phase=0

LN Mg %

BPF_Butierwarih

Amplifier2

L

o iz

0¥ S71=000 0050 0 onesBivsse=o e
522=polar(t,180) ce vGam:dhpn\aVé‘ﬁsm 2 MHz
Siz=a Astop=38 dB

P_1Tone
PORTS
Num=5

Z=50 Ofim
ibmtow(1 o)
Fren=57.3 MHz

[E] v

VAR1
tstop=1012000 sec
tstep=.1/2000 sec

Mivgr2

i Feenter=45 MHZ . ]
sidgBa
0103 08 Corhai

!
!

nesefRE]oepzlol, sl

BPF_Butienwortn
Channelselect
Fenter

OWER BRas:

ibpolar(-8i;355=3 0B
BWstop=205 ktiz
Astop=60 dB

P_iTane
PORTE
Num=6

Z=60 Ohriy
olar-:5,0)
Fren=65.4 MHz

Amplifer2 o]

811=00/ar(12,0)" R 50 O
522-polar0,180)
§12=20

FM_DerodTure)

Dernod_out

Termi

Sarsiviy=1
T Y

Termz
Num=2
Z=500hm

Emveloge
Em
Fred[1]2102.3 MHz
Freq[2=57:3 MHz
Freq[3]=65.4 MHz
Order}=3
Order{z]=3
Order{3)=3
Stop=istop
Step=tatep




Of the several architectures available, heterodyne dual-IF architecture was chosen because of some of its unique features which will be described in the following section :
Among the parameters that determine the efficiency of a receiver the two most important are sensitivity and selectivity. Another required parameter is the Noise Figure. Lower the value of NF the better is the receiving power even under weak signal conditions. A high value of selectivity and sensitivity means robust channel selection in the presence of interference and the ability to detect the smallest possible signal respectively. A good receiver also should have an oscillator with low phase noise. Another important performance criterion for receivers is the non-linearity parameterized by IIP3 and OIP3. The higher the value the better is the performance of the receiver. A good consideration is to be given to the level of on chip integration, number of components required as well as power consumption and cost.
II. INDIRECT CONVERSION DUAL-IF     ARCHITECTURE
  The objective of this study was to design a receiver that will not cause interference to other receivers. So the first objective is to get to the root of the problem. The interference by a receivers to nearby receivers is mainly caused by the LO leakage that traverses through the LNA to the antenna and is then transmitted. This un-modulated frequency gets intercepted by other receivers leading to periods of silence.
    So, one of the ways of mitigating this affect of leakage on other receivers is to remove the very cause of the interference. That is to increase the isolation between the mixer and the LNA in the receiver chain, as well as to increase the isolation factor of the LNA. In this way the signal does not leak out. Also, if the mixer frequency is not within the pass-band of the channel select filter, the interference can be mitigated to a large extent.
     Shown below is the Dual-IF Indirect Conversion architecture that was employed to realize the FM receiver with the above property.
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Fig.1: An Indirect Conversion Dual IF Architecture schematic
In this architecture translation of the frequency to two IF frequencies takes place. The pre-select filter BPF1 selects the FM frequency band from 88-108 MHz and attenuates the out of band interference. A Low Noise Amplifier (LNA) is added after the BPF1 to amplify the required signals and attenuate the rest. This improves the sensitivity of the receiver. An image reject filter BPF2 is added to reject the image frequency that might overlap with the required channel after down conversion by the mixer. The two Band Pass Filters after this namely BPF3 and BPF4 are the IF Filters with fixed frequency for channel selection. The IF Amplifier is then used to boost the signal before demodulation. Since the IF stage is at lower frequencies the power dissipation from this section is lower.
The advantages and the disadvantages of the Dual-IF Indirect Conversion Architecture:
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Fig. 2: System design of the Indirect- Conversion Dual-IF   Architecture using ADS
A. Advantages
One major advantage of this architecture is that the presence of two mixers, simplify the filter requirements at each stage. They also eliminate the conflict that exists between sensitivity and selectivity when using single IF or Zero-IF Homodyne architectures. It also eliminates the problem of DC offset because of the AC coupling in the initial stages of the receiver chain. The high frequency IF in the first down conversion stage makes the image rejection robust. These are simple filters as their only purpose is to eliminate the image frequencies. The second IF filter can be a low Q filter as its only job is to select the channel.
Another advantage is that this architecture allows for the distribution of gain across the entire receiver chain leading to better noise performance. This is because the simpler filters have less insertion loss contributing to a low NF. The selectivity of the receiver is not affected in the process. 
 B.  Disadvantages 

The requirement for off-chip components like the SAW filter, Voltage Controlled Oscillator etc make the receiver design very costly. Searching for the components which are cheap and meet the requirements took a long time and effort.
Also the inclusion of SAW filters in the receiver chain in the initial stage leads to a reduction in the overall gain because of the high insertion loss associated. Hence crystal and ceramic filters were used to realize the filtering operation. The use of image reject filter is avoided by incorporating image rejection in the mixer itself. 
III. The BUILDING BLOCKS USED FOR THE DESIGN AND THE SPECIFICATIONS
A. Filters   
	Filter
	Band Select Filter
	Band Pass Filter 1
	Channel Select Filter

	Manufacturer
	KR Electronics
	Golledge
	Filtronetics Inc.

	Part Number
	KR 2722
	GSF-61
	FN 2325W

	Bandwidth
	20 MHz
	6 MHz
	200 kHz

	Insertion Loss
	<3 dB
	2.5 dB
	8 dB

	Cost
	NA
	8.99 USD
	NA


B.  Mixers
 Manufacturer: Skyworks
 Part Number : SKY73001
     Frequency Band: 
     RF: 0-3500 MHz  LO: 2-3500 MHz IF: DC-250 MHz

     Conversion Loss: 3.5 dB 

     NF: 3.5 dB, IP2: 35 dBm IP3: 12 dBm 

 Isolation: 40 dB
 Cost :1.99 USD
 C. LNA 
  Manufacturer: RFMD
  Part Number: RF3827
  Frequency Band: 5MHz-1500MHz, Gain: 20 dB,

  NF: 1.3dB Reverse Isolation: 24 dB
  IP3: 38dBm, P1dB: 21dBm

  Cost: 1.91 USD
 D.IF Amplifier
  Manufacturer: Spectrum Microwave

  Part Number: TM5338
      Frequency Band: 5-150 MHz, Gain: 15 dB,

  Noise Figure: 3.5 dB, IP1: 25 dBm 
  Reverse isolation: 20dB
  Cost: 1.90 USD (Approx)   
 E. Local Oscillator 
      Manufacturer: Spectrum Microwave

  Part Number: ROS-70-219
      Range: 50-70 MHz
      Operating Voltage :5V
  Cost: 19.95 USD (Approx)   
The total cost of all the parts came to be 50 USD (approximate) and the major segment of the price was contributed by the off chip components namely the Band Pass Filters.

Shown in the table below is the frequency planning at various stages in the receiver chain.

	Stage
	LO
	IF
	RF

	IF1
	43-63 MHz
	45MHz
	88-108MHz

	IF2
	65.4 MHz
	21.4MHz
	43-63 MHz
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                  V. SIMULATION RESULTS
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 The receiver output spectrum is shown below in  Fig. 3. We see two tones at 2 kHz which is the signal that was modulated by the carrier before transmission.
Fig.3: The output spectrum after the demodulation.
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The figure below shows the time domain representation of the 2 kHz tone that was up converted with a carrier before being transmitted as well as the demodulated tone. It is seen that the two tones are exact replicas except that the demodulated tone has smaller amplitude caused by 
Fig 4: The input signal and the demodulated output. 

attenuation while propagating through the entire receiver chain.
The spurious emission at the antenna connector point is plotted by disconnecting the receiver chain from the modulator output in shown in Fig. 5. We see that the emission is much below the sensitivity level of the receiver. We can say that there is no interference with this 
Fig. 5:  The emission spectrum due to the receiver.

receiver design. A chart showing the various mixed frequency signal that reach the antenna connector through the feedback path is shown below in Fig. 6.

Fig. 6: chart containing the spurious emissions and their strength in Watts.
               VI. FCC REGULATION CONFORMANCE

The section 15.239 in Title 47 of the Code of Federal Regulations sets out the rules for operating in the 88-108 MHz range. However it does not explicitly delve on the receiver emission spectrum. It is to be noted that the field strength of any emissions within the permitted 200 kHz is restricted to 250 microvolt/meter at 3 meters. In uncontrolled environment the frequencies falling in the range from 100-300 MHz should not exceed 0.2 mW/cm2 .
We see that the peak of the spurious emission is at -220 dBm which is much below the FCC regulation guideline.
                   VII. CALCULATING MDS
    There is no requirement specified for SNR as it is an analog modulation scheme. The MDS is given by the following formula,

    MDS= Input Noise Floor + Noise Figure.

Hence the MDS is calculated to be -115 dBm. 

IV. LINK BUDGET ANALYSIS USING SYSCALC

Fig 7: Link Budget Analysis using SysCalc
SysCalc gives the following results for Noise Figure,    Gain and IIP3. The demodulator block is not included in the analysis. NF: 6.01       Gain:15.50       IIP3:   -7.08

The SysCalc simulation shows that the maximum range of the system is 25 Km with an antenna gain of 10 dBi when the transmitted power is 10 dBW.
                      VIII. Conclusion and discussion
An Indirect Conversion Dual-IF Receiver is designed using ADS. The system is capable of demodulating frequencies in the range 88-108 MHz. without causing interference to other receivers in the vicinity. This was done with the right selection of intermediate frequency and mixer and LNA with good isolation. It was observed that using SAW Filter for IF Filtering was not a viable option due to the high insertion loss associated with SAW filters that lead to the reduction in overall gain. Ideally the second IF frequency should have been 455 kHz to allow for sharp channel selection, however the unavailability of the filter with the right bandwidth led to the compromise with the second IF stage.
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