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Abstract
       This paper presents a new circuit design approach that can be easily involved in the implementation of the  radio frequency and microwave (RF/MW) circuits for wireless communications . The  approach is based on preprocessing the received signal. System implementation then done using MATLAB simulink. It will then follow with a review of each of the critical building – blocks for implementation of a wireless transceiver in the 2-GHz range where many new system opportunities are emerging . Radio transceiver circuit have a very broad range of requirements – including noise figure , linearity , gain , phase noise , and power dissipation . The advantages and disadvantages of each of the transceiver architectures will be discussed in light of these requirements .

الخلاصة
       يتطرق هذا البحث إلى طريقة جديدة في تصميم الدوائر الالكترونية والتي تدخل في تنفيذ الدوائر التي تعتمد على الترددات الراديوية ودوائر المايكروويف ضمن نظام الاتصالات اللاسلكية . تستند هذه الطريقة الجديدة على معالجة الإشارة المستلمة حيث إن بناء وتنفيذ النظام يتم باعتماد برنامج  MATLAB  الهندسي . كذلك يتم في هذا البحث تمثيل المخططات المعمارية لدوائر (المرسل – المستلم) اللاسلكية ضمن حزمة الترددات ( 2-GHz ) حيث إن هنالك الكثير من فرص التطبيقات العملية في هذا المجال . إن دوائر (المرسل– المستلم) الراديوية تمتلك مدى واسع من المتطلبات والتي من ضمنها معامل الضوضاء والتشويش , الخطية , الكسب , طور التشويش وكذلك القدرة المتبددة . وفي النهاية سوف يتم التطرق إلى مناقشة  فوائد ومضار دوائر (المرسل– المستلم) في ضوء المتطلبات السابقة الذكر .  
 I.  Introduction 
 Wireless personal mobile and cellular communications are expected to be one of the hottest growth areas of the 2000s and beyond. They have enjoyed the fastest growth rate in the telecommunications industry Ðadding customers at a rate of 20±30% a year. Presently, at least six satellite systems are being developed so that wireless personal voice and data communications can be transmitted from any part of the earth to another using a simple, hand-held device. These future systems will provide data and voice communications to anywhere in the world, using a combination of wireless telephones, wireless modems, terrestrial cellular telephones and satellites.

The use of wireless remote sensing, remote identi®cation, direct broadcast, global navigation, and compact sensors has also gained popularity in the past decade[Ariel & Gadi, 2007].

Wireless communications and sensors have become a part of a consumer's daily life. All of these wireless systems consist of a radio frequency (RF) or microwave front end[Kai, 2000].
    A wireless radio - frequency receiver typically finds itself immersed in a sea of unwanted and potentially interfering signals–from cellular base stations and television transmitters to airport radars–and from that chaos is able to pick out the unique desired signal and reproduce and amplify it with near perfect fidelity . This incredible feat of modern engineering is often taken for granted by the user of the devise , but represents nearly a century of accumulated engineering expertise and relentless refinement[Lawrence , 1988; Qizhenge, 2006] . 
     This paper will begin with a review of RF/MW transceiver architectures for wireless communications . System implementation then done using MATLAB version(7) . It will then follow with a review of each of the critical building – blocks for implementation of a wireless transceiver in the 2-GHz range where many new system opportunities are emerging , and the architecture advantages and disadvantages will be discussed .
II. System Requirements For RF/MW Circuits 

      The RF/MW transceiver for a digital cellular handset (IS-54/IS-136) , whose simplified block diagram is shown in Fig . 1[Couch, 1996], represent a first–generation digital cellular standard , and is a good example of a typical ``high-tier PCS`` application[Cox, 1996].
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FIG. 1Simplified block diagram of RF portion of IS-45/136 Transceiver
Other example of high – tier PCS include IS-95 , GSM , and DCS-1800 . The transmitter portion of the RF/MW unit operates from 842 to 849 MHz , and the receiver portion operates from 869 to 894 MHz , which are the standard frequencies foe operation in the United States . 
     The receiver in this system has to accommodate a variety of technical challenges . The carrier frequency is roughly 880 MHz , but the signal frequency itself occupies less than 30 KHz of bandwidth . The receiver must therefore select this 30 KHz signal from all of the other cellular signals, which occupy approximately 25 MHz , and all of the other competing signals in the environment , which can occupy considerably greater bandwidth . So the difference frequency ranges between the desired signal and potentially interfering undesired signals is less than 10^-3 . 

      The first stage low-noise amplifier (LNA) has the greatest effect on the overall receiver noise figure , and a noise figure of less than 3 dB is typically required . At the same time , the received in-band signal power can vary from less than -100 dBm to greater than -20 dBm , so the dynamic range requirements of the receiver are very challenging . Out-of-band interferers from a variety of potential sources can raise the received power to even higher levels ; hence the need for a sharp bandpass filter from 869 to 894 MHz to minimize out-of-band interference . 

      The transmitted power from the handset power amplifier can rise as high as 23 dBm , although the power amplifier is typically designed for a peak power of 30 dBm or even higher , and then backed-off by 7 dB in order to maintain the required linearity . Another high-Q bandpass filter is provided at the output in order to conform to FCC requirements on out-of-band radiated emission. Spurious performance is typically requires to be 60 dB below the carrier in this system . The power amplifier will ideally maintain a high gain , linearity , and power-added efficiency over the entire bandwidth and output power range when operated from a 2.7-V battery power supply . Typical peak power-added efficiency are in the 50% range for standard handheld telephones . 

     The frequency synthesizer produce the local oscillator for upconversion/ downconversion and is typically produced by a low phase noise voltage controlled oscillator (VCO) that is locked to a lower frequency crystal reference . The phase noise of the VCO is a crucial parameter because channel-channel spacing is only 30 KHz in this system, and reciprocal mixing of adjacent channels can significantly degrade the received carrier/noise (C/N) performance . In addition , the sidebands of the VCO phase noise add directly to the noise floor in the system passband , further degrading the C/N [5]. A typical requirement is that the C/N be at least 7 dB for a bit error rate of  10^-3  . This in turn requires that the oscillator phase noise be at least (-100 dBc/Hz ) at 100 KHz from the center frequency . These ambitious phase noise requirements will in turn present very stringent requirements on the noise and gain of the components used to implement the VCO . 

      The previous example demonstrate the design tradeoffs involved in the RF section of a "high-tier PCS" application . "Low-tier PCS" applications can benefit from considerable simplification of the RF portion of the handset , although there is a penalty paid in lower range and quality of service . Cordless telephone are an example of a "first generation"  low-tier PCS system , but more recent implementations of second generation systems include personal communications services (WACS/PACS), personal handyphone system (PHS/PHP) , and digital enhanced cordless telecommunications (DECT) .  The Japanese personal handyphone system (PHS) is an excellent example of a highly popular low-tier system . It was launched in July of 1995 , and by the end of the summer of 1996 there were over three million subscribers . The cost for a three-minutes call is roughly ten cents, and the typical handsets have a six-hour talk time and 200-hour standby time. The system was designed for mostly pedestrian use, and so there is very limited hand-off capability as the user moves from one cell to another . 
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FIG. 2 Simplified block diagram of PHS Transceiver
     Fig. 2 is an example of a commercially available PHS RF architecture [Feher, 1987]. The PHS system operates over a 23-MHz band from 1895 to 1918 MHz, with carriers spaced 300 KHz apart. Each carrier supports four channels employing time domain duplexing (TDD) and time domain multiple access (TDMA). The use of TDD allows for the same frequency to be used for both transmit and receiver IF, which permits the sharing of certain IF filters and minimizes system complexity. The synthesizers output frequency is an integral multiple of 300 KHz, which allows it to operate directly with a 300-KHz, reference signal. This improves the switching time of the phase locked loop (PLL), compared with the high-tier PCS system discussed previously that operate at 30-KHz intervals. One potential problem with this architecture – feedthrough of the transmit carrier to the receiver – is eliminated by disabling the digital transmit samples during the receive periods. In fact, the measured transmitter "off" leakage is approximately -60 dBm, compared to a transmit "on" power of approximately 20 dBm. 
     The RF portion of the chip-set consists of analog IF IC, which converts the digital samples to an IF carrier at 248 MHz, a frequency synthesizer that generates the local oscillator signal for the final upconversion, and two ICs – one that upconverts from 248 MHz to 1.9 GHz, and the other that contains the power amplifier, LNA, and switch . Because of the small PHS cell size, the peak output power of the power amplifier is roughly 100 mW – considerably less than a typical cellular system. The smaller cell size also reduces the worst case path loss somewhat, easing the dynamic requirements on the receiver. 
     These two transceiver architecture are example of traditional heterodyne and superheterodyne approaches, where off-chip passive filters have been used for "roofing" and image rejection purposes . These filters represent the major impediment to raising the level of integration of wireless radios , since they cannot be easily implemented monolithically . Substantial progress has made recently in the area of direct downconversion approach for wireless receivers, which eliminate the need for image rejection filters and are better suited to fully monolithic integration. However, direct conversion receivers have some unique problems as well, including sensitivity to dc offsets and second-order distortion. An excellent review of recent research in this field is presented in [Bjerede et al., 1994; Abidi, 1995] .
III. Technology Considerations For Circuit Implementation
     The optimum technology choice for a Microwave/RF application is complicated by issues of performance, wafer cost, level of integration, and time-to market. As mentioned earlier, the performance issue is very multidimensional in the Microwave/RF area, because of the differing requirements for the various building blocks. These differing requirements often lead to a mix of technologies for the implementation of state-of-the art radios, as was demonstrated in the previous section.
     The next several sections will illustrate some of the technology considerations involved in the implementation of key wireless system building blocks.
A. Low-Noise Amplifiers 

     LNA`s are one of the key performance bottlenecks in a Microwave/RF system. They are required to contend with a variety of signals coming from the antenna-often of larger amplitude than the desired signal-and so both low noise and high linearity are simultaneously required. Two measures of these requirements are the amplifier noise figure, which determines the minimum detectable signals (MDS), and the third-order input intercept point (IIP3), which, together with noise figure, determines the spur free dynamic range (SFDR) . The SFDR determines the difference between the MDS and the maximum input signal prior to significant distortion [10]. In addition, high gain and low dc power consumption are other requirements of an LNA. 
     A very simplified expression for transistor minimum noise figure, which is applicable to both bipolar junction transistors (BJT`s) and FET`s , is given by [Carson, 1990]
Noise Figure  
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  is the devise transconductance,  
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is the base or gate resistance, depending on whether the devise is a bipolar transistor or FET, and k is a material dependent constant. Clearly, the noise figure of the amplifier will be improved by employing a technology that operates with as high as an 
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   and as low a base or gate resistance at  a given current as possible. As a result, technology scaling will have a significant impact on low – noise amplifier performance, but care must be taken to minimize the access resistance ( 
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) to the device at the same time the transistor cutoff frequency is raised. It is this later 
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 factor that provides the performance advantages of GaAs-based devices. 
B. Power Amplifiers
     The complications associated with power amplifier for RF/MW applications are at least as challenging as those associated with low-noise amplifiers. The circuit must simultaneously satisfy requirements of linearity, gain, output power, and power-added efficiency. In addition, the trend toward lowered power supply voltages  ( from 5  to  3 V and even lower ), has made it difficult to maintain the required output power and efficiency due to impedance matching limitations. Finally, the power amplifier must deliver a wide range of output powers to the antenna, as the user moves throughout the cell site. Ideally, the power-added efficiency of the amplifier should not degrade significantly as the output power varies from near zero to its maximum value. 
     One of the major dilemmas in wireless systems is that power amplifiers are typically operated in a "backed-off" mode relative to their peak power and power-added efficiency points in order to meet the linearity requirements of system. The degree of back-off varies depending on the modulation scheme employed-0 dB for Gaussian-filtered minimum shift keying (GMSK) (GSM and DECT), 7  dB for pi/4DQPSK  (IS-54 and PHS), 10  dB for QPSK (IS-95), and 12  dB for 16 QAM are typical. In this sense, constant envelope modulation schemes like GMSK have distinct advantages for power amplifier performance- since they can operate at near peak efficiency. However, there is a significant penalty paid with constant envelope modulation in terms of the spectral efficiency (in (b/s) /Hz) compared with the other modulation approaches. In digital communications systems, the linearity of the output power amplifier- which determines the required back-off- is usually specified as an adjacent channel power ratio (ACPR) in dBc, rather than the more traditional  IIP3/IIP5 used in analog communications applications. ACPR is a measure of the spectral "spill-over" due to amplifier nonlinearities into an adjacent frequency band by a digitally modulated waveform. Fortunately, the two measures are closely relate, and a useful expression for the required IP3 in terms of specified ACPR for a CDMA system was recently derived [Fukui, 1996] and is given by 
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Where IP3 is the required output third-order intercept point in dBm, B is one-half of the signal bandwidth, f1 and f2 are the out-of-band frequency limits, Po is the output power of the amplifier, and PIM3(f1,f2)  is the out-of-band specified power. This expression assumes that only third-order nonlinearities determine out-of-band power, although it can be used with some modifications for examining the effects of higher order nonlinearities as well. Experimentally, it has been demonstrated that the IM3 and ACPR track each other closely as predicted by (2), and as the data in [Neson et al, 1996] demonstrates. 

     Power amplifiers are typically operated in the Class-AB mode for most RF/MW IC applications in an attempt to achieve a compromise between linearity and power-added efficiency. In this case, the factors of key importance for amplifier performance are transistor Fmax (for high power gain), linearity (for lowest possible adjacent channel interference), and breakdown voltage (BVCEO for bipolar devices or BVGDS for FET`s ). As it turns out, the breakdown voltage has become less critical for handsets in recent years, due to the reduction of operating voltages in most handheld units. The power-added efficiency of a power amplifier is given by the well-known expression
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Where 
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 is the collector/drain efficiency -which  typically varies from 40 to 75% - and G is the amplifier power gain. Since gain is so critical to achieving the best performance, most high- performance power amplifiers in the 2-GHz frequency range have been implemented in GaAs  technology to achieve the highest possible power-added efficiency. At lower frequencies, silicon MOS devices are often employed for power amplifiers because of their low-cost and robust operation, despite their poorer performance compared to GaAs technology[Sevice et al., 1995]
C. Voltage Controlled Oscillators and Frequency Synthesizers

     The VCO represents one of the most difficult challenges for a design engineer. The ideal VCO  output exhibits no phase noise, tunes over a fixed frequency range and is insensitive to temperature, process drift, output loading, or power supply variations. Hybrid VCO`s are available today that closely approximate this ideal and sell for fractions of a dollar in high volume [Nelson et al., 1996]. They typically employ discrete silicon bipolar transistors, high-quality surface mount inductors and varactor diodes, and are temperature compensated and laser-trimmed to the proper center frequency. By contrast, a completely monolithic integrated VCO suffers from low-quality monolithic inductors (typical Q-factors are less than 20), relatively poor quality varactor-diodes [Fujitsu, 1996; Jansen et al., 1997], and a difficulty in trimming the center frequency to accommodate its inevitable drift due to process variations. 
     The quality factor of the VCO resonator, which is mostly determined by the inductor in the resonator, is especially important due to its effect on the phase noise of the resulting oscillator. A simplified expression for oscillator phase noise, which gives good agreement with experimental data over a broad range of oscillator circuits, was derived by Leeson [Soyuer et al., 1996] and later extended by Scherer [Leeson, 1996] to account for ficker noise 
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Where  
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   is the output power spectral density at frequency Wm offset from the oscillator center frequency,   
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  is the power spectral density of the oscillator input phase error (roughly 2FKT/Ps, where F is the noise figure and Ps is the signal power ), Q is the resonator loaded quality factor, Wo is the center frequency of the oscillator output, and Wc is the ficker noise corner frequency. 

     This result illustrates the importance of the resonator circuit for an oscillator, since the power spectral density drops as the square of the quality factor. Low-noise oscillators also require a large output amplitude and a low-noise amplifier in order to achieve the best performance. As a result, it is not expected that technological improvements will dramatically improve monolithic VCO phase noise at a given power dissipation for the foreseeable future, since inductor Q is relatively difficult to improve dramatically, and the transistor noise figure is already quite low. The only other control variable is signal power, which is directly related to dc power dissipation.
D. MW/RF Switches

     High quality microwave switches are a key building block at the input of most TDD systems since they perform the crucial task of switching between the transmit and receive mode. Historically, microwave switches were realized with high-quality p-i-n diodes. However, the large control currents required by these devices have necessitated the use of GaAs FET – based switches for most handheld applications (due to their low dc power consumption). 
     A major conflict arises when transmit power levels in excess of  +30 dBm are passed through a switch operated from a 3-V or lower supply. The two problems are maintaining linearity in the "on" state and maintaining isolation in the "off" state. Junction isolated silicon technologies have great difficulty in meeting these performance targets, due to the possibility of forward biasing substrate junction diodes during large power excursions at the input to the switch. 
IV. Basing Building Blocks
           One approach for the implementation of MW/RF circuits is the use of MATLAB SIMULINK . This new approach depends on building the MW/RF circuits with many blocks so as each block simulate one or group of the classical components such that there is a matching between one block and another. The final building block lead to MATLAB architecture which is extend from the first step on the transceiver ,which is the input signal, to the last step , which is the DSP.

     The architecture of Fig. ( 1 )  is simulated as shown in Fig. ( 3  ). As discussed earlier, the simulation  of the receiver circuit was began from the first step ,which is the antenna, which is simulated as a signal source followed by a switch duplexer , bandpass filter , low noise amplifier, variable gain amplifier, then the signal was mixed with another signal from the frequency synthesizer to produce a signal provided to another bandpass filter and finally the signal was processed at a digital circuit demodulator/decoder . The transmitter circuit was began with a signal produce from the mixing of a digital circuit signal and the same frequency synthesizer which is entered to a power set, power amplifier, bandpass filter, switch/duplexer, and finally the signal was transmitted through an antenna which is simulated here as an oscilloscope .
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FIG 3 Architectural diagram of RF portion of Transceiver circuit

The simulation of Fig. ( 2 ) was done as shown in Fig. ( 4 ), As done in the previous architecture , the first step is the antenna which was simulated as a signal source, then followed by a switch which separate the receiving and transmitting portion . At the receiver , a pair of low noise amplifier is exist , a mixer which is mix the input signal with the synthesizer signal, a bandpass filter . The signal here will mixed at a second mixer with another signal from a second local oscillator , then another bandpass filter was exist . Finally , the produce signal will process at a DSP  system . The transmitter portion was begin at the signal which was come from a DAC to enter a band pass filter , a mixer will mix the input signal with a local oscillator signal , then another bandpass filter was exist , the produce signal from the bandpass filter will mix with the synthesizer signal , then the output signal will amplify at a pair of a power amplifier . Finally the produce signal will transmit through the antenna which was simulated as a an oscilloscope . 
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FIG 4 Architectural diagram of PHS  Transceiver circuit

The commercial components utilized in the design of the transmitter are tabulated in Table (1) and (2) respectively.

	Others
	IIP3/OIP3

(dBm)
	NF (dB)
	Gain (dB)
	

	Fc=60.5 GHz

Bandwidth=7GHz
	
	-1.8
	-1.8
	TDD Switch

	
	N/A
	3
	-3
	Band Pass Filter 

	
	25 (I)
	3.8
	16
	Power

Amplifier

	
	N/A
	7.5
	22
	Driver

Amplifier

	
	16
	5.5
	-5.5
	Mixer1

	P_out=10dBm

Freq range=1-3GHz
	N/A
	N/A
	N/A
	VCO

	
	32 (O)
	2
	16
	IF Amp

	F3dB = 3.0GHz
	
	0.2
	-0.2
	LPF

	F3dB = 1.8GHz
	
	0.2
	-0.2
	HPF

	
	16(I)
	7
	7
	Mixer2

	Sample rate=1.5Gsps

Resolution=8bits
	N/A
	N/A
	N/A
	DAC


Table 1: Components parameters for transmitter
	Others
	IIP3/OIP3

(dBm)
	NF (dB)
	Gain (dB)
	

	
	
	-1.8
	-1.8
	TDD Switch

	
	23 (I)
	3.8
	21
	LNA

	Fc = 3GHz,

bandwidth = 3GHz
	25 (I)
	0.15
	-0.15
	Band Select

Filter

	
	16 (I)
	7
	-7
	Mixer1

	
	16
	5.5
	-5.5
	Mixer1

	Output power

10dBm, 38-68.8GHz
	
	
	
	VCO

	
	32 (O)
	2
	16
	IF Amp

	F3dB = 3.0GHz
	
	0.2
	-0.2
	LPF

	F3dB = 1.8GHz
	
	0.2
	-0.2
	HPF

	
	3.2 (I)
	11.7
	7.9
	Mixer2

	Sampling rate 2Gsps
	N/A
	N/A
	N/A
	ADC


Table 2: Components parameters for receiver
V. Conclusion
     The implementation of highly efficient RF/MW transceivers is one of the great challenges in the area of circuit technology today. The MATLAB simulink is presenting a new technique to perform an RF/MW transceiver circuit.   The ideal goal of a MATLAB simulink is becoming increasingly plausible, as research and development groups around the world develop improved techniques for minimizing the limitations circuit technology for the wide variety of functions required a radio unit. The choice of technology to implement these radios is complicated by a variety of factors. MATLAB simulink is clearly the most attractive technique in the long run. However, at this time, the critical functional blocks for RF/MW transceivers exhibit the best performance in circuit technologies, especially when dc power dissipation is a major consideration. Although system level integration might be a tough challenge presently, advances in IC design would make this 2 GHz  transceiver a possibility.
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