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Abstract – This paper is concerned with some versions and 
measurements of the X–Band Transmit/Receive (T/R) module 
that is a key unit of the active phased array antenna (APAA). In 
the first version (V1), the transmit chain (TX) is primarily 
composed of a medium power amplifier and a two-watt-output 
power amplifier, and the Receive chain (RX) includes a low noise 
amplifier (LNA), and an attenuator (AT). In the second version 
(V2), an analog phase shifter is added to the transmit chain (TX), 
along with a medium power amplifier, as well as temperature 
controlling circuits. In the Receive chain (RX) a phase shifter 
(PS) and a LNA with voltage gain amplifier (VGA) are added, 
but the AT is removed. Thanks to this improvement, the T/R 
module achieved 31dBm minimum P1dBc with 30 dB linear gain 
in TX, 32 dB linear gain and with 5.1 dB noise figure in RX, with 
dynamic range of at least 95 dB. With both versions, the focus of 
mechanical designing is to reduce effects from noise and rising 
temperature. 

 

Keywords – Module Transmit/Receive; X-Band; phase array 
antenna;  

I. INTRODUCTION  
T/R module with high power amplifier is one of the 

essential sub-circuits used to transfer the modulated signal of 
ranging from mobile communication to radar system [1]. In 
the design of a high frequency T/R module, the goal is to 
achieve sufficient power gain and output power, as well as 
high power-added efficiency (PAE) in the TX part; low noise 
figure and high gain in the RX part. However, to achieve 
optimum electrical performance of a T/R module, there are a 
great number of considerations that need to be taken care of 
such as output power, gain, phase, temperature, current 
parameters of the T/R module. Nowadays, thanks to the rapid 
evolution of the semiconductor technology, more and more 
components (SOC, RFIC, MMIC, etc.) for radio frequency 
(RF) have been designed to meet the increasingly high 
demands of target applications [2, 3]. 

One of the first T/R models for small tracking system 
in X-Band had been developed by Le Quy Don Technical 
University in 2009 [4]. Nevertheless, this model has some 
limitations, namely low gain of RX chain, lack of phase and 

temperature control. That brought about the demands for a 
new T/R design with higher performance.  

This paper will show some designs and results of T/R 
modules. The specifications are summarized in Table 1. 

 
 

TABLE 1 
ELECTRICAL FEATURES OF THE T/R MODULE V1 

Item Features 
Classification TX RX 
RF frequency band 9.3–9.7 GHz 9.3–9.7 GHz 
Return loss 13dB (min) 13dB (min) 
Insertion loss 13dB (min) 13dB (min) 
Linear gain 30dB (min)  22dB (min) 
P1dB 31dBm – 
T/R Isolation – 20dB 
Noise Figure – 4.0dB 

 
 

TABLE 2 
ELECTRICAL FEATURES OF THE T/R MODULE V2 

Item Features 
Classification TX RX 
RF frequency band 9.3–9.7 GHz 9.3–9.7 GHz 
Return loss 13dB (min) 13dB (min) 
Insertion loss 13dB (min) 13dB (min) 
Linear gain 30dB (min)  32dB (min) 
Phase control step – – 
P1dB 31dBm – 
T/R Isolation – 20dB 
Noise Figure – 5.1dB 

 
 

II. T/R MODULE DESIGNS 
The primary function of the transmit channel is to 

provide a highly stable phase and amplitude adjusted pulse of 
microwave energy to the antenna radiating elements [4, 5]. Its 
maximum output power depends on using manufacturing 
technology, technical layout, etc. Two T/R modules based on 
fixed components [9] will be illustrated in this paper. The first 
architecture of the T/R module shown in Fig.1 is of simple 
type, while the second version shown in Fig. 4 has some 
advantages such as high gain in RX chain, phase control in TX 
and RX chains, rising temperature control. The first version in 
Fig. 1, 2, 3, which was designed in 2009, is simple. At the 

The 2013 International Conference on Advanced Technologies for Communications (ATC'13)

488



input, the circulator C1 has three ports in which a microwave 
signal at any port is transmitted to the next port in clockwise 
rotation. This circulator has a maximum insertion loss of 0.4 
dB, a minimum isolation of 20 dB, average power of 10 W, 
and voltage standing wave ratio of 1.25 from 9.2 GHz to 9.9 
GHz. The input power will be around 0 to 5 dBm for 
transmission, the necessary gain to produce an output power 
of 30 dBm is provided by the medium power amplifier (14 
dB) and the power amplifier (20 dB). The other circulator, C2, 
is necessary at the output of the power amplifier, to help 
transmit signal from T/R module to a radiation element (e.g. 
antenna) or vice versa. The role of low noise amplifiers LNA 
is to provide high gain approximately 24dB and a low noise 
figure of 2.3 dB. The attenuator, which operates from DC to 
14 GHz and controlled via single voltage attenuator control 
from 0 to -3 V, provides a continuously variable attenuation 
range of 30 dB. The block diagram, Microwave office (MWO) 
[10] schematics and layout for this transceiver are shown in 
Fig. 1, 2, and 3, respectively.  

In the second design, phase shifter and medium power 
amplifier are added to the transmit part. The phase shifter is 
one of the most important components in T/R module. It must 
provide at least 360 degree of accurate phase control across 
the operating frequency band while providing low insertion 
loss, low VSWR, high intercept point, and fast switching time. 
In fact, each T/R module has different phase input and output 
signals. 

 
Fig. 1 Block diagram of the first version T/R 

 
Fig. 2 Schematic of the T/R module of first version 

 
Fig. 3 Photograph of assembled first version T/R 
 
Thus, in order to control all T/R modules phase, phase 

shifters need to be added in TX and RX chains. This phase 
shifter operates in wide bandwidth from 6 to 15 GHz, provides 
a continuously variable phase shift from 0 to 700 degree at 10 
GHz with normal insertion loss (input and output) of 8 dB. 
This insertion loss, in turn, is totally compensated by an 
additional medium power amplifier located next to the phase 
shifter. This change comes from the addition of phase shifter 
to both transmit and receive chains of the T/R module, which 
allows their phase to be controlled flexibly for different 
purposes such as radiating beam forming, etc. Besides, with 
additional low noise amplifier and phase shifter, the RX part 
could provide higher gain of around 32 dB and control phase 
in RX part. Apart from that, in this version, two low noise 
amplifiers LNA1, LNA2 are also installed to provide high 
gain, but the order of LNAs needs to be considered to provide 
optimum noise figure. The LNA1 has noise figure and gain of 
NF1 and G1, respectively, while the LNA2 has noise figure 
and gain of NF2 and G2, respectively. Between the LNA1 and 
its neighbor, LNA2, is a RF loss, namely phase shifter PS2 in 
the T/R module. The module receiver’s noise figure NF  
includes all contributions beyond that point. The system noise 
figure is given as [8]:  

32
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Where ,i iNF G  are noise figures and gain of ith component 
in the RX chain.  
 According to the datasheets [9], these values might be: 

 NF1 = 2.3 dB, G1 = 20 dB, (LNA1) 
 NF2 = 2.3 dB, G2 = 20 dB, (LNA2) 
 NF3 = 8.0 dB, G3 = 0.125 dB, (PS2) 

thus, in the first case when the two LNAs are located next to 
each other (LN1, LNA2, PS2): 
 NF =  2.38 dB; 
in the second case when the phase shifter is located between 
two LNAs (LNA1, PS2, LNA2): 

 NF =  3.17 dB; 
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Therefore, NF   in the first case is smaller than in the 
second one.  

From the above considerations, the schematic in Fig. 4 
will be used.  

Another change comes from the addition of 
temperature control circuit to regulate the operation of T/R 
module in different ranges of temperature. Specifically as 
shown in Fig. 5, temperature data of T/R module is updated 
every 4 ms and sent to a microcontroller (MCU) through the 
I2C interface (SDA and SCL in Fig. 5). Basing on the 
comparison between the updated value and the preset one, a 
signal tr_en will be created to allow or prohibit the T/R 
module’s working. The preset-table value might be set in the 
microcontroller by designers or users (for example: the 
designer might set the operation condition of the T/R module 
of below 50oC, then this value must be compared with the 
continuing updated temperature values). Using the 
temperature controller circuit could help T/R module avoid 
hazardous effects which may damage it. 

 

 
 

Fig. 4 Block diagram of the second version T/R. 
 

The schematics and layout for this transceiver are 
shown in Fig. 6 and 7, respectively. 

The control part of the module is located in its other 
side. This part will provide power supply, control pulses to 
enable or disable the module. Apart from this, there are also 
some sensors to control parameters such as temperature and 
current, thus improving the efficiency of the module.  

 
 

 
 

Fig. 5 Block diagram of the temperature controller circuit 

 
Fig. 6 Schematic of the second version T/R. 

 
Fig. 7 Photograph of assembled second version T/R module. 

 
III. EXPERIMENTAL RESULTS 

In order to develop the T/R module, the RF boards are 
fabricated on a 10 mil–thick substrate, Roger4350B laminate. 
By the consideration of mechanic box design for the isolation 
between TX and RX channels, minimum 20 dB of isolation is 
achieved. 

 
(a) Control side of first version. 

 
Fig. 8 (b) RF side of first version. 
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(a) Control side of second version. 

 
Fig. 9 (b) RF side of second version. 

 
To test for these modules, some aspects were measured 

such as electrical connection, output powers, phase between 
inputs and outputs, module handling, electrical connection, 
measurement, data analysis, and data storage. The capabilities 
of the test station include PNA Network Analyzer E8362C, 
R&S NRP Power Meter, Spectrum Analyzer FSL 9 kHz – 18 
GHz, oscilloscope TDS2014B, and programmable power 
supply RS–232C.    

The measurement results as have been depicted in Fig. 
10 show output powers at some frequencies. The minimum 
value of output power was 28.6 dBm at 9.3GHz and the 
maximum value was 31.4 dBm at 9.5 GHz. The Fig. 11 shows 
the minimum gain of RX chain, which is 1.43 dB at marker 2, 
obtained using a 30 dB external attenuator and a cable with 
insertion loss approximately 0.8 dB at 9.7 GHz. The noise 
figure measured is around 5.1 dB (Fig. 12).  

 

 
Fig. 10 Depending between output powers and input power of 
second version T/R module at power supply voltage Vcc = 7 

V and current Icc = 1100 mA. 

 
 

Fig. 11 Gain of RX chain of second version T/R module  

 
Fig. 12 Noise figure of RX chain of second version T/R 

module 
 

IV. SUMMARY AND CONCLUSION 
The design and measurement results of two T/R 

module versions have been discussed. Although the module 
has some limitations regarding heat sinking, isolation between 
TX and RX, its performance levels achieved are fully applied 
in navigation systems in Vietnam [4].  

In the future, a great number of T/R modules will be 
produced with higher power amplifier such as 8 or 15 Watt 
each module and the above limitations will be phased out.  

 
REFERENCES 

[1] Merill Skolnik, Radar Handbook, 3rd edition, the McGraw–Hill 
Companies, 2008, 1352p. 

[2] Andrei Grebennikov, RF and Microwave Transmitter Design, Wiley, 
1st edition, 2011, 832p. 

[3] Inder J. Bahl, Fundamentals of RF and Microwave Transistor 
Amplifiers, Wiley-Interscience, 1st edition, 2009, 696p. 

[4] Le Quy Don Technical University, Designing and manufacturing a 
small-sized, high-resolution, short-ranging navigation system, funded 
by Vietnamese Government, 2009-2011, accepted.  

[5] V. D. Gorshilev, Fundamental Radio Receiver Design, Saint 
Petersburg.: Energia. 1977. – 384p. 

[6] Rowan Gilmore, Les Besser, Practical RF Circuit Design for Modern 
Wireless Systems, Volume II Active Circuits and Systems, Artech 
House Publishers, 2003, 592p.  

[7] Holzman, Eric, Essentials of RF and Microwave Grounding, Artech 
House Publishers, 2006, 226p. 

[8] F. Friis, Noise Figure of Radio Receivers, Proc. IRE, Vol. 32, pp.419-
422, July 1944. 

[9] http://www.hittite.com 
[10] http://awrcorp.com/ 

The 2013 International Conference on Advanced Technologies for Communications (ATC'13)

491



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


