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ABSTRACT

Software defined radio implementation is required for LTE
radio transceivers. An SDR consists of an RF front end and a
digital processor platform DSP. This paper is devoted to the
design and implementation of the front end which is divided
into an active and a passive front end. The active front end
consists of a frequency synthesizer, an 1/Q modulator and an
RF power amplifier while the passive front end includes the
antenna and band pass filter. The paper presents the design,
implementation, and testing of the LTE transmitter where the
passive front end components are made of a microstrip
circuits while the active components are selected from the off
shelf components available in the semiconductor market.

For this, the antenna and filter were printed using FR-4
substrate material with dielectric constant of ¢, =4.4, thickness
of h = 1.6 mm and loss tangent tan 6 = 0.025.

The frequency synthesizer is selected with step size of 200
KHz and frequency range from 0.37GHz to 5.7GHz, so that it
covers all LTE bands.

The selected direct conversion 1/Q modulator has frequency
range from 0.2GHz to 6GHz. It allows direct modulation of an
RF signal using differential baseband | and Q signals.

The selected RF Power Amplifier has two modes of operation,
a high power mode (HPM) and low power mode (LPM).The
PA achieves gain of about 25.5 dB and 14.5 dB in HPM and
LPM respectively over the 60 MHz bandwidth from
1920MHz to 1980MHz.

The performance of each component and the whole
transmitter is measured using VNA (E8719A), EXA X-Series
Signal Analyzer (N9010A), Agilent E8267D PSG Vector
Signal Generator, and spectrum analyzer.
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1. INTRODUCTION

LTE was introduced in 3GPP. Its radio access is called
evolved UMTS terrestrial radio access network (E-UTRAN).
The air interface of E-UTRAN is based on orthogonal
frequency division multiple access (OFDMA) in the downlink
(DL), and single carrier frequency division multiple access
(SC-FDMA) in the uplink (UL). The use of SC-FDMA in the
uplink rather than OFDMA reduces the peak to average power
ratio (PAPR) by 2~4 dB and mitigates the linearity

requirement, compared with worldwide interoperability for
microwave access (WiMax) [1].

LTE can use QPSK, 16QAM or 64QAM modulation schemes,
and can be either frequency division duplex (FDD) or time
division duplex (TDD). It supports six different channel
bandwidths: 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, and
20MHz, which provides more deployment flexibility than
previous systems.

There are several existing design and implementations that
have been reported in the literature. Such as LTE transmitter
for 3GPP is fabricated using 130nm RFCMOS in [2]. A
prototype transmitter for LTE band 1 was developed in [3]. A
design of LTE transmitter based on a polar PWM architecture
is introduced in [4] but the system was not implemented. In
this paper, according to our knowledge, it is the first time to
introduce a design and implementation of the whole LTE RF
transmitter which consists of frequency synthesizer, 1Q
modulator, power amplifier, band pass filter and antenna for
LTE band 1 FDD or band 36 TDD.

In this paper attention will be paid to build a cellular multi-
radio transmitter supporting cellular communication standards
(WCDMA, HSDPA, HSUPA and LTE). Transmit bands
addressed will be 1920 MHz to 1980 MHz band 1 FDD or
band 36 TDD. To design such a transmitter, it is necessary to
consider several parameters of the signal. Some parameters
depend on the standard itself [5, 6] and so modulation
schemes like bandwidth, power dynamics or envelope
amplitude variations (also known as peak to average power
ratio, PAPR). Other parameters directly depend on
architecture like spectral purity, linearity or power efficiency

The LTE transmitter can be divided into two major parts:
baseband and RF. Typically, the baseband part is
implemented digitally and the RF part is analog. A digital to
analog converter (DAC) is connecting the Baseband and RF
part.

The design must take into account the operating parameters of
RF components, comprising the frequency synthesizer, 1Q
modulator, RF power amplifier, RF band-pass filter, and
microstrip antenna.

This paper is organized as follows: Details of the transmitter
architecture and the key requirements are described in Section
2. Active front end is described in section 3. Passive front end
is illustrated in section 4. The whole LTE transmitter is
outlined in section 5. Lastly, section 6 is the paper
conclusion.
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2. TRANSMITTER ARCHITECTURE
AND KEY REQUIREMENTS

In order to get out the specifications of the component of the
transmitter, the architecture and the main performance
parameters of the transmitter must be worked out. The direct
up conversion transmit architecture shown in Figure 1 is
becoming more common due to its low part count and power
consumption. This transmitter architecture can be split into
three different areas: digital baseband, analog baseband to RF
and analog RF front-end. The main parts of the RF transmitter
are the following:

1. Local oscillator (LO): that generates a CW signal of
a frequency which, mixed with the input signal,
produces a signal at the desired frequency. The
signal produced by the LO is synchronized to the
clock reference signal.

2. 1/Q Modulator: that produces the RF signal by
mixing the base band BB signal with the LO.

3. RF Power Amplifier: is a key part of the RF front-
end in any transmitter. PAs boost the signal power
high enough such that it can propagate the required
distance over the wireless medium [7].

4.  Filter: A band pass filter is an important component
that rejects the out of band signals.

5. Antenna: is a necessary component of every
wireless communication system and provides a
means for transmitting and receiving
electromagnetic waves.

digital
signal
processing

Active Front end

Fig 1: Classical direct conversion transmitter

LTE RF transmitter designers are facing very tough
challenges. Here, elaborating on them from the following two
perspectives: maximum linear output power and efficiency.

2.1 Maximum Output Power

The maximum linear power, Py, is the key specification for
the RF transmitter. Based on the 3GPP specification of LTE
UE transmitter, there are four power classes defined.
Currently, only class 3 is specified as 23dBm +/-2dB.

To extract the maximum linear power requirements for the
PAM, Eq.1 is used by counting the path loss budget P s and
the maximum power reduction (MPR).

Prnax-paM = Pmax-ug = MPR + Py g6 1)

MPR is used to address the peak to average power ratio PAPR
variation due to the modulation scheme, location and the
number of resource blocks (RB), which is the minimum unit
of transmission and is 180 kHz wide and 0.5ms in duration. It
is defined in Table 1.
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Table 1. Maximum Power Reduction [8]

Modulati Channel bandwidth/ transmission MPR
on bandwidth configuration (RB) (dB)
1.4 3.0 5 10 15 20
MH MH MH MH | MHz | MH
z z z z z
QPSK >5 >4 > 8 >12 | >16 | >18 <1
16 QAM <5 <4 <8 <12 | <16 | <18 <1
16 QAM >5 >4 >8 >12 | >16 | >18 <2

Passive Front end

Path loss budget depends on the application, transmitter front
end architecture, duplex mode as well as frequency band.
Usually, FDD path loss is higher than TDD. Also, in FDD, the
frequency band with a narrower spacing between RX and TX
has higher path loss. It is why the requirement of maximum
power of Band Il is higher than Band I.

When the PAM reaches the maximum power, it should still be
linear, which means it's error vector modulation EVM and its
adjacent channel leakage ratio (ACLR) is compliant with the
specifications. LTE UE transmitter EVM requirement is
shown in Table 2:

Table 2. EVM Requirement for LTE UE Transmitter [8]

Parameter Unit Level
QPSK % 175
16 QAM % 125

ACLR is another important linearity indicator. There are two
ACLR measurements in LTE: E-UTRA_ACLR which uses
LTE to LTE adjacent/alternate signal, and UTRA_ACLR
which uses LTE to WCDMA adjacent/alternate signal. The
limit -36dBc for UTRA_ACLR and -33dBc for E-
UTRA_ACLR is often used.

2.2 Efficiency

In the LTE application scenarios, the current consumption is
even more important than today’s voice centric devices. Yet,
even with SC-FDMA, PAPR of LTE signal is still higher than
WCDMA. For example, with a typical LTE signal with
10MHz, 12 Resource Blocks QPSK (MPR=0), its PAPR is
approximately 2.8dB higher than WCDMA, Higher PAPR
increases the required back off of output power and is
expensive and modest in its efficiency.

For handset applications, higher efficiency means longer
battery life. Focusing on the average talk mode current, Iy,
as a measurement of battery life. I, is calculated as given in
Eq.2:

Lalk = X Liotal (Pout () * pdf (Poye(n)) 2

Where iy must include the sum of all currents and pdf is the
probability density function of the output power.

3. ACTIVE FRONT END

Now, the components used to build the intended transmitter
are described in details to show that they satisfy the
requirements of the LTE standards. The active front end is
built from selected the off shelf RF components produced by
specialized semiconductor vendors. The active front end of
RF transmitter consists of frequency synthesizer, modulator
and power amplifier. Here also, we verified their performance
parameters by intensive RF measurements.
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3.1 Frequency Synthesizer

A frequency synthesizer is a device that generates a large
number of precise frequencies from a single reference
frequency [9].In the proposed LTE RF transmitter design; it is
found that the LTC6946 is a suitable frequency synthesizer.
The LTC6946 is a high performance, low noise, 5.7GHz
phase-locked loop (PLL) with a fully integrated VCO,
including a reference divider, phase-frequency detector (PFD)
with phase-lock indicator, ultralow noise charge pump,
integer feedback divider, and VCO output divider. The charge
pump contains selectable high and low voltage clamps useful
for VCO monitoring.

Figure 2 shows a simplified LTC6946 block diagram, along
with the external reference clock and loop filter components.
In a nutshell, the phase/frequency detector (PFD) compares
the phase and frequency of the reference clock, frer, after its
division by R to produce fprp, to those of the VCO following
an integer division of N. The PFD then controls the current
sources of the charge pump to ensure that the VCO runs at a
rate such that when it is divided by N, its frequency is equal to
foep @nd its phase is in sync with the reference clock. This
describes a negative feedback mechanism, with the external
loop filter components stabilizing the loop and setting the
control bandwidth. The O divider increases the output
frequency range by dividing down the VCO output to create
more frequency bands than just that of the VCO.

LTC6346 CHARGE PUMP

0CX0

e PFD é Iepe) LOOP FILTER

(;’lcpwu] | R
ICJ Z

VGO

Tio 0
Fig 2: Simplified LTC6946 block diagram with external
reference clock and loop filter [10]

3.1.1 Output Frequency

When the loop is locked, the frequency Fyco (in Hz) produced
at the output of the VCO is determined by the reference
frequency, Frer, and the R and N divider values, given by
Equation 3:

Fyco = @ (©)
Here, the PFD frequency Fpep produced is given by the
following equation:

F
Fppp = ;EF 4

And Fyco may be alternatively expressed as:
Fyco = Fppp * N

The output frequency Fgrr produced at the output of the O
divider is given by Equation 5:

F

Using the above equations, the output frequency resolution
Fstep produced by a unit change in N is given by Equation 6:
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F
Fstep = Tog (6)
To appreciate the simplicity of the design process with the
LTC6946, a complete design for the LO of LTE RF
transmitter is shown here. The design has the following
frequency plan.

e LO frequency band: 1920 MHz to 1980 MHz

e Frequency step size (channel-to-channel spacing):
20MHz

e Reference clock frequency: 10 MHz

All further design choices can be made using the PLLWizard
program.

Entering the given frequency information in PLLWizard and
picking the approximate noise optimized loop bandwidth
suggested by the PLLWizard tool produces the loop filter
values needed to modify a DC1705B demo board. Since the
LTC6946 VCO gain is nearly constant as a percentage of the
frequency, the loop filter designed at any frequency within the
band works for all other frequencies. Figure 3 shows a
snapshot of PLLWizard used in completing this design.

(@) DC950 controller board and PLLWizard used in
programming frequency synthesizer

System | loopDesign |  Regsters |
Design Part Params Loop Filter Calc'd Frequencies
R Div 10 Kvco 2237 MHzV Fofd  1.00000 Mz
N Div 3300 [F] Iep[x  11,7ma Fvco  3900.00 MHz
Fref 10000 MHz opw[» 1 Rz 453 Ohms RE 195000 MH:
Design Goals FILT B a 266 nF Fstep  500.000 kHz
Felep 20,0000 MH: LKWIN [~ Tong] 7] @ 217aF Bandwidth 4632 kHz
Ff 1950.000 MHz BCnt ] Foal 1250 kHz
Loop
Bandwidth 4630 kHz Compute ﬂ Design
Params Filter
Sumutate s o)
X-Axis 20 Phase N ummar |
Start 0,100 kHz SN
Stop 1,000 MHz 40 I~ q
™
Point 601
ol 0 P,
—— N
™
EY
Y-Axis e
Max 00 g 00 ™ [~
2 Supyy — Ret
Min 1800 z Ruy, :§\ = vcoerF
Divs. 0 120 f = e
= Tota
e o
Plot \\-.__ i
“) Open Loop Bodk 160 ™
Closed Loop X
> ise: 180
5 VCO Moiss 100 1000 10000 100000 1e-006
@ Total Noise ©000) Offset Frequency (Hz)

(b) PLLWizard software tool.

Fig 3: Snapshot of the PLLWizard software tool used in
designing a LO from 1920MHz to 1980MHz with 20MHz
channel spacing (a) and (b)
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The phase noise of the synthesized frequency as a function of
the offset frequency from the center frequency is shown in
figure 4. It is acceptable for LTE transmitter requirement.

_90 —
—100 A= -
=110 \ o
3 \
E120 by HH
o2
S 130 u
[TE}
wl
£ _440 | RMS NOISE = 0.281° 1]
o frp = 1950MHz \
fprp = 2MHz N
-150 Fop=2 0l
fatEP = 1MHz I
~160 L
100 ik 10k 100k 1M 1OM
OFFSET FREQUENCY (Hz)

Fig 4: Phase noise of the synthesizer output signal [10]

Figure 5 shows the frequency synthesizer measurement setup,
where the frequency synthesizer board is connected to power
supplies, spectrum analyzer, reference frequency, and
connected to DC590 controller board.

50-Ohm
Short-Circuit Termination

DC1705B

Frequency REF
Synthesizer

Y RF*
! pe | \ 4

Fig 5: Measurement equipment setup of LTC6946
frequency synthesizer

USB port
y

The spectrum output of the frequency synthesizer with a
sinusoidal wave component 1.95 GHz and an output power
level of -2.17 dBm is cleared in figure 6.

ATTEN 1048 MKR =2, 17 dBm
RL QdBm 1048/ 1,9500Mz (1

MARKER
ce

MR

MARKER
1.9%90 OMz DELTA
~2.17 dBm

NEXT
PEAK

NEXT PK
RIGHT

NEXT _P¥
LEFT

MORE
1 OF 2

SPAN 1.0000Mz
VBW 1.0MHz SWP S0.0ms

CENTER 1.9500MHz

RBW 1.0MHz

Fig 6: the measured LO output frequency at 1950MHz
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3.2 The Direct Conversion 1/Q Modulator
In the 1Q modulator IQM the | part of the baseband signal is
multiplied by a cosine carrier wave and the Q part is
multiplied by a 90 shifted cosine carrier wave. In the
proposed LTE RF transmitter the chip LTC5588-1 is selected
as modulator. The LTC5588-1 is a direct conversion 1/Q
modulator  designed for high performance wireless
applications. It allows direct modulation of an RF signal using
differential baseband I and Q signals. It supports LTE, GSM,
EDGE, TD-SCDMA, CDMA, CDMA2000, W-CDMA,
WiMax and other communication standards. Figure 7 shows a
simplified LTC5588-1 block diagram.

33V
| L 1nF + 4.70F

Voo Tos5881] 2 RF - 200MHz

-DAC - TO 6000MHz
6.8pF b V

11 é 0.2pF

LINOPT

iR

EN

Q-DAC

BASEBAND
GENERATOR

i

LTC2630

=  WnFZTZ ZTTinfF
Eﬂil% =
L | VCO/SYNTHESIZER

Fig 7: 200MHz to 6000MHz Direct Conversion
Transmitter Application [11]

The proposed 1/Q modulator measurement setup is shown in
figure 8, where 1/Q modulator board is connected to power
supply (3.15 - 3.45 V), spectrum analyzer, LO signal source
adjusted at F o of 1.95 GHz, and baseband signal source V¢y
= 0.5V and modulating signal frequency of Fgg = 100 KHz.
Figure 9 shows a photograph of 1Q modulator (LTC5588-1).

5
e

50-Ohm Termination

Ylor

LTC5588-1

g 1/Q Modulator Low

RFDUT

Fig 8: Proper measurement equipment setup of LTC5588-
1 1/Q modulator

Fig 9: A photograph of I/Q modulator (LTC5588-1)

Figure 10 Shows that the measured RF output signal at
frequency (FLO+FBB) 1950.1 MHz, is 2.8 dBm, and that at
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the image frequency at 1949.9 MHz is -8.6 dBm while the LO
Feed through signal level at 1950 MHz is -45.91 dBm. It is
apparent also from the frequency spectrum of the output
signal that it contains second and third harmonics for the
modulating signal with the third harmonics is much greater
than the second harmonics.

2.8 dBm, 1950.1 MHz

-45.91 dBm, 1950 MHz
Fig 10: The measured RF output on signal analyzer (EXA
X-Series Signal Analyzer N9010A)

The RF output signal contain LO Leakage and an unwanted
lower sideband image at LO-BB due to Amplitude and phase
mismatches between | and Q signals

3.3 RF Power Amplifier

Power Amplifiers (PA) are a key part of the RF front-end in
any transmitter. The chip RF7411 is selected for use in the
proposed LTE RF transmitter. The RF7411 is a high-power,
high-efficiency, linear power amplifier designed for use as the
final RF amplifier in 3V, 50Q WCDMA mobile cellular
equipment and spread-spectrum systems. This PA is
developed for UMTS Band 1 which operates in the 1920MHz
to 1980MHz frequency band. Figure 11 shows the schematic
of the evaluation board of power amplifier RF7411.

VCC1

S — )
5 l Lo [ Il
4TuF 1 I 100F @_
VMODEL C - Bias Control
ca & PA/Vucze
10nF I VMODEO O Enable

= c1o0 L
10nF 1 vgucf 5
PL10—= = ci1

Fig 11: Evaluation board schematic of RF7411 [12]

The RF7411 has a digital control pin which enables a low
power mode to reduce amplifier gain at lower power levels.
The part also has an integrated directional coupler which
eliminates the need for an external discrete coupler at the
output. The RF7411 (Band 1) meets the spectral linearity
requirements of High Speed Downlink Packet Access
(HSDPA), High Speed Uplink Packet Access (HSUPA), and
Long Term Evolution (LTE) data transmission. Because of its
importance for the satisfactory operation of the transmitter
intensive experimental validation of its performance
parameters is carried out. The tests are introduced in the
following sections:
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3.3.1 DC Power Consumption

The DC power consumption is a major parameter in the PA.
RF7411 operates from 3.2 VV power supply and consumes
about (3.2 V *0.4 A) 1.28 W at HPM and (3.2 V *0.116 A)
0.37W at LPM.

3.3.2 S-Parameters (dB)

RF7411 achieves power gain S21 14.5 — 25.5 dB over the
1920MHz - 1980MHz frequency band. Input return loss S11
is a measure of how close the actual input impedance of the
circuit is to the nominal source impedance value usually 50
ohms. This PA achieves an input return loss S11 less than
-8dB. Output return loss S22 is a measure of how close the
actual output impedance of the circuit is to the nominal load
impedance value usually 50 ohms. This PA achieves an output
return loss S22, less than -3.5 ~-6.5dB. Reverse isolation S12
is the measure of transmission from output port to input port.
It is required to prevent signal reflection from the output to
the input in transmitter designs. This PA achieves a reverse
isolation S12 less than -40 dB over the band from 1920MHz
to 1980MHz. Figure 12 shows the measuring setup based on a
network analyzer of the S- parameter of the amplifier. The
measured S-parameters as a function of the operating
frequency are shown in Figures 13.

[ — . T

Fig 12: A photograph of the measuring of the power
amplifier (RF7411) using Vector Network Analyzer (VNA)
E8719A
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Fig 13: The measured S-parameters (dB) of the PA
(RF7411) (a) S21, (b) S11, (c) S12 and (d)S22

3.3.3 1dB compression point

The 1 dB compression point is an important requirement in
RF power amplifier to avoid distortion. The input referred
1dB compression is defined as the input power level (in dBm)
that causes the linear gain of the amplifier to drop by 1 dB.
The output referred 1dB compression point (in dBm) is the
sum of the gain of the amplifier (in dB) to the input referred
1dB compression point (in dBm).  Consequently, the
measured output 1dB compression point (Po, 1dB) is ~ 29
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dBm at (1920-1980) MHz. Figure 14 shows the measured
output power vs. input power.

30
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0 | R E—
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5] / —o—LPw] ]
-10 - T T T T T T T
-20 -15 -10 -5 0 5 10
Pin (dBm)
Fig 14: The measured output power (dBm) vs. input
power (dBm)

Figure 15 shows the measured drain efficiency, PAE, output
power and gain vs. frequency when the input power is 5 dBm.
Here, it is clearly shown that the output power and gain do not
vary significantly in the entire bandwidth between 1920MHz
and 1980MHz. Both the output power and gain are maintained
around 29 dBm and 25 dB respectively. Furthermore, the
average drain efficiency is about 60% and the average PAE is
about 59%.
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Fig 15: The measured drain efficiency, PAE, Pout and
gain vs. frequency

4. PASSIVE FRONT END

In the following section, the properties of the components of
the passive front end will be outlined for completeness. The
detailed description of such passive front end is given in [13]:

4.1 Parallel Coupled-line BPF with DGS
The configuration of the parallel coupled-line BPF with DGS
[14] is illustrated in Figure 16.The filter was designed on FR4
epoxy substrate with the overall dimension of 45*25 mma2.
The geometry of BPF is shown in Figure 16. Table 3
illustrates the geometric dimensions of the parallel coupled-
line BPF with DGS. Fig 17 shows a photo of fabricated three-
pole parallel coupled-line BPF with DGSs



Volume 2 — No.4, July 2015 — www.caeaccess.org

(b)
Fig 16: The geometry parallel coupled-line BPF with
DGSs. (a) Top view (b) Bottom view

W L
|
(a) (b)

Fig 17: A photo of fabricated three-pole parallel coupled-
line BPF with DGSs. (a) Top view. (b) Bottom view

Table 3. Geometric dimensions of the parallel coupled-line

BPF with DGS
N

W (mm) S (mm) l, (mm)
1 and 4 1.78 0.9 1155
2and 3 2.1911 1.36 11.45

The simulation and measured results of BPF with DGS is
shown in fig 18. The passband center frequency is 1.95 GHz
with -3dB bandwidth of 80 MHz (4.1%)).

04 L 1 N 1
. ——511_CST
0 y/ ——521_CST ,
-1V |——S11_IE3D e
= ] [ ——821_IE3D _ %
% —o—S11_Measured /~
- -20 |—0—S21_Measured /
3 ] ‘ .
= / .
% -304 / \ ‘ , 1
- ol A
= ¥ R \ﬁ L : %"’-"/ |
-40 44 \/\] Yy
-50 T T T T T T T T
1 2 3 4 5 6

Frequency (GHz)

Fig 18: The simulated and measured reflection and
transmission coefficients of the parallel coupled-line BPF
with DGS

4.2 Patch antenna with slit and DGS

The geometry of the proposed antenna is shown in Fig 19 .It
is rectangular patch with a slit Ls and large defected ground
structure [13].The antenna was designed on FR4 epoxy
substrate with the overall dimension of 39 * 37.5 mm2. By
adding a narrow slit close to the radiating edges the operating
frequency can be varied. The ground plane has been modified
by reducing its length to 3 mm to increase the bandwidth and
reduce the antenna dimensions. Table 4 illustrates the design
values of the proposed antenna geometrical parameters.
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(@) (b)
Fig 19: The geometry of the proposed antenna. (a) Top
view (b) Bottom view

Table 4. Antenna Geometrical Parameters

Parameter | Value (mm) | parameter | Value (mm)
W 375 Lg 19.24
L 39.3 Yo 6.97
Wp 33.93 Lq 3
Lp 29.83 W, 295

The antenna is fabricated and tested to validate the design and
simulation results. The simulated and measured results of
return loss for the first antenna are shown in Fig 20. From the
results, it can be seen that the proposed antenna covers 650
MHz bandwidth from 1.58 GHz to 2.23 GHz. Hence, the
proposed antenna can be used in this state in several wireless
communication systems as LTE Bands 1, 2, 3, 4, 9, 10, 23, 25,
33, 34, 35, 36, 37, 39 [8, 15].
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Fig 20: The measured and simulated return loss of the

proposed antenna

5. MEASUREMENT OF THE WHOLE
LTE RF TRANSMITTER

Now, the whole components of the developed transmitter are
assembled as shown in Figure 21, simply by cascading the
stages directly since they are all matched to 50 ohms.
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Fig 21: the proposed LTE transmitter

For testing the assembled RF transmitter, the main focus is on
examining the characteristics of the components that may
impact the quality of the transmitted RF signal, for example,
errors in the 1Q modulator such as 1Q offset or gain
imbalance, 1Q timing misalignment, LO feedthrough, phase
noise, and EVM as well as distortion characteristics such as
ACLR and spectral regrowth.

Testing the transmitter chain will require using a digital or
analog baseband signal from the signal generator to drive the
1/Q inputs and a signal analyzer to measure the RF output.
The measurement setups for RF transmitter are shown in
Figure 22.

a
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Frequency
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Active Front end

Fig 22: Measurement setups for RF transmitter
The modulating signal must be analog IQ signal at frequency
100 KHz, CW, VP-P = 1V and common mode voltage VCM
=0.5V. as shown in Figure 23.
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The LO is made to oscillate at frequency of 1950 MHz with

amplitude 0dBm as shown in Figure 24. It is cleared that the
phase noise equal -90dBc/KHz.
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5.1 DC power consumption

The DC power consumption is a major parameter of the RF
transmitter. The RF transmitter with all its components draw a
DC current of 0.7 A from a 3.3 V power supply. Then the
overall power consumption of the transmitter = DC voltage *
Current drawn from the supply =3.3v * 0.7 A = 2.31W

5.2 The RF output power

Figure 25 shows the measured output signal spectrum from
the output of the amplifier with the transmitter assuming the
1Q modulator a local oscillator signal given above. It is clear
from the figure that the measured RF output power Pout at
1950.1 MHz = 27 dBm and The Image level at 1949.9MHz
=-4dBm and the LO Feedthrough at 1950MHz =-27dBm.The
unwanted components at the LO and image frequencies are
due to baseband amplitude, offset and phase errors along with
LO quadrature errors [16, 17].

5.3 Maximum output power

Effective isotropically radiated power (EIRP) is defined, as
takes the antenna gain, G, into account. The EIRP is defined
as:

EIRP = Poy¢ * Gane
= 27dBm + 1.7dB — loss due filter(—2dB) = 2.7dBm

Mkr1 1.980 200 0 GHz
-28.00 dBm

4 }V‘h‘s\": '
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Res BN 4.7 kMz VBW 4.7 kNz Sweep 27 nnuuwl o |

Fig 25: the measured RF spectrum of the output signal
from LTE RF transmitter after the power amplifier

!

5.4 Dynamic range
By definition
The dynamic range of the transmitter

outmax — Pout,min

= 26.7 dBm — (=50 dBm) = 76.7 dBm
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5.5 Transmitter Efficiency
T itter effc _ Transmitted power
ransmitter eficiency = Consumed DC power

— 26.7dBm: 2024%’
231W

Which is much less than that of the power amplifier alone
because the power consumption in the other component of the
transmitter.

6. CONCLUSION

The proposed LTE transmitter consists of active part and
passive part. The passive elements are the antenna and filter.
The antenna and filter are fabricated on FR4 substrate which
is low cost. Firstly the size of the proposed antenna is smaller
than the conventional patch antenna because of the partial
ground. The size of the proposed antenna design reduced by
42.3% compared to the size of conventional patch antenna.
The bandwidth of the proposed antenna is 0.65 GHz (1.58 -
2.2395 GHz).Secondly the proposed filter is a third order
parallel couple filter with defected ground structure. With
DGS the dimension of filter reduced from 84.4mm*21.8mm
to 45 mm* 25 mm and the filter became more sharpness. The
DGS band pass filter operates at center frequency 1.95 GHz
and 3 dB frequency 80 MHz.

The active elements include the frequency synthesizer, 1Q
modulator and power amplifier. Each one of those real made
components is selected to work in LTE bands.

The frequency synthesizer (LTC6946) operates in a wide
frequency range from 0.37GHz to 5.7GHz so it covers all
LTE bands. LTC6946 is programmed using PLLWizard
program and DC590 controller board and its output is
adjusted to 1.95 GHz.

The modulator (LTC5588-1) allows direct modulation of an
RF signal using differential baseband | and Q signals.

RF power amplifier (RF7411) has two mode of operation
LPM and HPM as well as it has frequency band from 1920 to
1980MHz. The proposed PA operates from 3.2v power supply
and consumes about 1.28 W. This PA achieves average power
gain 25.5 dB, input return loss less than ~-10dB, output
return loss less than -6.5 dB and reverse isolation less than
-45dB.

Finally the whole LTE transmitter is gathered and tested and
the measurements show that the transmitter response is the
resultant of the responses of its components.

We succeeded to design, build and test a fully functioning
LTE transmitter for user equipment.

It is found that such built transmitter can satisfy the
requirements on the LTE front end for the user equipment.

In the future work the transmitter will be integrated in a single
PCB board.
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