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Abstract

This dissertation reports the design and development of concurrent dual-band wireless
transceiver for 2.4/5.2 GHz wireless applications. Design issues related to front end elements
such as Low noise amplifier (LNA), antenna, power combiner, and band pass filters are
discussed in details. Simulated gain and noise figure of low noise amplifier reported in this thesis
is 11.72dB & 0.3 dB at 2.44 GHz and 6.92dB & 0.46 dB and 5.25 GHz respectively. The
measured bandwidth of microstrip based monopole antenna having Omni-directional radiation
pattern are: 950MHz at 2.4 GHz and 720 MHz at 5.2 GHz 'bands. The other designed
components are dual band pbwer combiner and band pass filters. The designed front end
elements meet the requirements of concurrent dual band system. Concurrent dual band
transmitter characteristics were measured in the laboratory with the help of. indigenously

‘designed components along with available pbwef amplifier, mixer and synthesizer.
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Chapter 1

Review of Literature
1.1. Introduction

The trend in wireless communications is. toward creating a network-ubiquitous era in
the years to come. It will not be surprising that the next-generation mobile devices will
become a universal multi-service wireless terminal. Yet, to operate a wireless device under
different network protocols, a multi-standard transceiver is mandatory [1]. Although a
multi-standard design can be achieved simply by duplicating more than one transceiver; this
does not appear as an economical choice for manufactdring and further development. On the
other hand, a fully reconﬁgurable transceiver (e.g., software-defined radio) befitting the
wanted standards via block reconfiguration can effectively minimize the cost. The associated
- challenge is, of course, a wide-range tunable performance in each building block. These
design considerations constitute a hard tradeoff between cost and design- efficiency. For
obtaining a fine compromise requires not only the extensive understanding of the basic
transceiver architectures and standard requirements, but also an adequate knowledge of the
state-of- thefart devices that have already hinted at many practical problem solving solutions
[2].

The evolution of wireless networks involves enormous complexity and rapid changes
- between different generations as well as different applications. If we take mobile
communications as an example. It is one of the fastest growing areas over the past décade.
The first-generation mobile communication systems are analog systems designed to carry the
voice traffic. The rapid growth in the number of subscribers and the proliferation of
incompatible first-generation systems drove the evolution toward second-generation (2G)
cellular systems. Multiple access techniques such as time division multiple access (TDMA),
code division multiple access (CDMA), and global system for mobile communications
(GSM) are used in the 2G systems [3]. Again, thé spectrum shortage of current 2G
communication systems results in a revolutionary instead of evolutionary approach to
increase system capacity and support innovative broadband multimedia services. Third—

generation (3G) mobile communication systems, which GSM and CDMA converge into a
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~ single, official, globaliy .roamable system, provide not only voice service but also data
delivery.v- Therefore realizing multi-standard transceivers with maximum hardware reuse
amongst the given standards is of great importance to minimize the manufacturing cost of
-emerging multiservice wireless terminals. A well-defined aréhit’ecture in corijunction with a
reconfigurable building-block synthesis is essential to formulate such a kind of tunable
transceiver under a wide range of specifications. In thié chapter, we present both fundamental
and - state-of-the-art techniques that help selecting transceiver architecture for
single/multi-standard -design. We begin by reviewiﬁg the basic schemes and examining their
suitability for use in modern wireless communication systems (IEEE 802.11, Bluetooth, and

ZigBee).

Similarly, in the short—distaﬁce wireless data communications, tﬁe wireless local
access network- (WLAN) as pér IEEE 802.11 specifications has become the mainstream
technology. The WLAN operates at the 2.4 and 5.2 GHz frequency bands with maximum
network range of 150 ft and maximum theoretical data transmission rate of 54 Mb/s. Several
fsténdard versiéns coexist in IEEE 802.11 standard representing different generations of
technological evolution. IEEE 802.11b specifies radios transmitting at 2.4 GHz and at speeds
up to 11 Mb/s using direct sequence spread spécfrum (DSSS) technology. Different carrier
modulation methods ranging from BPSK, QPSK, 16QAM, to 64QAM were implemented in
IEEE 802.11a using an orthogonal frequency division multiplexing (OFDM) technique.
OFDM allows close-packed signal transmission for better channel utilization. The IEEE
8',02.1'1 g standard is a high-speed standard at 2.4 GHz and is backward compatible with
‘802:1‘1b. Other LAN or. personal access networking (PAN) standards such as Bluetooth,
HyperLAN, and IEEE 802.15 are among the wireless standards that. are expected to be
dJei)loyed, and will use the unlicensed national information infrastructure (UNII) frequency
band.

1.2. Need of Research

- The worldwide demand for wireless service is experiencing explosive growth. Today
there is an increasing demand for additional services along with the traditional and standard

wireless services. With the rapid increase in the use of mobile terminals for wireless

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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communication, research on mobile terminal operating at multiple communication protocols
has been attracting more and more interest. Moreover a user wants to make the best use of
~ the available wireless device and expects the device to provide him with multiple services at
. the same time. A single device providing multiple functionalities reduces the burden of
carrying multiple devices. Conventionally, a wireless device operates in a specific freqﬁency
band as required for some specific application. Moreover, a radio transceiver is designed for
a narrow bandwidth which restricts its functioning at other frequencies for other applications,
Most of the research efforts performed during the last few years dealt with issues related to
the physical layer of the communication stack. However, despite the growing interest in
multi-standard operation, less attention has been devoted to the radio-frequency front-end,

which therefore remains one of the most challenging parts of a multi-band radio transmitter. -

During the recent years, network providers have come out with support to a variety of
comf-nunication access technologies to offer different wireless services. These access
technologies need to be broadcast at different frequency bands. So a multi-band wireless
device is needed to support these different access technologies from the same device.
Providing such multi-band facilities in a single device results in high complexity and. cost.
During the recent years, the focus of RF designers has moved from providing the highest
possible performance to providing the most affordable and cost-effective solution. Providing
a cost effective solution for the design of such a multi-band transceiver front énd is a

challenging task.

A wireless transceiver is geheféjfly composed of two major building blocks. The
Base-Band (BB) processor and the Radio Frequency (RF) front-end. The base-band
processor is responsible for digital modulation and channel coding and it is relative}y easy to
configure the BB processor through software reprogramming to support multi-band .
opération. However, it is much more difficult to configure the RF ﬂbnt-énd for multi-band
operation to provide optimal network usage as it is composed of analog blocks like filters and .

amplifiers whose performance is frequency dependant.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Figure 1.1: Typical Transceiver Block Diagrams [4]

- One main reason for the delay in effectively impleménting multi-band RF
transceivers can be attriButed to the implementation of the multiband matching networks.
Figure 1.1 shows a block diagram of a typical communication transceiver. It consists of a
transmit side and a receiver side. Power Amplifier is used in the transmit side of the
transceiver in order fé ‘succ':essﬁ'ally transmit data over large distances through the lossy
media. A power ampiifier amplifies the signal to be transmitted so that it can be successfully
received at the receiver end after traveling large distances through the atmosphere. All
building blocks are generally designed for a single-band or a wide-band operatioﬁ. Multiband

design of these blocks is. open for research.

Multiband and multi-standard architectures have revolutionized the field of
communication since their arrival in the field. They became all the more important as
communication technologies advanced in leaps and bounds over the years and wireless
technology made its presence felt in a huge way. The advent of the wireless systems as well
>as_ their evoluti(;n over the years has acted as a catalyst to develop and .then enhance
. multiband networks. Therefore Radio Frequency Integrated Circuits (RFICs), form a major

part of the wireless communication systems [5].

* Design, Analysis and Implémentation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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1.2.1. Different Approaches Used in Concurrent Systems

A literature review is the first step to any design. A comprehensive literature review
reveals different possible ways in which dual band operation can be achieved in a circuit.
Dual band operation has been achieved in passive as well as active devices. In active devices,
dual band performance has been achieved in linear as well as the non-linear mode of
operation [6-9]. Entire receiver and even transceiver chips have been designed to operate in

dual band. The following types of architectures have been used to design dual band circuits.

(A) Parallel Architecture

In this conventional approach, the receiver has different paths for each individual
frequeﬁcy. Therefore, each freduency ‘band has its own matching circuit and transistor for an
LNA,‘mixer‘ etc. This kind of architecture occupies a lot of die area since it is equivalent to
combining the components of different receivers on a single chip [6, 10]. This architecture
has the advantage of low interference and each stage can be optimized separately. However,

owing to the large die area it occupies, the layout and PCB designing becomes difficult.

Band Switch

frequencyl frequencyl

/'.

p . ® .
frequency2 : frequency2

o

F.igm:é'l.2: Parallel Architectures

Input

Output

(B)  Switched Network Architecture

A variation to the parallel architecture can be having a switched network which
chooses the path corresponding to the incoming RF frequency. The switch at the input of the
circuit performs selection between the parallel paths for the incoming frequencies. Also,
switched inductor networks have been used in practice which do away with the parallel paths
but use the transistor model to change the equivalent value of the lumped components in the

matching network such that, the same matching network can serve for both the incoming

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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frequencies. For example, a FET maybe a part of the matching network so that the transistor
gets switched on for only one of the incoming frequencies. The capacitance 'of the FET
model ie. Cys and Cy can change the equivalent capacitance in the matching network.
However, this method is effective for the operation of dual band networks but not for tri band
etc [7, 11]. |

Switch Matching
‘ \ Network 1

Output

"FET | A | o

Matching
Network 2

- Figure 1.3: Switched Network Architectures.

(C) Concurrent Architecture

In this architecture, the same receiver architecture is designed in a way to receive
more than one frequency .simultaneously. This architecture can result in a very compact die
area. For example, a concurrent LNA can simultaneously amplify two or more incoming
bands. However, the design of such architecture is extremely challenging and an optimum
gain cannot be achieved for all the bands. In other wordé, a compromise has to be made in

the amount of gain achieved [12-14].

(D) Wideband Architecture

| " This is sﬁictly not dual band architecture. In this architecture, the matching networks
are désigned‘ to function over an entire ﬁequeﬁg;f rangé. The matching network is first
designed at the centre frequency and then optimized to operate over the entire frequency
range. The challenge is to optimize the wideband network in such a way that acceptable if

not optimum performance can be achieved over the entire range of frequencies [/6].

‘Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Each of the architectures ha§ 1ts own advantages and disadvantages. Howéver,
concurrent and wideband architectures have been used extremely efficiently in circuits where
the space constraints are at a maximum, However, some tradeoff in terms of .the gain has to
be made as it is virtually impossible to obtain optimal performance at both the frequencies.
The basic design aim is to achieve acceptable performance at both the desiréd frequencies of
operation. This has been achieved in passive networks like couplers, power dividers etc. As
for the circuits using active devices tremendous success has been achieved in designing LNA

especially in all the different kinds of architectures. ‘ J
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[7]



Review of Literature ' -
' ‘ . Chapter 1

1.3  Problem Statement
The investigation reported in this dissertation are aimed to

(a) Developa concurrent Dual-band transmitter RF front-end for 2.4/5.2 GHz wireless
. application. _ |
(b) Develop a concurrent Dual-band receiver RF front-end for 2.4/5 2 GHz wireless

application.

1.4 Organization of the Dissertation

This dissertation is organized as follows:-

Chapter 1 explains a literature survey of the work reported on multi-band
communication system and its advantages, and different schemes for achieving multiband.

response.

Chapter 2 presents fundamentals of transceiver design. This includes baéic design
considerations of transmitter and receiver followed by issues related to sfcand_ard architectur?s
like superbeterodyne, homodyne. This also includes a brief review of concurrent
architectures. And after that proposed architecture for transmitter and receiver RF front-end

discussed.

" Chapter 3, in this chapter all passive components (i.e. filters, dual-band power
~combiner, dual frequency antenna) that are design and implemented in this work are

discussed in'detailsi.e.

Chapter 4 deals with a development of concurrent dual-band low noise amplifier

designs and focus on some dual- matching network design.

In Chapter 5, finally” development of Dual-band transmitter’s RF front-end and
receiver’s RF front-end discussed. This is also ‘includes the experimental setup for

measurement of various characteristic of transceiver.
Finally, Chapter 6 summarizes a conclusion/discussion of the work done and suggests
scope for future work on the “Analysis, design and implementation of concurrent dual-band

(2.4/5.2GHz) wireless transceiver” used in the dissertation.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Chapter 2

Fundamentals of Transceivers Architectures

2.1 Introduction

It basically composed of transmitter as well as receiver module and their operation may be

share by a device known as duplexer or may not be share, In case of independent, individual

antenna must be required.

Image —
Preselect LNA  filter  Mixer 1 [Ffiter AGC1 | Demodulation
> x A/D
- ' 2nd IF; etc.
BPF
Rx | Antenna switch Basebarfd
A duplexor processing,
Tx A - and DSP
X (X))« Modulation < D/A
s >/ D/A baseband
LPF Power Up-converter filtering modulation
- amp : _
RF stage Baseband ktage

IF stage

Figure 2.1: Basic Transceiver Architecture

Basic transceiver components are low noise amplifiers (LNA), power amplifiers

(PA), mixers (up-converters and down-converters), filters, Oscillators and transmit/receive

switches etc.

Trafismitting
Antenna

Power

Up Converter Amplifier

%
<>

° L.O.

Input BPF

Receiving
Antenna

Down
Converter

[

BPF

l: Output

[F Amplifier

BPF

Low Naise
- Amplifier

LO.

Figu_re 2.2: Basic Transmitter and Receiver RF front-end
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2.2 Basic Design Considerations
2.2.1 Receiver Architectures
2.2.1.1 Spber heterodyne Receiver

7" The high reliability of super-heterodyne receiver has macie it the dominant choice for
many decades. Tts generic scheme is shown in figure 2.3. With a band-selection filter
rejecting the out-of-band iﬁterference, the in-band radio frequency (RF) channels are free
from amplification By a low-noise ampliﬁer (LNA). A high-Q off-chip image-rejection filter -
prevents the image channel from being superimposed into the desired.channel in the
RF-to-intermediate frequency (IF) downconversion. The channel selection requires a
voltage-controlled oscillator (V CO) driven by an RF frequency synthesizer and a high Q
off-chip surface-acoustic-wave (SAW), chan_nel-éelection ﬁltér (CSF). The signal level of the
selected channel is properly adjusted by a programmable-gain amplifier (PGA) prior to the
1F-to-baseband (BB) quadrature- downconversion. This downconversion requires . another
phase-locked loop (PLL) and a quadratire VCO (QVCO) for generating  the
.in-phase (I) and.quadrature-phase (Q) components.

.. The baseband (BB) low pass filters (LPFs) are of low-Q requirement but high in filter
order for ultimate channel selection. The BB PGAs adjlists the signal swing for an opﬁmum-
scale analog-to-digital (A/D) conversion. The superior I/Q matching because of low
Qperéting fre‘quency, asgwell as the avoidahce of dc-offset and 1/f noise _problem‘s, are the

pros_of super-heterodyne. On the other hand, the low integration level and high power

'co‘nsumption"for the on/off-chip buffering are the major constraints.

~  Figure 2.3: Super heterodyne Receiver [2]
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There also exists a tradeoff in IF selection, a high IF (e.g. ~70 MHz) improves the
sensitivity due to higher attenuation can be offered by the image-rejection filter, while a low
IF (e.g., ~10 MHz) enhances the selectivity due to a lower Q requirement from the SAW
filter. On the other hand, due to the restricted IF choice of 10.7 or 71 MHz for commerciai
filters, a multi-standard design normally constitutes a high cost for filtering at different IFs.

2.2.1.2 Image Reject RX: Hartley and Weaver

The principle of image-rejection RX is to process the desired channel and its imagc in
such a way that the image can be eliminated eventually by signal cancellation. Hartley [15]
proposed such an idea with the architecture shown in ﬁgure 2.4 (a). The RF signal in the
downconversion is split into two components by using two matched mixers, a QVCO and an
RF frequency synthesizer. The outputs, namely in-phase (I) and quadrature- phase (Q), are
then filtered by the LPFs. With a 90° phase-shifter added to the Q channel, the image can be
canceled after the summation of I and Q outputs. In practice, a perfect-quadrature
downconversion and a precise 90° phase-shifter cannot be implemented in'an analog domain,
especially at high frequency. The practical values of static gain/phase mismatches are 0.2 to
0.6 dB /1% to 5°, corresponding to an image rejection of roughly 30 to 40 dB.

Figure 2.4: Image Rejection Receiver [2] (a) Hartley (b) Weaver

The Weaver [16], as shown in Figure 2.4 (b), is identical to Hartley’s one except_that
the 90° phase-shifter is replaced by a quadrature downconverter. The key advantage of such a

replacement is related with the fact that a downconverter can realize relatively much

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceivet
[11]




Fundamentals of Transceiver Architectures

Chapter 2

wideband quadratufe matching. The overheads are the additional IF mixers, PLL and QVCO.
Both Hartley and. Weaver schemes feature hlgh 1ntegratab111ty and are convement to use in

multi-standard design.

2.2.1.3 Zero-IF Receiver :

Similar to an 1mage—re_]ect RX, a zero-IF RX obviates the need to use any off-chip
component As shown in figure 2.5, the desired channel is translated [17] directly to dc
through the I and Q channels. The i image is eliminated through signal cancellation rather than
filtering. Since the image is the desired channel itself, the demanded I/Q matching is
practically achievable for most applications. The fundamental limitation of the zero-IF RX is
its high sensitivity to low-frequency interference, ie., dc offset and 1/f noise.
With - thern " siiperimposed -on the desired channel, a substantial degradation in
signal-to-noise ratio (SNR) or completé desensitizing (unable to receive a weak radio signal)
of the system due to nlarge baseband gain may result. A capacitive coupling and n servo loop
are common choices to improve this problem, but at the expense of long settling timé and

large chip area for realizing the very low cutoff frequency high-pass pole.

Figure 2.5: Zero IF Receiver [2]

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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2.2.1.4 Low-IF Receiver

The Low-IF RX [18] features a similar integratability as the zero-IF one but is less
prone to the low-frequency interference. The desired channel is down-converted to a very
low-frequency bin around dc, typically ranging from a half to a few channel spacing. Unlike
the zero-IF RX, the image is not the desired channel itself. The required imagé rejection is

normaily higher as the power of the image can be significantly lai'ger than that of the desired

channel. Depending on the variation of the building blocks, a low-IF RX can have. four

different architecture, as shown in, Figure 2.6, (a) to (d). - '

St i 5 G

Figure 2.6: Low-IF Receiver [2](a) Case-1 (b) Case-2 (¢) Case-é (d) Cése-4_ ,
Case-1: Performs the IF-to-BB downconversion digitally, eliminating the secondaryl‘ir‘n;lge
problem while permitting a pole-frequency relaxed dc-offset caﬁcellation adopted in the
analog BB. The disadvantages are a higher bandwidth requirement (compared with the Zefo-
IF) from the LPFs and PGAs, and a higher conversion rate required from the A/Ds a
Case-2: Identical fo Case-1 efccept the LPFs are replaced by a pair é)f filters operating in the
complex domain, namely a pdlyphase filter or complex ﬁlter.."SL'lch a filter performs not only

channel selection, but also relaxes the I/Q matching requirement from the PGAs and A/Ds.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Case-3: Another combination employing a complex filter together with an analog IF-to-BB
downconverter for doubling the image rejection. With such a structure, the I/Q matching
required from the following PGA and A/D is very relaxed. The bandwidth of the PGAs and
the conversion rate of the A/Ds are reduced to their minimum like zero-IF. The associated
overhead is a low cutoff frequency high-pass pole in the dc-offset cancellation that is
neceséary in the PGAs due to the highbaseband gain. The chip area impact is therefore very
significant since the systems containing I and Q channels are typically differential (i.e., four
hjgh-péiss poles). .

Case-4: Positions an analog IF-to-BB downconverter prior to the A/Ds such that the
conversion rate of the A/Ds can be minimized. Unlike in Case-3, the pole-frequency of the dc
offset cancellation circuit can be relaxed. Comparing with the zero-IF RX, the low-IF RX is

‘less “sensitive to 1/f noise and dc offset at the expense of a higher image rejection

requirement.

Table 2.1: Comparison of Different RX Architectures
RX Advantages Disadvantages
arhcitecture

Superheterdyne | -Reliable performance | -Expensive and bulky, high power
-Flexible frequency plan | -Difficult to share the SAW filter for
-No DC-offset and 1/f multiband .

noise
Image-Reject -Low cost -Quadrature RF-to-BB down-
(Hartley and .-No DC-offset and 1/f conversion
Weaver) noise -Suffer from first and secondary images
- | -High integratbility -Narrow band (Hartley)
" ' .| =High I/Q matching
Zero-IF -Low cost -Quadrature RF-to-BB downconversion

-Simple frequency plan | -DC-offset and 1/f noise problem
- for multistandard : ' :
-High integratability
-No image problem

Low-IF -Low cost - -Image is a problem
-High integratability -Quadrature RF-to-IF and double
-Small DC-offset and 1/f | quadrature IF-to-BB downconversion
noise ‘

Design, Analysis and Implementation of Concuirrent Dual-band (2.4/5 .2GHz) Wireless Transceiver
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2.2.2 Trasmitter Architecture
, 2.2.2.1 Super-heterodyne Transmitter

Architecturally, the sgpérheterodyne TX, Figure 2.7 is a reverse of operation from its
RX counterpart with the A/D conversion replaced by a digital-to-analog (D/A) conversion.
However, they are very different in the design specification. For instance, in transmission,
only one channel will be wup-converted in the TX. Its power level is
well-determined throughout the TX path. There are differences in the signal reception, the
power of the incoming siglials is variable and the desired channel is surrounded with
numerous unknown-power in-band and out-of-band interferences. Thﬁs, PGAs is essential
for the RX to relax the dynamic range of the A/D converter, but can be omitted in the TX if
the power control coufd' be fully implemented by the power amplifier (PA). Similarly, since
the channel in-the TX is progressively amplified toward the antenna and finally radiated by a
PA, the linearity of the whole TX is dominated by the PA. Whereas it is the noise
contribution of the LNA that dominates the whole RX noise figure.

Figure 2.7: Super-heterodyne Transmitter|2]
2.2.2.2 Direct-up Transmitter

The direct-up TX (Figure 2.8) features an equal integratability as the zero-IF RX, but
is limited by the well-known LO pulling. To meet the standard required modulation mask,
techniques such as offset VCO and LO-leakage calibration are someho{;v necessary. Again, it
is noteworthy that albeit the functional blocks in RX and TX are identical, their design

specifications are largely different. For instance, the receivers LPF’s has to feature a high

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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out-of-band linearity due to the co-existence of adjacent channels, whereas it is not

demanded from Transmitter LPF.

Figure 2.8: Direct-up Transmitter[2]

2223 Two-step Transmitter

Slmllar to the low-IF RX; two-step-up TXs can be structured into four poss1ble

SChemes as shown in Figure 2.9 (a) to (d). .

Case—1° Frequency—up-translates the desired channel digitally prior to digital to analog D/A
conversion such that the low frequency 1nterference from the D/A and LPF can be canceled
by means of an ac-coupling or a servo loop, avoiding the transmission of DC-to-LO-mixing
products. In this case, the required .conversion rate of the D/A and the bandwidth of the LPF
must be increased. |

Case-2: Employs complex filters to reject the image resulting from I/Q mfsmatch between I
and Q, digital to analog convertors and filters to improve the purity of the output spectrum.
Other propertles are snmlar to Case-1. ' ‘ '
Case—3 Alternatlvely employs an analog BB-to-IF up-converter to reject the image. With
such a variation, only an LPF would be required and the output spectrum is purified.

Case-4: Locates the analog BB-to-IF up-converter between the D/A converter and complex
filters, delivering doubled image rejection and allowing a capacitive coupling (er by a servo

loop) between the up-converter and filter, and between the filter and IF-to-RF up-converter.

Design, Analysis and Implementation of Cohcurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Figure 2.9: Two step-up Transmitter[2] (a) Case-1 (b) Case-2 (©) Case-3 (d) Case-4

One key advantage of this scheme is the allowance of independent dc biasing for each
block. Compafed with the direct-up TX, the LO feedthrough is reduced (of course, the
amount depends on the selected IF and port-to-port isolation) as the first and second VCOs
can be offset from each other (i.e., LO = VCOI1 + VCO2). The overheads are the additional
power and area consumption required for the mixing, filtering and frequency synthesis. |

Table 2.2: Comparison of Different TX Architectures

TX Advantages Disadvantages

arhcitecture _ e ' ’

Superheterdyne | -Reliable performance- | -Expensive and bulky, high power

-Flexible frequency plan | -Difficult to share the SAW filter for

-No LO leakage multiband

-simple DC-offset
cancellation at BB

Direct up -Low cost -Quadrature RF-to-BB downconversion
-No image problem -LO leakage ‘
-High integratbility -DC-offset cancellation is difficult at BB
-Simple frequency plan | - ’
for multistandard

Two-step Up -Low cost -Quadrature IF-to-RF and double
-High integratability quadrature BB-to-IF downconversion
-Simple DC-offset -LO leakage

cancellation at BB -Image problem

Design, Analysis and Implementation of.Concurrent Dual-band (2.4/5.2GHz) Wireless. Transceiver
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2.3 Concurrent Transmitter Architectures

Traﬂsmiﬁef architéctures for concurrent multi-band applications will primarily
depénd on how concurrent transmission is defined. In one scenario, same signal needs to be
sent over multiple frequency bands so as to ensure reliable communication through the use of
freciﬁéncy diversity scheme. On the other hand, a more probable case demands for the
transfer of two or more different data signals over their respective multiple frequency bands.
2.3.1 Same Data on All Supportable Frequency Bands

Dual-band implementation of such a system simultaneously up-converts single
baseband data signal to two different frequency bands. High immunity to both the frequency
pulling and the LO (local oscillator) leakage to output makes the two-step
up-conversion scheme preferable over the homodyne solution for such a case. Below-
mentioned Figure 2.10 depicts a possible concurrent dual-band transmitter implementation,

using two-step conversion method.

Figure 2.10 : Concurrent Dual-band Transmitter (Same data on both the frequency
bands) [18] |

2.3.2 Different Data on their Respective Different Frequency Bands

" A most likely commercial situation may demand for simultaneous transmission of
different data at their respective different frequency bands, e.g., transmitting voice and
internet data at two different bands and the operation each component is same as dicussed in

previous sections.

Design; Analysis and Implementation of Concuirent Dual-band (2:4/5.2GHz) Wireless Transcejver
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Figure 2.11: Concurrent Dual-band Transmitter (Different Data on different bands) [18]

2.4 Concurrenf Receiver Architectures

It is well-known for portable hand-held device design of receiver architectures that
target smaller chip area and low power consumption for long battery life. Therefore;
throughout this section, the architectures are presented by designers based on their success in

achieving the aforementioned desired goals.

2.4.1 Parallel Single-Band Receivers |
Parallel combination of a number of single-band receivers, each supporting a different
frequency band, seems the most trivial design scheme for the implémentation of a concurrent

multi-band receiver. '

Figure 2.12: Concurrent Receit;er Implementations Using Multiple Parallel Single-Band

Receivers (a) Heterodyne (b) Direct ﬁown-Conversion Architectures [18]

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver.
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2.4.2. ‘Parallel Receivers with a Wide-Band Front-End

This type of architecture employs a wide-band front-end followed by a number of
parallel down-converters. The wide-band front-end consists of an antenna and a low-noise
amplifier (LNA), both of which allow collection of signal powers from a large rangé of
frequencies. Thereafter, subsequent parallel down-converter stages are used to receive any
number of frequency bands within that range. The figure 2.13 depicts a broadband front-end

followed by separate down-conversion parallel paths for each frequency band.

Flgure 2. 13 Concurrent Receiver Implementation usmg Wlde-Band front-end

(a) Heterodyne (b) Direct Down-Conversion Architectures [18]

In conlparison with the previously mentioned method, sharing of front-end elements
seems to be advantageous in terms of chip area and/or power consumption. In antuality, this
depends on the-implementations of the wide-band LNA. In addition, the antenna size can also
play a critical role, since it usually increases with the required bandw1dth

Furthermore the scheme exhibits a serious deficiency of amplifying undesirable
frequencles and noise along with the frequency bands of interest. Due to inherent
nonlinearities in any system the receiver’s potent1al dynamlc range can be limited by these
unwanted 31gnals partlcularly by those that have large signal powers.

3 v . [y

2.4.3 Parallel Receivers with a Multi-Band Front-End ‘
An enhanced version of the wide-band front-end based concurrent architecture
i:edesigns the front-end components to support multiple narrow frequency bands of interest.
Figure 2.14 indicates examples of such a scenario. The scheme was first proposed by
Hashemi et. al. [19, 20] wherein the multi-band front-end incorporated a multiband antenna,

followed by a multiband filter and a concurrent multiband LNA. The LNA was designed so

Design, Analysis and Iinplementation of Concuirrent Dual-band' (2.4/5.2GHz) Wireless Transcejver
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as to provide simultaneous gain and narrow-band input matching with a low added noise at

. multiple frequency bands of interest. The architecture provided concurrent operation at the

desired multiple frequency bands.

Figure 2.14: Concurrent Receiver Implementation Using Multi-Band front-end

(a) Heterodyne (b) Direct Down-Conversion Architectures [19]

Such a scheme naturally filters out unwanted ﬁ'equencies at the front-end itself, thus,
relieving the architecture of (potentially) limited dynamic range. Moreover, similar to the
previous scheme, the aichitepture eliminates an extra antenna, a front-end filter and an LNA,

which in turn results in savings in power and area footprint.

2.4.4. Sharing Down-Converting Mixers among the Supportable Frequenéy, Bands
The work in reference [20] implements .a concurrent dual-band receiver, capable of
simultaneous operation at 2.4 GHz and’5™2 GHz WLAN frequency bands so that it can be
used to enhance data-rate and robustness of the wireless communication. It proposes an
enhancement over the prev1ously mentioned arch1tecture in that it shares the mlxer
components so as to reduce required number of LO frequencies and external filters. Figure

2.15 depicts the proposed enhancement.

Design, Analysis:aanq.hnp!gmeﬂtation of Concurrent Dual-band (2.4/5.2GHz). Wireless Transceiver
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Figure 2.15: Architecture and Frequency Domain Signal Evolution [20]

Using a quadrature first LO makes the stage fit to act as the first half of any single-
sideband image-reject architeéfui‘e, similar to that proposed by Weaver [16]. Since the
rec_éiver has to demodulate two bands concurrently and independently, two separate paths
rust be used eventually. ‘Each path comprises of the secdnd half of the image-reject
architecture, which provides. ﬁirther image rej éction. The frequency of the first local
‘oscillator (LO) ‘that appears after the LNA and performs the first down-conversmn
determmes the image frequency (.ies). The LO frequency is offset from the mldpomt of the
two bands of interest ()‘,‘4 and fp) in such a way that the image of the first band at f; falls at the
notch of the front-end transfer function at f4. In this way, attenuation at fi4 is determined by
the commbined attenuation of the dual-band antenna, the filter, and the LNA. Simultaneously,
the image of the second band at f3 should fall outside the pass-band of the front-end, so that
fis is attenuated appropriately.

In comparison to the previous scheme, the architecture eliminates an extra pair of
high-frequency mixers. In addition to the novel concurrent image-reject architécture, diligent
frequency planning, as indicated in figure 2.16, allows the use of only one frequency
synthesizer for the entire receiver, thereBy further reducing chip area and powef

consumption:

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Figure 2.16: Frequency Planning in Concurrent Dual-Band Receiver [20]

Another approach, proposed by Chen et. al., [21] claims that when the two bands of
interest are close enough, an integrated hybrid receiver architecture can be enhanced to one’s
own advantage. An example of such a scenario of close-by frequency bands cail be found in
dual-band GPS applicgtion. A dual-band GPS receiver can highly impro?g: the positiqﬁing
accuracy. | |

By comparing the two s1gnals received at two different supportable frequency bands
of L1 (1575.42-MHz) and L2 (1227.6-MHz). For such dual-band GPS appllcathn-,-the ,vwork-
proposes a concurrent receiver design that combines. the ‘IoW-IF and’»_ the | Weévgr
architectures, by sharing their funétional-blocks, as shown in ﬁgﬁfe 2.16. In tlus Wa;I, not
ohly hardware complexity but also qirquit size and power consumption {are reduced in
comparison to conventional architectures: with similar performances. The proposed receiver
includes a éommon LNA, two mixers for I and Q paths and twé Aﬁequé'n'léy synthesizers,
using same reference signal frequency )

In particular, the receiver uses the low-IF architecture to obtain L1 'C/A code signals
and the Weaver image-rejection architecture to obtain L2 carrier P. code 31gnals. T he hybnd
architecture employs a part of the Weaver architecture w1th a low-pass filter ‘and a vanable
gain amplifier (VGA) to form the low-IF architecture that receives L1 mgnals for C/A codes.
Simultaneously, full Weaver architecture receives L2 signals for.preéision P codes. The
frequency is planned in such a Way that center frequencies of final output signals for the L1-

and the L2-band signals are positioned at 1.18-MHz and 12.114-MHz, respectively. This

Design, Analysis.and Implementation of Concurrent Dual-band (2.4/5. 2GHz) Wireless Transceiver
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requires local oscillator frequencies of 1574.24-MHz and 334.526-MHz for the first and the
second mixers, respectively. Since the architecture éhnultaneously manipulates both the L1--
and the L2-band signals, therefore, no changes are required in the oscillation frequencies
(and, hence, locking times) for switching between the receiving paths. However, a crucial
issue with the design is that the L2-band signal exhibits worse linearity and noise figure than
the L1-band signal. This is because of the fact that the L2-band signal is requlred to go

through one more step of down-conversion than the L1 -band signal.

‘Figure 2.17: Concurrent L1 and L2 Bands GPS Receiver using An Integrated
| Low-IF and Weaver Architecture [21]

2.4.5. Multi-Band Sub-Sampling Receiver

The scheme proposes band-pass sub-sampling of the multi-band signals, as shown in
figure (2.7). This provides the advantage of very low sampling rates, in comparison to any of
the carrier frequencies of input signals. A major concern with the process involves careful
estimation of permissible ~§amp1in_g rates, -so that the shifted versions of the multi-band
signals do not overlap. Besides it, increase in in-band noise, due to noise-folding, ﬁlays a
critical role in selection of an appropriate sampling frequency. Generally, the ﬁ‘eqﬁency
bands of interest in concurrent multi-band applications may neither exhibit equal spacing in
frequency domain nor possess equal bandwidth. This necessitates very low sampling rates,
which, in turn, results in an increase in-band noise. The issue can be tackled by employing

front-end multi-band filtering to limit the effect of out-of-band noise. In addition, by giving

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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preference to multi-band filtering over a wide-band front-end, one reduces the effect of

undesirable interferences on the receiver’s dynamic range
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Figure 2.18: Frequency Domain Representation of Multi-Band
Sub-Sampling [19]

2.4.6. System-level Approach for Multiple Applications: Sharing Same Band

All the above-mentioned concurrent architectures tend to select applications that
occupy non-overlapping frequency bands. Such selection automatically avoids any
degradation in system performance due to intra-band interference from the bands of interest,
themselves. Nevertheless, it is possible to efficiently support multiple applications, sharing
same frequency band, by employing a system level solution to the afore-mentioned problem.
As a design example of the approach Kim et. al., [22) proposes a concurrent radio-frequency
(RF) receiver to support the Bluetooth and the WLAN (IEEE 802.11b) signals. As it is clear
by now, a radio capable of concurrent handling of these two standards will provide access to
two different applications at the same time. For instance, a user in a “hotspot” while
communicating with peers using Bluetooth in a piconet can, simultaneously, surf the internet
and download files using Wi-Fi in an airport lounge, a university campus or in an office. Yet,
a major hurdle in their concurrent reception is the fact that both the standards share the same
2.4-GHz ISM frequency band. A Bluetooth signal hops in the 2.4-GHz ISM band including
the Wi-Fi channel. As mentioned earlier, such band-sharing may result in degradation of the
quality of service (QoS) for both the WLAN and the Bluetooth applications in a concurrent

scenario.
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Adaptive frequency hopping (AFH) is proposed as a system level solution to the
problem. The scheme allows coexistence of the Bluetooth and the WLAN standards without
any degradat1on in the bit error rate (BER). This is made. possible because the AFH frees
Bluetooth and Wi-Fi of any interferers. Herein, receiver controls the hopplng sequence in
Bluetooth and prevents it from occupying the Wi-Fi channel. The scheme is figuratively
depicted in figure 2.19

Figure 2.19: Frequency Hopping Sequence Controlled by AFH [23]
(WLAN channel occupies 22 MHz bandwidth around 2.437-GHz)

Whenever the Bluetooth receiver detects a WLAN signal, it requests its transmitter
not to hop in the detected WLAN’s 22-MHz wide channel so as to avoid interference. This
implies that once AFH is employed, the Wi-Fi 22-MHz is free of Bluetooth signals and vice-
versa. Hence, concurrent reception is achieved without degrading QOS. It is clear that the
scheme will require some form of communication between the receiver and the transmitter.
This is mitigated in the present work as it implements both the transrhitter and the receiver on
the same chip and utilizes digital circuitry for AFH implementation. As far as the receiver
architecture is concerned it is similar to the second method of parallel receiver paths with a
wide-band front-end. It employs a single RF ﬁ'ont-end LNA, followed by two independent
paths that work at the same time. As shown in figure 2.20, a low-IF path and a two-step
down-conversion path are utilized for Bluetooth and the WLAN, respectively. Since the two
standards occupy the same frequency band, therefore, just a singie LNA is reqhired to

amplify the entire band without differentiating between the two standards.
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Flgure 2.20: A24 GHz Concurrent RF Recelver Architecture for Bluetooth and
WLAN [22]

2. 5 Implemented T, ransmttter Architecture

The architecture in Flgure 2.21 is the unplemented dual-band wireless transmitter. In
thlS we concentrate only on the RF front-end sections i.e. dual-band mixing and amphﬁcatmn
in addition with transmission via antenna. Baseband processing describes modulation scheme
in WLAN, ie., Orthogonal Frequency-Division Multiplexing (OFDM). For désigning
RF-front end of the transmitter, we assume that maximum analog' signal BW of 30MHz,
which is obtained after digital-to-analog conversion from aforementioned modulatlon scheme.

In order to get RF signal, the baseband (BB) signal has been up-converted w1th the help of -

mixers.
The dual band mixer up-converted the signal received from BB to be transmitted in

the desired band of 2.4 and 5.2 GHz with the help of two different LOs. To combine two

different bands contents dual-band power combiner is used, which combines the parallel

components of the archltecture i.e., two different band contents.

¥
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Figureé 2.21: Implemented Concurrent Dual Band TranS_mitter Architecture

2.6  Implemented Receiver Architecture

The proposed architecture acts as Dual-band concurrent receiver’s RF front-end. The
received spectra from antenna get ampliﬁed by dual band LNA. Thus resultant signal is
haVing both frequency coﬁtents ie. 2.4 GHz and 5.2 GHz. This is further separated by power
di\fider' into two streams that are individuétll_y filtered with the help of band-pass filters. First
one of the parallel componeﬁts | is down-converted with the help of mixer and LO

(3040MHz). Mixed content has sum and difference of (LO£2.4GHZ) two input frequency to
mixér? which gives 600 MHz and 5480 MHz that is further filtered with the. help of LPF.
-Similarly on the other hand we have 830 MHz and 11330 MHz that is also filtered with the
help of ariother LPF.. The individual building blocks are further discussed in details. This
architecture and frequency planning for Up/Down conversion is basicélly selected because of

simplicify in design the system from the avaﬂable facility in laboratory.

v
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Figure 2.23: implemented Concurrent Dual Band Receiver Architecture

2.7 Conclusion -

In this chapter we studied the basic design consideration of transmitter and receiver
architectures separately. Standard receiver architécture (super-heterodyne, image reject, Zérp
IF or homodyne and low-IF) have been discussed in details and finally compare all
architectures in form of table, which shox-rvs the. relative merit and demerit of .:,cach
architecture. Similarly for transmitter architecture (super-heterodyne, direct-up,: tvs'r‘o—léfép).
.2_-1'180 discussed, how concurrency achieved in such architectures. After the knowledge ..of a}l

e

pros and cons we proposed the architecture for dual band transmitter and recgivé;.-

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Chapter 3

Design and Implementation of Passive of Dlial-band |

Circuit Elements

3.1. Introduction

Filters, power combiner and antenna are the basic building blocks of transceiver. They
can active or passive. The designs presented in this chapter are passive. As per requirement of
the implemented transmitter / receiver, filters can be single band but Power combiner and

antenna must have dual band support to the system. In this chapter design methodology of filter,

power combiner and antenna discussed.
3.2 Filters Design

Filters are very important components of telecommunication system. They are required to
perform different functions like impedance matching or signal selection. Although similarities
exist between impedance matching circuits and filter circuits just by looking at their schematics,

there are distinct differences between these functions.

Filters for Impedance Matching: In RF systems the optimum power transfer is one of the
important design considerations. The power transfer needs to be maximized from one system
block to another. This is achieved by means of matching networks. Matching networks_iare some
type of electrical interconnections that are reqhired between each building block. They are
realized using strictly reactive and lossless components in order to achieve power conservation

and to achieve usable gain from the active device (transistors) at microwave frequencies.

Filters for Signal Selection: The functions of filters in wireless circuits are mostly to reject the
unwanted signal frequencies, while permitting a good transmission of the wanted ones.
Depending on the circuit requirements, these filters can be désigned as low-pass, high-pass,

band-pass, or band-stop.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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~ For the optimal operation of transceivers the isolation of both the transmitter and receiver
have to be very large (e.g. 120 dB).The isolation between both the chains can be done using a
duplexer (filter consisting of two band pass circuits), or a switch. Switches are mechanical,
electrical, or electronic devices that open or close circuits, complete or break an electrical path,

or select paths or circuits. The losses of a switch are usually less than those ofa duplexer.

Filters in a transmitter chain are needed to meet the output noise requirements of the
transmitter, since in some cases the transmitter noises can leak into the receiver via the duplexer
and destroy the receiver 'sensitivity. The technology of choice for filters preceding the power
amplifier (PA) is SAW (Surface Acoustic Wave). For output duplexers, ceramic Band pass
filters are also used. Ceramic filters have lower insertion loss and thus have less effect on the

transmitter efficiency.

RF Preselect Filters: The purpose of RF preselect filters in receivers is to select the desired
frequency band to be received, and to eliminate any undesired signal. These filters are typically
realized in the form of a diplexer or duplexer. Duplexer connects the antenna to the transmitter
(TX) and rece_i?er (RX) and provides isolation between the RX and TX chains. These filters
protect ihe receiver from saturation by interfering signals at the antenna and determine the
recejver seleetivity Without the 'duplexer the strong transmitted signal would leak into the
receiver section and saturate the low-n01se amplifier, causmg the receiver to lose sensitivity to
the weak receive 31gnal Diplexers connect the antenna to a dual band transceiver and allow one
frequency band to pass between the antenna and transceiver (e.g., connectlon of a GSM- 800 and
PCS -1900dual band transcelver w1th antenna) Ceramic coupled—resonator filters are commonly
used for front-end recelver filters or duplexers Lower-cost discrete LC filters are also used,
espec1a11y in half-duplex transcewers where strong interference from the system’s own

transmitter is not an issue, and thus lower out of band rejection is acceptable.

Image Reject Filters: Image-reject filters placed after the LNA are used to protect the RF mixer
from out-of band interferer signals as well as to rej ect the undesired signals, generated by the RF
mixer and other cofnponents. Without image rejection filtering, any signal present at the image
frequency will be down converted to the same intermediate frequency (IF) and will corrupt the

desired signal.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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The bandwidth of IR filters, centered at the carfi(?r frequency (fc), must be sufficiently

wide to pass the modulation sidebands in the desired channel without distortion. The image
frequency has to be suppressed by at least 10 dB in order to meet the system noise figure (NF).
To meet the system requirements, RF receivers generally need about 65 dB of image rejection.
SAW (Surface Acoustic Wave) filters are typically used to provide image rejection. Low-cost

LC filters can also be used at the expense of lower rejection levels.

Intermediate Frequency (IF) Filters: Intermediate frequency filters (IF Filter) are designed to
receive the entire RF pass-band and to reject spurious frequencies and image frequencies in
particular. These IF filters narrow in and select tﬁe desired channel from the entire pass band;
they provide thereby additional selectivity to the receiver. These filters help to prevent out-of-
channel noise and help to minimize the loss, thus improving the sensitivity of receivers. SAW
filters are the components of choice for most IF filter applications. Théy provide the best out-of:
band rejection at reasonable size and cost. Crystal and LC filters can also be used at the expense

of lower performance.

Base Band Channel Filters: In baseband sections of wireless transceivers, filters for signal |
selection are required, e.g. anti- aliasing filters located before the A/D converter ‘(C Filter in fig)
and reconstruction filters after the D/A converters. These kmds of filters are generally low pass
and remove the unwanted channels appearing at higher baseband frequencies, after dowp
conversion. These filters are typically realized on—clﬁp USing silicon or GﬁAs—technologies, for
example. As can be seen throughout this section, many filters are required in wireless trangéeivef
circuits, and particularly in the analog RF section. -Since many of these filters are disé'rete or
surface mounted, integrating them will lead to a substantial reductiqn in board size as well as in

weight. For a successful integration however, efficient design and analysis methods are required.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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3.2.1 Fundamentals of Filter Design using Insertion Loss Method

Génerally a low pass filter prototype is in general defined as the low pass filter, whose

element values are normalized to make the source resistance or conductance equal to

one,denoted bygg = 1, and the cﬁtoff angular frequency to be unity, denoted by Q.= 1(rad/s).

Filter

Specification Prototype Design Conversion

Low Pass Scaling and Implenientation

h 4

Y

Figure 3.1: The Process of Filter Design using Insertion Loss Method [23]

(modd)

(b)

Figure 3.2: Low Pass Prototypé Filters with Ladder Network Structure and its Dual [24]

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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(A) Butterworth Low Pass Prototype Filter
For Butter worth response
1 : wl 2n -
Ly(a') = 10loggo(1 + (%) ) dB 3.1)
. 1

The ‘g’ notation used in figure signifies roots of an nth order transfer function that
governs its characteristics. These represent the normalized values of filter elements with a cut off
frequency of Q.= 1(rad/s).Element values for normalized Butterworth low pass prototype filter

arc

go =1

@y k=1,2...n | (32)

g, = 2%sin ( >

n
gn+1=1

To determine the order of a Butterworth low pass prototype filter, the specification that
usually given is the stop band attenuation(L4,in dB)at Q= Q for Q>1. |

Ly
> log(lOTﬁs'—l) : (33) .
—  2logQg :

Figure 3.3: Butterworth (Maximally flat) Response [24]

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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(B) Chebyshev Low Pass Prototype Filters
For Chebyshev low pass prototype filters having a transfer function given in

' LAr
ripple constant = e=\’ 100 —1 | , (3.4)

Where Ly, is the pass band ripple in dB.

The element values of the two port network of may be computed using the following formulas:

8o =1.0
2., .7
g1 = ;sm(ﬁ-)(&S)

1 4sin ((21—1)::)* sin ((21—3)::)

, = 2n Zn ] =
g P yZ+sin2(%) fori=2, 3...n. , (3.6)
841 =10 Forn odd
coth? (%) For n even 3.7
= | Lar | : |
B = In[coth (ﬁ)] (.9)
= sinh (ﬂ) | | (3.9)
¥ 2n . ) )

for the required pass band ripple ,minimum stop band attenuation the order of the chebyshev

Jowpass filter is found by

cosh ~1 —I——”’MLAS -

cosh ~1 0

n> (3.10)

Where L is the stop band attenuation at €)

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver-
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For ‘n’ odd, we have equal source and load impedances, but for ‘n’ even we have unequal source

and load impedances. If design leads to ‘n’=even and we need equal source and load

impedances increase cither ‘n’ by one or put a impedance matching network at the load end.

Figure 3.4: Chebyshev Attenuation Characteristics [24]

Lar Is the maximum attenuation (dB) in the pass-band

!
1 = Equal ripple band edge
For ! < wi
1 2 o |
La (w?) =10log1o (1 + e cos?(n cos‘l(;{)) (3.11)
L0 1 . P

andw! > w}

La (o) =10log1o(1 + e cosh?(n cos™ (Z—i)) (3.12)

4 1

For both maximally flat as well as Chebyshev type response, “n” is the order or number of

reactive elements present in the circuit.

For a low-pass Chebyshev response, if n=even, there are (-lzl)frequencies where L, =0 while if n=

odd there will be (HTH-)where Ly=0

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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(C) Impedance and Frequency Scaling [23] -

Impedance scaling
-In the prototype design, the source and load resistances are unity .A source resistance of

Ry can be obtained by multiplying the impedances of the prototype design byRy. Let primé

denotes impedance scaled quantities. New filter component values are given by

L1=R,L (3.13)
15 ' _

Clre (3.14)

Rl=R, - (3.15)

Ri= RORL (3.16)

L, C and Ry, are the component values for the original prototype filter.

Frequency scaling
For changing the cutoff frequency of a low pass prototype from unity to Q. requires the

1 . . .
scaling of frequency by the factor of o which is accomplished by replacing w by f— . Thus

Cc [~

new eclements values are obtained by applying the substitution of wW=—">—to the series

We
reactances and shunt 'susceptance of the prototype filter.
Thus
. . © .
Ka=i— L= jooLi (3.17)
C
. .0 . 1 .
Bi=j— C=jwCi (3.18)
[
When both impedance and frequency scaling is done then the new element values then obtained
arc
1_ RoLk |
L} o _ . (3.19)
1 —_Ck 4 .
Ci Rowe (3.20)

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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(D) Filter Transformations

Low pass to high pass transformation

The frequency substitution where u)—'*% can be used to convert a low pass

response to a high pass response. So the basic element of the low pass elements like inductor is

- converted to capacitor and capacitor is converted into inductor in high pass filter transformation.

Figure 3.5: Low pass to High pass Transformation [24]

Low pass to band pass transformation

©_ (0 oy _lew o

Wy—w1 W w A “wg ®

The frequency substitution where w—»

Where A is fractional bandwidth of the pass band w;and w, denote the edges of the pass band
and the centre frequency Wy =+/w, * Wy .

In this transformation series inductor of low pass filter is converted to series LC circuit

and shunt capacitor of low pass filter is converted to parallel LC circuit

Figure 3.6: Low Pass to Band Pass Transformation [24]

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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3.2.2 Coupled line Filter Design

When two unshielded transmission lines are close together, power can be coupled
between the lines due to the interaction of the electromagnetic fields of each line. Such lines are
referred to as coupled transmission lines .Coupled transmission lines are usually assumed to
operate in TEM mode, which is rigorously valid for stripline structures and approximately valid
for microstrip structures. Coupled line structures can be used to implement directional couplers,
hybrids, and filters.

Figure 3.7: Cross-section view of Coupled Microstrip Lines [11]

(A) Coupled Line Theory

The coupled lines or any other three wire line, can be represented by the structure shown
in fig.. If we assume TEM mode of propagation, then the electrical characteristics of the coupled
lines can be completely determined from the effective capacitances between the lines and the

velocity of propagation on the line.

Figure 3.8: Microstrip Coupled Lines and its Equivalent Capacitor Model

Design, Analysis and Implementation of Concurrcpt-Dhal—band (2.4/5.2GHz) Wireless Transceiver
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(B) Types of Excitations for the Coupled Line

Even mode of excitation

Odd mode of excitation

For the even mode of excitation the currents in the strip conductors are equal in
amplitude and in the same direction, and the odd mode, where the currents in the strip conductors

are equal in amplitude but in opposite direction.

Figure 3.9: E and M Field Lines of a Coupled Line (Even Mode)

Figure 3.10: E and M Field Lines of 2 Coupled Line (Odd Mode)

For the even mode, the electric field has even symmetry about the center line, and no
current flows between the two strip conductors. This leads to the equivalent circuit shown,

whereCy; is effectively open circuited. Then the resulting capacitance of either line to ground for

1

the even mode is C, = C;; =C,; . Characteristic impedance for the even mode is Z,, = .
: ' pCe

where V, is the phase velocity of propagation on the line.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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For the odd mode, the electric field lines have an odd symmetry about the centre line, and
a voltage null exists between the two strip conductors. We can imagine this as a ground plane
through the middle ofC;,. In this case, the effective capacitance between strip'conductor and

ground is }

Co - Cll +2CIZ = sz +2612 . (3.21)

Characteristic impedance for the odd mode is Zj, =—1—,' Where V, is the phase velocity
Voeo P

of propagation on the line. An arbitrary' excitation of a coupled line can always be treated as a

superposition of approximate amplitudes of even and odd modes.

Figure 3.11: Coupled line Filter Structure

We design these filter with the help of coupled line with small modification i.e. coupled .
line Figure 3.11 are appear in zigzag manner. By this we can possibly reduce the length of the

- filter. The design equations have been taken from [23] to design the filter given below.

Vr .
ZoJ, = — ' - - (322)-
291
Vr
Zojp = —F— (3.23)

2y/Gn-10n

Vr

— 3.24
29nIN+1 ( )

Zoly+1 =

Design, Analysis aﬁd Implementation of Concurrent Dual-bang (2.4/5.2GHz) Wireless Transceiver
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Zoe = Zo{1 + JZo + (JZ0)?)  (325)
Zoo = Zo{1 — JZo + (JZ)?} (3.26)

Figure 3.12: Implemented Band-pass Filter Response 5250 MHz

Design, Analysis and Implementation of Concurrent Dual-band. (2.4/5.2GHz) Witeless Transceiver
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Figure 3.14: Implemented Band-pass Filter (2.4 GHz and 5.25 GHz)

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5 .2GHz) Wireless Transceiver
[43]



Design and Implementation of passive dual-band circuit element

éhabter 3
3.3  Dual band Power Combiner Design

This power divider is consists n-section which is replacing each (\/4) transmission line of

the conventional Wilkinson power divider. This 7-section has been designed such that the power

_divider operates at two arbitrary frequencies. The objective is to obtain the characteristic

impedances of each transmission line section of the équivalent n-section as a function of their

electrical lengths at one of the desired operation frequencies [27] .The equivalent m-section
consists of two identical open stubs connected by a series transmission line as shown in

Figure 3.15

AN

(a)
Figure 3.15: (a) Transmission line (b) Equivalent n-section.

The equivalence between the two sections can be seen by using the ABCD matrices of

both the sections. The ABCD matrix of Figure3.15 (a) is

[ cos®;  jZisin 61]
[T:] = jY;sinf; cos®, (3.27)
When I= /4 then ;=2
_[0 % o
] = L‘Y1 0 (3.28)

3
P

Where Z; = \2 Z as in the conventional WiﬂcinsOn powér divider. The ABCD matrix of
the n-section of Figure3.15 (b) is calculated as - A s

1 0 S | |
[Ts] = L'Ygtaneg 1] (3.29)

" Design, Analysis and Implementation of Concurfe’xit Dual-band (2.4/5.2GHz) Wireless Transccive(
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cos O jZ,sin 6
[TZ] =[ 2 V43 2]

jY2sin®;  cosB, (3.30)

Where T, is the ABCD matrix of the series transmission line of Figure3.150(b) and T3 is
the ABCD matrix of the shunt stubs of Figure3.15 (b) and 6, and 63 are the electrical lengths of
the transmission lines with characteristic impedances Z; and Z3 as shown in Figure3.15 (b).

respectively.

The équivalent ABCD matrix of the n-section [T] is then given by

[T = [T5]. [T2].[Ts]

T = 1 0] COSGZ ngSiHOZ] [] 1 0]
[Td _[iY3tan63 ‘1] {ljY,sin6, cosB, jYstanf; 1

cos 0, — %sineztan63 j-s-';lﬂ
[Tl = ' 2can 875 S (331)
jY3tan93 COSBZ — Y?’Ln;t&ez - ';{,—3 tan93 Sin92+C0592
2
Equating element A from matrices,
Y; .
cos 0; — ——sinf,tanf3 = 0
Yz
That gives
Y2
tanf3= ¥s cot 6, A ‘ : (3.32)
Equating element B from matrices,
jsin®,

or

Design, Analysis and Implementation of Concurrent Daal-band (2.4/5.2GHz) Wireless Transceiver .
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1= Y, (3.33)
For dual band operation Eq. (3.33) must be modified as:
Zz SiHOzfl = ._"t Z]_ (3.34-3.) .
(3.34b)

Zzsinem =+ Zl

\

Where f, and f;, are the two operating frequencies and 0, 029 are the electrical lengths

of the transmission line of characteristic impedance Z, at frequenmes f1 and £ (6> f))

respectively. From (3.34a) and (3.34b)

B2r1 = N — B ;' Wheren = 1,2,3,4....

(3.35)

Since a compact size is always preferred, n = 1 is chosen so that the relation between the

electrical lengths and dual operation frequencies f; and f; is obtained as:

B2 _fo_ g
6r1 N
nm
O =R+ 1
Rnm
%212 = RT T
B = R T
Rmm
%32 = R 1

(3.36)

(3.37)
(3.38)
(3.39)

(3.40)

Design, Analysis and Implementation of Concutrrent Dual-band (2.4/5.2GHz) Wireless Transceiver.
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The following steps are followed to design the dual band Wilkinson power divider -
Step 1: Select the two frequencies for which the operation is desired.
Step 2: Fmd the value of R using Eq. (3.36).

Step 3: Calculate the values off,r1andfsf; using Eq. (3.37) and Eq. (3.39) or calculate
the values offl,s,and6;, using Eq. (3.38) and Eq. (3.40) withm=n=1.

Step 4: If (3.37) and (3.39) have been used, calculated the values of impedances Z, and
Z3 shown below .

VA

= 341
2 sinfyrq (341)

Z3 = Zztanngltanegfl . : (342)

Table 3.1: Numerical Analysis and Momentum Simulation

Software Used ADS (Advance design system) Agilent 2008

Technology Microstrip(e,=3.38, h=1.524mm, tand =0.0025, t =15um, o = 5.8e7)
Application Used | Momentum RF :

Design frequency | 2.4 GHz and 5.2 GHz

Design parameter R =2.16,0:p1 = 0371 = 0.99208,Z, = 84.46Q, Z3 =197Q

Table 3.2: Dimensioﬁé of Microstrip (calculated)

Dimensions in mm | Characteristics impedance of Characteristics impedances of -
i/p and o/p lines section
Zy=50 Z,=84 - Z5=197
Width , W (mm) 3.5076 1.3196 0.06291
Length , L(mm) 19.20 ' 12.46 ' 13.16

Since the value W3 (0.06291mm) is very small easily fabricated at laboratory and this is
because of the value of R, Thus we are compromising at the ratio of two frequencies and we
design this at 2.0 GHz and 5.2GHz instead of 2.4 and 5.2 GHz. Thus final optimized dimensions

Design, Analysis and Implementation of Concurrent Duat-band (2.4/5.2GHz) Wireless Transceiver
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are given below that are realizable at Iaboratory level. Thus we havé R=2.6, 6=0.872 rad,

7,=92.309, Z3=130.74Q.

Table 3.3: Dimensions of Microstrip (U sed in fabrication)

Dimensions in mm

Characteristics impedance of

Characteristics impedances of

i/p and o/p lines . m-section
Width , W (mm) 3.5076 1.046690 - 0.31493
Length , L(mm) 19.2 11.91 13.6

These dimensions are arbitrarily chosen so as to maximize the performance of coupler

better. These are obtained from tuning length and width of transmission lines of 7-section.

Figure 3.16: Schematic Analysis Concurrent Dual-band Power Combiner

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Traggceiyer
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Figure 3.17: Momentum Layout of Concurrent Dual-band Power Combiner

===

Figure 3.18: Co-simulation of Concurrent Dual-band Power Combiner

Port 2
o

- T ¥

-
A Port 3

™ ’ 3 s D -
LU Dand f‘_?u,.n Lmbird s

Port |

Figure 3.19: Fabricated n-Section Concurrent Dual-band Power Combiner
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Figure 3.21 Measured S-parameter of Concurrent Dual-band Power Combiner

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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Table 3.4: Measured S-parameter through hp-8720B Network Analyzer

. Frequency(2.4GHz) Frequency(5.2GHz)
S-parameter Measured Simulated Measured | Simulated
: Siy -11.50dB -14.60 dB -8.70dB| -16.6dB
Reflection Parameter S» -19.60 dB -21.08dB| -19.60dB| -21.08dB
B S33 -19.30 dB -21.08 dB -19.30dB | -21.08dB
Transmission Parameter | Si2 -3.80dB -3.29 dB -4.20dB -3.25dB
Si3 -3.75dB -3.29 dB -4.50dB -3.25dB
Isolation Parameter So3 -15.10dB -17.33 dB -14.7dB | -21.60 dB
Sap -15.10dB -17.33 dB -14.7dB | -21.60 dB

The results differ to some extent in the actual fabrication circuit. The losses may be
attributed to fabrication errors. Thus,' the m-section WPC has been designed and implemented

successfully and the satisfactory results are obtained.

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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3.4 Dual-band Antenna Design

A monopole antenna is a class of radio antenna consisting of a conductor. usually
mounted perpendicularly over some type of conductive surface, called a ground plane. The
driving signal from the transmitter is applied, or for receiving antennas the output voltage is
taken, between the lower end of the monopole and the ground plane. One side of the antenna
feed line is attached to the lower end of the monopole, and the other side is attached to the
ground plane. Common types of monopole antenna are the whip, rubber ducky, helical, random
wire, mast radiator, and ground plane antennas. ’ B

A monopole can be visualized as being formed by replacing one half of a dipole antenna
with a ground plane at right-angles to the remaining half. If the ground plane is large enough, the
radio waves reflected from the ground plane will seem to come from an image antenna forming
the missing half of the dipole, which adds to the direct radiation to form a dipole radiation
pattern, because it radiates only into the space above the ground plane, or half the space of a
dipole antenna, a mdnopole antenna will have élvvéain of twice the gain of a similar dipole
antenna, and a radiation resistance half that of a dipole.

Some mobile wireless communication applications (cell phone, pager) printed monopole
antennas also evolved. Now days multiband or wide band wireless communication systems are
becoming more popular and have been developed rapidly. As with developments, there has been
an increased demand for high data rate and reduced size antenna. The printed monopole become
. more popular because of its low cost factor and fabrication simplicity, easily integrated in
communication systems. One of the most pog}ilar emerging technologies is WLAN where -
- standard specify two operating frequency (2.4;2.;1§ GHz) and (5.15-5.35 GHz). Especially in
cases of devices like laptop move from one cell to other with different operating frequency band
where a dual band antenna can be very useful. And these antennas are concealed antenna for the
system 1i.e. there is no protruded portions in appearance for antenna. These antennas require a
small volume of the system is very useful / attractive for wireless LAN or Bluetooth applications.

In this chapter, printed monopole antenna evolution and design discussed, followed by
design of Dual-band monopole antenna. Printed monopole antennas reported in [28-30] are-
capable of single band of operation only, and the printed dual-band inverted-F monopoleantenna

shown [31] requires shorting pin for ground connection, which increase the antenna complexity
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and fabrication cost as well. In addition to the design using the printed monopole antenna, the
printed dipole antenna for dual-band operation has also been introduced in [32]. It also has been
seen that dual band monopoles such as U-shaped monopoles [33], ring monopole [34] and L-

shaped monopole [35] also appeared in literature.

3.4.1 Design Methodology

The implemented antenna is monopole because these antennas are concealed antenna for
the system and 'can be obtained without any protruded portion in appearance as well as
occupying a small volume of the system are very useful for wireless LAN or Bluetooth
application. As shown in Figure 5.1 the proposed antenna has two rectangular elements having
different shapes which are stacked on each other and fed by a 50Q microstrip line of width
Wf=3.5mm and léngth L¢= 10mm. These rectangular monopole elements were printed on one
side having. L=45mm, width W=35mm and thickness h=1.5224 mm over substrate NH9338
substrate of £=3.38. |

Figure 3.22: Dual band Monopole Antenna
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The ground plane is printed on the other side of the substrate with length Lg=9.2mm and
width Wg=35mm in this antenna design the smaller rectangular monopole element controls the
higher order operating mode of the proposed antenna. Smaller rectangular monopole”has; a
widthof W= 11.2mm and length of L=7.5mm. The bigger rectangular monopole elemérit is used
to control the lower order operating mode of the antenna with Wy=15mm and L,=17.5mm.
There is another element is used to improve the return loss at both frequencies having width
We=6mm and Le=5Smm. One thing to note that operating frequency and operating BW is very

sensitive to change in the size of ground plane.
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Figure 3.23: Simulated and Measured Return;loss Characteristic of the Proposed Antenna

The structure proposed by [36] is also uses the small metallic strip in right hand of the
element to improve the return loss response but we can also improve the return loss response by
increasing the length of bigger patch relatively to smaller patch. As we see mismatch-in the

response which may be due to fabrication tolerance.
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Fig 3.24: Implemented Dual-band Monopole Antenna

Figure 3.25: Measured and Simulated E-plane Radiation Pattern at 2.4(L) and 5.2(R) GHz
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Figure 3.26: Measured and Simulated H- plane Radiation Pattern at 2.4(L) and 5.2(R) GHz

Table 3.5:Comparison of Proposed Antenna with some Standard Printed Monopole

Antenna
@ BW
f.@2.44GHz | f.@ 5.25GHz
Reference [34] 760 MHz 720MHz
Reference [30] 570MHz 310MHz
Proposed 9S0MHz 720MHz

3.3 Conclusion

This chapter presented the design of all passive components in the proposed architecture.

The filter design procedure here presented for microstrip coupled-line filter, and help taken from

the filter design guide of Agilent ADS (Advance design System). The Dual band power

combiner design is also completed based on m-section microstrip line. The dual-band antenna

simulation was performed in CST Microwave studio. These all passive components are giving

satisfactory response that is already mention in form of figures and tables.
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Design and implementation of concurrent Dual-Band

LNA

4,1 Introduction

The low noise amplifier is the first active block of RF receiver front-end. Commercially,
several implementations propose dual-band LNA’s covering the whole WLAN b/g/a standards.
However, they mostly use two parallel LNA’s, which is obviously not a cost-efficient solution. A
concurrent LNA is most suited because it enables saving die area (~25%) and power

consumption (~ 40%) compared to the parallel LNAs approach [37].
4.1.1 A Review of Single-Band LNA Design Issues

Being the first active element in the receiver chain, the noise figure (NF) of an LNA
plays a significant role in the overall NF of the receiver, which controls its sensitivity and output
signal-to-noise ratio (SNR) [38]. Before exploring the desigh details of concurrent multiband
LNAs, it is helpful to review some of the existing technological and topological choices for
single-band LNAs. - : ‘

(A) Technology

The bipolar junction transistor was the first solid-state active device to provide practical |
gain and NF at microwave frequencies [39]. In the seventies, breakthroughs in the development
of field-effect transistors ‘(FETs) (e.g., GaAs MESFET) led to higher gain and lower NF than
bipolar transistors for the frequencies in the range of several giga hertzes. Currently, advanced
FETs and bipolar transistors still compete for lower NF and higher gain at frequencies in excess
of 100 GHz. Examples are the high electron-mobility transistors (HEMTs), such as
pseudomorphic high electron-mobility transistors (pHEMTs) , metamorphic high electron-
" mobility transistors (MHEMTS) [40], as well as heterojunction bipolar transistors (HBTS) , built
using a variety of semiconductor materials (e.g., GaAs, InP; Si, SiGe). Traditionally, very low-
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noise amplifiers at high frequencies have been made using transistors with high electron mobility

and high saturation velocity on high-resistivity substrates for the following principal reasons.

1) Higher carrier mobility and peak drift velocity result ina higher transistor
transconductance and shorter carrier transit time for a given current, thus allowing
for the reduction of the dc current for the same transconductance (gain) in
transistors which lowers the input-referred noise and, hence, the NF. This gives
- compound sémiconductors a sigﬁiﬁcant advantage over silicon, as for instance,
the electron mobility and the peak drift velocity are typically six and two times

largef, respectively, for GaAs when compared to silicon .

2) Higher carrier mobility also results in lower parasitic drain and source series
resistors. The parasitic source resistance can be a major contributor to the overall

NF of certain LNAs, such as those used for satellite communications.

3) Due to mostly technological limitations, the seﬁes input resistance of silicon-
based transistors is usuvally higher than those of | compound semicondUctors. In
partlcular the lower resistance of the metal gate of GaAs MESFETs compared to
thher resistance of the poly-silicon gate in MOSFETSs and thin bases in bipolar

transistors, result in a lower NF for GaAs transistors.

4) The loss properties of on-chip passive components can have a significant effect
on the noise and gain performance of the LNAs. High-resistivity -substrates
minimize the substrate loss components. As the loss and noise are closely related
through the fluctuation-dissipation theorem of statisticéi physics [41], [42], the

energy loss reduction translates to a lower NF for the amplifier.

Despite the above mentioned limitations of silicon technologles several silicon LNAs
. have been reported. Meyer et al. reported one of the early LNAs made on a low-resistivity (i.e.,
lossy) silicon substrate using bipolar junction transistors for commercial cellular applications
[43], where very low NF is not needed. Recently, a large numbser of efforts have been reported to
use the advanced digital CMOS processes for éingle-chip implementation of the complete radio
transceiver [44], [45]. 1
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(B) Topology

Although several different topologies have been proposed to implement LNAs, -We will
only focus on two most common single-stagel LNAs, the common-gate topology and
“inductively degenerated common-source stage. The common-gate configuration uses the
resistive part looking into the source of ‘the transistor to match the input to well-defined source
impedance (e.g., 50). In a common-source LNA, inductive degeneration is used to generate the
real part needed to match the LNA input to the preceding antenna or filter. The ideal lossless
inductive feedback moves the source impedance for optimum NF toward the optimum power
match with a minor increase in the minimum NF. It should be m_enfiohed that in these cases

cascode configuration can be used to enhance the stability and reverse-isolation of the amplifier.

| An approach is to use Smith charts to find the optimum imp'edancé for noise and power
matching at the input of the amplifier for given active device. Although the Smith chart is a very
convenient tool for seeing how close we are to the minimum NF and the maximum gain of a
given device, it does not show the effect of individual noise sources on the total NF. This is
particularly important for a concurrent multiband LNA, since different noise sources behave
differently at different frequencies. Unlike bipolar transistors whose ‘dc current sets the trans-
conductance and minimum noise-figure, MOSFETs offer extra degrees of freedom in choosing
the device width and length. In the next section, we present a general approach for the design of

concurrent multiband LNAs which are important building blocks in concurrent receivers.
4.1.2 A Review of Concurrent Multiband L]\;A

In conventional dual-band LNAs, either one of the two single-band L.NAs is selected
according to the instantaneous band of operation, or two (three)' single-band LNAs are designed
to work in parallel using two (three) separate input matching circuits and\ two (three) separate
resonant loads .The former approach is non-éoncurrent, while the latter consumes twice (three
times) .as much power if used in a concurrent setting. The other existing approach is to use a
wide-band amplifier in the front-end. Unfortunately, in a wide-band LNA, strong unwanted
blockers are ampliﬁed together with the desired frequency bands and significantly degrade the

receiver sensitivity. To design multiband LNA, requirement of multi-band matching network is

Design, Analysis and Implementation of Concurrent Dual-band (2.4/5.2GHz) Wireless ‘Transceiver
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necessary that capable of simultaneous match transistor’s complex (i/p and o/p) impedances to
source and load at multiple frequencies. In next section we discuss some reported multi-band

matching techniques.

4.2 Design of Dual-band Matching Network

4.2.1 Concurrent Dual-Band Microstrip Matching Network

\l‘here is é lot of contribution of rcse'archer’s in micro-strip dual band matching network
design and started from [25]. The concept is arise from the fact that a transmission line can be

. represented by an equivalent T and zm-network and T and = network itself transferable. Before
going look into problem our motive is to match the input and output complex impedances of
transistor at two different frequencies. The problem of matching frequency-dependent complex
impedances was first discussed [46] where the impedances were. assumed to be unequal in both
frequencies. A hree section impedance transformer is also proposed by Liu. X. et al.[47] to

' match to complex impedance. Another approach was also discussed in [48] using four section

are usiﬂg two achieve matching and finally [49] uses a T-section to achieve matching.

X+ X

Z3 = |RyRpp + X11X12 + 5——=— (Rp1Xi2 — Rp2X11) (4.1)
) Riz — Ry |

Z.(Ry1—R
nr + arctan (M)
Ly = Rp1X12—R12X11

(m+1)p3

(4.2)

Where m=£0/f; and B3; = f—: and n is an arbitrary integer that should be chosen minimum

andsome design equation to design dual band T-matching network are given as
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7 = Zo(1— ZOGright + tan?(6;) (4.3)
! Grignetan®(6;) '
—tan(O
(6;) , openstub
— (Bright+Bleft)
Z2 = cot(6,) (44)
. , Shortedstub
(Brig ht +Bleft)

Where 6, = E%and& =—

4.2.2 Design Tools

The primary simulation tool used for the design is Agilent’s Advanced Design System
(ADS). The enhancement mode p-HEMT ATF-54143 BLKG has beén used for the design and
fabrication. The substrate used has a dielectric constant of 3.32. An ADS-model for the used
transistor ATF-54143 was obtained and has been used for all simulations in ADS. The large
signal circuit performance has been simulated using the Harmonic Balance Simulation in ADS. It
combines frequency domain analyses of linear elements with time domain analyses of nonlinear
elements to iteratively converge on a steady state solution at the fundamental frequency and a
pre-determined number of harmonics. In this way the simulator can generate a periodic steady
state time domain response of a nonlinear circuit more quickly than a standard time domain

simulator would.

In addition to Harmonic balance simulation and other simulation tools in ADS, EMDS

simulations have been used to accurately model the input and output matching networks.
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4.3 Design Procedure
The whole design procedure in ADS consists of the following major steps:
1. DC Bias Simulation and Bias Ne-twork Design
2. S-Parameter Simulation to find ouf the S-Parameters for the transistor.
3. Harmonic Balance.Simulations and Optimization
4. Generation of EMDS Layout for the designed matching network

5. Simulation and Optimization of the layout in EMDS.

43.1 DC Bias Simulation

First of all a DC Bias Simulation was performed in ADS using the ADS model for the
used transistor ATF-54143. From the FET Curve Tracer template, an operating quiescent point
was'seledted for linear operation of the transistor in the active region given in Table 4.1. The DC

Bias simulation setup in ADS has been shown in figure 4.1.

FET Curve Tracel— 4 @
i_Prabe
. : ol -
} ‘ - e I
+| v.oC ' 3~:3Van“v-
p =_SRC4 a
H 5221 —T vde=vDs Stop=5
VoS =y 1 Step=0.1
Ves=0V ' N v - -
o S | gﬁg PARAMETER SWEEP |
-] TamSw eep .
Sweep1
3 - SweepVar="VGS"
?;:::ﬁm‘”a’e = SimlnstanceName[1]="DC1"
Set drain and gate voliage SiminstanceName[2]=
FET_eurve_fracer” | o eep fmits as needed. SiminstanceName[3]=
i SiminstanceName[4]=
SiminstanceName[5]=
SiminstanceName[6]=
Start=2.5
Stop=0
Step=0.5

Figure 4.1 DC Bias Simulation Setup in ADS for ATF 54143
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Table 4.1: Operating Quiescent Point of Transistor ATF 54143 BLKG

‘Symbol Parameter Value
Vs Oi)erational Drain to Source voltage 3.0 volts
Ias Ope_rationallDrain to Sburce cufrent 60 mA
Vs Operafional Gate to Source voltage 0.6 volts‘

4.3.2

S-Parameter Simulation

Chapter 4

To a circuit designer transistor is looked upon as a two port network described by its S-

Parameters, The S-Parameters of a transistor directly relate to the characteristics of the transistor.

and are required for any design that uses the transistor.

The S-Parameters for the transistor at the specified bias have been obtained using the S-

Parameter Simulation in ADS for the used transistor model. The circuit simulation setup has

been shown in figure 4.2
MSub
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Figure 4.2: S-Parametgr Simulation Setup in ADS
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4.3.3 Harmonic Balance Simulations and Optimization
“Harmonic-balance simulation calculates a circuit’s steady-state response. It is well-suited
for simulating analog RF and microwave circuits, since these are most naturally handled in the
frequency domain. It calculates the magnitude and phase of voltages or currents in a potentially
nonlinear circuit and uses it to generate the output spectrum.After the design of the complete
circuit for the Dual-Band Low Noise Amplifier, harmonic balance simulations were performed
in ADS to analyze the output. Tuning and optimization tool in ADS was used for the

optimization of the final output. The Harmonic Balance simulation ‘setip has been shown in

figure 4.3.
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Figure 4.3: ADS Harmonic Balance Simulation Setup
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Figure 4.4: S-Parameter S, Response of LNA after HB Simulation

4.3.4 Design of EMDS Layout for the LNA

EMDS is an electromagnetic simulator that computes S-parameters for general planar

circuits, including microstrip, slot line, stripline, coplanar waveguide, and other topologies.

ultilayer RF/microwave printed circuit boards, hybrids, multichip modules, and integrated

circuits can be simulated using EMDS.

After successful Harmonic Balance Simulation in ADS for the designed circuit, a Layout
is created for the inpuf and output matching network in EMDS. Ports are placed at the input and
output of the netwofk, as well as at every point that an external lumped element device would
interface with the network. The matching network in ADS Circuit is then replaced with this
EMDS Layout and Co-Simulations are performed. The Co-Simulation uses EMDS Simulations
for the analysis of the layout.

After successful layout creation, the layout model was created in EMDS and this layout

was then simulated in ADS using Co-simulations that use the EMDS model for the layouf. The

co-simulation setup in ADS has been shown in figure 4.6.
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e

Input matching N/W

Output matching N/W

Figure 4.5: Generated Layout in EMDS for LNA
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Figure 4.6: Co-simulation Setup for the Designed LNA
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After further optimization in EMDS, the simulation results were found to achieve the

desired dual-band response. The S-Parameter Curves obtained from the simulations.

* | mT
10—
]
0—
~ :
—  =10—
B )
‘u —
-30—
4 |m1 m2
40— |freq=2.486GHz freq=5.197GHz
{ [dB(S(2,1))=11.728 dB(S(2,1))=6.921
- T T T T T T T 1
1.0 15§ 20 25 3.0 35 40 45 50 55 60
freq, GHz
Figure 4.7: Co-Simulation S-Parameter (S,,) of LNA
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Figure 4.8: Simulated Noise Figure of LNA
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Figure 4.10: Measured S;; Response of LNA
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| 4.4. Conclusion

In this chapter successfully designed and fabricated the concurrent dual band LNA with
very good noise figure characteristic. However the simulation and the measured results differ
that is because of fabrication error and the required biasing point is achieved during the
measurement because this requires precision power supply. But the, results validates the design of

concurrent dual-band.
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Analysis and Implementation of Dual-band

Transceiver

5.1 Introduction

In this chapter steps for measurement of implemented concurrent dual band'transmitter
are discussed, that is composed of chain of measurement. Each step explained with the help' of
block and graphs. At the last, présented the layout of concurrent dual ‘band receiver. |
5.2 Design and Development of Dual-band Transmitter

The measurement of transmitter is carried out in the following steps.

Fig'u're 5.1: Block Setup for Measurement of Transmitter

(A) Checking Mixer Performance _

First we check the mixer is performing the operation of frequency conversion. So first we
check the performance of ZEM-4300MH+ under the condition £1=2.424 GHz
Power = 0 dBm and M1=100 MHz and power = -5 dBm shown ‘in figure 5.2.
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Figure 5.2: ‘Frequency Conversion Characteristics of ZEM-4300MH+

The performance characteristic of ZMX-’ZGHR shown in Figure 5.3
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Figure 5.3: Frequency Conversion Characteristics of ZMX-7GHR
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B) Antenna Transmission and Reception in Atmosphere
In this measurement two identical antenna are using one of them is directly connected to
a signal source of frequency 2.44 GHz 0dBm and another is connected to the spectrum analyzer,

The received spectrum received by antenna shown in figure 5.3

Figure 5.4: Transmission/ Reception Characteristic of Designed Dual band Monopole

B

Antenna

(C) Power Combiner Perf(_)rma‘nce at 2.4/5.2 GHz Band

The complete setup is shown in figure. 5.5 and one port of dual band powér combiner was
fed with 2.44 GHz and another fed by 5.25

antenna.

GHz and transmitted with designed monopole
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Figure 5.6: Received Spectra by Spectrum Analyzer for setup fig. 5.5
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Finally the complete setup for transmitter measurement is set according to figure 5.7

fc- 600 MHz
BW 30MHz

Figure 5.8: Setup for Transmitter Measurement
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Figure 5.9: Received Spectra of Antenna Connected to Spectrum Analyzer shown in fig.5.8

Thus the concurrent dual-band transmitter is successfully tested. The difference in the
power received as shown in figure 5.9 just because of the LO oscillator that generates the 3040
MHz having 10dBm power o/p and another i.e. 6080 MHz giving 5 dBm power o/p.

5.3 Design and Development of Dual- band Receiver

v
= 1—&-

Figure 5.10: Block Representation of Concurrent Dual-band Receiver
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ilter

Filter (BPF) j

Filter (LPF)

Figure 5.11: layout of Concurrent Dual-band Receiver

5.4 Conclusion
Thus we are successfully tested the concurrent dual-band transmitter front-end for 2.4/5.2
GHz. The final complete layout also generated for concurrent dual-band receiver. The

measurement remains left for future work.
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Conclusion and Future scope

6.1 Summary and Conclusion of the Work Done

Rigorous design procedure for concurrent dual-band (2.4/5.2 GHz) wireless RF front-end
presented. Initially the individual blocks like (Power combiner, filter, Antenna, LNA) have been
designed. The design of power combiner is based on =-section to achieve dual-band
characteristics, filter used based on coupled line theory with small geometrical modification that
microstrip coupled line appear in zigzag form. The antenna is a printed monopole having dual-
band return loss characteristics and implemented microstrip technology. The LNA designed here
is concurrent dual band with active element with low noise transistor (p-HEMT). And integrate
all designed and readymade blocks like (Mixer, PA, LO) for successful implementation of

concurrent dual band transmitter and receiver.

6.2 Future scope

This system design is basically is a mixture of designed and readymade component. All

readymade blocks are also designed and that makes the system smaller and efficient.

1. Design a power amplifier (PA) dual-band or wide-band and add to the system.
2. Design of active microwave mixer for the system and add to the system.

3. Design various local oscillators and add to the system.

Design, Analysis and implementation of concurrent Dual-band (2.4/5.2GHz) Wireless Transceiver
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_Appendix A

Fabrication & Testing

Fabrication

The Transmitter and Receiver have been fabricated and tested with the help of spectrum analyzer
and network analyzer. The return loss of the antenna was measured with the HP 8720B Network
Analyzer. The designed transmitter layout was fabricated on NH9338 substrate having €r =3.38
and 1.524 mm thickness (9 pm copper thickness, dissipation factor of 0.0025) using lithography
techniques. While entire receiver was fabricated on NH9332 substrate having €r =3.2 and 1.524
mm thickness (15 pm copper thicknesé, dissipation factor of 0.0024). Lithography is typically
the transfer of a Iaybut pattern to a photosensitive material by selective exposure to a radiation
source such as light. A photosensitive material is a material that experiences a change in its
physical properties when exposed to a radiation source. If we selectively expose a photosenéitive
material to radiation (e.g. by masking some of the radiation) the pattern of the radiation on the
material is transferred to the material exposed. In lithography, the photose’nsifive material used is
typically a photo resist. When resist is exposed to a radiation source of a specific wavelength, fhe
chemical resistance of the resist to developer solution changes. If the resist is placed 1n a
developer solution after selective exposure to a light source, it will etch away one of the tWo

regions (exposed or unéxposed). If the exposed material is etched away by the developer and the |
unexposed region is resilient, the material is considered to be a positive resist. If the exposed
material is resilient to the developer and the unexposed region is etched away, it is considered to

be a negative resist. The photo resist used here was a negative resist.

Testing

After fabrication of the layout was completed, lnmped components, supply wires and
transistor were added to the matching section by soldering. For transceiver characteristics i.e.
transmission / reception, we connect power supply and instrument like spectrum analyzer, signal
generator. Single port calibration of the network analyzer was done before connecting the
antenna. All measurement followed by printing the list values from the instrument of the B

measured results was taken which has been shown in form of graph in this report.
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ATF 54143 BLKG transistor
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Description

Agilent Technologies's ATF-54143
is a high dynamic range, low
noise, E-PHEMT housed in a
4-lead SC-70 (SOT-343) surface
mount plastic package.

The combination of high gain,
high linearity and low noise
males the ATF-54143 ideal for
cellular/PCS base stations,
MMDS, and other systenis in the
450 MHz to 6 GHz frequency
range.

Agilent ATF-54143 Low Noise

Enhancement Mode

Pseudomorphic HEMT in a
Surface Mount Plastic Package

Data Sheet

Surface Mount Package
SOT-343

Pin Connections and
Package Marking

Tap View. Package marking provides orientation
and identification

“4F" = Device Code
“x" = Datecode character
identifies month of manufacture.

Features

« High linearity performance .

- Enhanceinent Modeé Techislogy["

« Low noise figure

= Excellent uniformity in product
specifications

- 800 micron ga’te width

» Low cost suiface mount ‘small
plastlc package SOT 343 (4Iead
sc-78y - .

Tape-and- Reel’ packagmg nptlon
available

Specifications
2GHz 3V, 60 mA (Typ. ).

+ 36.2 dBm output 3u mfder intercept

- 20.4 dBm otitput power at 1 dB
gain compression

« 0.5 dB rioisé figiire

+ 16.6 dB associated gain -

Apphcanons

» Low noise’ ampllher for cellular/
PCS’ basé stations )

- LNA for WLAN, WLL/RLL and-
MMDS appllcatlons :

- General purposé discrets E-PHEMT
for otlier uitra low noise applications :

Nate: ’

1 Enhancementmode technolow requires’ o
positive Vgs, théieby ehmmatmg the need for
the negitive gate voltage assotiited with
convennonal depletion mode devices. ... .-\

“3- Agilent Technologies
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ATF-54143 Absolute Maximum Ratings!']

DIP3 {dBm)

Figure 2. 0IP3® 2 GHz, 3V, 60 mA.
LSL = 33.0, Nominal = 36.575

Notes:

GAIN (¢B)

Figure 3. Gain @ Z GHz, 3V, 60 mA.
USL = 18.5, LSL =15, Nominal = 16.6

. . Absolute
Symbof - Parameter Units Maximum
Voo Drain - Source Voltagel?! v 5
Vo Bate - Source Voltagel?l v Btol
Ve " Gate Drain Voltagel?! v 5
los Drain Current!?] mA 120
P Total Power Dissipation 31 mW 380
Pore -  RF Input Power dBm 1018
I " Gate Source Current mA 215}
Tar ) Channel Temperature ‘ °C 150
Ten " Storage Temperature . °C 6510 150
6. Therma Resistance 4 °C/W 162
b ) o
/'
/
100 o
/"
. sV
ol 11
E @ / P |
o ! ol osv
ol
[ | —
n - {1V
——
o el L Jew
¢ 1 2 3 4°5 & 7
Vps {V)
Figure 1. Typical |-V Curves.
{Vgs= 0.1V per step)
Product Consistency Distribution Charts[®:7]
150 T 200 T
k=077 Cpk= 135
Stdev=141 St =04
120 160 =
120
o -asu +351
80
ap
40
¢ fo r;,x"‘,_; H 2 - e £ B £ B
3 2 ¥ W B 40 42 B B 1 17 1 19

Appendix B

Notes:

1. Operation of this device in excess of any one
of these parameters may cause permanent
damage.

2. Assumes DC quiescent conditions.

‘3. Source lead temperature is 25°C. Derate

8 mW/C for T > §2°C.
4. Thermal resistance meastured using
150°C Liquid Crystat Measurement method.
5. The device ean handle +10 dBm RF Input
Power provided Iggis limited to 2 mA. [ggat
Pyq4p drive level is bias circuit dependent. See
application section for additional information,

160 T
Cpk= 1567
Stdev=6.073
120 -
3
80 +35d
40
0 o e s«x. "”‘l =
0.25 045 0.6! 085 1.05
NF {dB)

Figure 4. NF @2 GHz, 3V, 60 mA.
USL = 0.9, Nominat = 0.49

6. Distribution data sample size is 450 samples taken from 9 different wafers. Future wafers allocated to this product may have nominal values anywhere

between the upper and lower limits.

7. Measurements made on production test board. This circuit represents a trade-off between an aptimal noise match and a realizeable match based on
p[roductiun test equipment. Circut losses - have been de-embeaded from actual measurements.
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ATF-54143 Electrical Specifications
Ta = 25°C, RF parameters measured in a test circuit for a typical device

Symbal - Parameter and Test Condition Units ‘Min.  Typl? . Max.
Vgs Operational Gate Voltage . Vds =3V, Ids = 60 mA v 04 - 058 875
Vith Threshold Voltage Vds=3V,lds=4 mA v 018 0.38 0.52
ldss Saturated Deain Current Vds = 3V, Vgs =0V pA — 1 5
Gm Transbondpctance Vds = 3V, gm = Aldss/AVgs: mmho 230 A10 566
: AVgs=10.75-0.7 = 0.05V
Igss Gate Leakage Current Vgd=Vgs=-3V pA - —_ 240
NF Noisé Figurel®} f=26Hz Vds = 3V, Ids = 60 mA dB — 05 0.9
£=1800 MHz Vds =3V, Ids = 60 mA 4B - 03" —
Ga : Associated Gainl ¥=26Hz Vds =3V, lds = 60 mA dB . 15 16.6 185
' .  F=800MHz  Vds=3V.lds=60mA B — 234 —
0iP3 Output 3@ Qrder §=2GHz Vds =3V, Ids = 60 mA dBm 33 36.2 —_
Intercept Paintil] =900 MHz Vds = 3V, lds = 60 mA dBm — 355 . —
P1dB 1dB Compressed f=2GHz Vds =3V, lds= 60 mA dBm —_ 204, c—
Output PowerlT =800 MHz Vds =3V, lds = 60 mA dBm — 184 —
Notes:
1. Measurements obtained using production test board described in Figure 5.
2. Typical values meastired from a saniple size of 450 parts from 9 wafers.
Input 50 Ohm laput Outpit 50 Ohm " Qutput, -
__ 1 Transmission Matching Gircuit Matching Circuit Transmission- |.. . . -,
Line Including I"_mag =030 out T_mag= 0.035 Lingincluding [
GateBias T T _ang=150° I_ang=-M1*° Drain Bias T
(0.3 dB loss) [0;3 dB !oss) {0.4dB loss) ~ (03dB foss) :

Figure 5. Black dlagram of2 GHz prodm:imn test board used for Noise Figure, Assoclated Gain, P1dB, and '0IP3 measiremerits. Tlus cm:ml repre- - )

sents a tradé-off between an optimal noise match and associated impedance matching circuit losses. Bircuit losses have been de-emhedded from

actual measurements.
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ATF-54143 Typical Performance Curves
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Figure 6. Fmin vs. Iy and Vgs Tuned for
Max 01P3 and Fmin at 2 GHz,
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Figure 9. Gain vs. Igs and Vg Tuned for
Max 01P3 and Fmin at 900 MHz,
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Figure 12, P1dB vs. lgq and Vgs Tuned for
Max 01P3 and Fmin at 2 GHz,
Notes:

1. lyo represents the quiescent drain cumrent
without RF drive applied. Under low velues of
Iy the application of RF drive will cause I; to
increase substantially as P1dB is approached,

2. Fmin values at 2 GHz and higher are based on
measurements while the Fmins below 2 GHz
have been extrapolated. The Fmin values are
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Figure 7. Fmin vs, Igs and Vygs Tuned for
Max 01P3 and Min NF at 300 MHz.
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Figure 10. 01P3 vs, k45 and Vg Tuned for
Max 0IP3 and Fmin at 2 GHz.
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Figure 13. P1dBvs. Igg and Vg Tuned for
Max 01P3 and Fmin at 930 MHz.

based on a set of 16 naise figure measure-
ments made at 16 different impedances using
an ATN NP5 test system. From these
measurements a true Fmin is calcufated.
Refer to the noise parameter application
section for more information.
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ATF-54143 Typical Performance Curves, continued
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Figure 16. 0IP3vs. Frequency and Temp
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ATF-54143 Reflection Coefficient Parameters tuned for Maximum Output IP3,

VDS = 3", le =60 mA

Freq rout_Mag!¥  TOut Angl! 0IP3 P1dB
{GHz} (\Viag) {Degrees) {dBm) (dBm}
0.8 0.017 115 3554 18.8

20 8.026 -85 36.23 20.38
39 0013 173 3|54 . 20.28
58 0.025 102 315 16.09
Note:

1. Gamma nutis the reflection cuefficient of the matching circuit presented to the output of the device.
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Figure 17. P1dB vs. Frequency and Temp
Tuened for Max 01P3 and Fiin at 3V, 60 mA.

Note:
1. Fminvalues at 2 GHz and higher are based an

measurements while the Fmins below 2 6Hz
have been extrapolated. The Fmin values are
based on a set of 16 noise figure measure-
ments made at 18 different impedances using
an ATN NP5 test system. From these
measurements a true Fmin is calculated.
Reler to the noise parameter agplication
section for more information.



Appendix B

ATF-54143 Typical Scattering Parameters, Vg = 3V, Ipg= 40 mA

Freq. St S S12 Sz MiSG/MAG
GHz - Mag, Ang.. - dB Mag. Ang. Mag. Ang. Mag. ~ Ang. dB
0.1 0.98 -178 27.99. 25.09 1685 0.069 80.2 058 128 34.45
85 0.83 -768 2547 18.77 138.1 0.036 524 044 -64.6 21N
0.9 0.72 -114 22.52 13.37 108 . 0.047 40.4 0.33 187 2453
1.0 870 -128.8 21.86 12.39 103.9 0.049 387 8.3 -832 2403
15 0.5 -14635 19.69 8.01 87.4 0.057 333 0.24 . 985 21.89
1.9 0.63 -162.1 17.38 7.40 766 0.063 30.1‘1 . 0.20 -1086 20.30
20 0.62 -1658 17.00 7.08 742 - 0.085 208 019 1108 2037
25 B.61 1785 16.33 5.84 626 0.072 266 0.15 1228 19.54
+ 30 8.61 184.2 1381 4.96 515 0.080 229 . 012 1375 17.92
40 B.63 1384 T 1159 3.80 31 0.094 14 0.10 1765 16.08
50 8.68 " 1165 965 3.04 116 0.106 4.2 0.14 1384 14.57
£0 8.69 978 8.01 251 -6.7 0.118 -8.1 0.17 N7e 13.28
7.0 en 80.8 8.64 218 -24.5 0.128 -17.8 0.20 986 12.25
8.0 872 62.6 538 1.86 -42.5 0.134 2283 0.22 734 11.42
a9 876 452 428 1.62 -60.8 0.146 406 . 0z 528 10.48
10.8 8.83 282 283 1.38 -79.8 0.150 561 037 383 986
1.8 8.95 138 1.42 1.18 -86.9 . 0148 " .693 045 258 848
128 6.88 85 023 - 103 -1124 0.150 -81.6 05t 127 836
130 889 -16.1 -0.86 2491 1287 - 0.149 -95.7 054 4.1 7.84
14.0 0.87 316 218 078 -148 0.143 -110.3 061 -201 7.36
15.8 g.88 46.1 -3.85 0.64 -154.8 0.132 -124 0.65 348 . 887
165.0 087 - 548 581 T 082 -1784 0121 -134.6 0.70 -458 $.37
17.0 087 528 -1.08 0.44 170.1 0.116 -144. 073 -85.9 5.8t
188 092 ~  -I38 -B34 038 156.1 0.109 -1524 0.78 887 548

Typical Noise Parameters, Vpg =3V, Ipg=40mA

Freq Fiin ant rom Russo G, . 35
GHz  dB Mag.  Ang. dB 0 t\
- =)

85 0.17 034 34.80 0.04 21.83 =N

- & 20
29 02 - 03 53.00 0.04 257 NI\ s
10 0.24 03 §050. 008 293 2 0l—N
149 0.42 0.2 108.18 0.04 18.35 g e

P2 ] o
20 0.45 0.29 11110 0.04 17.91 2 o 5a \\
74 8.51 038 136.00 0.04 1639 -5 , <
3.0 8.59 0.32 169.99 B.05 15.40 10
34 6.89 0.34 -15180  0.05 13.26 s s 0 pos 2
50 8.90 0.45 1950 009 11.89 FREQUENEY (GHz)
5.8 114 0.50 10168 D.16 1085 -
Figure 19, MSG/MAG and [Sz(2vs.

80 117 052 -99.60 0.18 10.64 Frequency at 3V, 48 mA.
7.0 1.24 058 7850 0.33 9.61 “
80 157 .60 57.90 0.58 8.36
9.0 . 164 0.69 -39.70 0.87 177
100 18 0.80 " 2220 1.34 7.68
Notes:

1. Fg, values at 2 GHz and higher are based on measurements while the F;,, below 2 GHz have been extrapolated The oy, values are based on a set of
16 noise figure measurements made at 16 different impedances using an ATN NP5 test system. From these measuraments a true Fug, is calculated.
Refer to the noise parameter application section for more information.

2. Sand noise parameters are measured on a microstrip line made on 0.025 inch thick alumina carrier. The input refexence plane is at the end of the gate
lead. The output reference plane is at the end of the drain |ead. The parameters include the effect of four plated through via holes connecting source
landsng pads on top of the test carrier to the microstrip ground plane on the bottom side of the carrier. Tvo 0.020 inch diameter via holes are placed
within 0.818 inch from each sourze h:ad contact point, one via on each szde of that point.
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Appendix B

ATF-54143 Typical Scattering Parameters, Vps =3V, lpg=60mA

Freq. S Sy 812 Sy © MSG/MAG
GHz Mag.  Ang. dB Mag.  Aang. Mag. Ang. Mag. Ang. dB
8 6.99 -18.9 . 28.84 27.66 167.6 06.01 80.0 0.54 -14.0 34.88
05 0.81 -80.8 26.04 20.06 128.0 0.93 524 040 -58.8 27.84
0.9 071 178 2293 140 106.2 0.04 418 0.29 -83.8 25313
18 0.69 1244 . 2224 12.94 102.2 0.05 404 0.27 -885 2458
15 0.64 1488 19.40 9.34 86.1 0.05 36.1 0.21 -105.2 22.36
1.8 0.62 - -1649 17.66 7.64 75.6 0.06 338 0.17 1147 21.85
L 28 0.82 -168.3 12.28 7.3 733 0.06 333 0.17 -117.8 20.71
25 0.50 1762 1558 6.01 61.8 0.07 301 0.13 -129.7 19.34
3.0 0.50 1623 14.15 510 51.0 0.08 26.5 an -1465 18.15
4.0 0.52 1371 1.8 390 308 0.09 171 0.10 165.2 1617
50 0.56 11586 5.87 n 117 o 68 014 1315 14.64
6.0 0.69 97.2 8.22 258 6.4 0.12 -3.9 0.18 1124 13.36
70 470 80.2 6.85 220 240 - 0.13 -15.8 0.20 843 12.29
8.0 272 62.2 5.58 1.90 418 0.14 280 0.23 701 1145
9.0 876 45.0 440 1.66 599 0.15 -39.6 0.29 50.6 10.53
100 0.83 284 3.06 142 187 0.15 -56.1 0.38 368 n
11.0 6.85 13.9 1.60 1.20 958 0.15 -£8.6 0.46 244 8.04
120 0.38 -0.2 0.43 1.05 -1 0.15 -80.9 651 1n3 8.43
130 6.89 148 -0.65 093 -128.8 0.15 -84.9 2.55 52 78
1408 088 -30.8 148 0.80 -146.1 0.14 1083 0.81 -208 743
158 088 - -450 -382 0.66 -162.7 0.3 -1229 2.65 -35.0 588
15.0 0.88 545 537 .54 -176.6 0.12 -1337 0.70 458 649
178 .88 825 -683 8.48 171.9 8.1z -1432 8.73 -56.1 595
180 052 -134 -8.01 0.40 167.8 011 -166.3 076 . -84 5.86

Typical Noise Parameters, Vg =3V, Ij5=60mA

Freq Frnin ' Fum Top .Rn_/ 50 G, 35
GHz dB Mag. Ang. ‘ dB _ ”&\
=)
85 815 032 . 423 0.04 2850 AN
o 2
08 020 0.32 628 0.04 2418 B IANN o
10 0.22 0.32 £7.6 0.04 23.47 g 10
19 942 027 1163 004 18.67 = -
. ' : 2 8, e

2.0 0.45 0.27 1201 0.04 18.29 g , En <]
24 452 0.26 14538 008 16.65 5 <<
30 259 0.25 1780 0.05 1556 1 -

. -15
38 478 0.36 1458 0.05 1353 . b 5 o p »
50 £.93 0.47 1160 016 1213 FRBOUERCY {Cit2)
58 1.16 052 989 .18 1110 Figure 20, MSG/MAG and | S1%vs.
6.0 119 055 965 0.2 10.95 Frequency at 3V, 60 ma.
7.0 1.26 0.60 T71 0.37 973
8.0 183 - 062 661 - 082 856
9.0 1.69 078 385 . 085 797
108 173 0.78 215 145 7.76
Nales:

1. F.4, values at 2 GHz and higher ara based on measurements while the F,;,. below 2 GHz have been extrapolated. The F,y, values are based on a set of
16 noise figure measurements made 5t 16 different impedances using an ATN NP5 test system. From these measurements a true Fy; is caicufated
Refer to the noise parameter application section for more infarmation.

2. Sand noise parareters are measured on a mlcmstr:p line made on 0.025 inch thick alemina carrier. The input reference plane is at the end of the gate
tead. The output reference plane is at the end of the drain lead. The parameters include the effect of four plated through via holes connecting source
landing pads on top of the test carrier to the microstrip ground plane on the bottom side of the carrier. Two 0.020 inch dlameter via holes are placed
within 0.010 inch from each source lead contact pamL one via on each snie of that point.
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Appendix B

ATF-54143 Typical Scattering Parameters, Vg = 3V, Iys= 80 mA

Ffﬁq. 311 . ' 52‘ 512 822 MSG/MAG
GHz Mag. Ang. dB Mag. Ang. Mag.  Ang. Mag. Ang. 4B
01 0.98 -20.4 2832 26.05 167.1 0.01 194 8.26 216 34.18
05 - 0.80 -85.9 2532 1845 126.8 0.04 533 0.28 1049 27.16
08 . 0.72 -1234 2210 1273 1052 0.05 . 439 633 1388 2415
1.0 0.76 -1298 21.40 1.7 m3 - 6.05 . a2 831 _-1443 23.63
15 0.66 -154.8 18.55 8.46 5.4 0.06 38.6 438 -165.0 21.35
19 - 0.65 -1695 16.91 -6.92 748 007 | 35.7 6.29 1716 19.88
28 0.64 -1728 16.42 6.62 128 6.07 350 823 1784 18.52
25 0.64 1721 1469 5.42 61.1 .09 3.6 .29 164.4 18.05
3.0 0.63 1685 13.24 459 50.1 0.70 2585 0.23 150.2 16.8¢
40 0.66 1338 ’ 10.81 347 293 0.12 134 $.33 1261 14.76
50 0.69 1125 874 ‘274 111 613 12 0.39 107.8 13.20
8.0 0.72 943 7.03 225 -8.% 0 113 042 918 11.95
70 0.23 714 5.63 191 235 - 015 -24.5 044 785 - 10.97
8.0 0.74 58.4 4.26 . 1.63 AN 0.16 -38.1 047 585 10.14
90 0.78 a1 298 4 587 IRV 511 0.52 378 4.32
68 084 256 1.51 119 -184 0.16 -66.8 059 248 8.60
.o 0.86 14 0.00 | 1.00 828 0.16 . 788 0.64 118 8.04
128 0.88 26 A1 7 088 -105.9 616 . 0.7 088 -08 152
130 0.89 1740 -218 0.78 1217 0.15 -105.6 6.7 -16.7 112
14.0 0.87 -333 -348 0.87 1387 .14 . -1185 073 317 8.77
158 0.87 © 4713 - 502 058 -153.9 0.13 -132.3 8.76 448 642
16.0 0.86 558 -6.65 0.47 -185.9 8.12 1443 0.78 -54.9 5499
1.8 0.86 634 -7.92 0.40 -1759 AT -160.4 078 -64.2 555

18.0 081 742 -8.92 0.38 1712 2.10 -163.0 a.81 762 537

Typical Noise Parameters, Vpg =3V, Ipg= 80 mA

p 40
Freq Frin Uopt Lopt Ro/50 G, ‘ 15
GHz dB Mag. Ang. dB o . K
)
05 0.19 023" 669 0.04 27.93 3 oI\
09 . 024 8.24 813 2,04 24.13 2 NN\ _—
1 0.25 0.25 81.3 0.04 23.30 I AN, S
18 043 0.28 1348 0.04 1855 €5 N~ T—
2.0 042 8.29 138.8 0.04 18.15 E L
24 0.51 830 1505 0.63 16.44 ' .5 s
30 0.61 0.35° 173 0.03 15.13 10
39 0.70 04t 48 0.06 1297 : "y 5 Py po o
5.0 D.94 052 1135 213 1142 ' FREQUENCY (G
iﬁ 1;2 - gzg ) 3:; g;g ::?? Figure 21. MSG/MAG and Eszﬂzvs
- . - e - - Frequency at 3V, 80 mA.
70 134 8.62 -758 046 8.86
8.0 1.74 063 555 076 759
9.0 182 an . &N NV B.97 -
100 194 0.79 -20.8 174 5.65
Notes:

1. F,;, valtes at 2 GHz and higher are based on measurements while the Fovins below 2 GHz have been extrapolated. The F,;, values are based on a set of
16 noise figure measurements made at 16 different impedances using an ATN NF5 test system. From these measurements a true Fipin is calculated.
Refer to the noise parameter application sectian for more information.

2. S and noise parameters are measured on a microstrip line made on 0. 025 inch thick alumina carrier. The input reference plane is at the end of the gate
lead. The output reference plane is atthe end of the drain lead. The parameters include the effect of four plated through via holes connecting source
landing pads on top of the test carrier to the microstrip gmund plane on the bottom side of the carrier. Rvo 0.620 mch diameter via holes are placed
_ within 0.010 inch from each source lead contact point, one via on each side of that point.
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Appendix B

ATF-54143 Typical Scattering Parameters, Vg =4V, lp5=60 mA

Freq. s" _ 821 312 Szz MSG/ MAC
GHz Mag. Ang. dB Mag. Ang. Mag. Ang. NMag. Ang. dB
0.1 0.99 -188 28.88 27.80 1678 8.01 801 058 128 35.41
05 0.81 -80.2 26.11 20.22 1283 0.03 524 042 523 2814
0.2 e 1178 23.01 14.15 106.4 0.04 a7 031 -133 25.38
1.0 0.69 1238 2233 13.07 1024 0.04 40.2 0.29 7168 2483
15 0.64 -148.2 18.49 843 86.2 0.05 36.1 . 022 -80.4 2275
19 0.62 -164.5 17,75 172 75.7 0.06 340 018 955 2132
20 0.61 -1678 17.36 7.38 733 0.06 335 p.18 97.0 21.04
25 0.60 1766 1586 - 6.07 61.8 - 067 307 014 -104:0 10.64
3.0 0.60 1626 14:23 5.186 51.1 007 - 21.3 0.11 -1134 18.48
4.0 0.62 1374 na - 3.04 30.9 0.09 187 0.07 -154.7 16.46
5.0 0.65 115.9 10.00 3.18 "1 0.10 9.0 0.09 1525 14.96
6.0 0.68 976 8.38 282 6.6 0.1 -14 012 1279 13.61
7.0 0.70 868 7.01 224 243 0.12 -129 0.15 1069 1257
80 0.72 628 576 1.94 423 0.13 -247 017 788 11.67
9.0 0.76 454 488 . 170 -805 6.4 -36.1 0.23 568 . 10.72
100 083 2858 328 - 146 -78.86 0.15 -51.8 032 421 9388 -
1.0 0.86 14.1 1.87 124 97.0 0.15 -664 0.41 284 8.17
120 0.88 0.4 0.69 1.08 -112.8 0.15 180 047 - 16.0 853
13.0 0.80 148 -0.39 086 -130.2 0.15 922 0.51 -1 7.9
148 0.87 314 - 172 0382 -1488 0.15 -107.3 058 "178 748
158 0.88 -46.0 -338 0.68 -166.0 0.14 -121.2 0.63 328 897
168 0.88 -54.8 517 0.55 179.8 813 -132.2 0.69 437 641
17.6 0.87 -62.8 -8.73 0.48 1684 0.12 -142.3 072 542 585
188 082 = 37 783 040 1543 0.1 -165.6 0.75 -872 554

Typical Noise Parameters, Vg = 4V, Ips =60 mA

Freq Finin ropt Fopt Ry/s0 G, ::
GHz dB " Mag. Ang. dB _
[} .

05 017 033 3430 003 2802 - AN

08 035 031 8030  -0.04 2412 A AN st
10 0.27 031 6810 - 004 2343 S 1 ,

18 045 027 1500 0.04 1872 g ~
29 0.49 0.27 1980 004 1835 © - g R

24 0.56 026 14350 . 0.04 1671 5 P
30 0.63 028 17680 004 15.58 10 :

39 0.73 035 4580 005 1362 B — P
5.0 0.96 047 11620 oM 12.26 : FREQUENCY {GHi)

58 120 052 9880 019 1.2 Figure 22, KISC/MAG asd § Sy | ve.
6.0 1.23 054 -96.90 121 ) 11.02 Freql'léncy atay, 5’0 mA.

7.0 1.33 0.60 7740 038 9.94

80 168 063 5620 084 881

90 17 071 38600 099 822

100 1.85 082 2130 151 812

Notes:

1. Fyiy values at 2 GHz and higher are based on measurements while the F,;3,c below 2 GHz have been extrapolated. The F,;, values are based on a set of
16 noise figure measurements made at 16 différent impedances using an ATN NP5 test system. From these measurements a true me is calculated.
Reler to the noise parameter applicafion section for more information.

2: 8 and noise parameters are measured on a microstrip line made on 0.025 inch thick alumina carier. The input reference plane is at the end of the gate
lead. The output reference plane is at the end of the drain lead. The parameters include the effect of four plated through via holes conriecting source
landing pads on top of the test carrier to the microstrip ground plane on the bottom side of the cartier, Two 0.020 inch diameter via huoles are placed

. Wwithin 0.010 inch from each sotrce lead contact pomt one via on each side of that point,

[95]



ATE-54143 Applications
Information .

Introduction

Agilent Technologies’s ATF-54143
is a low noise enhancement mode
PHEMT designed for use in low
cost commercial applcations in
the 'VI';iF through G GHz frequency
range. As opposed to a typical
depletion mode PHEMT where the
gate must be made negative with
respect to the source for proper
operation, an enhancement mode
PHEMT requires that the gate be
made more positive than the
source for normal operation.
Therefore a negative power
supply voltage is not required for
an enhancement mode device.
Biasing an enhancement mode’

" PHEMT is minch like biasing the
typical bipolar junction transistor.
Instead of a 0.7V base to emitter
voltage, the ATF-54143 enhance-
ment mode PHEMT requires
abotta 0.6V potentizl between
the gate and source for a nominal
drain current of 60 mA. -

Matching Networks

. The technigues for impedance
matching an enhancement mode
device are very similar to those
for matching a depletion mode.
device. The only difference is in.
the method of supplying gate
bias. S and Noise Parameters for
various bias conditions are listed
in this data sheet. The cirvcuit
shown in Figure 1 shows a typical
LNA cireuit normally used for
900 and 1900 MHz applications
(Consult the Agilent Technologies
website for application notes
covering specific applications).
High pass impedance matching
networks consisting of L1/C1 and
L4/C4 provide the appropriate
match for neise figure, gain, S11
and 522. The high pass structure
also provides low frequency gain
reduction which can be beneficial
from the standpoint of improving
out-of-band rejection at lower
frequencies.

vad .

Figure 1. Typical ATE-54143 LNA with Passive
Biasing.

Capacitors C2 and C35 provide a
low impedance in-hand RF
bypass for the matching net-
works. Resistors R3 and R4
provide a very important low
frequency termination for the
device. The resistive termination-
improves low frequency stability.
Capacitors C3 and C8 provide
the low frequency RF bypass for
resistors R3 and R4. Their value
should be chosen carefully as C3
and C6 also provide a termina-
tion for low frequency mixing
products. These mixing products
are as a result of two or more in-
band signals mixing and produc-
ing third order in-band distortion
products. The low frequency or
difference mixing products are
bypassed by C3 and CB6. For best
suppression of third order
distortion products based on the
CDMA 1.25 MHz signal spacing,
C3 and €6 should be 0.1 uF in
value. Smaller values of capaci-
tance will not suppress the
generation of the 1.25 MHz
difference signal and as a.result

will show up as poorer two tone
_ IP3 results.

Bias Networks

One of the major advantages of
the enhancement mode technol-
ogy is that it allows the desiguer
to be able to de ground the
source leads and then merely
apply a positive voltage on the
gate to set the desired amount of
guiescent drain current I,.

(96]
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Whereas a depletion mode
PHEMT pulls maximum drain
current when V.= 0V, an en-
hancement mode PHEMT pulls
only 2 small amount of leakage
current when V,_=0V. Only when
Vs is increased above Vi, the
device threshold voltage, will
drain current start to flow. Ata
Vg, of 3V and a nominal Vg, of
0.6V, the drain current I; will be
approximately 60 mA. The data
sheet suggests a minmimum and
maximum Vg over which the
desired amount of drain current
will be achieved. It is also impor-
tant to note that if the gate
terminal is left open circuited,
the device will pull some amount
of drain current due to leakage
current creating a voltage differ-
ential betaveen the gate and
source terminals.

Passive Biasing

Passive biasing of the ATF-54143
is accomplished by the use of a
voltagde divider consisting of R1
and R2. The voltage for the
divider is derived from the drain
voltage which provides a form of
voltage Teedback through the use
of R3 to help keep drain current
constant. Resistor RE (approxi-
mately 10kQ) provides current
Hmiting for the gate of enhance-
ment mode devices such as the
ATPF-54143. This is especially
important when the device is
driven to Pgp or Pguy.

Resistor RS is calculated based
on desired Vg, Igs and available
power supply voltage.

Vo — Vag

I Ids + IBD

R3= ¢))]

Voo is the power supply voltage.
V4 is the device drain to sowrce
voltage.

1,5 is the desired drain current.
1,, is the current flowing through
the R1/R2 resistor voltage
divider network.



The values of resistors R1 and R2
are calculated with the following
formulas ’

T

R1l= Ve

)]
113
R2 = M (3)
Vs

Example Circuit

V=5V
Vds aad 3‘?
Vo= 0.5V

Choose I, to be at least 10X the
normal expected gate leakage -
current. I, was chosen to be ~

2 mA for this example. Using
equations {1), (2}, and (3) the -
resistors are calculated as
follows

R1 = 295Q
R2 = 1205Q
RI=923Q

Active Biasing .
Active biasing provides a means -
of keeping the quiescent’bias * | '
point constant over ‘tem'pe'ratlgr:e- '
and constant over lot to Iot
variations in device dc perfor-
mance. The advantage of the
active blasing of an enhancement
mode PHEMT versus a depletion
mode PHEMT is that a negative .

power source is not required. ‘The -
techniques of active biasing awv .
enhancement mode device are .
very similar to those used to bias
a bipolar junction transistor. . """

INPUT ) 1y

g@—l

Figure 2. Typical ATF-54143 LA with
Active Biasing. .

An active bias scheme is shown

in Figure 2. RI and R2 provide a
constant voltage source at the
base of a PNP fransistor at Q2.
The constant voltage at the base

- of Q2 is raised by 0.7 volts at the

emitter, The constant emitter
voltage plus the regulated V,;,
supply are present across resis-
tor R3. Constant voltage across

-R3 provides a constant current

supply for the drain current.

- "Resistors R1 and R2 are used to
'set the desired Vds. The com-

bined series value of these

‘resistors also sets the amount of

extra carrent consumed by the

bias network. The equations that '

describe the circuit’s operation
are as follows.

‘ VE = ‘7ds * (Ids " §4) (1)
Ve
B3 = ¥ D VL (2)
Iys

Va=Veg- Vi &)
~ _  Ri :
Vo= Ri+mz ¢ @
Vpp = Igg (R1L+R2)  (B)

" . Rearranging equation (4)
~ provides the following formula

-Rl (VDD . 'VB)

R2 = Vi

4A)

{971,
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and rearranging @quzﬁ:io'n (b)
provides the following formula

Ri1= Vip (BA)
Iy (1+ T2 V5)
BB A
Example Circait
Vpp=5V
Vas =3V
Igs= 60 mA
R4 = 100
Ve = 0.7V

Equation (1) calculates the
required voltage at the emitter of
the PNP transistor based on
desired Vg, and I through
resistor R4 to be 3.6V. Equation
(2) -calculates the value of resis-"
tor R3 which detérmines the
drain current I;. In the example .
R3=23.3Q. Equation (8) calcu-
lates the voltage required at the
Junction of resistors R1 and R2."
This voltage plus the step-up of .
the base emitter junction deter- -
mines the regulated V4s.’Equa-
tions (4) and (6) are solved
simultaneously to determine the. -
value of resistors R1 and R2. In
the example R1=1450€ and
R2=10500. R7 is chosen to be
1kQ. This resistor keeps a small
amount of current flowing
through Q2 to help maintain bias
stability. R6 is chosen to be '
10kQ, This value of resistance is
necessary to limit Q1 gate
cutrent in the presence of high -
RF drive level (especially when
Q1 is driven to Py4g gain com-
pression point).



ATF-54143 Die NModel

Advanced Curtice2 Madel

MESFETM1
NFET=yes
PFET=no
Vto=0.3
Beta=0.9
Lambda=82e-3
Alpha=13
Tau=
Tnom=18.85
ldstc=
Uerit=-0.72
Vgexp=1.81
Gamds=1e-4
Vtotc=
Betatce=
Rgs=0.25 Ohm

ATF-54143 curtice ADS Model

|GATE

N=

Fne=1 MHz
R=0.08
P=0.2
C=0.1
Taumd!=no
wVghvd=
wBvgs=
wBvgd=
wBvds=
widsmax=
wPmax=
AllParams=

Rf= Cri=0.1F
Bscap=2 Gshwd=
Cgs=1.73 pF Gsrev=
Cgd=0.256 pF Gdfwd=
Gdcap=2 Gdrey=
Fe=0.65 Ri=
Rgd=0.25 Ohm R2=
Rd=1.0125 Chm Vbi=0.8
Rg=1.0 Ohm Vbr=
Rs=0.3375 Ohm Vijr=
Ld= Is=
Lg=0.18 aH Ir=
Ls= Imax=
Cds=0.27 pf Xti=
Re=250 Ohm Eg=

| INSIDE Package

1

'

! B VaR

1 K=5 }{!‘NP

| z-s 2=22/2 Ohm

i

1

1

]

K=K

A=0.0000
F=1Gik FETt F=1GHz
TanD=0081 Mode1=MESFETM{ TanD=0001

GaAaFET

Mode=Nonlinesr

JLINP
L2
2=72/20hm

K=K
=0.0000

16
1=0.175nH
R=0.001

TLINP

r T8
Z=22/2 UhmZ-ZI Ohm
L=5J'I mil | l—lS 0 mil

A=0 0000 | A"(I 0000

0D=0.001 TanD=0.00%
I

€2
=0, 1;F,,p F=1CHz | F=1CHz

Part TLINP
ﬁum 1 n 1
= Z=210hm! Z=I20hm -
. L=15mil | L=25md R=0.001
K=1 I K=K
A=0g00 | A_o.mn
F=1GHz |
rann—om Tanﬂ—o.ﬂﬂl
SOURCE |
O ! .
Pert UNP 1 TUNP
s1: (N (T -
Nom=2 Z=210hm 2=Z20hm p-o'ong
k:'l'smil 1=10.0mil -
= l =
A=0.000]  A=0.000

F=1GHn Hz
TanD=000% TaaD=0.00%

sl VL
{' TI{.}.NP ] ‘l’llNP
L=0248aH 7% onmy Z-21Obm
I.=26.G mil L—IS 0 mil
MSUB K=K K=1
MSuh? A=0.0000 l A=0,0000
H=25.0 mil F=1GHz 1| F=1GHz
Er=D& TanD=0. BM YanD=0.001
Mur=1 '
E‘ gE#80
e+l|34°ﬁur
T—D 15 mil
Tan0=0
Rough=0 mil
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Designing with S and Noise
Parameters and the Non-Linear Mode!
The non-linear model describing
the ATF-54143 includes both the
die and associated package
model. The package model
includes the effect of the pins but
does not include the effect of the
additional source inductance
associated with grounding the
source leads through the printed
circuit board. The device S and
Noise Parameters do include the
effect of 0.020 inch thickness
printed circuit beard vias. When
comparing simulation results

Appendix B

eters and the simulated non-
linear model, be sure to include
the effect of the printed circuit
board to get an accurate compari-
son. This is shown schematically
in Figure 3.

For Further Information

The information presented here is
an introduction to the use of the
ATPF-54143 enhancement maode
PHEMT. More detailed application
circuit information is available
from. Agilent Technologies.
Consult the web page or your
local Agilent Technologies sales

between the measured S param- representative.
via2
vz
D=20.0 mit
H=25.0 mil
viAz ) . T=0.15 mil
n BRAIN SOURCE Rho=1.0
D=20.0 mil W=40.8 mil
s L]
T=0.15 mil
Rho=1.0 ATF-54143
W=408.0 mi! I
1] VIA2 MSub
I
0=20.0 mil
SBURCE CATE #=25.0 mil ﬁﬁ,‘,ﬁ
Vin2 T=0.15mit H=250 mil
v2 Rho=10 E=9.6
D=20.6 mil W=40.0 mil Mur=T1
H=25.8mil Cond=1.0E+50
T=0.15 et Ho=3.82+034 mil
Rho=18 T=0.15mil
W=20.0 mii TanD=0
Rough=0 mil

Figure '3.>Adding Viias to the ATF-54143 Non-Linear Model for Comparison to Measured 8 and Noise Pnramaters.
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Noise Parameter Applications
information .

Finin values at 2 GHz and higher
are based on measurements
while the F ;. below 2 GHz have
been extrapolated. The F;,
values are based on a set of

16 noise figure measurements
made at 16 different impedances
using an ATN NP5 test system.
FFrom these measurements, a true
Frain 18 calculated. Fy;, répre-
sertts the true minimum noise
{figure of the device when the
device is presented with an
inpedance matching network
that. transforms the source
irapedance, typically 500, to an
impedance represented by the
reflection coefficient G,,. The
designer must design a matching
network that will present G, to
the device with minimal associ~
ated circuit losses. The noise
figure of the completed amplifier
isiequal to the noise figure of the
device plus the losses of the
matching network preceding the
device, The noise figure of the
device is equal to F ;. only when
the device is presented with G,.

If the reflection coefficient of the

matching network is other than
G, then. the noise figure of the
device will be greater than F;,,
based on the following equation.

NF=F . +4 R, -,

Zo (11 + Tt (1- I0J2)
Where R, /7, is the normalized
noise resistance, T, is the opti-
mum reflection coefficient

“required to produce Fyi, and Tg is

the reflection coefficient of the
source impedance actunally
presented to the device. The
losses of the matching networks
are non-Zero and they will also
add to the noise figure of the
device creating a higher amplifier
noise figure. The losses of the
mafching networks are related to
the Q of the components and
associated printed circuit board
loss. I', is typically fairly low at
higher frequencies and increases
as frequency is lowered. Larger
gate width devices will typically
have a lower T, as compared to
narrower gate widih devices,

Typically for FETs, the higher T,

usually infers that an impedance
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much higher than 50Q is required
for the device to produce F, ;.. At
VHF frequencies and even lower
L Band frequencies, the required
impedanee can be in the vicinity
of several thousand ohms. Matceh-
ing to such a high ilpedance
requires very hi-Q components in
order to minimize circuit losses.
As an exaraple at 900 MHz, when

. airwwound coils {Q> 100) are

used for matching networks, the
loss can still be up to 0.25 dB
which will add directly to the
noise figure of the device. Using
muiltilayer molded inductors with
Qs in the 30 to 50 range results in
additional loss over the airwound
coil. Losses as high as 0.5 dB or
greater add to the typical 0.15 dB
Fin of the device creating an
amplifier noise ligure of nearly
0.65 dB. A discussion concerning
calculated and measured circuit
losses and their effect on ampli-
fier noise figure is covered in
Agilent Application 1085.



QOrdering Information

Part Number No. of Devices Container
ATF-54143-TR1 3060 7" Reel
ATF-54143-TR2 10000 13"Reel
ATF-54143-BLK 100 antistatic bag

Package Dimensions
Outline 43
S07-343 (SC70 4-lead)

1.30 {8.051)

- - BSC -
| f
E E1
[ |
- I
| |
— - e .‘T
- D -
Rl P
b TYP —-—| L— At
DIMENSIONS
SYMBOL MHN. MAX.
A 0.80 (0.031} 1.90 (0.039)
At 0 (0) 0.10 (0.004)
b 0.25 {0.010}) 0.35 (0.014)
c 0.10 {0.004) 0.20 (0.008) .
D 1.80 {6.075) 2.10 (0.083)
E 2.00 {0.079) 2.20 (0.087) .
e D.55 [0.022} 0.65 (0.025)
h 0.450 TYP {0.018)
E1 1.15 {6.045) 1.35 {0.053)
L 0.10 {0.004) 0.35 (0.014)
0 o 10

DIMENSIONS ARE IN MILLIMETERS (INCHES)

0.55 (.021) TYP B I

1.15 (.045) BSC

1.30 {.051) REF

+ +
+ 130 ('051)2.60 (-102)
+ +
0.85 (.033)
1.15 {.045) R;F
—]| ) |—
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Bevice Orientation

REEL

/ CARRIER
TAPE

USER
FEED
DIRECTION

COVER TAPE

Tape Dimensions
For Outline 47

“

TOP VIEW
3 mm
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END ViEW

7 c O

T O ® q ]
T\

O

4—1‘\—.‘“‘!4—

o Kg
Ag— LBO*I
DESCRIPTION SYMBOL | SIZE (mm) | SIZE {INCHES}
| caviry LENGTH Ao 2244010 | 0.088:0.004
WIDTH 8o 234:010 | 009220004
DEPTH Ko 122+010 | 0.04810.084
PITCH . P 400018 | 0.157 +0.004
. | BOTTOM HOLE DIAMETER I 100+025 | 0.039+0.010
PERFORATION | DIAMETER P 155+005 | 0.061+0.002
‘| PITCH Py 4004010 | 0157 +0.008
POSITION E ,|175+010 | 0.069 +0.004
CARRIER TAPE | WIDTH w 8004030 | 0315+£0012
THICKNESS . u 0.255+0.013 | 0.010+0.0005
COVER TAPE | WIDTH C 5.440.10 0.205 + 0.004
TAPE THICKNESS Tt 0.062 £ 0.001 | 0.0025 +0.00084 "
DISTANCE CAVITY TO PERFORATION F 3.50£0.05 | 0.138£0.002
. {WIDTH DIRECTION) .
CAVITY TO PERFORATION Py 2004005 | 0.079+0.002
(LENGTH DIRECTION) :

wune.senvicorductor.agilent.com

Data subject to change.

Co:pyrig!at © 2001 Agilent Technologies, Inc.
Obsoletes 5088-0450EN

May 81, 2001

5985-2722EN

L
cate”

-®,
. a

ST
.
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- Appendix C

Agilent 83000A Series Microwave System Amplifier

Agilent Technologies

- Microwave System
Amplifiers
FIL06A 10 Milzte 265 GHz
B3IN7A 500 MHzto 265 GHz
‘BIM8A 216265 GHz
FI020A 210 265 Gz
230508 210 50 GHz
B3051A 45 MHzto 50 GHz

Features

= Ultrabroadband 1350 6Hz
= Upio t watt olipit power '

~ Compact siza

. 830174 0510265 25 18
8I018A 210765 - 7 35
300X 210285 T
BE0A  2toB0 0 % 18
BIBIA  0.045to50 28 12
“IGgm 45 to S SR

Agilent 83000A Series
Microwave System Amplifiers

Technical Overview

The Agilent microwave sysiom
amplifiers are compzct, off-tha-shaff
amplifiefs designed for systam
desigaers and integrators. This family
of amplifiors provides: power where
you need:it to rocover systom Insses
and fo baost svailable power in AF
ang microwsve ATE systems.

Tha ulirabread bagdwidth from
1018z to ) GHz allows tha designar
Yo raplace several narrov bandwidih
amplifiers with 3 single Agilent
amplifier, eliminating thz need for
crasszver nefworks or multiple bias
supplies.

The B3050A poweramplifiar and
83051A preamplifier expand fra-
guency gerformance b0 BHz, while
tha 1 Watt 830204 efers broadband
power fo 28 §Hz, The small amplifier

[103]

‘faotprint allows Yor simpla in-lins:

insertion teaxisting system locks -

‘that require amplification. The:stan-

dard 330174, 930184, and 83DZ0A
inclisde intemnat directiong] detectors
farextemat levefing applications.
Thie: 830204 is cptiomally available

without the coupler-deteciar praviding
up fo+320 dBm and +25 dBm, respec-

“Hivaly. With excellent nolse figure wala-

five to their broad kandwidik and high
yain, thase amplifiers sigrificantly
imprave systam naise figure and
dynamictange. Thesa products come
aquipped with a Iow profile heat sink,
an integral mounting bracket, anda
two-metér DD power sugply cabte.
Thaesmatand poaer supply design
allodvs fast, sasy integration into most
measyremeant systams.



Applications

Small envelope size makes the
Agileat Technolagies famiby of
micrawave system amplifiers idezl
for sutemated tost and benchtop
applications, offering the fNexibility
to:place powicr wherayau need it

Boost source output power

increase autput povser feom micro-
wave saurces fo incraase test system
dynamic range: Drive high input poaver
devices suchas WIS, mixers, power
amps, r aptical modulators. Drive
tostafevicas into compression for
davice characterization.

Recover systemalic losses

" The microsvaa system amplifiers

. halp salva the powver Eoss from
conngciors, cablos, switches, and
sigaal rosting compaonsnats which
ponsume valuable source pawer.
Pnng teansmission paths, common in
anienna applications, are pacficulady
snseaptible to spch fossaes.

Leyel spuice power

By vsing feedbzck to an exterral
sourca ALC input, gysiam designers
cen level cutput power at the test
port, negating the affacts of posts-
weeper reflections snd losses.

Simply ropte the directiongl detactor
nutput fo the source axternat ALC
input conmector. The figures at right
showe ypicat rasuits.

The 830204, 930EBA, amtd 23017A
featore an imegral diractions] detecior
ta supply fagdback. To fevel an B3006A
amplifier, uyse the 0.01 to 285 GHz
83036C directional detectar arthe

1 {0255 GHz 872000 coupler with

an 83730 detector.

ppendix.C
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Improve fMieasurements

The 830064, 830174, and 830614
praampfifiers incragse the gensitiv-
ity and dyramic range of Spectrum
anabyzars. Add a proamplifier o
noise figum-measurament systems
to significantly Jovwer system noise
figure. The table befow shows typical
system noise figure mduction achiew-
. abfewith those amplifigrs. Note that
the raducad system noise figura is
dominated by the prezmplifizr noise
figure. Ses Application: Note B7-2,
fiterafure number5952-37068.

Benchiop-gain black

8Benchtop-microveave design tasks
aftan reqeine amplification to mea-
sure Jovs fevel ouiput chiaracterstics:
imptova system dynamic rangs,
pegarm saturafion tests, ar boast
poweerioysls. Tho Agilent family of
system ampiifiors offers small size

and immediate, off-the-shelf soluficns

fo micraveave.design, praduction, ar
{astgnginesrs

SENSIFWITY IMFROVEMENT

) 02386
Spactrasn Analyrce

g wiwl @

Saueen &

Fulse pseameter measuremesnts

Fastrrise fime and mulii-octava
bandwidih make these amplifiers
g¥fractive for fast pulse parameter
measurements. The 0.01, 05 snd

2 BHz cufsff frequencies make ffiem
mote usefuffor BF or impulse mes-
surarnanis with low duration imes.

Dadlt (d8m)
L
B8

-1
13D

-8l
~193

r
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CARL (i 0 H ABW

|
1

- BIEQBW:
|

i
38

ALl

o= e

W3 5 16 15 20

%

Frequoncy (GHz)

Ltl tzrms Snear

1Am
!WEA 00132 13 T — 133 131 132 13% 138 128
0253 8 81 gz 54 0§ 82 aF 21 -
18255 13 — 13% 131 132 134 136 128
SIMTA 0518 2 % 81 a1 81 82 By BS Y
. 18-255 S & —_ 130 130 131 131 132 138
BIIA  1-2 T2 FE] T ([} 1ot we ETT 168 1B
2-70 1n @7 100 1040 101 03 02 103 08
20-255 13 23 — e 1ER 131 135 132 183 fTh]
83m@OA 120 10 38 IO 160 100 100 181 161 104
20-755 13 27 — 130 131 13.3 131 131 .’ 134
gtislA = 2285 . & 2 51 €2 63 65 10 75 Y
2B:5-50 10 Mo 1 101 WE W4 108 1.8
BI06TA  0.0452 1z 7 T20 120 K] 23 123 24 13z
2-265 8 a1 62 B3 85 70 78 95
25:5-50 18 100 0 w1 W3 104 106 ns
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Product specifications

Appendix C

5.5 BHz

Y range . { 25
Small signel gain 23 dB min 2548 min 23 dB typ 1-2GHz
Z¥ dB min 2-20 GHz
. . Z3 4B rnin 20-38E 6Hz
Small signsl gain Hatnass 15 dB max 0.01-8 GHz #5 dB:max 0.5-2 GHz 15 4B typ
33 dB max 8-25.5 GHz 25 dBmax 2-265 GHz
Dutpet power +1E d8ontyp B01-18 GHz 73 dimtyp 0.5-20 GHz +234Bm typ 12 3R
jAt P max +1B d8m typ 1020 GHz +15 dBm typ 20-26.5 GHz +24 4Bm min 2-20 GHe™*
+14 dBm typ 29265 GHz +21 dBrn min 20265 GH2
At 1 48 comprassion) +13 dBm min 9.01-28 GHz +18 dBm min BE-20 BKz +22 4Bm typ §-2 GHz
) +10 dBm min 20-25.5 GHa +18 4Bm-~9.75 4B GHz +32 dBrn min 2-28 BHz
. : [20<§<26.5 BH +17 4Bm min 30265 GHz
Leveled output power M #1148 05265 GHe st 124Bm 415 4B 1-265 GHzat 17 dBm
Flatnass® £15dB05-10 BHr ot 18 dBm
Peoise figura: <13 4B fyp 0101 GHz <8 B typ 0. 5-20 BHz <10 dB typ 12064z
<3 dB typ B3-186Hz <13 4B typ 20-2655H: <13 4B typ 20288 GHz
<13 43 typ 18-26.5 B3z :
Harmunics 25 cdBe B@1-11 Bz -20 i8¢ 15-1F 6Hz -32dBz oyp 1-2 GH:

{4t spac'd vatua of PY d30}

25 dBe typ 111328 G

~28 d3ctyp 111325 GHz

19 dBc 2-11 G4z
18 dBo fyp 11-13.25 Gz

Hermonics N/A HsA ~30 dlz fyp 1-Z GH:z
$At spac’d max powar) ~17 0o byp 2-371 GHx
-17 dBe fyp 11-13.25 BHz
Inpot SWH 251 261 bt -2 8BHz.
) 31226564z
Dutpat SWR 257 Ba-186Hy 281 TR typ1-2GHz
: 32:01'15-26 55Kz 4.51 2-18 6Hz
224 10265 5Kz
Mon-harmonically - -£5dBe yp -55 dBc typ 55 8Bz typ.
related sporicus : ]
Risa ffma 100 p=yp T pstyp 5 pziyp
Third ordar intercept {T0I) 30 dBm typ ut 2 BBz 30-gBmetyp at Z6Hz 35 dEm byp Z-20 GHz
70 dBm typ a? 265 BHr 20.dBmtyp at 25.5 GHz 31 dBm typ 26-265 6Kz
Impadance 53 Dtyp ' 560 fyp 53 ftyp
Reverse isnlatinn [typ) -§5 dB -5Ed3 -5E5dB af 1 Bz
+0.65 dBSGHz
Survival input power +23 d8mmax +23 dB8mmzx +23 dBm max
Power dissipation BW 5w MW

(L Af mive sposifferf P SEC Wi QAT TRguency band
2 P mexmozsued with DB gl :
2 Optin 608 Fnax #25 08m 2-20 GHE, 22 88m 20-28.5 Gz
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Pradoct specificaticns {continued)

 Appendix C

“Weodel number - 830504 3051A V]
Fraquency rangs 2-50 GHg 45 MHz-50 GHz,
Small signal gain 30dB typ 1-2 GHz 21 dB min 23 02 min 3
30 dB sin 2-29 SHz H
_ 37 4B min 20-265 GHr , o
Smat] signal gain flatness 5 48ty £35 dB max £35d8Bmax |, .
DButput poaver +31 48m typ1-2 GH +20 d8m E-40 GHz +1Z dBm to 45 GHx-
AL P max) +30 dBm min 2-20 GHz™ +19 dBm-B.2 JEYEHz +10 dBm 45-50 Gz
+301:48m ~0.7 dB/GHEY {£0<<50 GHz) .
120<F<265 GHz o
{At1 48 comprassion) +Z8 dBm typ 1-2 GHz +15 ¢Bm 2-436Hz +8 d8m 45 MiHz-45 GHz
+28-dBm min 2-20 GHz +12 d8m 4G-50 GHz +B dBm 46-606Hz &
+28:8Bm-0.7 d8/6Hz SRR S
{20<F2265 GiHzj ) W
tevelod sutput power +1.548 fyp 1-255 6Hz MR "N/A
Flanass® &t 23 dBm ’
. Bloise figura <3148 typ 1-20 GRz <E 4B typ 2-265 GHz <12 &8 typ 45 NMHz-Z GHz
‘<338 typ 2-F65 GHr < g8 typ 26 5-50 GHz <6 oS typ 265 BH
: <10 a8 typ Z65-50 BHz |
Harmionics o —22 48c iyp 1-2GHz —20:48c typ 2-18 GHz ~E0 dBr typ 45 MHz-18 GHz
At Spec’d value of P1 4BC) —20 4B typ 2-11 GHz ~1848c typ 18-25 GHz ~EBdBe typ 1835 Gir
~17dEctyp 11-15.25 GHz I
Marmionics 70 48c iyp 1-2 GHz HFA NZA,
At Spar’dmax powar -1 dBe typ 211 GHz
17 dEctvp ¥1-1525 SRz
Input SWR 3:% typ 126568z 2% max 2.1 max
Butput SWH 7.0 typ 1-28Hz 2.8 max 2-19 BH 2.2 max
: 453 2-106Hz 2% max 18-50:5H: :
. 229 W-25.8 GHz »
Map-harmonically ~5Ed8ntyp <5 d8e typ ~EidSetyp . -
ralated spurious Coer.
Hise tima 375 ps Hyp 350 pstyp 225 psiyp
Fhird order intercept {701 38 dBo typ 2-2B GHz .27 dBmyp 27 dBm typ
33dBm hyp 2E-I65GHE - ) ]
Impadance 66 61 typ S0 D&y 50 Dyp
Heverss isolation {typ) ~SEdE . ~8tdB typ ~5hdB8&p = . .
Survival input gover +23 dBm max +7) dHm max 20 dBmmax - ¢ -
Pawer dissipation a8W 11W W ..
L Atminspesnied Py OEEWIENIT AER feguoncy by
Z Pmyrmessured with +§JBm mpul .
3 {pthon 68 desies datecled oufpel, fwﬁma_x.?ﬂﬁ‘ﬁ O5m T-2ESGHE
Speclal Appcalions Higher perfornTance mooels svalladie spon request (1.2, Wigher power, elc. } -




Product zpecifications {confnued)

A83000AR . = T ine
- ment 1241 Vioet S0 405 mA B+0mA 1221 Wcat 1130 4123 mA
iraminzl] mA ' “12H1 Yde et M 25mA 1221 Vdoat 2042 mA ~12 21 ¥dr at 10 25 mA
_ RFcomneglors 3hmm . b om () 35 mm
Detector outpot NIs BHE BRE i)
Detertor sansitivity A 15 VW 4 NV
Detector polarity B Iegative " Megatia
Weight netshipping 6.64 kg {1416 053 kg (1.416) 1.8kg {3.01b)
i 1.32 kg {251B) 132 by {2818 20 kg {641
Do ot gy Goslive Volisge before RegaIva votage ~

Eniironmental specifications
Tempeature cosfficiant 447 d35°C
of gain :
Opersting temperature - (ip+55°C o +55°C o +55° C
~A0tp<T° L - EltaslPC

“B1a8rc T et

o

Storage temperature o 7070

Dih
COEMEE IEC1326:1097/EN 813281007

X CISPR YE:1S07/EN 55011:1508, Broup 1, Class &
Safaly {EC348:1078240 401 313981

. CANSCEA-[272 Hlo 231 {Berias K-G0

Moistore resistance - 8570 ot 055 BH for 10 daye per Nil-3td-233C methed 10045
Randaem vibration 5.2 G (rms)ta 2600 He per Mil-Std-B83C methed 2025 fest condition 114
Shock 1590 G {peak], 05 ms per 11-84d-803C method 26023 test condition B
Alfitude, non-operating 15,000 m per MGlStd-083C mathad 1001 festeondition €
T TSGR EOMENeS WS Canaman JOES 06T, Ded arparel IShT st comnme 2 Iz nonme NAE-607 o Cahedz.
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Appendix C

feneral spaciications {cantinued)

“*Bias voltage and currant 15415 Vdc at 3700 £B00mA 12 41 Ve at 900 £110 mA 121 Vo st 312 £31 mA
{rominzl} —t5£0.5 Vo a¢ 20 £5 mA 12 2% Vdo at 3015 mA —12 £1 %dec at A0 25 mA
RF connectars IS5 mmiE 24 mmfi} - . 24 mm (f)

Datorior output BHNC (f} _ (37 A

Detacior sensitivity T pesud Wit ) AN

Detsclor polarity !’4553&1“!;&1 A For 200

Vaight: net shipping 38 kg RSB} 064 g {1.4 16} B5%kg {T.41b}
5.0 kg 111 16}  1.3Z%g {29 b} 1.32kg {28 b}

o st apely pesilive vallsge Lelone nagaliva veiisys.

soeenrgermcms

Tampara!ﬂra coefficiant -3.68dB° & ~1034Bs° 0
of qrain , : .
Bparating temperatura Do 455 L. fa 4867 G Otp#+85° L
Storage fsmpserature —Eix +76%C o 50 ta 70~ € ~40 to 420>

ERICF EEC 6)325:1807/EM BI3ZER05T

C45PR 11189760 550141958, Growp T, Blass A
Safaty FEC35E15787HD S01 531081

CAMN/CSA-E22.2 Mo, 231 {Seres M-E0)
Moisture resistance 657 € at 985 RH far 10 days pes Mi-5td-8683C0 mathad 10845
Random: vihration 5.2 6 {rms) 102063 Hz pee Mil-Btd-BB3C methed 2035 test mnﬁltum 1IA
Shock 1800 G {peak) 05 ms per Mil-Std-833C methed 2002 3 test condition: B 7
Altitude, non-operaling 15,000 m par Mil-S5d-8830 method 1001 tast coadiion £

L TinS IRMY dovice compiios ekl Cansdian ACES-BER - Ost 3pparcil) M504 et ComINRe § 4z Norme jA <061 30 Cansda

SpecifCatfons Aesone he NRImant’s WaraRis PERGNXIGS over the fempertire Fange 4507 S i #30° € {uniéss pitervisa mrsrrg.
AV ZRECHEINNS SIply ST he MEITANNS Lmperaiure 495 hean Sianiiad aiter coe-fens ComINUCKs O ot THnesl charstienstcs
&8 irtanded to provide fnfomeetion eEciut iy appiping o fsiaman? Sy giing tj"mfb.lmmrrmn.ﬂ ﬁfﬂ'ﬁﬁ'mm:!! p.;r.? JelErs. msse
Sr3 genoted 55 Wpks!™ oF "ROMNa!T 20T SRRy oNaT Hhe ISTarG e AIRIE 307 C 10 357 €.

Lawlien on Ekctrostaic Discharge: Fiactosialic fsshane (ESBf can damage oy desioy elections mm,.w.n& M s IECETRRIga T Thaf Eaasa
ampelis. Jke.oiver eleckonic somporants, de Mstalind snd cpecsfad 505 skallo- (e Workatelitn or i a0 SSImen! Biave grocrulives
=geiest £ED hava besnimpiamentad
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Graphical performance data

830064 Arplitier BIMTA Amplifier
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Graphical performance data {continued)
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Appendix D

Coaxial

Frequency Mixer

Level 17 (LO Power +17 dBm) 3700 to 7000 MHz

Maximum Ratings .
-65°C to 100°C

Operating Temperafure

Storage Temperature -55°C to 100°C

RF Power 200mW

IF Cument 40mA
gamay ocourit ary of 2

Coaxial Connections

LO 2.

RF 1

IF 3

Outline Drawing

w

ot
—i L
.

Tal ]

-
]

-

> Tl |} 4
; } ]

"
@

] 2X 26

gt

Outline Dimensions (nth)
A B ¢ D E F 6 H

100 75 58 S0 20 .38 40 -
2540 1003 1473 1270 737 665 336 . ~

4 K L M N P ot
887 - 32 13 .10 .6 grams
1745 843 330 254 408 250

Features

= wida frequency range, 3700 10 7000 MHz

« low convarsion loss, 5.8 dB typ.

« gaod L-R isolation, 33 dB typ., L-1, 34 dB typ.

ZMX-7GHR

' CASE STYLE: BU413

Connectors . Model Price Gly.

) SMA “ZMX-TGHR  seagsea (19 -
Applications -
* SATCOM
«Instrumentation
« defense & federal communications
o SHF

Electrical Specifications
FREQUENCY | CONVERSIONLOSS LO-AF ISOLATION LO-IF ISOLATION
(MHz) (dB) (aBy” {dB) -
LOMAF F
Total
14, - Range
X [+] Max. TR N e Mo
3700:7000_DG-1000 | 6.3__0.30 85 D) 36 20
1dBCOMP: s15dBm typ.
Typical Perforinance Data, , -
Frequency Converslon Isolation ) VSWR VSWR
(MHZ) Loss L-R ) RF.Port Lo Port -
(4B) (d8) (dB) (-1) (&)
Lo Lc Lo LO 10
RF Lo +17dBm +7dBin .W17dBm . +17¢8m +i7dBm
3700.00 3736.00 395 31.84 27.92 181 171 °
3886.79 391679 4, 2949 205 - : 140 172
4050.00 | 4036.060 4.07 31.32 2024 188 1.81
425038 4260.38 439 3808 . 3140 208 158
450943 4533.23 4.80 35.04 3098 321 173
469823 472823 521 3175 ‘3114 2,55 1.69
408302 4915.02 550 322 3193 273 161
£$600.00 4970.00 523 3228 28 278 152,
£184.34 5$64.33 5.4 3280 34.00 305 138
§381.13 B361.13 5.55 31T 34563 331 13t
§587.92 ; 573 3038 3428 368 1.3
£764.72 £724.72 £.70 3147 34,72 413 135
$800.00 E976.00 811 30.09 R77 823 117
5262, 622203 €58 2587 3428 585 116
8315.09 82B5.09 &8.01 3008 3424 gn8 1143
6501.89 847189 8.95 3085 " 3385 611 1.20
r] 6595.43 €82 68 25 605 123
£76004 872084 6.68 29.96 3203 820 1.3
887547 €835.47 655 2825 31.18 €0s 123
7000.00 £970.00 6.40 2857 30.32 581 1147 R
Eleé¢trical Schematic
L R
Forcatelad,
LT.-.IMml-clrcults priecraciniometsg
1400: AS 5700 CER i D e aton
i e
co , e 2 BIER/AN
ety containgd .am:h criertn. inshucliora, 3, The eod spaciicedicn
i mmﬁmmmmmmmﬂmfmw&ﬂm o mmmamm:mmmmmmwﬁsm:m hﬂlgm}un i Saiomart D!ax(&vmb Fe g

Harra and tha axelsho ights ond FOrnaciss tarande,
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Appendix D

ZMX-7GHR

-Performance Charts

. ZMX-TGHR
" " i giIFFroqofaomz CONVERSION LOSS
10.0 & I — —
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g 7.0 “N%_T
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g 30 =
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arg 4360 5020 5680 6340 7000
’ FREQUENCY (MHz)
i
J

ZMX-7GHR
L-R ISOLATION
60 1 1 1 1
[= 'LO=414 dBm —LO=+17 dBm - ~ LO=+20 dBm]
__ 50 1—
2
"2 40 b =<
l% \‘—",rr \’”s-- -~
et N - —a—
R = e e e S
@
20
10 - i ‘
3700 4360 5020 5680 6340 7000
FREQUENCY (MHz)
ZMX-7GHR
RF VSWR
9.0 I I I I
8.0 +{= 'LO=+14 dBm —1L.O=+17 dBm = = LO=+20 dBm]—
70 - - <]
6.0 i
% 5.0 P S
X7 B
> a0 A
) 7T //.“' ’
3.0 v P
Y
10 =
3700 4380 5020 5680 6340 7000
FREQUENCY (MHZ}.
ZMX-7GHR
IF VSWR
39 I [ | I
28 [~ ‘LO=+14 dBm —LO=+17 dBm ~ = LO=+20 dBm]
%22 B YT SR
7 TTTR el
- 18 2
]
14 e ey
10

[113]

L4 200 400 60C

FREQUENCY (MHz}



Appendix D

Coaxial ZEM-4300MH-+
Frequency Mixer - ZEM-4300MH

Level 13 (LO Power +13 dBm) 300 to 4300 MHz

Maximum Ratings Features _
Operating Temperature -55°C to 100°C « low convarsion 10ss, 6,42 dB typ.
‘Storage Temperature 55°C to 100°C - broadband, 300 to 4300 MHz
- IF response to DC .
RF Power 200mW o - .
Conneclors Mode! Price” : . Qly..
IF Gument A0mA SMA ZEM-4300MHG)  $89.95 . . (1-9)
Applications oS B S GO ?
Coaxial Connections : « UHFAVHF
Lo 2 « MMDS : AT A b datad e dohed 5%
BF 3 < ISM/GPS The +Sulfix & RaHS C See our web sits
e - 3 = instrumentation for RoHS Complance methodologles and Quathications.
Electrical Specifications , .
FREQUENCY | CONVERSION LOSS LO-RF ISOLATION LO-IF ISOLATION .
(MHz) (dB) {dB) (dB)
Mid-Band
) LORF " : Total L u L y
Outline Drawing M DIA Ik X o it To Mn Tyo. Mo Ty M Ty, Mn
L A wpo * 3004300 DC-1000 [642 0.15 s 40 20 40 20 .17 12 7
'f-—.@ 22 [ 1 dB COMP.: +9 dBm typ. L« lowrangslt, to 101 U o upper rangs (101, lo k]
E
! 1 2 B . L
— K Typical Performance Data
{b. . f‘} Frequency Conversion Isolation Isolation VSWR . VSWR'
3 (MHz) Loss LR Ll RF Port LOPort*' "+
. d : 1) -
o L i (4B) (@8) | (4B) 1) [2))
H Lo Te) Lo Lo ‘Lo
‘F RF Lo +13d3m +13dBm . +13dBm +13d3m ©L .HISEBm
) 200.00 500.00 702 42.09 054 C .22 5.54
> A A A
| Pan t ¢ 60,00 £00.00 8862 35,00 870 255 62
L) N it '980.68 789.68 661 36.09 1749 ° 163 448
i 1000.00 800.00 653 36.06 17.37 265 308
wam— 140345 1203.45 630 3265 1472 534 248
[ t 167331 147931 589 3370 1931 431 458
- 2000, 1600.00 816 3509 2350 263 277
208390 1833.10 643 3326 2382 248 188
2231.03 2031.04 654 3241 2564 242 1.88
AN O E B 3
Outline Dimensions ('5') 2020.69 272069 623 2773 1777 230 241
A B ¢ D E £ G 3000.00 2600.00 §20 2608 - 1629 229 223
8 83 75 57 42 125 0 332443 3134, 73 1567 229 3,01
208 208 1805 D40 1067 8175 253 2510.34 u?g,gg 0% gnz . 1356 182 273
400000 - 3800.00 647 3342 . 1027 235 184
H <4 K L M Now 4162.07 396207 854 3573 1047 2.7 241
%150 085 735 21 106 .06 grams 4300.00 4100.00 883 30.85 137 230 308
A2 241 BGF 68 263 182 M - —— S —
Electrical Schematic
L 3 g R
[ Mini-Circuits’
1SO 9001 ISO 16007 CERTIFED 108308 _
P.0. Box 360166, Brooklyn, New York 11235-0003 {718) 934-4600 Fax (718) 392-4661 For delailad psdormance specs 3. &hopping onlne see Mini-Circtits web site ﬁ’,m,,
= The Desrgn Engineers Search Engma Provides ACTUAL Data Instantly From MINI-CIRGUITS At www.rmmc:murts.cam ) cat2ey
oy et/ I MICROWAVE COMPONENTS 3 Pagetot2
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ZEM-4300MH-+
ZEM-4300MH

Perﬁormance Charts

ZEM-4300MH
CONVERSION LOSS
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