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Aids: Open book examination
Examination checking: On Nov. 9, 12-13 in room A604 at MC2

Convince yourself that you have understood the problem before you get started.
Constructive and valuable gambits will also give points. If information is lacking in
the description of the task, you must yourself introduce technical plausible
assumptions. Make sure you clearly state such assumptions.

Grades: 3: >24, 4: >36, 5: >48

1. In a future Pan-European network, Berlin and Madrid (2000 km) should be
connected with a transmission line providing 500 Gbit/s in a single fiber (consider
only one direction). Design a photonic system to provide this. For cost reasons one
would like to maximize the amplifier spacing, so use that as one design goal.

To get full marks you must consider dispersion, SNR, BER, modulation format, noise
sources, Tx/Rx technologies, wavelength allocation, channel data rates, use realistic
assumptions with respect to fiber and amplifier parameters, etc.

30 points

2. A 22 GHz LO source is realized by combining a 5.5 GHz oscillator with a
frequency multiplier (x4). The LO is used in a point-to-point radio link receiver.

a) The high order modulation scheme used in these applications (QAM-256)
require the RMS phase error to be <5°. Calculate the maximum acceptable
phase noise for the 5.5 GHz oscillator, considering a channel bandwidth of
1 MHz.

b) The LO is used with a receiver having a total noise figure of 3 dB. Calculate
the minimum receiver input power level where the contributions from phase

noise and thermal noise are equal at the receiver output.

10 points



3. Appended you will find two data sheets describing a mixer and a wideband
amplifier. These two components should be used to realize a receiver that down-
converts an RF at 2.4 GHz to an IF of 170 MHz. You should now compare the
following two receiver arrangements:

Receiver A Receiver B
AD8353 AD8343 AD8343 AD8353
== = |5 RE [ = = |F
*— —eo
[ Nl [ Nl N —~

fo=2.4 GHz fe =170 MHz f.=2.4 GHz f. =170 MHz
BW = 100 MHz BW =10 MHz BW = 100 MHz BW = 10 MHz
Loss = 1 dB 2.23 GHz Loss = 0.5 dB Loss = 1 dB 223GHz | pss=05dB

(ideal) (ideal)

a) Calculate the total noise figure, third order intercept point, and spurious free
dynamic range for the two receivers above. Discuss advantages and
disadvantages with the two mixer/amplifier arrangements.

b) One of the receivers above should be used to receive a 20 Mbps QPSK
modulated signal. Using the most sensitive receiver above (motivate your
choice), calculate the minimum input signal power needed to achieve a BER
of 10”°. The demodulation of the 170 MHz IF is assumed to be ideal.

10 points

4. You should design of a 10 GHz marine radar capable of detecting objects having
1 m’ radar cross section 2 m above the sea level, at least 10 km away. Your radar
transceiver will be installed on top of a medium size motor yacht. What is the
minimum output power of the transmitter amplifier required to fulfill the
specifications above?

The design should use an existing 10 GHz receiver with a noise figure of 3 dB as well
as a 1 m diameter parabolic antenna (radiation efficiency = 65%). Assume a receiver
IF bandwidth of 250 kHz.

10 points



ANALOG
DEVICES

1 MHz to 2.7 GHz
RF Gain Block

AD8333

FEATURES

Fixed gain of 20 dB

Operational frequency of 1 MHz to 2.7 GHz
Linear output power up to 9 dBm
Input/output internally matched to 50 Q
Temperature and power supply stable
Noise figure: 5.3 dB

Power supply:3Vor5V

APPLICATIONS

VCO buffers

General Tx/Rx amplification
Power amplifier predrivers
Low power antenna drivers

GENERAL DESCRIPTION

The AD8353 is a broadband, fixed-gain, linear amplifier that
operates at frequencies from 1 MHz up to 2.7 GHz. It is

intended for use in a wide variety of wireless devices, including
cellular, broadband, CATV, and LMDS/MMDS applications.

By taking advantage of ADI’s high performance, complementary Si
bipolar process, these gain blocks provide excellent stability
over process, temperature, and power supply. This amplifier is
single-ended and internally matched to 50 Q with a return loss
of greater than 10 dB over the full operating frequency range.

The AD8353 provides linear output power of 9 dBm with 20 dB
of gain at 900 MHz when biased at 3 V and an external RF
choke is connected between the power supply and the output
pin. The dc supply current is 42 mA. At 900 MHz, the output
third-order intercept (OIP3) is greater than 23 dBm and is

19 dBm at 2.7 GHz.
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The noise figure is 5.3 dB at 900 MHz. The reverse isolation
(S12) is =36 dB at 900 MHz and —30 dB at 2.7 GHz.

The AD8353 can also operate with a 5 V power supply; in
which case, no external inductor is required. Under these
conditions, the AD8353 delivers 8 dBm with 20 dB of gain at
900 MHz. The dc supply current is 42 mA. At 900 MHz, the
OIP3 is greater than 22 dBm and is 19 dBm at 2.7 GHz. The noise
figure is 5.6 dB at 900 MHz. The reverse isolation (S12) is =35 dB.

The AD8353 is fabricated on ADT’s proprietary, high performance,
25 GHz, Si complementary, bipolar IC process. The AD8353 is
available in a chip scale package that uses an exposed paddle for
excellent thermal impedance and low impedance electrical
connection to ground. It operates over a —40°C to +85°C
temperature range, and an evaluation board is also available.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.461.3113 ©2005 Analog Devices, Inc. All rights reserved.




AD8333

SPECIFICATIONS

Vs=3V, Ts=25°C, 100 nH external inductor between RFOUT and VPOS, Zo = 50 €, unless otherwise noted.

Table 1.
Parameter Conditions Min Typ Max Unit
OVERALL FUNCTION
Frequency Range 1 2700 MHz
Gain f=900 MHz 19.8 dB
f=19GHz 17.7 dB
f=27GHz 15.6 dB
Delta Gain f=900 MHz, —40°C < Ta < +85°C -0.97 dB
f=1.9 GHz, —-40°C < Ta < +85°C -1.15 dB
f=2.7 GHz, -40°C < Ta < +85°C -1.34 dB
Gain Supply Sensitivity VPOS + 10%, f = 900 MHz 0.04 dB/vV
f=1.9GHz —-0.004 dB/vV
f=27GHz -0.04 dB/NV
Reverse Isolation (S12) f =900 MHz —-35.6 dB
f=19GHz -34.9 dB
f=27GHz -30.3 dB
RF INPUT INTERFACE Pin RFIN
Input Return Loss f=900 MHz 223 dB
f=19GHz 209 dB
f=27GHz 11.2 dB
RF OUTPUT INTERFACE Pin RFOUT
Output Compression Point f=900 MHz, 1 dB compression 9.1 dBm
f=19GHz 8.4 dBm
f=27GHz 7.6 dBm
Delta Compression Point f=900 MHz, —40°C < Ta < +85°C -1.46 dB
f=1.9 GHz, —40°C < Ta < +85°C -1.17 dB
f=2.7 GHz,-40°C < Ta < +85°C -1 dB
Output Return Loss f =900 MHz 26.3 dB
f=1.9GHz 16.9 dB
f=27GHz 133 dB
DISTORTION/NOISE
Output Third-Order Intercept f=900 MHz, Af=1MHz, Py =-28 dBm 236 dBm
f=1.9 GHz, Af =1 MHz, Py =-28 dBm 20.8 dBm
f=2.7 GHz, Af =1 MHz, Py =-28 dBm 19.5 dBm
QOutput Second-Order Intercept f =900 MHz, Af=1 MHz, Pn=-28 dBm 31.6 dBm
Noise Figure f =900 MHz 53 dB
f=1.9GHz 6 dB
f=27GHz 6.8 dB
POWER INTERFACE Pin VPOS
Supply Voltage 2.7 3 33 \"
Total Supply Current 35 41 48 mA
Supply Voltage Sensitivity 15.3 mA/V
Temperature Sensitivity —40°C < Ta< +85°C 60 pA/°C
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ANALOG
DEVICES

DC-to-2.5 GHz
High IP3 Active Mixer

AD8343

FEATURES

High-performance active mixer
Broadband operation to 2.5 GHz
Conversion gain: 7 dB

Input IP3: 16.5 dBm

LO drive: -10 dBm

Noise figure: 14 dB

Input Pias: 2.8 dBm

Differential LO, IF and RF Ports

50 O LO input impedance
Single-supply operation: 5V @ 50 mA typical
Power-down mode @ 20 pA typical

APPLICATIONS

Cellular base stations
Wireless LAN
Satellite converters
SONET/SDH radio
Radio links

RF instrumentation

GENERAL DESCRIPTION

The AD8343 is a high-performance broadband active mixer.
With wide bandwidth on all ports and very low intermodula-
tion distortion, the AD8343 is well suited for demanding
transmit applications or receive channel applications.

The AD8343 provides a typical conversion gain of 7 dB. The
integrated LO driver supports a 50 Q differential input imped-
ance with low LO drive level, helping to minimize external
component count.

The open-emitter differential inputs can be interfaced directly
to a differential filter or driven through a balun (transformer)
to provide a balanced drive from a single-ended source.

The open-collector differential outputs can be used to drive a
differential IF signal interface or convert to a single-ended signal
through the use of a matching network or transformer. When
centered on the VPOS supply voltage, the outputs swing +1 V.
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The LO driver circuitry typically consumes 15 mA of current.
Two external resistors are used to set the mixer core current for
required performance, resulting in a total current of 20 mA to
60 mA. This corresponds to power consumption of 100 mW to
300 mW with a single 5 V supply.

The AD8343 is fabricated on Analog Devices, Inc’s high-
performance 25 GHz silicon bipolar IC process. The AD8343 is
available in a 14-lead TSSOP package. It operates over a —40°C
to +85°C temperature range. A device-populated evaluation
board is available.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.461.3113 ©2006 Analog Devices, Inc. All rights reserved.




AD8343

SPECIFICATIONS

BASIC OPERATING INSTRUCTIONS
Vs =5.0V, Ts =25°C, unless otherwise noted.

Table 1.
Parameter Conditions/Comments Min Typ Max Unit
INPUT INTERFACE (INPP, INPM)
Differential Open Emitter
DC Bias Voltage Internally generated 1.1 1.2 1.3 \
Operating Current Each Input (lo) Current set by R3, R4; see Figure 72 5 17.6 20 mA
Value of Bias Setting Resistor’ 1% bias resistors; R3, R4; see Figure 72 68.1 Q
Port Differential Impedance f=50 MHz R3 and R4 = 68.1 (; see Figure 57 56+j14 0]
OUTPUT INTERFACE (OUTP, OUTM)
Differential Open Collector
DC Bias Voltage Externally applied 4.5 5 55 \"
Voltage Swing Collector bias (Vs) = VPOS 1.65 Vsx 1 Vs+2 Y
Operating Current Each Output Same as input current lo mA
Port Differential Impedance f =50 MHz see Figure 60 900-j77 Q
LO INTERFACE (LOIP, LOIM)
Differential Common Base Stage
DC Bias Voltage? Internally generated; (port is typically ac-coupled) 300 360 450 mV
LO Input Power 50 Q impedance; see Figure 65 -12 -10 -3 dBm
Port Differential Reflection Coefficient | See Figure 64 -10 dB
POWER-DOWN INTERFACE (PWDN)
PWDN Threshold Assured on Vs—1.5 \
Assured off Vs —0.5 \Y
PWDN Response Time? Time from device on to off; see Figure 52 2.2 us
Time from device off to on; see Figure 53 500 ns
PWDN Input Bias Current PWDN =0V (device on) -160 -250 HA
PWDN =5V (device off) 0 pA
POWER SUPPLY
Supply Voltage Range 4.5 5.0 55 \"
Total Quiescent Current R3and R4 =68.1 (; see Figure 72 50 60 mA
Over temperature 75 mA
Powered-Down Current Vs=55V 20 95 PA
Vs=4.5V 6 15 pA
Over temperature; Vs =5.5V 50 150 pA

! The balance in the bias current in the two legs of the mixer input is important to applications where a low feedthrough of the local oscillator (LO) is critical.
2This voltage is proportional to absolute temperature (PTAT). See the DC Coupling the LO section for more information regarding this interface.
3 Response time until device meets all specified conditions.



AD8343

TYPICAL AC PERFORMANCE
Vs =5.0 V, Ta = 25°C; see Figure 72, Table 6 through Table 8.
Table 2.

Conversion SSB Noise Input 1 dB Compression
Input Frequency (MHz) | Output Frequency (MHz) | Gain (dB) Figure (dB) | InputIP3 (dBm) Point (dBm)
RECEIVER CHARACTERISTICS
400 70 56 10.5 20.5 33
900 170 3.6 1.4 19.4 3.6
1900 170 7.1 14.1 16.5 2.8
2400 170 6.8 15.3 14.5 2.1
2400 425 54 16.2 16.5 2.2
TRANSMITTER CHARACTERISTICS
150 900 7.5 17.9 18.1 1.9
150 1900 0.25 16.0 134 0.8
TYPICAL ISOLATION PERFORMANCE
Vs =5.0 V, Ta = 25°C; see Figure 72, Table 6 through Table 8.
Table 3.

LO to Output 2xLO to Output 3xLO to Output Input to Output

Input Frequency (MHz) | Output Frequency (MHz) Leakage (dBm) Leakage (dBm) Leakage (dBm) Leakage (dBm)
RECEIVER CHARACTERISTICS
400 70 -40.1 -51.0 -44.0 -62.4
900 170 —-44.4 -355 <-75.0 -56.9
1900 170 -65.6 -38.3 =733 -65.7
2400 170 —66.7 —44.4 <-737 -737
2400 425 =51.1 -49.4 <=75.0 -92.3
TRANSMITTER CHARACTERISTICS
150 900 -30 -32 -62 =50
150 1900 =25 =17 -65 -40
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