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E4.18

Consider direct-conversion transmitter architectures.

(@)

(b)

(©

(d)

(e)

®

(9)

With the aid of illustrations, briefly explain why direct-conversion transmitter
architectures appeal to designers of wireless systems, when compared to
superheterodyne transmitter architectures.

(3]

What is the major disadvantage of not having an IF stage in direct-conversion
transmitters?
3]

Define the term ACLR and discuss how the output power level of the modulator can
be adjusted to meet specified ACLR and output noise emissions levels.
31

Define the term WCDMA and give a typical value for the output carrier power level
of a WCDMA basestation.
[2]

With a modulator having an output power of +10 dBm and a noise floor of
-150 dBm/Hz, the ACLR is -58 dBc. For the required output power at the antenna
quoted in 1d), calculate the post-modulation gain and noise power at the antenna
within a 1 MHz bandwidth.

(3]

With four modulators, each having an output power of -20 dBm and a noise floor of
-150 dBm/Hz, the ACLR is -65 dBc. For the required output power at the antenna
quoted in 1d), calculate the post-modulation gain and noise power at the antenna
within a 1 MHz bandwidth.

(3

If the maximum ACLR and noise power emission levels are set at -60 dBc and
-30 dBm, respectively, comment on the performance given in 1(e) and 1(f). Based
on the discussion from 1(c), suggest a simple strategy for meeting all the design
specifications.

(3
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(a)

(b)

E4.18

Derive, from first principles, the general radar range equation. Assume the following
lossless system:

e The transmitter has an input power P; feeding an antenna having a power
gain Grthat is located at a range Ry from the target

e The target has a radar cross-section o

e The receiver has an input power Pk delivered by an antenna having a power
gain Gg that is located at a range Rr from the target

(5]

Two amateur radio enthusiasts, living 1 km apart, decide to communicate with each
other at 432 MHz, using the overhead moon as a passive satellite (i.e. a reflecting
target). The mean distance to the moon from both enthusiasts is Ry = 381,500 km
and the mean diameter of the moon is Dy = 3,500 km: :

(®

(ii)

(iii)

(iv)

)

If the same lossless paraboloidal reflector antennas are used at both
locations, calculate the power gain of the antennas if they have a
diameter of 9 m.

[4]

Comment on the resulting beam efficiency for this application if the
3 dB beamwidth of the antennas is 5°.

2]

With P; = 20 dBW, calculate the power at the receiver. Neglect the
effects of the earth’s atmosphere. As a first order approximation,
assume that the moon’s radar cross-section can be modelled as a
perfectly reflecting flat circular disc.

(3]

With an antenna temperature 7, = 100 K and a receiver noise
temperature Trx = 75 K, calculate the carrier-to-noise power ratio at a
receiver having a final IF bandwidth of 7 kHz. Take Boltzmann's
constant, k= 1.38 x 102 W/Hz/K.

(3

Calculate the minimum possible propagation delay time between the
two ground stations if both antennas suffer from unwanted sidelobes.

(3]
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E4.18

An amplifier chain is illustrated in Figure 3.1. All sub-systems are assumed to be perfectly

impedance matched.

[ U N

G=15dB G=8dB G=4dB G=-07dB
P; =30 dBm IP; =40 dBm 1Pz =50 dBm
F=1dB F=2dB F=3dB

Figure 3.1

For an overall input power of 3 dBm, calculate the following at the output of each sub-

system:-
i C
(i) 1Py
(i)  IMD;
(v) s
(v) OverallF

All variables have their usuai meaning.
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(a)

(b)

(c)

(d)

E4.18

Using simple S-parameter analysis, evaluate the loss in both output power and
power gain for a single-ended amplifier failure within:

(i) asingle-balanced amplifier

[4]

(i) adouble-balanced amplifier

(4]

Assume the single-ended amplifiers have an identical voltage transfer function A
and they remain perfectly inpedance matched.

Derive an expression for the insertion ioss of a non-ideal 3 dB coupler having an
equal power coupling of C [dB].
41

Derive an expression for the overall power gain and naop for a balanced amplifier
having input and output coupler losses of ¢; and a,, respectively.

4]
A single-ended amplifier has a power gain of 10 dB and a basic efficiency of 25%.

The input and output couplers have an insertion loss of 0.5 dB. Using the equations
derived from 4(c), calculate the overall power gain and PAE.
: 4
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(@)

(b)

(c)

(e)

®

E4.18

Calculate the loaded-Q factor for a resonant circuit that has a centre frequency at
f,= 1.8 GHz and 3 dB bandwidth BWsq4s = 200 MHz.
(2

Calculate both the loaded and unloaded quality factors for a series L-C-R resonator
having an inductance of 80 nH, combined series loss resistance of 1 Q, resonant
frequency of 1.8 GHz and terminated in a load impedance Z, = 50 Q.

(3]

Draw a simplified block diagram for a typical RF feedback oscillator. What are the
two main conditions for oscillation to occur?
(2]

For an oscillator that is designed around a series L-C-R resonator, define a criteria
for minimum phase noise in terms of the quality factor of the resonator. Calculate
the resonator's optimum value of load impedance for a combined series loss
resistance of 1 Q. Also, calculate the resulting insertion loss for this resonator.

[4]
Given an inverting amplifier, having input and output impedances of 50 Q:

0] Design the resonator with its integral L-C impedance transformers for
a 1.8 GHz low noise oscillator. The resonator is based around a
discrete 80 nH inductor having a series loss resistance of 1 Q.

(31

(i) Comment on the practicality of the series capacitance value
calculated for the resonator.
(2]

(iiiy  What should the insertion phase of this resonator be at resonance
and will it meet the requirement for oscillation?
(1

(iv) What is the minimum theoretical power gain of the inverting ampilifier
at resonance?
(1

Given the choice of silicon or GaAs, which of these semiconductor would give a
better phase noise performance and why?
[2]
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(b)

(c)

(d)

E4.18

Explain why filters having sharp frequency roll-off characteristics require large
components to achieve low insertion losses.

4]

Explain why impedance and admittance inverters are required for realising practical
narrow bandwidth filters. In addition, with the use of simple block diagrams, explain
how these inverters work.

[6]

Redesign the 1.8 GHz resonator topology shown in Figure 6.1, by employing all
capacitive admittance inverters, so that the series tuned circuit can be replaced with
a shunt parallel tuned circuit.

10 80nH 0.0988 pF
— — 17.6pF 176 pF ——
7777 7777
Figure 6.1

(8]

What effect on the insertion phase does the all capacitance admittance inverter
have?
[2
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Model answer to Q 1(a): Bookwork AR
DIRECT- CONVERSION TRANSMITTER
——————y -15 dBm
: -18 dBm -3dB +46 dBm
-20dB filter
= ,

2140 =30 MHz
1960 +30 MHz

SUPERHETERODYNE TRANSMITTER

-15 dBm
380 MHz 25 dBm -15 dBm -17 dBm 2dBm  +46 dBm

|

. i 10wmod Aﬁ’] ‘ |
i - r S Band
<7DAC P ? ot _‘{ N l SAW \ Mixer | fnter

} PA

Y

A L -

G . +15 08 @ : b a8 dB>—
10dB -2d8 PA

) 20 dB driver
AD8346) ‘

- ~
380 MH/ 1760 +36 MHz
1580 130 MKz

Direct-conversion transmitters appeal to designers of wireless systems for their simplicity and low
cost. There 18 no need for an IF stage and their associated mixers, local oscillator and filtering.

[3]
Model answer to Q 1(b): Bookwork
A traditional superheterodyne transmitter has an IF stage, where the filters are more selective than
at the RF stage. This allows filtering of broadband noise, images and spurious components.

[3]
Model answer to Q 1(c): Bookwork
ACLR = acceptable adjacent channel leakage (power) ratio. Power in the adjacent channels is
dominated by spectral leakage from the modulator and not from its noise floor. The goal of the
transmitter chain designer is to select a modulator output level that provides a minimum ACLR,
while also satisfying system noise requirements. For example, if the modulator’s output power level
is increased then less post-modulation gain is required and, therefore the output noise power
emission levels are reduced. However, if the modulator’s output level is too close to the
compression point then the ACLR degrades to unacceptable levels.

(3]
Model answer to Q 1(d): Bookwork
For a wideband code division multiple access (WCDMA) system, a basestation typically transmits
at carrier power levels to +46 dBm (40W).

(2]
Model answer to Q 1(e): Computed Example
Post-modulation gain = +46 dBm — (-10) dBm = 56 dB
Noise (dBm/1 MHz) = -150 dBm/Hz + 10 log(1 MHz) + 56 dB = -34 dBm

(3]
Model answer to Q 1(f): Computed Example
Post-modulation gain = +46 dBm — (-20 + 6) dBm = 60 dB
Noise (dBm/1 MHz) = -150 dBm/Hz + 10 log(1 MHz) + 60 dB = -30 dBm

(3]

Radio Frequency Electronics 0
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Model answer to Q 1(q): Extension of Theory

From le) the output noise emission requirement is met with a safety margin of 4 dB, but the ACLR
does not meet the specification by 2 dB. The solution is to decrease the modulator’s output power
by up to 4 dBm. This will increase the post-modulator gain and, therefore, the output noise
emission, but by moving away from compression the ACLR should improve to an acceptable level.

From 1f) the output noise emission requirement is met (with no safety margin), but the ACLR
easily meet the specification with a safety margin of 5 dB. The solution is to increase the
modulator’s output power by a couple of dBm. This will decrease the post-modulator gain and,
therefore, provide a safety margin for the output noise emission. By moving towards compression
the ACLR will degrade, but it should be kept within acceptable limits.

[3]

Model answer to Q 2(a): Bookwork
At the target the power density is given by:

B
47R?

T

PDyypiir :( \JGT [W/mz]

Power captured and reradiated isotropically by the target, Py, zqrr = OPDpypoer (W]

At the receiver the power density is given by:

P
PD - TARGET W/ mz
X ( 47R? j [ |

Power at the input to the receiver:
Pr = Ay PDpyp W]

:) D [mZ]

The effective aperture of the receiving antenna, A, = P
i

Where Gr = Do and with a lossless antenna its efficiency, 7= 100%

A 1 P
~Po=| == G, - ol —=5 |G,
4r 4R 47R;

2
Ly A, GGy Radar Range Equation
P, 4nR R, 4r

When the transmitter and receiver share a common antenna:
2
P, A,G Y o
— ___> 3 —_—
P, 4nR" ) 4r

Radio Frequency Electronics 0
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Model answer to Q 2(b)(i): Computed Example
The effective aperture for an ideal lossless paraboloidal reflector antenna is given by:

_aD?

A =63.62 m’

2

Q= f};— =7.6x10" with A,=0.694m

Directivity, D, = % =1,658

[

Power Gain,G — D, =32.2 dBi
[4]
Model answer to Q 2(b)(ii): Computed Example
With a pencil beam radiation pattern (i.e. having a large aperture and low sidelobes): Q =6,6,,,
Where B and By are the -3 dB beamwidths in the E- and H-planes, respectively.

.0 =~\Q =0.087 radians = 5°
To an observer on the earth, the moon subtends an angle of 2¢: where

3.5/2

2¢=2tan"'| ——2L%
381.5+3.5/2

jz 0.523°

Therefore, the beam efficiency will be very small because the angle subtended by the target is an
order of magnitude smaller than the beamwidth of the antenna.

(2]
Model answer to Q 2(b)(iii): Computed Example
If we assume that the moon’s radar cross-section can be modelled as a perfectly reflecting flat
circular disc:

2
o="Pu 9621107 m?

Therefore, the power at the receiver is given by:
A.D Y oP
Py=| 2| —L=3x10" W
4nR 4z

(31
Model answer to Q 2(b)(iv): Computed Example
System equivalent noise temperature at the receiver, Ts = Ty + Trx = 175 K

System Input Noise Power, N = k Ts B = 1.69x10°"7 W

Therefore, the carrier-to-noise power ratio at a receiver, C/N = P/N =1.775=2.5dB

[3]
Model answer to Q 2(b)(v): Computed Example
If both antennas suffer from unwanted sidelobes then it is theoretically possible that the sensitive
receiver could detect the high power transmitter through unwanted coupling of the sidelobes of both
antennas. In this case, the minimum possible delay will be given from:

Delay = separation distance between earth stations / speed of light = 3.33 microseconds.

[3]

Radio Frequency Electronics 0
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Model answer to Q 3: Computed Example

—D—D—D

Gl R T 0.7 :
I [dBm] L4300 0L 450 ;
L dBi ' ; 2 43 '
Pour [JdBm] +3 +18 +26 +30 +29.3 2]
I 1dBm| +30 +35.9 +39.5 +38.8 [6]
IMD [dBe! +24 +19.8 +19 +19 [3]
[ldBm] -0 +6.2 +11 +10.3 [3]
Edb +1.1 [6]

Using the following general equations:

C=F,(f0)=GG,Py and IP,= (IP3 |1 G, )”IP3 |2

mp =< [ ’C’f j = 2(IP,[dBm] - C[dBm])[dBc]
Fy — —~ —~

p-l F3-l Fy-1

Gy GGy G1GyG;

F=F +

Model answer to Q 4(a): Computed Example
(1) For a single-balanced Amplifier:

3dB 3dB
Quadrature Quadrature 7

Coupler Coupler 0
Input =1 A
E A

v

70 o
€ j/Z j/ eJO —j%
Output = \/_ \/_ \/_ «,/—~
Under normal operation:
. A . 2 2
S, =Ae 7 Power Gain =‘Sm‘ =A

It one of the transistor/amplifiers fails:

e /’/’ A—: ‘j/

NN

2
Power Gain = ‘SZI‘Z = AT

So=0+

Therefore, there is a drop in power gain by 6 dB. Also, since the power from one single-ended
amplifier is lost there is a 3 dB drop in output power. However, the power from the functioning
single-ended amplifier is fed into the output 3 dB quadrature coupler. This results in another 3 dB
power loss. Therefore, the overall output power lost is 6 dB.

(4]

Radio Frequency Electronics 0
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e
X

(i1) For a double-balanced Amplifier:

Input = |

8
3‘ Zo

n

x

>/ >/ >7 >/

21_

Z0
e

s 2J— (2[ 2f )J—

jO
e -J

Output = =Ae™”

Under normal operation:
‘ - . 2
S =Ae¢” Power Gain :\SZI‘ = A

It one of the transistor/amplifiers fails:
L -ix ~jm -jm -jn A2
S, = O+ A+ AL 1A% = 3¢ A Power Gain=]S21!2 24
- 4 4 4 4 16

Theretore, there is a drop in power gain by 2.5 dB. Thus, the overall output power lost is 2.5 dB.

(4]
Model answer to Q 4(b): Computed Example

- . 2 2
For a 4-port coupler, Insertion Loss, o = ISZ,! +IS41’

A 3dB coupler is regarded as having equal power at both the coupled and direct ports,
=8, =C* a=2C* =C[dB]+3dB

-

lLiS

» frequency

L ] e D it
CdB[ T T

[4]

Radio Frequency Electronics 0
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Model answer to Q 4(c): Computed Example

Input Output
Coupler Loss Coupler Loss Zg
% %
Input = 1 1A )
Pin Pin /T Pour
Ppc’
2 Piv \ Pour’ Poyr >

A |-
Zo /T/ Output = — .| Zi A [Fe i |%ip (%o - i [ Ala
Pt OUPUL==/\[=EA S J,/z ,/2 e, A,

S, =aA’a, = aldB]+20log{A}[dB]+c,[dB]

Power Gain,G =

With lossless couplers,G'= ‘A{z

nAl)D

Py Py 2P,

DC

P b
o 2a, P, =2 "/
. '}f,_)l,/’/ X _ POUT _PIN - omour a; — 774( 1 ]

(4]
Model answer to Q 4(d): Computed Example

G =10dB =10;m" =25%; o = oty = -0.5 dB = 0.89125

Therefore, G =7.943 =9 dB and napp = 1°(0.779) = 19.5%
(4]

Model answer to Q 5(a): Computed Example

LLoaded-Q factor for the resonant circuit is simply:
Qp = (f, = 1.8 GHz)/(BW345 = 200 MHz) = 9

Model answer to Q 5(b): Computed Example

LLoaded-Q factor for the resonant R-L-C resonator is:
Qu = (W) (Rross +2Z,) =9

Radio Frequency Electronics 0
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Unloaded-Q factor for the resonant R-L-C resonator is:
Qu = (wL)(Ross) = 905

Model answer to Q 5(c): Bookwork

Amplifier

Resonator <

A

For oscillation to occur, the closed loop gain must be greater than unity and the total phase around
the loop must be an integer multiple of 360°.

(2]
Model answer to Q 5(d): Computed Example
For an oscillator that is designed around a series L-C-R resonator, a criteria for minimum phase

noise, in terms of the quality factor of the resonator, is that the loaded-Q/unloaded-Q ratio be equal
to (1.5

Q1/Qu = Rross/ (Rross + 2 Zroap) = 0.5

Therefore, the optimum value of Z;pap = 0.5 2

S, (a)(,) =[ - &) =0.5 .. Insertion Loss =6 dB

0

(4]
Model answer to Q 5(e): Computed Example and Bookwork

For the 1dentical L-C impedance transformers:

R, =50
), =0, = | =2 —1]=995
N
le
0 =l Coaann
Ry R |
R,
0, = [/ =0CRs 5Cp =176 pF
X,

Therefore, with a total series inductance of 80 nH, the resonator’s inductance will be (80 — 2 x 0.44)
= 79.12 nH. For resonance, the corresponding series capacitance will be:

=98.8 fF

Radio Frequency Electronics 0
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¥ "Term 'ﬁw—)i NV t+  Term
Term? = ¢ ~ © - 8GR : Term2
Z=50 Ohm -~ c=176pF. L580NH  R=10hm , Z=50 Ohm
T T C=0.0988 pF T
o | %I S-PARAMETERS I
T p—
SP1
Start=1.5 GHz
Stop=2 GHz -

Step=0.01.GHz .

(3]
The series inductance values of the impedance transformers are very low, when compared to the
value for the resonator. Also the series capacitance for the resonator is very low when compared to
the shunt capacitances of the impedance transformers. This is because of the very large impedance
transformation ratio of 100. In practice, it would be very difficult to realise a 98.8 fF capacitance.

(2]
At resonance, the insertion phase should be -180°. With the inverting amplifier, this will give a loop
insertion phase of 360°, which meets one of the two main conditions for oscillation.

(1]
The minimum theoretical power gain of the inverting amplifier should be 6 dB at resonance, in
order to meet the other condition for oscillation.
o it 150
p V 1004 Im2 —e |
a0 imi (\ ~ g |freq=1.B00GHz
1 |freg=1.800GHz I = hase(S(2,1))=-165.608
= ] |dB(S@21)=-6.034 || 2 oo
= A % 50
g, 04 ‘ = amd T ™
‘ ] - 2
40| . -150
7 V’N’"\ -200 LANRLANEL L L B B B L L L B Y L L B
B LA e 15 16 17 18 19 20
15 16 1.7 1.8 19 20
freq, GHz freny, GHz
' (1]
Model answer to Q 5(5‘): Bookwork
Silicon transistors have much lower flicker (1/f) noise than GaAs transistors. One of the main
reasons 1s because the silicon nitride passivation layer results in fewer trapped energy states.
Therefore, silicon transistors can be used to realise oscillators that have much lower phase noise
characteristics.
(2]

Radio Frequency Electronics 0
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Model answer to Q 6(a): Bookwork

Designing high-performance narrow fractional bandwidth filters is more difficult than designing for
wider bandwidths. The reason is that more components are needed to get steeper roll-off
characteristics. As a result, energy stays within the filter for longer and so the group delay of the
filter increases. Moreover, the longer the energy stays within the filter the more of it will be
dissipated as unwanted heat and so the pass-band attenuation increases. For this reason, the
components must increase in size, in order to reduce current densities and, thus, reduce the
associated wasted power dissipated within the components’ materials. Therefore, using passive
realization technologies, narrow fractional bandwidth filters have to be relatively large.

(4]
Model answer to Q 6(b): Bookwork

In addition to size, as the fractional bandwidth of a filter gets smaller, the required range of L and C
components values increases. In practice, it may not be possible to achieve such a high range from a
discrete component. For this reason, impedance and/or admittance inverters are used to convert the
component values that are available into those that are not normally available. It has already been
shown that a Ag/4 section of transmission line can be used to perform impedance inversion:

Zin= KZ/ZL Impedance inversion constant, K = Zo with Ag/4 transmission line

Yin= JY 1. Admittance inversion constant, J = Yo with Ag/4 transmission line
In addition, lumped elements can be used (i.e. either all inductive or all capacitive), as shown
below. Note that negative reactances or susceptances are meant to be absorbed by neighbouring
positive reactances or susceptances.

e A z | K Yy

lL___ Zin=KYZ, 7J/7 7_}7 7'}7 7_}7

Yin = J/Y, K = oL or /oC J = oC or /oL
' K2 = -Z2 J2 = _YZ
Zin =247 Y =-Y¥Yr
Impedance/Admittance Inverter T-Impedance network 7-Admittance network
(K-Inverter) (J-Inverter)

e Two identical inverters connected in cascade represents a zero inversion
¢ A series (shunt) element placed between two identical inverters appears as a shunt (series)
element

As an example, a shunt connected parallel L-C tuned circuit can be “synthesized” from a series
connected series L-C tuned circuit using two impedance inverters.

— K Zs — K/ —

\'|;=YP+YL ﬁ7 7_}7 Yy 7 JK> Yo
T T

Radio Frequency Electronics 0
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As an example, a series connected series L-C tuned circuit can be “synthesized” from a shunt
connected parallel L-C tuned circuit using two admittance inverters.

— J [ I —] YeJ*
Y Z
Iin=1s+ 7, ;}I; r ;}I; r

7r7 7r7 777

[6]

7y,

Model answer to Q 6(c): Computed Example
For a series R-L-C circuit the corresponding impedance is:

/o=R,+ joLg +

JoCy

This can be converted into a shunted parallel R-L-C tuned circuit by using J-inverters. The
corresponding admittance is:

Using discrete capacitance values to realise an admittance inverter with a -C/+C/~C 7-network:
J =wC

Vo =R A(CY + joLy(@CY +%

I ) C
R, =——r—r : C,=L\0C L, =—3
! R\(H)C) P S( ) i (CUC

It we choose:

(@CY =1x107  ~.C=2.796 pF  for f =1.8 GHz

SR, =1000Q ; C,=80pF ; L,=00988nH

Radio Frequency Electronics 0
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| YL
70 1T
L4 3. Moo 4.
Termy 4+ ©=2.796 pF. PLCT c=2796 pF o N
Num=1 c5 L=0.0988 nH c8 Term2
Z=50 0fim 1 ¢=14.804 pF C=74.408 pF >~ C=14.804 pF Num=2
_ o -=14.804 pF TR ~=lasiape 7080 O
L = - ‘
l@ " S-PARAMETERS
B 1
SR L
 Start=1.5GHz
Stop=2 GHz
" Step=0.01 GHz
150
e mi 5
- m h _ a4 ;{
 ,_ |freq=1.800GHz . - |
© " dB(S(2,1)=6.034] 80 r#’z
‘;‘f’: %D—t ! ] 2 0 m2 |
Qe 0] , e = freq=1.800GHz
i —— 50 |phase(S(2,1))=14.379
W - R
7ﬂ“ -1DDIIIIIIIII!IIII|I|I|IIIII
A L B L L ) BRI 15 16 17 18 13 20
s 16 17 18 19 20
freg, GHz
freq, GHz

(8]
Model answer to Q 6(d): Extended Theory
Each J-inverter introduces 90° of insertion phase and, therefore, a pair of J-inverters will introduce

[80° of insertion phase.

(2]
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