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CHAPTERIL:INTRODUCTION

1.10BJECTIVES
The goal of this design project is to design a microvieaguency down converter

which operates at 1GHz.

1.2 GENERAL DESCRIPTION

A microwave frequency down convertarmade of three main components:

1. Low noise amplifier which amplifies at the specific required frequeficy
operation which in this case is 1GHz.

2.  An oscillator which produces an oscillatory signal to be used in the
determination of the lower side band and the upper side band.

3. Mixer circuit which mixes the two signadtsproduce the lower side band
frequency without or with minimal distortion of other wave properties such as

phase angle.



CHAPTER 2 : LITERATURE REVIEW

2.1 LOW NOISE AMPLIFIER

Low noise amplifiers represent one of the basic building blocks of the
communication system. The purposktbe LNA is to amplify the received signal
to acceptable levels while minimizing theise it adds.

The following are the design considerations:

1. Matchingimpedances.

2. Powertransfer.

3. Powerconsumption.

4. Noise

5. Stability

6. Linearity



The first step involved the selection of the transistor for the amplifiéus is done
based on the $arameters of transistor and the noise figures given in the data
sheet by the manufacturer of the transistarhe chosen transistor was
FHX35LG.Its daa sheet is as follows:

# GHZ S MARS0

I'S - parameter data

00 00 00 00 00 0.0
0.0 0.0 00

100 .996 -3.5 4576 177.2 .002
81.2 .516 -2.5

500 .994 -12.1 4548 169.0 .012
79.3 517 -10.2

1.000 .982 -23.5 4471 158.5 .023
73.1 .513 -19.9

2.000 .950 -44.7 4304 139.3 .043
57.9 .498 - 38.0

3.000 .912 -64.6 4.026 121.0 .059
446 .483 -94.9



4.000 .867 -84.0
31.8 .462 -71.9
5.000 .821 -101.6
20.0 .446 - 87.6
6.000 .783 -117.5
9.8 .439 -102.2
7.000 .757 -130.9
09 .441 -115.3
8.000 .738 -142.8
7.1 .452 -126.7
9.000 .726 - 153.8
15.3 .468 -136.9
10.000 .707 -164.5
21.7 .480 -146.1
11.000 .680 -174.1

27.8 .494 - 156.0

3.742

3.436

3.132

2.881

2.659

2.497

2.347

2.206

103.1 .071
86.6 .079

71.6
57.9 .087
45.0 .088
32.4 .090
20.2 .092
8.4 .090

.085



12.000
35.5 .503

13.000
42.6 .514

14.000
49.6 .537

15.000
55.8 .559

16.000
64.7 .564

17.000
73.3 .567

18.000
86.2 .572

19.000
96.2 .581

178.4

.607 147.8

171.0

565 138.4

162.7

528 127.2

154.4

484 112.8

142.7

113.1

.654 176.1 2.101
- 164.8

.638 166.0 2
-173.8

.626 157.1 2.003

1.975

1.917

1.924

1.966

421 93.5 1.932

.035

-3.4

-15.1

- 26.2

-37.6

-50.1

- 62.9

-77.1

-91.7

.090

.091

.093

.094

.097

102

109

116



20.000 .380 74.2 1.991
110.9 .547 1243

I Noise data 4/90
0516 .41 32.0 .71

1.01.4 .38 72.0 .16

1.51.6 .26 141.0.30

2140 .81 32.0 .58

41.90.74 63.0 42

6 1.68 .69 93.0.30

8 2.86 .64 127.0.20

10 2.03 .60 148.0 .12

12 2.20 .56 175.0 .08

14 2.38 .53 - 162.0 .08
10

-107.4

127



16 2.54 .50

18 2.70 .48

- 139.0 .10

-117.0 .14

The figure below shows the block diagram of an amplifier circuit:

Figure 1 Circuit Layout
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2.1.1 INPUT MATCHING NETWORK
This is done so as to achieve maximum power transfer in the input section of the

transistor.This is because it eliminates reflections in the ingtage.

z—1

s
z+1

This is the expression for reflection coefficieftis property of amransistor is
further illustrated by theS11 parameter of the transistofhis parameter helps
establish the matching impedance:

Zn=2oSut+ 1/1-S;

From the given parameters the calc input impedance are as follows:

0.982Ang23.5 + 1/20.982Ang-23.5

=4.8029AneB7.
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Using the single stub matching method the input matching network was
constructed from the Smith chart.

In singlestub tuning the two adjustable parameters are the distardtdrom the

loadto the stub position, and the value of susceptaror reactance provided by

the stub. Fothe shuntstub case, the basic idea is to select d so that the

admittance,Y, seen lookingto the line at distanced from the load is of the

formYO+jB. Then the stub susceptadcéd OK2 a Sy | & bt@eds NB & dz
condition. For the seriestub case, the distanatis selected so that the

impedance, Z, seen looking into the line at a distance d fronhoide is of the

F2NY “%nbe - & ¢KSY GKS aiddzwm NBIFOUGFyOS Aa

matched conditionThe dtached smith chart shows the matching process.

The attained results arked into the AWR TX tool to find the actual physical
properties of the line.

The TX tool is fed the impedance got and the desired dielectric is selectdubf
microstrip to be usedh the circuit simulationThe toolcalculates the width of the
line and the length at the desired operating frequentlis is as shown by the
caption shown below:

13



"@ TXLINE 2003 - Microstrip =@ =]
Microstrip lStripIineI CPW | CPw Ground | Round Coavial | Slatiine | Coupled MSLine | Coupled Stripline |

Material Parameters
Diglectiic | RT/Duroid 5880 ~|  Conductor |Silver | | .|| L
Dielectric Constant l215— Conductivity |5-14E+0? |S.¢'m ~| lTl . .T.
Loss Tangent IEIIJU1— (AWB m
—Electrical Characteristics —Physical Characteristic
Impedance |50 [Ohms | . Physical Length (L) |38.062 fom ]
Frequency |1 |GHz  ~| Wwidth [w] |2 45561 [om — ~]
Electrical Length |62.28 [deg | Height (H) |0.7874 fom |
Phase Constant |1B3B.28 Idegr’m _v_l ‘ Thickness [T) |0.UU1 Imm LI
Effective Diel. Const. IW
Loss |0.876912 [dBim  ~|

The stub calculations are as follows:

14



@9 TXLINE 2003 - Microstrip

e =]
Microstiip | Stiipline | CPW | CPW Ground | Round Coasial | Slatine | Coupled MSLine | Coupled Stipiine |
~Material Parameters e —~
i i i v Conduct Sil v «—if—s|
Dielectric IFiT.f‘Durcud 5880 _I onductor I ilver _‘ | | é
Dielectric Constant |2-15 Conductivity 15-14E+U7 IS/‘m __v_J lTi . _T.
t
Loss Tangent ID.DEH AWR m
—Electrical Characteristics —Physical Characteristic 1
Impedance |50 IUhms ;] ! Physical Length [L] l14.?408 Imm ‘:_I
Frequency |1 |GHz  ~| Width [w] |2.45581 fmm |
Electriical Length |24.12 |deg :_I Height (H) l0.78?4 |mm _vJ ;
Phase Constant |1636.28 |deg/m | ‘ Thickness (T) lg,nm Imm ~|
Effective Diel. Const. |1 .85673
Loss |0.876912 |dB/m v

The above calculations were usedigsut matching network of the transistor.

2.1.2 OUTPUT MATCHING

Similar steps were undertaken for the tpuit matching network

The TX tool calculations were as follows:

15



'@ TXLINE 2003 - Microstrip S
Microstip | Stipine | CPW | CPW Ground | Round Coanial | Slotine | Coupled MSLine | Coupled Stipline |

~Material Parameters
Dielectric IHT!Duroid 5880 v|  Conductor ISilver | | o |
Dielectric Constant IETB— Conductivity IB-ME*U? |S.J'm _'_I lTi - —-fl-
Loss Tangent '0001— (AWR‘ m
—Electrical Characteristics —Physical Characteristic
Impedance ISU IDhms _'.I . Physical Lenath [L] |1U.3408 Imm ;]
Frequency |1 [GHz | | T Width (W) [2.45561 fmm ]
Electrical Length |16.92 [deg | Height (H) [0.7674 fmm ]
Phase Constant |1636.28 |deg/m v | ' Thickness (T) |0.001 fmm ]
Effective Diel. Const. I—@BB_
Loss |0.876912 |dBim |
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@) TXLINE 2003 - Microstrip

[]@]=

Mictastip | Stipine | CPW | CPW Ground | Round Coaial | Slotine | Coupled MSLine | Coupled Stipine |

™

~Material Parameters

Dielectric IHT)‘D uroid 5880

z] Conductor ISiIver

Dielectric Constant |2-15 Conductivity IS-ME*U?
Loss Tangent ID. 001

—Electrical Characteristics

Impedance |50

|Uhms LI

Frequency |1

|GHz  +|

Electrical Length |24.1 2

| deg _v_|

Phase Constant |1 £36.28

Effective Diel. Const. |1.858?3

Ideg/m L]

Loss [0.876912

|Bm v

Bl v
[sm J{ . ’
AR, |
~Physical Characteristic
Physical Length (L] |14.?408 Im“' .LI
_2_ Width (W] |2 45561 mm v| |
Height (H) |0.7674 lom ]
’ Thickness (T) |0.001 o vl

2.1.3 POWER GAINS

There are types of power gains to consider wisenstructing an amplifier.
Consider the below two port network for illustration purposes.

17



o

s | )

(Zy)

T_j
B
N

lout I L

RE 12.1 A two-port network with arbitrary source and load impedances.

Two port power gains:

1. Powergain=G=PL/Pin is the ratio of power dissipated in the load ZL to the
power delivered to the input of the twport network. Thigjain is independent of
ZS, although the characteristics of some active devices may be dependent on ZS.

2. Availablepower gair=GA=Pavn/Pavs the ratio of the power available from
the two-port network to the power available from the source. This assumes
conjugatematching of both the source and the load, and dependZ8nbut not
ZL.

3. Transducepower gaireGT =PL/Pavs is the ratio of the power delivered to the
load to the power available from the source. This depends on bodnd3AL.

Reflection.=

 bken%] bn XXXSly mo
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ReflectionS=

B{b¥%nk % b%BHXXXXSI|yHo

Average powedelivered to the network is:

Vs> |1 —Tg)?

i — [ElP)
82 |1—rsrm|2( al")

1 2
B = g VT (1 = ITinl?) =

Average poweidelivered to the load is:

,
_nl )
PL =55 (1= 102 P).

Whereaspower gaincan be expressed as follows:

PL 1SalP(1=IrcP)

G = = . .
Pin (1= Tinl?) 11 — STz |

The power available from the sourdeavs, is thenaximum power that can be
deliveredto the network. This occurs when the input impedancehaf
terminated network is conjgately matched to the source impedance

19



I L e
ra=rx 8Zo (1 - ITs]?)

IPzivs = I'in

Similarly, the power available from the netwokkavn, is the maximum power
that can bedelivered to the load.

CWs? 1SulP 11— Tg)?
av a— :
"™~ 8Zo |1 - SuTs (1 — [Toul?)

Observe thaPavsand Pavnhave been expressed in terms of the source voltage,
VS, which isndependent of the input or load impedances. There would be
confusion if these quantitiewere expressed in terms of\l ,since\t1is different
for each of the calculations of PL,Pavs, and Pavn.

We now obtain the available power gain as

20



. Payn _ |SZII2 (l = |FS|2)
Pays 1 — Slll_‘Sl2 (l i |rout|2) .

G 4

The transducer power gain:is

P ISuP(—-1ITsP) (1 -1 P)
Gr = .

"~ Pavs |1 =TsTinl? |1 — S5l 2

A singlestage microwave transistor amplifier can be mttkby the circuit of
Figure 3where matchinghetworks are used on both sides of the transistor to
transform the input anautput impedanceZ0to the source and load impedances
ZSandZL The most useful gantefinition for amplifier design is the transducer
power gain, which accountsr both sourceand load mismatch.

Input i Output
matching Transistor matching .
circuit 4—‘ ’—» [(g] 4—‘ ’_» circuit Zo
G, 0 Gy

I

in I‘oul

21



Using the above Figure the gains are calculated as follows:

; 1 — |Ts)?
Gs = 55
I1 — [us)?
Go = |52,
A b ITL|?
1 =80T

2.1.4 STABILITY.

We now discuss the necessary conditions for a transistor amplifier to be stable. In
the circuit of Figure 12.2, oscillation is possible if eittie input or output port
impedancehas a negative real part; this would then imply tfREFLECTION
in|>1or|REFLECTIONout|>1. BecaldeF in anBEFout depend on the source

and load matching networks, the stability of the amplifiiepends orREEk and

REFas presented by the matching netwks. Thus, we define two typesd

stability:

1. Unconditionalstability: The network is unconditionally stable if |RiBl<1 and

22



|[REFout| <1 for all passive source and load impedances (REf <1 and|REF
4<1).

2. Conditionalstability: The network is conditionally stable REFRn|<1 and|
REFout|<1 only for a certain range of passive source and load impedances. This
case is alsceferred to agpotentially unstable

Note that the stability condition of an amplifier circuit is usually frequency depen
dent since the input and output matching networks generally depend on
frequency. It isherefore possible for an amplifier to be stable at its design
frequency but unstald at otherfrequencies. Careful amplifier design should
consider this possibility.

Applying the above requirements for unconditional stability gives the following

conditions that must be satisfied IREEand REFif the amplifier is to be
unconditionallystable

S5,
ol = |81 + —mm—| < 1,

| ml 11 | — Szer
Foul ¢ _F-ﬁzsmfk l
= S99 + —| < 1.

out 22 [ — S“I“S

23



If the device is unilateral (S12=0), these conditions reduce to the simple results
that

|S11|<1 and|S22|<1 are sufficient for unconditional stability. Othergyighe
inequalties abovedefine a range of values f&®EB andREH.where theamplifier
will be stable.

Finding this range fdREFSand REH._can be facilitated by using the Smith chart
and plottingthe input and output stability circles. The stability circles are defined
as the loci in th&REE(orS)plane for which|RERn|=1(or | REFout|=1). The

stability circles then define thieoundaries between stable and potentially
unstable regions cREFSandREEREFSandRER. mustlie on the Smith
chart(|REFS|<1,|REE|<1 for passive matching networks).

Stabilitycircle with a centeCLand radiusRLis easily defined with the
expressions:

(522 — ASTI)*

Cr = center),
¥ S21? — |AJ? : )
P S12821 Gadsid)
— radaius).

R ISP N

If the device is unconditionally stable, the stability circles must be completely
outside(Ortotally enclose) the Smith chart

24



|ICel =Rl > 1 for [Sii] <1, (12.27a)
[|[Cs| — Rs| > 1 for |S»| <. (12.27b)

|rin| <1
(stable)

N
K

'rinl <1
(stable)

(a) (b)

Stability circles demonstrating stability.

The stabilitycircles discussed above can be used to determine regiori®E6rS
andREF L wherne amplifier circuit will be conditionally stable, but simpler tests
can be used to determinenconditiond stability.It can be shown that a device

will be unconditionallystablelf w 2 f fcdhditiors defined as

25



1 —[S1112 = |Sn»]% + |AJ?
¥ — 1] |82217 + |A| o1
2|812821]

Where

|A| = |S11822 — S1281] < 1,

This condition if satisfied gives an unconditionally stable amplifier.

2.1.5 NOISE CONSIDERATIONS.

Besides stability and gain, another important designsideration for a
microwave amplifier is itsnoise figure. In receiver applications especially it is
often required to have areamplifier with as low a noise figure as possibie
first stage of a receiver front end has the dominant effect on the noise
performance of the oveall system. @nerally it is not possible to obtain both
minimum noise figure and maximum

gain for an amplifier, so some sort of compromise must be made. This can be
done byusing constangain circles andirclesof constant noise figuréo select a
usable tradeoff between noise figure and gain. Here we will derive the equations
for constantnoise figurecircles and show how they are used in transistor

amplifier design.
26



The noise figure of a twport amplifier can be expressed as

R\ 2
F = Fnin + G IYS = YOPIIH'
7
;S‘ (1.3)

wherethe following definitions apply:
YS =G$jBS=source admittance presented to transistor.
Yopt=optimum source admittance that results in minimum noise figure.

Fmin=minimum noise figure of transistor, attained whés=Yopt.

RN=equivalent noiseesistance of transistor.
GS =real part of source admittance.

Instead of the admittance YS and Yopt, we can use the reflection coeffiERts
SandREFopt,

27



Where

1 1-Tg

Yo = — .

Zol+Tg

; R
}L}}'ﬂ — .
Zp 1+ rup[

REFS is the source reflection cffieient. The quantities FminREFopt

and RNare characteristics of the particular transistor being used, and are called
the noise

Parametersof the device; they may be given by the manufacturer or measured.
Using the above equatignve can express the quantity, { b, 2 LJG p H

in terms ofREFSand REBpt:

4 s — l—‘opl|2
Z2 |1 +Tgl?|1 4+ Top|*

2
s — Yoplr —

In addition

28



Gs = Re{ls} =

1 1—r5+1—rj§ .1 1 —|[s)?
279 \1+Tyg " 1+T% Zo |1 +Ts|?

Using these results in equatidr2.3, Gives the noise figure as

4Ry ITs — Coptl?
Zo (1—ITsl?)I1 + Coptl?

F = Fmin c ox
(1.3a)

For a fixed noise figulewe can show that this result defines a circle in RES
plane.

First define thenoise figure parameter, Nys

N = |Tg~ r‘opl|2 . F — Fnin
1 —|Tsl|? 4RN/Zo

|1+ Copl?,
(1.3b)

29



which is a constant for a given noise figure and set of noise parameters. Then
rewrite

(1.3b)

(C's — Topt) (Ts — Tap) = N (1 — [Ts]?),
[sT§ — (TsTay + TsTopt) + Toptlapy = N — N|Ts|?,

(rsrgpt + rgropl) - N — lropll2

B g -
i N +1 N+1

Add|REBpt| 2/(N+1)2 to both sides to complete the square to obtain

VN (N +1 = [Topl?)
- (N+1)

I
rg'— opt
N4

This result defines circles of constant noise figure with centers at

30



E opt

.

T N+1
andradii of
JN (N +1—Fonl?)
= s

N +1

2.1.6 DC BIAS CIRCUITS FOR TRANSISTORS
Transistor circuits require dc bias that prowsdbe desired quiescent point.

Further,it should hold the operation stable over a range of temperatures.
Resistivecircuits used at lower frequenciesan be employed in the RF range as
well. However,sometimes these circuits may not work satisfactorily at higher
frequenciesFor examplea resistance in parallel with a bypass capacitor is
frequently usecdat the emitter to provide stable operation atwer frequencies.
This circuit may not work at microwave frequencies because it can produce
oscillations Active bias networks provide certain advantages over resistive
circuits.

31



The figure above illustrates a resistive bias network with voltagdback.
Inductors Lc and Lb are used to block RF from going toward Rc aAttR®.
same timedcbias passes through them to respective terminals of BJT without
loss.If Vbe represent basemitter voltage of the transistor then

32



Vee + Rplg + Relg = Vi

Since

Iy

IB=[E_IC=(1_a)IE=1+ﬂ

This can be rewrién as follows:

33



+Vee

IJBZ

RE% g E
b 1

Transistor bias circuit with emitter bypassed residtgrl.3d

For le to be lessensitiveto changes in Ye andB, the following conditions must
be satisfied:

Vce>>Vbe

34



And

Hence, it is advisable to use high Vcc and Rawever there are practical
limitations. Another option is to use a smab,but it will limit Vceand,therefore,
the swing in outputlt is up to the circuit designer to weigh these options of the
trade-off and pck the components accordingly.

35



An alternative biasing network that uses a bypassed resistor at the emitter is
illustratedfig 1.3b.As beforejnductors Lcl.bl and Lb2 are used to block the RF.
On the other handgapacitor Ce is used to bypass Rfe net figure shows the
equivalent thevenin circuit for dc condition where

R,
Ve = ——=_ = Voo
and,

_ RiR,

From the equivalent circuit shown

R
Vih = Rrnlg + Vpg + Relg = (ﬁ 3 RE)]E + Ve

Hence,

[ Vin — VB
= Y Ry,
E 1+ p

36



+ Vb

A bias circuit employing two unipolac sources

37



+VD

Transistor bias circuit employing a single power supply.

Therefore the following conditions must be met for stable le:

38



Vin > Vie

and,

RTh

L4 5

Rg >

Note that for a fixed Vca/th cannot be increased arbitrarily because it reduces
Vcb and hence Vc&maller Vce means limited output swik@irther,LargeRe

will reduce Vce as welDn the other handsmaller Rth will mean low input
impedance of the cingt. As a rule of thumbyth is selected no more than 15 to
20 percent of Vcc
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CHAPTER 3: DESIGN

3.1 LOW NOISE AMPLIFIER DESIGN
Simulation diagrams used to achieve low noise amplifier:

40



AWR schematic used to achieve the amplificabbaGhz frequency.

Stability graph showing the schematic is stable at the frequency is shown below:

stability o

6 Schematic 1.3F_Si

1 GHz KD

5.001 Schematic 1.3F_SPEC
5 7
4
3
2

1 GHz

0.8248
1 ﬁ/
0
0.99995 1.00004

Frequency (GHz)

Using the auto graph configuration for the particular frequerthg, value for K is
seen to be above 1 as required bythe Rdllei O2 Y RA {ystegnyob& 2 NJ (1 K S
stable.

This is show by the markas 5.001 at the frequency of operation.
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3.1.1 NOISE OF THE SCHEMATIC

The noise graph curve is shown below:

iiiiige —— DB(NFMin())
10 parameters
e = DB(NF())
- parameters

0 5 10 15 20
Frequency (GHz)

The noise is at its lowest in the operating frequency which is 1Ghz.The recorded
value is1.606dB which means that very minimal noise is picked within the circuit.

3.1.2 NOISE FIGURE

The noise figurgraph is shown below
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noisegain

Swp Min
1GHz

:FREQ =1 GHz

G=6.8124 dB

:FREQ =1 GHz

G =15.8124 dB

:FREQ=1GHz

NF = 3.5529 dB

:FREQ=1GHz

NF = 4.0529 dB

:FREQ =1 GHz

NF = 4.5529 dB

-2 NFCIR(2,0.5)
Schematic 1.AP.$F_SPEC

-+ GAC_MAX(1.2)
Schematic 1.AP.SF_SPEC

The above from AWR shewheschematic noise figurgain tradeoff graph
which the schematic relies on to producetiopum gain and minimum noise.

3.1.3 OUTPUT

The output of the schematic was traced by the AWR environment as follows:
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! ouT —& \ime(M_PROBE.VP1,1)[] (V)
Schematic 1_1.$F_SPEC
”
1
7
0
A
)
0 0.5 1 15 2
Time (ns) p1: FREQ =1 GHz

POWER HARMONICS:

The power harmonics graph is as shown below:

=0 44.44 mW
=T
& [Pharm(M_PROBE VP1)[] (mW)
40 Schematic 1.AP_HB.$F_SPEC
30
20
10
0
0 0.2 0.4 0.6 0.8 1
i e p1: FREQ = 1 GHz

Power harmonics.
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This gives the power gaigraph below:

]] 5
powergain - PGain(PORT_1,PORT_2)
4.444 Schematic 1.$F_SPEC
4.44395

4.4439

4.44385
1 GHz
4.4438 4.4437622

f

4.44375
4.4437
4.44365
4.4436
4.44355

4.4435
0.99995 1 1.00005
Frequency (GHz)

Powergain graph of the amplifier.

Gain of the amplifier was 12dBas shown in the graph belowhis is expected as
it is a single stage amplifigfor a single stage amplifier a gain of minimum 10dB is
sufficient.
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Amplifiergain graph.

3.2 OSCILLATORDESIGN AND ANALYSIS
Oscillators are a class of circuits with 1 terminal or port, which produce

a periodic electrical output upon power up.

w az2zal 2F dza ¢2dzZ R KI 8S SyO2dzy i SNBR 24aC
our basic electronics classes.

w haOAtftl G2NBR OFly 0SS OflaaATASR Aya2 (¢

(A)Relaxatioroscillators
and

(B) Harmonic oscillators.
w wStFEFGA2Y 2a0Attld2NB o6Fftaz2 OFtfSR |
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