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SHIVERSATI SAINS MALAYSIA

Second Semester Examination
2022/2023 Academic Session

July/August 2023

EEE 322 — RADIO FREQUENCY (RF) & MICROWAVE ENGINEERING

Duration: 2 hours

C

Please ensure that this examination paper consists of TWENTY (20) pages of printed

appendix material before you begin the examination.

Instructions: This question paper consists of FOUR (4) questions. Answer ALL

~ questions. All questions carry the same marks.
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1. a) A microstrip line constructed on FR-4 with microstrip width w = 3.058 mm, FR-4
relative permittivity &,.= 4.4, microstrip line thickness { = 0.1 mm, FR-4 substrate
height h = 1.7 mm is terminated by load impedance of 400 ochms. The operating
frequency is at f=2.45 GHz.

Using the spcecifications given, evaluate:

(i) the characteristic impedance, Z; of the w = 3.058 mm line;
(10 marks)

(i) the load reflection coefficient, p;

(10 marks)

{iii) the characteristic impedance of the quarter-wave transformer, Z,; that
could be used to maich the load;

(10 marks)

(iv)ihe width of the quarter-wave transformer section
(10 marks)

(v) analyze and skelch the design of the microstrip line together with its
matching circuit using the information in question 1(a){(i) — (iv) with
appropriate labels.

(10 marks)

b) A microwave device has an impedance of Z =10 +] 25 Q.

(i) Find the reflection coefficient of the given impedance using Smith Chart.
(25 marks)
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(i) Find the Voltage Standing Wave Ratio (VSWR) value of the impedance
given in 1(b){i) using Smith Chart.
(5 marks)

(iii) Find the admittance value of the impedance given in 1(b)(i) using Smith
Chart.
(5 marks)

(iv)Based on findings from questions 1(b) (i) to (iii), is the impedance given
a perfectly matched impedance? How do you know this based on the
Smith Chart? If yes/no, what method would you recommend to increase
the impedance maiching?

{15 marks)

2. a) Microwave filter functions to selectively pass or attenuate a particular band of

frequencies and is a crucial element of the receiver front end architecture.

(i) Design a 5-element low-pass filter with a 3dB point at 600 MHz using
inductors (L) and capacitors (C). The filter is to have a Butterworth
response and is to work between terminating impedances of 50 ohms.

(30 marks)

(i) Design a 5-element high-pass filter with a 3dB point at 600 MHz inductors
(L) and capacitors {C). The filter is to have a Butterworth response and

is to work between terminating impedances of 50 chms.

{30 marks)
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b) Directional coupler is normally used to split the input signal and distributed
power by isolating, eliminating, or combining signals in microwave signal routing

and radio frequency.
(i} lllustrate and describe a hybrid ring coupler showing all 4 ports and
relevant information.

(20 marks)

(i) Define the Scattering Parameter (S-parameter) of a reciprocal hybrid ring

(‘\: coupler.
v (20 marks)
...5/-
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3. Referring to a block diagram in Figure 3, design a 2.5 GHz wireless transmitter
having the specifications as in Table 3. The information for the compaonents that

is required for the design is attached in the Appendix section.

; Dirver Fover
- . Band Pass . b o
1F Amplifisr Mixer Citer Ammplifier Amplifier

[~

RiTi {215 Fp—— //>\ . r\ |l>—-»-—« 27 didm
1//” A gc b l/ ¢
[

Local
Ozrillator

Figure 3: Block diagram of the 2.5 GHz wireless transmitter

Table 3: Specification for 2.5 GHz wireless transmitter

TX Frequency IF Frequency |- Bandwidth TX Power
25GHz 130 MHz 40 MHz 27 dBm

a) Determine the gain of the IF Amplifier and power level at point A (assume
minimum input power to the mixer RF port is -45 dBm?
{20 marks}

b) What is the frequency of the Local Oscillator and typical output power of the
Local Oscillator at point B?
(20 marks)

c) Based on the mixer specification and typical Local Oscillator drive power, what
is the mixer output power at point C.
(20 marks)

d) Referring to the datasheet of the Band Pass Filter in the Appendix section, what
is the power level at point D?

' (15 marks)
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e) How many Driver Amplifier are required to drive the Power Amplifier to
produce 27 dBm of output power?
(15 marks)

f) How much gain is required for the Power Amplifter?
(10 marks)

4. The PHEMT ATF 36077 has the S-parameter and ncise parameter as in

C’ Appendix 2. Design a Low Noise Amplifier operating at 6 GHz. Choose input
reflection coefficient I}, on your own and using required noise figure k. at 0.4 dB.

Microwave laminate having the thickness of 0.813 mm with dielectric constant &,

of 3.38 must be used. The following important formulas may be useful.

a) Calculate the center of the input noise circle point C..

(20 Marks)

b) Calculate the radius of the input noise circle R;.
(20 Marks)

c) By using the Smith chart, design the input noise figure matching circuit.

Q (30 Marks)
d) Based on your selection of the r;,, calculate the load reflection coefficient /1

and design the output matching.

(30 Marks)
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APPENDIX 1
APPENDIX FOR QUESTION 1 & 2: Design and Synthesis Formula for Microstrip

a. Impedance, Zo

87
Zo = in(

JEr+ 141

5.98h )
08w+t

b. Width and Length

W/ o— _
N~

(ereps+0.3)(o+0264)
(£rerr—0.258)(3-+0.8)

c

zfl)\j Ereff
C c. Low-Pass Butterworth Filter

Length = —0.824h (

. 2k =D
gy = 2 sin————

Z g
Lk — 08k Ck — k
We Zotwe

d. High-Pass Butterworth Filter

(2k — D

=2 g
Gk sin o

APPENDIX FOR QUESTION 3 & 4

T, L [ W, 2)

C TN Ve

B

R, :L\/Nf + N (1-
1+ N,

2
ot

Ni= .
S,,8,, 0

4£ r, = Sn_g__l_?—_M

Z 1-5,T,

[rd i

rupr
l(Fr - F min]l +T

...8/-

SULIT



SULIT

APPENDIX 2:

-8-

EEE322

USEFUL CONTANTS & EXPRESSIONS FOR TRANSMISSION LINE ANALYSIS

1o = 410" Henry per meter ; g5 = 8.85x10712 Faraed per meter

Speed of light, m/s

i

Hafo

=

Input impedance, Zin when

Ldirection™ lcngth, 1

Zinz=n
. Lyt jZgtand,
T %y +jz taneg,

time domain

= |Vt e *“cos(wt — yz
+ @) +|V- et cos{wt + yz
+ )|

Wave Transmission V(z) — Vte Y2 4 V- gtr? Effective diclectric constant . &+
reff —
(Simple) 2
Wave Propagation in |V{z, 3] Complex Propagation Yy=a+jgor

Constant

14

= J(R+ jolL)(G+ jw()

Diclectric Loss ap = tan(é‘).mc'zu Characieristic Impedance . (R + jol)
Tangent, (nepers/m) (Lossy) 97 (6 +jwl)
Voltage Standing VSWR — Vinax Standing Wave Ratio SWR = 1+ [r]
Wave Ratio Vinin 1— I
Conductor loss R’ Complex Reflection I, = |I;|28
o, = —
{nepers/m) £ 2z, Cocfficient {at any z
position)
Resistivity o= 1 Electrical Length (radians) | g o @m0 9 — Bl
o
Dissipation factor Df =tané Minimum Physical Length a
Imin Z— g+n
to load @ Vinin T
Skin depth 2 Load Reflection Coefficient Zy—Zy
- . M=o 5
wua
Conductivity G' x length Impedance @ distance in z- 2 =z 1-+T(D)
- =Zy——7
{sheet) Area direction , 1, 1-T(D)
Relative permeability Hy = Mgl Normalization (to Zq} (1) Z(h)
Zp
Complex Relative £, =&+ jeLtan & Reflection CoefTicient Tl = SWR-1
Permittivity (lossy £ = 50, (Amplitude) SWR+1
diclectric)
Phase Velocity _w Return Loss (dB) @ 1 port RL= 10 log(v—_-
u = ﬁ v
Phase Constant g = 2_‘-'1' Transmission Coefficient T =1-—]F|
!
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APPENDIX 3: COMPONENT DATASHEET

EEE322

2—18 GHz Ultra Low Noise
Pseudomorphic HEMT

Technical Data

Features

+ PHEMT Technology

« Ultra-Low Nolse Flgure:
0.5 33 Pypicalat 12 GHz
0.5 dB Typleat ai 4 GHz

+ High Associated Galn:
12 dB Typicalat 12 GHz
LT (B Typicat ar 4 Gz

+ Low Parasitic Ceramie
Mlierostrip Packago

* Tape-and-Reel Facking
Optlon Avallable

Applications

+ 12 GHz I1BS LNB (Low Nolse
Block)

+ 4 GHz TYRO LNB (Low Noise
RBlock)

* Ultra-Sensitlve Low Nolse
Amplifiers

Note: 1, Seo Nolse Parsneter Tabla

Description
Hewleit-Packard s ATE36077 Is
an phiradow-noise Psacdomorphic
High Blectiron Mobiliy Transistor
{PHEMT], prokaped In 2 low
parasitic, surface-mountable
ceramic package. Properly
naatehod, this transistor will
provide [ypicat 12 GHzZ noise
fgures of 0.5 dB, or typical 4 GHz
noise figures of (.3 dB. Addition-
ally, the ATF-3607T has very Iow
nnise resistancs, reducing the
sensitivily of noise performance
to variations Ia input mpedance
ratch, making te design of
rroatdband low nolse anplifiers
mzch easier. The premium
sensitivity of the ATFL380T7
makes this device the ideal choice
for use In the first stage of
axiromaly law noise cascades.

25 g
\ p
=
2
12 \'- e | g
g ~— | &
¥ os 15 E
=1 .
2 Locets LT
o D R
3 —te
2 e
z
T % a1z a8 20
FREQUENGDY {GHI]

Figure | ATF3807T Optimom Noise
Figure and Associsted Gain vs,
Fragquency for Vo, = 18V, L, = HWima.

ATEF-26077

77 Package

Pin Confipuration

& {SOURCE

2

o
Po—r]

GATE

The repeatible porlormance and
ehnsistency make it appropriste
for use in Ku-band Direct Broad-
cast Satellite (RS} Television
systems, C-band Television
Receive Ooly (TVRO) LiNAs, or
other low noise amplificrs
operafinginffhe2-18 GHz
frequency range.

Titls Gats PREME deviec has a
nominal 0.2 micron gace lengih
withi . total gate periphery (width)
ol 200 microns, Proven gokd based
metatization systems and nitride
passtvation assure mgged, reliable
deviees.

... 10/-

SULIT



SULIT EEE322
-10-
ATF-36077 Typical Seattering Parameters,
Common Source, L, = 800, Vg = LBV Ij; = L0mA
Freq. S B2 Sz Saz
Gz Mag. ARng. aB Mag.  Ang. 4B Mag., Ang. | Mag,  Ang.
10 099 A7 1400 GO0 163 | 3808 0018 i 060 -4
20} 057 - 13.81 A EELE 14y SHLES (L0530 [56] 0.a8 25
380 054 -9 135,53 AT [H 2D (.04 53] 1514 -1
4.0 050 55 15317 105G 115 32 0.084 43 3355} ¥
o 085 -1 147 1357 115 -2 0t (.063 B Q.05 £5
[$31 a2 43 12535 162 e SBaAT .06E 24 B I8
T 78 =167 12200 B2 Vi3] 23258 0674 16 018 29
a0 0.7a -124 11.64 3820 2 22T 0.078 8 46 Rt
ik a7 -133 12 34682 49 HEA0 {080 1 -2 =100
. Hial4] 0.69 -146 1104 3560 iy 2171 ons2 4 0.2 L]
C/,- 10 Q655 =159 10.81 3473 o) -2LDT (.53 -k 040 -128
2L 3553 -2 1063 301 13 2EAL ARy o -1 G35 S b2
130 U6l 1'% 1050 3339 1 2132 0.085 25 A7 -148
4.0 Q603 161 104l 3315 =12 2119 0037 522 05 -1
Lo GH3 147 1436 3355 24 -2143% 0,05 ES 0.3 -171
104y GHT 151 1934 B28Y 57 S0EBT G081 -7 (5331 177
174 [4514 1144 1034 3284 0 20648 630,221 BT 028 1654
1840 0hT 97 14,35 3291 61 2153 o024 £55 025 148
ATE-26077 Typical “OIf Scattering Farameters,
CammonSonree, L, = 5012, Ve = LAV ) = 0MiA, Ve = -2V
Freq. Sn Ssp 8:; S
GHz | Mag.  Ang 4B Mag.,  Ang a5 Mag. Ang. | Afag.  Ang
i1n 442,13 -139 -142 (1832 =43 A2 0.18 -3 087 -125
1210 433 -152 =140 020 55 146 020 Ez ROT -137
130 431 -1E6 158 020 # -138 .20 H3 PG -145
o
LA

SULIT



SULIT EEE322
A1-
ATF-36077 Typical Noise Parameters,
Cowpmen Source, Ly = 5002, Ve = LAY, I = 10mA.
25
Freq. Frglti g R, iz,
GHz 4B Ma=ag. ARg. - 20 .
L o o5 2 040 s ko —
- 15 S
2 EE] 0450 2 0.20 g — =
- — bt 521 el
4 40 31 31 017 2 1 [
)
B 240 {5e i 013
8 087 DEG HE 0.00 5
e 144 (.50 18 31433 o
2 050 054 156 045 R T
o - FREQUENLY [GHE
C 14 056 48 37 a0z i
" " Figare 2, Maximum Avallahle Gain
bl 0.51 043 B39 006 Maximmm Stuble Gain and Insertion
’ = ’ Povie Gain vs, Bregueney. Yo = L5 Y,
: 1
18 [tk (R0 00 % £y 10mA. s
Noter
oThe P waduss b 28, and & Gtz bave been minstad o redlst expeatesd cdreal leass
thut wall b smeestered whon soafching to the optimam refleefien eoaflaont (MY ar
those froquenctos. Thia thraratond F, wines for these iroqnades srer 10 it s
20, DA dB sl 3 Gz and .20 dB a6 Gl Notse parsmetsrs sre dectvest from
asancialid ¥ parsinalers, padkagid dovic yaeasursmenis af 2 GHz, amd e Jeved
menstreiests s 610 16 GHE
T7 Package Dimensions Part Number Ordering Information
l I“_ 102 Part Numbaor No. of Devices Container
0.040) ATFS60TE-TRUR 1600 7* Real
51 ST (5 e ) o et
10020 ATEIB07TTRTR 19 strip

122

- 1.7
C | taefaj T3.055]

Note:
f & Formars isformation, see “Tape and Peol Parkaglag lor Semfonaditer Deaees” In
Unarsmsnentions Cortsfonenty” Detgaor's Oatadog,

|
T

1
) e —

{0021 {0004}

TYACAL DIMENSIOMS ART i MILUIMETERS {HCHES)

A2l
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MIXER

ADL5363

SPECIFICATIONS

Vw5V Eos 100 mA, Ty =25

fur = 2535 MHz. fio = 2738 MHz, 1.0 power = 5 dBm, Za = 50 £1, unless otherwise noted,

Table 2.
Parameter Test Londitions/Comments Min Typ Max Unit
RF INPUT INTERFACE
Retern Loss Tunablz 1o >20 dB over a limited bandwidth ts dB
Input impedance 50 v}
RE Frequency Range 2300 2500 | MHz
OUTPUT INTERFACE
Qutput Impedance Differential impedance, f = 200 MHz 33403 Q|lpF
IF Frequency Range dc 450 MHz
DL Bias Voltage! Externally generated 33 5.0 55 v
D INTERFACE
LD Power -6 9 +1Q d8m
PeturnLoss 15 d8
Input Impedance 50 Q
LO Frequency Bange 2330 3350 | MHz
POWER-DOWN {(PWDN} INTERFACE?
PWDN Threshold 1.0 v
Logic 0 Levet 04 v
Logic 1 Levet t4 v
PWDN Response Time Device enabled, IF output 1o 50% of its final fevel 160 ns
Device disabled, supply current <5 mA 220 ns
PWODN input Bias Current Device enabled 0.0 pA
Davice disabled 70 1.3

* Apply the supphy voltage from the externa! circuft through the choke inductors.
7 The PADN function s intended fer use with Ve < 3.6 V only.

. KTE
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5V PERFORMANCE
V=53V, = 100 mA, Ta = 25°C, fis = 25
atherwise noted.

35 Mz fo = 2738 MHz LO power = 0.41m, VGSD = VGSE =0V, and Zo = 50 (3, unless

Table 3.
Parameter Test Conditions/Comments Min  Typ Max | Unit
DYNAMIC PERFORMANCE
Powrer Conversion Loss tncluding 1:3 IF port transformer and PCB loss 7.7 dB
$5B Naise Figure 7.6 dB
Input Third-Order Intercept (HP3} fier = 25346 MH2, firr = 2535.5 MH2, fio = 2738 MHz, 31 dBm
each RF tone at 0 dBm
Input Second-Crder Intercept {1I1P2) forr = 2535 MHz, fier = 2585 MHz, fio s 2738 MHz, a2 dBm
each BF tone at 0 dBm
Input 1 dB Compression Point (P1dB)' | Exceeding 20 dBm RF pawer results in damage to the device 25 dEm
LO-to-iF Leakage Unfiltersd IF autput =22 dBm
LO-to-RF Leakage -32 dEm
RF-to-IF 1solation —44 dBc
1F/2 Spurious —10dBm input power -1 dBg
1F/3 Spurious —10 dBm inptit power ~70 dBe
POWER SUPPLY
Positive Supply Voltage 4.5 5 55 v
Quisscent Current Vi=5V 100 mA

' Exceeding 20 d8m BF power esults in damage to the device,

3.3V PERFORMANCE

Vi=33V L= 60 mA, Ta = 25°C, fir = 2535 MHz, fio = 2738 MHz, LO power = § dBny, R9 = 226 (), VG50 = VGSI =0 ¥ and Zo =50 1),

unless otherwise noted.

Table 4.
Parameter Test Conditions/Comments Min  Typ Max | Unlt
DYNAMIC PERFORMANCE
Power Conversion Loss Including 1:1 IF port transformer and PCB inss 7.4 dg
556 MNoist figure 68 d8
input Third-Order Intercept {HIP3} feur = 2534.5 MHz, oz = 2535.5 MHz, o= 2733 MHz, 26 dBm
each RF tone at G dBm
input Second-Otder Intercept (1P2) frr1 = 2535 MHz, fwa = 2585 MHz, fio= 2738 MHz, 55 dBm
each AF tone at 0 dBm
POWER SUPPLY
Positive Supply Voliage 33 v
Quiescent Current Vy=5V 0 mA
.14/
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5V PERFORMANCE

Ve= 3V, I = 100 ma, Ta= 25°C, fis = 2535 MHz, fio = 2738 MHz LO power = 0 dBm. VG50 = VGSL = 0 Voand 2, = 50 ), unless

otherwise nafed.

Table 3,
Parameter Test Canditions/Comments Min  Typ Max | Unit
DYNARMIC PERFORMANCE
Powar Conversion Loss including 1:11F port 1ransformer and PCB loss 17 dB
588 Moise Figuee 76 dB
Input Third-Order Intercept {UP3) frey == 2534.5 2Hz, fors = 2535.5 MH2, fin = 2738 MHz, k| dBm
each AF tone at 0 dBm
Input Second-Order Insercept QIP2} fisa = 2535 MHz, fuz s =t 2585 MHZ, fip = 2738 MHz, 62 dBm
each AF tone at 0-tBm
Input 1 dB Compression Point {IP1dB)' | Exceeding 20 dBm RF power results in damage to the device 25 dBm
LC-10-IF Leakage Unfiltered IF output -2 dBm
LC-10-RF Leakage —32 dBm
RF-to-If Isolation —44 ds¢
142 Spuriotis ~10 d8m input power -6t dac
IF{3 Spurious —10 dBm input power -0 dBe
FOWER SUPPLY
Positive Supply Voltage 45 5 5.5 v
Quiescent Curfent Vs= 5V 100 mA

' Exceeding 20 6Bm RF power results in damsge to the device.

3.3V PERFORMANCE

V=33V, lo= 60 mA, Ta = 25°C, fke = 2535 MHz, fin = 273§ MHz, LO power = 0 dBm, R9 =226 (3, VGE0 = VGSE = 0 Vand Zo =50 1),

unless otherwise noted,

Table 4.
Parameter Test Conditions/Comments Min  Typ Max | Unit
DYNAMIC PERFORMANCE
Power Conversion Loss Including 1:1 IF port transformer and PCB loss 74 4B
558 Molse Figure 6.3 8
Input Third-Order intercept (IIP3} fist = 25345 MHz, firz = 2535.5 MHz, flo = 2738 MHz, 26 dBm
each AF tane a1 0 d8m
Input Second-Crder intercept {I1IP2} foet == 2535 MH, firz = 2585 MH2, fio = 2738 MMz, 36 dém
each RF tone 2t & 8Bm
POWER SUPPLY
Positive Supply Voltage 33 v
Quiescent Current Vs=5V 60 ma

... 15/-
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Typical Applications
Lera pofos MIEAIC VOO wiBuS: Ampilier or;

- Wireloss llzasineetues
- jertusinal Conlrais

= Test Equipment
« Kifitsay
Fanctional Diagram
=
$2858%
CHHEHHH
Hyeld | [Ein/c
LT FE] [Finsc
N/o[E] i reows
Rie[a] [Bienn
R[] [dnse
N/T[3] i nse
7 FlFl AL M
$5 888 gEE
I0P IR @

MMIC VCO w/ BUFFER
AMPLIFIER, 2.25 - 2.5 GHz

Fealtires

Pout +4.5 dBra

Phigss ticise: <115 cBebs RI0G KMz
o Eatemat Pasootor Mesded
Single Supph: 3 & 35 mA

QF bt Lerdless SMT Pactiage, 16 men?

Ganersl Doscription

The HMCIBELPA & HMC3RSLFME are Gats pGaP
Hedeojunction Biooar Trarmgaise (5T MMIC VCOs
with dppraled  resonalarr, fegate  resistmce
dandiees, waradior diodes, amd bufler amipiificrs.
GCewrering 2.25 to 25 GHE, ke VOO's phate pnise
rerfomance is evcellent over fempemsiie, shook,
vibraftion and peocess doe o the pacillaarz mosolibc
struchine, Power calpul i2 4.5 dBom Lypical e 2
single supply of 3Y @ A50A. The volfage coairclod
oocilater iz packaged im . b 2o lcadiess GFH
dxd- ey gurface mount package.

Eilactrical Specifications, T, = 2+25° C, Yot = +3V

B BE  Paisaakr, - TN | T Bt
s N Amiailmm o
Fiaer ThpRE et siosint ) 2=, =B
SR S w Momna W 950 Wie O, Wares «5Y & AF Suiput 2B HE
Taseta Moizigge { Wity ) & B D)
Stagipdi Cusei (loe] {is = 300 a3 e wd
Tirvi Penit Lici baieipe. Caisried k] pA
Oisteast Fratarrs Lo E o [
Hwrirories,

el -r 23
el b= 232
Pt 1440 s 2807 YSUR| 28 M gy
Pasting & Y + 53 2 s
Frazusney (i Pate iR [ 5o

EEE322
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HMC680LP4 / 680LPAE

30608

BiCMOS MMIC 5-BIT DIGITAL
VARIABLE GAIN AMPLIFIER, 30 - 400 MHz
Typical Applications Features
T HICBB0OLP4{E) is ideal for: TTLACMOS compalible parallel or laiched
+ Cedlulan3G Inirastruciues paratlel conirol iniarface
igh 't [P3: +40 dBr t all gai Hi
» ViiBro F WIRIAY 1 4G High Ougput IP3: + m (Al 3t gain setfings)
. . Low Noise Figure: 5 dB
= Microvave Radin & YEAT
i 48s Wide Gain Contred Rangs: 23 48
Test Equipment a6 n=ors 24 toad 4xd mm SMT Package: 16 mm®
«iF & RF A kil
ppicatians Excellant State & Step Accuracy (+0.05 dB)
Funciional Diagram General Description
£ E The HMCGEOLPA{E) is & digially conttoiled variable
; - ot ; 2 gain amplifier which opsrates from 30 io 400 dfHz,
z By P 3 E and cars ba programmed 1o provida -4 dB o +19 4B
[{‘] 9 of gain, in 1 dB staps. The HIMCESE0LP4(E) dalivers

1EAs 1
/e

vdd [
W
#/C

noise figurs of 3 dB in its mazimum galn state, with
cutput IP3 of 1p to =40 d8m in any stale. This high
linearily DVGEA also provides a dilferential RF output
which can be wsed to interdacs directly with SAW
filfers T Tx And Rx applications, and wath digial to
anakog comvarters in Ax chains. Tee HWMCEE0LP4(E)
i housad tn & AoHS compliant 4x4 mm OFM leadless
rackage, and is CMOS/ TTL compalitle.

L [ b ol ol [y ———
PALXAT
EE 3B 8@ [ e
2B o
" el @ s . .
Electrical Specifications, T, = +25" C, 50 Chim System, Vdd = +5Y
Frovuoncy Hange ) FHzT
(53in Mazimun Goin Stato) 17 dB
Goin Cortrol Hange 25 [3:]
Inpanl Riesern Less w db
Cratpatt Rztum Loas el 48
Gain Accuracy: {Helerenced to Maximun Gain Staie) All Gan Skaes = ({115 + 2% of Gon Seting} Max. dB
Cratpat Power fov 162 Compression 23 25 oim
Txnpul Third Cmder Intoncapt Boing {Twasfone Ounut Powem +5 diim Sach Tong) &0 cam
Cratpat Steend Order intoemop? Point { Fro-Tone Duipil Pawors + 5 €8m Each fone) I ES EEm
.  End Drder o a8
Hasranics ard Order = dBe
Stop ﬁa:‘.r-..n:v (Hoterenced 1o M Gitn Ssato} ) o
Noiza Figurr fmax. gartsare) 3 o8
i g . Wiise, Fall A0E0% AF} TV [
Swiicting Charssnatics 1 WKL, HOFF (30% CFL te 10507% RE) e 5
Cerarrol Susply Curreet Jod ’ 4 5 Tuh
Amp Sapply Curert {EFOUTE) 122 135 mA
Amp Supply Curen: {EEDUTH) o 1Ex REED mA

[1} Tess frequency 53 4541

EEE322
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2.3 GHz to 4.0 GHz

Y4 Watt RF Driver Amplifier

fais Shest ADLB321
FERTURES FUNCTIONAL BLOCK DIAGRAM
Opearation: 2.3 GHr to 4.0 GHz N0
Gain of 140 d8 a1 2.6 GHz f & 1
I3 of 410 ditm at 2.6 GHz
o
P14B of 25.7 dBmat 2.6 GHz ARt532
Noise figure: 4.0 d8 at 2.6 GHz >
Power supply voltage: 3.3 Vto5 Y { o |
Powrer supply current: 37 mA 1o S0 mA | 8] ]

Dynamlcaily ad]ustable blas

No blas resistor required

Thermally efflclent, M3L.T rated 50T-8% packaga
Operating temperature range: —A0°Cto +105°C
ESD rating of 22 k¥ [Class 3A}

APPLICATIONS
Wireless Infrastructure
Automated tast equipment
LEMIANE appiications

GENERAL DESCRIPTION

The ADES32E incorporates & dynamically adustable blasing
circuit that allows for the cnstondzation of O1P3 and PIAR
performance from 3.3V w05 V withoot the need for an external
bias resistor. This feature gives the designer the abilivy to tsilar
drivee assplifier perforinamee to the specilic needs of the desigu,
Thls feazure also creates the opporiunity for dynasntic blasingof
the driver amplifior, where a vatiable supsly i uzed to allow for
fufl & V¥ biasing vader Iarge gl conditions and theis <
redure the sapply voltage wheeosigeal Tevels are seoller and
lower power consumyytion b desireble. This scalabifiey reduces
the need to evaluare and inventory mnktple driver amplifiers
far different ovipal power requirements from 22 dBm o

26 dBur onrpur pever levels.

The ADLIS? i abso vated T operiie acyoss the wide ©emper-
afre range of —40°C to +105°C fir reliable performance in
desigos shut expatience higher temmperstires, such as powet
anwplifiers. The 3 watt deiver amphifier covers the 23 GHz o
48 GHz wide froqueney vange sind ondy teqiles o fow external
componeats to be tuned to 2 spacile band within that wide
range, This high performance, broadband RE dedver amplister
i5 well suifed for a variety of wired and witeless applications
incleding celiular infrastractare, ISM band power munplifiess,
defense cquipiment, and Instrurentaios equiprment. A fully
popuiated avaluation board is available.

The ADL532E abo delivers excellent adjacent ehansel leakage
ratio {ACLR}) vs. Poer. Por output powers ug to 14 dBim rims, the
ADL3321 adds very little distorfivn to the eatput specirom. At
26 GHa, the ACLR 3550 R and & redative constediation arror of
—i6.6 dB {<0.5% EV AL} atan sutpit powet of 10 dBx pins.
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ADLS321

TYPICAL SCATTERING PARAMETERS

WOC = 5 Vand T, =257 the effects of the sest fistune huve been de-embedded up to the pins of Lhe devica.

Table 2.

Frequency 511 521 $12 %2

{faHx) Kagnitede {dB} | Angle (™! | Magnitude (dB) | Angle{"] | Magnliade {dB) | Angle{'t | Magnitude (dB] | Angle %)
2400 —4.54 129.50 311.90 2182 -2673 —33.83 —£.13 —184.39
2450 —4.85 125,65 ILES 1530 -24.63 —3564 - —38a.02
Z530) —4.79 123.62 3158 1457 -2555 —3962 -B37 —17163
2350 —4.582 12044 BF 1088 —2048 —42.70 —B.45 ~317532
ez o] —3.04 117.3% 1.8y 80 3542 —45.9% B4 —i7%1
Z550 =317 11443 31183 290 —28.37 —A%25 139 17¢31
200 —533 111.#8 & -i.08 ~-26.34 —B2.55 ~833 17343
7750 —4.50 j04.23 1197 -5.17 ~26.33 -55.16 -85 15922
2800 570 106.84 1M -935 —26.30 -59.84 790 16546
2850 -5 10485 3 -1384 —26.30 —6354 —-7563 15187
X900 —8.25 10323 31166 -1803 ~-2631 ~—B7 &3 -7 3 158481
950 —6.61 101.93 3162 —2258 —2634 —1.3T 582 154.58
30650 —2.03 101408 11.5% -27.18 —26.37 -75.13 —£.44 15144
3859 —i.53 10093 150 -3198 —26.44 —E3.76 -£.00 148.53
310 -8.12 101.82 3140 ~-36.9% —28.55 —BS.51 ~553 14345
3150 —&.78 104,04 L= ~42.09 —2668 —-90.89 —503 142,14
350 —3.4%F 10791 3115 —4735 —26.8% —05.55 —134 14274
3350 —10.07 1127 1607 —531.74 —37.06 —p1s0 | —a5e 13835
3300 —1045 121.5% .76 -58.29 -237.32 —307.30 —-381 13518
3350 —1045 13087 1047 —&395 —27.8% —11342 -39 13397
3400 1002 14004 LAY —6%36 —280% —11%45 =250 13177
3450 —-9.25 147563 980 ~#576 ~28.49 —125.70 —243 129.85
3500 —3.28 15386 o939 —-ga.70 —29.00 —132.04 ~2.13 126808
3350 -7 154.76 5.92 —B86.04 —295E —13845 -1.59 12622
3500 —A354 159.0% 8.39 -9t —30.20 —14479 -1.56 12451
3850 —5.37 16051 FB3 —8a.07 —50.88 —351.12 -1A43 12513
2700 —4.78 18043 126 10364 | 3157 -315735 | -1.37 122,18
3750 —4.14 160.35 666 —-10447 —32.29 —3163.69 -1.27 12187
3300 —3.60 16007 604 —-108.96 -3302 —1ra01 -1.1% 1HLES
3850 —3.16 159.62 5.43 —11286%1 3374 --176.34 ~1.14 119.79
3800 278 15895 482 11807 | —S5%44 Y773 -1.12 1193
3390 245 156.24 .20 -119.27 —35.1% 170.60 =110 11894
AP =217 157.6% 3.60 —122.18 —35.74 163.89 =109 118.86
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DEVICES HMC414MS8G 7 414MS8GE

w04 0607

Typicai Applications
This amplifier is idésl for use 85 a power
amglifter for 2.2 - 2.7 GHz epplicalions:

»BLUETOOTH
»3BADS

Functional Diagram

ITT8] VPD1
1Tz vee
T8 vPD2
(TI5] GND

v,

‘-'l‘:‘ PACKAGE BASE

Gads InGaP HBT MMIC
POWFER AMPLIFIER, 2.2 - 2.8 GHz

Features

Gaire, 20 d8

Saturated Powen: +30 dBm
32% PAE

Supply Voliags: +2.75V to +5Y
Power Dowr: Capability

tow External Part Count.

General Description

The HMC41MEAG & HMEAT4MESB5E are high efi-
ciency GaAs IaGaP Hsterojunction Eipoler Tean-
sigior (HBT) MMIC Power amplifiers which operats
between 2.2 and 2.8 GHz. The amplifier is packaoed
in a low cosl, surface mount 5 leaded pachage wilh
an exposad basa for mproved BF and tharmal par

formance. With a misimuem of externzal componenis,
tha amplifizr provides 24 &B of gain, +30 dBm of sat-
rated power at 32% PAE from a +5V supply voltage.
The ampiiiter can alzo oparais with a 3.6V supply. ¥pd
can be wsed for full presr down or §F output power
currernt control.

Freaeponey Hange
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Supaly Current [l  Wpeegwiady | | meddizis e mi
Control Current (Ipd) Ypd = ZEV 7 7 G
Switching Spood Sorl, B A5 . A5 ne
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FILTER
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SPECITICATIONS
CENTER FREQUENCY {Fo): 2E5G0 MHz
INSERTION LOSS AT Fo: 2 ¢B TYP
3 B RELATIVE BANDWIOTH: A4 Wiz MIN, 60 MHz MAX
REJECTION: €D dB TYP € 2400 MHz
30 dB TYP § 2450 MHz
TRV I ghE
50 dE TYP & 2550 MMz ENVELOPEL DRAWING
IMPEDANCE: 50 QHMS RAL sressro-l FSCMZ7834
CONKECTORS: SMA FEMALE DATE 9710713 TS
UNLESS SPECIFIED i BV MW FILTER, BANDPASS
AL TOLERANCES £.025 EnGINEES BIMAWING e, Ay
Jd. SHaw 1B760 -
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