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Disefio de Amplificadores de Banda Estrecha bajo especificaciones de Ganancia:
Estrategia

( Especificaciéon: 6, )

il P

G =G, M, =G, M,

COE's descompensados M | COE's compensados
Desadaptacién Controlada 4 ,| Desadaptacion Controlada V
en una de las dos puertas en las dos puertas |
\Smi M; =1 SWAH M; <1
G, =G, G, =Gy G, <G, G, <Gy
COE,, =1 COE,, = COE;, >1 COE ,; >1
COE,; >1 COE;, >1 COE, ; >1 COE,, >1

! ! |

libertad Z libertad Z, libertad Z; = libertad Z \|libertad Z, = libertad Z,
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Disefio de Amplificadores de Banda Estrecha bajo especificaciones de Ganancia:
Aspecto de las Curvas de Ganancia Constante

ESTABILIDAD CONDICIONAL

ESTABILIDAD INCONDICIONAL

11.38 dB

=MAG=

op

G,=10dB

A% N
s "ﬁuzﬁ%uqvﬁl \\\
A \’

tGp:—mdB

S
8
..... —1 1
[l
- R,
B0
Q)
Il
Q, T
O
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Disefio de Amplificadores de Banda Estrecha bajo especificaciones de Ganancia:

Procedimiento de Diseho

T . (Z- Fgal (Zsal) I (£
g ANmAvaJ HIAV Sv mmj_ma .IV L A _\v
w M transistor | Especificaciones de Disefo:
Y ~ ay S QNQ a, GT<MAG

/a

O AR B R
by b,

Procedimiento de diseno

Mg M. m

ESTABILIDAD INCONDICIONAL
1.- Dibujar el circulo de Gp contante con Gp=Gt

2.- Elegir una I'| (Z,) perteneciente a dicho circulo |<4——

3.- Calcular el T, (Z;,) correspondiente

4.- Elegir T (Z,) con la condicién T;= I," (Mg=1)
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EJEMPLO

. . HJMQ AN Dv HJ
Ty AN@AVJ w.&wsv _AJMM | e (Z20)
— L 7 T TRANSISTOR ATF-36077 de Agilent
R transistor B
L e fo= 8 GHz, Vds=15V; Id=10 mA
. Sk,
av) 7
Y A ?\L | 0.75 ... 0.078_,
5= ~120 8
, : 3.820,, 0.46_y
M, M,
e Requisito: 61=10 dB
1.- CESTABILIDAD?
K=0.6155 = Condicional
521
MSG =—=4{=1690dB >10dB
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impedancias de generador
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EJEMPLO: Esquema del Amplificador y Resultados

Z0o=50 Q

0.059xr

L |

“
@ Z0o=66 Q
| A4

TRT

MiiullNoumo Q

0.15A

VN

Zo=61Q
A4

S]

(v

e Comportamiento esperado a la frecuencia de

disefio

o COE" s muy descompensados

» Necesidad de comprobar la estabilidad en toda

la banda

» (Mds especificaciones?: Ruido Potencia de salida,

COE, , COE_, .., = nuevas herramientas

-60

COE,=13.9
M ﬁomm&.l.
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Figere 38.1 Operating power gain circle for G, = 9 dB and location of G, us =
11.38 dB.
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Points 164
Smith radius 5
£ A.6338 GHz
0S11 -f.81dB 24.8°
®s21 -26.754dB 114.8°
MHS34 -54.484B -65.9°
+833 -8.8848 24.1°

Time 2.3 secs

pomssmms F3 . PARTS newsemmumy
8.5 98°-8.25h
80 24.5°-0.42h
ne 500 48.32°
8.9802 45°+1.5h
fwI2a 19w
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Output power
f (GHz) Pias G,

19 dBm 13d8B
18 dBm 12d8
18 dBm 10d8B
17 dBm - 8dB
16 dBm 6dB

Figure 4.7.2 (a) Typical large-signal reflection coefficients. (b) Typical output

power contours as a function of T,p for a GaAs FET at f = 10 GHz, Vps = 10V,
and I, = 50%I pss. For this transistor the optimum output power is 19 dBm at

1-dB gain compression and G4 = 6dB.
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0.5-12 GHz General Purpose
Gallium Arsenide FET

Technical Data

Features
* High Associated Gain:
13.0 dBTypicalat4 GHz

* LowBias:
VDS= ZV,IDSZ 26 mA
* High Output Power:
20.0 dBmtypical P 4p at4 GHz

* Low Noise Figure:
1.2 dBTypicalat4 GHz

* Cost Effective Ceramic
Microstrip Package

* Tape-and-Reel Packaging
Option Available 1!

Description

The ATF-10736 is a high perfor-
mance gallium arsenide Schottky-
barrier-gate field effect transistor
housed in a cost effective
microstrip package. Its noise
figure makes this device appropri-
ate for use in the gain stages of
low noise amplifiers operating in
the 0.5-12 GHz frequency range.

This GaAs FET device has a
nominal 0.3 micron gate length
using airbridge interconcnects
between drain fingers. Total gate
periphery is 500 microns. Proven
gold based metallization systems
and nitride passivation assure a
rugged, reliable device.

Electrical Specifications, T, = 25°C

ATF-10736

36 micro-X Package

Symbol Parameters and Test Conditions Units| Min.| Typ. | Max.
NFq Optimum Noise Figure: Vpg = 2V, Ipg = 25 mA f=2.0GHz | dB 09
f=40GHz | dB 1.2 14
f=6.0GHz | dB 14
Gy Gain @ NFo; Vpg = 2V, Ipg = 25 mA f=20GHz | dB 165
f=4.0GHz | dB 120 | 130
i=6.0GHz | dB 105
Pias Power Output @ 1 dB Gain Compression f=4.0GHz | dBm 20.0
VDS = 4V, IDS =70 mA
Giap 1dB Compressed Gain: Vpg =4 V, Ipg = 70 mA f=4.0GHz | dB 12.0
&m Transconductance: Vpg =2V, Vg =0V mmho| 70 140
Inss Saturated Drain Current: Vpg = 2V, Vgg =0V mA 70 130 | 180
Ve Pinchoff Voltage: Vg = 2V, Ipg = 1 mA \Y 40 1| -1.3 | 05
Note:
1. Refer to PACKAGING section, “Tape-and-Reel Packaging for Surface Mount Semiconductors.”
5-29 5965-8698E

2.3






ATF-10736 Absolute Maximum Ratings

Absolute Notes: .
Symbol Parameter Units Maximum!! 1. Permanent da:mz‘;tge may occur if
v Drain-Source Voltase v = any of these limits are exceeded.
D8 & 2. Tease tempEraTURE = 25°C.
Vas Gate-Source Voltage v 4 3. Derate at 2.9 mW/°C for
Vap Gate-Drain Voltage \ -7 Teasg > 26°C.
Ips Drain Current mA Ipss 4. Storage above +150°C may tarnish
Pr Total Power Dissipation 23 mwW 430 the leads of this package difficult to
T Ch T . °C 75 solder into a circuit. After a device
CH anne: 1emperature d has been soldered into a circuit, it
Tsra Storage Temperature!*! °C -65t0+175 may be safely stored up to 175°C.

5. The small spot size of this tech-
nique results in a higher, though
more accurate determination of 6
than do alternate methods. See
MEASUREMENTS section for
more information.

Thermal Resistance:
Liguid Crystal Measurement:

8; = 350°C/W; Tog = 150°C
1pm Spot Size'™

Part Number Ordering Information

Part Number Devices Per Reel Reel Size
ATF-10736-TR1 1000 7
ATF-10736-STR 10 STRIP

For more information, see “Tape and Reel Packaging for Semiconductor Devices.”

ATF-10736 Noise Parameters: Vg = 2V, I = 25 mA

Freq. NFq Iﬁopt
Ry/50
GHz dB Mag Ang N
1.0 08 088 41 052
20 09 0.75 8 027
40 12 048 159 0.08
6.0 14 0.46 -122 0.08
8.0 1.7 0.53 71 043
ATF-10736 Typical Performance, T, = 25°C
18 a0 30
\\ 15 25 25 \\
N 6A ) \\ ™ ¥s6
20 122 20 MSG 20 |- ]
N 478 g 8 T~ \
15 S 9 > 5o ) > 15 hE
¢ T = ~ = 2
g A= N s 8212 ‘s\\ 3 IS21] \N& s
~51.o_w-—’NF 6 10 ~ N MAG 10 N \\
& ° A \\\ \
0.5 5 < 5 b
N ‘\
0 0 ¥ 0
20 40 60 80 100 120 05 10 20 40 6080 120 05 1.0 20 40 6080 120
FREQUENCY (GHz) FREQUENCY (GHz) FREQUENCY (GHz)
Figure 1. Optinnm Noise Figure and Figure 2, Insertion Power Gain, Figure 3. Insertion Power Gain,
Associated Gain vs. Frequency. Maximum Available Gain and Maximum Available Gain and

Maxinum Stable Gain vs, Frequency.
Vm=4v,lw=70mA.

Maxinmum Stable Gain vs. Frequency.

Vls=2v; Im=25mA,TA=25DC~
Vm=2‘LIDS=25!nA.

5-30
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Typical Scattering Parameters, Common Source, Zq = 50 Q, Ty = 25°C, Vpg = 2V,Ips = 25mA

Freq. S11 Sz1 Sz Sz
GHz Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang.
05 .96 -20 154 5.90 162 -32.4 024 il 50 -10
10 92 40 15.2 b7 144 -26.7 046 66 A48 -21
2.0 77 -76 138 4.92 109 21.3 086 52 39 -34
30 .59 -107 125 4.20 8 -20.0 Jd11 40 33 -45
40 A9 -136 112 364 57 -17.3 137 24 26 -61
50 43 -179 100 3.15 332 -16.5 167 9 14 65
6.0 49 138 8.6 2.74 8 -14.9 179 b 05 22
7.0 b7 106 7.3 2.32 -13 -14.8 183 -18 19 60
8.0 68 81 5.6 1.92 32 -14.7 185 -33 .33 b7
9.0 73 62 4.2 1.62 -50 -14.8 183 -40 A2 46
100 77 47 30 141 -66 -14.8 182 52 46 38
110 82 B 1.0 1.12 81 -14.6 186 67 50 27
120 85 2 0.2 0.98 97 -14.5 189 -5 bl 15

Typical Scattering Parameters, Common Emitter, Zg = 50 Q, T, = 25°C, Vps = 4V, Ipg = 70mA

Freq. S1t Sa1 Sia Saz
GHz Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang.
0.5 90 -32 19.0 8.95 147 -34.9 .018 77 40 7
1.0 79 -53 18.0 796 128 -28.6 037 70 38 -17
2.0 B7 96 155 599 2 4] -22.5 075 56 34 -38
30 43 -129 133 4.60 &4 -19.5 106 43 31 -50
40 36 -163 116 3.78 39 -17.3 136 31 28 -B1
50 35 156 10.1 3.21 16 -15.6 .166 14 22 -45
6.0 47 110 88 2.76 -11 -14.5 189 -5 156 4
70 65 78 7.0 223 -36 -14.2 196 -23 28 2 5)
80 77 58 5.1 1.80 -56 -14.1 198 -38 42 37
9.0 83 4 35 1.50 -2 -14.2 195 -48 b1 33
10.0 .86 30 2.4 1.32 -38 -14.5 188 64 b5 26
110 87 16 1.1 1.13 -106 -14.8 182 7 60 18
12.0 91 1 0.1 0.99 -123 -158.3 A71 91 .65 7

A model for this device is available in the DEVICE MODELS section.

5-31
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2-18 GHz Ultra Low Noise
Pseudomorphic HEMT

Technical Data

Features

« PHEMT Technology

* Ultra-Low Noise Figure:
0.5 dB Typicalat 12 GHz
0.3 dB Typicalat 4 GHz

e High Associated Gain:
12 dB Typical at 12 GHz
17 dB Typical at 4 GHz

* Low Parasitic Ceramic
Microstrip Package

* Tape-and-Reel Packing
Option Available

Applications

» 12 GHz DBS LNB (Low Noise
Block)

* 4 GHz TVRO LNB (Low Noise
Block)

» Ultra-Sensitive Low Noise
Amplifiers

Note: | Sce Noise Parameter Table.

Description
Hewlett-Packard's ATF-36077 Is
an ultra-low-noise Pseudomorphic
High Electron Mobility Transistor
(PHEMT), packaged in a low
parasitic, surface-mountable
ceramic package. Properly
matched, this transistor will
provide typical 12 GHz noise
figures of 0.5 dB, or typical 4 GHz
noise figures of 0.3 dB. Addition-
ally, the ATF-36077 has very low.
noise resistance, reducing the
smsitivity of noise performance

‘making t
and low noise amplifiers

sensitivity of the ATF-36077
makes this device the ideal choice
for use in the first stage of
extremely low noise cascades.

25

/

©
n
73
ASSOCIATED GAIN (dB)

)

A

ui

b 0.8 - 10

2 :

u(é 0.4 ____7::_’7

g 0 - |
0 4 8 12 16 20

FREQUENCY (GHz)

Figure 1. ATF-36077 Optimum Noise
Figure and Associated Gain vs.
Frequency for Vpg = L5V, I = 10 mA.

o

ATF-36077

77 Package

Pin Configuration

4 |SOURCE
=
<
GATE DRAIN
2 |SOURCE

The repeatable performance and
consistency make it appropriate
for use in Ku-band Direct Broad-
cast Satellite (DBS) Television
systems, C-band Television
Receive Only (TVRO) LNAs, or
other low noise amplifiers
operatinginthe2-18 GHz
frequency range.

This GaAs PHEMT device has a
nominal 0.2 micron gate length
with a total gate periphery (width)
of 200 microns. Proven gold based
metalization systems and nitride
passivation assure rugged, reliable
devices.

5965-8726E
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ATF-36077 Absolute Maximum Ratings

l Absolute
Symbol Parameter Units Maximumf!]
]' Vig Drain - Source Voltage \% +3
1 Vas Gate ~ Source Voltage v -3
’ Vep Gate-Drain Voltage \ 3.5
I In Drain Current mA Liss
Pr Total Power Dissipationls! mW 180
P max RF Input Power dBm +10
Ten Channel Temperature °C 150
Terg Storage Temperature °C ! -65t0 150 i

ATF-36077 Electrical Specifications,

To=25C20=50Q, V=15V I, = 10mA, (unless otherwise noted).

Thermal Resistancel2:3);

6(‘h-c =60°C/W

Notes:

1. Operation of this device above any one

of these parameters may cause
permanent damage.

2. Measured at Py, = 15 mW and
Tey = 100°C.

3. Derate at 16.7 mW/°C for T > 139°C.

Symbol Parameters and Test Conditions | Units Min. Typ. Max
NF Noise Figurel!! f=12.0GHz | dB 05 06
Gy Gain at NF!! f=120GHz i dB 11.0 12.0
S Transconductance Vps=1.5V.Vos=0V | m$ 50 55
Liss Saturated Drain Current Vs =1.0V.Vge=0V | mA 15 25 45
i Votu [ Pinch-off Voltage Vg = 1.5 V. Ipg = 10% of I, | 1% -1.0 -0.35 | -0.15
Note:
L. Measured in a fixed tuned environment with I" source = 0.54 at 156 [* load = 0.48 at 167°,
ATF-36077 Characterization Information,
Te=25°C. 20 =50Q, Vyg = 1.5 V. Iy = 10 mA., (unless otherwise noted).
L Symbol l Parameters and Test Conditions Units | Typ.
NF Noise Figure (Tuned Circuit) f=4GHz dB 0.3121
f=12GHz dB 05
: G, ! Gain at Noise Figure (Tuned Circuit) f=4GHz dB 17
’ f=12GHz dB 12
Siooif Reverse Isolation f=12GHz, Vpg=1.5V.Vgg=-2V dB 14
Pias Output Power at 1 dB Gain Compression f=4GHz dBm 5
f=12GHz dBm 5
Visioma | Gate to Source Voltage for [ng = 10mA Vpg= 1.5V \% 02

Note:

2. See notse parameter table.
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ATF-36077 Typical Scattering Parameters,
Common Source, Zp = 509, Vpg = 1.5V, Iy = 10mA
Freq. Sn Say Si2 Sa2
GHz Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang.
1.0 0.99 -17 14.00 2.010 163 -36.08 0.016 78 0.60 -14
20 0.97 33 13.81 4904 147 -30.33 0.030 66 0.59 28
3.0 0.94 49 1363 4.745 132 -27.25 0.043 4 057 4]
4.0 090 -65 13.17 4.556 116 -25.32 0.054 43 0.55 54
5.0 0.86 -79 12.78 4.357 102 -24.04 0.063 33 0.53 -66
6.0 082 93 12.39 4.162 8 23.17 0.069 24 0.50 -78
7.0 0.78 -107 12.00 3.981 © 22.58 0.074 16 048 89
80 0.75 -120 11.64 3.820 62 22.17 0.078 8 046 99
90 72 -133 11.32 3.682 49 21.90 0.080 1 044 -109
10.0 0.69 -146 11.04 3.566 37 2171 0.082 -6 042 -119
11.0 0.66 -159 10.81 3.473 25 -21.57 0.083 -13 0.40 -129
120 0.63 -172 10.63 3.401 13 21.44 0.085 -19 0.38 -139
13.0 0.61 175 10.50 3.349 1 -21.32 0.086 25 037 -149
14.0 0.60 161 10.41 3.315 -12 21.19 0.087 32 0.35 -160
15.0 0.58 147 10.36 3.296 24 21.04 0.089 -39 033 -171
16.0 057 131 10.34 3.289 37 -20.87 0.091 -47 0.31 177
170 0.56 114 10.34 3.289 50 -20.69 0.092 Db 0.29 164
180 057 97 10.35 3.291 64 -20.53 0.094 65 0.26 148
ATF-36077 Typical “Off” Scattering Parameters,
Common Source, Zo =50 Q, Vpg = 1.5V, I = O ma, Vag =-2V
I Freq. Syt Say S2) Sy
GHz Mag. Ang. dB Mag. Ang. dB Mag Ang Mag. Ang.
11.0 0.96 -139 -14.2 0.19 -13 -14.2 0.19 43 097 -125
12.0 095 -1562 -14.0 0.20 -56 -14.0 0.20 H6 0.97 -137
13.0 0.94 -166 -13.8 0.20 69 -13.8 0.20 -68 0.96 -149

e
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ATF-36077 Typical Noise Parameters,
Common Source, Zg = 50Q, Vpg = 1.6V, I = 10mA

Freq. Fpial!] Topt R,/Z, * \
GHz dB Mag. Ang. . 20
1 030 095 12 0.40 \\{MSG ac
2 0.30 0.90 % 0.20 g =g T
1 030 081 51 017 z S21 T
6 0.30 0.73 76 0.13
8 0.37 0.66 102 0.09 5
10 0.44 0.60 129 0.05 o
12 0.50 0.54 156 003 0 4 8 12 16 20
14 0.56 0.48 174 002 FREQUENCY (GHz)
18 0.65 0.39 100 0.09 i’[:):'cir(‘) ?;3“ vs. Frequency. Vpg = L5V,
Note:

1. The F, values at 2,4, and 6 GHz have been adjusted to reflect expected circuit losses
that will be encountered when matching to the optimum reflection coefficient (I',,) at
these frequencies. The theoretical F,;, values for these frequencies are: 0.10 dB at
2 GHz. 0.20 dB at < GHz, and 0.29 dB at 6 GHz. Noise parameters are derived from
associated s parameters, packaged device measurements at |2 GHz, and die level
measurements frorm 6 to 18 GHz.

77 Package Dimensions

102
(0.040)
source [ 4
51
(0.020)
- |
<
GATE | EDHAIN ; l
source! | 2 || !
H
L 178 *
(0.070) |
1.22 175
(0.048) [{0.069) |
1 : ! |
] i ] |
: - S )
e 5.28 !
.53 (0.208) .10
(0.021) {0.004)

Part Number Ordering Information

Part Number No. of Devices Container
ATF-36077-TRI2I 1000 7" Reel
ATF-36077-STR 10 strip
Note:

2. For more information. see "Tape and Reel Packaging for Semiconductor Devices,” in
“Communications Components” Designer's Catalog.

TYPICAL DIMENSIONS ARE IN MILLIMETERS (INCHES).
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Problema 2

Se desea disefiar un amplificador de microondas de dos etapas como el indicado en la figura

Z, Red
O w O— adaptadora [0 W 0
Ve intermedia Zy

sin pérdidas

1.- Obtener las siguientes relaciones:

Gp = (G, Gp)

Gd = f(Gyj, Gaz)

Gt = (G, Gpa)

Gt = f(Gay, Gg)
siendo Gt, Gd y Gp las ganancias de transduccién, disponible y de potencia del amplificador, y G y Gy las
ganancias disponible y de potencia de cada una de las etapas.

Las dos etapas van a usar el mismo transistor polarizado en el mismo punto de trabajo. Las caracteristicas que nos
aporta el fabricante son las indicadas a continuacién

S11=0.655¢/"%1; S,1= 2.28661°% §1,=0.064¢7 §,,=0.569¢75+6
Zy=7,"=10.66-]7.52 Q = F=4.5 dB : Gd=14 dB
Z=Zn=15-10 Q = F=3.3dB ; Gd=12.5 dB

2.- Realice, sin realizar cdlculo alguno, los comentarios que considere oportunos acerca de la estabilidad del
transistor que se va a utilizar.

3.- Se desea diseilar el amplificador sujeto a las siguientes especificaciones:
- Uno de los transistores ha de trabajar en el punto de méxima ganancia y el ofro en el de minimo ruido.
- Minima figura de ruido posible.
- Adaptacién conjugada en el plano de la carga.

Se pide:
a) Figura de ruido total.
b) Ganancia de transduccién total (Gt).
¢) Impedancias de generador y carga de los transistores 1 y 2.
d) C.O.E. de entrada y salida

NOTAS IMPORTANTES:

* Para 1a realizaci6n de los apartados c) y d) suponga S;,=0

* La figura de ruido de dos transistores en cascada es: Fia=Fi+ (F, - /Gy,

* Si se carece de calculadora que opere con nimeros complejos, las impedancias pueden ser dadas en
forma de coeficientes de reflexién.

n
N
3
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Figuee: 11.1  Input-output signals for a nontineer diode detector.
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