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TEMA 1: CARACTERIZACION DE DISPOSITIVOS DE ESTADO SOLIDO DE
RADIOFRECUENCIA Y MICROONDAS

1.- Introduccién al problema de la caracterizacion

2.- Repaso de pardmetros S

3.- Transformacioén entre parametros
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1.- Algunos conceptos fundamentales

1.1.- La transformacién bilineal

1.2.- Factor de desadaptacion de potencia M

1.3.- Propiedad de invarianza de M

1.4.- Relacion de M con los coeficientes de reflexion de entrada y salida de un
amplificador (COEin, COEout)

2.- Andlisis y disefio de amplificadores de banda estrecha
2.1.- Definiciones de ganancia

2.2.~ Estabilidad

2.3.- Disefio de amplificadores bajo especificaciones de ganancia
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3.- Amplificadores de bajo nivel de ruido

3.1.- Repaso de ruido (enfoque sistémico)

3.2.- Circulos de figura de ruido constante
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7.- Amplificadores de dos etapas

TEMA 3: DETECTORES Y MEZCLADORES

1.- Introduccién

2.- Detectores de microondas

3.- Mezcladores

3.1.- Introduccién

3.2.~ Clasificacion de los mezcladores

3.3.- Proceso de mezcla: analisis de gran sefial/andlisis de pequeiia senal
3.4.- Proceso para encontrar las impedancias éptimas

TEMA 4: CIRCUITOS DE CONTROL Y CONMUTACION

1.- Introduccion

2.- Conmutadores

2.1.- Clasificacién

2.2.- SPST con un diodo

2.3.- Conmutador SPST con dos diodos

2.4.- Conmutador SPDT
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Vdd

Gl =27 pF CHIP CAPACITOR

C2 =1 pF CHIP CAPACITOR

C3. Cd = 1000 pF CHIP CAPACITOR

Q1 = AGHENT TECHNOLOGIES ATF-36163 PHEMT
R1, A2 = 50 OHM CHIp RESISTOR

21,22 = INPUT MATCHING NETWORK
23,%4,25,26 = OUTPUT MATCHING NETWORK

Figure 6, Schematic Diagram of One Stage ATF.36163 amplifier,

Appendix I. Revised Artwork for Single Stage 10,7 to 12.7 GHz ATF-36163 LNA.

—— REDUCE TO 1.18 INCHE! |

03/96

ATF-36163 12 GHz LNA pee

INPUT OUTPUT | 7%

ER=2.5
H=.015
121-5
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MONOUTHIC MICROWAVE INTEGRATED CIRCUITS

Via Hole Back Side Phthg...j

504! Input
Line

Via Hole S.l. GaAs Substrate

Figure 15.15 Small-signal microwave ICs process leveis. (2) lon implantation. (b) Mesa
isolation. (c) Obmic contact. (d) Gate formation. (e) Resistor evaporation. (/) Dielectric
deposition. (g) Metal 2. (h) Via-hole etching and backside plating. (/) Completed MMIC.



CORFAICIENTS varess FRGOUENCY COEPFICIENTS varsus FREGABNEY
Nat‘.'.lc-ﬂm (Veg = 10V, I = 30 mAd

Ves ic ' S '? S22
(Vorad | imaA) |  mam Syl Lo Sy Lo Seg e e | e
50 10 100 0.20 -102 12.49 120 0.048 9 o ~57
08 0.7s -158 7.1 » 0.058 ] oxr -97
508 o7 -170 420 » 0.064 23 028 ~-110
»e 0.7 -178 318 n 001t 2 o -117
0 o 17¢ 228 ) 0.078 27 0 -128
1509 0.7 167 151 54 0.002 2 o -133
25 1] o0 -131 24.24 118 0.029 s anm: ~87
200 0.77 -167 8.7¢ 9% 0.0 32 o -137
500 0.79 -176 5.26 s 0.048 » om ~150
700 080 178 382 ;] 0.008- 2 o -158
1000 0.79 173 2.72 70 0.087 -« o -164
1500 0.81 164 1.82 58 0.008 -« > -187
50 100 o.n -147 21.72 13 0.0 » o -107
300 0.78 -173 959 o4 0.008 » o -152
500 081 179 5.72 85 0.008 40 (5 -163
700 081 178 400 ;] 0.048 se o -108
1000 08 m 289 7 0.08? 2] o, -17%
1500 082 163 1.96 62 0.082 S L -177
10 10 100 0.7 -92 18.77 k3 0.037 47 . -44
300 0.74 -160 8.00 100 0.08% » o3 -89
500 0.75 -168 5.01 87 0088 » o ~75
700 0.76 -174 3182 8 0.086 » 02¢ -79
1000 0.76 179 258 o o0.on k - 03¢ -8
1500 0.77 168 1.72 56 0.008 k1) o - 104
2 100 067 -120 27.10 122 oo 42 o -o8
00 0.73 -183 10.27 97 0.028 k] om -110
500 0.78 -174 6.21 a6 0.043 9 ox -124
00 0.77 -179 4.48 78 0.081 41 o® -132
1000 0.77 176 319 7 0.082 43 o -139
1500 0.78 168 2.13 59 0.080 42 028 - 142
0 109 0.68 -137 3153 118 0.020 37 oA -8
9 0.74 -100 11.1?7 95 0.028 40 o -131
0 0.7 -177 3.0 85 0.0% 4 (3 ) ~144
e 0.77 178 482 ; 0.047 48 3 -152
1000 0.77 173 342 7 0.080 50 o - 158
1589 0.7 166 2.30 81 007 47 o - 180

Figwe 1983 S-paramcter data for the Motorola MRF962 transistor. (From Motorols RF
Data Manual: reproduced with permission of Motorola, Inc.)
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Figure 1.11.13  (a) Cross-sectional geometry of a GaAs FET; (b) GaAs FET high-
-frequency model for the common-source configuration.
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GATE Ot VY g AAA, —{ {— ’ ' YY) DRAIN'
Lg Rg o+ Ld .
cgs -Ve
Ras Cys
V

RC 9mVe

RS
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SOURCE

Figure 1. Equivalent Circuit for Linear GaAs FET Models.
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. Transmission line segments are characterized by:
characteristlc Impedance 4 inTable 5
physical length in mils | in Table 5
effective dielectric constant k In Table 5 Ly
attenuation in dB per unitlength A =.001
scallng frequency for attenuation F =1 GHz

Figure 2. FET Transistor Package Equivalent Circuit.
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‘Fable 1. Circuit Element Values for Linear GaAs FET Models.

Noise

FNC=01le+t
R=0.17
P=0.66
C=0.2

Components
Lg Ld Ls Rd Rg Rs | Cgs | Cgd | Cde | gm TF | Rds
Part No., Bias| nH nH nH Q Q Q pF pF pF | mS | ps Q
ATF-101XX :
2V, 20mA 0.9 0.6 0.16 2.0 2.6 2.0 | 026 0.1 0.1 70 {0.001}| 200
ATF-102XX ) ’
2V, 20 mA 0.9 0.6 016 [ 2.0 2.5 2.0 | 0.40 0.1 0.1 60 ] 0.001| 200
ATF-107XX -
2V,20mA 0.9 0.6 0.16 | 2.0 3.0 2.0 1040 | 016 | 0.1 60 | 0.001| 200
4V, 7T0mA 0.9 0.6 0.16 4.0 6.0 2.0 | 0.80 0.1 0.2 130 | 0.001 | 200
ATF-131/132XX
3V,20mA 0.9 0.6 016 | 2.0 3.0 0.5 | 0.14 | 0.05 | 0.03 60 | 0.001 250
ATF-133/134XX ’ [ '
.3V,20mA 0.9 0.6 0.16 2.0 3.0 0.6 | 0.20 | 0.05 | 0.03 40" | 0.001 | ‘250
ATF-137XX o . -
| 3V,20mA 0.9 0.6 0.16 2.0 3.0 2.0 § 0.20 { 0.06 | 0.03 40 [ 0.001] 250
4V, 20 mA 0.9 0.6 0.16 | 4.0 3.0 2.0 1024 | 0.06 | 0.03 50 [ 0.001 | 250
ATF11XX :
|1 3V, 30 mA 04 0.6 0.16 1.6 1.5 1.0 | 0.70 { 0.10.{ 0.14 | 68 | 0.001| 180
6V, 80 mA 04 0.5 0.16 1.0 1.0 0.6 1.2 0.08 | 0.16 1156 | 0.001 | 180
ATF-251XX
3V, 20mA 0.4 0.7 016 | 2.0 2.6 1.0 | 0.36 | 0.07 | 0.16 48 | 0.001 | 150
65V, 50 mA 0.4 0.7 0.16 1.0 2.0 06 | 0.60 | 0.06 | 0.08 76 10.001| 180
ATF-261XX .
3V, 10mA 0.6 0.7 0.16 | 2.0 5.0 50 § 0.16 | 0.03 | 0.06 27 10.001| 275
"5V, 30mA 0.6 0.7 0.16 2.0 5.0 6.0 | 0.26 | 0,016 | 0.06 42 10001 27
| ATF-36XXX
165V, 10mA |204pH[266pH| 6pH| 5.0 1.0 0.5 |0.088 |0.04569;0.0627| 53.7 | 0.47 | 106,1
ATF-441XX
9V, 500 mA 0.20 0.20 003§ 015 0.02 ] 016 | 3.0 0.3 1.36 350 b 15
ATF-451XX :
9V, 250 mA 0.20 0.20 0.06 | 030 0.76 | 0.32 1.5 0.2 0.70 176 b .0
| ATF-461XX i
9V, 126 mA 0.20 0.20 0.1 0.60| 1.60 | 060 | 0.8 0.1 0.36 80 b 66
Table 2. Circuit Element Values for FET Package Models.
element units | 35/36 70 77 84 86
e nH 09 | 06 09 | 05 | 05
D niH 06 | 06 06 | 06 | 05
LS nH 0.16 0.156 0.16 0.16 0.16
i1 nH o1 01 o1 | .01 5
2 nH .005 .006 .006 .006 .025
.01 .
1{‘31_ 7 né}l 251 2& 6(3)51 ((3)5 66 Table 8. ATF-36 FET Statz Model Parameters for Small Signal Operation.
TE1 mils 36 25 b | 2 25 MODEL=FET
TL K - 7 7 7 o | 9
T9. 7, W 30 20 30 30 30 IDS model Gate model ~ Parasitics Breakdown
T2 1 mils 15 B 15 7 7
AR - 7 7 7 9 9 NFET=yes DELTA=02  RG=l ngg‘lf)_zl
T3: Z W % | 40 6 | 6 | 6b PFET= GSCAP=3  RD=D.5 il
E! mils 36 26 3b 25 2b IDSMOD=3 CGS=0.13pF RS=0.6 GDREV:O
: - . 7 7 7 9 9 VT'0=-0.6b GDCAP=3 LG=0.03 nH =
T3: k o ) i) BETA=0.10  CGD=0.04pF LD=0.04nH VJR=1
CGS pE .06 95 ' X 0 LAMBDA=0.25 1S=0.01 nH  IS=1nA
DS pF 06| .06 05| - : ALPHA=5.0 CDS=0.05 pF IR=1nA
CGD pF .005 005 .005 .01 .01 BoLb CRF=0.1 IMAX=0.1
T i inductance values for the gate, drain, and - RC=350 XTI=
Note: ?:ﬁc?ﬁfxig a;lxgeia&fi%gfgtn&c;emiugli::g :he die modelin a pacgkage mode}, ?Iys?rl\g:zr] N=
ase the bond wire value given in the package description and omit the values given VBIZ0.7 EG=

in the die model.
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[,; HEWLETT LOW NOISE 2NB742
/8 PACKARD | TRANSISTOR | toxTRs10z

| T (00T
Features 2762 {0 030} ' B -\.;5 i X~
LOW NOISE FIGURE ve e M Y
2.5 dB Typical Fun AT 4 GHz L

® '
HIGH ASSOCIATED GAIN

HERMETIC PACKAGE

Description

The 2N6742 (HXTR-6102) 1s . NPN bioolar transassor
designed for mimimum noise hqure. The device utizes on
MOIRMatoN techmaues N its manutacture anda he chig is also
orovwded wHh sCratch crotechon over its active area. The
Jewice 18 supphed In the HPAC-70GT. a rugged metalceranwc
nermetc package., and 1S capaiie Of meetng the environ- ' 2010 004
Tiental requirements of MIL-S- 19500 ana the test requirements a

of MIL-3TD-750:883 x _i H
b Tt::: =3}3‘°‘m

. . 0533 10021

Absolute Maximum Ratings™ 3102 @000
Teasg - 25°C)
[ Symool | Sarameter Lmt |
| Vega | Collector to Base voitage Isv |
I Vego Coliector 1o Emitter Voitage 20V !
| Vego Emitter to Base Voltage 15v
e DC Collector Current r20mA | DIMENSIONS IN MILLIMETERS ANO INCHES)
ioP- Totat Device Dissipation 1300 mw |
T Junction Temperature { 300C !
 Ters Storae Taroerature GsCo | Outiine HPAC-70GT

Lo : " i

|

| Solger~a 1 econas each leag) 1 -250C

T Ooeraton in excess ot anv one of (hese CoNTIONS Mav result n

CETMEnNenl GHMa0e 10 Is gevice

Notes:

CAL e masmum of 235 C W should be used [0r derating ana junction
OTSTMUrE CHCLANONS T+ . Pa v o - Traggl

S AMITF Ol 10 - '} “ours wil De Mel O exceesed when e JuNchion
AMDRrad 1S Mmatanea unaer 1. 200 C (based on an activaion
Sneray of 1.1 2V) For 00erahon abave this conamon, refer 1o page 108

Rustratdty Pertormance ot Bioolar Transisiors

Fig. 5.5(a) Hewlett Packard low-noise transistor. Copyright of Hewlett Packard.
Used by permssion.
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Electrical Specifications at Tcage = 25°C

1 : Tost j
1 Symbel | Parsmeters And Test Conditions m-smmtug_mm Mo
3Vees | Colecior-Enwiter Breakdown Voitage at ic = 100uA 3001.1° L I
) Collecior-Emeer Leakage Cusrem &t Ve =10V 30411 nh 00
[ a0 Colactor Cusdif Cuirent at Veg = 10V 0381 | ok ; 00
' nrg Forward Cusrert Transier Rabo at Vee = 10V, ln =dmA 3076.1° — 58 | 1% 250
‘ — y - - o :
! ! ¢ - 4GHz 28| 30
: 2 GHz o8 T.&
X ' 3246.1
i
[ Associated Gan X
; [ ‘= 4 GH2 dé . &G EE |
‘ \ 2GHz o 135
|
: Bias Condwons for Above: Vrz = 10V i~ = dmA
. :
T IT0us WO DS MEASWement at < 2% duty cyoe
N —— T
A4 H \1 \LMAG ) '
R N A= 11
© T 7 ASSOCIATED i - =
1o j,t-—-—-—emuto—lfr»- r | ; R
£ ] "k : ——
g P : E e HOISE FIGLIRE 4,
5 | ?t™2ISE FIGURE (Frsig = .. 2
tT PR DL 1. 3060 I} 3
FIEQUENCY (GHz! " ZLLECTOR CURRENT (mA}
Fuaure 1. Tvprcal MAG. Fuuw and Zqure <. Typical Fuws and Figure 3. Typcal |Srg £ vs. Bias
Associated Gain vs. Frequency at Associated Gan vs. o at 4 GHz at4 GHz.
ez = 10V be 2 A, 'of Vg = 10 VI Turved for Fuaes.
L ]
Typical S-Parameters ve: - ov.ic :ma
. S S Sy Sy
Freq. (MHz) - Maqg. Ang. Mag. Ang. Mag. |  Ang Meg. Ang.
00 0917 i1 19 5 | o7 T 0.991 -4
300 2.782 34 4277 15 026 54 0.901 -18
“200 635 .98 2097 1 o097 1 0.787 -30
1300 0.598 -137 3.881 37 i 0.038 | 28 0.763 ~35
2000 0.589 149 3148 Tl oo 26 0.754 -43
2500 0.570 - 163 2.646 29 0.042 ! 25 0.760 -50
3000 0.575 -173 2.209 48 0.043 ! 25 0.773 -58
3500 0.560 80 1 948 37 0.046 | 2_5_ 0.7§_5_ - 54
4000 0.548 173 * 665 29 0.049 24 0,816 -71
1500 J.530 ‘67 © 350 20 0.053 24 0.850 -78
3000 0.518 60 * 346 ; vt 0.058 23 0.860 -4
3500 0.500 152 1210 ! 0.060 22 0.880 -92
3000 0.489 ‘46 * 076 | -7 0.083 20 0.877 -99
g RET 132 0.897 -23  , 0.069 15 0.872 108

ja

Ia
th
U

P

Siby Hewlett Packard low-noise transistor.
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Typical Noise Parameters

Yoz = 10V, e = AmA

: -
wes (08) ; F:Fk'tu + LI ‘RN . l?ﬂ_’ ‘0\

r Py
Freq. (MH2) | (MeysAng) |(Ohmar| F
1000 1BN2X | 2331 a5 1 2
1500 58 | 1587 - 58 Z __‘
| 2000 Nnoss | 1573 ‘72 ~ o |4+Po‘ (A T’ ‘ )
3000 425/151" 10.72 218
% o 7‘5
oS - <. T4
6000 520/~131° 723 178 B
Low Power Bias Performance
Bias [
Ver e F ! Ga R . "
v nA w @ B Ohms | Mag./Aeg. | Mag./ Aog.
. 3 0.25 2.25 35 50.5 | G0S/31" | 7328
3 0.50 1.87 ‘27 - 255 T8 | TV
; 3 1.00 1.5% 57 ! ‘39 57139° | 77429

Fiqure 4 Nose Parameters a2 3 GHz

! | Frequency
[ I
: BIAS | 1000 MHz 1500 MHz | 2008 M 3000 M
| Vee e | Fww | G Fum  Gs | Fuww | Go | Fum | Gs
i v mA + d8 i d8 3 a8 « o8 ;. [ ] [
Loy 025 | 225 35 37 50 | 283 17 1.8 ar
‘ 3 050 i 187 27 136 28 | 223 79 2.93 6.4
3 10 t 155 15.7 "3 r7 b o17e 10.2 2.38 8.1
Fgure 5. Noise Performance vs. Frecquency ana Bias.
Typical S-Parameters v-- - ;v i -o2sma
! | S Sav Sy Sn K
| Free. (MHz) | Mag. Ang | (G8) | Wes | Ang @8 T Mee Ry | ey, Ang.
‘ 500 | oe8 22 1 o-a9 i a8 182 -28.2 09 2 993 -12 220
;1000 | 956 42 -T2 w8 1w -23. 070 58 975 -22 464
. 1500 | 929 -85 t -T3 423 1 106 -206 083 38 958 -33 588
i 2000 © 810 -8 ) ~TT 89 -19.7 104 27 945 ~42 679
. 3000 888 ERRF- IR IR R E -19.3 H 6 938 ~59 821
Veg = IV le = 0.50mA
g T Sn ' Sy Sy’ Sﬂ K i
| Frew. (WMo [ Mag. T Ang. . (a8 Mag. | Ang. | (dB) | WMes | Ang | Meg. | Ang. .
T N M
I soe | ers | -24 | -08 | em | 152 | -284 | 008 0 908 -13 220
I 1000 929 -47 0 o-13 i 3963 128 -23.6 066 32 955 -24 123 |
1500 387 72 L o-z0 b ve2 107 -21.4 085 35 920 ~34 583}
| 2000 | a6 8 | as o7 || 208 090 24 906 | -43 | 682
i 3000 i o818 | -1 -33 | 88 | %0 -20.1 099 T 889 -60 818
Veg = 3V.Ic = 1 0mA
T St S Sz S22 K
{ Freq, (WH2) [ Weg. | Ana. . (dB)  Mag. . Ang. a8y T~y Ang. Wag. Ang. |
| 500 0952 | -25 1 oas ;8T 139 ~286 037 66 972 ~t4 | 3281
1000 384 | -3¢ - 37 . 154 . 125 ~24.3 061 47 99 -5 | 3921
1500 321 | .52 2Tt 36 . D4 -23.1 070 N 873 ~36 | 664l
2000 ? 75l o-s02 ;o2 s 38 -226 074 23 854 -43 793 |
| a0 | s | -33 ¢ = | w09 | 59 | -221 | 079 10 842 ~59 908 |

Fig. 5.5(¢) Hewlett Packard low-noise transistor.
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Conversion Between Common-Base. Common-Emitter, and Common-Collector y Parameters

Yire = Vite T Yize ¥ Yare ¥ Va2 = Yiuoe
Vize= =0 st Vozn) = Wiy e + Yia.o)
Vare= —Warn + ¥a2s) = =i+ Y2
Yoz e = Ya2 0 = Yine T Vi Vo F Va2

Yiro = Yite T Vize T lare T V22 = Ya2c
Yias = —Uha e ¥ X220 = —Warc + V22,0
Yoo = —Wane ¥ Va2 = =Wz e + Y220
Yizp = Y2z, = Vit T Yz T Ve t Vo

Fite T Yire = Yoo T Yize T Y2 T Y2200
Ve = =W e ¥ Yied =~ + Vo)
Yar o= et Yo =~ T Yiz.s)

Yare = Vi et Yine T ¥t e T V22,6 = Yiron

{b)

Figure 1.8.1 (a) Conversions among the =, y, h, ABCD, and § parameters; (b)
conversions between y parameters.
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