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Stabilitet
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Stabilitetscirklar

Lastcirkel
~ (S,,—AS;, )
sl A
— S12821
L ‘322‘2 _‘A‘Z
Kallcirkel
(Su-4Sy, )
S ‘311‘2 _‘A‘Z
_ S15S,,
S ‘511‘2 _‘A‘Z

A= S11822 — S12821
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CHALMERS

For || <1

» Centrum av Smithdiagrammet stabilt for |I|<1

Instabilt omrade Stabilt omrade
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Forelasning 9

Transistorn
Pozar 6.1
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Senaste forelasningen

* Termiskt brus for en-portar
- N=kTB

* Brus for tva-portar
— Ekvivalent brustemperatur
— Brusfaktor

— Adderat brus for passiva nat ges av G, vid T=290K
— Aktiva tva-portar kraver uppmatta brusparametrar
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Dagens forelasning

* Transistorer
— Falteffekttransistor (FET)
— Bipolar transistor (BJT)

- Smasignalkaraktaristik
— Arbetspunkt

 Kretsrepresentation
— Ekvivalent krets
— Tvaportsparametrar
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Transistorer
* Bipolar transistor - Falteffekt transistor
— npn (pnp) - n-kanal (p-kanal)
— Stromstyrd — Faltstyrd
— Vertikal ~ cmiter ~ Planar
Kollector source gQate drain

Kollektor drain
gate —

SRS bas
s source

emitter M Alle
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Falteffekttransistorn
n-kanal

Il Positiv spanning mellan
-1+ source och drain mojliggor
drift av laddningar
daremellan
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Falteffekttransistorn
n-kanal

Il V<0 trycker undan
-1+ laddningsbarare och sparrar
strom genom tansistorn
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Falteffekttransistorn
n-kanal

1 Vg >0, elektroner

[+ ackumuleras i kanalen
mellan source och drain sa
att transistorn leder battre
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Ekvivalent smasignals modell

Drain

<+

ces > V. G V.S s
Source -
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fu

+

Simulering ATF-55143
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Bipolara (npn) transistorn
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Bipolara (npn) transistorn

Positiv spanning mellan kollektor och emitter driver
strom daremellan om bas inte spéarrar
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Bipolara (npn) transistorn

Positiv spanning pa bas ger upphov till strom av hal in
| basen som provocerar fram en rekombinationsstrom
av elektroner fran emittern, dessa hinner dock inte
rekombinera utan drivs vidare in i kollektorn varpa nya
elektroner diffuderar in i basen, vilket ger strom-

<
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O 0 O a7

z i z forstarkning | 0.0025
0 O € ﬁ:—c 0.0020 — loa
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— | Bipolara transistorn &r stromstyrd och nyttjar bade
minoritets och majoritetsladdningsbéarare
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Ekvivalent smasignals modell

Base Collector

O3 <>
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En observation

 Anta unilateral FET T i
- Satt X=1/wCs=>Z, = Zg I—' <—‘
» Satt B=-wCy=> 27, =72, ) Zout

- Genom spanningsdelning fas ¥ =

Zja)RngS
1' VlZR 2 2
G _ PL _ 8 ImVc ds _ ngds Rds (fT)
i Pavs 1|V|2/R. 4(‘) Rngzs 4R; f
8'°° g f = Im
21Cys

» FOrstarkningen avtar med 6dB/oktav!
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En enkel forstarkare
T =

Vi ||
=— y Lgias
I—Bias (l:lRF Vut
— |
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ekvivalent smasignal modell
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Transistorns smasignalforstarkning

Vip ||
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Karaktaristik

AN :
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Transistorns smasignalférstarkning
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Simulering ATF-55143

=e[glPout=real(HB.VL[::,1]*conj(HB.IL.i[::,1]))/2
=e[glPout_dBm=10*log10(Pout)+30
Helf)GT=Pout_dBm-Pin
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’% PARAMETER SWEEP | mg 7
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_ - ParamSweep ?,78 0.04—
’@ HARMONIC BALANCE | - DC Sweep1 e \g
V_DC DC1 SweepVar="VGS" | T
HarmonicBalance — SRC1 var SimInstanceName[1]="DC1" -—
HB1 — Vdc=VGS V yﬁ:; - SiminstanceName[2]= ?Ol 0.02—
Freq[1]=1 GHz T+ VGS=0.5 SimInstanceName[3]=
Order[1]=12 VDS=2 v_DC SimInstanceName[4]= B
DC_Feed Pin=-30 - SRC2 SimInstanceName([5]=
DC_Feed1 RL=25 — Vdc=VDS V siminstanceName([6]= 0.00 LANLINLL L I L
§ * Start=0.2 0.0 05 1.0 15 20 25 30 35 40
DG Feed Stop=0.7
>_Feed step=0.05
DC_Feed2 " Vout
Vi ts(HB.Vout
+ P_1Tone { } - S m 24 ( )
PORT1 N [ﬁ
Num=1 DC_Block 4 Vout { } 4 . i
Z7=50 Ohm DC_Block1 = D |_Probe M |_Probe E1
=] P=polar(dbmtow(Pin),0) ATF55143_dt IDS DC_Block IL _ 23—
L Freq=1GHz x1 DC_Block2 R=RL Ohm
22—

GT
N
|
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MCE2
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Halvledarteknologier

» Olika halvledarmaterial ger olika egenskaper

 Elektronhastighet
— Hogre hastighet — hogre frekvens
— HOgre hastighet — hogre strom

» Genombrottsspanning
— HOgre genombrott — hogre uteffekt

» Material som har hdg elektronhastighet och
hOg genombrottsspanning ar intressanta

ccccccccccccccccccccccccccccc



CHALMERS

Halvledarteknologier

Ec (GaN)
3 MV/cm

Breakdown voltage BV (V)

o Ec (InP)
2.1, 10.5 MVicm

Electron velocity (10" cm/s)

1

0.1 - 1 10 I ‘100 o 100 ‘ ‘ 1000
. Cutoff frequency fr (GHz
Electric field (kV/cm) Sl Sl S

MCE2
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Kapsling

» Bare-die
« Keramiska kapslar
* QFN

Mattias Thorsell 24 M Cp 4
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Sammanfattning

* Transistorn omvandlar DC effekt till RF effekt
- Falteffekts- och bipolara transistorer

- Val av halvledarteknologi beror pa
— Tillampning
— Prestandakrav
- Pris
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Projektet

e Status

— Simuleringar
— Matningar
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Layout: Stubbanpassning

- Stubbe och ledning maste sammankopplas
- Sammankopplingspunkten har elektrisk langd

 Stubbens langd bestammer [T
» Ledningens langd bestammer 4T’
» Justera manuellt
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Max Gain @ 3.5 GHz

[Helsldelta=S11*S22-S12*S21
=i 1=1+abs(S11)**2-abs(S22)**2-abs(delta)**2
B2=1+abs(S22)**2-abs(S11)**2-abs(delta)**2

] VAR VAR .
|| s-ParamveTers | EIVAR VAR? IC 1=S11-delta*conj(S22)
VGS=0.43 BiasL=12.35 .
gpﬁ’a'am VDS=2 BiasW=0.65 IFYIC2=S22-delta*conj(S11)
= W50=2.98
ugﬁﬁ 2:2:: I v e = FellcammaS=(B1-sqrt(B1**2-4*abs(C1)**2))/(2*C1)
H=62 mil Step= - \5/501\/65 v v_DC Felilcammal=(B2-sqrt(B2**2-4*abs(C2)**2))/(2*C2)
Er=4.4 = c= — SRC2
Mur=1 W = Vdc=VDS V i
Cond=1.0E+50 T freq StabFact1 MaxGain1 Gammas$S Gammal
A o 3.500 GH 1.002 17.676 | 0.954/179.939 0.942 / 87.954
i L1 L . z . . . . . .
TanD=0 L=100 nH e L2
Rough=0 mm B L=100 nH
Bbase= R=
Dpeaks= =: 4.¢_> H
c1 c —
C=10 uF MLIN c2
L1 MLIN  C=10 uF
Subst="MSub1" TL2
W=BiasW mm Subst="MSub1"
L=BiasL mm W=BiasW mm
L=BiasL mm
|
+ Term /1 [
Term1 c MTEE_ADS L
D] e et o D )| = Term —nw d3
2=50 Ohm C=100 pF  Subst="MSub®" —" " " e aps R c Term2 Q2 @Q o2
WA i ATFS9143 a2 R1 c4 Num=2 S ES E\O \
= X1 _ =2 <cCcc 12
— wg_‘é\@"v’\;‘m Subst="MSub1"R=10hm  c=100 pF z=50 0hm O £O EG |
gasiinm W1=W50 mm = 208 9o
@ W2=W50 mm L
W3=BiasW mm 7
l o ‘ GaCircle
ﬂﬁﬁﬂﬂﬂmﬂhﬂﬂm MexSain GaCircle @ /
StabFact MaxGain GaC.ircIe1 . @ GpCircle
StabFact MaxGain1 GaCircle1=ga_circle(S,,51,1) - GpCircle
StabFact!  MaxGain1=max_gain(S) GpCircle1
StabFact1=stab_fact(S) NsCircle GpCircle1=gp_circle(S,,51,1)
NsCircle1 _
NsCircle1=ns_circle(,NFmin,Sopt,Rn/50,51,5,0.1) e
\\ /

cir_pts (0.000 to 51.000)

cir_pts (0.000 to 51.000)
freq (3.500GHz to 3.500GHz)

freq (3.500GHz to 3.500GHz)

MCE2
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Justera Stubbanpassningen

Tune Parameters
Simulate LET564_projekt_lib:Matching:schematic
While Slider Moves i
MSub % | S-PARAMETERS Tune
Parameters Is ds 1] dl
MSUB SiPa ram Var | AR Include Opt Params
MSub1 SP1 VAR2 Enable/Disable... Vil ‘23-1 | |10-5 ‘ ‘6
H=62 mil Start= 1s=10.8 {t} (] Display Full Name Max 15 ED | [15 | [10
Er=4.4 Stop= ds=23.1 {t} [ ] snap Slider to Step
Mur=1 Step= 11=10.6 {t} Traces and Values £s [a]| w» [a] - [&] [&]
Cond=1.0E+50 dI=6 {t} Store... Recall... -
Hu=1.0e+033 mm MLIN W50=2.98 Trace Visibility...
T=35_um TLA1 Reset Values L A Ll ki
TanD=0 Subst="MSub1" | ted Dota Diep
Rough=0 mm W=W50 mm Close Unassociated Data Displays o 0 | o | o ‘
Bbase= Update Schematic Step ‘0.1 ‘ ‘0_1 | |g_1 ‘ ‘0_1 ‘
Close Help Scale Lin ~ |Ln ~| |Lin ~| ||Lin e
. m1

freq=3.500GHz
S(1,1)=0.956 / -178.379
mpedance = Z0 * (0.022 - j0.014

TL2

R=50 Ohm

% Z=50 Ohm
t

Subst="MSub1" Subst="MSub1"
= W=W50 mm W1=W50 mm
— L=ds mm W2=W50 mm MLIN
B W3=W50 mm TL4
Subst="MSub1" \
- 41 \
N m1 ]
QU \8 ]
%1%
+1  Term
Term2 MLIN
Num=2 TL3 0a R2
Z=50 Ohm Subst="MSub1" Subst="MSub1" R=50 Ohm
1 W=W50 mm W1=W50 mm -
- s %:wgg 22 freq=3.500GHz

S(2,2)=0.940 / 88.986
mpedance = Z0 * (0.063 +j1.016

MCE2
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CHALMERS

VAR ] VAR I v_DC

VAR1 VAR3 SRC1

U oo 53| S-PARAMETERS

:

VGS=0.43 1s=10.8 {t} Vde=VGS V — SRC2 sp
L] ] ] VDS=2 ds=23.1 {1} Vdc=VDS V o
o L Start=3 GHz |
VAR e o |4 1 Stop=4 GHz MaxGain |
VAR2 L=100 nH Step=10 MHz MaxGain
y BiasL=12.35 = MaxGain1
Mur=1 Bias\W=0.65 ﬂnm]]mmnmﬂ]] MaxGain1=max_gain(S)
Cond=1.0E+50 I |
Hu=1.0e+033 mm =@ e B 23
T=35um c1 > = StabFact
TanD=0 MLIN C=10uF { MLIN c2 StabFact1
Rough=0 mm TL6 TL1 MLIN  C=10 uF StabFact1=stab_fact(S)
Bbase= Subst="MSub1" Subst="MSub1" TL2 MLIN
Dpeaks= W=W50 mm W=BiasW mm Subst="MSub1" -h_4
L=Is mm L=BiasL mm W=BiasW mm Subst="MSub1"
L=BiasL mm W=W50 mm
L=ll mm
| S
MTEE_ADS MLIN MTEE_ADS
s " " Teet ) " 51 D L } = Term
ZE el E=HIEDIF Subst="MSub1™  SUbSEIMSUb1™ =" . MTEE_ADS R MLIN MTEE_ADS  C Term2
W=W50 mm W1=W50 mm ATF-55143 R1 -
W2=W50 = W2=W50 X1 Tee2 &3 e o Dums
= W3:W50 mm  L=ds mm W3:B' va Subst="MSub1" R=1 Ohm Subst="MSub1" Subst="MSub1" C=100 pF Z=50 Ohm
= mm HEEBLY (i) W1=W50 mm W=W50 mm W1=W50 mm =
W2=W50 mm L=dl mm W2=W50 mm =
W3=BiasW mm W3=W50 mm -
0—— — 30
RIS il EDS 1
-2 3
g 25—
4—] ]
| 201
== -6 == ]
< i c= :x
N~ T N q
on ] Qe 7 \
@ m 1 S ] \
TT -10— =3 ]
1 10—
-12— ]
B 5;;\7 —
-14— ] 1T
A6 T e A I A s e B B e o e
3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 3.0 3.1 3.2 33 34 35 3.6 3.7 3.8 3.9 4.0
freq, GHz freq, GHz
5 50
EIDE - ERE 4
. ] )\
40— N
1 I
] I
. / \
-
e £ ¥ /
L ] uE_ 5“\_/ ]
L ] ]
E m =z c -
n 27 207
1— e 10—
L e B LA e o e e e I R R e e e L O
3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 3.0 3.1 3.2 33 34 35 3.6 3.7 3.8 3.9 4.0
freq, GHz freq, GHz
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Layout

- Forstarkardesignen i ADS maste konverteras
till en motsvarande microstriplayout

 Layoutfiler genereras och skickas till PCB
tillverkaren

- Fotolitografimasker tillverkas utifran filerna

» Fyra stycken filer skall skapas
— Metallager pa framsida (transmissionsledningar)
— Metallager pa baksida (jordplan)
— Hallager for viahal
— Avgransningslager for PCB storlek
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Generera layout (1/3)

» Spara en kopia av er fardiga forstarkare

* Lagg till layoutkomponenter
— ATF-55143 footprint

Byt ut transistormodellen

- SMA_contact
- Footprint for SMA kontakterna laggs till vid in och utgang

- MGAP
 Alla diskreta komponenter ersatts med en 6ppning

- Viahal
- Tank pa att ersatta all ideal jord med riktiga viahal
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“Layout”

VAR
VAR2
BiasL=12.35
BiasW=0.65

VAR
VAR3
1s=10.8 {t}
ds=23.3 {t}
11=10.6 {t}
di=6 {t}
W50=2.98

MSUB

MSub1

H=62 mil
Er=4.4

Mur=1
Cond=1.0E+50
Hu=1.0e+033 mm
T=35um
TanD=0
Rough=0 mm
Bbase=
Dpeaks=

VIAGND MLIN
VA TLO
Subst="MSub1"
D=0.4 mm
T=35um
Rho=1.0
§=0.8 mm

Subst="MSub1

MGAP
Gap5

W=0.8 mm
$=0.7 mm

Subst="MSub1"

MLIN

TL11
Subst="MSub1"
W=3 mm

L=3.7 mm

MGAP

Gap4
Subst="MSub1"
W=0.8 mm
S$=0.7 mm

MTAPER

Taper1
K] Subst="MSub1"
W1=0.8 mm

W2=BiasW mm
L=1 mm
MTEE_ADS
Tee5
Subst="MSub1"
W1=BiasW mm
W2=BiasW mm
W3=0.8 mm
MLIN

TL1
Subst="MSub1"
W=BiasW mm
L=BiasL mm

T

MLIN MTEE_ADS MLIN
SMA_contact L7 Gap1 Teed L5
RF_contact! g pst="MSub1" Subst="MSub17j Subst="MSub1" Subst="MSub1"
W=W50 mm  W=W50 mm W1=W50 mm  W=W50 mm
L=2 mm S$=0.7 mm W2=W50 mm  L=ds mm
W3=W50 mm

L I D—““‘w “ D D | |
MTEE_ADS MTEE_ADS MGAP MLIN

Teel ATF-55143 foq’:gé\gt Gap3 TL3
Subst="MSub1"  ATF-1 Subst="MSub1" Subst="MSub 18ubst="MSub1"
W1=W50 mm W1=W50 mm W=W50 mm W=W50 mm
W2=W50 mm W2=W50 mm S=0.7 mm L=dl mm
W3=BiasW mm W3=BiasW mm

MLIN

TL12
Subst="MSub1"
W=3 mm

L=5 mm

MGAP

Gap7
Subst="MSub1"
W=0.8 mm
S$=0.7 mm

MTAPER
Taper2

K] Subst="MSub1"
W1=0.8 mm

W2=BiasW mm

L=1 mm

MTEE_ADS

Tee6

W1=BiasW mm
W2=BiasW mm
W3=0.8 mm

MLIN

TL2
Subst="MSub1"
W=BiasW mm
L=BiasL mm

i Schematic

MLIN VIAGND
TL10 v

2
Subst="MSub1" gpst="Msub1"
W=08mm  p=g 4 mm
L=0.4 mm T=35 um
Rho=1.0
W=0.8 mm

TL4
Subst="MSub1"
W=W50 mm

Gap2 TL8 SMA_contac
Subst="MSuR1" Subst=”MSub1"Subst:"MSub1"RF—CO”taCt
W=W50 mm  W=W50 mm
W2=W50 mm § S=0.7 mm L=2 mm

W3=W50 mm

=
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Generera layout (2/3)

- Skapa layouten
— Layout — Generate/Update Layout

» Lager som vi anvander
— cond, framsidesmetall
— cond2, baksidesmetall
— hole, viahal
- bound, avgransning
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Generera layout (3/3)

* GlOom inte bort |6dpad for DC-jord
. Anvandbart att anvanda olika "snap” funktioner
Y v &

* Lagg till jordplan i cond2 lagret

* Lagg till avgransning 1 bound lagret

 2x Edit — Component — Flatten

* Edit — Merge — Union

* File — Export — GDS
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Fardig layout

 Fardig layout skickas via mall
- Deadline for layouter: Mandag 4/12 kl 08.00

Mattias Thorsell 36 MC‘ 2



