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Forelasning 7

Forstarkardesign
Kapitel 6.4 1 Pozar
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CHALMERS

Senaste forelasningen

 Stabilitetsvilkor
-K>1och]|Al<1
- u > 1

« Stabilitetscirklar

- Stabilisering med hjalp av resistans
— Ingang for PA
— Utgang for LNA
— Serie eller shunt resistans

* Unilateral forstarkare
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CHALMERS

Dagens forelasning

* Bilateral forstarkardesign
» Konstanta forstarkningscirklar

* Unilaterala fallet

 Bilaterala fallet
- G, och Gp
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CHALMERS

Bilateral forstarkare

® Cbc¢o m IICbC
- Koppling frén utgang " ’
till ingang R.= Co=
S11 S12 # 0 le
S, S5

‘821‘2(1_‘FS ‘2)(1_ FL‘

» Anvand G G, = > -
‘1_Fsrin‘ ‘1_ Syl
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CHALMERS

Bilateral konjugatanpassning

- Konjugatanpassning maximerar G-

* FOr unilateral transistor galler
-Fs=T,=S"yoch [ =T",=S;,
 FOr bilateral transistor galler att
ingangsreflektionen beror pa lastimpedansen

*

I, =T :[S11 +1812:2111:L] (6.41a)
Y22t L

: S,,Suls )|
[ =T,= (SZZ + 11—28211“8] (6.41b)
11+ S
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Bilateral konjugatanpassning

B +./B2—4C| B, +./B2—4C,|
= \/ 4Gy 6.43a) I =— \/ . —4C4
2C, 2C,

B, =1+|S|" —[S,| —|A]" (6.44a) B, =1+|S,,| —[Su| —|A[ (6.44b)
C,=S,,—AS,, (6.44c) C,=8S,,—AS, (6.44d)

I, (6.43Db)

» Konjugatanpassning mojlig endast om
differensen under rottecknen ar positiv

« Galler nar K>1 och |Al<1

* Ovillkorligen stabil transistor kravs for
bilateral konjugatanpassning
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Ovning

* En transistor har foljande S-parametrar

0.84—-90° 0.0120°

>=| 4,180°  0.6290°

« Bestam ' och I'| for maximal forstarkning

B / s ™ ADS /

freq (1.000GHz to 1.000GHz) freq (1.000GHz to 1.000GHz)
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CHALMERS

Maximal bilateral forstarkning

2 2 2
- Maximering av G, = Sl (1_‘118‘ )(1—\11\2)
‘1_F8Fin‘ ‘1_82211‘

- Fas vid samtidigt konjugatanpassning

) S.S.T ) ) .S, T. )
[ =T =|Sy+=2=| I =I,=|S,+ 222
1-S,,I} 1-S,. T,

* Vilket galler for oviIIkorIigenlstakbilithet (K>1)
S N(_ITO.8*
G = 22 [ VK1) E00
S12 50:2

%1 12 14 16 18 2
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Maximal stabil forstarkning

cOmK<1 Gmaxzi(K_q/Kz_l)

— Stabilisera sa att K >=1 Sz
- Maximal stabil forstarkning fas da K = 1
S
Gmsg _ P2
S12

- Detta ger tva regioner for transistorns
maximala forstarkning
-G fOrK <1
— G fOrkK>=1

max
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Simulering av ATF-55143

35
30—
_ E 25;
AR voc = S
— SRC1 3 2]
DC — Vdc=VGS V SRCZ = 3
DC1 = Vdc=VDSV ]
Var 7
VAR DC_Feed 15—
VAR1 ) ]
VGS=0.43 DC_Feed! DC_Feed ]
VDS=2 DC_Feed2 ]
10YYTY‘YYTY‘TYTY{YYVY‘TYTY‘TYTY
| | 0 1 2 3 4 5 6
+ Term [ G| arr @
Term1 DG Block 55143 freq, GHz
- _Blocl |
Num=1 ¢ Block1 &1 D | 3 Term 12
Z=50 Ohm~—"~— — Term2 4
- ATF55143_dt DC Block erm
X1 DC_Block2 Num=2 107
= — Z=50 Ohm |
W% | S-PARAMETERS ‘ Mol 1 _ 08—
\ StabFact o E B
S_Param - —
SP1 MaxGain StabFact % 06
Start=0.1 GHz MaxGain StabFact1 bs} 1
Stop=6 GHz MaxGain1 StabFact1=stab_fact(S) 0.4—
Step=0.1 GHz MaxGain1=max_gain(S) N
0.2
00TYYY‘TYVY‘YYVT‘TYYY‘YYVT‘YYYT
0 1 2 3 4 5 6
freq, GHz

MC2
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CHALMERS

En forstarkare

 En forstarkare bestar av
1. Stabil transistor med biaseringsnat
2. Matchningsnat for ingang och utgang

Transistor med bias

Z — — — — — —
Ingangs- Transistor Utgangs-
Vs @ Matchning [S] Matchning Zo
Gs e Go -~ > G
Ll i Lol |17
2 2
P,_ (1_‘Fs‘ ) S 2 (1_ F|_ ) —G.G.G
G, = = 2 21‘ 7 — PsYoL
I:)avs ‘1_ rs Fin‘ ‘1_ SZZFL‘
MC2
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CHALMERS

Konstant-gain cirklar

« Maximal forstarkning for konjugatanpassning

* Genom att designa for mindre an maximal
forstarkning kan andra parametrar optimeras

— Brusegenskaper
— Bandbredd
— Verkningsgrad
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CHALMERS

Konstant-gain: Unilateral

* Betrakta forstarkaren som tre block

Zy

Ingangs- Transistor Utgangs-
Matchning [S] Matchning Zy
G :| ’: G G
S 0 <_Ic|_> L
FRA\RWE

L out

 Forstarkning och maximal forstarkning ges av
G = 1 —|Ts|? S |2 1— [T, [?
ML = S T2 2 |1 = Syl |2
Gg Gy

N

Gy max = 1 — |511|2 |521| |522|2

‘r—/ 1 -_
0
GS max GL max
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CHALMERS

Konstant-gain: Unilateral

- Ldser ingang och utgang separat

* Los I'¢ for konstant Gg

» Ger cirklar i I's-planet

» Motsvarande for G, ger cirklar i I' -planet

P el | PR Sl (115
v |1_511FS|3%1_’11_522FL|
Gg ° G
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CHALMERS

Gaincirklar: Unilateral

Kallan Lasten

* Normaliserad forstarkning * Normaliserad forstarkning

° — Gs ° — Gl
gs = Gg,maalc |2 gL = Gli,maalc |2
1 —|Ts — I}
=T ISl =TS, (L~ 152

- Konstant-gain cirkel ges av Konstant-gain cirkel ges av

. Co = gsS11 C, = gLSz;
5 T 1-(1-g5)IS1112 L 1-(1-gp)I552/2

_ \/1—95(1—|S11|2) _ J1=91(1-15221?)
° Rg = R, =

1-(1-g5)IS111? 1-(1-g1)IS221?
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Gaincirklar: Unilateral

I *

» Cirklar fas runt Gg ax
och G|

- Missmatch pa in- eller
utgangen ger énskad
forstarkning




CHALMERS

imulering av ATF-55143

freq StabFact1 MaxGain1 dB(S(2,1))
4.000 GHz 1.043 15.795 13.123
@ DC V_DC =
SRC1 V DC
DC — Vdc=VGSV |_ src2
bet + = Vdc=VDSV =5
Var -o
A DC_Feed | s
VART DC_Feed1 58
VGS=0.43 — DC_Feed 8
VDS=2 DC_Feed?2
[ | J
G| arr @

+ Term [
Term1 DC Block 55143
- _Blocl |
Nijm ! DC_Block1 Ef‘l D [ + Term
Z=50 Ohm — Term2 /
_ ATF55143_dt DC._Block yerm2 i S - S
1 X1 um=

- cir_pts (0.000 to 51.000)
Z=50 Ohm freq (4.000GHz to 4.000GHz)
/‘ I

DC_Block2
@ S-PARAMETERS M

e EaN
MaxGain \
S_Param .
SP1 MaxGain
Start= MaxGain1 / >
Stop= ﬂ]m]ﬂ]ﬂ]]ﬂmﬂm MaxGain1=max_gain(S) /
Step= StabFact =
N
StabFact %E |
@ StabFact1 % £2 |
StabFact1=stab_fact(S) 3
GsCircle GlCircle
GsCircle GICircle
GsCircle1 GlCircle1
GsCircle1=gs_circle(S,,51,5,0.5) GlCircle1=gl_circle(S,,51,5,0.5) /
S
e
//

cir_pts (0.000 to 51.000)
freq (4.000GHz to 4.000GHz)

MC2
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Konstant-gain: Bilateral

* Loser for konstant G, eller Gg

* Avallable gain cirklar (Tillganlig forstarkning)
- Ritas i [ ¢ planet

— Ger total forstarkning da utgangen
konjugatanpassas

* Power gain cirklar (Effektforstarkning)
- Ritas i [, planet

— Ger total forstarkning da ingangen
konjugatanpassas
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CHALMERS

Konstant-gain: Bilateral

* Betrakta forstarkaren som tre block

Zy

Ingangs- Transistor Utgangs-
Matchning [S] Matchning Zy
G :| ’: G G
S 0 <_Ic|_> L
FRA\RWE

L out

N

 Forstarkning och maximal forstarkning ges av

S ol 11
r |1_FinFS|2

GTmax = 52| (K —VK? - 1)

|S12]

1—|I|?
|1 T SZZFle

|S211°
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Gaincirklar: Bilateral

Available gain Power gain

* Normaliserad forstarkning * Normaliserad forstarkning
Gy _ _Gp

° — —
Ga 1S21 12 I 152112

- Konstant gain cirklar ges av Konstant gain cirklar ges av

e (. = 9aC1 _ 9pCz
a — 2 2 * CP — 2 2
1+94q(IS11/%—14]%) 1+9p(1S2212-14[2)
\/1_2K|512521|ga+|512521|2 gczl \/1—2K|512$21|gp+|512521|2 gzzj
" Ra = 1 S111%-1AJ2 * Rp =
11+94(IS111%—14[%)] p |1+gp(|522|2—|A|2)|

* C; =511 — AS3,

C, =555 — AS{H
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imulering av ATF-55143

freq StabFact1 | MaxGain1 | dB(S(2,1))
4.000 GHz 1.043 15.795 13.123

@ DC V_DC — = \
— SRC1 V_DC %; \
DC — Vdc=VGSV |_ src2 5(/):\/ ’
DC1 + — Vdc=VDS V 3§
VAR DC_Feed |*
VAR1 -
VGS=0.43 DC_Feed1 DC_Feed
VDS=2 DC_Feed2
| I
+ Term [ G| ate @L
Term1 DC Block 55143 || —
Num=1 _bloc !
S I + Te
7=50 OhmPC_Block! —=1 D Ti::lz freq (4.000GHz to 4.000GHz)
_ ATF55143_dt DC_Block N cir_pts 51.000)
L X1 % DC_Block2 2250 Ohm ' X
W% | S-PARAMETERS GpCicie 1 \
GpCircle
S_Param
5 GpCircle1
SP1 /
_ HMMM GpCircle1=gp_circle(S,,51,5,0.5)
Start= % StabFact — .
Step= GaCircle StabFact S R |
StabFact1 MaxGain 62 ~—— ’
GaCircle  stabFact1=stab_fact(S) . &5
GaCircle1 - Maxga!n1 °©
GaCircle1=ga_circle(S,,51,5,0.5) axtain

MaxGain1=max_gain(S)

_/

freq (4.000GHz to 4.000GHz)

Gir_pts (0.000 to 51.000) M C._n
Pt

Microtechnology and Nanoscience



Ovning

 LOoser 6.11 1 Pozar
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Sammanfattning

* Bilateral forstarkardesign
— Kraver ovillkorlig stabilitet
— Samtidigt konjugatanpassning ger ['s och I,

» Konstanta gain-cirklar

— Design for annat an maximal forstarkning
* Brus
- Bandbredd

- Ritas I ['g eller [ -planet
— Unilateral och bilateral [6sning

Microtechnology and Nanoscience



Projektet

» Konstanta gain-cirklar 1 ADS
» Samtidig konjugatanpassning
» Design av anpassningsnat
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