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 Gain and Circles
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— Lumped Element LNA
— Distributed LNA




Gain & Circles




I';; The reflectlon coefficient with inner source killed

Theawvwinrnim CEAnrinalanmt Civar it
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Z,, Reference Impedance
Superposition

V=EOZZTZ +E ZZOZ V' +V-

E°+ T e () LR
and V' =—= e
o
V*=5-ZT_Z°+ET Z, +
2 Z,+1Z, Z,+Z; .E V
T
=V'T; +E Z,
Z,+7Z;

Hence

VY I+ & Zy =T,a+b;

J2Z, \/2Z, 22, Z,+Z,
where
Jz
b, = \/_ 3 ; The normalized reflected voltage at the termination Z,
+
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Q1; P, Delivered Power to load I, ?

2 2 2 2
P :|aL| _|bL| :|aL| (1_|FL| )—>a.? Source Load
Q2; P, Available Power from the source? b a
PA - I:)L r =T, :: ::
a. b,
+ g
From the circuit . b, [ I
b.=Ta; b,=b+Ia,
and
a =b,=b+Ta, =b+Ib =b +T T a
b Measured using reference
—a = Z,
1-r I,
_ b, @-|r.["
The Delivered Power; PL:|aL|2—|bL|2=| [ @ L2| )
1-I,T|
| - . b,
The Available Power by substituting I', =T ; P,=—"




Transistor

I';; Source (Impedance)

I'; Load (Impedance)

I;.; Input (Impedance)

S + SlZ Ser L

=911

1-S,,I',
, I'..; Source (Impedance)
iy 5
| —
‘—
+ L b, ';1_ =S, + SppSal’
1-S,I,

i

-

[y

out

Note; Input & Output matching networks are lossless




Delivered Power to Load P

" Available Power from source P,

Note that
2
PA — ‘bs‘
1-|r,[

and Thevenin equivalent at the load

l_‘T :rout

b,
bT = bz a,-0 Sydy +S,8, =58 =Sy

1-S,T

S
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_ Delivered Power to Load R

T

Available Power at Input P, Thevenin Equivalent Circuit
at Load plane
Available Power f...
ey EEHEEEH
b, Vo by
__b : @

P, = :
o f Q-

Delivered Power

2y _ o[ @[ [)

P =lb[ @-|T
P
_ |bs|2|521|2 (1_|FL|2)
|1_Sllrs |2|1_routrL |2
Therefore

P @-n)sal @)
TP, |1-T, I, Pl1-S,I. [

out




Alternative Form of G-

Note that
b

sS4
v

a1=1_1_f‘_ r’ a, :FLbZ

In— s

and . ;

bS
bz = S21a1 + Szzaz = S21 1_Finrs + Szzrl_bz
[

Hence
b — SZlbs
? (1_Finrs)(1_822FL)
Therefore
R e[ -l_pfa-n ) - [r s a-r )
GT b 2 - 2 - 2 2
PA |bS| |bs| |1_rinrs | |1_822FL |

1_|FS|2 1_|FS|2
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AvailablePower from load P,

G . =
*~ Available Power from source P,

So from the Transducer Power Gain G;, Available Power Gain when ', =T,

@ psfa-r b @[T F)[S,e["

GA = GT| = =
Pt 1-T,, Ty F]1- Sul's § ‘FL=FZm |1-S,T § (1_|Fout|2)
Therefore
2 2
G = (1—\1“5\ )‘821‘
’ |1_Sllrs |2 (1_|Fout|2)
I I R"’ P[ max
1 + - )
. . = e
It represents input mismatch by I', .

) P

o
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(Another Derivation of Available Power Gain)
Thevenin Representation at the output side
a_ 1
b, 1-S,I,
b
b, =Sya + Loy =Sy ———+ T, =bs +5,,3,
TVt
Hence & b Z
— ]
Io,[S/° Ib,|? r- 3 <
Ao = ) 21 and PAi = 2 Vi 2 ‘ +
|1_Sllrs| (1_‘Fout‘ ) 1—‘1—;‘ . b [S]
: |
Therefore > < |
|
(1_‘Fs‘2)‘821‘2 ‘ ‘
A 1—‘in = Sll 1—‘out

B |1_Sllrs |2 (1_|Fout|2)

11
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__Delivered Power to the Load
P~ Input Power at the Device Input . p

Input power »
Bfa-|r)? -

I:)in :|ai|2 (1_|1_‘in|)2 - |1—F r |2 +
in~ s

P — |bs|2|821|2(1—|1"L|2)

+
in
- |1_rinrs |2|1_Szer |2 !_’
Hence r,

_ |821|2 (1—|F|_|2)

P (1_|Fin|)2 |1_Szzr|_ |2

This is the Power gain from Transducer Power gain when I’ =T,
_ (1—|FS|2)|821|2 (1_|F|_|2)‘ _ |821|2 (1_|r|_|2)

|1-T, D FIL=S,T P | @[ D?11-S,0,

In— s

GP - GT |1"S=1"i*n
=T,
Therefore
_ |821|2 (1_|FL|2)
S US 1 W) S B I M
It represent the output mismatch by I'|

12
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In Unilateral Case, ie S,, =0, Transducer Power Gain becomes

Ca-npisdia-epl anplsafa-n

GTU = GT

- |1_811rs |2|1_822FL |2

S0 1-8,L FIL-T,, L P |,

When conjugate match both the input and output

o Isaf
(1_‘511‘2)(1_‘822‘2)

TU ,max

\ - r, P
Ingeneral, S,, #0, G, ., becomes Mason's GainU 5 S, =0
2 A
U — S12 bs
2K[>2| 2 Re(sﬂ] 0" —
S12 S12 - _
= Transistor
This is used as the device Passivity and Activity r, T,

$ -9
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Load Stability Circle

Q; Input impedance —negative for someI', >[I, [>1
The region of I', ? |, | <1
Load Stability Circle;
the locus of ', which makes |, |=1

Transistor

- Z"-'
From T, = 811+M F ’_'
1-S,,I', r r
D/ _g '
_ rin - S11 _ 1 + S22 1
‘s, ,.-D S, S, -D Im(T,)
where

I', — plane
D =35, —5,5,
Center C, and Radius r, Y
C =520 oy \8122821\ 2 -1
‘Szz‘ _‘D‘ ‘822‘ _‘D‘

1 0 > Re(T,)
Stable Region
S| <1 or |S,|>1
Outside the Circle Inside the Circle

\f//

~ |



Source Stab

v

Q; Output impedance — negative for some I, —>\F

The region of I',? > |, <1

out

Source Stability Circle;

the locus of I', which makes \F 1

out‘
S128211—‘5
1-S,,T",
Changing 1— 2; Source stability circle
Center C, and Radius r,
_S5,-D'S, _[SuSal
s 2 2 - 2
‘811‘ _‘D‘ ‘Sn‘ B

From I, =S, +

Stable Region

{ 1S,,| <1 of { 1S,,|>1

Outside the Circle Inside the Circle

i C
110 \ 4

relo
1 I\

>1

ou| >

Transistor

Im(T",)

[, — plane




Stable Region Stable Region

The Necessary and Sufficient Condition for Stability

C.|-r >1 C,|-r,>1
S,<1, Jor , and [S,|<1, <or
r.—|C.|>1 r,—|C,|>1
Then
1-1S,,|" —[S.|" +|D[

Stability Factor; k =
2lS1')S')1l

>1, |812821|<1_|822|2' and |812821|<1_|Sll|2

16
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Conjugate Match & MAG (Maximum Avallable Gain)

In Stable Case, Maximum Gain occurs at Simultaneous Conjugate Match
S128211_‘L F* =S+ S128211_‘5

1_522FL ’ - * 1- Sllrs

These are Simulatneous Equations and Meaningful solutions

c| B B’ c.| B B’
r,, =22t [ 2 1| and Ty, =2| -2~ |21
v \cl\lz\cl\ ac, ] . \CJ[Z\CZ\ alc,f }

where

I =S,+

*

C,=S,-DS;,, C,=S,,-DS;, B =1-[S,| +[Su[ ~|D[", B,=1-|S,|" +|S,| ~|D[
D= b11522 - b12521
and the gain becomes maximum I =

I_L-.
(k- Jk? -1) -

| B

P Transistor P

‘*;-.

21

MAG =G,

T

-

17
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For stable condition

MAG(Maximum Available Gain)=G,__ = % (k —vk? 1)

When the device is unstable, the power Gain attainable is equal to

MSG(Maximum Stable Gain) = MAG| _ = 221

12

Note

1. MSG and MAG is Power Gains

2. MSG or MAG are maximum Power Gain obtainable
from devices

3. MSG can be obtained when k=1

GAIN (dB)

24

20

16

12

N\

Hmi—k MAG

R

AN

0

2 4 6

FREQUENCY (GHz)

8§ 10 12 14 16 18
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ANS Evamnle(Ey Q )
ADS £Xampie\exX o.9)

sp_fuj_FHX35LG_ 19920501
SNP1

Bias="Fet: Vds=3V Ids=10mA"
Frequency="{0.10 - 18.00} GHz"

|@‘ S-PARAMETERS |
H S Param
SP SP1

tf  Termm + Term Start=1.0 GHz
Term1 s Term2 Stop=18.0 GHz
Num=1 — Num=2 Step=1.0 GHz
Z=50 Ohm - Z=50 Ohm
| -1
L

s

1-1S,,[* 1-]S,,[ I
Plot : , and k. Draw Load and Source stability circles at 1GHz
|812521| | 12 21|

19



ANC I:\ mMmnla/Cy O 2)
ADOS EXaAdm MIC\LA O.V)

K=stab_fact(S), S1=(1-mag(S11))**2/mag(S12+S21), S1=(1-mag(S11))**2/mag(S12%S21)

Source_stability_Circle=s_stab_circle(S[0],51)
Load_stability_Circle=I_stab_circle(S[0],51)

urce Stabiljty. Cixcle

(]
5 o O
i 5 8 . X
\ -1 O Load Stability Ci
4 =N sz N
——— Qo =
3 N o P,
HIx S1 S ¥
2 . ~ 3 3
| k
) P

‘\‘\ I \‘\‘\ I
0 2 4 6 8 10 12 14 16 18 20

freq,GHz indep(Source_Stability_Circle) (0.000 to 51.000)
indep(Load_Stability _Circle) (0.000 to 51.000)

20
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AD S CXadllple(ExX o0.4)

For the S-parameters in ex8-2 Plot max gain and conjugate matching points at 12 GHz

m=find_index(freq, 12G)
g1=sm_gamma1(S[m])
g2=sm_gammaz2(S[m])

m2

indep(m2)=0

g1=0.944 / -168.524

impedance = Z0 * (0.029 - j0.100)

m3

indep(m3)=0

g2=0.919/179.314

impedance = Z0 * (0.042 + j0.006)

(0.000 to 0.000)

21



max_gain(S)

MaxG

ml

11.90GHz

freq=

k=1.003

dB(s(2,1))
MaxG
o O < (qV} o
AN i — i — 0 O < o
7 | 7 | 7 | 7 | 7 | 7 | N
& \‘oo
—
o
— 3
"4 i
P o
&
a -
N -
D i
nD/b S
©
L ©
\ k// B
{ I
, , o
o o™ N - o
A

22
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Q: Choice of I, —NotT',, -»ButT, =(I',,) — Gain Degradation?

— The locus of I, giving the equal gain degradation

From Available Gain

@ saf 0.5,
’ ‘1_Sllrs‘2(1_‘rout‘2) e

where g, normalized gain by |S,,|* and
kK1
T SuSy|
The Center and Radius
_ ga(Sl*l _ D*Szz)
A
1+ ga(‘sll‘z _‘D‘Z)
_ \/1_2k | S12821 | ga +‘812821‘2 g§
|1+ 9,(Su[ =[P

A

e

+ Im(T )

x

I' - plane

Note: It represents the gain degradation by the Source Mismatch

Re(T,)

23
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Q: Choiceof I', —NotI',,, >ButT, :(l“m)* — Gain Degradation?
— The locus of I', giving the equal gain degradation

From Power Gain Im(T",)

— (1—|r|_|2)|821|2 :g |S |2
i |1_SZZFL|2(1_|Fin|2) P

I', — plane

as g,, where g, normalized gain by \821\2 and
o k—vk2-1
S48y,
The Center and Radius by changing C,,r, 1—2
_9,(8,-D’Sy)
"1e gp(|822|2 _|D|2)
J1-2KS,,5, 19, 4[5S, 2
119,08, -[DP)]

p

Note: It represents the gain degradation by the Load Mismatch

24



Noise Figure & Noise Parameters

Ref) G. Gonzalez, Microwave Transistor Amplifier, 2nd Edition, Prentice Hall

Fo Actual noise power output P,
Power output due to source noise P,
_E 4 R, v, -Y,, [ External Noisy
s Noise Source Two Port A
where _ B Fro
Y, =G, +jB,, and Y, =G, + B, (Ii) r
Noise parameters CD i
R (®); Noise resistance : _I_JT
i i .
Y, (@); Optimum Source Admittance ts(T's) ¥
F..: Min. Noise Figure
Rearranging T Fanin» }r:,-,r,-rfr,-,-,r,-r ). R,
2
R 4r \I', T,
F= I:min +— Ys _Yopt 2 - I:min + 2 - 2
G, @-Ir,| )\1+1‘opt
1-T 1-T,
(—Yszi s opt:i' pt’ and ro=—=",
Z, 14T, Z, 1+T, o

25
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Q; Choiceof I', > Not T

opt

— The locus of I'| giving the equal degradation of NF

From

2
4 rn opt

@-|r,[Hp+r

2

r,-T

— "'min 2

opt

2

1_‘s _ropt
a-jrfy 4,
The center & Radius
_ 1—‘opt

1+N,’

R. = L \/Ni2+Ni(1—
N, +1

_F_Fmin 1+F

opt

=N.

o

)

1_‘opt

It represents the NF degradation caused by T,

— NF degradation from F_._

Im(T")

5

I — plane

5

» Re(T))

26
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ADS E lal(E
ADS £Xampie\exX o.4)

For the S-parameters in ex8-2 Plot Available gain and noise circles at 12 GHz

ga1=ga_circ|e(S[m])
ns1=ns_circle({0, 1,2,3}+NFmin[m], NFmin[m], Sopt{m], Rn[m]/50, 51)

ns1
gal

cir_pts (0.000 to 51.000)

27
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Transducer power gain in S0-ohm

-
Gr=1Sy|"

A= )1 Sqyl*a—1rd»

Transducer power Gain Gr=
" (0= Sy ')A —= Sy I')— Sy Sy 'y ')
A= 1 Iad® 1 Syl”
Power Gain{Output mismatch) Gp= 5 = 7
|l_ S’w F}'lh(l_ | Fi’nl h)
Available power Gain G.— Pa, _ (1— | 1"5|2) | Sal :
(Input Mismatch) AT Pa 11— Sy (1= | Fod ®
Mason's unilateral Gain = |SZI}(SIZ_1|2
(Passivity and Activity) 2HS % /S1al —2 Re (S51/Si2)
.
Maximum Unilateral Power gain G o | Sol~
(Approximation) (1 — ] SulX1—=1 Sul®
. . S
Maximum Stable gain sz S—Zl
12
, - - SZI 2
Maximum Available gain G = S, (k—v B —1)
12

28



Circles Summary
Circles Center Radius

Available Gain | Cq= lfij%; g—ﬁ%} 5 |7a= v l—ﬁisifﬁglifzﬂfﬁ%lﬂzé
Power (Gain C,= ] fii%s; l‘?* —Sigl 5 y,= V1 —lﬁiiglj;_l %%ilzg%
Noise Mismatch | Cp= 1iw;\ri. yp= \/N%-l-giilh_?}:lrwﬁj

Input Stability | C; = éill_if)l y = Hsﬁgf’ﬂ) 7

Output Stability | C;, = IS:;EI_ ff*l :;1'12 ¥y = ||SLﬁézfﬁﬂ) .

g,= |ng:|2’ gﬂzl—SZI']Lg, and k= 1— | Sllirgﬂ!silzﬂz'l' |1D|?

29
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l CIlILCT

v
l

N
C

e Gains— Transducer Power Gain, Avalilable Power
Gain, Power Gain

Circles —Available Gain Circle, Power Gain Circle
Load and Source Stability Circles

 NF, Noise Circles

e Reference

G. Gonzalez, Microwave Transistor Amplifier, 2nd
Edition, Prentice Hall

30



| Alh 7.9
Laly [ =4

e 25C4226°2| S—parameters =& ot J(100MHz—-1GHz)
StabilityE &0Clet = 012 Input, output conjugate

Matching impedance & MSG, MAGZ plot otAl 2

31



I 7
J

| A 2
LA =9

« 25C4226°2| Available Gain Circle & noise Circle
Stability circle= _12|Al2

32



| A
LA

F

o ooy

I 7_/
J

[ ==

Ol 29l 2SC42262| 5V, 30mA biasE 15V MRS
= ot active bias 2|2 £ Hlot] 0|2 ADSE 0|=
FOIBHAI 2.

p TR 2N2907)
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LNA Design
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Con
 Problem
e Design with ADS

- Lumped Design

- Distributed Design Examples
e Conclusion and reference
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Amv‘\l:":t\' 1 ¥\ kll\lﬂ\l EIF\\IIFI\IF\MI\P‘\'I‘
ATTTPHTICTE 1T INUIOY LITIVIHUIIINITIGIIL
P, P.
V,

LINS T*' I”L

® ﬂ g

i i R,

Problem i

--Minimize the Noise figure

Amplifier

Py

Ny

Noise Factor: F’=P—=1+
%.S

Noise Figure: F=10log(F’) [dB]

Na
NG

36



NAa
LJC

NF'\D

f\l\le [ 2 o 'F kl
Sign rroceaure i

Ar | N
Ul LINA

Active Device Selection «+—(MAG> G, Nfmin<NF
@ Design frequency)

Pick up the optimum Source & Load impedances
(Circles Drawing)

Matching network design
Bias Circuit Adding

Stability Check @ other frequencies
Layout

Transistor

L
Input Output
CD § Matching Matching g
MNetwork MNetwork
'f.':.-' RS RL

~ |



Lumped LNA Example

38
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L

| 7\ nf\ If\f\ n
IVC LJTVIULT Il

A 7> 'aY ate

AL cpa

e S-parameter inputting to ADS
- S-parameter Check

- Minimum Noise Check
 Large Signal Model
— Curve Tracing

- S-parameter Check
— Minimum Noise Check

—h
O

=S

O

p
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C DAararmntrar lnmniitfirn~
DI AaAiadlliicuLci 1 IIJ LLI IU
TouchStone Format CitiFile Format
| NEC710 CITIFILE A.01.00
# GHZ S MA R 50 #NA VERSION HP8510B.05.00
2 95 -26 3.57 157 .04 76 .66 -14 NAME MEMORY
22 60 -144 1.30 40 .14 40 .56 -85 #NA REGISTER 1
| NOISE PARAMETERS VAR FREQ MAG 5
. _ 4.7 .64 69 .38 DATA S RI
Text-editor 18 2.7 .46 -33 .40 VAR_LIST BEGIN
(Freq NFmin Sopt Rn/Zo) 1000000000
2000000000
File 2500000000
_. 3000000000
Editing VAR_LIST END
BEGIN
Data -1.31189E-3,-1.47980E-3
-3.67867E-3,-0.67782E-3
Component _3.43990E-3,0.58746E-3
From -2.70664E-4,-9.76175E-4
Network / 0.65892E-4,-9.61571E-4
END
Analyzer

40
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Al NAAAI O
dl IVIUUCI U

V_DC
+[ sRrc1

I DC_Feed — Vdc=Vcc V
— § DC_Feed1 _:l;
I_DC =
SRC2
Idc=ib mA
| |
}) v 11
|| } DC_Block
11 DC_Block2
Term DC_Block +¥ Term
Term1 DC Block1 - § Term2
Num=1 - — Num=2
Z=50 Ohm Z=50 Ohm
pb_nec_2SC4226_19921213 ___
Q1 =
VAR @ DC % PARAMETER SWEEP
VAR1
Vce=1.0 DC ParamSweep
ib=1.0 DC1 ib
SweepVar="Vcc" SweepVar="ib"
Start=0 SimInstanceName[1]="DC1"
Stop=10 SimInstanceName[2

SimInstanceName[3
SimInstanceName[4
SimInstanceName[5
SimInstanceName[6
Start=0.02
Stop=0.16

I~

Ic

)

1S

\

0.025
0.020 —
0.015 —
0.010 —
0.005
0-000( T I T T I T I T
0 2 6 8 10
o Vcc
> le =160 A P
= 140 uA_A"
o I
| ~T L T20un
?.’; | "]
o [ — 100 pA
E 15 — i
5 =180 tA
5 10 60 uA |
Q
(&]
> doun L
= 20 uA
0 5 10

41



Device for LNA (@ 2GHz, G >5dB, NF <3dB)

« BJT: 2S5C4226 (2.5V, Ic=3mA), "

o Stable at 2GHz *L%—;smzza
Vce=2.5V, lc=3mA

 Gain: 6.26dB max, NF; 2.36dB min

 Unstable case—Stabilizing

k MAG, MSG(dB) NFmin(dB)
14 25 | 10
: MSG
20 a8
12 7

-/\k:‘mﬁ s ; AT 6
10 / 1""'"--._______ ) f \< MAG 5

0s .
: 5] ""'-..___‘--‘ 9
InHerent Sti;l:nle Region ] ___— NEmlne 2 36d8
0E6 T 17T T T T Talmelnl Ty T T T T 1 0 T T T T T 0
0.0 0.3 10 1.5 20 25 30 0.0 05 1.0 15 2.0 25 3.0
freq, GHz freq, GHz

42



Input & Output Impedance Selection

Ga Circles & Noise Circles @2GHz

Tl
l ..'u = l.-'='t' _:L

JE— R

|~
SP .
I, =1_,
|

Impedance for Min NF

s =T, =0.6£150°

Zs =27, =13.4- j13.0
Associated Gain G, >5.26 dB
Associated Output Impedance

. S5, )
FL :Fout — 822 + 1221~ opt
1_Sllropt

=0.661./67.7°
Z, =30.1+ j65.3

43



Calanitad Imnadaoannmnn \Iarifinntinn
JUICLLGU HTHTIPJGUdIIVO VoIl dliull
Gain=dB(S(2,1)) NF(dB)
15 4.0
Ly = ZS,opt =13.4-j13.0, ] \ /
. . \ / —3.5
Z, =7, =30.1+ j65.3 10 ~C
’ i \ Gain=5.¢dB L
. ] TN
Gain=5.6dB>5.26dB, NF=2.36dB 57 \ /\‘(\ .
i | N==2.36d8\
% S-PARAMETERS 0 T T T T [ T T T T [T T T T [ T T T T | T T T T [ T T T 2.0
|-_|_I 0.0 0.5 1.0 1.5 2.0 2.5 3.0
S_Param freq, GHz
SP1 7 _7
Start=0.1 GHz !
Stop=3.0 GHz
Step=0.1 GHz
Zy=Zg, N
| SP - ng?_
e orm . 2 zozonm
% Num=1 = T
Z=z50hm =
4 2504226 A4

Vece=2.5V, lc=3mA



NMAatrlhin~a NlathwwiAarl, Maciarm lrnrma i)
iviailul il IU INT LVVUI LJCDIUII \IIIP l.}
Z =50
E L=0.686088 nHopt{ OnHto 100 nH} Matching Network by C, L
J ; il —‘l (Ch. 5)
AN 1 e Z,=50
EE$:1U|'IITIE T g:gnl;:é}hﬂ - Zin = ZS,opt :13'4_ 1130
4 E L L

)

r 2

C=2.70821 pF opt{ 00 pF to 200 pF }

/f."‘l'.-'i'i.' '/:!.'I = '/'r.‘f.::,'z
|%| S-PARAMETERS I |ﬁ| OPTIM I GOAL

S _Param
5P
Freg=2.0 GHz

Optim
OptimA1
OptimType=Gradient

Goal

OptimGoal1
Expr="mag(3(2,1))"
SiminstanceName="5P1"
Min=0.999

Max=1.01

Set port #1 Impedance
Zl = Z;,opt

Maximum Power Transfer
Z =7

S,opt
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NMAatAalhim~ NlAatwniAavl, DA | 'l- A Y= TA!

iviatul il IU INT LVVUI MN\COoUIlo \ I|J l.}
For the S-parameters (Z; ot00) at matched condition

Zin_(zgopt) _ L,—Z ‘bZ‘Z

Sll in S,opt 0 ( Zin _ Z

f tch) and |S,,|" =
Z +(Zsom) 7 7., or match) and |S,,|

S,opt :19‘821‘:1

— |a|’; delivered power to 2-port input and 2-port lossless

2N

-GK{UZ o4 os ofs 1o

5(1,1)

— Reference (Zs o, 50) Reference (50,50) 16



NMAatrhhina NlathaAarl, Macian/ T A2 IT A
viatul ity INC LUl LT OIYIl I\ LUy
Z, =50
: L=7.09106 mpt{ OnHto 10 nH .
: ‘ Matching Network by C, L
I —VY_, -
| : L, Z, =50
*1  Term ' e 24 Term .
% Lirr;ﬂ; E T~ ? Lirrrr?fz —> Zout = ZL,Opt =30.1+ J653
Z=zdl Ohm Z=50 Ofm
1 ! B o +
= T : |d = = Set port #1 Impedance
' C=1.07986 pF opt{ 0D pF to 200 pF } x
/E Z it = L1 oot Zl - ZL,opt

659 | S-PARAMETERS I

S _Param
51
Freq=2.0 GHz

ﬁ% OPTIM I

Optim
Optim1
OptimType=Gradient

GOAL

Goal

OptimGoal1
Expr="mag(S(2,1))"

SimlnstanceMame="3P1"

Min=0.999
Max=101

Maximum Power Transfer
Zout =Z

L,opt
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NMAat~rlhin~ NlAatw i
iviatlul il IU INT LVVU

if'l/ o1 |I+r\ 4 N N

DA I YRLd =Rl
RESUILS (Lutput)

*

For the S-parameters (Z ;.

50) at matched condition;

Similar to Input match; S,=0 and [S,|=1

()
S

Reference (Z; . 50) Reference (50,50)




Verification of Lumped Matching Networks

Gain @ 2GHz =5.6dB

NF@2GHz = 2.36dB

‘ 93| S PARAMETERS

S Param

5P

S Dot 25C4226 B
Step=0.1 GHz Vce=2.5V, lc=3mA  L=7.08108nH

Gain=dB(S(2,1)) NF(dB)

N 7o

- i
6 }J l
g D=y &P
L=0.6868088 nH
Term
Termd l C=1.07988 pF ili
Num=1 -
Z=50 Ohm =
= :[C=2.?ﬂ321pF

Output Matching

Source = Metwork

Input Matching
MNetwork

15
‘ﬂ MNFF2.36dB /
SN
Gain=5%.64dB \

0 I v v Y
0.0 0.5 1.0 1.5 2.0 25 3.0
freq, GHz
Temn
Temn2
Nurm=2

Z=50Chm
Load
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(1) Bias Circuit using Emitter Resistor
Neglecting I,
Vg = R, ——V.. >
R +R,
|, = Yo Vee o
E RE
e Stable Bias,
e but Imperfect Emiter GND

A (2) Grounded Emitter Bias Circuit

|B:Vcc — Ve N
RB
l. =41,
e Unstable Bias « f
Pori . 5
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Armnnhifinar Civrer it wwinth N Dijace
H||||J||||C| CITUUIL VVILIT DO DIAdo
Capacitors
C, =10pF
~1Q @ 2GHz
|¢ S-PARAMETERS | ";} Cp (= 100 pc?: )
P Voo = 5-[1
See )zd o Resistors
R C —i— V.. -V
| T R, =~SCPE =143K
R % l,
25C4226
Vee=2.5V, le=3mA geen - Ve =2.5
C L= 09106 nH | :‘ 4 B
T —— L9 EE Ro=Y=—Yeoguo
_— st £=1.07986 pF | 250 0hm c
Nt l B ! L (R, >> 50|50 = 25)

C=2.70821 pF

k—) ——1

A
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10

=10 I

~
o

Al Armmnl
UHII'J

g 1€

« Gain=5.5dB>5dB, NF=2.4dB<3dB @2GHz
 |nput RL=13.8dB, Output RL= 20dB

Gain=dB(S(2,1))

T

|

N

Gain=5.2dB

i\

NF=2.4dB

..~

0.0 0.5 1.0

2.0 25

1.5
freq, GHz

dB(S(1,1)) dB(S(2,2))

0
e
. h:::x\ A/"
M/
-15 St==13-BdbE
$224-20dB \l/
=20
-25 T T T T [ T T T T [ T T T T [ T T T T | T T T 1T [T T 711
0.0 0.5 1.0 1.5 2.0 2.5 3.0
freq, GHz

53



Source & load Stability in Low Frequency

- Stable @ low frequency % S %

Zs =50 Z, =50

850MHz 650MHz  450MHz

#/ 850MHz

650MHz

250MHz
S50MHz

Sourpe
Impecdance

b

250MHz

50MHz
& 50MHz

e

Load
Impedance

~_ -
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Distributed LNA Example
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[ransistor (ATF36077)
NO. Spec Item Value
1 Frequency Range 9.7—-10.3 GHz
2 DC Supply Voltage 33V
3 DC Current Consumption < 30 mA
4 Gain > 10 dB
5 Noise Figure < 15 dB
25 o
=2
\ z
<
20 P
@
1.2 . e 1l &
4 |SOURCE " ~— 3
[us] ."""-n_._ (o]
o 193]
L Y 10 &
=
o
GATE . 8 b g 0.4 ‘_EIEL/_—
) DRAIN 5‘4 . ___:;.;.
o £
= 0
2 |SOURCE 4 8 12 16 20
FREQUENCY (GHz)
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Ciilhetrata
IJUVOLI ALT

« UJL2000
— Permittivity; 2.5
— Thickness;0.25mm (10 mil)

— Conductor Thickness; 1/7um
— Loss Tangent;0.0022

[1] Rogers corporation, ULTRALAM?2000 HF laminate, Available at http;//www.rogerscoporation.com
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S-PARAMETERS

S _Param
SP1

Start=0.1 GHz
Stop=18 GHz
Step=0.2 GHz

+ Term
Term1
Num=1
Z=50 Ohm

DC_Block
DC_Block1

]

DC_Block
DC_Block2

sp_hp ATF-36077 19921201

. SNP1

Bias="Fet: Vids=1.5V/ kd=10mA"
Frequency="{0.50 - 18.00} GHz"

Term
Term2
Num=2
Z=50 Ohm

j

Noise Frequency="{1.00 - 18.00} GHz"

StabFact

StabFact
StabFact1
StabFact1=stab_fac{(S)

MexGain
MaxGain
MaxGain1
MaxGain1=max_gain(S)

12 35 0.7
| |
1.0 / 30 \ / 06
08 / - \ / i
= =25 05 =
S 06 / s \ / I
t | > \ L
© 0.4 1 g 20 04 =
[(7p] 0.2 B
A ] / 15 | 0.3
0.0 ’ I
] 10 T L L L L L 0.2
‘04 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1
0 2 4 6 8 10 12 14 16 18 0 4 6 8 10 1z M4 16 18
freq, GHz freq, Ghz
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talhiliZin
Al L

CtAa
LAV

Q

Ml | SWEEP PLAN I

StabFact
SweepPlan
StabFact SwpPlan1
StabFact1 Start=0 Stop=0.3 Step=0.005 Lin=
StabFact1 =stab_fact(S) UseSWeepP|an= 2.0
} } SweepPlan=
Reverse=no 1.5 1
e 5 V.
DC_Block2 © -
’J —oe Num=2 L'I'&; / \‘\
| SP sp_hp_ATF-36077_19921201 2750 Ohm %05 mf
i SNP1 : freq=10.00GHz
1 Term DC Block . Bias="Fet: Vds=1.5V ld=10mA" 0.0 " Stabract1=1.051
Term1 DC:BIock1 Frgquency="{0.50-18.00} GHZ' — 05 — S
Num=1 Noise Frequency="{1.00 - 18.00} GHz"
7250 Ohm 0 2 4 6 8 10 12 14 16 18
1 ) é% S-PARAMETERS freq, GHz
T Feedback % Il:iLe " VAR S_Param
- Inductor = VAR1 SP1 .
Le=0.15 SweepVar="Le" : .
i SweepPlan="SwpPlan1" 1 ¥ mi

CalcNoise=yes 1.0 Le=0.05

Freq=10 GHz 1 / \ StabFact1=1.031
4 \
0.6 \
L L L L I L BN

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Le

StabFact1
o
oc
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n n n
Further stabilizati
1.5 |
: v
MLIN MTEE MLIN 1.0 i
TL14 Tee3 TL15 1 m1
Subst="MSub1" Subst="MSub1" Subst="MSub1" = 1
W=0.51mm  W1=0.51mm  W=0.51 mm e ] R1=36.000
L=0.5 mm W2=0.51 mm L=0.5 mm ot L P A A~
W3=0.8 mm L 057 StabFact1=1.10
o = s |
Port Port n N
P1 MLIN P2 0.0
Num=1 TL12 Num=2 T
Subst="MSub1" E
W=0.8 mm N
L=0.3 mm -0.5 L B B B B B B
\\;221 E 0 10 20 30 40 50
R1=35 R=R1 Ohm MSUB R1
VLN MSub1
TL16 H=10.0 mil 15
Subst="MSub1"  Er=25 ~ 4 with Stabilizing
W=0.8 mm Mur=1 - ] Pt
L=14 mm Cond=1.0E+50 = ] esistor
Hu=3.9e+034 mil g 10 1 TN
T=0.15 mil : I :
21 TanD=0 I L_Ic_; — ] )/ o’ .§\
T~ . — * ‘i.
C=100 nF Rough=0 mil 8o . e’ LN
2N ] / + [ n VARAR
iy oo 057 o7 me Feedback
*
Subst="MSub1" ng 1/.+° freq=10.00GHz | iductor alone
W=0.7 mm <t | . _
w=0 7 mn 5 o StabFact1=1.103
R =35 ohm ]
'05 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 1 ‘ 1
0 2 4 6 8 10 12 14 16 18

freq, GHz
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|p ut and Out LPUL ut ii"l"lp nce Pick up
@ S-PARAMETERS
S Param
L iy
SPi N i |1 +¥  Term
CalcNoise=yes Term?2
Freq=10 GHz R_stab DC_Block NUm=2
Rstab DC_Block2 7=50 Ohm
[ SP B
! sp_hp_ATF-36077_19921201
4 Term  pbe Biock . SNP1 =
Term!  5G Blockd Bias="Fet: Vds=1.5V Id=10mA"
Num=1 a Frequency="{0.50 - 18.00} GHz"
Z=50 Ohm Noise Frequency="{1.00 - 18.00} GHz"
_ ) VAR
1 ¢ Lq VAR1
= 2 L=le mH Le=0.04
e e Vdd=1.5V
- Vg=-0.15V
% @ Id=13mA
GaCircle - NsCircle
GaCircle NsCircle
GaCircle1 NsCircle1

GaCircle1=ga_circle(S,min(max_gain(S))-{0,1,2,3},1000)

NsCircle1=ns_circle(NFmin+{0,0.2,0.4,0.6},NFmin,Sopt,Rn/50,1000)
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Choice m1

m1

indep(m1)=1000

NsCircle1=0.609 / 133.725

ns figure=0.474788

impedance = Z0 * (0.285 +j0.398)

m2
indep(m2)=1000
GaCircle1=0.895/142.486

nain=185 2A_8N75Q
3UIII IV VUV I UV

impedance = Z0 * (0.062 + j0.338)

GacCircle1
NsCircle1

I', =0.609£133.725°

r =|s,+225als | _g548, 159 04°
1-S,I

11~ s

cir_pts (0.000 to 1000.000)
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@ S-PARAMETERS

S_Param
. g SP1
" -4 szz Start=8 GHz
R_stab DC_Block Num=2 Stop=12 GHz
Network_Rstab DC_Block2 7-7 load Ohm Step=0.05 GHz
'— — CalcNoise=yes
, 11 SP =
' l_ sp_hp_ATF-36077_19921201
=4 Term  be Block . SNP1
§ Lerm11 DC_Block1 Bias="Fet: Vds=1.5V ld=10mA" =
um= Frequency="{0.50 - 18.00} GHz" T VAR
Z=Z_source Ohm Noise Frequency="{1.00 - 18.00} GHz" VAR
= &£
1 - Le=0.04
— e L1 R1=36
L=Le nH C1=100
R=

Z_source=50%(0.285+j*0.398)
Z_load=50%*(0.301-j*0.169)

15 | - W | 5
12 — < 7\\ 4 m2
- Gain g freq=10.00GHz
=, s _ | dB(S(2,1)=13.776
@ s
g % e 2 m1
Noise Figure freq=10.00GHz
3 v L% fand 1 nf(2)=0.475
] ¥ i
0 L L L \\\\‘\\\\‘\\\\‘\\\\‘\\\\ O
8.0 8.5 9.0 9.5 10.0 105 1.0 11.5 12.0

freq, GHz
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Necian
Lesign

* Distributed Matching Network Design
— Replacement
— Verification and Comparison

« Bias Network Adding
— DC Block
— RF choke
— Unstability at Low Frequency
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R Ya
LJC

™M

SIgn

a1/
LVVVU

vl
I

—
N’

/-\

e ; e | 7\
CIHHTTY INT

@ OPTIM I | GOAL I @ S-PARAMETERS MSub
Optim Goal S_Param MSUB
Optimf OptimGoal1 SP1 MSub1
SaveOptimVars=no Expr="mag(S21)" Freq=10 GHz H=0.25 mm
UpdateDataset=yes SimlnstanceName="SP1" Er=2.5
UseA”OptVars:yes Min=0.9999 - VAR Mur=1
UseAllGoals=yes Max=1.0001 VAR1 Cond=1.0E+50
Weight= Z_in=50*(0.285-j*0.398) Hu=3.9e+034 mil
RangeVar[1]= _ W_Z0=0.714844 T=0.15 mil
RangeMin[1]= T MLEF W_C=1.0 TanD=0
RangeMax[1]= L3 . . W_L=0.51 Rough=0 mil
3\;‘3\7\;‘ C""ﬂf:q“ |_C=1.87441 opt{ 0.001 to 5}
L= C mm | L=1.99592 opt{ 0.001 to 5 }

AN
1oL
|_|_—|_| 1
MLIN I—l—J_I MLIN
Termi  TL1 MCROS TL2 +}  Term
Num=1 Subst="MSub1" gr?)s:_,,Ms b1 Subst="MSub1" Term2
7=50 Ohm W=W_ZO mm ubst=rVSU W=W_L mm Num=2
L=1.5 mm W1=W_Z0 mm L=l L mm Z=Z_in Ohm
W2=W_C mm - —
W3=W_L mm
— W4=W_C mm 1
MLEF -

TL4

Subst="MSub1"

W=W_C mm
—

N P4

freq (10.00GHz to 10.00GHz)



7\
NC

+
L

\AJ

7\
VVU

vl
I

nf\(‘\
LJCO

~ 1 1F
L

M\ 11
gn{LuUpuUl

A1
MUYt)

OPTIM

Optim

Optim1
SaveOptimVars=no
UpdateDataset=yes
UseAllOptVars=yes
UseAllGoals=yes

| GOAL I

Goal

OptimGoal1
Expr="mag(S21)"
SiminstanceName="SP1"
Min=0.9999

ol

S-PARAMETERS

MSub

Max=1.0001

Weight=

RangeVar[1]=

RangeMin[1]=

RangeMax[1]=
MLEF
TL3
Subst="MSub1"
W=W_C mm
L=l_C mm

S_Param
SP1
Freq=10 GHz

VAR

VAR1

Z_out=50*(0.300+j*0.167)
W_Z0=0.714844

W_C=1.0
W_L=0.51

:

1

|_C=1.67302 opt{ 0.001 to 5}
I_L=0.470705 opt{ 0.001 to 5 }

MSUB
MSub1
H=0.25 mm

Er=2.5

Mur=1
Cond=1.0E+50
Hu=3.9e+034 mil
T=0.15 mil
TanD=0
Rough=0 mil

4-,4-' l_l— 1
MLIN l_I—f MLIN
+ Term TL1 MCROS TL2 L Term
Term1 = " Cros1 _ "
" Subst="MSub1 Subst="MSub1" Subst="MSub1 Term2
Num=1 W=W_L mm W=W_ZO mm
Z=Z outOhm | =| Ln W1=W_ZO mm L=15T Num=2
- oo W2=W_C mm =1.5mm =50 Ohm freq (10.00GHz to 10.00GHz)
W3=W_L mm =
MLEF W4=W_C mm
= TL4 1
Subst="MSub1" =
W=W_C mm
L=l_C mm
=
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Verification of Lumped Matching Networks

] VAR
EJ%9| S-PARAMETERS VARY
S_Param Le=0.04
SP1
Start=8 GHz DC_Block
Stop=12 GHz DC_Block2
Step=0.05 GHz Nl
CalcNoise=yes aam ' * 1 1
DC_Block R_stab Network_OutputMatching
DC_Block1 Network_Rstab Output_network1
A | 'EP By
! ’_ sp_hp_ATF-36077_19921201 § N
g e « SNP1 Z=50 Oh
Term1 Network_InputMatching Bias="Fet: Vds=1.5V |d=10mA" - m
Num=1 Input_netwok1 Frequency="{0.50 - 18.00} GHz" -
Z=50 Ohm Noise Frequency="{1.00 - 18.00} GHz"
L tL =
- S L1
§ L=Le nH
R=
= m1
15 5
1 /R I m
12 /‘S’ 4 |freq=10.00GHz
T Géin \ i dB(S(2,1))=13.819
9 3 ~
o 1 \, &
2 €
o 6 2
S i . |
5 Noise|Figure m2 /T’/ , m2
——l_ 4,/67 —
i B freq=10.00GHz
0 \\\\‘\\\\\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\ 0 nf(2)=0'475
8.0 8.5 9.0 9.5 100 105 1.0 M5 120
freq, GHz
S—
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O
O
<
O
Q
O
QD
O
=
O

1
0 /1 —L m1
dB(S,;) freq=5.000GHz
-10 dB(S(2,1))=-0.510
\,\ i8S, [/

m2
freq=26.50GHz

dB(S(2,1))
dB(S(1,1))

-20
: \ )\/ dB(S(2,1))=-0.670
1 \

VA

'40 1 1 L ‘ 1 1 LI ‘ L 1 ‘ 1 1 LI ‘ 1 L ‘ LI 1 1
0 5 10 15 20 25 30

freq, GHz

[2] American Technical Ceramics, ATC 545L Series UBC Ultra-Broadband Capacitor, Available at http;//www.atceramics.com
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- n
Bias Network Addin g ( Inpu t)
Q} S-PARAMETERS MSub ﬁﬁ OPTIM | GOAL | GOAL |
S_Param MSUB Optim Goal Goal
SP1 MSub1 VRSTUB  Optim1 OptimGoal2 OptimGoal3
Start= H=0.25 mm Stub1 Maxiters=100 Expr="mag(S21)" Expr="mag(S11)"
Stop= Er=2.5 Subst="MSub1" SiminstanceName="SP1" SiminstanceName="SP1"
Step= Muret T 0.3 mm Min=0.9999 Min=0
v Cond=1.0E+50 L=3.45 mm Max=1.0001 Max=0.0001
m xﬁ; Hu=3.9e+034 mil Angle=40
s \ T=0.15 mil _ .
Z_in=50%(0.285-*0.398) TanD=0 Y DCBias = MLEF GOAL
W_Z0=0.714844 Rough=0 mil MLIN int TL6
W_L05" TL1 poin ﬁ Subst="MSub1" Goal
_L=0. —n " W=W C OptimGoal1
| C=1.92518 op{ 1.6 t0 2} RFC Subst="MSub1 g mm Ef Craa(S22)
= W=0.3 mm =_C mm pr="mag(S22)
|_L=2.18937 opt{ 1.7102.2} - SimihstanceName="SP1"
Min=0
Max=0.0001
e g - I
| | I | T
MLIN MLIN MTEE MLIN MCROS MLIN
+? o TL14 o TL13 TeeT TL4 Cros1 TL5
Term1 Subst="MSub1" — Subst="MSub1" Subst="MSub1" Subst="MSub1" Subst="MSub1" Subst="MSub1" - Term
Num=1 W=W_ZOmm DC Block W=W_zZOmm  W1=W_ZO mm W=W_ZO mm W1=W_ZO mm W=W_L mm Term2
Z=50 Ohm L=4.5 mm X L=4.5 mm W2=0.714844 mm |=1.5mm W2=W_Cmm L=_Lmm Num=2
- Capacitor W3=0.3 mm W3=W_Lmm Z=Z_inOhm
Sop MLEF W4=W_C mm -
= SNPI ;LZ) ="MSub1" —=
File="C:\Documents and Settings\oh\?? ??\LNA_result\500S1R0.S2P" V\;J=Vs\/t: c m:1 — azs \
L=l C mm T L

T

freq (10.00GHz to 10.00GHz)
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A~

—+

O
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C
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‘ @ OPTIM GOAL ‘ @ S-PARAMETERS
MSub
Optim Goal S_Param
Optim1 OptimGoal3 MSUB SP1
SaveOptimVars=no Expr="mag(S22)" MSub1 Freq=10 GHz
UpdateDataset=yes SiminstanceName="SP1" H=0.25 mm
UseAllOptVars=yes Min=0 Er=2.5
UseAllGoals=yes Max=0.0001 Mur=1
Cond=1.0E+50
GOAL GOAL Hu=3.9e+034 mil
T=0.15 mil
MRSTUB TanD=0 VAR
Goal Goal Stub2 Rough=0 mil VAR1 . N
OptimGoal2 OptimGoal1 Subst="MSub1" Z_out=50%(0.300+j*0.167)
Expr="mag(S11)" Expr="mag(S21)" Wi=0.3 mm W_Z0=0714844 freq (10.00GHz to 10.00GHz)
SimInstanceName="SP1" SiminstanceName="SP1" L=3.45mm W_C=1.0
Mo Moot 0001 o~ | 6173022 opt{1.410 1.8}
Mexco.0001 e 0001 DC I_Blas/v REC [ L=0.652551 opt{ 0.3t0 0.7 }
= MLEF po|nt _{_ MLIN
= TL13
s . " Subst="MSub1"
\f\f_bvs\/‘:c'\"nfr‘:]m _ W=03mm DC Block
L=_C mm " Capacitor
] ] !_r—l_\ 1 ’ i
[ L
MLIN \—LH—‘MCROS MLIN MTEE MLIN MLIN
o TL1 Cros1 L2 Teed o Tue 2?—5'- TL17 IR
Term1 Subst="MSub1" Subst="MSub1" Subst="MSub1" Subst="MSub1 Subst="MSub1" Subst="MSub1" Term2
Num=1 W=W_L mm W1=W_Lmm  W=W_ZO mm W1=0.714844 mm  W=W_ZO mm W=W_ZO mm Num=2
=7 out Ohm L=l_L mm W2=W_C mm L=1.5mm W2=0.714844 mm | =4.5mm L=4.5 mm 2-50 Ohm
- W3=W_Z0 mm W3=0.3 mm _
W4=W_C mm
MLEF —
TL4
Subst="MSub1"
W=W_C mm

L=I"C mm
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DAaciil+e
MN\CouUullo

vr] VAR
|$| S-PARAMETERS I (EE A

S_Param Le=0.04
SP1
Start=1 GHz
Stop=11 GHz
Step=0.05 GHz Network_OutputBias_Distributed
CalcNoise=yes Output_Netwok 1
L] L1 )
:;l‘ztuv;/ox&\‘;gx?ias_Dismbu(ed Eg::;?k Reton ;Z:zz
. J I l?P ) g:g%hm
L1 I_ sp_hp_ATF-36077_19921201 =
4 ferm SNP1
Term1 Bias="Fet: Vds=1.5V Id=10mA" =
Num=1 Frequency="{0.50 - 18.00} GHz"
i Z=50 Ohm Noise Frequency="{1.00 - 18.00} GHz"
== itlLenH
R=
15 Al 5
] /J‘ML\‘ I m1
12 4 freq=10.00GHz
= ] J Gain i dB(S(2,1))=13.269
(_\].~ 9 3 —~~
~— (q\]
o ] \ i %
N
m 6 - - 2
© i Noise Figure m2 > i m2
3 '""""“"“L_.ﬁ.._ v E—— - freq=10.00GHz
i i nf(2)=0.745
0 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ O

80 85 90 95 100 105 1.0 115 120
freq, GHz
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Source_Stability=S_Stab_Ci I'Cle(S[OI :50: 800]) Load_Stability=|_Stab_CirC|e(S[0: ‘50: 800])

freq=1.000GHz

indep(Source_StabiIity) (0000 to 51 OOO) indep(Load Stabilit 0.000 to 51.000
freq (1.000GHz to 12.00GHz) p(freq (T.OOOGI-%IZ) o 12.00GHz) )
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n u n n
Stability ﬁf‘.proveme“‘.t CIrcl 'it(i NI 't)
MRSTUB
Stub1
Subst="MSub1" VAR
Wi=0.3 mm VAR1 MSub
L=3.45 mm Z_in=50*(0.285-*0.398)
Angle=40 W_Z0=0.714844 MSUB
MEIN W_C=1.0 MSub1
MLIN MSTEP o . W_L=0.51 H=0.25 mm
TL12 Step1 Subst="MSub1 | C=1.93407 opt{ 1.6 t0 2 } Er=2.5
Subst="MSub1" Subst="MSub1" — W=0.3 mm |_L=2.16263 opt{ 1.7 t0 2.4 } Mur=1
W=0.8 mm W1=0.7 mm L=0.05 mm Cond=1.0E+50
=AmEmm W2=0.3 mm [ MTEE Hu=3.9e+034 mil
Tee2 T=0.15 mil
Kl Subst="MSub1" TanD=0
= R MLIN MLIN | W1=0.3 mm - Rough=0 mil
c1 R1 TL11 TL8 W2=0.3 mm —— MLEF
C=100.0 pF R=50 Ohm  gypst="MSub1" Subst="MSub1" | W3=0.3 mm TL6
W=0.7 mm W=0.3 mm MLIN Subst="MSub1"
L=0.8 mm L=5.18 mm BER \IZVTVé_C mm
ags . - . " " =] mm
Stabilizing Circuit [ Subst="MSubf -
1 W=0.3 mm
L=5 mm
L L L L L
Port MLIN MLIN MTEE MLIN LH MCROS MLIN Port
P1 TL14 TL13 Tee1 TL4 Cros1 TL5 P2
Num=1 Subst="MSub1" Subst="MSub1" Subst="MSub1"  Subst="MSub1" Subst="MSub1"  Subst="MSub1" Num=2
W=W_ZO mm W=W_ZO mm W1=W_Z0O mm W=W_ZO mm W1=W_ZO mm W=W_L mm
L=4.5 mm L=4.5 mm W2=0.714844 mm [=1.5 mm W2=W_C mm L=l L mm
W3=0.3 mm W3=W_L mm
W4=W_C mm
MLEF
TL7
Subst="MSub1"
W=W_C mm
T L=_Cmm
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DAaciil+e
MN\CouUullo

[E¥l Source_Stability=s_stab_circle(S[0::50::800]) B, . Stability=I_stab_circle(S[0:50:800])

U Yqﬂ .000GHz

freq=3.000GHz
freq=1.000GHz
Si
( FL = 0
-110 -0l5 0

¥
freq=4.000G

indep(Source_Stability) (0.000 to 51.000 indep(Load_Stability) (0.000 to 51.000)
pg”req (1 .cTooeHz%(m.ooeHz) ) freq (1.000GHz to 12.00GHz)
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LayOul
« AutolLayout

e Pattern Simulation
— EM simulation and Trimming

« Manual Modification
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C A ern HV\IdI Ctr\V\ICA
MSUB
wswo | wswt &% | s-PARAMETERS I
553.15 S_Param
- L
Cond=5.7E+7 VIA = = ?21 10 GHz
Hu=1.0e+033 mm V4 VIA =
T=17 um D1=0.2 mm Vs
TanD=0.0022 D2=0.2 mm g;jg'g mm
Rough=0 mm H=0.254 mm =Y.c mm
T=17 um H=0.254 mm
S T=17 um
g I I . oﬁﬁh
VIA VIA M
+¢l Term MLlN L
Term1 TL1 Vs ve g Term
§ Num=1 Subst="MSub1" D1i0.2 mm D1i0.2 mm é Term2 | _g 08 nH
7250 Ohm W=1 mm D2=0.2 mm D2=0.2 mm S| Num=2 o_
L=04 mm H=0.254 mm H=0.254 mm 7Z=50 Ohm
= T=17 um T=17 um =
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CAN Tiina ~nf NMatrlhinAa Clivear i
—ivi 1 IT Ul IviAdtullil Ig I UUIL
Stub length is tuned
Open Stub
for Capacitor
4
Port 1 Port 2
50 ohm 2. =Zs

DC Block capacitor excluded
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AJ

input_loss_mom..S_50(2,2)[40]
S(2,2)

D

)

—
n

freq (10.00GHz to 10.00GHz)
(0.000 to 0.000)

output_loss2_opt_modified_mom..S_50(1,1)[200]

freq (10.00GHz to 10.00GHz)
(0.000 to 0.000)
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N
C

@ S-PARAMETERS gﬁjaram
Start=8 GHz
Stop=12 GHz
Step=
MLIN
TL14
Subst="MSub1"
wew zomm D0 BIock Input_MoM

S-parameter

L=4.5mm

MLIN
TL15
DC Block  Subst="MSub1"

Rstab_network  Output MoM  s-parameter W=W_ZOmm

Ret

i

T gl

sp_hp_ ATF-36077_19921201
SNP1

Bias="Fet: Vds=15V ld=10mA"
Frequency="{0.50 - 18.00} GHz"

Noise Frequency="{1.00 - 18.00} GHz"

L=4.5mm
+ Term
Term2
- — Num=2
- - Z=50 Ohm

Ret

I

VAR
VAR1
Le=0.04
Via MoM W_Z0=0.72
- R1=36

Il

MSub bl =
StabFact

MSUB

MSub1 StabFact

H=10.0 mil StabFactt

Er=25 StabFact1=stab_fact(S)

Mur=1

sz [

H=39e+034 mil [

T=17 um

TanD=0.0022 MaxGain

Rough=1um MaxGain1

MaxGain1=max_gain(S)
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dB(S(2,1))

Noise Figure

8.0

10.0 105 M0 1.5

8.5

9.0

9.5

freq, GHz

12.0

m1
freq=10.00GHz

dB(S(2,1))=13.367

m2
freq=10.00GHz
nf(2)=0.914
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NMAanciirnd DAacrilfe
IVICAoOUICTU N\NCOoUIloS
14 , , , 14
000 simulation
12 —0O—measured_tuned | ;,
Z
8 1 | g 8_
Q (9]
AN —h
O 64 =
2 ° 3
4- o)
- _4 E
3 WAVATE 5
—_ DEDDDDDDDDDDDDEFD -2
0_
| | | 0
8 9 10 11 12
Frequency [GHZ]
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