Laboratory 5 (w11-14)
2025/2026

Microwave Devices and Circuits

for Radiocommunications




MDCR Project



Design a low-noise multi-stage transistor
amplifier required to provide a power gain of
G [dB] and a noise factor of F [dB] at the
design frequency f [GHZ].

At the output of the amplifierinsert a order N
bandpass filter with fractional bandwidth of
the passband B [%] around the design
frequency.




Assignment

The matching networks and filter must be
implemented with transmission lines (stubs:
L7-L8).

The use of the transistors we used in lectures
and laboratories examples is not permitted
(NE 72084, ATF 34143)

Delivery deadline: last day of the semester
(06.06.2021, 23:59:59)



this structure is frequently encountered in
radiocommunication systems




Multistage amplifiers

Interstage matching can be designed in two
modes:

Each stage is matched toavirtual ' =0

o
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Multistage amplifier design

Input Interstage Output
matching ~ Transistor  matching ~ Transistor  matching

500[ [G6] [G,] [G)] [G,] [G,] IISOQ

500) A 500)

Gl | | 16, G, | | 6., G, ] G,,] E]

The design for input and output matching
must be achieved on a single transistor
schematic (recommended: easier)



Interstage matching

One of the stages creates through its matching
network a refflection coefficient '=0 towards
which the other stage is matched

[,=0 [, =0

Zo 161 2 > Zo 192
Ll T [e®
= 0165p1 i i ZO Zolespz

= Im(yl) \T/ = Im(Yz)

The two shunt stubs
combine into a single one



Interstage matching

The two shunt stubs combine into a single

one
Z,,0, Z,,0,
.’ _
+ O] 5@
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20161 \‘ Z0192
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=Im(y,) + Im(y,)




Practical Procedure




Split performance parameters on the 2 stages
G

F
Uses Friis formula
Pt. 3 example

GcaS:Gl.GZ FcaS:Fi+L(F2_1)
G,

2 equations, 4 unknowns, multiple solutions



Friis Formula (noise)

GcaS:Gl'GZ FcaS:Fi_I_L(FZ_l)
Gy

Friis formula

first stage: low noise factor, probably resulting in a smaller gain

second stage: high gain, probably resulting in higher noise factor
It's essential to introduce a design margin (reserve: AF, AG)

G= Gde5|gn +AG

F= I:de5|gn —AF
Interpretation of the design target

G > Gyesiqu Detter, but it's not required to sacrifice other
parameters to maximize the gain

F < F4eiqns Detter, the smaller the better, we must target the
smallest p055|ble noise factor as long as the other design
parameters are met



Friis Formula (noise)

Friis formula
first stage: low noise factor, probably resulting in a smaller gain
second stage: high gain, probably resulting in higher noise factor
Division between the two stages (Estimated!)
input stage: F1=0.7dB, G1=9dB
output stage: F2=1.2dB, G2 =13 dB
To verify the result apply Friis formula
First transform to linear scale!

F[aB] Gy |dB]
F =10 1© =10 =1.175 G, =10 10 =10"7 =7.943
F,|dB] G, [dB]
F,=10 1© =10""=1.318 G,=10 1 =10""=19.953
FcaS:Fi+GL(F2_1):1‘215 GcaS:Gl'G2:158'49
1

F._ =10-log(1.215)=0.846dB G, =10-log(158.49)=224dB

cas



Friis Formula (noise)

Avago/Broadcom AppCAD

File Calculate Application Examples Options Help
NoiseCaIC Set Number ofStages’ = |2
Stage 1 | Stage 2
Stage Data Units

Stage Name:

MNoise Figure dB

Gain dB

Output IP3 dBm y

dNF/dTemp dB/*C 0 0

dG/dTemp dB/°C 0 0

Stage Analysis:

NF [Temp corr) dB 0.70 1.20

Gain [Temp corr) dB 9.00 13.00

Input Power dBm -50.00 -41.00

Output Power dBm -41.00 -28.00

d NF/d NF dB/dB 0.97 015

d NF/d Gain dB/dB -0.03 0.00

dIP3/d IP3 dBm/dBm 0.00 1.00

Enter System Parameters: System Lpaluere
Input Power 50 dBm f Gain= 1 InputlP3= 750 dBm |
Analysis Temperature 25 3E | NoWg Figure = Output IP3 = 1450 dBm
Noise BW 1 MHz | Noise Temp i Input IM level=  -135.00 dBm
Ref Temperature 25 & ‘ SNR = 6313 dB Input IM level = -85.00 dBC
S/N [for sensitivity] 10 dB ‘ MDS = -11313 dBm Dutput IM level=  -113.00 dBm
Noise Source [Ref) 230 ‘K | Sensitivity = 10313 dBm Output IM level = -85.00 dBC
Moise Floor= -173.13 dBm/Hz| | SFDR= 7042 dB




Result:
first amplifier G1/F1

second amplifier G2/F2



Choose appropriate transistor(s) (Gi/Fi)
Time consuming
Depending on the design frequency :

bipolar

unipolar
Starting from selection guides recommended
Pt. 5 example



Few selection guides available on rf-opto
-> Google: microwave/rf transistor, low noise,
LNA

Low Noise pHEMTSs (Typical Specifications @ 25°C Case Temperature)

Pan Gate Width  Frequency TestFreq. Vg4 lgq NF, G, 0IP3 Py a8 Package
Number (um) Range (GHz) (GHz) (V) (mA) (dB) (dB) (dBm) (dBm)

ATF-33143 1600 045-6 2 4 80 0.5 15.0 335 +22 SOT-343 (SC-70)
ATF-331M4 1600 0.45- 6 2 4 60 0.6 ( 31 +19 MiniPak"!
ATF38143 800 1 0 Q05 175 315+ SOT33(SCT0
ATF-35143 400 0456 2 2 15 1} Al 21 +10 SOT-343 (SC-70)
ATF-38143 800 045-6 2 2 10 0.4 16.0 22 +12 SOT-343 (SC-70)
ATF-36077 200 15-18 12 15 10 05 12.0 — +b 70 mil SM
ATF-3R1RR 20n 1R-1R8 12 15 1R 12 mnn — +h SNT-RRR (IS-TM




Take into account the typical variation of the
parameters to estimate from test frequency

to design frequency
Noise factor increases with increasing frequency
Gain decreases with increasing frequency

25 25
20 ] s
- - ’_:;515_
™ 157 N
II-_J-' -
1.0 3
ol 5]
0'5'I'I'l'l'l'l'l'l' l]'I'I‘I'I‘I'I'I'I'
1 2 3 4 5 G 7 8 Q 10 1 2 3 4 5 6 7 8 9 10




Result
candidate T1: ATF34143

candidate T2: NE71084



Obtain model data for the candidate

transistor(s)
Most often S parameter files (Touchstone)
Google, manufacturer site: S2p files, S

parameters etc.

|Data Items




Investigate the transistor
schematic 1/lab 3-4

compute some values (check G/F at design
frequency)

compute some circles (position, diameter)

estimate/choose GS/GL

similar to lab3-4
for each transistor

Pt. 7example



introduce a succession of multiple S
parameter files and simulate (repeatedly)

R

S-PARAMETERS

SP1

Aram

OPTIONS I

Iptions
Options1
CalcMoise=yes Temp=16.85
Freq=5 GHz
F Térm?
Num=2
Term1 7=50 Ohm
Num=1 - ) -
Z=50 Ohraf T _i_
Ok B

Bias="Fet: Vds=3% |d=10mA"
Frequency="{0.10 - 12.00} GHz"
Moise Frequency="{1.00 - 18.00} GHz"

” StabFact

> bFa
K=stab_fact(S)

NsCircle

NsCircle
CZ=ns_circle{{1,1.5,2,2.53}NFmin,Sopt,Rn/A0 51)

MAG
MAG=max_gain(3)

D

D

GICircle

GsCircle

CCCOUT
CCCIN CCCOUT=gl_circle(S 41,2, 3 }51)
CCCIN=gs_circle(S {1, 2,3 }51)

B

@ TSmhCirde
S
SSmhCirdle __ StabCircle
S CSOUT
>_stablircle CSOUT=I_stab_circle(S51)
CSIN

CSIN=s_stab_circle(S 51)



Result

candidate T1: ATF34143 la 3V, 20mA, GS1 =~ ...
dB, GL1=~...dB

candidate T2: NE71084 la 3V, 1mA, GS2=~ ...
dB, GL2 =~ ...dB



For each transistor:
Design of the input matching network

schematics 1~2/lab 3-4
circles on the Smith Chart

stability circle
noise circle(s) (~chosen F)
gain circle(s) (~chosen GS)

Pt. 8,9 example



Use a marker to get the value of the reflection
coefficient I'c

draw a dummy circle to have a point for the marker

Sopt
CSIN
CCCIN




Calculate the electrical lengths of the two
series/parallel lines according to the examples
in the course/project

write down (on paper) the computation
(I""andrei" factor)

L T2

VI-nf

cos(p+20)= = 6,, = -1 =tan




Result:
electrical length Ea, E2

for each transistor



For each transistor:
Design of the output matching network

schematics 1~2/lab 3-4
circles on the Smith Chart

stability circle
cecircles)(—cl E

gain circle(s) (~chosen GL)

Pt. 8,9 example



Use a marker to get the value of the
reflection coefficient ",

CSOUT
CCCOUT




Calculate the electrical lengths of the two
series/parallel lines according to the examples
in the course/project

write down (on paper) the computation
(I""andrei" factor)

cos((p+26?):—‘FL‘ 0 =pf-1=tan” 12-‘11‘

’ Vl_‘rL‘z




Result:
electrical length E3, E4

for each transistor



For each transistor

Check E1, E2, E3, E4

Insert lines E1, E2 as the input network and
E3, E4 as the output network and check if the
proposed G / NF results are obtained.

Check and repeat the calculations

Pt. 8,9 example



lerm

Term1
‘Num=1

Z=50 Ohm

TLOC e I TLOC
= TLIN T e s = TLIN 2 A
TL3 TL1. _ _Tp T2 E 7Z=50 Ohm
2=50.0 Ohm 7250 0 Ohm iy  Z=5000hm [ E=1593
ot ETMZ b atassaspE168 | [Ref  FesGHZ.
F=5 GHz F=5 GHyz lle= 3-52P°E_5 GHz
| L
. m1 [freq=5.000GHz
dB(S(2,1))=11.475
10—
8—
6—
4 I | | | I | I I | I I | | I | | I | I
40 42 44 46 48 50 52 54 56 58 6.0

freq, GHz

Term

Term?2
Num=2
Z=50 Ohm




lerm

Term1
‘Num=1

Z=50 Ohm

1 e L L : TLOC
; ; 3 TLIN i e LN - T4
_': TL3 TL1 .Tp T E Z=50 Ohm
| Z=50.0 Ohm  7_56 o Ohm S”P1 . 7=5000hm [ E=159.3
E=137.9 E=146.2 net LE=116.8 Ref F=5 GHz
Ref " F=5 GHz F=5 GHz File="D:\f341433a. 52pF 5GHz : N
= | L
3.5
ADS
3.0—
2.5—
N
E 2.0— m2
. freq=5.000GHz
- nf(2)=0.549
1.0—
0.5 I B
40 42 44 485 48 H0 H52 H54 H6 5HS

freq, GHz

Term

Term?2
Num=2
Z=50 Ohm




Result

adopted T1: ATF34143 la 3V, 20mA, GS1 = ... dB,
GL1=...dB

adopted T2: NE71084 la 3V, 21mA, GS2 =... dB,
GL2=...dB



Following steps 1-7 we have two functional
one transistor amplifier stages which fulfill
Friis formulae:

Gl / Gz GcaS = Gl ) G2 Gcas [dB] = Gtema +AG
e Ru=Re_(R-) R [aB)=E,,-aF
1

Cascade connection of the two amplifiers to
get a single two stage amplifier
Pt. 10 example



Following steps 5,6 we know the electrical
lengths of the lines from the output of first
transistor and input of the second transistor

Z,,0

o/ ~1

2

[,=0 [, =0

>

Z,,0

o/ ~2

HEL,

o/Ysp1

=Im(y,)

!
|
L

i Sz)
Zolespz

=Im(y,)

The two shunt stubs will combine

into a single shunt stub



The two series lines keep their previous values

Attention! solutions are dual +/- for both amplifiers, for
every series line any of the two solutions are available
(independently)

The two shunt lines combine into a single shunt line

Attention! admittances are in parallel and add up, not the
electrical lengths

Recovering Im(y,), Im(y,) from step 5,6 computations is
required

Solutions for admittances are also dual, chose (+/-) values
corresponding to already chosen solutions for the series
lines



4, possible combinations
admittances are in parallel and add up, not the electrical lengths

+ Im(y)

Qe

+ Im(y)

- Im(y)

- Im(y)




Compute the required admittance of the
combined shunt stub

Im(y) = Im(y,) + Im(y,)
Compute the electrical length that offer this
admittance

E =tan™(Im(y))
Combine the two amplifiers, keeping the
series lines and replacing the interstage shunt
stubs with the computed combined shunt
stub



Result

final amplifier
Simulate to verify computations
Pt. 11 example

computed at computed at
step 8 steps 5,6

—_— e el s i
$E 2]

i

Term1
Num=1
=50 Ohm

S
= Voo b, L5 e e L6 L2
=200 UOhm - o -t n - =000 1 o = RSP
— 204 ONm: - 7-50.0 Ohm Z=50.0 Ohm ; % l_ ; L Z=50.0 Ohm Z=50.0 Ohm
E=1379 E=1462 E=1168 =125.2 CRAR
Ref F=5 GHz e Sl

2 (et I

Timhb i
I}
e,

TII'I']I —
[

130.1
5 GHz

E=1168
F=5GHz

F=5GHz
SNP1

SNP2
File="C:\Doc\AvagoATF34143¥341433a s2p" File="C\Doc\AvagoATF34143\341433a s2p"

MmN
o r
o N

=50

Ohm

Term?2
Num=2
Z=50

Ohm



B izesay (N | — _— . e
T a T1:7
= MES TLS = TLE armz2

D Z=50.0 Ohm TE[‘J 0 Ohm ":?[x 0 Chm -:] Z=50.0 Ohm 7Z=50 0 Chm le rr, I:\
Term1 Ezd . £ s s E=1252 e i
Num=1 Ref F=5 GHz o :H: Ref F=5GHz S Z=50 Ohm
7=50 Ohm oo 2 et il K A — =

= SNP1 SNP?2 -

30

File="C:\Doc\AvagoATF34143\341433a.s2p"

25—

20—

15—

dB(S(2,1))

10—

nf(2)

m1
freq=5.000GHz
dB(S(2,1))=23.707

I | T | ! | I I I | | I I | ! | I | I

5.2 6.0

freq, GHz

54 56 5638

File="C\Doc\AvagoATF 34143\341433a s2p"

m2
freq=5.000GHZz
nf(2)=0.586

5.0

freq, GHz

5.2



Design and draw filter schematic
Pt. 13 example

Depending on the type of filter formulae and
schematic are different

other type other than coupled-lines offers bonus
point



Attention! Filter design can be done only by
computation

due to high number of parameters (order 5-6, 12-
14 parameters) it's not possible to get good
results by tuning

n g, zJ). |z,.00]|z,10]

1.6703 | 0.306664 | 70.04 | 39.37
1.1926 | 0.111295 | 56.18 | 45.05

2.3661 | 0.09351 | 55.11 | 45.76
0.8419 | 0.111294 | 56.18 | 45.05

1.9841 | 0.306653 | 70.03 | 39.37

OO[

o | W (N |




Term

Term1 _ |
Num=1

Z=50 OhmCLIN

+

TL1

Ze=70.04 Ohm

Z0=39.37 Ohm
E=90

F=5 GHz

narately

—
’_

: —
CLIN
TL2

—
CLIN

TL3

CLIN CLIN

TL4
Ze=56.18 Ohm Ze=55.11 Ohm  Ze=56.18 Ohm Ze=70.03 Ohm
E=90

TL5
Z0=45.05 Ohm Z0=45.76 Ohm Z0=45.05Ohm Z0=39.37 Ohm
E=90 E=90

F=5 GHz

F=5 GHz F=5 GHz

E=90
F=5 GHz




Check carefully the passband, and maximum
ripple/loss in passband

correct passband is significant in project grade

eventual uncontrolled losses in passband will lower
amplifier gain and gain assignment fulfillment might fail

dB(S(2,1))

-10 —
-20 —

-30 —

m1
freq=4.750GHz

dB(S(2,1))=-0.620

10

m2

freq=5.250GHz
dB(S(2,1))=-0.620

0

m’ mZ

_60IlI1|\I\I‘I\I\‘\\\\‘\\\\‘\\It

m3
freq=5.750GHz

dB(S(2,1))=-46.296

3.5 4.0

4.5

5.0
freq, GHz

9.5

6.0 6.5




Follow lab 3 principles for final tune

input lines mainly to change noise, output lines
only change gain
Pt. 14 example



Implement supplemental design for
additional points

Proving additional points will require submission
of archived ADS project (*.zap)



Supplement Transistor



Choosing a transistor

Selection guide

RF discretes

Selection guide

Blustooth Radar Automative
T -
EESE
www.infineon.com/rf

(infineon



Choosing a transistor

Selection guide

Low noise [ LNA
frequency

—
HUmau

Ultra-low-noise SjGe:C transistqs up to 12 GHz

Proauct ol Package
HEmE . : olP3 | OP1dB M
: p (typ)
. . [dBm] | [dBm] | [GHZz]
BFP640ESD | SP000785482 | BFPG64OESDH6327XTSAL | 4.1 500f | o065 NM250 |270 |120 |460 |2000 |soT343
BFP64OFESD | SP000890034 | BFP64OFESDHE327XTSAL | 4.1 500f | o055 k65 | 260 |115 | 460 | 2000 | TSFP-4-1
BFP620 SP000745302 | BFP620HT764XTSAL 2.3 ool |07 215 | 255 | 145 |650 |1850 | SOT343
BFP620F | SP000745304 | BFP620FHTT64XTSAL | 2.3 go.0l | 0.7 210 | 250 | 140 |650 |1850 | TSFP-4-1
BFP640 SP000745306 | BFP640H6327XTSAL 4.0 500 \ | 0.65 I 240 | 265 |13.0 |400 |200.0 | SOT343
BFP64OF | SPO00750404 | BFPG4OFH632TXTSAL | 4.0 500 \|065 f|230 215 135 |400 | 2000 | TSFP-4-1




hoosing a transistor

Select candidate

Ex: BFP620F
o
Ultra-low-noise SiGe:C transistors up to 12 GHz El

Product

Electrical characteristics Package
HEE Vero NF,, |G, |OIP3 |OP1dB |f,
(max) (typ) | (typ) (typ)
vl [dB] [dB] [dBm] | [dBm] | [GHz]
4.1

BFP640ESD | SP000785482 | BFP640ESDH6327XTSAL 50.0 0.65 25.0 27.0 12.0 46.0 200.0 SOT343
BFP640FESD | SP000890034 | BFP640FESDH6327XTSAL | 4.1 50.0 0.55 26.5 26.0 115 46.0 200.0 TSFP-4-1
m\SPOOO745302 BFP620H7764XTSAl 2.3 80.0 0.7 21.5 25.5 14.5 65.0 185.0 SOT343
BFP620F 000745304 | BFP620FH7764XTSA1 2.3 80.0 0.7 21.0 25.0 14.0 65.0 185.0 TSFP-4-1
SP000745306 | BFP640H6327XTSAl 4.0 50.0 0.65 24.0 26.5 13.0 40.0 200.0 SOT343

BFP640F SP000750404 | BFP640FH6327XTSAL ‘ 4.0 50.0 0.65 23.0 215 13.5 40.0 200.0 } TSFP-4-1

Search model
check zip on rf-opto
Google BFP620F s2p



Choosing a transistor, model

zip: 8064 files
BFP620F: 281 files

various DC bias M ——— o

[ ] BFP620F_VCE_2.3V_IC_53mA.s2p

. W . "o ) BFP620F VCE 2.3V_IC_55mA.s2p

req uire d W_NOISE  ::  [78rre20r VCE 23V IC 60mAs2p
. . [ BFP620F_VCE_2.3V_IC_65mA.s2p
with noise [ ') BFP620F_VCE_2.3V_IC_70mA.s2p

[ ] BFP620F VCE_ 2.3V IC_75mA.s2p

[ BFP620F £ noise XCE_0.3V_IC_1.0mA....

e s (") BFP620f w_noise VAE 0.3V IC_3.0mA....
w | " BFP62CF_w_noise VCE 0.3V _IC_5.0mA...

_»mﬁD 10/16/2020 3:45 AM File folder ‘:jBFPGZ F w_noise VCH§ 0.3V _IC 7.0mA....
&) 56.pdf SRR PRSI Dy [ BFP62§F w_noise VCH 0.3V IC_8.0mA...
_Hinfineon rft.zip N 1/14/2020 3:46 AM Alpiaiselil i ‘ ":\ BFP629F w noise VCH 0.3V _IC_ 10mAss...

_El Infineon-RFTransistor-AWR_MWO_Design_Kit-S...  1/14/2020 9:43 AN zip Archive

0.3V _IC 12mAss...
0.3V_IC 13mAss...
| BFP620Rw_noise V{E 0.3V_IC_15mAss...

CFO3VIC 177mAs._.

g Infineon-RFTransistor-Keysight ADS_Design_Kit... ~ 1/14/2020 9:43 AM
[

[ REP620F N noise

(R

6 853
6 853
6 853
6 853
6 853
6 853
6 853
7105
7105
7105
7105
7105
7104
7104
7104
7104
7 104

2 802
2778
2788
21778
2778
2782
2775
2175
2810
2 804
2810
2797
2768
2771
2548
2770
? 753

(R

2016-(
2016-(
2016-(
2016-(
2016-(
2016-(
2016-(
2016-(
2016-
2016-
2016-
2016-
2016-
2016-(
2016-(
2016-(
2016-(

5 TR SO TS IO



Choosing a transistor, datasheet

Search Google BFP620F datasheet
Preferably from the official website (if it still

exists)

infineon
BFPG20F

Low profile high gain silicon NPN RF bipolar transistor

Order now Technical Simulation Support
) documents
Product description

The BFP620F RFbpl r transistor bas d n SiGe:C techno lgytht part f

Infin established s thg t n transistor fmlylthghg and lown

char. t t s make the dev tbl f f q as high as GGH It rema cost
competitive without compromis g ase of use.



Choosing a transistor, datasheet

Parameters vary with frequency and DC bias

Table 6 AC characteristics, Vg = 1.5V, f= 1.8 GD
— R ..
Parameter gymBo[ Values Unit |Note or test condition
Min. | Typ. | Max.
Power gain - /\ - dB
+  Maximum power gain Gms 21 Ic =50 mA
«  Transducer gain 1S21]? 19.5
Noise figure
«  Minimum noise figure NFin 0.7 lc=5mA
Linearity dBm
«  3rd order intercept point at output OIP3 25 lc=50mA, Vce=2V,
«  1dB gain compression point at output | OP1gs 14 Z5=2.=50Q
Table 7 < AC characteristics, Vcg=1.5V, f=6 GHz
Parameter Symbol Values Unit |Note or test condition

Min. | Typ. | Max.

Power gain - i \ - dB

«  Maximum power gain Gma 10 lc =50 mA

+ Transducer gain |21/ 9.5

Noise figure

«  Minimum noise figure NF min 13 "/ lc=5mA
—_




Choosing a transistor, datasheet

Graphs with frequency variation
NF (f)

/

Pl

~
)
d i
j
[

4
f[GHz]

Figure 12 Noise figure NFnin = f(f), Zs = Zs opt, Vg = 1.5V, Ic =5/ 50 mA



Choosing a transistor, datasheet

Graphs with frequency variation
G (f)

Figure 8 Gain G2, G, 152112 = (), Vg = 1.5V, Ic =50 mA



Choosing a transistor, datasheet

Graphs useful for DC bias selection
NF (Ic)

Figure 13 Noise figure NF i, = f(Ic), Zs = Zs opt, Ve = 1.5 V, f = parameter in GHz



Choosing a transistor, datasheet

Graphs useful for DC bias selection
G (Io)

30

a8 /M\ /\
26 L 'Lo'g‘
= \
22 /

o / ‘ — 18

20 ‘

24 1

18
__ 3 |
|

e -
E=csis=cy

8 -4

NS

6O 10 20 30 40 50 60 70 mA 90

—>/C

Figure 9 Maximum power gain G, = f(/¢), Vcg = 1.5V, f= parameter in GHz



Choosing a transistor, datasheet

Graphs useful for DC bias selection
G (V)

| /N
“‘-—fof; \
e
/ i
/ | 18
© I 7 24
/A — h
PalR i |
I | —T €[]
/B =y i
pz "/
/4
2 04 06 08 10 12 14 1. I& 20 2
Y

Figure 10 Maximum power gain G,,,,x = f(Vcg), Ic =50 mA, f = parameter in GHz



Choosing a transistor, datasheet

Typically:
low DC bias values (e.g.BFP620F: 1.5V V¢, 5+
10mA I.) provide lower noise

high DC bias values Vg, |- provide higher gain



Choosing a transistor, datasheet

s2p files are plain text and can be viewed directly

File Edit View Favorites Tools Help

b = v W o= X i
Add Extract Test Copy Move Delete Info

! E BFP620F_w_noise VCE_1.5V_IC_5.0mA.s2p BFP620F_w_noise_VCE_1.5V_IC_10n X ==

5 ] E:\Documents\Curs DCMR\2019-2020\infineon_rft.z

| Name size p, File Edit View

L] BFP620F_w_noise VCE_1.3VIC 45SmAs.. 7104 6.900 ©.3600 133.5 2.604 34.7 ©.2134 27.4 0.0855 158.3
L] BFP620F_w_noise_VCE_1.3V_IC_S0mALs... 7104 7.000 ©.3630 132.0 2.563 33.7 ©.2156 26.8 ©0.0849 153.2
[ BFP620F_w_noise_VCE_1.5V_IC_1.0mA.... 7105 7.100 ©.3660 130.6 2.525 32.8 ©.2178 26.2 ©0.0849 147.7
‘] BFP620F w_noise VCE_1.5V_IC_3.0mA.... 7 105 7.200 ©.3692 129.2 2.488 31.8 ©.2201 25.6 ©0.0857 142.3
) BEP620F w_noise VCE 1.5V, IC_5.0mA o 7.300 ©.3733 127.8 2.452 30.9 ©.2223 25.1 ©0.0880 136.8
e g 7.400 ©0.3775 126.5 2.416 30.0 0.2246 24.5 ©0.0910 131.6
e e - 7.580 ©.3827 125.3 2.383 29.2 ©.2270 23.9 0.8949 126.6
L] BFP620F_w_noise VCE_1.5V_IC 80mA... 7105 7.600 ©.3880 124.2 2.350 28.3 ©.2293 23.3 0.0995 122.0
L] BFP620F_w_noise_VCE_1.5V_IC_10mAL... 7104 7.700 ©.3939 123.0 2.318 27.4 ©0.2316 22.7 ©.1060 117.8
(7] BFP620F w_noise VCE 1.5V IC_12mA.s... 7104 7.800 ©.3999 121.9 2.286 26.5 ©.2338 22.0 ©0.1130 114.0
[ BFP620F_w_noise VCE_1.5V_IC_13mAs... 7104 7.900 0.407 120.9 2:255 25.6 ©.2360 21.3 ©.1214 110.4
[ BFP620F w_noise VCE 1.5V IC_15mAss... 24904 I|8.eee> 0. .0 2.225 24.6 ©.2382 20.7 ©.1301 107.3
} ) BFP620F_w_no!se_VCE_1.5V_IC_17mA.s.., 7104 L 5 Gammaopt rn/5e

(") BFP620F_ w noise VCE_1.5V_IC_18mAs.. 7104 | GHz AG  ANG }

| ] BFP620F_w_noise_VCE_1.5V_IC_19mAs... 7104 9.450 g ). 26 8 9.22

[ BFP620F_w_noise VCE_1.5V_IC_20mA.s... 7104 9.900 0. 25 19  9.19

| [ ] BFP620F_w_noise_VCE_1.5V_IC_23mAs... 7 104 1.500 0. .24 21  0.15
' [ BFP620F_w_noise VCE_1.5V_IC_25mAss... 7104 1 . ggg g~ i; gg g . i:

[ BFP620F ise_VCE_1.5V_IC_27mAs... 7104 : : :
!‘*' BRI vt i 2.400 0. 15 54 0.13

| ,:} BFP620F_w_noise_VCE_1.5V_IC_28mAs... 7104 3.500 9. 14 75 9.12
[ BFP620F_w_noise_VCE_1.5V_IC_30mAs.. 7104 5. cop 1. 11 178 ©.10

[] BFP620F_w_noise_VCE_1.5V_IC_33mA.s... 7104 6.000 1. .10 207 ©0.16

D BFP620F_w_noise_VCE_1.5V_IC_35mAs... 7 104 !

[ BFP620F w_noise VCE_1.5V_IC_37mAss... 7104 ! (c) 2014 ineon Technologies AG, Munich

[ BFP620F w_noise VCE 1.5V IC_39mA.s... 7104

[ BFP620F_w_noise_VCE_1.5V_IC_40mAss... 7104 Ln103, Col 2 7,103 characters



Choosing a transistor, ADS

Transistors are inserted with two-port
components

based on an s2p file that is loaded from disk
Component Palette: Data Items > two-port (2)

|Data Items

MDIF

LaF | 1sE.




Choosing a transistor, ADS

schematic 1/lab 3-4
insert a two-port with s2p file and simulate to
fast check values (change s2p and repeat)

B[ e ] )

S
5_Param Options MaxGain
SP1 Options1 MAG
CalcMoise=yes Temp=16.85 MAG=max_gain(S)
Freq=5 GHz

5 2

Num=2 CCCOUT
7=50 Ohm COCIN CCCOUT=gl_circle(S {1, 2,3 }51)
I[E71084 1 19940401 —

Term1
Num=1

1o CCCIN=gs_circle(S {1, 2, 3 }51)
7=50 Ohrap.Trec_NE7 1084
SNP3

Bias="Fet: ¥ds=3V |d=10mA" @
= Frequency="{0.10 - 12.00} GHz" @ Lobbiie
MNoise Frequency="{1.00 - 18.00} GHz" GETaTe L_StabCircle
— CS0UT
S5_StabCircle CS0UT=|_stab_circle(3 51)
il CSIN
StabF act CSIN=s_stab_circle(S 51)
NsCircle StabFact
— K
NsCircle K=stab_fact(S)
NsCirclel
CZ=ns_circle({1,1.5,2 2.5 3} NFmin Sopt Rn/50 51)
Rn G0 GLmax GSmax

19.500 8.974 1.634 4249




https://rf-opto.etti.tuiasi.ro

Agilent Application Notes
decoupling signal from DC Bias circuitry
DC Bias circuits for microwave transistors

Appcad has tools for designing DC Bias
circuits


http://rf-opto.etti.tuiasi.ro/
http://rf-opto.etti.tuiasi.ro/
http://rf-opto.etti.tuiasi.ro/
http://rf-opto.etti.tuiasi.ro/

| 1 |
1 INTPUT CHOKE 1 1 OUTPUT CHOKE 1
| 1 |
| 1 |

NETWORK NETWORK :
(VIN, IIN) (Vour, lour)
INPUT =7 === m== ==~ === "~ OUTPUT
SOURCE ~ BLOCKING 1 AP ELIANCE ' BLOCKING
RESISTANCE CAPACITOR MATCHING CIRCUITRY | CAPACITOR
1 ' l Il
YNy 1 —@ L *— 1
I ACTIVE DEVICE 1
AC SIGNAL N 1 LOAD

SOURCE ¢ RESISTANCE




DC Bias, typical choke

DC O ¢ O AC
Z
— G211
CURRENT CONTROLLED
RcH>10Z
FROM TO
pc O ! N O ac
Z
— %10

VOLTAGE CONTROLLED
(FET GATE)



DC Bias, typical schematics/values

AC
OOUT
20 nH
AC
N O ! FET H 1
10pF =
1 h
% 24 or Rs 10 pF +Vop (12V)
" I
5 TURNS #22 WIRE 5 TURNS #22 WIRE
ON Q2 FERRITE ON Q2 FERRITE
0.1 uH 0.1 uH g
BASE 0O COLLECTOR
BIAS VOLTAGE BIAS VOLTAGE
15Q 150
= 1HF 47 pF 47 pF 1pF
NPN I

= = EC ¢ AC —
b ouT



DC Bias, elements In E/S

— O--—
— 5
*~— — —
e
= | emiTTER
BYPASS _L §B'AS
s | -—0 & O-—— CAPACITOR T RESISTOR
100 pF :
S11 (AT 4 GHz) = 0.52 ~ 154° -—0 | -

S11 (AT 0.1 GHz) =0.901 £ -14.9°
S'11 (AT 4 GHz) = 0.52 £ 154° UNCHANGED
AT 4 GHz

S'11 (AT 0.1 GHz) = 1.066 ~ -8.5° |S11|>1
AT 0.1GHz



DC Bias, bipolar transistors

V RB1 Rc
NON-STABILIZED AN/ & “MWN— Ve
RB Rc
—WA—0— A—O Ve
Rs

_r "
RB2

VOLTAGE FEEDBACK AND CONSTANT
VOLTAGE FEEDBACK BASE CURRENT SOURCE



Contact

Laboratorul de microunde si optoelectronica
https://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro
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