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« Application of circuit synthesis methods in various contexts
- Single port antenna matching
* Optimization goals in matching
- Simultaneous multiport antenna matching
- Tunable matching circuit design
- Optimizing carrier aggregation scenarios

 Conclusions and lessons learned
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Worldwide leading solution for circuit synthesis for
antenna applications

Filling a gap between existing electromagnetic and
circuit simulators
- Optimization of both antenna and circuit quantities
- Design automation for eliminating repetitive design tasks
- Offering solutions instead of building blocks
Used by leading wireless companies worldwide

- 7 out of the 10 largest technology companies in the world
are our customers
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) Typical Workflow: Add Operation Frequency Band n29 (717-728 MHz, SDL)

n20 (2305-2360 MHz, FDD)

- Getimpedance and efficiency data from Freaueneyband 34 (2010-2025 Mz, TOD)
electromagnetic simulators or from —— | |emmnienn
e i e n39 (1880-1920 MHz, TDD)
measurements . n40 (2300-2400 MHz, TDD)
o . . S\EQEJMA » nd1 (2496-2690 MHz, TDD)
- Select operation band from a list of wireless 3GPP FDD bands b n6(5150-5925 Mz, TOD)
SyStemS 2GPP TOD bands , nd7 (5855-5925 MHz, TDD)
ands in > nd3 (3550-3700 MHz, TDD)
:2 :2 :anjsin E:IZ 3 n30 (1432-1317 MHz, TOD)
- Select number of components e, u51(1427-1432 M TOD)
i H H Satellite navigation 3 n33 (2483.5-2495 MHz, TDD)

- Select inductor and capacitor series Dgbee s 54 (1670-1675 Mz, TOD)
P 0 K i LoRa » n65 (1920-2200 MHz, FDD)
- reSS » nb6 (1710-2200 MHz, FDD)

1 H H . . N llj::icensed Bands » n67 (738-758 MHz, SDL)
*  Within second multiple optimized topologies = » 01952020 i FOD)

UWE HRP » n71 (617-698 MHz, FDD)
are generated Misc , n74 (1427-1518 MHz, FDD)
n75 (1432-1517 MHz, SDL)

MNFC

n76 (1427-1432 MHz, SDL)
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Examples of generated circuits

L2:1.2:03 nH
(Murata)

L1:2240.3 nH
(Murata)

Port1

i

lcs- 19+0.05 pF
I(Murala}

J_Q' 2.110.05 pF.
I{Murma)

Ladder matching

C1:470 pF +10% L1:27 nH 45%
(Murata) (Murata)

C2:2.7+£0.05 pF
(MuralT)I

L2:2£0.3 nH

(Murata) 11
C3:22nF £10%

I(Murata)

Resonator matching

Antenna 1

l Antenna
C1:5.5:0.05 pF
I(Murata)
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Microstrip stub matching

All rights reserved.

T4 LO0Tmm*  T3L479mm T2 L127mm T LO.1Tmm*
Port 1
%—~ | —— | — | —

Antenna 1

W: 2.29 mm* W:0.215 mm W:7.12 mm W: 2.29 mm*

Microstrips: stepped
impedance matching
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Increase number of components (ideal case)
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8 components ideal
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With losses
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Instead of minimizing S11, maximize antenna efficiency

Matching circuit, port 1

0 Matching circuit, port 1
P
; \\ ’-\ /‘4,- _2,- ‘
= 4] 4 b
& -
= g |
w ] \
é -6 y 7 _§ 67 \ i
5 \ / 5 -
£ 5 \ / £ ] : ;
g \ i E |
g \ / [
w [
-12 A -124
—sn ]
14 Total efficiency 144

16 1.8 2 22 24
Frequency [GHz]

—Ssn
Total efficiency

Radiated power
89.7% 509% 50.9%
-0.5dB -29ds -29dB

Resistive losses

Feflected power 0.0%,0.0 d8
10.3%/-9.9 dB Component losses Radiation efficiency
38.7%/-2.5 dB 100.0%/0.0 dB

24

1.6 18 2
Frequency [GHz]
Radiated power
80.9% 68.5%
-0.9 dB -1.6dB -16dB

Reflected power
19.1%/-7.2 dB

Resistive losses
Component losses 0000 4B

11A4%/-0.7 dB

Radiation efficiency
100.0%/0.0 dB
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Enter efficiency targets for each port Port
Select component type D
Press OK

Circuit 1 Circuit 2
Automatic 1 2] Automatic
2 components 2 companents

Port 2

Multiple optimized topologies presented

Multiport Antenna Matching

€1:0.910.05 pF
Murata) Port 2
i
T

L13: 4.7+0.3 nH
(Murata)

—S511
—§22

— Total efficiency 1

Efficiency and S parameters [dB]

— Total efficiency 2

—S521

-20

o5 1 15 2 25 3
Frequency [GHz]
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Efficiency in multiport antenna systems

* Inamultiport antenna system, the
radiation efficiency is a function of the
termination and excitation of all ports

 The termination and excitation affects
the near fields and the far fields

* |f the complex radiation patterns of each
port are known (one port excited at a
time), the radiation efficiency for each
termination and excitation condition can
be found by a linear combination of the
element patterns

©2024 Optenni Ltd. All rights reserved. (9 OPTENNI



n

Radiated power
98.5% 86.4% A7.3%
-0.1dB -0.6dB -3.3dB

Component losses Coupling losses

Reflected power .,
ponent losses
15%/-182dB  offoed port of other ports 1.3% Resistive losses

106% 0.2% 39.1%/-2.6dB
Radiation efficiency
54.7%/-2.6 dB

Goal: maximize minimum efficiency over all ports and all target frequencies
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* Define operation targets for multiple = .. .. ..
fre q u e n Cy CO nfig u rat i 0 n S Enter optimization targets for frequency configuration 'Low’

* Insert aswitch to the aperture port and
set the switch state for each frequency
configuration

. Generic reactance component

- Set component types and synthesis /

Settings A C:kunthedutstunsert:umy nts

Port1 General targets

Enter optimization targets for external port 1

Eff passband

port 1 0dB Low

Start freq.  End freq. Type Target value MName
700 MHz 800 MHz

Switchl

Edit
_— 2:RF1 e .
Delet ATt A
. - Fix all val ’ . -~
Port 1 Circuit 1 Circuit 2 beiallvatiies _ 4 L1082
= Reset optimization A - 1.'RFC srr2| | aft)
) - | sl IR .
Automatic e = o
0-4 components [1] -[2] | ol M| Flip circui it -
Feed Tuning Convert
[2]J Clear
12
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Multiport Antenna Matching

Efficiency and S parameters [dB]

-20-

— Low: $11
— Low: Total efficiency 1

05

13

15 2 25
Frequency [GHz]

3

Efficiency and S parameters [dB]

-20

Multiport Antenna Matching

== Mid: $11
== Mid: Total efficiency 1

0.5

1 15 2 25
Frequency [GHz]

3

Efficiency and S parameters [dB]

-20

Multiport Antenna Matching

=== High: §11

++++ High: Total efficiency 1

0.5

1.5 2 2.5
Frequency [GHz]

Goal: maximize minimum efficiency over all frequency configurations (with different switch states)

Lesson learned: switch off-state capacitance as important as on-state resistance
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Challenge: multiple RF branches
need to be active at the same time

The different branches are loading
each other

Design example:

- Receive branches for band 7,
bands 1+3 and band 40

- Any combinations for the three
cases are allowed

- A multithrow SP3T switch is used

Switch 1

Port 1

2:RF1

1 3:RF2

4RF3|
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Band 40

Switch 1

2:RF1

Port 1
1

D)<

Port3

—©—< Port5

Switch 1

2RF1|
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* |Instead of optimizing all at once, it is

more efficient to prematch the
different branches first

* Final setup: define the pass and stop
band targets for the 7 configurations

Switch 1

Port1 | e
1R

2:RF1

B7.DL

21

B1.DL

3:RF2
ad

4:RF3

| o1

[2l

B3.DL

15

21
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21
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——e—1 2-e-e[1] 21
""""""""""""""" Port 2
Port 1 i
: Automatic
0-2 components B3
P-4 £} E—
Lot 2e—e[1] 2
""""""""""""""" Port 3
1 H 11 H 1 L} i | (-
Optimization info
Cost function: -1.9
CAB7 CAB1+B3 CA B40 CA B7+B1+B3 CA B7+B40 CA B1+B3+B40 CA B7+B1+B3+B40
Targettype Freq. [GHz] Target Value
531 passband 2.11-217 0dB  minfave -1.7/-1.1 dB ;
541 passband 1.805-1.88 0dB  min/ave -0.9/-0.5 dB
551 passband 2.3 - 24 0dBE  min/ave -1.9/-1.1 dB
Save info... =
T 5 T T E T T H L] =
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Schematic Entry — CABT:S21

1 - T CABTSIT Qutput power
. ﬂ : : — CABT:S41 83.5% 82.3% 82.3%
— -0.5 dB -0.5 dB -08de
— CABT: 551 200.0 mW 167.1 mW 164.5 mW 164.5 mW

——= CAB1+B3:521

1 —= CAB1+B3:531

1 [ == CAB1+B3:541

—— CAB1+B3: 551 Component losses Coupling losses
Refledted power 1.3%/-0.1 dB 0.0%
6 s CAB4D: 521 165%-7ade  26mwW

329 mwW

g = CAB40: 531

-+ CA B40: 541

1 | -+ CA B40: 551

S parameters [dB]

] =+ CAB7+B1+B3:521

—- CAB7+B1+B3:531

B —- CAB7+B1+B3:541

-12 =+ CAB7+B1+B3:551
=+ CAB7+B40: 521

q =+ CAB7+B40:531

=+ CAB7+B40: 541

— — \ \ —— \ T — \ \ T = —+ CAB7+B40: 551
16 1.8 2 2.2 24 26 2.8

— CAB1+B3+B40: 521
Frequency [GHz]
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Matching circuit synthesis can produce multiple broadband matching circuits
which operate between two complex frequency dependent impedances

Instead of minimizing reflected power, maximize power transfer

When number of matching components is increased, matching circuit losses
and tolerance problems may increase

Simultaneous multiport antenna matching can produce a huge number of
topology combinations. Optimize for best efficiency

In tunable matching, pay attention to switch losses and off-state capacitance

In carrier aggregation setups, it is useful to prematch parts of the RF chain and
then fine-tune the total problem

©2024 Optenni Ltd. All rights reserved. OPTENNI



2 s

ANNIVERSARY

OPTENNI .
. »




	Default Section
	Slide 1: Circuit synthesis in antenna and RF optimization
	Slide 2: Contents
	Slide 3: Optenni Lab - Circuit Synthesis Software for Antenna and RF Optimization
	Slide 4: Single port antenna matching synthesis 
	Slide 5: Examples of generated circuits
	Slide 6: Increase number of components (ideal case)
	Slide 7: Effect of tolerances and losses
	Slide 8: Optimization goals in antenna matching
	Slide 9: Simultaneous multiport antenna matching
	Slide 10: Efficiency in multiport antenna systems
	Slide 11: Loss terms in multiport antenna matching
	Slide 12: Tunable matching circuit design
	Slide 13: Tunable results
	Slide 14: Carrier aggregation optimization
	Slide 15: Carrier aggregation setup
	Slide 16: Carrier aggregation results
	Slide 17: Conclusions and lessons learned
	Slide 18


