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MOTIVATION

Entering in 5G/6G era, mm-Wave circuits and systems are key technology enablers

A

We need circuits with high performances, low cost (small area), power efficient, etc

Such performances are difficult to obtain using manual/traditional design methodologies

%

—'® Therefore, there is a need for a more efficient methodology that can be used by designers



OUR APPROACH...

Usage of optimization algorithms to automatically design circuits...

OPTIMIZATION

ALGORITHM

1
A CIRCUIT
PERFORMANCES SIZING

I \

CIRCUIT PERFORMANCE
ESTIMATOR

(e.g. analytical equations,
circuit simulator, etc)




SYSTEM DESIGN
METHODOLOGIES
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TOP-DOWN METHODOLOGIES

o Divide and conquer strategies, system hierarchical decomposition

o Designer starts from the system level
specifications

|
v

SB2.1 SB2.2 SB2.3 SBN.1 SBN.2




TOP-DOWN METHODOLOGIES

o Divide and conquer strategies, system hierarchical decomposition

o Designer starts from the system level
specifications

v
| . | * o Specifications transmitted down the

hierarchy
o
o
Sl L




TOP-DOWN METHODOLOGIES

o Divide and conquer strategies, system hierarchical decomposition

o Designer starts from the system level
specifications

| * e Specifications transmitted down the
hierarchy

e The fact that specifications are transmitted

down without knowing if they will be

realizable by lower level sub-blocks may lead
to costly redesign iterations...!



BOTTOM-UP METHODOLOGIES

o Designer starts from the bottom level

o Ensures all levels are feasible (with the
|Q I% |b |O & desired specifications)

“Best” designs
spec2 (best ‘trade-offs’)

A

specl specl

PARETO-OPTIMAL e Multi-objective algorithms are used to pass
FRONT
(POF) POFs to the upper level

spect
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EXPERIMENTAL CASE
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EXPERIMENTAL CASE
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EXPERIMENTAL CASE
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EXPERIMENTAL CASE
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MODELING
PASSIVE
COMPONENTS




WHY?

e Transformers/baluns are highly used in RF/mm-Wave circuits

Foundry’s usually do not provide models for transformers (when they do, they are not valid over
E 20/30GHz)

B

’ EM simulations are time-consuming and integrating an EM simulator in optimization-based

methodologies is time-prohibitive

‘W Therefore, there is a need for an efficient and accurate model

% Machine learning techniques have been applied successfully to the modeling of passive structures and
they are proven themselves a valuable candidate solution
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MODELING PARAMETERS

o Transformer design parameters and performances

e Design parameters
* Number of turns of the primary (Np) and secondary (Ns)
coils, their inner diameters (DinP and DinS), and their
turn widths (Wp and Ws).

» Performances parameters [0 00 Qs o0 ] Pgoky
s 30 5 30
« S-Parameters g 20 2 20
. ) “S, 10 5, 10 @ l
 Inductance (L) and quality factor (Q) of the primary and s 0 £ 0 -
C -10 3-10
1 10 28 100 o 1 10 28 100
seconda ry Frequency (GHz) Frequency (GHz)

2f|-Lp_olp —Lg olg
EM M EM M

» coupling factor (k)
o SRF

i i 1 PR S S T A | 1 1 P S T S |
1 10 28 100

(GE(I)Nh/TIéJ'I:rIR’SICAL —_— OUTPUTS Frequency (GH2)
PARAMETERS) (S-PARAMETERS)
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MODEL VALIDATION (EM SIM)

» Radial Basis Functions based-model with an intelligent modeling strategy

» Two types of models were built: one for transformers and another for baluns (stacked transformers)

LA Al i * 1500 transformers for training and 100 for test
* 200 baluns for training and 50 for test
Mean Square Error (%)
Model Lp Qp Ls Qs K
Transformer 0.14 1.54 0.1 1.93 0.17
Balun 0.15 2.09 0.12 1.57 0.26
BALUNS

[1] F. Passos et al., "Machine Learning Approaches for Transformer Modeling,”, SMACD, 2022 18



MODEL VALIDATION (MEAS.

» Radial Basis Functions based-model with an intelligent modeling strategy

» Two types of models were built: one for transformers and another for baluns (stacked transformers)

TRANSFORMERS ..
e 1500 transformers for training and 100 for test
* 200 baluns for training and 50 for test
Mean Square Error (%
Model 9 (%)
Lp Qp Ls Qs k
Transformer 0.14 1.54 0.11 1.93 0.17
Balun 0.15 2.09 0.12 1.57 0.26
BALUNS
_ i 10 = 2% =
g H:E% : - : iiw"_!!‘,,____/-&QPMEAS
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[1] F. Passos et al., "Machine Learning Approaches for Transformer Modeling,”, SMACD, 2022 18



MODEL APPLICATIONS

Usage of the model as a normal

Circuit/passive component
PDK model inside a design optimization using

framework evolutionary algorithms

OPTIMIZATION
ALGORITHM
Ic, /_0 A

INDUCTOR
‘SURROGATE
MODEL

RF/MM-WAVE DESIGN

N,

USAGE AS '‘PDK’ MODEL USAGE IN OPTIMIZATION

'\/
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PASSIVE COMPONENT
SYNTHESIS TOOL: PACOSYT

» Atool (PACOSYT) was created to ease the model usage either as a PDK or in optimization

PAssive Component Synthesis Tool: PACOSYT

Inputs:
- Design of Experiments
(for a given component and|
technology)

Model Generation

®
®
®
L

Inputs:
- Component desired
performances

Y

<

s 4

(=)

Inputs:
- Component geometrical
parameters

v

Passive Component Synthesis Passive Com.p onent
Evaluation

= ©
[ o |

e || ot
;

Outputs:
- Component geometry
(layout)
- S-Parameter file

¥

Outputs:
- Component performances
- S-Parameter file
- Component geometry
(layout) readily available

% Being tested in industrial environment

PACOSYT used as
e.g., PDK model

T

PACOSYT returns S-
parameter file and
layout geometry

PACOSYT used as
performance evaluator
during optimization

e

PACOSYT returns S-
parameter file and
layout geometry

Circuit Design Framework

Circuit Manual Design

b

PACOSYT integrated in
Cadence® Virtuoso®

Circuit Synthesis Framework

Circuit Automatic Design

PACOSYT integrated in
AIDAsoft

20



PACOSYT GUI

TRANSFORMER SIMULATION
(USAGE AS '‘PDK’ MODEL)

Select transformer parameters

and see the performances

TRANSFORMER OPTIMIZATION

Select the desired transformer
performances and get the

geometry

Shell:

'save(sri = None, 1g = None)' - saves the required sri and/or LQ response obtained from the current simulation.

Python 3.8.10 (v3.8.10:3d8993a744, May 3 2021, 09:09:08)
[Clang 12.0.5 (clang-1205.0.22.9)] on darwin
Type "help", "copyright", "credits" or "license" for more information.

>>>
>>> load('/Users/fabiopassos/Desktop/WORK/PACOSYT/pacosyt/PASSIVES_RBF_TRANSF_BALUN_28G_SRF38.model")

>>>
>>> resp, resp_meta = simulate(np = 1,dinp = 117,wp = 14,ns = 1,dins = 56,ws = 6,nt = 1,din = 117 ,w = 14)
>>>

[ ] @ PACOSYT: a Machine Learning based for PAssive COmponent SYthesis Tool
Geometric Parameters: Simulation:
Np: 1 z
Dinp: 117
wp: 14 £ 1
Ns: 1 2 =
o [ optmze ] h
Dins: 56 O -
x Simulate
Ws: |6 < =1
Find Device: 0 25 50 75 100 125 150 175 200
Freq = 28 T [GHz]
Lp= 03 +/- 5 % [nH] gz
Ls= 0.3  +/- 5 % [nH] 20 1
(o4
0
‘\‘\‘
Target: Max.Q T T T T T T T T T
0 25 50 75 100 125 150 175 200
Working Inductance Inductance Quality Factor  Quality Factor coupling
Frequency (GHz)  Primary (nH)  Secondary (nH) Primary Secondary k factor
28.0 0.2638 0.2119 33.91 17.24 -0.2044

Instituto de
Microelectrénica
de Sevilla

21



PACOSYT USABILITY

» Integrated in Cadence® Virtuoso® for usage as PDK and “inductor finder”

» Integrated in AIDASoft for circuit optimization

http://www.aidasoft.com/Home

Inductance (nH)

2 Stage Amplifier - Original models: ircuits/Journal20: o013

Ele Tools Help

- MEME OO O [wee]~ ®

Quality Factor

<13 sizing | Layout

Results ¢ Estimated Layout
_area &1 | 5T | &Tic | 7T2c | &T3c | %:11d | 10:12d | 11:73d
09 = oTa 1:72a 273a xTib

8 um?, width: 31.5 um. heigth

03572 19.65

This is the PACOSYT shell. Available commands are 5 = =
create(datapath, **options)' - TBD Fits a model using the data from the data file. © | Options | Objectives | Performance
Toad (filepath)' - Loads the model from the file. =
) . K simulate(**geometry)’ - predict S-Param and LQ for specified geometry. @ | strategy selection
pertyEaitor___ 7. 8% optinize(freq, objectives, constraints)' - finds the best geometr s 8. . =
R save(sri = None, 1q = None)* - saves the required sri and/or LQ response obtained from the current simulation. » 835 ® =
Python 3.8.5 (default, Feb 18 2022, 13:43:12)
[GCC 4.8.5 20150623 (Red Hat 4.8.5-44)] on linux

Details
Type "help", "copyright", “"credits" or “license’ for more infornation =
>> Layout Options
>>> load(*/home/nlourenco/vscode_aida/pacosyt/models/PASSIVES RBF_TRANSF_28G_SRF38.nodel’) e

{  >>> opt_geom = optimize(freq = 28,constraints = [['1p, 0.3, 5.0], ['ls", 0.3, 5.0]],0bjectives = ['as’, 'ap'])

Typical Optimization Options

Corner Optimization Options

[2] F. Passos et al., "PACOSYT: A Passive Component Synthesis Tool Based on Machine Learning and Tailored Modeling Strategies Towards Optimal RF and mm- 22
Wave Circuit Designs,”, IEEE Journal of Microwaves, 2023
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IN HOUSE TOOL: AIDASOFT

L °
* In-house tool developed to optimize circuits /| I DA
» AIDA uses NSGA-II evolutionary algorithm for circuit optimization AU UL R AL S

http://www.aidasoft.com/Home

» PACOSYT is integrated and used to create the S-parameter description of passives

2 Stage Amplifier - Original models: /home/aidafworks kace/Circuits/Journal2 014 Integration/TwoStage/umc-013

Ele Tools Help

" He®e OO Q vy o |®

Results ¢ Estimated Layout
»
_Qdc __area ETH ST  &Tlc | T2 | &T3* | %T1d | 10:T2d | 11:73d
o0 e 0 = *Tla 1:T2a 2T3a xT1b

(\ Options | Objectives Performance

@ | Strategy Selection

Layout Options
i

Typical Optimization Options
Population Sze 128w

Corner Optimization Options
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IN HOUSE TOOL: AIDASOFT

L ®
* In-house tool developed to optimize circuits /| I DA
» AIDA uses NSGA-II evolutionary algorithm for circuit optimization ALLIL I U UG LT
http://www.aidasoft.com/Home

» PACOSYT is integrated and used to create the S-parameter description of passives

2 Stage Amplifier - Original models: /home/aidafworks kace/Circuits/Journal2 014 Integration/TwoStage/umc-013

Elle Tools Help
P HE®R OO 0 O« ®

e Tackles PVT variations P p—

Results { Estimated Layout
. . . . _Qdc __area T2 ST &Tlc | 7~T2c | &T3¢* | %Tid | 10:72d | 11:73d
 Yield-aware optimization A | ea——tons e
S i 89.692 2.4260e-09 Zosan i 200M: S7rR3 06677 Perarea: 701.8 um’, wi heigth: |~

S

e Layout-aware optimization =

Typical Optimization Options
Population Sze 2

Corner Optimization Options
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IN HOUSE TOOL: AIDASOFT

L °
* In-house tool developed to optimize circuits /| I DA
» AIDA uses NSGA-II evolutionary algorithm for circuit optimization AU UL R AL S

http://www.aidasoft.com/Home

» PACOSYT is integrated and used to create the S-parameter description of passives

2 Stage Amplifier - Original models: /home/aidafworks kace/Circuits/Journal2 014 Integration/TwoStage/umc-013

Ele Tools Help

™ Bk OO O ddo|w ®

o Tackles PVT variations pp—
* Yield-aware optimization 5 e ——— Y a— -

L=

Layout-aware optimization Era— ]

—— —

o All tested in Analog/RF circuits o prormaer——— i

Currently being extended into mm- i — !
Wave and system-level designs s :

Typical Optimization Options
Population Sze 1

Corner Optimization Options

% Being tested in industrial environment
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PAPER CASE STUDY

* Transmitter optimization in 65nm technology operating at 26~30GHz with a Vdd=1.2V

Baluns

| IF (3 GHz) !

&----------
2
T
2

Up-Conversion Mixer

VooiL m‘i‘g\\/m JiVDD

Lin—l—“_ . L‘} LT" I _1|—_T_—|_0ip
I I T
BBipT‘ i BBin
T T

—|
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PASSIVE LEVEL SYNTHESIS

Balun
Performance

Amplitude
imbalance
Phase
Imbalance
Insertion Loss
(521)
Insertion Loss
(521)

Area

» Two optimizations performed with

Balun 64 individuals and 50 generations
Specifications o )
» Optimization lasted 4m

<1dB 10~ g ®Baluns @ 25GHz
\ ®Baluns @ 3GHz
<10° o 89 ~.p. N
< 64 Poney 8
. ® oo...'
Minimize ) \ (I
= 49
L - .'
Minimize 10 s ]
Minimi 8 a0 250
inimize 6
IL(S,,) @B) 200 20 Dy um)
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PASSIVE LEVEL SYNTHESIS

Balun
Performance

Amplitude
imbalance
Phase
Imbalance
Insertion Loss
(521)
Insertion Loss
(521)

Area

Balun
Specifications
<1dB
<10°
Minimize
Minimize

Minimize

Two optimizations performed with
64 individuals and 50 generations
Optimization lasted 4m

oS
g 1 ‘.. Su, &

3,200 transformers evaluated = 61 "m’o,,“t‘.

If performed with EM simulation it = 4 \. B

would last approx. 11 days 10 \8\\:/250

(average of 5 minutes per EM IL(S,,) (dB) ° P Dofﬁﬁrn)

simulation)

28
Better efficiency using a model !



CIRCUIT LEVEL SYNTHESIS

evaluated with the model

PA PA
Performance  Specifications ¢ Optimization performed with 400

individuals and 150 generations
S$11@ 26.5-30 <-12dB
GHz » Optimization lasted ~42h
$22@ 26.5-30
GHz <>dB
$21@ 26.5-30 >12 dB . .
GHz o goo® o ° e 0% ¢ ° Qe
i i 60+ 80 @ %00 0qe®e o4 o oo o °
S21Variation = ettt . T R
(@265-30GHz) /9B s L e 0
Rollet Stb Factor o .8 I S Ko LR
@ 1Hz-120GHz 204 T s oL
= Minimize (< 70 e 22
Pe mWw) 18.5 0 2
Maximize (> 8 p aBm) 8 5 36 8
Pout_max dBm) out_max (4BM) 175 5o 32 PAE, 1y (%)
PAEmax Maximize (> 20%) 29
Power Gainmax >12dB

OP1dB >10 dBm



CIRCUIT LEVEL SYNTHESIS

evaluated with the model

PA PA
Performance  Specifications 4 Qptimization performed with 400
G AR5 s individuals and 150 generations
Ll « Optimization lasted ~42h
S22 @ 26.5-30 < 5de
GHz
521@ 26.5-30 .
cHe >12dB » 180,000 transformers evaluated R e P T AR
iati 604 ° .c.o.uoo..o. es o oo 0q o ¢
7 eI BT o If performed with EM simulation i s st . " o Ye o
AL G <1.7dB performed wit simulation it E o L -l
Rollet Stb Factor - would last approx. 2 years (average .3 IR ol AR
@ 1Hz-120GHz _ _ _ 20+ A e LT
Minimize (< 70 of 5 minutes per EM simulation) e,
Poc
mw) 18.5 0 2
Maximize (> 8 P (@Bm) 18 36 38
Pout_max . . OUT_MAX 17.5 32 PAE. (%)
dsm) e Only possible using a model ! % MAX
PAEmax Maximize (> 20%) 29
Power Gainmax >12dB

OP1dB > 10 dBm



SYSTEM LEVEL SYNTHESIS

» Three different optimization methodologies:
1. Bottom-up (three leves, device-circuit-system)
> Bottom-up (two levels, system-circuit)

Tx Performance Tx Specifications
3. Flat (everything optimized at once)

Conversion Gain =AUl ® BU (device-system-circuit)] _ 18f
p Minimize (< 100 : EIUt(System-CIrcwt) é
> mw) 100 a 47
Maximize (> 8 ’ 3
e
Pout_max dBm) s 80 o o .'.% ool
e @ r' 4
PAEmax Maximize (> 20%) € 60l A ~.~ 4.
Power Gain >12dB 0_8 40 . .&“0
OP1dB >2.5dBm 1 o < oo}
IR Y Lo Z .l
a
18 400 4ot
17 35

30
Pour @Bm) 16 o5 “"pAE (%)




SYSTEM LEVEL SYNTHESIS

» Three different optimization methodologies:
1. Bottom-up (three leves, device-circuit-system)

Tx Performance Tx Specifications 2. Bottom-up (two levels, system-circuit) Much lower PAE and Pour

3. Flat (everything optimized at once)

Conversion Gain >20dB ® BU (device-system-circuit)] _ 18}
p Minimize (< 100 : EIUt(System-CIrcwt) é
> mW) 100, a 47
Maximize (> 8 ’ 3
Pout_max dBm) g 80. [ .“ N o
PAEwmAx Maximize (> 20%) € 60l % $. o’ ..a‘.
; &)
Power Gain >12dB D_Q 40 .o, “ |
OP1dB >2.5dBm g 80
o flES £
LY 8
18 400 4ot
17 35

30 30
Pour @BM) 16 755 “"PAE (%)




SYSTEM LEVEL SYNTHESIS

» Three different optimization methodologies:
1. Bottom-up (three leves, device-circuit-system)

Tx Performance | Tx Specifications > Bottom-up (two levels, system-circuit) Much lower PAE and higher Ppc

3. Flat (everything optimized at once)

Conversion Gain >20dB ® BU (device-system-circuit)] _ 18}
p Minimize (< 100 : EIUt(System-CIrcwt) é
> mW) 100, a 47
Maximize (> 8 ’ 3
Pout_max dBm) g 80. [ .“ N o
PAEwmAx Maximize (> 20%) € 60l % $. o’ ..a‘.
; &)
Power Gain >12dB D_Q 40 .o, “ )
OP1dB >2.5dBm g 80
o flES £
LY 8
18 400 4ot
17 35
30

30
Pour @Bm) 16 70 3%par o)




ONE OF THE DESIGNS...

IF
MIX OU}
JF ORUHCHOR
Gm1 Gm2
Tx
Tx Performance Performances
T (model)
F==,
Conversion Gain 21.53 dB
Ppbc 21.27 mW
Pout max 17.08 dBm
PAEmax 37.59 %
Power Gain 16.84 dB
OP1dB 16.44 dBm
20.5¢
20 :
26 28 30

Frequency (GHz)



ONE OF THE DESIGNS...

IF

l'}-
ﬁ \_/-

=l=n

MIX

20.5¢

20
26

28
Frequency (GHz)

30

OUT,

OKOHCHOA

Gm1

Gm2

Tx Performance

Conversion Gain

Ppc

Pout max

PAEmax

Power Gain
OP1dB

Tx
Performances
(model)

21.53dB
21.27 mW
17.08 dBm

37.59 %

16.84 dB
16.44 dBm

Tx
Performances
(EM sim)

21.57 dB
21.27 mW
17.06 mW

37.55 %

17.07 dB
16.39 dBm

Error (%)

0.0019

0.0012

0.0011

0.0106
0.0031
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FUTURE WORK: PVT AND
LAYOUT-AWARE POFs...

Ele Tools Help
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FUTURE WORK: PVT AND
LAYOUT-AWARE POFes...

Fle Tooks o
m HmEERE £ 600
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CONCLUSIONS

BOTTOM-UP STRATEGY WAS APPLIED TO THE DESIGN OF A TRANSMITTER

Baluns optimized at lower level, then the PA at circuit level and than the MIX at system level

BALUNS AND TRANSFORMERS SYNTHESIZED USING ML MODEL

The model allows for optimal passive component design in minutes

HUNDREDS OF CIRCUITS SYNTHESIZED IN DAYS RATHER THAN WEEKS/MONTHS

Huge improvement in efficiency

IN THE FUTURE OPTIMIZE CIRCUITS TAKING INTO ACCOUNT PVT VARIATIONS AND LAYOUT

Enabling a fully sizing-layout automated methodology
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ML TECHNIQUES

* Allimplemented/tested using Python libraries

GAUSSIAN

PROCESS
REGRESSION

e Near
parameterless
technique

e internal
optimization
which defines its
parameters

IN THE PAPER

RADIAL
BASIS

NEAREST

FUNCTION NEIGHEOR

e Simplest
technique
available (serves
as baseline for
the others)

IN THE PAPER

e Simpler than GPR
and therefore
require less
memory

IN THE PAPER

KERNEL

RIDGE
REGRESSION

e Similar to GPR
but without the
internal
optimization

TESTED AFTERWARDS

RANDOM
FOREST
REGRESSION

e Simple model
which may be
useful to identify
multiple trends
in the data

TESTED AFTERWARDS

ARTIFICIAL

NEURAL
NETWORKS

e Good for big data
sets and high
number of
variables

TESTED AFTERWARDS




MODEL STRATEGY

43
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MODEL RESULTS

Technique
GPR* KRR RBF* RFR NN* ANN

ME MAPE ME MAPE ME MAPE ME MAPE ME MAPE ME MAPE

Frequency Performance o\ o) (o0) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Lr 023  0.12 1.04 0.22 0.35 0.16 1424 247 1062  3.35 2.30 0.50

Q 3.84 1.38 4.86 1.81 3.77 153 2211  9.14 2214 447 13936 7.82
N=1:1* Ls 0.26 0.1 1.03 0.31 0.24 0.08 13.09 446 1644 561 2.89 0.65
Qs 7.17 1.98 12.32 4.04 2.2 0.78 16.65 7.90 34.18 9.71 30.19 4.05

k 0.55 0.18 0.81 0.25 0.45 0.21 28.18 6.56 25.38 8.87 5.84 1.08

Lr 057 0.14 0.48 0.15 0.53 0.17 1203 294 1192  3.88 1.63 0.66

Qr 4.59 1.78 5.41 1.84 5.28 1.94 25.51 13.93 27.33 8.39 28.16 5.06

28GHz N=1:2 Ls 039 0.16 0.46 0.22 0.53 0.17 1593 484 1921 726 2.74 0.80
Qs 473 1.21 3.53 1.48 4.55 149 1664 793 1995 524 1891  4.31

k 0.77 0.25 1.15 0.46 0.84 0.28 39.20 9.14 34.19 12.82 3.17 1.09

Lp 0.16 0.14 0.29 0.22 0.06 0.05 12.58 6.87 36.05 10.18 2.26 1.40

Qr 1.63 1.13 1.54 0.9 0.71 0.36 18.37 9.83 31.87 10.65 15.53 7.34

N=2:1 Ls 062 044 1.09 0.96 0.1 0.07 13.04 487 129  6.08 2.64 1.01
Qs 5.83 4.04 6.76 5.14 1.85 0.97 20.57 10.80 29.00 13.96 8.68 3.43

k 0.5 0.43 1.1 0.82 0.4 0.25 18.07 10.56  35.74 13.40 2.69 0.89

* Present in the paper
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CIRCUIT SYNTHESIS USING
PACOSYT AND AIDA 5 ., -

Performances [ \ 4 | \f.
PA PA of Selected PA
Performance Specifications @ 28 GHz
(PACOSYT)
S11@ 26.5-30 <-12dB -20.102 dB g
GHz <
%)
S22 @ 26.5-30 <-5dB 5850 dB i
GHz R
FEI LI, >12 dB 18.885 dB
GHz _ }
S21 Variation A Complies with 20 28 40 ps 80 100 120
(@ 26.5-30 GHz) ' spec. Frequency (GHz)
Rollet Stb Factor - Complies with = 40 D
@ 1Hz-120GHz spec. 8 30F | Gain.
... ,_ E
ooc Minimize (< 70 33.9874 mW 3 20k [-PAE,
mW) ;\‘a 0 “POUTM
Maximize (> 8 w [ |Gain,
POUT_MAX dBm) 18.11 dBm ;: O:sz"/
PAEwax Maximize (> 20%) 38.08 % § "
-20 ' ' ' ' ' ' ' .
Power Gainmax >12 dB 18.88 dB % %0 2% 20 45 -0 -5 0 5 10

P, (@Bm)
P1dB >10dBm 14.128 dBm



CIRCUIT SYNTHESIS USING

PACOSYT AND AIDA -«

Performances
of Selected PA

PA
Performance

S11@ 26.5-30
GHz
S22 @ 26.5-30
GHz
$21@ 26.5-30
GHz
S21Variation
(@ 26.5-30 GHz)
Rollet Stb Factor
@ 1Hz-120GHz

PDC

POUT_MAX

PAEmax

Power Gainmax
P1dB

PA
Specifications
<-12dB
<-5dB
>12dB
<1.7dB

>

Minimize (< 70
mw)
Maximize (> 8
dBm)

Maximize (> 20%)

>12 dB
>10dBm

Performances
of Selected PA
@ 28 GHz
(PACOSYT)

-20.102 dB
-5.850 dB

18.885 dB

Complies with
spec.
Complies with
spec.

33.9874 mW
18.11 dBm

38.08 %

18.88 dB
14.128 dBm

@ 28 GHz
(Transf. EM
simulated)

-20.056 dB
-5.856 dB

18.881 dB

Complies with
spec.
Complies with
spec.

33.9877 mW
18.12 dBm

38.04%

18.89 dB
14.125 dBm

Error (%)

0.087
0.230

0.020

0.001
0.055

0.105

0.052
0.021

Gain (dB), PAE (%), P, ;; (dBm)

S2‘I’S1‘l’822 (dB)

E

ﬁ
Y
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