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Introduccion

En este documento se presentardn los proyectos realizados en la Maestria de Disefio
Electronico con tres asignaturas especializadas en el tema de Alta frecuencia. Las materias
cursadas son las siguientes:

e Disefio Electronico en Alta Frecuencia.
e Meétodo de Simulacion de Circuitos Electronicos.

e Modelado y Disefio de Circuitos basado en Optimizacion.

El objetivo del documento es presentar evidencia del conocimiento adquirido, asi como el

impacto de los proyectos realizados durante cada una de las materias.

Los proyectos disefiados fueron pensados para resolver problemas existentes en la industria
y que de esta manera se tuviera un impacto del cual se pudiera tomar ventaja y optimizar procesos
en el trabajo diario que nos permita entregar tarjetas de circuito impreso (siglas en inglés PCB)
con sefiales de alta velocidad mejorando la integridad de la sefial, asi como el entendimiento de
los parametros que podrian afectar las sefiales y los planos ruteados en una tarjeta.

Es importante resaltar que cada materia fue importante ya que se iban sentando las bases
de conceptos tedricos y practicos que ayudarian a generar un conocimiento que mas adelante

permitiria desarrollar proyectos que tuvieran impacto en la industria.






1. Resumen de los proyectos realizados

1.1. Caélculo de antipad para sefiales de alta velocidad en PCBs
1.1.1 Introduccion

En el disefio de PCBs de alta velocidad es necesario realizar simulaciones en las cuales se
utilizan herramientas como HFSS. En este proyecto se disefid una tarjeta de validacion eléctrica
de un chip de Intel la cual requeria optimizaciones de ruteo. Este disefio incluye un conector tipo
“Bulls eye” de Samtec.

La topologia que se simula va del conector hacia el chip por medio de un trazo con una impedancia

controlada de 50 ohms. Esta topologia se describe en la Fig. 1-1.

Fig. 1-1 Topologia simulada en HFSS: Samtec — Via — Trazo.

Se debe mantener una impedancia de 50 ohms en la topologia con el fin de evitar
reflexiones. La impedancia se afecta por la capacitancia parasita de la via por lo tanto se realizan
simulaciones para encontrar el valor 6ptimo del didmetro del antipad para los planos de tierra y
mantener bajo el valor de la capacitancia parasita. EI antipad es descrito en la Fig. 1-2.

Fig. 1-2 Antipad en los planos de tierra.
1.1.2 Antecedentes

En el disefio PCBs de alta velocidad, es importante tener en cuenta los elementos paréasitos.



La ecuacion para el calculo de la impedancia en el caso de un trazo en un PCB es la siguiente:
. 1 . 1
Z_R+]XL+E_R+JWL+]'W_C (1'1)

Donde X, = 2xnfL es la componente que se relaciona con los trazos en el PCB.

1

Xe= — (1-2)

2nfC
w = 2nf; (1-3)
Como se puede observar en la ecuacion (1-1), la capacitancia es un factor clave en el célculo de la
impedancia. Por lo tanto, la capacitancia de la via se debe tener en cuenta para el calculo de la
impedancia de la topologia, como se describe en Fig. 1-1.

Se puede predecir la capacitancia parasita para una via.

1.41er TD,
D;— Dy

C= (1-4)
Donde:

D; = Diametro del antipad para planos de tierra.

D, = Diametro del pad.

T = Grosor del PCB.

&, = Permeabilidad eléctrica del dieléctrico.

C = Capitancita parasita de la via (pF).

1.1.3 Solucién desarrollada

El stack-up (capas de cobre y dieléctrico de una tarjeta de circuito impreso) mostrado en

Fig. 1-3 fue utilizado como referencia para crear el modelo HFSS.

OPCM Stack up Information

[assume] i Ditoriat
Thickness | Proposed | guycqupe Via | eopper T0ohm +/- 10% | 1000hm <1 1%
{mils) | Thickness ol

Target | Finished | Target | Finished
Lwisp | LwisP | Lwisp | Lwisp

3.60 350 1078RCT2 Has |IEXTT REETCF]

1 Il cors

[]
[0 X
8 10.00 | Z1i6RCSE 2
26 Zomi dummy core
] .00 | Z116RCS6"2
.60

dmil cors

Liale 346 3482

3.60 350 TOT8RCTZ

Fig. 1-3 Stack-up definido por el Fabricante.

Se uso el modelo del conector proporcionado por la compafiia SAMTEC. Se puede observar el
PCB vy el conector SAMTEC en la Fig. 1-4. La impedancia de la topologia debe ser 50 ohms con



una tolerancia de £5%. Se realizaron dos modelos de simulacion uno con vias through hole y otro

con microvias.

1.1.4 Anadlisis de resultados

Una vez que los modelos fueron creados se realizaron varias simulaciones para encontrar
el valor dptimo del antipad. Se realizo la configuracion para la simulacién y se obtuvo un reporte
de impedancias en el cual se muestra la impedancia y el tamafio de antipad. Para el caso de la via
through hole la impedancia obtenida con antipads de 60 mils y 28 mils fue de 53.56 ohms (este
valor estaba fuera de especificacion) y para la microvia se obtuvo una impedancia de 51.26 ohms,
el cual cumplia con los requerimientos, en este caso el antipad era 45 mils y 50 mils.

1.1.5 Conclusion

Este proyecto permiti6 resolver un problema real de la industria, asi como el entendimiento
de los simuladores y su funcionamiento. Se hicieron varias simulaciones para la via through hole,
pero nunca se cumplié con la especificacidn lo importante de esto es saber jugar con los parametros

que se tienen ya sea antipad, material del dieléctrico, grosor del PCB etc.

1.2. Filtro pasa bandas
1.2.1 Introduccion

El proposito de este documento es presentar las técnicas de disefio, analisis y simulaciones
para un filtro pasa bandas con una frecuencia de corte de 1.45GHz y un ancho de banda de
145MHz.

1.2.2 Antecedentes



Un filtro pasa bandas solo permite sefiales dentro de un determinado bloque de frecuencia
deseado y atenua otras sefiales cuyas frecuencias estan debajo o por encima de la misma. El rango
de frecuencias que un filtro pasa bandas permite lo que se denomina banda de paso. Un filtro pasa
bandas es usado en comunicaciones, radares e instrumentacion. El disefio de filtros en lineas de

transmision microstrip es comun para la implementacion de filtros pasa bandas.

1.2.3 Solucién desarrollada

Disefio de un filtro pasa bandas con las siguientes especificaciones.
Center frequency = f. = 1.45GHz.
Bandwidth = BW = 145MHz.
Orden = 3.

9o g1 92 k] 9a
0 1.5963 | 1.0967 | 1.5963 | 1.0000

Frecuencia de respuesta = 0.5dB Chebyshev.

Impedancia = 50Q.

Material: Rogers (R04003C).

Constante dieléctrica | Grosor de dieléctrico | Onzas de cobre | Loss tangent
3.55 0.032” (0.813mm) Y% 0z 0.0021

Se realizaron los célculos con Scilab usando las férmulas de la Fig. 2-1.

» The final element values for a band-pass prototype are
obtained from (R, is the actual source resistance)
R =R,/g,
If g; corresponds to an inductor in the low-pass prototype
Rg
L 8, 1

s inseries with C, =
,A Ro.g,

If g, corresponds to a capacitor in the low-pass prototype:

& RA
0,g

(07 in parallel with 7
RaoA ‘

Fig. 1-1 Componentes paralelos y seriales.

El modelo circuital de filtro pasa bandas con los valores obtenidos se muestra en la Fig. 2-2.



l C=35.00pF Num=2
T 2=500hm.

Fig. 2-2 Modelo circuit;I de la primera topologia.

Los célculos del disefio se realizaron sin sintonizacion para los cuales fue necesario calcular la

impedancia en modo par e impar. Usando la calculadora de ADS y teniendo en cuenta los

parametros del material se obtuvieron los siguientes valores que se muestran en la Tabla 1.1.

N | Z,(Q) Zpe(Q) Z,(Q) Ancho (mm) | Largo (mm) | Gap (mm)

1 |39.235544 | 70.604689 | 52.632817 | 1.1414600 31.888300 | 0.215276

2 | 39.509156 | 69.463428 | 52.387471 | 1.441860 31.838800 | 0.233158

3 | 39.509156 | 69.463428 | 52.387417 | 1.441860 31.838800 | 0.233158

4 | 39.235544 | 70.604689 | 52.632817 | 1.1414600 31.888300 | 0.215876
Tabla 1.1

1.2.4 Andlisis de resultados

Se requiere sintonizacion para lograr el ancho de banda requerido. Esto se logra con ayuda
de la opcién de Tune en ADS. En la Fig. 2-3 se muestra el disefio del layout con la sintonizacion

requerida.

Fig. 2-3 Esquematico con sintonizacion.

1.2.5 Conclusiones

El filtro pasa bandas fue disefiado satisfactoriamente con ayuda del programa ADS. El
disefio fue simulado como circuito, esquematico y layout, pero se debe tener en cuenta que para

lograr los requerimientos es necesario realizar algunas optimizaciones.



1.3. Calculo de antipad para sefiales de alta velocidad en PCBs usando
métodos de optimizacion

1.3.1 Introduccién

En este proyecto se disefid una tarjeta de validacion eléctrica para un chip de Intel la cual
requeria optimizaciones de ruteo. La topologia que se deseaba simular va del conector “Bulls eye”
de Samtec hacia el chip por medio de un trazo con una impedancia controlada de 50 ohms. Esta

topologia se describe en la Fig. 1-1.

Este proyecto fue la continuacion de la materia de Métodos de Simulacion de Circuitos
Electrdnicos, pero en esta asignatura se implement6 una optimizacion por medio de un driver, el
cual utiliza el modelo del conector y el modelo del PCB, para el cual era importante mantener la
impedancia de 50 ohms para evitar reflexiones.

La impedancia se ve afectada por la capacitancia parasita de la via por lo tanto se utilizé el
método fminsearch y de esta manera se obtuvieron varias optimizaciones las cuales eran mostradas
por medio de gréficas y asi se obtuvo el mejor valor para los distintos antipads en los planos de

tierra y por lo tanto mantener un valor bajo para la capacitancia parésita.

1.3.2 Antecedentes

En el disefio PCBs de alta velocidad, es importante tener en cuenta los elementos parasitos.

La ecuacion para el célculo de la impedancia en el caso de un trazo en un PCB es la

siguiente:
, 1 , 1 )
Z_R+]XL+E_R+]WL+_jWC (11)

Donde X, = 2xnfL es la componente que se relacion con los trazos en el PCB.
1

Xc = (1-2)

2nfC

w = 2nf; (1-3)



Como se puede observar en la ecuacion (1-1), la capacitancia es un factor clave en el
calculo de la impedancia. Por lo tanto, la capacitancia de la via se debe tener en cuenta para el
calculo de la impedancia de la topologia, como se describe en Fig. 1-1

Se puede predecir la capacitancia parasita para una via.

1.41er TD,
D,— Dy

C= (1-4)

Donde:
D; = Diédmetro del antipad para planos de tierra.
D, = Diametro del pad.
T = Grosor del PCB.
&, = Permeabilidad eléctrica del dieléctrico.
C = Capitancita parasita de la via (pF).

La tecnologia de optimizacion de disefio automatizada esta siendo adoptada en las
principales industrias. Sin embargo, una de las desventajas que ofrece esto es que es complicado
elegir un algoritmo de bdsqueda de optimizacion apropiado para un determinado problema.

No existe un método o algoritmo Unico que funcione para una amplia solucién de
problemas. Para elegir un método se debe comprender el espacio de disefio, es decir, tipos de

respuestas y variables. La computadora se usa para evaluar el modelo y buscar un mejor disefio.

1.3.3 Solucioén Desarrollada

El stack-up mostrado en Fig. 1-3 fue utilizado como referencia para crear el modelo HFSS.

Se uso el modelo del conector proporcionado por la compafila SAMTEC. Se puede
observar el PCB y el conector SAMTEC en la Fig. 1-4. La impedancia de la topologia debe ser 50
ohms con una tolerancia de £5%. Se realizaron dos modelos de simulacién uno con vias through

hole y otro con microvias.

1.3.4 Andlisis de resultados



Se realiz6 una simulacién en HFSS en la cual los tamafios del antipad fueron cambiados
manualmente. Las variables de optimizacién para este disefio son antipad 1 para la capa de Top y
antipad 2 para capas internar y bottom, con un valor para la semilla de 46 mils y 56 mils
respectivamente.

Para realizar la optimizacion fue necesario crear un driver en cual requeria tener el modelo
dibujado en HFSS, se generaba un archivo que contenia la informacion de como abrir un proyecto
en HFSS, stack-up, modelo del conector, modelo del PCB y las variables que requerian ser
optimizadas. Con el driver se obtenia un archivo de Excel que contenia impedancia y tiempo.

El codigo utilizado contenia las restricciones para la optimizacion. La impedancia de la
sefal de alta velocidad deberia tener un valor de 50 ohms, pero el modelo tiene una tolerancia de
15%. La impedancia minima y maxima es dada por el archivo de Excel.

Por ultimo, se tiene otro cddigo el cual usa el método fminsearch usado para la
optimizacion y obtencién de graficas.

Una vez que se corrio el programa de optimizacién varias simulaciones fueron realizadas.
El mejor valor obtenido para el antipad 1 fue de 59.51 mils con una impedancia de 55.51 ohms y
para el antipad 2 fue de 32.5 mils con una impedancia de 42.65 ohms, ambos con una tolerancia
de 15%.

1.3.5 Conclusiones

Fue interesante trabajar con una herramienta para implementar nuestro disefio de PCB e
integrar el modelo proporcionado por Samtec. De esta manera se realizaron simulaciones sobre
tarjetas que se estarian disefiando.

Varias simulaciones fueron realizadas para el modelo through hole, pero la especificacién
no se estaba cumpliendo al 100%, pero se tenia una buena aproximacion al valor deseado.
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2. Conclusiones

Como Ingeniera de Disefio de Circuito Impreso el estudio de las diversas asignaturas
cursadas en el area de concentracion de Alta Frecuencia fueron clave para mi desarrollo
Profesional ya que pude entender conceptos teoricos los cuales me ayudaron a profundizar en
temas de mi interés que me ayudaran a realizar mi trabajo de una manera eficiente y con excelente

calidad.

El conocimiento adquirido en el area de concentracion elegida me permitié tomar ventaja
de las herramientas, programas y método disponibles para de esta manera poder resolver

problemas que enfrento en mi trabajo diario.

El desarrollo profesional que logré mientras cursaba estas materias me permitid tener un
panorama mas amplio y de esta manera me fue posible analizar e interpretar los datos de las
simulaciones realizadas y con esto lograr optimizaciones que hoy en dia en el disefio de alta

velocidad son cruciales para su buen funcionamiento.

Actualmente el conocimiento adquirido durante la Maestria de Disefio Electrénico sigue

teniendo gran impacto en mi trabajo diario.
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1 Introduction

In the design of PCBs that contains high speed signals, is very common to perform signal
integrity simulations in certain areas of the design (the most critical ones), using tools like HFSS (High
Frequency Structural Simulation) from ANSYS. In the case of this project, there was a need to design a
board to perform electrical validation of one of the chips designed by Intel. The board include in its
design a Samtec connector bulls eye type, like the one depicted in the figure 1.1

BDRA

End 2 Options: 2.92 Jack/Plug

Figure 2.1 Samtec connector (bulls eye type).

The Samtec connector goes to the CPU via single ended lines with a controlled impedance of 50
ohms, and this was the part of the design that was simulated, which corresponds to the path: Samtec
connector — connector pad - via — via pad - trace, which is described in the figure 1.2.

Via or micro via

Output Port

N\

Samtec connector

Samtec
connector pad

Trace

Input Port

o 50 100 (mit)

Figure 3.2 Path simulated: Samtec — Via - Trace

It is very important for the design, to maintain as much as possible the 50 ohms impedance in
the path. One key element that is affecting the impedance is the parasitic capacitance of via, hence the
importance to perform the simulations, to find the right value of the anti-pad diameter in the ground
planes, to maintain that parasitic capacitance very low. The anti-pad is described in the figure 1.3.

18



Ground planes

vy

Anti pad
—>

Figure 4.3 Anti pads in the ground planes

The present report contains the following elements:
- Theory to describe why is important to reduce the parasitic capacitance of the via
- Specifications of the PCB:
o Board stack up
o SAMTEC connector model
- Results of the models created in HFSS
o Through hole via
o Microvia
- Simulation results for through hole via and micro via

- And finally, the conclusions.
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2 Theory

In the design of PCB boards that include higher speed frequencies, it is very important to take
into account the parasitic elements that are intrinsic in the physical design. In this project, the parasitic
capacitance of via is affecting the impedance of the complete signal path.

For the impedance equation, various forms exist depending on whether we are examining plane
wave impedance, circuit impedance, and the like. For wire, or a PCB trace, the following equation is
used:

. 1 . 1
Z—R+]XL+E—R+]WL+J,W€ (2.1)

where X, = 2ntfL (the component in the equation that relates only to wires or PCB traces) [1]

1
XC = m (22)
w = 2nf; (2.3)

As we can see in the equation 2.1, the capacitance is a key factor in the calculation of the
impedance, that in the case of this project, the capacitance of the via was key for the calculation of the
impedance for the complete path, which is formed by the SAMTEC connector, the via and the PCB trace,
as described in the figure 2.1.

Every via has parasitic capacitance to ground. Vias being physically small structures, they behave
very much like lumped circuit elements. We can predict, within an order of magnitude, the amount of
parasitic capacitance for a via: [2]

_ 141er TD,

2.4

Where D2 = diameter of clearance hole in ground plane(s), in.
D1 = diameter of pad surrounding via, in.
T = thickness of printed circuit board, in.
er = relative electric permeability of circuit board material
C = parasitic via capacitance, pF

When the pad size approaches the clearance hole diameter, pads pick up a lot more
capacitance. If your ground clearance holes must remain small to maintain ground continuity, shrink or
eliminate the pads on ground layers. For trace routing vias, it doesn’t matter if you get some breakout
on the plane layers. [2]

20



Cable impedance is 50ohms.

Via impedance 50 chms +10%.

l Trace impedance is 50ohms +5%. l

Figure 5.1 Impedance of the cable, via and trace.

The primary effect of via capacitance is that it slows down, or degrades, the rising edge of digital
signals.

If we must make many pad capacitance predictions, it is recommended to use electromagnetic
field modeling software, since these packages can (with enough computer resources) accurately model
the inductance and capacitance of three-dimensional structures. [2]

In the development of this project, the PCB simulation that was used was HFSS.

As we can see in the equation 2.1, also the inductance is a key element that influence the
calculation of the impedance, however, in this project was considered to be in control, because of the use
of 7 ground vias that surrounds the via signal, following the recommendation of the Samtec connector
designer. In this way, the influence of the inductance is kept in control. Those ground vias can be observed
in the figure 2.2.

21



Figure 6.2 Ground vias surrounding the via signal

3 Project Development

3.1 Design Specifications

The PCB board with the following stack up has to be used, it was part of the requirement, to be
able to design a board to transmit the high-speed signals. This stack up was provided by the PCB
manufacturer vendor. The PCB material is low loss (Megtron6).

Cstu:;ﬂkr:: OPCM Stack-up Information
Diffential Diffential
. Assume
Layer Cu Weight Thlclsness Pr?posed Structure Via copper 100chm +.f- .1 0% 1000hm +.f- .1 0%
(mils) Thickness density Ref Target | Finished | Target |Finished
(mils) LW/SP | LW/SP | LW/SP | LW/SP
Soldermask 0.50 0.50
L1 Top 1/3o0z+Plating 1.80 1.80 75%
Prepreg 3.60 3.60 1078RCT2 L1&L3 3.4/4.6 3.8/8.2
L2 Signal Hoz 0.60 0.60 25%
Core 4 4 4mil core
L3 GND Hoz 0.60 0.60 75%
Prepreg 8.90 10.00 2116RC56 * 2
Core 26 26 26mil dummy core
Prepreg 8.90 10.00 2116RC56 * 2
L4 GND Hoz 0.60 0.60 75%
Core 4 4 4mil core
L5 Signal Hoz 0.60 0.60 25% | L4& L6 3.4/4.6 3.8/8.2
Prepreg 3.60 3.60 1078RCT2
L6 Bottom 1/3o0z+Plating 1.80 1.80 75%
Soldermask 0.50 0.50
Finished Thickness (mils) 66.20

Figure 3.1 Stack up defined by the PCB Manufacturer

22



Using the stack up described in the figure 3.1 as a reference, the PCB model was created at the
HFSS tool.

Another requirement was to use the SAMTEC connector model provided by the SAMTEC
Company. The connector model contains all the characteristics needed to properly simulate the
connector. The PCB model created was connected to the SAMTEC connector model, forming the complete
model used in the HFSS simulations. The PCB and the Samtec connector can be seen in the Figure 3.2 and
3.3 respectively.

The requirement of the impedance path is that it must be 50 ohms * 5%.

SS=

Figure 3.2 PCB and Samtec connector

Figure 3.3 PCB and Samtec connector assembled

23



3.2 HFSS models

As we can see in the stack up described in the figure 3.1, there are two types of vias: A through
hole via going from layer 1 thru 6, and micro vias going from layers 1 thru 2, and 5 thru 6. Therefore, two
models were created. In one model we simulated the through hole via, and in the second model we
simulated the micro vias.

3.2.1 HFSS model with the through hole via

The following pictures represents how the through hole via model was created. At the left-hand
picture, the pads, connector, via and trace are highlighted. Then, at the right-hand picture, can be
observed the PCB with the 7 via grounds, with the 4 ground layers.

Figure 3.4 HFSS model for the through hole via

3.2.2 HFSS model with the micro via

The following pictures represents how the micro via model was created. At the left-hand picture,
the pads, connector, via and trace are highlighted. Then, at the right-hand picture, can be observed the
PCB with the 7 via grounds, with the 4 ground layers.
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Figure 3.5 HFSS model for the micro via

3.3 Simulation results

Once the models were created, several simulations were performed to find the right values of the
anti- pads. The tool was setup and the report was defined to obtain a Terminal TDR impedance. Those are

the reports that will be presented in the graphs. The setup for the simulation is described below.

Driven Solution Setup

General |Dptinns | Advanced I Expression Cache I Derivatives | Defautts |

Setup Name:
[# Enabled " Solve Ports Only
Solution Frequency:  [20 l[aHz =]
Adaptive Solutions
Masimum Mumber of Passes 30
1+ Maximum Delta S 0.02
" Use Matrix Convergence Set Magnitude and Phase...
Use Defaults

HPC and Analysis Options. |

Cancel

Sweep Name: Sweep

Sweep Type:

Edit Frequency Sweep

General | Interpolation I Defaults I

¥ Enabled

I Interpolating - l

Frequency Sweeps [1001 points defined]

Distribution

il Linear Step 50GHz

Add Above Add Below Delete Selection Preview ... |

Time Domain Calculation... |

Cancel

Figure 3.6 Simulation setup
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3 Report: FinalP_verif30 - Copy (2) - Mix_60_28_antipad - New Report - New Trace(s) [ = |
- -
= Trace | Families I Families Displayl
Solution: I . l
Setupl: Sweep s Primary Sweep: I'ﬁme j I All _I
Domain:
Time T X [V Default |ﬂme =
TDR Options. .. -
o | « [ =
Categary: Quanhty:l 2 Function:
Variables TORZtH(Via_T1) -
Output Variables TDR.Zt{Via_Pad_Eottom_T1) abs
Terminal S Parameter - - acos
Terminal ¥ Parameter acosh
Terminal Z Parameter ang_deg
Terminal TDR Impedance ang_rad
Design arg
asin
asinh
atan
atanh
cos
cosh
cum_integ
cum_sum
dB
dB 10normalize
~Update Report——————— dB20normalize ~
[ Realtme Llpdate v| < [amg] v

Qutput Variables... | Dgtians...l

New Report | Apply Trace | Add Trace |

Close |

Figure 3.7 HFSS report setup

Now, since the size of the pad of the connector is different than the size of the pad of via, there
are two anti-pad values that need to be modified. The figure 3.7 describe the 2 different anti-pads that

were used. There is an anti-pad 1 that is used in ground layer 1 and an anti-pad2 that is used in ground
layers 3,4 and 6.

Anti padl

100

200 (mit)

Anti pad2

Figure 3.8 Anti-padl and Anti-pad?2 definition
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TORZ MV _T1

3.3.1 Through hole via results

The simulation results were divided in two parts. In the first part, the simulations were performed
using the value of the anti-padl = antipad2, trying to find a common solution for both anti-pads to
facilitate the PCB design work. The values of the anti-pad that were used, started at 40 mils and finished
at 56 mils. However, the values of the impedance did not comply with the requirement of 50 ohms + 5%.
Those results can be observed in the Figure 3.8 below. The best value was obtained with an anti-pad
diameter of 46.5 mils, but in some cases, the impedance was above 60 ohms. These results can be
observed in the figure 3.8.

In the second part of the experiment, several values of anti-pad1 and anti-pad2 were tested, and
the best value was obtained with anti-padl diameter = 60 mils and anti-pad2 diameter = 28 mils. In this
case, the maximum impedance obtained was 53.56 ohms and the minimum was 44.06 ohms. Even though,
is still out of specification, its values are really close to the expected values, and therefore it is acceptable.
The results can be observed in the figure 3.9.

6646 ~y

56mils
000 4

| .
1 & . 44mils
{ e — oo |

42mils
41mils

»
>

Y

Tune s}

Figure 3.9. Through hole via results with Anti-padl diameter = Anti-pad2 diameter
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XY Plot 1_1

Nama X Y
00800 535633

00700 440813 - - - -
Anti-padl = 46.5 mils, Anti-pad2 = 50 mils |

€000 / ‘\{ Anti-padl = 45 mils, Anti-pad2 = 50 mils
z"; \
‘ Anti-padl = 46.5 mils, Anti-pad2 = 45 mils |

, ‘ Anti-padl = 46.5 mils, Anti-pad2 = 40 mils |

5500 -

Anti-padl = 60 mils, Anti-pad2 = 28 mils |

b
8
\

TORZWIa_T1)
A\

e
P
\ I.I‘\
45.00 NN\ A
Anti-pad1 = 46.5 mils, Anti-pad2 = 30 mils ‘
4000 -} 4’“ ’
SN S S s S S U S S - —— ~ D S S S S
000 003 008 oor 010 013
Time jns]

Figure 3.10. Through hole via results with Anti-padldiameter different than Anti-pad2 diameter

3.3.2 Micro via results

In the case of the micro-via, better results were obtained. The best result was obtained with anti-
padl diameter = 45 mils and anti-pad2 diameter = 50 mils. The results can be observed in the figure 3.10.

The maximum impedance value obtained was 51.26 ohms and the minimum impedance value
obtained was 46.98 ohms. Both values comply with the specification of 50 ohms + 5%. Those can be

observed in the figure 3.11.
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56.00

54.00 H

52.00 H

Top = 40 mils and L3 = 50 mils

Top = 50 mils and L3 = 30 mils

Top =50 mils and L3 = 50 mils

Top 55 = mils and L3 =35 mils J

Curve Info
— TDRZHVia_T1)
Setup1 : Sweep
TORZ{(Via_T1)
Imparted
TDRZH(Via_T1)
imported
— TDRZ{(Via_T1)
Imparted
— TDRZHVia_T1)
imported
TORZ{(Via_T1)
Imparted

428

=48.00 -
F\
s
]
B46.00 -
44.00 -
42.00 —
40.00
3800 T T T T T
0 020 0.40 0.60 080 1.00
Time [ns]
Figure 3.11 micro via results
TDR Top_ 4513 50
52.00 Curve Info
—— TDRZH(Via_T1)
Setup1: Sweep
51.00
50.00
ﬁ‘
o
549.00
2
=
48.00
47.00
46.00 T T T T T T T T T T T ; T T ; T T
020 0.40 0.60 0.80 1.
Time [ns]

Figure 3.12 Micro via best result value.
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4 Conclusions

It was very interesting to work in a tool where we were able to implement our own PCB model
and then integrate it with a model provided by a connector manufacturer. In this way, the simulations
performed for our designs, will be closer to the reality, and we take advantage of the work performed by
the connector manufacturer.

Several simulations were performed for the through hole via model, but we were not able to
comply 100% with the specification, although it was very close. However, looks like this is not unusual.
At the end, the idea is to be as close as possible to the ideal state, even though sometimes cannot be
implemented in this way. However, it is a very good approximation.

Even though this tool was not reviewed in class, the basics and the elements for the Sonnet tool,
helped a lot to understand easily this tool. The main ideas were clear, the rest is was just a matter of
playing with the tool.

It was very nice to work in a project that Signal Integrity Engineers normally does. In this way,
we got a better understanding of the work that they develop.
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Introduction of a Band-Pass filter

Introduction

This document contains the design of a parallel-coupled microstrip bandpass filter. The
aim of this document is to present the design technique, parameters analysis and simulations for
a band pass filter with a cut frequency of 1.45GHz and a bandwidth 145MHz.

A bandpass filter only passes the frequencies within a certain desired band and attenuates
other signals whose frequencies are either below a lower cutoff frequency or above an upper
cutoff frequency. The range of frequencies that a passband filter allows to pass through is
referred as passband. A typical bandpass filter can be obtained by combining a low —pass filter or
applying conventional low pass to bandpass transformation.

Bandpass filter

Bandpass filters serve a variety of functions in communications, radar and
instrumentation subsystems. Of the available techniques based upon low pass elements of a
prototype filter have yield successful results in a wide range of applications. The low pass
prototype elements are the normalized values of the circuit components of a filter that have been
synthesized for a unique passband respond, and in some cases, a unique out-of-band response.
The low pass prototype elements are available to the designer in a number of tabulated sources
and generally given in a normalized format, that is, mathematically related to a parameter of the
filter prototype.

Low pass prototype filters are lumped elements networks that have been synthesized to
provide a desired filter transfer function. The element values have been normalized with respect
to one or more filter design parameters (cutoff frequency, for example) to offer the greatest
flexibility, ease of use and tabulation. The elements of the low pass prototype filter are capacitors
and inductors of the ladder networks of the synthesized filter network as shown in Figure 1.
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Figure 7. Circuit topologies of low pass prototype filters.

The transfer function T(s), is a polynomial of order n, where n is the number of elements of the
low pass filter prototype.

A low pass filter may be converted to a band pass filter by employing a suitable mapping function.
A mapping function is simply a mathematical change of variables such that a transfer function may be
shifted in frequency. The mapping function may be intuitively or mathematically derived. A known low
pass to bandpass mapping function may be illustrated mathematically as:

where

fU — N fl f2

.ﬁf — fz — fl
and f,, f; and f, represents the center, lower cutoff and higher cutoff frequencies of the corresponding
band-pass filter, respectively. If the substitution of variables is made within the Chebyshev power transfer

function. The power transfers function of the corresponding bandpass filter may be determined as shown
in Figure 2.
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Figure 8. Chebyshev bandpass filter schematic.

The schematic diagram of the bandpass filter, which was derived from the low pass prototype
filter via the introduction of complementary elements and producing shunt and series resonators, is
shown in Figure 3. This is a basic low pass to bandpass transformation, and unfortunately sometimes leads
to component values, which are not readily available of have excessive loss. As described later, the
mapping function need to be considered as part of the bandpass filter design procedure. It is presented
here as a supplement to the filter theory.

It bears repeating that the low pass prototype filter elements, that is, the g-values, are the result
of network synthesis techniques to produce a desired characteristic of the prototype filter transfer
function. The desired characteristics might include a flat amplitude response, maximum out-of-band
rejection, linear phase response, Gaussian or other amplitude response minimum time sidelobes and
match signals filters.

Figure 9/ Chebyshev bandpass filter transfer function.

Microstrip

A microstrip line filter includes stub impedances, step impedance and coupled line filter. Parallel
coupled transmission-line filter in microstrip and stripline technology are very common for
implementation of bandpass. Due to their relatively weak coupling, this type of filter has narrow fractional
but instead has desired advantages such a low-cost fabrication, easy integration and simple designing
procedure. Designing equations for the coupled line parameters such as space-gap between lines, line
widths and lengths, can be found in classical microwave books. This way, following a well-defined
systematic procedure, the required microstrip filter parameters can be easily derived for Butterworth and
Chebyshev prototypes. The same can be done by using ADS software too.
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Theoretical Analysis

Specifications for design:

Filter type: Band-Pass.

fcenter= 1.45 GHZ
BW = 145 MHz
Filter order =3

o O O O

g0=0

g, = 1.5963
g, = 1.0967
g, = 1.5963
g, = 1.0000

(Assuming g, =1 and o, = 1)

o, dB

0

Ol — oo

Q,

O — oo

Q,

Figure 10. Band Pass Filter.

4I—I—>Q

0.5 dB Ripple
N o 9 P g4 gs g6 @ g8 ) gio a1
1 0.6986 1.0000
2 1.4029 0.7071 1.9841
3 15963 10967 1.5963 1.0000
4 1.6703 1.1926 23661 0.8419 1.9841
5 1.7058 1.2296 25408 1.2296 1.7058 1.0000
6 17254 12479 26064 13137 24758 0.8696 1.9841
T 1.7372 1.2583 2.6381 1.3444 2.6381 12583 1.7372 1.000
8 1.7451 1.2647 2.6564 1.3590 2.6964 13389 25093 0.8796 1.9841
9 1.7504 1.2690 2.6678 1.3673 2.7239 1.3673 2.6678 1.2690 1.7504 1.0000
10 17543 12721 26754 13725 27392 13806 27231 1.3485 25239 0.8842 1.9841

(In this case, o, is at —=0.5dB)
Figure 11. Element Values L-P Prototypes (Chevyshev).
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e Type of frequency response = 0.5 dB Ripple Chebyshev.
o, dB

4

> ()

Figure 12. Chevyshev

e Reference impedance = 50Q.
e Rogers (http://www.rogerscorp.com/acs/producttypes/9/R04000-Laminates.aspx)
o H=0.813mm (Dielectric thickness).
o Cladding of 0.50z = Trace thickness = 17um = 17X10° meters.
o Er=3.55 (Relative permitiavility).
Material: R0O4003C

Dielectric constant (Er — Relative permitiavility) 3.55

Standard thickness (Dielectric thickness) 0.032” (0.813mm)

Standard copper cladding % 0z (17um) electrodeposited copper foil (0.5ED/0.5ED)
Dissipation factor tan (Loss tangent at 2.5GHz/23C) | 0.0021

Formulas to solve the problem:

Low pass to band transformation:
We apply the following transformation:

o, 0 o, _
(oe——[——— 0, =00,

o,-o\0o, o
Low-pass Scaled Band-pass
Prr PR
\|/ o “o
INIA
-1 1 @ -,y —) w w, o

Figure 13. Low pass to band transformation.
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De-Normalized Element Values B-P Prototypes

= The final element values for a band-pass prototype are
obtained from (R, is the actual source resistance):

R, =R,/ gy,
If g, corresponds to an inductor in the low-pass prototype:
L= kg, in series with C, = =
wOA R()wog k

If g, corresponds to a capacitor in the low-pass prototype:

C, =8 inparallel with 7, = R4
R(]a)OA w()gk

Figure 14. De-Normalized Element Values B-P Prototypes.

Circuital Model: Circuit for design for first topology:

1) Calculations in Scilab:
I/l Requirements:

fc = 1.45e9; // Central Frequency
Zo =50; /I Characteristic Impedance
N =3; /I Filter Grade

/I Calculations:

BW = 145e6; // Bandwidth

A =BW)/2; // To obtain Low frequency and high frequency
fl = 1.45€9 - A; // Low Frequency

f2 = 1.45€9 + A; // High Frequency

D = (f2-fl)/fc //Fractional bandwidth

iat = (f2/fc)-1;

Wo = sqrt((2*%pi*fl)*(2*%pi*f2));

Vp = 3e8/sqrt(Er);

/I The G parameters for a 3rd order Chebyshev Filter are:
go=1;

gl =1.5963;

g2 =1.0967;

g3 = 1.5963;

/I Transforming the low pass filter to band pass filter //

/[Paralel Components

L1=(Zo*D)/(Wo*gl);
Cl=g1/(Zo*Wo*D);

L3=(Zo*D)/(Wo0*g3);
C3=9g3/(Z0o*Wo*D);

/I Serial Components

L2=(Zo*g2)/(Wo*D);
C2=D/(Zo*Wo0*g2);
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/I Concentrate Components Topology:

disp("WLAN BAND-PASS FILTER");

disp(""Concentrate Components Topology:");

disp("-- Z0 L2--C2 -);
disp(* [ [ | [ ")
disp(* L1 C1 L3 C3 ")
disp(* [ [ | [ ")
S ")
disp("L1 ="+string(L1));
disp("C1 = "+string(C1));
disp("'L2 = "+string(L2));
disp("C2 = "+string(C2));
disp("L3 = "+string(L3));
disp("C3 = "+string(C3));
2) Topology:
-- 20 ————————- L2--C2——————————————
I | I I
Ll Cl L3 Cc3
I | I I
Figure 15. Topology for Bandpass Filter.
3) Values:
Parallel:

L; = 3.442X10710 = 344.2pH.
C; =3.509X107 11 = 35,09pF
L3=3.442X10710 = 344.2pH.
C3=3.509X10~1! = 35.09pF.

Serie:
L, =6.026X10~8 = 60.26nH.
C, =2.004X10713 = 0.2004pH.
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4) Circuit for design for first topology:

a) Define the geometry

5)

Simulations:

dB(S(2.,1))

sP1

Stan=1.0 GHz
Stop=2 GHz
Step=1.0 MHz

TermG1
Num=1

L
2=500hM 3§ =342 pH
R=

L2
L=60.26 nH

B

c1
C=30.05pF

c2
©=0.2004 pF

L3

c3
L=3442 pH ©=35.00pF Num=2
R=

1:

TermG2

2250 Ohm

.

Figure 16. Circuital model.

m1
freq=1.378GHz
dB(S(2,1))=-2.928

m1

m2
freq=1.522GHz
dB(S(2,1))=4.922

n
LLF4

freq, GHz

Figure 17. F1 =1.378GHz and F2 = 1.522GHz
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ADS

dB(S(2.1))

m1 m2

freq=1.376GHz freq=1.514GHz

dB(S(2,1))=-3.027 dB(S(2,1))=-3.025
0 : —m1l m2

10 11 12 13 14 15 16 1.7 1.8
freq, GHz

Figure 18. F1 = 1.376GHz and F2 = 1.514GHz.

Schematic Model: Design with no tuning.

1) Calculations in Scilab:
I/l Requirements:

fc = 1.45e9; // Central Frequency
Zo =50; /I Characteristic Impedance
N =3; /I Filter Grade

/[ PCB parameters:

Er=3.55; // Relative permitiavility or dielectric constant
It =0.0021 // Loss Tangent

H =0.000813; // Dielectric thickness specified in meters
T = 17e6; /I Trace thickness specified in meters

/I Calculations:

BW = 145¢e6; // Bandwidth

A =BW)/2; // To obtain Low frequency and high frequency
fl =1.45€9 - A; // Low Frequency

f2 = 1.45e9 + A; // High Frequency

D = (f2-fl)/fc //Fractional bandwidth

iat = (f2/fc)-1;

Wo = sqrt((2*%pi*fl)*(2*%pi*f2));

Vp = 3e8/sqrt(Er);

/I Defining column vectors to store values/results
J_N =zeros(5,1);

ZO_N = zeros(5,1);
ZE_N = zeros(5,1);
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/I The G parameters for a 3rd order Chebyshev Filter are:
g0 =1;

gl =1.5963;

g2 =1.0967;

g3 =1.5963;

g4=1

/I Transforming the low pass filter to band pass filter //
//Paralel Components

L1=(Zo*D)/(Wo*gl);
Cl=g1l/(Zo*Wo*D);

L3=(Zo*D)/(Wo*g3);
C3=g3/(Z0o*Wo*D);

/I Serial Components

L2=(Zo*g2)/(Wo*D);
C2=D/(Zo*Wo0*g2);

/I Odd and Even Z characteristics calculations:
J_N(1,)) = (L/Zo)*sqrt((»opi*D)/(2*g0*gl));
J_N(2,)) = (L/Zo)*sqrt((%pi*D)/(2*g1*g2));
J_N(3,)) = (1/Zo)*sqri((%pi*D)/(2*g2*g3));
ZO_N(1,)) = Zo*(1-(Zo*J_N(1))+((Zo*I_N(1))"2));
Z0O_N(2,)) = Zo*(1-(Z0*J_N(2))+((Zo*I_N(2))"2));
Z0O_N(3,)) = Z0*(1-(Z0*J_N(3))+((Z0*I_N(3))"2));
ZE_N(1,) = Zo*(1+(Z0*J_N(1))+((Zo*I_N(1))"2));
ZE_N(2,) = Zo*(1+(Z0*J_N(2))+((Zo*I_N(2))"2));
ZE_N(3,7) = Zo*(1+(Z0*J_N(3))*+((Zo*I_N(3))"2));
/I Concentrate Components Topology:

disp("WLAN BAND-PASS FILTER");

disp(""Concentrate Components Topology:");

disp("-- Z0 L2--C2 ");
disp(* [ [ | | ")

disp("~ L1 C1 L3 C3 ")
disp* [ | [ [ ")

disp(" )

disp("L1 = "+string(L1));
disp("C1 = "+string(C1));

disp("L2 = "+string(L2));
disp("C2 = "+string(C2));

disp("'L3 = "+string(L3));
disp("C3 = "+string(C3));
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2) Values:

Zodd = 39.235544
Zodd = 39.509156
Zodd = 389.508156
Zodd = 39.235544
Zodd = 0

Zeven = 70.604689
Zeven = €9.463428
Zeven = 69.463428
Zeven = 70.604689

Zeven = 0
Figure 19.Scilab results for odd and even impedances.

We use the following design equations to get the inverter constant for a coupled line filter with
N+1 sections:

VIIA
Zoh = =
2g,
A
Zﬂ.!n = 5 r—gn-lﬂn L= 2,3,4 ...N
All
Zﬂjn+1 - 20n0ne1
Using these equations, we get:
Zol1 0.0062738
Zo]> 0.0059909
Zol3 0.0059909

The even and odd mode impedances can be calculated as follows:
Zoe = Zo[1+]Zy + (JZ0)?]
Figure 20. Even mode impedance.
Zoo = Zo[1+]Zy + (JZo)?]
Figure 21. Odd mode impedance.
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The results these calculations are tabulated below:

The subtracted used is RO4003C (MSUB) with E,. = 3.55, H = 0.00081 mm, T = 17um and Tand = 0.0021.
Using a start line calculator in Advanced Design System (ADS), Agile Technologies version 2011 version
software the dimensions of width, spacing and length of each stage are calculated by using even and odd
characteristic impedance. The characteristic impedance Z, typically assumed as 50 ohms. Each stage
length chose to be guided wavelength (A;) whereas it corresponds to an electrical length (Eeff) as 90. The

N Zoe (Q) Zoo(Q)

1 39.235544 70.604689
2 39.509156 69.463428
3 39.509156 69.463428

calculated dimensions of width, gap and length of each stage are show in the table below.

N Zoo (Q) Zoe(Q) Zy(Q) Width (mm) Length (mm) Gap (mm)
1 39.235544 | 70.604689 | 52.632817 1.414600 31.888300 0.215276
2 39.509156 | 69.463428 | 52.387417 1.441860 31.838800 0.233158
3 39.509156 | 69.463428 | 52.387417 1.441860 31.838800 0.233158
4 39.235544 | 70.604689 | 52.632817 1.414600 31.888300 0.215276
Milin Start line calc:
50 ohms:
"EH&
: 355 A
e
;.a; l%
R R i
= | L
e ]
M"“ muso |

Figure 22. Mlin 50 ohms in mm.
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Mclin Start line calc:

b LineCalc/untitled = [
Fe  Sruson  Op .

DER&

.

Toem waum | | iz wcian oeranr =

KE = 2912

KO = 2357
AE_DB = 0027
AD_DB = 0.036
SkinDepth = 0,081

Values are consistent.

Figure 23. Mclin N = 1 in mm.

P LineCalc/untitied =

KE=2017
KO = 2367
AE_DB = 0.027
AO_DB = 0.035
SkinDepth = 0,081

imerpurcn
1o o

Values are consistent

Figure 24. Mclin N = 2 in mm.



nw LineCalc/untitled -0

Fie  Simustion  Options Help

NEH&

T -0 [wc smowmar -

KE =237
KO = 2367
AE_DB = 0.027
AO_DE = 0.035
SkinDepth = 0.081
e ——
T - -
| values are consstent
Figure 25. Mclin N = 3 in mm.
= LineCalc/untitled -0
NEda
—
To wam v | 10 |mcusws wcuan pemauT -
N —
© [MsUBDEFALT o~

KE = 2912

KO = 2357
AE_DB = 0027
AD_DB = 0.036
SkinDepth = 0,081

Values are consistent.

Figure 26. Mclin N = 4 in mm.
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3) Schematic design with microstrip lines:

|@| 5 PARAMETERS I .

S_Param

SP1

Start=1.0 GHz

Stop=2 GHz

Step=0.1 MHz

TermG l:‘—e

MSub- TermG1 I\ \N : : : : -
\—l N1 L S

MSUB Z 50 Ohm Subsl "M Sub1" - MCLN . . A . .

MSub1’ W=1795340mm | o0 ] 1

o 0355153 rim L=31.036500 mm g oty sy N

r=: VG L

Mur=1 . W=1.414600mm = 500

Cond=1. 0E+50
Hu=3 8e+034 mil
T=0.017 mm
TanD=0.0021"
Rough=0 mm
Bbase=
Dpeaks=

4) Simulations:

dB (S21): F1 = 1.378GHz and F2 =
required bandwidth.

dB(S(2,1))

5=0.215276 mm Subst="

"y Subd”
L=318883 mm e o e MELN
CLin3
50233158 mm  gUE e —
1=31.8388 mm Wer satgg0mm 1O
SELZERRIES T Subst="MSub1"
il W=1.414600 mm
$20.215276 mm
L=3118883 mm

{1 1

| —

Figure 27. Schematic design with tuning.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S(2,1))=-3.488 dB(S(2,1))=-4.990
0 -
] it m2

10

20—

30

"40 T ‘ T ‘ T | T | T | T

1.0 11 1.2 1.3 14 1.5

freq, GHz

Figure 28. F1 = 1.378GHz and F2 = 1.522GHz.
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T2 Num=2
Subst="MSub1" Z=50 Chm
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L=31.026500 mm

1.522GHz. We need to do the tuning in order to have the



dB (S21): F1 = 1.246GHz and F2 = 1.637GHz. We need to do the tuning in order to have the
required bandwidth.

m1 m2

freq=1.246GHz freq=1.637GHz

dB(S(2,1))=-3.016 dB(S(2,1))=-3.017
0 III4 I2

dB(S(2,1)
T,

1.0 11 1.2 13 14 1.5 16 1.7 1.8 1.9 20
freq, GHz

Figure 29. F1 = 1.246GHz and F2 = 1.637GHz.

Circuit for design for first topology with tuning:

1) To implement the tuning, we need to follow the next steps:

AT10
*Add variables YAR / Double click over the “Var Eqn” icon/ Appear “Edit instance Parameters.

Gl Edit Instance Parameters

Seect Paramster Varistie o Equation Entry Mode
L1=31.8883 tune{ 15.94415 t0 47.83245 by 0.1} - ||Sandard =
S1=002 tunel 0.01 to 0.322914 by 0.01} e 11
$2-087 tune[ 0116579 to 0.9 by 0.01} B
12=31.3388 tune( 15.9194 10 47.7582 by 0.1} oo Yot

31.8883 Nene -
Equston Edor...
Tune/ORS1DO Setup.
< > Dispiay paramster on schematic
add at pase Component Optons.. Reset
Varible Vae:Varible sation
oK Apply Cancal Help

Figure 30. Variables editor.

VAR

VAR1
L1=31.8883 {t}
$1=0.02 {1}
$2=0.87 {t}
1.2=31.3388 {t}

Figure 31. Variables in ADS.
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.||[']||.
*Open tuning tool / Appear “Tune Parameters” window

Tune Parameters
s Proyecto_lib: Bandpass_fiter_tune:schematic
While Slider Moves -
Parameters
Include Opt Params
Enabie/Diszbl... = a = =
[] osplay Full Name
Value | 31.8883 0.02 0.8 313892
[ ] 5np sider to 55 Max | 47.83248 0322914 o8 47,7582
Traces and Values
Store...
-
>
s
Close Unassocisted Deta Displeys
Min | 1584415 0.01 0.11657% 155194
Update Schematic
Step 0.1 0.01 0.01 o1
Close Help Scale [Ln v in v in v in v

Figure 32. Tune Parameters window.

2) Schematic design with microstrip lines:

| W | S-PARAMETERS. I

S_Param
SP1
Start=1.0 GHz
Stop=2 GHz
Step=0.1 MHz
—1
TermG 7 :|_°
MSub TermG1-  MLIN
MsuB Z=50 Chm . Subst="MSub1" MoLN
MSub1 W=1.795340 mm CLint I:] I:]
H=0.813 mm L=31.036500 mm Subst="M Sub1"
Er—3 55 ="M Sub1" o
M1 LD S o, IR o, B0
Cond=10E+50 o mm Subst="MSubtt = o :
Hu=3.9e+034 mi -Limm W=1441880mm o oot —
Fmbnla?mrl?; fff; e S0 MELIN MLIN
I:oﬂug;:bmm o =il AT i CL\M TL_2
Bbase= fffgz mm Subst="MSub1" . Subst="MSub1"
Dpeaks= L “remm W=1.414600mm  W=1.795340 mm
= s S=81 mm 1=31.026500 mm
= VARt e

L1=31.8883 {1}

S1=002 {1}

$2=087 {t)

12=31.3388 {1}

Figure 33. Schematic design with tuning.
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3) Simulations:

dB (S21): F1 =1.378GHz and F2 = 1.522GHz.

m1 m?2

freq=1.378GHz freq=1.522GHz

dB(S(2,1))=-3.000 dB(8(2,1))=-2.929
0 m1 m2

L
o

[}
=]

dB(S(2,1))
g

IS
o

&
o

15 18 17 1.8 19 20

freq, GHz

-
o
-
-
-
[N}
-
w
-
~

Figure 34. F1 =1.378GHz and F2 = 1.522GHz.

dB (S21): F1 =1.378GHz and F2 = 1.523GHz.

m1 m2
freq=1.378GHz freq=1.523GHz
dB(S(2,1))=-3.000 dB(S(2,1))=-3.006
0 m1 m2
ADS E
-10{
= 20
ol i
oA
a 30
40
'50 ] T T T T | T T T | T T T

14 15 186 1.7 1.8 1.9 2.0
freq, GHz

—_
o
-
-
-
[av]
—_
w

Figure 35. Figure 24. F1 = 1.378GHz and F2 = 1.523GHz.

Layout design for first topology with tuning:

1) Create the layout with the tuning values for L, S;, L, and S, with no variables.
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2) Select “New Layout Window”.
File View Options Tools Window DesignKits DesignGuide Help
wiw BFC R E=%
File View Folder View Library] New Layout Window l

4 w| E\Adriana\Maestria\Disefio_Electronico_en_Alta_Frecuencia\Tarea\ 1\Simulacion\T_lines_microstrip\,
4 €| cell_1
W schematic

Figure 36. New Layout window.

3) Then appear “New Layout”/Cell: Write the cell name/ Ok.

New Layout
Library: |T_lines_microstrip_lib -
cell: Browse Cals..
View: layout Edit View MName...

Connectivity: WYSTWYG Change...

oK Cancel Help

Figure 37. Cell name.

4) Appear the “Bandpass_filter_tuning_layout.......” Window
cell_2 [T_lines_microstrip_lib:cell_2:layout] (Layout):1

9 $ERRLE HHREH [EFEY O
J:\r.d\ﬁﬁiu =& O‘J:_\V,SCUﬂd:drawmg vJ]-4>/[>|:|OA

_.
=
2
I
g
E=1
5
2
o
2
<
=
)
L4

Falette 2 x .

TLines-Microstri v | N,
. [ =] A
= || =
Maclin Maclind

A1
Figure 38. Layout window.
L
5) Select the “T-lines-Microstrip” to create the Bandpass filter. For this design we use MLIN HMLIN
]
=L

and MCLIF Mefil

6) To edit the parameters in the TLines-Microstrip double click over the TLines.
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*MLIN.

e n— 1

Edit Instance Parameters ch O P Ty B
m . Subst="MSub1" LI
W=1.785340 mm CLI;HI
Ubenry name:  ac_fines L=31038500mm gb i e e * :l - Y
Cal nama: HUN - ¥ ' n
Vavamu  byos e Edit Instance Parameters
Instuncs nama: TLL
Lbrary name:  aih_fiea
Salsct Parameter Farameter Entry Mode - S
Vi ramac pyebol
Subst="MSub1™ Siring and Referance - Instarcs rame | TLL
W=1.795340 mm
Saact Paramater Faramater Ertry Mode
L=31.036500 mm Subst e —
ubsts ul Rekannce Z

Wall1=2.5e+028 mm MSubl v W=1.795340 mm

Wall2=2.5e+028 mm L=31.038500 mm Subat

Temp= Wall1=1.0E+30 mil MSubt w

Mod=Kirschning Wall2=1.0E+30 mil

Temps=

Mod =Kirschning

£ > o Dapay sareetar on whemate
Companant Optcns... Raet | Bsapiay parameter on achamatic
Subst Substrate rstance name e L
Subt: Subutrate ratance name
oK Apphy Cancel Hep
o Appiy Cance Help
Figure 39. Layout vs schematic for MLIN 50 ohms.
*MCFILforN=1and N =4:
B Edit Instance Parameters uam
i o [ e gy B
Subst="MSub1" =T
Library name:  ads_tires gﬁ‘n?“n;nm mm Clin2 ‘_D_'—’
el rame: MCFIL oy Subst="MSub1" MOLN
L1563 min W=1 441880 mm
Wy nara lrypent Chim, n
Tnstance neme: | CLing e Edit Instance Parameters
Saiect Paramater Paraeter Ertry Mods Loy rawe: s _tine.
N —
Subst="M5ub1” String snd Reference B Ve e pmb
W=1.414600 mm e
5=0.02 mm Subst et Faraanar Puramatar Ertry Mode
L=31.883 mm MSubt v Subst="MSub1” Sring ind Seferencn ud
Temp= W=1.414600 mm
W1=0.0 mil S=0.02 mm et
W2=0.0 mil L=31.883 mm —rr -
Temps
W1 =00 mil
W2=00 mil
1 W3=0.0 mil
4 - W4=00 mil
Component Options... Reset W Douplary parsmminr or schamats
Subst i Substrate rstarce rame Comporert Optors._ et
Stk Siesie bufancn s
oK Apphy Cancel Help
o= Apy Carce Heip

Figure 40.Layout vs schematic for MCFIL N =1 and N = 4 in mm.
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*MCFILforN=2and N =3:

7)

File

Edit Instance Parameters

Edit Instance Parameters n

et
1nd Ratarer v
L 42
V' Oaiey pareen —
wrt Op -
ba Suvares e o
. Aop Cancel o ” . -

Figure 41. Layout vs schematic for MCFIL N =2 and N = 3 in mm.

Insert the Ports/ Insert Pin.

Edit

\EH&S

Select

Options Tools Schematic EM  Window

Bandpass_filter_tuning_layout [Proyecto_bandpass_lib:Bandpass_filter_tuning_layoutlayout] (Layout):23
DesignGuide  Help

FEHPBPy MHIREH Ty v21S

ads_tlines:MLIN

i SEEE E_:L\.mp“mr; T o30A

emSetup

e & X

Using this icon enables you to easily place

Recently Used Pal v

pins on your designs.

_ = A When you place 3 pin, position the cursor
Nacln || M3 directly on the end of the instance-pin of
wire to which you are connecting
MSABND || MSTERD
52 =
= (=
]
—
=
[
{b -L'j
Meroso | Micurse
o || oo
Mewe | M
AL
MGAP! | MGAPZ
& W
MOARD | MGAP4
5
MCAPY | MEAPZ
=
HEAPSD | MCARA
AT
Wiaeg | Miangs

Figure 42. Ports for the layout.
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8) Add substrate/ Click over “Substrate editor”.

)

File Edit Select View Insert Options Tools Schematic EM Wind
NEH& Y XYW 4 EPPP
ads_tlines:MCLIN v li!ﬂ ;}ﬁ :‘irﬁ r‘\il |x\| é On J:- \ v,s

BB Substrate Editor

Palette g X

TLines-Microstrip v

— = ~
= || =
Maclin || Mashing

S Opens the substrate of the
| current EM setup in the editor.

Figure 43. Substrate Editor icon.

9) Add substrate name:

New Substrate
Library: T_lines_microstrip_lib -

File Mame: | substratel

Template: |25milAlumina -

Figure 44. Substrate name.

10) Appear the “substrate [T_lines_microstrip_lib] (Sustrate):24”.

- substrate? [T_lines_microsirip_lib] (Substrate}-2 - ol

VEH PP BEE

Selec s srars tem 1 see
mare informran, abaue ot tem.

Figure 45. Substrate window setup.

54



11) Select dielectric material:
*Add the thickness:

= substrate1 [Proyecto_bandpass_lib] * (Substrate):24 - B
File  Technology  View Options Tools  Window  Help
T ==
NEH4PP ES
Substrate Name: substrate1

AR

e

“lalimina
nﬁh_)“‘m "=
flim eter

Use right mouse context menus to add or delete substrate items.

‘Select items on the subsirate and view their properties below.

‘Substrate Layer

Meteral [ Alumina

~|C=]

Bounding ares layer:

ETr T —

Figure 46. Thickness of the board.

*Add material: Click over ...

File  Technology  View

NEH+9® BER

substratel

Options  Teols

‘Substrate Name:

Window

Help

=

ashmyg
limeter

AR

lalumina
10813 millimete

= substrate1 [Proyecto_bandpass_lib] * (Substrate):24 - 0

Use right mouss contest menus to 2dd or delste substrate tems.

‘Select items on the substrate and view their properties belaw,

Substrate Layer

Meterisl | Aumina

-
|

o o]

Thicknes: | 0.813

Bounding area layer:

Figure 47. Material selection.

*Appear “Material definitions” window/ Add from Database.

View Technology for this Library: | Proyecto_bandpass_lib -

Conductors | Dielectrics |

| surface ]

Material Definitions

Material

Permittivity (Er)

Permeability (MUr)

Djordjevic

Materiz;i Name Library

Real

Imaginary

TanD Real Imaginary Type

TanD Freg

Low Freq High Freg

Add Dielectric _ Remove Dielectric

Figure 48. Select the material.
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*Appear Add Materials from Database/ Choose the RO4003 material.

Add Materials From Database -

Select materials to add to the technology:

Conductors Dielectrics Semiconductors

Name Er Real Erlmag Er TanD MUrReal MUrImag Model Type TanD Freq Low Freq High Freq ~
RogersRO3003 3.0 8.7e-4 1 Svensson/Djordjevic 30GHz 1 KHz 1THz
Rogers_RO3003 3.0 0.0013 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz
Rogers_RO3006 6.15 0.0025 1 Svensson/Djordjevic  10.0 GHz 1KHz 1THz
Rogers_RO3010 10.2 0.0035 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz
Rogers_R0O3203 3.02 0.0016 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz
Rogers_R0O3210 102 0.003 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz
Rogers_RO4350 3.66 0.004 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz
Rogers_RT_Duroid5870 233 0.0012 1 Svensson/Djordjevic  10.0 GHz 1 KHz 1THz o
==
Figure 49. Material RO4003.
*Click Apply/ Ok.
Material Definitions
View Technology for this Lbrary:
Conductors | Dielectrics | | Surface Roughness |
Material Permittivity (Er) Permeability (MUr) Djordjevic
Matelia’i Name Library Real Imaginary ~ TanD Real Imaginary Type TanD Freq Low Freq High Freq
Rogers_R0O4003 Proyecto_bandpass_lib 3.55 0.0021 1 Svensson/Djordjevic 10.0 GHz 1 KHz 1THz

| Add Dielectric | |Add From Database... |[Remove Dielectric

*Substrate definition:

Figure 50. Material definition.

N o | D e |

substrate1 [Proyecto_bandpass_lib] * (Substrate):24 - B
File ~Technology View Options Tools Window  Help
= —
DERH+PP B=0
SNl otid Use right menus o add or e,
‘Select itams on the substrate and view their properties below,
Substrate Layer
Metecsl | Rogers 80403 -=]
Thickness | 0.813 |mimter
— =
AR
i Rogers RO4003
081 = :)uﬁmmllhmen&r
0 milimeter

12) Setup for cupper:
*Select the cupper in the window:

Figure 51. Substrate RO4003.
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= substratel [Proyecto_bandpass_lib] * (Subsirate):24 - =

U G i ot i 4 i it

et e < o b e Vi B o b

Comiecrtire
e [cndq) =
] vty e bm

Opsien
..
il Bester.
0513 et

Tk 0 e -
ange = e
Sarocn LR -
Fogheas
= Boter Momer -

Figure 52. Cupper.

*Click over ...

= substrate1 [Proyecto_bandpass_lib] * (Substrate):24 - 0
File  Technology  View Options Tools  Window  Help
* -
NEH @@ B
B ol Use right mous contesd menus 1o 2dd or deiste substrats tems.
Select items on the substrate and view their properties below.
Conducter Layer
ayer | cond (1) vIE-]
[ vy pins and pin shapes from yer
wsrsl | seRrecy conoucton 3 |
(®) shest
Operation () ntruds into substrate
() expand the substrate
AR
o <7 Rogers RO R
051 0313 i lmeter
0 millim eter! wEms g [ meren e
Angle degrees
Figure 53. Perfect conductor.
* “ . HER] ” H “ ”
Appear “Materials Definitions”/ Click on “Add from Database”.
{1 Material Definitions
View Technology for this Library:
Conductors | Dielectrics | | surface |
Material Loss Parameters Permeability (MUr)
Material Name’\ Library Parameter Type Real Imaginary Real Imaginary

Add Conductor Remove Conductor

[ o [ o ][ roww ][ vee |

Figure 54. Materials Definitions window.
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Add Materials From Database

Select materials to add to the technology:

*Appear “Add materials from database”/ Select “Copper”/ Ok.

Conductors ‘ Dielectrics | Semiconductors ‘
Name Type Real Imag
70_30_brass  Conductivity 1.57e7 Siemens/m Siemens/m
Ag Conductivity 6.17e7 Siemens/m Siemens/m
Al Conductivity 3.72e7 Siemens/m Siemens/m
Aluminium Conductivity 3.72e7 Siemens/m Siemens/m
Au Conductivity 4.1e7 Siemens/m Siemens/m
Cu Conductivity 5.8e7 Siemens/m Siemens/m
Gold Conductivity 4.7e7 Siemens/m Siemens/m

Figure 55. Copper.

*In “Material Definitions” window/ Apply/ Ok.

Material Definitions
View Technology for this Library:  Proyecto_bandpass_lib v
Conductors I | surface |
Material Loss Parameters Permeability (MUr)
Library Parameter Type Real Imaginary Real Imaginary
Proyecto_bandpass_lib Conductivity 5.8e7 Siemens/m 1

|add conductor|  add From Database...| Remove Conductor|

Figure 56. Material setup.

Fle  Technology View Cpiions Teok Window  Help

NEH +P2 BEW

Bubsiin e bl

=%

s RO
0811 mimeter

= substrate1 [Proyecto_bandpass_lib] * (Substrate):24

*Select the options in color red and add the copper thickness indicated in the stack-up.

e
) Sheat
) emans e witmen
e
=~
S
e = =
e
— =
.
—E R

Figure 57. Copper parameters.

*Save changes.

13) Simulation setup:
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cell_2 [T_lines_microstrip_lib:cell_2:layout] (Layout):1

File Edit Select View Insert Options Tools Schematic EM Window DesignGuide Help

NEH&E kXD 4 @GPPI RSH (RS e+HS
ads_simulation:OscTest v ﬂ]j\_\ _R:\G :\ﬁ?ﬁ i V 5 C)- J:- \ v,s cond:drawing = _I]- {> /L> (| O A
S EBC I

EM EM _—
e
Palette g X

EM Simulation Setu
rFLines—Micrnstrip v H

— | = A : - : Opens the dialog for the current EM
Wacln || Masind . . Bl sctup. Defaults will be set in the

s e M zbsence of such setup.

Figure 58. EM simulation setup.

*Appear “Proyecto_bandpass_lib:Bandpass_filter_tuning_layout:emSetup*(EM Setup for simulation)”.

Proyecto, bandpass i fandpas.fitr_funing layoutemSetun * (EM Sewup for simulation)  — = G

RN Fia N EY |

Figure 59. EM window.
*Frequency plan:

EW| Proyecto_bandpass_lib:Bandpass _filter tuning_layoutemSetup * (EM Setup for simulation) - b

File  Tools  View Help

HE9YC ss B=>A @@

4[En) Mom uW Frauency Pan
Layout
@ Partitioning B Remove
£ Substrate .
0 ports Type  Fstat  Fstop  Npts  Step el
M 1 Adaptive 1GHz 2GHz 50 (max) -

Figure 60. Frequency plan.
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*QOptions/ Mesh.

= Proyecto_bandpass_litxBandpass.filter_tuning_layoutemSetup * (EM Setup for simulation) - oEE

AN TN P N EY- |

Figure 61. Options.

*S-parameters/ Simulate.

Proyects bandpass,lib Bandpass_filer_tuning_layoutemSetup * (EM Setup for simalation) -

e s B> MLE

Figure 62. Simulation.

13) Simulations and Layout:
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*Mesh 20:

Figure 63. Layout with mesh of 20.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S21_fitted)=-3.392 dB(S21_fitted)=-6.151
0 m1
] 2
104
52
]
3%8 -20
NN -302
oL ]
om i
402 \
'5()i T | T ‘ T | T ‘ T | T ‘ T | T ‘ T | T
10 11 12 13 14 15 16 17 18 19 2.0
freq, GHz
Figure 64. F1 =1.378GHz and F2 = 1.522GHz.
m1 m2
freq=1.383GHz freq=1.493GHz
dB(S21_fitted)=-3.021 dB(S21_fitted)=-3.057
0 ml_m2
ADS -
-103
=T
@ ]
29 -20]
N~ -30-
mf ]
Tm i
© 407 |
-50-4

T ‘ T ‘ T | T | T ‘ T ‘ T | T | T | T
10 11 12 13 14 15 16 1.7 18 19 20
freq, GHz

Figure 65. F1 = 1.383GHz and F2 = 1.493GHz.

61



*Mesh 40:

Figure 66. Layout with mesh of 40.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S21_fitted)=-3.225 dB(S21_fitted)=-6.246
0 A
LD ] 2
-103
52
© ]
25 20
L ]
O —
g0 ]
om -
40 |
_50 r T ‘ T | T ‘ T | T ‘ T | T ‘ T | T ‘ T
10 11 12 13 14 15 16 17 18 1.9 2.0
freq, GHz
Figure 67. F1 =1.378GHz and F2 = 1.522GHz.
m1 m2
freq=1.380GHz freq=1.493GHz
dB(S21_fitted)=-3.039 dB(S21_fitted)=-3.067
) 0 ml m2
104
s ]
o ]
é% -20
L ]
N ~— -
g0 3
om -
402 |
-50-¢

T | T ‘ T | T ‘ T ‘ T | T ‘ T | T ‘ T
10 11 12 13 14 15 16 17 18 19 20
freq, GHz

Figure 68. F1 = 1.380GHz and F2 = 1.493GHz.
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*Mesh 80:

Figure 69. Layout with mesh of 80.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S21_fitted)=-3.113 dB(S21_fitted)=-6.397
0 m
o ] 2
101
5%
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295 20
O — B
g8 7
Tm m
40 ,
_50_ T ‘ T ‘ T ‘ T | T ‘ T ‘ T | T ‘ T ‘ T
10 11 12 13 14 15 16 17 18 19 20
freq, GHz
Figure 70. F1 = 1.378GHz and F2 = 1.522GHz.
m1 m2
freq=1.378GHz freq=1.492GHz
dB(S21_fitted)=-3.051 dB(S21_fitted)=-3.009
3 0 ml_ _m2
104
2T
% ]
29 20
O — B
g8
Tm 4
40 |
504

T ‘ T | T | T ‘ T ‘ T | T ‘ T | T ‘ T
10 11 12 13 14 15 16 17 18 19 20
freq, GHz

Figure 71. F1 = 1.378GHz and F2 = 1.492GHz.
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*Mesh 100:

)

S21 _discrete)

S21_fitted

dB(
dB(

)
)

S21_fitted

S21 discrete

dB(
dB(

Figure 72. Layout with mesh of 100.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S21_fitted)=-3.051 dB(S21_fitted)=-6.207
0 m1
] 2
-104
-20—|
-30—
-40— X
'5()i T ‘ T | T | T | T ‘ T ‘ T | T | T | T
10 11 12 13 14 15 16 17 18 19 20
freq, GHz
Figure 73. F1 =1.378GHz and F2 = 1.522GHz.
m1 m2
freq=1.378GHz freq=1.495GHz
dB(S21_fitted)=-3.051 dB(S21_fitted)=-3.051
0 ml_m?2
-10—
-20—
-30—
-40— b
':5()t T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T
10 11 12 13 14 15 16 17 18 19 2.0

freq, GHz

Figure 74. F1 = 1.378GHz and F2 = 1.495GHz.
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*Mesh 200:

Figure 75. Layout with mesh of 200.

m1 m2
freq=1.378GHz freq=1.522GHz
dB(S21_fitted)=-2.519 dB(S21_fitted)=-5.968
m1
o 0: 5
-104
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freq, GHz
Figure 76. F1 = 1.378GHz and F2 = 1.522GHz.
m1 m2
freq=1.371GHz freq=1.497GHz
dB(S21_fitted)=-3.006 dB(S21_fitted)=-3.051
0 m1 m2
104
5%
ol ]
£3 20-
N — B
g0
Tm ]
40— \
4
-50

T | T | T | T | T ‘ T ‘ T | T ‘ T ‘ T
10 11 12 13 14 15 16 17 18 19 20
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Figure 77. F1 = 1.371GHz and F2 = 1.497GHz.
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Conclusions

In conclusions, and FR4 microstrip parallel coupled line bandpass filter is well designed and
simulating by using the ADS software tool form Agilent Technologies. The filter is simulating circuital,
schematic and in layout. The simulations is showing the S1 parameter, but as we can see in the schematic
design we need to perform a tuning in order to achieve the bandwidth for the bandpass filter and for the
layout we need to do a tuning in order to have the expected bandwidth.
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C. ANTIPAD CALCULATION FOR A HIGH-SPEED PCB USING
MATLAB.
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1 Introduction

In the design of PCBs that contains high speed signals, is very common to perform signal integrity
simulations in certain areas of the design (the most critical ones), using tools like HFSS (High Frequency
Structural Simulation) from ANSYS. In the case of this project, there was a need to design a board to
perform electrical validation of one of the chips designed by Intel. The board include in its design a Samtec
connector bulls eye type, like the one depicted in the figure 1.1

Figure 78.1 Samtec connector (bulls eye type).

The Samtec connector goes to the CPU via single ended lines with a controlled impedance of 50
ohms, and this was the part of the design that was simulated, which corresponds to the path: Samtec
connector — connector pad - via — via pad - trace, which is described in the figure 1.2.

—_Via or micro via
—{

Output Port

Via

pad T
Samtec

connector pad
Trace

“.___, Samtec connector
=

.
Input Port

Figure 79.2 Path simulated: Samtec — Via - Trace

It is very important for the design, to maintain as much as possible the 50 ohms impedance in the
path. One key element that is affecting the impedance is the parasitic capacitance of via, hence the
importance to perform the simulations, to find the right value of the anti-pad diameter in the ground
planes, to maintain that parasitic capacitance very low. The anti-pad is described in the figure 1.3.
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Ground planes

vy

Anti pad —
—>

Figure 80.3 Anti pads in the ground planes

This simulation was already performed without using any optimization script, the simulation was
done by changing manually the antipads of the via in the HFSS tool. The objective to using the same HFSS
model is to make an optimization of the anti-pad via using a driver for HFSS using Matlab, an objective
function and a method to optimize the anti-pad size. The idea is to compare manually simulations using
only HFSS with the simulations using an optimization method.

The present report contains the following elements:
- Theory to describe why is important to reduce the parasitic capacitance of the via
- Fixed parameters: Board stack up, SAMTEC connector model, frequency, via size etc.
- Optimization: HFSS driver, optimization variables and starting point.
- Results of the models created in HFSS using Matlab: Through hole via

- And finally, the conclusions.

2 Theory

2.1 Parasitic elements in a PCB

In the design of PCB boards that include higher speed frequencies, it is very important to take
into account the parasitic elements that are intrinsic in the physical design. In this project, the parasitic
capacitance of via is affecting the impedance of the complete signal path.

For the impedance equation, various forms exist depending on whether we are examining plane
wave impedance, circuit impedance, and the like. For wire, or a PCB trace, the following equation is
used:

. 1 . L
Z_R+]XL+E_R+JWL+jWC (21)

where X, = 2nfL (the component in the equation that relates only to wires or PCB traces) [1]
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1
XC = m (22)

w = 2mf, (2.3)

As we can see in the equation 2.1, the capacitance is a key factor in the calculation of the
impedance, that in the case of this project, the capacitance of the via was key for the calculation of the
impedance for the complete path, which is formed by the SAMTEC connector, the via and the PCB trace,
as described in the figure 2.1.

Every via has parasitic capacitance to ground. Vias being physically small structures, they behave
very much like lumped circuit elements. We can predict, within an order of magnitude, the amount of
parasitic capacitance for a via: [2]

_ 14ler TD,

2.4

Where D2 = diameter of clearance hole in ground plane(s), in.
D1 = diameter of pad surrounding via, in.
T = thickness of printed circuit board, in.
er = relative electric permeability of circuit board material
C = parasitic via capacitance, pF

When the pad size approaches the clearance hole diameter, pads pick up a lot more
capacitance. If your ground clearance holes must remain small to maintain ground continuity, shrink or
eliminate the pads on ground layers. For trace routing vias, it doesn’t matter if you get some breakout
on the plane layers. [2]

Trace impedance is S0chms +3%.

Figure 81.1 Impedance of the cable, via and trace.

The primary effect of via capacitance is that it slows down, or degrades, the rising edge of digital
signals.
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If we must make many pad capacitance predictions, it is recommended to use electromagnetic
field modeling software, since these packages can (with enough computer resources) accurately model
the inductance and capacitance of three-dimensional structures. [2]

In the development of this project, the PCB simulation that was used was HFSS.

As we can see in the equation 2.1, also the inductance is a key element that influence the
calculation of the impedance, however, in this project was considered to be in control, because of the use
of 7 ground vias that surrounds the via signal, following the recommendation of the Samtec connector
designer. In this way, the influence of the inductance is kept in control. Those ground vias can be observed
in the figure 2.2.

—

[l

Figure 82.2 Ground vias surrounding the via signal

2.1 Optimization methods

Automated design optimization technology is rapidly being adopted by engineers in nearly all
major industries. The potential for delivering better designs in less time compared to manual optimization
approaches makes automated design optimization very attractive from both a technical and a business
point of view. However, one of the main barriers to widespread usage of design optimization in industry
is the difficulty of choosing an appropriate optimization search algorithm for a given problem.

It is well known that all search methods have at least some limitations. For example, some
methods work effectively only when it is possible to accurately compute gradients of the solution with
respect to the variables. Some methods work only for continuous or discrete variables (but not both), or
for a relatively small number of variables. And some methods require a relatively large number of design
evaluations to be performed in order to find an optimal solution. There is no single method or algorithm
that works best on all or even a broad class of problems. In order to choose the best method for a given
problem, one must first understand the type of design space that is being searched. The design space for
a given problem is defined by the types of responses and by the number, types and ranges of the design
variables.

A model requires some inputs in order to make calculations. Analysis models require inputs—
analysis variables— and compute outputs—analysis functions.
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J’ Inputs

Analysis Model

l Outputs

The designer specifies a set of inputs, evaluates the model, and examines the outputs. Suppose in
some respect, the outputs are not satisfactory. Using intuition and experience, the designer proposes a
new set of inputs which he or she feels will result in a better set of outputs. The model is evaluated again.
This process may be repeated many times. The computer is now used to both evaluate the model and
search for a better design.

2 Analysis Variable Values
s

Goals o
— 3 Optimization .
Routines Analysis Model

A

Analysis Function Values ‘

3 Project Development

3.1 Design Specifications for optimization model

3.1.1 Fixed parameters

The design has some parameters that are not be part of optimization variables. Those parameters
are
stack-up, frequency design (the high-speed simulating in this project works at 20GHz, shielding vias
(ground) around the singled ended trace, via size, trace width, impedance trace of 50 ohms and the
SAMTEC connector model provided by SAMTEC company

The PCB board with the following stack up has to be used, it was part of the requirement, to be
able to design a board to transmit the high-speed signals. This stack up was provided by the PCB
manufacturer vendor. The PCB material is low loss (Megtron6).

m"'"; OPCM Stack.up Information

Dilfential Diffential

Thickness | Proposed " 000hm +/- 10% | _1000hm +/- 10%

(mils] | Thickness | S79etre Via :::fiz Ref | Taraet | Finished | Torget | Finished
(mils) twise | wise | Lwise | Lwise

Asstme|

Layer CuWeight

Soldermask
] Top T30z +Plating X E
Prepreg X X 078RCT2
2 | sgal Hoz
Care dmil cara
k] GHD Haz
Fropreq
are

75%

L1&L3 3446 3.8/8.2

25%

| | I
5%

0 Z116RCS6 * 2

] ] I
75%

s

Z6rmil dumimy core
Z116RCS6 - 2

Prepreg
¥} HD Hoz

Amil core 1 1
L&l EXT 38782

are
5 Signal Hoz
Prepreg
6 | Bottom | 1/30z+Plating
Seldermask

1078RCTZ

0
0
0
0

[Finished Thickness (mils) 68.20

Figure 3.1 Stack up defined by the PCB Manufacturer
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Using the stack up described in the figure 3.1 as a reference, the PCB model was created at the
HFSS tool. Another requirement was to use the SAMTEC connector model provided by the SAMTEC
Company. The connector model contains all the characteristics needed to properly simulate the
connector. The PCB model created was connected to the SAMTEC connector model, forming the complete
model used in the HFSS simulations. The PCB and the Samtec connector can be seen in the Figure 3.2.

The requirement of the impedance path is that it must be 50 ohms + 15%.

Figure 3.2 PCB, Samtec connector and PCB assembled with Samtec connector

3.1.2 Design Specifications: Starting point and optimization variables

This simulation was already performed in HFSS but without any optimization method, the anti-
pad sizes were changed manually by the user. The optimization variables for this design are anti-pad 1
this is for the top side of the board and the anti-pad 2 this for the internal and bottom layers. Also, for the
optimization algorithm the starting point was the obtained result in the manually HFSS simulation and the
seed is:

Anti-pad 1| Anti-pad 2

46 52

3.1.3 Formulation of the optimization model

The optimization has three Matlab scripts:

e antipad_HFSS_driver.m: To develop this driver it was necessary to have the model drawn
in the HFSS tool, then with help of HFSS script it was obtained a .vbs file. The .vbs file
contain the information of how to open a project in HFSS, the PCB and Samtec connector
model and the fixed parameters and the variables that will be optimized. This driver
provide a .cvs file which contain the time and impedance.
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e antipad_HFSS_OF.m:
o This script contains the restriction for the optimization.

o Minimax formulation: The impedance of the high-speed signal supposed to be
close to 50 ohms, but the model has a tolerance of 15%. The minimum and
maximum impedance value is provided by the csv file.

x =arg mip U(x) = argmin max{...e (x)...}

o Where a negative valor in the k-th error function ey(x), implies that the
corresponding design specification is satisfied, otherwise it is violated.

e antipad_HFSS_opt.m: This script has the fminsearch method used for the optimization
and the plots.

The optimization developed works as the following diagram:

[Formulation of the optimization]

3.2 HFSS models with through hole via

The following pictures represents how the through hole via model was created. At the left-hand
picture, the pads, connector, via and trace are highlighted. Then, at the right-hand picture, can be
observed the PCB with the 7 via grounds, with the 4 ground layers.

Figure 3.4 HFSS model for the through hole via.
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3.3 Simulation results using Matlab

Once the optimization was run, several simulations were performed to find the right values of the
anti- pads. The results are the following:

Tolerance: 15% (57.5 ohms - 42.5 ohms)
antipad 1 (mils) | antipad 2 (mils) | Zmax (ohms) | Zmin (ohms) | Maxerror | Duration (min)

46 52 64.36 43.64 0.1193 21.46
48.3 52 64,12 45,51 0.1151 17.57

46 54.6 67.75 43.85 0.1435 17.33
48.3 49.4 63.11 45.24 0.0976 20.71
49.45 46.8 61.47 45.13 0.069 18.22
51.75 46.8 61.42 46.14 0.0683 18.32
54.62 44.2 60.5 46.011 0.05 17.94
55.77 39 58.54 44.42 0.0181 19.45
59.51 32.5 55.51 42.65 0

Now, since the size of the pad of the connector is different than the size of the pad of via, there
are two anti-pad values that need to be modified. The figure 3.7 describe the 2 different anti-pads that
were used. There is an anti-pad 1 that is used in ground layer 1 and an anti-pad2 that is used in ground
layers 3, 4 and 6.

Anti padl
-

S

/

Anti pad2

Figure 3.8 Anti-pad1 and Anti-pad2 definition

3.3.1 Through hole via results

The best value was obtained with an anti-pad 1 diameter of 59.51 mils with a impedance is 55.51
with a tolerance of 15% and the anti-pad 2 diameter is 32.5 mils with a impedance of 42.65 with the same
tolerance.
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Impedance calculation with 15% tolerance

60 -

[54]
(+)]
T

Impedance(Ohms)

8
T

o
\

Before optimization: (46 mils, 52 mils) L
— — After optimization: (59.51 mis, 32.5 mils) ‘\— _____________________________________
1 | I 1 1 1 1 1
0.2 01 0 01 02 03 04 05
Time(ns)

4 Conclusions

It was very interesting to work in a tool where we were able to implement our own PCB model
and then integrate it with a model provided by a connector manufacturer. In this way, the simulations
performed for our designs, will be closer to the reality, and we take advantage of the work performed by

the connector manufacturer.

Several simulations were performed for the through hole via model, but we were not able to
comply 100% with the specification, although it was very close. However, looks like this is not unusual.
At the end, the idea is to be as close as possible to the ideal state, even though sometimes cannot be
implemented in this way. However, it is a very good approximation.

Even though this tool was not reviewed in class, the basics and the elements for the Sonnet tool,
helped a lot to understand easily this tool. The main ideas were clear, the rest is was just a matter of

playing with the tool.

It was very nice to work in a project that Signal Integrity Engineers normally does. In this way,
we got a better understanding of the work that they develop.
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