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Chapter 1
Nanosatellite (AraMiS)

1.1 Introduction:

In recent years, many industries and research institutes are trying to access the space. For this,
rockets are always used to bring the satellite in the orbit of earth. This makes a lot of effort and
tedious that leads to make a small satellite with same pitcher that easily launches in the space along
with large number of other small satellites simultaneously. Their launching cost becomes
economical when shared by different manufacturer and also affordable for universities and small
companies. Secondly, the small satellites are going to decrease in weight, dimension and cost day
by day but it increase the complexity of the system progressively. A continuing miniaturization of
electronic components has played a major role to decrease the complexity of the system and create
an innovation project that no one could ever think about it.

The innovative project known as ‘AraMiS’ satellite is followed after many experiments and hard
working done by many researchers. It is basically a nanosatellite whose weight is between 1 to
10kg. This design gives a low cost and high performance approach to the new world. The reason for
high performance is that it has power management subsystem that attains the maximum solar power
generated by solar cells. Different numbers of solar cells are used according to its application that
should also meet the requirement of budget.

Every satellite system must ensure the critical functions. In particular:

e Power Management System

e Position Control System

e Housekeeping Sensor

e Management and Analysis of Data Control in the satellite
e Telecommunication System

In addition, the components of the satellite are affected by different noise frequency that is
generated by internal and external sources. For the external noise, the structure is completely
metallic body and it has a good shielding against electromagnetic emissions (EMI). For the internal
noise, it creates interference between the various boards or within a same board. It is controllable
when placing the appropriate positioning of ground planes of both Analog and Digital units.

Before the end of the project, all the components of small satellite must be described in Visual
Paradigm software. It makes for easily understanding and rapidity to define projects in a clear and
efficient way. UML is used for the design and documentation of the AraMiS project. The
functionality of each and every module of the project must be mentioned in UML.

1.2 History of Small Satellites:

The first developed project of Nano-Satellite made by the researchers of two popular universities
named as California State Polytechnic University and the University of Stanford with the
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collaboration of the Space Systems Development Laboratory in 1999. It became the standard for all
upcoming small satellites. The size of this cubical shape is 10cm x 10cm x 10cm and its total mass
is less than 1.33Kg. The diagram of first nanosatellite is shown in below Figure 1.1.

Figure 1.1: CUBESAT Satellite

Another small satellite was created after the first one is known as ‘PolyPicoSatellite Orbital
Deployer’. In P-POD satellite, Commercial-Off-The-Shelf (COTS) are used to design this nano
satellite. It means that the components are purchased from the market in order to meet the
requirement of the budget. It also provides a good level of reliability. The diagram of P-POD
satellite 1s shown in below Figure 1.2.

Figure 1.2: Poly-Pico Satellite Orbital Deployer (P-POD).

After this, a special satellite was designed by department of Electronics Engineering (DET) of
Politecnico di Torino in 2004. Its name is ‘PicPot’ cubical satellite and the comparable size is 13cm
x 13cm x 13cm. Its mass is less than Skg and the maximum power consumption is 1.5W. The life of
this PicPod in the orbit is 90days. The diagram of PicPot cubical satellite is shown in below Figure
1.3.

Figure 1.3: PicPod Satellite.



The goal was to measure the temperature and illumination with resulting in data transmission to the
ground station from the height of almost 800km but unfortunately, in July 2006 the team of
Politecnico di Torino launches the PicPot from the base of Soviet Baykonous but launcher blew up
before reaching to the orbit. After this unsuccessful project, university’s team continued their
research and developed a new nanosatellite known as ‘AraMiS’.

1.3 Architecture of AraMiS Project:

AraMiS is modular in electrically, mechanically, protocol and software level. It reduces the cost on
designing, testing and fabrication in the field of nanosatellite. The comparable size of AraMiS is
16.5cm x 16.5cm x 16.5cm. Its mass is less than 5kg and the maximum power generated by the
solar panel is 6W. The life of AraMiS in the orbit is five years and is modular in electrically,
mechanically, protocol and software level. The mechanical modularity means to fabricate the tile
and its sub system in our desired shape. Electrical modularity means to obtain same electrical
strength of the signal for its entire module. In the same way, Software modularity of the tile allow
fast changeable according to the specific subsystem and protocol level modularity able to provide
traceability for onboard communications.

The architecture of AraMiS is divided into three main subsystems which are explained below.

e Mechanical
e Power Management
e Attitude Determination and Control
e Telecommunication
e Payload
1.3.1 Mechanical Subsystem:

Mechanical subsystem of AraMiS provides a frame work to place all the tiles close to each other in
the sense that all the components are placed in exact and compact position. The skeleton of this
mechanical subsystem are cubical form which is made from aluminum. Aluminum is selected for
this mechanical structure because of its lighter weight and less corrosion effect from the
environment. The Power Management tile having Solar Panels at the outer layer and
Telecommunication tiles having Transceiver system are mounted by screws to these rods. As we
increase the number of tiles, it will increase the size of nanosatellite along with power. So it can be
adaptable for different mission just by increasing or decreasing the number of tiles. Different solar
panels of AraMiS satellites are shown in below figure 1.4.



Figure 1.4: Three different AraMiS mechanical structures

1.3.2 Power Management Subsystem:

This subsystem generates, distribute and convert power to different voltage levels according to the
requirement of different subsystem. It is the major subsystem because if it fails then it will destroy
the whole satellite system. For this a special caring need to fulfill the requirement of this power
management. Secondly, managing a power of satellite in any mission consume both time and
money. It means that the more we add modules the more it requires power. For this more solar cells
are required to meet the requirement of the power. AraMiS use the modular approach that can be
suitable for any mission. With the help of this, it decreases the timing of managing power along
with reducing the cost. Solar panels of AraMiS satellites are shown in below figure 1.5.




.
Figurel.5: Four different AraMiS solar panels
1.3.3 Attitude Determination and Control Subsystem:

Attitude Determination and Control System (ADCS) provide an extra feature in the field of
nanosatellite. It helps for sense a data and changes the orientation according to desired position in
the space. It is divided into two types with reference to its performance.

e Active
e Passive

Passive ADCS has a permanent magnet in the satellite that is simple to adopt and need no power to
activate it. It acts as a compass for finding the earth position. The problem in passive ADCS is that
when earth magnetic field change then it will leave its spin control and we will get a poor result. On
the other hand, Active ADCS is very useful as it has a very good control on its actuator that can
change the satellite position after taking the command from the On board Computer. ADCS of the
AraMiS are shown in below figure 1.6.

Figure 1.6: AraMiS ADCS modules

1.3.4 Telecommunication Subsystem:

The AraMiS telecommunications subsystem follows the modularity concept. There is a basic
telecommunication tile that is provided in a standard AraMiS satellite. In case of special
applications, dedicated tiles can be added to meet mission criteria. This module is used to receive
command and control packets from the ground station and to send back telemetry and status
information. The bandwidth needed to exchange this kind of information is usually low, so the RF

link was designed for low speed and low power. The module has been designed using COTS
8



components which were selected to achieve good fault tolerance level. There are two different
frequency bands used for satellite and ground communication: the UHF 437MHz and the S-band
2.4 GHz. To reduce occupied bandwidth, both channels are implemented using half-duplex
protocol, sharing the same frequency for downlink and uplink. Telecommunication subsystem of
AraMiS satellites are shown in below figure 1.7.

Figure 1.7: AraMiS ADCS modules

1.3.5 Payload Subsystem:

The payload is heavily mission dependent and the architecture was developed to allow high
flexibility on it: the main requirements that the AraMiS architecture poses on the payload is its
compatibility with the tile power distribution and data bus. Different payloads can be fitted in the
various configurations but mechanical fixtures should be developed to connect them to the
mechanical structure. Payload subsystem of AraMiS satellite is shown in below figure 1.8.

Figure 1.8: Payload inside AraMiS



1.4 AraMiS-C1:

After many struggle and efforts done by the researchers of Politecnico di Torino, AraMiS-Cl1 is
developed in 2007 that is one unit cubical standard satellite based on the modular approach of
AraMiS. The body of AraMiS-Cl1 is created by six external blocks known as ‘Tiles’ which give
power and data standardized interface. There are two types of external tiles. One is known as 1B8
power management tile that combine with three other cubical tiles that is used for large scale
integration and compact stack of different resins and material. It include solar panel, external
battery, attitude determination and control system and housekeeping sensors. Secondly, the other
two tiles known as 1B9 telecommunication tiles that contain micro-controller based programmable
transceiver, 437MHz and 2.4GHz modem, Low noise amplifier for reception and power amplifier
for transmission. It also has deployable UHF antenna in one side and SHF on the other side of tile.
This tile controls the data and command exchange to or from the earth. Inside of these tiles, there is
a space that is used to place the payload. 1U AraMiS-C1 with its two types of tiles is shown in
below Figure 1.9.

Figure 1.9: Image of AraMiS-C1

AraMiS-Cl1 has the following subsystems:

e ISIS-1 Unit Cube Sat Structure

e B8 CubePMT Modules

e 1B9 CubeTCT Modules

e Payload

e Battery Pack

e UHF Antenna

e Harness

e Onboard Data Handling

e On-Board Computer (OBC)
1.5 Temperature effects on AraMiS:

The satellite revolving in the orbit throughout the mission ,has it’s faces subjected to different
temperatures depending on its position relative to the Sun .The faces of the satellite towards the sun
is illuminated by the sun rays and the other faces are in the dark. The strong temperature gradient is
not only because of the lack of the atmosphere at this altitude and the irradiation reaches values
of 1300 Wm which is much higher than its present on earth. The high temperature rise is also
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due to the overheating of the electronic components on board, by conduction and radiation.
Theoretically, the working temperature of the satellite is of the range, (-30 to 40) ° C, having the
maximum power dissipation Pj by the internal circuit is about 200W.
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Chapter 2
Software Tools and its Applications

2.1 Introduction:

In this chapter, we will describe the usage of different software tools for the AraMiS project. These
software’s will help in finding the design and simulation of electronic circuits, selection of the
components, its library management and proper documentation of the testing of the circuits.

The most important tool we use in this project is Mentor Graphics that helps us in designing of
electrical schematics. To work on it we have to add the Aramis_Mentor Lib project library and then
remove the errors in already made schematics of electronic circuits. The confirmation of the
removing all the errors is easily seen once we create the Net list for the designed circuits. After
making the simulation of all sub components, we have to make the printed circuit board with the
help of its tool of Expedition PCB in Dx-Designer. We preferred LT Spice-IV for the simulation of
circuits because of its easy to use, good to manage even for switching circuits and good quality
product.

Another important tool we use in this chapter is unified description languages UML. For this, we
have to work on Visual Paradigm software 13.2 that can allow different user to work on it in the
sense to maintain the record of different sub component of AraMiS project independently.

2.2Mentor Graphics 7.9.4:

Mentor Graphics as we explained above is one of the most important tools for different complex
electronics circuit design. It is followed by Dx-Designer software that can provide an environment
to complete circuit design for its definition and reusable components. The silent features of this
software tools are given below:

e Design Capture tool is used for making the real schematic diagram.

e Aramis Mentor Lib Library contains all the devices and components that are used in
AraMiS project, their packages and different simulation models. If the error comes because
of the missing spice model of any electronic component then there are two ways to solve it.
Firstly, search the spice model on the internet if it is not available then make the spice model
by its own after reading the data sheet.

e The simulation of electronic circuit can be possible on the Dx-Designer by using simulator
Hyper Lynx but we preferred LT-Spice for the simulation because of some reason which we
will discuss it later on.

e Printed Circuit Board is designed and manufactured with the help of its tool Expedition
PCB.

2.2.1 Aramis Mentor_Lib:

The main central library known as ‘Aramis Mentor Lib’ provides a real time interface where all
users can use it at the same time and share their design circuits. In this library, there is special block
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known as ‘Reusable Block’. It contains logical, physical and both logical and physical block that is
used in our project. Logical block mean it contains only the circuit diagram, Physical block mean it
is composed of only the layout of the circuit diagram. It is helpful for the production of printed
circuit board and both Physical and Logical block contain the components of the circuit from the
layout to its application level. Additionally, these reusable blocks are helpful in order to improve
the electronic components by removing all the errors inside of it. This improvement is possible by
editing the affected block directly on the schematic. This way can save the time and energy.

In Library manager tool, it shows all the parts of the component by search it with any command of
Part Number, Part Label or Part Name. Part number contains the information of Supplier code, Part
name contains the information of the package and Part Label contains the information of Electrical
characteristic.

After finding any part in the search icon, it contains the further representation of the component
represented by Symbol and Cell. The symbol has the logical shape of the component in electrical
diagram while the Cell has the mechanical shape of electronic Pad that is useful for the PCB design.

In Part Editor Window, additional information is available which also considerable for any
electronic circuits. Its main parameters are Value, Model and Pin Order etc. It is representing in
below Figure 2.1.

= -
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File WUnits Werification Cutput  Help
Fartition: !Dp.&.mp _".! '*‘"!
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Figure 2.1: Part Editor window for Aramis Mentor Lib
Its important properties are explained below.

e Value means the value of physical quantity of the part. For example: suffix K equal to103.

e Temperature Coefficient (TC) means the effect of temperature on the passive components.

e Tolerance means the range of the variation of Resistor, Capacitor and Inductor values in
percentage form.

e Model means the name of the spice model associated with a given device model.
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e Pin Order means the pins of the symbol that corresponds to the simulation model. It is
helpful to judge the behavior of the device in better way.

e Reference des Prefix means to show the template of part. For example, for resistor R, for
capacitor C, for inductor I etc.

2.2.2 Design Capture and Expedition PCB:

For actualization of the schematic of electronic component and making their Net list, design capture
is one of the most remarkable tools. Net list produce an output command of the relative circuit in
.expt format. This format is useful for the simulation of relevant circuit in LT-Spice. Another term
is ‘Packager’ that is helpful to distinguish one component from another component. It analyzes the
entire component to map them in the form of cell that will proceed in making the PCB by using the
command of Expedition PCB.

Another interesting factor is the ICES (interactive Constraint Editor System (CES) that helps to
define the parameters corresponding to the trace routing. It includes classes, sizes and distances etc.
for the actualization of PCB. It is a design capture which allows a faster way to define main
characteristic of various Net representative of the physical connection between different devices on
the printed circuit board. It is representing in below Figure 2.2.
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Figure 2.2: Using iCES inside the Design Capture

In expedition PCB software for making the design of PCB, it should be define initially for the
actualization of Tabs (4 or 8 layers). We have to follow the below steps in order to avoid any
difficulty in making PCB.

e Run the Forward Annotation that makes the connection of schematic with the printed circuit.
e Make the Tile shape and choose the area for making possible route of border.
e Put all the components inside the printed circuit.
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e Define the constraint that includes distance between lines, its thickness, Vias formation and
distance between components etc.

e Initially, run auto routing but in the middle, it can be possible to still connect unconnected
components with the help of manual routing.

e Generate the output file for physical PCB design: Gerber File and NC Drill.

e Display Control helps to facilitate all operations including enabling and disabling the
components in different layers, some information can be seen that is related to specified
cells, mirroring forward vision tab for a better view of the top and bottom layer.

e Update the cells later on after making some changes in the cell by using Update command
Cell & Pad stack.

2.3Changing Environment for Simulation from Mentor Graphics to LTSpice:

For the simulation of electronic schematics on Dx-Designer, It was preferred to simulate it on the
LTSPICE IV .The reason not to simulate it on Mentor Graphics was that the simulator Hyper Lynx
is based on HSPICE syntax and for this we need to make the model in this format. On the internet,
mostly manufacturer use PSPICE language in order to model the electronic component. For this
reason, LTSPICE was one of the convenient ways to simulate the circuit efficiently.

On the other hand, this software is open source and free to use. It is suitable for the switching
regulators and power circuits. Below are some steps that need to follow in order to perform the
correct simulation.

e Firstly, use the tools Design Capture for making schematic in Mentor Graphics.

e Generate the Netlist by clicking the option > Netlist. There are two possibilities whether the
Netlist will be successful or not. If it is successful then continued it by selecting the expt file
in sym folder and two .spi file in genhdl folder. These two spi files are generated after
setting the parameters of simulation in Dx-Designer. If it’s not successful then remove all
the relevant error mostly the error come because of spice model missed in some components
and then start the same process as we explained above.

e For Monte Carlo Simulation it is necessary to define the Random Simulation including .dc
or .tran or sometime both are used at the same time.

e Remove the following lines in .expt formatted file before run the command icon:

» .include "resultDisplayFile.Aqr
» .OPtion decmode = all

» .OPtion trmode = Fast

» .OPtion Tnom = 27 (optional)

e Add the command related to desire task and then save the expt file. Different types of
simulation are given below.

e Monte Carlo: .step param < Initial Step > < Final Step > < Step Entities >.

For example .step param 1 100 1, starts from step 1 up to hundred with increase of one so in
total a number of cases equal to 100.

e Temperature: .step TEMP < Temp Start > < Temp End > < Step Increase >. For example
.step TEMP -35 135 1, starts from step -35 up to 135 with increase of one step, so in total a
number of steps equal to 101.
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e Transient Analysis: .tran < Print Time Interval > < End Time > < Start Time > < Max Time
>. For example .tran 100U 10 1 50M, starts from 1 second to 10 second with relevant print
time interval and maximum time.

e DC Analysis: .dc < Parameter Name > < Initial Value > < End Value > < Step Increment
>.For example .dc IOUT 0 0.152 0.001, IOUT starts from step 0 up to 0.152 with increase of
0.001.

e If the error is like ‘error on the spice netlist generated’ then remove the '+’ in the last line
that includes the source files.

e Lastly, when the simulation finish then save the output just like in the figure appears below.
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Figure 2.3: Simulation on LTSPICE
2.4Visual Paradigm 13.2:

The UML (Unified Modeling Language) as we described above is a unique language that represent
Visualization, Modeling, Communication and proper documentation for any type of project. It
handles both software and hardware of the project. We can say it as a high level object oriented
language that use in visual paradigm which shows the project in different diagrams. Every
subsystem of the project is usually composed of hardware and corresponding software. Their
Subsystems names are used according to the terminology for their classes in UML.

AraMiS project is successfully executed with the help of visual paradigm 13.2. It is because of the
fact that it provides the environment to convert high level codes representing different diagram into
low level codes that is executable with the help of microprocessor MSP430. UML language can be
managed by a large number of people in a group. It is followed with the help of server in which one
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can load the work that is quickly accessible by another user. It includes the diagrams for
Performance Specification, Functional Specification, Documenting software or hardware of the
project and Analysis of the system and its subsystem. UML provides a lot of diagrams, including
class diagram, use case diagram, sequence diagram, requirement diagram and state diagram etc. All
the diagrams in visual paradigm show the properties in different point of view. Selecting different
diagram depend on the behavior of the system. The most useful diagrams include use case and class
diagrams that we are going to describe.

2.4.1 Use Case Diagram:

Use Case Diagram is a diagram that describes the functions of the system and its Actors. These
actors are represented by ‘a little man’. The whole diagram shows the relationship between actors
and their use cases with the help of arrow line known as association. The shape of the arrow tells
the type of association. It is represented in below Figure 2.4.

= Tila Processor =+08C

BRIE 131, Volage_Sersar

Figure 2.4: Example of Case Diagram in Visual Paradigm

2.4.2 Class Diagram:

Class diagram is one of the interesting graphical representations of class and its inheritance. These
inheritances include the logical and physical linkage between two classes that are distinguished with
the help of arrow direction and its type. In other words, it is basically a good idea in which
graphical object helps to describe the structure of a system, its components and their relationship
between them. It is further represented by its class name, attributes (characteristic of object) and
object’s operations. It is representing in below Figure 2.5.
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Figure 2.5: Example of Class Diagram in Visual Paradigm

In visual paradigm, it has the information for each class in section of class specification for better
understanding the characteristic of class. In this way, all the difficulties can be removable to
perform the simulation of electronic circuit in real world. The class diagram is very efficient for the
complex system where many subclasses of main class are available. It is shown in below Figure 2.6.
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Figure 2.6: Block Description in Visual Paradigm

In the same bar of class specification, there is another important tab known as ‘Tagged value’, in

which the class specifications corresponding to its datasheet are available. It is represented in below
Figure 2.7.
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Figure 2.7: Specification of reference block in Visual Paradigm
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Within the same bar of class specification, there is also an important tab ‘References’. Here the path
of the reference folder is added that contains the simulation results of subsystem of the project. It
provides an immediate check of functional specification of the associated class. It is representing in

below Figure
25 ’ Class Specification w
pe — . - L e

General | Attributes | Operations | Relations | Chart Relations | emolate Parameters | Class Code Detals | Java Annotations ,:g

Stereotypes | Tagged Values | Constraints | Diagrams | Traceabilty | References | Project Management | Quality | Comments %

EDUGG‘J’JW @J [ Shaw ser Path

Mame Path Desription

|, 18131 Voltage ‘R:Frogetba\lB_Subsystem_Hements\IBI_Power_M‘.‘ Main Directory

Figure 2.8: Adding specified Path directory in Visual Paradigm

20



Chapter 3
General Project

3.1Introduction:

1B8 CubePMT is a tile of AraMiS that contains Electric Power Supply, Attitude Determination and
Control system. It is mounted on the four external sides of the AraMiS-C1 while the other two sides
have the telecommunication tiles called 1B9 CubeTCT. Electric Power Supply system helps to
control the power generation while the Attitude and determination control system controls the
position of spinning of satellite across the earth.

EPS system contain solar panel, boost converter, housekeeping sensors, load switches, linear and
switching regulators and ADCS contain sun sensor, magnetometer, gyroscope, magnetic torque
actuator and magnetorquer coil. It also has microcontroller MSP430F5438 that helps to manage the
power and data processing and maintain its operation.

Modular power management tiles (PMTs) are already available in the market but they are less
efficient, heavier in weight, consume more power and contain less number of subsystems. The goal
of this work is to implement EPS and ADCS subsystems in a single module focusing on the main
issues and adding some additional features. 1B8 CubePMT is developed on the design approach of
AraMiS architecture using the satellite on demand design flow configuration.

This chapter is devoted for understanding both the tile of 1U and 3U AraMiS. Their subsystems
descriptions, implementations and testing details will be discussed in following chapters. The outer
and inner image of 1U AraMiS-Clwith its tiles are shown in below Figure 3.1.

Figure 3.1: Image of 1U Aramis-C1
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3.21B8_CubePMT _1U:

In Cube Sat, EPS and ADCS are the most essential elements of any aerospace mission. Efficient
EPS and precise ADCS are the core of any spacecraft mission. So keeping in mind their importance,
they have been integrated and developed on a single tile called 1B8 CubePMT 1U module. It acts
as mechanical structure for AraMiS-C1 satellite.

Two solar cells and Sun Sensor are attached at the external body but the electric power supply and
ADS systems are attached inside of 1B8 CubePMT 1U tile. The efficiency of solar cells is 26%
that convert solar energy to 4.4V. Sun sensor is used to tell the direction of satellite across the sun.
Boost Converter are mounted inner side of tile processor that step up the solar panel voltage (4.4V)
to 14V.This is because of the fact that it has the efficiency of 93%. Magnetometer and Gyroscope
also be connected inside the tile that is connected with MSP430 micro controller with the help of
SPI bus. MSP430 microcontroller is the heart of 1B8 CubePMT tile that manage all the process of
whole system. Its block diagram is shown in below figures 3.1.
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Figure 3.2: Block diagram of 1B§ CubePMT 1U.
3.2.1 Subsystems of 1B§ CubePMT 1U:

The 1B8 CubePMT 1U system can be further divided into seven subsystems which are explained
below.

e 1B1 Power Generation and Storage: It is used to generate energy, store it and manage it. It
covers the subsystems including two cells Solar Panel (1B111B), PWM DC Converter
(1B1122) and Over Voltage Protection (1B115B) and Boost Converter (1B1121D).
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e 1B12 Power Distribution: It is used to distribute the power for AraMiS. It covers the
subsystems including two Linear Regulators (1B1252A and 1B1254C), two Switching
Regulators (1B1253B and 1B1254B) and three Load Switches (1B121C, 1B121D and
1B121E).

e 1B13 Housekeeping Sensors: It is used to control the power management subsystem. It
covers the subsystems including two Current Sensors (1B132A and 1B132D), two Voltage
Sensors (1B131B and 1B131C), Temperature Sensor (1B133A) and Calibration Memory
(1B130W).

e 1B21 Inertial Attitude Control: It is used to control all the measurements related to
Angular Velocity for AraMiS. It covers the subsystem including Gyroscope (1211B).

e 1B22 Magnetic Attitude Determination: It is used to control all the measurements related
to satellite orientation in the orbit and gives this information to on board processor. It covers
the subsystems including Magnetometer Sensor (1B221), Magnetic Torque Actuator
(1B222) and Magnetorquer Coil (1B223).

e 1B23 Other Attitude Control: It is used to determine attitude parameter for AraMiS. It
covers the subsystem including Sun Sensor (1B235).

e 1B4 Process and Module Interface: It is used to manage and process for AraMiS and
connect its subsystems with external interfaces. It covers the subsystems including MSP430
Microcontroller (1B4222), 12C Interface (1B4851), RS232 Interface (1B4852), JTAG
interface (1B4854) and PDB interface (1B4861).

The images of both sides of 1B§ CubePMT 1U tile are given below in Figure 3.3 and 3.4.

Solar cells

Sun Detector Protection
Diodes

Figure 3.3: Diagram of the external background of 1B8 CubePMT 1U module.
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Figure 3.4: Diagram of internal background of 1B8 CubePMT 1U module.
3.2.2 Cross-Sectional view for PCB of 1B§ CubPMT 1U:

PCB of 1B8 CubePMT 1U is divided into eight layers with dimensions equal to 98.0x82.5x1.6
mma3. One sun sensor is directly attached to the first layer of PCB and two solar cells are attached to
first layer of PCB with the help of resin. From layer two to layer five contains 200 turns of
magnetorquer coil. Sixth layer has the ground plane while the seventh layer has partially covered
with ground plane. The last layer (eighth layer) contains PCB traces to connect the components.

Above the PCB, there are two 15 pins connector that is use to contact the digital and analog signals
of the systems. A 20 pins plug and play connector is used to connect further subsystem to
communicate with tile processor. There is 4 pins connector on the PCB that is reserved for the solar
panel and PDB. Lastly, an 8 pin J-tag interface is used to debug and program the tile processor and
a 5 pins 12C interface is used for connecting a tile with other tiles. Cross sectional view of
1B8 CubePMT 1U and its dimension are shown in below Figurel.11and Figurel.12:

0.3mm Solar Cells Resi
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Traces

Sround planes

Figure 3.5: Cross sectional view of eight layers PCB of 1B§ CubePMT 1U
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Parameter Dimension Unit

PCB dimension of 1B§ CubePMT 1U 98.0 X 82.5 X 1.6 mm?3

Total thickness of 1B8 CubePMT with components 9.15 mm
Mass of 1B8 CubePMT module 40 mm?
Dimension of a single solar cell 70 X 40 x 0.15 mm

Height of Pico Blade Molex connector 4.7 mm
Height of Boost Converter inductor 7.5 mm

Height of Gyroscope 5.2 mm

Table 3.1: 1B CubePMT 1U dimension.

3.2.3 Images of 1B§_CubePMT _1U with its dimensions:

The images of both sides of 1B8 CubePMT 1U tile are given below.
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Figure 3.6: 1B8 CubePMT 1U dimensions (mm) (a) Solar panel side (b) component side.
3.3 1B8§ CubePMT 3U:

1B8 CubePMT 3U is the development kit of 1B8 CubePMT 1U. The length of 3U is almost three
times than 1B8 CubePMT 1U. It gives a large amount of space to put the extra component on the
printed circuit board. In 1B8 CubePMT 3U, all the components are more or less the same as
1B8 CubePMT 1U except some additional components which need to be use according to the
mission requirements and improvement of the system. Its distinguished features are given below.

e Instead of using two solar cells, it requires 6 solar cells. The reason is that 6 solar cells will
generate 5.82W (13.2V and 0.4A) which has higher maximum power point than two cell
that only has 1.76W (4.4V and 0.4A). Instead of using one temperature sensor, it requires
two temperature sensors. The reason is that both of them have different range to sense the
temperature.

e Instead of using one sun sensor, it requires two sun sensors. The reason is that if one sun
sensor is damaged during the flight then there is back up for correct readings from the other
sun sensor.

e Instead of using one processor, it requires two processors. One is use to process the
1B8 CubePMT subsystems while other is used to handle the other system of different
board.
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e Instead of using four connectors, it requires 4 additional 20 pin FRC module interface in
order to co-operate with subsystem of another card.

e Instead of using 8 Donuts (5.5 mm) for connecting the tile across the rods by screw, it
requires 24 Donuts (4.3 mm) for proper connection on the racks. The reason is that 3U tile is
much longer than 1U and it supports better during the mission.

Its block diagram is shown in below figures 3.7.
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Figure 3.7: Block diagram of 1B8 CubePMT 3U.
3.3.1 Subsystems of 1B§ CubePMT 3U:

In 1B8 CubePMT 3U, almost all the components are same as 1B8 CubePMT 1U except some
additional components which are newly added /replaced according to the mission requirement of
the satellite. The 1B8 _CubePMT 3U system can be further divided into seven subsystems which
are explained below.

e 1B1 Power Generation and Storage: It is used to generate energy, store it and manage it. It
covers the subsystems including six cells Solar Panel (1B111A), PWM DC Converter

(1B1122) and Over Voltage Protection (1B115B) and Boost Converter (1B1121D).
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1B12 Power Distribution: It is used to distribute the power for AraMiS. It covers the
subsystems including two Linear Regulators (IB1252A and 1B1254C), two Switching
Regulators (1B1253B and 1B1254B) and three Load Switches (1B121C, 1B121D and
1B121E).

1B13 Housekeeping Sensors: It is used to control the power management subsystem. It
covers the subsystems including two Current Sensors (1B132A and 1B132D), two Voltage
Sensors (1B131B and 1B131C), two Temperature Sensors (1B133A) and Calibration
Memory (1B130W).

1B21 Inertial Attitude Control: It is used to control all the measurements related to
Angular Velocity for AraMiS. It covers the subsystem including Gyroscope (1211B).

1B22 Magnetic Attitude Determination: It is used to control all the measurements related
to satellite orientation in the orbit and gives this information to on board processor. It covers
the subsystems including Magnetometer Sensor (1B221), Magnetic Torque Actuator
(1B222) and Magnetorquer Coil (1B223).

1B23 Other Attitude Control: It is used to determine attitude parameter for AraMiS. It
covers the subsystem including Sun Sensor (1B235).

1B4 Process and Module Interface: It is used to manage and process for AraMiS and
connect its subsystems with external interfaces. It covers the subsystems including two
MSP430 Microcontrollers (1B4222), 12C Interface (1B4851), RS232 Interface (1B4852),
JTAG interface (1B4854), PDB interface (1B4861) and Module Interface (1B4856).

SOLAR CELLS

Protection Diode

Figure 3.8: Diagram of the external background of 1B8 CubePMT 3U module.
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Figure 3.9: Diagram of internal background of 1B§ CubePMT 3U module.
3.3.2 Cross-Sectional view for PCB of 1B§ CubPMT_3U:

PCB of 1B8 CubePMT 3U is also divided into eight layers with dimensions equal to
324.9 x 82.5 x 1.6 mm3. Two sun sensors are directly attached along with six solar cells that are
attached to eighth layer of PCB with the help of resin. From layer four to layer seven contains 120
turns of magnetorquer coil. Second layer has the ground plane while the third layer has 3.3V plane
because of more useful power. The first layer contains the PCB traces to connect all the
components.

Above the PCB, there are two 15 pins connector that is use to contact the digital and analog signals
of the systems. 20 pins Module Interface is used to connect external module (subsystem) to the tile
processor for handling high power further subsystem to communicate with tile processor. There is 4
pins connector on the PCB that is reserved for the solar panel and PDB. Secondly an 8 pin J-tag
interface is used to debug and program the tile processor. Lastly, 5 pins 12C and RS232 interface is
used for connecting a tile with other tiles. Cross sectional view of 1B§ CubePMT 3U and its
dimension are shown in below Figure3.10 and Figure3.11.

Ground Planes VCC_3V3 Plane

0.3 mm

Layer 1
1.6 mm
Layer 2
18 um Laver 3
Magnetorquer
L | Coil
0.2 mm
J, T_ Layer 8

Figure 3.10: Cross sectional view of PCB
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Parameter Dimension Unit

PCB dimension of 1B8 CubePMT MODULE 3249 x 825 1.6 | mm3

Total thickness of 1B§ CubePMT 3U with components 10.2 mm
Mass of 1B§ CubePMT 3U 40 g

Dimension of a single solar cell 70 X 40 x 0.15 mm?3

Height of Pico Blade Molex connector 4.7 mm

Height of Boost Converter inductor 8 mm

Height of Gyroscope 0.85 mm

Table 3.2: 1B CubePMT 3U dimension.

3.4 1B4222 Tile Processor:

MSP430F5438 is a low power RISC microcontroller. It is usually placed at center of each tile of
Aramis-C1 that support 25MHz system clock. It has seven modes that contain 1 active mode and
the remaining 6 modes are used for low power. Each port is connected with sub components known
as modules. The diagrams for the connection of modules with the subsystem are shown in below

Figure 3.12:

VCC_3.3Vv
H A 1
Digital jModuIe_A | Mﬁdmﬁf!"; Not used on
Gyroscope CubePMT
;ModuteuB Module_G; Spring Loaded |
Boost i 4 - Plug & Play

W t {
Converter i ¢ Connector

Tile Processor
{(MSP430F5438) !
Module F| Housekeeping

—i Sensors
(Solar Panel)

swalshsqng [Wdsan)

Magnetometer —————

© CubePMT Subsystems

Magnetorquer | {Module_D Module_E| Housekeeping
Coil Driver H * Sensors
| ” H (PDB)

J-Tag e S e i
Connector

Figure 3.12: 1B8 CubePMT architecture with respect to Tile processor.

Its silent features are given below:

e Managing and processing the subsystem of both 1U and 3U for 1B8 CubePMT.

e Control the power consumption of the whole system.

e Taking the data from different sensors and give the command accordingly.

e Compile and Run the command for different subsystems.

e Communicating between tiles and recording the payload services with the help of 12C bus.

3.5 Data Interface

The data and power interface of 1B8 CuibePMT is very simple. It has nine different interfaces

which are explained below:
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e PDB Interface: It is a MOLEX-4 pins Pico Blade connector. On this connector solar panel
output and PDB of the 1B8 CubePMT module are available. It is present on both 1U and
3U 1B8 CubePMT.

e [2C Interface: It is a MOLEX-5 pins Pico Blade connector. This connector has on-board
data bus (I2C) and kills switch connection. A 3.3V supply is also available on this
connector. It is present on both 1U and 3U 1B8 CubePMT.

e RS232 Interface: It is a MOLEX-5 pins Pico Blade connector. This connector has on-board
data bus (RS232) and kills switch connection. A 3.3V supply is also available on this
connector. It is present on both 1U and 3U 1B8 CubePMT.

e J-Tag Interface: It is a MOLEX-8 pins Pico Blade JTAG connector. This connector is used
for programming and debugging purposes of the tile processor. It is present on both 1U and
3U 1B8 CubePMT.

e Analog Interface: It is a MOLEX-15 pins Pico Blade analog connector. All the analog
signals of different sensors are available on this connector. A 5V supply and 3V
reference supply are also available on this connector. It is present only on 1U
1B8 CubePMT.

e Digital Interface: It is a MOLEX-15 pins Pico Blade digital connector. This connector has
all the critical digital signals for testing purposes. It is present only on 1U 1B8 CubePMT.

e Plug and Play Spring Loaded Interface: It is a 20 pins optional connector and an
external module (subsystem) can be connected to the tile processor through this
connector. It is present only on 1U 1B8 CubePMT.

e Module Interface: It is a Molex-20 pins FRC connector. This connector connect external
module (subsystem) to the tile processor for handling high power. It is present only on 3U
1B8 CubePMT.

3.6 Providing Power for the subsystems of 1B8§ CubePMT:

1B8 CubePMT generate power and distribute into four types of voltages which are used for its
different subsystems. These 4 types of voltages are explained below.

e 14V PDB:

In 1B8 CubePMT 1U, Boost Converter steps up the voltage from 4.4 V to 14 V PDB. The 14 Volt
then go the bidirectional load switch as an input and this load switch give it to PDB interface.
Batteries are charged from PDB and provide power to the1B§ CubePMT subsystems in the absence
of solar power.

Similarly, it is necessary for the linear regulator (1B1254C), switching regulator (1B1253B,
1B1254B), high voltage load switch (1B121D) and operational amplifiers used in the current
Sensor.

e 5V Switching:

One switching regulator (1B1253B) provides 5V to all the subsystems components. It is necessary
for the driver, low voltage load switch, differential voltage sensor used in magnetic torque actuator,
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for operational amplifiers, low voltage load switch used in magnetometer and for linear regulator
(1B1252A).

e 3.3V Switching and Linear:

One switching regulator (1B1254B) provides 3.3V to all the subsystem components except
the tile processor (separate 3.3V regulator is used for tile processor). Secondly, One linear
regulator (1B1254C) converts PDB voltage to 3.3V. This regulator gives supply to tile processor.

e 3V Reference:

One linear regulator (1B1252A) converts 5V to 3V reference. It is necessary for temperature sensor,
load switch in gyroscope, driver in magnetorquer actuator, operational amplifier in magnetometer.

Other than these voltages shown above, Power management tile provides the feed signals
necessary for the entire BK1B4231 Onboard Computer and Image Processor. These four
Voltage signals are necessary for the components of on board computer.
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Chapter 4
Library for AraMiS

4.1 Introduction:

In this chapter we will discuss in detail the description, circuit diagram and Spice Netlist of all
the subsystems of 1B§ CubePMT.

4.3 B 1B132 Current Sensor:
A current sensor is a device that detects electric current (AC or DC) in a wire, and generates a
signal proportional to it. The generated signal could be analog voltage or current or even digital
output. It can be then utilized to display the measured current in an ammeter or can be stored for
further analysis in a data acquisition system or can be utilized for control purpose. The class
diagram of 1B132 Current Sensor taken from visual paradigm is shown below in figure 4.1.

P
Bk18132_Current_Sensor
(SUPPLY_VOLTAGE MIN = 3.5}
[SUPPLY VOLTAGE M = 35}
(SUPPLY_CURRENT_MOMINAL = 236-6)
(TOLERANCE = 0.01}
{BANDWIDTH = 1593

(OUTPUT_RANGE = 2.5}
(OUTPUT_IMP EDANGCE = 10023} —=Eloctronic Moduies>
{TEMPE RATURE _MIN = 40} Bk18132H_BID_Current_Sensor
[TEMPERATURE _MAX = 125} ISUPPLY. VQTAGE_NQMIN& 33
(TEMPERATURE _MINSTORAGE = -55] (NPUT RANGE = 26}
(TEMPERATURE MAXSTORAGE = 150} (TEMPERATURE_MIN = 40}
{TEMPERATURE SOLDERING = 300} i]gEEEATLIRE PSS = 125)
[WOLTAGE _DROP = 0.125) TLwZ211  OA_TLw2211
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[INPUT_RANGE =|=.5) (SUPPLY VOLTAGE _NMAX = 35}
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Figure 4.1: Class diagram of 1B132 Current Sensor
4.3.1 Description:
In both 1U and 3U 1B8 CubePMT, two high-side current sensors are used for an Aramis project.
These current sensors convert positive current flowing from pin I IN () to pin I OUT () into an output
voltage between pin CS_VOUT () and analog ground AGND (). Input current shall be in a range which
depends on the specific specialization of Bk1B132 Current Sensor (see tagged value
INPUT_RANGE), while output voltage is in the range 0 to OUTPUT_RANGE.
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The choice of INA138 device is dictated by the fact that it can limit the high current by making
potential drop across a low valued series resistance. Differential input impedance between pins I_IN
() and I_OUT () depends on the specialization and is given by tagged value INPUT IMPEDANCE.
Output impedance is common for all implementations (namely, OUTPUT IMPEDANCE). It
internally takes supply voltage from pin I_IN (), therefore input voltage on this pin shall be in range
SUPPLY VOLTAGE MIN to SUPPLY VOLTAGE MAX. Supply current drawn from pin I_IN
() to AGND () is given by SUPPLY CURRENT NOMINAL. It also contains a first order low-pass
filter with cutoff frequency given by BANDWIDTH. Most performance is defined by tagged
values. Output voltage is calculated as given by

V (CS_VOUT () =1 (1IN ()) * SENS_CS_VOUT

Where I (I IN ()) is the current entering from pin I IN () and exiting I OUT (), while SENS CS VOUT
depends on the specialization of Bk1B132 Current Sensor.

The schematic diagram of BK1B132A current sensors is given blow in figure 4.2.

I_OarT MAKITIMIOM INPOT CORRENT 0.825R

-
] U1
§' CS WOoOuUT

ROR2 1 + D INAISBNAZSDGEGAINDY
D_RLI2S 20FCT-MND_K L]
I
Nt 2 Rt
o RADOK

Figure 4.2: Schematic diagram of Bk1B132A Current Sensor

4.3.2 Testing of BK1IB132A_ Current Sensor

Testing Results of Bk1B132A Current _Sensor are shown below.
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Serail Parameters Expected| Current Verification Pass/F Test
# Value Result ail bench
1 Temperature -40 to -35 to -35:CS_VOUT=2.48V Fail Test#7
(Centigrade) 125 125
125:CS VOUT=2.55V
2 Output 2.5 With no [Vo=I sense*R sense*R o Pass TEST#1
Voltage load:2.5 ut/5k=2.5
(V) With
load (R=10
O0K) :1.25
3 Tolerance 1 1.3 Output Range:1.410- Fail Test#2
(%) 1.449
T=0.0195/1.4295=0.013=
1.3%
4 Input Voltage| Min=3.3 Min=3.3 CS_VOUT=2.5V Pass Test#4
(V) Max=36 Max=36
5 Input 200mohm | 200mohm V(i in)- Pass Test#5
Impedance (Zin V(i out)/I*(11i195:2)=2
) 00mohm
6 Output Same as VL/VNL=RL/ (RL+Zo)=0.5 | Pass Test#6
Impedance (Zo) | current | (RL=100K)
result | --————---
>7Z0=50K
7 Input Same as Min:0 Cs vOoUT:2.5 Pass TEST#8
Current (A) current |Max:0.625
result
Pin I IN ():
Serial Parameter Expected | Current Verification Pass/Fail| Test
# Value Result bench
1 Minimum 3.3 3.3 CS VOUT=2.5V Pass Test#4
input
Voltage
2 Maximum 36 36 CS_VOUT=2.5V Pass Test#4
input
Voltage
Pin I OUT ():
Serial Parameter Expected Current Verification Pass/Fail| Test
# Value Result bench
1 Minimum 3.1 3.1 CS VOUT=2.5V Pass Test#4
input
Voltage
2 Maximum 36 36 CS_VOUT=2.5V Pass Test#4
input
Voltage
Pin AGND () :
Serial Parameter Expected Current Verification Pass/Fai| Test
# Value Result 1 bench
1 Maximum 70 uA 72 .8uA 1)Ix(11195:4)+Ix (11183 Fail Test#3
Supply :0UT)=0.000072A
Current (udh) 2)25uA+45uA=70A as
expected
Pin CS VOUT () :
Serial Parameter Expected| Current Verification Pass/Fai| Test
# Value Result 1 bench
1 Min Output 0 0 CS_VOUT=0 Pass Test#l
Voltage
2 Maximum 2.5 2.5 CS_VOUT=2.5 Pass Test#l
Output
Voltage
3 Nominal 100K 100K RL=100K Pass Test#6
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| Impendence | | |

o B Test Bench # 1(BK1B132A)

This test is used to measure the output of current sensor with respect to input. Here the dc current is
given as an input and we calculated the voltage across the sink. The current is measured across the
resistor placed in series between the input and the output pin of the INA138 by making its voltage
difference. This voltage difference is subsequently sent to ADC of the microcontroller that must be
compatible with the converter. After sensing the potential difference across the resistor, the output
voltage goes to the rest of the blocks. Below, I have attached the sim adms file that represents how
to test the output/input relationship of current sensor in LT-Spice.

-dc IOUT @ 0.625 8.1

.include "..\..\genhd1\Bk1B132a_Current_Sensor_U1\BK1B132a_Current_Sensor_U1.spi"
UGround AGHD B8 DC @

UIN I_IH @8 DC 36

IouT I_OUT @ DC 1

sxwxwspnd of additional commandssssesss
-end

= o
v m
-
1 e
v v

e

s, GOnwn,  1ZOreR. VBOmwA  ZAGRLA DEORUS OG0 AZOneh 4 00aet  SA0m, GO O

Figure 4.3: Output Vs Input of Bk1B132A Current Sensor
Above is the plot of current sensor whose maximum current limits 625mA. Here, the output voltage
obtained is compatible to the previous theoretical results.

o B Test Bench # 2(BK1B132A)

This test is used to apply a Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, zoom in the output voltage
(CS_VOUT) plot and observed the range of output value in which select only those lines which are
nearer to each other and then apply the standard deviation formula in order to approximate the
tolerance. We will find their tolerances respectively. Below, I have attached the sim adms file that
represents how to test the tolerance of this current sensor in LT-Spice.
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.dc 1I0UT O D.62% 0.1

.Step param run 1 100 1
dnclude *..\..\genhdl\Bk1B132A_Current_Sensor_U1\Bk1B132A_Current_Sensor_U1.spi”

UIH I_IH @ DC 36
ITOUT I_OUT @ DC 0.625

UGround AGHD & DC @
suzxsspnd of additional commandsss=====

.end

T mas
3o
v Lo S

* FEone—f—— [

FL e, R t——, DO G, EEEE TS 201 B ErE .

Figure 4.3: Tolerance of Bk1B132A Current Sensor

Output voltage range for this current sensor is from 1.410V to 1.449V.So, its tolerance become
Tolerance =0.013=1.3%
The obtained uncertainty is about 0.3% that is considered to be negligible.

o B Test Bench # 3(BK1B132A)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance and the ground. In simulation of both current sensors, we will get
more or less the same value of sink current that is 50uA. Below, I have attached the sim adms file
that represents how to test the maximum supply current of this current sensor in LT-Spice.

-tran 0.001 108m ©

.include *..%..\genhdl3Bk1B132A_Current_Sensor_U1\BK1B132A_Current_Sensor_U1.spi™

UIN I_IN 0 DC 3

II0UT I_OUT 8 DC B.625

UGround AGHD @ DC @

RLoad C5_UOUT @ 180K
s=xxxxxpnd of additional commandswessexs

-end

FR 1w B s 0 et

B

a0y

Mg,

ELS '
Z nez 17 BEZETEmE 12 BEZLDOmE 17 B aZG

Figure 4.4: Maximum Supply Current of BkIB132A Current Sensor
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The expected value of maximum supply current is calculated as.
25uA (flow across LOAD) +45uA (flow across GND) =70uA
There is 20uA difference between expected value and simulated value.

o B Test Bench # 4(BK1B132A)

This test is measured between input and output voltage. For both current sensors we got exactly
2.5V as we increase the input voltage. Below, I have attached the sim_adms file that represents how
to test the input and output voltage of this current sensor in LT-Spice.

.dc UINH 8 36 8.1

-include "._%._“genhdl\Bk1B132a Current Sensor U1\BK1B132A Current Sensor U1_spi”
UIN I_IH 8 PULSE (1 48 8.1U S88M )

UGround AGHD @ DC @

ITOUT I_0OUT @ DC B.625

»=xxxxgnd of additional commandssesessessx

-end

VHEm_ wol
ER - - — — bl L

R

o -

Figure 4.5: Output voltage Vs Input voltage of Bk1B132A Current Sensor

o B Test Bench # 5(BK1B132A)

This test is used to measure the input impedance of current sensor across four wire resistor. The
reason to measure across this four wire resistor is that the equivalent resistance between two parallel
resistors is usually a low valued resistor where current easily pass through it. Below, I have
attached the sim_adms file that represents how to test the input impedance of this current sensor in
LT-Spice.

.dc IIOUT 8 B8.625 8.1

.include *"..\..\genhd1\Bk1B132A_Current_Sensor_U1\Bk1B132A_Current_Sensor_U1.spi"

UGround AGHD @ DC @

UIN I_IH @ DC 36

ITOUT T_OUT @ DC B.625

wumunupnd of additional COmMMandssesesssss
.end
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Figure 4.6: Input Impedance of Bk1B132A Current Sensor

o B Test Bench # 6(BK1B132A)

This test is used to measure the output impedance of current sensor in the presence of load
resistance (100 KQ) where current easily pass through it. Below, I have attached the sim_adms file

that represents how to test the output impedance of this current sensor in LT-Spice.
_tran 8.061 100m ©
-include **..%\..\genhdl\BK1B132A_Current_Sensor_U1\Bk1B132Aa_Current_Sensor_U1.spi*’
VIHN I IN @ DC 36
IIOUT I _OUT 8 DC B.625
UGround AGND B DC ©
RLoad CS_UOUT @ 108K

wawwwnpnd of additional cCOMMaNdSs s
-end

LRt

S0 03 Ay

R e

S 8003 VERD

S0 03 vGH |

LB 0 TR

B0 03 VB

SR ERET TS

- EO O PO

R

S0 0 BEIRL—

— B0 0T — — — - A - i S
Errrem T0rmm  FOras SO  Chrrmm B Forr HOrnm  S0ma 100

Figure 4.7: Output Impéd;;ge of Bk1B132A Current Sensor

Here is the way to verify the output impedance shortly.
VL/VNL =RL/ (RL+Z0) = 0.5

o B Test Bench # 7(BK1B132A)

This test is used to measure the change of output voltage by changing the temperature. Below, I

have attached the sim adms file that represents how to test the output voltage by changing the
temperature in LT-Spice.
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.DC TEMP -3% 125 &

.include “..\..\genhd1\Bk1B132A_Current_Sensor_U1\Bk1B132A_Current_Sensor_U1.spi"
U IN I _IN 0 DC 36

UGHD AGHD B DC @

I_ 0UT I_0UT @ DC B.625

wawwwnpnd of additional commands s seess

.end

Wien_ e

=g aw
o me—
2 8 T

2 am

54 5 i £ s i o = B
36" B Lo o L = 255G o = Lt e L3 = A0 EC 1255

Figure 4.8: Temperature VS output voltage Bk1B132A Current Sensor

Here is mentioned the maximum and minimum temperature effect on the output voltage.
-35°C: CS_VOUT=2.48V
125°C: CS_VOUT=2.55V

433 B Spice Netlist of BK1B132A Current_Sensor:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—=>Netlist). It generates a spice netlist which can be used for simulating in the
LTSpice. Here I have attached the genhdl file that shows all the components of this voltage
sensor and how they are connected in the schematic.

* Project BRID132A_Current_Sensor U1

* Nentor Graphics Wirelist Created with Version 6.4.002
* File created Wed Nov 38 13:32:58 2016

* inifile

* ConFigFile: Ci\MentorGraphics\7.9 . MEENSDD HOME\standard\wspice.cfq

* Options &~ ~.sphk oh <§ <7 ckCi\Mentorfraphics\7 .. 4EE\SDD MOME\standard\uspice.cfg bEID132a current_sensor vi
* Levels

C11229 CS_UOUT AGND {MC{ 0.07uF , 10.000000 /100)} TC~10.0080000

X11251 XSI6010025 XSI1CO10024 XSICO10025 ACHD C5_UOUT INA138

R11219 CS_UOUT AGND {MC( 100Kohns , 1000.080008H /100)) TC-100.0008R00

X11263 1_IN 1_0UT NSIGO10025 XSIGO10025 RES_AVIRE R=(MC(200M0hns,1000.0000084/100)) TC+200. 0000000
* Dictionary 0

sWfarning : Mo ground node (Labiel a net GND)

JAnclude ..\, . \genhd1\Bk181320_Current_Sensor_U1\EK1B1328_Current_Sensor U1_sources.spi™

Jdnclude .\ ASYR\TRA138 . mod"
Jdnclude .\ \ASYR\RES AWIRE .mod"
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4.4 Voltage Sensor:

A voltage divider (also known as a potential divider) is a passive linear circuit that produces an
output voltage (V) that is a fraction of its input voltage (Vi,). Voltage division is the result of
distributing the input voltage among the components of the divider. A simple example of a voltage
divider is two resistors connected in series, with the input voltage applied across the resistor pair
and the output voltage emerging from the connection between them.

The class diagram of 1B132 Current Sensor taken from visual paradigm is shown below in figure
4.9.

1o maBW S 1 O =
Bk1B131_Voltage_Sensor
{TOLERANCE =0 01}
{BANDWIDTH = 159}
[OUTPUT_RANGE = 2.5}
[OUTPUT_IMPEDANCE = 100e3}
{TEMPERATURE_MIN = 40}
(TEMPERATURE_MAX = 125}
{TEMPERATURE_MINSTORAGE = -55)
(TEMPERATURE _MAXSTORAGE = 175} |
(TEMPERATURE_SOLDERING = 300} HK : class
<<Pin>s +VIN() |HK_INDEX : ushert
<< Pin== *WOUT() IMODULE : class _
<<Pin=> +AGND() I

’_SLOT :class 1

|ACHAN : byte

BkiB1p [Sensors |

=< ANA >
Bk1B131A_Voltage_Sensor
(INPUT_RANGE = 5} Test Bench# Test Bench# Test Banch#
{INPUT_IMPEDANCE = 40083} i ) I ) (BK: )
+SENS VOUT . flcat const = 0.5 L . 1 I |
4
Testing Voltage Sensor
4 : Test Bench #
Bk1B131B_Voltage_Sensor I BK1B1318]

{INPUT_RANGE = 10}
{INPUT_IMPEDANCE = 523a3)
+SENS VOUT . float const = 0.254

<=8
BKk1B131C_Voltage Sensor

{INPUT_RANGE =20} Test Bench # Test Bench# Test Banch#
{INPUT_IMPEDANCE = 940e3} 7(BK1B131C) BK1B131 BK1B131
4SENS VOUT : float const = 0.1277. &
| Test Banch # Testing Voltage Sensor

S a— = BK1B131C !m TesTBenChE
Bk1B131D_Voltage_Sensor == _2(BK1B131C

(INPUT_RANGE =40}
{INPUT_IMPEDANCE = 1.7 128}
+SENS VOUT . float const = 0.0643

%

Figure 4.9: Class diagram of 1B131 Voltage Sensor

4.3.1 Description:

In both 1U and 3U 1B8 CubePMT, two voltage sensors are used for an Aramis project. The voltage
sensors convert (through a voltage divider) the input voltage between input pin VIN () and analog
ground AGND () to an output voltage between pin VOUT () and analog ground AGND (). Input voltage
shall range between 0 and a maximum value which depends on the specific specialization of
Bk1B131 Voltage Sensor (see tagged value INPUT RANGE), while output voltage is in the range 0 to
OUTPUT _RANGE. Output impedance is common for all implementations (namely,
OUTPUT_IMPEDANCE).

It also contains a first order low pass filter with cutoff frequency BANDWIDTH. It requires no
supply voltage. Most performance is defined by tagged values. Output impedance is high. This must
be taken into account during sample and hold phase.

Theoretical verification of analog output voltage (Vout) of voltage sensor connected to ADC of tile
processor, are given below.
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Its schematic diagram is shown in figure below 4.10.

Vout = Vin X

Rz

Ri7 + Ryg

Vin
R29
R390K
Vout
-
R17
oy § R133K
C10n
Y V
AGND AGND

Fig 4.10: Schematics of a Bk1B131B_Voltage Sensor.

432 B Testing of Voltage Sensor BK1B131B

Testing Results of Bx1B131B voltage Sensor are shown below.

Serial Parameter Expected Current Verification Pass/Fail| Test
# Value Result bench
1 Temperature -40 to | -40 to 125 -40:Vout=2.49Vv Pass Test#7

(Centigrade) 125
125:Vout=2.5V
2 Output Voltage 2.5 With no Vout=Vin*R17/ (R17+R29 Pass TEST#1
(V) load:2.5 )=2.5
With
load (R=100K
):1.25
3 Tolerance 1 0.37 Output Range:2.412- Fail Test#2
(%) 2.430
T=0.009/2.421=0.0037=
0.37%
4 Input Voltage | Vin=10 |Vmin=2----- Vout=2.5V for 10 volt Pass Test#4
(V) -->Vout=0.5 input
Vmax=10----
-->Vout=2.5
5 Input 523 522.7 V(vin) /I (R11i116)=522. Pass Test#5
Impedance (kohm) 7
6 Output 100K VL/VNL=RL/ (RL+Z0o)=0.5 Pass Test#6
Impedance (Zo) (RL=100K) —-
>Z0=50K
Pin VIN () :
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Serial Parameter Expecte Current Verification Pass/Fail| Test
# d Value Result bench
1 Minimum input 2 2 Vout=0.5V Pass Test#4
Voltage
2 Maximum input 10 10 Vout=2.5V Pass Test#4
Voltage
Pin AGND () :
Serial Parameter Expecte Current Verification Pass/Fai| Test
# d Value Result 1 bench
1 Maximum Input 102.5 12.5 I(C1i97)+I(R)=0.000012| Fail Test#3
Current (ud) 5
or
10/97.5K=102.5 as
expected
Pin VOUT () :
Serial| Parameter Expected |Current Result] Verification Pass/Fail Test
# Value bench
1 Min Output 0.5 0.5 VOUT=0.5 for 2V Pass Test#l
Voltage input
2 Maximum 2.5 2.5 VOUT=2.5 for 10V Pass Test#l
Output input
Voltage
3 Nominal 100K 100K RL=100K Pass Test#6
Impendence

o B Test Bench # 1(BK1B131B)

This test is used to measure the output of voltage sensor with respect to input voltage. Here the dc
voltage is given as an input and we calculated the voltage across the output terminal. Below,I have
attached the sim _adms file that represent how to test the output of this voltage sensor in LT-Spice.

.tran 81 8.1
-include *..%..%genhdl%Bk1B131B_Uoltage_Sensor_U1\Bk1B131B_Uoltage_Sensor_U1.spi™
UGHD AGHD @ DC B8
UUIH UIH B PULSE (@ 18 8.10 588H)

=xxxxxpnd of additional commandssxsssxsse

-2nd

& dh—

LT

6w

LR

oD —




Fig 4.11: Output Vs Input of BkIB131B_Voltage Sensor.

Above is the plot of current sensor whose maximum current limits 625mA. Here, the output voltage
obtained is compatible to the previous theoretical results.

e Test Bench # 2(BK1B131B)

This test is used to apply a Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, zoom in the output voltage
VOUT plot and observed the range of output value in which select only those lines which are nearer
to each other and then apply the standard deviation formula in order to approximate the tolerance.
We will find their tolerances respectively. Below, I have attached the sim adms file that represents
how to test the tolerance of this voltage sensor in LT-Spice.

.tran 8 1 8.1

-include "..\..\genhdl\Bk1B131B_Veoltage_Sensor_U1\BkK1B131B_Veoltage_Sensor_U1.spi"
UGHD AGHD @ DC @

UUIN UIN 0 PULSE (@ 15 @8.1U S88M)

sxnznwgnd of additional commands=ssxxsw

-end

Fig 4.12: Tolerance of Bk1B131B_Voltage Sensor

Output Voltage Range for this voltage sensor: 2.412V<------- >2.430V
Tolerance = =2=0.0037=0.37%
2.421

The obtained uncertainty is about 0.93%, which we considered it negligible.

o B Test Bench # 5(BK1B131B)

This test is used to measure the input impedance of voltage sensor. Below, I have attached the
sim_adms file that represents how to test the input impedance of this voltage sensor in LT-Spice.
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tran 8 1 8.1

.include "'..%..%genhdlyBk1B131B_Voltage_Sensor_U1\Bk1B131B_Uoltage_Sensor_U1.spi”
UGHD AGHD B DC B

R Uout B 188K

UUINH UIH 8 PULSE (@ 18 8.10 508H)

wxnwxwgnd of additional commandswesesses

-end

Ao aomTe
S22 GETT—
[

e

AT EEAC TS

i

-1 ' " 1 - g
EE - - AT T e AT A B A0 O

Fig 4.13: Input Impedance of BkIB131B_Voltage Sensor

Here is the way to verify the input impedance during simulation.

V(vin) ~
Riite) = 022.7Q (Expected =523Q)

B Test Bench # 6(BK1B131B)

This test is used to measure the output impedance of current sensor in the presence of load
resistance (100 KQ) where current easily pass through it. Below, I have attached the sim adms file
that represents how to test the output impedance of this current sensor in LT-Spice.

-tran 81 8.1

.include *..%..%\genhd14\Bk1B131B_Voltage Sensor UAABK1B131B Voltage Sensor U1.spi™
UGHD AGHD @ DC @

R Uout 8 188K

UUIN UIN @ PULSE (86 10 8.1U 586H)|

=xxx%xend of additional commandsssexxes

-end

100 00 1FIC

e

e

e

T O CR T

V00 D S

sa aeomcr

- — b ok
T S . S - S . ST [ P ] —————. —

Fig 4. 14 Output Impedance of Bk1B131B Voltage Sensor
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Here is the way to verify the output impedance shortly
VL/VNL=RL/ (RL+Zo) =0.5

o B Test Bench # 7(BK1B131B)

This test is used to measure the change of output voltage by changing the temperature .Below; I
have attached the sim_adms file that represents how to test the output voltage by changing the
temperature in LT-Spice.

.dc TEMWP =140 125 5

.dnclude *..\..\genhd1\Bk1B131B Uoltage Sensor U1\Bk1B131B Uoltage Sensor U1.spi"
UGHD AGHD @ DC @

UUIN VIN 8 DC 10

sxxxxxgnd of additional commands=xxxxxx

.end

v . T . ' + " ]
A0 = oo mOme T e woro a0- o rorc Toanc

Fig 4.15: Temperature Vs Output Voltage of BkIB131B_Voltage Sensor

Here we will mention the maximum and minimum temperature effect on the output voltage.
-40: CS_VOUT=2.528V
125: CS_VOUT=2.528V

433 B Spice Netlist of BK1B131B_Voltage Sensor:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—>Netlist). It generates a spice netlist which can be used for simulating in the
LTSpice as shown below. Here I have attached the genhdl file that shows all the
components of this voltage sensor and how they are connected in the schematic.

= Project BR1B1318_Unltage Sensar U1
« Wentor Braphics Wrelist Greated with Uersion 6.6, 002
® File created Med Hou 30 13:38:28 2016

# IniFile

s ConFigFile: C:\MentorGraphicsh7?_9.MEENSOD WOMEAstandardywspice . cfg

® Optlons @ = =.g5pi =h =% =7 -kG:\MentorGraphlcs\7?. 9. 6EE\EDD KOME\standardiuspice cfg bkib13ib_voltage sensor wi
" Lpyels

C10126 Yout AGHD {HE( 10.RaaQ00H ', 10. G000 100}y TC=10. 00000
R11936 Yin Uout (HE{ 3%0Kohms , 1000, DRDBAEH F1BE)) TE=100, D00BOO0
R10144 Vout AGHD {MC{ 133Kohms , 1000.000080H A188)F TC=100.00RAaa0
= Dictionary 0

sifarning : Ho groond node (Label a net GHD)

Jipclude Y. %, Agenhd 1y Bk181518_Uoltage Sensor UTWBk1B1318_Uoltage Sensor_UM_sources.spi®



4.4 1B1122 PWM DC Converter:

PWM DC Converter contains passive components including resistors, capacitors and schottky
diodes. This converter usually gives the constant output voltage that plays a major role in our
designed Boost Converter. For the inverting input voltage of a comparator U7 (part of Boost
Converter), a PWM-DC-converter block is used in order to set a reference voltage at the inverting
terminal of U7. In our case, it gives 2.83 V at the output terminal (DC_OUT) for the input voltage is
3.6V. The class diagram of PWM DC converter Bk1B1122 PWM_DC_Converter is shown in
below Figure 4.16.

Test Bench #

AN A
" 3(BK1B1122)

<<Electronic Module>>
BK1B1122_PWM_DC_Converier
-NCMINAL VOUT ; fioat const = 2.6
MAX_VOLT : float const = 3.07
MIN_VOUT : float const = 6,83

SVOC_3V3()
+GND()

PN ING)
+DC_OUTY)

Testing of PWM DC CONVERTER BK1B1122

Test Bench # Test Bench#
1{BK1B1122) 2{BK1B1122)

<< AN
<<Elactronic Mod ule>>
o S

Bk1B1121D_Primary_Switching_Boost V1
Msensor_SOLAR : Bk1B1318_Voltage Sensor
-lsensor SOLAR | Bk1B1324 Current Sensor
Wsensor OUT: Bk1B131C Voltage Sensor
-lsensor_OUT ! Bk1B1320 Current Sensor
+3ENS V' _SOLAR . float const = Vsensor SOLAR.SENS WOUT Yozt Bench
+SENS | SOLAR : ficat const = |sensor SOLAR.SENS CS WOUT #11(BK1B1121D)
+5ENS WV _OUT : float const = Vsensor OUT.SENS VOUT
+3ENS | OUT ! fleat const = Isensor OUT.SENS CS WOUT Testing of Primary Swil g Boost_BK1B1121D
+SENS_PWM : float const =13.5 '
<<Pin>> +530LAR_POS() Test Bench#
<<Pin>> +S0LAR NEG() 4(BK1B1121D)
<= Pin== +3V3{)
<=Pin>= +DGND{)
<= Pin=> +AGND{)
<< Pinz> +DISABLE (val : bool) Test Bench# 1(BK1B1121D) Test Bench #
<<Pin== +PWM_IN(} 2(BK181121D)
<<Pin>> +_SOLAR()
<<Pin=> +|_SOLAR()
<<Pin=> +/_0OUT()
<<Pin=> +|_OUT{)

Figure 4.16: Class diagram of 1B1122 PWM DC Converter

4.4.1 Description:

In both 1U and 3U 1B8_CubePMT, PWM DC Converter is used for an AraMiS project. This
converter convert the input voltage between input pin PWM_IN () and digital ground DGND () to an
output voltage between pin DC_OUT () and digital ground DGND (). Supply voltage shall range
between 3 and 3.6 which depends on the specific specialization of 1B1122 PWM DC Converter (see
tagged value Supply Voltage), while output voltage always a constant voltage. It gives minimal output
voltage equal to 0.83, maximum output voltage equal to 3.07V and the nominal output voltage
equal to 2.6V. Its schematic diagram is shown in figure below 4.17.
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Figure 4.17: Schematic diagram of Bk1B1122 PWM_DC_Converter

442 B Testing of PWM DC CONVERTER BK1B1122
Testing of Bk1B1122 PWM DC Converter is given below.

Serial # Parameter Expected |Current Result Verification Pass/Fail Test Bench
Value
1 Supply Current 26 24 [(Rload)= Vout/RLOAD Pass Test#3
(uA) 26uA=2.6/ RLOAD
Rload=100K
2 SupplyVoltage Min:3 Min: 3 Voltage range is Pass Test#1
(VCC_3V3) Max:3.6 Max:3.6 possible as seen in data
sheet.
3 Tolerance 0.01 0.01 Output Range:(2.6019- Pass Test#2
(%) 2.5950)/2
T=3.45% 10"-
3+2.5950=2.59845-----
>2.5950/2.59845=0.01%
4 Output Voltage | Min:0.87 Min:2.36 I/P's O/P's Fail Test#1
%) Max:3.07 Max:2.83 3 2.36
32 2.51
3.5 2.75
3.6 2.831
Pin PWM IN ():
Serial # Parameters Expected Value Current Result Pass/Fail Test Bench
1 PWM Input Pulse (V) 33 33 Pass Test#1
Pin DGND ():
Serial # Parameter Expected Value Current Result Pass/Fail Test Bench
1 Supply Current 26 24 Pass Test#3
(uA)
Pin DC OUT ():
Serial # Parameters Expected Value Current Result Pass/Fail Test Bench
1 Min output Voltage 0.87 3o >2.36 Fail Test#1
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V)

2 Max output Voltage (V) 3.07 3.6---—----—- >2.83 Fail Test#1

Pin VCC 3V3 ():

Serial # Parameters Expected Value Current Result Pass/Fail Test Bench
1 Min Supply Voltage 3 3 Pass Test#1
(VCC 3V3)
2 Max Supply Voltage 3.6 3.6 Pass Test#1
(VCC 3V3)

o B Test Bench # 1(BK1B1122)

This test is used to measure the output of PWM DC Converter in time domain. Here the dc voltage
VCC 3V3 and PWM pulse is given as an input and we calculated the voltage across the output.
This PWM DC converter block especially used to give a constant voltage at the inverting terminal
of U7 in the Boost converter. Here we got the constant voltage of 2.83V at the output of this
converter. Below, I have attached the sim_adms file that represents how to test the output of PWM
DC converter in LT-Spice.

.tran 180U 1 0 Sou

-include *..\..\genhd1\Bk1B1122_PWH_DC_Converter_U1\Bk1B1122_PWH_DC_Converter_U1.spi™
UUAL YCC_3U3 @ DC 3.6

UGHD DGHD B DC 0

UUPUM PWM_IH @ PULSE(® 3.3 1u 1n)

wxxxexxxend of additional commandssessses

-end

= |

ER-FRWE |

= 8w — 5 ' + + =
R o o o= o am ) © G o ra o o o 1 o

Figure 4.18: Output Vs Input Voltage of Bk1B1122 PWM_DC_Converter

o B Test Bench # 2(BK1B1122)

This test is used to apply a Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, zoom in the output voltage
VOUT plot and observed the range of output value in which select only those lines which are nearer
to each other and then apply the standard deviation formula in order to approximate the tolerance.
We will find their tolerances respectively. Below, I have attached the sim_adms file that represents
how to test the tolerance of this pwm dc converter in LT-Spice.
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tran 108U 1 @ S0

-include "..\..\genhdl\Bk1B1122_PWH_DC_Converter_U1\Bk1B1122_PWM_DC_Converter_U1.spi”
UuaL UCC_3U3 68 DC 3.6

UGHD DGHD @ DC B8

RL DC_OUT @ 180k

UUPWH PWM_IH B PULSE(® 3.3 1u 1n)

wwnunngnd of additional commandssessnes

.end

= oz

ER A

= Goaaw

= Gooiw

= mmaone

= mmes—|

= manew—|

= sm |

= somE- - T = -3 . o
Thdem | aeor - BT —— Fadeam | =0 — FaGeone | SGomm ETT.

Figure 4.19: Tolerance of Bk1B1122 PWM_DC_Converter

Output Voltage Range for PWM DC Converter is from 2.5950V to 2.6019V.

Tolerance = 201972590 3 4541043425950 = E3250_ 9104
2 2.59845

The obtained result of tolerance is exactly the same as we expected from this circuit. So, there is no
uncertainty in it.

o B Test Bench # 3(BK1B1122)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance. In simulation of PWM DC Converter, we will get the same value of
sink current that is 26uA. Below, I have attached the sim adms file that represents how to test the
maximum supply current of this converter in LT-Spice.

Ltran 1880 1 8 S8H

.step param 8 1 8.0801
-inelude *..\..Agenhd1l\BK1B1122_PWH_DC_Converter U1\Bk1B1122_PWH_DC_Converter_U1.spi”

UyAaL vCcC_3U3 8 DC 3.3

UGHD DGHD @ DC B

sxwsnnpd 0Ff Aadditlonal COMMANOS s sk
-end

FO MGG

B R

FE REABE A

TR RS A0

I S TS ]

BE NGAT O ]

FE REAGS ]

BE S AG0 e

TR RS A5 ]

I RSSO e

B

FI IGO0 T T
GRS TR T BT Ao BaF G AT B
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Figure 4.20: Maximum Supply current of Bk1B1122 PWM_DC_Converter
Below, the load resistor is designed in order to generate expected value of maximum supply current.
I (Rload) = Vout/Rload
26uA = 2.6/Rload
Rload = 100K

The same value of both expected and simulated value.

442 B Spice Netlist of BK1122 PWM_DC_Converter:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation->Netlist). It generates a spice netlist which can be used for simulating in the LTSpice.
Here I have attached the genhdl file that shows all the components of this voltage sensor and how
they are connected in the schematic.

= Project BR1E1122_PUM_DC_Converter U1
# Hentor Graphics Wirelist Created with Version 6. & Q02
= File created Wed How 30 13:49:26 2074

= InifFile H

& ConfFigFile: C:ZHentorfraphicshT.9.0EELSDD HOMEA\standardyesplice.cfqg

« Options @ -_ -.spi -h -% -kE:sHenborGraphlcsy?.9 . SEEASOD_HOMEAStandardiwspice.cFg bR1D1122_pwn_do_converter_ud
= Louvpls i

CTI523 H_THIE H_OTHIA (MC( 100000008 , 10, 000000 F108)F TC=10, 000008
R1IS33 PW_IH H_TH1B (HC{ 1Hohms , 1000, QOO00GBEN 100} ) TC=100. Q0nmm
C1IhE4 DC_OUT DEHD {MC{ W70.00DROOH , 20.000000 S100)3F TC=10. Da000E
C1IARFS UCE 203 DOHD {HC( 100, BOAAOON , 10, 00RBAE F100): TE=10. 00000
R1IGGD UCC_JU3 DC_OUT {HC{ 2THohns , 1000.000000H A100%} TC=100. 00dIABN
D1INGT H_TH1A UCC_JV3 BATSN

R1ISEE DE_OUT DEHD {HE{ 100Hohns , 1000.000000H 100} TC=100. 0000060
D1lRG6 DEHD H_THIR BATSH

R11513 H_TH1& DC_DUT {WC{ 10Kohms . TROO.D00000H F100)F TC=100. 000RE0
= Dictionary 2

& _THIN=H_1H14

& AH1E=H 1H18

siarning : Ho grouwnd node {(Label a net GHD)

-dnclude ..\ Asym\BATSE mod”

4.5 BK1B1121D_Primary_Switching_Boost:

A boost converter (step-up converter) is a DC-to-DC power converter that steps up voltage (while
stepping down current) from its input (supply) to its output (load). It is a class of switched-mode
power supply (SMPS) containing at least two semiconductors (a diode and a transistor) and at least
one energy storage element: a capacitor, inductor, or the two in combination. To reduce voltage
ripple, filters made of capacitors (sometimes in combination with inductors) are normally added to
such a converter's output (load-side filter) and input (supply-side filter). Its working condition is
explained below.

When the switch is closed, Mosfet is turned on. During this time diode is off and the path of current
then become from the inductor and Mosfet. As we know that the inductor store energy in the form
of magnetic field and current flow from the capacitor C2 to the load.

Its duty cycle can be calculated in ON state is given below.

Ton=DXxT
Where D = % and T is the switching cycle. Its schematic diagram is shown in below Figure
ONTLOFF
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Figure 4.21: Power stage-1 of the boost converter.
When the switch is open, Mosfet is turned off. During this time diode is on and the path of current
then become from the inductor and diode towards capacitor and load. Its duty cycle can be

calculated in OFF state is given below.
Topr = (1-D) x T

toN . N - . . .
Where D = # and T is the switching cycle. Its schematic diagram is shown in below Figure
ONTLOFF
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Figure 4.22: MOSFET OFF state of the boost converter.

The class diagram of 1B132 Current Sensor taken from visual paradigm is shown below in figure
4.23.

s Test Bench#
<<Flectronic Module== il
Bk1B1122_PWM_DC_Converter
-NOMINAL VOUT ; float const= 26
-MAKX_VOUT : float const = 3.07 :
-MIN_WOUT : float const = 0.83 Foiig oF PWAL 1C CENVERTER BRIB L
+YCC_av3)
+GNDI)
PN IN)
«DC_OUTY()
Tast Bench# Test Bench #
1{BK1B1122) 2{BK1B1122)
<o ANA>
<<Electronic Module>>
e S
Bk1B1121D_Primary Switching Boost V1
“Vsensor SOLAR : Bk1B131B_Voltage Sensor
-Isensor SOLAR : Bk1B132A Current Sensor
-Vsensor OUT; Bk1B131C Voltage Sensor
-Isensor OUT | BK1B132D Current Sensor
+#5ENS_V _SOLAR . float const = Vsensor SOLAR.SENS WOUT Test Bench
+5ENS | SOLAR : fioat const = |sensor SOLAR.BENS CS VOUT #11({BK1B1121D)
+5ENS W _OUT ! fleat const = Vsenser QUT.SENS VOUT
+BENS | OUT ! fleat eonst = |sensor OUT.SENS CS MOUT Testing of Primary Swil g Boost BK1B1121D

+5ENG_PWM . float const =13.5
<<Pin=> +30LAR_POS() Test Bench#
=<Pin=> +S0LAR_NEG() 4(BK1E1121D)
<<Pin=> +3V3()

<<Pin>> +DGND{)

<< Pin>= 4AGND{}
<<Pin>> +DISABLEval : boolj Test Bench # 1(BK1B11210) Test Bench#
<<Pinz= +PWM_IN(} 2(BK1B1121D)

<<Pin>> +_SOLAR()
<<Pin>> +|_SOLARY)
<<Pin=> #y_DUT(}
<<Pin== +]_OUT{}

Figure 4.23: Class Diagram of Bk1B1121D Primary Switching Boost V1.
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4.11.2Description:

In both 1U and 3U 1B8 CubePMT, same boost converter is used for an AraMiS project. This
module is the primary converter to be associated with an appropriate solar panel. It has three major
functions:

e it sinks power from solar panel (when illuminated), while keeping it close to its maximum
power point (MPP);

e it converts electric power with a high-efficiency switching regulator to a suitable voltage
level;

e it delivers power to the spacecraft main power distribution bus

The Bk1B1121D Primary Switching Boost V1 is a boost regulator, that is, its output voltage
cannot be lower than input voltage. It shall therefore be used with low voltage solar panels.

It contains a switching power converter which can be controlled in MPPT mode (Maximum Power
Point Tracker) with the aid of an external microcontroller which keeps the operating point of the
solar panel close to its highest efficiency point. This point depends on illumination and angle of
incidence, panel temperature, panel aging and it can vary in case of faults of individual solar cells.
The external processor shall measure input power and implement an MPPT algorithm and drive the
control input of the converter accordingly.

The Bk1B1121D Primary Switching Boost V1 connects to a solar panel via its two terminals
SOLAR NEG ()and SOLAR POS () and it deliver power to the on board power bus via the
PDBINT () and DGND () terminals. It also provides a few voltage outputs for monitoring the status
of the system:

V_SOLAR() outputs a voltage proportional to voltage across solar panel (system input);

V _OUT() outputs a voltage proportional to voltage across power distribution bus (system
output);

I SOLAR() outputs a voltage proportional to current coming from solar panel;

I OUT () outputs a voltage proportional to current going to power distribution bus.

The MPPT algorithm is implemented on an external microprocessor which measures input and
output currents and controls the point of operation of the system by means of the duty cycle of a
PWM signal which has to be provided to the PWM _IN() digital input.

In case of absence of the PWM signal, the operating mode of the converter autonomously changes
to a near-MPPT, where the operation point of the converts returns to a default value which can be
set by Configurator by changing the value of a resistor, offering an increased level of tolerance to
faults.

It can also be used in stand-alone mode without a microcontroller, by accepting a fixed point of
operation, therefore a non optimal efficiency in some situations.

Being an MPPT (or near-MPPT) switching regulator, the output power is kept constant, close to the

power sunk from the solar panel. Its output voltage is therefore unregulated as it automatically
adapts to the current sunk by the external load across the PDBINT () and DGND () terminals. The
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product of the output voltage and current is nearly constant, therefore the V-I characteristic of the
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AN e 1oy = 2
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3

Disable | S =
@4‘—| :tLZE s GND

GND
system is hyperbolic. The schematic diagram of boost converter is given blow in figure 4.27.

Figure 4.24: Schematic Diagram of Bk1B1121D Primary Switching Boost V1.
4.11.3Specification:

Parameter Min Typ Max Unit
Input Voltage (SOLAR_ POS()- Min Output
SOLAR NEG()) 2.0 Voltage + A%
0.6V
Input Current (into SOLAR POS()) 1 A
Output Voltage (PDBINT()-DGND()) 12 18 \Y
Output Current (from PDBINT()), for 0.5 A
efficiency > 60% )
Short Circuit Current (from PDBINT()) 1 A
Efficiency (for V(PDBINT()) =3.0 * 85 o,
V(SOLAR POS()-SOLAR NEG()))
Efficiency (for V(PDBINT()) > TBD V) TBD %
Operating Temperature measured at Scm
from -40 70 °C
Bk1B1121D Primary Switching Boost V1
PWM IN() frequency 10 Hz
PWM IN() logic low 0 0.4 \Y
PWM IN() logic high 2.9 33 \Y
DISABLE(val : bool) logic low 0 0.4 \Y
DISABLE(val : bool) logic high 2.5 10 \Y
Sensitivity of I SOLAR() 3.95 4.0 4.05 V/A
Sensitivity of I OUT() 16.2 16.4 16.6 V/A
Sensitivity of V. SOLAR() 0.250 0254 0.258 V/V
Sensitivity of V. OUT() 0.1235 0.125 0.1265 V/V
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Sensitivity of PWM_IN() (%]133(:5) V/%

4114 B Testing of Primary Switching Boost BK1B1121D
Testing’s of Switching Regulator Bk1B1121D Primary Switching Boost V1 are given below.

Serial Parameter Expected | Current Result Verification Pass/Fail Test
# Value bench
1 Output Voltage 14 14 Min:12V Pass TEST#1

V) Max:18V

V(pdbint)=14V

2 Tolerance 1.1 1.1 Output Range:(12.980- Pass Test#2

(%) 12.6537)/2

T=0.1637/12.980=0.011=1.1%

3 Input Voltage 4.4 4.4 V(solar_pos)=4.4V Pass Test#4

%)
4 Output Current max:500 (with I(Rload)=85mA Pass Test#1

(from PDB with Rload=2220hm)
efficiency > 60% ) 85
(mA)

Pin SOLAR NEG ():

Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Voltage across DGND 0 0 Pass Test#4
Pin SOLAR POS ():
Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Maximum Input Voltage 4.4 4.4 Pass Test#4
Pin AGND ():
Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Voltage across AGND (V) 0 0 Pass Test#11
Pin DGND ():
Serial # Parameter Expected Value | Current Value | Pass/Failure Test bench
1 Voltage across DGND (V) 0 0 Pass Test#11
Pin 3V3 ():
Serial # Parameter Expected Value | Current Result Pass/Fail Test bench
1 Supply voltage for PWM (V) 33 33 Pass Test#11

Pin DISABLE (val: bool):

Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Minimum Signal Voltage (V) 1.3 1.3 Pass Test#11
2 Maximum Signal Voltage (V) 1.5 1.5 Pass Test#11
Pin1 OUT ()
Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Max Output Current (mA) 152 130 Pass Test#6

Pin I SOLAR ():
| Serial# | Parameter | Expected Value | Current Result | Pass/Fail | Testbench |
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| 1 | Max Output Current (mA) | 625 480 Pas | Test#6
Pin PWM IN ():
Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 PWM Input Pulse (V) 3.3 3.3 Pass Test#11
Pin V_OUT ():
Serial # Parameter Expected Value Current Result Pass/Fail Test bench
1 Maximum Output Voltage (V) 2.5 1.5 Fail Test#7
Pin V_SOLAR ():
Serial # Parameter Expected Value| Current Result Pass/Fail Test bench
1 Maximum Output Voltage (V) 2.5 1 Fail Test#7

B Test Bench # 1(BK1B1121D)

This test is used to measure the output of Switching Boost Converter in time domain. Here
VCC _3V3 and PWM pulse is given as an input and we calculated the voltage across the output V
(PDBINT) and current across the load. In 1U 1B8_ CubePMT, this Boost Converter is the primary
element to boost the input voltage from Solar Panel 4.4 to 14 V PDB. Below, I have attached the
sim_adms file that represents how to test the output/input relationship of boost converter in LT-

Spice.

.tran 18680 8.8008 8 S0M
.include
UGHD1 AGHD 8 DC @

UGHD2 DGHD 8 DC @

UPWH PWHM_IN @ DC 3.3 PULSE (8 3.3 1868u 186n 1686n 16u 15u)
U3u3 N3U3 B DC 3.9

*#*RLOAD PDBINT @ 222

XCELL1 SOLAR_POS SOLAR_CEN SolarCell

XCELLZ SOLAR_CEN 8 SolarcCell

.include *..%..\sym\SolarCell.mod"

Upisable Disable O DC @

wxxxxxend oFf additional commandsssssxsss

-end

avf

1

o
o —

1 —-
R o drra o s o e

Figure 4.25: Output Voltage of BkIB1121D Primary Sw1tch1ng Boost V1.

e Test Bench # 2(BK1B1121D)

Py — Py

------

"% ..vgenhd1\BK1B1121D_Primary_Switching_Boost_VU1A\BK1B1121D_Primary_Switching_Boost_V1.spi™

This test is used to apply a Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, zoom in the output voltage

56




VOUT plot and observed the range of output value in which select only those lines which are nearer
to each other and then apply the standard deviation formula in order to approximate the tolerance.
We will find their tolerances respectively. Below, I have attached the sim_adms file that represents

how to test
of this boost
LT-Spice.

1ans
33
12
11—
0] H . E\
R
o i
™~
G

e |

R

the tolerance
converter n

Figure 4.26: Tolerance of Bk1B1121D Primary Switching Boost V1

Here its tolerance is calculated as given below.

Output Voltage Range for both voltage sensor: 12.980V<
12.980-12.6537 _ 0.1637

Tolerance = 5

© 12.980

o B Test Bench # 4(BK1B1121D)

This test is used to measure the input of Boost Converter in time domain. Here we gave Solar POS
& Solar NEG voltage as an input. This is possible by making the sub-circuit of Solar cell so that it
gives the maximum input of 4.4V to the boost converter and we calculated the voltage across the
output V (PDBINT). The same sim_adms file is used that contains the input parameters of boost

converter in LT-Spice.
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Figure 4.27: Input Source of Bk1B1121D Primary Switching Boost V1

o B Test Bench #11(BK1B1121D)

This test is just used to measure the parameters of remaining terminal of the boost converter that
may use in activation of some blocks. The reason for making this plot is to help in good reporting
inside the visual paradigm. Here we calculated V (agnd), V (dgnd), V (3V3), V (disable), and V
(pwm_in). The same sim_adms file is used that contains the input parameters of boost converter in
LT-Spice.

Figure 4.28: Other inputs of Bk1B1121D Primary Switching Boost V1

4114 B Spice Netlist of BK1121 Primary Switching Boost:
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Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice

=siefinition For Project BRIB1318 Uoltage Sensor U1

SSUBCKT BR1B1IE_Woltage Semsor U1 Uouk Uin AGHD

CC1 Wout AGHD {HE{ 10.000RR0H , 10.000Q00 F100) 3 TC=10.0R@aa00%
R Win Uout {MC{ SV@Hohrs , 1000.000OQEN F100) ) Te=100. 0RA0000
RRE2 Uoulb AGHD {MC{ 13IHohms , 1000.000Q8aH S1008): TC=100.0000000
= CROES-HEFEREMCE B

-EHDL

siefinition For Project BR1B1122_PUM_DC Converter U1 v
LSUBCKT BER1B1122_PWH_DC_Conwerter_U1 DGRO DC_OUT UCC_3U3 PWH_IN

GET H_THTE H_THIA (HE{ 10, 00BB0H , 10. 000000 1003 ) TC=10.aoaanou
RRY PUM_TH H_1HT8 {MC{ 1Kohms , 1000, 000O00H A100) ) TC=100. 00000060
CCE DC_OUT DEHD {(HE{ W70, 0ROBREH , 20.000000 F180) ) TC=10. 0000000
CCE UEE_3U3d DEMD (MC{ 100.000808H4 , 10000000 /106)% TC-10. 006000
RRZ UCE_3Ud DE_DUT (MC{ 27Kohms , 1000. 0000000 S100) ) TC=100. 0000880
001 H_1HIh VEE_303 BRTSH

RRI DC_OUT DGHD {(MC{ 100Kohms , 1000, 00DOO0H A10E) ) TC-100. 0000008
002 DGHD H_THT4 BATSH

RRER H 1ML DE_OUT (MC{ 10Eohms , 1000, DOa000N /100) ) TC=100. 0odono
® CROSE=REFCREMCE 2

= _1HIA=H_1H14

= C1Hi8=H_1H18

-ENDE

siefinition For Project BRAB132D_Current_Sensor_ U1

SSUBCKT BR181320_Curvent_Semsor U1 1_0UT C3_HOUT 1_IN AEHD

CL1 G5 _UOUT AGHD {MC{ O0.0uF ., 10.000000 A00)} TC=10. 008000

A KSIEMIAA2E XSIGE10024 XSIGO10025 AGHD CS_UOUT THA138

RRZ? E5 UOUT AGHD {MC{ 100obns , 1000, DB@a00H S10@) % TC=100. 000000

XRY OI_EH T_0UT XSIGRI0025 XSIGEO024 RES hwire R={MC{EZMohns 1000, 000000H1R0Y ) TC=25 B, 00K
* GROSS-REFEREMCE 0

-EHDE

Anclude *,
Anelude "o
Anclude *.
include *. .
Anclude ™.
Anclude ™,
Anclude ™.
Anclude ™
-include *

- genhdlABKTB1210_Prindry_Seitching_foost_U1A\BK1B11210_Primary_Seitching_Boost_V1_svurces.spi*
LA spahBI2 0 . mad™
=« \SPPERT 54 . mod™
- A SpmIKIB1262_Short_Circuit,mod™
oo VSRR THAT 38 cmed™
- SRR TSHE . mod*
LA SHAMHEF 02 21 . mod™
=% SHAVHHEBT 39 BALTIG . nod™
v A SEVHHE TP Bé . mod'
Anelude .\ ASYRRES AWIRE (mod™
Anclude ™ AEPMETTV1ZA0N . mod™
EUCTAMLLLON FOr FrOjecn BEI0SH_GAETENE_ Srnsnr_un
LSUBERT BHIB13ZA_Current_Sensor_UT AGND I _OUT C5_UVOUT 1_IN
CLT C5 _UDUT AGHD {MC{ B.00F , T0.000000 F1000%F TC-10. biooam
B KEIGOTeNRS XSIGO1002N NSIGOIBNZS AGHD CI_UDUT IHA138
RRY C5_UBUT AGHD (HG{ T00Kohms , 1000 DOOBROH JF10@) ) TC=100. dBR000E
AR DI 1_OUT SSTCE1OeeS KSIGOVeids RES_WWIRE Rs{MG(200MHohms 1000, O000@0100) ) TC=200. Dodndn
= CROS5-REFEREMCE @
LEHDE

i

spefinition For Project Bk1B12612_Short Clrcaeil
JSUBEKT BW1B42612 Short Circuit B @
= CROS5-REFEREHCE 0
EHOS
as shown below. Here I have attached the genhdl file that shows all the components of this primary

switching boost and how they are connected in the schematic.

4.121B121 Load Switch:

Load switch is an integrated electronic relays used to turn on and turn off power rails. It consists of
four pins for input voltage, output voltage, enable, and ground. When the device is enabled via the
ON pin, the pass FET turns on, thereby allowing current to flow from the input pin to the output pin
and power is passed to the downstream circuitry. The class diagram of Load Switches is given
below in figure 4.29.
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Figure 4.29: Class Diagram of Bk1B121 Load Switch

4.12.1Description:

Load switch is used to activate/deactivate power supply of other blocks. It requires an appropriate
supply generator across pins IN () and DGND () capable of providing enough current to the external
load connected across pins OUT () and DGND ().When voltage on EN (val: bool) pin (w.r.t. to
DGND ()) is above threshold (1.9V), the OUT () pin is shorted to IN () with an ON resistance
below 80mOhm. When voltage on EN (val : bool) pin (w.r.t. to DGND()) is below threshold (0.5V)
, the OUT() pin is open with a leakage current (between IN() and OUT()) below 25uA at 700C.

Bk1B121C Load Switch has the following schematic diagram as shown in figure 4.30.
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Figure 4.30: Schematic diagram of BkI1B121C Load Switch V3
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4.12.2 B Testing of BK1B121C Load Switch V3

Testing of BkIB121C Load Switch V3 are given below.

Serial|l Parameter Expected Current Verification Pass/Fail| Test
# Value Result Bench
1 Maximum 1.5 1.49 Isink= Vout/RLOAD Pass Test #3
output 1.5=10/ RLOAD
Current (A)
Rload= 6.7
2 Input Min:2.5 Min:2.5 IN-OUT=Result Pass Test#l
Voltage (VAL) Max:10 Max:10 2.5-2.478=0.022
5-4.973=0.027
7.5-7.464=0.036
10-9.956=0.044
3 Temperature Min:-55 Min:-55 Min:-55----- Pass Test#7
(Centigrade) Max:150 Max:150 >Vout=2.478
Max:150----- >
Vout=2.46
4 On Resistance 0.065 0.077 (Vin- Fail Test#9
(Rds) Vout) /Ix (1177:3)
5 Rise and Fall Rise Rise Vout:from off to Pass Test#10
time time:300nsec|time:300nsec fully on take
Fall Fall 300nsec
time:220usec|time:220usec|Vout:from on to off
take 220usec
Pin IN():
Serial # Parameter Expected Current Pass/Fail Test Bench
Value Result
1 Voltage 2.5 2.5 Pass Test#1
Min (V)
2 Voltage 10 10 Pass Test#1
Max (V)
Pin EN (val: bool):
Serial # Parameters Expected Current Pass/Fail Test Bench
Value Result
1 Enable 1.3 1.3 Pass Test#1l
(V)
Pin DGND ():
Serial # | Parameters Expected Current [Verification| Pass/Fail |Test Bench
Value Result
1 Supply 1.5 1.49 Isink= Pass Test#3
output Vout /RLOAD
Peak (A) 1.5=10/
RLOAD
Rload= 6.7
Pin OUT ():
Serial # Parameters Expected Current Pass/Fail Test Bench
Value Result
1 Output 2.5-10 2.5-10 Pass Test#l
Range (V)
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o B Test Bench # 1(BK1B121C)

This test is used to measure the output of Load Switches with respect to input. Here we gave the dc
voltage as an input and we calculated the output voltage. The maximum output voltage of this Load
switch is 10V which is based on the designed passive components that help in using load switches
in different purposes. Below, I have attached the sim adms file that represents how to test the
Input/output relationship of Load switch in LT-Spice.

.tran 1U 2868880

-include *._%.._.%genhdl%Bk1B121C Load Switch U3%Bk1B121C Load Switch U3_spi”
Uudgnd DGHD 8 DC @

UUen EH DGHD DC 3.3 PULSE (8 3.3 18u 18n 18n 18m 28m )

RL OUT DGHD 6.7

Uvin IH DGHD DC 3.3

sxxxxxend of additional commandsxssxxxs

.end

........
.....

o o al wn 1

Figure 4.31: Input/Output Voltage of Bk1B121C_Load_Switch V3

o B Test Bench # 3(BK1B121C)

This test is used to measure the maximum supply current across the Load Switches. For this, sink
current flow across the load resistance. In simulation of all Load Switches, we will get the same
value of sink current that is 1.5A. Below, I have attached the sim_adms file that represents how to
test the sink current of Load switch in LT-Spice.

Eran 10 4haau

-include "..%..\genhdl\Bk1B121C Load Switch U3\BK1B121C Load Switch VU3 .spi"
Uldgnd DGHD 8 DC 8

Ulen EN DGHD DC 1.3

RL OUT DGHD 6.7

Uvin IN DGHD DC 18

#xxxxxond of additional commandsexsexsxs

~end
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Figure 4.32: Maximum Supply Current of Bk1B121C Load Switch V3

The expected value of this Load switch is designed as given below.

Vout
Rload

N Rload

Isink =

Rload=6.7 ohm

o B Test#7(BK1B121C)

This test is used to measure the change of output voltage by changing the temperature. Below, |
have attached the sim adms file that represents how to test the output of load switch by changing
the temperature in LT-Spice.

-dc temp -55 158 5

-include "..%..%genhdl%BK1B121C_Load Switch_ U3\BK1B121C_Load Switch U3 _.spi"
Uldgnd DGHD 8 DC 8

Uen EH DGHD DC 3.3 PULSE {8 3.3 28u 16n 18n 88u 2888u )

RL OUT DGHD 6.7

Uvin IH DGHD DC 2.5

swxxxuend of additional commandss=xsxxx

-end

2 e

2 aranf

> arzvy

¥ v 1 T . - T x ¥ v )
Tieo LT P L ani At e L [T 1FESC RERNT

Figure 4.33: Temperature Vs Output Voltage of Bk1B121C_Load Switch V3

Here the maximum and minimum temperature effect on the output voltage is calculated as given
below.
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At -55 degree centigrade Vout=2.478 V
At 150 degree centigrade Vout=2.46 V

o B Test Bench # 9(BK1B121C)

This test is used to measure the ON resistance in time domain. When voltage on EN (val: bool) pin
(with respect to DGND ()) is above threshold (1.9V), the OUT () pin is shorted to IN () with an ON
resistance below 80m. Both expected and actual values are same for this Load Switches that is
below 80m€. Below, I have attached the sim adms file that represents how to test the On
resistance of Load switch in LT-Spice. Here I have attached the genhdl file that shows all the
components in this solar panel and how they are connected in the schematic.

tran 10 4880

-include *..%..%genhdl%BK1B121C_Load Switch U3%BK1B121C_Load Switch U3 _spi”
Uudgnd DGHD 8 DC 8

UlUen EH DGHD DC 1.3

RL 0OUT DGHD 6.7

Upin IN DGHD DC 2.5

xxxxxxpnd of additional commandsexsxxxsx

.end

SR r— I3 S0 Frane T3 a0S@soas EEETr e— I OO TChue 28 ROZITOuE

Figure 4.34: On Resistance of Bk1B121C Load Switch V3

4.12.3 B Spice Netlist of BKIB121C_Load_Switch_V3:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation->Netlist). It generates a spice netlist which can be used for simulating in the LTSpice.
Here I have attached the genhdl file that shows all the components of this load switch and how they
are connected in the schematic.
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Project BHIBI2MC_Load Switch U
Hentor Graphics Wirelist Greated with Version é.h. 00K
File ereated Sun Hou D& 0@:12:21 2016

Inifile :

ConFigFile: C:\MentorGraphics\7.9.8EEYS0D HOMEAstandardyespice.cfg

I.'.||rHr.'|1|-.' T F -.5pi -h -$ =7 -l;[‘.;\Hrnt‘urﬂl'.lIlhil‘:z:"\?,".',EEEHS.[I[I__III'III:"|,'.T.j|'|1l.'1rd\u".|.|j|:|!',Efg hkﬂh‘l?i:__];lul‘p__-,.uﬂf.h__l..l:]
Legals H

R11506 TH H_THAT (HC{ 108Kohns , 1000, DOREROH A100)F TC=100. Gabohau
S1L678 OUT H_1HAT TH IRLHLGYO2

A1IBEG H_1H71 EH DGHD HTA7OBZH

RATG96 H_THGT H_1H71 {HC{ 15ohns , 1000.00ROBOH F100)F TC=100.00008000
# pictionary 2

& IHF1=H_1H71

= 1HGT=H_1H4T

siarning : Ho ground node {Label a met GHD)

JAnclude ..\, .\genhd1\BK1B129C_Load_Switch_US\BK1B121C_Load_Seitch U3 sources.spi”
Anclude ... AsyRSTALHLAEE? .mod™
JAnclude ..\, \SyRANTAT DEZH . mod']

4.13 BKI1B125 Linear and Switching Regulator:

A voltage regulator is designed to automatically maintain a constant voltage level. It usually used
for converting higher voltage level lower voltage levels. It is further divided into two categories
(Linear and switching regulator). Its distinguished features are explained in below table.

Linear Regulators Switching Regulators
Only Step down Both Step up and Step down
Operate in Linear Region Operate in Saturation and Cutoff Region
Economical Costly
Less Efficient and small in size More Efficient and larger in size
Low to medium power consumption High power consumption

The class diagram of Bk1B1251 Linear and Switching Regulators is shown in below Figure 4.35.

65




[ Test Banch# 3(BK1B12524) | [Test I
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<<Electronic Module>>
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+EN_REF()
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- i
1B1252_3V0, SREF_3V() N7,

rant
| by +AGND() Tosl Bonoh # 2BKIB1252A).
<<Electronic Module>>

Test Bench #1%1512521?
<cANA»> [TestBench? TBK1B12540] |
BK1B1234C_3V3 100mA_LDO_Regulator VL L AT

M [Test Bench # 3{BK1B1254C) | Test Bench # 2(BK1B1254C
EN_3V3()
4VCC_3V3()

+GND()

+VCC_5V()

5]

<<Electronic Medule>>
<<ANA>>

BK1B1251_Small Power Regulator

+PDRINT()

LEN_5V()
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<<Electranic Moduig>>
cc AN >
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2]

+GNDI)
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Figure 4.35: Class Diagram of Linear and Switching Regulators.

4.13.1Description:

The regulator convert the input voltage between input pin VIN () and analog ground AGND () to an
output voltage between pin VOUT () and analog ground AGND (). Input voltage shall range between 0
and a maximum value which depends on the specific specialization of Bk1B125 Power Regulator
(see tagged value INPUT RANGE), while output voltage is always constant according to the
specification of regulator.

In both TU and 3U 1B8 CubePMT, PDB voltage level has to be down converted to low voltage
levels (i.e. REF 3V (), VCC 3V3 (), VCC CPU () and VCC 5V ()) used by different subsystem
components. For this purpose, BK1B1251 Small Power Regulator contains four regulators: two
linear and two switching.

4.132 B Testing of Linear Regulator BK1B1252A 3V0

Class BK1B252A 3V0 1000ppm_Reference:

This linear regulator steps down VCC_5V () input to REF 3V () output in order to give this
reference voltage REF 3V () to the CubePMT subsystems especially for the magnetometer and
magnetic torque actuator.It works only when it is enabled EN_REF() from the Tile processor.
Output current and input/output voltage difference is low; therefore a linear regulator is used. It is a
National Semiconductor component with part number DK LM4128 AMF-3.0CT-ND and reference
designator U1. The schematic of BKIB252A 3V0 1000ppm_Reference is shown in below Figure 4.36.
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Fig 4.36: Schematic diagram of BK1B252A 3V0 1000ppm_Reference
Testing Results of Linear Regulator BKIB252A 3V0 1000ppm Reference are given below.

Serial Parameter Expected|Current Verification Pass/Fail| Test
# Value Result Bench
1 Maximum Supply| 100uA 100uA |Isink=V/Rsink=3/30k=100u| Pass Test #3
Current (A) or
I (Rload)=100uA
2 Temperature (C)| Min:-40 [Min:-40 -40:REF 3V=3V Pass Test#7
Max:125 |Max:125 125:REF 3V=3V
3 Input Min:3.8 |Min:3.8|I/P's O/P's Pass Test#l
Voltage (VAL) | Max:7.4 |Max:7.4 3.8 3
5 3
6 3
7.4 3
4 Tolerance (%) 0 0 By Monte Carlos Approach Pass Test#2
5 Input Current 30mA 30mA I(Vin)=30mA Pass Testi#8
(ma)
pin VCC 5V ():
Serial | Parameter Expected Current Verification |Pass/Fail| Test Bench
# Value Result
1 Voltage 3.8 3.4 REF 3V=3 Pass Test#l
Min (V) B
2 Voltage 7. 20 REF 3V=3 Pass Test#1
Max (V) B
pin EN REF ():
Serial |Parameters Expected Current Verification |Pass/Fail|Test Bench
# Value Result
1 Fixed 5 5 VEN EN 5V 0 DC 5 Pass Test#l
Voltage (V)
pin REF 3V ():
Serial | Parameters Expected Current Verification |Pass/Fail|l Test Bench
# Value Result
1 Output 3 3 REF 3V=3 Pass Test#1
Range (V) B
pin DGND ():
Serial |Parameters| Expected Current Verification Pass/Fail| Test
# Value Result Bench
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1 Supply 0.0001 0.0001 |Isink=REF 3V/Rsink=3/30K|[ Pass Test#3
Current =100uA
Peak (A)

o [ Test Bench # 1(BK1B1252A)

This test is used to measure the output of Linear Regulators with respect to input. Here dc voltage is
given as an input and we calculated the voltage across the output terminal. This regulator step down
to constant voltage equal to 3V. Below, I have attached the sim adms file that represent how to test
this regulator in LT-Spice.

tran 10U 5844 @ 10

Ldnclude . .\..\genhdl\BR1B1254C 303 100mA_LDO_Requlator UT\BK1B1254C 3U3 100mA_LDO_Regulator U1.spi”
UEH EH_3U3 0 BC 3.3

UGHD DGHD @ DC @

USUPPLY UaL B PULSE (1 28 10 S8aM )

asszaspnd OF additional commandsessssss

~end

3o
N
2 E—
= A
= e
= o
T m-
1
1A
1 -

1 o

—+ ) - - - " — —+ — e
wr T = e e o T o - Es
Ly

Fig 4.37: Output Vs Input Voltag\gaf BK1B252A 3V0 1000ppm_Reference

a
=

o [ Test Bench # 2(BK1B1252A)

This test is used to apply a Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, zoom in the output voltage
VOUT plot and observed the range of output value in which select only those lines which are nearer
to each other and then apply the standard deviation formula in order to approximate the tolerance.
We will find their tolerances respectively. Below, I have attached the sim adms file that represents
how to test the tolerance of this current sensor in LT-Spice.

a @ E 3 : R
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Fig 4.38: Tolerance of BK1B252A 3V0 1000ppm_Reference
Here we saw the same output value even we further zoom it. The obtained uncertainty is about 0%.

o B Test Bench # 3(BKIB1252A)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance. In simulation of this Linear Regulators, I will get more or less the
same value of sink current that is 100uA. Below, I have attached the sim_adms file that represents
how to test the maximum supply current of this regulator in LT-Spice.

.tran 8.81 1 @

.include "..%\..\genhd1\Bk1B1252A_ 3UB1880ppmRef UAMNBK1B1252A 3VUB108088ppmRef U1 .spi™
UDGHD DGHD 8 DC @

UEM EH REF 8 DC &

UIN UAL 8 DC &

RLOAD REF_3U 8 38K

xxxxxxpond oF additional commandsexxxxxx

.end

Fig 4.39: Maximum Supply current of BK1B252A 3V0 1000ppm_Reference
Here the expected values of maximum supply current is calculated as

:i:
Rsink 30K 100uA

Imax =

o  E Test Bench # 7(BK1B12524)

This test is used to measure the change of output voltage by changing the temperature. Below, I
have attached the sim_adms file that represents how to test the output of this regulator by changing
the temperature in LT-Spice.

.dc temp -150 580 5

.include *..\..\genhd1\Bk1B1252A_3U01000ppmRef U1\Bk1B1252A 3U@10086ppRRef U1.spi™
UDGHD DGHD @ DC @

UEH EM_REF 8 DC 5

UIH YAL 8 DC 5

RLOAD REF_3U B 188

=xxxzxgnd of additional commands=xxxses

end
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Fig 4.40: Temperature Vs Output Voltage of BK1B252A 3V0 1000ppm_Reference
Here we will mention the maximum and minimum temperature effect on the output voltage.
At -40 degree centigrade: REF 3V=2.996V
At 125 degree centigrade: REF 3V=2.996V

o B Test Bench # 8(BK1B12524)

This test is used to measure the input current of Linear Regulator in time domain. Here the DC
voltage and Enable pulse is given as an input.

tran .81 1 8

-include *..\..\genhdl\BK1B1252A 3U@1000pprRef U1\Bk1B1252a_ 3U01008ppmRef U1 ._spi®
UDGHD DGHD 8 DC @

UEH EM_REF 8 DC 5 PULSE 0 5 8.1 1u 1u 8.5

UIH vaL 8 pC 5

RLOAD REF_3V 0 108

wuwwuwpnd of additional commands sessess

.end

T ¥ * " ¥ -
. Grm ™ o a . ol o5 0.8 ors - o e g

Fig 4.41: Input current of BK1B252A 3V0 1000ppm_Reference

Here the input current of apply voltage is calculated as
Input Current=I (Vin) =30mA

4.13.3 E Spice Netlist of BK1252A 3V01000ppmRef V1:
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Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice
as shown below. Here I have attached the genhdl file that shows all the components of this voltage
sensor and how they are connected in the schematic.

= Project BRIBA2%TA_SUM000ppniter U4

= Hentor Graphics Wirelist Ereated with Uersion 6.4, 002

# File ereated Fri Hou Ok 18:29:47 2016

» Inifile :

= ConfigFile: CoyMentorGraphics\F.9. 8EE\SDD HOHENsbandardywspice..cfg

= Options = _ =.spd =h =% =7 -pDr\Hentortraphics\F.9.0EENSDD_HOHEAZstandardywsplee.cfg beIDIZ52a 3udi0ldppaced_ul
= Levels H

=

#11218 EH_REF WAL REF_3V DEHD LMHN128_3W

CAT177 HEF_30 DEHD (MG 100.000000H , 10.000000 F100)F TC=10.00000m
R1I197 REF_20 REF_3U UALUE

CAIMGT UAL DEHD {MC{ 4.7000080 , 10.800000 A1003 ) TC-10.002a@00

= Bictionary 0

silarning : Mo ground node (Label a nek GHD)

Anclude UL N Sgenhdl\BRIBI2520_20U0T000pprRe F_U1NBRIB12E2A_G0IN 000ppRRef_U1_sources.spi”
Anelode . ohL SymiLEBT2E_ 30 . mod”

414 B Testing of Linear BK1B1254C_3V3

Class BK1B1254C 3V3 100mA LDO_Regulator:

This linear regulator steps down VAL () input to VCC 3V3 (). The purpose of this LDO is to
continuously give power VCC _3V3 () to Tile processor whenever the processor want and also make
it independent from other sub circuit. It is enabled EN 3V3 () from the Tile processor. Input/
Output voltage difference is high but supply current is very low which results in negligible power
loss; therefore a linear regulator is used. It is a National Semiconductor component with part
number DK _LT1761ES5-3.3#TRMPBFCT-ND and reference designator U26. The schematic, IC
pins layout and PCB layout are shown in the following figure 4.42.

PDB REG LT1761-3.3
D uz2e VCC_ 33
: =  —
1 C53
EN_3V3 , C10n C51
= > j —L— c1ou
—— ¢s55 - —
Clu

Fig 4.42: Schematic Diagram of BK1B1254C 3V3 100mA LDO Regulator
Testing Results of BK1B1254C 3V3 100mA LDO Regulator are given below.

Serial Parameter Expected| Current Verification Pass/Fail|l Test
# Value Result Bench
1 Maximum Supply| 100mA 100mA |[Isink=V/Rsink=3.3/33=100mA| Pass Test #3

Current (A)
2 Temperature (C)| Min:-40 [ Min:-50 -50:VCC=3.309V Pass Test#7
Max:125 | Max:150 150:VCC=3.31V
3 Input Min:3.4V|Min:3.4V|I/P's O/P's Pass Test#1
Voltage (PDB) [Max:20V | Max:20V 5 3.3
10 3.3
13 3.3
19 3.3
4 Tolerance (%) 0 0 By Monte Carlos Approach Pass Test#2
5 Input 35 35 I(Vin)=35mA Pass Test#8
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| Current (mA) |

8
Pin VAL ():
Serial | Parameter Expected | Current Verification Pass/Fail| Test Bench
# Value Result
1 Supply 3.4 3.4 VCC 3Vv3=3.3 Pass Test#l
Voltage B
Min (V)
2 Supply 20 20 VCC 3v3=3.3 Pass Test#l
Voltage B
Max (V)
Pin EN 3V3():
Serial | Parameters | Expected Current Verification Pass/Fail| Test Bench
# Value Result
1 Fixed 3.3 3.3 From Tile Pass Test#1
Voltage (V) Processor
Pin VCC 3V3():
Serial | Parameters Expected Current Verification Pass/Fail| Test Bench
# Value Result
1 Output 3.3 3.3 VCC 3v3=3.3 Pass Test#1
Range (V) B
Pin GND ():
Serial |Parameters| Expected | Current Verification Pass/Fail Test
# Value Result Bench
1 Supply 0.1 0.1 Isink=V/Rsink=3.3/33=100mA Pass Test#3
Current
Peak (A)

o [ Test Bench # 1(BK1B1254C)

This test is used to measure the output of Linear Regulators with respect to input. Here the dc
voltage is given as an input and we calculated the voltage across the output terminal. This regulator
step down to constant voltage equal to 3.3V. Below, I have attached the sim adms file that
represents how to test the Output voltage in LT-Spice.

-tran 100 S804 @ 10

Anclude
UEH EH_3u3

LI L H

UGHD DGHD @ DC 8
USUPPLY UnL @ PULSE (1 28 10 588M )
anusnspnd of additional commandsessssss

end

o e

-1 -
ate e w

B

- -
1 14n

" o\.LhOenhdl\BR1B1254C_3U3_100mA_LDD_Regulator UM\BK1B1254C_3U3_100mA_LDO_Regulator U1.spi"



Fig 4.43: Output Vs Input Voltage of BK1B1254C 3V3 100mA_LDO_Regulator

o B Test Bench # 2(BK1B1254C)

In this test we applied Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, I zoom in the output voltage
V (PDBINT) plot and observed the range of output value in which we select only the lines which
are nearer to each other and then apply the standard deviation formula in order to approximate the
tolerance. Adding step command in previous sim adms file is used that contains the input
parameters of boost converter in LT-Spice.

3 IoNEa

R

3 DonEaw
3 s0sBIw

3 Sonszw—
3 09T -

3 30080V

3 B0 e - ¥ ¥ T v v T T
1T S0ms AT SZmm A7 Sd4ms AT SGmm 17 S8mm §7 60ms 17 G2mm 17 Barm

Fig 4.44: Tolerance of BK1B1254C 3V3 100mA LDO_ Regulator

Here, the obtained uncertainty is about 0%.

o [ Test Bench # 3(BK1B1254C)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance. In simulation of this Linear Regulators, I will get more or less the
same value of sink current that is 100uA. Below, I have attached the sim adms file that represents
how to test the maximum supply current of this regulator in LT-Spice.

.tran 8 A.1 A.881

-include . .\..%genhd1\BK1B1254C_3U3_188mA_LD0_Regulator_U1N\BKAB1254C_3U3_1808mA_LDO_Regulator_U1.spi™
UGHD DGHD @ DC @

UREFEREHXCE EH 3V3 8 DC 3.3

USUPPLY UAL 8 DC 13

RSINK UCC_3U3 8 33

xxxxxxend of additional commands=xxxxxx

-end

VOO A -




Fig 4.45: Maximum Supply Current of BK1B1254C 3V3 100mA LDO_Regulator
Here the expected values of sink current is calculated as

V_ 33 100mA
Rsink 33

Imax =

o [ Test Bench # 7(BK1B1254C)

This test is used to measure the change of output voltage by changing the temperature. Below, |
have attached the sim_adms file that represents how to test the output of this regulator by changing
the temperature in LT-Spice.

dc TEWF -%8 158 5

Anclude ..\ enhd1\BK1B12540_3U3 108mA_LDO_Regulator UMABKI1B1254C_3U3 100mA_LDD Regulator U1 spi”
UGHD DGHD @ DG

UREFERENNCE EM_303 0 DC 3.3

USUPPLY VAL @ DG 13

swnnnnpnd of additional conmandssssssss

.end

3 DowmaIe

3 IomEDan
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Fig 4.46: Temperatufe Vs Outpﬁt Voitage .of BKIB1254C_3V3-_1-001-nA_LDO_Regulator
Here we will mention the maximum and minimum temperature effect on the output voltage.
At -50 degree centigrade: VCC=3.309V
At 125 degree centigrade: VCC=3.309V

o B Test Bench # 8(BK1B1254C)

This test is used to measure the input current of Linear Regulator in time domain. Here the DC
voltage and Enable pulse is given as an input. Below, I have attached the sim adms file that
represents how to test the input current of this regulator in LT-Spice.

tran 8 0.1 0.8

dnclude *..%..\genhdl\BR1B1254C_3U3_100mA_LDOD_Regulator U1\Bk1B1254C_3U3 188mA_LDO_Regulator U1.spi”
UGHD DGHD B DC @

UREFEREHKCE EH_3U3 0 DL 3.3

USUPPLY UAL @ DC 13

RSIHK UCC 303 8 33

sssmengnd oF additional commandsessssss

end
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Fig 4.47: Input Current of BK1B1254C 3V3 100mA LDO_Regulator

Here we calculated the input current of this DC voltage.
Input Current=I (Vin) =35mA

4.14.1 8 Spice Netlist of BK1254C 3V3 LDO_Regulator:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation->Netlist). It generates a spice netlist which can be used for simulating in the LTSpice as
shown below. Here I have attached the genhdl file that shows all the components of this linear
regulator and how they are connected in the schematic.

* Project Bk1B1254C_3U3_188mA_LDO_Regulator_U1

* Mentor Graphics Wirelist Created with Uersion 6.4.862
= File created Fri Feb 17 16:81:18 2817

* Inifile

* ConfigFile: C:\MentorGraphics\7.9.4EE\SDD_HOHEAstandardiwspice.cfg

* Options : —-_ -.5pi -h -§ -7 -kC:\HentorGraphics\7.9.4EE\SDD_HOME\standard\wspice.cfg bk1b1254c_3v3 106ma_ldo_regulator_ui
* Levels H

*

R1I241 UCC_3U3 UCC_3U3 @

*Warning: Mo Value For R11241.Defaulting to @

X1123% UAL DGHD EN_3U3 XSIGA@18887 VUCC_3U3 1t1761-3.3

C1I213 VCC_3V3 DGHD {MC({ 18.08000680 , 10.000080 /188)} TC=10.0000000
C1128% UCC_3U3 XSIG@1e8687 {MC{ 10.808060BH , /7188)} TC=

C1I193 VAL DGHD {MC{ 10008.800000H , 15.000000 /108)}; TC=10.000000U
* Dpictionary 8

=ilarning : Mo ground node (Label a net GHD)

-include *..\..%genhd1\Bk1B1254C_3U3_1686mA_LDO_Regulator_U1\Bk1B1254C_3VU3_108mA_LD0_Regulator_U1_sources.spi”
_include ..\, _\symi\1t1761-2.2 |nod”

415 E Testing of Switching Regulator BK1B1254B 3V3

Class BK1B1254B 3V3 100mA_Switching Regulator:

This regulator converts VAL() input to VCC_3V3() output that give power to all the subsystem of
1B8 CubePMT instead of processor. So there is no any involvement of this regulator with the
processor. It draws high current from the power supply so that’s why it consumes more power and
contains a lot of noise problem. The schematic of the 3.3V Switching Regulator
BKI1B1254B 3V3 100mA_Switching Regulator is shown in below Figure 4.48.

PDB

REG_LTC3631-3.3 L100u
uza27 L5 VCC_3V3
EN_3V3 Vin sw (TTT —
IL RUN Vout
NC
C54 —— N’—C HYST ssf——— & B
. *—iset N
C2.2u GND C10u




Fig 4.48: Schematic diagram of BK1B1254B_3V3 100mA_Switching Regulator
Testing of Switching Regulator BK1B1254B 3V3 100mA_Switching Regulator are given below.

Serial| Parameters [Expected|Current Verification Pass/Fail| Test
# Value |Result Bench
1 Maximum 100mA | 100mA |[Isink=VC 3V3/RLOAD=3.3/33=100mA| Pass Test
Supply or #3
Current (A) I (Rload)=100mA
2 Input Min:4.5[Min:4.5 I/P's O/P's Pass Test#l
Voltage (VAL)| Max:45 |Max:45 5 3.3
10 3.3
15 3.3
20 3.3
3 Tolerance (%) 0 0 By Monte Carlos Approach Pass Test#2
Pin VAL ():
Serial| Parameters Expected Current Verification [Pass/Fail| Test Bench
# Value Result
1 Voltage 4.5 4.5 VCC 3V3=3.3 Pass Test#l
Min (V)
2 Voltage 45 45 VCC 3V3=3.3 Pass Test#l
Max (V)
Pin EN 3V3():
Serial| Parameters Expected Current Verification |Pass/Fail| Test Bench
# Value Result
1 Fixed 3.3 3.3 VEN EN 3V3 0 DC Pass Test#l
Voltage (V) 3.3
Pin VCC 3V3():
Serial| Parameters Expected Current Verification |Pass/Fail| Test Bench
# Value Result
1 Output 3.3 3.3 VCC 3V3=3.3 Pass Test#l
Range (V)
Pin GND ():
Serial|Parameters|Expected|Current Verification Pass/Fail| Test
# Value |[Result Bench
1 Supply 0.1 0.1 |[Isink=VCC 3V3/RLOAD=3.3/33=100mA| Pass Test#3
Current
Peak (A)

o B Test Bench # 1(BK1B1254B)

This test is used to measure the output of Switching Regulators in time domain. Here we gave the
DC voltage as an input and we calculated the voltage across the output terminal. This regulator
gives 3.3V (to all subsystem except processor). This regulator generates switching voltage (like
charging and discharging) across the SW terminal of the regulator. Below plot has already been
checked from the data sheet. Here, I have attached the sim_adms file that represents how to test the
output of switching regulator in LT-Spice.
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tran 8.1 1 @

Jinclude ... JA\genhdl\Bk1B12548 302 100mA_Regulator UHA\BK1B1254B_3U3 100mA_Regulator U1 .spi"
UGHD DGHD © DC @

UVEH EH_3V3 @ DC 3.3

=UIH UAL @ DC 1@

UIH UAL @ PULSE (0 4.5 10m 0.10 8.1 108H )
RLOAD UCC_3U3 @ 108

suununpnd of additional conmandssssssss
.end

W B a;
5 i R Lt L wie]

|
9T E !'I. 4 ; I!'"
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Fig 4.49: Output Vs Input Voltage of BKIB1254B 3V3 100mA_Switching Regulator

o B Test Bench # 2(BK1B1254B)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance. For the simulation of this Switching Regulators, we will get the
same value of sink current that is 100mA with respect to expected value.

.tran 0.1 1 9

.include "..\..\genhd1\Bk1B12548_3U3_ 100mA_Regulator U1\BK1B12548_3U3_100mA_Regulator U1.spi"
UGHD GND © DC ©

UEH EN_3U3 ® DC 3.3

»UIN UAL @ DC 1@

UIN UAL B PULSE (0 18 16a 0.1U 8.1 100M )

RLOAD UCC_3U3 @ 33

sxmennend of additional commandssesesssss
.end
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Fig 4.50: Maximum Supply Current of BK1B1254B 3V3 100mA_Switching Regulator

Here the expected values of maximum supply current is calculated as

4.15.1 8 Spice Netlist of BK1254B 3V3 100mA_Regulator V1:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation->Netlist). It generates a spice netlist which can be used for simulating in the LTSpice as
shown below. Here I have attached the genhdl file that shows all the components of this switching
regulator and how they are connected in the schematic.

Project BRIBT2ZSRE_IWD 1000 _Regqulator U1

Heator Graphics Wrelist Created with Uersion & L. 00F

File created Fri Mou O 18:57:14 2016

Inifile

ConFigFile: CosMentorbraphlcsyF.9. REENZDD HOMEAZSEandardywspice .cFg

Dptions : _ =u5pl b =§ -7 -RE:VHentorGraphloshd .9 AEENEDD_WONEAStandard\wsploe.cFg BRIBAZSNE_ I _100ma_regulator_ ol
Lewels i

L1IASS ULE_ 303 XEIGRTe10 {(MC{ 100.0000000 , 20.000080 F100)} REER=1.8Z0000

X11609 XSIGCMIOET0 VAL XSIGHBARS XEICA10012 EM 203 UCC_ 303 XSIEMO0as DEMD |LTEC3431-32K
CAIN7Y VAL DEMD JHC{ 22000080 . 10.000000 s100%F TC=-10.@aaaa0

RAISET UCE_3U3 UCC_3U3 @

sWarning: Ho Ualue For R1ISE7.Defaulting to @

GAI512 VLG 303 DGHD {HC 10.8R@000U , 10.0B0000 F1B@)} TC=10.0008000

= Dictionaryg 0

siirning = Ha gioand node (Labiel & nel GHDY

siarning: Could not open data File sym\Itc3b631-3.3.mod

Anclude . .%.AGEnhAlVER1B1Z5AE_3U3_100ma_Hegulator UV1N\BK1B12588_3U3 10Bad_Regulabtor U1_sources.spi”
Adnelude LA ASYRALTER631-334  nod™

416 B Testing of Switching Regulator BK1B1253B 5V

Class BK1B1253B_5V_100mA_Switching Regulator:

This regulator converts VAL () input to VCC_5V () output in order to give VCC 5V () to all the
subsystem of 1B8 CubePMT. It also draws high current from the power supply so that’s why it
consumes more power and contains a lot of noise problem. It is enabled EN_5V () from the Tile
processor. The schematic of the 5V Switching Regulator BK1B1253B 5V _100mA_Switching Regulator 1S
shown in below Figure 4.51.

PDB
REG_LTC3631-5 L100u
@ U238 L4 VCC_5\
EN_5V vin =W —
RUN Vout
NC
Cc49 —— N‘—C Iset HYST _.NC — c35

Fig 4.51: Schematic diagram of BK1B1253B 5V _100mA_Switching Regulator

Testing Results of Switching Regulator BK1B1253B 5V _100mA_Switching Regulator are given below.

Serial| Parameter |Expected|Current Verification Pass/Fail| Test
# Value Result Bench
1 Maximum 100mA 100mA [Isink=VCC 5V/RLOAD=5/50=100mA| Pass Test
Supply or #3
Current (A) I (Rload)=100mA
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2 Input Min:4.5 [Min:4.5| I/P's O/P's Pass Test#1l
Voltage (PDB)| Max:45 | Max:45 3.8 5
10 5
15 5
20 5
3 Tolerance (%) 0 0 By Monte Carlos Approach Pass Test#2
Pin VAL ():
Serial| Parameter | Expected Current Verification Pass/Fail Test
# Value Result Bench
1 Voltage 4.5 4.5 VCC 5V=5 Pass Test#l
Min (V) B
2 Voltage 45 45 VCC 5V=5 Pass Test#l
Max (V) B
Pin EN 5V ():
Serial |Parameters| Expected Current Verification Pass/Fail Test
# Value Result Bench
1 Fixed 5 5 VEN EN 5V 0 DC 5 Pass Test#l
Voltage (V) B
Pin VCC 5V ():
Serial | Parameters | Expected Current Verification Pass/Fail Test
# Value Result Bench
1 Output 5 5 VCC 5V=5 Pass Testi#l
Range (V) B
Pin DGND ():
Serial|Parameters|Expected |Current Verification Pass/Fail| Test
# Value Result Bench
1 Supply 0.1 0.1 |Isink=VCC 5V/RLOAD=5/50=100mA| Pass Test#3
Current B
Peak (A)

o B Test Bench # 1(BK1B1253B)

This test is used to measure the output of Switching Regulators in time domain. Here we gave the
DC voltage as an input and we calculated the voltage across the output terminal. This regulator
gives 5V (to all subsystem).This generates switching voltage (like charging and discharging) across
the SW terminal of the regulator. Below plot has already been checked from the data sheet. Below, I
have attached the sim_adms file that represents how to test the output of switching regulator in LT-

Spice.

tran 8.1 1 B
Linclude “..%\..\genhdl\Bk1B12538_SU_100mA_Regulator U1\Bk1B1253B_5U_180mA_Regulator_ U4 .spi®
UEH EH_SU @ DC 5
UGHD DGHD @ DC @
#UIH UAL @ DC 1@
UIH VAL @ DC 36 PULSE (@ 36 16m 8.10 8.1 1860H )
RLOAD VCC_5U @ 145
.include "“LTC3631-%.s5ub™
wunnusend of additional commandsw»wwswssw

-end




Fig 4.52: Output waveform of BK1B1253B 5V 100mA_ Switching Regulator

o B Test Bench # 2(BK1B1253B)

This test is used to measure the maximum supply current across the circuit. For this, sink current
flow across the load resistance. In simulation of this Switching Regulator, we will get the same
value of sink current that is 100mA with respect to expected value. Below, I have attached the
sim_adms file that represents how to test the maximum supply current of this regulator in LT-Spice.

Ltran 8.1 1 8

LJdnclude . N AgenhdI\BR1B12538_5U 188mA_Regulator UAABK1B1253B_5U 10BmA_Regulator U1 .spi*
VEH EH 50U 8 DC S

UGHD DGHD A DC @

#=U[H UAL @& DC 1@

UIH VAL 8 DC 1@ PULSE (8 16 168m 0.70 0.1 196M )

RLOAD UCC_SU B 508

.include “LTC3631-5.sub™

seunnswpnd oF additional commandssssssss

Jend

N

TE Era
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Fig 4.53: Maximum Supply current of BK1B1253B 5V _100mA_Switching Regulator

Here the expected values of maximum supply current is calculated as

VCC.5V 5
=———=—=100mA
Rload 50

Imax

4.16.1 8 Spice Netlist of BK1253B 5V _100mA_Regulator V1:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation->Netlist). It generates a spice netlist which can be used for simulating in the LTSpice as
shown below. Here I have attached the genhdl file that shows all the components of this switching
regulator and how they are connected in the schematic.
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= Project Dk1B12530 50 _100mA_Regulator U1

= Wentor Oraphics Wirelist Created with Uersion 6.%.002

= File crested Fri Hou Bh 1R:hh:18 20068

= Inlfile =

= GonfFigFile: C:\Heptorraphics\J. 9. MEENSDD _HOMEAsLandardiwspice .cFg

= Optioms = = =.spi =h =§ =7 -kE:\MentorGraphics\7 .9 4EENSDD HOMEAstandardhespice.efg bk1b12%30_5¢_100ma_regulator_ul
= Levels

L1253 WCC_ S0 SW {(HC( 100.0000000 , 20.000000 f100) ) RSER=1.820000
R112#0 Do S0 UCH_SU UALUE

X105 SW UL HIHTEG HIMOT EM _SU ULEC_S5U HIM185 DEHD LTCI631-5XK
CHl2h% UCC_SU DEHD {(HC( 100000000 . 10.000000 A00)} TC=10. 0000000
C1I235 UAL DGHD (HG{ 2.2000000 , 10.0000080 F100)% TC=10. 0000060

= plctionary 0

=sWarning : Wo ground node {Label a net GHD)

sitarning: Could not open data File syed1bedsd1-5.nod

Jinclude ™.\ AgenhdIVERIB12538_50_100eh_Regulator_UT\BK1B12538_5U_100mA_Regulator_U1_sources.spi”
JAncluge .y ASyR\LTCR631-5% mod'|

4.17 Bk1B221_Magnetometer_Sensor

A sensor that measures the earth magnetic field for the determination of attitude parameter is known
as Magnetometer.Bk1B221 Magnetometer Sensoris a 2-axis magnetic sensor for space
applications based on a Magnetometer 2 axis HMC1002 from Honeywell. The bridge-based
reading of magnetic field for each of the two orthogonal axes is converted to a single ended voltage
signal for each axis, available on the MAGN X() and MAGN Y() outputs.

4.17.1 Description:

The circuit operates with two supply voltage (3V3 (), 5V ()) and it requires a reference voltage
REF 3V (). The Bk1B221 Magnetometer Sensor can be disabled by pulling down the signal
EN MAGN () both to reduce power consumption and to isolate the circuit in case of faults. The two
inputs notSET() and RESET() are used to trigger the so-called set-reset operation of the magnetic
field transducer Magnetometer 2 axis HMC1002, as detailed in the corresponding datasheet.
Because of its high current consumption when active (up to 5S0mW), this sensor should be activated
only when necessary. When activated once per second, for a period of 1ms, its average power
consumption becomes around 50uW. For optimal performance, the system requires periodic
activation of a so-called "set/reset" operation, as per datasheet of Magnetometer 2 axis HMC1002.
Suggested activation of this procedure is every 10 minutes approximately, unless exposed to
magnetic fields higher than 2 gauss. When earth magnetic field (-0.625 to 0.625 G) is incident on
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this sensor, it give the output (0 to 2.5V) to the tile processor. It is because of two Wheatstone
bridge A and B that convert this incident magnetic field to two differential output voltage VA and
VB. The class diagram of Bk1B1251 Linear and Switching Regulators is shown in below Figure

4.54.

Figure 4.54: Class diagram of Bk1B221_Magnetometer
Schematic diagram of BK1B221 Magnetometer are given below in figure 4.55.
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Fig 4.55: Schematics of a Bk1B221 Magnetometer Sensor.
4.17.2 Specifications:

Parameter Min Max Unit
Channels (X and Y) 2
Supply voltage 5 12 \Y
Field range -2 +2 gauss
Accuracy (with internal
calibration)
Linearity 0.005 gauss
Hysteresis 0.001 gauss
Temperature sensitivity -0.28 -0.32 %/0C
Cross axis effect (when o
calibrated) 0.3 %
Settling time after activation 1 ms
Power consumption when active, 50 mW
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at SV supply
Power consumption when used
pus 50 uW
once per second, 1ms activation
Energy per set/reset operation 5 uJ
Operating temperature -40 80 oC
4.17.3 B Testing of BK1B221 Magnetometer
Class Bk1B221 Magnetometer Sensor:
Testing results of Bk1B221 Magnetometer Sensor are given below.
Serial| Parameter | Expected | Current Verification Pass/F| Test
# Value Result ail bench
1 Supply without without 1.5/10k=0.000150A Pass | Test#1l
Current load:0.00|1load:0.00 1.36/10k=0.000136A
(A) 0150 0150
with with
Rload:0.0|load:0.00
00136 0136
2 Output 1.5 1.5 FIELD=0G: - Pass | Test#1l
Voltage 1.709 1.709 MAGN X=Voffset (l.5)+Sensitivi
with no 1.29 1.29 ty (0.2093V/G)=1.50V
Rload FIELD=1G: -
(V) MAGN X=Voffset (1l.5)+Sensitivi
ty (0.2093V/G)=1.709V
FIELD=-1G: -
MAGN X=Voffset (l.5)+Sensitivi
ty (0.2093V/G)=1.29V
3 Output 1.36 1.36 MAGN X=10k/ (10k+1k)*1.5=1.36V| Pass | Test#l
Voltage 1.55 1.55 MAGN X=10k/ (10k+1k)*1.709=1.5
with 1.17 1.17 5V
Rload=10K MAGN X=10k/ (10k+1k)*1.29=1.17
(V) v
Pin 5V ():
Serial| Parameter | Expected | Current Verification Pass/F| Test
# Value Result ail bench
1 Input DC 5 5 V5V N5V 0 DC 5 Pass | Test#l
voltage
(V)
Pin REF 3V ():
Serial| Parameter | Expected | Current Verification Pass/F| Test
# Value Result ail bench
1 Input DC 3 3 VREF REF 3V 0 DC 3 Pass | Test#l
voltage
(V)
Pin DGND () :
Serial | Parameter | Expected | Current Verification Pass/F| Test
# Value Result ail bench
1 Digital 0 0 VDGND AGND 0 DC 0 Pass | Test#1
Ground
(V)
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Pin AGND

() :

Serial | Parameter | Expected | Current Verification Pass/F| Test
# Value Result ail bench
1 Analog 0 0 VAGND AGND 0 DC 0 Pass | Test#1
Ground
(V)
Pin EN MAGN () :
Serial| Parameter |Expected| Current Verification Pass/F| Test
# Value Result ail bench
1 Input 5 5 VEN EN MAGN 0 DC 5 PULSE (0 5 Pass | Test#l
Enable 10U 100n 100N 100M 200M)
Pulse
(V)
Pin RESET () :
Serial| Parameter |Expected| Current Verification Pass/| Test
# Value Result Fail | bench
1 Input Reset 3.3 3.3 VRESET RESET 0 DC 3.3 PULSE Pass | Test#l
Pulse (3.3 0 100U 100N 100N 10U 400U)
(V)
Pin notSET () :
Serial| Parameter |Expected| Current Verification Pass/F| Test
# Value Result ail bench
1 Input 3.3 3.3 VnotSET notSET 0 DC 3.3 PULSE Pass | Test#l
notReset (3.3 0 1020 100N 100N 6U 400U)
Pulse
(V)
Pin MAGN X ():
Serial| Parameter |[Expected|Current Verification Pass/| Test
# Value | Result Fail| bench
1 Output 1.5 1.5 FIELD=0G:MAGN X=Voffset (1.5)+Sens| Pass Test#1
Voltage 1.70 1.70 itivity(0.2093V/G)=1.50V
with no 1.285 1.285 |FIELD=1G:MAGN X=Voffset (l.5)+Sens
Rload itivity (0.2093V/G)=1.709V
(V) FIELD=—
1G:MAGN X=Voffset (l.5)+Sensitivit
y(0.2093V/G)=1.29V
2 Output 1.36 1.36 MAGN X=10k/ (10k+1k)*1.5=1.36V Pass | Test#l
Voltage 1.55 1.55 MAGN X=10k/ (10k+1k)*1.709=1.55V
with 1.17 1.17 MAGN X=10k/ (10k+1k)*1.29=1.17V
Rload=10K
(V)
Pin MAGN Y ():
Serial| Parameter |Expecte|Current Verification Pass/| Test
# d Value| Result Fail| bench
1 Output 1.5 1.5 FIELD=0G: - Pass | Test#l
Voltage 1.709 1.709 |MAGN _Y=Voffset (1.5)+Sensitivity(
with no 1.29 1.29 0.2093V/G)=1.50V
Rload FIELD=1G: -
(V) MAGN Y=Voffset (1.5)+Sensitivity(
0.2093V/G)=1.709V
FIELD=-1G: -
MAGN Y=Voffset (1.5)+Sensitivity(
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0.2093V/G)=1.29V
2 Output 1.36 1.36 MAGN Y=10k/ (10k+1k)*1.5=1.36V |[Pass| Test#l
Voltage 1.55 1.55 |MAGN Y=10k/(10k+1k)*1.709=1.55V
with 1.17 1.17 MAGN Y=10k/ (10k+1k)*1.29=1.17V
Rload=10K
(V)

o B Test Bench # 1(BK1B221)

This test is used to measure the output of Magnetometer in the form of Voltage with respect to
incoming low magnetic field (in range of -2 to 2 Gauss). Here the constant 4.1V is given as an input
to the magnetometer with the help of LM4128 Regulator and BK1B121C Load Switch. On the
other hand magnetometer receives constant pulses from the set/reset circuitry in order to generate
the output voltage across magnetometer accordingly. Below, I have attached the sim_adms file that
represents how to test the output of magnetometer in the form of voltage when it receive magnetic
field across its input in LT-Spice.

-tran 508U 120u @ LBBU

~include "..%..\genhdlyBK1B221_HMHagnetometer_U1\BK1B221_Magnetometer_U1.spi*
UVAGHD AGHD @ DC @

UDGHD DGHD @ DC @

U1 H3U3 8 pC 3.3

UREF REF_3V @ DC 3

UsuU HSU 8 DC S

UREFSUZ HSVU_int @ DC S

UENM EM_MAGH @ DC S PULSE (8 5 100 108n 108H 108M 200M)
URESET RESET @ DC 3.3 PULSE (3.3 8 180U 100H 180H 168U L80U)
UnotSET notSET @ DC 3.3 PULSE (3.3 @ 1820 180H 100HM 46U 4HOAU )
wmxxxnend 0Ff additional commandssesesssess

-end

Wl

v = e e

- > t - - T @

2w amu

o 3 -

FIELD (0, 1) FIELD (1, 0)
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 FIELD (0,0) © FIELD(1,1)

The output voltage is calculated from the formula which I am going to mention below.
Sensitivity=Ref. Voltage*Sensitivity of Transducer*Gain
Sensitivity=4.096V*32V/V/T*15.96=2093.1V/T
We know that 1Tesla=10"4*1Gauss. So,
Sensitivity=0.2093V/G
V (OUT) =MAGN_X= Voffset+ Sensitivity* Input Field in Gauss
MAGN_X=1.5+0.2093V/G*0G=1.5V
MAGN_X=1.5+0.2093V/G*1G=1.709V
MAGN_X=1.5+0.2093V/G*-1G=1.29V
This calculation will be the same for bridge B. Below we mentioned the values of simulated results
for both Bridge A and Bridge B whose graphs are shown there accordingly.

FIELD A FIELD B MAGN X MAGN_Y
0 0 1.5 1.5
0 1 1.5 1.709
1 0 1.709 1.5
1 1 1.709 1.709
-1 0 1.29 1.5
-1 1 1.29 1.709

4.18 1B111Solar Panel:

Solar panel refers to a panel designed to absorb the sun's rays as a source of energy for generating

electricity or heating.

into electricity by the photovoltaic effect.

4.18.1Description:

It contains solar cells that converts the energy of light directly

1U 1B8_CubePMT have two solar cells which are made from GaAs material CESI-TJ-CTJH-
SolarCell-70x40 whose efficiency is almost 26%.These solar cells are connected in series in order
to generate 4.4V from both of them. A simple schottky diode across each solar cell is placed that
can help in generating 2.2V from single cell when the other cell becomes damaged. The solar cells
are surrounded by ground plane to trap any incoming charged particle. The class diagram of
BkIB111B Solar Panel is shown in below Figure 4.56.
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118111 Solar Panel Options

The Bk1B111 Solar Panel Family contains a number of solar arrays with different sizes and shapes, depending on the application. A few examples
o Bk1B111A_Solar_Panel ARAMIS: 16.5 x 16.5 cm2, for the modular AraMiS configuration;
» Bk1B111B_Solar_Panel_1U: 10 x 10 em2 for 1U CubeSats;
+Bk1B111C_Solar_Panel_HoneyComb: 16.5 x 33 cm2 for the double AraMiS configuration;
» Bk1B111D_Solar_Panel_3U: 10 x 30 cm2 for 3U CubeSats (to be developed);
e other sizes and configurations can be developed on request.

ANAZ>
BK1B111 Solar Panel Family

SEANATS

BK1B111D_Solar_Pansl_3U
[ANOMINAL VOLTAGE =132
[SNOMINAL_CURRENT = 0.4
[SMAX POWER =528

<<ANA>>

BK1B111C_Solar_Panel_HoneyComb
NOMINAL VOLTAGE =3,
SNOMINAL_CURRENT= 0.4
SMAX_POWER = 1232

SMAX POWER =528

[ Testing of BK1B111A Solar Panel | [ Testing of BK1B111B Solar Panel

Test Banch# isient and DC analysis of BK1B111A} Test Bench # 1(Transient and DC . is of BK1B1118)

Fig 4.56: Class Diagram of 1B111_Solar Panels
Schematic diagram of BK1B221 Magnetometer are given below in figure 4.57.

lad] b2
- g & A oy @
DFLEI20L DFLS220L
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Fig 4.57: Schematic diagram of Bk1B111B_Solar Panel 1U.

4182 B Testing of BK1B111B Solar Panel

Testing results of Bk1B111B Solar Panel 1U are given below.

Serial Parameter Expected Current Verification Pass/| Test
# Value Result Fail | bench
1 Output Voltage|SOLAR POS=4.4|SOLAR POS=4.4 .tran 100U 1 O Pass | Test#l
in Transient P0OS=2.2 POS=2.2 50M
(V) SOLAR NEG=0 SOLAR NEG=0
2 Output Current I(v2)=0.4A I(v2)=0.4A .dc V2 0 5 0.1 Pass | TEST#1
in DC I(v2)=0.4A
(A) across 4.4V for
MPP=1.76W

Pin SOLAR POS () :

Serial Parameter Expected Value Current Result Pass/Fail Test

# bench

1 Output voltage 4.4 4.4 Pass Test#1
(V)
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Pin SOLAR NEG () :

Serial Parameter Expected Value Current Result Pass/Fail |[Test bench|
#
1 Output voltage 0 0 Pass Test#l
(V)

o B Test Bench # 1(Transient and DC analysis of BK1B111B)

This test is used to measure the output of Solar Panel by making the spice model of solar cell.
Firstly we performed Transient analysis and then DC analysis on LT-Spice for checking the
maximum output voltage and current. Here we got the current across the output which is 0.4A up to
the maximum output voltage= 4.4V and then fall down. So, we got a constant power equal to
1.76W across maximum power point. Below, I have attached the sim adms file that represents how
to test the transient analysis of solar panel in LT-Spice. Below, I have attached the sim_adms file
that represent how to test the DC analysis of solar panel in LT-Spice.

.tran 1000 1 0 500
Anclude *..\..\genhdl\BK1B1118_Solar_Panel CubeSat_U1\BK1B111B_Solar Fanel CubeSat_U1.spi*

USOLAR_MEG SOLAR_HEG 0 DC 0
exssespnd ofF additional commandsessesss
-end

ba

e - - -

. Figure 4.58: Transient Analysis of Bk1B111B_Solar Panel
.dec U2 85 8.1
Jinclude “..\..\genhd1\BK1B111B_Solar_Panel CubeSat_U1\BK1B111B_Solar_Panel CubeSat U1.spi"
U2 SOLAR_POS SOLAR_NEG DC &.4
RLOAD SOLAR NEG @ 5¢
sewwnwend of additional commandsssssess

.end
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Figure 4.59: DC Analysis of Bk1B111B_Solar Panel

4183 8 Spice Netlist of BK111B_Solar_Panel CubeSat V1:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice
as shown below. Here I have attached the genhdl file that shows all the components of this solar
panel and how they are connected in the schematic.

= Project DH1B1110_%olar_Panel_CubeZat U1
= Hentor Graphics Wirelist Created with Version 6.h.002
= File created Fri How 25 19:087:47 2016

* Inifile

= ConfFigFile: E:\MentorGraphics\7.9.MEEVEDD_HOMENZstandardywspice.c#yg

= Dptions : - =.spi o~k -§ -RC:\MWentorGraphicsh7 .9 8EENEDD_HOME\standard\wspice.cfg bk1b191b_solar_panel_cubesat_ul
* Lewels

A1I371 POE SOLAR_MEG CESI-TJ-CTJH-7Bx4A
X11378 SOLAR_PDE POS CES1-TJ-CTJH-TBxhA
D1138% SOLAR_HEGC POS DFLS228L

11393 POE SDLAR_POS DFLS2Z0L

= Dictionary @

sitarning @ Ho ground node (Label a net GHD)

Jdnelude oL ASYRACEST=TJ-CTJH-T7 okl mad™
Anclude YL\ ASyRADFLEZ20L  mod™

4.19 1B235 Sun_Sensor

The sensor which generate the voltage cross the output terminal when sun light fall on it is known
as Sun Sensor. Its class diagram is shown below in figure 4.60.
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Testing of BK1B111B Solar Panal

<CANA>
Bk1B111 Solar Panel
Family
{Verified = "L, Reyneri’}

<<Pin>> +SOLAR_POS()

T

<< ANAZ>
BkiB111B_Solar Panal_1U

HNOMINAL_VOLTAGE : flcat const =4 4
ANOMINAL CURRENT : float const=0.4
HAX POWER : float const = 1.76

<<Pin>> +SOLAR_POS()
<<Pin>> +SOLAR_NEG()

Testing

of BK1B235 Sun Sensor

ACHAN : byte

HK : class
HK_INDEX : ushort
CONFIG_STATUS : b

< ANAS>
=<Hectronic Module»>

<<Componant>>
CESITJ-CTJHSolarCell-70x40

B>
<<y
Bk1B235_Simple_Sun_Sensor

l-sensor | CPC1822 Solar Cell
-RINT . float const = 22E3

[+SENS . fioat const = sencor. SENE * RINT
[HVMAX : float const = sensor VMAK
<< Pin=> sAGND{)

[<<Pin=> 45N _SENSOR()

+initl) : void

+interpreticommand : ushor) ; void
+housel inglindex | ushort) | void
+supervise() . void

+rafresh) : void

<<Componant=>
UPR10E3 Diode
{MANUFACTURER = "MICROSEMIT)
{MODEL ="UPR10E¥}
{SUPPLY_VOLTAGE MAX = 100}

(MANUFACTURER = "CESI"}
{MODEL ="TJ-CTJH?)

-NOMINAL CURRENT ! float =04
FNOMINAL WOLTAGE : float=2.2
EMAXIMUM_POWER : fioat = 0.88
+POS()
+NEG()
[+light()

iing)

{SUPPLY CURRENT MAX =2.5]
{TEMPERATURE_MINSTORAGE = -50}
{TEMPERATURE _MAXSTORAGE = 150}

[+A()
K0

Figure 4.60: Class diagram of Bk1B235 Sun_Sensor

4.19.1Description:

Solar cell CPC1822 is utilized as sun detector. It is a monolithic photovoltaic string of solar cells.
In presence of sun or artificial light it generates a voltage at its output SUN SENSOR
which is sufficient to drive ADC of tile processor. Output resistor keeps the output voltage value
within the range of tile processor (0V~2.5V). Schematic diagram of sun sensor is shown in below
Figure 4.2. The open circuit voltage of a solar cell is proportional to the cosine of the angle of

incident light as given below.

Where
20%

RN

V, = Vipaxcos (0)

i
Tn
ok
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Tn
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2
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5
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SE MNC
5

CPC1822

Fig 4.61: Schematic diagram of Bk1B235 Sun Sensor
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4.19.2 © Testing of BK1B235 Sun Sensor

Testing results of Bk1B235 Simple Sun Sensor is given below.

Serial Parameter Expected Current Verification Pass/F| Test
# Value Result ail Bench
1 Output 1.65+/- 20%|1.65+/- 20%|1.32V——-——- >I (Vout)=-| Pass | Test#1
Voltage 1.32<--- 1.32<--- 6.02mA
(V) >1.98 >1.98 1.65V————- >T (Vout) ==
137.28mA
1.98V—-———- >T (Vout) =-
1.39A
Pin SUN SENSOR () :
Serial Parameter Expected Current Result Pass/Fail Test Bench
# Value
1 Output 1.65+/- 20% 1.65+/- 20% Pass Test # 1
Voltage 1.32<--- 1.32<--->1.098
(V) >1.98
Pin AGND () :
Serial Parameters Expected Current Result Pass/Fail Test Bench
# Value
1 Ground Voltage 0 0 Pass Test#3
(V)

o B Test Bench # 1(BK1B235)

This test is used to measure the output of Sun Sensor in the form of Voltage with respect to
incoming solar energy. Here we gave 4.75V across the output terminal of Sun Sensor and then
sweep it from OV to 5V with step of 0.1. Below, I have attached the sim_adms file that represents
how to test the output of Sun Sensor in LT-Spice.

-dc YouT 8 5 8.1
include "..\..\genhdl\BK1B235 Sun_Sensor\BK1B23% Sun_ Sensor.spi"
UAGHD AGHD @ DC @
UouT SUH _SEMSOR AGHD DC 4.75%
swxxxxend of additional commandsxxsesxxs

-end

o
o

e
o T

Figure 4.62: Maximum Output Voltage O-f.Ble2357Sun75ensor

o
1 G
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4193 B Spice Netlist of BK1B235 Sun_Sensor:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice
as shown below. Here I have attached the genhdl file that shows all the components of this solar

panel and how they are connected in the schematic.

= Project BE1B23S_Sun_Sensor
= Hentor Graphics Wirellst Created with Gersion &.4.902
= File created Thu Ock 27 15:@1:54 2016

= Inifile

* ConfigFile: C:yMentorGraphlcsy?.9.4EEZED0_HOHE'standard\wsplce .cfg

= fptions - =i -h =% -7 -kE:\MentorGraphics\7 .9 0EE\50D HOHES standardyespice . cfg bEID2IE sun_sensor
® Leryels

K145 HINAOY HINAOE HINSOT RTINS0 ACHD H1H4T1 HIRGA2 SUM_SEHSOR CPC
R1I&4D SUH_SEHSOR AGHD {HC{ 22Kohms , 1000. 0080000 100} TC=100. daa00m

= Dictionary @
sarning : Ho ground node {(Label a net GHD)

Anclude .. \..Agenhdl\VEN18235_Sun_Sensor\BX18235_Sun_Sensor_sources.spl®
Sinclude . % AEye\EPE  mod”

4.20 1B133 Temperature Sensor:

Temperature sensor is the sensor that can sense the temperature and give the output in the form of
voltage. BK1B133A measures the temperature within the range from -30°C to 70°C .Between these
temperature ranges, the resistance value is varied between 2.2kQ ~100kQ and accordingly we will
get the specified range of Output voltage(0 to 2.5V) by utilizing 3V of reference regulator.

Due to negative temperature coefficient, temperature and output voltage are inversely proportional
to each other. Lower the temperature is, the higher the value of voltage equal to 2.5V (within the
dynamics of the A / D converter) and the increase of this value tends to decrease as temperature,
more or less linearly. Tolerance level of Temperature sensors are almost 1% that corresponds to
high accuracy. Its schematic diagram is shown below in figure 4.63.

r}QEF_I)V
REF_IV

R2
R220K

AN

RS_S05-0331 TEMP
2 = >
/"“\{'JTC
’1 § § l R3
RS_684-1273

AGND || |

Fig 4.63: Schematic diagram of Bk1B133A Temperature Sensor

Output voltage is calculated by below formula:
TEMP =3V * (R2//R3)/(R2//R3+R1)

92



Where R3=R25.exp (25 (1/T-1/T25)), T25 =298.15K (Temperature at 25 degree centigrade),
R25=100kQ (resistance of sensor at 25 degree centigrade), B = 4100K.

4.20.1Description:

This is the signal conditioning of a non-linear temperature sensor for an AraMiS project. It mostly
converts temperature on a transducer (at point T ()) to and output voltage between pin TEMP () and
analog ground AGND (). Temperature shall be in range T MIN to T MAX. Temperature shall be
in a range which depends on the specific implementation of Bk1B133 Temperature Sensor, while
output voltage is in the range 0 to OUTPUT RANGE. It requires a 3V reference voltage between
REF 3V () and AGND (). The sensitivity and the offset in each Bk1B133 Temperature Sensor are
calculated that have a linearization of the characteristic in the range between T MIN and T MAX.
Output voltage is a non linear function of temperature at point T (); this is plotted (for each
implementation) in a referenced plot.

4.20.2 © Testing of BK1B133A Temperature Sensor

Testing results of BkIB133A Temperature Sensor are given below.

Serial| Parameter [Expected|Current Verification Pass/Fail| Test
# Value Result bench
1 Output 2.5 2.33 -40:TEMP=2.33V Fail Test#1
Voltage
(V) 70:TEMP=0.215V
2 Tolerance 1 0.33 |Output Range: (1.862-1.848/2) Fail Test#2
(%) T=0.007/1.855=0.00377=0.377%
3 Output 220Kohm [230Kohm |V (ref 3v) /I (R11109)=220mohm) Fail Test#6
Impedance (Z0)

Pin REF 3V ():

Serial # |Parameter| Expected Value Current Result Pass/Fail Test bench
1 Input 3 3 Pass Test#l
Voltage
Pin AGND () :
Serial # |Parameter| Expected Value Current Result Pass/Fail Test bench
1 Ground 0 0 Pass Test#l
Voltage
Pin TEMP () :
Serial # |Parameter| Expected Value Current Result [Pass/Fail| Test bench
1 Maximum 2.5 2.33 Fail Test#l
Output
Voltage

o B Test Bench # 1(BK1B133A)

This test is used to measure the output of temperature sensor with respect to input. Here the dc
voltage is given as an input where NTC100K will sense it the temperature range from -30 to 70
degree centigrade and we calculated the output voltage across it. Output voltage of the sensor is
linearly proportional to temperature. Here we gave the dc voltage as an input and we calculated the
voltage across the output terminal. Below, I have attached the sim _adms file that represents how to
test the output of temperature sensor in LT-Spice.
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-step TEWP -48 78 18

.include *..%..%genhd1\Bk1B133A_Temperature_Sensor_U1AA\BK1B133A_Temperature_Sensor_U1.spi”
.option tnom=27

#_gption dcmode=all gmin=1e-12 nodeset=1

*_option trmode=fast

-option method=trap

UUREF REF_3V 8 DC 3
UAGHD AGHD @ DC 8

#x%xx%%pnd of additional commandssexexss
-end

A
T

> o

FhF T ion — — == y K3 T iy — -
0 L Foro 1670 ot ot FO°C O FT.AL BOTC HoTC o

Figure 4.64: Output Voltage of BkIB133A Temperature Sensor

o B Test Bench # 2(BK1B133A)

In this test we applied Montecarlo approach in order to evaluate the error introduced by the
manufacturing tolerances of the resistors in the main circuit. For this, I zoom in the V (temp) plot
and observed the range of output value in which we select only the lines which are nearer to each
other and then apply the standard deviation formula in order to approximate the tolerance. Below,I
have attached the sim_adms generated picture with the help of step command in LT-Spice.

ERETv)

el

1=z —

NN N N NN NN N RN N BN
N
y
<

L g —— r—— —_——— —————————- e -
FAAGC ~ZD AA T T AT -FAADC FRAOC -FA MG FD BT RD AT R W RO FD P

Figure 4.65: Tolerance of Bk1B133A Temperature Sensor
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From the above graph, the output voltage range is from 1.848V to 1.862V. Its tolerance is
calculated as given below.
Tolerance = (1.862-1.848)/2 = 0.007

Tolerance = 0.007/1.855=0.00377=0.377%

o B Test Bench # 6(BK1B133A)

This test is used to measure the output impedance of temperature sensor. Below, I have attached the
sim_adms file that represent how to test the impedance of this sensor in LT-Spice.

.step TEHP -u48 70 14

-include *"..\..%genhdliBk1B133A_Temperature_ Sensor_U1\Bk1B132A_Temperature Sensor U1.spi"
UUREF REF_3VU B DC 3

UAGHD AGHD 8 DC A

sxxx%xpnd of additional commands s

-end

R T

s r—

T T

T T

e

S T

T T

o

Figure 4.66: Output Impedance of Bk1B133A Temperature Sensor

Here the output impedance is calculated as given below

V (ref 3V)/I (R11109) =230K ohm

4.20.3 Spice Netlist of BK1B133A Temperature Sensor:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation—>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice
as shown below. Here I have attached the genhdl file that shows all the components of this solar
panel and how they are connected in the schematic.
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= Project Bk181330_Temperature Sensor UM
» Weptor Graphics Wirelist Greated with Uersion 6.4, 067
# File created Hon May 23 16:37:11 2016

o Inifile =
s ConFlgFile: C:\MentorGraphlosh7 .9 . 8EEASDD _HOMEAStandard\uspleoe.cig
» Options = - -.spd -h =% -7 -KC:\Hentorfiraphics\7.9.0EE\SDD HOHEAstandard\wspice.cFg hkib133a_temperature_sensor_ul

= Levels -
L]

RI1129 TEWP AGHD {HE{ THEGohes , 1000, Q00000 /100)F TC=100, a000000
R1I109 REF_3U TEWP (MC{ 220Kohms , 10080 000O0OH /100)) TC-180. 0000060
RAI91 TEWP AGHD HTC1 DK

= Dictionary 0

sWarning : Ho geound node (Label a net GHDY

= dnelude ..\, Agenhd IABRIB133A_Temperature Sensor U1\ BRIB1IIA_Tenperature Sensor U1 sources.spl'”
JAnelude .\ ASYRVHTC 00K . mod™

4.21 1B8_CubePMT_1U_V1

1B8_CubePMT is the power management, attitude determination and control tile for AraMiSCI1
satellite. 1B8 CubePMT is mounted on the four external faces of the AraMiS-C1 satellite. The class
diagram of 1B8 CubePMT 1U V1 is shown below in figure 4.67.

=

T )

Figure 4.67: Class Diagram of Bk1B8CubePMT_1U V1
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B Test Bench # 1(1B8_CubePMT _1U_V1)

This test is called a global test that is used to measure the output across all the sub modules of
Bk1B8 CubePMT 1U_ V1 with respect to all the applied inputs. Here we gave the dc voltages as
an input of different blocks and we calculated the voltage across their output terminals respectively.
The same sim_adms files of different modules connected together in order to measure the system
globally. Below, I have attached the sim adms file that represents how to test the output of these

sub modules in LT-Spice.

tran 0.0 S@00 O

JAnclude .5 Agenhdly1BE_CubePHT _Subspstem\1BE_CubePHT_ Subsysten, spi”

CEL e T P L L R T T e T EEE

UREHD ALHD B 0G0
UEHD GHD O DC @

sasssnsnsnnnssfiidirectional LoadSwltchessssasas
UEWT B_DU_EH _PUHZ B D 1.3 PULSE (9 1.3 D10 100H)

aEsidsnssndinsnsaTnlagr PafplessssdinianEnnnan

*USOLAR_HEE SOLAR_MEG 0 DT @

sesmannsanennnnsnnsf{[i5] Canvertpressssssssns

UPHH 1B11210W_PRIMNARG:A_DS PUH O DC 3.3 PULSE (0 3.3 0.10 1004 100H 0.50 0.60)
UDISABLE 1B11210W_FRIMARY:A_Dh_CLK @ DE B

U2U3 TE11Z10W_PRIMARG:A_3U3 8 DC 3.7

""""""" sTenperature Sensorewwssssss

*UE_REF1 E_REF 0 DC 3

ilulll!oilullalqng[urgrllIloilllullIllnl

UB_DS_PEM B_DS_PUM B DC 5.3 PULSE (@ 2.3 0.10 100H)

UPDEINT POWER_REGULATORZ:FOE 0 DE 1@ PULSE (@ 10 8,70 108H)

VUCC_SU POMER_REEULATOR? :uCC S0 0 OC 5 PULSE (0 % @.10 108H)

VEH_5U PDWER_REGULATORZ:B D@ _RX _SOMI 0 DC 5 PULSE {0 5 0.0 T00H)

UEH_A03 POVER_RECULATORZ:B_DT_TX_SIMD O DC 2.3 PULSE (0 3.3 0210 100M)

J.IEH REF POMER REEHI.HTI]RZ' N I:rﬂ ID @ OC 2.3 PULSE {0 3.3 B.10 108H)
il.l.llllilllllllﬁaqqgtumtg. SRR

=01 fH221W MAGHETOMETERS :MAUZ 0 DC 3.3

sUREF 30 182214_NAGKE TOMETERS :REF 0 DG 2

*UGY AW _MAGHETOMETERS :HSU 0 DC 5

=JEH? 1[!2:‘-‘11} HAGHETOMETERS 00 EH PHWHZ O BC & PULSE (0 5 100 1000 T00H 108H 208H)
SURESET1 1E?EIIJ MAGHE TOHETERS :61_TX_SIHD 0 {H: 3.3 PULSE (3.3 O 1000 108H 100H 100 W00}
sUnobSETY ‘IHH?‘IH MAGHE TOME TERS : Dﬂ_ﬂﬁlhﬂlli 0 OC 3.3 FULZE (3.3 0 9070 1084 100 o0 w0mi)

LR L L L E L L T F{equl.ﬂ IR PR L L LR L P E LT

R16
k17
R18
R19
k2o
k21
iz
R2a
R24
2%
R2d
R27
L]
R29
[x]]
R31
ka2
a3
R34
R35
Rid
Raz
R3g
LEL]
R&D
k&1
R&Z
ka3

POMER_| REGULATORZ : 1812610 _DCTAL_T2:1E12670_THTERNOE A _REF
POVER_REGULATORZ: 1812616 OCTAL 12:1B12410_INTERMO7 :A_REF
P[IER REGULATDRZ 21012610 IH:'[HL 12: 1B1Ih1ﬁ INTERMDG 2 A IIEF
FHEH REGULATORZ z 1H1261E l]l:-THL 12: 131261# THTERMOS ; A_REF
PIWEE RECULATOR? 1812610 l]i:-'Fﬁt, 12: 1912“# IHTERMDN:A REF
FPOMER_REGULATORZ : 1012610 _| l]I:H\L I2:1B12610_INTERMDE:A_REF
FOVER_REGULATORZ ;AB1261C_DCTAL 12 1512““ THTERMOZ ;0 _REF
P[I'EH REGULATORZ = 1812410 IJE'[PIL I2: 1E12M|‘| IHTERMOG = A_FDB
POVER_REGULATORZ '1I]'I?|5‘FII_IETM._I2 1B126TR_THTERNLY :A_PDR
POVER_REGULATORZ:181261C_OCTAL_12:1812610_ INTERHDS:A_POR
POMER_REGULATORZ :101261C_OCTAL 12 :1B1281A_IHTERMDS :A_FDB
FPOVER_REGULATORZ : T012610_OCTAL _T2:1E126Th_THTERNDN:A_FDE
POVER_REGULATORZ:181261C_OCTAL 12:1B12410_ INTERMO3:A_POR
FOMER_REGULATDRZ :101261C_OCTAL I2:1B12618_INTERMOZ:A_PDB
FOWER_REGULATORZ 1B1261C_OCTAL_I2 1892690 _IHTERMIE ;45U
POVER REGULATORZ : 1012616 OCTAL 12:1B12610_ INTERNOZ :A_5U
FI]\EE REGULATDRZ :181261C_0CTAL _12 :1R126TA_IHTERMODG :A_5U
POVER_REGULATORZ:181261C_OCTAL_12:1B12610_INTERMOS :A_5U
POVER_REGULATORZ: 'IB'I!‘ME I]![:THE l2“|E12Hﬁ THTERMDB:A EI.I
PIIEH_REEIJI.MI]REJBIZE‘III_IJETHL_IE TE126TR_INTERNDG :A_SU
POVER_REGULATORZ:181261C OCTAL 12: 1812610 INTERMDZ :A_SU
POVER _REGULATORZ :101261C_OCTAL_I2 :1B12610_INTERMOB:A_3U3
FOWER_REGULATORZ ;1126 IC_0OCTAL_T2 :1E126TRh_ITHTERMOT :A_3U3
POVER_REGULATOR2:181261C_OCTAL 12:1812610_INTERMOG:A_3U3
FOVER_REGULATORZ :1B1261C_OCTAL T2 :1R12461#_INTERMOS :f_3U3
FNER REGULATORZ : 1812610 _DETAL_T2:1B12690_ IHTERMDA A 3“3
I‘I:I\EH REGULATORZ 1812616 I]I:Tﬂt I2 1'!12“& THTERMDA A EII.I3
FOVER_REGULATORZ : 1A261C_OCTAL_I2 = 1B1261A_TNTERNGZ : n_auz
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Figure 4.68: Output Voltage across boost module in Bk1B8 CubePMT 1U VI

4.21.1 © Spice Netlist of BK18 CubePMT 1U VI:

Once the schematic is created, it is netlisted in the Design Capture of the Mentor Graphics
(Simulation>Netlist). It generates a spice netlist which can be used for simulating in the LTSpice as
shown below. Here I have attached the genhdl file that shows all the components of this power

management tile.

Froject 108 CubePHT_Subsysten

Mentor Braphics Wirelist Created with Version 6.4, 002

File created Wed Hoo 0 41:37:21 2mé

ConfFigFile: I:."I.H["Iltnrl.ur.]p-hi:'!.‘!.? P.MEENSDD_HOMEAstandardywsplee . cfg

= Options @ - -.5pi % -KEI\MenborGraphlesy 7.9 . 0EEASDD_HOME\Standard\uspice.cfg 108_cubepmt_subsystem
RT11137 DEMD AEHD {MC( Eﬂhhns . 1000, DARGAOR F100) ) TE=F00. ARAGHIL

KCHP131 DGHD SOLAR_FOS PDE_DUT DGHDR WMHP6OECT

K1112hh DEHD SOLAR_POS BEIH1118_Solar_Fanel CubeSat U1

111118 AGHD E DF k‘l E_REF 8k1a|3$ﬁ T!mnrqtqrn $Er|5nr 1

ECIB112 100 _| Primarh DEHD SOLAR_POS F_| DR B _PFDE 1E1121DY Fl‘ilir!,l _Switching Beoost U1
KEMEINE TDO DGHD T UGE‘_CP‘I.I D0 TCK TEST RST WHi6120T

CIBTISEM_Dverunl2 F_PDE TB115BM_Overvoltage_Protection U1

¥111110 E_D6_ A0 AGHD BK1B235 Sun_Sensor

KABIA7E_Sinple K1 0 203 KS E_D9_EH_PUMZ 181170 Sinple_Will_Switch_u1
%111082 DEMD n_PDE Bk1B130W Calibration Mesary U1

R111158 KEIG@11306 DGHD {HC{ 1hdohms , 1000. 0020004 s1003F TC=-100. RaRQ00U
G170 B_DS_PUH XSIG0M1386 {HC{ 1E.00R0RA0OF , S 000008 A100)3F TC=18. 00000
R111168 F_PDR XSTGBT1204 {HC{ 108chm< , 1000, 0BOQA0H S18d) )y TC-100. dR@000U
R1I117% HIHT18R XSIGOI1436 {HC{ 10dohns , 100D OQOD0DEH 00} ) TC=100. 0000080
£1821180_Digitall A_POH 1821180 _Digital _Gyroscopic_Sensor 04
K1B223_10_PCE_Cod COILY COILZ 1B223_10_PCB _Eeil WM

K1B222W_Magnetics COILY COILE B_FODE 182229 _Magnetic_Torgue_Actuator U
RECHP228 COILE EOIL2 0

sMarning: Ho valde For RXCHP224. Defaulting to @

RSCHPZ2ES COILY COILY @

shlarning: Mo value For RXCHP22E. Defaulting to B

KPower Regulator? XSIG0N1206 B POD XSIGB1183& W_POB & _PDR F_PDD E_POB D_FDB ©_PDB A_PDR Power Regulator
¥1B4222 Tile Process? UCC_CPU TOO IHIRA_O0 H_FOB ©_POB F_PDE E_PDE C_PDE D_PDE A_FDE B_FDB 1BM222 Tile Processor BN U2
RXCMP2 26 L l.'l-! RE_S0M1 C I!ll RE_SOHT B

siarning: Ho valde For RXCHPZES. Defaulting te ©

RECHP2HE C_DA_TK_S1HD C_DA_TX_SIM0 0

=hlarning: Mo value For RYCHPZES . Defaulbing to A

RXCMPZRE C_DY _EH FWMZ C_D9_EH_ P2 0

siarning: Ho value For RXCHPZAD, Defaulting to B

RECHP2BN O_DO_EM_PUWHZ D D9 _EH_PWZ 6

sijarning: Ho value For RXCHPZAY. Defaulting te O

R¥CHP2NS D_DO_RX_SOWI D_DO_RX_SOHI 0

siarning: Ho value For RXCHP245. Defaulting to @

RXCHP2RG D DA TS _SIMD D D1 _TH SIMO O

=darning: Mo value For RXCHPZANS, Defaoliting to @

RECMP2RF D _Oh CLK D DR CLE @

sgarning: Ho value For RXCHPZAY, Defaolting to @

RECHP2RE D_DS_ PRl O_D5_PWi @

siarning: Ho value For RECHP24%8. Defaulting ta @

RECHPZRY F_DS_PUM F_DS_PWH 0

siarning: Ho value For RECHP249. Defaglting to @

RECMP2SO F_Dh_CLE F_DN CLM @

=darning: Ho value For RXCHPZSD. Defaulting to @

RECHP251 B OO _EH PUH2 B DY _EH_Pum2 0

sHarning: Ho value For RXCHP251. Defaulting to @

RECMPIEE A_WEF A_REF 0

shharning: Ho value Forr RECHP253. ODefaulting to @

RECHP2EN F_D6_AD F_D&_AD @

=Warming: Ho value For RXCHP2ISH. Defaulting te @

RECHP25L XSIE@11519 DEHD Tuchms RESY

ACHP256 XEIG@1519 Connector TRPIN

HCHP2ST REIG@I1599 Connector_1PIH

KCHP2S9 XE1IG0M1521 Connecbor 1PIH

ACHP260 XTI6011522 Connector 1PIH
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KCHP2E1 XETGOT1523 Connector 1PIH
SCHP26Z XE1G011528 Connector 1P IH
KEMPZEE XEIGO11525 Connector 1P 1IN
KCHP2AE XEICO115246 Connector 1PIH
RXCHPZE5 F_DF_A1 F_D7_A1 @
sarning: Ho value For ANCHPESS. Defaulbing to @
RECHP2ES B D& _AD B D& @D @
syarning: Ho value For RACHPZES. Defaulting to @
RECHPZAF B OF A1 B_DF A1 @
siarning: Ho walue For RXCHP2ET. Defaulting to @
RYCHPZAE ©_D6_AD ©_D6_AD @
siarning: Ho wvalue For AXCHP2ES . Defaolting to @
RECHPZE? C D7 A1 C D7 A1 @
siarning: Ho value For RARCHPEEY. DeFaulting to @
RXCHPZ7D D_D6_AB O D& AD @
sarning: HWo value For AXCHPETO. Defaulbing to @
RACHPZTY E_DA&_AD E_D6_AB 0
sfarning: Ho value For RECHPET1. Defaulting to @
RECHP2YZ E_DF A1 E_DF A1 0
siarning: Ho wvaluwie For RECHP272. DeFaulting te @
RECHP27I #_DB_ID #_DE_ID @
sifarning: Ho value For HXCHP2?I. Defaulting to @
ACHP27H AU DGHD A_D3_SDA_SINOD A _D2_SCL_SOMI HS WH7GEUCT WM7&09CT
sHarning: Ho Hodel For XCWPETM.Defaulting to WAFAO9CT
WIBZ2W_Magnetoneber: C_PDE 1B2290_Hagnetoneter U1
XCHMP2TS AR DGHD G_DICRX SOMI 6 D1 _TX_SIHD KX WHTSDOCT UWFa oLy
sMarning: Mo Hodel For XEWPRYS . DeFaulting to WHFeO9CT
R1I1224 A_3U3 A_D3_SDA_STHE {MC({ 10Kahms , 1B00. GO0DBEH A100) )} TE=100. 00ones
RATI2EN A 303 A_D2_SCL_SONT {ME{ 10Hohns , TR0, GO0DBEM F100) 3 TC=180. a00006
®111100 POBE_DUT F_POB B DY _EH_PWM? DGHD BW1B121E_Bidirectional Load Switch U1
« Dietionary 0
sHarning : Hoe ground node {Label a net GHD)
shefFinition For Project BX1E121E_Bidirectional Load Switch U1
SSUBCKT BMABT21E_Bidirectional_Load_Switch_U1 8 A EM DEHD
KN HEIGMI0M s XEICEnneR o IRLHLG&DZ
DO1 KEIGIIDE2E NSIGOI0MY THYT48
REZ XEIGEIQ005 XSICEIMNY (MC{ 200Mohms , 1000, 000000H 1000} TC=100, aanoom
201 XSIGO10005 EHM DGHD HTATODZM
XH2 XSIGRIAMA XSIGEI 00823 & [RLMLGNDZ
RRW ASIGEI0023 B (HC{ 100Hohns , 1000, 0RAQA0H A100) ) TE=100. 000000
RR1 XSIGMDAZ0 XSICE10D0S (HC{ 200Hohms | T0DD.BOO0DBH A1005) TE=100. 00ddnm
DO% HEIGEIA0ZT XSIGEMODNN CZRUSICTUS
DO2 XSIGEUOO2T XETCAI0023 1H4148
BRI A XEIE@T0002 {HC{ 10BMohns , 1000. 300000 S100)F TC=100.0an0o0
pOd ASIGRIO0ET XSIGOT00EE THA14E
ook XSIEMTAOAZ XSICMIDE2E TH&1LE
& CRDES-REFEREMCE @
.EHDS
shedinitins For Project 10X210 Hagnetoneter ¥1
SSUBERT BRIV _Magnetenster U1 MBBULE
HEI366 HSU 09 EM PISC BE A0 D7 01 D1_TX_S1M0 D@ RX_SOMI REF MEUD MO M1 BE1E221 Wagnetomster U1
EHD%
sppfinitina For Profect BRIBZ2Y_Magneteneier U1
LSUNCKT DOBZ2Y_Hagneteneter UT MR EN_MREM MRGH_Y HAGH X RESET notE0T ROV_J0 wAYd SGHD DEHD
RO ESICRINNZA ALICOI0NGT XLICET0008 XAICRI0NNE AKHD MINATR XLICOTN0AS MEU_int adf23e
63 BEHD NTICE@INONG [HC( 10 00RD0G0 , 16.SR008S 10} TE-10. Dodb0m
BRI XSI0@i008R BMIUD (MG{ 200ohes , 100, 000000H S1003) TC-180. 00000
ELWAIZE EM_WACH MSU_imt REF _WU1 ACHD LNN128_WU1
B ES100100I8 XSIGEI003Y (WC{ 3.3Kohee |, VOO0, BUODBSH F1GRY) 10=200, SR
BRZ XE10@10029 XSIGEIOOZA (HOJ 2.3Kahes |, 1000, BO0088H F180)) TC-200, 8000080
XU ROT AU REF_WUT ASHD AEMD ACHD AGHD AGHD XX IGMIEBERT XS ICOTMENS ERICHT0EI EKEIG010ERT XLIGE 06 DGHD XEIG0 0@ BEMD REICET0NEG XLiC@InEee KEiGeionpr
AR IEMImEbE I a7
BAI2166 HSY ANt HEU EM_MEM DCHD BKAA1PIC_Lesd Switch il
DA HAEH X 3 BITE
BRG PHNEIRT REF_3U {HC( fHohne , 1080, UDSSOEH f900)) TE=100, Dodam
BRT TSICEV00AG MEGH S (HCE VRohes , 000, B0D0OSH S108)) TC-100, BR0008U
CC1 XSIEmOm LLIC00TF (MG &70, SRDN0BH , 29.000080 Fie@)) TC-10. 880000
Bb? MAGH ¥ HIUD B32E
RRA MEHD HAHI989 {HC{ iKohes , 1000 .000088H 180} ) 10-100. 0000080
CC? XSIEMOMI XSI0OI0IE (NC{ &70. SRON0SN , 70000980 F188)) 1C=10, Re000M
RRA eobSET XSIRMB8E (M0{ Jdohes | BOOAEH F1E8)) TC=100, SO0
RRS RESET EX1G01009% {HC{ 23ohms , 1 num S1ogpy TC=100, 0RRO0M
g ESIGE N KS1GeT00es pEND irifind
O ATIEMINMY KTICEIN00S DEMD IFFEI1Y
Eilh ZSICE 0626 XTICEIA0YE ALICEINERY ALIUEIAERT ACHD WiHATR XNI0EiO0hE BSU_Int adddie
KT EEICEIOEAD XEI0EI 0081 CSIGe10088 IRFTI2A
1 NSI0MNMY NSICRI0003 ALICETN0RE [RE FI2A
K% HINTOSY HINGTR FOE_dnt GHD BARATH opt1iy
CLT MYU Int AGMD HC[ TE0. 000080, 10008000 S100)} TE-10.D00008
KHD XSTEM 0044 WAGH ¥ {iE] i¥ohes |, 1000, G000 A80)) TC-100. 0008
JERDE
spefimition For Project 104222 100 _Precesser N N2
JSUBENT 1B42E2 Tile Processsr M ¥I UCE_CPU MODULE JTAE MODULE INTRR MOGULE_W WODULE_U MOPULE_F /MIDWLE_E WODULE C MOBULE_B WODULE 0 FRGULE_B
KU11kZE f_B3_S0A_ 10 B0 TOR_SIM0 B1Z602_Thort Clrcudt
RULIAPT A_BE_SEL_SOMI B_bY_SCL_S681 12442 $hort_Clroult
KU01632 C_B3 S0& SIMD B D3 SOn SN0 112817 thart Clresit
RAI923 £_BY_SEL_SOMI B_DT_SEL 3881 1812642 Short Clrcult
HileEh E IE SIII S1M0 F_D3 500 S0 112842 _Short_Circuedt
KA19475 E_BZ SCL_SOME F_02 SCL SO0 1812642 Short_Circwit

L

E11%24 EJ'.!_EI'.IF S1HY l_l'.l'-!l TOR_SIHD IIEAAE ‘hwr'[:clr:wll

KA16FT G_B2_SCL_SOWD I_M_HL I0H] AWTEENZ Slm‘t _Cirewil

E1l1aWR RST @ (WG 10.008D0BH . 10880004 S108)) TE-10. DdedDm

CAIME3E 0 RCC_CPY {ME{ 10D, D0S900H |, 1028000 3 TC=10.0newnm

Cil5%0 @ I}ﬂ EFE {MC( 18 DH0SRM 1‘I.HIII fA00) 3 To=1d. nnaadm

KEHME C Dé e i C BT i b b4 A9 E lh__ﬂ‘l F DY &1 G Wb AW & D7 &1 0 D4 B

SE BT AT T _ba ' LI=A l.'l'll HEIIJ iﬁll;Il'll‘Pl- AEICOIREYS 8 ICC CPO R DS 0
-nuinlhlc-'l:- nl:n'.llﬂ NS CDE_1D £_B0 |||r|n¢nnl II:II:IIPIHPIM:?

2

1

I
“[_ba_10 F_oo_ IHJ'I.!I:'I_I! 1o [ HI‘.HHII::':M I W ugE_ N"IllM _EH et
ol _DE 1D W00 LM Fieo l_[lt ELK @ ﬂ] SH LIMG 0D SCL S8HI B th [T
SO §_hn HH E li Shi SIHl' L} D'x Pl ﬂ- PS8 G DS PN

B _TH_ TR
0 s “PUM E_DS PV F D% e EEIGOIBIE B I.IICHI.I £ 05 P D BT i

+C_DF SCL_SOMI 0P ELK G _B1_TH_SIM0 © DB AT SUMI DNTRA D2 0 0B NX TOWI

=0 01 1% 00 @ BB N iun: B_09_1X SiMa ii_bS nqql Iy Il- M_fro_ iy _sdgaj
-II_|'.|1_!N..$I||'J UEE_CPU 0 NRIEEINENS %5 IE@i@AsT TEST 100 TO1 THS Tek WET & _bh @i
# _BT 01 B DA &0 0_DT At F_DO RX SOMI F D% OLK E_B3_IB8 SIME F_D2 SCL_SENI

oF D CLH E_DY_VE SIS E_DD KX _SEHI IMERA_DI 0 _OF &1 SS00800K51 XT108 s




sRSlOmineS) O Dk CLK ©_Bd SDh SEM0 C_b2 0. _SoNl m_Dh CLK O_0_TH_SikMa

afl_B@ Ax_s08) tpﬂhl T3 ||l|ii 1] lt:‘:rul %1 It:‘.r'u:tl [T

rolng! Me Model For XCUPYD,Defaulting bo HOPAZFGAIR

RIITSES BCC_CPU RST (HC[ ll'l'lhlﬂt 1009, DARDONH S180)) TC-100, dabnoad

RECHPIA XSTE@TONST XSIRD1RAST &

sbarnlig: He value for BECHME. Briaulilng (e @

RECHPID KSIE@ioes? XET0ai@ass: &

slarning: Me valur For RECHFID. Brefsulting to @

RECHP2D KEIEmBNE] EEIRM8AST @

sWirning: M valur For AXCHPPR. Befdulting ta @

E101882 XSIE0IBSRS XSI0U10aAT X GHED

CECHP2Y B KTI00T08AS 18pF CAF1

CAENPZD B KSI0MBaky 1HpE CAP1

CHCHPRT B XS10MI 0997 & CaPi

=Warning: e valur for EXCWPIT. Briiwlting te @

CII1BRY KXICEIO0RG @ (HC( 12.000009F , 20.800080 F100)} TC=10, 080009

BUEIRSD KETEETRIRS XE100TREFT (I027 88

«EMRES

siefinitinn For Froject Power Regulatar

SUSCHT Power _Requlator HI_EHI MERULE D wEC _EFl lll'.llll[ H MODULE G MODWLE F MODULE € MOSULE 0 MODULE_C MODULE R
EAEST_Eral) Pel PON 0GR 06 R CPU BB TH SIA0 0_DO KX SOME UCC CPE UCE 3UF UGE SU REF 30 THTST Small Peuer Riqulater U
x;m‘;b“ OEtal | REF 20 UCE 303 UCC SU PON B FDN A PO JFDD G PN F_FOR U_PD O FDI € POB THIZAIC_Octal RerBoduli FMr pistribtion
siefinition For Project (012810 Ockal_laterHedile Power BELbribit o

LSUBCHT W 3iC_Beral _InterMedule_Power_Blstribotion BEF_3U UCC_393 UEC_S@ PR (WOULE_B WIGULE_A MODULE_H MODULE_C MODULE_F WODWLE_E mDULE_B MOBULE_C
EA2A18_Interded I_FDD &_POE 1Z618_IntrrHedule Power _Distribution

EiidAa_Interded C_PDR &_PDE 12618_Interdedule Power _Distribution

BARTRANE Interdsh 0 POD & PDE TRIZATE IaterHedile Poeer BIEUeibulion

BEARTRAE InterMat £ PDD & PDE TEI2ATE IaterHadile Power BISteibullon

EAIPa8_Interdss F_PDD & PDE TE12A18 InterHedile Poeer GIsteibutien

BABZES_Interde? C_PDA @_PDE 'IB1:EE'II InterHsdile_Powrr D.IEI:HIIul:Itn

BAB1ZE A _Interde® ||_PDA &_PDE 1!11&1! :In.torrhdult Powrr Dlitrlhutlnn

= CROSZ-REFERFREE @

EMBE

shefdnition For Froject 1HI2840 Inteviodele Power Distrlbetios

SUECHT YEITGT_Intsriodule r-u-r pistrisution WIRULE B HEDULE i

BAEENE Srblrl:‘_lr! O_FDE & rog 'IB'i'!ﬁ'!Z Shert Elrcult
KABIZ0AL_Shart 2 B- kL S 1RAZENZ 'S-lmrt I:Irl:,l.lit

ERLSEITFE _Ehert Th B aug ! i 1l"|ﬂ|1? El'l-irt Circuit
KAB12092_Shert S 0_REF &_REF 1128612 Shert Circuit

= CROSS-REFEREMCE @

JEMRE

=0eFinition For Project T00RERS_Short _Circuit

JSURCHT vl thort Clrcult 0 &

= CROSS-ROTORENCT @

s

bl infrian For Praect TTEEY Saall Powsr Regilator w1

LSUBCKT VITFS1_Small_Pawer Requiatar U1 PORIMT ER_REF DN CPU EW 383 (N S0
<Yt _CPE UEC U3 UEC_SU REF_3U

ﬂiliil FORIHT EH_I03 UEC_3U3 M Bl 2Sal 303 i@ben_feguiater Ui
1 B nat cenneeted

ximi Hi PBRIHT [H CPI UEE_EPU BRARIZSAL U3 180nA_LBD Regulator U1
s Pin i net cennecCed

H1I¥SR MZ ULE 50 FH_REF REF_3U BR1DIFS2A_SUM1 DeBppnRer U1

& Pin is net conneted

H11385 H3 EM_SU UCT S0 POEIMT DkiBi7538_5U_10be_ Eegulator U4

= Pin  iw met cennecbed

# CROSS-REFEREMEE &

EMBE

L]

sfefFinition For Project BRVB12SI0 SU 10Bmd_ Aegulator 01

SUBCKT BR1B1Z5IE_SU_100mA Rv-gulal:ur U1 DGHD EH_SU UEE_5U UAL

LLY WCE_SM SW {HET 1000000080 , 20.000000 /100)) RSER-1.E20004

RTP I.II!I: SU UCE_S0 0

sWarning: Mo walue For RTP1. Defavlbing to O

KU1 SW WAL HAHIBS HIH?1 EM_SU UGG %W HIKIES DGHD LTCI&I1-5

CC1 UCE_SU DEMD {MC{ 100000080 ., 10.000088 A100)) TC=10_ 0000000

CO2 UAL DEHD {HC{ 2.2a00aou , 1@.@ AUBRY} To=10. B0nnonn

EHDE

shefinition For Project Bei0A2530 JumiBBBppndef U1

-SUBCET BRIBIZEZA_JVE 000ppmReF U1 DOCHD UAL EM_REF REF_Jv

XU1 EH_REF DAL REF_3JU DEHD LHa128 3y

CC1 REF_3U DEMD {H:( 100 0e8daaH , 10.B0BRB0 S100) ) TC-10_0ooonou

RIP1 REF_3U REF_3U 0

sarning: Mo walue For RTP. DeFaulting to B

CC2 WAL DGHD {HE{ &.Fa0000U , 10.008000 100} To=10. G0Emmn

-EHDS

spefinition For Project BRAB12%5RC_JUZ fedwh LDO_Requiator U1

SEUBCKT Bk1E1254C_3UF_108mA_LO0D_Regulaker_UT DEHD WAL EM_3U3 UCC_3U3

¥U1 UAL DEMD EM_3U0 XSIGCO10R07 UCE_3U3 1EI761-3.3

RTP1 UCC_303 UEE_.EUE L

sHarning: Mo walue Ffor RTP1. Defauvliing to B

CC1 UEE_303 DERD {HE{ 100000000 , 10000008 F100) ) To=10. 00aanm

CC2 WCE_3U3 XSIGE10007 {(HC{ 10.000088H 25 D00BRD A100)y TC=10.a000a00

CC3 WAL DGHD {HC{ 1000.0an808H B SR} TC=10. Doy

-EHDS

=pefinition For Project Dk1D125A0_9UD_108m0_Regulator U1

~SUBCKT BK1B12543 U2 108m° Rt.\gulblbr U1 UAL EH_3u3 WL 203 DEMD

LL1 UEE 303 ESIE0T0010 {HE{ 100 0000000 , 20.00B000 F100)) RSER=1.820000

RXCHPZ UCC_3U3 UCE_JU3 0

=llarning: Mo walue For RECHPZ . DeFaulting to o

CC1 UAL DEHD {HE( 22000000 , 10.000000 F100)) TC=10. 00000

CC2 WEE 303 DEHD {HC{ @ ., 20000000 M08} TC=10, DRE0ND

=Harning: Mo walue For CC2. Defaulbing to @

XU ESIGEABD VAL KSTECI000RS XSIGE10R1? EH_SUD UCC_303 SSIGM 0008 DGHD LTE3631-3.3
<EHDE

stefinition For Project 182224 Magnetic Torque Actuator U1

JSUBCKT 18222W Magnetic_Torgue_fctuator_U1 COILY COILE MODULE

¥1p222 Ili!rl!tit 1 HSU PDE REF D@_RX_S0M] DS _PWM D4 CLKE D& A0 DY EH PUMZ D1_TX SIM0 COILY COILZ 1222 Magnetic Torgue fctuator U1
= CROSZ-REFEREHCE 1

= LU=H:U

~EHDE

stefinition For Project 18222 Wagnetic Torque fictuater W1

LSUECKT 18222 Magnetic_Torque fctuator U1 WSU PDEIMT REF_3U HOT_EMABLE PHASE HOT_BRAME SEHSE EM_COIL MODE COILT COILY
CI1l40G FOEIMT_EH 0 [HC{ 10.0a@aasl w0 Bl S TE=10, 0000000

R11393 REF_30 XSIEO1A001 {HE{ 18Hohas ,

C11374 XSICUI000% 0 {NC{ h70.000000F BREED S100) )} TE=10. 0000000
¥11416 HO FORINT_EM EN_COIL PDRINT Bk1B121D_Load_Switch_High_Unltage U1
= Pin is mol connecbed

A11383 XSICIO0M 0 {HC{ 10Hohes |, 1000, Q00000 S100) ) TE=100. 0000000
®11337 HEU_int HSU EH_COIL H1 AHARA24C_Load_Switch_u3

= Pin is pot conmecled

CIIASE HSU_int O {HC{ 100 0000004 , 10000000 S100)) TC=10_noo0aon
R11364 XSIGIO004 0 {HC{ F0Hohms ., T00.0D0E0R0H S100)3) TC=15. 0000000
XK10343 XZICHME 0 XEIEO1008% XSIGETORSE RES AWIRE R={MC{Z00MohnAs, 10000000000 108) ) TC=2 00, BRODRN
HCpD HOT_BRAKE KSICOI0001 XSTG@1000h PHASE MOT_EMHABLE COILZ? HODE XSTGO10008 COILY POBIMT _EH 0 WSU_int AZ953 A3053
sHarning: Ho MHodel For XCHPY.DefFaulting to A3953

X1132h AGHD SEMSE MSU fnt XSIGA1084Y XEIGCO1BRS0 BR1B127A_Differential UVoltage Sensor U1
-EHDS




SSUBEKT 88181270 _DifFereatial Uoltage Sensor_U1 UREF BOUT HSU PIMPOS UVIMMED
AR XSIEMIO02T AGHD (MG 7.5Wohms . 180 000Q00H /100 TC~100, 08000

HE? UREF XSIGOVDOIT (NG 10.5¥ehas , 100, 0020080 /1@8)) 10-3%5, 0a00aa0

RET ESICEI00ME XSICOT0023 {ME{ TMECohmes o TH0_ONOB00N S108) % TC=25. nanomn
CET MSU AGHD (WO 100.020080H , 10.008008 S100)) TC-10. poamnm

HEA ZSIGE10015 UDUT (NG EGokes , 100, Q00A00N J100) ) TC-25. 0080000

AE ESIEM DT ESICMMRES WU ALHD ESTGIRS LHGYe2

RES WINPDS ASIGEI@0G {MC{ 10BKohes , 108 080080H F100)F TC=100. 0OB00MH
RRG VIKHEG SEICOT0MS {HC{ 100ohns , T00.080080H F100)F TC=100. 0080080

A0 XITRMBIIE KSIGIIBINS NSO AGHD UODT LH&142

-EHDE

spefinition For Project BNIEVZIG_Load_ Switcn_Ud

EUBECHT BR1BI2IC_Load_Switch U3 OUT IH EW DGHD

RE1 H_THG7 H_THT1 (HC( 1S5ohms , 1000, A0OG00H S0} ) TC=100. Dagoaoy

HEZ IH M_tHG7 {NC{ 180MoRms , 1900.000000 S108) ) 1C0=100. 0p0a0o

HHE BUT H_THGT TH IRLHLAG@E

AM1 H_INT1 EH DEHD HTAT@DIH

-EHOS

spefinition For Project BRIB1Z1D _Load Switch_High Unltage U1

LSEERT BRARI210_Leoad_Switch_High_Uoltage_ U1 DGHD BUT EH TH

X OUT EATE TH THLHLEAR?

HE1 GATE XSICOTD0@S (ME{ P@0Nobms . 1000 DOB0OBM A108) ) TC=100. 300801

REZ IN GATE {MC{ t0DKohms , 1000.000080H 1803} TC=100. 000008

A1 ESIEM 005 EH DGHD WEAZDEZH

& [ABSS-HEFEREHWCE O

-EHDS

=oefinltlion For Project 10223 10 PLCE _Call Ut

CSIFERT 18223_1U_FCE_Codl U1 COTLY COILZ

A11367 COILY KSIG@10B0% (HC( 20Mohms , 1000, (OB0ODN 1000} TC=280.BI0B10U
H1I35F EDILY KSIG@I0@0G (HC( 20Mohms , 1000 DOBOOBH 100} TC-28
R1T34F COLLT XEIG@IO@IS (WO 20Mohms , 1000 00B000N /100)} TC=700. a0ad0m
Wilasd ERILY XSIGEIORTS XSIGEI000Y ESIGIH000E XSTRIND0GS ESIGHA0NY XSIGEAMS (SIGMOrs
RiLary o 0 LR LT

LRIET . a

RILAAT COILE XSIR@I000% (HC{ 20MohAs , 1Q00. DOBOAOH /108)} TC=-200. a0
RALAZY ES1GEM0MIE COIL? {MC( 20Mohms . 1000, 02008 A100) ) TC=280.B0020W
A1ln3d
MIhh? ESIGEI0008 XS1G010008 (NC{ 2@Hohms , 1000, BOOROAH S00)) TC-200,
RITWST COTLE XEIGETOR0E (HC( 20Mohns |, 1000, DOB0OEN F100) ) TC=200. B0aa0m

= [ROSS5-HEFEREMCE 0

EHDE

speFinition Fei Prejoct 1REZ11BM _Digital Gyroscoplc_Sensor U1

-SUHCHT 1021186_Digital Gyrescopic_Sensor_ 1 MODULE

BABZ1B_Digital 1 MIUI D9_EM_PWUMZ MEU D _CLK DY_TX_SIHO DS_PUm DO_RE_SOM1 1B2118_Digital _Gyroscopic_Sensor_ @1

EHOE

speFinition For Project 1RPME Digltal Ryrescopic Sensor U4

SUHEKT 182148 bigital Ogroscoplc Sensor U1 HOUZ EMAGLE MSU SCLE DIM nES DOUT

HEHP DN SCLK DOUT XSTGOTB086 XSTCO1B00F LSIGEI0NE XS1GO10008 XSIE010014 0 XSICO10012 KSIGEI0M1 XSICEI00T0 OUT ACE ARIS1A048 ADIST4080
KIHZAC Load Swii H5U EHADLE 007

KARIFAC Load Swi? HIUZ EMABLE XSICOT0EIE

RECI®A DIN DIH B

siiprming: Ho walue for WXCHFR. Defaulfing To 0

RECHPS SCLE SELE @

sigrning: Mo waloe For RECHPS. Defaulting to @

RECHPS DOUT DOUT @

silarming: Mo walup For AXCI®S. Defaulbing to 0

RECWPY mf5 nlS B

siarning: Mo walee for RXCHRT. Defaulting to o

EHDE

spefinition For Profject ERIETI0M Calibration Memory U1

SSUBCKT BR1A120W_Calibratlion_Mempory U1 DGHD HODOLE

ACHPY DE_ID DEHD DE25S0? REUSE EELL REF DES

ETP1 DE_ID 08_ID 0

sWarning: Mo walue For RIF1. Oefaulting to @

JEHBE

spefinition Fer Project 101170 _Sinple Wikl _Selteh @1

LSUBCHT 1E117C_Simple Nill_Switch 51 HIU3Z K3 DEPLOYED

R;iﬂiﬁ HIUZ KBS (MG{ T@Kohes . TOSD.90UOBNH S1O0)F TC-100. 008008

-EHDS

sperinition For Profect BNEE2AS San_Sensar

SSUBCHT BE1B235 Sun fensor SUH_SCHSOR AGHD

KUY HAINAAT HIH& B HIHABY HIHNATD AGHD HIKMTT MIHWAZ SUM_SEMSDR CPC

RR1 SUM_SEHSOR NGHD (WG P2Kohns , 1000000000 S100)F TC=100. a0asm

= CROSS-HEFEREMCE &

-EMDS

=fefinition Ffor Project 1001508 _Overvoltage Protection_u1

SEURCHT 181158W_Dverenltage Pratection U1 MODULE

CARSE_Ouervalt? POR 181158 _Overvoltage Protectiom U4

® CROSS-REFEREMCE @

-EHDS

sheFinition Foar Project 181158 Buervsltage Protection o1

SSUBRCHT 181158 _Overvoltage Provection W1 FOR

DALSAL KEIGOTO0ST MOS SHR210

BAIZ52 0 EIICU enm SHaZ1@

-EHDS

=shefinition For Project 10112108 Primary Switching Boost @1

CSUBCKHT 1B11210U_Primary_Switching_Roost_ Ut SOLAR_MEG SOLAR_POS MOOHLE @ MODIILE_R
EAI3FZ B_DM_CLK A_DS_PW A_3U3 SOLAR_MEG B_D6_ A0 0_D7_A1 A_FOB A_DG_A8 A_D7_A1 SOLAR_POS HE NI BE1BTIZ10_Prirarvy Switching Boost U1
= Pin I.E ||ﬂ‘t.. l.Dllnl‘lﬂW

= Pin fs mot connected

JEMDE

shetinition Far Project BERIETIZ10 Primary Switcbing Boost

JSUBCHT AR1E11290_Primary Switehing Beost U1 Disabie PWM_ IH HFU3 SOLAR_HEG
=Y _auk [_owt FERIHT @ Selar I_Solar SOLAK_POS ACHD DGHD

001 SOLAR_POS XSIE@IMMH? XSIGETA811 HHETIPULTIR

XA118469 DOHD DC_OUT HIUZ PUH_ITH BEIB1122 P DE_Comverbes 09

EMBOSH_X X5 IG01002G Disable DGMD HMEF 0287

RAY SOLAR_POS KSIGOT0026 (MG{ 2.2Kohes , 1000, 000000H F18033F TO=100. D8000B
CCA SOLAR_POE DCHD (HC{ &7, 00RDOSH , 10, 000008 18033 To=10. 0000060

CC1 I _OUT BGHD {HC{ 10, 00000@M . 10000000 F108) 3 TC-0. a@i0e e

A ESIGET0RRS DO _0UT SOLAR_POS DGHD XS1G0I0047 ASIG@I0838 DGHD DOHD
«HIXYFISHS

ET11078 POBIHT C5_U0UT §_IH AGHD BRIB1320_Current Sensor @1
RER1BIA2A_Current_Semsor AGHD |_OUT I_Solar SOLAR_POS

SR AREIIIN_Current_Sensor U1

ERZ KSIGE1002E DGHD {HE( 5. « Toma, ANy TE=100, B
RECHPSY I_OUT I_O0T @

RECHPS? T_IN 1_TH @

EAI959 vout FOBINT AGHD [FRIBIA1C_Uoltage_Sensor U1

EORTET210_Uoltage Semsor U_Solar SELAR_PES AGHD BRIE1310_Woltsge Seasor U1
EHEOSH _PU_X XSG ansd XZIEMBIE DEHD SETT1ZADH

CLZ |_TH DEHD {HC({ 10.GUORROE , 10.09R0D80 /108)} TC-8. 0000088

RR3 KSIEI‘I'IE‘ FEIGEIAEIE {HC{ 26.THohms , 1TO0B. OB0U@0H A108) )

sTC=1@0. anianme

LLT SSIGETOBGE 1_DUT {ISC{ uF.s0a@eod . 20.000880 108} ) RSER=T1.9080000
BOY HEIG@IONAE 1 IH BI2 0

QI3 DEHD XEIG A0 X5IC010091 HmTIv0s

-EHDG




shefinition For Project Bk1B1318_Usltage Seénsor U1

SUBCKT Bk181318_Uoltage Sensor U1 Vout Uin RGND

CC1 Vout AGHD (HC( O.8TuF , 10.000000 /100)) TC10.0000000

AR1 Vin Uout {MC( 390Kohns , 1000.000000M /100)) TC-100.0R00000
RR2 Uout AGND {HC({ 133Xohns , 1000.000000M /106)) TC-100.2000000

* CROSS-REFEREMCE 0

LENDS

soefinition For Project BKIBTIE Uoltage Sensor Ut

~SUBCKYT 8k1B131C_Uoltage Sensor U1 Uoul Vin AGHND

CC1 Uout AGND {MC( 19.000000H , 10.000000 /108)) TC~10.0000000

RR2 Uout AGHD (HC( 120Kohns , 10000000000 /180)) TC-100. 0000000
RR1 Vin UVout (MC{ 820Xohns , 1000.008000M /100)) TC~100.0000000
JENDS

shefinition For Project MicIH1328 Current Sensor U1

LSUBCKT BK1B132A_Current_Sensor_U1 AGHRD 1_DUT CS_VOUT T1_IN

CC1 CS_UOUT AERD (NE( 0.61uF , 10.000000 /100)) TC=10.0008000

BR1 CS_UOUT AEND {NC( 100Kohms , 1000.00000BM /108)) TC~-108.800000U
XRZ I_IN 1_0UT XSIGOI0025 XSIGO10024 RES_AWIRE R~({MC{200nohns,1000.0000004/100)) TC-200.0000000
XU1 XSICO10025 XSIGO10025 XSICO10025 ACHD €S _UDUY INA138

JENDS

sOefinition For Project BRIB13Z0_Current _Sensor Ut

.SUBCKT 8K1B1320_Current_Sensor_U1 1_OUT £5_UOUT I_IN AGND

CC1 CS_UOUT AGND {NC( 0.01uF , 10.080000 /100)) TC~10.000000U

XR1 1IN 1_DUYT XSIGOTO025 NSICO10024 RES Nwire Re(MC(B20Mohns,1000.000000H/100)) TC=250. 8000000
RR2 CS_UOUT AGHD {MC( 1008Kohms , 1000.000006M /100)) TC~100.0000000
KU1 XSIG010025 XSIGOT10024 XSIGO10025 AGHD €5_UDUT TRA138

LENDS

shefinition For Project DK1B1122_PUM_OC Converter Ut

LSUBCKT 8k181122_PWN_DC_Converter U1 DGND DE_OUT UCC_3U3 PWH_TH
RR1 UCC_3U3 DE_OUT {MC( 27Kohas , 1000.000000H /108)) TC-100.000006U
AR2 DE_OUT DGRD {HC{ 108Kohms , 1080.000000H /100)) TC~10R.00080000
CCY1 UCC_3U3 DGND {NC( 1000080008 , 10.000800 /108)} TC«10,0000000
CC2 N TH18 N_TNIA {(MC( 10.000000N , 10.000000 /108)) TC~10.0000000
RR3 N_IN18 PW_IN {MC( 1Kohms , 1000.0000004 /100)) TC<100.0000000
D01 N_1N1N UCC_3U3 BATSK

CC3 DE_OUT DERD {MC( 470.000800N , 20.000000 /100)) TC~10.000800
RRA& N_1N1A DE_OUT {MC( 10Kohms , 1000.000000H /108)} TG«100. 000000
002 DEND N_1N1h BATSA

JENDS

sfefinition For Project Bk18133R_Temperature Sensor U1

LSUBEXT 8k1B1334_Temperature_Sensor U1 AGND TEWP REF_3U

RR1 TEWP AGND (HC{ 1MEGohms , 1000.000000M /100)) TC-100.0000000
RR2 REF_3U TEMP (NC( 220Kohms , 1000.0000084 /100)) TC=100.600000U
¥R3 TEMP AGHD NTC100K

JENDS

shefinition For Project BKIB1118_Solar Panel_CubeSat V1

.SUBCKT BN1B1118_Solar_Panel_CubeSat_U1 SOLAR_NEG SOLAR_POS

001 SOLAR_NEG POS DFLS220L

D02 POS SOLAR_POS DFLS220L

¥03 SOLAR_POS POS CESI-TJ-CTJH-7dx40

X0% POS SOLAR_REG CESI-TJ-ETJH-70x40

JENDS

*ilobals

-global AGHD

.global @0

Anelode .S sysy THETEE . od™
Anclude .4 sy B3200, nod
Linelode . ASURABATSE . nod"
JAnelude .0 ASERCAR . pad™
Lnclude .0 ASPRACEST-TJ-ETH-7 0ubd, mog”
SAnelude .\ SR\ EPC . Rod"
JAnclude . %, ASUREZRUS2ETUS  mod”
Sinclude .\ vsyehConnector 1PIH. mod"
Anelude . N N\SYRBFLEZ2IL .nod"”
LAnclude .5, \SpRAHIGC 062  mod
SAnelude . ysynh THATIE . eod™
JAnclude .. s IRF T2 mod"
~include ..\ \synd TRLHLGWED _nod"
Anelude . %L SystLHAT2E_3U . pod"”
JAnclude .. %L AspsiLINIZE W01, mod”
dnelode oy ASyed LRGN . nod™
JAnclude . N ASERHARETSHS  mod"
LAnelude .. %\ Sped HEOF 6201 . mod ™
JAnelude . Sy HHETIDIML TG . pad™
Anclude . % ASys\HETIP0G  mod"
LAnclude o sy HTATB02H. nod"
JAnelude . v ASYRHTC 00K . mod'
Jdnclude .0, Aspa\I25E2T6H  mod"
Anelude .y SyadREST . mad”
JAnclude . % SURAES SWIRE . mod"
Lnclude . %. Gt STT112A0H Rod "
JAnelude . SR SHAZ 0. mod™
JAnclude .. % ASUREHTSOBET  mod"”
Anclude .\ ASURWHTEZET . nod™
Anelude .. A SyRK BHER . Rod”
Jinclude .. Y. OsyetadiEie . mod"
Jinelude ULy \SpehicETE omod”
Anclude .G ASpmIEITE-3.3 . m0d"
LAnclude .\ ASpM\Ep117T . mod"



Chapter 5
Electric Power Supply Management

5.1Introduction:

I1B8 CubePMT is one tile of Aramis-C1 that contains electric power supply and attitude and
determination control system. Electric power supply helps to control the power generation while the
ADCS controls the positioning and spinning of satellite across the earth. Electric power supply
contain solar panel, boost converter, housekeeping sensors, load switches, linear and switching
regulators while ADCS contain sun sensor, magnetometer, gyroscope, magnetic torque actuator and
magnetorquer coil. 1B8 CubePMT has a main microcontroller MSP430F5438 that help to manage
the power and data processing and maintain its operation.

In this chapter we will discuss the design, implementation and operation of all the subsystems of
AraMiS-C1 EPS in detail. The aim of electric power supply (EPS) unit is to generate, distribute and
convert power to different voltage levels. Nanosatellite dimensions and space environment
constraints limit the design of an ideal EPS system. To accommodate such a large number of
subsystems in a small space, require to reduce the dimension of all the subsystems. The main goal
in the EPS design is to achieve higher efficiency and to reduce the size of all components used.
Therefore COTS components were selected for EPS on the basis of power loss analysis and small
dimensions. The desired functionalities guide the EPS design. The designed EPS use to produce
sufficient energy to supply all the subsystems of the AraMiS-C1 satellite. The EPS provide several
power outputs (3V, 3.3V, 5V etc.) with stabilized voltages. It also contains different sensors
mounted at different point on the EPS.

5.2EPS Subsystems for 1B§ CubePMT 3U:

EPS at tile level contains the following subsystems which we will simulate it later on,

e BKI1B132 Current Sensors.
o BKI1B132A Input Current Sensor.
o BKI1B132D Output Current Sensor.
e BKIBI131 Voltage Sensors.
o BKIB131B Input Voltage Sensor.
o BKIB131C Output Voltage Sensor.
e BKI1B1122 PWM DC Converter.
e BKI1B1121D Boost Converter.
e BKIBI125 Linear Regulators.
o BKIB1252A 3V Reference Regulator.
o BKI1B1254C 3.3V Linear Regulator.
e BKIBI125 Switching Regulators.
o BKI1B1253B 5V Switching Regulator.
o BKI1B1254B 3.3V Switching Regulator.
e BKIBI121 Load Switches.
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o BKIB121C Low Voltage Load Switch.
o BKIB121D High Voltage Load Switch.
o BKI1BI121E Bidirectional Load Switch.
e BKI1B133 Temperature Sensor.
o BKIBI133A Temperature Sensor.
o BKIB133B Temperature Sensor.
e BKIBI111 Solar Panel.
o BKIBI111A Solar Panel.
o BKI1BI111B Solar Panel.
e BKI1B235 Sun Sensor.
e BKI1B115B Over Voltage Protection.

In 1B8 CubePMT 3U, it seems to be strange that Boost converter (step up to 14V) is still attached
along with six solar cells that also give the same 13.2V output which is also equal to 14V PDB. It’s
because of the safety purpose that during mission in the space ,if one out of six solar cells damage
then in this time boost converter helps to maintain the voltage level equal to 14V PDB. Maximum
power point tracker (MPPT) operates solar cells at maximum power point. Over voltage protection
circuit keeps the PDB voltage within the operation limits. Switching and linear regulators step down
the PDB voltage to different voltage levels required for all the subsystem components. Load
switches supply and cutoff power from the subsystems through enable signal from the tile
processor. Housekeeping sensors such as voltage, current and temperature sensors are employed at
different points of the EPS in order to monitor the operation and inform the tile processor in case of
abnormalities. Block diagram of the 3U 1B8 CubePMT EPS subsystem is shown in figure 5.1.

0DULE C2

VOO_3V3

- [ MOUULE_JIAG
[BKIBH17C_SThple_Kil -

Switch HPEEA T A VT
DGND

]
ABAESR JTAG
1 2 tertaco

Vee jcPu \

P ]

Figure 5.1: EPS Block diagram at tile level.
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5.2.1 BK1B132A & BK1B132D Current Sensors:

In 1B8 CubePMT, there are two kinds of Current Sensors. One Sensor (BK1B132A) is to limit the
current to maximum amount equal to 625mA while the other sensor (BK1B132D) is to limit the
current to maximum amount equal to 152mA. The output of the Current Sensor CS VOUT is
connected to the ADC pin of the tile processor in order to instantly monitor the flow of current.
Here we choose BK1B132A current sensor for finding the output and sampling frequency. Its
formulas are given below:

Vo = (IsenseX Rsense X Rout)
5KQ

1
fsampling - 2 ZXTCXCOUTXROUT

Where Rggnsg and Royr have the value when maximum range of input current flow
throughRggnsg, Vo become equal to output range. Similarly, Coyr and Ryt sets the sampling
frequency of the current sensor, as from below formula: The schematic diagrams of BK1B132A
current sensor is given blow in figure 5.2.

I DDU'I— MAXTMUM INPUT CUORRENT 0.625A
i
e ~L_ w1
T CS_WVOLIm
5 . =
]
+
ROR2 DE INAT3IBNARZSDGAIND
D% _RL12S 20FCT-NDO_K \-\\—I L] -
D

1 Rt
CA0n RADOK

1IN RS_534-57.30 5_SOS-5540

noD

Figure 5.2: Schematic of BK1B132A Current Sensor

Here, the output voltage and sampling frequency obtain from this current sensor are calculated as

Vo = UsenseX Bsense X Rou) _ (0 65+0,2#100k)/5k=2.5V

1
2xnXCoytXRouT

=2%1/(2*3.14*10n*100k) = 318Hz

fsampling =2X

5.2.2 BK1B131B & BK1B131C Voltage Sensors:

In 1B8 CubePMT 3U, there are two kinds of Voltage Sensor. One Sensor (BK1B131B) is to limit
the voltage to maximum amount equal to 10V while other sensor (BK1B131C) is to limit the
voltage to maximum amount equal to 20V. The output of the Voltage Sensor Vout is connected to
the ADC pin of the tile processor in order to instantly monitor the potential. Here we choose
BK1B131B voltage sensor for finding the output. Its formula is given below:
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Rz

Vout = Viy X ——8
out n R17 + R29

The schematic diagram of BK1B131B voltage sensors is given blow in figure5.3

? R29

< R390K

1 Vout
Lr —
S R

c: o
C10n

133K

AGND AGND
(a)

Figure 5.3: Schematic diagram of BK1B131B voltage sensor

When the Voltage Sensor is connected before the terminal of MSP430 processor, it looks like Low
pass filter. The most important factor in filter designing is sampling. The sampling frequency
(fsampling) 18 set by the value of C1 and Req (R17//R29) of BKIB131B. In order to avoid aliasing,

below criteria should be satisfied;

1 Ry, xR
Where R, ,=——22

f, ing = 2 X -
sampling = 2nCs Req €d R, +Ry ’

C, = 10nF

From the above equations, it is calculated the sampling frequency should be almost 321Hz for
BK1B131B for avoiding aliasing problem.

The schematic of voltage sensor with microprocessor is shown is below Figure 5.4.

MEP430
Yin Requ ADG _Vin s R
L

ci —— 20p

T

Figure 5.4: Equivalent circuit of 10V voltage sensor attached on MSP430 ADC pin.

The internal circuit diagram of Analog to Digital converter of MSP430 contains an internal resistor
(R)) and a capacitor (C;). The value of resistor R;=10Q is normally neglected because of its small
value while C;=20pF is attached in parallel to C1=10nF that cause an error. The error is that it can
change the point of sampling frequency and provide aliasing problem in the system. So, changing
the value of capacitor C1 is the only solution to avoid the problem of Aliasing.
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When the switch is open, capacitor C; has no charge. The charge distribution across C1 and C; is
calculated as given below.

Qi = Civi:Ci Xx0=0

Q; =C1V; = Q¢

When switch is close, C; charge instantly. In transient state, both the capacitors have same potential
that are shown below.

Qi =(;jVy = AQ

Q1 =Qc—AQ=CyV

Where V; is the voltage across C1 when switch is closed that are shown below.

The relative error introduce by C; is calculated by dividing the difference between (V1-Vx) with
V, that is given below.

AV V-V G
ViTY, T TV, T c+g

5.2.3 BK1B1122 PWM DC Converter:

For the inverting input voltage of a comparator U7 that is part of Boost Converter, a PWM-DC-
converter block is used in order to give a constant voltage at the inverting terminal of U7. These
converters usually give the constant output voltage that plays a major role in Boost Converter. In
our case, it gives 2.83 V at the output terminal (DC OUT) for the input voltage is 3.6 V. The
Schematics of PWM DC converter is shown in below Figure 5.5.
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DK_BATSA-FOHC T-ND = TR L

Figure 5.5: Schematic of PWM DC Converter.
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5.2.4 BK1B1121D Boost Converter:

Boost converter consists of a MOSFET, an inductor, a schottky diode (preferred because of low
forward voltage drop) and two ceramic capacitors (preferred because of low ESR). Two series
connected solar cells generate a constant voltage of 4.2V. Boost converter step up this generated
4.2V to PDB voltage level that is 14V.

Capacitor C32 plays an important role that is controlled by resistive divider network (R30 &
R32).This divider divides the input voltage (SOLAR POS) and gives it to the non-inverting
terminal of comparator U7. For the inverting terminal, PWM DC converter gives a constant voltage
that is almost 2.9V. When the capacitor C32 charge up to 4.165V, it means positive terminal of U7
becomes greater than the inverting terminal. The outputs of U7 switch high and short the MOSFET
(Q9). At this time, capacitor C32 draws the voltage from 4.16 up to 3.835V. When the capacitor
reach at 3.835V positive terminal of the U7 become less than negative terminal that correspond to
switch low at the output of U7.At this time, capacitor C32 again start charging up to 4.165 and the
process repeats again. Maximum and Minimum voltage of U7 at two different levels VH = 4.165V
and VL =3.83V is called hysteresis window that is only possible with the help of resistive divider
network (R30 & R32). This hysteresis window prevents the circuit from oscillation due to the
presence of noise. It also helps in making the time interval for charge and discharge of capacitor
C32. The designed values of resistor divider network are R31=26.7KQ, R30=2.2kQ). The schematic
of the Boost Converter is shown in below Figure 5.6.

SOLAR_POS 2 D7 PDBI
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L2 Q12
PWM_DC_Converter
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SOLAR_POS L
AN~ 2
R30 ——i/ i

Figure 5.6: Schematic of Boost Converter.
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5.2.5 BK1B1252A 3V Reference Regulator:

This regulator gives 3V reference voltage. It works only when it is enabled from the Tile processor.
It actually steps down from 5V input to 3V output in order to give this reference voltage for the
magnetometer and magnetic torque actuator. Their input and Output voltage difference are very less
that’s corresponds to low power consumption. The schematic of the 3V reference Regulator is
shown in below Figure 5.7.

5
@ DK_LM4128AMF-3.0CT-ND
REF LM4128AMF-3.0
L, REF_3V
VREF
EN_REF .
GO Ca
— C100n
—— 37 Uio0 T
Cau”
e

Figure 5.7: Schematic of the 3V reference voltage supply.

5.2.6 BK1B1254C 3.3V Linear Regulator (Low dropout Voltage):

This regulator converts PDB voltage (~14V input) to 3.3V at the output. The purpose of this LDO is
to continuously give power to Tile processor whenever the processor want and also make it
independent from other sub circuit. It is enabled from the Tile processor. The voltage difference
between input and output of this linear regulator is very high that’s why it has high power
consumption. The schematic of the 3.3V LDO is shown in below Figure 5.8.

Fon REG LT1761-3.3
[] uze VEC_3V3
- C53
EN_3V3 C10n C51
— = 2 —L_ c10u
— > T
Clu

Figure 5.8: Schematic of the 3.3V voltage supply.
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5.2.7 BK1B1254B 3.3V Switching Regulator:

This regulator converts PDB voltage (~14V input) to a 3.3V that give power to all the subsystem of
1B8 CubePMT instead of processor. So there is no any involvement of this regulator with the
processor. It draws high current from the power supply so that’s why it consumes more power and
contains a lot of noise problem. The schematic of the 3.3V Switching Regulator is shown in below

Figure 5.9.
FDB
REG_LTC3631-3.3 L100u
uzz WCC_3V3
LS
EN_3V3 vin swhH——FITL [,
L RUN Vout
MC
C54 E— N HEER =2 = — Cc52
C2.2u ’ =*f enp C10u

Figure 5.9: Schematic of the 3.3V Switching Regulator.

5.2.8 BK1B1253B 5V Switching Regulator:

This regulator gives 5V to all the subsystem of 1B8 CubePMT. It also draws high current from the
power supply so that’s why it consumes more power and contains a lot of noise problem. It is
enabled from the Tile processor. The schematic of the 5V Switching Regulator is shown in below
Figure 5.10.

Fionre R 12 Qchematie nf the SV valtace ciinnlyy
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REG _LTC3631-5 L100u
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C2.2u ——ss _.. S10u

Figure 5.10: Schematic of the 5V Switching Regulator.

5.2.9 BK1B133A & BK1B133B Temperature Sensors:

Temperature sensor is the sensor that can sense the temperature with the help of NTC thermistor
and give the output in the form of voltage. In 1B8 CubePMT 3U, there are two kinds of
temperature sensor. One Temperature sensor (BK1B133A) measures the temperature within the
range from -30°C to 70°C while the other temperature sensor (BK1B133B) measures the
temperature range within the range from 0°C to 120°C .Between these temperature ranges, the
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resistance value is varied between 2.2kQ ~100kQ and accordingly we will get the specified range
of Output voltage (0 to 2.5V) by utilizing 3V of reference regulator.

In NTC thermistor, Temperature and output voltage are inversely proportional to each other. Lower
the temperature is, the higher the value of voltage equal to 2.5V (within the dynamics of the A / D
converter) and the increase of this value tends to decrease as temperature, more or less linearly.
Tolerance level of Temperature sensors are almost 1% that corresponds to high accuracy. Here we
choose BK1B133A temperature sensor for finding the output voltage. Its formula is given below:

11_R1//11_R3

TEMP =3V *
11_R1//11_R3 +11_R2

1 1
Where 11_R3=R,; P2 Grz8) ,T,5 =298.15K (Temperature at 25°C), R,5=100kQ (resistance of
sensor at 25°C) , B=4100K. The schematic diagram of temperature sensor BK1B133A is shown in
below figure 5.11.
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Figure 5.11: Schematic of Temperature sensors (a) -30°C -70°C temperature range (BK1B133A)
5.2.10BK1B121 Load Switches:

Load switch provide cutoff power to the subsystem with the help of enable signal from the tile
processor. It is usually placed at the input of each subsystem. With the help of this, we can better
monitor the power dissipation of each subsystem. In 1B8Cube PMT, there are two sorts of load
switches. One is used for high voltage level especially for power distribution bus while the other is
used for low voltage levels including 5V, 3.3V and 3V. Another important sort of load switch is
‘Bidirectional load switch’ that also play a major role in our project. These load switches will
describe in step by step.

Before describing the working of different sorts of Load switches, it needs to know the selection of
P-channel Mosfet instead of N-channel Mosfet. The reason is that it is simple to control the
switching (on or off) block. Secondly, N-channel load switch need an extra voltage rail in order to
control the gate but this is not required for P-channel load switch.

Moreover, Power transistor which is known as a Pass transistor has a diode in parallel to its
channel. This creates an undesirable flow of current between two potential differences even when
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the system is disconnected. In order to clear it, another bi-directional NMOS is required. So when
the NMOS conduct the anode potential becomes less than cathode that fully disconnects the path of
pass transistor. It leads to dissipate less power.

5.2.10.1 BK1B121C Low Voltage Load Switch:

BK1B121C Load switch is used for Low voltage level. In Attitude control system, low voltage
(5V/3.3V/3V) load switch is used to give cutoff power to magnetorquer coil driver by enabling it
from the tile processor.

Usually, Pass transistor (P-Channel) on and off are controlled by a small signal NMOS transistor.
When enable signal is at low, NMOS transistor is switched off and the voltage on the gate reaches
up to IN terminal. It means that no current will flow across the pass transistor and the voltage across
gate and source assume to be the same. On the other hand, when enable signal is high, NMOS
transistor turns on and the gate voltage of pass transistor switched to ground. In this way the pass
transistor is switched on. As long as the voltage on IN terminal is higher than the threshold voltage
of the P-channel transistor, it remains on and once the enable is low, it will again turn off.

As we increase the time between closing and opening of the PMOS, it will reduce the inrush current
coming from the capacitor C32 of the boost converter. It will also prevent the external battery from
power surge. The schematic of Low Voltage Load Switch is shown in below Figure 5.12.
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Figure 5.12: Schematic of Load Switch (a) Low Voltage.

5.2.10.2 BK1B121D High Voltage Load Switch:

BK1B121D Load switch is used for high voltage level. In Attitude control system, high voltage
(PDB) load switch is also used to give cutoff power to magnetorquer coil driver by enabling it from
the tile processor. Its schematic diagram is same as the previous load switch. Only the difference
here is the values of the resistors R1 and R2. These values of resistors correspond to the rate of
on/off switching of pass transistor that must be specified according to the requirement. The
schematic of High Voltage Load Switch is shown in below Figure 5.13.
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Figure 5.13: Schematic of Load Switch (b) High Voltage.

5.2.10.3 BK1B121E Bi-directional Load Switch:

Bidirectional load switch as the name tells is one of the important load switches in Aramis-C1.It is
placed between power distribution bus and battery. This load switch helps in charging the battery
from the power distribution bus in the presence of sunlight. On the other hand, the battery provides
power to power distribution bus in the absence of sunlight. It is enabled from the tile processor.
The schematic of Bidirectional Load Switch is shown in below Figure 5.14.
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Figure 5.14: Schematic of Bidirectional Load Switch.

5.2.11BK1B115B over Voltage Protection:

Over voltage protection circuit limits the PDB voltage for specified operation. It contains only two
Zener diodes that are connected in back to back. One terminal is connected with positive terminal
while the other is connected with ground. It keeps the voltage level equal to 20V. Its because the
breakdown of each diode is 10V. The schematic of Over Voltage Protection is shown in below
Figure 5.15. POS
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Figure 5.15: Schematic of Over Voltage Protection circuit.
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5.2.12BK1B111B Solar Panel

This Solar Panel have two solar cells which are made from GaAs material whose efficiency is
almost 26%.These are connected in series in order to generate 4.4V from both of them. We added a
simple schottky diode across each solar cell that can help in generating 2.2V from single cell when
the other cell becomes damaged. The schematic of Solar Panel is shown in below Figure 5.16.

D1 D2
po—— T g
DFLE220L DEL5220L
DK_DFLS220LDITR-ND DK_DFLS220LDITR-ND
SOLAR_MNEG . “ F "
— |1 e LN Vg N
[ ™=
e e
b O e
SOLAR_POS

Figure 5.16: Schematic of series connected 2 Solar Cells.

5.2.13BK1B111A Solar Panel

This Solar Panel has six solar cells which are made from GaAs material whose efficiency is almost
26%.These are connected in series in order to generate 13.2V from all of them. We added a simple
schottky diode across each solar cell that can help in generating 2.2V from single cell when the
other cell becomes damaged. The schematic of Solar Panel is shown in below Figure 5.17.
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Figure 5.17: Schematic of series connected 6 Solar Cells.
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Chapter 6
Attitude Determination and Control System

6.1Introduction:

Attitude Determination and Control System (ADCS) on a 1B§ CubePMT provide an extra feature
in the field of nanosatellite. Attitude determination sensor on each tile measures the satellite
orientation in the orbit and gives this information to on board processor. On board computer
compare this information with already defined values in the processor. This compared value is then
processed by the attitude control system which indicates the desired direction of the satellite. ADCS
block diagram is shown in below Figure 6.1.

L -l 1 > Attitude determination Sensor

Attitude Control Sensor < On board Processor

Figure 6.1: ADCS block diagram

The above picture shows the major difference between ADS and ACS is that ADS tells only
orientation of the satellite while ACS manage the orientation of satellite. The ACS also tells the
satellite face in front of sun or it points in the direction of earth. For this we choose permanent
magnet because of its light in weight, economical and consume less power.

Another special feature of ADCS is generating torque to maintain the motion of satellite in desired
position. For this, we use magnetorquer coil that does not need an extra place but just to embed it
inside the PCB layers of 1B8 CubePMT. These coils are attached with each other through different
type of straps. The magnetic field from this coil interacts with earth magnetic field that generates
magnetic moment and cause torque for the stabilization.

6.2 Attitude Determination System:
Attitude Determination System is divided into three parts which are given below:

e Sun Sensor.
e Magnetometer.
e QGyroscope.
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Different number of attitude sensors in each axis of satellite is shown in below Table 6.1:

Types of Attitude Number of attitude sensor in each axis
Determination X-axis Y-axis Z-axis
Sensor
Sun Sensor 2 2 1
Magnetometer 2 2 4
Gyroscope 2 2 0

Table 6.1: Number of attitude sensors in each axis

6.2.1 BK1B235 Sun Sensor:

A sensor that works in the presence of sunlight in order to determine the attitude parameter of
satellite is known as sun sensor. It is composed of monolithic photovoltaic solar cell CPC1822
which give the output voltage when light fall on it. This generated voltage is enough to operate the
tile processor (OV to 2.5V). The tile processor then computes it when no load at the output is equal
to 4.75V or 75uA when it is short circuit. The theoretical formula of measuring output voltage is
given below.

Vo = Vimaxcos (8)

Where 0 is the incident angle of light on the sun sensor and
Vinax = 1.65 £ 20%

Schematic diagram of sun sensor is shown in below Figure 6.2.

W

SUN_SENSOR

s 2 —L
NC 2 Si 7 o
NC 3 5 NC R22K
b —
NC 4 SZ | NC
CPC1822 N/
AGND

Figure 6.2: Schematic of sun sensor.

6.2.2 BK1B221 Magnetometer:

A sensor that measures the earth magnetic field for the determination of attitude parameter is known
as Magnetometer. A Set/Reset circuit is used in order to refresh the magnetometer. It actually
reduces interference effect due to magnetic element. HMC1002 magnetometer based on AMR
technology is chosen because of its cheap price and easily available COTS in the market. It measure
the low magnetic field (from -2 to 2 G) along 2-axis with high sensitivity and reliability.
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When earth magnetic field (-0.625 to 0.625 G) is incident on this sensor, it give the output (0 to
2.5V) to the tile processor. It is because of two Wheatstone bridge A and B that convert this
incident magnetic field to two differential output voltage VA and VB. Here we are considering one
bridge for the calculation of expected output voltage VA that is given below.

VA = KM' BX + Voff
Where sensitivity in mV/G is Ky , Vogr 1s offset Voltage and By is magnetic field in G.

Two operational amplifiers OP1177 and AD8226 are used before giving the output voltage.OP1177
act as a buffer which will give the output toward the reference terminal of AD8226. The output of
the OP1177 is calculated by using voltage divider rule which we shown below.

1K
———— X REF.3V=——— X3V =15V
R8 + R6 - 1K + 1K
Each connected output amplifier have gain=15.96 and V,¢=1.5V. Both R1 and R2 can change the
gain of amplifier which can be design like given below:
L, 49.4KQ
Ap=1+ ”
R, = Rg = === 3302KQ

D—

By putting the value of resistors in above equation of gain, the obtained value is equal to 15.96.
Similarly R8 and R9 are responsible to affect the offset voltage but we can neglect this effect due to
its low value. At the end of this circuit, schottky diodes are used after these amplifiers that can limit
the maximum output voltage equal to 3.3V.
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Figure 6.3: Schematic of the magnetometer subsystem.
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6.2.3 BK1B211B Gyroscope:

A device used for measuring angular velocity is known as Gyroscope. It is a digital sensor
ADIS16080 on 1B8 CubePMT whose dynamic range is+ 80 °/sec . Digital values on serial
peripheral interface mean that gyroscope is revolving with suitable angle. These digital values will
give to the tile processor through SPI port that compute it in the range of + 2rpm. Noise density
effect on tile processor has the frequency range from 0.1Hz to 40Hz. When we apply 1Hz filter
through software, the remaining noise become 0.0025rpm which is so small that once can easily
predict attitude stabilized value. So in this way we get the more accurate result of attitude
determination sensor.
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TE3 f2 sSDO

=i
csB e
i : DGMND

Figure 6.4: Gyroscope block diagram.

6.3 Magnetorquer System:
Magnetorquer system is divided into two parts:

e Magnetorquer Coil Driver
e Magnetorquer Coil

6.3.1 1B222 Magnetic Torque Actuator:

Magnetic torque actuator consists of magnetorquer coil driver, load switch and differential voltage
sensor. High and Low Load switches provide cut-off power to magnetorquer coil driver when they
are enabled from the tile processor. Magnetorquer coil driver has a pulse width modulation motor
driver IC that controls the direction of current flow. Two output pins OUT1 and OUT2 are
connected with magnetorquer coil while the input pins attached with tile processor that includes not
BRAKE, not ENABLE, PHASE and MODE. These pins are helpful in order to perform the coil in
different configuration including the current in forward, reverse, stop or the standby. Differential
voltage sensor maintains the maximum current flow between coil and its driver. Its schematic
diagram is shown in below Figure 6.5.
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Figure 6.5: Magnetorquer subsystem block diagram.

If we go further inside the magnetorquer coil driver, it is seen that a two directional current is
flowing through the magnetorquer coil driver. In one time, transistor Q1 and Q3 are switched on
that cause the direction of current flow from left to right. During this time, transistor Q2 and Q4
remain open. Similarly, when transistor Q2 and Q4 are switch on that cause the direction of current
flow from right to left. During this time, transistor Q1 and Q3 remain open. These directions of
current are shown by green dashed lines in two different columns. The four diodes D1, D2, D3 and
D4 in front of each transistor are used to protect the circuit for de-energizing the coil. The internal
circuitry of this IC is shown in below Figure 6.6.

e o 2 e o

Figure 6.6: Magnetic Torque Actuator and its internal circuitry.
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6.3.2 1B223 Magnetorquer Coil:

Magnetorquer coil generates magnetic field when current flow through it that interacts with the
earth magnetic field and the resulting torque is used to orient the satellite in any desired direction.
The meaning of desired direction means that whether the direction of Solar Panel is directed toward
the Sun or the direction of Antenna is directed toward the Ground Station. Magnetorquer coil is
embedded inside the four layer (fourth, fifth, sixth and seventh) of 1B8 CubePMT in order to
maintain the flow of current for attitude control system. Each coil has turns equal to 50, so the total
number of turns in the PCB become 200. It does not require any extra space in the schematic
diagram. This coil must be energized in order to maintain the orientation of satellite.

e Working Principle:

From the theoretical point of view, when current flow through a solenoid, a magnetic moment Dis
generated which is shown below:

D=N.S.I

Where N is the number of turns of the coil, S is the area of the single turn and I is the current
through the coil. By right hand rule, one can easily find the direction of clockwise current through

coil represented by curly fingers while the thumb indicates the direction of magnetic momentD.

Its actual diagram is shown in below Figure 6.7.
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Tt
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()

€D

Figure 6.7: Direction of current flow in a current carrying coil

When current flows through coil, magnetic field B is generated that produce the torque t.It is shown
in below equation:

7= DxB= DBsinffi

Where 0 is the angle between D and B and  is unit vector normal to the plane containing D andB. It
is actually a cross product between D and B that has maximum torque when D and B are

perpendicular to each other while it is minimum when D and B are in the same plane.

Their actual diagrams along with its parameters are shown in below Figure 6.8.
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Figure 6.8: Magnetic field B , magnetic moment D and resultant torque T

6.3.2.2 Magnetorquer Coil Design:

In order to design the complex coil for 3U version, we need to be careful about the length of coil in
zigzag form. This zigzag form the coil is because of the fact that we need to use additional holes
due to support of this lengthy PCB.

The length of the Magnetorquer coil is proportional to its resistance which corresponds to the
magnetic moment, power consumption and heat generation. 1B§ CubePMT 1U required 50
numbers of turns in each layer, while its 3U version contains only 30 numbers of turns. We also
wanted the same number of turns in each layer as far as the concern of more magnetic moment thus
more torque is produced but the problem occurs was that when we increased three times the size of
PCB then it cover a large amount of area which restrict the generation of magnetic moment. Strictly
speaking we don’t want to increase the number of turns of the coil without increasing the magnetic
moment. So we are restricted to 30 numbers of turns in each layer as we get the maximum peak of
magnetic moment with acceptable power. In this way we used 120 numbers of turns in all the four
layers. Their results are shown in below figures 4.9 and 4.10.
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Figure 6.9: Magnetic Moment VS 50 turns of Coil and Magnetic Moment/Power Consumption
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Figure 6.10: Magnetic Moment VS 30 turns of Coil and Magnetic Moment/Power Consumption

Each coil trace has a width of 0.3mm and a thickness of 18um. Space between adjacent traces is
0.2mm. We can say that the distance between the centers of two trace is 0.5 mm. All these
parameters are discussed in the coming sections. A cross sectional view of the 1B8 CubePMT 3U
version is shown in below figure 6.11.

Ground Planes VCC_3V3 Plane
0.3 mm -

0.2 mm

Layer 1
1.6 mm
Layer 2
Laver 3
18um ve
Magnetorquer
Coil
0.2 mm
Layer 8

Figure 6.11: Magnetorquer Coil traces inside the IB8 CubePMT 3U version

The following diagram shows the cell of Magnetorquer coil in which I mentioned the vertical and
horizontal lengths of the square shape and also for the separation area between two squares.

Figure 6.12: Dimensions of Single Coil Magnetorquer Coil 3U
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Parameters Values for 3U
Single turn average length; lavg 818.8 mm
Total length of single coil; Lt 24379 m
Trace cross sectional Area; A=wxt 0.3mmx18 pm
Total area occupied by single coil 0.36 m?
Distance between two adjacent traces 0.2 mm
Bundle width (30 traces) 15 mm
Copper resistivity (from manufacturer), 3x1078 Qm
Single coil resistance, Ro 1354 Q

Table 6.2: Dimension parameters of the magnetorquer coil

6.4  Magnetic Moment versus Power Dissipated:

Magnetic Moment and Power Dissipation are the important terms in designing the magnetic torque
coil. Magnetorquer coil generates magnetic moment when current pass through it. As a result of this
magnetic moment, the coil dissipates power respectively. Magnetic moment across the coil is
calculated as given below.

—_—

D=M.D,

Where M is the number of Coil connected in any fashion (Series, Parallel or Hybrid).
Secondly, the power consumed by single turn is calculated as given below

P, = I,°R, WhereRo=p =
Where lo is the current flow in a single coil, Ro is the resistance of the single coil and Po is the

power consumed by single coil. So, the Power consumed by M turns of coils connected in any
possible fashion is given by

P=M.P, ~I=mlj
~V=nV,
~M=mXn

The ratio of magnetic moment and power consumed is calculated as given below.
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D, _ NSIlp (N.S)l
Po  Rolo? “Ry’lp

(N.S)?2

D2 =
o Ro

P,

2
D? = n.m. (NR'S) .P=K.P (Where k is a constant of proportionality that change its value by

0

changing the number of coils in series, parallel or hybrid fashion)
6.4.1 Effect of Torque:

When the Earth magnetic field and magnetic moment of the coil during the current flow in the coil
interact with each other in the sense that it produce an external force that help in the motion of the
satellite in desired direction. This external force is known as Torque. Torque generation is actually
depends on the amount of current flow through different combination of coils . This torque is
calculated as given below.

T=B.D.sin0=B .sin®.N.S.1I

Where B is the magnetic field of the earth and D is the magnetic moment of the coil that should
always perpendicular to each other in order to generate torque in third axis. It is better to explain in
the following diagram.
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& — §
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Current Direction

/ X Torgque

Figure 6.13: Interaction of Coil and Earth Magnetic Field
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Chapter 7
Development of Components in Dx-Designer

7.1Introduction:

This chapter is related to how to use the Dx-Designer Mentor Graphics. In Aramis_Mentor Lib
library, there are seven main features that are interlinked with each other. Here I am going to

mention it.
e Parts
e Cells
e Symbols

e Padstacks

e Reusable Blocks
e Models

e Model Mappings

In order to explain it step by step, [ would like to start it from the Padstack.

7.1.1 Development of Padstacks:

In order to make a new padstack inside the padstack editor, first of all I have to right click on any
folder (e.g. All) and make a new padstack by giving a new name for this padstacks. Inside the
padstack editor, I have to remove bug which are already present from the list and then I have to
select Pads from the Pad tab. Inside the Pad tab there are many types of Pad especially Round,
Oblong, Square, Rectangle, Octagon, Elongated Octagon, Radius Corner Rectangle, Chamfered
Rectangle, Round Finger, 4 Web Round Thermal, 4 Web Round Thermal-45, 2 Web Round
Thermal, 2 Web Round Thermal-45, 4 Web Oblong Thermal, 4 Web Oblong Thermal-45, 4 Web
Square Thermal, 4 Web Square Thermal-45, 4 Web Rectangle Thermal, 4 Web Rectangle Thermal-
45, Round Donut and Square Donut. I have to choose any of them and then I have to give the
parameters for example for Round Pad I have to give the diameter of the circle and give the X and
Y offset equal to 0 so that it would place in proper position inside the padstack. Once I make the
pad then go to Padstacks tab and select the type of Padstacks. I have to choose one type from all
padstack type including Pin-SMD, Pin-Through, Mounting Hole, Tooling Hole, Shearing Hole, Via,
Fudicial, Pin-Die and Bondpad and then put the new pad which I created before inside the default
list. The parameters of pad for top and bottom mount should always be little less then top and
bottom mount of solder mask and solder paste. The reason for this is that in practically, the size of
hole across solder mask is always less than our expectation and sometime it would be displaced
from the exact position. The list of all padstacks inside the library is shown in below figure 6.1.
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Figure 7.1: Creation of Padstack in Padstacks Editor
7.1.2 Development of Cells:

In order to make a new cell inside the cell editor, first of all I have to right click on any folder (e.g.
Anwar) inside the cell and make a new package cell by giving a new name for this cell. Inside this
block, I have to mention the total number of pins need for this new cell, layers while editing cell,
package group and mount type technique. Inside the cell editor, there are three operational modes in
side of it which I mentioned below.

e Place
e Route
e Draw

These operations will be explained in the next chapter but for the time being, it’s better to explain
on how to place the pins for making the cell. Once I open the place pins from the toolbar then it is
shown in the place parameters tab that I have to make pin sequence by selecting the pin pattern
whether to fill from left to right or from right to left and so on. Above of this pattern I have to
define the number of column and rows along with its spacing between two pins. In the pattern
placement I have to select to select the type of pattern especially in my project, I used the pattern of
SOIC for making new cell and I rotated some padstack according to make exact cell as it was
mentioned in the datasheet. On the left side of the dialog box, I have to make new pins by select and
adding the padstack from the list. These Padstacks are already present inside the library as this is the
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most important step before creating new cell. I have to add all the pins which I defined before and
place it accordingly on the main screen of cell editor. Once I place all the Padstacks on the main
screen then I have to add place placement outline, place assembly outline and place silkscreen
outline accordingly. Lastly I have to add the conductive shape at the corner of the silkscreen outline
for making proper dimension of the component on the printed circuit board. I have mentioned the
final form of cell inside the Cell editor in below figure 6.2.
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Figure 7.2: Creation of Cell in Cell Editor

7.1.3 Development of Symbols:

In order to make a new symbol inside the symbol editor, first of all I have to right click on any
folder (e.g. Anwar) inside the symbol and make a new symbol by giving a new name for this
symbol. Inside the symbol editor, there are four operational windows use for it. First of all make the
block in the symbol window with the help of some drawing tools. These drawing tools are available
inside the toolbar especially square, circle, arc etc. After that choose the pins from the tool bar and
attach it with chosen block according to the desired position for making new pins of the integrated
IC. After that it is possible to edit all the pins inside the pin window. This edit can help to rename
the pin along with to change the type of pin. The types of pins mean some pins are usually for the
input signal and some are for the output signal. I have to edit these pins types accordingly. Property
window help to add or remove the property of the symbols. These properties are related with
printed circuit board or if the component has some spice model then I have to add X for mentioning
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the model property. Lastly, the console window helps to type the script command. This window

shows all the error and warning automatically while doing wrong step for the symbol.

Once the symbol has been created then surround the symbol with bounding box so that it defines
the area in the schematic. The origin of the symbol should always be placed at the bottom left
border of the symbol outline otherwise it will give a wrong adjustment of symbol inside the
schematic. I have mentioned the final form of symbol inside the symbol editor in below figure 6.3.
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7.1.4 Development of Parts:
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Figure 7.3: Creation of Symbol in Symbol Editor

In order to make a new part inside the part editor, first of all I have to right click across on the All
folder and make a new padstack. Inside the padstack editor

In order to make a new part inside the part editor, there are two options for it.

e C(reate a new part by clicking on the new icon. Then choose the partition and a row
inside the part editor. Once it come inside the part editor, then write the correct part
number, part name and part label of the component according to the datasheet. After
that always choose distinct part number from the datasheet like Supplier number.

Edit the part name according to the information related to package and it is always
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small as it does not require the distinct name. Lastly, additional information known
as Part label is not necessary but it’s important as it contains the information related
to electrical parameters.

e C(Create a new part by choosing any part from the list then copy this part by clicking
on the copy icon. This will appear a new part just below the original part. This part
editor need to change this new part number otherwise both the part name will be
same and software will not allow do it. For the part name and part label, it would be
the same as it is mentioned above.

Once the correct part is added inside the part editor table then below there is a component properties
box where I can add the proper values of some parameters especially Power dissipation, Tech, Class
and Model. Near to this property box, there is a reference designator prefix for example for
Integrated circuit its prefix is U and for Resistor its prefix is R. I have mentioned the final form of
symbol inside the symbol editor in below figure 6.4.
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Figure 7.4: Creation of Part in Part Editor

The next step is assigning the correct symbol and package cell to this part. This action will be
possible after clicking the dialog box of Pin mapping. Inside the pin mapping, there is an icon for
importing the already available symbol from the library and near to this; there is another icon
available for creating the new symbol on the left side. On the right side, there is an icon for
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importing the already available cell from the library and near to this; there is another icon available
for creating the new cell.

When [ want to import the symbol, then I have to choose the right symbol from the list. This can be
assured once I see the symbolic view of this symbol below this dialog box. After that I have to
choose select to create new gate information, enter the number of slots, Include pin property and pin
property mapping. Similarly, when I want to import the cell, then I have to choose the right cell
from the list. There is a library partition along with number of pins and package group. This is very
useful to find correct cell from the library very fast and this can be assured once I see the symbolic
view of this cell below this dialog box. The last option is to choose the option for putting the cell on
the top of the layer, bottom of the layer or alternate. This alternate option is to place the component
either by surface mount technique or through hole technique.

After importing the cell and symbol in order to make the part, I have to assign the physical pins of
the components as it defines inside the datasheet. For example in below figure, I take the pin # 1
from the logical pins and then move it toward anode A inside slot # 1. Similarly for pin #2 I move it
logical pins toward cathode K inside slot # 1.

Once I imported the symbols and cells then I have to select Apply on these changes and then OK.
The imported cell and symbol and their pin mapping is shown in below figure 6.5.
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Figure 7.5: Import Cell, Symbol and their Pin Mapping

7.1.5 Development of Reusable block:

In this library, there is special type of blocks whose name is ‘Reusable Blocks’. It contain logical,
physical and both logical and physical block that are used in our project. Logical block mean it
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contains only the circuit diagram, physical block mean it is composed of only the layout of the
circuit diagram. It is helpful for the production of printed circuit board and both Physical and
Logical block contain the components of the circuit from the layout to its application level.
Additionally, these reusable blocks are helpful in order to improve the electronic components by
removing all the errors inside of it. This improvement is possible by editing the affected block
directly on the schematic. This way can save the time and energy.

In order to make a new reusable block inside the library, first of all I have to copy and paste my
main project and then open this 1B8 CubePMT-Copy project on Dx-Designer and then I have to
remove all the blocks of this copied project except one of them which I want to make it reusable.
After that create the board of this block and close the project. Then I have to open the Library
manager then go to the section of Reusable block. Then right click on the Logical-Only folder and
then choose the option of ‘New Logical-only Reusable Block’ and give the new name to this
reusable block and then it will show this reusable block inside the Logical-Only folder.

In order to package and Net list of this reusable block, I have to verify this block and then open it. If
I open this reusable block without verifying then it will go in Read only mode and then I will not be
able to modify any components. After removing all the errors, I have to package all the components
of this reusable block and then Net list it in order to generate spi file. At the end I have to verify this
reusable block and use it in any schematic as a reusable block. I have mentioned the final form of
reusable block inside the library in below figure 6.6.
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Figure 7.6: Creation of Reusable block in Library Manager
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7.1.6 Development of Models:

In order to make a spice model for any component of the project, I can import a model or make a
new one. For importing the existing model, I have to import it by right clicking on the passive
folder and import the spice model from another folder.

For making a new model, there are two options for it. One is to find the spice model of specific part
number of component on the internet. Usually there are free spice models are available on the
internet, just download the text format of this model and save as the .mod format and save this mod
file in the specific directory which I am going to mention it below.

R:\AraMiS_Mentor Lib\Models\Spice\Passives

If the spice model is not available on the internet then I have to create the spice model myself. For
this I have to open the datasheet of specific component and then understand the characteristic of that
component by seeing its output/input graphs. Usually for passive components, it would be easy to
make the spice model but for active components like transistor or some regulator, it would be quite
difficult in order to make the new spice model on the text document and once I created the spice
model then I have to save it in .mod form inside the above directory. I have mentioned the final
form of Spice model inside the library in below figure 6.7.
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Figure 7.7: Creation of Spice Model in Library Manager
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7.1.7 Development of Model Mapping:

Model Mapping is the last feature of the Mentor Library Manager. With the help of this model
mapping, I can see the how the physical and logical layer s of the part is related with each other and
the association with the model layer with the part. All these information show in one place make the
environment user friendly. In order to make the proper mapping of model, I have to add spice
model in correct path. If there is some spice model missing of the specific part then there will show
nothing inside the spice model. So from there I have to make sure that in order to use this part in my
schematic, I have to add the spice model in the required directory so that I can make the proper Net
list and use this part easily for the simulation point of view. I have mentioned the final form of
Model Mapping inside the library in below figure 6.8.
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Figure 7.8: Creation of Model Mapping in Library Manager
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Chapter 8

Realization of PCB for 1B8 CubePMT 3U
and Mechanical Analysis of the Board

8.1Introduction:

The PCB for 1B8 CubePMT was realized using the software Expedition PCB. The PCB developed
is mounted on the AraMiS structure for the functioning of the system and also to provide
mechanical structure to the satellite.

8.2 PCB Dimensions:

The dimensions are 324.9mm x 82.5mm, these dimensions of the PCB are designed considering the
standards of AraMiS. Some constraints posed on the size of the board are:

e From the figure below, it can be observed that this 1B8 CubePMT 3U is almost three times
bigger than 1B8 CubePMT 1U.

e Since 1B8 CubePMT 3U has larger size than the previous board, so I have plenty of place
to put its own components and also to put others component for controlling other tiles
(e.g.1B423 On Board Computer).

The eight holes of 5.5mm are placed at the border and some additional 16 holes are placed at the
middle of the tiles. These are used to affix the board to satellite with the suitable screws. The height
of the components and various devices are considered during analysis to ensure that we have the
necessary space to implant suitable characteristic payload mission.

8.3 Positioning Of Components:

Once the schematic is designed using the Design Capture .The Schematic is packaged by using the
command (Tools >Package), which then maps the symbols in the schematic to the cells in the
Expedition PCB. This allows us to place the corresponding components used in the schematic in the
design space of Expedition PCB. Whenever there is a change made in the schematic, the schematic
needs to be packaged to forward these changes to the Expedition PCB. Forward annotation in the
Expedition helps in keeping updated with the schematic. Backward annotation is also present to
map the changes from the Expedition PCB to the Schematic. The board designed is made up of
eight layers. The layers are defined as shown in the below figure 8.1:
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Figure 8.1: Plane assignments

These layers are defined in the following way step by step.
Layer 1:

It is a positive plane assigned to GND and most of the components are placed in this layer for
Power Management, Attitude determination and control system. I placed all the components related
to its Power Management, its Attitude determination and control system. I also placed another
processor and its connectors for connecting other systems (e.g. on board computer) on this layer. In
this way it maintains high power consumption.

Secondly, in this layer I added some extra nets from plane layer including I IN, I OUT, PDB, SW,
VCC_3V3, VCC 5V, XSIG010010 and XSIG010063. These net added because of making the high
power nets for switching regulator and also for the Boost converter as it is available inside the
datasheet. The reason to make these nets was that these required for the switching regulator as
followed the instructions of these regulators according to its datasheet.

Layer 2:

It is also positive plane assigned to GND. The reason to make it ground was that this layer help to
protect all the components on first layer from magnetic field generated from the layer (fourth to
seventh layer). Even for large number of nets in the first layer it’s possible to make the appropriate
connection by making Vias manually (passing from second or third layer and then come to its first
layer).

Layer 3:

It is a positive plane and it assigned to VCC _3V3. The reason to make it 3.3V was that most of the
components of the first layer require 3.3V to operate. Even for large number of nets in the first layer
it’s possible to make the appropriate connection by making Vias manually (passing from second or
third layer and then come to its first layer).

Layer 4 to 7:
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From fourth to seventh layer is a positive signal. Inside this, I placed the thirty turns of the coil
across each layer. These 120 turns of coil in this printed circuit board is enough to generate the
magnetic field according to acceptable values of Magnetic Moment/Power Consumption.

Layer 8:

It is a positive plane assigned to ground. I placed the remaining components especially Sun Sensor,
Solar Panel and Schottky diode. Secondly, in this layer I added some nets including GND, POSI,
POS2, POS3, POS4, POSS5, and SOLAR POS from plane layer. The reason to make these nets was
that these nets linked with thicker lines of solar panels that allow higher current to pass through it.

The positioning of components are done by considering the main components especially Processor,
Switching Regulators and the Coil of the Boost and then followed by Resistors, Capacitors which
are assigned to the control signals then subsequently the bypass capacitors are placed. Once these
components are placed, the connectors such as PDB, JTAG, 12C, RS232, and Module Interface for
connected another processor.

At first, the processor is placed on the top layer, in the centre portion of the board considering that it
connects with the most of the components in the board and also directly with other modules. But
once | add another processor then I adjusted the place at the corner side of the printed Circuit
Board. JTAG is always connected near to the processor for the programming purpose. I have shown
the placement of all the components of first layer in below figure 8.2.
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Figure 8.2: Placements of components in 1B8 CubePMT 3U

In processor MSP430F5438IPZR, the power supply line VCC_CPU has 5 pin distributed among the
components and there are some bypass capacitors of different type to have greater frequency range.
These bypass capacitors are placed near to the processor as it can be observed from the figure
below.

For the HMC1002 with the power supply line 5V _int, it has three input pins distributed among the
components and it has one bypass capacitor of values 100nf that are placed near the Magnetometer
as shown in the datasheet.
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In case of Magnetorquer coil Actuator, DRV _A3953 has two supply lines (5V_int and
PDBINT EN) for two pins and capacitors of 100nf are used as a bypass capacitor. This driver has
five input pins distributed among the components. This bypass capacitor is always connected
between their relative voltages and ground signal.

The layout of switching regulator has to be considered seriously as the EMI must be minimized and
to assure proper operation. The problems are eliminated by having high level of integration and it is
difficult to have efficient operation with a poor layout. These certain rules are to be followed for
avoiding grounding and also problems related to heat sink.

e The Cin is placed as close to VIN and GND of LTC3631-5V.

e The Cout capacitor is also intended to be placed as close as possible between the Vout and
the GND of the LTC3631-5V.

e The capacitors Cin and Cout are placed in such a way that the current flows adjacent to the
LTC3631-5V.

e The nets to connect two terminal of Inductor L1 should be passed between Cin and Cout
connected at the terminal 2 and 6 of LTC3631-5V.

e There are many Vias placed in the GND plane so that it acts as a heat pipes to other layers of
the PCB.

Flgure 8. 3 PCB Layout of Sw1tch1ng Regulator

Finally, the connectors are placed after these components are placed. The JTAG connector is
intended to be placed as close to the processor, due to the other components occupying the space
and having reduced space, it couldn’t be placed as near to the processor as expected. The
BK1B4856 Module Interface has been attached as the system gives the supply voltages
1B8 CubePMT to the 1B4231 onboard computer and Image Processor for the functioning of the
system. Finally, the test points are placed at necessary positions to verify the functioning of the
hardware after the realization of the PCB and for further testing of hardware.

8.4Routing:

The CES (Constraint Editor System) helps in the control of the routing (size, Net classes) in the
PCB. The trace widths associated to each net class and the clearances should be clearly defined. The
minimum distance between the trace and the pads, between the pads and traces, between the traces
and Vias, between the two pads can be edited in the Constraint editor system. In the editor control
we can check that the appropriate layers are assigned and used for routing.
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Figure 8.4: Net classes defined in CES

Initially, we begin with Auto route which is been controlled by rules specified by the user and the
routing algorithms. Subsequently, the other traces were routed manually .The width of the traces
carrying the power signal is made relatively higher than the traces carrying the other signals.
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Figure 8.5: Auto route controlled by the user

The Auto route pass types are defined below:

The Fan out helps to provide connections to the components in all the enabled layers.

No Via allows us in routing the vertical and also horizontal signals without adding any Vias.
Route establishes connection that was not completed over the past passes. This pass can be
used also for routing the buses without bus path.

Via min, it helps in increasing the space of the board by reducing the Vias through adding
meanders. In boards where space is a major constraint we can increase the effort to allow
meanders.

Smooth helps in rerouting the Vias and pins.

Remove hangers allows us to remove the pins that are not terminated and also for the Vias.

The printed circuit board designed previously is visualized on eight layers, which constitutes the

PCB.
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Layer 1

In Layer 1, the most of the components are placed and routed; the Connectors are placed on the
bottom of the board, as we can see from the figure below 8.6.

Figure 8.6: View of Top Layer and its Copper

Layer 2

In Layer 2, the ground plane is used and there is no routing of the traces and it is shown in the
figure below 7.8.

Figure 8.7: View of Layer 2 and its Copper
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Layer 3

The layer 3 carries the most used power signal 3.3 V of the system. The trace width is wider due to
low heat dissipation in the printed circuit board. It is shown in the figure below 7.9.

® oL “Jﬂg

® : —
Figure 8.8: View of Layer 3 and its Copper

Layer 4 to 7

The layer 3 carries the most used power signal 3.3 V of the system. The trace width is wider due to
low heat dissipation in the printed circuit board. It is shown in the figure below 8.9.

Figure 8.9: View of Layer 4 to 7 and its Copper
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Layer 8

The bottom layer consists of the image sensor and the bypass capacitors placed near the exposed
pads of the processor and this is shown in the figure below 8.10.

Figure 8.10: View of Layer 8 and its Copper

8.5 Analysis and Optimization:

The analysis is done by running the Batch DRC to support the verification clearance inside the rule
areas. The rule areas used for the net class verification clearance are: Plane to Plane, Plane to Part,
Part to Plane, Plane to via pad, via pad to via pad, Via Pad to Pad and Part Pad to Part Pad. The

executed controls are:

e Proximity Control: verifies that all the clearance specified are respected as specified in the

route parameters.
e Connectivity Control: Checks the tracks and connect to the pins avoiding floating tracks.

e Special rules ensures to meet the special manufacturing rules
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Figure 8.11: Batch DRC and Review Hazards

Once you run the Batch DRC and after you run the Online DRC, it is possible to check the
violations as warnings. At first, as shown in the figure Review Hazards dialog box appears and then
we must click Update Hazard Count (#) present in the bottom left corner. Then, Show All hazards
in the menus and it also provides the option to view the hazards in the violation list and the
description of the hazard.

8.6 Mechanical Analysis of PCB of Satellite:

Once the PCB is designed for 1B8 CubePMT 3U, the placement in the board is analyzed and
adjusted to optimum position according to the mechanical environment.

In order to analyze the geometry of the printed circuit board, we used the software Solid works. The
3D model can be exported from the Expedition PCB through Export—=>IDF and can be used in Solid
works. It can also use the Gerber and NCDrill files to generate the three dimensional view and this
not only from electrical point of view and also to verify that the design fits well to the structure of
the satellite.




Figure 8.12: 3D representation of PCB designed

Once the Printed Circuit Board is inserted in the appropriate manner, the placements of the
components are analyzed from the point of view space used. Then, the heights of the components
are also verified so that we can sufficient space to insert the payload of our choice with respect to
the mission. It also helped in determining the epicenter of the board to place the Image sensor.

e VIEW TOP LAYER

Figure 8.13: 3D representation of PCB designed

From the figure above, you can visualize the presence of the bulky devices on both the outer layers,
both with respect to occupied area, and the height occupied inside the satellite and these
components are Processor in the first layer and the Image sensor in the last layer and the connectors
placed in the bottom part of the layerl.

Figure 8.14: 3D front view of the Tile

e Bottom Layer




Figure 8.15: 3D Bottom view of the board with components

In this side, we can observe from the figure that components placed on this side are reduced
including their height.

Figure 8.16: Side view of the board with components

At the end, the full structure of the satellite with the insertion of the full board inside the cubic
structure of the satellite to verify the interference produced between geometry of the device and the
satellite structure.

il
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Figure 8.17: View of several structures inside AraMiS

Using Solid Works, the appropriate analysis are made to verify the mechanical interference and the
results there is no presence of mechanical interference.

Figure 8.18: Both Burst and United form of 3D presentation of the board 1B8 CubePMT 3U
At the end, these three steps are performed to manufacture the PCB:

e Generating the file for drilling the rig, that it will carry the hole on the PCB called as
NCDirill.

e QGenerate silkscreen through Silkscreen generator, the upper side is printed with Ref des
associated with the components
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e  Gerber files generated to manufacturer of PCBs, track physically the PCB, using the Gerber
output of Gerber Tool, which also lets you perform a final check of the PCB.
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