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2 WORK PACKAGE

PROJECT: SwissCube Satellite PHASE: C WP REF: 4610

WP Title: SwissCube ADCS Hardware and actuators Sheet 1o0f3

Responsible: Space Center Issue Ref: 2

Collaborator/assistant: Muriel Noca, Hervé Péter-Contesse

Student: Laurent Hauser Issue Date:
01-10-07

Start date: 17-09-07
End date: 30-01-07

WP Manager: M. Noca, H. Péter-Contesse

Introduction

This Work Package summarizes the work expected from the student during phase B/C
(semester’s project) of the SwissCube Project. The expected duration of the work is as stated
above.

The objectives of this task will be four fold:
® Review the task description;
® Plan a schedule for your work, and review it with your project assistant;
® Perform the tasks and keep the project informed of the status;

® Provide the outputs and deliverables listed at the end of this document.

The student will report for all technical matters to the Lab assistant (when applicable) and
project system engineer (assistant) assigned at the beginning of the semester.

The student will have to participate in the design meetings related to his topic (mechanical,
electronics, data).

Deadlines are summarized here:

- Kick-off meeting (mandatory): September 21, 17h00 in ELD 010

- Mid-term review: October 31, time TBD ELD 010
- Draft report due: December 21 (for EPFL students)
- Final report due: January 7

- Final review/presentation: January 28-31

Deadlines related to the technical work will be given at the kick-off meeting.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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Task Description:

During last semester project, the hardware (sensors, actuators and controller) for the
SwissCube attitude determination and control system (ADCS) has been selected, and
preliminary tests have been made. The goal of this project is to finalize and test the ADCS
actuators, namely the magnetotorquers: test driver stage and the coils themselves, develop a
3D simulation model, build the test bench and implement the final design. Another part of
the project will also be to finalize the ADCS board design and to perform tests with the
magnetic field sensors (magnetometer).

This task includes :
"1 Review all documentation regarding the ADCS subsystem

| Finalize the ADCS magnetotorquer design: (first part of task)
Design driver stage on a PCB that includes the microcontroller

b. Fabricate 3 new magnetotorquers with improved epoxy and electrical
connection

c. Characterize operations of the magnetotorquers (thermal, magnetic field,...)
via tests

d. Develop a magnetotorquer simulation model.

.l Update and finalize the ADCS Board: (second part of task)

a. Implement design changes taking into account new sensor chosen by other
students;

b. Design interface between new hardware and micro-controller if needed;

c. Test software and EMC with magnetometers.

[l Provide recommendations and document all activities.

Inputs:

- “SwissCube Phase B-C Mission and System Overview” (S3-B-C-SET-1-2-
Mission_System_Overview.pdf);

- “SwissCube ADCS Specifications Document” (83-C-SE-2-0-Level_4_ADCS.pdf);
- S83_Phase_B-C-ADCS-1-3-ADCS_HW_and_System.pdf;
- SwissCube document templates;

- Reference: "Space Mission Analysis and Design", Larson & Wertz

Outputs:
- Detailed magnetotorquer operation model;

- Magnetotorquer control software;

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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- Magnetometer performance characteristics and implementation.

All analyses should include documentation of the assumptions.

Deliverables:
- A final report including a short description of all outputs.
- A presentation at the final review at the end of the semester.

- A disk containing all analysis and documentation files for records.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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3 INTRODUCTION

The present report describes the work accomplished during the project “SwissCube ADCS
Hardware and Actuators”. It was realized for the Minor’s Project in Space Technologies (8 credits
ETC).

SwissCube is the first entirely Swiss satellite program. It follows the CubeSat standard (1 kg with a 1
liter volume) developed by the Standford University and the California Polytechnic State University
which provide an affordable access to space. The primary objective of the SwissCube project is “to
provide a dynamic and realistic learning environment for undergraduates, graduates and staff in the
development of small satellite technology” [R 1]. The secondary objective is to “house a science
payload in order to take optical measurements and characterize the Nightglow phenomenon (Figure
1) over all latitudes and longitudes for a period of at least 3 months, with an extended duration of
science mission up to 1 year” [R 2].

Figure 1: Nightglow phenomenon [R 1].

The ADCS (Attitude Determination and Control System) is the part of the Satellite where position,
velocity and orientation are determined and controlled. The main tasks of this system are:

® To stabilize the satellite after launching by reducing and controlling the spinning rate
® To determine where the payload is pointing at in order to take pictures

® To orient the payload in order to take pictures (if it is technically possible)

Actually, the orientation of the payload is technically not possible. This task was then abandoned.
Currently, the ADCS is composed of various sensors:

® 3x MagnetoMeters (MM)
® 3x Gyroscopes
® 6x Sun sensors

¢ Ix Temperature sensor

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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Finally, three MagnetoTorquers (MTs) are used as actuators. The MTs are just coils which produce a
Magnetic Field (MF). The interaction between this MF and the Earth natural MF produces a
resultant torque which is used to orient the satellite.

During the last semester project, the ADCS hardware was selected, and preliminary tests were
performed. The goal of this project is to improve and test the ADCS actuators design by building a
test board, testing the MTs and their driver stage, developing a 3D simulation model and then
implementing the final design. Finally, if more time is still available, the ADCS board will be
finalized and tests with the magnetometers will be performed.

This report will first present the different requirements relative to ADCS actuators. Then it will
explain the chosen approach, the design and the test procedures. And finally, results will be exposed
and several recommendations proposed.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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4 DESIGN REQUIREMENTS

Here is a summary of the main requirements for ADCS concerning the MT in Table 1.

Magnetotorquer Requirements

ADCS_MT_1 Main power supply 3.3+0.23 \Va
ADCS_MT_2 Power consumption (total) <150 mW
ADCS_MT_3 Temperature range (Coil) 45 to +70 °C
ADCS_MT_4 Temperature range (electronic) 230 to +60 °C
ADCS_MT_5 Must be switched off when magnetometers are taking measures

ADCS_MT_6 Dipole magnetic moment >98.5 mAm?>
ADCS_MT_7 Current regulation accuracy <10 A
ADCS_MT_8 Current regulation resolution <0.44 mA
ADCS_MT_9 Current regulation command rate <2 Hz
ADCS_MT_10 Outgassing TML <1 %
ADCS_MT_11 CVCM <0.1 %
ADCS_MT_12 External dimensions 70x80x5 mm

Table 1: Summary of ADCS requirements concerning magnetotorquers

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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5 DESIGN ASSUMPTIONS AND APPROACH

5.1 Approach

The first task was to review all documentation regarding the ADCS subsystem and particularly
“SwissCube Phase B-C Project, Mission, Space and Ground System Overview” [R 3] and
“SwissCube ADCS System and Hardware” [R 2].

The next step was to improve the MT fabrication process and to solve problems of epoxy and
electric connections.

Then, the electronics linked to MT's were redesigned and implemented. A model of the electronics
was also programmed with MatLab Simulink in order to simulate the circuit behavior.

When the test board was built, various tests were performed to define and validate the final design
of actuator electronics.

Finally, the present report was written including a list of future tasks and a few recommendations.

5.2 Assumptions

The following assumptions were taken into account according to the “ADCS System and
Hardware” report [R 2]

1. The ADCS board has a supply voltage of 3.3 V. Thus its components must comply with the
latter...

2. The ADCS is not a critical system, therefore no redundancy is needed. But to ensure reliability,
current limitations must be implemented for each wire going to a sensor or an actuator. This
will prevent the shutdown of the whole ADCS board if a short occurs.

3. The MTs are glued on a PCB (Printed Circuit Board) inside the faces of the satellite. They
should then resist to temperatures ranging from -45° C to 70° C, according to the values found
in “SwissCube Thermal Management” [R 4] plus a margin of 10° C.

4. The temperature range for the ADCS board is from -30° C to 60° C when a 20° C margin is

taken into account.
5. The maximal current range in the MT is comprised between -30 and 30 mA.
6. The PWM frequency set by the MSP is fixed at 32.5 kHz.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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6 TECHNICAL DESCRIPTION

6.1 Magnetotorquers Fabrication

Figure 2 : Coils with a detailed view of the connection wire [R 2].

6.1.1 Relevant Problems

The fabrication process of MTs is described in the “SwissCube ADCS System and hardware” report
[R 2]. Some problems appeared in coils, namely:

® The connection wire coming from inside the coil could generate little cracks in the resin
around the wire (Figure 2).

® There are remaining bubbles in the resin (Figure 1 and Figure 3).

® The thickness is limited to 5 mm.

Since they could alter the OutGassing (OG) properties of the coils, these problems with the actual
EPO-TEK 920 (Appendix A.1, page 37) must be eradicated.

Figure 3 : Detailed view of the consequence of a bubble.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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6.1.2 Resin

With a more fluid resin, the number and size of bubbles could be decreased. The new resin needs
the following important characteristics:

® Low viscosity
® Low density

® Operating temperature range from -40° C to 70° C. (cf. Requirement ADCS_MT_3, page
10)

® Low TML (Total Mass Loss) (cf. Requirement ADCS_MT_10, page 10).

® JLow CVCM (Collected Volatile Condensable Mass) (cf. Requirement ADCS_MT_11, page
10).

® CTE (Coefficient of Thermal Expansion) shall be around the PCB’s CTE.

After a first preliminary research, six epoxy resins were retained. Their characteristics are
summarized in Table 9 (Appendix A.2, page 38).

It was finally decided to keep the EPO-TEK 920 because resins with a lower viscosity have a CTE
too high. They could detach the MT from the PCB when the temperature increases because their
CTE was too different. Moreover, the coils with the actual fabrication process passed the OG tests
with great success.

6.1.3 Connection Wires

Figure 4 : Detailed view of a new coil connection.

The solution that was retained was to connect space qualified wires to the coil inside the coils
(Figure 4). The first advantage of this method is that even if some cracks appear, the OG properties
are not changed. The second advantage is that the two wire bonds (positive and negative voltage
wires of the MT) are located on each side of the coils to avoid short circuits. Connections are made
before the molding step and are then recovered by the resin during the rest of the fabrication
process. Figure 5 shows one of the tree new coils.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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Figure 5 : View of a new coil.

6.2 Test Board Design

6.2.1 Actual Board Description

Figure 6 : Picture of the new test board.

This board is designed in order to perform tests and make choices regarding SwissCube ADCS
actuators. A picture of this new test board is shown in Figure 6. The last ADCS Board was designed
by Hervé Péter-Contesse [R 1]. Some parts of the circuit concerning actuators were copied and
some other parts were changed.

The principle of the actuator circuit is quite simple. The ADCS MSP (Mixed Signal Processor)
generates three PWM (Pulse With Modulation) signals to create a current in the three MTs (a
current in a coil produces a magnetic field). However, the MSP can provide neither a high current,

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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nor a negative voltage. An HB (H-Bridge) per MT is then necessary to provide positive or negative
current.

Since the signal has to be transported from the ADCS board to the MTs in the satellite, a filter is
added between the HBs and the outputs. The filters permit to smooth the high variations of current
due to the PWM. The advantage of using these is to avoid interferences in the rest of the satellite.

The main problem in the electronics design is the HBs. No component respecting all requirements
was found. It was then decided to mount the two best HBs on a new board and to make a final
choice by testing them.

s Power Bus
— Other Bus

Figure 7 : Principle of the test board.

The principle of the test board is described in Figure 7 and the complete circuit is shown in
Appendix D.2.1 (page 69). Note that a LDO is used because this component will be present in the
final board.

Another task accomplished in this project is the design of a Current Probe (CP). In the previous
version, calculations and tests showed that the coils’ resistance changes a lot with temperature. This
change implies a big variation of current and of the MF then. The CP allows the implementation of
a current regulator in the MSP software by connecting it to an ADC (Analogic to Digital Converter)
Input of the MSP.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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6.2.2 H-Bridges

The first HB is a Si9987 (Appendix D.3.1, page 81). It satisfies the temperature range of -40 to 70
°C but the supply voltage range advised by the manufacturer is from 3.8 V to 13.2 V. The
requirements concerning alimentation of the ADCS board specify a voltage of 3.3 V (cf.
Requirement ADCS_MT_1, page 10). Some preliminary simple tests were performed at ambient
temperature and they showed the device is working at a 3.3 V supply voltage.

The second selected HB is an A3901 (Appendix D.3.2, page 83). It satisfies the supply voltage, but
not the temperature requirements. Actually, the range guaranteed by the manufacturer is from -20°
C to 85° C. The main characteristics of HBs are compared in Table 2.

Description Unit Si19987 A3901
Power Supply [V] 3.8 to 13.2 2.5t05.5
Temperature Range [° C] -40 to 85 - 20 to 85
Peak Output Current [A] 1.5 0.4
Maximum PWM Frequency [kHz] 500 250

Table 2 : Comparison of the two H-Bridges.

It was decided to perform tests before making the final choice. Both HBs were mounted on the test
board and are separately connectable using jumpers.

6.2.3 Filter

Vee
.
Imt

PWM+ RMTO RMTO4

il Rmt

fl

= |

;':Ig U CWTOE | {p Unr

T Lmt
PWWIM-

v v v
|
Gnd

Figure 8 : Magnetotorquers electronic scheme.

The filter was redesigned in order to obtain a better current efficiency in the MTs. It is composed by
a resistor and a capacitor that form a simple low-pass filter. The following points must be taken into
consideration when choosing the resistor and capacitor:

® The value of the resistor should be small to have the highest current in the MT.
® The cutoff frequency must be low enough to smooth the PWM signal.
® The time constant of the circuit should be small to provide or stop the current as quickly as

possible.
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The scheme of the electronic circuit is shown in Figure 8. MATLAB has been used to choose the
value for the resistor Ry and Cypoe. A function was first created to calculate and plot the transfer
function of this circuit (Appendix C.1, page 61). Then a simulation of the electronic circuit was
implemented using Simulink (Appendix C.2, page 64). Finally, a function compares the old and the

new circuit.

Description Unit Old Filter New Filter
Ryros Q] 82 10
o [F] 0.1 i
Ryros (] 0 1
Cutoff Frequency [kHz] 19.41 15.91
Filter Time Constant [ps] 8.2 10
Voltage Gain Uy / Uy (%) [dB] -5.75 -7.13
Current I (*%) [mA] 16.4 26.1
*: calculated with a sinus signal at the frequency of 32.5 kHz
** : calculated with a PWM of 95 % cycle ratio

Table 3 : Compatison of the old and the new circuit (with RMT = 109.2 Q and LMT = 29.4 mH [R 2]).

MATLAB permits to easily observe what the effects of changing component values are. The
characteristics of the previous and the new filters are compared in Table 3. The complete result of
this comparison is available in Appendix C.1 and C.2.

The main advantage of the new filter is that the current in the coil is really bigger and that other
characteristics are not much degraded.

6.2.4 Current Probe

There are two difficulties for the design of the CP (Current Probe). The first one is that the current
can be positive or negative (between -25 mA and 25 mA for peak current). And secondly, the
differential resistor (every solution uses one) shall be as small as possible. Finally, the input range of
the MSP’s ADC is from 0 V to 2.5 V and the current regulation accuracy is <10 % (cf. Requirement
ADCS_MT_7, page 10). The main solutions that were studied in this project are presented in the
following sections.

6.2.4.1 First Solution

The first solution proposed by Hervé Péter-Contesse in his report is to use three differential
amplifiers with offsets. The circuit is shown in Figure 9.

“With R,=R;, R,=R, and C,=C, we obtain the following equation for the output voltage:

Z;

Vout =5 \V2— 11 +Vref2 =
n ()

R, 1

R T ke (2 ™ 00) +Ver:

Thus with V_,=2.5V, the reference voltage for the ADC, and V =V ;/2=1.25V, negative and
positive currents can be measured. C, and C, create a first order optional filter and C stabilizes V .
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The ratio R,/R, sets the gain and must be chosen according to the RMT value to ensute an output
range of 2.5V. Caution must be enforced when choosing the resistors values to ensure small leakage
currents and measurement errors: we must have i.;>>ig, ; and izs>>ig,. These currents must be small
to have a small current consumption; we have to be careful with the input impedance of the
operational amplifier if the resistors value is high!” [R 2]

C2
| |
I
R2
VAR
Rl
VI AW -
R3 Vout
V2 AW :
R4Z == 4
RS <
Vrefl —AMN Vref2

i
R6 == C6
=

il

Figure 9 : Current probe with a differential amplifier and an offset [R 2].

6.2.4.2 Second Solution

Rsenst LMI
—eoN\N/\——— [0AD
2.7V T0 24V
RS+ Ve
NAXIN

MAX4072
RS-

GAIN SELECT GSEL
REF

VRer
125V Q GND
L.

ouT | TOADC

Figure 10 : Current probe with a MAX4072.

The second solution is to use a MAX4072 (Appendix D.3.3, page 87). This component amplifies a
differential voltage, adds an offset (V) and provides a voltage output (Figure 10).

Note that the gain (GAIN SELECT) of the MAX4072 can be set to 50 or 100. A complete design
of this circuit is laid out in Appendix 0 (page 67).
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The main advantage of this solution is that it is possible to use a very low shunt resistor (R_,,.) with
a gain of 50. However, the nominal input voltage advised by datasheets is 0.075 V and with this
circuit it is 0.025 V when the current is 25 mA which is not perfect.

6.2.4.3 Third Solution

Finally, the last solution is to use an INA170 (Appendix D.3.4, page 92). This component amplifies
a differential voltage, adds an offset (V) and provides a current in the output (Figure 11).

ImT

g
—————— —»—\/\/\/\—0—— e 2
2 1
INA170
3 6
Vrer O— Vo

5 4 R
L
Ros —

Figure 11 : Current probe with an INA170.

A complete design of this circuit is laid out in Appendix D.1.1 (page 66). The output voltage V is
given by the following formula (R| is the shunt resistor):

VREF'RL)_i_(IS'RS'RL)

Vout = =t
OUT ( KO

ROS

The main problem with this circuit is that the gain changes with the output resistor. Moreover, the
ADC input resistor of the MSP has to be taken into account or an operational amplifier is needed.
Finally, the input voltage advised by datasheets is about 0.125 V in normal mode. And with this
circuit, the differential input voltage is 0.25 V when the current is 25 mA which is quite critical.

Because of the aforementioned issues, this solution was given up.

6.2.4.4 Selected Solution

The differential amplifier is complicated and needs a lot of components. Moreover, the stability,
precision and temperature drift of the circuit have to be studied. The solution of the MAX4072 is
simpler and its specifications are well known. This solution was then chosen.

The outputs of the three MAX4072 are directly connected to the ADC inputs of the MSP
(Appendix D.2.1, page 69). Figure 12 shows the theoretical output voltage of the CP when a
reference of 1.25 V and a 1 ohm shunt resistor are used. This is also the ADC input voltage of the
MSP.
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Theoretical ADC Input Voltage
(With MAX4072)
3
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Figure 12 : Theoretical output voltage of the current probe.

6.2.5 Shunt Resistor

The selected shunt resistor is a SR73 (SR732ATBK1RO0F, Appendix D.3.5, page 95) with a value of
1 Ohm. The advantages of this component are the fabrication precision of 1 % and the low

temperature drift of 100 ppm/°K. It will be possible to respect the current regulation accuracy of 10
% (ct. Requirement ADCS_MT_7, page 10).

The flicker noise created by the resistor was calculated using the following formula [R 6] (Appendix
0, page 67):

V2 =4k, T R-Af =2-10"mV

o V7. Voltage variation average
® k,: Boltzmann constant
e R: Resistance

e Af: Bandwidth

e T: 'Temperature

The result is very small (> 2 * 10° V) and its influence in the current measurements can be
neglected.

6.2.6 Reference Voltage

The MAX4072 needs a voltage reference of 1.25 V. This voltage is provided by the REF3225
(Appendix D.3.6, page 96) used for the MSP ADC input. This component provides a voltage of 2.5
V and a voltage divisor divides it by two (Figure 13). The current in the divisor has to be small to
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use a small energy. But it has to be much bigger than the current used by the MAX4072 to guaranty
the divisor precision. This current is calculated by the following formula:

Vref 2.5 _ 25

I = = =
Ryror + Ryres 100k +100k

12.5 uA

The reference bias current input of the one MAX4072 is 20 pA and the maximum current is 60 pA.
The current of 12.5 pA in the voltage divisor is too small to guarantee a voltage a 1.25 V and an
operational amplifier was added (Figure 13). It is a simple OPA333 (Appendix D.3.7, page 100). The
complete calculation is detailed in Appendix D.1.3 (page 68).

NCC

AAA i
100k Refl 5
RMTO8 VRefl .
100k
GND GND GND

Figure 13 : Voltage reference of 1.25 V with a REF3225 output.

6.2.7 Low Dropout Voltage Regulator

A low dropout (LDO), ultralow-noise and low-power voltage regulator was added (Appendix D.3.8,
page 104). This component is powered by the main ADCS power supply and the LDO powers all
components used for actuators, namely: the three HBs (Actually six for the test board: three Si9987
and three A3901), the three current probes (MAX4072), the voltage reference (REF3225) and the
operational amplifier (OPA333). Note that the voltage reference (REF3225) should not be powered
by the LDO in the final version.

The advantages of adding this component are:
® A current limitation of 200 mA in case of shorts for example.

® The possibility of cutting the power of all actuators components in low consumption mode
using only one output of the MSP.

6.3 Current Regulator
A current regulator will be implemented as soon as the integrated current probes (MAX4072) will be
received. The MSP software will first measure three currents (one per MT) with ADC inputs, then

calculate the difference with the orders given by the main board, and finally set a new PWM rate
computed by a PID regulator.
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7 TESTS

7.1 Magnetotorquer Impedance Characteristics

Cc
[
I

O —0

L q—/\/\/\/ﬁ

L R

Figure 14 : Magnetotorquers equivalent circuit.

The impedance of the three MTs was measured with a spectral analyzer (Agilent 4294A) at ambient
temperature. These measurements give us the equivalent circuit and the frequency response of the
coil. When a frequency range between 1 kHz and 50 kHz is considered, the equivalent circuit is
composed by a resistor and an inductor in parallel with a capacitor (Figure 14). The capacitor is so
small that it can be neglected.

Unit MT 01 MT 02 MT 03
Resistance (€] 110.5 111.5 110.8
Inductance [mH] 29.2 29.4 29.4
Capacitance [pF] 83.4 09.3 84.3

Table 4 : Magnetotorquers measured characteristics at ambient temperature.

Table 4 shows the measured values for the three MTs considering the equivalent circuit of Figure
14. The frequency response of the first MT is shown in Figure 15 and is almost the same for others
MTs (Appendix B.1, page 39). Table 5 also shows that MT's have the same impedance at 32.5 kHz
which is going to be the PWM frequency.

It is then possible to consider that there is no difference between MTs which could be important in
the design of the current regulator.

Unit MT 01 MT 02 MT 03
Impedance norm |Z | [k 0.64 0.56 6.70
Impedance angle [°] 88.58 88.04 88.65

Table 5 : Magnetotorquers measured characteristics at 32.5 kHz and ambient temperature.
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Figure 15 : Frequency response of the magnetotorquer 01.

7.2 Temperature Range Test for H-Bridges

7.2.1 Obijectives

The first one, a Si9987 satisfies the temperature range (-40 to 70 °C) but not the supply voltage (only
3.8 to 13.2 V) requirements. Some preliminary simple tests were performed at ambient temperature
and they show that the device is working at a 3.3 V supply voltage. The second HB, an A3901
satisfies the supply voltage but not the temperature range requirements.

It was then decided to mount the two HBs on a test board and to test which one is best. A
temperature range test was performed in order to make the final choice.

Thus the test objective is to verify the two following requirements for the two HBs:
e ADCS_MT_1 Main power supply: 331023V
e ADCS_MT_4 Temperature range (electronic): -30 to + 60° C

The more specific purposes of the test are:

® To verify if the §S19987 still works normally at a 3.3 V supply and in the temperature range
from -30° to 60° C.

® To verify if the A3901 works normally in a temperature range from -30° to 60° C.
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7.2.2 Procedure

Figure 16 : Picture of the test setup.

The configuration for this test setup is shown in Figure 16 and its principle is illustrated by a bloc
scheme in Figure 17. The test board was situated in the chamber and the other instruments (power
supply, current meter and oscilloscope) and the MTs outside. The whole procedure of the test is
described in Appendix B.2 (page 40).

---------- + Power bus
— Other bus

[ Power Supply ] [ Thermometer ] Oscilloscope ]

MT 01

1

Current Probe

HBO1: Si9987

Filter 01
Filter 02

Microcontroller

HB02: A3901 Current Probe

'

MT 02

Figure 17 : Principle of the temperature range test for magnetotorquer H-Bridges.
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7.2.3 Results

7.2.3.1 Measurement

During the test, the temperature was changed from -40 °C to 70 °C with steps of approximately 10
°C. For each step, the temperature and both currents of MT 01 and MT 02 were measured and the
PWM curves were also observed on the oscilloscope.

The observations focused on the general shape of the curve (oscillations) and on the time needed to
increase the voltage from 0 V (Gnd) to nominal voltage. A picture of the oscilloscope was taken in
order to permit a visual comparison after the test.

The process was not automatic. For each step an operator changed the temperature, wrote the
measurements (I, I, T), picture numbers and comments about PWM in Table 6.

Ivror Inroz .

Step [°C] T[e:g]p ' [mX] [mX] Plewre number ZCD) Comments about PWM

$i9987 A3901 (Temperature °C)
-40 -40 22.10 23.21 27,28 (-40.2°) No particular observation
-30 -30 22.09 23.21 25,26 (-32.5, -33.3°) No particular observation
-20 -20 22.08 23.22 23,24 (22,-22.7°) No particular observation
-10 -10 22.08 23.22 20, 29 (-11.5, -9.8°) No patticular observation
0 0 22.08 23.22 31,32 (0.9, 3.4°) No particular observation
10 10 22.08 23.22 33,34 (10, 11.9°) No particular observation
20 20 22.07 23.20 35,36 (20.4, 21.2°) No particular observation
30 30 22.06 23.19 37, 38 (32.1, 33.1°) No particular observation
40 40 22.04 23.17 39, 40 (41.8, 42.4°) No particular observation
50 50 21.98 23.11 41, 42 (49.3, 50°) No particular observation
60 60 22.00 23.12 43,44 (59.7, 61°) No particular observation
70 70.5 21.98 23.10 45,46 (70°) No particular observation

Table 6 : Temperature Range Tests Measurements.

7.2.3.2 Current

The current Iy, and Iy, provided by the HBs are represented in Figure 18.
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Current Driven by H-Bridges
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Figure 18 : Graph of the current driven by the H-Bridges.

Firstly, the current is much lower than what was expected with theoretical simulations. It is
explained by the neglected effects, the imprecision of components and the resistance of wires (which
are in this test much longer than in the final version).

The second element to underline is that the current provided by the A3901 is always higher than by
the S19987. This is due to the internal HB rising time.

Finally, both currents do not change a lot in the temperature range from — 40° C to 70° C. The
difference between maximum and minimum current is 0.12 mA for the two HBs. This value also
corresponds to maximum and minimum temperatures. Therefore the current depends on the
temperature, but its variations are very low. The test was successful for the Si9987 and for the
A3901.

Table 7 summarizes the measurements from a statistical and thermal point of view.

Current [mA] Current [mA]
Min | Average | Max | -40°C 20°C 70°C
Si9987 21.98 22.05 22.10 22.10 22.07 21.98
A3901 23.10 23.18 23.22 23.21 23.20 23.10

Table 7 : Statistical Comparison of the Current Provided by H-Bridges.

7.2.3.3 PWM

All pictures taken during the test are available in Appendix B.2 (page 40). Table 8 shows some of
them for minimum, ambient and maximum temperatures (about — 40° C, 20° C and 70° C). The
temperature indicated was measured exactly when the picture was taken.
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Temp. _ Temp. _
Picture Picture
[°Cl [° €l
_40.2° -40.2°
21.2° 20.4°
70° 70°
1V /div& 10 ps / div 1V /div& 2pus /div
Yellow : Si9987 output voltage
Red : A3901 output voltage
Legend
Blue : Magnetotorquer voltage MT01 (powered by Si9987)
Green : Magnetotorquer voltage MT02 (powered by A3901)

Table 8 : Picture of the PWM Curve Measured During the Temperature Range Test.

These pictures show that there is no relevant change in the PWM curve in this range of
temperatures.

Note that the PWM curves are very different for the Si9987 and the A3901’s one. The Si9987
provides a nice PWM and its voltage passes through zero on every cycle. The A3901 provides a
smoother signal and its voltage is never equal to zero. It is probably due to the kind of HB
transistors and it is also the reason why the current average is always higher. A disadvantage of the
A3901 is that the electric time constant is longer but it is still short (less than 10 us).
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7.2.4 Conclusions of the Test

The first two test objectives were:

® To verity if the §19987 still works normally at a 3.3 V supply and in the temperature range
from -30° to 60° C.

» 'The Si9987 still works normally at a 3.3 V Supply and in a temperature range from -40°
to 60° C.

® To verify if the A3901 works normally in a temperature range from -30° to 60° C.

» The A3901 still works normally at a 3.3 V Supply and in a temperature range from -40°
to 60° C.

The Si9987 passed the test with great success. It means that the Si9987 is able to drive the MT's with
a 3.3 V power supply in the temperature range from - 30° to 60° C. Moreover its current range is

2542 mA.

-5

The A3901 passed the test with great success. It means that the Si9987 is able to drive the MT's with
a 3.3 V power supply in the temperature range from - 30° to 60° C. Moreover its cutrrent range is

25+7 mA.

It is possible to satisfy the two requirements ADCS_MT_1 and ADCS_MT_4 concerning supply
voltage and temperature range with both of these components.

The best component for this application is the A3901, because it provides a higher current with the
same PWM rate. It is then recommended to choose the A3901 even if both of the HBs fit this
application.

7.3 Magnetic Test for Magnetotorquers

A magnetic characterization of the MTs will be performed in the LMIS3 (Laboratoire de
MIcroSystemes 3) at the EPFL. Their installation is a cylinder which is a very good magnetic
conductor. There is then no Earth MF (Magnetic Field) inside of it and a very low magnetic field
can be determinate by differential measurements. Sensors with an accuracy of 1 nT were already
characterized with this installation. Pavel Kejik is responsible for this facility and for a magnetic
sensor specialist. He was contacted and it seems to be possible to perform tests in their laboratory.
The magnetometers will also be characterized there.

According to him, there is no residual MF in SwissCube (no magnetic time constant). Actually there
is no residual MF with a coil at all because it is directly proportional to the current. Moreover, the
structure of the satellite which is made with aluminum is not a ferromagnetic conductor.

The waiting period before making MM measurements when the MTs are shouted down corresponds
exactly to the electric time constant of the circuit.

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc




’@ Issue :1 Rev : 3

‘ Date :13/01/2008
SwissCulie Page :29  of 107

7.4 Electromagnetic Compatibility Measurements

Figure 19 : Spectral EMC measurement for Si9987.

An EMC (ElectroMagnetic Compatibility) analysis was performed on the test board with an
electromagnetic field probe and a spectral analyzer. The objective was to determine if the PWM
signal, the HBs and the MTs are critical from the EMC point of view. Pictures of the spectral
response were taken. The first one was taken a few millimeters above the Si19987 HBs (Figure 19),

the second above the A3901 HB (Figure 20) and the last one above the MSP (Figure 21).

Figure 20 : Spectral EMC measurement above A3901.
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Figure 21 : Spectral EMC measurement above the MSP.

The conclusion of these measurements is that the HBs are absolutely not critical from the point of
view of EMC. That is because of the MF which is too small for the Si9987 and for the A3901. Even
the MSP emits a higher MF (Figure 21). It is also not a problem for PWM signals wires between the

board and the coils.
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8 RECOMMENDATIONS

8.1 Magnetotorquer Fabrication

There is a last modification to perform in the design of the MTs. It is the place where the space-
qualified wires go out of the resin. This modification has to be done according to the Mechanical
System Engineer.

Tests have to be performed to insure that all launcher requirements are respected (outgassing,
vacuum, vibrations, ...). If the design does not comply with these requirements, other solutions
could be investigated. “For example they could be built using PCB stack™ [R 7].

8.2 Electromagnetic Compatibility Analysis

One of the main difficulties with the electronic design is to not protect the sensitive analogue signals
from perturbations. An EMC analysis review was performed with Werner Hirschi who is a specialist
from the company “Montena”. Here is a non-exhaustive list of modifications that must be made on
the MT circuit:

® Complete separation between analogue and digital grounds. There should be only one point
of connection between these two grounds to absolutely avoid loop in the circuit. If it is
necessary, more than one mass of each type can be created.

® The analogue components have to be placed as far as possible from the digital and high
power signals.

® The voltage reference of 1.25 V which is created by a 2.5 V reference (a REF3225 and a
voltage divisor, section 6.2.6, page 20) shall be separated to absolutely avoid a pollution of
the 2.5 voltage. It is then necessary to have one 2.5 V voltage reference for the MSP
(typically a REF3225, Appendix D.3.6, page 96) and a 1.25 V voltage reference for current
probes (typically a REF3212, Appendix D.3.6, page 96).

® An inductor should be added between the LDO output and the capacitor Cyy (Appendix
D.2.1, page 69). This capacitor is used as an energy reserve for the HBs when the PWM
required peak energy. This reserve has to be calculated and this capacitor may be replaced.
One possibility could be to put in parallel another lower capacitor.

Others modifications concerning the MSP and other parts of the ADCS are detailed in the ADCS
System Engineer report [R 7].

8.3 Design Changes

The following points concern the differences between the design of the test board and the ADCS
board.

® The voltage reference (REF3225) must be powered by the main supply and not by the LDO
in the ADCS board.
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8.4

Only one type of HB is going to be used for the ADCS board. Only the Si9987 has to be
removed.

The shunt resistors have to be changed on the test board as soon as we receive the 1 Q
precision resistors.

The current probes also have to be mounted on the test board as soon as we receive them.

Future Tasks and Tests

There is still a lot of work to perform for the development and tests of the ADCS board. The next
steps regarding the actuators are:

To implement new electronics pertaining to EMC analysis.
To perform a test in order to characterize the magnetic field produced by the MTs.

To implement and test the MT current regulator software. Note that the MTs have to be
unpowered during the MM measurements. A dead time corresponding to the electronic time
constant (time to empty the capacitors) of the circuit has to be included before beginning the
MM measurements.

To develop a magnetotorquer simulation model (it would even be interesting to have a
model including the PWM generation, the HBs, the MTs and the current regulator
algorithms).

To integrate it in the ADCS and verify all requirements with tests.
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9 CONCLUSION

During this project, the actuators part of the SwissCube ADCS was improved. Three new MTs were
fabricated with improved electrical connections. A test board was designed and built with two kinds
of HB, a PWM filter with higher current efficiency and current probes. A temperature range test
permitted to show that the A3901 is the best HB to drive current in MTs in regards to the
temperature range specified by the requirements. Moreover, measurements at the ambient
temperature show that electronics should be able to fulfill all specifications.

The EMC analysis shows that there is still some little parts to change in the hardware of the
actuators but that the most critical components are not going to be a problem for the satellite. These
elements have to be taken into account for the next ADCS board generation.

There is still a lot of work to perform for the development and tests of the ADCS board. The next
steps concerning the actuators are to implement new electronics, to characterize the magnetic field
provided by the MTs, to implement and test the MT current regulator software and to develop a
magnetotorquer simulation model. Finally, this part will be integrated in the ADCS and all
requirements will be verified with tests.

Lausanne, January 10, 2008.

Laurent Hauser
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Magnetotorquer fabrication.

aolo.germano(@epfl.ch
LAI (Laboratoire d’Actionneurs Intégrés), EPFL.
Electronic facilities and very good advices.

Werner.hirschi@montena.com
Montena EMC SA
EMC analysis.

pavel.kejik@epfl.ch
LMIS3 (Laboratoire de MIcroSystemes 3), EPFL.
Magnetic tests.
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11 TERMS, DEFINITIONS AND ABBREVIATED TERMS

11.1 Abbreviated terms

ADC Analog to Digital Convertor

ADCS Attitude Determination and Control System
CpP Current Probe

CTE Coeftficient of Thermal Expansion
CVCM Collected Volatile Condensable Mass
EMC ElectroMagnetic Compatibility

HB H-Bridges

LDO Low DropOut voltage regulator

MF Magnetic Field

MSP Mixed Signal Processor

MT Magnetotorquers

oG Outgassing

PCB Printed Circuit Board

PWM Pulse With Modulation

TML Total Mass Loss

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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13 APPENDIX

Appendix A Magnetotorquer Fabrication

A.1 EPO-TEK 920 Specifications

Product Information Sheet

MATERIAL ID: EPO-TEK® 920

Date: 08/2007 Per:

Rev: III

Material Description: A two component, high Tg, electrically insulating, thermally conductive epoxy

designed for thermal management applications found m senuconductor, hiybrid
mucroelectronies, PCB, and optical ndustries. It can be an adhesive for mounting
heat sinks and substrates, a seal for many types of packages, or a thermal potting
compound. It 15 a NASA approved, low outgassing epoxy.

Number of Components: Two

Mix Ratio by weight: 100:3

Cure Schedule (minimum) 150°C/5 Minutes - 120°C/10 Minutes - 100°C/20 Minutes
Specific Gravity: -— PatA 224 PartB: 102
Pot Life: 5 Hours

Shelf Life: Six months at room temperature

NOTE: Contamer(s) should be kept closed when not m use. Filled systems should be stured thoroughly before
mixing and prior to use

MATERIAL CHARACTERISTICS: To be used as a guide only, not as a specificarion. Data below 1s not
guaranteed. Different batrches, conditions and applications yield differing results; Cure condition: 150°C/1 hour
# denotes test on lot acceptance basis

_ PHYSICAL PROPERTIES:

i =Color (before cure): Part A- Grey Part B: Amber H
i *Consistency: Smooth paste ! Die Shear @ 23°C: >15Kg/ 5100 psi
*Viscosity (23°C): : Degradation Temp: 343°C :
@ 20 rpm 13.000-20.000 cPs  : Weight Loss:
Thixotropic Index: 2.1 @ 200°C: <0.05 %
. *Glass Traunsition Temp: = 90 °C (Dynamic Cure @ 250°C: 0.24 9%
: 20—200°C /IS0 25 Min; Ramp -10—200°C 1 20°C/Min) ; @ 300°C: 0.77 %
I Coefficient of Thermal Expansion (CTE): ! Operating Temp: :
‘ Below Tg: 24x 10° in/in°C Continuous: - 55°C to + 200°C
Above Tg: 117 x 10 in/in°C Intermittent: - 55°C to + 300°C
Shore D Hardness: 90 : Storage Modulus @ 23°C: 762,091 psi
Lap Shear @ 23°C: > 2.000 psi *Particle Size: < 50 microns
{ ELECTRICAL AND THERMAL PROPERTIES: ) ;
Thermal Conductivity: 097 W/imK | Dielectric Constant gxms): 519
Volume Resistivity @ 23°C: > | x 10" Ohm-cm : Dissipation Factor gxmz): 0.008
i OPTICAL PROPERTIES @ 23°C:
: Spectral Transmission: N/A ‘ Index of Refraction: NA

EPOXY TECHNOLOGY, INC.
14 FORTUNE DRIVE, BILLERICA, MA 01821 (978) 667-3805, FAX (978) 663-9782
WEB SITE: www epotelcom

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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A.2 Resins Comparison Table

Table 9 : Comparison Table of Resins (Blue = requirements are satisfied, Red = requirements are not
satisfied)

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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Appendix B Tests

B.1 Magnetotorquers Characteristics

A: [Z] TOF 28 ko BOTTOM 288 o G.5617 ko
Impedonce MTBE CircuitB :

VAC ——- -— JIDC —--
START 1 kHz 05C 588 mvolt STOP S8 kHz
A: 121 TOP 28 ka BOTTOM 288 o 6.70061 ko

Impedonce MTB3 CircuitB Sl . : 32.5 kHg

WA £
START 1 kHz 05C 588 molt STOP S8 kHz

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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B.2 Temperature Range Test for MT H-Bridges
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1 RECORD OF REVISIONS

IS5/REV | Date Modifications Created /modified by
1/0 1071272007 Lnitial Tzzme Lancent Hauzer
141 13,00 /2007 Englsh corections: Lancent Hanzer

Raf.: 53 _PhaseB-C_1-1_TempRange_Test HB.doc
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2 TERMS, DEFINITIONS AND ABBREVIATED TERMS

2.1 Abbreviated terms

ADCS Artitzde Determination and Conrol System
HE H-Bredges

MSP hfmed Signal Processor

MT Mapnetotorquers

S Pulse With Modulation

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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3 TEST OBJECTIVES

The ADCS (Ammde Determination and Control  System) acmators  are  three  ATs
iMagnetotorquers) powered by a FWAL (Pulse With Modulation) signal This signal is prodnced br a
AISP (Mized Sipnal Processor) and driven by HBs (H-Bridges) becansze the M5P cannot give enough
coorent. Moreower, the M3P cannot provide nepatewe voltage. Duong the deugn of the electromes,
no HB sansfing all requirements were fonsnd.

The first oné, a 59987 (Appendiz B) satsfies the remperatuse range (-40 o 70 3C) but not the
mpplr volage (oolr 3.8 to 132 V] reqmuurements. Some prelomnary simple tests were performed ar
ambrent temperatare and they show that the device 1= working ara 3.3 Vosnpply voltage The second
HE. an A390] (Append= C) zatsfies the supplr voltage bunt nor the temperamice  fangs
[EQUUTENIents

It was then decided to momnnt the oo HBs oo a test board and 1o test which one s best. A
tempecatine range 12t was pecfoomed in ocder to make the final chaice.

Thrs the test obiecuve 13 1o venfr the too follovning sequirements for the rro HB=:
4 ATHCS 32 03 Thermal design

The thermal demgn of the ADCS hoard shall ensure thar all
components. are mamtamed withe thew gqualificanon remperarnse
ranges thronghont the hifetime of the subsyirem.

T berneal_Analysis
3 _SSR 52 062

4+ ADCS 23 01 Supply voltage
The ADCS shall use [3.3V] +/- [[%].
EPS.
F_SSE 31 16

The more specific purposes of the test ace:
* To venfy if the 59987 sull wosk: nommally ata 3.3 V supply and 0 the tempetanice rangs
from -30° 1o 60° C.

¢ Tovenfyif the AF01 works normally in 3 temperature rangse from -30% to 80° C.

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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4 IDENTIFICATION AND CONFIGURATION OF THE TEST

ARTICLE

Thas test will be performed on the ADCS acmators test board This is a List
needed for this test:

ix ADNCS acteator test board (Fignze 1)

2x MT {Figuee I

Iz Power Supply

2x Cuorent meter [Fagure 4
Ix Thermomeres

Ix Oecilloscope (Fignee 3)

Ix Camerz

Figure 1 :ADCS actuators test board.

Figure 3 : Ozcilloscope.

of all components

Figure 2 : Magnetotorgues.

Figure 4 - Cument meter.

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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The confipuration for this tesr semp 1= shown m Fipure 6 and @5 principle i dlustrared by 3 bloc
scheme 0 Figuge 5. The test board was simsated in the chamber and the other wstosments (power
supply, encrent mever and osolloscope) and the MTs outside.

The thermometer uzed will be placed in such a war that it could gmre the temperatnse of the
component (and not of the chamber) The poston of other components is not impormant. The
confignration of the test article will be the same before and after test.

) N

Figure 6 : Picoure of the test setup.

Faf.. 53 _Phase_B-C_1-1_TempRange_Test_HB.doc
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5 TEST SET-UP IDENTIFICATION

5.1 Test facility and data handling

Thus test will be performed m the LTS (Mictosystems for Space Te-:‘hunlug—.-EE Labosatory) m
Menchatel naing the thermal chamber shoved in Fignee 7.

5.2 Ground support equipment and manuals

A powrer supply will be nsed to porres the test board (3.3 V) dunng the rzar.
The thermal chamber it an “ESPEC Bench-Top Type Temperature and Hunudity Chamber™ and its

character:stios are grven in the followmg table:

Figure 7 : Thermal chamber

MName

ESPEC SH-I41

Temperature range

40 to 130 =C

Humiidiry range

0w 95 % EH

Reaf.: 83 Phase B-C_1-1_TempRange Test HB.doc
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3.3 Instruments (including accuracy and calibration data)

Two oecrent merers will measuee the cucrent w1 each of the AT dunng the rest. Cosrent data will be
manually recorded by an operator. The chamactensoes of the corrent merer are shown o the
follovwrmg table:

Mame MNormameter MP12
Lleazuge rangs 1A
Precision =23

Tempesamze data will be mannally recorded by an operator nang the thermometer of the chamber.

An oscilloscope will show the two PWAL signals created by the HBs, The voltzge will be mzually
controlled by an operator. The characrenstics of the oscilloscope are shown in the following rable:

Name LeCrovy LT224

Measnre rangs = 40V (Impedance of 1 MOY)
Acouacy I /256 (B bats

Vertical precizion 0.5 Ya

Horzontal precasion 0002 %

(Figure
L]
L

Mo parbonlar calbration iz needed for the correnr meter, nor for the thermomerer or for the
osedloscope.

5.4 Adapters and Interfaces

Cahles will be vzed o interface the ADCS test boarnd with the insomments outside of the chamber,

3. mamehy:

Vee: Posmtive power supply berween the power supply and the ADCS board

Gud: Ground of the power supply bermmreen the power supply and the ADCS hoard
L,: Berween the ADCS board output 01 and current meter 01

L. Berween the ADCS board cutpnt 02 and euccent metes 02

Wi ': Between the output veltage of HB 01 and oscilloscope

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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* W :Berreen the ontpet voltage of HE 01 and czodlozcope.
* W, ': Berween the cutput volmge of HE 02 and oscilloscope

¢ V.. :Bemmeen the ontpor voltage of HE 02 and oscllescope.

6 TEST CONDITIONS

6.1 Test levels and duration

Regnirements for the electrome of ADCS are:

Mzin powrer suppiy 33 T 023 .
Temperature range {electronic) -3 to Ted C
Miax cument in the magnetoiorguers =25 1tm F25 mh

The mucrocontealler 1= proprammed to delirer 2 FIWAL wich a dorr oyele of 95 %2 with 2 3.3 V power
supply. This detr cvcle comesponds to a oazzent of 26.] mA 0 pumernie snlatons.

All cables will be connecred aceording 1o (Figne 5)

The remperatmee will be changed from 40 °C o 70 °C with steps of approxmarely 10 ®C. For each
step, the temperamce will be stahilized first and then the remperamee and both cuccents of AT 01
and MT 02 will be measnced. The PWA cucves will be observed on the oseillozcope and every
anomaly will be mentioned w2 table. The ohzerrations shonld focn: on the general shape of the
ooove (picliations) and on the tme peeded to increase the voltige from 0V (God) to gomunal
voltape, A pactuze of the o:cilloscope wil alio be taken in order o permit a wisnal companzon after
the tesr

The process is oot antomatic. For each step an operazor is needed to change the temperanue, wiite
the measwements (L, I, T}, pietuge number and comments about PWA m a table (zection 14.1,
page L4

The doravon of a step s the tme needed for temperamwe and cocent o be stabilized. It 5 noc
mmpostant o begn wath z low o high tempeiame. Ouly ons sample for each temperamze step in
aseded.

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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6.2 Tolerances

Precisions for temperamees aze requured only for maxmmnm and nunimnm temperamces. 1 olemnces
are indicared here

¢ Alnimnm temperatage: = 4‘]‘; o
¢ hlammom remperamice: ?'I:I_'f o

*  Temperatue: + 53

&  Time: +ap 0,

6.3 Data acquusition

Acgmsmon of data will be done mammally by lecmuang measurement mstmments.

7 STEP BY STEP INSTRUCTION FOR OPERATION

7.1 Test preparation

N® Task descripiion Operator
a1 Proprammmg the mueroconooles = TH
03 Pur the ADCS tezt board in the temperatnre chamber = TH
04 Venfpng thar the power supply 15 off = 1H
05 Connecting Ve cable = LH
0o Connecting God cable = 1H
07 Connecting T, cable = TH
05 Conpecting L. cable »= (LH
09 Connecting V.., cables = 1H
Lo Connecting 'V, ., cables = 1H
L1 Check all coanection according to (Fignze 3 = H

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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v Increase smpply volrage te 3.3 WV = 1TH
13 Check that both cuerents ia MT are 20 ma = TH
14 Closze the chambes = TH
7.2 Test performances
Step T €] Task descripron Operator
Is 23 Cacl o -20 °C. = TH
la -4 Aleasnee I, Lo T, pietuce of PWA and commenrs. = (TH
T =40 Hear to -30 °C = (TH
18 ~30 hleaznge Iy, Tp.. T, pictore of PWM and comments = TH
9 -3d Heat to -20 2. = (1.H
20 -20 Meazure I, L, T, pietnre of PWAM and comments = TH
21 28 Hear to -10 °C. »+ TH
22 -0 hleasnge I, Lo, T. picture of PWA and comments »= LH
23 -10 Heatto 0 °C = TH
24 ] Measnge I, I, T, promure of PWA and commenss. = TH
25 o Hearwo [0 °C = TH
28 12 Meaznre I, I, T, pictmre of PWAM and commenrs = 1H
27 10 Heat 1o 20 °C = TH
28 20 Measure I, I, T, picture of PWA and commenss. = (LH
29 20 Heat to 30 °C = TH
3 30 Measuee I,. 1. T, picture of PWA and commenrs = 1H
il 30 Hear o 40 °C = TH
32 40 Measnge I I, T, promure of PWA and commuenss. #+ (TH
33 4 Heat v 30 °C = TH
Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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a4 B Wleasnee I, I T, piemce of PWA and commenss. = (1H
35 = Hear to 60 *C = TH
a6 83 Measnge I, I T, picture of PWM and comments = TH
35 &2 Heat to 70 °C = LH)
40 70 Meaznge I, I, T, pictnre of PWA and comments = [ T.H)
42 e Szarr cool to ambient temperamce = H

7.3 Pass-fail criteria
The swocess crizena for the 519987 iz the abdity to droive the MT with a2 3.3 V power sapply m the
tempecaine range from - 30° ro 60° C. The accepted cutrent range i3 Zﬁii mA

The swocess cozena for the A3901 is the abditr to dowe the MT with a 3.3 V power supply m the

tempecaine range from - 30° ro 60° C. The accepted current range i3 Zﬁii mA.
7.4 Past test activities
After the test, a treatment of data will be performed 1 order o plot a graph with two curves of

ancrent for 519987 and A300] in fonecnon of the temperamre (zectnon 10.1 page 14). O:cidlozcope
screen paotnges could also be abzerved in derails.

The final chocee of the HE will he doae accosding to the best graph resnlts. The hest “raltage-
temperatinse’ praph = the pearssr oncve o 2 constant 23 mA The best “roltage-ume™ graph = the
cuive with the best PNTAM looks:

8 SAFETY AND SECURITY INSTRUCTIONS

The Safery and zecunry mstmonons shall be deternuuned with the facihty's owner.

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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9 STAFF REQUIRED AND RESPONSIBILITY

¢ Tanrent Hanzer: Responsible for the ACDS acmators.

¢ Renato Kipooa: Respoasible fos the facilior

10 TEST RESULTS

10.1 Measwrement

During the test, the tamperatsre vwas changed from -40 *C to 70 °C with steps of apprommately 10
*C. For each step, the temperamee and both cuccents of MT 01 and MT 02 were measuced and the
PWAL ousves were also ohserved on the oscilloscope.

The ohzecrations foenzed on the peneral shape of the enrve [oscillations) and on the ume needed 1o
wmncredse the voltage from 0 W (Gad) 10 nominal voltage. A pictore of the oscilloscope was taken m
ocder to pesout 3 minal companson after the et

The process wa: ot automane, For each step an operaror chamged the temperatue, wrote the
measucements (I . I . T, pictnre sumbers and comments abont PIWWA 1o Table 1.

Tagiu Ty A
T . Picture number (SO
Erep [FC] I;::;-]P [ma] [m4] Comments abour FTWAL
3

si0057 Azon (Tropreatuee )
-40 -40 2210 23.21 27, 28 -40.2% Mg pasticular cbrenmanon
-30 -a0 208 2321 25, 26 {-32°5,-353.3° Mo pasticular cbrenration
20 20 22.08 23.22 2324 (22 -2277 Mo P.'l.n::t'ul.'l.l: ohisrratnon
1o a 22.08 23.22 0, 29 1.5, -9:8% Mo partienlar chrerranon
o Q 22.05 23.22 31,32 (0.8, 3.4 Mo partienlar cbzerration
10 1T 22.08 23.22 a3.34 (10, 11.9 Mo particular chierration
20 20 22.07 Z3.20 3, 3 (204, 21.2F Mg particular chierration
30 3 22.08 23.19 &7 33 (32, 331% Mo particular obzerration
40 +0 104 2317 35 40 (41.8, 4247 o particular obsecration

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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30 =1 21.9E Z3.11 41, 42 (49.3, 507} Mg pasticular chrenmanon
80 B 22.00 2312 3,44 (39,7, |5'.=_' Mo P.'l.n::t'l:.l.'l.l: ohierranon
70 TS 21.88 2310 £5, 4+ (707 Mo parmicnlar obzerration

Table 1 : Temperature Range Tests Measurements.

10.1.1.1 Current
The cuerent Ly, and L. provided by the HBs are represented in Fignre 3,

Current Driven by H-Bridges
G AL INA) EEESD i = EEE
e —— = e ———
=il =40 =20 a 20 L] 60 Bl
Temperwse [°C)
—4— 5307 —a—A3501

Figure & : Graph of the cument driven by the H-Bridges.

Faurstdy, the cumrent 13 mwuch lower than what was expected with theoretical mmulamon:, It =
explamed by the neglected effects, the mmprecizion of components and the resstance of wues {whach
are an thes test mmch longer than :n the final version).

The second element to nadegline iz that the ouzzent promded by the AZNI 5 alwars ugher thaa by
the 519937, This 1= due to the mrernal HB pang nme.

Fonally, both corrents do oot change a ot in the tempesatnge range from — 40° € 1o 70° C. The
difference betreen maximmm and mimmum oacrent 15 0,12 mA for the two HBs. This valse also
corresponds t0 mammum and nummem empesatires. Thersfore the cucrent depends on the
temperatuee, but its varmtions are very low. The test was saccessful for the 59937 and for the

A0

Table 2 snmmanzes the measurements from a statistical and thermal point of vew,

Reaf.: 83 Phase B-C_1-1_TempRange Test HB.doc
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Current [mA] Current [ma]
Min | Average | Max | -40°C 20+=C T0°C
SigosT 2188 22.05 2210 22.10 2207 2198
AZO0H 2310 23.18 23.22 23.21 23.20 23.10
Table Z : Ftatistical Comparison of the Cumrent Frovided by H-Brdges.

10.1.1.2 PWM

All pictnres taken duong the test are avalable m Appendiz A (page 19). Table 3 shows zome of
them for mmeimam, ambient and mazimum remperamees (aboor — 407 C, 20%C and 70% C). Thke
rempecatnge indicared was measuced exzactly when the pictuze was taken.

Temp. Temp.
h Piomzce - Pictare
Fq [ ¢l
-40.27 40,27
IV o e 1 o
21.2¢ 040
fe B 1 1

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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700 J0°
FY el e UMb il
Yelomar : 3109ET outpmt roltage
Hoed - A3901 cutpar voltage
Legend
Thus ; l[a.gu.e::h:i:.:qu.:: wﬁ:ﬂg: TR -::.-:rv.'m:el:'. by SIBRET)
Grreen : Alagmetotorquer volfage MTUE (powered by AMOL)

Tahble 3 : Ficrure of the FYWAL Curve Megsured During the Temperature Range Test.

These pictures show that there ii no relevans chanpe in the PWA curre n tus fange of
TEMIpEIATLEs

Note that the PWA curves age very different for the 5:9937 and the AS%0I': one. The 5:9%37
provides a nice PWAM and sz voltage paszes through zero on every crele. The A3S0] prondes a
smoother signal and irs voltage 5 never equal to zero. It is probably due o the knd of HB
teamsstors and a1 is also the reazon why the cocent average 15 alway: higher. A disadvantage of the
A3901 25 that the electric time constant is longer but ot 1= st shost (less than [0 ws)

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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11 CONCLUSIONS

The first toro test objectves were:

*  Toverfy if the 59987 still wodks sormally at a 3.3 'V supply and in the temperamie tange
from -30° to 60° C.

# The 59957 sull works nogmally at a 3.3 V Supply and i1 a tempesamce range from -407
to 60° C_

¢  To venfyif the ASP0] works nowmally i 3 temperatnre range from -307 1o 60° C.

# The A320] stll works nocmally at a2 3.3V Supply and 1 a remperamece ange from -40°

to 60° .

The 519957 paszed the test wuth great snecess. It means thar the 5:9987 15 able to deve the BMTs with
3.3 V power supply wn the rtemperamce mnge from - 307 o 60° C. Mloreover itz cumrent range 13
3547 maA

=ty

The A0 passed the test wuth grear suecess. Ir means thar the 519957 1= able ro derve the MTs with
3 3.3 V power supply in the temperature tange from - 30° to 680° C. Moreover itz onsrent range ix
25 i; mA

It 15 pos=ble to satisfy the two requurements 4_ADCS 32 03 and 4 ADCS_ 43 01 concenung
supply voltage and remperamre mange with both of these componsnes

The hest component for this applicanion 15 the A3901, becanse it provides a higher overent with the
same PWAL cate, It iz then recommended to choose the A390]1 even if both of the HBs fit thiz
application.

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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12 APPENDIX
Appendix A Pictures
T= = T= a
I‘.'Cnl.'ll!.liﬂ'u'-\.'l.l: Pmn“_e _I'_'I.PI!I?:'.".LE' Pi’cnue

[ [l

-40.22

-3aze

Faf.: 53 Phase B-C_1-1_TempRange Tesi HB.doc
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Appendix C Simulation with MATLAB

C.1 Calculation of the Transfer Function

C.1.1 M-File “MT _TransFonct.m”

% MT _TransFonct.m

% Created by Laurent Hauser
% November 2007

% Modified by

©

clear all, close all;

%Filter

RMTO1=10
CMT06=1e-6
%Current Probe
RMT04=1
%MagnetoTorquers
Rmt=109.2
Lmt=29.4e-3

UinMax=3.3
w=2"pi*[0:1:5€5];

%Impedance
Zmt=Rmt+j*w*Lmt;
Zshunt=RMTO04*w./w;
ZCft=1./(j*'w*CMT06);
ZRft=RMTO1*w./w;

%Filter function

=ZCft./(ZRft+ZCft); %U/Uin
% Transfert fonction
H=(Zmt.*ZCft)./((ZRft."ZCft)+((ZRft+ZCft).*(Zmt+Zshunt))); %Umt/Uin
% Transconductance
G=H./Zmt; %Imt/Uin

%Cutoff frequency
Tconstant=(RMT01*CMT06)
Weutoff=1/Tconstant;
Feutoff=Wecutofft/(2"pi)

%@Gain at 32.5kHz
GainF=20%log10(abs(F(32500)))
GainU=20"log10(abs(H(32500)))
Gainl=20%log10(abs(G(32500)))

%figure

subplot(3,2,1);
semilogx(w/2/pi,20*log10(abs(F)));
xlabel('f [Hz]'); ylabel('H [dB]);
grid;

title('Bode: F=Uprime/Uin New');

%figure

subplot(3,2,3);
semilogx(w/2/pi,20*log10(abs(H)));
xlabel('f [Hz]'); ylabel('H [dB]);
grid;

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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title('Bode: H=Umt/Uin New');

%figure

subplot(3,2,5);
semilogx(w/2/pi,20*log10(abs(G)));
xlabel('f [Hz]'); ylabel('H [dB]');
grid;

title('Bode: G=Imt/Uin New');

Yo% %0 % Yo % Yo %o Yo %o Yo Yo Yo %o %o Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo %o Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo %o Yo

%Filter

RMT01=82
CMT06=0.1e-6
%Current Probe
RMT04=0
%MagnetoTorquers
Rmt=109.2
Lmt=29.4e-3

UinMax=3.3
w=2"pi*[0:1:5e5];

%Ilmpedance
Zmt=Rmt+j*w*Lmt;
Zshunt=RMT04*w./w;
ZCft=1./(j*'w*CMT06);
ZRft=RMTO1*w./w;

%Filter function
=ZCft./(ZRft+ZCft);
%U/Uin
% Transfert fonction
H=(Zmt.*ZCft)./((ZRft."ZCft)+((ZRft+ZCft).*(Zmt+Zshunt))); %Umt/Uin
% Transconductance
G=H./Zmt; %Imt/Uin

%Cutoff frequency
TconstantOld=(RMT01*CMTO06)
WeutoffOld=1/TconstantOId;
FcutoffOld=WecutoffOId/(2*pi)

%G@Gain at 32.5kHz
GainFOld=20*log10(abs(F(32500)))
GainUOId=20%*log10(abs(H(32500)))
GainlOld=20%log10(abs(G(32500)))

%figure

subplot(3,2,2);
semilogx(w/2/pi,20*log10(abs(F)));
xlabel('f [Hz]'); ylabel('H [dB]);
grid;

title('Bode: F=Uprime/Uin OId');

%figure

subplot(3,2,4);
semilogx(w/2/pi,20*log10(abs(H)));
xlabel('f [Hz]'); ylabel('H [dB]);
grid;

title('Bode: H=Umt/Uin OId");

%figure

subplot(3,2,6);
semilogx(w/2/pi,20*log10(abs(G)));
xlabel('f [Hz]'); ylabel('H [dB]');
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grid;
title('Bode: G=Imt/Uin OId');

C.1.2 Result of “MT_TransFonct.m”

>> MT _TransFonct

RMTO1 =10

CMTO06 = 1.0000e-006
RMT04 =1

Rmt = 109.2000

Lmt= 0.0294

Feutoff = 1.5915e+004
Tconstant = 1.0000e-005
GainF = -7.1346
GainU = -7.1290

Gainl = -82.6984

RMTO1 = 82

CMTO06 = 1.0000e-007
RMT04 =0

Rmt = 109.2000

Lmt = 0.0294

FeutoffOld = 1.9409e+004
TconstantOld = 8.2000e-006
GainFOld = -5.8020
GainUOId = -5.7503
GainlOIld = -81.3197

C.1.3 Graph of “MT_TransFonct.m”

Bode: F=Uprime/Uin Mew

Bode: F=Uprime/Uin Old

H 48]
&
!

H 48]
&

10t 10 10 10 10
f[Hz)

Bade: H=Umt/Uin Meur

100
FHz]

Bode: H=Umt/Uin Old

10 10 10° 10° 10 10 10l 10 10°
f[Hz]

Bode, G=Imt/Uin MNew
T -40

Bode: G=Imi/Llin Old

10°
f[Hz]

H [dB]
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C.2 Simulink Model
C.2.1 Picture of the Model
IZIMT_Circuit_New A | ;Iﬂlll
Fie Edit Wiew Smulation Format Tools Help
DIBEHE| EE a2 4|9 s o ~|HHBd REEE
Electronic circuit driving magnetotorquers
-4/ B
Wmeasurment
Constant
AW AW |
RMTO1 RMTOG %
Rmt _’_I
— P mlsignal_New
CMTOS 1 . -
To Wakspace
Lmt %
Fulse
Generatar
‘Ready [t00% e 7

C.2.2 M-File “MT_FilterCompare_95PWM.m”

% MT_FilterCompare_95PWM.m
% Created by Laurent Hauser

% November 2007

% Modified by

%

clear all; close all;

load Signal_New_95PWM.mat;
load Signal_Old_95PWM.mat;

VinOld=Signal_Old(:,1);
VfilterOld=Signal_Old(:,2);
ImtOIld=Signal_0Old(:,3);

VinNew=Signal_New(:,1);
ViilterNew=Signal_New(:,2);
ImtNew=Signal_New(:,3);

subplot(2,2,1);

plot(VinOId(1:1000),'b");

hold;

plot(VfilterOld(1:1000),r');

xlabel('Time Step (*0.0002 s)'); ylabel('Vin and Vprime [V]');
grid;

title('Vin and Vfilter (OId Circuit)');
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subplot(2,2,3);

plot(ImtOld(1:1000),'b’);

xlabel('Time Step (*0.0002 s)'); ylabel('Current in the Coil [mA]);
grid;

title('Current (OId Circuit)');

subplot(2,2,2);

plot(VinNew(1:1000),'b");

hold;

plot(VfilterNew(1:1000),'r');

xlabel('Time Step (*0.0002 s)'); ylabel('Vin and Vprime [V]');
grid;

title('Vin and Vfilter (New Circuit)');

subplot(2,2,4);

plot(ImtNew(1:1000),'b");

xlabel('Time Step (*0.0002 s)'); ylabel('Current in the Coil [mA]);
grid;

title('Current (New Circuit)');

C.2.3 Graph of “MT_FilterCompare_95PWM.m”

3EIEI AEIEI EEIEI 600
Time Step (0.0002 )

Win and Wfilter (Old Circuit)

Win and Wilter (New Circuit)

Win and Yprime [V]
in and Wprime [v]

l
Current (Mew Circuit)

e ‘ T T 1 T 1

Time Step (*0.0002 =)

Current (Old Circuit)

0.025

0.02

37 S St SSNUS FRSE SSS NUE MU SO SO B

Current in the Coil [mA]
Current in the Coil [maA]

0.005

| | I | i
[1} 100 200 300 400 500 GO0 700 800 900 1000 a 100 200 300 400 500 600 700 800 900

1000
Time Step ("0.0002 ) Time Step ("0.0002 s)
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Appendix D Electronics

D.1 Design

D.1.1 Current Probe Design with INA170
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D.1.2 Current Probe Design with MAX4072

(Electronic Calculation Table.xls)

N w
u w
N
ul

50

3.3

0

2.5
50
60

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc




Date :13/01/2008

Suu'/.so Page :68  of 107

'@ Issue :1 Rev:3

D.1.3 Voltage Divisor Design
(Electronic Calculation Table.xls)

Voltage In
Voltage Out
Bias current

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc
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D.2.2 Footprint
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Component Report TESTADCS

testades_gloss

Wed Mov 21

17:51:24 MET 2007

Ref Des Device Typs Value Packags Tyos x ¥ ang Adir Remark
CiN 10UF 10_UF CP_1412 58.000 11.500 |180.000 NQ
CMA1T 0_UF 01 _UF 0805 33500 | 27.000 | 80.000D YES
CMAZ 10UF 10_UF CP_ 1412 32500 33.000 | 80.000 ND
CHDA 0_1UF 0.1 UF 0805 40500 | 23.000 |180.000 YES
CMD2 10UF 10_UF CP_1412 48.000 12.500 | 180.000 NO
CMTO 0. 1UF 0.1 UF 0805 48.000 -3.500 0.000 ND
CMT02 0_1UF 0.1_UF D805 57.000 -2.500 0.000 MO
CMTO3 0 1UF DAUF DBOS 35.000 -2:500 0.000 NC
CMT 04 10UF 10_UF 0805 28.000 -4.000 0.000 ND
CMTOS 10UF 10_UF D805 16.000 -4.500 0.000 NT
CMTOG 1UF 1_UF 0805 42500 | -28.500 0.000 ND
CMTI7 TUF 1_UF 08DS 28.000 | -28.500 0.000 NO
cMToE 1UF 1_UF 0805 13.800 | -28.500 Q.00 MO
CMTOg 0 47UF 047 _UF 0805 35.800 |--20.000 0.000 NO
CMT10 0_1UF 0.1_UF 0805 256.000 | -27.000 0.000 NOQ
CMT11 8 uF 81 UF 0805 38500 | -27.000 0.000 NO
CMT12 0_1UF 0.1_UF 0805 54000 | -28.500 0.000 NQ
CMT13 10UE 10_UF EF_1412 38.500 | -12.800 | 90.000 MO
CMT14 0 _1UF D.1_UF 0805 40.000 | -18.500 | 60.000 NO
CMT15 0_1UF 0.3 UF 0805 B4 500 | -21,000 0.000 MO
CMT1& 0 D1UF 0.01_UF 0805 14.500 18.500 0.000 ND
CMT17 0 1UF B _UF D80S 17.000 | 21.000 | 80.000 NC
CMT18 2 _2UF 2.2 UF 0805 18.500 12.000 |270.000 o
CONMTOZ2 | CONMNECTORE | CONNECTORE JUMPS 15.000 | -28.000 0.000 ND
CONMTD4 | CONNECTORE | CONNECTORS JUMPS 37.500 | -39.000 0.000 ND
CONMTIZMAGHENSTDERE RECNNECTORS JUMPS 28500 | -21.000 |180.000 N
CPEMTO1 MAXA0T2 MAX4072 TOFN3IX3 8 48.280 | -28.380 0.000 NO
CPMTO2 MAX4072 MAXa072 TOFNIX3_ 8 35.000 | -2B.500 0.000 NO
CPMTO3 MAK4DT2 MAX407T2 TOFN3X3_8 20.500 | -28.500 0.000 ND
CTEST 10NF 10_NF D05 48.000 | 37.500 |180.000 ND
EXT_SUPPLVEXTERMAL_SUHPEXTERMAL _SUPPLYIMP2 62.500 12.000 |180.000 MO
HEADTHY UN3ZD1 AZE0Y TOFN3AX3 10 24.780 -4.040 |270.000 ND
HEADZZ_UN A3E01 AZDO1 TOFMWAX3_10 18.700 -4,040 |270.000 NO
HESIDTX S12GET SlaBa7 =08 &1.800 -3.540 0.000 ND
HBSIO2Y Si0a87 512957 508 50.880 -3.540 0.000 ND
HBSIOZZ Si0ga7 519057 S08 40.500 -2:500 0.000 NO
JMAIN MAINCONNECTDRAAIN _CONNECTRREPMD14 60500 | 20.500 | 00.000 ND
JMTOT_UN| JUMP1iZ JUMP12 oiPi2 1 57.500 5.500 [180.000 ND
JMTOZ_UN| JUMP12 JUpP12 DIP12. 1 28.500 5.500 |180.000 MO
JEITO3_UN| JUMP12 JURP 12 DiPiz21 58.000 | -11.000 |180.0O0 NT
JMTOE_UN| JUMP12 JUMP12 DIP12_1 28.500 | -11.000 |180.000 NQ
LEDQ SMDLED SMDLED SMDLED 50.500 11.500 |1BE.000 MO
LED1 SMDLED SMDLED SMOLED 17.500 | 27.000 0.000 ND
MSP MSP430F 1611 MEP4230F 1811 STQFPE4 34500 | 21.000 |270.000 MO
OPAMTOY | OPA333 OPAZ33 50T23 & E0.500 | -23.500 0.000 ND
POWER_TYPEOWER. TYPE | POWER_TYPE JUMP3 53.500 18.500 | 90.000 NO
REFMTO1 | REF3Z25 REF3225 50723 8 28500 | -20.500 0.000 ND
RLEDD 580 5&0 0805 53.500 11,500 |180.000 ND
RLED1 50 5&0 0B0E 20500 | 27.000 0.000 NO
RMTI 10 10 DBDS 18.000 | -35.500 | 80.000 MO
RMTOZ2 10 10 0805 22.000 | -35.500 | ©0.000D ND
RMTO3 10 10 D80S 27500 | -35.500 | B0.000 N
RMTO4 1 1 0805 45.000 | -28.500 |180.000 ND
RMTOS 1 1 0805 30.500 | -28.500 |180.000 NO
RMTOA 1 1 0805 16.000 | -28.500 [180.000 MO
RMTO7 100K 100K 0805 58.800 | -22.000 0.000 NO
RMTOZ 100K 100¥ 0805 56500 | -23.000 0.000 NOQ
ROSC 100K OHM 100_HOHM 0805 22000 | 22.000 0.000 ND

Page 1Z
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D.2.3 Component List
Nbre | Name Value Footprint Package

Prog Connector

1 | Connector JMAIN CPMD14

1 | Jumper 3pin JUMPS3

1 | Resistor 47k 805

1 | Capacitor 10n 805
Supply led block

1] Led SMDLED

1 | Resistor 560 805

1 | Capacitor 10u CP_1412

1 | Jumper 2pin JUMP2
MSP block

1 | Reset Button POUSMD3

3 | Capacitor Tantalum 10u CP 1412

3 | Capacitor Ceramic 0.1u 805

1 | MSP430F1611 S-PQFP_G64

1 | Resistor 100k, 0.1%, 25ppm/° 805

1] Led SMDLED

1 | Resistor 560 805
LDO block

1| TPS793333 SOT23 5

1 | Capacitor 0.1u 805

1 | Capacitor 0.01u 805

1 | Capacitor 22U 805
H-Bridges

4 | Jumper 12pin DIP12_1

3 | Capacitor 0.1u 805

3 | Si9987 SO8

2 | Capacitor 10u 805

2 | A3901 TDFN3X3_10
Magnetotorquers circuits

3 | Resistor 10 805

3 | Capacitor 1u 805

3 | Resistor 1, 1%, 100ppm/° 805

1 | Connector 6pin JUMPG6

2 | Connector 6pin JUMP6
Current probe block

3 | MAX4072 QFN3X3_8

3 | Capacitor 0.1u 805
Reference voltage

1 | REF3225 SOT23 6

1 | Capacitor 0.47u 805

2 | Resistor 100k, 0.1%, 25ppm/° 805

1 | OPA333 SOT23 5

1 | Capacitor 0.1u 805
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D.3 Components

D.3.1 H-Bridge Si9987

Si9987

FEATURES

e 1.0-A H-Bridge

® 500-kHz Switching Rate

® Shoot-Through Limited

e TTL Compatible Inputs

e 3.5-to 13.2-V Operating Rangs
& Surface Mount Packaging

DESCRIPTION

Vishay Siliconix

Buffered H-Bridge

APPLICATIONS

VCM Driver

Brushed Motor Driver
Stepper Motor Driver
Power Converter
Optical Disk Drives
Power Supplies

High Performance Serve

The Si3987 is an integrated, buffered H-bridge with TTL
compatible inputs and the capabilty of delivering a continuous
10A @ Vpp =50V (room temperature) at switching rates up
to 500 kHz. Intemal logic prevents the upper and lower outputs
of either half-bridge from being tumed on simultansously. Unique

forced to a high impedance level.

The Si99467 is available in an 8-Pin S0IC package, specified
to operate over a voltage range of 3.8 V to 13.2 V, and the
commercial temperature range of 0 to 70°C (C suffix) and -40

input codes alfow both cutputs to be forced low (for breking) or

to 85°C (D suffix).

The Si9987 is available in lead free.

| FUNCTIONAL BLOCK DIAGRAM,

PIN CONFIGURATION AND TRUTH TABLE

50-8 Yo
% [T} [ 5] o @
a0 (2] .. [Z] ™
S5i3987
Voo L2 6 | Mg
S [2 5] OUTs o
s O—
Top View
Shoot-Through
TRUTH TABLE Protzction Logic
J
(&)
INa INg | OUTa | OUTe iNs O
1 V] 1 V]
n ! n ! . ml ow om| o
MDO— 4
3 3 3 3 o 0
1 1 HiZ HiZ gy 5. OUTFUT  Sg
ORDERING INFORMATION
Part Number Temperature Range Package
SigEETCTT 01 70’ C
Tape and Fes!
SiGSETOYT ~401085°C b
Sig8ETCYTI—=3 0t 70°C
ead Fi
SiESET0VTI—E3 Hmesc Fead P apeand il
SigaaToy 0t 707G —
Si9987DY -40 0 85°C g !

Diocument Numbsr: 70662
S5-40132—Rev D, 16-Feb-04
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Si9987

Vishay Siliconix

ABSOLUTE MAXIMUM RATINGS?2

oitage on any pin with reepect to ground . .

=03V wNpp+03 VW

Continucus lgur Current (Ty= 135" C)°

\oitages on pine 3, 8 with respectio GND . .| =T WimoWgp =1V i g e AEE:
4 s g e o 0 J + 075
h'::..a.g—:-cl..|.::|na1.4 . 0.3V 1o GND 1_»' =G e e LOESA
Macmam Voo Y Operating Temperaturs Rangs
Peak Dutput Current 1.5A SIEGATCY COm TS
Storage Temperature = 292870y i« —40 w85 C
Mammum Junction Temperature [ G Motes
% T 5 a.  Device mouw with all lzads soldersd or walded to PC board.
Power Dissipation® X W b, Derata 1 aboye 25°C
[T 100G 6. Ty=Ta+ (Ppxf,a). Pp = Power Dissipation
RECOMMENDED OPERATING RANGE
Ny =i _ 3BV 132V
Maxdmum Junction Temperature (T .. 138%C
SPECIFICATIONS
Test Conditions Unless Specified Limits
Nop=36w13.2V ; .
Parameter Symbol Sa T GND. Sg @ GND Min2 | Typt | Max2 Unit
Input
Input Yoltags High Wik 2
v
Input Yaltags Low Vi 1
input Gurment with Input Voltage High Tipa V=2V 1
LA
input Current with Input Violiage Low lisg Wiy =0V -1 L
Output
Voo =108V 10.40
o=
i Voa=45V 4.00
Output Voltsge High® Va Vpn =108Y 1060
L ge Aig OuTH o = =500 mA oo = o
Voo =43V 425
lgur=—300mA, Voo =36V 363
v
Wop =106V 0.40
lour=1A
ot Voo =45V 0.50
Cutput Voltage Low® Wout Vop=108V 0.20
o o = 500 ma, b 3
Voo =48V 0.2
lour = 300 mA, Vo =38V 017
Cutput Leakage Current Low low Ny =INg 2 2V, Vour=Vop =132V 0 10
wh
Cutput Leakage Cument High laes O, Vpp=132V =10 0
tput V' I i = 100 W 07 oo #0.9
Cu.p..\.'- Clar'::-_—hgh ok M= Mo = 2V lour ‘IL:rnP- Voo _L.r Wpp #0. i
Cutput ' Clamp Low Wern lgur=-100 ma& -04a =07
Supply
e = ; 0 kHz, Yo =535V 18 25 mé
o y O it
‘oo Supply Gue: an =25V Voo=55W 75 125 uh
Dynamic
] Toisf 300
Pronagation Delay Time — Vop =5V 0 nS
TeeL 1

Notes
a  The algebraic convention whereby the most negative value i a minimum and the most positve a maximam, &= us=d in this data shest

b Typical valuss are for DESIGN Al
c.  Maximum value measured a3t T, =

135°C.

T

nat guarantsed nor subject 1o production testing,
pical valus measured at Ty =Ty =

"G (pulze width = 300 usec, duty cycle = 2%

wiwavisha y.COom

(..)

DCiocument Number: 70564
S5-40132—Rew: D. 16-Feb-04
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D.3.2 H-Bridge A3901

en
& -
— S T T

A3901

Dual Full Bridge Low Voltage Motor Driver

Features and Benefits

* Low Rpsgay outputs

* Full- and half stepping capability

* Small package

* Forward, reverse, and brake modes for de motors
= Sleep mode with zero curent dramn

= PWM control up to 250 kHz

* Crossover-current protection

* Thermal shutdown (TSD)

Package: 10 Contact DFN (suffix EJ)

O Approximate Scale F:1

Description

The A3901 is a doal full-bridze motor driver, designed for low
voltage portable applications involving bipolar stepper or brush
de motors, The cutputs have been optimized for low voltage
drop. with currents up to =400 mA (=800 mA with outputs
paralleled) and an operating voltage range of 2.5 t0 5.5 V.

The fourinputs (IN1 to IN4) can control a bipolar stepper motor
in full- or half-step mode. or de motors in forward, reverse, or
brake mode. The inputs can be PWhed for current or speed
control at frequencies up to 250 kHz.

Internal protection cirenifry includes thermal shut down (TSD)
and crossover (shoot-through) protection.

The A3901 is supplied in a 3 x 3 x 0.73 mm nominal, 10-lead
DEN package. with exposed thermal pad {package “ET"). This
small footprint package is lead (Pb) free. with 100% matte tin
leadframe plating.

Typical Application

WeF _L+

wy T

L)

\E8

Azl ::; @
i ]

o |-

il—g

Figure 1. Typical stepper motor control

0 T \aa
oW1 o
m
§| M
w2 oz
=21 A3501
il o3
et % M
- Qe '\_
L

Figure 2. Typical dual de mater control

0 pF - B

0wV
- ow1 2
M
NZ owz 4
(=01) Azsot
N3
ow3
™4
auT4
GND

Figure 3. Typical single do motar cantral (paralizled outputs)

3801-D5, Rew. 2
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A3901

Dual Full Bridge Low Voltage Motor Driver

Selection Guide

Part Mumber

Packing

AJBD1SEJTR-T

Tape and reel, 1500 pieces/reel

Absolute Maximum Ratings

Parameter Symbol Conditions Min. | Typ. | Max. | Units
Load Supgply Voltage Yag = - Fil V
Output Current per Channel’ laur e — | 400 | mA
Logic Input Voltage Range Vin -03| - i ¥
Junction Temperature T - - 180 | °*C
Storage Temperature Range Tg 40 — 150 i
Operating Temperature Range Ta 20 — a5 C

"Output current rating may be limited by duty cycle, ambient temperature, and heat sinking, Uinder any st of conditions, do not exceed the specified
current rating or & junction temperature of 150°C.

" Aliagra MIrOSYEEms, e 2
A 115 Moriheast Cubafl, Box 15036
L Warcasier, Massachugess (16 15-0036 (503) 853-E000
m R s e e v Slegromicrn Lam
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A3901

Dual Full Bridge Low Voltage Motor Driver

Functional Block Diagram

B2
Cartral Logo
| ad Gane Diva
-IT
|
- [
|
| v
— [="Ni) P
Terminal Diagram
e [ 7T Hd o
2[5 ouT2
ey |35 PAD | v
wa [ Jouta
B [ 52 % | ouTe
Mumber | Mame Description
1 M1 Logic input 1
2 N2 Lagic input 2
3 GND Ground terminal
& M3 Logic input 3
5 N4 Lagic input 4
i OUT4 | Bridge2 output to load
7 OUT?2 | Bridge2 output to load
g VBB Load supply terminal
o OUTZ | Bridge1 output to load
10 OUT? | Bridge1 output to load

Pad Exposad pad for thermal dissipation; connect to GND sxtemally

Py Aliagra MIrOSYEEms, e 3
1 \ 115 Mortheast Cutofl, Bax 15035
I LA Warcester, Massacnugerts 096 15-0036 (S08) 353-5000
L]

Y & it N FlEgromicro com
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A3901 Dual Full Bridge Low Voltage Motor Driver

ELECTRICAL CHARACTERISTICS at Ty =25°C, and Vgg = 2.5 to 5.5 V, unless noted otherwise

Characteristics Symbol Test Conditions Min. | Typ. | Max. | Units
Source driver, Vgg =3V, lgyr = 300 mA = 1.8 21 9]
; Source driver, Vagg =5V, Igyr = 300 mA e 12 14 0
Qutput On Resistance Rosiom - - —
. D5t TSinK driver, Vgg =3 V, loyT = 300 MA - 12 | 14 o
Sink driver, Vgg =8V, lgyr = 300 mA = 0.8 1.0 Q
Clamp Diode 1= 300 mA = = 15 vV
All outputs PWhied at 20 kHz = 0.6 N mA
Motor Supply Currant [ Sleep mode, Vgg=3Y - - 100 na
Sleep mode, Vgg= 5V - <50 | 500 | nA
Logic Input Voltage Vit Vagl2 | - - v
Vinig) - - 05 v
. Iingry V=20V — [=100] 500 | nA
t t
Logic Input Curren i) V=05V — [=00| =500 | nA
Input Voltage Hysteresis Vhys = 150 - my
Propagalion Delay tadion Input Low o Sink On, Input High to Scurce On = 130 = ns
Ypdiaffy Input High to Sink Of, Input Low io Source Off — ] - ns
Crossover Delay teon e BO = ns
Themal Shut Down Temperature T ) 150 & C
Themal Shut Diown Hysteresis Thys = 10 = "C
THERMAL CHARACTERISTICS
Characteristics Symbol Test Conditions Rating LUnit
- i [ =
:::ﬁ;:rﬁd on 4-layer board based on JEDEC a5 “CAN
Package Thermal Resistance”
¢ Rau Measured on Z-layer board with copper limited to &5 AW
solder pads and 0.88 in2 of copper on each side

“Additional thermal information is available on the Allegro Web site.

" Aliagra MIrOSYEEms, e 4
l A 115 Moriheast Cubafl, Box 15036
1 T Warcasier, Massachugess (16 15-0036 (503) 853-E000
L] W Sreima. Fia WO SElEgromicro Lom

(..))
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D.3.3 Current Probe MAX4072

R MAXIM

Bidirectional, High-Side, Current-Sense
Amplifiers with Reference

Features
Bidirectional, Compact, Current-Sense Solution
Total Qutput Error Less than 1.5%
Selectable Gain of 50W/V or 100V/V
Wide 1.35V to 24V Common-Mode Range
Independent of Supply Voltage
2.7V to 24V Single-Supply Operation

Internal Precision Reference
Adjustable (MAX4069)
2.50V (MAX4070)
1.50V (MAX407 1)
+ Low 100pA Supply Current
4 10pA Supply Current in Shutdown
4+ Available in Space-Saving Packages
8-Pin Thin QFN (MAX4070/MAX407 1/MAX4072)
8-Pin pMAX (MAX4070/MAX4071MAX4072)
10-Pin pMAX (MAX4069)

Ordering Information

General Description

The MAX4069-MAXA072 low-cost, bidirectional, high-
side, currant-sense amplifiers are ideal for monitoring
battery charge and discharge currents in notebooks,
cell phones, and other portable equipment. They fea-
ture up to 24Y input common-mode voltage rangs, low
100pA supply current (which drops to only 10uA in
shutdown), and a total output error of less than 1.5%.
The wide 1.35V to 24V input commaon-mode range Is
independent of the supply voltage, ensuring that the "
current-sense feedback remains accurate even when
connectad to a battery pack in deep dischargs.

& & &+ &

-

To achisve maximum flexibility, an external current-sense
resistor is used along with a Gain Selact pin to choose
either SOV or 100V, A single output pin continuously
maonitors the transition from charge to discharge and
avoids the need for a separate polarity cutput, The
MAXAOTO contains an intarnal 2.5V reference. The
charging current is representad by an output voltage
from 2.8V to Voo, while discharge currentis given from
2.5V to GND. The MAXA071 |= similar, but with a refer-
ence voltage of 1.5V, The MAX4062 has an adjustable
reference voltage, set by two external resistors. The

cLOPXVIN-690PXVIN

MAXADT 2 has an input for an external reference. TOP
=X PART TEMP RANGE PIN-PACKAGE
The MAX4DESMAKADT 1MAXADT2 operate from a 2.7V to MARK
24V single supply. The MAX4070 operates from a 3.6V 1o MAX40684E  40°C to +125°C 10 pMAX —
24V single supply. All devices are specified over the MAX4070ALA  A0°C to +125°C 8 pMAX, —
automotive operating temperature range, -40°C to z = - 3
+125°C. The MAXA07OMAXA071/MAXA072 are avallable [Tl (AR A0 1o +12570 S Thin OPN-ER 48N
in B-pin UMAX and 8-pin thin QFN packages. The MAXADTIALY: ACPL ot 1050 IMAY i
MAXADED |= available ina 10-pin pPMAX packags. MAX4OTIATA  40°C to +125°C  AThin QFN-EP*  ABO
Applications MAX40T24)A AD°Cto +125°C .E‘.uh'fIAX —
MAX4DT2ATA  A0PC o +126°C 8 Thin QFN-EP* ARP

Motebook Fual Gauging
Smart-Battery Packs/Chargers
Meotor Control

FROKA BATTERY
Power-Management Systems Fpralty
. Rzt
Cell-Fhong Battarny-Current Monitoring T — T A T l
Selector Guide -
SUPPLY COMMON-
PART REFERENCE | VOLTAGE | MODE RANGE) Vep - REVTO 2N —a— Vee =
BRANGE AVAXLA
v w 70
MAX 4060 ADJLUSTAELE 271024 13510 24 | et o riias
MAX4070 2.5V 361024 13510 24
M AXAOTA 1.5V 271024 13524 LI
— 0K REFOUT —15¢
MAX4072 EXTERMAL 27124 13510 24

Pin Configurations appear at end of data sheel

AKX

*EP = Expossd paddle.
Typical Operating Circuit

ISk

For pricing, dellvery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit MaxIm’s webslle at www.maxim-lc.com.
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MAX4069-MAX4072

Bidirectional, High-Side, Current-Sense
Amplifiers with Reference

ABSOLUTE MAXIMUM RATINGS

Voo, B3+ RE-10GND ..o -0.3V to +26Y Continuous Power Dissipation (Tg = +70°C)

OUT to GND 0.8V 1o Lesser of (Voo + 0.3V) or 15V 8-Pin pMAX {derate 4.5 mWHC above +70%2) .. . 382mW
Diffarential Inp 38 (VR34 - VRS- v 0.2V 8-Fin Thin QFM (derate 24 4mW/ T above +70°C) 1851 mW
GSEL, SHDN, REFOUT. REFIN 10-Pin phAX (derate 5.6 mW /O above +705C) ... 444 4m'W

and AR L0 GND...cc. i -0.3V to (Voo + 0.3V) Operating Temperature Rangs ..
OUT Short-Circuit Duration to GRND Junction Temperatura.............

or to Lesser of (Voo ar 15V) ... LContinuous Storage Temperature Range...
REFOUT Short Circuit to Vi or G Continuous Lead Temperature (saldering,
Currant into Any Fin +20ma

Stressss beyond thoss leted under JAbsoiuts Madmum Rafngs” may cause psrmansnt damags io the devics. Thess are stress rafings only, and Amctional
operation of the device ai ihese or any ofisr conditions beyond Mmose indicalsd in ihe opsrations’ ssctions of the gpscifications iz not impiisd. Exposurs o
absoiuts maxmom rating conditions for sxtends o penods may afsct device refability.

ELECTRICAL CHARACTERISTICS

{(VRS4 = VR = Voo = 27V 10 24V, VeeNsE = VRS, - VRs. = OV, IrerouT = 0, VEADN = Voo, VaseL = GMD, VREFIN = 2.5V (MAX40TZ)
Ta = T to Tgey, unless ctherwise noted. Typical values are at Ta = +25°C and at Voo = VRsy = 12V.) (Motes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Voltage Range Vor MAXAOSAMARADTMAXADT2 (Nota 4) 2T 24 v
(Note 3) MAXADTA a8 2q
i T — " " Ta = +25°C nog 0.2s
nput-Rafarra set Voltage " oc=YR3+= ¥ e A .
{Note 5) VoS Vpg. = 12V Ta, =-40°C to +85°C .8 my

T = Thain 10 Thiax 1
Zommon-Mode Input Bange CMVE Guaranteed by CMRAR test 1.35 24 V
Zommon-Mode Rejection Ratic CMER 1.38V = Vs = VRs-< 24V, Voo = 12V 100 120 dB
= Voo = VRS+ = VRS- = 24V, RL =open
Supply Currant I i 100 250 A
i o T = Toain b0 Thaax H
Veo=VRg, = VR = 5.8V, g
ks Bt | SHOM = GMD, Ta = +25°C i
Shutdown Supply Current oC SHOM H
Veo = VRs = Vs = 24V, 10 )
SHOM = GMD
Laakage Cumrent WS+ = VRS- = 24V, Voo = 0V 04 0.5 LA,
Input Bias Currant RS+, IRs- | Voo = VRS+ = VRS- = 24V 0 24 & HA
Recommendead Full-Scale Ssnse — Gain = 50V/V = mv
Voltage (Mote 6) Gain = 1004V 50 ]
2 MM AXIMN
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Bidirectional, High-Side, Current-Sense
Amplifiers with Reference

ELECTRICAL CHARACTERISTICS (continued) g
(VRS+ = VRS- = Voo = 27V to 24V, VEnsE = YRS+ - VRS- = OV, IReFouT = 0. VEHDN = Voo, VaseL = GMD, VREFIN = 2.5V (MAXA072),
Ta = Traiw to Traax, unless otherwize noted, Typical values are at Ta = +25°C and at Voo = VRs+ = 12V (Motes 1, 2) b
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS k
VEENSE = 75V, Ta=+25C £0.25  #1.0 <Y
Voo = VRs+ = 12V, Ta =-40°C o +85°C 15 Q‘
gain =50 Ta = TR bo Thiax +2.0 [+)]
VeENSE = SOV Ta=+25°C 025 110 ©
Ve = Vegs = 12V Ty, = -40FC to +85°C +15 l
gain = 100 Ta = Tram to Trax 125 E
MAKADESMAXAOTTY o
Ta = +25°C +0.4 +1.0
MAXADTZ: i ¢
VaEnsE = -35MV, Ta = -40°C to +85°C +20 h
Voo = VRs+ = 12V,
gain = 50 Ta = ThiM 1o ThAx 2.0 (=]
MAKADEGMAXLOTD] Ta = +28°C +1.3 120 "'I
MAX4DT2: N
Total OUT Voltage Emor (MNote T) Vegnag = -17.5mV, Ta = 40FC to +85°C +4.0 %
Ve = VRgy = 12V,
gain = 100 Ta =TI to Thax 16
MAKA0TY: Ta=+25C +1.0 125
VeEnsE = -15mY, _
Voo = Vrgs = 12V, T =-40°C to +85°C 4.0
gain = 50 Ta = Trin to Tax 5.0
MAKADT: Ta=+25C 2.0 5
VaEnsE = -7 .5mV, A -
VoG = Vs, = 12V, Ta =-40°C o +85°C 10
gain =100 Ta = Tram to Taax 15
WEENSE = 3mV ~ LPEd 9
VoG 12V, VRse = 12y | 1A= *25°C =
MAXLM 3
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MAX4069-MAX4072

Bidirectional, High-Side, Current-Sense
Amplifiers with Reference

ELECTRICAL CHARACTERISTICS (continued)

[VRS+ = WRS- = Voo = 27V to 24V, V2ENSE = VRS+ - VRS- = OV, IREFoUT = 0, WVBHDN = Voo, VEseL = GND, VREFIN = 2.5 (MAX407T2),
Ta, = Trap to Tpaax, unless atherwise noted, Typical values are at Ty = +25°C and at Vigo = Ve = 12V (Notes 1, 23

PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX | UNITS
e B5 150
louT = 10u8, Voo =27V
WSENSE = 100mY, LK A DBOMALKATTOY
VRs+ = Voo MAX4072, 65 150
Voo = 3.6V
QUT Voltage High Voo -VoH — my
MARACTL )
loUT = SO0UA, co==
VzEngE = 100mY, MAX4069MAXAOTIY
VRs+ = Voo MAX4072, oo 250
Voo =36V
cmxiu; 17\.* 5 a0
lourr = -10pA4, L2 el
VaEnzE = -100mV, MAXA0G0MAKADTO/
VRs+ = Voo MAX4072, 5 20
Voo =38V
OUT Vaoltage Low VoL m¥
MAX40T 1 -
4 A 100 250
louT = S00pA CE==
VSENSE = -100mV, MAXA0BIMAKADTD/
VRs+ = Voo MAX40T2, 100 250
Voo =368V
| VaensE = 50mY, Gain = 50N 100
-2dB Bandwidth BW ; > kHz
Voo =12V, G = 100pF| Gain = 100vv 40
GSEL = GND 50
Gain Ay 2 Vi
GSEL = Ve 100
Capacitive-Load Stability 100 pF
Voo = 27V to 24y
Power-Supply Bejection Ratio PSRR | (MAX4060MAXAOT1/MAXADTD), 100 120 dB
Voo = 2.6V 1o 24V (MAXADTO)
Logic Low Voltage (GSEL, SHOM) VIL Voo = 3.6V or 24V 08 v
Logic High Yoltage (GSEL, SHON) [ Voo = 3.6V or 24V 2 W
Gain-3slect Input Current lzsEL GSEL =V =24V or GND 0.1 1 LA
T _ SHDM = Vo = 24V 3 12
SRHirw REt e SHEN - TSHEM = GND, Voo = 24V 001 1 W
4 WMAXLN
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Bidirectional, High-Side, Current-Sense
Amplifiers with Reference

ELECTRICAL CHARACTERISTICS (continued) g
(VRs4 = VR3. = Voo = 2.7V to 24V, VeENSE = VRS, - WRE. = OV, IReFoUT = 0, VEHDN = Voo, VezeL = GMND, VREFIN = 2.8V (MAX4072),
Ta = Tvin to Taax, unless otherwise noted. Typical values are at Ta = +25°C and at Voo = VRS, = 12V.) (Motes 1, 2) b
PARAMETER | symeoL | CONDITIONS [N v wax | unrs| 9%
REFOQUT (MAX3069/MAXA0TO/MAX 40T 1) h
MAXADEG, Ta = +25°C 244 240 2.54 )
Voo = 12V [+)]
{Nota 2 Ta = Trtin 1o Thaax 235 250 (o]
Reference Cutput Voltage VREE MAXADTO, Te, = +25°C 2,45 25 255 W l
Yoo =12V Te = Traim o Traax 2,40 260 g
MAKADTA Ta = +25°C 147 15 153 h
Voo =12V Ta = Thim 10 Thax 1.44 156 P 3
Rafarence Output Voltage TR -40°C = Ta = 485°C 15 : h
Tamperature Coafficiert TCVReF | Voo =12V Ta = Thim 10 Toaa G ppmieC o
) AvererouT | IREFOUT =0 10 S00pA 2 ."l
Load Regulat miima
Ak Tl AREF | IREFaLT = O to-100pA 4 i N
. . AVREF; o : o
Ling Begulation AVon 27V sNoo =24 2 [T
REF Capacitive-Load Stakility 500 pF
Rafarence Adjust Voltage ; S :
WV MAXADES Voo = 124 1.230 v
Threshald 4D roes =
- = 7
Rafarence Cutput Voltage Range M.-'-\}(AQDSQ,lranga adjustabla with R1 and B2, Vap, to W
Voo = 12¢ w4
Rafarence Adjust Input Currant laou MAXADSS Voo = 12V, Vapy = 1.23V 100 n&
REFIN {(MAX4072 cnly)
Input-Voltage Range Voo =12V 1 4 v
Input Current REFIN = 2.6¥, Voo =12V -60 +20 iy

Mote 1: All devices are 100% tested at Ta = +23°C. Limits over temperature are guarantesd by design.

Mote 2: R1 = 215kii, R2 = 210kL: for the MAXA0E9 only (see Funclional Diagram). This sets REROUT to 2.49Y naminal.

Mote 3: Guaranteed by the PSRR tast.

Mote 4: Tha REFOLIT voltage for the MAX40ES should be set such that it doas not axceed Voo - 1.4V, Similarly, the maximum REFIN
voltage for the MAXADT72 should also be less than Voo - 1.1V

Mote 5: Input-Referred Offset Violtage is defined as the woltage difference betwaen OUT and REFSUT, divided by the selactad gain
of sither 50 or 100, when Y3ENSE = VRS+ - VRS- = OW.

Mote 6: The negative full-scale sense voltage is limited by the waltage range of OUT from VREFQUT to GMD.

Mote 7: Total OUT Valtage Ermror is the sum of offset voltage and gain emrors, The output voltage is measured ralative to the referesnce
{REFOUT or REFIN).

/NAXLMA 5

(..)
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D.3.4 Current Probe INA170

Burr-Brown Products INA170

from Texas Instruments

SBOS1030 - MARCH 2001 — REVISED JANUARY 2008

High-Side, Bidirectional
CURRENT SHUNT MONITOR

FEATURES DESCRIPTION

® COMPLETE BIDIRECTIONAL CURRENT The INA170 is a high-side, bidirectional current shunt moni-
MEASUREMENT CIRCUIT tor featuring a wide input common-mode voltage range, low

& WIDE SUPPLY RANGE: 2.7V to 40V guiescent current, and a tiny MSOP-8 package.

@ SUPPLY-INDEPENDENT COMMON-MODE Bidirectional current measurement is accomplished by out-
VOLTAGE: 2.7V TO 60V put offsstting. The offset voltage level is set with an extemal

@ RESISTOR PROGRAMMABLE GAIN SET resistor and voltage reference. This pemits measuremeant of

@ LOW QUIESCENT CURRENT: 75uA (typ) a bidirectional shunt current while using a single supply for

® MSOP-8 PACKAGE the INA1T0.

Input common-mode and power-supply voltages are inde-

APPLICAT{ON s pendent. [nput voltage can range from +2.7V to +60% on any

supply voltage from =27V to +40V. Low 10pA input bias
® CURRENT SHUNT MEASUREMENT: current adds minimal error o the shunt curmrent.

Automotive, Telephone, Computers, Power
Systems, Test, General Instrumentation

® PORTABLE AND BATTERY-BACKUP
SYSTEMS

® BATTERY CHARGERS

® POWER MANAGEMENT

® CELL PHONES

The INA170 converts a differential input voltage o a current
output. This current develops a voltage across an extemal
load resistor, setting any gain from 1 o over 100,

The INA1T0 is availlable in an MSOP-8 package, and is
specified over the extended industnal temperature range,
—407C to +85°C with operation from -55°C to +125°C.

We
(n]
Vaurriy 15
[s}
RGI
Vi 2 kit
= Skr YW
<. | =
lg = Rs R =)
= Vi 4 bl A1 ol
- W 3 ? oour

@
m
L]

Load

X =R
J_ g INA1TD T
Res R E

Sh—a Q:U

Please be awarz that an importani motice concerning availability. standard warranty, and use in eritical applications of
Texas Instruments semiconductor preducts and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

FACOUCTION CATA Information I8 currant 28 of putdcstion date Cogynight & 2001-20086, Texas Instuments Incorporated
Products conform fo apeciNzations per Ma farma of Terss Inatrumanis 1} :

gtandand warzanty. Production processing Soes not necezearty Include TEX_I.'\S

“eing of 2ll paramstars, INSTRUMENTS

www ti.com
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ABSOLUTE MAXIMUM RATINGSI1) ELECTROSTATIC
Supply Voltage, W+ to GND ... DlSCHARGE SENS'T!VITY

Analog nputs, Common Mode@t
g J %ﬁe.‘;f"“al i) - Vi This integrated circnit can be damaged by ESD. Texas Instru-
M| UtpLt, b L é : 5 z
Input ?:urreﬁt nta Any Pin ments 1'e?c0mmends lthata!i :J:Ifegl'al‘ed cireuits behandled \'.-'.lﬂl
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

Operatng Temperaturs
Storage Temperature
Junction Temperatme. ...

p— - ESD damage can range from subtle performance degradation
MOTE: (1) Stresses abowe thess ratings may cause permanent damage = =

Exposure fo sbsolute maxmum conditions for extended periods may degrade to complete device failure. Precision integrated civeuits may
device re¥abity. These are stress ratings enly, and functional operation of the be more susceptible to damage because very small parametric
device at the ny other conditions beyond th ified is not implied. i i . : :
e ot esk-er.any Eler oolins heyneit froest Speninedis ot i changes could cause the device not to meet ity published
(2) The input woitage at any pin may exceed the voltage shown if the curment =

at that pin is limited to 10mA specifications.

PACKAGE/ORDERING INFORMATION™

SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE-LEAD DESIGNATOR RANGE MARKING NUMBER MEDIA, QUANTITY
INATTOEA MEOP-8 D&k —40°C o +85°C |M&ITOEA NA17DEARED Tape and Reel. 250
= i ¥ ™ i INATTOEAIZHS Tape and Resl, 2500

MOTE: (1) For the most curent package and ordering mformation. see the Package Option Addendum at the end of this document, or see the T website at
wwi.fi.com

PIN CONFIGURATION PIN DESCRIPTION
TORP VIEW MSOP FiN DESIGNATOR | DESCRIPTION
i Ve raverting Input
Vil |I & v+ 2 Vi Marinvering input
- 3 Vg Reference Voltage ‘nput
W 2 ¥ E
b E e 4 GND Ground
- E & | ouT ] Rz Offset Resistor
E B ouT Cugput
B0 5 | Res T NC o Connection
B W Supply Violtage
TeEXAS
2 INSTRUMENTS INA170
weaww ti.com S80E183D
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Bt Ty =—40°C fo +85°C, Vg = BY, VY, = 12V, Ryyp = 25500 unless othenwise noted.
INA1TOEA
PARAMETER CONDITION MIN TP MAX UNITS
INFUT
Full-Scale Sense (input) Voltags Vemes = Vi — Vi 100 500 my
Common-Mode Input Range 27 +E50 )
Common-Mode Rejection Wil = Wt B0V, Vagee = S0m 100 120 dB
Offset Viesiage!!) BT +0.2 +1 my
vs Temperaire Tonrs 0 Tagase 1 ulo
vs Power Supply W= 22TV to +60V, Vazyze = 50mV 0.1 10 uvny
Input Bias Cumrent Wit Vi L] ud
CFFSETTING AMPLIFIER
Offsetting Equation Vog = (RyRogh Vees
Input Voifage 1 Vg—1 v
Input Offsat Voltage 0.2 1 mi
vs Temperature T %0 g 0 wreC
Programming Current through Rag a i i
Input Impedance 10 4 o gF
Ingut Bias Current Vit Vi +10 i,
CUTPUT
Transconductancs Vazyze = 10mY to 150my 0.990 1 1.m Ay
vs Temperature Vepspe = 100mV 50 nAC
Monfinearity Emmor Vazyze = 10mY to 150mY H.01 +01 %
Total Cutput Error Veges = 100mV 1.5 +Z %
Output Imgedance s G| pF
Volage Oufput
Swing to Power Supply. W+ W+ - 08 W+ —12 Y
Swing to Commen Mode, Vey Ve — 08 Ve — 1.0 W
FREQUENCY RESPONSE
Bandwidih Regr = 10k80 00 kHz
Seftiing Time (0. SV Step, Raqyr = 10602 3 s
NOISE _
Cusput-Current Moise Censity 20 pAHz
Total Cutput-Current Maoize T n4 RMS
POWER SUPPLY
Operating Range Vs =27 +40 Y
Quiescent Current Vemae =0, 1p=0 75 125 L8
TEMPERATURE RANGE
Specification, Ty, 10 Ty, —40 +E5 ac
Ciperating 55 +125 “C
Storage 5 +150 G
Thermal Resistance, &), 150 “CIW
MNOTE: {1} Defined as the amount of input voltage. Vegyzs, to drive the output to zero
U
INA170 TEXAS
INSTRUMENTS 3
5BOS1930 www. ti.com

(..

)
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D.3.5 Shunt Resistor SR732ATBK1R00F
)hr: B L
o I: i o 1= i .
THICK FILM g 7
CURRENT SENSING CHP ¥/ . -'
£ . I| STRUCTURE
SR73 . re 7 1 Ceramic substrate
15 | 1
[ = i . 10 2 Top tamination (agpy
1 LV ] 3 Bottom terminztion &g
| [ R e 2 a & Resistive layer
Ve | 4 ] : 5 Glass layer
. 1 & Timming cut
-
H ’ 5. 8 7 Protactve layer
s " ‘ v & End terminstion
9 DIffuSkN barrier
E ‘ L IDE"TIF":\ATION 10 93|m[p|,51||]g L,
COATING
# &y . PRODUCT CODE s MARKING
. SA73 1E
* R SR731J (1%) i
SR73 14 [2%, 5 Ingo =
* " & RT3 25.W3R [7%, 5 9 I White 3 dgits Products with Ph-fres terminations
- SAT3 2A... W3 (0.5%, 1%) T Whilg, 4 dgits mest RoHS requirements
TYPE DESIGNATION (HOW TO ORDER})
SRT3 28 T ™ R475 F
PRODUCT CODE STILE TERMMATION TEPING NOMNAL TOLERANCE
1E. W3 SURFACE MATERIAL FESISTEHCE B: =054
T:5n D,F:4 digts FE=1% 'E
L Snifh , 2 dgi =2
A Pracss 168 TAFNIHI 4z 3 dgls i Eg
as
FEATURES DIMENSIONS {mm) %E
RUC, thick i resistar slamant : : : : H
AnB-BAENING NIk Lamer Tamireions LB bl O ] -
ﬂug}r?ﬁ&tﬂm&;umrm:ﬂ;rmﬁi M02 :  SATI 1E 10k 05 Bk ;o 025+04 0 025x00 035 =01 gi
Nmmm”mgfmwpfmd alectrodes In <28 24 0102, . 1000 W03 0 SATI A 1602 ¢ 08 ffF © 03501 - 035200 : 045 =01 H
Ratail amiblard tarnparatire: + 70° C 0805 :  SA73 2A 20+02 1 125201 ;04 +02 0 03 23 05 =01 &
Operating temperature range; - 55° G ... +150° C 1206 ©  SR73 °B D18 =02 : Lar b A5
Tha meet sultabia cument detacting raststor el o G 32502 oo D04 Ty H
To poiar SUpQIY, mator circufts ok, - —————— 05 £03 08 =01 EJ
Keal for usa v computers, HOD, caular phones, motor dreults et A0 - SATI WaM - S0+02 : 25 +02 - 08 =045 i
Suttable for reflow and wave soldering 2512 | SAT3 WIA  63=02 § 31 +02 : astirati 2%
Maots or ecsads EC 60 115-8, JIS C 5201-8 T = T By
Lab Kit avallabla * 5R73 2H and SRTS 34 are also sl awilable idfierent *d” dimensions = 0.4~ 55 mmi %g
RATING ) &
: | poWERH . MAX 1 MAX RESISTANGE RANGE
SIZE TYPE ‘TMI,.‘Q . RATING . OVERLOAD : . :
K} ] | VOLTAGE : D[=DS%)ESS-E24 & F [+1%) E0S-E24 6 (+0%) E24 J [£5%) E24
2 Cx 200 f R : = L 05 0~ 1008 0510100 0510~ 100
402 SRTATE = @00 s = T 020 -0ATQT | 020 0470 02¢1- 04702
: o |- B £
: = sop  CIERWITE v 1oarv - Todn-0Ead L dle-0iga | 0lo-08a
060 SA7a1d - = 200 02w THV 353V = —_0in- 100 010~ 100 016 - 104
; = 100 (R ETV [TV 0i0- 100 = =
: T+ 000 : 026W = = 01 G- 100 01 2 - 104
0805 : SRTA2A i app  jnawpz i 1RV a3y = = = T 050 62 - 0,051 11
T+ om0 _: : = = = T 003046 - 0.047
: T x 100 - 560 - 1062 Ti0-10a = : ==
: T 00t 033W - — oG- 100 [REVERTY
1206 1 SRT3ZB T eng o pswer - BV 454V = = = 05k 0 - 0,00 0
: T : = = == 00300 - 0051 0
; = 100 : = 010-100 — : =
: T 200 05W - = i0-100 T OMT - 100
120 ; SRTIZE T, opg omwrz @ 2BV o BSOY - = — Thosen - 004680
: T 000 : : 2 — == T 00240 - 0050
d ik 100 - 010 =108 ; 22
: Lok 200 = — 01G-10G0 014104
200 © SATSWEH 5y, 075w 273V B84V 5 = = TR T
: = so0_: = = — 003340 - 0,051 0
: Tz 100 : = i0-100 = : =
- : o= 200 , - — 010-100 - 0161040
2512 SATSW3A S on— TOW ey ey = = = 0056 0 - 0,000 0
: T = = = 700390 - 0.051

1,
2
Ll

Plesrza confact KOA ITthe part s ussd at marked, Incraased power.
SAT3 1E orly In E24 valies,

For restAoes operatad at an ambient tamperature of +707C or abave, he power rating shal be daratad,

fomidi vt R ——
Ratad woltage == PoMer 1aing x msktance value or ma. working sofage, whichasar 12 wear,

WON BROPE Gubl + Kadienbusch 6 « B-25578 Diyelny / ITZEADE « PHONE: +49 (00 48 21/60 85-0 « FAX: +49 (00 45 21,39 80 89 « mternet: wwrer.koaenrepe.de

26 Revizion: 10. Nov. 2006
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D.3.6 Voltage Reference REF3225

=11 [ REF3212, REF3220
o o nrmen REF3225 REF3230

REF3233, REF3240

4ppm/°C, 100uA, SOT23-6
SERIES VOLTAGE REFERENCE

FEATURES DESCRIPTION

® EXCELLENT SPECIFIED DRIFT The REF32xx is a very low drift, micropower, low-dropout,
PERFORMANCE: precision voltage reference family available in the tiny
Tppm/~C (max) at 0°C to +125°C S0T23-6 package.

20 f=C at —40-C to +125°C
ppm (max) o The small size and low power consumption (120pA max)

® MICROSIZE PACKAGE: S0T23-6 of the REF32xx make it ideal for portable and
® HIGH OUTPUT CURRENT: £10mA battery-powered applications. This reference is stable with
® HIGH ACCURACY: 0.01% =) any capacitive load.
® LOW QUIESCENT CURRENT: 100?(? The REF32xx can he operated from a supply as low as
® LOW DROPOUT: 5mV 5mV above the output voltage, under no foad conditions.
All models are specified for the wide temperature range of
=-40°C to +125°C.
APPLICATIONS
® PORTABLE EQUIPMENT AVAILABLE QUTPUT VOLTAGES
® DATA ACQUISITION SYSTEMS PRODUCT VOLTAGE
@ MEDICAL EQUIPMENT REF3212 1.25V
® TEST EQUIPMENT REF3220 2.048Y
REF3225 25V
REF3220 3.0V
G REF3212 EF323 5
MD_F E Aite E OUT_F R:F 233 3_3\;
GND_S E g_ggggg El ouT S REF3Z40 4.058V
REF3233
BuslE [3] meraam 4] W

Flease be awars that an important notice concerning availabilty, standard warranty, and use in critical applications of Texas Instruments
semiconductor products and disclaimers thereto appears at the end of this data sheet.
All frademarks are the property of their respective cwners.

PRODUCTION DATA is ourrent as of p date. Products Copyright @ 2005-2006, Texas Instruments Incorporated
copdom bo apacifcatiors par tha tarma of Taxan irs Tumerts stadard warrarty
P g doan pot ¥ incheds sesting of Al paramaten IN; RUMENTS
www ti.com
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REF3212, REF3220
REF3225, REF 3230

¢ TeExAs

INSTRUMENTS
HEF3233, HEF&\ZW www_ti.com
SBVSD58B -JUNE 2005 - REVISED FEERUARY 2008
ABSOLUTE MAXIMUM RF\TlNGS“] ‘ This integrated gircuit can be damagad by ESD. Texas

Inpot Mollage . in sl st st i s e F L
Output Short-Circuit ..o oo oc e cev s e s e oo - -« CONRINUDUS
Operatng Temperature .. ... ... .. —55PC 0 +135°C
Storage Temperature - ... .. ooliiiiiciceis e —OPC o $150°C

Junchon Temperature _ ..o oLoioiiiiuiiocaocicieoeeoo: +1E0PC
ESD Rating
Human Body Modef. .o o000 i i e 4k
Charged Deviee Model 1k

. 400V

MachieWeeled .oy o o — s s e

(1] Strecses sbove these ratings may cause pemmanent damaps. Exposure
to absolute manimum conditions for extended periods may degrade
device refabilty. These are sress ratings enly, and functional cperation of
the device at these or any other conditons beyond those specified is not
implied.

PACKAGE/ORDERING INFORMATIONI(1)

iﬁ. 4 instruments recommends that all integrated circuits oe
handled with appropriste precautions. Failure to observe
proper handling and installafion procedures can cause damages

ESO damage can range from subtie perfformance degradation fo
complete device failure. Precision integrated circuits may be mors
zusceplinle to damage becauss very small parametric changes could
cause the device not fo meet its published specfications.

PRODUCT CQUTPUT VOLTAGE PACKAGE-LEAD PACKAGE DESIGNATOR PACKAGE MARKING
REF222 1.265¢ SOT23-46 ey R3z2a
REFTZM 2048y S0T23-8 ey R328
REF3225 57 sSOT23-8 DBy R32C
REFIZID am SOT23-6 Dev R32D
REFI2I2 23w SOTINE oev RI2E
QEFI240 4 098y SOTX-E DBy R32F

{1} For the most current package and ordering information. see the Package Option Addendum at the end of this document, or see the Tl website at wweti.com,

PIN CONFIGURATION

Top View

50723

GNO_F [1]
anp_s [ 2]
ENgBLE [3]

XZ¢d

NOTE: The location of pin 1 on the REF32x = determined by oriznting the package marking as shown in the diagram abowe.
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Texas
INSTRUMENTS

wnw_fi_com

REF3212,REF3220
REF3225,REF3230
REF3233,REF3240

SBVEN5EB ~JUNE 2005 - REVISED FEBRUARY 2008

ELECTRICAL CHARACTERISTICS

Boldface limits apply over the listed temperaturs range.
At Ta =+28°C. Iinap = OmA, and Vi = 5Y, unless otherwise noted.

REF22xx
PARAMETER CONDITIONS MIN TYP MAx UmNIT
REF3212 (1.25V)
QUTPUT VOLTAGE, Vour 1.2475 125 1.2525 ¥
Initia! Acouracy -0:2 oo 0.z %
NOISE
Cutput Voltage Mose f=0.1Hz ip 10Hz 17 pVpp
Violtage Moise f= 10Hz to 10kHz 24 WWrns
REF3220 (2.048V)
OUTPUT VOLTAGE, Vour 2044 2048 2052 v
Initial Acouracy -0:2 oot 0.z %
NOISE
Dutput Voltage MNose f=0.1Hz to 10Hz ar KVpp
Violtage Moise f=10Hz to 10kHz 30 WWrns
REF3225 (2.5V)
OUTPUT VOLTAGE, Voyr 2403 250 2.508 v
Inital Acouracy -0z oo 0z %
NOISE
Curtput Voltage Mose f=0.1Hz to 10Hz 33 pVpp
“ioltage Moise f=10Hz to 10kHz 48 WWaps
REF3230 (3V)
OUTPUT VOLTAGE, Vour 2004 3 v
Inital Accuracy -2 oot %
NOISE
Cutput Veliage Mose f=01Hz to 10Hz 30 KVep
‘olitage Moize f=10Hz 1o 10kHz a7 VR
REF3233 (3.3V)
QUTPUT VOLTAGE, Vour 3.203 33 3.207 v
Initia! Acouracy 2 ouod 0.2 i
NOISE
Cutput Voltags MNose f=0.1Hz to 10Hz 43 WWep
Violtage Moise f= 10Hz o 10kHz B3 W RS
REF3240 (4.096Y)
OUTPUT VOLTAGE, Vour 4.083 4.086 4704 v
Inita! Aczuracy -02 0ot 02 %
NOISE
Tutput Violiage Noise f=01Hz o 10Hz 53 HVep
oltage Moizs f=10Hz to 10kHz T8 W RS
3
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REF3212,REF3220 &
REF3225, REF 3230 INETEXAS
HEF3233, HEF&\Z&D www_ti.com
SBVSD58B -JUNE 2005 - REVISED FEERUARY 2008
ELECTRICAL CHARACTERISTICS (continued)
Boldface limits apply over the listed temperature range.
At Te =+25°C. I pan = 0mA. and VWi = 5V, unless otherwise noted.
REF32xx
PARAMETER CONDITIONS MIN | TYP | MAX UNIT
REF3212 / REF3220 | REF3225 | REF3230 / REF3233 | REF3240
CUTPUT VOLTAGE TEMF DRIFT Vg dT
0°C = Ty =+125°C 4 7 ppmi'C
—-40°C = Ty = H125°C 10.5 20 ppmi°C
LONG-TERM STABILITY
0 to 000K 55 ppm
LINE REGULATION Vour + 0.0501= Vpy = 5.5V -85 15 +85 ppmdy
LOAD REGULATION Vol g
Sourcing O = | can = 10md, Vi =Voyr + 250myiT) -40 3 40 P
Sinking ~10mA < I man < 0mé, Vi = Vipur + 100mii 1) -60 a0 ] PimA
THERMAL HYSTERESIS(2) a7
First cycle 100 ppm
Additional cycles 5 ppm
DROPOUT VOLTAGE( VinVouT 0°C = Ty = +125°C 3 50 my
OUTPUT CURRENT ILoan Vi = Vour + 250miit) -10 10 md,
SHORT-CIRCUIT CURRENT lzo
Sourcng 50 ma,
Sinking 40 A
TURN-OM SETTLING TIME 1o 0.1% at Vg = BV with C =D ao us
ENABLEISHUTDOWMN
W Refarence in Shutdown mods [ o7 W
Vi Reference s actwe D75 xVIN Vin W
FOWER SUPPLY I.=0
Violtage Vi WouT+ 0050 55 W
Current Ia ENABLE > 0.75x Wiy 100 120 A
Orver-temperature 0°C = Ty =+125°C 13 135 uh
Shutdown Iz ENABLE = 0.TW 0.1 1 TR
TEMPERATURE RANGE
Specied —40 +128 €<
Operatng -85 +138 °C
Storage -B5 +150 %%
Thermal resistance, S0T23-6 Az 200 “CIW

(1} The minimum supply voltage for the REF3212is 1.8V,
|:2:| Thermal hysteresis procedurs is explained in more detail in the Applications Information section.
2} Load regulation is using force and sense lines; see the Load Reguisfion section for more information

(..)
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D.3.7 Operational Amplifier OPA333

‘:::?::‘anlft:fuu::nﬁ @ ‘;':? OP A333
o OPA2333

SBOS331C—MARCH 2006—REVISED MAY 2007

1.8V, microPOWER
CMOS OPERATIONAL AMPLIFIERS

Zero-Drift Series
DESCRIPTION

FEATURES

s« LOW OFFSET VOLTAGE: 10pV (max)

ZERO DRIFT: 0.05uV/°C (max)
0.01Hz to 10Hz NOISE: 1.1uVep
QUIESCENT CURRENT: 17pA
SINGLE-SUPPLY OPERATION
SUPPLY VOLTAGE: 1.8V to 5.5V
RAIL-TO-RAIL INPUT/OUTPUT

The OPA333 series of CMOS operational amplifiers
uses a proprietary auto-calibration technique to
simultaneously provide very low offset voltage (10pY
max) and near-zero drift over time and temperature.
These miniature, high-precision, low quescent
current amplifiers offer high-impedance inputs that
have a common-mode range 100mY beyond the rails
and rail-to-rail output that swings within 50mV of the
rails. Single or dual supplies as low as +1.8Y (0.9V)
and up to +5.5V (¥2 75V} may be used. They are

microSIZE PACKAGES: SC70 and SOT23
optimized for low-voltage, single-supply operation.

APPLICATIONS The OPA333 family offers excellent CMRR without
« TRANSDUCER APPLICATIONS the crossover associated with  traditional

« TEMPERATURE MEASUREMENTS complementary input stages. This design results in

+ ELECTRONIC SCALES superior performance for driving analog-to-digital
+ MEDICAL INSTRUMENTATION converters (ADCs) without degradation of differential

« BATTERY-POWERED INSTRUMENTS linearity.

The OPA333 (single version) is available in the
o HANOHELITESE EQUIEICNT 5C70-5, S50T23-5, and SO-8 packages. The

OPA2333 (dual version) is offerad in DFN-8 {3mm x
3mm), MSOP-8, and SO-8 packages. All versions
are specified for operation from —40°C to +125°C.

0.1Hz TO 10Hz NOISE OPASR
T

our [1] a
9 EES_E .

807235

0PI

5000\ idiv

w[ih =i
L

s sc705

B nivnieninndoi v e i

t Please be awars that an important notice concerning availability, standard warranty, and use in crtical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

:ac:u: 1oH DATA Information 15 cument a5 of p.b cation date. Copyright & 2008-2007, Texas Instruments incorporated
onfo b Gpe 2ncac:>15 r the berms of the Tekas

151 J"I'E'"I'E siandard warranty. Froduction processing does nat

nEceseanty inciude testing of 3 paranwders.
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OPA333
OPA2333

SBOS3IS1C-MARCH 2006 -REVISED MAY 2007

TEXAS
INSTRUMENTS

www.fi.com

This integrated circuit can be damaged by ES0. Texas Instruments recommends that all integrated circuits be handied with
appropriste precautions. Failure to observe proper handling and installation procedures can cause damage.

ii * ES0 damage can range from subtle perfformance degradation to complete dewvice failure. Precision integrated circuits may be
more susceptible to damage because very small parametric changss ceould cause the device not to mest its published

specifications.

ORDERING INFORMATION"

PRODUCT PACKAGE-LEAD PACKAGE DESIGNATOR PACKAGE MARKING
50T23-5 oBv CAXG
OPA333 SCT0-5 DOCK BaY
50-3 o 03334
50-3 o 023334
OPAZ2333 DFN-2 DRB BQZ
MSoP-8 DGK OBAG

(1} For the most current package and ordering information see the Packages Option Addendum at the end of this document. or sze the TI

web site at www ti.com.

ABSOLUTE MAXIMUM RATINGS!!

OPA333, OPAZI33 UNIT

Supply Vaoliage +7 W
Signal Input Temminals. '-u"ni[age'?' —D3ftc(V++ 03 W
Signal Input Terminals, Vn!tagelz:' +10 mé,
Output Shart—ciru_li‘.':z:' Confinuous
‘Dperating Temperature —20 %0 +150 =
Storage Temperaturs —85 o +150 b 53
Junction Temperature +150 b =3
ESD Ratings

Human Body Model (HEM) 4000 W

Charged Device Model {COM) 1000 W

Machine Model (MM 400 W

(1} Stresses above these ratings may cause permanent camage. Exposure to absalute mazimum conditions for extended perinds may
degrade device refiability. These are siress ratings only, and functional coesration of the device at these or any other conditions beyond

those specified is not supported.

{2} Input terminals are dicde-clampad to the power-supoly rails. Input signals that can swing more than 0.3V beyend the supply rails should

be current limited to 10mA or les
(3} Shortcircuit to ground, one amplifier per package.

Submit Documentation Feedback
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OPA333
OPA2333

SBOS331C-MARCH 2006—REVISED MAY 2007

ELECTRICAL CHARACTERISTICS: Vg = +1.8V to +5.5V

Boldface limits apply over the specified temperature range, T, = —40°C to +125°C.
At T, =+25°C, Ry = 10k connected to Vo/2, Vo, = Vo2, and V- = VoJ/2, unless otherwise noted.

OPA333. OPA2333
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Input Offset Voltage Vos Vg = +5V 2 10 pv
vs Temperature dVygidT 0oz 0.05 pvRc
vs Power Supply PSRR Vg =+1.8V to +3.3V 1 3 v
Long-Term Stabiiity'™ See M
Channel Separation, do 0.1 Py
INPUT BIAS CURRENT
Input Bias Cumrent g =7 +200 p&
over Temperature +150 pA
Input Offset Current los +140 +400 P&
NOISE
Input Voftage Moise, f = 0.01Hz to 1Hz 03 Wee
Input Voltage Noise, f = 0.1Hz to 10Hz 11 WWep
Input Current Moiss, f = 10Hz i 100 fANAZ
INPUT VOLTAGE RANGE
Commaon-Mode Voltage Range Wim { (V=) + 01 v
Common-Mode Rejection Ratio CMRR (V=) = DAV = Vgy = (V4] + 01V 108 130 dg
INPUT CAPACITANCE
Differential 2 oF
Commen-Mode 4 pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain P L Rt “‘;D“g":‘ = HmVRy = 105 130 4B
FREGQUENCY RESPONSE
Gain-Bandwidth Product GEW Gy = 100pF 350 kHz
Slew Rate ER G=+ e AT
QUTFUT
Voltage Output Swing from Rail Ry = 10k 0 a0 my
over Temperature R =10k Kl my
Short-Circuit Current =n +5 mA
Capaciive Load Drive (o) Ses Typical Characteristics
Cpen-Loop Qutput Impedance f=350kHz, lo=0 2 kil
POWER SUPPLY
Specified Vioifage Range ¥, a 55 §
Quiescent Current Per Amplifier lg =0 T 25 P
over Temperature 28 pa
Tum-Cn Time [ = +5V 100 us
TEMFERATURE RANGE
Specified Rangs - b+
Operating Fange -2 1+
Stcrage Range -3 P©
Thermal Resistance Bus Lot
507235 200 “Ch
MEO0P-8, 50-3 160 “Chw
DFMN-E 50 L)
SCT0-5 250 “Chw
(1) 300-hour life test at +150°C demonstrated randomty distnbuted vanation of approximately 1pW
Submit Documentation Feedback 3
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OPA333
OPA2333 TEXAS
INSTRUMENTS
SB08351C—MARCH 2006—REVISED MAY 2007 S
PIN CONFIGURATIONS
OPA333 OPA333 OPA333
50T23-5 s0-8 SCT0-5
Top View Top View Top View
out[1 — s Jw N Eﬁ B a1 5 s |w
v-[2] A N E Z| Ve \- E}b
N[ — —E N HN [:1>LE our mE L 4 |our

OPA2333 OPA2333
S0-8, MSOP-8 DFN-8
Top View Top View
v}
O””‘E—ﬁ EV' oural ! s 1 v
S Exposs I ==
a2 | 7 Jours malz !l Tems 7 |ours
ﬂ =<'| DiePad | =<
HNA | AI'E"“B HNA|3 i on ﬂi.‘s NE
V'E E”NB Ve T',IL - mj:;_ HNE

1. NC denotes no intemal connection.

2. Connect thermal die pad to V-.

(..)
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D.3.8 Low-Dropout Voltage Regulator TPS79333

b TEXAS

S

C RN

TPS79301, TPS79318, TPS79325
TPS79328, TPS?93235 TPS79330

INSTRUMENTS | TPS79333, TPS?'934?5
MJaISme
\\ caaommammm pmn-ma):umm
__ SLVS348C — JULY 2001 - REVISED APRIL 2002
ULTRALOW-NOISE, HIGH PSRR, FAST RF 200-mA
LOW-DROPOUT LINEAR REGULATORS

FEATURES DESCRIPTION
& 200-mA Low-Dropout Regulator With EN The TPST93xx family of low-dropout (LDO) low-power
® Available in 1.8-V, 2.5.V, 2.8.V, 2.85.V, 3.V, lingar voltage regulators features high power supply
3.3.V, 4.75.V, and Adjustable rejection ratio (PSRR), ultralow noise, fast start-up, and
e : excellent line and load transient responses in a small
* g PSRE !?‘I] dB at 10 kHz) outline, SOT23, package. Each device in the family is
® Ultralow Noise (32 uV) stable, with a small 2.2-uF ceramic capacitor on the
® Fast Start-Up Time (50 ps) output. The TPS793xx family uses an advancad,
® Stable With a 2.2.uF Ceramic Capacitor proprietary BICMOS fabrication process to yield
: . extremely low dropout voltages (e.g., 112 mV at 200
® Exceflatl onr/ling T mA, TPS79330). Each device achieves fast start-up
® Very Low Dropout Voltage times (approximately 50 us with a 0.001-pF bypass
(112 mV at Full Load, TPS79330) capacitor) while consuming very low quiescent current

® 5Pin SOT23 (DBV) Package

APPLICATIONS

A

Adjustable Option

Texas Instruments semiconductor products and disclaimers

SBlustzoth is a rademark owned by Blustooth SIG. Inc.

Please be aware that an important notice concerning av

{170 pA typical). Moreover, when the device is placed
in standby mode, the supply current is reduced to less
than 1 pA The TPST9328 exhibits approximately 32
UWWRms of output voltage noise with a 0.1-uF bypass

Cellular and Cordless Telephones capacitor. Applications with analog components that
VCOs are noise sensitive, such as portable RF electronics,
RF benefit from the high PSRR and low-noise features as
Bluetooth™, Wireless LAN well as the fast response time.
Handheld Organizers, PDA
DBV PACKAGE TP573328 TPST3328
(TOF VIEW) RIFFLE REJECTION OUTFUT SPECTRAL NOISE DENSITY
Vs vs
m 4+ s our FREGUENCY . FREQUENCY
100 n 03
GND [] 2 i Lz V=38V
= pa2s Co=22pF
EN [}z 4 BYPASS s 2 \ Sityp) = 0.1 4F
2 70 e . - \\
Fixed Option 3 My ] F o0z y
2 & TN § N
DBV PACKAGE ;‘} s A AN PR ; :
(TGP VIEW) o L I RN TN H | Ig=1tmA
§ °[[ o-nm Ny : s
. 30 w4 ' N B T LI
W[ 1 spliour S L AL ) i Q=2 mA
Vi
enol |2 5[ es 2k é'o.eliﬂg al HH ¥ M8
.| CibypymponeE =
a i &
EN|: 3 4 :I BYERSS gl 100 1K 10k 10k 1M 0 M ['.D. 1k Dy 100
- Fraguency — Hz T - Frequency —Hz

ailability, standard warranty, and use in crtical spplications of
thereie appears at the end of this data sheet.

PROCUCTION DATA Information ks cument as of
Prochucts conform {o specHeations per the bems of Texes Inslruments
standard waranly. Production procesing coes not neceesarlly Includs
testing of al paramelers.

lition date.

{; TEXAS
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TPS79301, TPS79318, TPS79325
TPS79328, TPS793285, TPS79330
TPS79333, TPS793475

SIVEIEC — JULY 2001 — REVISED APRIL 2002

AVAILABLE GPTICNS

Ty VOLTAGE | PACKAGE PART NUMBER SYMBOL
1.2t 55V TPS7830108VRT PGVI
1.8 Tes7aaanevRT PHHI
25V TPE7E3250EVRT PGWI
R 2.8V 50723 TPE703280BVRT PEXI
25V (DBV) TP578328508VRT PHII
iy TRE7033008VRT PGY|
33V TPSTEa33208vRT PHUI
475V TP5T83475D8VRT EH

T The DBVR indicates tape and reel of 3000 parts.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)I

Input voltage range (see Note 1) . . -03VtobY
Voltage range at EN .. L D3Vt +03V
Volage on OU T L e e -03VtobV
Peak outplst CUMMENE . . . . L. e ettt e et et e e e internally limited
ESErating. FIBIM -0 2 ol et Sl e 0 e s R e el S e B i S S i S i 2kV
ESD-rating, GEIN &b i it s e i s i i i i S R e R S S e 500V
Continuous total power dissipation ... ... .. ... ... See Dissipation Rating Table
Operating virtual junction temperature range, T ..o .o —40°C to 150°C
Operating ambient temperature range, Ta ..o .o i e —40°C to 85°C
Storage temperature range; Tatg - oo imeiin s s e s i s b s B e e —65°C to 160°C

¥ Stresses bayond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond thoss indicated under “recommendad cperating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabilty.

MOTE 1: Al voliage values are with respect to network ground terminal.

DISSIPATION RATING TAELE

DERATING FACTOR Tp £ 25°C Tp = 70°C Tp, = 85°C
BOARD  PACKAGE Reuc Resa RBOVE Tp =25°C  POWER RATING POWER RATING POWER RATING
Low K DBV 8375°CAN 258 °CIW 3.908 MG 361 MW 215 mW 156 mW
Hign KT Dav 8375°C/W 1783 CIW 5608 mWEC 561 MW 205 mW 224 mW

5 The JEDEC low K {1s) board design used to denve this data was a 3-inch x 2-inch, two layer board with 2 ounce copper traces on top of the board.
T The JEDEC high K {2s2p}) beard design used to derive this data was a 3-inch x 3-inch, multilayer board with 1 ounce internal power and ground
planes and 2 ounce copper traces on top and bottom of the board.

TEXAS
INSTRUMENTS

www ti.com

&)

Ref.: S3_Phase_B-C_1-3_ADCS_Magnetotorquers.doc




<~ Issue :1 Rev : 3
Date :13/01/2008

Su,u'oo Page :106 of 107

TPS79301, TPS79318, TPS79325
TPS79328, TPS793285, TPS79330
TPS79333, TPS793475

SLVSMEC - JULY 2001 — REVISED APRIL 2002

electrical characteristics over recommended operating free-air temperature range EN = V|,
Tj=-40t0125°C, V| =Voyp) + 1 V.Ig =1 mA, C,=10pF, C(pyyp) =0.01 pF (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V| Input voitage {see Mote Z) 27 5.5 W
I Continuous output current (see Note 3) o 200 md
TJ  Operating juncton temperature =40 125 =
_ 0 pA< g < 200 mA, 122V eV, S52 Y, -
PS78 X : R RN 102
TPST78301 [see Note 4 ) 0.93 Vg 02 Vg W
Ty=25°C 1.8
TPSTE218 = = W
0 pAL g = 200 mA, 2B8V=Vj<55Y 1.764 1.838
Srrga | HEEE 25 5
ST | 0pss g = 200 mA, 35V eV <55V 248 2.55
TJa=25C 28
TPSTO228 — = W
AT Oph= g = 200 mA, 1BV =58Y 2.744 2.858
. il
utpat yallage Ty=25C Z 85
TPSTE23285 = ——— = = W
0 pA< Ig < 200 mA, 185V =V =55V 2783 2.807
TPE70220 L G 2 v
T 0 pA< I < 200 mA, AV <268V 284 3.06
Ta=25°C i3
TPS7E233 = = T W
O ph s o = 200 mA, 43V=\V =55V 3.234 3.368
Ta=25°C 475
TPETEI4TE = = = v
0 phs b < 200 ma, 5AEV <V <55V 4 658 4.845
: 0 pA< g = 200 mA. Ty=25C 170 (1
Tieseent curent (GND current)
0 phs b < 200 ma 220 (1
Load regulation O s lg = 200 méA, Tj=28°C 5 my’
Dutput valtage line regulation (AV oV o) Vg+iIWaVs88Y, T =28¢C 0.0s -
{see Note 5] Vog+iW=sW 255V .12 -
Cbyp) = 0.001 uF 55
. BW = 200 Hz to 100 kHz. | C{byp) = 0.0047 pF 36
Dutput mi rott TPS72328) 4 VEMS
Juiput noise voltags | ¥ Ig=200mA, Tj=25°C Ciioyp) = 007 uF 23 BVRERMS
Cipyp) = 0.1 pF 3z
Cipyp) =0.001 uF 50
Time. start-up (TPS78328) Hp =144 c::p = 0.0047 uF 70 P
TR m Co=1pF  Ty=25C ILYE)
Cibyp) =001 pF 100
Ctput current Bmit Yo=0V See bote & 285 800 s

Standby current EN=0V, TVaV|<88V 0.07 i (Y
High leve! enable input voltage 27V <55V 2 W
Low level enable input voltage 27VWeVy<bhV 0.7 W
Input current (EM} EN=0 -1 1 A
Input current (FB) (TPS72301) FE=18V 1 [y

MOTEZ: 2. To calculate the minimum input voltage for your maximum output current, use the following formula:
Wil 1= Voimax) + Voo (max load)
3. Continuous output current and operating junction temperature are limited by internal protection circuitry, butitis not recommeanded
that the device operate under conditions beyond those specified in this table for extended perods of ime.
4. The minimum Ik operating voltage is 2.7V or‘-;':;{;:_ y# 1V, whichever is greater. The maximum [N vottage is 5.5 V. The maximum
output current is 200 mA.
KV 228V then Vjmin = 27V, Vjmay = 5.5V

on

VoV - 27V
O\ "imax ' 1000

100
Vg 2 2.5 ¥ then Vimin = Vg # 1 V. Vimay = 5.5 Y.

Line Reg. (mV} = [%/V] x

‘@ Texas

INSTRUMENTS

www . ti.com 2
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TPS79301, TPS79318, TPS79325
TPS79328, TPS793285, TPS79330
TPS79333, TPS793475

SIVEIEC — JULY 2001 — REVISED APRIL 2002

electrical characteristics over recommended operating free-air temperature range EN =V,
Ty=-4010125°C, V| =Vg(iyp + 1 V. Ig=1mA, C, =10 UF, C(pyp)=0.01 uF (unless otherwise noted)

(continued)
PARAMETER TEST CONDITIONS MIN  TYP MAX | umIT
f=100Hz. T3=25C. I1g=10mA 70
f=100 Hz, Ty=25°C, lIg=200mA g8
Power supply ripple reiection | TPS79328 = 2] 2 48
f=10kHz, Ty=25°C Ig =200 mA 70
f=100 kHz, Ty =25 lg =200 mA 43
e lg =200 mA, Ty=25C 120
o Ig = 200 mA 200
g =200 m&, T)=25C 120
TPS723285 my
g = 200 mA 200
I =200 mé, T)=25C 112
Dropout voltage (see Mote 8) TPS74330
lg =200 mA 200
s lg =200 mA, T)=25°C 102 =
it Ig =200 mA wo| ™
Ig = 200 mA, T)=25°C 77
TPET03475 m\y
lg = 200 mé 125
UWLG threshald Vo rising 2.25 2.85 W
LWL hysteresis T =25°C Voo rising 100 my

NOTE &2 IN voltage equals Violtyp)— 100 mV; The TPSTE325 dropout voliages is Bmited by the input voltags rangs imitations

TEXAS
INSTRUMENTS
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