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Bluetooth Enabled DC Power Supply

ÅProduct/Project Description

Enclosed variable DC switch mode bench power supply with backlit LCD which 
displays output voltage and current. Wireless Bluetooth controlled. Use computer 
interface to adjust output and log measurements.

ÅKey Features and/or Operating Modes

ÅFull digital control

ÅAdjustable outputs: 0-30V and 0-1A

ÅHigh resolution 7mV/0.1mA

ÅLow ripple and output noise

ÅLED digit display

ÅOver Voltage Protection, Over Current Protection, Over Temperature Protection

ÅBluetooth and USB connectivity

ÅKey Differentiating Performance(s)

ÅBluetooth enabled which can use PC or mobile devices for control and display

ÅPortable form factor

ÅAbility to run voltage ranges to test tolerances in test circuits



ÅBasic Block Diagram including External Interfaces, User Interfaces and Power 
Source(s)

1. Communications
2. Sensors and Display
3. Microcontroller
4. AC-DC Power Conversion
5. DC-DC Power Conversion

ÅJustify:  Why is this a good project for your team?  Matches Team Skills, Tools, 
Special Components, etc.

It is a good project for the team because it uses skills from each member that is unique 
to them. These skills include software design, robotics and microcontrollers, physics, 
and power electronics. This project also covers a wide range of electrical engineering 
concepts which makes it a good learning experience for the members.
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Block Diagram Description Table

Block # Block Name Owner
Brief Description

Of Block Function

Power

Interfaces

Digital

Interfaces

Analog

Interfaces

1 Communication Jason
User interface and serial 

communication between PC and 

microcontroller

In: 3.3VDC In/Out: RF, TTL

2
Sensors and 

Display
Eric

Measure and display current and 

voltage.

In: 5VDC & 

3.3VDC

In: DIO

Out: Voltage, 

Current through 

ADC

In: Voltage, 

Current

3 Microcontroller Trevin
Interfacing between user inputs, 

control algorithms and output 

display.

In: 3.3VDC
In: TTL

Out: PWM, DIO

In: Voltage, 

Current 

measurement

4
AC ïDC Power 

Conversion
Justen

Converts Commercial AC Power 

to 3.3VDC, supplies 50VDC bus 

and provides filtering and Power 

Factor Conversion.

In: 120VAC

Out: 35VDC

In: Power Grid

Out: DC 

voltage bus

5
DC ïDC Power 

Conversion
Broc

Regulates user-selected DC 

voltage and provides load 

protection.

In: 35VDC

Out: 0-30VDC;

5VDC; 3.3VDC

Out: PWM

In: DC voltage 

bus

Out: Output 

DC voltage
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System Level Requirements Slides

Elaborate & Quantify Project Requirements
·Performance Requirements

·70% Efficiency, minimum

·Output Voltage Supply

· Full 0-30VDC range (+/-) 1%

· 1mV user input resolution

· 10mVPP output ripple

·Output Current

· 0-1ADC

· Over current protection, limiting output current to Userôs specification (+/-)25mA 

· Interfacing: User-friendly (large buttons, display, ect.)

·AC/DC Conversion

· 35V (+/-) 5% (DC Bus subject to change upon further DC-DC calculations)

· 95%MIN EMI filtering as not to contaminate power grid

· Transient voltage spike protection up to 1kV

· Integrated Chip Power Supply: 3.3VDC (+/-)0.2V
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·Standard Requirements
·Bluetooth data communication with integrated USB backup

·Temperature Range: 0-40ÁC

·Humidity Range: 0-90%

·Maximum Power Consumption: 70W

·Portable sized: 360in3 maximum

· Input Voltage: 120VAC (+10%/-15%)

·Output characteristics display 

· LED display 

· Resolution to three digits (+/-)0.5% of actual voltage and current

·Log voltage and current history 

· Sampling rate of 100Hz 

· Duration of 24 hours 

· Export to Excel spreadsheet(s)

·Electrical isolation in two different areas (AD-DC and DC-DC converters)

System Level Requirements Slides

Elaborate & Quantify Project Requirements
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Estimations
2nd Week Estimation End of Semester

Man-hours: 600 ~750 hours

Materials: $250 $420

·~2% for design

·~86% for detailed design

·~2% for verification

·~10% for documentation



Project Basic Business Case

·Estimated Average Product Selling Price (ASP$): $125

·Estimated Annual Product Sales Volume in Units: 2000

·Estimated Per Unit Cost of all Parts & Materials @ above volume: $55

·Estimated Per Unit Cost of all Assembly, Test & Mfg @ above volume: $20

·Estimated Total Development Cost in $ incl Labor & Material: $250,000
(In this class we will assume 1 Hr of Eng = ~$150)

· Calculate the Annual Sales Revenue $ = ASP$ * Annual Volume = $250,000

· Calculate the Annual Var Costs $ = (Unit Material $ + Mfg $) * Annual Volume = $150,000

· Calculate the Per Unit CM$ = ASP$ ï(Unit Material $ + Mfg $) = $50

· Calculate the CM% = Per Unit CM$/ASP$ = 40%

· Calculate the Annual CM$ = Unit CM $ * Volume = Annual Sales $ - Annual Var Costs $ = $100,000

· Calculate the ROI (Return on Investment) Time in Years = EstDev Cost $/Annual CM$= 2.5 Years

Inputs

Outputs
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Competitors

·Competitors

·Average List Price

·Market Geography

·Market Demography

·Intended Application

Requirement Units to Specify
·ProTek P6035

·$375

·World -Wide

·Engineers& Technicians

·Commercial

Programmable 0 to 32V @

0 to 5Amp DC with USB Interface



Ethics Considerations

ÅQuality and Safety 

ÅShock hazard

ÅAdequate Verification and Validation

ÅNot a PE-Certified project

ÅEnsuring legal compliance 

ÅCE/UL certification

ÅTreatment of confidential or proprietary information 

ÅConsideration of the employerôs assets 

ÅRelationships; clients, consultants, competitors, and contractors 

ÅEnvironmental Damage

ÅPower consumption / efficiency

ÅOutside employment/business activities

ÅOvercharging for product

ÅUnderpaying employees
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Power Control Circuit for Improving Power Application and 

Control

·U.S. Patent Number 5,528,485

·June 18th, 1996

·Different technology for its programmability and feedback control

Pulse Width Modulator for Switch Mode Power Supply

·U.S. Patent Number 5,474,579

·December 12th, 1995

·Transformer to isolate instead of opto-isolator

·Digital analog converter for reference voltage

Digital Control Circuit for Switching Power Supply with Serial 

Data Input
·U.S. Patent Number 7,492,139

·February 17th, 2009

·The switching operation for measuring the voltage and current parameters 

integrates differently into the feedback of the output.
14



Ethical/Societal Issues

·Electrical Shock from AC or DC Power

·Short Circuit Protection

·Fuse

·Loss of Control Communication

·Safety shutoff from a loss in communications
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Electro-Static Discharge Susceptibility

·Mitigation Design/Devices/Materials/Packaging

·Metal enclosure that is grounded and isolated from circuit board

·Affected Blocks by Name & Number

· Bluetooth #1

· Sensors and Display #2

·Microcontroller #3

· DC/DC Regulation #5

·Test(s) Required to Verify Protection

· 61000-4-2 EMC Part 4: Test/measurement techniques - Section 2: ESD 
immunity tests

· 61000-4-1 EMC Part 4: Test/measurement techniques - Section 1: Overview of 
immunity tests

16



Interference with Other Electronic Systems
·Mitigation Design/Devices/Materials/Packaging

· Bluetooth operates on specific reserved frequencies

· EMI from Transformers and switching frequencies shielded by enclosure

· Affected Blocks by Name & Number

· Bluetooth #1

·Microcontroller #3

· DC/DC Regulation #5

· AC/DC Conversion #4

· Test(s) Required to Verify Protection

· 61000-4-3 EMC Part 4: Test/measurement techniques - Section 3: Radiated 

radiofrequency immunity tests

· 61000-4-6 EMC Part 4: Test/measurement techniques - Section 6: Conducted 

radiofrequency immunity tests
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Poor Incoming AC Power Quality 

Susceptibility

·Mitigation Design/Devices/Materials/Packaging

· Design for spikes and dips in voltages

·Filtering AC signal anomalies 

·Affected Blocks by Name & Number

· AC/DC Conversion #4

·Test(s) Required to Verify Protection

· 61000-4-5 EMC Part 4: Test/measurement techniques - Section 5: 

Surge immunity tests

·61000-4-11EMC Part 4: Test/measurement techniques - Section 11: 

Voltage dips, short interruptions and variations
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Electric Shock

· Applicability, If not why?

· Yes

·Mitigation Design/Devices/Materials/Packaging

· Recessed output ports with insulator covers

· Current limited output

· Insulated exposed cables and wires

· Affected Blocks by Name & Number

· DC/DC Regulation #5

· AC/DC Conversion #4

· Sensors and Display #2

· Test(s) Required to Verify Protection

· UL 1977 Component Connectors for Use in Data, Signal, Control and Power 

Applications

· UL 1244 Electrical and Electronic Measuring and Testing Equipment

·Warning Label
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Harmful Levels of Output Energy

·Applicability, If not why?

· Yes

·Mitigation Design/Devices/Materials/Packaging

· Current and Voltage limited output

· Shielding 

·Affected Blocks by Name & Number

· DC/DC Regulation #5

·Test(s) Required to Verify Protection

· UL 1077 Supplementary Protectors for Use in Electrical Equipment

· UL 1283 Electromagnetic Interference Filters

·Warning Label
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Unsafe Single Point/Device 

Failures
·Applicability, If not why?

· yes

·Mitigation Design/Devices/Materials/Packaging

· input and output fuse shuts off power

· Software failure protected by hardware safety backups

·Affected Blocks by Name & Number

· DC/DC Regulation #5

· Bluetooth #1

·Microcontroller #3

·Test(s) Required to Verify Protection

· UL 1998 Software in Programmable Components

· UL 1053 Standard for Safety for Ground-Fault Sensing and Relaying 

Equipment
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Abusive or Unknowing Users 

Including Children

·Applicability, If not why? 

· Yes

·Mitigation Design/Devices/Materials/Packaging

· Design enclosure to be difficult to remove unintentionally

· Recessed output ports with insulator covers

·Affected Blocks by Name & Number

· DC/DC Regulation #5

· AC/DC Conversion #4

· Sensors and Display #2

·Test(s) Required to Verify Protection

· Erroneous Input Testing

·Warning Label
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Team #1:  GANTT Chart
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Team #1:  GANTT Chart Data

Task
Start 
Date

# Days 
Required

Percent 
Complete

Assess Team Resources 8/20/10 10 100

Develop Project Proposals 8/28/10 7 100

Select Proposal - P1 9/1/10 7 100

Define Std & Perf Requirements 9/1/10 14 100

Refine Block Diagram 9/10/10 7 80

Develop Project Plan 9/14/10 7 50

Complete System Design - P2 9/20/10 21 20

Detailed Circuit Design Schematic, 
Analysis 10/1/10 35 10

Detailed Circuit Design BOM, Parts 
Ordered 10/14/10 14 30

Complete Detailed Design - P3 11/1/10 28 10

Reliability Analysis 11/20/10 7 0

Sustainability Analysis 11/20/10 7 0

Prototype Product - Integrate Proto 
Blocks 11/10/10 14 0

Performance Verification 11/24/10 7 0

Final Presentation P4, Report 
Completed 11/11/10 21 0

24



Team #1:  Prototype Plan Table

Block

Name

Block 

Area 

(cm2)

Located on 

Board #

(1, 2, .. etc)

Board

Substrate

Type

Comp

Attachment

Type

Board 

Dimensions

(cm x cm)

Types of

Connector

s

Microcontroller 50 1A PCB
DIP, SMT, 

Through-hole
90 Header

Bluetooth IC 30 2A PCB
SMT, 

Through-hole
90 Header

Sensors 25 3A, 3B PCB
DIP, Through-

hole
90, 190

Header, 

Wire

Display 30 Independent PCB DIP 30 Header

AC-DC 

Conversion
100 1B PCB Through-hole 190

Solder, 

Wire

DC-DC 

Conversion
60 2B PCB

DIP, SMT, 

Through-hole
190

Solder, 

Wire
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Block 1 
Communications & Interface

Jason Overmier



Block 1 
Description

·Communication between microcontroller and interface 

(PC, Smartphone)

·Interface sets power supply voltage & current limit

·Interface receives voltage & current measurements for 

display

·Interface logs measurements

·CSV log files compatible with many 3rd party spreadsheet 

and graphing software



BT/USB 
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Block 1 
Detailed Block Diagram
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Block 1 
Input/OutputSummary

Power Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Voltage 

Nominal

Volt Range Freq 

Nom

Freq Range

Min Max Min Max

Power 4 ïVCC (3.3V) 1,2,3,4 DC Input Wire 3.3V 3.0V 3.6V DC N/A N/A

Digital Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Output 

Structure

Input 

Structure
Tech

Freq 

Nom

Logic 

Volt

Vih

Min

Digital 1 ïBluetooth

Communication (9 Bytes)
1 Digital Bidir Bluetooth Other Other TTL 2.4G 3.3V 2.0V

Digital 2 ïUniversal Serial 

Bus (9Bytes)
1 Digital Bidir USB Other Other TTL n/a 3.3V 2.0V



Block 1 
Bluetooth Module



Block 1 
Bluetooth Schematic



Block 1
USB Schematic



Block 1
USB PCB Layout



Block 1 
Standard Requirements

Parameter Value Additional Information

Ambient Temperature 0ÁC to 40ÁC Bluetooth IC operates within-40ÁC to 85ÁC

Relative Humidity 0-90% 3.0-3.6VDC

Input Voltage 3.3VDC 3.0-3.6VDC

PCB Allocation 10cm2 Surface mount,2-layer

Max Power Allocation 100mA

Cost Allocation $40.00

Standards See next slide

Connectors
UART TTL

USB

RX/TX

miniUSB



Block 1 
Standard Requirements

International Standards for Conformity:

·SC77A/WG 8: Electromagnetic interference related to network frequency

·EN 61000-6-2: General industrial equipment immunity standard

·EN 50081-2: General industrial equipment emissions standard



Block 1 
Performance Requirements

Parameter Value Additional Information

BluetoothCompatibility 2.1/2.0/1.2/1.1

USB Compatibility 2.0/1.1

BaudRate 115.2kBd

Sustained SPP data rates300Kbps

Power Output Class 1 Up to 100 meters

Over air data rate 721kbps to 2.0Mbps

UART Data rates 3Mbps



Block 1 
Bill Of Materials

Generic Part 

Name QTY Function

Nominal 

Value Unit Tol% Attributes

PCB 

Attach

# of 

Pins Package

Area mm2

PCB

$Cost 

Each

$Cost 

Total

RN-41 1 Other SMT 35 340 $23.63 $23.63

Capacitor 2 Capacitor 10 uF 20% Fixed Ceramic SMT 2 0402 2.5 $0.02 $0.04

Capacitor 3 Capacitor 0.1 uF 20% Fixed Ceramic SMT 2 0402 0.5 $0.00 $0.01

FT232RL 1 Other IC SMT 28 SSOP 80 $2.65 $2.65

Ferrite Bead 1 EMI Filter 0.5 W SMT 2 0805 2.5 $0.04 $0.04

Thermistor 1 Limit Current 0.5 Amps SMT 2 0805 3 $0.12 $0.12

USB - B 1 Connector TH 4 192 $0.59 $0.59

Totals Totals Totals 620.5 $27.08



Block 1
Reliability

Component Description Qty Base lFITs

Max Rated Temp Co

(Tr)

Max Oper Temp Co

(Ta)

Max Rated Voltage 

(Vr) Max Oper Voltage (Va) pT pV pE pQ Total l

RN-41 1 31 125 40 3.6 3 1.201 20.086 1.000 1.250 934.7056916

Capacitor 10 uF 2 1.2 85 40 10 3.3 2.032 0.221 1.000 1.250 1.350371159

Capacitor .1 uF 3 1.2 85 40 10 3.3 2.032 0.221 1.000 1.250 2.025556738

FT232RL 1 13.3 150 40 6 5 1.039 20.086 1.000 1.250 346.7950835

Ferrite Bead .5 Watt 1 2.6 150 40 60 5 1.039 0.148 1.000 1.250 0.500268947

Thermistor .5 Amps 1 2.6 200 40 6 5 0.884 20.086 1.000 1.250 57.70740673

USB-B Connector 1 35 260 40 30 5 0.799 0.165 1.000 1.250 5.781093803

Total 10 1348.865473

ÅTotal FITôs for the power supply block is 1349.

ÅThis calculated to a MTBF of 84.57 years.

ÅIn one warranty time, we can expect 1.2% failures from block.



Block 1

DFM
Passive Discrete Specifications

Quantity
Nominal Value or 

Max Value

Tolerance 

Around 

Nominal

Derated 

Power 

Capacity

Maximum 

Working 

Voltage

Maximum Constant 

Current(mA)

Maximum 

Surge 

Current(mA)

Composition 

Dielectric or 

Form

Q Factor or 

Frequency 

Variation Package

Component

Ferrite EMI Chip Beads 1 1.000E+05 1500 0805

Thermistor 1 1.580E+04 6V 500 Thick Film 0805

Nominal Value or 

Max Value

Tolerance 

Around 

Nominal

Derated 

Power 

Capacity

Maximum 

Working 

Voltage

Maximum Constant 

Current

Maximum 

Surge Current

Composition 

Dielectric or 

Form

Q Factor or 

Frequency 

Variation Package

Capacitor (E) 1 10uF 20% 10 Ceramic 0402

Capacitor (E) 1 .1uF 20% 10 Ceramic 0402

Digital Circuit Specifications

Max Offset 

Voltage 

DC Gain vs 

Component 

Variations

Gain vs Freq 

vs Comp Var

Phase vs Freq 

vs Comp Var

Slewrate 

Power 

Bandwidth

Pulse Response & 

Delay

Input 

Impedance

Output 

Impedance

Semicond

Power & Junct

Temps

Semicond

Package & 

Heatsink

Digital Component

RN-41 0.3 V N/A N/A N/A N/A N/A N/A N/A 150°C Module

FT232RL 0.3 V N/A N/A N/A N/A N/A N/A N/A 85°C SSOP



Block 1 
Product Sustainability

Part µ ů Õ + 2.5ů - p Õ + 3.5ů - p

RN-41 Device Type Interface 2007 8.1 17.25 25.35

Technology CMOS 2010 12.5 31.25 43.75

Pakcage Style MCM 1999 5.6 3 8.6

Voltage 3.3 V 1999 4.5 0.25 4.75

Part

FT232RL Device Type Interface 2001 8.1 11.25 19.35

Technology CMOS 2010 12.5 31.25 43.75

PakcageStyle SSOP 1995 6.5 1.25 7.75

Voltage 3.3 V 1999 4.5 0.25 4.75

Part

0.1 uF Capacitor Device Type Ceramic Capacitor 1985 14 10 24

Part

0.1 uF Capacitor Device Type Ceramic Capacitor 1985 14 10 24

Part

500mA Thermistor Device Type Ceramic Resistor 1985 10 0 10



Block 1 
Requirements Verification Plan

Parameter Value Verification Plan

Serial/Bluetooth/USB 115200 kBd Test communication with a Com. Port Program at given baud rate

Interface Software Test interface software for communication with Bluetooth/USB



Block 2

Sensors and Display

Eric Lagerman



Block 2 
Sensors and Display

·Measures voltage and current at the output and sends it to 

the microcontroller

·LCD displays the voltage and current at the output
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Block 2 
Block Diagram
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Block 2 
Theory of Operation

·MAX 4172measurescurrentby monitoringthe voltagedrop across

asenseresistor

·Thescaledoutput1A:1.5V is sentto themicrocontroller

·A voltagedivider is usedto measuretheoutputvoltage

·Theoutputvoltageis scaledby a factorof 16.15V:1V andsentto

themicrocontroller

·The LCD providesthe userwith a visual representationof the

measuredvoltageandcurrentvalues

·LCD receivesan 8-bit databus that is translatedinto a display

character
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Block 2 
Detailed Block Diagram

Voltage 
Sensor

Current 
Sensor

MicrocontrollerLCD

Analog 0-32V Analog 0-1.5A

8 Parallel 

Digital 

Data Lines

Scaled Analog 

0-2V
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Block 2 
Input/OutputSummary

Power Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Voltage 

Nominal

Volt Range Freq 

Nom

Freq Range

Min Max Min Max

Power 4 ïVCC (3.3V) 1,2,3,4 DC Input Wire 3.3V 3.0V 3.6V DC N/A N/A

Digital Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Output 

Structure

Input 

Structure
Tech

Freq 

Nom

Logic 

Volt

Vih

Min

Digital 2 ïLCD Display 

(Bit7 ïBit0)
2 Digital Input Wire Other Other CMOS 100 3.3V 2.0V

Analog Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect
Coupling

Max 

Amplitude

Impedance Freq Range

Min Max Min Max

Analog1 ïOutput Current 5,2 Analog Input PCB Trace Direct 3.0V - - - -

Analog 2ïOutput Voltage 5,2 Analog Input PCB Trace Direct 4A peak - - - -

Analog6 ïVoltmeter 2 Analog Input PCB Trace Direct 3.0V - - - -
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Block 2 
Schematic
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Block 2 
Schematic
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Block 2 
Schematic
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Block 2
Output Simulation



Block 2 
Standard Requirements

Parameter Value Additional Information

Ambient Temperature 0ÁC to 40ÁC LCD temperature range of 0-50ÁC

RelativeHumidity 0-90%

Input Voltage 0-30VDC Voltage range atoutput of DC-DC Conversion

Output Voltage 0-2VDC Voltage range required by ADC input on microcontroller

InputCurrent 9mA Max current to input of ADC on microcontroller

PCB Allocation ~9cm2 Surface mount; 2-layer (not including separate LCD)

Max Power Allocation 74.6mW Total of max power dissipation

Cost Allocation $25.00

Standards See next slide

Safety Hazardous shock as output has 30V, 2A potential

Connectors Wire leads
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Block 2 
Standard Requirements

International Standards for Conformity:

·61000-4-1 EMC Part 4: Test/measurement techniques - Section 1: 

Overview of immunity tests

·61000-4-2 EMC Part 4: Test/measurement techniques - Section 2: ESD 

immunity tests

·UL 1977 Component Connectors for Use in Data, Signal, Control and 

Power Applications

·UL 1244 Electrical and Electronic Measuring and Testing Equipment
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Block 2 
Performance Requirements

Parameter Value Additional Information

Primary 

Functions/Modes

On,Off, Data In, 

Variable Contrast
LCD Modes/Functions

Measured Quantity

Accuracy
7.8mV, 0.4mA Measured Step Quantities 

Measured Quantity 

Range
0-32VDC,0-1.5A Measured Range

User Inputs RotaryDial LCD Contrast Adjustment

User Displays 2x16 characters LCD Size
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·Current Sensor ĄMAX4172

· 32 to 0 volt input independent of supply range

· 32 to 3 volt supply power range

·Output current easily scaled with output resistor

·VoltageSensor ĄVoltage Divider

·Display Ą LCD
· 3.3 volt  power and input signals

· Adjustable contrast ratio

Block 2 
Components

56



·MAX4172

· RSENSE chosento be0.2ɋto reduce voltage loss at output

· ROUT = (VOUT ) / (ILOAD x RSENSE x Gm) = 750ɋ

·Voltage divider

· Voltage divider resistance was chosen to be large enough not to effect the 
output ~100kɋ

· Vdivider = (32V)*(6k)/(90.9k+6k)=1.98V

·LCD

· LCD had enough characters to meet the needs for displaying the current and 
voltage readings

Block 2 
Calculations and Justifications
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Block 2 
Worst Case DFM Analysis

58

Passive Discrete Specifications

Quantity
Nominal Value 

or Max Value

Tolerance 

Around 

Nominal

Derated 

Power 

Capacity

Maximum 

Working 

Voltage

Composition 

Dielectric or 

Form

Package

Component

Resistor 1 2.000E-01 1% 1W .44V Wire Wound ALSR

Resistor 1 7.500E+02 1% 0.5W 19V Metal Film CMF

Resistor 1 6.000E+03 1% 0.5W 54V Metal Film CMF

Resistor 2 9.090E+04 1% 0.5W 213V Metal Film CMF

Potentiometer 1 2.000E+04 10% 0.25W 70V Variable Bulk

Analog Circuit Specifications

Max Offset 

Voltage 

Slewrate Power 

Bandwidth

Output 

Impedance

Semicond Power & Junct 

Temps

Semicond Package & 

Heatsink

Analog Component

LCD 200mV N/A N/A 70°C Bulk

Current 
Sense IC 4mV 800kHz 20MOhm 85°C 8SOP



Block 2 
Bill of Materials

PRODUCTION PRODUCTION

Generic Part 

Name QTY

Functio

n

Nominal 

Value

Uni

t

Tol

%

Attribu

tes

PCB 

Attach

# of 

Pins

Packa

ge

Placement-

Solder Mfg 1 Mfg 1 Part #

Area mm2

PCB

$Cost 

Each

$Cost 

Total

LCD 1

LCD 

Display 3.3

Volt

s 6%IC

Non 

PCB 16

Man Insert - Man 

Solder LCD-09052 $11.96 $11.96

Current Sense 1Sensor IC SMT 8SOP Fully Automatic Maxim MAX4172 8.12 $1.98 $1.98

Resistor 1Resistor 0.2W 1%

Wirewo

und TH 2Axial

Man Insert -

Auto Solder

Huntington 

Electric Inc.

ALSR-1-.20-

1% 27.384 $0.83 $0.83

Resistor 1Resistor 6KW 1%

Metal 

Film TH 2Axial

Man Insert -

Auto Solder Vishay/Dale

CMF554K990

0FHEB 13.969 $0.10 $0.10

Resistor 2Resistor 90.9KW 1%

Metal 

Film TH 2Axial

Man Insert -

Auto Solder Vishay/Dale

CMF5590K90

0FHEB 13.969 $0.10 $0.20

Potentiometer 1Resistor 20KW

10

%

Variabl

e TH 5

Man Insert -

Auto Solder Bourns

PTR901-

1015F-B203 127.3 $1.89 $1.89

Resistor 1Resistor 750W 1%

Metal 

Film TH 2Axial

Man Insert -

Auto Solder Vishay/Dale

CMF55750R0

0FHEB 13.969 $0.10 $0.10

Totals Totals Totals 204.711 $17.07
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- Machine Placement:

- SMT passives

- SMT IC

Manufacturing:

1) X-ray solder joints of SMT components.  Inspection of defects 

such as gull wings, J-Lead defects, or discrete chip resistors

2) Manual placement of specified components

- Manual Solder:

- Lead Wires

- Machine Solder:

-All Components

- Manual Placement:

- LCD

- Potentiometer

Block 2 
Manufacturing Process



Block 2
Reliability
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Component Description Qty

Base l

FITs
Max Rated 

Temp Co (Tr)

Max Oper Temp 

Co (Ta)

Max Rated 

Voltage (Vr)

Max Oper 

Voltage (Va) pT pV pE pQ Total l

LCD 1 206 70 40 7 3.3 3.394 0.330 1.000 1.250 288.5369

Current Sense IC 1 50 85 40 36 5 2.032 0.159 1.000 1.250 20.20008

Resistor 0.20 1 0.2 125 40 2.2 0.4 1.201 0.169 1.000 1.250 0.050744

Resistor 750 1 0.2 125 40 19.4 3.3 1.201 0.166 1.000 1.250 0.049876

Resisto 10.0k 1 0.2 125 40 70 3 1.201 0.142 1.000 1.250 0.042493

Resistor 90.9k 2 0.2 125 40 213 27 1.201 0.156 1.000 1.250 0.09396

Potentiometer 20K 1 2.6 125 40 70 3.3 1.201 0.142 1.000 1.250 0.55501

Total 8 309.53



Block 2 
Requirements Verification Plan

Parameter Value Verification Plan

Current Sensor Voltage 

Output Range
0-2VDC

Action: Test Current Sensor

Verify: Apply voltage and a load resistor and measure the output voltage 

range in comparison with the current range in the load

Voltage Sensor Output 

Range
0-2VDC

Action: Test Voltage Sensor

Verify:  Apply voltage to the sensor and measure the output voltage range 
in comparison with the input voltage range

LCD Proper Display Valid Characters
Action: Test LCD

Verify:  Use microcontroller to send data and verify data visually



Block 2 
Product Sustainability

Part µ ů Õ + 2.5ů - p Õ + 3.5ů - p

ADM1602K-NSW-FBSDevice Type LCD 2012 6 17 23

Part

MAX4172 Device Type Sensor 2001 6 6 12

Part

0.2 Ohm Resistor Device Type Other R,L,C's 1985 10 0 10

Part

750 Ohm Resistor Device Type Metal Film Resistor 1990 12 10 22

Part

6 kOhm Resistor Device Type Metal Film Resistor 1990 12 10 22

Part

90.9 kOhmResistor Device Type Metal Film Resistor 1990 12 10 22

Part

20 kOhmPotentiometerDevice Type Other R,L,C's 1985 10 0 10



Block 3

Microcontroller

TrevinErdmann



Block 3 
Description

ÅCommunicates the input command and output voltage and 

current measurements to the user interface (bluetooth)

ÅConverts the digital commanded voltage reference to an 

analog voltage for the DC variable voltage block (ADC)

ÅAcquires the analog voltage and current readings and 

converts to digital representation (DAC)  

ÅCommunicates to the user display through a parallel digital 

interface (DIO)
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Block 3 
Block Diagram
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User Interface
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Block 3 
Theory of Operation

Communication
ÅBluetooth UART Serial Communication between User and 
Device
Å115200 baud
ÅReceives voltage setpoint and maximum current setpoint
ÅSends actual voltage and actual current

Analog Control
ÅOutputs 0 ɀ3 V in correlation to 0 ɀ30 V
ÅHolds voltage for control

Analog Feedback
ÅReceives Actual Voltage (scaled down)
ÅReceives Actual Current drawn (in form of voltage) 
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Block 3  
Interface Diagram

UART           DAC

ADC              DIO

ADC

Microcontroller

Vin

GND

3.3 VDC

GND

Variable Voltage

LCD Display

68

Input              Output

Differential Op Amp

Vin

GND

Reference

Voltage

Bluetooth

Voltage Reading

Current Reading 3.3 VDC

GND



Block 3 
Input/OutputSummary

Power Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Voltage 

Nominal

Volt Range

Min Max

Power 4 ïVCC (3.3V) 1,2,3,4 DC Input Wire 3.3 V 3.0 V 3.6 V

Digital Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect

Logic 

Voltage

Digital 1 ïBluetooth

Communication
1 Digital Bidir Bluetooth 3.3V

Digital 2 ïLCD Display 

(Bit7 ïBit0)
2 Digital Output Wire 3.3V

Digital 4 ïUniversal Serial 

Bus (9Bytes)
1 Digital Bidir USB 3.3V

Analog Signals
To-From 

Block #ôs
Type Direction

Block-Block

Interconnect
Coupling

Max 

Amplitude

Analog1 ïInput Voltage 5,2 Analog Input PCB Trace Direct 2.0 V

Analog 2ïInput Current 5,2 Analog Input PCB Trace Direct 2.0V

Analog 3 ïOutput 

Reference Voltage
5 Analog Output Wire Direct 3.0 V
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Block 3  
Logic Block Diagram

Read Input Buffer

High Priority Loop

Write Output Buffer

Read Command

Perform Calculations

Output Voltage 

Reference

Read Analog Input

Low Priority Loop

Display to LCD

High Priority Loop
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Block 3 
Schematic
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Block 3 
Standard Requirements

Parameter Value Additional Information

Ambient Temperature 0ÁC to 40ÁC Storage limitations of -80ÁC to 125ÁC

Relative Humidity 0-90% Intended for indoor use

Input Voltage 3.0-3.6 VDC Nominal 3.3 V

Input Current 250 mA Max Total input current consumption max

PCB Allocation ~25cm2 5.0cm  Long x 5.0cm Wide; 2-layer

Max Power Allocation 1W 3.3 V, 250 mA continuous Ą 1W

Cost Allocation $10.17 Programmer and programming circuitry not included

Safety Internal Software limitations of output current

Connectors PCB/Wire PCB with general communication as well as wired to LCD
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Block 3 
Performance Requirements

Parameter Value Additional Information

ADC Accuracy +/- 14 mV Over a 30 V range scaled down for measurement

DAC Accuracy +/- 14 mV Over a 30 V range scaled down for measurement

Serial 115200 pps Designed performance determination

Parallel 11 DO lines Displays voltage and current measurements to an LCD

Analog Response Speed 10 sps Optimal data acquisition speed needed
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Block 3 
Components

Microcontroller

ÅdsPIC33FJ128MC804

ÅVersitalPin Configurations

ÅDIO, AIO, UART Compatible

Decoupling Capacitors

Å0.1 uFThick Film Capacitors

ÅFilter unwanted noise on power pins

Resistors

Å5.1 kOhmCarbon Resistor, 20 kOhmCarbon Resistor

74

Op Amp

ÅAD623

ÅScales the analog control signal



Block 3 
Worst Case DFM Analysis
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Passive Discrete Specifications

Quantity
Nominal Value or 

Max Value

Tolerance 

Around 

Nominal

Derated 

Power 

Capacity

Maximum 

Working 

Voltage

Maximum 

Constant 

Current(mA)

Maximum 

Surge 

Current(mA)

Composition 

Dielectric or 

Form

Q Factor or 

Frequency 

Variation

Package

Component
Resistor 120 kOhm 1% 1/8 W 100V Thick Film 402

Resistor 15.1 kOhm 5% 1/8 W 100V Thick Film 402

Nominal Value or 

Max Value

Tolerance 

Around 

Nominal

Derated 

Power 

Capacity

Maximum 

Working 

Voltage

Maximum 

Constant Current

Maximum 

Surge Current

Composition 

Dielectric or 

Form

Q Factor or 

Frequency 

Variation

Package

Capacitor 50.1 uF 20% 100V Ceramic 402

Digital Circuit Specifications

Max Offset 

Voltage 

Semicond 

Power & 

Junct Temps

Semicond 

Package & 

Heatsink

Component

Microcontroller 0.3 V 150°C 44 pin QFN

Op Amp 12 V 150°C 8-MSOP

1% tolerance of gain resistor 

can create up to 0.03 V 

reference difference, resulting 

in a possible 0.3 V offset from 

the actual voltage commanded.



Block 3 
Bill of Materials
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PRODUCTION

Generic Part Name QTY Function

Nominal 

Value Unit Tol%

PCB 

Attach # of Pins Package $Cost Each $Cost Total

dsPIC33FJ128MC804 1 Micro Controller 3.3 Volts 9% SMT 44 TQFP $6.40 $6.40

0.1 uF Capacitor 5 Capacitor 0.1 uF 10% SMT 2 0402 $0.01 $0.03

5.1 kOhm Resistor 1 Resistor 5.1 KW 5% SMT 2 0402 $0.01 $0.01

20 kOhm Resistor 1 Resistor 20 kOhm 1% SMT 2 0402 $0.30 $0.30

Op Amp 1 Op-Amp 6 I Gain 1% SMT 8 TSSOP $3.44 $3.44

Totals $10.17



- Machine Placement:

- SMD 

passives

- SMD IC

Manufacturing:
1) X-ray solder joints of SMT components.  Inspection of defects such as gull 
wings, J-Lead defects, or discrete chip resistors.

- Machine Solder:

- All Components

Block 3 
Manufacturing Process

77



Block 3 
Requirements Verification Plan

Parameter Value Verification Plan

ADC Accuracy +/- 14 mV Verify converted value against a voltmeter reading

DAC Accuracy +/- 14 mV Verify Implemented value against a voltmeter reading

Serial 115200 pps Test communication with a Com. Port Program at given baud rate

Analog Response Speed 10 sps Verify voltage change through communication



Test 1: 

- Action: Test Communications

- Verify: Communicate with pc ComTestprogram (shows resulted 

data)

Test 2: 

- Action: Test Voltage Output

- Verify:  Send commanded voltage, verify with multimeter

Test 3: 

- Action: Test Input Voltage Conversion

- Verify:  Place voltage, check the digitized value

Block 3
Test Process
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Block 3
Test Process
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B&B Electronics Software



Block 3
Reliability
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Component Description Qty

Base l

FITs

Max Rated 

Temp Co

(Tr)

Max Oper 

Temp Co

(Ta)

Max Rated 

Voltage 

(Vr)

Max Oper 

Voltage 

(Va) pT pV pE pQ Total l

dsPIC33FJ128MC804 

Microcontroller 1 31 85 40 3.6 3 2.032 20.086 1.000 1.250 1581.866

AD623 Op Amp 1 31 85 40 12 3.3 2.032 0.198 1.000 1.250 15.57506

0.1 uF Capacitor 5 1.2 85 40 10 3.3 2.032 0.221 1.000 1.250 3.375928

5.7 Ohm Resistor 1 0.2 125 40 15 3.3 1.201 0.179 1.000 1.250 0.053872

20 Ohm Resistor 1 0.2 85 40 10 3.3 2.032 0.221 1.000 1.250 0.112531

Total 9 1601



Block 3 
Sustainability

The package style for the PIC microcontroller may become obsolete in the near future. Mass stock 

or transitioning into a different controller can be done.

Part µ ů Õ + 2.5ů - p Õ + 3.5ů - p

dsPIC33FJ128MC804 Device Type 16/32 Bit Microprocessor 1994.5 7 2 9

Technology CMOS 2010 12.5 31.25 43.75

Pakcage Style QFP 1998.5 4.2 -1 3.2

Voltage 3.3 V 1999 4.5 0.25 4.75

Part

5.1 Kohm Resistor Device Type Carbon Resistor 1985 8.5 -3.75 4.75

Part

0.1 uF Capacitor Device Type Ceramic Capacitor 1985 14 10 24

Part

20 Kohm Resistor Device Type Carbon Resistor 1985 8.5 -3.75 4.75

Part

AD623 Device Type Amplifier 2004.5 8.3 15.25 23.55

Technology BiPolar 1975 12.5 -3.75 8.75

Pakcage Style SOP 1995 6.5 1.25 7.75



Block 4

AC-DC Conversion

JustenSchemmel



Block 4 
Description

·Converts 102-132VAC to a regulated 35VDC.

·Allows up to 2.5A of continuous current flow

·Provides over current protection, allowing a full 2.5A of 

current to flow through the use of a current limiting 

circuit.

·Provides EMI filtering through a common mode choke 

and capacitors



Block 4 
Block Diagram
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