
Developer Guide iOS Power Supply 
• System Overview 

The iOS Power Supply is a functional bench power supply designed for electrical engineering 
students. We require smooth power output with minimal output ripple to power and test our creations. 
The design must be compact, robust and accept US standard plugs for 120 V mains and our USB 
devices. Since we are so connected to our smart phones, this power supply will feature Bluetooth 
connectivity through an iOS application for convenient control of both outputs. As an added feature we 
have included a touch screen that can also control both channels and two dedicated USB charge ports. 

• Electrical Specifications 
Two electrically isolated outputs with 0 to 24V @ 3A output. 120V input with 2A overcurrent 

protection. The main outputs have resolution of 10mV voltage increments and 50mA current 
increments. Two 5V USB dedicated charge port controllers that can supply up to 2100mA to high 
power external devices. 

• User Guide 
The system does not require any setup by the user other than the installation of the iOS application 

onto their device. The main outputs can be driven by the onboard touchscreen or through the 
application by incrementing or decrementing the desired voltage or current parameters with buttons. 
The actual output is visible from the application viewing window and the touchscreen.  

• Design Artifact Figures 
                                              Top-Level Block Diagram 

The top-level block diagram shows a general overview of how the smaller blocks are interconnected 
to form the main power, USB power, and control paths. Internal signals are thin black lines, outputs 
from the system are in red, and the input signals from the outside are colored in green. The main power 
path begins at the full bridge block, which supplies 32VDC to the USB and POWER Supply blocks. 
The USB Supply block is also in control of the 5V to the Processing microcontroller, 5V and -5V rail 
needed to control the additional control circuitry that drive the Power Supply block. The signal, 
code_processing_code, is a pseudo signal that commands the pi and its functionality. 



Power Supply Block Diagram 

 
The Power Supply block diagram above shows the interconnection between the main current path 

and the sub blocks. The current control and voltage control blocks consist of a DAC and amplification 
circuit to step the control voltage up to the line voltage (24V). Temperature control uses ADCs to read 
from the temp output pin on the linear regulators. A negative voltage supply is required to drive some of 
the operational amplifiers as well as pull the output below 1.5 volts. All of the digital signals in the 
schematic go to or from the raspberry pi microcontroller. 

  



 
Power Supply Schematic 

 
There are two Power supply circuits. They contain all of the elements required to drive the main 

output terminals to their voltage and current setpoints. There are adequate test pins strategically located 
to allow for thorough circuit debugging. The LT3081 integrated circuits are the linear voltage regulators 
wired in parallel such that their output currents sum together. Each is able to supply 1.5 amps max. The 
LTC1624 is the switching regulator that steps down the 32VDC supply to 1.6 volts above the linear 
output. This is to increase the efficiency and power consumption of the linear voltage regulators. 
LTC1983 is a current sinc that will allow the output to be pulled to 0 volts. This was required because 
the LTC3081s have a minimum output of 1.5 volts. The MOSFETs driven by PWR_CTRL_CH2 
function as off switches for the circuit.  

  



 
                                                 Current Control Schematic 

There are 2 Current Control circuits. This circuit takes I2C data from the output of the raspberry pi 
at SCL1_CH2 and SDA1_CH2 convert it to an analog signal with the MAX5215 14-bit DAC to control 
the output current. The signal is electrically isolated from the main power circuit through an ADA4700. 
The CMOS circuit is a current mirror that drives constant current to the ILIMx_CH2 pins at the linear 
regulators in the Power Supply circuit. 

                                             Voltage Control Schematic 

There are 2 voltage control circuits. This one takes in I2C data from the pi on SCL0_CH2 and 
SDA0_CH2 converts it to an analog signal with the MAX5217 16-bit DAC. The analog signal is fed 
through the ADA4700 to drive the voltage set pin VOUT_NEG_5V_CH2 and VSET_CH2 that 
connect to the linear regulators in the Power Supply circuit.  

  



 
                                             Temperature Control Schematic 

There are two Temperature Control circuits that take in temperature readings from the linear 
regulators as an analog signal from TEMPx_CH2. The signal is converted to a digital signal with the 
ADS7924 and fed to the pi through SDA2_CH2 and SCL2_CH2 signals via I2C communication 
protocol. These temperature readings are used by the pi to regulate a PWM controlled fan if the 
temperature exceeds some maximum threshold. 

  



 
                                             Processing Schematic 

The processing circuit interfaces to the pi through a 40-pin connector on the left. The main 
function of this circuit is to feed all of the data into and out of the microcontroller. This circuit separates 
all of the I2C data bus lines Through PCA9546 addressing ICs. The main SDA and SCL lines from the 
pi are isolated through ISO1540 optocouplers. Also included in this schematic are INA260 ICs that 
monitor the output current with a sampling rate of 400kHz and output I2C data to be read by the pi. 
The output connectors for the USB dedicated charge port controllers are also featured in this schematic 
for the purpose of laying out the PCB’s. 

  



                                                  USB Supply Schematic 

There are three USB Supply circuits in our design. One is dedicated to drive all the microcontroller 
power needs, and the TFT touch screen. There is one for each channel used for DCP function to drive 
high current devices such as iPads and tablets. The LM25576 is a switching regulator in a buck topology. 
It will drive 3A in this configuration at 5 to 5.1 volts. The TPS2511 is the DCP controller IC that 
monitors the downstream device demand for current. If the device requires more than 500 mA there is 
an internal MOSFET that drives the switching regulator to a slightly higher voltage through the CS pin’s 
interaction with the feedback voltage divider circuit shown at R131. This circuit also contains an 
LTC1983 -5V charge pump circuit that delivers -5V to the voltage control circuit among others. 

 



                                                          Full Bridge Schematic 

There is only one Full Bridge Circuit in our design. The ABF210 ICs are simply bridge rectifiers. 
The transformer supplies 26VAC to their input and after rectification the circuit provides 32VDC to the 
USB and Power Supply modules. This signal is passed through a low pass filter bank of capacitors and 
resistors to smooth the output ripple. 

 
  



• 3-D printed Enclosure 
 
The enclosure is constructed of 5 individually printed components. The Outer shell houses the TFT 

display at the top opening, while the guts of the device will slide in through the end. They are held in 
place wit the help of the two endcaps. The endcaps have air holes of 1mm for cooling. Their size was 
limited to 1mm to decrease the risk of safety hazards involved with users coming in contact with the 
high current circuitry within. The inner components will slide in on a tray comprised of a two-piece clam 
shell configuration. The toroidal transformer mounts to the bottom with two of the PCBs and the top 
portion holds the processing PCB that interfaces with the pi as well as the raspberry pi itself. Please see 
the images below for greater detail. 

The Outer Shell 

 
  



The Inner Clam Shells 



 
 

 
The End Caps 

 
 
 

 
 

  



• PCB Information                                        
The PCB is roughly 8 ¼ inches by 5 inches in total. The entire PCB was designed to be separated 

into three smaller sections delineated by the thick grey lines which are actually channels milled out of the 
PCB material for easy separation. The first section (left) contains the full bridge rectification, and all 
three of the 32V to 5V DC-DC Buck regulator circuits along with their -5V charge pump circuits. The 
seconds section (middle) is the high current switching regulators and linear regulators that make up the 
two main output channels. The third section (right) is the control circuit which interfaces all of the 
devices that communicate to the raspberry pi. This section is sensitive to noise and needed to be 
completely isolated from the noisy switching supplies. 

 
 Top Layer PCB 

                                                       Layer 2 (inner) PCB 
 
This layer is the power ground for all sections. 
 
 
 

  



                                                    Layer 3 (inner) PCB 

 
This layer is the analog ground for all sections. 

 



                                                     Layer 4 (bottom) PCB 

 
The bottom traces are surrounded by the analog ground planes to further isolate their signals from 

noise. 
  



                                                         3-D Top View 

 
 
 
                                                         3-D Bottom View 

  



• Part Information 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


