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Abstract—This design describes a wider range programmable 

current source in a single PSoC chip, which can generate current 

in the range of 0nA to 2.2mA and found suitable for sensor 

excitations and in mobile robotic applications. The configuration 

of the PSoC (Programmable System on Chip) internal analog and 

digital modules allows the construction of a programmable 

current source with the addition of an external pass transistor 

and current setting resistor.  The proposed design is implemented 

using PSoC3 device IC CY8C3866 with the configurable user 

modules like IDAC, amplifier and an external transistor, resistor. 

A 14-bit parallel IDAC is implemented using two 8-bit IDAC for 

use in the proposed design. The current value can be set through 

the application programmable Interface (API) in the code 

written. A programmable current source with minimal external 

components, higher noise immunity and stability is designed and 

verified using PSoC.  
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I.  INTRODUCTION  

A current source is an electronic circuit which should give 
a constant current irrespective of the voltage or load across it. 
A programmable current source allows the user to change the 
current output within the operating range of the circuit. 

     

 

Fig. 1. Sensors and Excitation 

Programmable Current sources can be used in wide range 
of applications including excitation of sensors like RTDs, 

resistivity measurements, deriving IV characteristics, motor 
control, impedance measurement etc. 

This paper discusses the implementation of a 
programmable current source using PSoC for sensor 
excitation. Active Sensors require excitation either as current 
or voltage to produce an electrical output. Constant-current 
excitation is used to excite the resistive sensors and is 
generally preferable due to its better noise immunity in noisy 
industrial environments. Many standalone ICs are available 
for use in various applications. One such programmable 
current source is LT3092 in which the output current can be 
set to a value between 0.5mA and 200mA with only two 
external resistors. Digitally controlled current sources with the 
serial interface are provided by Analog Devices using DACs, 
op-amps, and MOSFET transistors. 

Here we have put forward a step in designing a 
programmable excitation current source using PSoC. An on-
chip digitally controlled current source circuit consisting of 
Digital to Analog Converter (DAC), Amplifier and Transistor 
are designed in PSoC. The amplifier and the DAC are the 
configurable user modules present in the PSoC itself. So the 
number of external connections and components can be 
reduced which helps in improved noise immunity. The 
external components, transistor, and resistor are used along 
with PSoC for operating as a high current source. At the same 
time, PSoC can also be used for the measurement of sensor 
output signal. The advantage is that the measurement and 
control can be done using the same PSoC board.   

II. METHODS AND METHODOLOGY 

Cypress provides a flexible microcontroller, PSoC that can 
be easily configurable for the specific work. PSoC is the only 
programmable embedded system-on-chip which integrates  
analog, PLD-based programmable logic, memory and a 
microcontroller on a single chip.  PSoC has four MCU options 
ranging from the cost-optimized 8-bit microcontroller to the 
high-performance ARM Cortex-M3 for 8-bit and 32-bit 
applications. PSoC 1, PSoC 3, PSoC 4, PSoC 5, PSoC 5LP, 
PSoC Software are the categories of PSoC. 

The PSoC3 architecture provides a programmable system-
on-chip that excels in precision analog processing and digital 
flexibility. The architecture of the digital and analog 
peripherals is the same, giving the user the ability to choose 
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the device that achieves the needed performance and best 
value. The combination of analog and digital systems on the 
same chip allows the specific designs into a smaller physical 
space and also keeps the sensitive analog signals tight within 
the device itself. This results in better noise immunity and 
environmental stability. 

The CY8C38xxx family is built on the PSoC3 architecture 
which has a single cycle 8051 CPU that runs up to 67 MHz.  
CY8C38  consists of an 8051 CPU subsystem, non-volatile 
subsystem, programming, debug, and test subsystem, Inputs 
and outputs, Clocking, Power, digital subsystem, analog 
subsystem. PSoC Creator is the complete design tool for the 
CY8C38xxx that allows us to configure the analog and digital 
resources within the device. It provides a code editor to write 
the firmware and links it to the compiler. It contains a set of 
pre-built hardware and software components. Each component 
has 4 aspects: Schematic symbol, Datasheet, Configuration 
dialog, API. 

 

We can select a Starter Design to create a new project with 
components and code already placed. Components are to be 
selected and dragged from the Component Catalogue onto the 
schematic design. Various component parameters are 
configured to modify the behavior as needed. A Pins 
component, Clock component, and other components are 
added to complete the design. Various components are 
connected using the Wire tool. Once completed, use the Build 
command to generate source code. 

III. INSTRUMENTATION 

DACs are mostly used in all embedded systems to convert 
the digital data to an analog equivalent value for use in 
controlling motors, switches etc. The most important 
characteristic of DAC is its resolution which defines the 
number of bits used to represent the analog input signal. In 
order to accurately represent the analog value, the resolution 
has to be increased. PSoC3 provides an 8 bit Current DAC 
with three output ranges: 

• 0-2.048mA, 8uA/bit 

• 0-256uA, 1uA/bit 

• 0-32uA, 0.125uA/bit 

So there are 255 equal steps of Output Current step size 
which is equal to (Maximum Output Current)/ 2^8. The 
maximum output current can be 2.048mA, 256uA, 32uA 
depending upon the range chosen. The output can source or 
sink current in three ranges. The IDAC8 can be controlled by 
hardware, software or by a combination of both hardware and 
software. In the design of a programmable current source, the 
main aim is to set the output current values in a wider range 
with a small step size. So the resolution has to be increased to 
get the step size smaller.  

The block diagram for the proposed design consists of 
Digital to Analog Converter, Buffer, Transistor, and Load. 
The resolution of IDAC available in PSoC Creator is 8 bit.  
For getting low current values, the resolution of DAC must be 
increased. The different techniques for increasing the 
resolution of DACs are Parallel DAC (PIDAC) method, 
Dithered Output DAC (DVDAC), Modulated IDAC 
(MIDAC), ADC Feedback DAC. Selection of DAC depends 
on certain factors for getting the desired output in the 
application.  The selection of the desired method depends on 
the factors like Resolution, current versus voltage, speed, 
resources required, and need for external components.  

Here we have chosen the current DACs for getting higher 
resolution. IDACs are the most flexible because it can be 
converted to a voltage DAC with the addition of an external 
resistor. The external resistor value is properly chosen to 
optimize the full-scale voltage output as well. 

 

 

Fig. 3. Block Schematic of the Proposed design  

 For the proposed design, the implementation in PSoC 
involves the design of a parallel IDAC with 14-bit resolution. 
The parallel IDAC can be constructed by using two 8 bit 
IDAC with overlapping current ranges connected in parallel. 
So the total current will be the sum of the individual IDAC 
output current.  

 In the present work, the most significant IDAC, 
DAC1_MSD is configured to source current and set to the 
2048 μA range. The second IDAC, IDAC2_LSD is also 
configured as a current source and set to the 32 μA range. The 
8 most significant bits of the data word is written to 
DAC1_MSD and 6 least significant bits of the data word to 5, 
4, 3, 2, 1, 0 bits of the IDAC2_LSD. A unity gain amplifier 
can be used at the output as a buffer.  

 
Fig. 4. Implementation in PSoC  

Fig. 2 CY8C38 Device Family Block Diagram 
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IV.  RESULTS AND DISCUSSION 

The PSoC based current source delivers current in the 
range of 0 to 2mA with a step size of 125nA. This is achieved 
by programming the current DAC with appropriate bit 
patterns. The compliance voltage for the current source is 5V. 
For applications requiring higher current, the DAC output 
should be connected to pass transistor with an appropriate 
load.  

IDAC Readings 

INPUT Vout (mV) Iout (nA) 

0 0 0 

1 0.0165 163.6904762 

2 0.0288 285.7142857 

3 0.0409 405.7539683 

4 0.0552 547.6190476 

5 0.0678 672.6190476 

6 0.0814 807.5396825 

7 0.0946 938.4920635 

8 0.1059 1050.595238 

9 0.1174 1164.68254 

10 0.1292 1281.746032 

100 1.2685 12584.3254 

500 6.35 62996.03175 

1000 12.6977 125969.246 

5000 63.456 629523.8095 

8000 100.8531 1000526.786 

10000 125.4363 1244407.738 

12000 150.4019 1492082.341 

16000 198.4168 1968420.635 

16383 202.7812 2011718.254 

a. For a resistance value of 100Ohms 

 

Stability is an important parameter in a constant or variable 
current source. A wide range of reliable current sources is 
available for many applications. Most of the circuits contain 
hardware components that need to be wired. The wiring 
causes noises in the circuit leading to instability. The proposed 
design consists of only a resistor or a transistor as an external 
component depending on the application. All other 
components needed are available in PSoC creator itself. So the 
number of external connections is reduced hence maintaining 
the stability. Using the same PSoC board, the sensor 
excitation, sensor signal measurement, and signal conditioning 
can be done. 

The main advantage is being the user programmability to 
set the desired current value. The noise level of a current 
source should be as low as possible. Since PSoC is used, the 
noise immunity will be more due to less internal wiring.  

V. CONCLUSION 

A digitally controlled current source is implemented in 
PSoC by using a 14-bit DAC. It can be used as an on-chip 
current excitation for different types of sensors including 
MEMS sensor and RTDs. This may also be used for driving 
actuators in micro and mini robots intended to perform 
complicated yet precise tasks. 
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