
www.infineon.com

Please note that Cypress is an Infineon Technologies Company.
The document following this cover page is marked as “Cypress” document as this is the 
company that originally developed the product. Please note that Infineon will continue 
to offer the product to new and existing customers as part of the Infineon product 
portfolio.

Continuity of document content
The fact that Infineon offers the following product as part of the Infineon product 
portfolio does not lead to any changes to this document. Future revisions will occur 
when appropriate, and any changes will be set out on the document history page.

Continuity of ordering part numbers
Infineon continues to support existing part numbers. Please continue to use the 
ordering part numbers listed in the datasheet for ordering.



 
 
 

 
 

THIS SPEC IS OBSOLETE 
 
 

Spec No:  001-25619  
 
 
 
Spec Title: POWER MANAGEMENT - INCREASING OUTPUT 

              POWER OF A SWITCH MODE PUMP - AN2349                       
                         

                
                    
 
 
           Sunset Owner: M Ganesh Raaja (GRAA) 
 
 
 
           Replaced by: 001-94769 
                     
 
 



 

 www.cypress.com Document No. 001-25619 Rev. *C 1 

AN2349 
Power Management - Increasing Output Power of a Switch Mode Pump 

Author: Vadym Grygorenko 
Associated Project: No 

Associated Part Family: CY8C21xxx, CY8C24x23A, CY8C27x43, CY8C29xxx 
Software Version: PSoC® Designer™ 5.1 SP1.1 

Related Application Notes: AN2097 
 

  

AN2349 demonstrates how to increase the output current of the PSoC’s switch mode pump (SMP) up to 500 mA. Such 
an application can be used in battery-powered devices that require a short-time, high-power load. 

 

Introduction 
Most PSoC devices are equipped with a switch mode 
pump (SMP). This allows for developers to design low 
voltage, battery-powered applications. The advantages of 
this internal SMP are that it is easy to implement and uses 
minimal number of external components. By default, the 
SMP only requires an external coil and diode. The main 
disadvantage of the internal SMP circuit is low output 
power. In most cases, the SMP can drive only a 50-70 mA 
load current. This value might not be enough for many 
applications. Examples of such applications include 
remote alarm systems, power LED drivers, wireless USB 
transmitters, and so on.  

There is another disadvantage to the internal SMP: it can 
produce disturbances on the Vss line. These disturbances 
are caused by relatively high current pulses through the 
internal SMP switch (see Figure 1 and Figure 2). That is 
why it is recommended to turn off the SMP during 
precision measurements. (For further details, see the 
PSoC Technical Reference Manual (TRM)). 

A simple solution to increase SMP output power and 
minimize current ripples on the Vss line is described in this 
application note.  

Operation Description 
The internal structure of the PSoC’s SMP is shown in 
Figure 1. 

Figure 1. SMP Structure 

 
 

This is a classic step-up (boost) converter. It is described 
in detail in application note AN2097. According to AN2097, 
the maximum load current is limited due to the relatively 
high value of the internal switch resistance, which is about 
8 Ω (typical value). 

The technique to increase load current is to employ an 
external MOSFET switch instead of an internal one. 
Unfortunately, the PSoC does not have an output pin to 
drive an external switch. The existing SMP pin cannot be 
directly connected to the external switch’s gate. That is 
because of the inverted control sequence on the SMP pin: 
the active level on the SMP pin is low, whereas the switch 
must be driven by a high active level.  
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An external inverter can be used to adjust levels. The 
proposed device block schematic is shown in Figure 2. 

Figure 2. Modified SMP Block Schematic 

 
 

The SMP has a fixed frequency of about 1.3 MHz and duty 
cycle of 50%. This makes it difficult to get an output 
voltage that is higher than two times the input voltage. Let 
us consider this in detail. 

A boost converter can operate in two conduction modes: 
continuous and discontinuous. The operation mode 
depends on whether the inductor current drops to zero 
during the switch off-time or not. In discontinuous mode, 
the output voltage is not limited. However, current ripples 
in the coil are relatively large. For example, given an input 
voltage of 2 V, an output voltage of 5 V and a load current 
of 0.5 A, the maximum current in the coil will be about  
2.5 A. Such large current ripples are undesirable because 
they can cause electromagnetic interference.  

For continuous mode, the current ripples can be small. 
Output voltage is dependent on the duty cycle and the 
input voltage; it is independent of the load as shown in 
Equation 1: 

,
1
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V
V

D
=

−                      Equation 1 

D  is duty cycle. If the duty cycle is fixed to 0.5, then the 
output voltage cannot be greater than two times the input 
voltage. This limitation is not acceptable for  
battery-powered applications that require 5 V output 
voltage with < 2 V input voltage. In order to overcome this 
limitation a special effort has been made to increase the 
duty cycle on the switching MOSFET. This is achieved by 
wisely choosing the value for resistor, R. If this value is 
relatively high, the rising edge on the SMP pin slows due 
to the internal transistor’s capacitance. As a result, the 
duty cycle of the pulses that drives the switch increases, 
allowing operation on low input voltages.  

The technique described here is shown in Figure 3. The 
upper waveform is the SMP pin output voltage. The 
resulting waveform on the drain of the switching MOSFET 
is presented at the bottom of Figure 3. In this waveform, a 
low level corresponds to the ON state of the switch and a 
high level corresponds to the OFF state. It is easy to 
calculate that the obtained duty cycle is about 0.7. 

Figure 3. Waveforms on SMP-Pin (Upper),  
MOSFET Drain (Lower) 

 

Performance Test Results 
To test the proposed SMP, a simple test board was 
created. The full-board schematic is shown in Figure 4. 
The input voltage is applied to jumper J1; the output load 
is connected to J2. The input voltage and current are 
measured using test points TP1 and TP2; the 
corresponding output values are monitored on TP3 and 
TP4. 
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Figure 4. Modified SMP Test Board Schematic 

 

 

 

 

 

 

 

 

 

 

 

 

The tests are performed for 5-V and 3.3-V output voltages 
with different load current and input voltages. The startup 
stability and SMP efficiency were estimated.  

The main test results are: 

 SMP operation is stable with input voltages higher 
than 1.7 V and output current up to 0.5 A. 

 Only when Vcc = 5 V and output current is 0.5 A, 
should the input voltage be increased to 2 V for stable 
start up. 

 The efficiency value of the SMP is typical for boost 
converters and lies between about 0.7 and 0.8 for 
load currents between 50 mA and 500 mA. 

Figure 5 presents a typical input voltage-efficiency 
relationship for a load current of 100 mA. Similar behavior 
is observed for other load current values and output 
voltages. 

Figure 5. Input Voltage-Efficiency Relationship Sample 

 
The presented test results prove the possibility of using a 
modified SMP to power different devices with load 
currents up to 0.5 A using two battery cells. 

 

Summary 
This application note demonstrates the method of 
increasing the output current of PSoC’s switch mode 
pump. 
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Worldwide Sales and Design Support 
Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find 
the office closest to you, visit us at Cypress Locations. 
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