�


100mA Low Noise Charge Pump LED Supply  with Output Current Adjust and High Frequency Filter


DESCRIPTION�
�
Demonstration Circuit  DC381A uses the LTC3201 low noise ,constant frequency, charge pump LED driver to power up 5 white LEDs. The LTC3201 has a novel architecture that  minimizes input current  ripple. With a 200mA input current, the current ripple will be a very low 30mA p-p. This might obviate the need for a regulator at VIN and allow direct connection to the battery. The 1.6MHZ switching frequency allows for small input and output capacitors (1uF).  The current adjust feature allows  the user to program the FB voltage and thus the LED current. �
��
Performance Summary	


�
Min              Typ           Max�
Units�
�
VIN�
2.7                                      4.5�
Volts�
�
Input Current Ripple, Iin=200mA�
                       30                   �
mAp-p�
�
Operating Supply Current�
                       4.0               8.0�
mA�
�
Shutdown Current �
                                            1�
uA�
�
�
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DEMO BOARD OPERATION





DC381A   illustrates a typical application of the LTC3201. The LTC3201 is a switched capacitor boost charge pump especially designed to drive white LEDs. The LTC3201’s internal regulation loop maintains constant LED output current by monitoring the voltage at the FB pin and comparing it against an internal DAC. The internal DAC is set externally using the D2:D0 pins. For a given ballast resistor connected between FB and ground, the external D2:D0 pins can be used to change the output LED current. The LTC3201 can be put into shutdown mode by setting the D2:D0 pins to ground. Note, however, that there are 3 330k pull-up resistors between D2:D0 and VIN. When these 3 pins are grounded, they will draw some current. 





The ultra low noise feature of the LTC3201 allows the user to connect VIN directly to the battery without causing too much battery voltage ripple. The low noise is a result of  a novel design architecture, an on-chip filter and an external filter capacitor. 





Hook-Up





Solid turret terminals are provided for easy connection to power supplies and test equipment. All necessary components and bypassing and included onboard. 





To begin the evaluation of the LTC3201, connect an input supply or battery (2.7V to 4.5V) from  VIN to GND. Set FB to maximum current by setting all 3 pins of jumper J1 to float position. This allows D2:D0 to be pulled up to VIN. All 5 LEDs should light up. The voltage at the FB pin should be approximately 0.62V. 





Set D0,D1,D2 according to table below and make sure that the voltage at FB falls between the specified range:





D2	D1	D0	FB acceptable range





3.3	3.3	3.3	0.570 to 0.670


3.3	3.3	0	0.485 to 0.575


3.3	0	3.3	0.400 to 0.480


3.3	0	0	0.320 to 0.390


0	3.3	3.3	0.238 to 0.298


0	3.3	0	0.155 to 0.205


0	0	3.3	0.072 to 0.112





The LED labeled D5 is connected to the FB pin. It will be D5’s current that will be changed as we change the FB voltage. The actual current flowing in the other 4 LEDs will be a function of how well the forward voltage matches between D5 and the other 4 LEDs. 


Noise Measurements





To obtain best possible input or output voltage ripple measurements, an oscilloscope “tip-let” should be soldered directly between VIN/VOUT terminals and its adjacent GND terminal. An oscilloscope probe with a separate ground lead will form a ground loop that will alter the measurement, and its not recommended. 


The voltage ripple at the DC381A VIN turret terminal  will be given by the current ripple of the LTC3201 times the impedance seen from the terminal to the power supply.  Since this impedance is difficult to asses and control, the voltage ripple seen at this terminal could vary greatly.  


The most relevant and accurate measurement would be made using an actual battery as the power supply to VIN. Make sure that the connections from the battery are short (< 1”) and made with heavy gauge wire. The voltage ripple would now be given approximately by the current ripple of the LTC3201 times the impedance of the battery.








Shutdown 


 Setting D2:D0 to ground puts the LTC3201 into a shutdown mode. Set all 3 bits of jumper J1 to ground. This should shut off the LEDs. The only current flowing will then be that of the 3 330K pull-up resistors. 


The turn on/off characteristics of the LTC3201 can be evaluated by shorting D2:D0 together and driving them with a signal generator going from 0V to VIN. The start-up current ripple can then be measured at VIN with a battery power supply. 





PCB Layout


Due to the fast transients inside the LTC3201, careful board layout is necessary. The DC381A demonstrates tight capacitor placement near the LTC3201 and a ground plane under the active part of the circuit.





Components





Input and Output Capacitors


The capacitors on VIN and VOUT nodes are X5R style 1uF capacitors. Ceramic capacitors are recommended for all applications that require low input noise ripple because of their low ESR and high resonant frequencies. Low parasitic inductance and resistance mitigate the effect of  IR spikes. Note, however, that parasitic inductance on the VIN input actually improves input current ripple. 





Y5V capacitors typically lose considerable capacitance with applied voltage or temperature and are thus not highly recommended for the VOUT node.











Flying and Filter Capacitor


The flying and filter capacitors are X5R 0.22uF style ceramic capacitors. Since the filter capacitor is used to cancel high frequency input noise, it is especially important to make it as high bandwidth as possible. This means keeping the value relatively low, and minimizing parasitic inductance and resistance by making the routing connection the shortest of all. 








