IMPROVED LOW DROPOUT (LDO) REGULATOR FOR THE NEW CLASS OF MICROPROCESSORS (CPUs)

by

Douglas P. Arduini - Consultant

AD&D (Arduini Design & Development)

2415 San Ramon Valley Blvd., #4-415

San Ramon, California 94583-1651

Phone/FAX  925/804-6063

E-Mail: darduini@yahoo.com

URL: http://www.AD-andD.com

(Presented at HFPC ’95 Bright Ideas Session, May 1995; revised October 2009)

ABSTRACT
A new low dropout (LDO) regulator design is presented that will provide the requirements and features of the new class of low voltage microprocessors (CPUs) and digital systems. Centralized or distributed power system (DPS) will require more LDO post regulators for the new CPUs as speeds and power increase and voltages decrease to 2.9-3.6 Volts and lower. The new CPUs also require much higher quality clean power with narrow voltage tolerance including regulation and fast line and load dynamic response. These features are provided by this low-cost linear regulator with adjustable voltage range and <1% regulation, 0-10A loads with fast dynamic response, <0.5V dropout to 2V headroom at 10A or to 4V headroom at 5A, including remote shutdown (on/off control) and inrush protection, plus current limit and thermal limit protection.

LOW DROPOUT REGULATOR
A low-cost LDO design in Figure 1 was designed to provide efficient regulation of 3.3V from 5VDC input, with a dropout voltage of <0.5V and a headroom of 2V at currents to 10ADC. The output is programmable for any voltage in the 2.9-3.6V range, with an input level as low as 3.8V. Programming and remote shutdown (on/off control) is provided with the adjustment pins in the 5-pin package, with any range of output voltages above and below the internal voltage dividers. 

This design optimizes simplicity and low cost to maximize performance at high current and low dropout. A Motorola MTP50P03HDL P-Channel Power MOSFET logic level series-pass linear regulator is used to use the 5V input voltage for the gate drive. Using a lower cost N-Channel MOSFET could allow lower dropout levels and higher currents, but would require a charge pump gate supply for more cost and component complexity. Q1 has an RDS(on) maximum resistance of 25 milliohms at 25oC and 5VGS. The worst case RDS(on) of 42 milliohms is calculated from using a multiplier of 1.2 for high junction temperature and a 1.4 multiplier for lowering VGS from 5.0V to 3.8V. The low dropout limit of 0.48V is calculated with 10A through the RDS(on) plus the 10 milliohm shunt for 0.48V maximum. This is assuming that the LM324 can pull down the gate voltage to ground. In reality, the LM324 VOL specification of 20mV maximum is using a 10K load resistor to ground, instead of a 10K pull-up resistor R10 used in this design. The LM324 was selected for it's low cost, but a substitute op amp is recommended that has improved sink current and low VOL. Other choices include increasing the R10 value from 10K to 100K or 1M, with little effect on the circuit because of the op amp’s low impedance push-pull output.

The maximum headroom is calculated to be 2V at 10A for 20W dissipation. This was chosen as the practical maximum without extremely large heat sinks or high air flow. The junction temperature is limited to 120oC from an ambient air of 40oC, with 1oC/W for junction-to-case, 1oC/W case-to-sink, and 2oC/W sink-to-air. This heat sink is a reasonable size with 200fpm air flow.

The output adjust pins (ADJ1,2) can be used to adjust the output voltage to a desired voltage above or below the internal dividers with external resistors to OUT or COM pins. Also, the ADJ1 pin can be used for remote shutdown (power ON/OFF control), with a diode decoupled high input voltage to inhibit.

Current limiting at 12A is included through R23 and threshold amp U1C. Thermal limit or over temperature protection is included by mounting D3 on the TO220 case of Q1. As the Q1 case temperature increases, the D3 voltage decreases until threshold amp U1A begins to add a bias current into the U1C current limit sensing circuit. Therefore, the thermal protection is a power limit by decreasing the current limit level as temperature increases for self protection.

The low cost TL431 is used for the 2.5V reference with choices of 0.2% to 1.0% accuracies available. With 1% resistors or better, low offset amplifiers, and resistor trimming for accuracy, very high output voltage accuracies are available.

Soft-start current inrush protection is included during initial startup at voltage turn-on or hot-plugging by the charging time constant of the reference voltages through R1,R4 and C1,C2. Also, if the input voltage is suddenly pulled low and the returns from a transient or fault, the reference voltages are discharged very fast by D1 and D2 to restart the soft-start for inrush protection.

Preliminary testing of the initial breadboard was performed with an LM324 for U1 from 0A to >5A with no effort to optimize the performance. The output was 3.3V with 4.4V to 6.4V input range. Line regulation was +/-0.5% and load regulation was +/-0.7%. 

U1 was replaced with a Maxim MAX475 and 1uF capacitors were placed on the input and output. Line regulation was 0.02% and load regulation was 1.7% from no-load to 12A. Dynamic response was +/-80mVp-p with <100uS recovery with 8A-12A-8A steps. Improvement is expected from the breadboard to the prototype with component selection, layout, design review and optimization.




Figure 1. LDO Regulator for 5V to 3.3V at 10A with Adjust/Control Pins.
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