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MICROOS

MicroelectronicsTrack

CMOS DESIGN OF 0.25um CAPACITOR-LESS ALL DIGITAL CONTROLLER FOR A DC-DC
BOOST CONVERTER

Julio Telan®, Roderick Y ap, Frank Castillo, Aaron Gebana, Marion Ramos, and Alec Santiago

Electronics and Communications Engineering Department,
De La Salle University, Manila, PHILIPPINES.
* E-mail: julio telan@dlsu.edu.ph

ABSTRACT

A purely digital CMOS Design of a controller for a DC-DC Boost converter is presented in this paper using the
0.25um library. The circuit used PWM mode of control. In order to interface the booster analog output to the
controller, a time based Analog to digital controller (ADC) is embedded in the design. The ADC also made use of
purely digital components. With reference to [1] which used considerable capacitors, the entire design for the
booster controller circuit in this paper did not use any capacitor.

Figure 1 shows the general block diagram of the controller. The idea is to have a simple ADC architecture good
enough for the booster. A time-based ADC is adopted for the design. The idea of time based ADC was found in [4].
Inside the ADC module is a voltage controlled oscillator (VCO) and a 5 bit counter. Figure 2 shows the general
circuitry for the current starved ring oscillator [2] which made it possible to produce the digital output of the ADC
by driving the counter at varying frequencies for every sampled output voltage.

Time Based ADC
o Current Starved 5 - bit PWM Booster —0
Feedback vco Counter Generator Circuit Output
Voltage Voltage

Figurel: General Block Diagram

Because the target output voltage was set at 6V, the power transistor of the main booster circuit made use of another
transistor model library. This is because the 0.25um library used for the controller is only limited to a maximum of
2.5V.  For the PWM block, it has two main parts, namely the buffer chain and the multiplexer. An input of 150
kHz, originating from the proposed circuit, is being fed to the buffer chain. Each stage of the buffer chain is being
tapped to be the input of the 32x1 multiplexer. The output of the multiplexer and the 150 kHz signal is being fed to
an XOR which is responsible for yielding the corresponding PWM signal.
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Figure 2: Current Starved Ring Oscallator

Simulation results reveal the booster output stabilizes at 6V for all the corner libraries. Lme regulation simulation
shows the output is stable for a VDD range of 2.3V to 2.5V. Load regulation simulation reveals the output 1s
maintamed at the target voltage of 6V when the load driven 1s a pair of series connected white LEDs or when the
load 15 replaced by aresistor as low as 100 ohms. The circuit was likewise simulated for temperature variation from
0% to 70°. Data shows the output generally stable close to 6.
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