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Abstract

The aim of this project is to provide Pulse Width Modulator controller (PWM) solution that will largely simplify Electronic Power Conditioners (EPC) design due to variety of converter topologies that can be realized within one chip and decrease its cost due to integration of more converter elements in one chip. Field of application of this PWM controller can be far greater than EPCs only, ranging from platform to payload units. It can be used in various topologies (Buck, Boost, Buck-Boost, Push-Pull, Flyback and Forward converters) and their synchronous variations. Commonly used regulation control loop is available (voltage mode and current mode).The Pulse Width Modulator ASIC operates with clock signal (externally or internally generated) ranging from 100 kHz to 1 MHz
The pulse width modulator is implemented in a rad-tolerant 150nm CMOS-SOI process. The ASIC has been radiation-hardened by design techniques (including Triple-Modular-Redundancy, SET filtering, periodic reset with no operation interruption).
I. Introduction
This paper presents a PWM ASIC for use in aerospace environment. Its characteristics make this PWM easily adapted to various DC/DC topologies. This ASIC operates with a single power supply voltage, ranging from 8V to 16V. The power supply of the output stage (VDD and GND) is totally independent from the rest of the ASIC’s power supply to avoid any large core supply variations. It has the flexibility to generate its own clock signal or operate with an external clock signal with frequencies from 100 KHz up to 1 MHz. The PWM ASIC can drive other PWM ASICs in phase or shifted and/or with scaled down frequency. The pulses of the two PWM command outputs can have adjustable characteristics. The Leading edge blanking, the minimum duty cycle, the maximum duty cycle and the slope of the ramp signal can be externally adjusted. Also the output logic allows various configurations (opposite, alternated, complementary or one channel only). For the start up sequence an external capacitor can be added to achieve soft-start and avoid high inrush currents.
II. PWM Architecture
The PWM consists of 4 main high level blocks. The clock generation block where the clock generation and manipulation take place (phase shifting, prescaling and frequency division). The Power Supply Interface consists of the regulator and the Under Voltage Lock Out (UVLO) circuits which inhibit the ASIC when the power supply voltage is lower than the set threshold (9V). The output buffer block includes the buffers needed to drive large capacitive loads (power transistors). The rest circuits consists the PWM module containing one independent voltage reference, voltage sensing, regulation and comparison in an analogue voltage control loop, PWM signal generation by comparison with a trimmable compensation ramp, leading edge blanking and minimum duty cycle operation, over current protection and outputs logic allowing various configurations (opposite, alternate, one channel only and complementary outputs).
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Figure 1: MISAC PWM controller high level block diagram.
A. Clock generation module

The clock generation module provides to the PWM module an adjustable fundamental clock from 100 kHz to 1MHz. Depending on the role of the chip (independent, master or slave) it can feed the ASIC with an external clock (slave) or it can provide, from its internal oscillator, any clock frequency ranging from 100 kHz to 1MHz. This clock can be feed to other ASIC via an external pin (master).
The clock generation module can phase shift the clock, internally or externally provided, by 90°, 180° or 270°. Can also perform frequency division by two, by four or by eight times. The last stage of this module is controlled by the PWM module and it divides the frequency up to 32 times when an overcurrent event is detected.
The oscillator’s frequency, the phase shifting and the frequency division are controlled by external passive components. 
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Figure 2: Clock generation module

B. Power supply module

This module contains a regulator a Bandgap and the UVLO circuits. The reference voltage generated by the Bandgap can be distributed to the PCB via an external pin and can source up to 10 mA current. The regulator supplies the ASIC with 3.3 V, expect the power module, using an external decoupling capacitor. The UVLO circuits inhibit the ASIC in any case where the power supply falls below 9V or the internal regulated supply falls below 2.65V. The ASIC operation is resumed when the power supply and the regulated supply go above the mentioned threshold values with adequate hysteresis (500mV and 350mV respectively).
C. Output buffer module

This block contains the output buffers which are responsible for driving large capacitive loads (power transistors). The buffers are able to source/sink peak currents  up to 2 A. These buffers are composed with high voltage transistors (16V) and have a level shifter circuit from 3.3V, for the input signal from the PWM module, to power supply’s voltage (up to 16V). Their supply is separate and independent from the rest ASIC’s supply.

D. PWM module

The principle operation of the PWM module is depicted in Figure 3. The monitored voltage is feed through the compensation network (voltage or current controlled) and then the Leading Edge Blanking (LEB) signal is added to the incoming pulse to blank any switching noise. Then a comparison takes place with an internal generated sawtooth  signal and the outcome is the preliminary duty cycle. The Low duty logic compares the preliminary duty cycle with the minimum ON duty cycle and if the preceding is smaller in duration than the latter then a Low duty flag is issued and the minimum ON duty cycle is applied. If the voltage status is triggered by an overvoltage event the Zero duty flag is issued and no pulses are generated until the output voltage is reduced to the nominal value. The overcurrent status is triggered when the voltage across the sensing resistor is exceeds 1V [3]. The Low Duty Logic starts to send the appropriate signals (dfr<0:2>) to the clock generation module in order to sequentially reduce the PWM clock frequency by 2 and up to 32 times. When the overcurrent status is deactivated the frequency of the PWM clock is sequentially restored. 
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Figure 3: PWM basic block diagram

The PWM logic block is responsible for generating the proper pulse-width modulated waveform to be sent to the output buffer module.  It has four configuration modes (opposite, alternate, one channel only and complementary outputs) depending the external circuitry attached to the PWM. The two output channels are not both active at the same time by applying adequate dead time between the two command signals. The maximum ON duty cycle is limited by an external signal (DONMIN).

The minimum ON duty cycle, the overvoltage threshold, the maximum ON time and the sawtooth ramp’s slope can be configured by external passive components.
III. Layout

The top half part of the chip (high voltage side) is populated only with circuits, pads and power supplies associated with the two separate output buffers. On the bottom half all the 3.3V circuits are situated
The chip dimensions are 3857μm by 5092μm.         [image: image4.jpg]



Figure 4: Layout view of the complete design
IV. Radiation Hardening
The ADC is implemented on a 150nm, single-poly, 5-metal, 0.15μm SOI CMOS radiation tolerant process of Microchip (ATMX150RHA). For every digital block Triple Modular Redundancy (TMR) is used to provide protection against Single Event Upsets (SEU). The analogue part is hardened using relaxed layout rules, guard rings and use of enclosed layout NMOS transistors.  On every critical node, capacitors have been placed to filter any SET event. On all DFFs a periodic reset is applied to return all the SEU affected registers to normal operation without interrupting the PWM’s operation.
V. Performance characteristics
This PWM can operate with switching frequencies from 100 kHz to 1MHz. The output buffers can source or sink peak currents of 2 A. The power dissipation is 10W when operating at 1MHz with maximum load. The design is targeting to achieve a dose tolerance up to 100 Krad and be latch-up insensitive for LET up to 60 MeV. 
The project is at the manufacturing phase with the first samples expecting to arrive during summer 2018.
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