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Buck Converter
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PWM: pulse Width Modulator

Industry: Integrate different technologies, power handling into suitable packages



Thin Oxide Devices (non IBM)

Company Device Process Foundry Oxide | Dose before | Observation
Name/ Number Name nm Damage seen Damage Mode

IHP ASIC custom |SG25vV GoD 12 V IHP, Germany 5 Minimal Damage

XySemi FET 2 amps |HVM0S20080720 12 V' |china 7 Minimal Damage

XySemi  [XP2201 HVMO0S20080720 15 V | china 12 /7 2Q2010

Enpirion EN5365 CMOS 0.25 um Dongbu HiTek, Korea ) 64 Krads

Enpirion EN5382 CMOS 0.25 um Dongbu HiTek, Korea ) 111 Krads

Enpirion EN5360 #2 SG25V (IHP) IHP, Germany 5 100 Mrads Minimal Damage

Enpirion EN5360 #3 SG25V (IHP) IHP, Germany ) 48 Mrads Minimal Damage

Necessary condition for Radiation Hardness - Thin Gate Oxide

This limits operating voltage to <5 volts
LDMOS extends this to ~ 15 Volts 4
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Wide Band Gap Materials
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Fig. 8. Dependence of drift velocity of semiconductors on electric field.
(GaAs and InP have high mobilities (slope of drift velocity—electric field
relation in the low-electric-field region); however, their drift velocities
decrease in the high-electric-field region. On the other hand, GaN shows
high drift velocity in the high-electric-field region,



Radiation Results — RF GaN & EPC GaN on Si
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Fig. 7. Eudyna EGNB010 GaN HEMT, VGS versus IDS at VDS =
10 volts and selected doses of 60Co gamma radiation. Little change
is apparent even after 43 Mrad of ionizing radiation.
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Fig. 8. EPC 1015 HEMT before and after 1015 protons/cm2.
During exposure VDS = 24V with a 1 kOhm resistor current
limiting the channel to 24 mA. The device was “clocked” with
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Fig. 6. Nitronex 25015 HEMT irradiate with
5 x 1014 neutrons (1 MeV equivalent). Little
change is observed in the response.

TABLE Il Radiation Testing Matrix for GaN Devices

Neutron | Proton
Company | Device 60Co Fluence | Fluence

{::111'2) (cm™)
Nitronex | 25015 174Mrad | 5x10% | 1x10°
Cree 40010 sx10® | 1x108
Eudyna | EGNBOI0 | 43Mrad | Sx10% | 1x10"
EPC EPC1015 | 64 Mrad 1x10°




12V

Plug In Card with Shielded Buck Inductor

Coupled Air Core Inductor
Connected in Series
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Replace pcb coil with copper foil (== | 0.25mm Cu | 194 17




. epc 1015 - 40V: Efficiency with constant frequency and constant on pulse with inputs of 12, 24 & 36 Volts.

EPC9001 #2 Efficiency vs Output Current
Constant Frequency =566 KHz: Pulse width =124 - 240 ns:
Vout =0.95-1.34V: L=3.9 pH, 4.8 mQ
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Vout~1.2V: L=3.9pH,4.8mQ
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Frequency Response IR’s Engineering sample in 2009
Half Bridge with CMOS Driver
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International Rectifier: Supplied sample board under NDA




eGaN with discrete & LM5113 Driver

“ Agilent Technologies FRIALIG 12 1455:35 2011

= Agilent Technologles

SW|tch Node Waveforms

Pw = 60 nSec
Spacing = 250 nSec
Pw = 20 nSec [ |

IENT POWER CONUERS!

National eGaN Driver LM5113 on Bottom
eGaN on Top side
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High Frequency GaN Power Stage Efficiency
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Figure 1: Conversion Current Density for a four phase
120 A, 12 Vin to 1.2 Vout buck converter vs switching
frequency.

M.A. Briere IEDM 2010
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Power Pulsing Tests

Air Coil DC-DC Converter
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Control turnoff overshoot by
1. Slow turnoff
2. Capacitors on both sides

3. Low impedance power cables
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o+ 1 -2 turn coil

* Fabricate PCB & Test

% Power Supply in a Package
% Coil simulation needs collaborators ??
% Coil may be buried in the detector PCB
% Feasibility report due summer 2012

Electron Linear Collider produce low radiation

but material in the interaction regions must be minimized

“ High Frequency operation for lower coil size / material
% Commercial cell phone converters 6 - 8 MHz, 1 amp, 5.5 Vin

2x2 mm Controllers for
Portable devices
2 -8 MHz 5.5 Volts

Spiral for 1 MHz
So it will shrink
Aluminum coil ?

cm 1
T

bl
LT
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High Volume Developments
Driving Innovation

«»» Data Centers 380 V Distribution to Racks > 48 /12 V > PCBs
+» Portable Devices
— smart phones, iPads, ultra notebooks

» GaN RF ~ 100 W Power Amplifiers — Cellular Base stations
» GaN MMICs Monolithic Microwaves Integrated Circuits

16




Data Centers: Silicon Solutions
Efficiency Improvement with DC 380 Volts

oA - i i
AC/DC DC/AC .
36 AC - I i m Electr.
i i “ o

ves IR | Fans
90% x  97% X 920% X 86% =67%

Rack

97% x  99% X 94% X 86% =16%

@BELTA H



Data Centers: GaN Solutions
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Market Trend

Controller = CMQOS Driver GaN FETs
| ||
: : EPC FETs
Now single die mM5113 Frecly Available
| ||
Demo PCB From EPC <
Chip on board € —— —— — — — — —
Monolithic for MOSFETs < >
Chip on board 1Q 2012 € e — — — — — — — e
Year 2013 -2014 FPGA Based GaN Driver & FET Half Bridge
0.13/0.25 pm
Power Supply inPackage |e=— =— — e— e e e e e — —
Radiation Hard
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Fig P1. 1 amp 4 MHz Buck Converter with External Inductor
Thin Micro SMD 1.6 mm x 1.3mm x 0.6mm LMZ3691

8 Pin LLP-Footprint Package

Fig P4. eGaN with Discrete Driver & Air Core Inductor 4 MHz.
Buck Converter 12V > 2.5V 6 amps EPC Company

Vear TPSE2661 L Vour
IDV.ESV 1.8V @ 1000mA
Top View Bottom View OTE VIN W
0.47 uH
Fig P2. 1 amp 2 MHz Buck Converter with onboard LTCC Inductor G EN FB Cq
Nano Module 3.0mmx 2.5mm x 1.2mm LMZ10501 47 FFI oo Iu uF
= 1

1,0mm
| 2,90mm »| |le— Mar -

Fig P5. 1 amp 6 MHz Buck Converter with External Inductor
6 pin CSP (chip Scale package)

|47 2,30mm ——————

MicroSiP™ package

Fig P3. 0.6 amp 5.5 MHz Buck Converter with onboard Inductor
MicroSiP 3.0mmx 2.3mm x 1.0mm TPS82671SiP 20




GaN Smart Power
Technology Platform

PERIPHERAL DEVICES | POWER DEVICES

|
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Silicon Substrate

D-mode E-mode &BD  L-FER Power Normally-off  power L-FER
HEMT HEMT HEMT

LlAiGaN [ISiNs [ Ohmic u Schottky

Metal Metal

** Normally-off HEMT Digital: Analog:
<+ Lateral Field-Effect | Direct-coupled | Sensing &

Rectifier (L-FER) FET logic | Protection
(DCFL)

21



]

Protection [ Sense |
- | o=
]

L Normally-off

- HEMT
H nl Driver L)

Rectifier

g = 3
ml L= Contol [T sense

B Smart power technology can be used to provide
optimized performance, increased functionality and
enhanced reliability.

Integrated Voltage Reference & Comparator Circuits... Kevin Chen et al ISPSD 2009
Hong Kong University of Science & Technology




MOSFET Discrete

Control IC
1
> Control Power ——
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Power IC FET  FET

Drivers Power |
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< ]

Advanced Packaging

Integrated Inductor
| >

Integrated Capacitor

| %

Semiconductor Integration

Technological Wall
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Arnold Alderman & Ada Cheng. APEC 2011




Summary

s Work with Industry at a Scientific level
“ We can't afford the marketing people who wants to sell 1 million parts / month
“ Power Supply on a chip Developments PwrSoc
* Power Supply in a package Developments PSiP
*» Portable devices may need 20 MHz air core Converters - 5 Volts
Next decade GaN monolithic High frequency & Voltage Power conversion

*

*

o
*

*

http://shaktipower.sites.yale.edu/
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