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UCF IS a public, metropolitc 2 niversity, dedicated to serving its
surreundingicommunities ﬂ!' "'J’:']' diverse and expanding populations,
technologicalicorridors, and international partners.

UCF, founded in Orlando i . is now the
dl h@mq inthenation W|th an

Science (CECS) has an enroliment of
undergraduate and graduate students in
2004.

« CECS is ranked in the top
of colleges for the number of:
Bachelor's degrees, and top
for the number of PhD
degrees awarded in
engineering.
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SHeBIReIREIEcCtICa ERngineering and

SOINPUIEIRSCIENCE (EECS)
I "
i fullime faculty withiresearch interests in
VJJ’jJ;JJ dﬁmmmg:ft]on, digital JJ JJJJ ,u Newly constructed Harris Corporation
Image prJgijmg, microelectronics and solid Engineering Center isthe home of EECS
state devices, power electronics, microwaves
alc J antennas; JIJEjJJJJ—‘IJ" systems, robotics
‘JIJ!]JJ_)/ VLSI d AJJ gn, com pu-ﬁar
s_‘,r hitecture; nétwork and mobile computing,
oftware —‘IJ_JJIJjjJ’JIJ_J/ computer graphics,
computational'imaging, evolutionary

computation, computer vision, artificial
intelligence, and database systems.

. undergraduate, ~/ MS, and PhD
graduate students in 2005.

= Research funding was over in 2005.




F/JJ‘]JUPj Was gstablis J—” m I'JDJ ; UCF to carry on research and
""" as of power electronics. The

8IS U use t of high frequency power electronic
it cy and performance.
ERGCULLEn rJ y has -'}- aculty members, 3 affiliate faculty
pand' 25 graduate research assistants and staff members.

Aadvanced power semiconauctor
devices and ICs

Advanced and integrated magnetic
COmpPonents

= New thermal management and
packaging technology.

» Photovoltaic Modeling

Active 0er e 1o

«  Soft-switching resonant ac-ac
technology

» Control and dynamic moaeling or
power electronic Systems




Digital Control
Team
Magnetics Power Devices Thermal/Packaging
Team Team Team
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SR,
Input: 36~75V ; =
ODutput: 1.0V/50A ' NL

2027 0/9” 0:2)inch? | ' it | 7
yo1Y/0 @ full il
Voltage ripple: Vp-p=10mV(no noise T"ZLZ

~ Transient Deyiation: 50mV @]aﬂr K

50% (10A/us) load change SR,

Reduced leakage ind ctance ringing

= No DC bias of transformer magnetizing
current

» Same voltage and current stresses as
symmetric HB
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Vin =48V, Vo=1V@ 50A Full Load with
23 Degree C of Ambient Temperature
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Input: 36~75V

Output: 1.0V/30A

1.3*0.9%*0.2 inch3
Efficiency: 86%o @riuliNoad

e: Vp-p=10mV(no noi

o0 amps/usec.
viation at zero
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Voltage ripple
Lc #J

ad Slew Rate
2% max de'

apacitance

Features:

Secondary-side control to eliminate
isolation delay

ZVS for high switching frequency
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Vin=48V, V0=0.995V
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Vin =48V, Vo=1V@ 30A Full Load with
Fs=450 kHz
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SOV A Gl Br]gfb( DC Converter:
] StegenNVitar IV Tepology

.

Increased leakage inductance is helpful to achieve ZVS for main switches
Controllisiexactly same as active-clamp half-bridge converter

Magneticcorensicustomizedifor the specific design

------ -

| -

SR1 Customized Core
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VBihBckDE/DC Converter:
| F Worstage Jopology
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1s Stage: Active Clamped 2nd Stage: Two Phase Buck Converters
Forward DC-DC Converte with Coupled Inductors
v Soft switching Etate-of-the-art technology
v'Simple control + Two-phase interleaved and inductor-coupled buck converters
v'Self-driven SRs “No isolation opto-coupler delay, high bandwidth

v'High efficiency v'Low input voltage to reduce switching loss

v"1.5MHz to 2MHz output voltage ripple




Output Voltage = 1V
Output Current Step=20 A
Output capacitance= 800uF

o7 | Setup

' dt=100ns

v  di/dt =18A/100 ns = 180 Alus
v Overshoot & Undershoot =10 mV |




S\/Ste Architecture
semmmrnaa

Cpnverter »

channel v
1 e Charge/

Discharge
Controller

Modular:
Master-less control

P - [ =

Scalable
- = _4 =y - o
ault-tolerant

[,CMD;, +V,,- 23?“%" . Cl\ggf,ui )

Conditioning Circuits <€——»DA0 Controller i [cANBus

Digitally controlled:

3 FlEXIble o6 Converter
— Reconfigura ble / PP with CMC Trim
— Lower cost

Peak power tracking:
— Maximize power yield
— Avoid instability

LCMDy, +V5,- H : CMD
! n Tin~ AD0€4>  DSP MPPT (i S

<——»oro Controller ~ : ~ [canBus



ViedUBRSelarPewer for Satellites:

Selaig Eannel Structure
-

PCMC dc-dc converter

* C: .
- ? ¢ Output voltage
I - # Peak Output P - ; J
egula PPIl  current voltage regulation is
p Y mode regulator ilt i
added ta allo wr | o gun(; into the
Operat|0n In PCMC dc-dc converter c-dac
MPPT at . modules, and
excessive ¢ Is active for
loads. i % light loading.
¢
Peak Output
PPl current voltage
! mode regulator
mm control (OVR)
System [nput A A A
Controller |5 ’otage
. Regulator
with MPPT (IVR)




Power rating: 2 COTS/channel @ 250W/unit =
500W/channel

Input voltage range: 36-72V
Output voltage: regulated at 28V

..r-.zE."n r Rt '-3"" S : "ﬁ |
4 484 ; DSP board g =
Switch-Mode Power %mﬂ rfl*if L.
Conyerters ﬁ‘jf o .-;; _:;_
T ffﬂf R §

02 03 04 06 08 OF OE 09
valtege, “wormeall sed

* Input voltage regulator (IVR) is ‘:f
activated in MPPT mode, i.e. when
loading exceeds available power. %_

e Output voltage regulator (OVR) is
built in and is active when loading is
low.



»Basic issue: SR, cannot catch up with SR,
=15t AVpl:mainly determined by ESR, ESL and Alo
=2nd AVp2:mainly determined by ESR, C1 and Alo




VeNIEnsientVoeltage Compensato
- S
FeEENEAE Improvement

SeriesATVC

ive Transient Voltage
(ATVC) injects

] .age to compensate
the voltage dro -up load
and energy recovery in step-

down loead:

= An transformer (n:1) is
introduced for voltage injection
so that current stresses of ATVC
are largely reduced, only
1/(1+n) of prior arts, resulting
in high efficiency in aux-
converter.
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PN o
'}c;w NegsientVoltage Compensator
SOIRVRIVINEGEENEE Improvement

VR10.1, VTT Tools, Vo=1.5V, R, ;,c=1.15mQ, ATVC for 2nd voltage spike R| | _5c improvement
ATVC: ER11, 1:1, 5Vin, 1.5MHz, 6*560uF in north, 4*560uF in east, Intel MB

5~50A 5A~80A 5A~100A

Slew rate
ATVC A(+) Base ATVC A(+) Base ATVC

180A/us 1.33mQ | 15.6% | 1.63mQ | 1.33mQ | 18.4% | 1.57mQ | 1.32mQ

250A/us 1.35mQ | 14.6% | 1.63mQ | 1.39mQ | 14.7% | 1.60mQ | 1.37mQ

550A/us 1.42mQ | 12.3% | 1.67mQ | 1.43mQ | 14.4% | 1.63mQ | 1.45mQ

10A/ns 1.39mQ | 14.2% | 1.67mQ | 1.47mQ 12% 1.66mQ | 1.52mQ

180A/us 1.30mQ 15% 1.51mQ | 1.35mQ | 10.6% | 1.54mQ | 1.39mQ

250A/us 1.32mQ | 14.8% | 1.53mQ | 1.36mQ 11.1% 1.56mQ | 1.41mQ

550A/us 1.33mQ | 16.5% | 1.59mQ | 1.43mQ 10.1% 1.60mQ | 1.47TmQ

10A/ns 1.42mQ | 13.8% | 1.60mQ | 1.49mQ 6.9% 1.64mQ | 1.54mQ

LLac Maxi 24mV 0.53mQ 34mV 0.45mQ 39mV 0.41mQ
in step
up Expected 14mV 0.31mQ 24mV 0.32mQ 29mV 0.31mQ

LLac Maxi 22mV 0.49mQ 29mV 0.39mQ 38mV 0.4mQ
in step
down Expected 12mV 0.27mQ 19mV 0.25mQ 28mV 0.29mQ

Zinid2pEC
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Input Filter DC-DC Converter Unfolding Circuit Output Filter

= Single-staged inverter system only have a single high switching frequency
of power processing stage, which regulates both input DC source and
output under the control of DSP.

= With MPPT Algorithm, the power of PV array can be regulated at its
maximum power point.

= By reducing the high frequency power processing stage from two to one,
single-staged inverter system can achieve higher efficiency and reliability
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POVVEIRSEMICONC
Moclelinle) ziriel B

L‘POWCI' El@CtrOniC Circuit/System L evel
PSPICE, SABER, CADENCE,

SyStemS ANSOFT (Simplorer), Simulink

Device/Process L evel Circuit design

verification, IC design,
Synopsis (ISE-TCAD), ANSOFT control design

Packaging/Ther mal/M echanical Deies b v el

X internal physics modeling,
ANSOFT, UCF FEA Software device/circuit interaction,

process development

Thermal, mechanical stress
modeling, electromagnetic
modeling, package
development




POWEIRSEMIconduictor Research:

VIXEGEVIGHENDEVICE/Circuit Modeling
Fl B
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INPUT INFORMATION
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- EEEEEEERREN Switching Waveforms {1 g
Unclamped g AT T 1 * B et ]

Inductive Load =
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External
Device
Behavior

Vags and Vds (V)

Power
MOSFET :1_'_1

@

VDS (V)

Abs{TolalCurnigni Densiy ) Aps(ElectncField)
B 195401 P 1.0E+08
1.7E+00

1.6E-01
1.3E-02
1.1E-03

. 1.0E-04

8.0E+05
6.0E+05
4.0E+05
2.0E+05

. 2.6E-09

Doy

Internal
Device
Physics

Internal
Current
Density

Internal
Electric
Field

Device Structure (LDMOS)
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Wehaversuccesstully'developed an N-channel LDD MOSFET with a record

IOWRgepn O 1M at'ajgate voltage of 6V or 1.20m<Q at a gate voltage of

4:5Vaapproximately 50% of the lowest Rpson Previously reported.

The new devicerhasa a performance FOM of less than 30 mQ*nC,

representingja SXimprovement over the state of the art trench MOSFETSs.
he newMOSEET demonstrates a breakdown voltage of 11V and is

itable'for sub-10V class DC/DC applications.
The MOSFET icated with a 0.5pm simplified CMOS process of 10
masks iﬂ#udin g 3 metal layers.

A DC/DC converter based on the MOSFET
has been developed (by an industrial
partner) to achieve a 3.5MHz switching
frequency, 97-99% efficiency, and an
amazing 970W/in3 power density.




Meclelipie) ciplel 1]
szerf Qrmw; %g'a'r?'

g'a Finite Element Analysis (FEA) tool to provide
ation of the metal resistance contribution for various

= We will extend the study to lateral MOSFET in power ICs and Smart
Power devices.

ﬂ
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{b) Copperstrap {¢) PowerPak {d} DirectFET™
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- Total Rpsox Of 55V MOSFET (mQ)

H Single wire,
L=1.5um

B Single wire,
L=0.5um

B Double wire,
L=1.5um

0 Double wire,
L=0.5um

O Si only

Wirebond Methods
Finite Element Analysis (FEA) approach
D2PAK Active Area=4x5mm?2
Rpson Of MOSFET (Si only)=40Qmm?
3um Aluminum R= 10mQ per square
Wirebond Contact Area=0.4x1.2mm?

Single Source Wirebond ~ Double Source Wirebonds




AUEYUELENIUGERaNC reSOURCcES
EXPENENCEGENNIEES

Disciplinediprejectianagement
Product oneniau

Shorter term thinking Longer term thinking

: Less constraints in generating ideas
Dynamic, interactive, interdisciplinary
research and learning environment
Skunk works are a way of life
Offshore talents insourced to US

. » Faculty/graduate students are
inexpensive

University research in power electronicsshould
compliment rather than duplicate industry R& D!!!




gihiererare tremendous challenc ﬁ‘g anc opportunities co-existing in the
ligldioiipowerielectronics in'which university researchers can and

should play;animportant ‘f_&
UCF has well-established re Ic
topology and control, ma agnet

devicesypackadging, mode
management.

. Industrial partr rship'ﬁ.absolutely essential.




