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AGENDA

I. Company Overview - Broad Product Offering

. Topology Introduction

- AC/DC (Offline)
- FlyBack (Isolated)
- Buck, Boost, Buck-Boost (Non-isolated — inductor switching), Linear (NO inductor)

- HV Buck - Low Standby, Constant voltage

- DC/DC

- Buck, Boost, Buck-Boost (Inductor switching), Linear (NO inductor)

[11.Open Discussion
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Company Overview

Global Operations and World-class Manufacturing & Packaging -

NASDAQ: DIOD

Founded in 1959

Headquartered in Plano, TX; 21 locations globally
Manufacturing in UK, Germany, China, and Taiwan

1SO9001:2008 Certified / TS16949:2009 Certified
1SO14001 Certified

Key acquisitions:
Anachip Corporation, Taiwan Jan. 2006
Advanced Power Devices Nov. 2006
Zetex June 2008
Power Analog Microelectronics (PAM) Oct. 2012
BCD Semiconductor Mar. 2013
Pericom Semiconductor Nov. 2015

Over 7700 employees worldwide

27 consecutive years of profitability

This presentation contains Diodes proprietary and confidential information
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Pericom Acquisiti

() PERICOM Company Profile

() PERICOM Product Portfolio

Founded: 1990

HQ: Milpitas, CA USA
Employees: 900
Products: 26000+

Markets: Communications,
Consumer, Computing, and Automotive / Embedded

IPO in 1997, Nasdaq: PSEM
Revenue 2015: $128.8M

Timing: Clocks, Oscillators

Switching: Signal Switches, Multiplexers (MUX)
Connectivity: Packet Switches, Bridges, UART
Signal Integrity: ReDrivers / Repeaters

() PERICOM Automotive Focus

Telematics / Infotainment
Connected Car / Autonomous Driving
Advanced Driver Assistance Systems (ADAS)

This presentation contains Diodes proprietary and confidential information
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Immediate Benefit to Customers
Expanded product offering to include rapidly growing segments like embedded, mobile, storage
Vertically integrated for all timing needs, broad timing portfolio includes:

Crystals, crystal oscillators, voltage control and temperature compensated crystal oscillators,
as well as fully integrated multiple output clock ICs

Switch products provide the highest signal integrity and achieve the most efficient and clear
signal routing for data rates up to 12Ghps

Technical Expertise

www.diodes.com
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Broad Product Offering

Discrete

Diodes
Schottky Diodes
Zener Diodes
Switching Diodes
SBR® Diodes
Power Zener Diodes
Power Rectifier Diodes

MOSFETs

Small Signal

Power

Protected

High Voltage
Complementary Pairs
H-Bridges

IntelliFET®

Bipolar Transistors

Small Signal BJT
Pre-biased BJT
Medium Power BJT
High Power BJT
Darlington Transistors
Gate-Drivers

Low Saturation BJT
H-Bridges

Rectifiers
Schottky
Super Barrier Rectifiers
Fast Recovery
Bridge

Protection Devices

TVS

Low CJ TVS
Thyristor Surge
Protection

Data Line Protection

Function Specific
Arrays
Relay Drivers
Discrete Load Switches
Discrete Voltage
Regulators
MOSFET Gate-Drivers

IntelliFET and SBR are the registered trademark of Diodes Incorporated.

Standard Products

Standard Linear

Linear Voltage Regulators
Standard Linear Regulators
Low Dropout Regulators

Voltage References
Shunt Regulators
Micropower References

Current Monitors
Current Output
Voltage Output

Operational Amplifiers
Comparators

Timing Products
Clocks/Buffers
Real-Time Clocks (RTC)
Timer ICs

Crystals

Oscillators

Standard Logic ICs

Single Gate
Dual Gate
Standard Logic
Translators
Analog Switches
Registers

Power Management ICs
DC-DC Switching
Regulators
Buck
Boost
Buck/Boost/Inverter

AC-DC Solutions
Primary-Side Regulators
PWM Controllers
CV-CC

Power Switches
Load Switches
HDMI Switches

uUsB
USB Switches
Charging Control

LED Drivers

Offline LED Drivers

DC-DC LED Drivers
Linear LED Drivers

LED Backlighting

Power Supply
Synchronous Rectifiers
Active OR-ing Controllers
Chargers

Gate Drivers

ASSP

Connectivity
Switches
Signal Switches
Mux Controllers
Type-C Switches
Signal Integrity
Repeaters/ReDrivers

Connectivity

PCle Bridges

PCle Packet Switches
UARTSs

Sensors

Hall Switches

Hall Latches

Smart Fan Drivers
Motor Controllers
Temperature Sensors

Digital Broadcast by Satellite

Fixed Bias Generators
Switched Bias Generators
Multiplex Controllers
Integrated Switch Matrix
DBS Interface

STB Power

Class D Amplifiers
Audio Switches
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AC/DC Topologies

AC/DC Topologies Selection Guide

Constant

: . tput .
Topology Isolation  Efficiency Cost PF/THD Voltage/ SL Application
Voltage
Current
Lighting Fixture,
Flyback Yes Middle High Best CviICC Wide Isolated External
Driver
Buck No High Low Good Cvi/iCC < Input Voltage Bulb, T-light
Boost No High Low Best CvICC > Input Voltage PFC Converter
Buck-Boost No Middle Middle Best CcC Wide Bulb
AC Linear No Low Lowest Poor CC < Input Voltage Bulb, Ceiling Light

............ : www.diodes.com .
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AC/DC Flyback Topology Introduction

o—

» Flyback Topology Advantage » Flyback Topology Disadvantage
1) Provide safety isolation 1) Low efficiency
2) Support wide range of output voltage 2) Need large size transformer
3) Better PF/THD 3) High BOM cost
LO 5/'\:/% BD1 Primary Side Secondary Side
L1 D2
Y YY) N .
-w T1
NO N | R1 2 ==c4 .
D3 ¢
_l_ R2 ‘
VCC - )
Gate h: Q1
AL16xx - 1 VREF
CS IOfMEAN = E ) R_

............ : www.diodes.com .
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AC/DC Buck Topology Introduction

L1 —— 2 — —

» Buck Topology Advantage

1) High Efficiency

2) Smaller size power inductor

3) Low BOM cost

4) Low voltage stress of power
MOSFET

5) Better EMI

AC
Input

» Buck Topology Disadvantage

1) Limited input/output voltage ratio
2) Output voltage can’t be higher
than input voltage.

uuuuuuuuuuuu

AC
Input

LYY Y\

o Y VVY™Y
Drain; | { ] CS Rcsg

GND
AL16xx

J+

DB1 AD1 R1[] 7
Cl1+ C2=—

Co :I:| ouT

., High side Buck

LYY YN

ﬂ ouT

DB1

Drain

Cl1=4 C25

AL16xx

GND

" 2Rcs

- Low side Buck -
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Design Calculator — AL1672

https://lwww.diodes.com/design/tools/calculators/
ALL1672 buck LED driver design sheet

the actual

e

User instructions: This tocol is used in diodes AL1672 Buck' s lLed Driver IC theory & iz based on
glectrical parameters regquired o Fill in the svystem will suscmatzically calculaze < bBlue z) and cvstem
Design Spec. LED lLoad Spec.
Minimum input voltage Vac_min 100. 0 Vac LED ocuzpu: wolzage Vo 60. 00 Vac
max input voltage Vac_max 265. 0 Vac LED cutput curren: Io 240. 00 mA
operating frequency a: minimum input voltage 42. 0 Khz
Desiegn Data (ITfES®3E)
minimum Crest voltage Vdc_=min Volc maamum Crest voltage Vdc_max S74.71 Volc
maximum Drain wvolzage Vds_max Voo maxizum reversing voliage of DI S74.71 Voo
maxizum peak current of internal HVM] A maximux peak current of DZ Ispk 1. 02 A
maximum RMS current of the EV MOSFET | A maxizum FRMS t of D2 Isxms 0. 264 A
maximum FMS wvalue of the inductor cui A MOS maximum conduction time az 3 us
FEESSIIZESZEF(EERNEE=T) A MOS minimum conduction time az us
Current Sense Resistor S WE
current sense resistor RCS= 0. 63 [= [EFIsssrEsEE. SEEaTmsms.
power loss of curren: sense tesis:or_l ImWa/! I [ I
Inductor design
maxizum flux densi:y Emax o.28 T BUCK 12 inductance l2p= O. 81 mH
core type of inductor L2 = EE1S Cross-section area of the core_Ae= i2. 100 i
turns of buck inductor 12_Np= 243 Jumns FMS value of buck inductor curr 0. 24 A
current density of 12 8. 00 Almar minimus diameter of buck inducs O. 20 Ty
auxiliary winding woltage 1S5. 00 v auxiliary winding turns Na 60. 00 Jums
FErescistor network I
OVE wolzsee 1 81 [v === o==:1358)
upper resizor RS T 100. 00 | Kafmr | lower resistor RS | s [ xafm
Rcomp resistor
Rcomp resistor I 0. 69 IKohm I I
£
Faa
F1
AC < R < o1 Ra > + o
reut ol | Fr—te—— i 20 e N
cat .
RS - -
3 A
RE <
£ a
o
Ceorrs -I
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AC/DC Buck Topology Introduction — Peak Cul

> ngh PF Buck CC Operation Principle(BCM)
Constant Current Control

A

Samples the CS peak value in each AC sine cycle and integrate the
\ ' sample value to control system on time. It has below equation.

n—0

7\ = I, -|sin(0)— Yo R - Ton + Tore deo
REF IPK \EV © Ton +T0ff +T

in Delay

F8 The output current of Buck is

n—0

Lol : V T +T
INANA ] - Loy = o J.EIPK -[Sln(e)—ﬁJ-Rcs. ff 40

elay

I;n + T;ff + Tb

nintninininis For Buck structure, the dead zone angle is

cs ? i @ = arcsin
Ve \\\\\ \/Ei : p;n

So the output current can be got

1 VkEF
CDOOES. Lo =5

............ www.diodes.com
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Design Calculator — AL9910

|lHps.”www.aloaes.com’aeagn”oo|s’ca|cu|afors’

AL9910/A Calculator revision 2
®
I M € O R P O R AT E D
Click below to select device Click below to select if PFC iz required
AL9910 SO8-EP [ With PFC ll__,v
INPUTS OUTPUTS AL9910 LED Driver with PFC
! y here | Co . 3 s D
= input roltagg Minimum Vin from 85 to 265% [ 3425 k0 | _L _L
Maxi aput voltag] 265 ¥ | Maximum Vin from 85 to 265V I  parameters g 3 —2Coulk 1 2 Cout
Line Frequency 50 H= me.quucncy from 47 - 63Hz ductor (L) L 2 LED.
LED Forward ¥Yoltage 3.3 ¥ |Typically 3.3V RMS Inductor Curreat o1 oo =
Humber of LED= 14 MNo. of Leds > 4 [ Peak ld-ctor cc"en 02 7% PEMD | GATE el ]
LED Current 180 mA | ILED from 30 to 1000ma, ! = : = 3 i (5= [ =
X Rz Power Dizsipation oD =
Ripple Factor 3 Ripple factor from 0.2 to 1.4 | - . A S B . L
Max. switching frequel 60 EkH=z | Max. switching freq. from 50 to 125kH] DB1 + Chulk =3
Inductor’s DCR 50 O |inductor'z DCR from 1to 300 D4 i [‘] .
¥Ff of DB1 11 ¥ VFf of DE1from 0 to 1.3V D1 D2 D3
¥f of D1, D2 & D3 11y VFfof D1, D2, D3 from O to 1.3V 7
¥f of D4 14 ¥ | Vfof D4 from Do 1.5V
F | Value 3.3 to 1000pF

= 7 1
Rds(ON) m Rdz(ON]) from 0.5 to 102
Qg & ¥g = 7.5¥ &g value from 5 to 30nC
LED output Ripple vol 300 m¥ |Ripple voltage from 200 to500mY
Cout ESR ralue 500 mO | ESR from 10 to 500mQ

| Ambicat temperature | Ambicnt Temperature from 0 to 50:C

Cbulk ¥oltage Rating

ency (worst c3
ALI910 SOS-EP power consumpl 361.9 mW
Inductor Copper Loz= 165.4 mW
Maximem MOSFET & los= 329.4 mW

P temperature
MOSFET @ juaction temperatar{ 454 =*C
DB1 juaction temperature 31.2 =

D4

D1D2 D3 j temperature 27.3 =

ction temperature 305 =*C
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AC/DC Boost Topology Introduction

» Boost Topology Advantage » Boost Topology Disadvantage

1) High Efficiency 1) Output Cap needs high voltage stress
2) Smaller size power inductor 2) Output voltage can’t be lower than
3) Best PFC/THD input voltage.

~D00-

Vour
77

VinE

] www.diodes.com

oooooooooooo



http://www.diodes.com

Design Calculator — AL6562

https://lwww.diodes.com/design/tools/calculators/

AL6562 Boost PFC Driver Design Sheet |

Red: practical electrical parameters

Blue: calculated component value by this tool
Pink: electrical parameter spec in AL6562 datasheet

BOOST Inductor Design

Design Spec.

Min Input AC Voltage(Vac_min) a0 [VACrms]
Max Input AC Voltage(Vac_max) 265 [VACrms]
AC Line Frequency 60 [Hz]
Qutput woltage (Vo) 390 [vdc]
Qutput current (Io) 0.15 [A]
Output power (Po) 58.5 [w]
Max OVP wvoltage 430 [vdc]
Min Switching Frequency (fsw_min) 50 [kHz]
Expected Power Conversion Efficiency (" p) 96 [26]
Expected Power Factor 0. 99

Maximum Flux Density Bmax 0.3 1]
Operating condition (@ min input voltage)

Input Power 60. 94 [wl
Input current 0. 68 [A]
Pt.zak current value for boost inductor, MOSFET and 1,93 Al
diode

BOOST inductor REMS Current Value 0.79 [A]
MOSFET RMS Current Value 0.67 [A]
Diode RMS Current Value 0.42 [A]
Current Sense Resistor Design

CS min threshold voltage 1.4 [vdc]
CS max threshold voltage 1.8 [vdc]
Max Current Sense Resistor_Rcs 0.72 [Ql
Customized Current Sense Resistor_Rcs 0. 65 [Q]
Rcs power dissipation 0.29 [w]
I(\‘l:zzepeak current for boost inductor, MOSFET and 2. 769230769 1Al

Calculated Max Inductor Inductance 0.45 mH
Customized Inductance 0.45 mH
Customized Min Switching Frequency 50. 20 kHz]
Minimum AP[{Ae*Aw)for Ferrite Core 0. 0541 cm4]
Ferrite Core Shape Type S5
Effective Ares of Ferrite Core_Ae Q.48 cm2
Effective Window Ares of Ferrite Core_ Aw 0. 7344 cm2
AP 0. 3525 cm4
Lensth of Magnetic Path_le 4.43 cm]
Minimum Primary Winding Turns Number 87 [Ts]
Customized Primary Winding Turns Number 100 [T=s]
Maximum Flux Density_Bmax 0.26 [Tl
Multiplier Block Design
Multiplier output slope 1.65
N ipli input voltage .24 v
Maximum resisitor divider ratio KP 0. 006C
Allm‘ued current value flowing through lower 200 [wal
resistor
Calculated lower resistor 11.232 KO
Ci ized lower resistor 12.4 KO
Calculated upper resistor 2058. 68 KO
Customized upper resistor 2000 KO
Ci i KP 0. 0062
ZCD Block Design
Maximum inductor windingturn ratio
Customized inductor winding turn ratio
Customized secondary winding turn number [1s]
Minmum ZCD resistor K]
Customized ZCD resistor [KO]
Feedback Loop Design
Calculated upper resistor 1000. 00 KO
Customized upper resistor 1000 KQ)
Calculated lower resistor 6. 45 KO
Customized lower resistor 32 KQ)|
Output wvoltage 80. 63 [V
Loop cut-off frequency 100 HZ]
Calculated Compensation capacitance 0. 05 uF;
Customized Compensation capacitance Q.22 uF
3.

Customized cut-off frequency
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AC/DC Buck-Boost Topology Introduction

> Buck-boost Topology Advantage R
AL16xx
1) No input/output voltage ratio limit W
2) Better PF/THD input
) P N %LZ R1[] S¢Co :I:|OUT

» Buck-boost Topology Disadvantage
1) High voltage stress of Power MOSFET N&Hl?gh side Buck-boost

L2 R1 [] ~Co ouT
F1 ? :l:|
>l

D1

=

AC
Input

DB1

Cc1>— c2: Drain

AL16xx

GND

" 2 Rcs
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AC/DC Linear Topology Introduction

—

» Linear Topology Advantage » Linear Topology Disadvantage
1) No magnetic component 1) Requires high voltage output
2) Simple external circuit 2) Max power limit for thermal issue
3) Low BOM cost 3) Can’t support universal input
<

RF1

‘N'
AC
Input E @

DB1

............ * www.diodes.com
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HV Buck Topology Introduction

» HV Buck Topology Advantage » HV Buck Topology Disadvantage

1) Support universal input range(85~265Vac) 1) Max output load current limit
2) Simple external circuit
3) Low standby power

FB

%/»—}Hm Drain

Vcee |

R2
| Source

X
mal
[y
O
[y
[
[
+—\ NN
\
|

AL17050

Y Y Vout

C1 i~ C2 —y C3——
D3 C6 1 —R3
N D\j ‘ . Gnd

www.diodes.com
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DC/DC LED Drivers

Topologies Selection Guide

Topology Efficiency Cost Output Voltage Application
Buck High Low < Input Voltage Auto Door/Interior Light
Boost High Low > Input Voltage Backlight, Infotainment
Buck-Boost Middle Middle Wide Auto Headlight, DRL
Linear Low Lowest < Input Voltage Auto Signal/Position/Rear Light

nnnnnnnnnnnn ; www.diodes.com
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DC/DC Hysteresis Buck Topology

_— R — —

» Buck Topology Advantage

1) High Efficiency .

2) Smaller size Power inductor T CTRL R
3) Low BOM cost " SeT —gi
4) Y A

Low voltage stress of power :
AL886x —

il
o

SW

MOSFET T T oT N
» Buck Topology Disadvantage %T T .

1) Limited input/output voltage ratio
2) Output voltage can’t be higher

. Buck Power Stage Schematic
than input voltage

www.diodes.com
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40V, 1.5A Buck Driver : AL8860/61Q

Diodes Advantages
= Extended input voltage Range: 4.5V to 40V
= Supports stop-start 1-LED apps
® Pin to Pin AL8806Q/AL8807Q
® Qutput current up to 1.5A (> AL8807Q)

= Supports PWM/Analog Dimming

" With low |5 mode
® Inductor Current current-Limit — AL8861Q
= Configurable Soft Start via CTRL/SET pin

VIN (4.5V-40V)

» D At

VIN

— CTRL

AL8860

SET

SW

Cl'-[ GND

SET| 1
GHND 2
GHND 3

CTRL | 4

EP

——==0

ERRL
ERLE
EREL
| 5 | sw

Dimming

7] 32

VIN (4.5V-40V))|

C1=—

VIN

— VSET LX

AL8861

'[ GND

Sk

ISENSE [ 1 |

GND[ F]

GHND 3 |

WSET | 4 |

T
Min Max Nom. S Inductor
o+ Sense
Input Input Il ep ILED @ Current Voltage
Part  \oltage Voltage Acc. ? Limit g Package
» PWM Analog
V \Y ) A mV
AL8860Q 4.5 40 1.5 5 1000 |20 Y Y N -40~+125 | MSOP-8EP
AL8861Q 4.5 40 1.5 5 1000 |13 -40~+125 | MSOP-8EP

nnnnnnnnnnnn
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DC/DC Boost Topology

. T S = - ] o7
» Boost Topology Advantage — b g J |
1) High Efficiency e ot 3"
2) Input currentis continues, non- ot e J
pulsating |
3) Low BOM cost
» Boost Topology Disadvantage Constant Current Control
1) Output voltage can’t be lower Lgp = (mA)
than input voltage. - \ e
i R Al i S
1 ] ]
. L Constant Voltage Control
N . - ROTRT 4
IC supports PWM to analog dimming ranging from 5kHz to Vour R6 ’

50kHz, with dimming depth down to 1%.

............ : www.diodes.com



http://www.diodes.com

Applications

60V Buck-Boost Driver and Controller

VIN 1 —_—
Requirements m—
= Operate over whole battery —t
(9~48V) voltage range oy VAUXVIN s

High efficiency drive of LEDs
Wide temperature range -40 t0125°C
Withstand load dump

Meet AEC-Q100 automotive
quality requirements

Diodes Advantage

Multi-topology LED drivers - Buck-boost

mode works over Vg, range

Gl
ADJ
REF

TADJ

SHP STATUS SGND PGND
I

ZXLD1374

LX

LX
FLAG
NC X4

o

T

Key Products

driving LED chain used in DRL ZXLD1374
2% accuracy > better matching ZXLD1371
between DRL pair %L D1370
Qualified to AEC-Q100 grade 1
Ambient temperature range up to +125°C Colates s Mos sl
i PDS3S140 D1
PDS3200

v

C(JLIT

CrCOES.

I M €C O R P O RATE D

www.diodes.com



http://www.diodes.com

Linear LED Driver Topology

» DC Linear Topology Advantage > DC Linear Topology Drawback
1) No magnetic component 1) Max power limit for thermal issue
2) Simple external circuit
3) Low BOM cost

VIN Vin !
& i// Vin up to 60V
E E 85~265Vac Co’:‘ijscion i Cn VL *; *; *;
% H H H
3 AL5816 / = = =
3 IR 2 7
1 vCce ouT—m——— 3.3V R LED1
— Cl —— == Q +—AAAV—FAULTB LED2
outT 0.1pF 10pF —PWM AL1783 LED3
] Tt
/ oo P w1 o
/ ( MCU PWM3 REF3
Rs GND Rsers RsmiRsm
; j %
%f GND
L 1
60V Two terminal single 60V Adjustable single 6_OV 3-ch_anne| constant current
channel constant current channel constant current linear d.rlve!‘ with Independent
linear driver linear driver PWM dimming

............ * www.diodes.com
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o0V Linear LED Driver-Controller

Diodes Advantages Swporsaviop
Constant Current Linear Controller y o
" i// LED OPEN Detection

= | ow EMI, No Inductor : and PWM Dimming
4.5V to 60V Input Voltage Range 1o } Programmable

VCC  VFAULT
Llvec  our Reference

® Supports Start-stop & load-dumps oL ok « S

0lyF | 104F

Up to 15mA Drive for BJT - T mi:vsﬁmlifm
= Use external BJT or MOSFET . o
Over-Temperature Protection (OTP) o 1 %
AL5816: 60V PWM Dimmable Pin
AL5814:

= |ED-Open Fault detection &
activation

= Analog adjustment of Vg
- Supports thermal foldback

5% Reference Voltage Tolerance

//

e

2

AL5816Q AL5814Q

PWM[T | ® [5 vcec
GND[ 2 |
FB[3 | [4 Jout

AL5816/4 use BJT or MOSFET

www.diodes.com
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Thank you
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