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VISHAY. BALANCED PRODUCT PORTFOLIO

v

10% INFRARED
OPTO

34% RESISTORS
INDUCTORS

23% DIODES

15% CAPACITORS 18% MOSFETs

PASSIVES

Vishay Revenues 2018
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VISHAY. BROAD MARKET PENETRATION

v

28% AUTOMOTIVE 38% INDUSTRIAL

6% CONSUMER

7% COMPUTING

5% POWER SUPPLIES

7% TELECOM 5% MILITARY/AERO
4% MEDICAL

» END MARKETS

36% OEM

57% DISTRIBUTION

39% ASIA

25% AMERICAS

7% EMS

36% EUROPE

Vishay Revenues 201

» SALES CHANNELS

GEOGRAPHY
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POWER SHUNT

4 GUHLE O .
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VISHAY. VISHAY SHUNT RESISTORS

v

StandardWSLx 4 Terminal Shunt

Superior pulse capability For Better Accuracy

Better Thermal EMF ! ii :

Typ. 0.5m~100mR
Power Metal Plate Battery Shunt

Ultra high power handling Available custom

Extreme load life stability
Typ. 10mR~500mR
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VISHAY. SHUNT RESISTORULSE HANDLING

v

b 4

Typically 5x Rated power

20mS 1s 5s
1 ]
Pulse Surge Short Time Overload
(typically < 20 msec) (20 msec to 1 sec) (typically 5x rated for 5 sec)
Resistor element Resistor Element + Resistor +

Ter mi nat i onsAdd surbundings
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VISHAY. SHUNT RESISTORULSE HANDLING

v

Competitor Vishay

1. Mass

Ceramic

2. Dissipation area
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\
wsgnm SHUNT RESISTOR

WSLPO603 WSLPO805  WSLP1206 WSLP2010  WSLP2512

0.4 WATT 0.5 WATT 1 WATT 2 WATT 3SWATT
10mwto 100mwW 5mwto 50mw ImWto 50mwW ImWto 30mwW 0.5mwWto 10mw

WSLF2512  WSLP3921 WSLP5931 WSLP2726 WSLP4026

A a e 38

WSLF251% W WSLP39219 W WSLP593110 W WSLP2726[ W WSLP4026] \W
0.3mwWto 0.5mWV 0.2mWto 1mw 0.2mWto 0.5mwW 0.3mWto 1mw 0.3mWto 1mw
WSLF25121 \W WSLP39215 W WSLP5931/ W WSLP2726, W WSLP4026, W

3mW 2mwWto 4mW 1 mWto 3 miwW 2 OmWto 4 m\W 2 mWto 4 mw
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VISHAY. SHUNT RESISTORCCURACY

v

Test with Same Resistors, 1mR, 1%, Any size

" HEEA EA

4.004A=>5.01mV, 25% error 4.004A=> 4.058mV, 1.35% error 4.002A=> 4.004mV, 0.05% error No Test result,
8.002A =>9.462mV, 18.2% error 8.002A => 8.090mV, 1.1% error 8.002A => 8.012mV, 0.11% error But expecting the best performance
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VISHAY. SHUNT RESISTORCCURACY

T Measured current
r R rz
I oy, WVAWAAANTT W b

v

Voltmeter
I
L I 4
Shunt s § %
1@
rs — (N)
T Measured current

Kelvin connectionto a 4 terminal resistor
IS essential for precise current sensing

10
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VISHAY.
vV POWER METAL STRIP®
7WWSHM2818 &0WWSHP2818

Construction

Resistive Element

High Power Density

Molding Material

e & 140
WSHP2818

120 ERE Terminal /
100 . Element Weld

80

60

40

20

Insert Terminations

FEATURES APPLICATIONS
U To 10 Watt power rating with an 2818 case size u Computer
U Resistance values ranging from 1 mq to 200 mq 0 Automotive
U Tight tolerances downtox 0.5% U Telecommunications
u Very low inductance of <6d H U Consumer
U RoHS compliant and lead (Pb)-free U Industrial
iU WSHM data sheet www.vishay.com/docs/30188/wshm2818.pdf
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http://www.vishay.com/docs/30188/wshm2818.pdf

N cor A t 268NJ aSarf tfl dSu
3W 2512 & 2W 2010

High Power Density vs Standard Power Ratings

WFMB2010R200FEA (2W) Life Stability
(80°C Terminal Temp. LifevgResistance Change)

: 0.5
// . 0.4
////"f"‘ E/ 0.3
— | C
:;z) 0.2
el N S Y " R LA TALTEL o
0 @rese@ecs @t peeeeren Y '
0 1000 2000 3000 4000 5000
Load Life (Hours)
Construction Features Benefit
1. Large copper heat spreading plate 1. Heat is dissipation reduces hotspots.
2. Thin adhesive layer 2. Maximized heat transfer
3. NiCr resistance alloy of WFMB 3. Improved pulse capability and high

temperature stability
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CAPACITOR
- SUPER CAPACITOR

A WORLD OF,
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wsgm IOT SYSTEYENERGY STORAGE/ BACKUP

Forest firedetection Gas lealdetection Smart trash bin

Long life (up to 10y+) Low seltdischarging Alive overnight
Charging cycle+ High temperature Reliable

Smart trash bin Elevator Commercial refrigerator

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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NiMH

<2000
-20 ~ +60

month

Lithium
Voltage 4.2
Lifetime short
Charging cycle <1000
Temperature -20 ~ +65
Self-discharge months
Memory effect X
42{ o
4.0 ?
s 40
& | ° o
gs.s_ Tim
@ Vishay HVC 90F / 4.2V
36+ | — Polynomial Fit of Voltage
0 5 10 15 20 25
Days (day)

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Do Io To Do o I»

CHARGEABLENERGY STORAGE ANALYSIS

EDLC 196HVC
2.7 4.2
long long

no limit 200000+

-20 ~ +85 -20 ~ +85

few hours

X X

Outdoor

No stable power input
Energy harvesting

Slow charging
Sunlight (heat)

High temperature
Long lifetime: 10y+

High charging cycling
Over nights

SupportloTIC
>3V is better
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wsgnm ENERGY STORAGEOHVC

4 Sensor node IoT A
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VISHAY. ENERGY STORAGEOHVC

v

Under 2.5 Py

- 1,2
-0
used for most :
. ! -0
4 3 2 1 0 1 2 3
Charge Time / Minutes Backup Time / Minutes

s HVC 90F 5.6V ====EDLC 15F 5.4V
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VISHAY.

v

A In series

100F

AIn parallel

100F 200F

ENERGY STORAGEO6HVC
SuperCa '
p p Vishay196HVC Aot = dv
y V. F dt
1T 5.6V '
2.7V — 2 5\/ I or - Ex
4.2V . 2.5V
: 100F 100F -
t t
V
| |
5.6V
2.5V or T~
‘ 4.2V | 2 5\/
L 100E 200F , :
BN | t
t
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vusgm ENERGY STORAGERG6HVC

Full -cycles of HVC 90F 1.4V (115J) with CC -CV charge method

140

120 -

100

80 -

Energy [J]

60 -
40 -
20 -
0 -

0 5000 10000 15000 20000 25000

Cycles
Superior cycling behavior T no decrease in capacity over 20.000 full cycles

19
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VISHAY. ENERGY STORAGEOHVC

A
- 1
3.8 max. @D )
) —* 0.1 2 x) max. SR
Fig. 2 - Form B2: Stacked Through Hole (example 5 cells, 2 pins) ()
433 @x 35952 %) L
35%02(3x) +
Red (AWG 28, UL 1061) Pin 1:red
g Dmax.
' Black (AWG 28, UL 1061) = Pin 2: black
| Molex connector;
Housing: 51146-0200
i - Terminal: 50641-8041
3.5 max.
\ 4
4z - Linax. | 5013 _
(
v
| 4
0.5(2x%)
[ _—
1 L — 1
@ Dmu. -+- -l+ - I _t_a 2x) HLS.B max.
) L
J .
4:33@%)
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ENERGY STORAGEOHVC

Charging Test

Discharging Test

USB
Input ——

-

N

~

Charger

(4.35V)

J

4.35V

-

.

~

196HVC

/

— Boost

5V
—  ELoad
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VISHAY. CHARGING TEST

v

Charging w/ 4.35V regulator ( Voltage - minute )

45

4.35V charger (300mA input):

- Empty to full : ~40min
22
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VISHAY. DISCHARGING TEST

v

(V) Discharg - Boost 5V fix - 10mA Chart Title
6
6.00

Boost output

a

200 Boost input

2.00

1.00

Load= 10mA

0.00 —
I— 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8. 9.00001

B— \J n

10mA discharging:
- Discharge time : ~8hr
- Boost will cutoff when 196HVC voltage down to : 2.5V 23
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VISHAY.

\ 4 BACKUP POWERSUPERCAFANK

File | Edit | Vertical | Horizldcg | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tar et:
" A~ 196HVC: 90F@5.6V
A 220EDLC 2pc series
60F@2.7V

Discharge:
1A

Hold on time:
196HVC
A Close to 0 sec

220EDLC
5.4V down to 3V
70 sec

4 N

According to Q c—

1(A) o© 2B

dt = 72(sec)

\_ /

[ az® 2.0vidiv | ‘Bem\ 118v “f 10.0s/div 1.0k fs 1.0msipt |

| TP 2.0Vidiv ] \None  Auto | |
1eas RL:100.0k
Auto September 11, 2019 15:17:43

24
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INDUCTOR

A WORLD OF ,
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\ A
'V HIGH POWER

INDUCTOR

Ba Bsat A
e s :
g B /% 24
—
c ; ! = =
c ;, ; g AL \ /
—1 L u=-2 Energy stored: A1+A2
Energy released: Al
Energy loss: A2
Ba
High power inductor:
A lIsat \
A Gap size Z sat
A S|zeéQa & Core material = - Fpd withiout ar gap
Gag & Core ratio f Slue with air gap
A DCRQ u=2
EMI.Q@ H

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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N A
VISEINL HIGH POWER INDUCTORLP

NINE FOOTPRINTS AVAILABLE WITH A
VARIETY OF HEIGHT OPTIONS

v

SATURATION — IHLP VS. FERRITE INDUCTOR

1.2
T rgtl;:l;e?;r Foot- Profile
L = ——— Size 1 uH print | Profile height
- \ ‘ ( K) (mm) (mm)
E 06 \ Ferrite AZ=1.0
0.4 \ inHoctor 1212 4.5 3x3 |AZ,AB,BZ | =
" L . . AB =1.2
: 5 10 15 20 25 1616 2020 1616| 45 |4x4 | ABBZ | ‘smms
DC Amps o O BZ = 2.0
v [HLP :
2525 2020| 92 |5x5|AB,BZCZ| mmman
€Z=3.0
APPLICATIONS o
2929 13.0 6 X6 CZ’ EZ’ CE=35
DC/DC converters )
e Power supplies for computers, DZ = 4.0
notebooks, graphic cards, servers 3232| 180 |8x8 | CZDZ
Class “D” amplifiers — EZS20
e LCD TVs and portable MP3 speakers Four Different Commercial | Automotive Grade 4040 | 20.0 10 DZ
. Material Types Series Series FD =6.4
LED driver power Original Series IHLP - 01 IHLP - A1 13
« Commercial LED lighting g , 5050 | 32.0 X | CE, EZ, FD
_ . Low DCR Series IHLP - 11 IHLP - 1A 13 GZ=170
e LCD display backlights - -
High Temp Series (+155 °C) IHLP - 51 IHLP - 5A - -
Automotive High Temp Series (+180 °C) IHLP - 81 IHLP - 8A 6767 | 48.0 17 | DZGZ
e DC/DC converters MZ 213.0
LT s Ty IHLP 2525 CZ ER 1RQ M 01 se7| 00 | 2X| w2
All currently available IHLP footprints meet or exceed — . o ) T o 22
AEC-Q200 Grade 0 and Grade 1 requirements Series Footprint (in) P(roﬁl;: PPb kf;eg/ L(uH)  LTol Material/Special
mm) Packaging

magnetics@vishay.com

27
AV A
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In

HIGH POWER INDUCTORLP

STANDARD ELECTRICAL SPECIFICATIONS
Lo DCR DCR mOhms | HEAT RATING | SATURATION
INDUCTANCE mOhms MAX CURRENT CURRENT
HH +20% TYPICAL 25°C DC AMPS3 DC AMPS4
@100KHz, .25V, 0A 25°C TYPICAL TYPICAL
0.22 1.00 1.08 35.0 63.0
STANDARD ELECTRICAL SPECIFICATIONS
Lo HEAT RATING | SATURATION
INDUCTANCE DCR mOhms CURRENT CURRENT
HH +20% +5% DC AMPS3 DC AMPS4
@100KHz, .25V, 0A 25°C TYPICAL TYPICAL
0.10 0.60 48.0 80.0
0.19 0.81 40.0 90.0

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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VISHAY. HIGH POWER INDUCT-ORLE

v

Reduced noise

High temperature
operation to +155 °C

TEMPERATURE

Compact size with
no additional
external EMI
shielding required

IHLE-2525 o
\ //

E S e IHLE-4040
- z

Ak IHLE-3232
ELECTROMAGNETIC FIELD STRENGTH by £ — s
VS. DISTANCE FROM INDUCTOR Q N4 AUTOMOTIVE
ateq E-rie\d S GRADE
: o
% g APPLICATIONS FOOTPRINT AND PROFILE CAPABILITY
B IHLE-2525 IHLE-3232  IHLE-4040
% Z: DC/DC AUTOMOTIVE . - .
§ o INVERTERS /. /N [
= 3.2 mm 4.3 mm 4.3 mm
R Shown at actual size
Distance from Inductor (cm) (when viewed or printed at 100 %)

w=Vishay IHLE w== Vishay IHLP === Ferrite

29
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VISHAY. HIGH POWER INDUCT-ORLE

v

EMI is always there in SMPS: e
pperShueld\ —

Insulated Copper Wire __

IHLP Inductor Body
Iron Powder

Switching node
ﬁ & ShieIdtIerginal d/
On-State

P Inductor Terminal

EMF FIELD STRENGTH VS. DISTANCE FROM INDUCTOR
20.480

10.240

Off-State
— m_

5.120

2.560

1.280

0.640

0.320

0.160

EMF FIELD STRENGTH (VOLTS)

0.080

0.040

0.020

0.010
0 1 2 3 4 5 6 7 8 9 10

DISTANCE FROM INDUCTOR (CM)

e \/ishay IHLE ess» /ishay I[HLP e Ferrite 30

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
CAPACITORS * DIODES ¢ INDUCTORS *» MOSFETs * OPTOELECTRONICS ¢ RESISTORS




N A
wsgnm HIGH POWER INDUCTORSR

A Very Low DCR IHLP

A Special conductor eliminates coil and weld
¢ Extreme reliability
v No Welds to go open
Y No Turns to short
¢ Up to 50% lower DCR than IHLP
¢ Current capability to 100A in 4040 package

A For MultiPhase, 1MHz+ dc/dc converters
A Limited to about 0.33uH maximum
A Better saturation and lower profile than ferrite competitors

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

CAPACITORS ¢ DIODES  INDUCTORS *» MOSFETs * OPTOELECTRONICS ¢ RESISTORS

31



N A
VISHAY. HIGH POWER INDUCTORSR

v

A IHSR2525, IHSR3232, IHSR4040, IHSR5050, IHSR6767
A IHSR is a Lower DCR, WwHLP type inductor
A Up to 0.33uH with up to 50% reduction in DCR over standard IHLP
A Folded lead frameesign eliminates coil
A Designed for MultPhase, High Current Power Supplies up to 2MHz

A Applications v
A High current, high frequency, multiphase dc/dc converters
STANDARD ELECTRICAL SPECIFICATIONS
Lo HEAT
RATING | SATURATION
INDUCTANCE
IHSR4040DZ51 + 20 % pDcr | CURRENT CURRENT
AT100kHz, | +5% o DC SRF
0.25V,0A |AT25°c| (A (A) TYP.
(uH) (MQ) TYP. |TYP.@ |TYP.® |(MHz)
0.130 0.520 72 63 92 | 151

32
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MOSFET
- PACKAGE
- DRMOS
- MICROBUCK

4 KUHLD OF S
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VISHAY. PROLIFERATIONS OF 3X3 PACKAGE

A  Maximize performance of silicon by increasing-igpackage ratios
A Interconnection with low resistivity reduces package resistance

A  Optimize pin configuration for applications

Top View Bottom View Top View Bottom View

Top View Bottom View

PowerPAK 121:8S Single PowerPAK 121:8S FC Symmetrical PowerPAIR ~ PowerPAIR 3x3 FC Double

with Larger Die CommonDrain 3x3 Cooling

A Increase digo-package A Increase digo-package A Reconfigure high and low A Increase digo-package
ratio to 50% ratio to 59% (Standard PPAK side partition for 50% duty ratio to 60%

A Fit a 14% larger die than 1212 Dual is 28%) cycle such as battery A Flip-chip maximizes the
current PPAK 1218S A Enables very lowQRs,value charging, boost and motor performance of low side.

A The dimensions remain A Achieves higher current drive A Targeting 20A per phase
unchanged from the current  handling capability for faster A Provide optimized A Scalable construction allows
PPAK 1218S battery charging configuration for NVDC future optimization based

charging and motor control on duty ratio.

A Significantly upgrades specs
of -150V to 150V

© 2019 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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VISHAY. POWERPAKRGS8 DOUBLE COOLING PACKAGE

v

Drop-in Upgrade for Conventional
PowerPARSQGS

V' The package footprint is compatible to
standard PowerPAXSO8

\/ Internal construction has low resistance with
minimized parasitic inductance

V' 25V to 150V devices in product plan V
D

DD8
e?

Two Venues for Thermal Transfer

V' Exposed top provides additional avenue for
thermal transfer

V' Optimized for mounting heat sinking and
implementation of sophisticated thermal
management design

Increase power density

D
5

Target applications:
Synchronous rectification
Primary side switching
ORing

Synchronous buck & POL
Power supplies

Motor drive control

Benefits to design:

V  Highly efficient electrically and thermally

V' Very low RsQ, FOM reduces power loss from
conduction and switching

V' Multiple paths for thermal transfer
V Increase power density

<K<K <K<K KL<
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