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PANNIEE

REERSE o2
e APA e Cooling Fan
e LDWS/FCW e QOil Pump
e BSD e Water Pump
* Matrix LED e Ultrasonic Sensor
Headlight System ¢ Front/Rear/Side Camera
* AHB e Millimeter Wave Radar
e AFS e Lidar
» DRL
* Interior Lamp
* Rear Lamp

» Air Conditioning
* Windshield Wiper

Start-stop System
* Engine Control Unit

¢ Seats e EPS

* Seat Belt

* Body Control Unit

¢ Sunroof * Analog/Digital Audio Player * BMS

* Rearview Mirror » Navigation Device * DC/DC Converter

* USB Charger e E-Mirror * OBC
» Event Data Recorder(EDR) » Electric Vehicle Charging Station
» Dashboard
* In-Vehicle Networks

e~ v Yy~
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Where do Automotive Transients Surge Come From ?

PANNIEE

SEMI
CONDUCTOR

kx w3 A:
AERERRBEREME?
Positive spikes Inductive Loads
\ — Wipers
: - . — Negative spikes
__ - Pl ABS
.A — EPS
# =
. : Voltage ECU . Cooling FAN
Reg.
L L . Window Motor
Power Line Transient Surge Wave Data Line Transient Surge Wave
ISO 16750-2 +25 . +25KkV(1) +15KV(1)
120V Load Dump SO 7637-2 ESD spikes 15010605 IEC61000-4-2
+150/-220V Spikes +8KV(2) +8KV(2)
1ISO10605 IEC61000-4-2

Nominal
14v

24V Jump start

[/_I_\_ |

Reverse battery

A 4

Nominal \ N
data line Qv [ / /

]

AN
l

(1) Air discharge
(2) Contact discharge
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Standard of Testing Criteria 7HE& BRIz 122 T

Related standards overview

Standard

Category

Standard Number

Standard Titles

types

ISO

ISO 16750-2

Road vehicles -- Environmental conditions and
testing for electrical and electronic equipment
— Part 2: Electrical loads

Electrical Loads

ISO

1ISO 21848

Road vehicles -- Electrical and electronic
equipment for a supply voltage of 42 V
— Electrical loads

ISO
Electrical

ISO 7637-2

Road vehicles -- Electrical disturbances from
conduction and coupling

— Part 2 : Electrical transient conduction along
supply lines only

disturbances from
conduction and

coupling SO

ISO 7637-3

Road vehicles -- Electrical disturbances from
conduction and coupling

— Part 3 : Electrical transient transmission by
capacitive and inductive coupling via lines other
than supply lines

ESD ISO

ISO 10605

Road vehicles -- Test methods for electrical
disturbances from electrostatic discharge

.pyright © 2021 PANJIT International Inc. All Rights Reserved



Power Line Conduction and Coupling Surge Protection PANNIEE

SEMI

B IR BEHEE S IRBEE

TVS and diode solutions
- BIgRERLKEE  REERREESHKREREELENEERSHEEHEEIE - 22 : 1ISO7637-2
ISO16750-2 - JASO D-001 : 94
« BEAKRNBERIIETER BESEAGETAERFEENEEESEEERIE - T2R/ESD - HEZRES
ISO7637-3 - 1SO10605 - IEC61000-4-2

High Current Load

>
- >
© >
S S 1SO 7637-3
N > SO 10605
~ 0 =
88 3 s
© © 8 (>3 Signal Line
OO0 v S Protection
oL Polarity
Diode - Mi Dri
1 DC/DC icro river
>t < Processor Circuit

Secondary

. Freewheeling A
Protection Diode

&
1l
1]

Battery

|

|

>
Load Dump TVS
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PANNIEE

Automotive Environment Test Levels

CONDUCTOR

Power line specified in ISO 7637-2 2011(E) and ISO 16750-2

12V System 24V System Min.
Test pulse severity level U¢(V) Test pulse severity level U((V) humben
of pulses
IV " IV " or test time
1 -150 -112 -600 -450 500 pulses
2a +112 +55 +112 +55 500 pulses
2b +10 +10 +20 +20 10 pulses
3a -220 -165 -300 -220 1h
3b +150 +112 +300 +220 1h
4 6.5 5 -- 10 1 pulse
5a 87V/Ri=0.5Q/t,=400mS 65V/Ri=4Q/t,=40mS 173V/Ri=1Q/t,=350mS  123V/Ri=8QS/t,=100mS 10 pulses
Sb 40V/Ri=0.5Q/t=400mS 30V/Ri=4Q/t,=40mS

50V/Ri=1Q/t,=350mS 50V/Ri=8QS/t,=100mS 10 pulses

The test Pulse 4, 5a, and 5b have been removed from ISO 7637-2-2011, since they are specified in ISO 16750-2 2010 and

ISO 21848.
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Power Line Transient Surge Protection

Reverse battery protection

PANNIEE

High Current Load

C

12V or 24V Load

Polarity
Diode

1 A
T &

Protection TVS

A\ \ J‘l U}y

abtca ==

Functional Definition I 8EE &
* To Prevent polarity of circuit reversed and circuit
reverse surge. [y LE AR BSR4 32 ke B 4R B 2 [a) oK
Testing Standard 18 B8 Al 5 1R 2E
 1SO 7637-2 :2011(E) pulse 1 and pulse 3a
— 100V(pulse 1) and -150V (3a) for 12V Power
train
— 600V(pulse 1) and -200V (3a) for 24V Power
train
* 1SO 16750-2 : 4.7 Reversed Voltage
e JSAO D001:94
— type B-1(-80V), B-2(-260V) for 12V Power
train
— type E(-320V) for 24V Power train

- Key ParametersPii¥ _ {BRSEA S 2 &)

. Reverse breakdown voltage (VBR)

' Average forward current (IFAV/package/TR)
. Maximum forward current (IFSM)

Iopyright © 2021 PANJIT International Inc. All Rights Reserved
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Reverse Battery Protection .. ceneral Rectifier

Polarity diode connection type

Serial Connection With Load Dump TVS With Load Dump TVS
RERSENEH TRER  BERES SEREH
- ‘; >

o

'
Battery

P g »
o

L
Battery

Recommend GPP for Polarity é 6 Q

Current

Package
2A

1A

SOD-123FL/HE GS1010FL-AU GS2008HE-AU

SMA GS1IM-AU

SMB S2M-AU

SMC S3M-AU SS5M-AU S8M-AU

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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Reverse Battery Protection ., schottky Rectifier

o SHERBBNEAST  BREERHEIE - TTER Cpp
FE/RIENER (VF) 0B% N HE T BN EHR Sty

g/}IL E

o RIKFIRM SRS - W RFIG0V-100VHT S &
B ifEe

o HEER RIRIRISOT637-2 IKiE 1 FIIKE 3a Ak
BEETERASRENR ISR RERS -

1l
d
Battery

Recommend Planar Schottky for Polarity

Current
Wafer type Package
2A 3A 5A 8A
SMA BR210-AU
Planar SMB BR310-AU

SMC MB310-AU MB510-AU MB810-AU

Recommend Super Schottky for Polarity

Current
10A 15A 20A
Trench TO-252 SBT10100UYD-AU SBT15100VYD-AU SBT20100VYD-AU

Wafer type Package

12



Planar MOS Schottky Advantage

PANNIEE
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= Standard Schottky

== MOS Schottky

Avoid leakage current at
high temperatures

e Standard Schottky e M OS Schottky
100 1.E+05
10 /
—_ e S S >
< <
=1 / / — 2 1.E+04
/ VF 20% lower &
0.01 1.E+03
0 0.2 0.4 0.6 0.8 20
VRRM:60V Forward VoItage drop VF, (V) VRRM:60V

40 60
Percent of Rated Peak Reverse Voltage (%)

80 100

DFN2L SOD-323 SOD-323HE  SOD-123  SOD-123FL

- -

1A . o o
2A o o o

3A o

5A

8A 20V 10 A0V

10A

15A
Series SBAxxQ-AU SBAxxCS-AU SBAxxCH-AU SBAxXxAS-AU SBAxxAL-AU

.pyright © 2021 PANJIT International Inc. All Rights Reserved

SOD-123HE

SBAxxAH-AU

SMAF

SBAxxAF-AU

[ ]
[ ]
[ ]
[ ]
SRMxxF-AU SBMxxxEF-AU
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PAN MRS
Trench MOS Schottky Advantage -

——Trench MOS Schottky 100V ====Planar Schottky 100V —=—=Trench MOS Schottky 100V === Planar Schottky 100V
100
1.E+04
10 -
/ 1.6+03 I—
s T P > —_ I el I I A -----------
s 1 e § LEHD2 “—_/ »
< ~— . em——
= // VF 20% lower < e—
0.1 // 1.E+01
0.01 1.E+00
0.000 0.200 0.400 0.600 0.800 0 20 40 60 80 100 120
Forward Voltage Drop VF(V) Percent of Rated Peak Reverse Voltage (%)

D2PACK TO-220AB ITO-220AB

5A o

8A o

10A BONAO! 150N ) o

15A ° ° °

20A ° ° ° °

30A ° ° °
Series SXTxxF-AU SRTxxF-AU SBTxxYD-AU SBTxxCB-AU SBTxxCT-AU SBTxxFCT-AU
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PANNIEE

Schottky Rectifier Technology Evolution ——
1= @ SBM 600V Series
09— @ MBR100-200V Series @® SBM 300V Series
— @ MBR 150V H Series
S :
S 07 @ MBR20-60V Series @ SBT 100V H Series
o0 SBT 100-150V Series
& : i
> 05 “@_ SB20-60V Series ®" SBT 30V Series
— ~
S T~e @ SBM 45-60V Series
S 04— S ~e o @ SBT 45V Series G2
L R e e T ‘
SBA 20-40V Series
0.3 —
0.2 —

| | | | [ g
2007 2011 2015 2019 2022 ()
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Reverse Battery Protection ... mosreT cononcioh

3

i_a
e
f_

= X . Load

= X EL

N MOSFET P MOSFET

- EBRABHEFREAT  BUEER_BEHZEESRRE - JRIRAERFIMOSFET LEEH _MBE(FR
FHIEHEIRAE © Po=ID*Ryeoy RIEA _IBEERIIF*VF

* N-MOS has lower Ryoy When compared to P-MOS at same chip size, however N-MOS control circuit is much simple.

- EFEXHF60V-100V MOSFET YE& 35 MOSFET ° BIE Load Dump TVS (££1a]) - #E{RE#EE 1F 8RB A% MOSFET

AV,
Recommend MV MOSFET %\

Ve L
Vs Vs Ch. Ros(ON) 10V Ros(ON) 4.5V

TO-252AA DFN3333-8L DFN5060-8L
Vv Vv N/P ( mQ ) max.
-60 20 P 48 65 PJD16PO6A-AU PJQ4463AP-AU PJQ5463A-AU
60 20 p 68 85 PID15PO6A-AU PJQ5465A-AU
60 20 N 12 15 PJD45N0O6A-AU PJQ5462A-AU
60 20 N 17 20 PJD4ONOGA-AU PIQ4464AP-AU PIQ5466A1-AU
100 20 N 25 28.5 PJD50N10AL-AU PJQ5476AL-AU

lpyright © 2021 PANJIT International Inc. All Rights Reserved 16



Power Line Transient Surge Protection

PANNIEE

SEMI
CONDUCTOR

Definition J1BEE

Test standard AHEHBI G IR 2E

e |SO 7637-2,15016750-2, ISO 21848, JSO D001 : 94

Key parameter EJHi2$ &]

*  Max Ppp, and Max |, ERASHHIINER P B B R EHHIZE R,

Safety threshold voltage Vqy (ZE B1EEE)
* Clamping voltage V. (#{1I7T 5 BR)

* To control the transient surge on power line/cable of the vehicle to protect the module.

Driver
Circuit

Freewheeling A
Diode

N Micro
- Processor
1 e
- T C
2 } A 5 } A Secondary
—£ o Protection
o N )
— o
= 1
\ Clamped voltage 1 Clamped voltage 2
N W\ \ >
\N M :

l)pyright © 2021 PANIJIT International Inc. All Rights Reserved
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: : : PANNIEE
Power Line Transient Surge Protection oo

Two types of TVS Protection

Polarity Diode Polarity Diode

g P

-r..;*;- y . I’I’, \\‘
—— 1
Load

Load

Battery
Protection TVS

&
il
|
Battery
Protection TVS

A type B type

RIERR AT B E R EIEEE [MTVS MEM@mTVS
« Btype RIEZZHKBEOTVSRE RAEREFH FEEHEREKS -
« —REMAREEE60V-100V B VHEBR R _HRES ol E MOSFET I fRiE

« BRAHAUTER  WABRRFREEAEHEANGAMRER - DIERZ RER
® TVSEHAITTERV, SR BEEE Load Dump lEIRG FAZIEER -
- BEEZEZEVEE10% HIXTHE

o TVSEEBIERER
( Atype & B type )

© WIBRERVyw 2RAEA LR TIFEBIBRTVSELESET FRENE

o TVSEZRMEEEY M =2 Ny
R BTN - EIESIEIN & I,y

System U, 12v 24V
Recommend TVS Viwm 22V/24V/27V 30V/33V/36V

.>pyright © 2021 PANJIT International Inc. All Rights Reserved 18



_ PAN N
Automotive Power TVS .

For ISO 7637-2 pulse 1 to pulse 3b Transients Protection

12V System Level IV (V) 24V System Level IV (V)

-150 +112 -220 +150 -600 +112 -300 +300

PAFLxxA-AU SOD-123FL UNI 400 pass pass pass pass pass pass pass pass pass pass
P4ASMAJxxA-AU SMA UNI & BI 400 pass pass pass pass pass pass pass pass pass pass
P6AFxxA-AU SMAF UNI 600 pass pass pass pass pass pass pass pass pass pass
P6SMBIJxxA-AU SMB UNI & BI 600 pass pass pass pass pass pass pass pass pass pass
P6KExxA-AU DO-15 UNI & BI 600 pass pass pass pass pass pass pass pass pass pass
1.5SMCJxxA-AU SMC UNI & BI 1500 pass pass pass pass pass pass pass pass pass pass

® Pulse 1 E2Pulse 3a R EIKEIRE - WMARRARMERY _iHi2E@TVS BB - &R
MARERZEHTVS HhEZ - INMPHIE _1REE . BIEEHRHeoow AL ETVS Sy EE@TVS -

REEEINE - 158

A
)

Pulse 1 Pulse 3a

.>pyright © 2021 PANJIT International Inc. All Rights Reserved 19



Automotive Power TVS

For ISO 7637-2 & ISO 16750-2 pulse 5a Load Dump Protection

PANNIEE

SEMI

CONDUCTOR

ISO 16750-2

Type of System ISO 7637-2

Parameter

U, =12V Pulses Pulses

U, =24V

Ug (V) 79<Ug<101 151 < Ug< 202
Ri (Q) 0.5<Ri<4 1<Ri<8 10 Pulses at
intervals of 1Pulse
ty (mMS) 40 < Ug< 400 100 < Ug< 350 1min
t, (mS) 10 (+0/-5) 10 (+0/-5)

Us
0.9(Us-Up)

0.1(Ug-Up)
Ua
0

ISO 16750-2 2010 Test pulse a

* IS0 16750-2 pulse a replaces ISO 7637-2 (2004) pulse 5a
. I5016750 2 Pulse A THERHR1S07637-2 (2004) 5a BB A&z =]

° nEj( EE./)IL
* |yp decided by Vcand test Ri: | yamping = (US-V amping)/Ri

- A& REHRRAERGE
Jtl:ﬂQTfF;c‘kLoad Dump 1%”“”1¢$DBELB<1%”“1¢ BRESNEREE
+ HZE5K Load Dump RiER ML ERERTEHESRY

2 . EHB107EANHE
EMSBEEN] -

fomiMy=EES] °

*  For pulse 5a : #EZEFHPANJIT’s DO-218 high power package: SM8SxxA-AU, SM6SxxA-AU, SM5SxxA-AU series products.

'pyright © 2021 PANJIT International Inc. All Rights Reserved
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PANNIEE

SMxSxxA-AU Load Dump TVS -

In ISO 16750-2 5a Load Dump Surge Test

| TECEDVME (£330 TEEDVME L2550
[y Foar prarmpasno e
N
< l,p=43.6A
2 2 N"W“NN
» ‘ ERE it P S PRI i R
(=g |
(1]
3
w
<
n
7]
N
N
»
>
c

TELEDYNE LECAOY V mm

N 1,,=48.1A == N
< i
< H
(%] :
(=g :
(1} g
3 1
»
< a
w PW.m?xi(:v F2 rz:fﬁ PXmin{C1) P4:median(C1) P3- PT. Pg-- +
g v v E Pl-ﬁﬁ}l n;wnmz P P P P6 Pr L 28
> g - M
c ;

. Test Condition Uy=24V Ri=3Q U4=202V t,=400mS$ - Test Condition Uy=24V Ri=8Q U;=202V t,=400mS

21
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PANNIES
SMxSxxA-AU Load Dump TVS Series

PANJIT offers 3 series Load Dump TVS: SM5SxxxA-AU/SM6SxxxA-AU/SM8SxxxA-AU.
o EAIRUINZERAIA3600W, 4600W, 6600W respectively and the Vgyy, range is from 14V to 43V.
These 3 series TVS are mainly for the Load Dump protection of 12V and 24V automotive.

Part Number I(mA) 1@Vt I Application
i VN (V)
SM5S20A-AU 3600 20 22.2 24.5 5 0.5 32.4 111 12
SM5S22A-AU 3600 22 24.4 26.9 5 0.5 35.5 101 12
SM5S24A-AU 3600 24 26.7 29.5 5 0.5 38.9 93 12
SM5S30A-AU 3600 30 333 36.8 5 0.5 48.4 74 24
SMS5S33A-AU 3600 33 36.7 40.6 5 0.5 533 68 24
SM5S36A-AU 3600 36 40 44.2 5 0.5 58.1 62 24
SM6S20A-AU 4600 20 22.2 24.5 5 0.5 324 142 12
SM6S22A-AU 4600 22 24.4 26.9 5 0.5 35.5 130 12
SM6S24A-AU 4600 24 26.7 29.5 5 0.5 38.9 118 12
SM6S30A-AU 4600 30 333 36.8 5 0.5 48.4 95 24
SM6S33A-AU 4600 33 36.7 40.6 5 0.5 533 86 24
SM6S36A-AU 4600 36 40 44.2 5 0.5 58.1 79 24
SM8S20A-AU 6600 20 22.2 24.5 5 0.5 324 204 12
SM8S22A-AU 6600 22 24.4 26.9 5 0.5 35.5 186 12
SM8S24A-AU 6600 24 26.7 29.5 5 0.5 38.9 170 12
SM8S30A-AU 6600 30 333 36.8 5 0.5 48.4 136 24
SM8S33A-AU 6600 33 36.7 40.6 5 0.5 533 124 24
SM8S36A-AU 6600 36 40 44.2 5 0.5 58.1 114 24

l)pyright © 2021 PANIJIT International Inc. All Rights Reserved 22



PANNIEE

Load Dump TVS PCB Layout Advice

=
0O
@
=
Q

<
o
c
(s
>
Q.
=
(@)
@

CONDUCTOR

TVSHESIEREAZEOME @ oIREERNE - ZAHTVS HERE

B 2R F 2928 Load Dump TVS B85 A3R - O BB/ D IRR B T1E

PCB PAD Layout E2D0-218AB PAD K/NULED - ME(RIGHEEE - BUENMEMR I FIPCB PAD B4 5 - JBIZDTVS B2
PCB [EIRVZER[H

TVSEHHIZ01E - BBPCBER - BEXREEREEEN AN - BRETEMNEATVSHFHERE

.yright © 2021 PANJIT International Inc. All Rights Reserved 23
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Power TVS
For ISO 7637-2 & ISO 16750-2 Pulse 5b Load Dump Protection
Type of System 1ISO 16750-2 ISO 7637-2
Parameter
U, =12V U,=24V Pulses Pulses
Us (V) 79 < U< 101 151 < Ug < 202
*
UV (V) 35 65 5 Pulses at
Ri (Q) 0.5<Ri<4 1<Ri<8 intervals of lpulse
t, (mS) 40 < U< 400 100 < U< 350 Lmin
t (mS) 10 (+0/-5) 10 (+0/-5)

Ugl —— |

-~

0,1(Ug-U)
Un
0

ISO16750-2 2010 Test Pulse B

« 1S016750-2 Pulse B &1 1S07637-2 (2004) Pulse 5b
* 15S016750-2 Pulse B 1HEX/R1SO7637-2 (2004) 5B EE& =7 °

12V System Level IV (V)

24V System Level 1V (V)

A AKEREHEXR GBI RS0 EANEE RS R

Pulse B iRIZEAEIERIEZH - EiHEHAP6SMBIXXA-AU/1.5SMCJxxA-AU /3.0SMCJxxA-AU/SM5xxA-AU % 5]

TVS series UNI/BI i v i o
30V/Ri=4Q 40V/Ri=0.5Q 50V/Ri=8QS 50V/Ri=1Q
t,=40mS t,=400mS t,=100mS t,=350mS
P6SMBJxxA-AU SMB UNI/ BI 600 PASS FAIL FALL FAIL
1.5SMCJxxA-AU SMC UNI / BI 1500 PASS FAIL FAIL FAIL
3.0SMCJxxA-AU SMC UNI / BI 3000 PASS FAIL FAIL FAIL
SM5xxA-AU DO-218AB UNI 3600 PASS PASS PASS PASS
Notes 12V System recommend TVS Vg, : 22V/24V/26V/28V; 24V Recommend TVS Vi, : 30V/33V/36V

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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PANNIEE

Automotive Grade Power TVS Road Map oo
5.0
10kW
- Skw O
E 25— 9
£ kW =
re
. 3
) 1L.5kW 2
» 0
% 20— 800W o
e wn
X 2.
o 600W 5
- 9
400W ©O
>
1.0
200W
SOD 123FL SMAF SMBF TO-277C
SOD-323HE 150W
0 ! | | | | | >
5 10 20 50 100 150
SMT Area(mm?)
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Data Line Transients Protection

ESD and Electrical Transient Transmission Protection (ESD Array Solution)
* In-Vehicle Networks: LIN, CAN, FlexRay, MOST, Ethernet

* Multimedia buses: USB, APiX, HDMI, Etherent

PANNIEE

'Y

0BD 4€LTE m 46.‘:_1'5

Cor R

Safety
ECIU
....... - CAN
FlexRay
I @;\\ 10%MbpshEthernet
PT Domain ECU TMPS 1Gbps Ethernet
Controller - - L—) RF I(_)Il\lh
- == er
()] ! ] ]
S Bod
S Dom;n ECU ECU ECU ECU @;‘“
"5 Controller I I ‘_) RF
2 ) N [
.:;; g ﬁ’-. Sensor
‘q-; ; E' Fusion }{ I l I
c
= ) pR> bR Vision Radar vx | 802.11P
2 |z
=)
Ll I I hu 1
. Rain Lighting .
g }{ E— | Mirror Sensor On/off Window
Q Audio
(7] Display AMP ! :
g . o | e
o0 l l TCU Radio g

.yright © 2021 PANJIT International Inc. All Rights Reserved

SEMI
CONDUCTOR

26



, _ PANNIEE
Automotive Environment Test Levels ——

Data Line - ISO 10605 (ESD)

ISO 10605 Test models and conditions

Discharge Module

Application State Discharge Position ESD Model
Rp (Q)
Inside 330 330 Air & Contact
ECU Powered
Outside 150 330 Contact
ECU Unpowered Outside 150 330 or 2000 Air & Contact

ISO 10605 Test levels

Severity test levels Min. R,
State ESD Model number AN AN
of pulses L OJ
Air (kV) +4 +6 X7 +8
Powered e DUT
Contact (kV) +4 +8 +14 =+15 T
>3 T
Air (kV)  +4 +6 - +8 T C,
Unpowered ,

Contact (kV) +4 £15 -- +25 ISO10605 ESD Test Model

.)yright © 2021 PANJIT International Inc. All Rights Reserved 27



Automotive Environment Test Levels

Data Line - ISO 7637-3 (Electrical Transient Transmission)

12V system test pulse severity levels U (V)

PANNIEE

SEMI
CONDUCTOR

Test pulse Tes.t time
(Minutes)
Fast a (DCC and CCC) -10 -20 -40 -60 10
Fast b (DCC and CCC) +10 +20 +30 +40 10
DCC slow + +8 +15 +23 +30 5
DCC slow - -8 -15 -23 -30 5
ICC slow + +3 +4 +5 +6 5
ICC slow - -3 -4 -5 -6 5
24 V system test pulse severity levels U (V) Test time
Test pulse (Minutes)
Fast a (DCC and CCC) -14 -28 -56 -80 10
Fast b (DCC and CCC) +14 +28 +56 +80 10
DCC slow + +15 +25 +35 +45 5
DCC slow - -15 -25 -35 -10 5
ICC slow + +4 +6 +8 +10 5
ICC slow - -4 -6 -8 -10 5

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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, , _ PAN NI
Data Line Transient Surge Protection —

In-Vehicle Networks

® LIN (Local interconnect Network){E3RE5EEREE . T2ERAMNENEHE) - BEF9HEI B
ffer - 7 BESEEERAE - W BEIAIE - BEIREIRNCAREORIZZMREROAES -

® CAN (Controller Area Network) SR E5BHEREE | TEERARESEHIEAE - MHBILEER
(ABS) - ZENEEIE A FOLEIRZH -

® FlexRay BSRBIBEEREE | ERIZEZEK20Mbit/s - FEFRSIZZIZEH] - ABS ~ BEMEHIF 4R T8 (0)

® Ethernet EE&; J, KX#H(BroadR-Reach) : BHIERFSIZE100Mbit/S - MESZREBEXEH AMNESEER
BEWMBEREEK - T2EHANRADAS - E=REINAE - BZEZTE B Z/EHIEERRE -
FHRORATR N BE 45 F— 10T B E B ETHF -

Q
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, , , PAN NI
Data Line Transient Surge Protection —

Multimedia Buses

® USB2.0 : BAMEREEHIE - BEZXERR  IEMGINAZERBENREM - HEAKEEERERD
Z480Mbit/S T ZEANESHFEIR - ERERENEIINEEER -

® LVDS (Low-Voltage Differential Signaling) {X/BE= S5 E&WE R HF | BEINF - EREBER - EHIE
MIRERF EFLGRE - BERREERSE 655Mbit/s - FEANRRE SR - ERRERNERERS/TH -

® APIX (Automotive Pixel link) : Bz ABEZERFDIZE3Ghit/S - TERRNEBEH BB EENLE R
=R

® HDMI (High Definition Multimedia Interface) : 2Ifi{CR B/ ST ETA - BES LR EHNEHE
FNENE - EREET BEMEEENR - HDMI2.05& & ERHEH R E 0] 3Z6Gbit/S -

® USB Type-C : HEMEfFEmeMIERZEAE - HIREZDAE  HEZERESESGHit/S - #E
RIRFTEINAE - OJEUUSB2.0 A & £ RV HZALIE -

l)pyright © 2021 PANIJIT International Inc. All Rights Reserved 30



PANNIEE

In-Vehicle Networks ESD Protection oo
CAN and LIN Bus
A A
Power application(motor , inductive Loads)
SPLIT -« :
Regulator and microcontroller
< l -«
CANH
BAT
CAN g LIN
transceiver A~ ' -; LIN LIN
(Mm S transceiver | 24V connector
CANL T 15V
GND
DR
I PEC2415VM1WS-AU
1 1 v v

PANJIT has develop products with series of voltage and package which could be used on CAN bus and LIN bus accordingly.
All products complies with IEC-61000-4-2 and ISO 10605 standard and are AEC-Q101 qualified.

Recommend ESD Array for CAN &LIN

Part Number UNI/BI Ch. \“//'I‘:’):‘" ; Package  Application
PEC3124C2A-AU Bl 2 24 254 30.3 50< 60 3 15 SOT-23 CAN
PEC3324C2A-AU BI 2 24 26.2 30.3 50< 43 7 30 SOT-23 CAN
PJEC2415VM1WS-AU Bl 1 24/15 25.4/17.1 30.3/20.3 50< 50/35 3/5 17 SOD-323 LIN

.pyright © 2021 PANJIT International Inc. All Rights Reserved 31



In-Vehicle Networks ESD Protection

FlexRay and Ethernet Bus

PANNIEE

BM

FlexRay
transceiver

I

BP

FlexRay Bus

kR

FlexRay bus

L

Rit= [
R¥+ (I

R¥- (-

PHY

Ethernet (Broad R-Reach, 100Base-TX)

*  PANIJIT has ESD products with 0.6 pF which could apply on FlexRay and Ethernet application and support transfer speed

which exceed 100Mbit.
Recommend ESD Array

V@l
[\ EVELY))

43

IEC61000-4-2

Application

FlexRay

43

FlexRay

15

Ethernet

Part Number UNI/BI  Ch. VF“;‘;M
PEC3324C2A-AU BI 2 24
PEC3124C2C-AU BI 2 24
PE1605C4A6-AU UNI 4 5.5
PEC1605C4C6-AU UNI 4 5.5

15

Ethernet

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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Multimedia and Infotainment Buses ESD Protection
LvVDS, HDMI, USB2.0, APiX

PANNIEE

SEMI
CONDUCTOR

VBUS

D+

D-

L.J[Ll

Ll
Bl
Ll

Ll
»l
——
.|
!

VBUS

D+

il

L

J19||0JU0) gSN

VBUS

D+

h

!

F £

VBUS

D+

USB2.0 Port

HDMI Port

HDMI Connector

TXO+ —
TXO- o )
g [
X1+ -
TX1- ——
>
TX2+ o
T@2- T
S O =N
CLK+ ™
CLK- — L
L)
SDA
R
SCL o
-_rd |- Bl hj_-
CEC il i |
HPD L
>

TX0+
TXO0-

TX1+
TX1-

TX2+
TX2-

CLK+
CLK-

SDA
SCL

CEC
HPD

HDMI Connector

e PANJIT has series of ESD products, which the C, is smaller then 0.8 Pf, that could apply on high speed data parts such as

o P @ @

USB, HDMI, and can support transfer speed exceeding 1Gbit.

Recommend ESD Array

Part Number UNI/BI  Ch. Va‘;‘;"" Mi\; B.?V) IR@n\g‘WM l\\,ll‘ﬁo::;) lpp Ty;:. J(Pf) IEcleg(?o- 4.2 Package Application
PEC1605M1Q-AU Bl 1 5.5 6.8 75 12 1 0.6 + 20KV DFN 2L USB
PJESVOUSTB-AU UNI 2 5 5.8 1000 15 4 0.8 + 18KV SOT-523 uUSB
PEC1605C4C6-AU UNI 4 5.5 6 1000< 15 4 0.6 + 20KV SOT-363 USB
PE1605C4A6-AU UNI 4 5.5 6 1000< 15 4 0.6 + 20KV SOT-23 6L LVDS
PE1805M4Q-AU UNI 4 5 6.5 100 20 5 0.8 £ 20KV DFN2510 HDMI

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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Keys, 1/0, Antenna ESD Protection

PANNIEE

SEMI
CONDUCTOR

i

£

Keys

o —

e

(R o—

_(:|I_,|"D

o

Ve =

L
o U

t

Antenna

Recommend ESD Array

S

Part Number UNI/BI  Ch. VF“;‘;"" Ty:.J(Pf) IEC61E(§(I))0-4-2 Package Application
PEC1605M1Q-AU BI 1 5.5 6.8 75 12 1 0.6 + 20KV DFN 2L Antenna
PEC3203S1Q-AU* BI 1 3.3 3.5 500 9 10 20 30KV DFN0603-2L Keys
PEC3205S1Q-AU* Bl 1 5 5.5 500 9 5 20 + 30KV DFN0603-2L Keys
PEC3203S1Q-AU* BI 1 3.3 3.5 500 9 10 20 130KV DFN0603-2L GPIO
PEC320551Q-AU* Bl 1 5 5.5 500 9 5 20 +30KV DFN0603-2L GPIO

.)yright © 2021 PANJIT International Inc. All Rights Reserved

*In AEC-Q101 certification
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PANNIEE

ESD Technology Evolution conpucion
4 C Simple Protection
J Application: Power Line, GPIO, Keys etc.
C,: >10pF
10pF=— c
Vi : Vi
|
Y o * ) ’" Integrated Protection
| Application: USB3.0, LVDs etc.

C,: <1pF

1pF —

—_——————

— — Snap Back Structures

! Application: USB3.2, HDMI, APiX, etcc
" C,: <0.35pF

| Low Clamping Voltage

0.1pF—

-Ipp

\ 4

n

Low Clamping Voltage

lpyright © 2021 PANJIT International Inc. All Rights Reserved 35



PANNIES
ESD Product Range Package Elhd

CONDUCTOR

195 SOD-123
é DFN4120
SOD-323
1.00 —
y DFN5515
SOD-523
0.75— y DFN3810

Package Height(mm)

DFN1006 DFN1610

6 DFN1006 &szsm @
0.50 —

’ SOD-923
0.30 — 6 DFN0603

0.00

—
v

I I I I
1998 2012 2016 2017 2018
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kﬁ% +EH = 9O —
‘ == b\% > \15“ CACAS I’ /

o SREEWS CBR - KR - BUEAERE - BEIKEH..)
- LEDEE (FEfEASE - BfE - AEE...)
- AREBEFHN
B - USBFRESR
o RIKRERERERE R MOSFET SRR Z|
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. . PANKNIEE
Automotive Motor Control EEZE#=Hl T

BLDC Motor: Cooling Fan, Oil Pump, Water Pump, Windows Lifter, HVAC etc.
(=)

3 L Motor Driver
VEAT
[ I i
Polarity Diode
A =
D _G) @

ol
o [ G g

LIN/CAN

VCC
HSRF——

Load Dump
Pt

TFT

CAN/LIN BUS ESD Protection

A A

BDC Motor: Mirror Control, Sunroof, Seat Adjustment, Value Shutters etc.

(=) .
VBAT x5 -
= I ‘ Motor Driver
Polarity vee
HSR

)
MCU ‘/.

LIN BUS ESD Protection
LIN/CAN ‘)

Load Dump
]

T
@7

T

Driver

F 3 1\

=

Freewheel
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Solutions for Automotive Motor Control 5iEiZHl

Recommend MOSFET for Motor Driver

40V Series, for 12V Automotive systems

40

40

40

40

40

40

60V Series, for 24V Automotive systems

60

60

60

60

20

20

20

20

20

20

20

20

20

20

N

N

N

N

N

N

Rds(on)@10V

32

12

9.5

6.5

5.5

3.8

34

21

17

12

©) for 175°C operating junction temperature

.>pyright © 2021 PANJIT International Inc. All Rights Reserved

Rds(on)@4.5V

44

17

13.5

8.5

40

24

20

15

TO-252AA

PJD25N04-AU
PJDAONO4-AU
PJD50N04-AU
PJD60NO4-AU
PJD8ONO4-AU

PJD100NO4-AU

PJD25N06A-AU
PJD35NO6A-AU
PJDAONO6A-AU

PJDA5NO6A-AU

DFN5060-8L

PJQ5450-AU
PJQ5448-AU
PJQ5446-AU
PJQ5444-AU
PJQ5442-AU

PJQ5440-AU

PJQ5468A-AU
PJQ5466A-AU
PJQ5466A1-AU
PJQ5462A-AU

-
a

DFN5060B-8L
(Dual Channel)

PJQ5850-AU
PJQ5848-AU
PJQ5846-AU

PJQ5844-AU

PJQ5866A-AU

/*.

PANNIEE

SEMI

CONDUCTOR

DFN3333-8L

PJQ4450P-AU
PJQ4448P-AU
PJQ4446P-AU
P1Q4442P-AU

PJQ4444P-AU

PJQ4468AP-AU
PJQ4466AP-AU

PJQ4464AP-AU

39



Solutions for Automotive Motor Control §

Recommend Diodes (TVS, ESD, Rectifier)

S E

PANNIEE

SEMI
CONDUCTOR

Part Number Specification Description Package Application
P6SMBIXXCA-AU Power TVS B00W/24V/28V/33V /36V B- SMB fransient
directional TVS Protection
i +
PJEC2415VMIWS ESD Array MR EERE 2397 See I I SOD-323 LIN
Bi-directional ESD
+ i
PEC33324C2A-AU ESD Array Dual Channel 24V/ -30KV CAN B SOT-23 CAN
directional ESD
GS1004FL-AU General Rectifier 1A/400V SOD-123FL Polarity
ES1D-AU Super Fast 1A/200V SMA Freewheel
SXMS54ALF-AU High performance /oy vE < 0.5v SMAF DC/DC
Schottky
SB3H60AH-AU High performance 5 /00y vE < 0.7v SOD-123HE  DC/DC, Polarity
Schottky
$$30100HE-AU Power Schottky ~ 3A/100V VF < 0.8V SOD-123HE  DC/DC, Polarity
BAS316-AU Switching 400mW, 100V/250mA Trr < 4nS SOD-323 Switching

l)pyright © 2021 PANIJIT International Inc. All Rights Reserved

c0o © @

40



Automotive LED Lighting LEDE

Front Lighting

PANNIEE

SEMI
CONDUCTOR

VEAT [

Load Dump

>
.

Reverse
Protection

I

Boost/Buck Regulator

LED Board
aTE T M
Ty T

Rear Lighting and Interior Lighting

VBAT [ H Y H -
RBP = §
. [aa}
g % I—E )
a -
©
©
s
Boost Shift
Regulator Register

T

Current
Switch

l)pyright © 2021 PANIJIT International Inc. All Rights Reserved
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Solutions for Automotive LED Lighting LEDEE}&

Recommend LV & MV MOSFET

Rds(on)
@10V

Rds(on)
@4.5V

(mQ, max.)

S
S

o
~

L gdil
o

SOT-223 TO-252AA DFN5060-8L

PANNIEE

SEMI
CONDUCTOR

l"

0"‘

DFN3333-8L Application

40 20 9.5 13.5 PJD50N0O4-AU  PJQ5446-AU PJQ4446P-AU
40 20 6.5 8.5 PJID60N0O4-AU  PJQ5444-AU PJQ4442P-AU RBP
40 20 5.5 7 PJD8ONO4-AU  PJQ5442-AU PJQ4444P-AU

Current
60 20 95 110 PJW4NO6A-AU .

Switch
60 20 75 90 PJW5NO6A-AU PJD11NO6A-AU PJQ4460AP-AU
60 20 50 60 PJID16NO6A-AU
60 20 34 40 PJD25NO6A-AU PJQ5468A-AU PJQ4468AP-AU Buck & Boost
60 20 21 24 PJD35NO6A-AU PJQ5466A-AU PJQ4466AP-AU
60 20 12 15 PJD45NO6A-AU PJQ5462A-AU
100 20 130 135 PJW5N10A-AU PJD10ON10-AU Current Switch
100 20 50 55 PJD25N10-AU PJQ5474A-AU

Boost
100 20 25 28.5 PJD50N10AL-AU PJQ5476AL-AU PJQ4476AL-AU

.>pyright © 2021 PANJIT International Inc. All Rights Reserved
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Solutions for Automotive LED Lighting LEDE2
Other Parts Proposals (TVS , ESD, Rectifier, BJT)

Part Number

18
°

Specification Description

Package

PANNIEE

SEMI

i E ? CONDUCTOR

Application

3600W/4600W/6600W 20V-36V Meet

SXMSXXA-AU Power TVS SO16750 5a/5b DO-218AB Load Dump
P6SMBJXXCA-AU Power TVS $SSW/ ARNAREDY (28 Blelirasion:] SMB Load Dump
PJEC2415VM1WS-AU ESD Array Z':egl;g:;”:se[') 24V/15V £30KV LIN Bi- SOD-323 LIN
PEC33324C2A-AU ESD Array dDi‘:Z'ctcigiglneE'S?V/ 30KV CAN Bi- SOT-23 CAN
SRM560VF-AU High performance o /o6y vr<0.52 SMBF Boost
Schottky
$SS1060FL-AU Power Schottky ~ 1A/60V VF<0.7V SOD-123FL Buck
SS2060FL-AU Power Schottky 2A/60V VF<0.7V SOD-123FL Buck
SB3H60AH-AU Power Schottky  3A/60V VF<0.7V SOD-123HE Buck or RBP
BCP56-AU BIT 1A/100V HFE=100-250 NPN Transistor SOT-223 Current Switch
BCX56-AU BIT 1A/100V HFE=100-250 NPN Transistor SOT-89 Current Switch

lopyright © 2021 PANJIT International Inc. All Rights Reserved
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PANNIEE

SEMI
CONDUCTOR

Solutions for Automotive Electronic Horn ;5 EEE

Polarity Diode

!
Ll

I

Control IC

ol
’E‘
Load Dump
=

¥ss

FT

Recommend MV MOSFET
Rds(on)@10V  Rds(on)@4.5V .
Channel TO-252AA DFN5060-8L DFN3333-8L Application
(mQ, max.)
100 20 N 50 55 PJD25N10-AU PJQ5474A-AU .
river
100 20 N 25 28.5 PJD50N10AL-AU PJQ5476AL-AU PJQ4476AL-AU
30 20 N 7 10 PJD8ONO3-AU PJQ5410-AU PJQ4404P-AU LSR
30 20 N 9 13 PJD55N03-AU PJQ5420-AU PJQ4408P-AU
Recommend Diodes (TVS, Zener, Schottky)

Part Number Specification Package Application
P6SMBJxxCA-AU Power TVS 600W/24V/28V/33V /36V Bi-directional TVS SMB Transient Protection
MB510-AU Power Schottky 5A/100V VF< 0.8V SMC Polarity
BZT52-Cxx-AU Zener Diode 500mW 2.4V to 7.5V 5% Zener Diode SOD-123 ovP

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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Solutions for USB Power Delivery Car Charging

PANNIEE

Application

Load Switch /

Voltage Regulator

Voltage Regulator Load Switch Receptacle
CarBattery | QA L1 oh) Ql Q2 ‘
— JI:LIL LYY J;:IL {H} VBUS
T T T T
TVS
. cervcee
= QB QC# = i
3 £ o k.
L ano | 1 4
Recommend LV MOSFET
Rds(on)@10V Rds(on)@4.5V
Channel DFN5060-8L DFN3333-8L
(V) (mQ, max.)
30 20 N 2.4 3.3 PJQ5426-AU -
30 20 N 3.8 5.5 PJQ5424-AU PJQ4402P-AU
30 20 N 6 9 PJQ5410-AU PJQ4404P-AU
40 20 N 5.5 7.5 PJQ5442-AU PJQ4444P-AU
40 20 N 6.5 9 PJQ5444-AU PJQ4442P-AU
40 20 N 9.5 14 PJQ5446-AU PJQ4446P-AU

Recommend Diodes (TVS,ESD Protection )

Part Number Type Specification Package
PE1605C4E6-AU UNI Vewm : 5-5V,C; : 0.6pF,ESD : £20KV SOT-563
PEC1605M1Q-AU BI Vewwm - 5.5V,C; © 0.6pF,ESD : £20KV DFN 2L
P6AF12A-AU UNI Popn - 600W, Ve & 12V,Vc@30.2A=19.9V SMAF

Application

TVS / ESD Protection

lopyright © 2021 PANJIT International Inc. All Rights Reserved
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PANNIEE

Solutions for Wireless Charging Transmitter ——

o T T T _> _______________
e —= Q1
| 1 vy : "
| L_L_ 1 oa % —i5 CQ2
Q1
| s MCU GPIO1< DC »——
i I N —iE CQ3
| Drive 8X
MCU DA
| GrloL Q2| |---=-- Q 5 —i= CQ4
: —i5 MCU GPIO2<e——! pess
______ —5 CQO5
| 1 Ly n :‘ Q
| = 1 _L3_ | ﬁ —= Q6
LFP
\ MCU GPIO3<

Recommend Devices

Power PANIJIT Part No.
Watt DFN5060-8L DFN3333-8L DFN2020B-6L
5w PJQ4413P-AU*
PJQ5410-AU PJQ4401P-AU* PJQ2407-AU*
PJQ5412-AU PJQ4404P-AU* PJQ2422-AU*
PJQ5420-AU* PJQ4407P-AU*
PJQ5462A-AU* PJQ4408P-AU*
- * _ *
10W-15W PJQ5466A-AU PJQ4410P-AU
PJQ5466A1-AU* PJQ4411P-AU*
PJQ4414P-AU*
PJQ4464AP-AU*
PJQ4466AP-AU*
PJQ5424-AU* PJQ4402P-AU*
20W-30W

PJQ5426-AU*

Iopyright © 2021 PANJIT International Inc. All Rights Reserved
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Automotive Grade LV & MV MOSFET Roadmap

| ID(A)

100A —

10A —

1A —

N-ch,
30V, Rd(on): >1.6mR
40V, Rd(on): >3.3mR

P-ch,
30V, Rd(on): >3.8mR
40V, Rd(on): >7.6mR

N-ch,

20V, Rd(on): >22mR
30V, Rd(on): >30mR
40V, Rd(on): >42mR

P-ch,

20V, Rd(on): >36mR
30V, Rd(on): >48mR
40V, Rd(on): >88mR

N-ch,

60V, Rd(on): >8mR
100V, Rd(on): >12mR
P-ch,

60V, Rd(on): >48mR
100V, Rd(on):
>110mR

N-ch,
50/60V, Rd(on): >1.45R
100V, Rd(on): >6.0R

P-ch,
60V, Rd(on): >1.5R

SOT-223  SOP-8

¢ e

SOT Packages

e

PANNIEE

SEMI
CONDUCTOR

TO Packages

DFN Series Single & Dual

Q &7 &
@ & &

DFN -3L DFN 1006-6L

o

A 4

20V 30V 40V

.pyright © 2021 PANJIT International Inc. All Rights Reserved
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B REEIMNE E@%:E (BMS)
/)IL}‘EEE%ﬁ
ES &), DC/DC B g8
5] 75 E ¥ (0BC)
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_ PAN NI
Solutions for xEV BMS oo

Main product

v i &

5 % T7
a H Cell7
N 1

* Power TVS for power line I

| cHARGER

transient surge protection.
e Zener and TVS diode for
battery module hot plug-in

protection

* Balancer switching MOSFET

* CAN port ESD protection
array

* Schottky diodes for DC/DC
converter

= e @/'

ZD13

Serial Communication Bus

ZDS1
m
=

(12 Cell Active Balance)
BATTERY MANAGEMENT SYSTEM

Serial Communication Bus
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Recommend Diode for xEV BMS

PANNIEE

SEMI
CONDUCTOR

Part Number Specification Description Package Application
1.5SMCxxA-AU TVS 22V-36V, 1500W,TVS Pass pulse 5b SMC Load Dump
SM8SxxA-AU TVS 22V-36V ,6600W, TVS Pass pulse 5a,5b DO-218AB Load Dump
PAFL5.0A-AU TVS 400W, 5.0V Ultra Low IR TVS SOD-123FL hot plug-in protection
PASMAIJxxA-AU TVS 400W, 54-75V High Voltage TVS Uni / Bi SMA Battery Stack Protection
P6SMBJxxA-AU TVS 600W, 54-75V High Voltage TVS Uni / Bi SMB Battery Stack Protection
P6AFxxA-AU TVS 600W, 33-64V Low Profile TVS SMAF Battery Stack Protection
PEC3124C2A-AU ESD Array 24V, 180W, £ 30KV Bidirectional ESD protection SOT-23 CAN Bus ESD Protection
PEC3324C2A-AU ESD Array 24V, 300W, £ 30KV Bidirectional ESD protection SOT-23 CAN Bus ESD Protection
PEC3215C2A-AU ESD Array 15V, 150W, == 30KV Bidirectional ESD protection SOT-23 CAN Bus ESD Protection
PZS515V6BCH-AU Zener 500mW, 5.6V Ultra Low IR SOD-323HE hot plug-in protection
PZS515V6BAS-AU Zener 500mW, 5.6V Ultra Low IR SOD-123 hot plug-in protection
PZS5112BCH-AU Zener 500mW, 12V Ultra Low IR SOD-323HE MOS G/S ESD Protection
SS1040HE-AU Power Schottky 1.0A, 40V, VF<0.55V SOD-123HE DC/DC Converter
SS10100HE-AU Power Schottky 1.0A, 100V, VF<0.8V SOD-123HE DC/DC Converter
SS10150HE-AU Power Schottky 1.0A, 150V, VF<0.85V SOD-123HE DC/DC Converter
MB510-AU Power Schottky 1.0A, 40V, VF<0.55V SMC Polarity Diode
SRT8100UF-AU High performance 1.0A, 40V, VF<0.55V SMBF Polarity Diode

Schottky

lopyright © 2021 PANJIT International Inc. All Rights Reserved
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: : PANMNIE
Ultralow I, Zener for BMS Hot Plug-in Protection comuir

EPI process Zener advantage
«  PANJTEPi T 2B RNREREAERITE _INEE - S— s
BEBENS aRERERME - 5.0v-6.2v KEEZE Ntype Epi

nc'n‘.%‘imlzsﬂimﬁ 51, <3UA@V;=4.2V ©
. meavsmrgmsnaseass - gswse | T

&Eoth4 E’Jf—:’f&%ﬁa Gl Z=HEsoc— &4 - EPi process zener

Ultra Low I, Zener VS Standard

50 0.1
45 0.09 — TJ=125°C I
40 ---Standard Product ’
0.08 1= _pzs515V6BCH-AU |
35 — 5 0.07 I
30 50 0.06 /
25
25 0.05 / I
20 0.04
e 100 / I
15 0.03
10 125 / 1/
0.02
5 150 oor a4
. /
0 o ]

0 1 2 3 4 5 6 7 0 1 ) B 4 5 & 7
VR(V) 1.5 2.4 3.3 4.2 5 VR(V) 1.5 2.4 3.3 4.2 5
25° IR(uA) 0.00 0.01 0.03 1.0 7 BZT52C5V6S (uA) 0.001 0.03 0.7 20 100
125° IR(uA) 0.00 0.02 0.08 2 20 PZS515V6BCH-AU (uA) 0.00 0.02 0.08 2 20
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PANNIEE

BMS Balancer MOSFET Selection Guide

G1S

Flyback Active Balancer

AdVANOI3S |

Qs1

V;op Of Stack
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* How to select MOFET V for BMS balancer
v SHTE RSN EENIEFEAMOSFETERE -

()IRBFEER MR EESER
MOSFET FZMERIP - (2)RIFE M IEEER
TE BB £ BRZ3 M EO R M E W) AR EA R AR
MOSFETHIV,,s + LIFERMOSFETTE 2E 1T ERY
ojsett

e Primary MOSFET VDS selection suggestion

Vps(min.) > Vegpp * (1 + %]

* Secondary MOSFET VDS selection suggestion
Vpos(min.) > Vg * (T + S)

T: Turns ratio (primary and secondary)
S: The amount of battery stacked on the secondary

* Passive balancer MOSFET VDS selection suggestion
v' As for choosing the balancing MOSFET for
Passive balancer, the Vis suggested to be
10% more above the voltage of the stacked
battery .

Vps(min.) > Vegpp *S* 1.1
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LV & MV MOSFET for balancer
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VDS VGS Rds(on)@10V = Rds(on)@4.5V
Channel SOT-23 SOT-223 TO-252AA DFN5060-8L DFN3333-8L
(V) (\)) (mQ, max.)
30 10 N(ESD) 700/1200 PJA3428-AU
50 20 N(ESD) 960/1600 1250/2500 PJA138K-AU
50 20 N(ESD) 1200/1450 1300/1950 PJA3438-AU
60 20 N(ESD) -/3000 -/4000 2N7002K-AU
Passive Balancer
30 20 p 110 150 PJA3409-AU
60 20 P 190 240 PJA3461-AU
100 20 P 650 700 PJA3471-AU
DC/DC, Power Control, Active Balancer
60 20 N 95 110 PJW4NO6A-AU
60 20 75 90 PJWSNO6A-AU  PJD11NO6A-AU PJQ4460AP-AU
60 20 N 50 60 PJD16NO6A-AU PJQ4464AP-AU
60 20 N 34 40 PJD25NO6A-AU  PJQ5468A-AU  PJQ4468AP-AU
60 20 N 21 24 PJD35NO6A-AU  PJQ5466A-AU  PJQ4466AP-AU
60 20 N 17 20 PJD4AONO6A-AU  PJQ5466A1-AU  PJQ4464AP-AU
100 20 N 310 320 PJW3N10A-AU  PJD6N10A-AU
100 20 N 195 210 PJDSN10A-AU PJQ5470A-AU  PJQA4470AP-AU
100 20 N 115 120 PJD13N10A-AU  PJQ5472A-AU
100 20 N 50 55 PJD25N10-AU PJQ5474A-AU
100 20 N 25 28.5 PJD50N10AL-AU  PJQ5476AL-AU PJQ4476AL-AU
-60 20 P 110 130 PJW4PO6A-AU  PJD14PO6A-AU  PJQ5461A-AU
-60 20 p 68 85 PJWSPO6A-AU  PJD15PO6A-AU  PJQ5463A-AU
-60 20 P 48 65 PJD16PO6A-AU  PJQ5465A-AU
-100 20 P 210 230 PJW3P10A-AU  PJD10P10A-AU
-100 20 p 140 170 PJD14P10A-AU
150 20 N 65 - PJD30ON15-AU
150 20 N 35 - PJD40N15-AU PJQ5494-AU

'pyright © 2021 PANJIT International Inc. All Rights Reserved

53



EV/HEV Charging Model

PANNIEE

e@e
AC
charging charging
station station
On board /-
charger -
BMS
Battery
e

Work, Home
private/ public outlets

AC Charging (Normal Charging)

e
EV charging station

DC Charging (Fast Charging)

FHEESEEFES FTEH(0BC) - RN MHZEERFTERAE ( 10KkW- 20|<w),.ﬂ/—\ﬁJZ
220V EE4H5) & 380V —HE S| ABAC/DC i TNRFEEE0KW WA EHEHEL REFH NE
BEHENENBFTE - FTEBARKEEFT E?E%'?E%Lrl:bAC?EEE’HM 101%'1%55\

MABBEAERE - 0BC L7772 EE
3.3KW/6.6KW - 7 EEfZ/E[LEE -
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EV/HEV Charging System -

EV/HEV Charging System Block Diagram

* 600V/1000V/1200V QRT series FRED * 600V/1000V/1200V QRT series FRED * KBJ series power Bridge
* 650V/1200V SiC Schottky * 650V/1200V SiC Schottky
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EV/HEV Charging Station

EV Charging Station Block Diagram

PANNIEE

SEMI

CONDUCTOR

S

2| D

D

|
)
)

D4| D5 | D6

1)

Primary DC/AC

|
6 &
6 &

]
:
e
®

DS1~DS8
< ORing

—H——__G ouT+

>

o

LN

™~

4

o

o

N

)

>
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Part Number

—— Superfast Soft Recovery QRT3012P 30A/1200V TO-247AD 2L .
Rectifier QRT6012P* 60A/1200V TO-247AD 2L
QRT3006 30A/600V T0-220AC
Secondary AC/DC S“perfathesc‘t’;tieRrec°"ery QRT3006P 30A/600V TO-247AD 2L DS1-DS8
QRT6006P 60A/600V T0-247AD 2L
ORing Diode Bridge KBJ3510 35A/1000V KBJ ORing

.:yright © 2021 PANJIT International Inc. All Rights Reserved

*In development
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EV/HEV DC/DC Converter -

HEV/EV DC/DC Converter Block Diagram

NPUT+ [ — | YOUT+
L~

el 5
= 2

HV Battery E

L
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S

o

I A A g

INPUT— [5— — ] VOUT-

Application Type Part Number Rating Package

Low VF Schottky SBT30100VCB-AU* 30A/100V D2ZPACK

Low VF Schottky SBT60100CB-AU* 60A/100V D2PACK
12V Secondary AC/DC Low IR Schottky MBR60100PT-AU* 60A/100V TO-3P-3L
Low VF Schottky SBT40100UCT-AU* 40A/100V TO-220AB
Low IR Schottky MBR40100PT-AU* 40A/100V TO-3P-3L
Low VF Schottky SBT30150VCT-AU* 30A/150V TO-220AB

24V Secondary AC/DC

Low VF Schottky SBT30150VPT-AU* 30A/150V TO-220AB

*In AEC-Q101 certification
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EV On Board Charger

CONDUCTOR

EV/HEV On Board Charger Block Diagram

g
D5
AP} =
D6
o1 D3 A —@) ‘@> A 051 Aops3
«— | ~
Ac Input T
mes (F)

<

Vout:200~500V

D2 oa A o1 _QE) _@) A D2 Z 0s4

. —] VouT-

Application-AU Part Number Package
PFC SiC Schottky SIC10A065T-AU 10A/650V T0-220AC D6
PFC MOSFET Protection Power TVS PASMAJ15CA-AU 400W/15V SMA ZD1
QRT3006-AU 30A/600V T0-220AC
Secondary AC/DC Super fa;teig:itefewvery QRT3006P-AU 30A/600V TO-247AD 2L DS1-DS4
QRT6006P-AU 60A/600V TO-247AD 2L
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Quality Management Systems —

Green Product

System Customer Service

ISO9001:2015
IATF16949 PANJIT’s well-established Quality Management Systems

allows the company to collaborate efficiently and
structurally manage its quality-related activities in
order to provide its customers with defect-free
products and services at the right time.

The QMS engages it employees in creating values

.right©2021 PANJIT International Inc. All Rights Reserved for themselves and therefore to our customers. 59



PANNIEE

Automotive Quality i

ICopyright © 2021 PANJIT International Inc. All Rights Reserved

AUTOMOTIVE QUALITY PRINCIPLES

At Panjit, Quality is an integral part of the entire product life cycle which begins from product
conceptualization to manufacturing and to other associated services. That is why we drive continuous
improvement in our processes , building Quality in the manufacturing floors, laboratories and offices.

International Standards Certification
Our manufacturing sites that produced automotive products are certified to IATF 16949 and OHSAS 18001
thus ensuring our workforce are protected while producing products of highest quality and reliability.

Product and Process Development

The key to deliver reliable and superior product is on robust design practices and world-class process control.
Our APQP process adopts a structured approach from product design to qualification. Focusing on
prevention at design stage and best practices standardization on mass production.

Automated processes and dedicated people

The manufacturing processes are equipped with best-in-class equipment, automated systems and controlled
by our highly skilled employee. The performance at every stage of the process is monitored electronically to
ensure process stability in order to meet our goal of zero-defect product.

Quality Mindset

All employees are expected to act as quality advocate at their respective area. We are sensitive to
abnormality and engage team to detect the underlying root cause and implement robust solution. Thus, the
Quality mindset of ‘ZERO DEFECT’ is ingrained throughout the whole organization.
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PANJIT Quality Milestones Elnd

CONDUCTOR

Through the years, PANJIT continuously upgrades the quality and sustainability
management systems in order to keep its promise of delivering defect-free

product to customer through engaged workforce with zero impact to
environment.

2000 2010
ISO 14001 R——
1 99 5 200 5 20 1 5 re-certification R
Jan 2019 jisios .
PANJIT INTE:Nﬂ»?:::’:_:.
AT tosas20te

© Version no.05 Current version updated 17 January 2018

PAN JIT INTERNATIONAL INC.

No. 24, Gangshan North Rd., Gangshan Dist,
Kaohsiung City 82083, Tawan

a8 been smsesse2 290 certfed 8 Mgty e rerusmmorts of

e

e’ SGS

Design and manufacture of [pr——
=
o % PANJIT INTERNATIONAL INC. q
‘Super Fast recovery fe¢ "o.2¢ & 3¢ Kasg Shan North R, Karg Stan D, Kchsung 82663, Tawan
including st
2 0 2 0 Thia cartficate s veld ¥on e e i" 0
e iy OHSAS 18001:2007 “ _SGS.

Qg

* The above certifications is for PANJIT Gangshan but equivalent quality roadmap is available for ’“ @
Pynmax and PANJIT Wuxi as requested. la

Vet Powse Auoty.

‘Cantacted ffe: 555 s Kingdom Lo, S R, Citury, B0 LY, UK
[ZRyT ey
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More Product Information, Please Visit PANJIT Website
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WWW.panjit.com
PANNIA S ®mE I BOESN BREE B @9 scArcH. Q I
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DISCOVER MORE
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