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ABSTRACT

This thesis presents the level Il-electrie vehicle charger with abilities

both charging the electric-vehicle and converting energy from the battery to use it in
household. Due to the fact that, nowadays, eléectric vehicles are being used worldwide,
but it is not all-the time; this brings to bad energy management. Converting the energy
from the battery to spare energy or-energy during peak time, the energy management
can be improved. The charger also controls the stability of the power: system inside
accommodations. Equipment, used inside the circuit; has the ability to-transfer power
flow bidirectionally to decrease the amount of equipment and. size of the charger. The
designed charger uses CC-QV. (Constant Current Constant Voltage) miethod to control
the charging phase with rated voltage @and current-at 100V-and 20A, which result in a
2kW level II charger. PLC (Programable. Logic Controller) is Used to control the charger
both charging and discharging mode to-the battery. The simulation result using PSIM
9.0 shows that the ‘designed circuit is, able. to ‘transfer-power bidirectionally and
function properly as designed. This project-follows and refers to IEC62196-2 standard
which is the electric vehicle charger standard. In addition, this charger can be applied

with commercial application in the future.
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EV inlet Connector

Secket outlet
Plug

Battery On-board charger

§Ui 2.4 JULvUMITdesnBURlNL Mode 1
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|
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EV inlet Connector

E AC charging
/ facility

Battery On-board charger
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JUM 2.8 JUwuudiideulunnsgiu SAE J1772 (Type 1)

2.7.3.2 JUuuufl 2 (Type 2) Waudn 1 il uae 3 id (VDE-AR-E 2623-2-2)

wdmnafimsuiuasuguwuusssiudnluyssmatavglsUluanvane
EU“UU German DKE/VDE (The VDE Association for Electrical, Electronic and Information
Technologies' German) uluaunauiifedasfumaluladmulii wasszuvasyaume
vessvinengesily IissnmagUuuune Ui VOE-ARE 262322 flddwiusnsudluiin
Tneiluitn Mennekes (lugaonwuy

Raifitlosnnlutssmauauglauduiionsldouveshiudonunnasgn I
60309 fuatnunivaty wardiiEnsaoudiuEvelienuuuudnlaenndatULmTsIU
IEC 60309 TUngrrsuninisUsvnaldimil Wy Peugeot Wiy vudniaeWiuvusniily
fuszuulwihnsyuaadu 1 wla, asvualden16 A ldaudaliih 3 wia, nssualdan 32 wewd
wivhugndanangddamuseldnudmiunsmnislime 3 Wadsmnavudndenanlails
gneenuuulildauiiuivdimunuitiasmuaumsndasosudliintuies fafusnnag
VDE-ARE 2623-2-2 Fagnrinvuntu- wailesminludsemaunuglsuiinsldausudnuuy
nfuegaunvatsunlussesiiauny ACEA (European Automobile Manufacturers
Association)  Iimuausilunisuiuasuguuuuinlumsnsasosudinitundy
Uity Teluriusnldfmusiiléguuuuesiaudn VOE-ARE 2623-2-2 ilvan 3
(difuuseds 1 wla vde 3 wia Tneiidmunuisimiiimuaunsnse) fugunsalitnda
sopudlwilufiensisny (Public Charging Station) warayladlvituinendeiinnssnsa
savudlnilaglivhusn VDE-ARE 2623-2-2 Tulwum 2 Felaifimseuaumsmiedneds

dyyralldd wavdmiulumadoly U ad. 2017 e ACEA Slunuitezimuaguuuulidy
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s uReiUSn VDE-ARE 2623-2-2 Tulvua 3 FeenunsamuaunIsmiaTasus
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60309 reuntiiiuy wannsUsgnaliiiAnsailuiuresgnansasusiiwuimiely
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

PM100CLA120

FEATURE

a) Adopling new 5th generation IGBT (GSTBT) chip, which
parformance is improved by 1pm fine rule procass.
For example, typical Vee(sat)=1.9V @Tj-125"C

b) | adopt the over-temperature conservalion by Tj detection of
GSTHT chip, and error output Is possible trom all each con-
servation upperand lower arm of IPM.

+ 3¢ 100A, 1200V CGurmrent-sensa IGBT typa Iinverar

= Monolithic gate drive & protection logle

» Detection, protection & stalus indication circuits for, short-
circult, over-temperature & under-voltage (P-Fo avallable
from upper arm devices)

* Acoustio nolge-loss 18.5kW/22kW olass Inverter application

* UL Recognized  Yellow Card Na.EBO278(N)

Flla No,EB0271

APPLICATION

General purpose inverter, servo drives and other motor controls

PACKAGE OUTLINES Dimensions in mm
]
L 1003 s
shoawe B o L, T 08 RikA AXSermuing Den)
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Taminal code
1.VUPC 6.VFO 11.WP 18, UN

Z UFO  7.vP 12, VWP 17, VN
3 ue 8. VVP1 13 VNC 18. WN
4. VUP1 6. VWPC 14. VN1 18. Fo

a7

5. WPC 10. WFO  15. NO

May 2005

114



MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

PERFORMANCE CURVES
OQUTPUT CHARACTERISTICS
(INVERTER PART . TYPICAL)
120 =
| 7) = 25°C |
T |
?__; 100 Vo= ‘N..
5 s/
o 13v]
[ia
2
1o
E o
w
3 2
[&]
% 0.6 1 1.5 2
COLLECTOR-EMITTER VOLTAGE VEE (V)
COLLECTOR-EMITTER SATURATION
VOLTAGE (VS. Vp) CHARACTERISTICS
(INVERTER PART . TYPICAL)
s 2
g ‘%_
E‘g 15
w
hie]
<
gk
ge
48
é": 0.5
& ic = 100A
E — Tj=25°C
& T Ti=125G
T N VT T T T
CONTROL SUPPLY VOLTAGE Vo (V)
SWITCHING TIME CHARACTERISTICS
(TYPICAL)
101 -
= VCc.souv:l:
- Vo =15V
3 5 = Tj=25"Cy]
3 3 -==Tj=125°C
§ 2 toff Inductive load _|
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B fon A
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4
3
72 2
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2 3457102 2 345 710%
COLLECTOR CURRENT Ic(A)

GOLLECTOR-EMITTER
SATURATION VOLTAGE VoE fsat) (V)

SWITCHING TIME lo{on), to{of) {ji8}

SWITCHING LOSS Eswi(or), ESw{on) (mJipuise)

COLLECTOR-EMITTER SATURATION
VOLTAGE (VS Ic) CHARACTERISTICS

(INVERTER PART - TYPICAL)
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|
1.5 o’
o
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=== T|= 1.2570
OO 20 40 60 80 100 120
COLLECTOR CURRENT Ic (A)
SWITCHING TIME CHARACTERISTICS
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

COLLECTOR RECOVERY CURRENT —ic(A)

Io {mA)

DIODE FORWARD CHARACTERISTICS DIODE REVERSE RECOVERY CHARACTERISTICS
(INVERTER PART . TYPICAL) (INVERTER PART . TYPICAL)
1 101 1 -
0: vo=18v ] | & B ”* <
" S 3 7 T X
gL = Tj=25C T @ B
4} ===Ti=125C 4 xe s 4 E
3 § 3
7 I g
2 2 2
3
100 - § 100 10!
7 e g 7 bt 7
5 e 5 frre ==y t g ]
H H VCC = 600V —| 4
- A1z 4 == Vo=15V. —a
2 1 4 A — Tj=25% |,
l' / === Tj=125°C
Inductive load
\ AL 1 A
o 0.8 1.8 2 28 Mo T s 4s TIE 2 845 il &

EMITTER-COLLECTOR VOLTAGE VEC (V)

8 8 8§ 8 8 2

=

COLLECTOR RECOVERY CURRENT ~IG (A)

TRANSIENT THERMAL
Ip V8. %c CHARACTERISTICS IMPEDANGE CHARACTERISTICS
(TYPICAL) (INVERTER PART)
10° T
\I'I; = 1‘;\] T ; ___H-_
LT = 25°C E & % 1
N-sido g 3 ] A
A ‘ EH 10-!
y 7.
P t—-4
/'/ é L
i
102 Single Puisa
| P 5 FIGBT Part | I
T g 3| Por unitbase = Rin(j- 10 = 0.16°C/W
| 2 L FWDI Part;
aq | PE unil base = Ring - OF = 0.26°CIW
[ 10 16 2 25 WY SR STIED STRRY § 7R 571002 3 ST
1o (kHz) TIME (3)
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,;;-, Agilent Technologies

High CMR, High Speed

Optocouplers

Technical Data

Features
* Short Propagation Delays
for TTL and IPM
Applications
* 15 kV/us Minimum Common
Mode Transient Immunity at
Vem = 1500 V for TTL/Load
Drive
* High CTR at T, = 25°C
>25% for HCPL-4504/0454
>23% for HCNW4504
>19% for HCPL-J454
* Electrical Specifications for
Common IPM Applications
* TTL Compatible
* Guaranteed Performance
from 0°C to 70°C
* Open Collector Qutput
* Safety Approval
UL Recognized
- 3760 V rms / 1min, for
HCPL-4504/0454/J454
- 5000 V rms / 1min. for
HCPL-4504 Option020 and
HCNW4504
CSA Approved
IEC/EN/DIN EN 60747-5-2
Approved
- Viopy = 560 Vpeak for
HCPL-0454 Option060
- Viorw = 630 Vpeak for
HCPL-4504 Option060

- Viorn = 891 Vpeak for
HCPL-J454

= Vlom = 1414 Vpeak fOr
HCNW4504

Applications

¢ Inverter Circuits and
Intelligent Power Module
(TPM) interfacing -
High Common Mode Transient
Immunity (> 10 kV/us for an
IPM load/drlve) and (t?l.H - tm]_)
Specified (See Power Inverter
Dead Time section)

* Line Recelvers -
Short Propagation Delays and
Low Input-Output Capacitance

* High Speed Logic Ground
Isolation - TTL/TTL, TTL/
CMOS, TTL/LSTTL

Functional Diagram

nefi 8] vee
ANODE[2}— 4 i 7]ne
cnuon:E}Z 6] vo
NC (4 5] Gnp

HCPL-4504
HCPL-J454
HCPL-0454
HCNW4504

119

* Replaces Pulse
Transformers -
Save Board Space and Weight
* Analog Signal Ground
Isolation -
Integrated Photodetector
Provides Improved Linearity
over Phototransistors

Description

The HCPL-4504 and HCPL-0454
contain a GaAsP LED while the
HCPL~J454 and HCNW4504
contain an AlGaAs LED. The LED
is optically coupled to an
integrated high gain photo
detector.

The HCPL-~4504 series has short

propagation delays and high CTR.

The HCPL-45604 series also has a

guaranteed propagation delay
difference (tpyy-tpm.)- These

TRUTH TABLE
LED Vo

Lofe | s

A 0.1 pF bypass capacitor between pins 5 and 8 is recommended.

CAUTION: 1t is advised that normal static precautions be taken in handling and assembly of this component to
prevent damage and/or degradation which may be induced by ESD,




features make the HCPL-4504 package configurations. An
series an excellent solution to IPM  insulating layer between a LED
inverter dead time and other and an integrated photodetector
switching problems. The OTR, provide electrical insulation
propagation delay, and CMR are between input and output.
specified both for TTL and [PM Separate connections for the
conditions which are provided for  photodiode bias and output-
ease of application, These single transistor collector increase the
channel, diode-transistor opto- speed up to a hundred times that
couplers are available in 8-Pin of a conventional phototransistor
DIP, SO-8, and Widebody coupler by reducing the base
collector capacitance.
Selection Guide
Standard 8-Pin White Mold 8-Pin Widebody
Package Type DIP (300 Mil) DIP (300 Mil) Small Outline SO8 (400 Mil)
Part Number HCPL-4504 HCPL-J454 HCPL-0454 HCNW4504
IEC/EN/DIN EN | Vigpy = 830 Vpeak | Viggy = 891 Vpeak | Viogy = 560 Vpeak | Vigpy = 1414 Vpeak
60747-6-2 (Option 060) (Option 060)
Approval
Ordering Information
Specify Part number followed by Option Number (if desired)
Example
HCPL-4504 #XXXX

Lead Free Option

020 = UL 65000 Vrms/iminute Option® for HCPL-4504 Only.

080 = IEC/EN/DIN EN 80747-5-2 Option® for HCPL-4504/0454.
300 = Gull-Wing Lead Option for HCPL-4504/1464, HCNW4504.
500 = Tape and Reel Packaging Option.
XXXE =

Option data sheets available, Contact Agilent sales representative or authorized distributor for information.
*Combination of Option 020 and Option 060 is not available,

Remarks: The notation “#" is used for existing products, while (new) products launched since 15th July
2001 and lead free option will use “-"

Schematic

o6

5 i |

ANODE — |

2 \
v: f 'o 6

CATHODE I
E'IIEI.I'J/I H
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3
Package Outline Drawings
HCPL-4504 Qutline Drawing
7.62£0.25
mﬁ :gﬁm""’ (0.300  0.010)
revernsn B IRl oo
. (0350 amo)
A JXXZ +~"|- pATE copE
m{
O \ b
RECOGNITION
1.19 (0.047) MAX. —» Ik_’l ‘"m‘“‘ ]
|
v . B —-‘ te—gasa? o 051
s &gﬁ] ATD (0.185) MAX, 010} 5008
-
0.51 (0. nao) N
2.92(0:115) MIN
ot |
1,080 £0.320 J -| la-025 m.n:s: MAX. DIMENSIONS IN MILLIMETERS AND INCHES),
10.043.20.00) * MARKING CODE LETTER FOR OFTION NUMBERS
(0300 £ 80164 REOFTION 020

"¥* = OPTION 060
OPTION NUMBERS 300 AND 500 NOT MARKED.

NOTE: FLOATING LEAD PROTRUSION IS 0.25 mm (10 mils) MAX,

HCPI-4504 Gull Wing Surface Mount Option 300 Qutline Drawing

Q
P& 4 e =

(038 2 0010} 2t

oy ¢ T R,
omotoo0 | | 7 nsea
A -

: 1.27 (0.060) =
.65 2025
19 (0380 £ 0.010)
p 7.62 £ 0.25
(m) ._[nm +0.010) +0.078
[~ 9254 . 0.051
(o.mofag:)’
1uoxu.m ﬁ“
|~ 0.835 2 0.25
1004 £ 001 ‘__ - |‘—{n i 0.010)

0.635 £0.130 12°NOM.
m 100) (0.025 £ 0.005)

D'lENEIOlISI! MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

NOTE: FLOATING LEAD PROTRUSION IS 0.25 mm (10 mils) MAX.
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Package Outline Drawings
HCPL-J454 Ontline Drawing
Asanh 7.62 2028
[ 0.388 £ 0010) R0 L 00T
OPTION CODE 8354 0.95
TYPE NUMBER-—_ | ey
DATE CODE
uL
RECOONITION
118 (0.047) MAX. — L —-I =178 (0.070) MAK.
! \
: ; TR -,
( 0.
03 470 (0:185) MAX. (ooro? %08
-t
0.54 (0.020) MIN.
2.92 (0.118) MIN,
somsoane | | —llle- os8 002 ax. DIMENSIONS I MILLINETERS AND (INGHES).
(0.043 £ 0.013) RS R Drerin con i ity
— 2.54 £ 0.25 "0 .
0100 2 0.010) X2=0rmow

080
OPTION NUMBERS 300 AND 500 NOT MARKED.
NOTE: FLOATING LEAD PROTRUBION IS 0.5 mm (20 mils) MAX.

HCPL-J454 Gull Wing Surface Mount Option 300 Outline Drawing
LAND PATTERN RECOMMENDATION

Rt c Bl e b ookt -

- 980025 i
0,338 £0,010) {e 1,016 (0.040)

th o 4 e R AT
£) 2 ?‘Q‘ :

3

H
53502025 . |
2820010 | |

k

§

]

-

H LR LTS R R A g ;

e Eul«m :
1.780 2,88 £ 0.95

o > oo70) mm:nm; 5

:u.bm“j ]‘— . 78T H025 i |

MAX. (0300 £0.010) e

] ] ‘ ~0.254 [ p 051

mtms
g 45 ot
\ o

T

10000320 . | ‘
(0.043 £ 0.013) "‘| (o?u?s' o n?'o'i'n:
20 12° NOM.

r

acl

T e
A .
=y

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

NOTE: FLOATING LEAD PROTRUSION IS 0.5 mm (20 mits) MAX.
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HCPL-0464 Outline Drawing (8-Pin Small Outline Package)
I.AID PATTERN RECOMMENDATION

RV T T

1857 204127 L 7.49 (0.296)
YWW TYPE NUMBER H
(0-155 £ 0.005) (LAST 3 DIGITS) H

DATE CODE wee

i T |

0.406 £ 0.076—>~| [—
(o.m:om;p -1 L_J,E)m

—+ |+ 0.4 (0.025)
*5.080 £ 0.127 7o } oy 0.432
(0200 o.om“ I." 45°X @o17)
317520127
(0.125  0.005) g __0.228 £0.025
b | (0,009 2 0.001)
0.208 2 0.102
(0008 £ 0.004)
* TOTAL PACKAGE LENGTH (INCLUSIVE OF MOLD FLASH) 305
5.207 4 0.254 (0.205 & 0.010) o1z ™
DIMENSIONS IN

MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES) MAX.
NOTE: FLOATING LEAD PROTRUSION IS 0.15 mm (6 mils) MAX.

HCNW4504 Outline Drawing (8-Pin Widebody Package)

le 11152015
(0.442 £ 0.008)

[w'ulsalis sle's
s

| TYPE NUMBER
|- DATE cODE

8]
N\ &

\ +0.076

: 155
T oo
| i 02545 0051
) (n.mn"gfgg,’
510
(201 MAX
| B
3.10 (0.1
m‘}ﬂ% 0.51 (0.021) MIN.
2.54 (0.100)
TP
1782015 ) | 0.40 {0.01
(0.070 £ 0.008) 56 (0, DIMENSIONS IN MILLIMETERS (INCHES).

NOTE: FLOATING LEAD PROTRUSION 18 0.25 mm (10 mils) MAX.



HCNW4504 Gull Wing Surface Mount Option 800 Outline Drawing

o JLeses
PN = F
Fff’fff}.'fff-‘f”ﬂ!mll !
000:048 | . ?
sl e 5 T o)
o P H :
! 13 229 |
{ (0.051) ©.09) H

155 e 1230 030

T "7 (m) [™TT710.488 £ 0.012)

d 11.00
03 ™%

@Dﬂﬂjﬁ"” |

1.78 £ 0.15 _J
(0.070 £ 0.006) ! o L& LR

0754025
F" et 0.030 £ 0.010)
BSC
DIMENSIONS IN MILLIMETRRS (INCHES).

LEAD COPLANARITY = 0.10 mim (0.004 INCHES).

NOTE: FLOATING LEAD PROTRUSION 15 0.25 mm (10 miks) MAX.

\.

0.254 % 0.078
0.254, 0.0051

0.003
(00107 5 002

7" NOM.
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Solder Reflow Temperature Profile

200
| PREHEATING RATE 3°C + 1 G-0.5°C/SEC.
REFLOW HEATING RATE 25°C # 0.5°C/SEC.  peak
- TEMP. e
L T, By
0y ——— PEAK
B Ay TN, TEMR
P 200 A 2T
A 25°C £ 0.6°G/SEC: e
# 0 TIMNE
E - —preenereusnsnsnnannnasnsbuannnnnnsans, 20C
g o S — ' 20
g - -3 + 1°0-0.5°C
PREHEATING TIME
150°C, 80 + 30 SEC. *EIBEC,
eees TIGHT
— TYPICAL
l === LOOSE
L 1 1 L L 1 1 1 Yl 1 L L 1 1 L 1 L H
50 (]
TIME (SECONDS)

Recommended Pb-Free IR Profile

TIME WITHIN § G of ACTUAL
| b/nm:m
I 20-40 SEC.
# RAMP-DOWN
E 6 "C/BEC. MAX.
PREHEAT 010 180 SEC.
a - | 8010100 8EC. |
a B 1 i 1 1 1 1 1
l—— 128 C 1o PEAK
TIME ——+
NOTES:

THE TIME FROM 25 °C to PEAK TEMPERATURE = 8 MINUTES MAX.

Tamax= 200 T, Tamin =150 T

Regulatory Information

The devices contained in this data sheet have been approved by the following agencies:

Agency/Standard

HCPI-4504

HCPL-J454

HCPL-0456

HCNW4504

Underwriters
Laboratories (UL)
Recognized under UL1577, Component
Recognition Program, Category FPQUZ2,
File E55361

UL1577

v

Canadian
Standards
Association
(CSA)

File CA88324

Component

Acceptance
Notice #6

IEC/EN/DIN EN 60747-6-2

Approved under:

IEC 60747-5-2:1997 + A1:2002

EN 60747-5-2:2001 + A1:2002

DIN EN 60747-5-2 (VDE 0884 Teil 2):2003-01
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Insulation and Safety Related Specifications

Value
Parameter  |Symbol gepy 4504] HOPLJA54 | HOPLO434 | HONWaso4| Umits|  Conditions
Minimum External | L(101) 7.1 7.4 4.9 0.6 mm | Measured from input
Air Gap (External terminals to output
Clearance) terminals, shortest
. ) distance through air.
Minimum External |L(102) 74 8.0 4.8 10.0 mm | Measured from input
Tracking (External terminals to output
Creepage) terminals, shortest
distance path along
body.
Minimum Internal 0.08 0.6 0.08 1.0 mm_ | Through insulation
Plastic Gap distance, conductor
(Internal Clearance) to conductor,
usually the direct
distance between the
photoemitter and
photodetector ingide
the optocoupler
cavity.
Minimum Internal NA NA NA 4.0 mm | Measured from input
Tracking (Internal terminals to output
Creepage) terminals, along
internal cavity.
Tracking Resistance| CTI 2175 2175 2175 2200 | Volts | DIN IEC 112/VDE
(Comparative 0803 Part 1
Tracking Index) :
[solation Group Iila [la Illa IMla Material Group
(DIN VDE 0110,
1/89, Table 1)
All Agilent data sheets report the creepage and clearance rihs which may be used on a

crecpage and clearance inherent
to the optocoupler component
Itself. These dimensions are
needed as a starting point for the
equipment designer when
determining the circuit insulation
requirements.

However, once mounted on a
printed circuit board, minimum

requirements must be met as printed circuit board to achieve
specified for individual desired creepage and clearances.
equipment standards. For Creepage and clearance distances
creepage, the shortest distance will also change depending on
path along the surface of & factors such as pollution degree
printed circunit board between the  and insulation level.

solder fillets of the input and

output leads must be considered.

There are recommended
techniques such as grooves and
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IEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics

HCPL-0454 | HCPL-4504
Description Symbol | OPTION 060 |OPTION 060 | HCPL-J454 | HCNW4504 | Unit
Installation classification per
DIN VDE 0110/1.89, Table 1
for rated mains voltage < 150 V rms LIV IV LIV IV
for rated mains voltage < 300 V rms I-I11 LIV LIV v
for rated mains voltage < 450 V rms i 1-I1 IV
for rated mains voltage < 600 V rms [-111 v
for rated mains voltage < 1000 V rms I-II
Climatic Classification 55/100/21 | 55/100/21 | b556/100/21 55/85/21
Pollution Degree (DIN VDE 0110/1.89) 2 2 2 2
Maximum Working Insulation Voltage Viosm 560 630 891 1414 V peak
Tnput to Output Test Voltage, Method b*
Vioru X 1.875 = Vg, 100% Production Ver 1060 1181 1670 26562 V peak
Test with t,, = 1 sec,
Partial Discharge < 5 pC
Input to Qutput Test Voltage, Method a*
Vioru X 1.5 = Vi, Type and Sample Vor 840 945 1336 2121 V pesk
Test, t,,, = 60 sec,
Partial Discharge < b pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t,; = 10 sec) Viorm 4000 6000 6000 8000 | Vpew
Safety Limiting Values - Maximum
Values Allowed in the Event of a Failure,
also see Thermal Deraling curve
Case Temperature Tg 160 176 176 150 °C
Input Current Iswpur 150 230 400 400 mA
Qutput Power Ps oureur 600 600 600 700 mW
Insulation Resistance at Ty, Ry 2100 2100 > 107 2107 Q
Vio = 500V

*Refer to the optocoupler section of the Designer's Catalog, under regulatory information (TEC/EN/DIN EN 60747-5-2) for a detailed
deseription of Mcthod a and Mcthod b partial dischargce test profiles.

NOTE: These optocouplers are suitable for "safe elecirical isolation” only within the safety limit data,
Maintenance of the safety data shall be ensured by means of protective circuits.

NOTE: Insulation Characteristics are per IEC/EN/DIN EN 80747-5-2.

NOTE: Surface mount classification is Class A in accordance with CECC 00802.
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Absolute Maximum Ratings
Parameter Symbol Device | Min. | Max. | Units | Note
Storage Temperature Ts -b65& 125 ‘C
Operating Temperature Ta HCPL-4504 | -5b 100 °C
HCPL-0454
HCPL~J454
HCNW4504 | -6 86
Average Forward Input Current Tr(Aave) 25 mA 1
Peak Forward Input Current Ipprak) | HOPL-4504 50 mA 2
(60% duty cycle, 1 ms pulse width) HCPL-0454
HCPL-I4564 40
HCNW4504
Peak Transient Input Current Ircrrans) | HOPL-4504 1 A
(s 1 s pulse width, 300 pps) HCPL-0454
HCPL~J454 0.1
HCNW4504
Reverse LED Input Voltage (Pin 8-2) Vi HCPL-4504 5 v
HCPL-0454
HCPL-J454 3
HONW4504
Input Power Dissipation P HCPL-4504 45 mwW 3
HCPL-0454
HCPL-J454 40
HONW4504
Average Output Current (Pin 6) Toave) ‘ 8 mA
Peak Output Current Towrak) 16 mA
Supply Voltage (Pin 8-6) Voo -0.6 30 v
Qutput Voltage (Pin 6-5) Vo -0.6 20 Vv
Output Power Dissipation Po 100 mW 4
Lead Solder Temperature TLs HCPL-4504 260 °C
(Through-Hole Parts Only) HCPL~J454
1.6 mm below seating plane, 10 seconds
Up to seating plane, 10 seconds HCNWA4504 260
Reflow Temperature Profile Trp HCPalnfg454 Seé Pacl Outlisie
Drawings section

Option 300
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Electrical Specifications (DC)
Over recommended temperature (Ty = 0°C to 70°C) unless otherwise specified. See note 12.

Parameter | Symbol| Device | Min, | Typ,* |Max, | Units Test Conditions Fig, | Note
Current CTR | HCPL-4604 | 26 32 60 % |Ta=26C|Vp=04V Ir=16mA, | 1,2,| b
Transfer Ratio HCPL-0464 | 21 34 Vo=05V Voo =45V | 4

HCPL-J4564 | 19 37 60 Ty =26°C | Vg =04V
13 39 Vo=0bV
HCNW4604 | 23 29 60 T, =25C |V = 0.4V
L] 31 63 Vo=0.6V
CTR | HCPL-4504 | 26 36 65 % [Ty =26°C|Vo=04V Ir=12mA, | 1,2,] &
HCPL-0454 | 22 37 Vo=0bV Vo =45V | 4
| HCPL-JA54 | 21 13 &5 =25% Vg = 0.4V
16 15 Vo=05V
HONWA4504 | 25 33 | 65 | T, = 35% |[Vp = 04V
21 36 68 Vo =05V
Logic Low Vo, | HCPL-4504 02 | 04 vV |[Ta=25C[l,=4.0mA Ip = 16 mA,
Output Voltage HCPL-0454 0.5 Io =3.3mA Vog =45V
HOPL-J464 02 |04 T, = 25°C |Ip = 3.6 mA
0.5 T, = 9.0 mA
HCNW4504 02 | 0.4 T, = 26°C |1g = 3.6 mA.
0.5 ]g 8 m
Logic Higa Tont 0.008 | 06 | pA |1 =26C|Vo= Voo = 6.6V | Iz = OmA 5
Output Current 0.01 X Ty =25 [Vo = Voo.= 16 V
50
Logic Low Teor, | HCPL-4504 60 | 200 | pA [Ty = 16.mA, Vo = Open, Veo = 1B V 12
Supply Current HCPL-0454
HCNWA4504
HCPL-J454 70
Loglc High T 0.02 1 pA [T, = 26°C [Iz = 0 mA, Vp = Open, 12
Supply Current 2 Vg =16V
Input Forward V¢ | HCPL-4504 1.5 1.7 V |Tu=26°C[lr = 16 mA 3
Voltage HCPL-0454 1.8
HCPL-J464 | 1.46 | 1.60 | 1.86 Ty = 25°C |Ip = 16 mA
HCNW4504 | 1,35 1.95 |
Input Reverse BVg HCPL-4504 b Y |lpg=10pA
Breakdown HCPL-0454
Voltage HCPL-J464 ] Iy = 100 pA
HCNW4504
Temperature AVp HCPL-4504 -1.6 mV/°C [T = 16 mA
Coofficient of AT, | HCPL-0454
Forward Voltage HOPL-J454 14
HCNW4604
Input Cry HCPL-4504 60 pF |[f=1MHz, Vo, =0V
Capacitance HCPL-0454
HCPL-J4564 70
HCONW45604

*All typicals at T, = 25°C.
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AC Switching Specifications
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified.
Parameter | Symbol | Device | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Propagation i, 02| 03 T, = 26°C | Pulse: f = 20 kHaz, 8,
Delay Time ps Duty Cycle = 10%, 8,98 9
to Loglc Low 0.5 Ip= 16 mA, Voo = 6.0V,
at Output R, = 1.9kQ, C, = 15 pF,
Vouu, = 1.6V
tpm, 0.2 0.6 | 0.7 ps | Ty =26°C | Pulse: = 10 kHz, 6,
Duty Cycle = 50%, 10-14( 10
HCPL- | 0.06 10 Ip=12 mA, Voo = 160V,
J464 Ry, = 20 kQ, Oy, = 100 pF,
Others | 0.1 Vrun, = 1.5V
Propagation tpLar 03| 05 T, ='26°C | Pulse: f = 20 kHz, 6,
Delay Time s Duty Cycle = 10%, 8,9 9
to Logic 0.7 Ip = 16 mA, Voo = 6.0V,
High at Ry, = 1.9k, G, = 15 pF,
Output Voo =15V
AT 03 | 081 1.1 | ps | Ty =26°C | Pulse: f=10 kHz, 8,
Duty Cycle = 50%, 10-14( 10
0.2 1.4 Iy = 12 mA, Vge = 16.0V,
Ry, = 20 kR, Cy, = 100 pF,
Vm] =20V
Propagation | teym-tpi, 04 | 03] 09| ps | T, =26% | Pulse: f=10 kHz, 8,
Delay Duty Cycle = 50%, 10-14| 17
Difference 0.7 1.3 Ip= 12 mA, Voo = 160V,
Between Ry, = 20k, O, = 100 pF
Any 2 Parts Vi, = 1.5V, Y = 20V
Common | CMy | 16 30 kV/is | Ty = 26°C | Voq =60V, Ry= 1.0 kQ,
Mode Veu = Cp = 16 pF [j = 0 mA 7 79
Transient 1600 Vpp
Immunity at | |CMp| 15 | 80 | kV/us Veg = 16.0.V, Ry, = 20 k&,
Logic High Gy, = 100 pF, Ip = 0 mA 7 8,10
Level Output
Common |CM,,| 16| 80 kV/jis | T, = 26°C | Voo = B.OV, R, = 1.0k,
Mode Ve = C, = 16 pF, [ = 16 mA 7 | 7,9
Translent HOPL. 1500 Ve.p
Immunity at | |CM,,| 1464 16 30 kV/us Vee = 16,0V, Ry, = 20KkQ,
Logic Low Q. =100pFly=12mA | 7 |8 10
Level Qutput Others | 10
|CM,,| 16 30 kV/us Voo= 160V,R, =20k0, | 7 |8 10
€y, = 100 pF, Iy = 16 mA

“All typicals at Ty = 25°C.
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Package Characteristics
Over recommended temperature (T, = 0°C to 25°C) unless otherwise specified.

Parameter | Sym. Device Min, | Typ.* | Max. | Units | Test Conditions | Fig. | Note
Input-Output Viso HCPL-4504 3760 Vrms | RH s 50%, 6,13,
Momentary HCPL-0454 t= 1 min,, 16
Withstand T, = 25°C
Voltaget HCPL-J454 | 3750 6,124,

HCPL-4504 5000 6,11,

Option 020 16

HONW4504 | 5000 6, 15,

16

Input-Output | R, | HOPL-4504 1012 Q | Vo = 500 Vde 8
Resistance HCPL-0454

HCPL~J454

HCNW4504 | 1012 | 1013 T, = 256°C

101 T, = 100°C

Capacitance Cro HCPL-4504 0.6 pF f=1MHz 6
(Input-Output) HCPL-0454

HCPL-T454 0.8

HCNW4504 0.6 0.6

*All typicals at Ty, = 25°C..

#The Input-Output Momentary Withstand Voltage is a diclectric voltage rating that should not be interpreted as an input-output
continuous voltage rating. For the continuous voltage rating refer to the ITEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics
Table (If applicable), your equipment level safety specification or Agilent Application Note 1074 entitled “Optocoupler Input-Output
Endurance Voltage.”

Notes:
1. Derate lincarly above 70°C frec-air temperature at a rate of 0.8 mA/*C (8-Pin DIP).
Derate lincarly above 85°C frec-air temperature at a rate of 0.6 mA/°C (80-8).
2. Derate lincarly ahove 70°C frec-air temperature at a rate of 1.6 mA/°C (8-Pin DIP).
Derate lincarly above 86°C free-air temperature at a rate of 1.0 mA/*C (SO-8).
3. Derate linearly above 70°C free-alr temperature at a rate of 0.9 mW/°C (8-Pin DIP).
Derate lincarly above 85°C free-air temperature at a rate of 1.1 mW/°C (SO-8).
4. Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C (8-Pin DIP),
Derate lincarly above 86°C free-air temperature at a rate of 2.3 mW/°C (S0-8).
CURRENT TRANSFER RATIO in pereent is defined as the ratio of output collector current, Ip, to the forward LED input curront,
Ip, times 100.
. Device considered e two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins b, 6, 7, and 8 shorted together.
Under TTL load and drive conditions: Common mode transient immunity in a Logie High level is the maximum tolerable (positive)
dVgu/dt on the leading edge of the common mode pulse, Voy, to assure that the output, will remain in a Logic High state
(i.e., Vg > 2.0 V). Common mode transient immunity in a Logic Low leve] is the maximum tolerable (negative) dVgu/dt on the
trailing cdge of the common mode pulsc signal, Vou, to assurc lhn.thcuuimﬂwillmnainlnahgm[.uwumc (Le., Vo <08 V).
8. Under [PM (Intelligent Power Module) load and LED drive conditions: Common mode tr i ty in & Logic High level ia
the maximum tolerable dVgy/dt on the lcading edge of the common mode pulse, Yoy, to assure that the nuqmt will remain in a
Logic High state (i.e., V; > 8.0 V). Common mode tranglent immunity in a Logic Low level is the maximum tolerable dVqy/dt on
the trailing edge of the common mode pulsc signal, Vo, to assure that the output will remain in a Logic Low statc
(o, Vo<1.0V).
9. The 1.9 kO load represents 1 TTL unit load of 1.6 mA and the 5.6 k2 pull-up resistor,
10. The By, = 20 k@, C, = 100 pF load represents an IPM (Intelligent Power Module) load.
11, See Option 020 data sheet for more information.
12. Use of a 0.1 uF bypass capacitor connected between Pins 5 and 8 is recommended.
13. In accordance with UL 1577, each optocoupler ia proof tested by applying an insulation test voltage = 4500 V rms for 1 second
(leaknge detection current limit, I, <5 pA).
14. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage = 4500 V rms for 1 second
(lcakage detection current limit, I, < 6 pA).
15. In accordance with UL 1677, cach optocoupler is proof tested by applying an insulation test voltage > 6000 V rms for 1 second
(leakage detection current limit, T, S5 pA),
18. This test is performed before the 100% Production test shown in the VDE 0884 Insulation Related Characteristics Table, if
applicable.
17. The difference between ten and tpgy, between any two dovices (same part number) under the same test condition. (Sce Power
Inverter Dead Time and Propagation Delay Specifications section.)

2o @

131



HCPL-4504/0454 - HCPL-J454
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same way), it is important to
know the minimum and maximum
turn-on (tpy,,) and tumoff (tey)
propagation delay specifications,
preferably over the desired
operating temperature range. The
importance of these specifications
is illustrated in Figure 17. The
waveforms labeled “LED1”,
“LED2", “OUT1", and “OUT2" are
the input and output voltages of
the optocoupler circuits driving
Q1 and Q2 respectively. Most
inverters are designed such that
the power transistor turns on
when the optocoupler LED turns
on,; this ensures that both power
transistors will be off in the event
of a power loss in the control
circuit. Inverters can also be
designed such that the power
transistor turns off when the
optocoupler LED turns on; this
type of design, however, requires
additional fail-safe circuitry to
turn off the power transistor if an
over-current condition is
detected. The timing illustrated in
Figure 17 assumes that the power
transistor turns on when the
optocoupler LED turns on.

The LED signal to turn on Q2
should be delayed enough so that
an optocoupler with the very
fastest turn-on propagation delay
(tpppmin) Will never tum on before
an optocoupler with the very
slowest turn-off propagation delay
(tpLimax) turns off. To ensure this,
the turn-on of the optocoupler
should be delayed by an amount
no less than (berimax = (PHLmin),
which also happens to be the

maximum data sheet value for the
propagation delay difference
specification, (tpLy - tpyr). The
HCPL-4504/0454/7454 and
HCNW4504 specify a maximum
(tpLu - tpay) of 1.3 ps over an
operating temperature range

of 0-70°C.

Although (tppirteni)max tells the
degigner how much delay is
needed to prevent shoot-through
current, it is insufficient to tell the
designer how much dead time a
design will have. Assuming that
the optocoupler turn-on delay is
exactly Equal to (tPLH' tPHL)lnaxi
the minimum dead time is zero
(i.e., there is zero time between
the turnoff of the very slowest
optocoupler and the turn-on of
the very fastest optocoupler).

Calculating the maximum dead
time is slightly more complicated.
Assuming that the LED turn-on
delay is still exactly equal to
(tpra = tPAL)max it can be seen in
Figure 17 that the maximum dead
time is the sum of the maximum
difference in turn-on delay plus
the maximum difference in tumoif
delay,

[(trLmenctrLEmin) + (tPHLmaxteHLm) )

This expression can be
rearranged to obtain

[ (trrsmactpHLmin) -(bPHLmin bPHLmax) ],

and further rearranged to obtain

[Ctera-terdmuc-(bratenr) inls

18

which is the maximum minus the
minimum data sheet values of
(tpLa-tran)- The difference
between the maximum and
minimum values depends directly
on the total spread in propagation
delays and sets the limit on how
good the worst-case dead time
can be for a given design.
Therefore, optocouplers with tight
propagation delay specifications
(and not just shorter delays or
lower pulse-width distortion) can
achieve short dead times in power
inverters. The
HCPL-4504/0454/J454 and
HCNWA4504 specify & minimum
(tpre - tpu) of -0.7 ps over an
operating temperature range of
0-70°C, resulting in a maximum
dead time of 2.0 ps when the LED
turn-on delay is equal to
(tpLerteandmax, OF 1.8 ps.

it is important to maintain
accurate LED turn-on delays
because delays shorter than

(toper = bpp)max may allow shoot-
through currents, while longer
delays will increase the worst-case
dead time.

135



@ MOTOROLA

HEX INVERTER

Y|
v

GUARANTEED OPERATING RANGES

136

SN54/74L504

HEX INVERTER
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE63208
14

N SUFFIX
PLASTIC
] CASES40.00

‘ D SUFFIX
f $0IC

1 CASETS1AD2

ORDERING INFORMATION

SNS4LEXNJ - Ceramic
SNF4LEXXN - Plastic
SNT4LEXXD  sOIC

Symbol Parameter Min Twp Max Uinit
Voo Supply \bltage 54 45 5.0 55 Vv
T4 4.7 6.0 5.26
Ta Operating Ambient emperature Range 54 -56 % 126 he ™
74 0 % 70
oM Ouput Current — Hgh 54,74 ~04 mA
laL Output Curent — Low 54 40 mA
74 80

FAST AND LS TTL DATA,



SN54/74L.504

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specifiad)

5-1

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Viy Input HIGH Voltage 20 v i:"‘mw“"::‘" Sl
y W R 54 0.7 i Guaranteed Input LOW Voltage for
IL npu ge 74 0.8 All Inputs

ViK Input Clamp Diode Voltage -065| -15 v Voo = MIN, [y =-18 mA

54 25 35 v Ve = MIN, IoH = MAX, ViN = Vi
VOH Qutput HIGH Voitage 78 57 35 v or Vi per Truth Table

54, 74 025 04 v oL =4.0mA Vee = Voo MIN,

VoL Qutput LOW Voitage ViN=VLor Vi

74 0.35 0.5 v IoL = 8.0 mA per Truth Table

20 pA | Voo =MAX, Viy=27V
K Input HIGH Current K
0.1 mA_ | Voo =MAX, Viy=7.0V
m Input LOW Current =04 | mA -} Vae=MAX V=04V
los Short Circuit Current (Note-1) ~20 -100 mA | Moo= MAX
Power Supply Current
lee Total, Qutput HIGH 24 | ma | vee = MAX
Total, Oulput LOW 6.6
Note 1: Not mare than one output should be sharted at a time, ner for mora than 1 secand.
AC CHARACTERISTICS (T = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tpLH Turn-Off Detay, Input to Output 9.0 15 ns Vec =50V
tPHL Tum-On Delay, Input to Gutput 10 | 15 ns CL=159pF
FAST AND LS TTL DATA
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Current Transducer LA 55-P/SP1

For the electronic measurement of currents: DC, AC, pulsed...,
with galvanic isolation between the primary circuit (high power) and
the secondary circuit (electronic circuit).

Electrical data

| Primary nominal eurrent fms 50 A
Primary current, measuring range 0. +100 A
R, Measuring resistance T, =70°C (T, =85°C

Ru'ﬂ“ LR‘UH\“ Ruﬂ'\ Rul“ll

with£12V @ S0A, Q 2158 10 210 . .Q

@+ 100A 0 35, 10 30 Q

with£15V__~@2 50A @733 (30 |\ 330..-Q

@+ 100A 0 951480 \s0.. @

b Secondary nominal current rms 25 mA
K, Convarsion ratio 12000

V.  Supply voltage (5 %) +12915 %

. Current gonsumption W0{@£15 V) +1, mA

Accuracy - Dynamic performance data

X Accuracy @ g T,=25°C / @=15V (£ 5%) + 065 %

@212 A5 V(x5 %) 050 %

g Linearity etror <016 %

Typ |Max

L Offset current @ L= 0, T, = 25°G +010 (“mA
W Magnetic affset current " @ |, =0-and specified R

alter an overload of 3x 1, £015 ‘mA

iR Temperature veriation of 1, “26°C,, + 85°C £005(£030  mA

~40°C .. 25°C £010{£050 -~ mA

t, Reaction time to 10 % of |, step < 500 ns

t Response time 1o 90 % of |, step <1 HS

difdt  dvdt accurately followed > 200 Alus

BW  Frequency bandwidth (- 1 dB) bc 200 kHz

General data

Features

» Closed loop {compensated)
current transducer using the Hall
effect

« Printed circuit board mounting

» Insulated plastic case recognized
according to UL 94-V0

Special features

o L, =20, £100A
s K, =172000

Advantages

Excallent accuracy

Very good linearity

Low temperature-ciift
Optimized response time
Wide lrequency bandwidth
Nao insertion losses

High immunityto external
interference

o Currentoverload capability

Applications

& AC vanable speed drives and
servo motor drives

Static converters for DC motor
drives

e Battery supplied applications

) = Uninterruptible Power Supplies
T Ambient operating temperature -40 .+ 85 “«C {UPS)
T Ambient storage temperature =40 +90 ] e Switched Mode Power Supplies
Ry Secondary coil resistance @T,=70°C 145 Q (SMPS)
@T,=85C 150 Q * Power supplies for welding
L Mass 18 El applications
Standards EN 50178 1997
Application domain
Notes " Result of the coercive field of the magnetic circuit
2 With a difdt of 100 Alss o (nentvial.
Page 113
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Current Transducer LA 55-P/SP1

Isolation characteristics

v, Rms voltage for AC isolation test, 50 Hz, 1 min 25 kv

v, impulse withstand voltage 1.2/50 ps 45 KV
Min

dCp Creepage distance 38 mm

dCl  Clearance distance 38 mm

CTt  Comparabve Tracking Index (group lia) 175

Applications examples

According to EN 50178 and IEC 61010-1 standards and foliowing conditions

» Over voltage category OV 3
« Pollution degree PD2
* Non-uniform field

EN 50178 1EC 61010-1
dCp, dCl V. Rated isolalion voliage Norminal voltage
Single isolation 300V 300V
Reinforced solation 150 Vv 150V

Safety

A\

Thrs transducer must be used in electric/elettromic equipment with respect
to applicable standards and safety requirements in accordance with the
manufacturer's operating insiructions

A\

Caution, risk of electrical shock.

When operating the transducer, certain paits of the module can carry hazardous
voltage (eg primary busbar, power supply).
Ignoring this warning can lead to injury and/or cause serous damage

This transducer is a build-in device, whose conducting parls must be inaccessible

after installation
A protective housing or additional shield could be used
Main supply must be able to be disconnected

Page 23
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Dimensions LA 55-P/SP1 (in mm. 1 mm = 0.0394 inch)

=y
Front view N 27 .
|
-
] L.EMO ol L Connection
e
—Ce A 48
[ fl |
= = Lt
- — 0’\.
| M & + ~! 2 +Ve
e A I R
B \I Boo Lo Ssov
.= 45.08] 2286 | A= = o-VC
365 4 :
g i
|
sv
3
i
Top view Left view
Mechanical characteristics Remarks
« General tolerance +0:2 mm * |, s positive when I flows in the direction of the arrow
* Primary through-hole 12.7 X7 min s Temperature of the primary conductor should not exceed
« Fastening & connection of secondary. 3 pins 90C
0.63x 056 mm e Dynamic performances {di/dt and response time) are best
* Recommended PCB hole 09 mm with & single bar completely filling the primary hole.

In.order to achieéve the best magnetic coupling, the
primary windings.have to be wound over the top edge of
the device

Pape 13
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Vehicle To Home For Electric Vehicle Application

wiuss §Anna 13190 wuq 11329900 @ART wengans meyaufuwed
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ABSTRACT

This project presents the function which convert energy from
electric vehicle and apply to accommodation by using bidirectional level 2
charger with the abilities hoth charge the battery in the electrie vehicle and
discharge stored energy inside the battery to supply household items
(Vehicle to Home: V2H). This function extends the application of the
electric vehicle as a movable energy storage. The charger's prototvpe that
we have created uses the CCCV (Constant Current Constant Voltage)
charging method, rated power at 2kW referring TEC62196-2 standard. From

simulations and experiments, the prototype is able to function efficiently.

Keywords: Bidirectional Converter, EV Charger Level 2, V2H, IEC62196
Standard
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