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circuit with resp inal are caused

respectively. From these effects -voltage Viyor = (Vagt Vo)
and V., = (V,;+V,;).The degree of unbalance of two circuits are presented in this
project in form of common mode rejection ratio (CMRR). The degree of unbalance of

two circuits can be compared by the experimental results.
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2007 /09/09 14:04:15 NORM:50MS /s 20us/div
Stopped . (20us /div)
x
In
v
e TN TR R STICT T PO R

¢ Freq: 10.00kHz
Trace3: P=-P : 3.80Div " Rms
: Freq: 10,00kHz : .

1.59Div  : Avg "=1.02Div

e e
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CHI: ON
10V /div 10:1
DC 0.0V

ICH2: ON
10V /div 101
DC 0.0V

CH3: Math

1+2

CH4: OFF
50V /div 101
DC 0.0v

Record Lenglh

Main: 10K

Zoom: 10K
Filter

Smoothing: OFF

BW: FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 ¢

>
o

Ui 4.2/ 1f5 yuuieiis U N usRNDUIN I A GuiMs N3 138 (Vg uaz idouanues

UMW INTTIA (V)

2007 /09/09-14:10:29 MORM:O0MS /8 7 10Ls Adiv
Stopped ] {1us/div)

CHI ON
10V /div 11

¥ e 0.0v
W& CH2: ON
<3 10V /div 101
b e 0.0V
""" % CH3 Math
<« 1+2
-
o s CH& OFF
SOV /div 10:1
£ r DC 0.0V

A=A AT G Y 4V

Tracel: P=P 18.00v _Rms_+ 14.15%V Avg" _12.40v
Freq ——-—- : ; = ’
Trace2:. P-P 20.80V . Rms 7 T0722v . Avg -6.D45V
Freq: ——- + :
Trace3: P-P 1.12Div Rms | 0.68Div Avg  0.64Div
Freq 1.667MHz T :
+
.
1
L

Record Length

Main: 10K
Zoom: 10K
Filter

Smoothing: OFF
BW! FULL
Trigger

Mode: AUTO
Type: EDGE

Source: CH1 %

¥
o

U 43 nSoudouus swuiidanvesInaaioumsunsng (v, ) uariidiauvesinan

Houmsuninag (v,)
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2007 /09709 14:17:22 NORM:100MS /s +500ns /div
Stopped __ { i

ot TN A =
TaNewew v b \N
N

Traced: P-P  190.0mv  Avg . 1.519mv

 Freq 50.00kHz

F=t=t 4+

3UM 4.5 nanaminszuaneuuou Inuavesesinnoueiines (Buck Converter)
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2007/09/03 142118 NORMSOMS /s  20us/div
Stopped 3 (20us/div)
: ‘ ? - ; : : CHY On
( ; ; % ( ; : SV/div 10:1
i : ; 7 pC 0.00v
SO SN e s, [ SOV, O o s B o
: ; : : : sv/div 1001
a S : oC 0.00v
visssavaraflerivannataars sesavarsisn .‘. vases ..i.“.,“.,; A8 a8t inyon s hanasssess .. ad m m
: 1 : : S0v/div 1001
‘51 w--A~.4->-E AAAAAAAAAAAAAAAAAAAAAAAAAAAA _ --------- * --------- £-~>----.--,~.‘.-4‘.--»-»~»--v: --------- m m
: ; I : 2 S0V /div mw
L AT T WO O S VU T Y LY
4 i Y v 4 A4 o
' 11 7 |mscora Lengn
: p : Main: 10K
PRTay I SRR Wisiaa -| Zoom: 10K
Y Ls______, L_.Flhr
Bl j : : . . Smoothing: ON
Tracel: P-p : 11.80v T 220V F’N 10. Um! .| Bw: FULL
. Duty 60.4% Trigger
Trace2:. P=p - Avg r.21v : : llmd'lz Mode: AUTO
............. Duty . “ Ao epineenien i e N | TYPR EDGE
X : ; : ‘ Source: CH1 £
: \§ \ ///// S
= o
2 :7 é 2
1]4 -t ” 7 ‘\ . e 9 '
iun4s vume 16 q R Rl .,)unz
AUNANATANUN MR DT By ‘VwJ;
)] / \‘'d A
s # N
2p07
¢ ye
X { : : g ON
ﬁ : : : ; : : : : cé/ 101
‘ ] : : o.ov
, e , : v/, 101
.=k ; : b 0.0v
@(“ W R 5 ORF OB i
" : : ‘ : : ' : f 142
VstV : . it mamert
: . '>< oo - ; : /div o
: ®<“"/\' : ‘ W A~ 5 oC 0.0v
S AR +6r@w et o T B o g e g S R L T
: 3 - Bid ; Record Length
i p 5 Main: 10K
a&’Lp af‘b o T Zoony, 1K
Tracel! PP 4. -=15.66Y L250MHZ  |ppter
le 50.0% d ; : Smoothing:  ON
Trace2: P-P  8.000Y AVG *1ETSH ' Freq 1.250Miz | gw: FULL
. Duty. S0.0% 13 . : : Yeigasr
Trace3: P-P © 0.200iv = Avg [ 0.00Div - Freq 833.3kHz Mode: AUTO
bty se7x : f i | Type:  EDGE
-

; o 42 - 42
U 4.9 WSsuidisuussdundavinveumasuiioumsuning (v, ) nazidiauves

unaanuiousuns g (v,)

& = Y o Y v - = Y 1 ) Y %% %
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2007 /09/03 161923 NORMSOMS /s« lus/div
Stopped q
: I CHI: ON
- 10V /div [14]
+ DC 0.0V
CcHZ. oN
1 : ov/dv 0
: Dc 0.0V
—— 142
CH4: OFF
S0V /div L[4}
pc ooV
Record Length
Main: 10K
Zoom: 500
Filter
ot ~sre—~{ Smoothing: ON
BW: FULL
Trigger
Mode: MTO
Type: EDGE
Source: CHZ2 %

A
1;_ —Y Ak ¥
7 SR o

0!(‘\1@;.0

: ; ! DT 9 = o . 10K
. 2 ! 1.6 o / | Zoeme 500

Tracel: P-P . 18, Rvg, ;-0.561 1 10.00kHZ  |fFiter

¢ Duty: 38.4% ‘ Smoothing:
Trace2: P-P 19.20v  fvg ' 9.448Y  Freq 10.00kHz | pw: AL

. Duty B1.6% > ; - : g
Trace3: P-P . 0.24Div Avg [ 0.01Div Freq 1.250MHz Mode: AUTO

- Duty 50.0% _ : : : ]

; v 22 42
Uit 4.11 WSeuidisunssduidnanvesTnaaiisumsunsnd(v,, uazidiavvoalnan

oumsuns 1 (v,

& = Y o Y v - = Y 1 ) Y %% %
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NORMISOMS /s ¢ lus/div
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2008/02/05 16:11:16 NORM:100MS/s  10us/div
Stopped | (10us 7div)

i } CHIL: OFF

1 20V /div 11

1 oc aov

i CHZ: OFF

i 20V /div 10:1

, oc o.ov

.............................................. e IRt Ot SSUIPR O 1--t-4 OFF

1 SOV /div 1

1 oC ooy

............................................................................................ cHa: on

i Somv/div - 18:1

,

% i kt-:‘k \— &s
&3? ¢ @\“’)
e é ’\\:Qr\ a

a - QQ 3\! s 4
31.[“ 4.15 A1 frequency Sl &lll. RFGY) 3051A ADUNIDITIADS

(Buck converter) HUUTUAA

& = Y o Y v - = Y 1 ) Y %% %
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4.5 ﬂnﬁma1'9i147‘i'ls’1un1mnaanmmuﬁnauna{mo'f (Boost converter)
- usadudunn v, =20 Taawl mandlentlas 24024 uazasesisoanszuauuuiunau
- A 1Flumsadadnfy 5o kHz ymaesildlumimaney
- fdaa lRaniaiu 60% s i ¥ lumsnasey
- lnToaw33ads UF202
- MOSFET IRFP150N
- Tnaadidunu 800 Teru
-2939una 1 R, =100 Q, C,=1uF, TLP250, V, =12.0v
- damiioni L,=400 uH

- High frequency curre MU 1AV (3N UTADNLDU
Tnua)
/4 \\\\\§\\\4/ // 2

4.6 Wan3 INDT

Trigger
Tracel:: P-P : 11.60V Avg I 7.370v : Mode: AuTO
RRNSTIOE IOUORTRRI RO RTES | SYRCIPUSEA {PRVRTIN, PRR. NN IO, S Type: EDGE

Source: CH1 f4

4 \J o ‘ '
Ui 416 AussduiianaTeuvuANIAZ YR AUDI MOSFET (V,)

& = Y o Y v - = Y 1 ) Y %% %
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NORM:200MS/s  2us/div
(2us/div)

g88g

-
/!
-

32

-
!
-

%2

§ O
-
!
-

Tracel: P-P.....22.40V
Trace2: P-P - 54.40V

g

bbb d 4 B PSR =" L b i—-o-d A :
: : ] : ; - : & d Length

& : n
e N .?’.’Sm WG S S - \’ ..... @ Zoom: 5K
: 3 Fﬂu'
: : 5 gg’fﬁ a f\ ! Smoothing: ON
T'.!?!!Zf..'.’:'.’......'i.-.‘!!’.!'! ....... e VO InB3Y e™ ” BW: FULL
! : = : : : Trigger
TI’IOBS_. P=pP E 0.60Div - Avg [=0. SSDIV : : : Mode: AuUTo
: : : IR U SR N - — Type.  EDGE
I Source: CH1 §}
1

Ed
j‘l.l'ﬂ 418 ul"u'umu'uu:qaunmmmﬂmuuawwmuumumﬂsunﬂm (V, ) uazn 17’)?!1]

voamanuiouioumsuns g (V)

& = Y o Y v - = Y 1 ) Y %% %
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2008/01/23 201137 NORM:100kS/s  10ms/div
Stopped (10ms /div)
: : E : CHIL ON
: : ] S0V /div 101
R - oc 0.0V
3 : ] CHZ oN
: 1 sov/div 1001
i : - DC 0.0V
3 " —y p T 4 CH3 Math
: ] 1+2
¥ A - CHa: OFF
- 50V /div 1w
] DC 0.0v
¥ : : Record
Length

E2 93

Source: CH2 |

qUt 4.20 MinszuaneuveuTnuave s ymineunesmasuuy liduga

& = Y o Y v - = Y 1 ) Y v %
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i

—
o
Sy

U 4.21 #1 frequency spectrum ypanssnameuuauU ] vualuIws Y AOUNBTINDT

(Boost convertér) Llﬂﬁ1ﬂﬁijﬁ_}a

J
4.7 HaMINAADIINIYINNOUIOHAD SULTENGD
WA N 1S naero i

® [AAnudsRNuIas AN0IMOSFET C,=1000pF
o [dunusEgivIRTHYQIMOSFET €,=1000 pF

® | gzt L1=L2=100.uH

2008/02 /04 16:08:48 MNORM2200MS /5 Sus fdiv

Stopped

rss
+

(5Us /div)

©1us fdiv

G T D S e L S T T S O NS S St B S

P

U 4.22 nfSeuivunssduinanasen C1uaz C2

CH: ON
10V /div 100
De 0.0V
CH2: ON
10V /div i
DC a.ov

W TH3 OFF
S0omvV /div. 1001
bDC 0.000v
“|CHa: OFF
10V /div 1001
DC o.0v

Record Length

Main: 10K
.| Zoom: 2K
Filter

‘| Smoothing: OFF

BW: FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 4
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2008/02/04 16:47:20 NORM200MS/s  lus/div
Stopped ¥ (us/div)
: : : : : : : : CH1: ON
I wov/dv 100
................................................. § RUUUUUUNE SUUDPUUOE SUURUUUU SURTUUORE SR ... o.ov
CH2: ON
wv/div 100
: oc 0.0v
.................................................................................................. bt A8 '
1+2

Tracel: P-P "2;'4"!)'6? """""""""
Trace2: P=-P - 4.000V
Traced3: P=P - 0.320iv

¥
o

r ¥ ]
Ui 4.24 nfSvuifiouussduiniiinuesInaaioumsuns1a(v,, Juaziifaauves

Tuaafiousunsd (v,

& = Y o Y v - = Y 1 ) Y %% %
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2008/01/23 20:20:36 NORM:100kS/s ©2ms/div

1 4.26 MmnszuaneuueuTuAveINITYAIADUNBIIABT ILLALYA
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TLP250(D4), TLP250F(D4),TLP251(D4), TLP251F(D4)

Attachment: Specifications for VDE0884 option: (D4)

Types: TLP250,TLP251
TLP250F, TLP2561F
Type designations for ‘ option: (D4) ', which are tested under VDE08S4 requirements.
Ex.: TLP250F (D4-LF4) D4: VDE0884 option
LF4: Standard lead bend

Note: Use TOSHIBA standard type number for safety standard application.
Ex TLP250F (D4-LF4) —  TLP250F

VDE0884 Isolation Characteristics
Description Symbol Rating Unit
Application classification
{DIN VDEO110 teil 2/ 01.89, table 1)
for rated mains voltages300VRrms 1= .
for rated mains voitage<B00 VRus [a]
Climatic classification
{DIN [ECB8S teil 1 /09.80) 401100/ 21 i
e i 20t \N\\\LJ/// o 2 -
Maximum V, Vpk
lus\:bl &yl 945
= — 1710 .
I (¢ .
Vi
by "= 12140
/7 AL v s
Vi
o ) \ B

\ f???i’? = Qg

oS et 1

type
Minimum 6.4mm
Minimum =] 64mm O omm

5
2/01.89 group Il a)

Comperative tracking index
(DIN 1EC112 / VDE0303, part 1)

(*) in accordance with DIN VDE0110

1. If a printed circuit is incorporated, the creepage distance and clearance may be reduced below this
value(e.g.at a standard distance between soldering eye centres of 7.6mm). If this is not permissible, the
user shall take suitable measures.

2. This photocoupler is suitable for ‘safe electrical isolation’ only within the safety limit data.
Maintenance of the safaty data shall be ensured by means of pratective circuits.

VDE Test sign: Marking on product
for VDEQBS4

Marking on packing

for VDEOB84

& = Y o Y v - = Y 1 ) Y %% %
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Figure 1  Partial discharge measurement procedure according to VDE0884
Desiructive test for qualification and sampling tests.
VINmAL (4000V for TLPxxx )
Method A vk £— (6000V for TLPxxF)
Vpr  (845V for TLPxxx )
(for type and sampling tests, destructive tests) (1710V for TLPxoF)
Z
ty tz =110 10s Vv
ta L4 s (ﬁmm)
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Figure 2  Partial discharge ure
i 00% inspection.
(1180V for TLPxxx )
\\\\ e 40V for TLPxxxF)
— § - ! RM
(for , non-gest -\Q= . — _},_-
_B—N N9~ Y~ il e TLPxx )
t3 g 2 )/j/ \ QP ~-u ; (11 TLPxoF)
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RESTRICTIONS ON PRODUCT USE J—

+ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or "TOSHIBA Semiconductor Reliability
Handbook” etc..

» The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances.
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage®). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportationsingtriments, traffic signa lruments, combustion contral instruments,
medical instruments, all typas#ef sal devices, etc.. Unintend sagenof TOSHIBA products listed in this
document shall be /u g/€ustomer’s own ri

» Gallium arsenide (GaAs) is a su i § deseribed do at. GaAs dust and fumes
are toxic. Do k, cut o P Se’ chemica 2 en disposing of the
products, fo| e appropriata.regulations: $pose ndustrial waste or with
domestic garbage. —

« The prof descw cumdnt 2 ange and

e The ation containgg=feErein prasan W!e .. plications of oum, products. No

espongibility is d b or other
8 i " se under

)
sg% (1]}
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International
IR Rectifier

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to
extremely low on-resistance per silice

benefit, combined with the fas

ruggedized device desi

PD - 81503D
IRFP150N

HEXFET® Power MOSFET

9]

D
100V

Vpss =
Rps(on) = 0.036Q

Ip = 42A

61

with an extremely e
ge is rred f

in a wide variety
tions wi hl'gher

preclude se ow ¥ 74

The TO-247
industrial

FET Pow r
MOSFETs are well kn vides
nd relia g’é\ ///
cations.
2
VB'
similar bt guperior to the ier T

lute Maxi ! DY\ \ N

Ab
@l i

Ip =.100"C4y C 5 1 ™~

Py o= 'C

Vi

lar s 1 a
i :
dvidt A
‘ TJ rati i -
Tste 9 gstorage
\\ ‘
A\

Thermal R

Peal dv ns
175

from
(1.1N

meter yp. 4 Units
Reuc Q .95
Recs t, Gre: 24
Raua Junction: 40

‘cw

& = Y o Y v - = Y 1 ) Y %% %
wenansiiluenansianulidmiumsidauienisdnwiving ldewgymlbnhluldusslevdiunis

lidnsallagrsau Snvivhuiilvidauwdasiom uavdesgsdadadivedenarsynasaninisiluly



62

IRFP150N International
TR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V, Drain-to-Source Breakdown Voltage 100 | —|— 1] V | Vas=0V,ip=250pA
| AV@rpss/AT, | Breakdown Voltage Temp. Coefficient | — |0.11| — | VI°C | Reference to 25°C, Ip = TmA®
M Static Drain-to-Source On-Resistance | — | — [0.036| Q | Vgs =10V, Ip=23A @
Voswn | Gate Threshold Voliage 20 | —| 40 | V_| Vos= Ves, Io = 250pA
O Forward Transconductance 14 | — | — | S | Vps=25V, Ip=22A0
. — | —|2 [ Vos = 100V, Vg = OV
loss Drain-to-Source Leakage Current et HA Vos = 80V, Vos = OV, Ty = 150°C
| Gate-to-Source Forward Leakage — | — | 100 oA Vgs = 20V
i Gale-to-Source Reverse Leakage — | = | <00 Vas = -20V
Qy Total Gate Charge —_— —1 110 Ip = 22A
| Qg Gate-to-Source Charge — |—| 15 | nC | Vos=80V
& Vgs = 10V, See Fig. 8 and 13 ©@®
| taton) Vpp = 50V
Rp = Fig. 10 ®®
t-Between |
|_§mmr(0.25in.) @
‘package ®
ter of die s ]
\/
Vak=0sv
% E 1.0M .50
N\ ~
Cand|
d
ion ;
T, 3 . Vi
o i is is )
Notes: {\ 00
@ Repe ti width li th < 2%.
max. ju tel ture. - &
@ Starting T . test con
Rg =250, | @ re 12) &
@Igsm.dildt &
T;5175°C
‘ f"@mna’\"a
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International IRFP150N
ISR Rectifier
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IRFP150N Intemotiofna!
TOR Rectifier
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International IRFP150N
ISR Rectifier
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IRFP150N International
TR Rectifier
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International IRFP150N
TSR Rectifier

Peak Diode Recovery dv/dt Test Circuit

i Circuit Layout Considerations

D.U.T | \ . Low Stray Induct
tl:ﬂ ® - Ground Plane
- Low Leakage Inductance
Current Transformer
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IRFP150N Intemoﬁqr_nol
ToR Rectifier
Packfga Outline
TO-247AC Outline
Dimensions are shown in millimeters (inches)
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