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ABSTRACT

This thesis presents a construction of a 1 kVA single - phase sinusoidal
output inverter. This inverter can regulate the output voltage under any conditions.
The inverter is made from a single — phase full bridge DC - AC converter connecting
to the LC low pass filter. The closed loop vector control with Pl controller is applied
to control the inverter. The inverter system is first simulated by using
MATLAB/Simulink program. The algorithm used in the simulation is then applied to
the real system to substantiate the design and improve the performance of the

inverter.
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STM32F4DISCOVERY

STM32F4 high-performance discovery board

Features

B STM32F407VGTE microcontroller featuring
32-bit ARM Corlex-M4F core, 1 MB Flash, 182
KB RAM in an LQFP100 package

B On-board ST-LINK/V2 with selection mode
swiich to use the kit as a standalone ST-
LINK/VZ (with SWD connector for
programming and dehugging)

® Board power supply: through USB bus or from
an external 5 V supply voltage

& External application power supply: 3V and 5 v

® LIS302DL, ST MEMS motion sensor, 3-axis
digital output accelerometer

B MP45DT02, ST MEMS audio sensor, omni-
directional digital microphone

B CS43L22, audio DAC with integrated class D
speaker driver

B Eight LEDs:

- LD1 (red/igreen) for USB communication

— LD2 (red) for 3.3 V power on

— Four user LEDs, LD3 (orange), LD4
(green), LD5 (red) and LD6 (blue)

— 2 USB OTG LEDs LD7 (green) VBus and
LD8 {red) ever-current

@ Two push buitons {user and reset)

USB OTG FS with micro-AB connector

B Extension header for all LQFP100 /Os for
quick connection to protolyping board and easy
probing

Description

The STM32F4DISCOVERY helps you to discover
the STM32F4 high-performance features and to

Dala brief

Based on the STM32F407VGTS, it includes an
ST-LINK/V2 embedded debug tool, two ST
MEMS, digital accelerometer and digital
microphone, one audio DAC with integrated class
D speaker driver, LEDs and push buttons and an
USB OTG micro-AB connector,

Alarge number of free ready-to-run application
firmware examples are available on
www.st.com/stm32f4-discovery to support quick
evaluation and development.

develop your applications easily. It includes Table 1. Devlce summary
everything required for beginners and
sxperienced users to get started quickly. Cldgpetie Reletarics
STM32F4 high-performance
STM32F4DISCOVERY discovery board
September 2011 Doc 1D 022204 Rev 1 13

For further information contact your locat S TMicroclectronics sakes office.

WHWH.SLCOm
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System requirements STM32F4DISCOVERY

1 System requirements

¢ Windows PC (2000, XP, Vista, 7)
® USB type A to Mini-B cabie

2 Development toolchains
@ Altium TASKING™ VX-Toolset
e Atollic TrueSTUDIO®
® |AR, Embedded Workbench® for ARM
e Keil, MDK-ARM™

3 Demonstration software

The demonstration software is preloaded in the board's Flash memory. It uses the MEMS
motion sensor to blink the four LEDs according to the mation direction and speed.
Connecting the board to a PC with a second USB ‘type A to micro-B' cable converis it into a
standard mouse, and board motion controls the PC cursor.

The latest versions of the demonstration source code and associated documentation can be
downloaded from www.st.com/stm32f4-discovery.

4 Revision history

Table 2. Document revision history
Date Revision Changes

16-Sept-2011 1 Initlal version.

23 Doc (D 022204 Rev 1 173




83

STM32F4DISCOVERY

Piease Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroslectronics NV and its subsidiaries ("ST) reserve the
right to make changes, corections, madifications or imgroveroeots. o this dacument, and the peoducts and sanvices dascribed barain at any
time, without notice.

All ST products are sold pursuant to ST's lerms and conditions of sale.

Purchasers are solefy responsible for the choice, selection and use of the ST products and servicas described herein. and ST assumeas no
liability whatsoever relating to the choice, selection o use of the ST products and services described herein,

He license, express or impled, by estoppel or otherwise, to any intsllsctual property rights is granted under this document. If any part of this
document refers to any third pasty products or services it shall not be deemed a kcense grant by ST for the use of such third party products
or services, of any ntellectual property contained thersin or considared as a warranty covering the use in any manner whatsoever of such
third party products or services or any intzliectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.
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Current Transducer LA 55-P IF,N = 50A

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

B ce

| Electrical data ]
I,  Primary nominal r.m.s. current 50 A  Features
t Primary cument, measuring range 0.+70 A
R, Measuring resislance @ T,=70°C| T,=85C * Cilosed loop (compensated) current
Rl B R transducer using the Hall effect
with £12V @+50A, 10 100 60 95  * Printed circult board mounting
@+70A . 10 50 | 6ow gon o ¢ Insulated plastic case recognized
With 15 V @+50A, 50 160°| 135155 g~  3ccording to UL 94-V0.
+70A 50 90 |135%135% Q
e iy Advantages
B Secondary nominal r.m.s. current 50 mA
Ky  Conversion ratio 1: 1000 « Excefient accuracy
V.  Supply voltage (£5 %) +12.15 V' . Very good linearty
I Current consumption” 10@+15V)+l, MA | o temperature drift
Vv, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn Z5 kv « Optimized response time
A Y + Wide frequency bandwidth
[ Accuracy - Dynamic performance data ] + No Insertion losses
X Accuracy @1, T, =25°C @+15V(£5%) +065 % = High immunity to extemal
@+12.15V(x5%) +09 % interference
€ Linearity <0.15 %, = Current overioad capabllity.
Typ | Max
lo  Offselcurrent @ I,= 0, T, = 25°C arhd Lrrlicatians
La Residual current® @ |, = 0, after an overload of 3 x 1, +0.3 mA o -
l,, ~ Thermal driftof I, 0°C..+70°C  |£0.1|405 mA ﬁ;:‘:‘n':::ss“e“ SIERRcce
o J
-25°C.. +B5°C |£0.1]1 08 MA " e converters for DC motor drives
ty Reaction time @ 10 % of L ., < 500 NS« Battery supplied applications
t Response time @ 90 % of |, <1 Hs « Uninterruptible Power Supplies
difdt  difdt accurately followed > 200 Alis (UPS)
f Frequency bandwidth (- 1 dB) DC 200 kHz o swiched Mode Power Supplies
(SMPS)
[_ General data ] * Power supplies for welding
Ts Ambient operating temperature -25.. +B5 °C applications.
T Ambient storage temperature -40 ..+ 90 g,
R, Secondary coil resislance @ T,=70'C 80 Q
T, =85'C 85 Q
m Mass 18 o]
Standards 4 EN 50178
Notes : " Measuring range limited to £ 60 A
7 Measuring range limited to £ 55 A
3 Result of the coercive fietd of the magnetic circuit
“ A list of corresponding tests is available 980706/8

LEM Components www _lem.com
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Dimensions LA 55-P (inmm. 1 mm = 0.0394 inch)

Bottom view Left view
[ o
'y} ~
~
¢ ¢ * = u
e
-
315 276 45 +/-03
= 12.7 =
3 f
LEM® | As5-p
S — Secondary terminals
A (8
s
C€ o N2 Terminal + : supply voltage +12 .. 15V
I 4 made Terminal - : supply voltage - 12.. 15V
- M 00_00 00 + S_’F Terminal M : measure
L! ) K\ X
(=]
5 22.86 = Connection
365 R
Ve \ N
Standard 00 Year Week
or N°* SP..
Front view
Mechanical characteristics Remarks
= General tolerance + 0.2 mm « |, is positive when I, fiows in the direction of the armow.
= Primary through-hole 12,7 X7 mm » Temperature of the primary conductor should not exceed
= Faslening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm « Dynamic perfarmances (di/dt and response time) are best
Recommended PCB hole 0.9 mm with a single bar completely filing the primary hole.

= In order to achieve the best magnetic coupling, the primary
windings have to be wound over the lop edge of the device.

* This is a standard model. For different versions (supply
vollages, tums ratios, unidirectional measurements...),
please contact us.

LEM reserves the right to carry out modifications on its transducers, in order lo Improve them, without previous notice,
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Voltage Transducer LV 25-P

For the electronic measurement of voltages : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high voltage)

and the secondary circuit (electronic circuit).

.ce

Electrical data

- Primary nominal r.m.s. current 10 mA
i Primary current, measuring range 0. %14 mA
Ry Measuring resistance Bons Ruma
with+ 12V @+ 10mA 30 190 Q
@=+14mA__ 30 100 Q
withz 15V @+ 10mA 100 350 Q
@+14mA__ 100 130 Q
"4 Secondary nominal r.m.s. current 25 mA
Ky Conversion ratio 2500 1000
W Supply voltage (+ 5 %) +12 .. v
| 4 Current consumption 10 (@:15VJ+|‘ mA
A R.m.s. voltage for AC isolation test 't 50 Hz, 1 mn a4 (3%
| Accuracy - Dynamic performance data |
X Overall Accuracy @1, . T, =25°C @+12_.15V  +09 %
@+15V(E5%) =208 %
Er Linearity <02 %
Typ | Max
Iy Offset current @ I, =0, T, = 25°C +0.15 mA
- Thermal drift of I 0°C..+25°C |£0.06/x025 mA
+25°C ..+70°C |£0.10(£ 035 mA
4 Response time® @ 90 % of V., 40 ps
| _General data |
T Ambient operating temperature 0..+70 °C
T4 Ambient slorage temperature =25..+85 °C
R, Primary coil resistance @ T, = 70°C 250 ¢}
R, Secondary coil resistance @ T, = 70°C 110 0
m Mass 22 g
Standards ¥ EN 50178
Notes : ' Between primary and secondary

R, =25 k) (UR constant, produced by the resistance and inductance

of the pnmary circuit)
3 A list of corresponding fests is available

=Y
§ § HWTW
-—

[y = 10 mA

PN

Features

» Ciosed loop (compensated) voltage
transducer using the Hall effect

= Insulated plastic case recognized
according to UL 94-V0.

Principle of use

+ For voltage measurements, a cumrent
proportional to the measured voltage
must be passed through an external
resistor R, which is selected by the
user and Installed In series with the
primary circuit of the transducer.

Advantages

« Excellent accuracy

* Very good linearity

= Low thermal drift

* Low response time

» High bandwidth

+ High immunity to external
interference

« Low disturbance in common mode.

Applications

* AC variable speed drives and sefvo
molor drives

+ Static converters for DC motor drives

» Battery supplied applications

+ Unintertuptible Power Supplies
(UPS)

« Power supplies for welding
applications.

981125/14

LEM Components
Tope Co., Ltd.  Tel: (02) 8228-0658

www.fem.com

Fax: (02) 8228-0659  httpi/iwww.sensor.com.tw  e-mail: tope@ms1.hinet.net
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[ s
Dimensions LV 25-P (inmm. 1 mm = 0.03%4 inch)
Bottom view Right view Top view
26
1 “ 2% 0.0,635mm e s
' I Tf ] [ L]
WHT -HT LEM® swiss
& made
™ o i
& & 8 c €
| 2xaimn LY 25-P
H + -+ L WO'(‘W
W | - -+ i E‘ M / + b iy
' - \\
sfe 2 45 16,45 £5403 Standard 00 Year Week
or N* SP..
Secondary terminals
Terminal + :supply voltage + 12.. 15V
- Terminal M : measure
& L Terminal - - supply voitage - 12 .16V
(=]
~
b | ke
ﬂ u H p Connection
’ i M
FHE
T +‘P—'“-0+
LV 25-F  Hb— "oy
=HT ———— ey
Back view am
Mechanical characteristics Remarks
* General lolerance + 0.2 mm « |, is positive when V, is applied on terminal +HT.
« Fastening & connection of primary 2 pins = This is a standard model. For different versions (supply
0.635 x 0.635 mm voltages, turns ratios, unidirectional measurements...),
« Fastening & connection of secondary 3 pins & 1 mm please contact us.
* Recommended PCB hole 1.2 mm

Instructions for use of the voltage transducer model LV 25.P

Prmary resistor R | - the transducer’s optimum accuracy is obtained at the nominal primary cument. As far as’ possibie, R | snoukd be

calculated sa that tha nominal voltage 1o be measured corresponds to a primary current of 10 mA.

Example: Voltage (o be measured V,,, = 250 V a)R =25kQ/25 W, I,,- 10 mA Accuracy =2 0.8 % of V(@ T, = +25°C)
b)R, =50kQ/1.25W, 1 = 5mA Accuracy == 1.6 % of V(@ T, = +25'C)

Operating range (recommended) : taking into account the resistance of the primary windings (which must remain low compared lo R in order
to keep thermal deviation as low as possible) and the isolation, this transducer is suitable for measuring nominal voltages from 10 to 500 V.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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() Preaiety

Very High CMR, Wide V¢ Logic
Gate Optocouplers

Technical Data

Features

* 10 kV/ps Minimum Common

Mode Rejection (CMR) ac

e = 1000V

(HCPL-2211/2212/021Y/

2232, HCNW2211)

Wide Operating Ve Range:

4.5 to 20 Yolus

200 ns Propagation Delay

Guaranteed over the Full

Temperature Range

5 Mbd Typical Signal Rate

Low Input Current (1.6 mA

to 1.8 mA)

Hysteresis

Totem I"ole Output (No

Pullup Resistor Required)

Available in 8B-Pin DIP,

S0IC-8, Widebody Packages

Guaranteed Performance

from -40°C to 85°C

Safety Approval

UL Recognized -2500 V rms
for 1 minute (5000 V rms
for 1 minute for
HCNW22XX) per UL1577

CSA Appraved

VDE 0884 Approved with
Viory = 630 V penk (HCPL-
2211/2212 Option 060 only)
and VIORH = 1414 Vpeat
(HCNW22XX only)

BSI Cerufied (HONW22XX
only)

.

* MIL-STD-1772 Version

Available

(HCPL-52XX/62XX)

Applications

+ Isolation of High Speed

Logic System
* Computer-Pe
Interfaces

* Mlcroprocessor System

Interfaces

5
ripheral

* Ground Loop Elimination
¢+ Pulse Transformer

Replacement

* High Speed Line Recelver

* Power Control Systems

Functional Diagram

HCPL-2201/11
HCPL-0201/11
HCWW2201/11

v
6] e
5] ono

E] Vee
7] vor
] vor

‘———BGHD

A 0.1 pF bypass eapacitor must be connected between pins 5 and 8.

HCPL-2201 HCPL-2202
HCPL-2211 HCPL-2212
HCPL-2231 HCPL-2232
HCPL-0201 HCPL-0211
HCNW2201 HCNW2211
Description

The HCPL-22XX, HCPL-02XX,
and HCNW22XX are optecally-
coupled logie gates. The
HCPL-22XX, and HCPL-02XX
contain a GaAsP LED while the
HCNW22XX contalns an AlGaAs
LED. The detectors have totem
pole output stages and optcal
recelver {nput stages with butlt-tn
Schmitt triggers to provide logic-
compauble waveforms, eliminat-
ing the need for additional
waveshaping.

A superior Internal shield on the
HCPL-2211/12, HCPL-0211,

HCPL-2202/12

NC E | 8] vee
Y/
ANODE E ! 7] ne
7
cATHOOE [3] e [_[D— §]vo
1
1
4 [ Se— ]
we [4 SHIELD oha
TRUTH TABLE
(POSITIVE LOGIC)
LED Vo
oN | woH
oFf | Low

CAUTION: It is advised that normal stetic precautions be taken in handling and assembly aof this component
to prevent damage and/or degradation which may be induced by ESD.

5965-3595€

1-131
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HCPL-2232 and HCNW2211
guarantees common mode
transient immunity of 10 kV/us at
a comimon mode voltage of 1000
volts.

Selection Guide

The electrical and switching
characteristics of the HCPL-
22XX, HCPL-02XX and
HCNW22XX are guaranteed [rom
-40°C 1o +85°C and a V¢ from
4.5 volts to 20 volts. Low Iz and

wide V¢ range allow compatibtl-
ity with TTL, LSTTL, and CMOS
logic and result in lower power
consumpilon compared to other
high speed couplers. Logic slgnals
are transmitted with a typleal
propagatlon delay of 150 ns,

Small- Widebody
Minimum CMR Input 8-Pin DIP (300 MiI) Outline 8O-8 | (400 Mil) Hermetie
On- Single Dual Single Single Single and
/dt Current Channel Channel Channel Channel | Dual Channel
Vius) | Ve (V) {  (mA) Package Package Package Package Packages
1,000 50 1.6 HCPL-220011.2 HCPL-0201 | HCNW2201
HCPL-2201
HCPL-2202
1.8 HCPL-2231
2,500 400 L6 HCPL-2219i1.21
500081 | 3001 L6 HCPL-2411 HOPLAZ11 | HCNW2211
HCPL-2212
1.8 HCPL-2232
1,000 50 2.0 HCPL-52XX121
HCPL-62XX12l
Notes:

I. HCPL-2200/2219 devices include output enable/disable function.
2. Technical data for the HCPL-2200/2219, HCPL-52XX and HCPL-62XX are on separate HP publieations,
3. Minimum CMR of 10 kV/us with Veyy = [000 V can be achieved with input current, I, of § ma.

Ordering Information

Spectfy Part Number followed by Option Number (If destred).

Example:
HOPL-22 | 1 #XXX

060 = VDE 0884 Vigpy = 630 V peak Option*
300 = Gull Wing Surface Mount Optlon**
500 = Tape and Reel Packaging Option

Optlon data sheets avatlable. Contact your Hewlett-Packard sales reprosentative or authorized distributor for

Informatton.
*For HCPL-2211/2212 only.

**Gull wing surface mount option applics to through hole parts only.

Icc
== 0 Yee

Schematic
iFg (i o1
PR iz i) =0 Vo
o Y1 a*
pa » '
- Veo z !
U, ! o . SHEELD
+ Le]
fa S Sl ey
_3 :
‘ — S z oz
SHIELD s = = if >‘~[ F“—O‘ Voz
i -
HEPL-22010211/12 co—T |
HCPL-O201/14 (i |
HCNW220111t i ono
SHIELD 5
HCPL2231732
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Package OQutline Drawings
8-Pin DIP Package (HHCPL-2201/02/11/12/31/32)

9.65+ 025

7624025
(0.380 £ 0.010) (0.300 £ 0.010)

TYPE _\rh z1[s f!ﬂ 5 6354025
|~ OFTION CODE {0.250 £ 0.010)

HP X00(XZ 5 | DATE CODE
YYWW SU
uL f
(4] RECOGNITION

PR
1.19 (0.047) m-——-} L 1.78 (0.070) MAX.
‘J & TYe, _.“._ 0254 * 5 oat

-0.051
+ 0.003)
(0.013
470 (0.185) MAX. 0.002)
0.51 (0.020) MIN.
2 (0-115) MIN. DIMENSIONS IN IMEUMETERS AND (IMCHES).
. *MARKING CODE LETTER FOR OPTION RUMBERS
V" = OFTION 060
mmun.m —-—1 0.65 (0.025) MAX. OPTION NUMBERS 300 AND 500 NOT MARKED.
(0.043 £ 0.013] "1
(0. 100 : 0 010)

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2201/02/11/12/31/32)

E 9.85 £ 0.25 - : 1.016 (0.040
(0.380 £ 0.010} : (K

e e

L4 - (2| 8"

(3‘33)
6.550 £ 0.25 | _L
(0250:0.010) +

o]
P EHE DC:JC!D_L;L

S
w
~

1.780 8.65¢

(0070} (nmgn(mn

319 MAX

osan | = 7.62+ 026

[HA.X].’ ‘ | (0300 £ 0.010) + 0076

I P =

419

UTCTCI ™ iy i

"_“'I

1.080 £ 0.320 ]
0.043 £ 0,013, . 06352025
( 2013) =1 M 0025 = 0.010)
0.635£0.130 =12 HOM,
I° 100) {0.025 £ 0.005)

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

1-133
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Small-Outline SO-8 Package (HCPL-0201/11)

5.842 £ 0.203
(0236 £ 0.008)
3.937 £0.127
[0.155 £ 0.005) ‘ (LAST 3 DIGITS)
DATE CODE
k. I, e
U N
0381 £ 0.076—| |— __i
(0.015 £ 0.003) 1270 BSG
(0.050)
5.060 40,127 7=

(0200 x 0.005)

3ATs £ 0427
{0.125 £ 0.005)

0.224 £ 0.025

(0.009 £ 0.001)

- H e
! £0.081
(0.006 £ 0.002)

DIMENSIONS M MILLIMETERS (INCHES). 0.308 Loy
LEAD COPLANARITY = 0.10 rmm (0.004 INCHES). (0.012)

8-Pin Widebody DIP Package (HCNW2201/11)

la 11152 0.15
(0.442 x 0.006)

AT
TYPE NUMBER

]~ DATE CODE

HP
HCNWOOKX
YYWw

o
i SRl

11.00 Jny
043y

9.00% 015 A
(0.354 ¢ 0.006)

10.16 (0,400)
TYP.

TP, +0.076

0254 oo
0,
T w©.010° g
540
< fwuu.

130(0.127)
3.50 (0.154)

2.54 (0.900)—
TYP.

1782045 _
(0.070 £ 0.006)

Heae

1-134

0.51 (9.021) MIN.

DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW2201/11)

e 11.1520.15
[0.442 £ 0.006] PAD LOCATION (FOR REFERENCEONLY)

dh o fh

(028 TP
9.00 £ 0.15 1
(0.354 + 0.006)
12302 0,30
(0.484 £ 0.012)

o
S

1230 £ 0.30

155
’ " (a.061) (0.484 £ 0.012)
MAX,
11.00
I-—w uA)L‘~I
4.'0—0 MAX
(0-458)
N\ K=

| -_—-J WH_L

178045 | |
{0.070 £ 0.006) T ,_.I L_, 1.0020.15 r
2 0.752025 (0.0392 0.006} +0.07¢
! 10,630 + 6.07Yy Q254 g trs

5
(0400 +9.003;
Eap 810" g gat
DIMENSIONS IN MILLIMETERS (IMCHES).
7* NOM.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

Solder Reflow Temperature Profile (IICPL-02XX and Gull Wing Surface Mount Option 300 Parts)

] | W [20¥]
| % NJAT = 145°C, $'CrseC
AT = $45°C. 02°CISEC N

| N
i

1*— AT = 100°C, 1.5°C/SEC

TEMPERATURE - °C
2

328
SRR LS BE R LU LR
#

SR ET SN FESN TN INNE YN NSNS ATU I RN R NN SRS SRR N
L] 1 2 3 4 s € 7 L] 3 LA | S

TIME - MINUTES

Note: Use of nonchlorine acuvated fluxes is highly recommended.
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Regulatory Information
The HCPL-22XX/02XX and

HCNW22XX have been approved

by the following organizations:

UL

Recognized under UL 1577,
Component Recognidon
Program, File E55361.

CSA

Approved under CSA Component

Acceptance Notlce #5, File CA
88324.

YDE
Approved according to VDE
0884/06.92. (HCPL-2211/2212

Opton 060 and HCNW22XX only)

Insulation and Safety Related Specifications

8-pin DIP Package

BSI

Certiflcatlon according to
BS415:1994,

(BS EN60065:1994),;

BS EN60950:1992
(BST002:1992) and
EN41003:1993 for Class [
applications. (HCNW22XX only)

8-Pin DIP Widebody
(300 Mil) | SO-8 | (400 Mil)

Parameter Symbol Value Value Value Units Conditions
Mintmum External L(101) I 49 2.6 mm | Measured from Input terminals
Alr Gap (External to output terminals, shortest
Clearance) distance through alr.

Minimum External L(102) 7.4 4.8 10.0 mm | Measured from input terminals
Tracking (External o output terminals, shortest
Creepage) distance path along body.
Minimum Internal 0.08 0.08 1.0 mm | Through Insuladon distance,
Plastic Gap conductor to conductor, usually
(Internal Clearance) the direct distance between the
photoemttter and photodetector
Inside the optocoupler cavity.
Mintraum Internal NA NA 4.0 mm | Measured from {npir terminals
Tracking (Internal to output terminals, along
Creepage) internal cavity.
Tracking Reslstance CTI 200 200 200 Volts | DINIEC 112/DE 0303 Part 1
(Comparatve
Tracking Index)
Isolation Group 1a IHa Ia Material Group
(DIN VDE 0110, 1/89, Table 1)

Optlon 300 - surface mount classtication 1s Class A In accordance with CECC 00802.

1-136
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VDE 0884 Insulation Related Characteristics
(HCPL-2211/2212 Option 060 ONLY)

Deseription Symbol Characteristic | Units
[nstallation classificatlon per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 300 V rms -1V
for rated malns voltage < 450 V rms I-HI
Climatic Classification 55/85/21
Pollution Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage Viorst 630 V ek
Input to Output Test Voltage, Method b*
Viogm X 1.875 = Vi, 100% Productlon Test with t,, = 1 sec, Ver 1181 V peak
Partlal Discharge < 5 pC
Input to Output Test Voltage, Method a*
Vior X 1.5 = Vg, Type and sample test, Vim 945 V peak
t,, = 60 sec, Partlal Discharge < 5 pC
Highest Allowable Overvoltage*
(Translent Overvoltage, t;,; = 10 sec) Viors 6000 V peak
Safety Limiting Values
(Maximum values allowed In the event of a [allure,
also see Figure 12, Thermal Derating curve.)
Case Temperature Ts 175 °C
Input Current Is ourpur 230 mA
Output Power 'S OUTPUT 600 mwW
Insuiation Resistance at Ts, Vig = 500V Rg 2 oY o]

“Refer to the front of the optacoupler section of the current catalog, under Product Safety Regulations section (YDE 0884), for a

detailed description.

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits In

application,

1-137
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VDE 0884 Insulation Related Characteristics (HCNW22XX ONLY)

Description Symbol | Characteristle | Units
Instailation classifieation per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 600 ¥ rms I-Iv
for rated mains voitage < 1000 V rms -1
Climatic Classificatdion 55/100/21
Pollutton Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage Viorm 1414 V peak
Input to Output Test Voltage, Method b*
ViorM X 1.875 = ¥pg, 100% Production Test with i, = 1 sec, Vi 2652 V peak
Paruial Discharge < 5 pC
Input to Qutput Test Voltage, Method a*
Viorm X 1.5 = Vpy, Type and sample test, Ver 2121 Y peak
L = 60 sec, Partal Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, tn = 10 sec) VioTH 8000 Vg
Safety Limiting Values
(Maxtmum values allowed In the event of a fallure,
also see Figure 12, Thermal Derating curve.)
Case Temperature Ts 150 °C
Current (Input Current Ig, Ps = 0) Is iwpur 400 mA
Quiput Power Ps e 700 mw
Insulation Resistance at Ts, Vig = 500 V Rs = 10¢ Q

*Refer to the front of the aptocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for o

detailed deseription.

Noute: Isolation churacteristics are guaranteed only within the safely maxitium raLings which must be ensurcd by protlective circuils in

application,

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Note

Storage Temperature Ts -55 125 C
Operating Temperature Ta ~40 85 g
Average Forward Input Current Tevavey 10 mA 1
Peak Translent Input Current

(< 1 s Pulse Width, 300 pps) Lprman, 1.0 A 1

(5 200 us Pulse Widih, HCNW22XX 40 mA

< 1% Duty Cycle)
Reverse Input Voltage Vi 5 v 1
| HCNW22XX 3
Average Output Current To 25 mA 1
Supply Voltage Vee 0 20 v
Output Voltage Yo -0.5 20 A% 1
Total Package Power Dissipatton P 210 mW 2
HCPL-223X 294
Output Power Disslpation Po See Figure 7 1
Lead Solder Temperature (Through Hole Parts 260°C for 10 sec.,
Only) 1.6 mm below seating plane
| HCNW22XX 260°C for 10 sec., up to seating plane

Solder Reflow Temperature Proflle (Surface See Package Outline Drawings section
Mount Parts Only)
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Recommended Operating Conditions

Parameter Symbol Min. Max Units
Power Supply Voltage Vee 4.5 20 v
Forward Input Current (ON) Ipony 1.6% 5 mA
. HCPL-223X 1.8%

Forward Input Voltage (OFF) Viorm - 0.8 v
Operating Temperature Ty -40 85 °C
Juneton Temperature Ty -40 125 °C

Fan Out N 4 TTL Loads

“The initinl switching threshold is 1.6 mA or less. It is recommended that 2.2 mA be used to permit at least a 20% LED degrdation

guardband.

{The initial switching threshold is 1.8 mA or less. It is recommended that 2.5 mA be used to permit at least a 20% LED degradation

guardband.

Electrical Specifications

-40°Cs Ty < 85°C, 45VsS Vo< 20V, L6 MAS Iy < 5mA, 0 VS Viggpn S 0.8 V, unless otherwise
speeified. All Typleals at T, = 25°C. See Note T.

Parameter Sym. | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Loglc Low Output Voltage | Vo 05 | V [lp,=6.4mA 4 TTLLoads) | 1,3 | 1
Logie High Output Voltage | Vi | 2.4 i V | gg=-26mA 2,3 | 1
2.7 '[OH =.0.4 mA g
Quepur Leakage Current Taim 100 | pA | V=55V Ip=5mA 1
(Vour > Vee) 500 Vo=20V
Logic Low Supply TocL 3.7 [ 6.0 | mA | Vez=55V Ve=0V
Current 42 | 70 Vec =20V Io = Open
HCPL-223X "R 12.0 Vee=55V¥
8.6 | 14.0 Voc =20V
Logle High Supply 184, 24 | 40 | mA | Vag=56V Ir=5mA
Current 27 | 5.0 Vee=20V Io = Open
HCPL-223X 48 | 80 Voo =565V
5.4 | 10.0 Vor=20V
Logic Low Short Circuit losy, 15 mA | Vo=Vee=55V[Vp=0V 1,3
Output Current 20 Vo=Vee=20V
Loglc High Short Circuit Iosu 10 | mA | Veo=55V lp = 5mA 1,8
Output Current 20 Voe=20V Vo = GND
Input Forward Voltage Ve 16 | BTV 9 T,=25C [p=56mA | 4 1
1.85
HONW22XX 1.5 | 1.82 Ty = 25°¢C |
1.95
Input Reverse Breakdown BVg 5 V | Ig=10pA 1
Voltage | HCNW22XX 3 Iy = 100 pA
Input Diode Temperature AVe -1.7 mV/°C| Iz = 5 ma
Coefliclent [ HCNWR22XX | AT, -14
Input Capacltance Ci 60 pF | f=1MHz, Vp, =0V 1,4
[ HCNW22XX 70

*For HCPL-223X, 1.8 mA € oy, S 5 mA.
**Typical Yoy = Voo - 2.1 V.
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Switching Specifications (AC)
-40°C < T, < 85°C, 4.5V < Voo € 20V, LB MAS Iy S 5mA, 0V S Vo < 0.8 V.
All Typleals at Ty = 25°C, Vo =5V, Iirom = 3 mA unless otherwise specifled.

Parameter Sym. | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Propagation Delay Time temn, 150 ns | Without Peaking Capacitor | 5,6 | 1,6
to Logle Low 160 HCNW22XX }

Output Level 150 | 300 With Peaking Capacitor
Propagaton Delay Time Lo 110 ns | Without Peaking Capacitor | 5,6 | 1,6
t Logie High 180 HONW22XX |
Output Level 30 | 300 With Peaking Capacitor
Output Rise Time (10-90%) L 30 ns 59 1
Cutput Fall Time (30-109%) I Z ns 5,9 1
Parameter Sym. Device Min. | Units Test Conditions Fig. | Note

Loglc High [CMy| | HOPL-2201/02 | 1,000 | V/us | |[Vou| =50V | Vec=5V | 10 | 1,7
Common Mode HCPL-0201 Ip = 1.6 mAf Ty = 25°C
Transient HCPL-2231
Immunity HCONW2201

HCPL-2211/12 | 5,000 V/us |Veul =300V

HCPL-0211 Ip = 1.6 mAf

HCPL-2232 | =

HONwao11 | 00| Vs [l: oy
Logic Low |CMLI | HCPL-2201/02 | 1,000 | V/ius | [Vew]| =50V | Ve=0V 10| 1,7
Common Mode HCPL-0201 e =5V
Transient HCPL-2231 Ty = 25°C
Inuurdty HCNW22G1

HCPL-2211/12 | 10,000 | Vius | [Ven| = LKV

HCPL-0211

HCPL-2232

HCONW2211

*For HCPL-223X, 1.8 mA S Tyony$ B mA.
Tlp = 1.8 mA for HUPL-223)
{1 = 1.8 mA for HOPL-2232.
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Package Characteristics

Parameter Sym. | Min.| Typ. | Max.| Units Test Condltions Fig. | Note
Input-Output Momentary Viw | 2500 Vs [ RIH < 500, 1 = 1 min. 5,10
Withstand  [HONW22XX 5000 T, =25°C 5,11
Voltage*

Input-Output Resistance Ri.o 1012 Q V5o = 500 Vde 5
HCNW22XX 1012 1013 Ty = 25°C
B ) 1018 Ty = 100°C
Input-Output Capacitance | Cro 0% pF =1 MHz, 5
| HCRwW223X 05 [ 06 Ty =25°C |Vio = 0Vde
Input-Input [nsulatton Ly 0.005 pA | Relatlve Humidity = 45%, 12
Leakage Current t=5s V=500V
Restistance (Input-Input) Ry 101 Q |V, =500V 12
Capacitance {(Input-Input) L 0.25 pF |f=1MHz 12

*The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulstion Characteristics Table (if applicable),
your equipment level salety spevification or HI Application Note 1074 entitled *Optocoupler Input-Output Endurance Voltage,”
publication number G863-2203E,

Notes:

Each channel.

Derate total packnge power dissipation, P, linearly nbove 70°C free-air temperature ol o rale of 4.5 mW/°C.

Duration of output short circuit time should not exceed 10 ms.

For single devices, input capacitance is measured between pin 2 and pin 3.

Device consfdered a two-terminal deviee: pins |, 2, 3, and 4 shorted together and pins 5, 6, 7, and 8 shorted together.

The tpyyg propagation defay is measured from tre 50% point on the leading etige of the input puise to the £.3 Y poimt on the

leading edge of the oulput pulse. The tpyy, propagation delay is measured from the 50% point on the trailing edge of the input

pulse ta the 1.3 V point on the trailing edpe of the output pulse.

Chiyg is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the logic high state,
‘o > 2.0 V. CM__ is the maximum slew rute of the cormmon mode voltage that can be sustalned with Uie output voltage in the Jogic

low state, Vo < 0.8 V.

For HCPL-220/12, V5 is on pin 6.

Use of a 0.1 uF bypass capacitor connected between pins & and 8 is recommended.

10, In accardanee with UL 1877, each optocaupler is proof tested by applying an insulation test voltage = 3000 V rms for one second
(leaknge detection cwrrent limit, I < 5 pA). This test is performed before the 100% production test for partial discharge (Method
b} shown in the YDE 0834 Insulation Characteristies Table, if applicable.

. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test vollage 2 6000 ¥ rms for one second
(leakage detection current limit, I s 5 pA). This test is performed before the 100% production test for partial discharge (Method
b) shown in the VDE 0884 Insulation Characteristics Table.

. For HCPL-2231/32 only. Meosured between pins | and 2, shorted together, and pins 3 and 4, shorted together.

ot -

~0 Lo

B =

e
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Figure 2, Typical Logic High Output
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ARE HCLUDED M C{ AND Cg.

THE PROBE AND AG CAPACITANCES

[ry J215kafr10wa[sara]

[E N[ 16mA] ImA [6maA |

ALL DHIODES ARE tN316 OR 1N3064.

INPU

Figure 8. Circuit for tppm, tpim, te, t
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*0.YuF BYFASS — SEE NOTE 3.

THE PROBE AND JIG CAPACITANCES
ARE INCLUDED IN C{ AND Cj.

R. 136k0 [1.10k02 | 681 02
IF(ON)|[18mA | ImA | SmA

ALL DIODES ARE fH316 OR 1N3064.




103

HCPL-22XX
HCPL-02XX
S 250 HCHW22XX “
Vec=50V.20V | Vec=50v.20v | | |
E C1 (120 pF} PEAKING I3 C1 (120 pF) PEAKING CAPACITOR 4
' CAPACITOR 1§ USED, I (mA) f 15 LISED SEF FIGIRE 5. .
> 200 | SEE FIGURES. 2 b5 > I (mAH _— L/ Sl 5e
S 29911 = 1.6 mA FOR Iy 50 Ll i H s Tas
@ |oewces. T s g A 5E " gec
L 3 o s,
z L L] z L -,
E 150 ;’J oo g 150 = g g e =
s [~ L% 3§ [ - 23
& L~ £ 18, £ Ta = 45°C
2 100 2 100 £ 4 x
E L~ & &
= = |
[ L1 1 e "1 ! \
# 50 h"“”'/ h 50 5 [
£0 40 20 0 20 40 60 81 100 60 40 20 0 20 40 60 B0 100 0 5 10 15 20
Ta - TEMPERATURE - *C Ta - TEMPERATURE - *C Ve - SUPPLY VOLTAGE - v
Figure 6. Typical Propagation Delays vs. Temperature, Figure 7. Maximum Output Power per
Channel vs. Supply Voltage.
T o . 100 ———
i TYPICAL vec=5Y
'-_t Vou vs Voo z
B q5l-AThx26mA 1 8
> Tar25°C / ¥
5 E o
5 g
] w
@ / w40
H / 2 L
1
g P~ X
$ /1 Yy b
x 0 ]
o 0 5 10 15 20 40 40 -20 0 20 40 60 60 100
Weg - SUPPLY VOLTAGE =% Tp -~ TEMPERATURE - *C
Figure 8. Typical Logie High Output Figure 9. Typical Rise, Fall Time vs.
Voltage vs. Supply Yoltage. Temperature.
HCPL-Z201/11
HCPL Veo g g

1
1
1

HCNW22XX o Bl a HCPL-7231732
.l_i_ OUTPUT Vv, 1 n }_I_ OUTPUT Vo
MONITORMG /D_{ ! MONITORING
HODE [ = NODE
K }%‘f B ‘ g Tt
— — | -
1 0.1 uF VEF I 0.1 pF
. g BYPASS F B - i 4 @' g E\m\ss
+
= i . 2 !
YeE ] <} g . <] ;
T_ \{ L @!r.l
PULSE GENERATOR + '/~ iy PULSE GENERATOR +“/~ 1

Veul Ve (PEAK)

SWITCH AT A: I = 1.6 mA™"
Vou

=¥ (MIN.)*
OUTPUT Vg SWITCHATB: VE=0V

--V, g
"'m.—f‘ o (MAX 7N

*SEENOTE7,S.
**If = 1.8 mA FOR HCPL-2231/32 DEVICES.

Figure 10. Test Circuit for Common Mode Transient Immunity and Typical Wavelorms.
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{
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Figure 11. Typical Input Threshold Current vs. Temperature.
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Figure 12. Thermal Derating Curve, Dependence of Safety Limiting Value with
Case Temperature per YDE 0884,

l HCPL-2201M11

Veea (45 V)

Vecy{+5vio

T3 $F BYFASS

Figure 13a. RBecommended LSTTL to LSTTL Circuit where 500 ns Propagation
Delay is SufTicient.
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HCPL-2201H1
HCPL-O2XX

Yoz (+6Y)

gc

4 TTL LOADS

* 0.1 uF BYPASS

%

Figure 13b. Recommended LSTTL to LSTTL Cireuit for Applications Requiring
e Maximum Allowable Propagation Delay of 300 ns.

Vees
HCPL-2201111 45TO20\)

DATA

DATA
WPUT
TTL or!
LSTTL
GATE 5V 1.1 k2 * 120 pF PEAKING CAPACITOR
0¥  237ki2 MAY BE OMITTED AND 8011
15V 383k RESISTOR MAY 8E SHORTED
WHERE 500 ns PROPAGATION
b il DELAY IS SUFFICIENT.
0.1 uF BYPASS

Figure 14, LSTTL to CMOS Interface Circuit.

ouTPUT VGO (45 V) o9

P TO 16 LSTTL LOADS

4

Cireuit.

HCPL-2201H1
HCPL-02XX

DATA MPUT

OPEN
COLLECTOR * 120 pf PEAKING CAPACITOR
GATE MAY BE OMITTED AND 80 0
RESISTOR MAY BE SHORTED
WHERE 500 ns PROPAGATION

DELAY IS SUFFICIENT.

Figure 16. Serics LED Drive with Open Collestor Gate
(4.7 k Resistor Shunts lon from the LED).
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HCPL-02X(
2XX

11 k0

)

-

1D
A }T/

Yce

GHD

D1 (1H4150) REQUIRED FOR
ACTIVE PLLL-UP DRIVER.

Figure 15. Alternative LED} Drive
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S73

IRFP460

N-CHANNEL 500V - 0.22Q - 18.4A TO-247

PowerMesh™|| MOSFET

TYPE Vpss

IRFP460 500V

=« TYPICAL Rps(on) = 0.22Q

« EXTREMELY HIGH dv/dt CAPABILITY
= 100% AVALANCHE TESTED

= NEW HIGH VOLTAGE BENCHMARK
« GATE CHARGE MINIMIZED

Ros(on) o
<0.27Q 18.4A

DESCRIPTION

The PowerMESH™Ii is the evolution of the first
generation of MESH OVERLAY ™. The layout re-
finements introduced greatly improve the Ron*area
figure of merit while keeping the device at the lead-
ing edge for what concerns swithing speed, gate
charge and ruggedness.

APPLICATIONS

TO-247

INTERNAL SCHEMATIC DIAGRAM
o(2)

= SWITH MODE LOW POWER SUPPLIES &)
(SMPS)
« HIGH CURRENT, HIGH SPEED SWITCHING
= DC-AC CONVERTERS FOR WELDING 3
EQUIPMENT AND UNINTERRUPTIBLE e
POWER SUPPLIES AND MOTOR DRIVES
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vps Drain-source Voltage (Vgs = 0) 500 '
VBGR Drain-gate Voltage (Rgs = 20 kQ) 500 v
Vas Gate- source Voltage 430 %
[15) Drain Current (conlinuos) at Te = 25°C 18.4 A
Io Drain Current (continuos) at Te = 100°C 16 A
Iowm (&) Drain Current (pulsed) 736 A
Pror Total Dissipaftion at Tg = 25°C 220 w
Derating Factor 1.75 wrc
dv/dt(1) | Peak Diode Recovery voltage slope 35 Vins
Taig Storage Temperalure —65 to 150 °C
T Max. Operating Junction Temperature 150 ‘C

{*)Pulze width limitad by safe operating area

May 2001

(1)isp 18 4A, difch $100A/us, Vpo < V@Rpss, Tj S TAAX.

118

This datasheet has been downloaded from hilp /v digchip com at this page
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IRFP460
THERMAL DATA
Rthjcase | Thermal Resistance Junction-case Max 0.57 ‘CIW
Rthj-amb | Thermal Resistance Junction-ambient Max 30 ‘Cw
Rihesink | Thermal Resistance Case-sink Typ C.1 O
T Maximum Lead Temperature For Soldenng Purpose 300 *C
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
| Avalanche Current, Repetitive or Not-Repetitive 20 A
A {puise width finiited by Tj waxj
Single Pulse Avalanche Energy
Es (starling Tj= 25 °C, Ip = lar, Vpp =50 V) 960 mJ
ELECTRICAL CHARACTERISTICS (TCASE = 25 °C UNLESS OTHERWISE SPECIFIED)
OFF
Symbot Parameter Test Conditions Min. Typ. Max. Unit
Drain-source 4 =
ViBRI0SS | Broakdown Voltage lo = 250 pA ¥es=0 500 v
Zero Gate Voltage Vos = Max Rating 1 HA
Ipss 3
Drain Current (Ves = 0) Vps = Max Rating, Tc = 125 °C 50 HA
L, Gate-body Leakage o
Igss Current (Vos = 0) Vgs = £30V +10C nA
ON (1)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ves(n) | Gate Threshold Voltage Vs = Vgs, [p = 250pA 2%\ 3 4 v
& Static Drain-source On Ves =10V, Ip=9A 0.22 027 Q
DS{enl | Resistance
i Vos > logon) * Rostonymax,
Ibjen) On State Drain Current Ves = 10V 18.4 A
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. Max Unit
gt | Forward Transconductance :’DDS ; ;D(“" % Roseaymax, 18 s
Ciss Input Capacitance Vbs =25V, f=1MHz, Ves =0 2980 pF
Coss Quiput Capacitance 410 pF
Reverse Transfer
Crsa Capacitance 58 pF

28

J




109

IRFP460
ELECTRICAL CHARACTERISTICS (CONTINUED)
SWITCHING ON
Symbol Parameter Test Conditions Min. Typ. Max. Unit
tgon) Tumn-on Delay Time Voo = 250V, Ip = 10A 29 ns
. RG=4.7QVes =10V
t Rise Time (see test circuit, Figure 3) 2 ns
Vpp = 400V, Ip = 20A,
Qq Total Gate Charge VZ‘; =10V ? 95 128 nC
Qg Gate-Source Charge 14.7 nC
Qg Gate-Drain Charge 417 nC
SWITCHING OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Voo = 400V, Ip = 20A,
tr(voln) Ofi-voiiage Rise Time Rg = 4.7, Vgs = 10V 0 ns
(see lest circuit, Figure 5)
i Fall Time 2 ns
Cross-over Time 58 ns
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min, Typ. Max. Unit
Isp Source-drain Current 18.4 A
Isom (2) Source-drain Current (pulsed) 736 A
Vsp (1) Forward On Voltage Isp=18.4A, Vgs =0 16 v
Isn = 20A, di/dt = 100A/s,
ter Reverse Recovery Time Voo = 100V, Tj = 150°C 480 ns
(see test circuit, Figure 5)
Qr Reverse Recovery Charge 5 KC
IRRM Reverse Recovery Current 21 A
Note: 1. Pulsed: Pulse duraton = 300 ps, duty cycle 1.5 %.
2. Pulsa wiclth limited by aale nowating area.
Safe Operating Area Thermal Impedence
oC1g480
fo(A) K Es-osth = -
. _ i mm e
,.< e 0.2 M-t
N = 0.1 {HE=T - 1]
= 10 jet=t] -
P i A 0.0 3
* N ?0:7
10° ] 0.01
! =5it g Zm =k Ryyy
‘ i 10-2 | lsmere puise [[[[lf 6= te/7
1 3 =
{ 0". = Hf - i ] i
P i %’ ﬁ 411 H *LI

i [).c:.1 OPERATION Ht
o CHIC T T s
10° 10! 102 3 Vo (V) 107% 107 107 107t 107' 4, (s)

&7 38

8-




110

IRFP460
Qutput Characteristics Transfer Characteristics
HVOOS50 HYUOB0C
O emror [ 7 1 ™ 11
» // © we2sv | |
/ v Il
30 30 !
/ —T | |sv
28 17 =] 20
Y
10 l/ 10 {
i/ W /
//
0 0 20 30 40 ves(V) 0 2 4 6 8 sV
Transconductance Static Drain-source On Resistance
HYQ0610 Rﬂs(on) HY00820
ars(S) Vos=25V () I I
25 l ! ] Vos=10V
Ti=-40°C | 4+ 0.2i5 -
o I 16 ,/
i /
e % 0.21
e = /
15 A A
:i‘ = < 0.205 ‘/'
10 44 /
A 7
A R 150°C 02—
]
0
PSS E] 12 15 1(a) o 5 16 1520 fplA)
Gate Charge vs Gate-source Voltage Capacitance Variations
Ves(¥) I l ¢(pF) i
§000 Fois
Vos=400Y -
18 D=20A
12 4000 \
.
I/ C~'
' V% ¢
P |
2000
4 j
) \ N Com
Crae |
0 20 40 60 80 100 Qg(nC) 0 10 20 30 40 Ves(V)

478
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IRFP460

Normalized Gate Thereshold Voltage vs Temp. Normalized On Resistance vs Temperature
HYDO6S0 HYOQE7D

Vi th) Ros(on)
tnormy trorm) |—] Vis=10
™~ =9 A
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™ VessVes || /
[=230 mA /
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0.8 B 1 /
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1 0
0.8 0 :
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Source-drain Diode Forward Characteristics
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1 heST
0.4 150 °C
0.2

0 5 10 15 20 25 IsAd

57 5/8




112

IRFP460

Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 2: Unclamped Inductive Waveform

2200 |33

UNCLAMPED (NDUCTIVE WAVEFORMS

V(ar)oss

Fig. 3: Switching Times Test Circuit For
Resistive Load

Fig. 4: Gate Charge test Circuit
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Fig. §: Test Circuit for Inductive Load Switching
And Diode Recovery Times
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IRFP460
TO-247 MECHANICAL DATA
DIM. mm. inch
MIN. TP MAX. MIN. TYP. MAX.
A 4.85 515 0.19 0.20
D 220 260 0.08 0.10
E 0.40 0.60 0.015 0.03
F 1 140 0.04 0.05
F 0.11
F2 0.07
3 ) 240 0.07 0.09
F4 3 3.40 011 0.13
G 10.90 0.43
R 15.45 15.75 0.60 0.62
L 19.85 20.15 078 079
K] 370 430 0.14 017
2 18.50 0.72
i} 14.20 14.80 0.56 058
L4 34,60 1.36
5 550 0.21
M 2 3 0.07 0.1
% 58 5
V2 60° 60°
Dia 355 365 0.14 0.143
NN et
1 1 1 1 | V
: LEH
Le
] vl
2 Je
JYL j Dia. ] :
i | =21 Y
[4¥)
a =
4 5
L L3
IS77 78
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IRFP460
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Sinusoidal Output Inverter
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Abstract

This thesis presents a construction of a 1 kVA single — phase
sinusoidal output inverter. This inverter can regulate the output voltage
under any conditions. The inverter is made from a single — phase full
bridge DC — AC converter connecting to the LC low pass filter. The
closed loop vector control with PI controller is applied to control
the inverter. The inverter system is first simulated by using
MATLAB/Simulink program. The algorithm used in the simulation is

then applied to the real system to substantiate the design and improve

the performance of the inverter.

Keywords: Single — phase sinusoidal output inverter , Single — phase

full bridge DC -~ AC  Converter, Vector Control
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