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Transformer—Less Single-Phase Voltage Sag Generator

Danupon Poojirakasem

Nathapon Antavasik

Narongrit Sriraphat

Patiparn Mingkamolkul
Asso.Prof.Dr.Viriya  Pichetchmroen Advisor
Dr.Sompob Polmai Advisor

ABSTRACT

At present, power quality problem especially voltage sags can seriously affect industrial
process by causing equipment malfunction or shutdown. Voltage sag ride—through capability test
for this equipment is important because it could help purchasing decision, inspecting affected
equipment in voltage sag environment, and choosing correct and economic counter measure.

This project presents a transformer—less single—phase voltage sag generator for equipment
ride—through capability test. This voltage sag generator is based on AC Chopper circuit using
IGBT as its switching devices. The magnitude of voltage sag is controlled by mean of PWM
method. The advantages of the proposed voltage sag generator are small size, light weight and can
continuously adjust voltage magnitude.

This thesis describes the idea of design, and principle of operation of circuit. The results
of simulation are compared with those of experiment to confirm the validation of the proposed
circuit.
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1.6 anasgruang oW — 47 (SEMI F — 47)

VOLTAGE SAG DURATION

Seconds (s)

Milliseconds (ms)

Cycles at 60 Hz

Cycles at 50 Hz

Percent (%) of

Equipment Nominal

Voltage
<0.05s <50 ms <3 cycles < 2.5 cycles Not specified
0.05t0 0.2 s 50 to 200 ms 3 to 10 cycles 2.5 to 10 cycles 50 %
0.2t0 0.5s 200 to 500 ms 12 to 30 cycles 10 to 25 cycles 70 %
0.5t0 1.0 s 500 to 1000 ms 30 to 60 cycles 25 to 50 cycles 80 %
>1.0s > 1000 ms > 60 cycles > 50 cycles Not specified
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2.5.2 KBP 202
lodlnTonvuSadisnd Mivesdmsuntasus s Wi nssuaasuiduus sgulnfns suansg

ie

Uil 2-11 Seydhwal KBP 202

asonuusaau Wil 100 Tae

V& :; [ d
2.6 anagiugunenylulnsneulnsaaes
= a @ (] ' 4 o 4
Tulasneulnsanes dlinufeduiammnedsdeitiosauluilogiui lulnsneulnsamed
1 a é‘ 1 o (] L g Qy 1 $
aszQaln 9 Wavumnug - ududiifhenmiumsiougedetuidy  udlufifisnsn
a o . . é
AnunslFan lulnsaeunsamesaszga —  PIC YOMNWUTEN - Microchip  daih
§ o a ' ' 4 [~ {
Tulasneulnsamesildsuniwiovedwunivarnluthus  dessmidiululnsaouInsames i
= 9 9 o A - & E ' [l
A msauazieunseu ludansnens nieflsdudnisldudieg i wu Tuga Analog
. . . q é H i 1 7 v ) o
to Digital, Time/ Counter, PWM uiagdu q Garausin o mdiilszgnadis wegnioludiigfios
=) I3 Yo = g S dv [-3 9 1 ' I3 o
wey i iaRgResdaRsiawsehenlavats 9 egw - wagmwseaaludiuvesaaung
' ' & 3 aa s ] 0/ gomhdaiedu - A a
vwedas  dauluisesnnuisadigasenatiazlfoarlunsnsedfidede q fes 1 wde 2 lafa
Vo cona ' u’: o Y d o 4 o o o
aefduiniu  Tasmsihoutaiudnsaglddlad (Pipe Line) vhildiamusalunisvie
aa & ] & v & 5 <. 2 ]
winndngnall  @ewideanu) luwesisies lavhnsenuifidewes 18F458 Fashuue i
Yo a o s & [N < A o o o
1asummieudnwesuiislasziaidenistnyisenilu nus n3oilsdunnIshauves

lulnsneuInsames

2.6.1 auaudaves PIC 18F458

¥
=

Aueiifsng 9 veelulasneulnsames PIC 18F458 aansaaglesienshn q 14de

3
o w

- 112 Instruction A

o g

- lumsdiaausdasais q wldlmaafouas 2 ledalumdsfiidunisnse laa
- anudgegadivhouldfie 40 MHz

fl o 5 ~ & da 4
- msvhawssdudayaes 1ui ey IEnsviauiis vy
- vuwawilusunsy FLASH Program Memory i1 8k (14-Bit Words)
- wieanwiideya (RAM) 4096 Bytes
- niwawiideys (EEPROM) 256 Bytes

a o 92 1

- ENISOARUAUDINITOUADS S AN 14 uvas

- STACK 8 s¢au



13
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4.4 Ha1NNSNAABIDIY

4.4.1 dyananruguludiudi g

Stopped g 2005/03/14 17:28:17
CHISSY _© CH2=5v : : T 10ms/div

DC 1011 ¢ DG 101 : : © (10ms/div)
R o AN e RN \ L1/ £ e g HORM:100kS /s
I e s mm FE s e T SNV e AU S
i s el e e s

LTrm s T R L i e e i
=Tracel= Mak  5.000v :  Freq 50i00Hz | Duty 50,0%
Nagys, X O | R (bredTpitalzr . DupDseiox
=Filter= =0ffset= =Record Length= =Trigger=

Smoothing : ON. CH1 : 0.00v Main : 10K Mode : AUTO

BW : FULL CH2 : 0.00v Zoom @ 10K Type . EDGE CH1 4

Delay : 0.0ns

Hold Off :  MINIMUM

{ [ {o v o J
Ui 4-12 dgyanadiialdeinisasasedusumarnugue



3 2004/10/04 21:01:03
CH1=5v CH2=5V 20us/div
DC 11 DC 11 : :
RN GRS STMEN foete Gl ST el (G NORM:SOMS /s
EN : : : : :
gl ; Phi : PR S
a T TR S A [ | S 5 R
=Tracel= Max

Smoothing : ON  CH1 : 0.00v
BW : FULL CH2 0.00V Zoom : 10K Type

5.000v @  Freq 20.00kHz:
5.200V :  Freq 20:00kHz:

=Filter= =Offset=

=Record Length=
Main : 10K

=Trigger=
Mode | AUTO
:'EDGE CH1
Delay . 0.0ns
Hold Off : MINIMUM

[ Y

YN 4-13deyaniiaudagoni ialaonIulasneulnsames

2005/03/14 17:34:33

CHI=5V
DC 10:1

CH2=5V
DC 10:1

In

iC

10us/div

NORM:100MS /s

BW

=Filter= =0ffset=

=Record Length=
Smoothing : ON CH1 : 0.00v Main : 10K

=Trigger=
Mode : AUTO

I 20MHz CH2 : 0.00Vv Zoom @ 10K Type : EDGE CH1 ¥}
Delay : 0.0ns
Hold Off : MINIMUM

v
g Ao

31l 4-14 dyenauaa Insivesitaudagiduiisnldonllasneulnsaaes
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Stopped ¥ 2005/03/14 17:38:38
CHIS5V  :  CH2=5V 10ms/div
DC 10:1 DC 10:1 ¢ (10ms/div)

: : NORM:100KS /5

=Tracel= Mak 4.400V Freq 100.0Hz : Duty 98;0%
=Trace2= Mak 4.300v Freq 2. SﬂﬂkHz Duty 50;0%
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1: 0.00v Main : 10K Maode I AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type i EDGE CH1 §
Delay 0.0ns
Hold Off .|  MINIMUM

31N 4-15 dyanaiiinlaonasessandye 1niaaedn

Stopped

3

2005/03/14 17:23:43

=Tracel= ¥ Duty 98.0%
-Tracez- Max 14 BUV ................. Dutyu 50 0%
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1: 0.00v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off | MINIMUM

Uil 4-16 dyanaiiinlaoinisesvvleddn



4.4.2 myasras s wihanludnyazen lud q

weulad 1 Iywaedii 90 ewn way szoznmAsiviY 3 lwida

Stopped 3 2005/03/16_02:34:28
CHI=10V CH2=200V I 20ms /div
DC 10:1 DC 100:1 : H (20ms/div)

:  NORM:50KS /5

=Filter= =OfFfset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 250 Type . EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM

32]741; 4-17 gdganamssiuemynvazdansiduanmae 190 Taad (86%)

Stopped 3 2005/03/16 02:39:51
CH1=10V CH2=200V 20ms /div
DC 101 DC 100:1 : © (20ms/div)

: : : NORM 50kS/s

v nsisinfesforsfinn e o]

=Thhce1=
-TraceZ"

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 250 Type : EDGE CH1 &
Delay 0.0ns
Hold Off : MINIMUM

g1l 4-18 gUdanausaiiuoniynvaisiaussdunnmide 165 Tad (75%)



Stopped q 2005/03/16 02.44.33
CH1=10V CH2=200V 20ms /div
DC 10:1 DC. 100:1 : : (20ms/div)

: : : :NORM:50KS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main 10K Mode : SINGLE
BW @ FULL CH2 : ov Zoom : 250 Type : EDGE CH1 4
Delay 0.0ns
Hold Off : MINIMUM

il 4-19 sUFaRnems e iynvaciaussdianmde 110 Taad (50%)

Stopped 4 2005/03/16_03:01:58
CH1=10V CH2=200V I 20ms/div
DC 10:1 DC 100:1 I © (20ms/div)

: : : :NORM:50KS /s

eq 1.250 Duty \/50;0
eq 50; 00Hz Duty 50;0%

=Filter=

Smoothing : OFF CH1 :

BW : FULL CH2

=0ffsei=

0.0v
) ov

=Record Length=

=Trigger=

Main : 10K Mode : SINGLE

Zoom @ 250 Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

Ui 4-20 Udanamsiimeriynvaiiaussiunnmao 44 1aad (20%)
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Stopped q 2005/03/16 03:05:17
CHI=10V :©  CH2=200V . 20ms/div
DC 10:1 DC 100:1 : : (20ms/div)

i : i : ; :NORM:50KS /s

Tracey g 14\l 4oy
=Trace2= Mak 320.0v

50V0%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main . 10K Mode @ SINGLE
BW @ FULL CH2 : ov Zoom : 250 Type : EDGE CH1 4
Delay : 0.0ns
Hold Off . MINIMUM

il 4-21 ldwanamssdeniynvazmansiiunmuas 22 Taag (10%)

Stopped 4 2005/03/16 03:10:43
CH1=10V CH2=200V . 20ms/div
DC 10:1 DC 100:1  (20ms/div)

5 5 p :NORMXKOKS /s

eq 67;57dz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : SINGLE
BW @ FULL CH2 : ov Zoom @ 250 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

1l 4-22 pldyanamssdmeniynvaidaussdunmmae 0 Taad (0%)
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Jouladl 2 Tifaussduannsiiniie 176 Taad (80%)uaz awnsiitiiiy 90 e

Stopped g 2005/03/19 03:41:21
CHIS10V :  CH2=200V : : T 20ms/div
DC 101 :  DC 1001 : : : ¢ (20ms/div)

‘‘‘‘‘ D - : : : ‘NORM:50KS /s

X Wa20.0v 3% © VAFreq Vs0;00Mz
................ Duty SU.0x .

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main ! 10K Mode : SINGLE
BW  FULL CH2 ov Zoom . 250 Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM
Uil 4-23 pdganamssmmeninnvaibaussauaniiszaznar 2 lyika

Stopped g 2005/03/18 03:44:56
CH1=10V @  CH2=200V . : Y . 100ms/div

DC 101 DC 100:1 : ! : * (100ms/div)
: : : : ; > ‘NORM:10kS /s

% i T
X 320.0V Frdq 00N A
................ xR L L - e SO W U T e T
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 200 Type : EDGE CH1 &

Delay : 0.0ns
Hold Off :  MINIMUM

Uil 4-24 pldyanamssdermiynvadausidunniiszaziaar 30 lwfa



Stopped g 2005/03/19 03:46:14
CH1=10V CH2=200V : : : 200ms /div
DC 10:1 DC 100:1 : : : (200ms /div)
e A oot LR s L EL e W Dl Je : NORMSKS/s
...................
il ......... ........ LU R R e ...................
|”"””""""mm|muiumlullllmim WL
ar
k 312.0¢v :  Rms 194.6V Fry
............... e L I ey T
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom . 250 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

31 4-25 gldganauswiemynvaidaussiuaniissazaat 60 Juda

Stopped

3

2005/03/19 03:47:51

CHI=10V
DC 10:1

CH2=200v H
DC 100:1 ik

i
3

: 500ms/div
: (500ms/div)
: NORM;2kS /s

=Filter=

Smoothing : OFF CH1 :

BW : FULL

=Record Length=
Main : 10K
Zoom : 200

=0ffsel=
0.0v
CHZ : ov

=Trigger=
Mode : SINGLE
Type . EDGE CH1 4§
Delay : 0.0ns
Hold Off : MINIMUM

Ui 4-26 plagyanamsme viynvaiaussdunniissoziar 90 lnfa

35



Stopped ]

2005/03/19 03:49:16

e i
3 320.0v
Duty 5!] 0%

CHISI0V :  CH2=200V . 500ms/div
DC 101 DG 1001 © (500ms/div)

ol

f NORM ,2kS /s

i)

il

=Filter= =0ffsel= =Record Length=
Smoothing ! OFF CH1 : 0.0v Main :
BW ! FULL CH2 : ov Zoom

=Trigger=
Mode : SINGLE
Type . EDGE CH1 &
Delay : 0.0ns
Hold Off :  MINIMUM

30 4-27 gldamsidueniwmuaziiaussduaniiszosanr 120 Juida

Stopped |

2005/03/18 03:50:03

CHI=10V :  CH2=200V .
DC 1:1 i pC 10031 ¢

ol L

320.0v

T 500ms/div
: (500mS/div)

T muuuﬂui

=Filter= =0Offset= =Record Length=
Smoothing : OFF CH1 : 0.0v Main :
BW © FULL CH2 : ov Zoom :

=Trigger=
Mode @ SINGLE
Type : EDGE CH1 £
Delay : 0.0ns
Hold Off | MINIMUM

U 4-28 gldyanaussduemiynvazdaussiunniisseziar 150 Tnda
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Joulud 3 Mifaussduanasfivde 176 Taad (80%) uag szeznamsfivihiy 3 lmfa

Stopped 3 2005/03/19_03:52:29
CHIS10V :  CHZ=200V ; : T 20ms/div
DC 11 i DG 100:1 : : : © (20ms/div)

: : : 1 : : ‘NORM:50KS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF  CH1 : 0.0V Main © 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 250 Type : EDGE CH1 4
Delay : 0.0ns

Hold Off :  MINIMUM

71l 4-29 gldyanomsdueriynvaziaussiunniiys 0 oM

Stopped 3 2005/03/19_03:53:18
CHIZ1OV  :  CHZ=200V ; ? T 20ms/div
DC 161 i DC100:1 ; :  (20ms/div)

: : : : : : ' NORM:50KS /S

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | OFF CH1 : 0.0v Main @ 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 250 Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

U 4-30 jUderaussimeniynvazRaussduaniiyn 45 sam



Stopped 3 2005/03/19 03:54:03
CHIS10V :  CH2=200V . 20ms/div
DC 10:1 DC 100:1 : © (20ms/div)

: : : ' NORM:50KS /s

=Filter=

Smoothing | OFF CH1 :

BW : FULL

=0ffset=

0.0v
CH2 : ov

=Record Length=

Main | 10K
Zoom . 250

=Trigger=
Mode : SINGLE
Type . EDGE CH1 &
Delay : 0.0ns
Hold Off |  MINIMUM

Ui 4-31 gldgaramssameniynvazidaussduaniiyy 90 aam

Stopped | 2005703719 03:55:19
CHI=10V :  CH2=200V :  20ms/div
DC 10:1 DC 100:1 : i (20ms/div)

° . v ‘NORM:50KS /s

=Filter=
Smoothing @ OFF
BW : FULL

=0ffset=
CH1 : 0.0v
CH2 : ov

=Record Length=
Main : 10K
Zoom : 250

=Trigger=
Mode : SINGLE
Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

JUA 4-32 pldganaussdiueriynvaidaussiunndiyy 135 asm
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Stopped _ { 2005/03/19_03:56:10
CHIS1I0V :  CHZ=200V . : ; T 20ms/div
DC 101 :  DC 100:1 : ; ; © (20ms/div)

: : : : : : ' NORM:B0KS /s

=Filter= =0fFset= =Record Length= =Trigger=
Smoothing | OFF CH1 : 0.0v Main : 10K Mode  SINGLE
BW  FULL CH2 : ov Zoom : 250 Type . EDGE CH1 4
Delay 0.0ns

Hold Off ©  MINIMUM

Vil 4-33 gudgaeussiue mynvaaussdunniy 180 asa

Stopped J 2005703719 03:57:12
CHI=10V :  CH2=200v . : : 20ms /div
DC 10:1 DC 100:1 : : (20ms/div)

3 : : 1 - NORM:50KS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 250 Type . EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

Uil 4-34 gldgraussdie miynvasiaussduaniiyn 225 aam
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Stopped 3 2005/03/19 03:59:10
CHI=10V ©  CH2=200V . : ; ¢ 20ms/div
DC 101 DC 100:1 : - : : (20ms/div)

: : : : : : NORM 50kS/s

ac| ......... ......... ......... ................. ......... ......... ......... .........

Tracifi= 15,20 8q 1.950kHzY  Dufy S50Vox
Sinacciy '.'9?5 ... 20, eSO, F’".W....*?!‘...‘??“ .....
=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : SINGLE
BW © FULL CH2 ov Zoom : 250 Type . EDGE CH1 4

Delay : 0.0ns
Hold Off :  MINIMUM

Uil 4-35 gldausadiue mynvarzidaussdunnis 270 o

Stopped 3y 2005/03/19 04:00:41
CHI=10V  :  CHZ=200V | ; ; : . 20ms/div
DC10:1 : - pC 100:1 ; : : (20ms/div)

: : : : : : NORM:50KS/5

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.0v Main : 10K Mode : SINGLE
BW ! FULL CH2 : ov Zoom : 250 Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

UM 4-36 gldyenausadme miynvasidaussiunniiyu 315 oam
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UNUR42995 PIC 18F458 unzmwiaqﬂnm’idn 9

l RESET 2]
3

L3

5]

€

e

8|

9]

+5V 10/
? 11
[ 22pF | 12
+— 13
10 MHz—J 14
L— 22 pF 16
7]

18]

19|

20

MCLR rB7 2L
RAO RB6 |22
RA1 RB5 |25
RA2 RB4 2L
RA3 RB3 |25
RA4 RB2 |22
RA5 rB1 24
RED RBo |22
RE1 Vee |22

rez2 PIC 18F458 o\ pl3d

Vcc RD7 =]
GND RD6 |22
0SC1 RD5 |28
0SC2 RD4 2L
RCO Re7 |28
RC1 RCE |2
RC2 RC5 |24
RC3 Rca |2
RDO RD3 |2%
RD1 RrD2 |2

+— Loo
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mdeilflumsilewlisunsaluinsneulnsamesnszga PIC 18F458
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ADDWF — Add W and F

oA i e e Y 1 aa P o aa & o Jay ¥

et — mdsdazdunmsuinmdeyaseninsiames W fusdaaes File nadnwsh laauise

o o ] I o 19 a "
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Power Quality Bulletin No. 3

Figure 1 is a required voltage sag ride-through capability curve in which semiconductor processing,
metrology, and automated test equipment must be designed and built to conform. The equipment
must be able to continuously operate without interruption during conditions identified in the area
above the defined solid black line.

Duration of Voltage Sag in Seconds

005

o
o

1.0

=
()

100

<0

80

% of Equipment Nominal Voltage

70

&0

50

40

30

20

---------------

————l L

-------------------

10

p T PR B TS . (W S
= R Sy Sy SOy B P

1]

Figure 1- Required Semiconductor Equipment Voltage Sag Ride-Through Capability Curve

Note: Equipment must continue to operate without interruption during voltage above the line.

There are additional thresholds recommended by SEMI F47 but are not requirements of the standard.
These include that equipment tolerate sags to 0% for 1.0 cycle, sags to 80% for 10 seconds, and
continuous sags to 90% as shown in Figure 2.
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Figure 2 - Recommended Semiconductor Equipment Voltage Sag Ride-Through

Capability Curve from 0 to 100 Seconds
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Power Quality Bulletin No. 3

For New Equipment:

SEMI F47 suggests that semiconductor users may use this sag standard when procuring new
equipment to specify the capability of equipment ride-through requirements to the equipment
manufacturer. In addition, semiconductor processing equipment manufacturers may in turn specify
ride-through requirements to component and module suppliers.

SEMI F42 defines the testing procedures and test equipment required to characterize the
susceptibility of equipment to voltage sags by showing voltage sag duration and magnitude
performance data for the equipment. Also, it describes safety precautions, processing modes, test
sequences, phase connections, reporting requirements, and determining compliance with the
requirements and recommendations of SEMI F47.

For Existing Equipment:

There are several third-party consultants that can come into a customer’s facility and conduct a
thorough investigation of equipment immunity to voltage sags and momentary interruptions.
Portable instrumentation such as a sag generator, are designed specifically to test compliance with
SEMI F47 and SEMI F42 standards for equipment ride-through of voltage sags. Therefore, process
vulnerabilities and weak elements can be determined with the creation of an electrical disturbance
in the power that supplies critical process equipment.

There are several simple ways in which you can increase voltage sag immunity yourself. The best
place to start is to find and fix the problem. Once you know what the problem is, it will be much
easier to fix. The following are examples of simple corrections that can be implemented to help
increase voltage sag immunity —

1. Switch power supply settings. Many power supplies can be set to accommodate different
voltage ranges. Choose a range where your nominal voltage is near the top of the range to
allow more room for voltage sags.

2. Connect your single-phase power supply phase-to-phase. You can get a 70% margin in
available voltage by connecting phase-to-phase, if you can stay within your power supply’s
acceptable voltage range and have three-phase power available.

3. Reduce the load on your power supply. If you can determine that a particular power supply
is causing your equipment to misoperate during voltage sag, consider moving some of its
loads to another power supply.

4. Increase the rating of your power supply. If you can not move the loads, use a larger
supply for the same load relative to its rating. It will then be more lightly loaded.

5. Use athree-phase power supply instead of a single-phase power supply. A properly
designed (and lightly loaded) three-phase power supply will effectively tolerate voltage sags
on one or two phases that would shut down a single-phase power supply.

6. Run your power supply from a DC bus. If possible, substitute a DC-operated power supply

for an AC-sourced supply. This will narrow down your problems to supporting a DC bus,
which can often be done with simple capacitors or batteries.

October 2004
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IRG4PH5OKD IGR Rectifier

Notes:

@ Repetitive rating: Vgg=20V; pulse width limited by maximum junction temperature
(figure 20)

®VCC=8O%(VCES)7 Vge=20V, L=1 O}J.H, RG=5.0Q (ﬁgure 19)
® Pulse width < 80us; duty factor < 0.1%.
@ Pulse width 5.0us, single shot.

Case Outline — TO-247AC

NOTES:
15.90 (626) o 2651143 ECH| 5.30(209) 1 DIMENSIONS & TOLERANCING
bl ek S 3.55 (140 7 PER ANSI Y14.5M , 1982.
15.30 (:602) [6]20.25 (010) @] D] A0 55) 2 CONTROLLING DIMENSION : INCH
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Eiag MILLIMETERS (INCHES).
/ — 4 4 4 CONFORMS TO JEDEC OUTLINE
R | B / T0-247AC.
20.30 (.800) i

19.70 (.775) oo 5.50(.217)
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1 2 3 2-COLLECTOR
i T 3-EMITTER
i i i 4-COLLECTOR
14.80 (583) |)! | e
o 1480 (. i | 430 (170)
14.20 (559)  ||: : 3.70(145) * LONGER LEADED (20mm)
! I 5 = VERSION AVAILABLE (T0-247AD)
z | 1 TO ORDER ADD “-E* SUFFIX
it TO PART NUMBER
2.40 (.094) _)J 140 (056) )] 4y 0:80(031)
2.002().(079) =3X 1100 ( 039) 0.40 (.016)
5
(& ]025 (010) D [cTAG)] 2.60(.102)
5.45 (.215) ot 153 T 2.20(.087)
2

3.00 (.118)

CONFORMS TO JEDEC OUTLINE TO-247AC (TO-3P)
Dimensions in Millimeters and (Inches)
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Power Quality Bulletin No. 3

7. Change the trip settings. If you can identify an unbalance relay, an under voltage relay, or
an internal reset or protection circuit that is inadvertently tripping during a voltage sag, change
its settings. Consider changing the threshold and/or the trip delay. This solution resolves trip
settings set too conservatively to begin with. However, trips are useful and important so use
good judgment as to not eliminate them completely.

8. Slow the relay down. Use a relay with more mechanical mass, such as a contactor or use a
relay hold-in accessory.

9. Get rid of the voltage sag itself. As a last resort, consider installing a quick-operating
voltage regulator on your AC supply. There are a variety of technologies including ferro-
resonant transformers, solid-state voltage compensation, etc. Be careful not to make the
problem worse if the original cause of the voltage sag is downstream from your voltage sag
regulator. The voltage sags will actually get deeper and longer.

For additional information on voltage tolerance relating to these standards, please see our Power
Note titled Voltage Tolerance Boundary.

October 2004
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IRG4PHS0KD

Short Circuit Rated
UltraFast IGBT

International

Ts2R R@Cflﬁ er PRELIMINARY

INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features L

« High short circuit rating optimized for motor control, Vces = 1200V
tee =10us, Voo =720V, T, = 125°C,
Ve = 15V =

+ Combines low conduction losses with high G Vee(on) typ. = 2.77V

switching speed

* Tighter parameter distribution and higher efficiency
than previous generations

« IGBT co-packaged with HEXFRED™ ultrafast,
ultrasoft recovery antiparallel diodes

Benefits

* Latest generation 4 IGBT's offer highest power density
motor controls possible

+ HEXFRED™ diodes optimized for performance with IGBTs.
Minimized recovery characteristics reduce noise, EMI and
switching losses

* This part replaces the IRGPH50KD2 and IRGPH50MD2
products

- @Vee = 15V, Ic = 24A

n-channel

» For hints see design tip 97003 TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 1200 Vv
Ilc @ Tc =25°C Continuous Collector Current 45
Ic @ Tc =100°C | Continuous Collector Current 24
Icm Pulsed Collector Current ® 90 A
ILm Clamped Inductive Load Current @ 90
I @ Tc =100°C | Diode Continuous Forward Current 16
IFm Diode Maximum Forward Current 90
tse Short Circuit Withstand Time 10 us
VGe Gate-to-Emitter Voltage + 20 \Y
Ppb @ Tc = 25°C Maximum Power Dissipation 200 W
Pp @ Tc = 100°C | Maximum Power Dissipation 78
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units
Reuc Junction-to-Case - IGBT o e 0.64
Reic Junction-to-Case - Diode — — 0.83 °C/W
Regcs Case-to-Sink, flat, greased surface — 0.24 —_
RgJa Junction-to-Ambient, typical socket mount P —_ 40
Wit Weight — 6 (0.21) — g (0z)

4/13/98
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IRG4PH50KD IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)ICES Collector-to-Emitter Breakdown Voltage® |1200| — | — \% Vge = 0V, Ic = 250pA
AV(grices/AT, | Temperature Coeff. of Breakdown Voltage | — [ 0.91| — | V/°C | Vge = 0V, Ic = 1.0mA
VCcE(on) Collector-to-Emitter Saturation Voltage | — | 2.77| 3.5 Ic = 24A Vge = 15V
— |3.28| — \Y Ic = 45A See Fig. 2, 5
— |254| — Ic = 24A, T, = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = VaE, Ic = 250pA
AVGe(nyAT, | Temperature Coeff. of Threshold Voltage — | =10 | — |mV/°C| Vce = VgE, Ic = 250pA
Ofe Forward Transconductance @ 13 19 | — S Vee = 100V, Ic = 24A
Ices Zero Gate Voltage Collector Current — — | 250 | pA | Vee =0V, Vcg = 1200V
— | — [6500 Vae = 0V, Vgg = 1200V, T, = 150°C
VEm Diode Forward Voltage Drop — |25 | 3.5 Vv Ic = 16A See Fig. 13
— |21 30 Ilc=16A, T, = 150°C
lces Gate-to-Emitter Leakage Current — | — [£100| nA | Vge = 20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
Qq Total Gate Charge (turn-on) — 180 | 270 Ilc = 24A
Qge Gate - Emitter Charge (turn-on) — | 25 | 38 nC | Vcc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — | 70 | 110 Vge = 158V
td(on) Turn-On Delay Time — 87 | —
tr Rise Time — [100 | — . T,=25°C
td(oth Turn-Off Delay Time — | 140 | 300 Ic = 24A, Vcc = 800V
te Fall Time — | 200 | 300 Vee = 16V, Rg = 5.0Q
Eon Turn-On Switching Loss — 1383 — Energy losses include "tail"
Eoff Turn-Off Switching Loss — [190]| — mdJ | and diode reverse recovery
Ets Total Switching Loss — |5.73| 7.9 See Fig. 9,10,18
tsc Short Circuit Withstand Time 10 | — | — us | Vec =720V, T;=125°C
Vee =15V, Rg =5.0Q
td(on) Turn-On Delay Time — | 67| — Ty =150°C, See Fig. 10,11,18
tr Rise Time — |72 | — e Ic =24A, Vge = 800V
ta(ofny Turn-Off Delay Time — 310 | — Ve = 18V, Rg =5.0Q,
t Fall Time — 390 | — Energy losses include "tail"
Ets Total Switching Loss — 836 — mJ | and diode reverse recovery
Le Internal Emitter Inductance — 18 | — nH | Measured 5mm from package
Cies Input Capacitance — |2800| — Vee = 0V
Coes Output Capacitance — | 140 | — pF | Vce =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 53 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 90 | 185] ns | T,=25°C See Fig.
— | 164 | 245 Ty=125°C 14 IF = 16A
ler Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | T,=25°C See Fig.
— | 83| 15 T,=125°C 15 VR = 200V
Qrr Diode Reverse Recovery Charge — | 260 | 675| nC | T,=25°C See Fig.
— | 680 (1838 T,=125°C 16 di/dt = 200A/ps|
di(recym/dt Diode Peak Rate of Fall of Recovery — [120 | — | A/us| T,=25°C See Fig.
During ty — | 76 | — T,=125°C 17
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TSR Rectifier IRG4PH50KD
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Fig. 3 - Typical Transfer Characteristics
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IRG4PH50KD il
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IRG4PHS0KD
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Fig. 10 - Typical Switching Losses vs.

Junction Temperature
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Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA
Collector Current
1000
<
2100
L
S
o
s
[
g
(o]
('
g Ty=150°C
3
- 1 T)= 125°C
8
@ T = 25°C
®
=
1
0.0 2.0 4.0 6.0 8.0

Forward Voltage Drop - Vgm (V)
Fig. 13 - Typical Forward Voltage Drop vs. Instantaneous Forward Current
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Fig. 14 - Typical Reverse Recovery vs. digdt
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Fig. 16 - Typical Stored Charge vs. dif/dt
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Fig. 15 - Typical Recovery Current vs. dig/dt
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Fig. 17 - Typical dijreqym/dt vs. dig/dt
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