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ABSTRACT

Solid state transformer (SST) is presented in this thesis. SST is the
combination of high-frequency transformers and power electronics circuits. The total
losses of the solar farm system can be reduce while solar-farms are not used in the
night time by using SST. Under voltage and over voltage prevention are also the
advantages of a SST compared to a low frequency transformer. The inverter which is
connected to utility system is specifically interested and developed in this thesis by
using three-level modular multilevel inverter topology. PSIM 9.0 is used to simulate by
generating PWM signal with a phase disposition PWM method. The 300 watt prototype
is also developed for experimental validation. The tests are operated on several
conditions such as full-load, half-load, and an induction motor with lamp load. The
efficiency measurement, THD; and THD, are also validated. The study illustrate that
the simulation and experimental results are in good agreement. The total efficiency of
the developed prototype is about 70%.
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2.6.2 Multilevel Flying capacitor Inverter (CCMLI)
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2.6.3 Cascades Multilevel Inverter (CMCI)
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2.6.4 Generalized P2-cell Multilevel Inverter (GMLI)
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2.6.6 Modular Multilevel Inverter (MMI)
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2.6.7 Generalized Multilevel Current Source Inverter (GMCSI)
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/**************************************************************************

EKRERRRH

// This code is created by SimCoder Version 9.1 for Tl F28335 Hardware Target
1/ '

// SimCoder is copyright by Powersim Inc., 2009-2011

//

// For 3 level Modular Multilevel Inverter; Solid State Transformer 2014

***************************************************************************

*******/

#include <math.h>

#include "PS_bios.h"

typedef float DefaultType;

#define GetCurTime() PS_GetSysTimer()

interrupt void Task();
void Task_10();

DefaultType fGblV20 = 0.0;
DefaultType fGblVsina = 0.0;
DefaultType fGblVsinb = 0.0;
DefaultType fGblVsinc = 0.0;
typedef struct {

unsigned long tmLow;

unsigned long tmHigh;
} _CBigTime;

_CBigTime GetBigTime(void)
{
static _CBigTime tm = {0,0};
unsigned long curTime = GetCurTime();
if (curTime < tm.tmLow)
tm.tmHigh++;
tm.tmLow = curTime;
return tm;

interrupt void Task() .
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DefaultType ftheta, fSIN1, fTI_ADC1, fLIM2, fMULT3, fVCC2, fSUM2, fSIN2,

fMULT2, fVCC3;

DefaultType fSUM3, fSIN3, fMULT1;
PS_Enablelntr(;

fTI_ADC1 = PS_GetDcAdc(0);

{

static unsigned long period = (unsigned long)(150000000L / 50);

static float fPeriod = ((float)50) / 150000000L;

static _CBigTime tmCarrierStart = {0, 0};

_CBigTime tm = GetBigTime();

unsigned long tmp1, tmp2;

tmp1l = tm.tmLow - tmCarrierStart.tmLow;

tmp2 = tm.tmHigh - tmCarrierStart.tmHigh;

if (tm.tmLow > tmCarrierStart.tmLow)
tmp2++;

if (tmp2 || (tmp2 && (tmp1 >= period))) {
tmp1 = tmCarrierStart.tmLow + period;
if ((tmp1 < tmCarrierStart.tmLow) || (tmp1 < period))

tmCarrierStart.tmHigh++;

tmCarrierStart.tmLow = tmp1;

}

tmp1 = tm.tmLow - tmCarrierStart.tmLow;

ftheta = 360 * tmp1 * fPeriod;

}

fSIN1 = sin(ftheta * (3.14159265 / 180.));

fLIM2 = (fTI_ADC1 > 1.2) ? 1.2 : ((fTI_ADC1 < 0.1) ? 0.1 : fTI_ADC1);

fMULT3 = fSIN1 * fLIM2;

PS_SetPwm2Rate(fMULT3);

PS_SetPwm1Rate(fMULT3);

fvCC2 = -120;

fSUM2 = ftheta - fVCC2;

fSIN2 = sin(fSUM2 * (3.14159265 / 180.));

fMULT2 = fSIN2 * fLIMZ2;

PS_SetPwmd4Rate(fMULT2);

PS_SetPwm3Rate(fMULT2);

fVCC3 = 120;
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fSUM3 = ftheta - fVCC3;
fSIN3 = sin(fSUM3 * (3.14159265 / 180.));
fMULT1 = fSIN3 * fLIM2;
PS_SetPwmé6Rate(fMULT1);
PS_SetPwmb5Rate(fMULT1);
#ifdef DEBUG
fGblV20 = fLIM2;
#endif
#ifdef DEBUG
fGblVsina = fMULT3;
#endif
#ifdef DEBUG
fGblVsinb = fMULT2;
#endif
#ifdef DEBUG
fGblVsinc = fMULT1;
#endif
PS_ExitPwm2General();

void Task_10

{
DefaultType fC14;

fC14 = 1;

(fC14 == 0) ? PS_ClearDigitOutBitB((Uint32)1 << (34 - 32)) :
PS_SetDigitOutBitB((Uint32)1 << (34 - 32));
}

void Initialize(void)
{

PS_SysInit(30, 10);

PS_StartStopPwmClock(0);

PS_InitTimer(0, Oxffffffff);

PS_InitPwm(2, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(2, 1, (-1), 1.0/1);
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PS_SetPwmintrType(2, ePwmNoAdc, 1, 0);
PS_SetPwmVector(2, ePwmNoAdc, Task);
PS SetPwm2Rate(0);

PS_StartPwm(2);

PS_InitPwm(1, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(1, 1, 0, 1.0/1);

PS_SetPwmintrType(1, ePwmNoAdc, 1, 0);

PS_SetPwm1Rate(0);

PS_StartPwm(1);

PS_InitPwm(4, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(4, 1, (-1), 1.0/1);

PS_SetPwmintrType(4, ePwmNoAdc, 1, 0);

PS_SetPwmaRate(0);

PS_StartPwm(4);

PS_InitPwm(3, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(3, 1, 0, 1.0/1);

PS_SetPwmintrType(3, ePwmNoAdc, 1, 0);

PS_SetPwm3Rate(0);

PS_StartPwm(3);

PS_InitPwm(é, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(s, 1, (-1), 1.0/1);

PS_SetPwmintrType(6, ePwmNoAdc, 1, 0);

PS_SetPwmé6Rate(0);

PS_StartPwm(6);

PS_InitPwm(5, 1, 10000*1, (5e-6)*1e6, PWM_TWO_OUT, 35549);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(5, 1, 0, 1.0/1);

PS_SetPwmintrType(5, ePwmNoAdc, 1, 0);

PS_SetPwm5Rate(0);



PS_StartPwm(5);

PS ResetAdcConvSeq();
PS_SetAdcConvSeq(eAdcCascade, 0, 1);
PS_AdcInit(0, !0);

PS_InitDigitOut(34);

PS_StartStopPwmClock(1);

void main()
{
Initialize();
PS_Enablelntr(); // Enable Global interrupt INTM
PS_EnableDbgm);
for () {
Task_10);
}
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ZSK1 082"01 SIPMOS" FUJI POWER MOS-FET

N-CHANNEL SILICON POWER MOS-FET

FAP-II SERIES

W Features B Outline Drawings
@ High speed switching R
; aaa 4592
®ow on-resistance - Al
_ &S L

® No secondary breakdown
® Low driving power

® High voltage

eV .. — 30V Guarantee

® Avalanche-proof

1 :Gate
i i 2 Drain
W Applications bk
® Switching regulators 5
e UPS i i
@ DC-DC converters | ' 5
® General purpose power amplifier JEDEC = |
ElA SC-b5 !
B Max. Ratings and Characteristics M Equivalent Circuit Schematic
@Absolute Maximum Ratings{Tc=25'C)
Items | Symbols | Ratings | Units i e e
Drainsource voltage L Vo 900 V o
Continuous diain Luuun la 0 A ‘ »
Palsed drain current | Jogane 14 A 5 S
Contimwns reverse drain \urfﬂ\l_ Tng b A s
Gate suurce pe ak voltage Vess | + 30 I v ’
_ Max, power dissipation R 125 LW GatelG)
Opereting and storape Ten L 10w
temperature range Tut na - 1150 ( Source(S)
®Electrical Characteristics(Te =25'C) -
ltems Syimhbols | Test Conditions [ Min. | Typ. | Max. | Units
ﬁrnm st breakdown voliage _}fg‘!u e b=ImA Vo 0V Foeo | 7 vV
C;a e threshold voltage V‘{(ﬁ_-—_ =lmA V=V R wi_ 2.5 3.5 540 Vv
el i - \ »\,‘“q'm\r' I Ta=25C B | 4 It 2K IIA
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Dramns source onstafe H..thd.ltL _Ruson Ip=3A Veem=pvo P21 2.4 f
Farward transconductance | gr. o de=3A Ve =25V v 45 5
_Input capacitain Cha. Vios=95V Lo | 1RO
_ Untpu LG Vee=QW Clo | 21 l nk
Revers tance . Cuo  f f=IMWMz Ay 7 .
Firysm He te el Vee =600V lu=6A } S i
‘kn‘ l"lll‘l*t) 1&' - 1 1
\rl.t_:.](l’\ | g e ns
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Reverse recovery time | 1o fe=ls d/d=10As T 25°C i 8o ns
@Thermal Characteristics
lteims Symbols Test Conditions Min. | Typ Max_ | Units
T | Renien a) channel to ab o N _5' o} 30 W
Vit =R Rencen o3 channdl to case | 1.0 oW
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25K 1082-01 SIPMOS" FUJI POWER MOS-FET
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DBL104G ....... DBL107G

1.0 Amp. Glass Passivated Bridge Rectifiers -

Dimensions in mm. CASE:
THIN DF-M Voltage Current
400 V-1000V 1.0A
[ "‘_ 315; =1 203 724
- — = ‘ * Glass passivated junction
I- i l s |deal for printed circuit board
1.14 Py * Reliable low cost construction utilizing
0.9 ; Res molded plastic technique
3123-:t" i_ f f— 2 —] * High temperature soldering guaranteed:
27—t 260 °C / 10 seconds / 9.5mm
lead length at 5 Ibs., (2.3 Kg) tension
0 ?_ » Small size, simple installation
_‘- Pure tin plated terminal, Lead free. Leads
-y, solderable per MIL-STD-202, Method 208
~ o~ _j_ * High surge current capability
L L

Maximum Ratings and Electrical Characteristics

DBL DBL DBL DBL
104G 105G 106G 107G
Vi | Maximum Recurrent Peak Reverse Voltage (V) 400 600 800 1000
Viws | Maximum RMS Voltage (V) 280 420 560 700
Voe Maximum DC Blocking Voltage (V) 400 600 800 1000
- Maximum{average Forward Rectified Current 10 A
@Ta=40°C
Peak Forward Surge Current, 8.3 ms Single
lism Half Sine-wave Superimposed on Rated Load 50 A
(JEDEC method)
C, Typical Junction Capacitance 25 pF
Ring | Typical Thermal Resistance (Note 1) 15 “C/W
R e 40 °C/W
T, Operaling Temperature Range -50to + 150 °C
Ta; | Storage Temperature Range -50to + 150 °C
Electrical Characteristics at Tamb = 25 °C :
DBL DBL DBL DBL
104G 105G 106G 107G
Ve Max. Instantaneous Forward Voltage @ 1.0A 11V
Maximum DC Reverse Current @ Ta=25°0C 10 pA
U at Rated DC Blocking Voltage @ Ty = 125 °C 500 pA

Note: 1. Thermal Resistance from Junction to Ambient and from Junction 1o Lead Mounted
On P.C.B. with 5 x 5mm Copper Pads.
2. DBLS for Surface Mount Package.

Jun - 09



IFav), average forward Current (A)

Irsm, peak forward surge current (A)

lr, instantaneous forward current (A)

MAXIMUM DERATING CURVE FOR OUTPUT
RECTIFIED CURRENT

10 ‘} T T 17T
X X .
Y 1.5mm
\‘ E%PCB i
Copper Pauls
\\ 13mm x13mm
05 N
\
L 60Hz RESISTIVE OR AN
INDUCTIVE LOAD ‘\l
0 L L L 1 L
20 40 60 80 100 120 140150
Tamb, ambient temperature (°C)
MAXIMUM NON-REPETITIVE FORWARD
SURGE CURRENT
. 11
Ti=25C
49 S‘Lngle Sne-wave |
(JEDEC Method)
40
30 '\\
-
20 .
\‘-
10 e
0
1 2 4 6 10 20 40 60 100

===

Number of cycles at 60HZ

TYPICAL FORWARD CHARACTERISTICS
PER BRIDGE ELEMENT

¥4
/
o+ =
7 T)=25°C 7
{ PULSE WIDTH = 300 pis
I 2% DUTY CYCLE
0.4 0.6 0.8 1.0 1.2 14 1.6

Vr, forward voltage (V)

In, instantaneous reverse current (pA)

Cj, junction capacitance (pF)
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DBL104G ....... DBL107G

TYPICAL REVERSE CHARACTERISTICS

PER BRIDGE ELEMENT
100
T, = 125°C ]
10 jummmet=”
1
0.1 T =25°C
0.01 L
0 20 40 60 80 100 120 140

Percent of rated peak reverse voltage (%)

TYPICAL JUNCTION CAPACITANCE PER

BRIDGE ELEMENT
100 S A
Ti=25°C -
f=1.0MHz -
Vslg=50mVp-p 4
~\
[y
10 ﬁ"'-E:“:
1
1 10 100

Vg, reverse voltage (V)

Jun - 09
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GBPC12, GBPC15, GBPC25 & GBPC35

Vishay General Semiconductor

Glass Passivated Single-Phase Bridge Rectifier

PRIMARY CHARACTERISTICS
IFav) 12A,15A,25A,35A
Varu 50V 101000 V
IFsm 200A, 300 A, 300 A, 400 A
Iy 5pA
Ve 11V
T, max. 150 °C

FEATURES

* UL recognition file number E54214

* Universal 3-way terminals: snap-on, wire
wrap-around, or P.C.B. mounting

* Typical Iy less than 0.3 pA

* High surge current capability

¢ Low thermal resistance

» Solder dip 260 °C, 40 s

+ Component in accerdance to RoHS 2002/95/EC
and WEEE 2002/96/EC

RoHS

TYPICAL APPLICATIONS

General purpose use in ac-fo-dc bridge full wave
rectification for power supply, home appliances, office
equipment, industrial automation applications.

MECHANICAL DATA

Case: GBPC, GBPC-W

Epoxy meets UL 94V-0 flammability rating
Terminals: Nickel plated on faston lugs or silver
plated on wire leads, solderable per J-STD-002
and JESD22-B102. E4 suffix for consumer grade.
Suffix letter “W" added to indicate wire leads
(e.g. GBPC12005W).

Polarity: As marked, positive lead by belevied corner

Mounting Torque: 20 inches-lbs. max.

MAXIMUM RATINGS (T =25 °C unless otherwise noted)
GBPC12, 15, 25, 35
PARAMETER SYMBOL UNIT
005 01 02 04 06 08 10

Maximum repelitive peak reverse voltage Vaam 50 100 | 200 [ 400 | 600 | 800 | 1000
Maximum RMS voltage Vams 35 70 140 | 280 | 420 | 560 | 700
Maximum DC blocking voltage Vi 50 100 200 400 600 800 | 1000

GBPCi2 12
Maximum average forward rectified GBPC15 | 15 A
oulput current (Fig. 1) GBPC25 FAY) 25

GBPC35 35

GBPC12 200
Peak forward surge cument single GBPC15 e 300 A
sine-wave superimposed on raled oad ~ GBPC25 Fou 300

GBPC35 400

GBPC12 160
Rating (non-repetitive, for t greaterthan ~ GBPC15 2 375 A2
1 ms and less than 8.3 ms) for fusing GBPC25 375

GBPC35 660
AMS isolation voltage from case 1o leads Viso 2500 v
Operating junction storage temperature range Ty Tsta - 5510 + 150 ‘C

Document Number: 88612 www.vishay.com

For technical questions within your region, please contact one of the following:
- Ameri ishay.com, PDD-Asia@vishay.com, PDD-Eur ishay . 1

Revision: 15-Apr-08 I
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GBPC12, GBPC15, GBPC25 & GBPC35
Vishay General Semiconductor

ELECTRICAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)
TEST GBPC12, 15, 25, 35
PARAMETER SYMBOL UNIT
CONDITIONS 005 | o1 | o2 [ o4 [os6 [ 08 [0
GBPC12 | I=6.0A
Maximum instantaneous ~ GBPC15 | lg=7.5 A v 11 v
forward drop per diode ~ GBPC25 | .= 125A F :
GBPC35 | = 17.5A
Maximum reverse DC current at rated | T, =25 °C | 5.0 A
DC blocking voltage per diode Ty =125°C R 500 "
Typical junction capacitance per diode | 4V, 1 MHz C, 300 pF
THERMAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)
GBPC12, 15, 25, 35
PARAMETER SYMBOL UNIT
o5 | ot [ o2 [ o4 [ 0606 10
‘ . M GBPC12-25 1.9 .
Typical thermal resistance GBPC35 Rosc 4 cw
Notes:
(1) With heatsink

(2) Bolt down on heatsink with silicone thermal compound between bridge and mounting surface for maximum heat transfer with #10 screw

ORDERING INFORMATION (Example) :

PREFERRED PIN UNIT WEIGHT (g) | PREFERRED PACKAGE CODE | BASE QUANTITY DELIVERY MODE
GBPC1206-E4/51 1579 51 100 Paper box
GBPC1508-E4/51 15.79 51 100 Paper box
GBPC2506-E4/51 1679 51 100 Paper box
GBPC3506-E4/51 16.79 51 100 Paper box
GBPC1206W-E4/51 138 51 100 Paper box
GBPC1506W-E4/51 138 51 100 Paper box
GBPC2506W-E4/51 138 51 100 Paper box
GBPC3506W-E4/51 138 51 100 Paper box

www.vishay.com For technical questions within your region, please conlact one of the following: Document Number: 88612
2 -Americas@vi PDD-Asia@vishay.com, PDD-Europe @vishay.com Revision: 15-Apr-08
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GBPC12, GBPC15, GBPC25 & GBPC35

Vishay General Semiconductor

RATINGS AND CHARACTERISTICS CURVES
(Ta =25 °C unless otherwise noted)

T T T

Bridges Mounled on

95x35x46"

(229x89x11.7¢cm)
AL, Finned Plate

il 1 1
[5x 669"

AL, Finned Plate
' '

5x4x3

AL, Finned Plale

\ T

N,
\‘

Average Forward Current (A)

60 Hz

5 | Resislive o
- Inductive Load
L L

6x22x2
\‘ AL, Finned

o
Plate 1

Y
AN
N,
™
=

0 25 5 75

100 125 150

Case Temperature (°C)

175 200

Figure 1. Maximum Oulput Rectified Current

GBPC3S

Rysy = 0.5 TW

60 Hz

[~

Resistive or
Inductive Load —

T

0
35

GEPC2S
%
2

Rygy = 0.5 CW

GBPC15

Ryss = 1.0 CW

P,
_—

Average Forward Current (A)

GBPC12

5 |Rye = 10°CM

1

2]

0 10 20 30 40 50 60 70 8 90 100
Ambient Temperature ("C)

Figure 2. Maximum Output Rectified Current

80
R
Q —
§‘ n | Capacitive Load Pl
i g 'a ,/

0
§ 50 |—Ti=T;Max. el [/
% 4
a L4
| B P
§ - D4 Resislive or
g e /S Inductive Load
Q Py
a 20 ¢
g ¢,
a 1
Q
z |
< 9
0 10 20 30 40
Average Qutput Current (A)

Figure 3. Maximum Power Dissipation

1000
T)= Ty Max.
z 0.5ms Single Sine-Wave
= I
g - —
a s S R GBpeas || | ]]
[y
% N\\‘.. -n\ Mo
a 10 ==
T R
g "
z GBPC12 ™t
5 7T
‘% GBPC15 11
GBPC25

& YY" T

e 10Cyde ' \ ”

10 et
1 10 100
Number of Cycles at 60 Hz

Figure 4. Maximum Non-Repetitive Peak Forward Surge
Current Per Diode

100 ‘ -
< T,=150°C "
s ]
g T,=125°C
o 10
® 7 7
%’ 77
T, = 100 C—A %
iy A /, 7/ "
@ J |Th=25°C
gy
g FEF—F
) r F 4 f A
T ¥ 4 F ¥ i
H] 77 7
2 7/ 4
B Y474
01
0.4 05 06 07 08 09 1.0 11
Instantaneous Forward Voltage (V)

Figure 5. Typical Instantaneous Forward Characleristics Per Diode

1000
i i Ty=150°C

& o=
%E . T,=125°C

10
b —
8= f T,=100"C
§3
ég 10
85 ;
o i
P |
B T,=26°C |
- |

o 1 1

0 10 20 30 40 5 6 70 80 90 100
Percent of Rated Peak Reverse Vollage (%)

Figure 6. Typical Reverse Leakage Characleristics Per Diode

Document Number: 88612

Revision: 15-Apr-08

For technical questions within your region, please contact one of the following:
POD-Amer 4 . PDD-Asia@vishav.com, PDD- ;

www.vishay.com
PDD-Europe @vishay com 3
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Vishay General Semiconductor

1000 o s I B
Ty=25°C
1= 1.0 MHz
I:ﬁ; Vi 50 mVpp
8 e
g -—----..._..“
100 —
&
Q
[ =4
2
g
J
x|
10
1 10 100
Reverse Voitage (V)

Figure 7. Typical Junction Capacitance Per Diode

1000
§ T;=25°C
3 t= 1.0 MHz
g i Vi = 50 mVp-p
3 p
g 100
£ =
% i
o™
E ‘ol
!
g o 4
-E i li
]
4
001 01 1 10 100
L - Heating Time (s)

Figure 8. Typical Transient Thermal Impedance Per Diode

PACKAGE OUTLINE DIMENSIONS in inches (milimeters)

GBPC-W
1.135 (28.8)
Hole for il i
#10 Screw 1.115 (28.3)
0,220 (5 59
0200 (5 08) " 024 (gf,g}
li%es 0.732 (18.6)
1.115 (28.3) 0692 (17.6)
| Al g
050 (12.7)
0.24(60) 0470(11.9) 0.44 (11.7)
01848 Ga30(109)
0042 (1.07)
0.038 (0.97)
DIA -
31.8)
. | , MIN.
0.310 (7 62/ Pl
0290 (7T B}y fovenen il -
|

GBPC
1.135 (28.8)
Hole for
#10 Serew 1115 (28.3)
0220 (559) ), 672 (17.1
0:200(5.08) 532 (16.1
F 5
0672 (17.1) ;
0.632 (16.1) vy
1,135 (28.8;
T115(28.9) e
¥ o
0.034 {0.86) ||,
0.030 (0.76) ||l
0.732 (18.6
0.692 (17.6)
0.004 (2.4)
DiA. 025
0.034 (0.86) 6.35

o.0300.78

0.310 (7.62) I
PR

0.290 (7.36)

]

AC

0582 (14.8)
0542 {13.8)

—_—

0.840 (21.3)
0.740(18.8)

www.vishay.com
4

For technical questions within your region, please contact one of the following:
i 4 POD-Asia@yi i ¥

Document Number: 88612
Revision: 15-Apr-08
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Legal Disclaimer Notice
Vishay

Notice

Specifications of the products displayed herein are subject to change without notice, Vishay Intertechnology, Inc.,
or anyone on its behalf, assumes no responsibility or liability for any errors or inaccuracies.

Information contained herein is intended to provide a product description only. No license, express or implied, by
estoppel or otherwise, to any intellectual property rights is granted by this document. Except as provided in Vishay's
terms and conditions of sale for such products, Vishay assumes no liability whatsoever, and disclaims any express
or implied warranty, relating to sale and/or use of Vishay products including liability or warranties relating to fitness
for a particular purpose, merchantability, or infringement of any patent, copyright, or other intellectual property right.

The products shown herein are not designed for use in medical, life-saving, or life-sustaining applications.
Customers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Vishay for any damages resulting from such improper use or sale.

Document Number: 91000 www.vishay.com
Revision: 08-Apr-05 !
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo—-IC
Transistor Inverter
Inverter For Air Conditionor o
Unit in mm

IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diede and a

integrated photodetector.
This unit is 8-lead DIP package.

TLP250is suitable for gate driving cireuit of IGBT or power MOS FET,

Input threshold current: [p=fmAfmax.)
Supply current (Icc): 11mAlmax.)
Supply voltage (Vco): 10-35V

Output current (10): +1.5A (max.)
Switching time (tpLH/tpHL): 1.5ps(max.)
Isolation voltage: 2500Vyms(min.)

UL recognized: UL1577, file No.E67349
Option (D4) type

VDE approved: DIN VDE0884/06.92,certificate No, 76823

Maximum operating insulation voltage: 630Vpg
Highest permissible over voltage: 4000V pK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"

Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{min.)

Schmatic
lee
‘*ww
Veo
I
-»
9 Vo
o dat
3 Vo
GND

A 0.1uF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Truth Table
™ 2
Input on On off
LED off off On

122015 w U"
Usv01

J!ATC'-".'E L

LR

TOSHIBA 11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1 s

2{] 17
3[}3 6

4[] 15

:N.C.

: Anode

. Cathode
:N.C.

:GND

Vo (Output)
Vo

‘Veo

O~ O B W

2004-06-25
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current deraling (Ta 2 70°C) Alp 7 ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IppT 1 A
Reverse voltage Vr 5 "
Junction temperature Tj 125 ’c
“H'peak output current (Py < 2.5us f < 15kHz) {Note 2) lopH -1.5 A
“L'peak output current (Pyy < 2.5us,f < 16kHz) (Note 2) lopL +1.5
(Ta £70°C) 35
Output voltage Vo v
5 (Ta = 85°C) 24
E (Ta £70°C) 35
3 Supply voltage Vee v
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVp ! ATa -0.73 vVi‘c
Supply voltage derating (Ta 2 70°C) MVeg/ATa -0.73 Vi/i°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsal 260 °C
Isolation voitage (AC, 1 min., RH.< 60%) (Note 5) BVg 2500 Vims

Note 1:  Pulse width Py < 1ys, 300pps

Note 22 Exporenential wavefom

Note3:  Exporenential wavefom, lop < ~1.0A( < 2.5ps), lopL < +1 DA( £2.5us)

Note 4: It is 2 mm or more from a lead roct.

Note 5:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
: Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 s 0.8 \
Supply voltage Veo 15 - o | 20
Peak output current lopHllopL - . +0.5
Operaling temperature Topr -20 25 70 85 *C

Note 7: Input signal rise time (fall time) < 0.5 pis.

2004-06-25
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Test
Characteristic Symbol | Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE - lp=10mA , Ta=25C 1.6 1.8 \
Temperature coefficient of i i B _ .
forward voltage AVe ! ATa - Ig =10 mA 2.0 mVv/°C
Input reverse current Ig — |Vr=5V,Ta=25C - 10 HA
Input capacitance Cr — |V=0,f=1MHz , Ta=25C - 45 250 pF
» Ig = 10mA
H" level IOPH 3 -0.5 -1.5 -
s Vg.g=4V
Output current ;"13;3 o i A
» lg=0 -
1" level lopL 2 Vg5 - 25V 0.5 2
. Voot = +15V, Vg = -15V _
H’ level Vo 4 RL = 2000, If = 5mA ik 128
Output voltage v
" Vegt = +15V, VEgy = -15V _ i _
"L level VoL 5 RL = 2000, VF = 0.8V 14.2 12.5
Vcc=3W,|F=1UmA _ 7 _
*H" level lecH — [Ta=25°C
Ve =30V, IF = 10mA - - 11
Supply current i . mA
VC(';::?;OV- IF = 0mA . 75 .
1" level ot . |Ta=25°C
VCC =30V,i|== OmA —_ - 11
Threshold input “Output ) ey _ |Voct =418V, Vggr =15V _ 12 5 ik
current L—H Ry =2000, Vg > OV
Threshold input “Output ) IFHL _ |Veet1=+15V, Vggy =15V 0.8 _ _ "
voltage H-sL RL=2000Q, Vo< OV
Supply voltage Vee - 10 - 35 v
(?apaclance Cs _ |Vs=0,f=1MHz _ 10 20 pF
(input-output) Ta=25C
g : Vg =500V , Ta=25C 12 14
Resistance(input-output) Rs ~  |RH.<60% 1%10 10 - Q

* All typical values are at Ta = 25°C  (*1): Duration of I time < 50us

3 2004-06-25
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir~ Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tatH —_ 0.15 0.5
delay time Hosl tokL lg = 8mA (Note 7) — 0.15 0.5
6 Vet = +15V, Vggq = =15V HS
Output rise time t RL=2000 - e —_
Qutput fall time tf — — —
Common mode transient
s . x Vewm = 600V, I = BmA
immunity at high level CipH T = = ED ~-5000 - — V/us
output Voe =30V, Ta=25°C
Common mode transient
L ; Ve = 600V, I = OmA
immunity at low level CmL 7§ o = 0 5000 - — Vips
output Vee =30V, Ta=25°C

* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.

4 2004-06-25
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TLP250

Test Circuit 1:

[

| s I o |

4[]

Test Circuit 3 : IOPH

1[]
1
" <5_[

Test Circuit 2 ; IOPL

10
I
(
[

J

Test Circuit 4 : VOH

= 0.1uF

Vee
e
lopL
Ves

d L]
{———m= ©

T T

1[]
b —[
o

8
@
Vet
] L opF T
R

loPH Vo
o] [
1
SUEPSERR, | )
Test Circuit 5: VoL
i }I—
J._E ] 7 o &
Ve .[ J- RL
(N Al
4
L
T Vee
5 2004-06-25
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TOSHIBA TLP250
Test Circuit 6: tpyH, thHL, tr by
8 A
[ ' Ie t .
J Lk 0.1pF 1 Veer < A«
© [ ]' Vo T Vou 80%
. R Vo oo
= o ,}7 [e——=V_ 80%
1000 § [] In; 1 | tHL
£ VEE1 ” T
Test Circuit 7: CyH, CmL
8
1]
sSW ...E.F..; 0.1uF
] T 4 Vee
Ao'o B T
I ]“ —9%Vo
] H
@ Vem -
et p
600V
P
VCM 10%
L 480 (V
e e ] Citin (V)
W A(IE=8mA) 1 (ps)
CMH Cun = 480 (V)
Vo R VA M T
N\ .
HL
SW :B(Ig=0)

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the cutput

veltage in the low (high) state.

2004-06-2
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TLP250

(mA)

IF

Forward current

Allowabie forward current

Aliowable peak output current

(mA)

IF

A)

loPH, loPL

lg=Vg
100y
fTa=25°C
so] =
0 T {£-
10
5k :
" F o
F i
1
05
03 +
01
005 y i
003 ﬁ
0.01
1.0 12 14 16 18 20
Forward voltage Vg (V)
Ip~Ta
40
o}
&Y ‘““- -
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0
0 2 40 L] 80 100

Ambient temperature Ta (°C)

lopH, lopL —Ta

T T ey

PW=S 25ps.15 15KHz

0 ) 40 LY 80 100

Ambient Temperature Ta (‘C)

Forward voltage temperature
coefficient AVg/ ATa(mV/°C)

Allowable supply voltage Ve (V)

AVg ! ATa-Ig
26
24
.22 b‘
e
-20
1.8
-16
1.4
01 0.3 05 1 3 5 10 30
Forward current I (mA)
Voo ~Ta
o}
20
10,
0 20 40 ] 80 100

Ambient temperature Ta (°C)
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TOSHIBA TLPZ50

RESTRICTIONS ON PRODUCT USE

. * Theinformation contained herein is subject to change without notice.

e The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or othier rights of the third parties which may result from its use, No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

¢ TOSHIBA is continualy working to improve the quality and refiability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and wulnerability 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 wamanted for usage in equipment that requires extraordinarily high quality and/or reliabifity or a
maifunction 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, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer’s own risk.

The products described in this document are subject to the foreign exchange and foreign trade laws.

TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

* GahAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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Abstract
Solid state transformer (SST) is presented in this thesis. SST is the
combination of high-frequency transformers and power electronics
circuits. The total losses of the solar farm system can be reduce while
solar-farms are not used in the night time by using SST. Under voltage
and over voltage prevention are also the advantages of a SST compared
to a low frequency transformer. The inverter which is connected to utility
system is specifically interested and developed in this thesis by using

three-level modular multilevel inverter topology. PSIM 9.0 is used to

simulate by generating PWM signal with a phase disposition PWM
method. The 300 watt prototype is also developed for experimental
validation. The tests are operated on several conditions such as full-load,
half-load, and an induction motor with lamp load. The efficiency
measurement, THD, and THD, are also validated. The study illustrate that
the simulation and experimental results are in good agreement. The total
efficiency of the developed prototype is about 70%.
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