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Abstract

The three-level neutral point clamped (NPC) inverter has evolved into standard for medium
voltage motor drive systems. The harmonic components of output voltages less than the two level
inverter at the same switching frequency. The problem of the three-level inverters is the switching
loss because there are twelve switching devices.

The thesis presents the minimized switching loss SVPWM for three-level inverters. The no
switching duration techniques are employed for reducing the average switching frequency. The
no switching technique is set the no switching duration in the centre of the peak value region of
load current. The no switching duration is 60 degrees for the positive half period and 60 degrees
for the negative half period. There are three types of minimized switching loss methods. Typel is
used to reduction switching loss for the unity power factor load, type 2 is suitable for leading
power factor load and type 3 is suitable for lagging power factor load.

All type of minimized switching loss methods are simulated by using Matlab/Simulink.
The DSP (TMS320F2812) is used to realize the PWM algorithm. From result, using the proposed
methods switching loss can be minimized at least by 30% when comparing with conventional
space vector (CSVPWM).

(Total 123 page)

Keyword : Three Level Inverters, Switching Losses, DSP (TMS320F2812), CSVPWM
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2.1 Discontinuous Modulation technique [6],[7]

U =S

Aas . . . I ) Aas o a 4
15 Discontinuous Modulation nJuﬂTmuﬁummﬂmmﬁmmﬂmﬂmimwmm

LT )

a 4 4 o Yo do ra A o '
DULIDINDITIITEAY Iﬂﬂi%ﬂﬂﬂ%uﬂﬁm@ﬂmﬂ LL‘UTJlliJG]’E)Lu@Q GlUﬂ"IiﬂWWUWD"NL’Ja']ﬂTiﬂQ
9 a oA 1 = a a A a a
ANTDIUSUDINTAIAKIWDAAAURAYIAINNDUDINT T INY HBIIINAINUDUDINITHIAK VS

v v o w = a o ~
wsAunuMasgadennmsalagaeaumsi (2-1)

1
Psw: EVdIOFS(TC(On)+TC(Ofﬂ) (21)

Taeh
A [ d‘ 1 d a 4
vV, fo uimumﬂﬂiauqﬂﬂmm@%
A A ' S a <
1 o ﬂizuaw‘lwamuqﬂﬂimmm
A cs' a 4
F A ANUDNITAING

A A & ) . A
T Ao naMuraTINUDIIAINTUU (rise time) YDINTLLEAN

c(on)

1 a o o @ { 1 a J
VlWaN1u€‘T’J‘W‘Hﬂ‘UL’JEﬂﬂﬁ@ﬂ (fall time) mﬂﬂlliﬂﬂuﬁﬁﬂﬂiﬂhﬁjﬁ%

= A g dy v A 1
T Ao NI UNATINVOIIAINTUHVDILTIAUNANATOY

c(off)
a Jd o A 1 a 4
fT’J@]G]fﬂ‘]JL’Ja”IﬂﬁGIﬂ‘]JE’Nﬂﬁzuf’f‘ﬂhlﬁawﬂtlﬁ’m%

[

{ ° V I 1 { < )
naumsn 2.1) sdmualn Td(TC(OH)+TC(Ofﬂ) WumaanogiunMaegyde

a d g 1o { ' a J A a dJdo 3 o w
%WﬂﬂWﬁﬁﬁﬁGBi}géﬁu@gﬂUﬂi&LﬁﬁthaW1u’ﬁ'JW]f HASANUDUDINITAIAFAIUUNITAAN 1A
= a 4 o 4 9 a o 1 1
qmy!ﬁ'ﬂiﬂﬂﬂﬁﬁﬁﬁcﬁﬁWNWii‘lﬂWllﬂ IﬂEJﬂTﬁﬂ\iﬂNﬁﬂTLJZGUf]QﬂWiﬁ?ﬁGﬁﬁlH%’J\?ﬂW’qqqﬂﬂl@ﬂzﬂ
o 1 a 4 a J v W
ﬂi%uﬁﬂWiﬂTﬁuﬂ‘B’Nﬂﬁ'ﬂ\‘i‘f’g{Nﬁﬂﬂ«!g NITAINY NNTUINNAYBINADTLUTIAUAY

NINN2-1



(100)

(011 <=

va VA > axis

(001 (101)

MWN 2-1 AlHnenes 1T IR UUBIDUNDS DS TDITZA

A s o a s 2 o a s 7 o
AINNINN 2-1 ﬁ!ﬂ“lﬂ')ﬂm@ﬁLlﬁﬂﬂuﬂlﬂx‘l@ul’lﬂﬁLﬁ@ﬁiﬂﬁm’)hlﬂ (@utﬂ@ilﬁ@iﬁﬂxﬁgﬂﬂ)

] 4 IS o 1 J o ] @
wulusnmeseandy 6 !Glfﬂm’E]ﬁIﬂﬁllmﬁ&cﬁﬂm@‘i%%‘ﬂWHNﬁNﬂu 60 ﬂﬂﬁ?ﬂ?\ﬂ?\lﬂ?

v v
= =

~ 9) 3 a 3 o 4 9 @ [ A o A o =]
199910 1Haan lsnageuiluduanFUNBIANDT  ATTUEITATHAIUTIAWILB RN UANNAILT
1 [ o 3 A 1 w [ oaj
MsznounIds (Power factor) Uszunal 0.866 W3amiy 30 aarnma Inihdaiumsag
] S a A ] A A Jdx 1 o ] ) A oA
ANFADIUMSTAAINGND A URNAOVDINTAINTFUMAT  ILADIAIANTDIUE  NMTAIAFN
4 o 5 Y] 1 4 o @
A0S 1 LAZIFNIADS 4 FI9zATINUMgIgArDIgUaaunTzud MuuInuazduay dmsy
o A o ' o ] o o oA o ¢ A
wanmsaing lunaazinmesazldnnmesgud (v7,ve) lumilouny Tasluaniaes Avz
4 @ [ g 4 @ 4 o a 1
Tnmesusedu v8 dauwnmesgezldnnmesuseau v7 ield a5 Tuin vesnszuaiian
' 9 SY A ] P Y o o v Y Aa
anad  TuaiuveInsasannmesonnss  szldnnneineglnameanunnmesLsId U199
£ =\ o YA = a 4 1 = 4
gazUmam lnumslasunasaauzveosmsaing 1 wa aemslasunilasvesnnnes
[ o Y d‘ a 4
15I9U M IMANVIMIaInTanas
[ o w as dyd rr'q'./ d' [ n'a';
nanmsdiAyvedsmstasmsmilandumsneqan  Nanuuana19veIlansuns
A 9 P P T o ° ) 3 o ~ @
wagrEaNeINNMI IsNMmasguInuanany Tasimualia k Wudwlsiulsiuns

Y 4 @ | Y A o W J Y o Y
NUNNRDIUTIAU V8 tag (1-k) Wuanlsnulsiununnmesisau V7 MTNMUUAAIAD

s k aaa lddaning 2-2



(1-K)T, T T

A
\j

s 22 guluuuadvesdanls k waz (-0 Tuwnines 1

[

o v Aax o =S a o o 9 o 1 T W a’d‘
ﬁ”l?ii‘]J’J‘ﬁaﬂﬂ"lﬁ\‘IQﬂJLﬁﬂﬁ]1ﬂﬂ1§ﬁ?ﬁ%ﬂ11ﬂ1@ﬂﬂ1ﬁuﬂﬂ1 k iy 1 Twsnwesa wag

[ s A g 4 A 1 4 =\ ~ o W 4 9
mmuﬁu&tumﬂuwﬁﬂmai Lummmmamc}sﬂmai%umnimmﬂummnﬂmm!,Lazml%

4 1 =\ [ [ 3 =KX 9 LY ) P Y1 o o
nﬂmaiﬂuﬂumuauﬂu @N‘L!Lli]\i@]@\iﬁ11/\]\1ﬂ“]fuﬂWiiJ‘DE]mTlnﬂLWﬂL@]ﬂi%Q%%UlﬂﬂW\lﬂﬂWUﬂ”ﬁ

WQENAIANMIN (2-2)-(2-7)

Aes T (1) 5 (@) = (—1+ 2k) + (2 — 2k) x m sin(g +a) (2-2)
WRes 2) ; (@) = (=1+2K) — 2k x m x sin(ai + (2 — 2k) x m x sin(g ta)  (23)
wAnsA 3): f(a) = (=1 + 2k) — 2k x m x sin(g +a) (2-4)
wRAesT 4); (@) = (~1+2k) — 2k xmx sin(g + ) (2-5)
wARes A (5); f(a) = (—1+2Kk) — 2k x m x sin(g —0)+(2-2K) x mx sin(g +a) (2-6)

BABTN (6); [ () = (=14 2k)+ (2 — 2k)x m xsin (% +a) 2-7)

NNTUNMIN (2-2)-2.7) unua k 429 1 lunmss auazunual k @28 0 lumnmos

G

Yo o as o w = A Jdo A Y] '
fl]gllﬂLNQﬂ(’]fuﬂ’lﬁ3JE]@,LaV]6U@\1’J‘ﬁaﬂﬂ’]a\quulﬁﬂﬁnﬂﬂ’ljﬁjﬂcﬁ@]Qﬁmﬂ’]jcﬂ (2'8) UazDUNUA k

) Yo o an 2 o e
718 0.5 ilgll@ﬁ/\l\?ﬂ"]fuﬂ’li11@@,Lﬁ‘V]GIJ@\13‘ﬁE‘TL‘]J%L?ﬂm’i)i!LiﬂﬂHLLUUWHﬂWH



1 for 0<oi<—~
3
2m x cos(ao— E) -1 for T~ <qi< 2n
6 3 3
2m x cos(oo+ E) -1 for 2n <oai<m
6 3
fla) = 4
-1 for nSai<7;
2m x cos(oo— E) +1 for n <oi< on
6 3 3
2m x cos(ao+ %) -1 for 5% <ai<2n

(2-8)

2.2 Hybrid PWM technique [8 ]
a yd o ad v I ' .
Wostidumsiuaue  Fmsueqananuninvesiadizondl  Hybrid  PWM
. 4 o~ s A ' 3 o a & o w
Techniques  F4NYAlszaRANDAAAIDTIFUAANUHANEUIINYDINTZLA  HAZAARIAd
= A a 4 9 I~ 4 ~ o yas
quudeiionnmalIag mszlsmaaeuiluyemesivileniaumla Tael¥3505
@ @ o o a P P v o A aa g \ a @
AlInNAas IR UMM UBUNDINDI ARITLAUAINIMN 1 ITMIHazueglunumsadng
' o I ' A o P Yo
Youaazirnesoonu 7 JUuuy maniigluuumsaiadveasnaeif 1 uaasldas nmw

n2-3



(@)

Y

T
o Lo T/ . :
T

(©)

\

(d) ‘ 1 I 8 I 1 I 2 I

A\

(e)

) T 7 [ 2] 1 [2]

Y

(@) Tl 7 [2 | 1 | _

a a < ' s
HNINN 2-3 ?jﬂllﬂﬂﬂ'ﬁﬁ?ﬁ“ﬂ!ﬂﬂﬁﬁﬂﬂl@ﬂl“ﬁﬂlﬂ@ﬁ‘ﬂ 1

A a 1 s Yo
NN 2-3 taasgluuumsaInguuuaveusnnein 1 Tagldduay (1-8) unu
J @ [ a d an .
NAMDINIIAY (V1-VY) ‘;”ﬂ (a) %zgﬂugﬂuuumimmmma‘ﬁ Conventional Sequence
A ~ P} % s s A v 9
(HRIINNMT IFINADTAUE2 1INADT (V7,V8) TUADUITUALIAZAOUEANIEVDINILIAINT
a IS a o a % 3 s
aang 51 (b) uaz (c) azilugluuumsainguosis Bus clamp Sequence #99g 14nmosgud
v A o a 4 a 4 = £ A (=
andenTumssmuagluuumsadas Tu 1 awnaimsaladeziivalamaniien lifins
a S 1 ~ A =\ = ogj a ¢ =& =\ o Y
g dauanmaevzimslasundas 1 asilu 1 munamsaing Feezinanilian
AunavanudmIadagla 51 (d)-(z) AR WAITBus clamp Sequence uAlu 1 AWAT
A dq 9 s o A g & = Iy A o '
AN FINADTUIIAY VI UTD V2 aeaniidaszinalumsanas luin  endtediagiluuy
A @ ) S da A A v 2 o
msadasgl (d) szldnnmesgudanagine v8 uazlannmes v deansaly 1 aunainis
a S A A a 4 a 4 = A 3
AN WoNNTUFIU MIFIAE 11 1 MmunamsaIasld a azimsilasuuilas 2 asa

{ us/' 1 a oA
wler b aglimanldsuntlas 1 ase dauld ¢ asddeaniue msaiagh au 1ngduuums



[

a o’q’j 1 o I 1Y as d' o = a 4
AIAYNN 73ﬂl!ﬂﬂ1ul!@]ﬁ3!%ﬂl@ﬂi ulﬂllﬂTi‘W{531Ll1’JTJﬂﬁ‘i/lﬁ"liJ"liﬂﬁﬂﬂWﬂxiqmulﬁﬂi]"Iﬂﬂﬁﬁ’m‘ﬂ)’

o a ~ 1 as . . &£ ' 9 3 ax o A
1aLens luin (59n3135 Hybrid technique Fautisoon laiilu 4 35aenini 2-4

2721
7212 7212

8127 8127

wuuhl 2

&
Hyyn 1

8127 721

W 3 WUUH 4

NN 2-4 gﬂuumaﬁ% Hybrid PWM techniques

VINMNA 2-4 1AAIIT Hybrid PWM techniques NA1WDYagIM 60 Hz Tash A
c; { [} 1 < 1 1 ya .
AMAAUBINNUDYAFINILDYITUIN 40-50 Hz dxriunluudazunuazlsds Conventional
1 [ Y= ~ A o' v A Ya
Sequence 37UNUAT  Bus clamp Sequence  1ABNANUAAINIIANVDYAFIUILIHIT
. A Is A A ~ Yas A
Conventional Sequence LwaaﬂaﬁTnummzmamauﬂagm%ﬂ%n Bus clamp Sequences IW®
1 A A a J o 3 4 3 a, @ o as
anfAmasANDveIMsadng auiwileldieaeedtsauiu e liannsoeenuuuizms
4 v dY am 4 o A o w = a 4
¥OQYIEANANUNINVBINAdAI ITM I INNeIHTIAUNAINTOMAIGYTeNMTAIAY
Iy a Y o Ao v o W an A Y a o1 '
uazes luilad ld  wanmidAyddgueditmsiinemsasdnaniugmaiadyismgaga
A =~ A a 4 q’/j 1 ~ 9 9 4
veegUnaunsuatazimsnlasuaouzmaiacg ao3ns lurnnnszum lnagagud

(Zero crossing)



2.3 Bus Clamped Technique [9,10]
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Typedef struct

{
_iq Gain; // Input : reference gain voltage
_iq Offset; // Input : Reference offset voltage
_iq Freq; // Input: Reference frequency
_iq Alpha; /I Sector angle
_iq Newentry; /I Sine (angular) look-up pointer

Uint32 SectorPointer; / Sector number

iq Tal; /" Output to MfuncCl1

iq Tbl; /" Output to MfuncC2
iq Tel; /" Output to MfuncC3

iq Ta2; /" Output to MfuncC4

iq Tb2; //" Output to MfuncC5



_iq Tc2; // Output to MfuncC6
Void (*cale)(); // Pointer to calculation function

} SVGENMF;
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(Hz) | sdallh | nszua usedu | daeliih | nszud TEAEIY
W) (A) V) (W) (A) %)
20 42 0.38 112 17.2 0.34 29.4
25 52 0.48 112 26.4 0.42 36.3
30 64 0.56 112 36.6 0.49 43.2
35 79 0.72 112 50.6 0.58 50.4
40 93 0.85 112 67.7 0.65 58.2
45 113 1.03 112 85.18 0.75 65.4
50 135 1.2 112 103.5 0.84 72.6
55 135 1.2 112 103.5 0.84 72.6
60 135 1.2 112 103.5 0.84 72.6
madi 52 HAMINABBINI Bl InaanNUAIUNILYBIITanfd g desinmsaing
A Buwn IMUN
Hz) | sdalh | nszua useau | daeliih | nszua TEReY
W) (A) V) (W) (A) V)
20 48 0.45 112 253 0.42 34.8
25 58 0.56 112 35.7 0.52 43
30 73 0.65 112 50.2 0.56 51.7
35 94 0.83 112 70.5 0.68 59.4
40 117 1.03 112 93.4 0.82 68.8
45 137 1.22 112 122.2 0.88 78.2
50 173 1.52 112 146.4 0.92 86.7
55 173 1.52 112 146.4 0.9 86.8
60 173 1.53 112 146.4 0.9 86.8
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Frequency (Hz) Total Loss (W) Conduction Loss (W) Switching Loss (W)
20 24.8 0.989 23.8
25 25.6 1.87 23.73
30 27.4 3.14 24.26
35 28.5 5.02 23.5
40 253 7.32 17.98
45 27.82 10.95 16.87
50 334 15.28 18.12
55 334 15.28 18.12
60 334 15.28 18.12
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A
Frequency (Hz) Total Loss (W) Conduction Loss (W) Switching Loss (W)
20 22 1.52 20.48
25 21.8 2.89 18.91
30 22.5 4 18.5
35 233 6.85 16.15
40 24.2 11.65 12.55
45 25 15.35 9.65
50 26.9 17.54 9.36
55 26.9 17.54 9.36
60 26.9 17.54 9.36
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Abstract

The three-level neutral point clamped (NPC)
inverter has evolved into the standard for medium voltage
motor drive systems. There are twelve switching devices
(twice as the two level inverters), consequently the
switching loss problem is more serious. This paper
describes the minimized switching loss SVPWM methods
for the three-level inverters. Hard switching technique is
employed for reducing the average switching frequency.
All types of minimized switching loss methods are

simulated by using MATLAB\ Simulink.

Keywords: Three level inverter, switching loss. Hard

switching technique, SVPWM, Digital controller.

1. INTRODUCTION

Three-level inverters are suitable for the high voltage
AC drive. Each switching device is clamped to the half of
DC-link voltage. The harmonic components of output voltage
is less than the two level inverter at the same switching
frequency. The problem of the three-level inverters is the
switching loss because there are twelve switching devices.
Discontinuous modulation PWM techniques [1] is introduce
to reduce switching loss for the two level inverter. However,
it is not suitable for the three-level inverters. The three-level

inverters supplies 27 output voltage space vectors, thus

control of the three-level inverters is more difficult than the
two level inverter. Space vector base bus clamp PWM
algorithms [2] uses bus clamp technique to reduce the
switching loss but it is suitable for the high switching
frequency.

This paper used hard switching techniques to reduce
the average switching frequency and set the no switching
duration in the centre of the peak value region of load
current. Each sector of this method consists of four region
of the space vector, thus it’s easily to  determine the
location of the command voltage for select the switching
pattern. In this paper, the minimized switching loss methods
Typel is used to reduction switching loss for the unity

power factor loads. Type2 is used for the lagging loads and

Type3 is used for the leading loads.

2. SVPWM TECHNIQUES

The circuit diagram of the three-level inverters is
shown in Fig.1. The three phase AC output are denote as U,
V, W respectively. Each phase has the possibility to output
+Vdc/2, 0, -Vdc/2 with the reference to DC bus middle
point and each branch consists of two main switches, two
auxiliary switches and two auxiliary diodes. The switching
state (+1, 0, - 1) are summarized in Tablel for the three

phase U, V and W.
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Fig.1: Circuit diagram of the three-level inverters

Table 1 : Switching state for the three-level inverters (x= u,

v, w)
Switching S, S, S, S, V.,
State
1 On | On | Off | Off Vdc/2
0 Off | On | On | Off 0
-1 Off | Off | On | On -Vdc/2

Tablel shows the total switching states of the three-level
inverters. There are 3°=27 switching states. From actual space
vector analysis, the inverter can only produce 19 distinct
space vectors, which are shown in Fig.2. They can be

classified into five groups as shown in Table2.

q
A
\Y4 Sector 2
-11-1 1l 111
Sector 3 10 v «\ Sectorl
~110 00= « 0-1
—111 11 011 114 d
011 009 w0 /U
Sector 4 001 ho1
-101 -1-10 0-10 1-10
Sector 6
-1-11
/ 0-11 \ -n
W Sector 5

Fig.2: Space vectors of the three-level inverters

Large Middle P-type N-type Zero

vector vector Small Small | vector
vector vector

1-1-1 |10 -1 100 |0-1-1

11-1 01 -1 110 00-11000

-1 1-1|-110 010 |-10-1]1T11

-1 11 ]-101 011 -100 | -1-1-1

-1-11]0-11 001 -1-10

1-11 1-10 1 01 0-10

Space vector diagram of three-level inverters in Fig.2
consists of the six major triangular sectors each sector
represents 60 degrees of the fundamental cycle. There are

four small triangular sectors in the each major sector.

1-1

1
Viu(Ty)

Sectorl

Vu(Tw)
110 MM
V31(T51)00_l 10-1

(1) é g \ \ 1-1-1
- v (T, 01_ (]’-_01 Vio(Tw)
VSO (T SO )

Fig.3: Space voltage vector in sector 1

Fig. 3 shows the command vector (v¥) falls within small
rectangular A3. The vector output can be calculated

according to the following vector equations.

TsoV so+T MVM +T51V s1— V*Ts (M
Tgo+Ty +Tg, =Ty, )

The location of the command vector can be calculated in the

four criterions when the command vector is described as.
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Fig.4 shows the no switching durations for the
\/5 minimized switching loss methods Typel, Type2 and Type

Criterion1: ~ V 2 —
4 3. Where phase-U is reference phase and theta is 30
Criterion 2: degrees for the leading loads (Type2), and 30 degrees for

lagging loads (Type3). The no switching duration must be

- 2,

Criterion3: ~ V  — \/§VY 20.5 60 degrees for the positive and the negative peak value
2 region of load current. The best method for reducing

Criterion4: V, ——V, >0 o ) o o
\/§ switching loss is to set the no switching durations in the

The sector of the command is determined according to center of the positive and the negative peak value region of

Table3. the load current [3]. For example, the vector sequence in

area3 (A3) Type2 shown in fig 5.

Table 3: The relation between the region and the criterions

VXH
A
criterion Region Region Region Region vdc/2 : ! ! ! ! !
| I I I I
0 I [ [ [ [ > U
Al A2 A3 Ad -Vdc/2 | | | | | |
: I I I I I
I I I I I
1 False False False True Vdc/2 I T ] I I
0 : 1 } } } } - \/
. I I I I I
2 False True True True Vdc/2 : : : : : :
Vvdc/2 ! | | | | |
3 False True False False 0 ' : : » \\/
-Vdc/2 l— | |
100 [10—1 110 110 10—1, 100
4 True True True True Ty Teo T Tw Tg T

Angince

3. MINIMIZED SWITCHING LOSS SVPWM
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Fig.4: No switching duration

Fig.5: Vectors sequence area3 Type?2

4. SIMULATION RESULTS
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Fig. 6: Line to line voltage
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Fig.10: VI, Conventional space vector method

Fig. 6 shows line to line voltage for the three-level
inverters. There are five levels voltage; Vdc, Vdc/2, 0,-
Vdc/2, and -Vdc. Fig. 7-9 shows the simulation results of
the minimized switching loss methods. The duration of no
switching is set to the center of the positive and the negative
peak value region of load current. The no switching
duration is 60 degrees for the positive half period and 60
degrees for the negative half period. Fig.10 shows the
conventional space vector method which there is no

reduction of switching loss control.

5. CONCLUSIONS

A types of the minimized switching loss methods
can be reduce the switching loss at least by 33% when
comparing with the conventional space vector PWM
(Fig.10). The minimized switching loss methods used to
improved the system efficiency and the output voltage
quality. The proposed method is accuracy for determine the
location of voltage vector. The implementation on DSP

TMS320 F2812 will be done in the future work.
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General Description

These N-Channel enhancement mode power field effect
transistors are produced using Fairchild’s proprietary,
planar stripe, DMOS technology.

This advanced technology has been especially tailored to
minimize on-state resistance, provide superior switching
performance, and withstand high energy pulse in the
avalanche and commutation mode. These devices are well
suited for high efficiency switch mode power supplies.

QFET™

Features

. 66A, 800V, RDS(on) =1.9Q @VGS =10V
« Low gate charge ( typical 27 nC)

« Low Crss ( typical 10 pF)

¢ Fast switching

« 100% avalanche tested

« Improved dv/dt capability
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Symbol Parameter FQP7N80C | FQPF7N80C Units
Vpss Drain-Source Voltage 800 \%
Ip Drain Current - Continuous (T¢ = 25°C) 6.6 6.6 * A

- Continuous (T¢ = 100°C) 4.2 4.2 * A
Iom Drain Current - Pulsed (Note 1) 26.4 26.4 * A
Vgss Gate-Source Voltage +30 \%
Eas Single Pulsed Avalanche Energy (Note 2) 580 mJ
IAR Avalanche Current (Note 1) 6.6 A
Ear Repetitive Avalanche Energy (Note 1) 16.7 mJ
dv/dt Peak Diode Recovery dv/dt (Note 3) 45 VIns
Pp Power Dissipation (T¢ = 25°C) 167 56 w
- Derate above 25°C 1.33 0.44 w/°C
T3, Tste Operating and Storage Temperature Range -55 to +150 °C
Maximum lead temperature for soldering purposes,
T 300 °C
1/8" from case for 5 seconds
* Drain current limited by maximum junction temperature.
Thermal Characteristics

Symbol Parameter FQP7N80C FQPF7N80C Units
Raic Thermal Resistance, Junction-to-Case 0.75 2.25 °CIW
Rais Thermal Resistance, Case-to-Sink Typ. 0.5 -- °C/W
Rgia Thermal Resistance, Junction-to-Ambient 62.5 62.5 °CIW
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EI eCtl’Ica| Ch aI’aCterIStI CS T = 25°C unless otherwise noted
Symbol ‘ Parameter Test Conditions ‘ Min ‘ Typ Max ‘ Units
Off Characteristics
BVpss Drain-Source Breakdown Voltage Vs =0V, Ip =250 pA 800 - - Y,
ABV
pss | Breakdown Voltage Temperature Ip = 250 pA, Referenced to 25°C | - | 093 | -- | V/°C
[ ATy | Coefficient
Ibss Vps =800V, Vgg=0V - - 10 A
Zero Gate Voltage Drain Current
ge Prain Lu Vps = 640 V, Tg = 125°C - ~ | 100 | pa
Igssk Gate-Body Leakage Current, Forward | Vgs =30V, Vps=0V - - 100 nA
Igssr Gate-Body Leakage Current, Reverse | Vgs =-30V, Vpg =0V -- -- -100 nA
On Characteristics
VGsith) Gate Threshold Voltage Vps = Vs, Ip =250 pA 3.0 - 5.0 Vv
Rps(n) | Static Drain-Source
Ves=10V,Ip=3.3A -- . .
On-Resistance Gs b 1.57 1.9 Q
OFs Forward Transconductance Vps=50V,Ip=3.3A (Note 4) | -- 5.5 - S
Dynamic Characteristics
(of i _ _ -
iss Input Capacitance Vps =25V, Vgs =0V, 1290 | 1680 pF
Coss Output Capacitance f=1.0 MHz -- 120 155 pF
Ciss Reverse Transfer Capacitance -- 10 13 pF
Switching Characteristics
t - i -
d(on) Turn-On D_elay Tlme Vpp =400V, Ip = 6.6 A, 35 80 ns
t Turn-On Rise Time Rg=25Q -- 100 210 ns
ta(off) Turn-Off Delay Time -- 50 110 ns
1 Tum-Off Fall Time (Note 4,8) | 60 | 130 ns
Qq Total Gate Charge Vps =640V, Ip = 6.6 A, - 27 35 nC
Qgs Gate-Source Charge Vgs =10V -- 8.2 -- nC
Qqd Gate-Drain Charge (Note 4,5) | -- 11 - nC
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Drain-Source Diode Forward Current -- -- 6.6 A
Ism Maximum Pulsed Drain-Source Diode Forward Current -- - 26.4 A
Vsp Drain-Source Diode Forward Voltage | Vgs=0V,Is=6.6 A - - 1.4 Y,
ey Reverse Recovery Time Vgs=0V,Ig=6.6 A, - 650 - ns
Qrr Reverse Recovery Charge dlg / dt =100 Alus (Note4) | - 7.0 - uc
Notes:
1. Repetitive Rating : Pulse width limited by maximum junction temperature
2.L =25mH, Ixg = 6.6A, Vpp = 50V, Rg = 25 Q, Starting T, = 25°C
3. Igp < 8A, difdt < 200A/s, Vpp, < BVpgg, Starting T, = 25°C
4. Pulse Test : Pulse width < 300us, Duty cycle < 2%
5. Essentially independent of operating temperature
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Typical Characteristics (continued)
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Zg JEt), Thermal Response
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Typical Characteristics (continued)
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Figure 11-1. Transient Thermal Response Curve for FQP7N80C
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Figure 11-2. Transient Thermal Response Curve for FQPF7N80C
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Peak Diode Recovery dv/dt Test Circuit & Waveforms
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Package Dimensions (continued)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not
intended to be an exhaustive list of all such trademarks.

ACEx™ FACT™ ImpliedDisconnect™ PACMAN™ SPM™
ActiveArray™ FACT Quiet series™ ISOPLANAR™ POpP™ Stealth™
Bottomless™ FAST® LittleFET™ Power247™ SuperSOT™-3
CoolFET™ FASTr™ MicroFET™ PowerTrench® SuperSOT™-6
CROSSVOLT™ FRFET™ MicroPak™ QFET™ SuperSOT™-8
DOME™ GlobalOptoisolator™ MICROWIRE™ QS™ SyncFET™
EcoSPARK™ GTO™ MSX™ QT Optoelectronics™  TinyLogic®
E2CMOS™ HiSeC™ MSXPro™ Quiet Series™ TruTranslation™
EnSigna™ [2c™ OCX™ RapidConfigure™ UHC™
Across the board. Around the world. ™ OCXPro™ RapidConnect™ UltraFET®
The Power Franchise™ OPTOLOGIC® SILENT SWITCHER® VCX™
OPTOPLANAR™ SMART START™

Programmable Active Droop™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formative or In
Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.


http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
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