ClRCU T AND METHOD FOR | MPROVI NG SHORT- Cl RCUI T CAPABILITY OF | GBTs
BACKGROUND OF THE I NVENTION 1. Field of the Invegt

present invention relates to short-circuit prot£8 ﬁ 0 4 0 6
specifically, to a circuit for protecting high

controller circuit. 2. Description of the Related Art:

common requi renent of | GBT inverters for notor control |s t hat HH%Sﬁ(ﬁﬁ@
must be able to withstand short-circuits for periods that are in the range
of 5to lops. The capability of an I GBT-t@ w thstand short- 15 circuit
for a given period of tine is essentially determ ned by the gain under
short-circuit. At present, two basic types of | GBTs are generally

avail abl e, nanely "short- cIRCOLT ANPOSETHOD FER eTHPROYNIRG prinarily for

The

not or control applicati ongHoR@~CcIRCEIQ Chgghmgﬂmyncywlgsmg' whi ch are
designed for applications where short-circuit capability i not needed,

such as switching power supplies. An inherent trade-off exists between
these two ty nvicgi. ago | | GBBTs (typically designed to
wi t hst and ZSHSECQéﬁb 2 &Egﬁﬁégaﬁo 10 ps) are inherently |ess

ef ficient than hi phed@f o€i theyIhtBhsiohut the Iatter have nore [imted

ihort % reuit capabili téf’he presen‘éslnv gri.gxaxt %glg es %dpls ortg-rclzol\@g:uit Fig.

protection circuits and, more specifically, to a circuit
for protecting high efficiency IGBTs in a motor
controller circuit.

2. Description of the Related Art:

10 A common requirement of IGBT inverters for
motor control is that the IGBTs must be able to withstand
short-circuits for periods that are in the range of 5 to
lous. :

The capability of an IGBT to withstand short-

15 circuit for a given period of time is essentially
determined by the gain under short-circuit.

At present, two basic types of IGBTs are.
generally available, namely "short-circuit" types which
are designed primarily for motor control applications,

20 and Yhigh-efficiency" types, which are designed for
applications where short-circuit capability is not
needed, such as switching power supplies. An inherent
trade-off exists between these two types of devices.
Short-circuit IGBTs (typically designed to withstand

25 short—-circuits for up to 10 ps) are inherently less
efficient than high-efficiency IGBTs, but the latter have
more limited short-circuit capability.



* Gen 4 high-efficiency | GBTs manufactured by the assignee of the present
“application, International Rectifier Corporation, have about tw ce the
short-circuit current 5 of short-circuit rated types. The greater
short-circuit current of the high-efpiciency type restricts its short- _
circuit withstand tine to less than a half of that of th auur N
rated type. It would be desirable for sem conductor HE%&%E
such as the present assignee to elimnate the nanufactur of SRt rcui
rated conponents, in favor of high efficiency types onIy The potenti al

advant ages woul d be: Ias Simhsfr&deaaﬁyf aﬁteu?naﬁsl Q¥ G iy, 1,
I nventory c h the manufacture of one basic

etc.
hi gh-ef fi ci 8%@ 4 Jptahre fr e ¥t TEGBTS manp fartrgesh ey \ihes assignee Bet t er
syst em sol uidforthd Prespht pDﬁéatﬂ@h rtﬂﬁéiﬁa’é&@ﬁalc'ﬂédﬁitﬁ%%pab' lity,

with greate desi I 1 nproved system perfornmance.
SUMVARY OF Fﬁé’ﬂ%?é’r\h‘?’h\l%ﬂée pé%@é t%;?ﬁ% nﬁ’s nSBOK QL srrent

descr gbed omm@umﬁmb@ﬁu%wswyeﬁr ovipHe N réae;lerxclaﬂoﬁuh%h%d for

i mproving the _shart - c eff|C|enc | GBTs in a

bilit
strikingly ?ﬁﬁf%??ﬁq Q&éﬁn? SQ%Y:§¥E§SE HQF%r%F% &Rt to the

user. In accdmhncte miﬂ:ﬁsit&md pttﬁﬁ@ntollwwttﬁﬂn éhhhﬂﬂ DPRMutdeF gnei rcuit
for protectlph%a%‘ ,q{ efélmen | GBT in a notor controller circuit,
wherein a c8 SR %R F¥YRR: provided in series with and externa

to said high efflCIenCNt|ﬁ3ﬁﬂdchefﬂéé&ﬁibléeféﬁoéémﬁbb@MMBt@%pab'||ty of

t he T. More i cal l t he pr.esent inventioR, in
i mand%%é%urers gﬁch asr¥h present assggnee to eliminate

the manufacture of short-circuit rated components, in

favor of high efficiency types only.
The potential advantages would be: _
1. Simplified manufacturing logistics,

15 inventory control, etc., through the manufacture of one
basic high-efficiency type of IGBT, instead of two
different types; and

2. Better system solutions for applications
that require short-circuit capability, with greater

20 design flexibility and improved system performance.

SUMMARY OF THE INVENTION
The present inventioh achieves the above-
described objectives and advantages by providing a
circuit and method for improving the short-circuit
25 capability of high-efficiency IGBTs in a strikingly
simple off-chip solution which is essentially transparent -
to the user.
More specifically, the present invention, in
its various embodiments, comprises the addition of an
30 external common emitter resistor to a high gain high

jaced
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"its 'various enbodi ments, conprises the addition of an 30 ext ernal
common emtter resistor to a high gain high -3- efficiency type of |GBT
to increase the short-circuit capability of the GBT. O her features and
advant ages of the present invention will beconme apparent fromthe foll ow ng
5 description of the invention_whjch refers to the acconpanying

drawi ngs. BRI EF DESCRI PTI ON OF THE WNGS Fig. 1 shows the short circuit
characteristics of high-efficiency |1 G@Ts vs. short-circuit rated | GBTs. 10
Figs. 2A and 2B shows the effect of adding a conmon-emtter resistance on
the short circuit current of high-efficiency |1GBTs in accordance with the

present I nve | e RN ts r S C £, 15

wi thstand ti %%:‘Eg]?iae% (*).%pgal zlgg ibggt W gﬁ%é\ll.& &9%#: é%gﬁ‘b m conmon

enmitter reS|§§Bﬁééllﬁﬂg°f4§h§h5ﬁ§Tthe use of an eX|st|ng current sensing

shunt in the comon | o { t | stance
&he&“%e‘é'tﬁ%’é‘s anfd Wcﬁ)ﬂ z%é%m ﬁ[i’% e}gleésérg?

for limting,short-circyit current; Fig. use

exi sting |ndFVV89$P°FeUﬂéﬁ P&ﬁ?ﬁ&lapéﬁ§ﬁn¢eégﬁﬂnﬁh% follpwingie common

emttes re3|a§§agg EQb | o g r shows the use
of alowvolta n ¥ %P%t éggggtt%?ghﬁyotﬁtggeé%ﬁs é:é |€| ency | GBT. 25

Fig. 6 shomsa?gﬁPPQPU&ﬁH fixawinggerent flows through the |nput line
i npedance, and therefore has a

BRIEF DESCRIPTION OF THE DRAWINGS

_ Fig. 1 shows the short circuit characteristics

of high-efficiency IGBTs vs. short-circuit rated IGBTs.
10 Figs. 2A and 2B shows the effect of adding a

common-emitter resistance on the short circuit current of

high-efficiency IGBTs in accordance with the present
invention.
Fig. 3 demonstrates the 20us short-circuit
15 withstand time of a 1200V size 7 Gen 3 IGBT provided with
a 20 mohm common emitter resistance.
Fig: 4A shows the use of an existing current
sensing shunt in the common lower bus circuit to provide
common emitter resistance for limiting short-circuit .
20 current; Fig. 4B shows the use of existing individual
vector control lower legs shunts to provide common
emitter resistance for limiting short-circuit current.
Fig. 5 shows the use of a low voltage HEXFET to
protect a high voltage, high-efficiency IGBT.
25 Fig. 6 shows that ground fault current flows
- through the input line impedance, and therefore has a
slow rate of rise and limited amplitude.
Fig. 7 shows an upper fault detector design for
slow response to a line-to-line short circuit, and rapiad
30 response to a short circuit resulting from an inadvertent



slowrate of rise and limted anplitude. Fig. 7 shows an upper fault
detector design for slow response to a line-to-line short circuit, and
rapid 30 response to a short circuit resulting froman inadvertent
-4- external connection of an ac output termnal to the negati-ve bus
terminal. Fig. 8 shows a circuit for 4voiding a short circuit resulting
froman i nadvertent external connection 5 of an ac output termnal to
the negative bus term nal by detecting a pre-existing short circuit and
inhibiting the gate driver. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS A cqgggrlson of Flg 2A and 2B shows the 10 addi tion of an
external conrfeRteRRetcFopBertigh Rfi3niae enbRufatemmigilkfta dihency type of

| GBT, in accqmg@gﬁgvénbhsthgrﬁiﬁggnt i nvention. Mre specifically, the
addition of resistor shown in Fig., 2B reduces the effective gain under

short-circuit, by V|rtu§i8f Bhehaws a cixgpifefrrepvoidimg whishordubt r act s
directly frOr&ii‘@ﬂetrééﬁﬁtﬁ%tf?émVé&htﬂﬁfdvé—PEeﬁ%C'éﬂﬁ&rr?ﬁB cHMAME 3 O-

3 denonstrate an exanple, in err] conmmn emtter reS|stor for

a size 2 1200RF 1BBTRCpEREPEE BeERingl &9 cthe pegative dus Hermimal at
850V, as co”ﬂ@’ eleedbing SA0pie ek Lkt ingM éﬁ@f@nélirbﬁﬁto‘carﬁb%ﬁn%%r’h%s
|

w t hout the stor égyantageously under normal operating condit
the vol tage IQ&E% 1¥€E-Ris small, and the nodifying effect on the

normal operating gate-emtter
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A comparison of Figs. 2A and 2B shows the
10 addition of an external common emitter resistor R to the
high gain high efficiency type of IGBT, in accordance
with the present invention. More specifically, the
addition of resistor R as shown in Fig. 2B reduces the
effective gain under short-circuit, by virtue of the
15 voltage I, x R, which subtracts directly from the net
gate-emitter voltage.
The oscillograms shown in-Fig. 3 demonstrate an
example in which a 20 ml common emitter resistor, for a
size 7 1200V IGBT, permits a short-circuit time of 20ps
20 at 850V, as compared with a short circuit withstand time
of about 5us without the resistor.

Advantageously, under normal operating
conditions, the voltagé"developed across R is small, and
the modifying effect on the normal operating gate-emitter

25 voltage is almost negligible, as evidenced by the
following calculated estimates.

1. Circuit of Fig. 2B with 600 V, Size 4,
Gen 4 High-Efficiency IGBT, provided with 33 mQ common
emitter resistor R:



"25 vol tage is al nost_negligible, as evidenced by the foll ow ng
‘calcul ated estimates. 1. Circuit of Fig. 2B with 600 V, Size 4, Gen 4
Hi gh-Efficiency | GBT, provided with 33 nferr] conmon emtter resistor R

-5- Normal operating output current (3 hp) = 12A rns Nornmal operating
current in R = 8.4A rns Nor falF operating loss in R =
8.4[err] x 0.033 =2.3 W 5 Estimted |losses in | GBT at 12A out put:
Frequency Loss Percent Losses in R 4kHz

13. 5W 17.6 8kHz 15 4W 14.9
12kHz 17. 8W . Circuit

of Fig. 2B with 12080ymad spexating Quﬂpﬁﬁ EPFF@P@ndPIhBJT 1N&ih(§ﬁ§vmth

66 nferr] common ermbi:ﬁalr eﬁbﬁhﬁinB cheEERt Qﬂekatl ng Out put= @I Hms =
6A rms Normal oper |n iurrent 2A r 15 Nor mal
operating | oss in a °PeraE12Fe;Pstlﬁ 866 = 1. 15W 8E§t|#ape83posses

in | GBT at 6A out put: Frequency Loss 2 Bergent Losses in
R 4kHz 11. 3W 10.6 20 8kkt
18. 1W 6.6 12kHz 24. 8W 4.8
5 . Estimated losses in IGBT at 12A output:
Frequency oSS Percent losses in R
4kHz 13.5W | 17.6
8kHz 15.4¥W 14.9
12kHz 17.8W 12.9°
10 2, Circuit of Fig. 2B with 1200 Vv, Size 4,

Gen -4 High-Efficiency IGBT, provided with 66 m0 common
emitter’ resistor R:

Normal opérating output current = 6A rms
‘Normal operating current in R = 4.2A Ims
15 Normal operating loss in R = 4.22 x 0.066
| = 1.15W.

Estimated losses in IGBT at 6A output:

Frequency Loss Percent Losses in R

4XkHz 11.3W 10.6
20 8kHz 18.1W . 6.6

12kHz 24.8W 4.8



* The' above cal cul ati ons show that the projected |osses in the comopn emtter
resistor at full load, for a 600V rated high efficiency | GBT, are between
13 and 17.5% of the I GBT |osses, for a cormbn emitter resistor that 5
provides 10[err]s short-circuit tinme. This estinmated added |loss in the
resistor actually is about the sane as_the estimted added | oss for a | ops
short-circuit rated 600V | GBT, over thgt of a high efficiency type. The
estimated full load | osses in the conmon 10 emtter resistor that

provi des | ops short-circuit capability for a 1200V rated high efficiency

| GBT are between 5 and 11% of the I GBT losses. Significantly, these added

| osses are about 30% I e h e L ch wo dded if g 10[err]s
short-circuit rated izogfp%c§§b§£ cgfé@%%Qlﬁgﬁds ﬂgtgga%o%%& progec%

hi gh-ef fici encyosgpe imtthe commom emitter resistor. atl foadghokbs & f a
common en1tter % 1,0, acc EE ne f éﬁ res a% |nveggfonepr§%aaly

does not afforcf{d?‘ay]:s % ‘H@é? g%b%?ﬁv’m% @ vgﬁil ge YEEDs; d"17y8fsus
t he | osses of Qﬂu#heci¢nmulossesﬁ fopes, commmmvemmbﬁentrbbéstorpuhant

| evel , the in S h yst.em.l eve

as meII%as ot#§$£%bp |%;Fﬁ%§%ﬁ$%égé1£?€ﬂ§§dlt?%gg Sg%ﬁé Fé@?ﬁrlng

advantages d|§@u§sad1dﬂuwere§1stdrsactuabhy|£s1ahouhdthatsgme asethe

Loy for SHLLRLEN daddd™ 400 £6r |2 1 GLELALDELPBAEE ERLLR Koy

required for a par ar ap |on W t angi ng
sinply by sel élﬁB'Ihg Qver \)l’.zhm Qﬁ a relghoreffichencertypei st ance. The | ower

the 30 r (heduired Shouneidotidatdd Tt 1AL obbEs" 87 Eha"e8mkBhUe 2N

the | ower the added | osses
10 emitter res;stor that provides 10us short-circuit

capability for a 1200V rated high efficiency IGET are
between 5 and 11% of the IGBT losses. significantly,
these added losses are about 30% less than the loss which
would be added if a 10ps short-circuit rated 1200V IGBT

15 were used instead of a high-efficiency type with a common
emitter resistor.

Although the use of a common emitter resistor
in accordance with the present invention probably does
not afford any significant reduction of overall losses,

20 versus the losses of short-circuit rated types, when
viewed at the component level, the invention does in fact
offer reduced losses at the system level, as well as
other application advantages, “in addition to the
manufacturing advantages discussed above. The

25 application advantages are as follows:

1. Short-circuit time can be tailored to the
specific value required for a particular application
without changing the IGBT design, simply by selecting the
value of the common emitter resistance. The lower the

30 required short circuit time, the lower the resistance
value and the lower the added losses.



"-7-"'2. The added losses in the common enitter resistor are dissipated
"externally to the IGBT die. The IGBT remains a high efficiency type with
m ni nrum | osses, allowi ng nore output for a given | GBT die size than can 5
be obtained fromshort-circuit rated 1GBTs; i.e., "given that power has to
be dissipated, it is better to dissjpate power in a resistor than in the
|GBT; 3. In a three-phase inverter for notor control, a common emtter
resistor for only three of the 10 six 1 GBTs can endow the entire
inverter with the necessary short-circuit capability (e.g. 10[err]s), as
di scussed in further detail below Mreover, a single common emtter

resistor can serve all & hregd %‘&gdl N dged %@?rtlf@%érﬁﬁbﬁfeﬁéﬂfe phase

i nverter circui t. The 15 t,ot al loss contribution of the commbn emtter

resistor or Fesistersarelddssipatednextermally d‘&ééh%fqu% diral Theerter
to about 7.5§gHer %e&alﬁlé) eotalgh st 't:i&ie%‘fﬂi BinimiP feLdd Sl t

rated | BTs. It should be recognized hat 1t wou be possible to
use 20 t Bk devwiRG: Fmé'rer oWtpitafer FGBW%JQW cilaigheerthan gy types,

and na ComTDBeGHbEbiherdeWrsﬁortth%%hﬁ‘te ratedd %ﬁww ti, aboW4 Jdip sanme
overal |l |osses. However, such a circuit would require dlfferent types

of | GBTs andthehl Bowes: bes Eonbe dimsdipatere s‘ttatleﬁj llﬁﬁ@?-t it of 25 t he
i nvention tOdfbé&bB%Tee 990l Pes3BeLE- EHatifin BRI Icpl, | T a resistive

current nmeasuring shunt is_a part of the total powertrain, 'as will normally
be t he 3. In a three-phase inverter for motor
control, a common emitter resistor for only three of the
10 six IGBTs can endow the entire inverter with the

necessary short-circuit capability (e.g. 10ps), as
- discussed in further detail below. Moreover, a single

common emitter resistor can serve all three IGBTs in the
lower section of a three phase inverter circuit. The

15 total loss contribution of the common emitter resistor or
resistors reduces the incremental losses of the total
inverter to about 7.5% versus 15% total incremental
losses for six short-circuit rated IGBTs. It should be
recognized, however, that it would be possible to use

20 three short-circuit-rated IGBTs and three high efficiency
types, and no common emitter resistors, to achieve a
circuit with about the same overall losses. However,
such a circuit would require two different types of IGBTs
and would therefore not achieve the stated objective of

25 the invention to eliminate the need for short-circuit
IGBTs.

4., If a resistive current measuring shunt is a
part of the total powertrain, as will normally be the
case for drives up to a few horsepower, the shunt

30 resistor (or resistors) can serve the dual functions of
common emitter resistance for short-circuit current



"case for drives up to a few horsepower, the shunt 30 resistor (or
‘resistors) can serve the dual functions of common enitter resistance-for
short-circuit current limting, and current signal feedback. This is
shown in Figs. 4A and 4B. The present invention therefore makes it
feasible to substitute high efficiency | GBTs into existing powertrains that
I ncl ude a single | ower shunt 5 Teksistor (or individual "vector control™
shunt resistors for the lower | GBTs), obtain 10[err]s short-circuit
capability, and reduce the total inverter |osses by about 15% for the sane
out put current. Various enbodi nents of the comon emtter 10 resi stor
circuit of the present invention are as follows: 1. The preferred nethod

and circuit iSBiEIRE SRS IFHE A revanaleaedbadkint ThisshansBpwns isuch

shunts are alppsdy awunn t herfoWsrddeit- J.r?Ver?E‘léthhEﬁ&foeeﬂQﬁgﬁ”Em
is to use bondlgg d, resi stance . urt

th the d
embodi nent i &% l%ﬁ%r%‘f\tfs\%’m‘{ﬂ@ ﬁ?llﬁlre{aéﬁ%?b?%cﬁnlﬁﬁ'gsséﬁ"é?rate of a
powertrain cnéﬁ@ﬂlﬂ@ag&eeﬂtraﬁrg itHat larﬂdle.{dé%rﬁ)oglm@né léwéﬁ SR€n€0

connectors froma power |evel CJFCUIt board to a arate driver board

havi ng®t he d&& Qesf Y i vigluad, JiveGtarmsen " shygt ;pEs{skoBssi r ed
resistance, i Fox a&mrmwezdrlc;Ms)bowbi:a:}p 1DYsighdLpecirssienent al | osses

hon | Tnear cSRRAPIEherih Hadiie Hne, Kotad ITugten chosses by Fpod
15% for the same output current.
Various embodiments of the common emitter
i0 resistor circuit of the present invention are as follows:

1. The preferred method and circuit is to use
existing current sensing shunt (or shunts) if such shunts
are already present in the powertrain.

2. An alternative embodiment is to use bonding

15 wires with the desired resistance.

3. 1 further embodiment is to mount external
thick film resistors on the substrate of a powertrain
circuit board.

4, A still further embodiment is to use

20 connectors from a power level circuit board to a separate
driver board having the desired resistance.

5. Another embodiment is to add the desired
resistance in a separate driver board.

To obtain lower incremental losses during

25 normal operation and/or increased short-circuit time, a
non-linear common emitter resistor with a low resistance
value at normal operating current and a higher value at
short-circuit current is preferred in yet another
possible embodiment of the present invention. Such a

30 nonlinear resistor can be realized by:



~value at normal operating current and a higher value at short-circuit

"current is preferred in yet another possible enbodi nent of the present

i nvention. Such a 30 nonl i near resistor can be realized by: -9- 1. A

polysilicon resistor with a positive tenperature coefficient. The

I ncreased tenperature caused by the short-circuit current would give higher

common enitter resistance when needed® Tncreasing the 5 short-circuit

wi thstand time. The increased resistance at higher operating tenperature

woul d al so give greater limting of short-circuit current when the fault

occurs at initial high operating tenperature. 2. A device having a

resi stance which 10 increases With current, such as a power MOSFET,

e.g. a 20V HEXFET manufhct b RPIESIHECoR aeenisteri Yhth, al pesihive onal

Rectifier Co ' [ s th | reu [ ' Lo which a

20V HEXFET (?.%pg rdflur! dhefr R HEXF'ET)GHSér [Shktes00d ggﬁnﬁ%ﬁ‘r’){eﬁrﬁt er

resi stance f&@used by sthe ghartieirgrit oETent gvouldegive doigheai ze 4 hi gh

ef f iciencydogibn - ' ' th Sy ldpd ted to

that of the HEXF-EQ'II']. %ﬁ%@?éi%i%répl%ﬁ e’%%]&é%' ﬁééﬁ%%%ﬁ%f?:@cl ency

| GBT i 8 endofd@rhitircuioMithstand ting ofTheolmcysased | xesistance he area

of the 20 atHEXgHEidpdraity it hifbrtivihatydlid 1L 61 vd e HEXFET
e con atlo

does not add ii ni;fi cant” cost. Note that, Int I gu shown in
Fig. 5 it ig g €% Shgifirigiquid siant hen cthecfawT epcungy to
the HEXFET, witt indtlidak Higtebperdtany ittdddrdtiergat e of the other device.

2. A device having a resistance which

io0 increases with current, such as a power MOSFET, e.g. a
20V HEXFET manufactured by the present assignee, |
International Rectifier Corporation. Fig. 5 shows the
circuit configuration in which a 20V HEXFET (e.g. a Gen 5
size 1 HEXFET) provides the common emitter resistance for

15 a high efficiency IGBT (e.g. a Gen 4 600V Size 4 high
efficiency IGBT). The short-circuit current of the IGbT
is limited to that of the HEXFET. Thus, in the example
of Fig. 5, the high efficiency IGBT is endowed with a
short-circuit time of about 1S5us. Since the area of the

20 HEXFET die is about 15% of that of the IGBT, the added
HEXFET does not add significant cost. Note that, in the
configuration shown in Fig. 5, .it is possible to apply
drive pulses only to the IGBT or only to the HEXFET, with
only a fixed 15V applied to the gate of the other device.

25 As stated previously, a single common emitter
resistor, or individual resistors for the bottom IGBTs
only of a three-phase inverter, can be used to protect
all six IGBTs against line-to-line output short-circuit.
This is because line-to-line short-circuit current flows

30 through a lower and an upper IGBT in series. Line-to-
line short-circuit protection of the upper IGBT is thus



- 25 : As stated previously, a single cormmon emtter resistor,
“or individual resistors for the bottom | GBTs only of a three-phase

i nverter, can be used to protect all six |IGBTs against |ine-to-line output
short-circuit. This is because line-to-line short-circuit current flows 30

through a | ower and an upper |GBT in fgries. Line-to- line short-circuit
protection of the upper 1GBT is thus - 10 - provided by the current
limting action of the lower I GBT. The use of commopn emitter resistors for
just the upper side | GBTs al so provides conplete inverter 5 protection

against line to line short circuits. However, where a resistive shunt, or

shunts, are rese i oLt l.de the girguity, Jt Is
si npl er and frcgag%gﬁo%?cgflet g:u%? ?P?zgagl%%h%xfgﬁlﬁgl cogrrﬁ: r?er%tog}eéfs t he
common enittekGBBsi st ance. 10. It should be recogni zed that,

0
[lst through thorupper Td.bBRcbE bRRBGRCERIELER rellenelt BBR. shder. hr
pover | ess to Yheigpper sidecliGBTa ahsouppevidedecompletepdnveirtieaul t that
Ca G T\ SPAGISion FRLSE, SR CHUILEN bR B ARG SRl 7
fault - | nadwheretacresistiveoshantoar2gshuntsf arehedtreadycpreseénbm an ac
output term ng{ {ie {PELLEM2LIYE BESthE" B1PBLitN it is simpler and more
economical to utilize such existing components as the
common emitter resistance. )
10. It should be recognized that, under certain
types of faults, it is possible for fault current to flow
just through the upper side IGBTs, in which case the
lower side IGBTs are powerless to limit the current in
the upper side. Two types of fault that can give rise to
15 short-circuit current in the top IGBTs only are as

follows:

~

Type 1 fault - Ground fault at the output of
the inverter.

Type 2 fault -~ Inadvertent external connection

20 . of a short-circuit from an ac output terminal to the
negative bus terminal, N. '

Both of these types of faults can be handled
without resort to common emitter resistors for the upper
side IGBTs. Specifically, Type 1 faults can almost

25 always be withstood naturally by high efficiency IGBTs
for a period of 10us or more without any additional means
of protection. As shown in Fig. 6, since the path for
ground fault current is through the input supply
impedance, the rate of rise and prospective amplitude of

30 ground fault current is severely limited by the impedance
of the ac input line. The relatively low amplitude



"Both of these types of faults can be handl ed without resort to common
‘emtter resistors for the upper side | @BTs. Specifically, Type 1 faults can
al nost 25 al ways be withstood naturally by high efficiency 1 @BTs for a
period of 10[err]s or nore w thout any additional -means of protection. As
shown in Fig. 6, since the path for ground fault current is through the

i nput supply inpedance, the rate of r ke and prospective anplitude of 30
ground fault current is severely limted by the inpedance of the ac input
line. The relatively |ow anplitude ground fault current will not damage
high efficiency |GBTs within a 10[err]s shut-down period. Type 2 faults are
nore severe, becau e fa t current flows m t he | Qw, i npedance bus

capaci t or vu?%?un ?ﬂ% pBBFrgﬂgeWFéngPg aﬁ@aﬁéggﬂgyee§§§CP€PﬁVnaI N

The need for IGBT®withihea meﬂSSénﬁs~ﬁOWntbérﬂ§§ef Slde | GBTs for this

type of fault can be a ggg ¥: ig Preventi ng user ess to the negatlve
bus terminal N. The re fof 2P §|8Fﬁgm8§Fe§ﬁ¥Fr§cc auiser fault e

negati ve bus dixment blowsdﬁremcthéembwOﬁmpedahcéohu&ncﬁ@hbd&@k ¢iherna
do ot or equi T AeE e, ahT BETERE RRvERRTRPuSTReRIBRIONY: (JheL (1|
exi sts that megdyfatgﬁmmmmameméther15e51stonsefberthe u@pﬁrnahdbo t he
Ceai stor, wi EOBRE A EhEF BkBE Cof Thpafiben ke SVOIRRE BN Si e 1 coT. by
Desi gni ng the upper busafurPeeventingtusetcadcessi tbnthe hetraeéwe bus
line'toilineE%@ﬂfﬁ%f”ﬁtTMfﬁezreason for providing external access to
10 the negative bus N is to provide a connection point for
an optional external brake circuit. Powertrains that
have an internal brake transistor therefore do not
require an externally accessible N terminal. The
possibility still exists that a user might miswire an
15 inverter ac terminal to the brake terminal, but now the
brake IGBT, with its own common emitter resistor, will
provide short circuit protection for the upper side IGBT.
" b) Designing the upper bus current detector to
discriminate between line-to-line faults and Type 2
20 faults, the latter having a much higher short-circuit
current because of the higher effective gain of the upper
side IGBTs, which do not have common emitter resistors.
For example, the upper bus may be provided with a
resistor/opto circuit which is designed to discriminate
25 between the line-to-line and the Type 2, higher current,
faults. The resistor/opto detection circuit is designed
to respond more slowly than the lower fault detection
circuit to line-to-line fault, allowing the latter to
control the shut~down time fér line-to-line fault.
30 The upper detection circuit is preferably
designed to respond as rapidly as possible to the higher



- 20 - faults, the latter having a nuch higher short-circuit current
" because of the higher effective gain of the upper side | GTs, which do not
have comon enitter resistors. For exanple, the upper bus may be provided
with a resistor/opto circuit which is designed to discrimnate 25
between the line-to-line and the Type 2, higher current, faults. The
resistor/opto detection circuit |s"dé§igned to respond nore slowy than the
| ower f-ault detection circuit to line-to-line fault, allowing the latter to

control the shut-down tine for line-to-line fault. 30 The
upper detection circuit is preferably designed to respond as rapidly as
possi ble to the hjgher - anplitude pe 2 faults, so that it shuts
down the i nvémRkitde p'P'Yﬂ%c% sf'%%t%pﬁ? t@éslﬁfssé}l&ﬁt@«l dpwas thessi bl e, e. g.

within 1 or 2ffddter Aaﬁd)rgme@ésse*ﬂe%péroichhe WP u il o

detector is shown, in Fi For line-to-line short- Circulf, the vol t age
devel oped acﬂﬂ§§¥§¥ﬁ¢]91%;|Vﬁﬁﬁi¢¢4eﬂ¥ 21%- Zener diode Z (or sone other

type of threshol d di odg) dehsopElust -s&kOREEIET o Rl Q:‘i?;etrhrf%‘aql% resi stor
R1. The time constant RIC.is such that the opto_does no del i ver an

out put Sdur i nGaURERIT 1% iFheYERtimFide 70we?°€e%é€ﬁ"&?"é%ﬁ‘°€fﬁm shown) .

I't shoul d be gigicrait hathe/ aRsTt 4l dsveBOp @t abfod¥aRr, aps ei MbhHf Becient
suff|C|entIy IOM/threshQId i n which case Zener diode Z can_be replaced by

two or threef®% n daded AT ReRe PtheR tYpe @b &Wrﬁhﬂ Aasdgbout " a
2V threshol dtoE@onaJ&tg.h TEHPAd Y 0 Réhrdéed | £nrblighy 2elkageor R1,

The time constant R1C is such that the opto does not

10 deliver an output during the trip timé set by the lower
detection circuit (not shown). It should be noted that
Zener diodes may not be available with a sufficiently low
threshold, in which case Zener diode Z can be replaced by
two or three diodes in series, or possibly an LED, which

15 has about a 2V threshold.

For a high amplitude Type 2 fault, the volteée
developed across Rs; is sufficient for Z to conduct.
Capacitor C now charges rapidly via R2, which has a much
lower resistance value than Rl. The opto-isolator

20 delivers a trip pulse within 1 or 2us, protecting the
upper IGBTs. A trip time of 1 or 2us for Type 2 faults
only should be completely noise-free, thus avoiding
Y“nuisance trip" problems with-very fast shut-down time
for this type of fault.

25 For normal levels of fault current, the top
trip circuit actually has more filtering and more noise
immunity than the bottoh one. A fast trip can only be
initiated by abnormally high current in the upper shunt,
which itself can only be caused by a bona fide Type 2

30 fault.



devel oped across Rlerr] is sufficient for Z to conduct. Capacitor C now
charges rapidly via R2, which has a nmuch | ower resistance value than RL.
The opto-isolator 20 ~delivers a trip pulse wi'thin 1 or 2[err]s,

" protecting the upper 1G@BTs. Atrip tigne of 1 or 2[err]s for Type 2 faults
only should be conpletely noise-free, thus avoiding "nuisance trip"
problems with very fast shut-down tinme for this type of fault. 25

For normal |evels of fault current, the top trip circuit actually has nore
filtering and nore noise immnity than the bottomone. A fast trip can only

be initiated by abnormajIyaaagﬁgcaw¢f¥&uiﬁ1ﬁﬁstuaagéc@guatlowhich itself
2 G rouTt ¢ HIPSHATES SPoCTORR | HIC A R kST A& tOUEBE PEORRINEl (o0
the negativiusutdmiinabl NN té prewiethitid ocesrrensecosl Typpe22 faults as
foverter. | ERIYL A7 Boremels (€ Riiiife Kerueencteshioays BrLBEN duri ng
the pswer - uropgrawek indriipe the irdRiigat.es I e slowl impbdhntedisi nhi bition
o e VB 5 UL N IS 00 LGB, DR Bhy b shs,on O
type 2 faul perAodynodpilel theiGBEyatidsare sthiblb inhibgted, The present
venton. L SpUI YL U AL IS e Lot hsboue S gy O
the IGBT gates) at the end of power~-up sequence is
10 maintained, thereby preventing initiation of a type 2
fault. A conceptual implementation is shown in Fig. 8.
The present invention, in the various,
embodiments set forth above, offers a way of focusing
manufacturing of high efficiency IGBTs only, with all the
15 ramifications relative to cost savings thereby entailed.
Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
20 preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims. '



15 ram fications relative to cost savings thereby entail ed. Although
the present invention has been described in relation to particular
enbodi ments thereof, many other variations and nodifications and ot her uses

wi |l becone apparent to those skilled in the art. 1 t“'is%h@mgeeﬂifi\?ured,
S

therefore, that the present invention be |imted not u mm
I'n a notor

di scl osure herein, but only by the _agpended claims.

CLAIMED I S: 1. A circuit for protecting a high effi

controller circuit, wherein a common enmtter resistor is provided in series
with and external to said high efficiency |GBT to increase the
short-circuit capability of the IGBT. 2. The circuit as recited in claim
1, wherein said notor controller circuit conprises a three-phase_inver

,,,,,

for motor control with six high efficiency | GBTs, and wherei Q,J,@@HEEBMS BEEN
ones of sai d REATONSEQLATMEDI €St Sstor are provided in seriesiwth REPE&BEM
said six | GBTs. 3. The circuit as recited in claiml, wherisi '
emtter resistor conprises a single shunt resistor provided on a | ow side

rai|l of said three-phase.inverédrcuit ofor Gifsedeingl BCHikh andi whehre|n
j ons,of providing a

sai d commpn LtLer_resistor serve he dual f.unct

conmon eni ttgﬁétsi'%t%nt&%t?%)rc tcﬁ?sl-][ﬁzf GHECR L ¢+ WRSFRAR BngOBRAR | n

addi tion prowniitigen resistoveis prendetanrsagesurithosacdrhegh signal
f eedback.

efficiency IGBT to increase the short-circuit capability
5 of the IGBT.

2, The circuit as recited in claim 1, wherein
said motor controller circuit comprises a three-phase
inverter for motor control with six high efficiency
IGBTs, and wherein individual ones of said common émitter

5 'resistor are provided in series with three of said six
IGBTs.

3. The circuit as recited in claim 1, wherein
sald common emitter resistor comprises a single shunt
resistor provided on a low side rail of said three-phase
inverter motor controller circuit, and wherein said
common emitter resistor serves the dual functions of
providing a common emitter resistance for short-circuit
current limiting and, in addition providing a resistive
current measuring shunt for current signal feedback.

4, The circuit as recited in claim 1, wherein

said common emitter resistor comprises bonding wires
having the desired resistance.

L



4. The circuit as recited in claim1, wherein said common enitter resistor
conpri ses bonding wires having the desired resistance. - 15 - 5. The
circuit as recited in claim1, wherein the circuit includes a connector
froma powertrain circuit board to a separate driver board, and wherein
said common emitter resistor: (i) is disposed on the separate driver board;
(i1) includes a thick filmresistor disposed on the powertrain circuit
board; or (iii) includes the connectdP having a desired resistance. 6.

The circuit as recited in claim1, wherein said conmon emtter resistor
conprises a non-linear resistor having a | ow resi stance val ue at normal
operating current and a higher value at short-circuit 5 current. 7.

The circuit as recitedé#n c“ﬂinla, wherein said non-linear resistor
conprises a power MOSFET trattdt Strclid as meeided ir ekaimwclt evheyeinai m

1, wherein sdihe tdireuphabmcludes teercomiait OB rdh | £Ip&wsFti-dih s provi ded
w th high effiglaney both a hi side gnd | ow side of said
circuit, and dvﬁﬁ{}erel n é%c€$c%i§egfra}£egﬁﬂm i SRA Rere BNt
detector for shtdcomuom eyjtter fraditstmr sai(d)hiigh disisoséd Jheckd rcuit as

recited in clai dherfl ' ur rgnt tector for,_,detect) a Type 2
fault conpri seg?alaar%si s;%%p%{doa%d;‘ol a@gl) g’?lrcg&cfeﬁ rﬁl%% %ﬂ?’ﬁreshol d
di ode whi ch Fas#Haton dgpragedon d¢hee powertrain circuit board; or

(iii) includes the connector having a desired resistance.

6. The circuit as recited in claim 1, wherein
said common emitter resistor comprises a non-linear .
resistor having a low resistance value at normal
operating current and a higher value at short-circuit
5 current.

7. The circuit as recited in claim 6, wherein
said non-linear resistor comprises a .power MOSFET
transistor.

8. The circuit as recited in claim 1, wherein
said three-phase inverter motor controller circuit is
provided with high efficiency IGBTs on both a high side
and low side of said circuit, and wherein said circuit

5 further comprises a current detector for detecting a Type
2 fault on said high side. '

9. The circuit as recited in claim 8, wherein
said current detector for detecting a Type 2 fault
comprises a resistor/opto-isolator circuit including a
threshold diode which permits a capacitor to be

5 relatively rapidly charged through a resistor of a
'relatively low value in the presence of a Type 2 fault,

I,



5 .relatively rapidly charged through a resistor of a relatively | ow
val.ue in the presence of a Type 2 fault, - 16 - and relatively slowy
charged through a resistor with a relatively high value in the absence of a
Type 2 fault. 10. The circuit as recited in claim?2, wherein said

i ndi vi dual ones of said conmmpn emitter resistor conprise vector contro
shunt resistors for the three of saif six 1 GBTs on the | ow side of said

t hr ee- phase inverter, the notor cont ®ITer circuit further conprising a
current detector conprising a plurality of conparators for detecting a | ow
| npedance between any ac output term nal of said three-phase inverter
circuit and a | ow side bus rail

and relatively slowly charged through a resistof with a
relatively high value in the absence of a Type 2 fault.

10. The circuit as recited in claim 2, wherein
said individual ones of said common eﬁitter resistor
comprise vector control shunt resistors for the three of
said six IGBTs on the low side of said three-phase

5 inverter, the motor controller circuit further comprising
a current detector comprising a plurality of comparators
for detecting a low impedance between any ac output
terminal of said three-phase inverter circuit and a low
side bus rail.

L



