CIRCU T FOR PROVI DI NG DV/ DT" I MMUNI TY BACKGROUND OF THE | NVENTI ON Thi s
invention relates to a novel level shifting circuit which provides i munity
"to false oper- ation due to unintended transient dv/dt pulses in the 5
circuit. Level shifting circuits for shifting the potential of a snal
control signal to a higher or |ower voltage |evel are well known, and are
frequently integrated into a power integrated circuit chip. A 10 typi cal
device ©f this type is the IR 2110 sold by the International Rectifier

Cor por'etion, the assignee of the present invention. The IR 2110 is a high
vol tage, high speed MOS gated power device for driving the gate of a power
MOSFET or insul ated gate bipolar transistor, 15 (hereinafter an "1 GBT")
wi th i ndependent high side and | ow side output channels. It has logic

i nputs supplied by the user of the driver chip. The floating high side
€hannel may be used to drive an N-channel power MOSFET or | GBT which
operates off a high voltage rail at up ta-20 - 500 volts. A common probl em
in such circuits is false operation, that is, production of an output which
is not called for by the logic input, under the influence of high dv/dt

transients. Mre specifically, such circuits comonly have high voltage
el o L1 L ansl ot o eyt BRI pl/ BT o) - 20e
circuit at the voltage of the floating rail. The level shifting transistor
I's turned BACKGROUND OF THE INVENTION |

; This invention relates to a novel level

N shifting circuit which provides immunity'to false oper-

ation due to unintended transient dv/dt pulses in the
5 circuit. '

Level shifting circuits for shifting the
potential of a small control signal to a higher or
lower voltage level are well known, and are frequently
integrated into a power integrated circuit chip. A

10 typical device of this type is the IR 2110 sold by the
International Rectifier Corporation, the assignee of
the present invention. The IR 2110 is a high voltage,
high speed MOS gated power device for driving the gate
of a power MOSFET or insulated gate bipolar transistor,

15 (hereinafter an "IGBT") with independent high side and
low side output channels. It has ldgic inputs supplied
by the user of the driver chip. The floating high side
channel may be used to drive an N-channel power MOSFET
or IGBT which operates off a high voltage rail at up to

20 500 volts. '

A common problem in such circuits is false

_operation, that is, production of an output which is
not called for by the logic input, under the influence
of high dv/dt transients. More specifically, such



on for only the duration of a short pulse in order to mnimze power

di ssi pation. However, the output of the high voltage switching circuit can
be switched by fast dv/dt transients because of the parasitic capacitance
on the drain or collector of the level shifting tran- sistor, even if there
is no change in input. BRI EF DESCRI PTION OF THE | NVENTI ON The invention
provides a level shifting circuit according to claim1 and claim 10 and a
gate driver according to claim?7;, reference is directed to said clains-1, 7
and 10. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic di agfam

of a knowndﬂ%éﬁuﬁkl&bﬁﬁonnyem&aéew1 hreoltadli Teveli ghifaipg r of powver
MOSFETSs. ure shows, t he, %gpllc t|on OE? ower |ntﬁ ratedq,circuit of

Figure 1 t& Qiﬁ§FQ§Nﬁ&§?¥ﬁt |YQ a??g e §a$§p85Fuﬁc ¥n P4 ock
di agr am of atge mﬁmfencmcbgszagm ctocaihigh voytagelfflogelingr raiitlh t he novel

dv/dt i nmunj tq O e L QN Fi 43 .t c are .

I nput / out p3:t pcn%rlr']ééé%l aggr a{rrés}qf ﬁ?gﬁit ? gh u?gggsaﬁl %ﬁEr (%S%Sa to 5h are
di agr ans orfla:mng)rraihe Hehe l#vqblshg ting uranansnprpc;smtymed he di a-
1o 2 OlorF e Gy I Gusad forf GF ! §hoft PulELOLAGAGIOLITEN! Of the

pul se generator of gure jgure 7 is circ |agran1o one of t he
minimize power dzsszpatzon._ waever, the output of
high voltage switching circuit can be switched by fast
dv/dt transients because of the parasitic capacitance
on the drain or collector of the level shift1ng tran-

szstor, even if there is no change 1n 1nput. o

BRIEF DESCRIPTION OF'THE INVENTION

The invention provides a level shifting circuit according
to claim 1 and elaim 10 and a gate driver according to claim 7,

reference is directed to said claims 1, 7 and 10.

BRIEF DESCRIPTION OF THE DRAWINGS _

Figure 1 is a schemat1c dzagram of a known
IR 2110 power integrated circuit which drives a pair of
power MOSFETS. _
Fzgure 2 shows the applxcat:on of the power
integrated circuit of Figure 1 to a buck converter
circuit. _ .

Figure 3 is a functional block diagram of
the power integrated circuit of Figure 1 together with

- the novel dv/dt immunity circuit of the
invention.



pul se filters of Figure 3. 10 Fi gures 8A through 8F show t he
pul se wave forns at various parts of the circuit of Figure 7. DETAI LED
DESCRI PTI ON OF THE DRAW NGS Referring first to Figure 1, there is shown, in
schematic form a power integrated circuit 20 15 which acts as a high

vol tage MOS gate driver for power MOSFETS and 22. The integrated circuit
20 has out- put pins nunbered 1-3, 5-7 and ™-13. The pins in Figure 1 and
in other follow ng figures have the foll ow ng assignments: 20

Pin Nowr Assi gnnment 1 Low si de output voltage (to gate of | ow
si de MOSFET 22), which sw ngs, for exanple, fromO to 20 volts. 25
2 y f Common gr ound qlvrgmeésoma €0 4c are 1n§gW/fétlxégtt;£Iteﬁhﬁngl y
vol tage, for ex Q | side floating supply
of fset voltage %Eggggyén6¥§ &Eﬁ %th of Figur éﬂ} 500 volts).
-4- 6 Hugh si de fRigures) 5appdyShbapeudbagpamagen &qcommenpl e,
520 volts. 7 p &E?g% 0.5. . s
gate of hi %h SI ﬁ/[gﬁﬁ? 9?) §b§@a§#55\%tngg org'te':xg%l'lnet,s 5t V\t/"eheen and
520 volts. gram of Figure 3. |
Figure 6 is a circuit diagram of an
embodiment of the pulse generator of Figure 3.
Figure 7 is a circuit diagram of one of the
pulse filters of Figure 3.
; 10 _ Figures 8A through 8F show the pulse wave
L forms at various parts of the circuit of Figure 7.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to Figure 1, there is
shown, in schematic form, a power integrated circuit 20

15 which acts as a high voltage MOS gate driver for power

MOSFETs 21 and 22, The integrated circuit 20 has out-
put pins numbered 1-3, 5-7 and 9-13.

The pins in Figure 1 and in other following
figures have the following assignments:

20 Pin No, Assignment _
1 - Low side output voltage (to

gate of low side MOSFET 22),
which swings, for example, from
0 to 20 volts.

25 .2 Common ground connection.
3 . Low side fixed supply voltage,
for example, 20 volts.
5 High side floating supply

. offset voltage (for example,
30 . - 500 volts).



9 Logi c supply voltage (20 volts). 10 10,11, 12
Low vol tage logic inputs for the desired control of the output. voltage at
pins 1 and 7 in accordance with the timng chart, for exanple, of Figures
15 4a, 4b and 4c. 13 The | ogi c supply
ground. Figure 2 shows the integrated-cigcuit 20 of Figure 1 connected to
drive a buck converter. The main power MOSFET 30 has a drain el ectrode
connected to the 20 hi gh voltage supply VR which is less than or equal to
about 500 volts. The buck converter circuit includes a conventional dPode
31, inductor 32, capacitor 33 and a | pad 34 connected across the
capacitor 33 in the usudl nanner. A Bighngider §leatiagasvpRiys is 25
connected across pins 5 and 6 and a na type
di ode, is connected between pins 3 aﬁbdggﬁuiﬁ thﬁ?epo&d?es%ppl y élsnput S
connected to pins 3 and 9 and a 1 nie#@f¥PABSeapacitor 37 is con- nected

frompin 9 to pins 2, 113 12 and 13.gfghusidel sutput wolditage{o i s
connected to pin 11. In accordance with th n teqrat ed
circuit 920 contains a novel circuit QEF of, hﬁﬁﬁ 5#8@ %waﬁrg’t's of
Figures 1 an 2 fron}false talggerlnghﬁuh svihgs|, ﬂnkdhthpt!ﬁﬁnsf
appearing, for exanple, at the circ e A fast
dv/dt transient to which the CIfCUI?b%FQ?%§ ﬁﬁ@ gﬁ? gﬁb #QI%§1NOV|des

i mmunity might be a trar®i ent havi ngbegic supply voltage (

volts).
10 ) _ 10,11,12  Low voltage logic inputs for o
the desired control of the At
output voltage at pins 1 and 7
in accordance with the timing
_ _ chart, for example, of Figures
15 4a, 4b and 4c.
13 ‘The logic supply ground.
Figure 2 shows the integrated circuit 20 of
Figure 1 connected to drive a buck converter. The main
pover MOSFET 30 has a drain electrode connected to the
20 high voltage supply VR which is less than or equal to
about 500 volts. The buck converter circuit includes
a conventional diode 31, inductor 32, capacitor 33
and a load 34 connected across the capacitor 33 in ;;

the usual manner. A 0.1 microfarad capacitor 35 is
25 connected across pins 5 and 6 and a diode 36, which
may be a 10KF6 type diode, is connected between pins 3
and 6. A 15 volt power supply input is connected to
pins 3 and 9 and a 1 microfarad capacitor 37 is con-
nected from pin 9 to pins 2, 11, 12 and 13. A suitable
30 logic input is connected to pin 11, :
In accordance with the invention, the
integrated circuit 20 contains a novel circuit for



dv/dt of [err]10 volts/nanosecond, for exanple. Figure 3 is a functional

bl ock di agram of the circuit contained within the integrated circuit 20 in
Figures 1 and 2. The pin nunbers of Figure 3 correspond to the sane
nunbered pins of Figures 1 and 2. Logic input pins 10, 11 and 12 are
connected through Schmtt triggers 50, 51 anc® 52 to the RS | atches 55 and
56. Latches 55 and 56 are connected through gates 57 and 58, respectively,
to levgly shift dmmunnznﬂgathzidircuxtsw¢ﬁ Eﬁgumzalltamddmtﬁnmm fdlsee

level shift cirqy uhput egpd | ow
si de control out ptﬁtgcg%%'@ch‘g&and respﬁdt{]l ver§é Lé%éaf“ﬁ% evel
shift circuit G@WR% I%ﬁmﬁmt%%mm@el@fgﬁﬁﬁﬁ%ﬂ tqrRighS a dR| £3st
circuit 61 and REJdURitardi R & iwitibt dite JIFoWik b e G5EEsbrL | S

connected to the gate el ectrodes of, out MOSEET tranS|stors 63 .and, 64.

Will be later d Hpn tﬂ?@é’-qg%rf’s‘ﬁ“’é‘%’g’r%\’ \M"rgh"‘pr%&e ’éa@%’t%mvoql"{“éb%ga?
pin 1 when requidgwttyof held cedlrs Mutodecdnds fdr asxariPle Fi gure 3 al so

o e 62 nen s T R Fplbl iy Z%l%%‘“#a%?%@ 5F % Srthils,
of the power hﬂlﬁaﬁtamned}iﬁuhmnenhgiintngmated_cﬂWmui@vkw TmiFigeuresult 59
Iﬁre :)BFSQI ggn\e/(r)!ator 80. aﬂ{?&)er vﬁap‘t% é%if %?%ﬁe% nm °
connected to pulSameyaiEtharRd @ingh P F:.g.lr%p, ang 2 of fL‘?gﬂec H@PQOP%%%Je
out put channel rgspat Hidead ardcsiiaatidd tfowsh Welaiite! ¢ aDegepgds | on
at | 51 and 52 to the RS latches 55 and 56. Latches 55 and 56
- are connected through gates 57 and 58, respectively, to
level shift circuits 59 and 60. 2As will be seen, the
outputs of the level shift circuits 59 and 60 control the
high side control output and low side control output at

pins 7 and 1, respectively.

The oﬁtput from level shift circuit 60 in the low
voltage channel is applied through a delay circuit 61 and
one input of gate circuit 62. The output of gate 62 is
connected to the gate electrodes of output MOSFET
transistors 63 and 64. As will be later described, these
transistors will produce-a.gate voltage at pin 1 when
required by the logic input to pins 11 and 12.

(s Figure 3 also contains an under-voltage detection
circuit 70 which disables the output from gate 62 when an
under voltage is detected at pin 3 to prevent turn-on of
the power MOSFET or IGBT operated from pin 1.

The level shift circuit 59 for the high voltage
channel of the circuit is connected to one input of the
pﬁlse generator 80. Under-voltage detection circuit 70
is also connected to pulse generator 80 and



pin 3. Pulse generator 80 has two outputs, a set 5 out put (Fi gure 5b)
connected to the gate of MOSFET 81 and a reset output (Figure 5c¢) connected
to the gate of MOSFET 82. Figure 5a shows the wave formfor the input HN
at pin 10. The set pulses of Figure 5b are applied to MOSFET 81 and the
reset pulses of Figure 5c are 10 applied to MOSFET 82. A set pulse is
triggered with the rise of the pul se HI®-=and the reset pulse is trig- gered
with the fall of pulse HIN. These pul ses have a given length [err] agg
[err] respectively as shown. The sources of MOSFETs 81 and 82 are 15
connected to a common connection rail and their drains are connected to

resistors 90.,and 91, r ectivyel y. I ng normal operation, the application

of pul ses t ¥iNSSEBFD 9%ﬂﬁ§‘%§‘#brﬁ%%%ﬂ%‘ét%ﬁe ‘&?BPegokﬁFPPnﬁr oduce

out put vol t s§eepttiostheVdetevtd ot Wf a@n turd@P-volvage tohddedohO8EETs 81

and 82 and %ﬁgié respective resistors ‘90 and 91. Pul ses Vset and Vrst .have
o]

the wave fo own in Figures 5d and 5e, respectively. The pul ses Vset
and Vrst are then appliRulse generatopuBOchasl tawo emitmes, a set

The outgut 8’8%@%%' {Fdigur'e Sﬁ)erco?ﬁnééé’eéowefﬁé’gﬁﬁ’%gf.ﬁoQ?ﬁT_Sgh”p“ts of

| atch 94. A setond un eravoltagﬁ detection cirrc I s_provi ded as an
i nput to th@nfagcresset; output d Rigure,$e) sennected.toothepgase of pin 7

i f an under MogFETI82,S ¥Rt GAlsHIWE GehdWieve "P6FR! £62NEhei APt he
pul ses Vset 309 ¥ $in 102" 43 se¥ Piltlda'of biGure 55 a2e Sbpripa’® 'Me
to MOSFET 81 and the reset pulses of Figure S5c are
10 applied to MOSFET 82. A set pulse is triggered with W,
the rise of the pulse HIN and the reset pulse is trig-
gered with the féll of pﬁlse HIN. These pulses have a
given length t_ and t., respectively as shown.
The sources of MOSFETs 81 and 82 are
15 connected to a common connection rail and'their drains
are connected to resistors 90 and 91,'respective1y.
During normal operation, the application of
pulses to MOSFETs 81_and 82 from the pulée_generator 80
will produce outptt voltage pulses Vset and Vrst at the
20 nodes betveen MOSFETs 81 and 82 and their respective
resistors 90 and 91. Pulses Vset and Vrst have the
wave forms shown in Figures 5d and S5e, respectively.

The pulses Vset and Vrst are then applied b
to a pulse filter 93.. '
25 o The output channels of fil-
ter 93 are connected to the R and S inputs of latch 94.
A second

under-voltage detection circuit 102 is provided as an
input to the latch 94 to ensure that no signal is ap-
30 plied at pin 7 if an under voltage is detected at pin
6. Under normal conditions, the pulses Vset and Vrst
which pass through the pulse filter 93 will have the

»



-7- wave shapes shown in Figures 5f and 5g, respectively, and wll have
| engths of [err] respectively. The pul ses are shortened by an anount [err],
which is the delay in the pulse filter. Note that the value tf is 5 t he

filter time, such that [err] and trf ' [err] However, a transient dv/dt
pul se which appears at the input of pulse Titter 93 will have the
~appearance of the pulses of Figure 5h and will have a pulse Iength [err]

whi ch i's shorter than the value [err] 10 Consequently, the pulses [err]
produaﬁﬁ by transient dv/dt signals within the systen1are easily

Vareh oa The SV Hasey, AN (R ¥iute BE 8fa o0, crebelREVRLY 12 O
100 and 101 onandiwﬁkl havaugengthsrmghtg gand t appespdqtove&wut R of
the RS latch, ‘¥§§ ré”#?&%ﬁéh ar aﬂfamo gla?P?hﬁnﬁk Eﬁe

applied to the ut at turn

It is now possi k?!(i%ﬂﬂh?é?# tf%}ﬁﬁrde F%tthﬂt Fhﬁh!alﬁer§t|éﬁ of fhe
bl ock di aggam Q:Thézlﬁl&ﬁ tiﬁéﬂ%ﬂ'thiﬂetséwcwret )1 &hqure 3 is

honnel bover Nl GhaTha o MM v % LT EndSht 4yl BulblRgeR” 10

transl ates theammparsrqnnthngnuputamfppukséO£1lﬁenn!3lQ11m hawveeshendi ng

in phase | ogw i [ I t S
refePenced to 4§§§¥§é§?reufngéhpﬁﬁféégw%f ﬂggﬁpg S|ﬁ@acﬁg%%ghggét%ut at
pin 7 is refer@uwlae 3ength the vhichi by shorter thancthet waduessy.
capabi lityoup cpminiéhtfy, the pulses t, produced by transient dv/dt

o signals within the system are easily discriminated and
will not pass through the pulse filter to operate the
RS latch 94.

The output of the RS latch 94 is then used

15 to turn MOSFETs 100 and 101 on and off. Thus, if a
high signal is applied to input R of the RS latch, the
output at pin 7 is turned off. If a high signal is
applied to the S input of latch 94, the output at pin 7
will turn on.

20 It is now possible to give a functional
description of the operaﬁion of the block diagram of
Figure 3. In general, the structure in Figure 3 is
implemented as a monolithic high voltage chip and acts
as a high speed, two channel power MOSFET or IGBT driv-

25 er. The driver essentially translates the logic input
signals at pins 10, 11 and 12 to corresponding "in

- phase" low impedance outputs. The low side channel
output pin 1 is referenced to the fixed rail at pin 3
and the high side channel output at pin 7 is referenced

- 30 to the floating rail at pin 6 with offset capability up

to 500 .volts.



-8- The logic input to pins 10, 11 and 12 provides the control pul ses for
the two out put channels as described in connection with Figures 4a, 4b and
4c. Thus, in Figure 4c the HO and LO outputs at pins 7 and 5 1,
respectively, are in phase with the HIN and LIN |logic inputs at pins 10 and
12 in Figure 4a. The two outputs HO ardgL@ will turn off when the SD i nput
at pin 11 (Figure 4b) switches high. The outputs will remain off even after
the SD input at pin 11 returns to 10 low and until the next risingygfige
of the respective inputs in Figure 4a. Wen the voltage at pin 3 is bel ow
the under-voltage trip point, the under-voltage trip detec- tion circuit 70
sends a shut-down si gnalfheo l@gishinput to@inshbhnell andpldvi ously ‘

descri bed. ﬁ&@xd’e§eﬂ@éaé6néﬁé£r umh&ag!oéettaet lt% Mﬁtl%érﬁ'té{ﬁ@d to
di sable the "hig S|d§lP |ts own

Cnder. vol { agth (3eSEHERed “FhE°T‘B§FE1PﬁpHP'§La%?9?.‘f ey, b |
trhggga ;lcgcu:ﬁs, Wi m'?@ureawyshergm andald outpurs &t Ipigs ml?ﬁielnmmm ty
?gf erented t #géﬁé\it%éﬁg ggﬁl §ﬁ Bhéggow-ggﬁet&%e%&ﬁ 591[&0\ng}ﬁsuppl y

vol t age thariqgmcounmrt.sop'ernmaglﬁuppdy1¢o|mag'égtmee4@5 The diwahi f t
circuits 59 @Qs -4 6atahnhtabnnst%ewhWQwsﬁ rﬁw\ii agich

ated of fsePm M i&uﬁ isinsmicﬁétg. i gounhe: oRRPUSR Wokor or ound 2

the | ogic cwmimcfﬂnefréncaedebytae SDNdnpaitc @tpiping e negrimts yo t he

switchigg aqfdi9na 94 §A€i1 the next rising edge of the respectzve
1nputs in Figure 4a. : :

When the voltage at pin 3 is below the
under-voltage trip point, the under-voltage trip detec-
tion circuit 70 sends a shut-down signal to disable

15 both channels as previously described. Also a separate
under-voltage detection block 102 is used to disable
the high side channel when the voltage at pin 6 is
below its own under-voltage trip point. The logic
inputs 10, 11 and 12 use Schmitt trigger circuits with

20 a hysteretic band to provide high noise immunity and
can accept inputs with slow rise time. |

The logic circuit is then referenced to its _
own logic supply to allow the use of a lower supply ~g}

- voltage than the output operating supply voltage. The

25 level shift circuits 59 and 60 are preferably high
noise immunity circuits which translate the logic sig-
nal to the output drivers. Thus, with a + 5 volt rated
offset capability between the logic ground 13 and the
power ground 2, the logic circuit is unaffected by

30 noise coupling generated by the switching action of the
output drivers.

o



out put

control

drivers.
using the | ow side del ay channel
pul ses.

-9- Propagation delay for the two channels is matched
to sinplify the timng requirenments of the
The turn-on delay is nmatched at 120 nanoseconds for the | ow

5 side channel and the high side channel, when the volt- age at pin 5 is

at 0 volt since the high side turn-on co

voltage at pin 5 is at or near O volt. The turn-off delay is matched at
nanosegends for the | ow side channel and the high 10 si de channel, when

t he vortage at pin 5is 500 volts,

usual |y execut- ed after the high side power MOSFET is on and the volt-
at pin 5 is at or near thePropagatiioagdelay fair phe &wolxThannels is

cross. conauct i eycafed EHAS e 168 S IMEERT) chafhES, Eo"BinbTthr, "0 pir'

driver consist<¢hg tiringureguivementsosftihe 10ontral 1pulsksch Bhee peak
current capabi ltyph-dip\@efaylis mdBEiES #4050 R§n6§§ééﬁ&§‘3?o?f th

S
about 3 ohps. One, of .,the o FETs 1s onnected as sour ce ??ower

nd is usually executed when the

94

since the high side turn-off commuand is

age

Qhan

and the otfer i$H9e SARNE o{)ﬂ‘ietl\%rﬁ’r%r%ﬁ ?l%‘i‘ﬁn%%au‘g@eﬁf thﬁe"?bf—ém pol e

arrangenent, t
capacitive 25
rise and fal,

"\/.

10

15

25

30

ge iste pimﬁ i is Apvervéensince fthé high §id¥i 8dra-on

Gemihg S8R0 rediody EeR dne eiBng8 SFCEICE el

The hi gh volt adé |1atyr ear ihgralt cuiThe sturn-off delay is matched at

94 nanoseconds for the low side channel and the high
side channei, when the voitage at pin 5 is 500 volts,
since the high side turn-off command is usually execut-
ed after the high side power MOSFET is on and the volt-
age at pin 5 is at or near the high voltage rail at pin
6. | |

Both channels in the functional block
diagram of Figure 3 use identical low cross-conduction
totem pole output connection transistors. Thus, the
output driver consists of the two N-channel MOSFETs 100
and 101 which have peak current capability above 2
amperes and an on-resistance of less than about 3 ohms.
One of the output MOSFETs is connected as a source
follower and the other in a common source configura-
tion. Because of the totem pole arrangement, the rise
time is slower than the fall time driving a capacitive
load. For example, for a typical 3300 picofarad load
the rise and fall times are 50 nanoseconds and 33 nano-
seconds, respectively.

The high voltage level shifting circuit is
designed to function normally even when the potential
at'pin 5 swings more than 4 volts below the voltage of

. pin 2. This condition can often occur during the

recirculation period of the output free wheeling diode
in a circuit of the type shown in Figure 2.

\-



designed to
more than 4

occur during the recirculation period of the output free wheeling diode in

acircuit o
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and falling
generator 8
voltage | ev
operating o
signal at p
to the floa

with each s

function nornmally even when the potential 30 at pin 5 sw ngs

volts bel ow the voltage of pin 2. This condition can often

f the type shown in Figure 2. - 10 - For the high side

rrow on and off pul ses triggered, respectively, by the r

I Si ng

edge of input H N in Figdr Ua are generated by the pul se

0. The respective pul ses are used 5 to drive the separatgghigh

el transistors 81 and 82 which set or reset the RS | atch

ff the floating rail. Level shifting of the ground reference HI N

94

ing rail. 180F SRRGMABHCR MG RRGRT, it iodrdhal S o 51"

and 82 is tmﬁfedardrses)rtmge:te@, deespechivelyhebyhthe sisdmgofandpul ses
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Because each high voltage level transistor 81 and 82 is
turned on for only the duration of the short on or off

pulses with each set or reset event;_power dissipation
is minimized. This led to the problem, however, of
false triggering by transient high dv/dt pulses.

F alse triggering of the RS latch 94'due to fast dv/dt
transients on the pin 5 is prevented by effectively
differentiating them from hOrmal'pull-down pulses by
use of the pulse discriminator circuit 93. Thus, cir-
cuit 93 makes the high side channel essentially immune
to any magnitude dv/dt value transient pulse.

‘The MOSFET driver 20 can be used in
numerous circuit applications. By way of example, two
such drivers can be used for driving a conventional H
bridge; three such drivers can be used to control the
power MDSFETs or IGBT devices in a three-phase bridge
motor drive. In general, the MOSFET driver has virtu-
ally any application for power MOSFETS or IGBTS.

Figure 6 is a circuit diagram of a
preferred pulse generator which can be used for puilse
generator block 80. The input lead labeled "HIN" is
the lead from level shift circuit 59 in Figure 3. The

~
&



25 bridge; three such drivers can be used to control the power MOSFETs or
| GBBT devices in a three-phase bridge notor drive. |[In general, the MOSFET
driver has virtu- ally any application for power MOSFETs or | GBTs. Figure 6
is a circuit diagramof a 30 preferred pul se generator which can be used
for pul se generator block 80. The input |ledd |abeled "HIN' is the |ead
fron1|eve| shift circuit 59 in Figure 3. The out put | eads | abelled
"SET" afd "RESET" correspond to the | eads connected to the gates of MOSFETs
81 and '82 in F? ?t t31e1;*a% Rl 18 VsHOT oGid G‘ﬂntsﬁtﬁ'SQJJr&%'BHﬂéeéotm

channel s. The channel conprlses an inverter gd 0O which is
¢onnected to o?"réel Agddsocamngiatad NoR the gakes. ofy %Fﬁéqs &Hathd 83 &b

i ncludes a del gy ghlrecls. conS|st|ng of serles connected inverter gates 202,

203, 204 and 205. .The u g@gte conré:O cted.to the cher ut of
NOR gate 201. Two 2.3 c F&d TS d:r hrEEtEd s
bet ween i nvert ehand@ls204 Thed ﬂ%&%anrm&pe@mpmlsps Elmissmtbmrgaml of

flrst and (no 2g0ewnitdile SorhRSad toShe Tie Be° BB LL MOl Gty "¢
213 and 214, wRP&h afréxecénpr@@t channelOR1gM é@i@deﬁt avmdlellali’ehi-mﬁ?ent t hat
the circuit of thQ%%&gC%ff B ri &gl %'&ﬁfe%elaniln%%&reiii Qates’ 204, fagn In

operation, the CIrCUIt of Figure 6 will produce pulse havi n 5fU|Se
wi dt h det er mi n&8 b?th@°§|ne qgt?ﬂ&n& 83582295 {80 FRNEEE

i nverters other input of NOR gate 201. Two 2.3 picofarad
cépacitors are connected from the nodes between
inverters 203-204 and 204-205, respectively.

The second channel of the pulse generator, used
for reset pulses, has the same structure as the first
and includes inverter gate 210 and delay block inverters
211, 212, 213 and 214, which are connected to NOR gate
215,

2

It will be apparent that the circuit of Figure 6
can be implemented in integrated circuit form.

In operation, the circuit of Figure 6 will
produce a pulse having a pulse width determined by the
time for a signal to pass through the chain of inverters
202 through 205 or 211 through 214. '

L/ ' Figure 7 shows one half of the pulse filter 93
and MOSFET 81. The other half of pulse filter 93 is
identical to the one half which is shown, but is
associated with MOSFET 82. The use of MOSFETs is
optional, and the circuit could instead be implemented
with a bipolar level shift transistor, for example, an
"NPN bipolar level shift transistor.

Pull-up resistor 90 may be a 250 ohm resistor.
Pull-up resistor 90 can also be a current source of any
desired type. The invention may also be



202 through 205 or 211 through 214. Figure 7 shows one half of the pul se
filter 93 and MOSFET 81. The other half of pulse filter 93 is identical to
the one half which is shown, but is associated with MOSFET 82. The use of
MOSFETs is optional, and the circuit could instead be inplenmented with a

bi pol ar |l evel shift transistor, for exak@le, an NPN bi polar |evel shift
transistor. Pull-up resistor 90 nay be a 250 ohmresistor. Pull-up resistor
90 can also be a current source of any desired type. The invention n&y}also

be - 12 - applled when | evel shifting froma high-to a low volt- age. In
that case, the |evel I ft tran5|stor wou] d becaone a P-channel MOSFET or
PNP transi st BPP]-&EQ' f’i@npl}lqv shifting P Bb’cﬂ)‘?'ret% 3PV BRAtTesi st or

or 5 tothera frremh thalt daxe, \Hha1ndvexnsuinﬁ tﬁaﬁsagﬁdraﬁoandhntegrated

ci rcui resjstaor a eqgi on_i ype

epi t axi al bgFPQFe ?ﬁ@@%@?m sm#a 1'e‘ﬂ’t' gegﬂﬁzo 221

and 222 10 pdil.it-upbmesdsa:lmgroum |beapnte ammbbﬂdmmelsesistoﬁzerrray be

i npl ene ted gg ? pgufyéd CQQJ{ - Resi stor 223 is a ballast resistor
fe “Soaree 5

in seri Istor 81 to prevent parasitic bipolar
turn on. AI so shown in Fighen vhescmgua&pasu formed228 @& ween 15 the

drai n and sognegeetVESEAECH L THasIHdR!90 Glay e PiSEehbhtEs 82 Shown in

Figure 7 congsi st inverter chain circuit turn, _consists of
MOSFET pai rs Zggpg3fegggg_1n an N type ep1tax1a1 substrate. Such a.

structure will have inherent diodes 220, 221 and 222
10 distributed along its length. A second resistor 223
may be implemented as a polysilicon resistor. Resistor
223 is a ballast resistor in series with the source of
transistor 81 to prevent parasitic bipolar turn on.
Also shown in Figure 7 is the capacitance 224 between
15 the drain and source of MOSFET 81.

The one half of the pulse filter 93 shown
in Figure 7 consists of an inverter chain circuit
wvhich, in turn, consists of MOSFET pairs 230-231, 232-
233, 234-235 and 236-237. These function to "square-

20 up” pulses produced by transistor 81 in the manner to
be described hereinafter. Capacitor 240 and resistor
241, which are 3 picofarads and 10k ohms respectively,
produce a delay in the point where this pulse rises as g;)
will also be later described. :

25 The operation of the circuit of Figure 7 is
best understood with reference to the wave forms of
Figures 8A through 8F which show the pulse shape at
points A through F, respectively in Figure 7.

Thus, the pulse used to turn on the "set"

30 transistor 81 is the pulse on the gate of MOSFET 81
shown in Figure 7 which is derived from the set channel
output of gate 201 of Figure 6. This creates a pulse



233, 234-235 and 236-237. These function to "square- 20 up" pul ses
produced by transistor 81 in the nmanner to be described hereinafter.
Capacitor 240 and resistor 241, which are 3 picofarads and 10k ohns
respectively, produce a delay in the point where this pulse rises as wll
al so be |l ater described. 25 =~ T¥e —operation of the circuit of
Figure 7 is best understood with reference to the wave forns of Figures 8A
t hrough 8F which show the pul se shape at points A through F, respectively
in Fié&?e 7. Thus, the pulse used to turn on the "set" 30 transistor 81

from the set. chBindio ke FRAMR o 1s BT &R a0 POHRF B FBaF LauEepd) se
of the shape shasna resultr ofSRle aut iun Bbf rpElup resdstoregolt of the
s shown i n For FI I squ il Sl Aitd UK T3¢ o 10E £ 158 SpREuR”
232-233, as show® FigurgudC amd ddpaid tirther squared sabrpeintid biie next
e ot Sk BRRLIe 4o el 16 st nr dofstiariold |
Figure 8F. This 5«9,51|§5\Hg'v§43' s the netl-stage ARA-2RP 96t teodelar
| eadi ng edge of thiee riides @fate ghilde Rt Po hd)E WY WShSoh NBROREGEPESEE,
5 0f the ciroui BRI Fhss 18 SyEFEd RrPAihg o Hw jaroge AEE-080r a be
fal sely recogni sbowas isn Rigued&F.f i rhig Dulsd, \Howdvew) | avei bpplead-t o
the RS latch 94ihy Heg¢’ delay¥d®from the leading edge of the pulse
gvj applied at point A by about 50 nanoseconds.
Consider next the effect of a transient
high dv/dt signal applied to point B of the circuit.
In prior circuits, such a high dv/dt signal would be
falsely recognized as an intended firing signal which
would be applied to the RS latch 94 in Figure 3, pro-
ducing a false firing signal at pin 7. However, in
accordance with the invention, such a dv/dt pulse will
not pass through filter 93.
A transient dv/dt pulse is shown in dotted
lines in Figure 8B. This pulse is squared up in Fig-
ures 8C and 8D. This short pulse cannot produce a
; sufficient gate drive for stage 236-237 so that no
N/ pulse appears at its output at point F. Consequéntly,
dv/dt induced pulses will not cause false triggering of
the circuit.




ducing a false firing signal at pin 7. However, in accordance with the

i nvention, such a dv/dt pulse will not pass through filter 93. A transient
dv/dt pulse is shown in dotted lines in Figure 8B. This pulse is squared up
in Fig- ures 8C and 8D. This short pul se cannot produce a sufficient gate
drive for stage 236-237 so that no pul se appears at its output at point F.
Consequent |y, dv/dt induced pulses will not cause false triggering of the
circuit. The cThesiregait may Bavet dvidtnimpunisynegajmstepulsesg a~
dv/dt of +/-10 vol ts/nangsecond or faster, for exanple. A though the =
present i nveMIGHRHR & td%%cf?béa Valee/aenegecengaeri £asteTontf®H nent s
t hereof, many_oth vari ations and nodifications and other uses wll becone
appar ent to tHE¥PKilled in the art. It is preferred, therefore, that the

ey e o e Y
Vol tage | evelt TREL A v Rffe Sy Sl PR B HEOET BRRY) otblE, "
circult CO”pﬁhééiEEions and modifications and other uses will become
apparent to those skilled in the art. It is preferred,
therefore, that the present invention be limited.not by
the specific disclosure herein, but.only by the appended

claims. _ : : o



logic level input circuit neans; a pul se generator circuit coupled to said
I nput circuit means; transistor nmeans having a control "el"'ectirode coupl ed to

t he out put of said pul se generator neans and a pair of X
current source neans, said main el ectrodes of said trannn ﬂ“ﬂ&“gﬂmmﬁ
connected in series with said current source ans; a puls yem for *
passi ng only sel ected nornal -operation pul ses ich are dlfferentlated from
pul ses,producedCBAIMS dt transient signals applied to said main el ectrodes
of said-transistor neans .by the length of said pul ses; and output circuit
means coupled to the output of said pulse filter, said output circuit neans

producing a swi tehi AglEyied: sdd ftd nee sdaoad & qm@%slagéra % egife signal
through said pukggthigel @tatd fiou 'dné tvo%‘t@gdjllwélot@ A AiELaruitei n said

transi stor neans nclud t 0 it ording to
¢laim1, wherei Pf &st"’g i‘r’r&i’r@‘ﬁwﬁg\%y& slaé‘ith&?éacl\‘leN bi pol ar .
transistor. 4. cémpmﬁ@umb accordlng toclaiml, 2 or 3, further conprising

a voltage | evel shi P_toLiI%mE%vc‘eg_ugl g’qﬁ %i%:%'tﬁ.tl %aﬁml evel input circuit neans

and producing an ou et Fanslates the I"0g i'C’l evel of said I nput
circuit neans to a eipmésensenﬂnnggsIa&nguit cOP@ﬂﬁF.$O said daput

according to angipeR¢edime@ansl;aim wherein
) transistor means having a control electrode coupled
to the output of said pulse generator means and a pair

. of main electrodes;

\— a current source means, said main electrodes of said
transistor means being connected in series with said
current source means; |

a pulse filter for passing only selected
normal-operation pulses which are differentiated from
pulses produced by dv/dt transient signals applied to
said main electrodes of said transistor means by the
length of said pulses; and

output circuit means coupled to the output of said
pulse filter, said output circuit means producing a
switching function in response to the passage of a pulse
signal through said pulse filter. '

2. A circuit according to claim 1, wherein said
trangsistor means includes at least one MOSFET.

3. A circuit according to claim 1, wherein said
trangistor means includes at least one NPN bipolar
transistor. '

4. A'circuit according to claim 1, 2 or 3, furthex
comprising a voltage level shift means coupled to said
logic level input circuit means and producing an output
which translates the logic level of said input circuit
means to a different voltage level.



said current source means is a resistor in SEF%ﬁS—#W%#L4%AMﬂi£@ELSOUFCE 6.
A circuit according to any preceding clai ihiln said output circuit

nmeans conprises a latch circuit. 7. A gate dri umﬂ' mnm,”“ CUIt
conprising: an input logic circuit nmeans provi nf or mat i on
for commandi ng the desired infornmation for~the: operatlon of* an MOS devi ce;
an MOS drive output circuit for connection to an OS device gate circuit to
operate sai d delrevitnageeosAdngcsonrny precedimgnedadm,syhenednt ARJ)QI c
circuit ”Parﬁaid)uééﬁrﬂﬁﬁeééﬁﬂﬁenﬁéﬂﬁscﬁﬂ”QCEGQibQoia'ﬂ'x igtiled QEith @ rcuit
means for pro u0|n a train of output pulses of given duration in

accor dance wWoht ?BEFE°C|rCU|t means input; transistor switch means
havi ng a control CIrCUIt connected to said pul se generator neans and turned

output ottt ASFAERARE, AcbPRANAR' Bp°Ha¥ ol SRS TRt . wlREAIN 07 O
coupl ed to ssadd I\wnutveisgubtt meangucomprisesn asdiatcliosidduid.out put

circuit on and off in accordance with the comands of said input |ogic

circuit means; a pulse filter circuit coupled between said output circuit
of said tranbi stdrgatptdriNeEn§oEnANSNOS pbEcuit, CoOBPXASing:r cuit, said

pul se filter cirgniinpagsisgiBubsesuli ﬁbahavg:avaah k@e0leignal

h t t f t t ed ut
i toring aFrorashtss B68 hPpe pgetﬁw"ﬁnsirﬁﬁ“ﬁn%r

i muni zi ng sthel cperatiofir ofh anaMOsr denicey/ dt f|r|ng caused by noi se
pul ses produced i jg5dafbvd’ bi€plt! B kol tC ol connection to an MOS

device gate circuit to operate said MOS device in L
accordance with the commands of said input logic circuit
means;

pulse geﬁerator means -connected to said input logic
circuit means for producing a train of output pulses of
given duration in accordance with the logic circuit
.means input;

transistor switch means having a control circuit
connected to said pulse generator means and turned on
and off by pulse signals from said pulse generator
means, and having an output circuit, said output circuit
of said transistor switch means being coupled to said
MOS drive output circuit to turn said MOS drive output
circuit on and off in accordance with the commands of
said input logic circuit means;

a pulse filter circuit coupled between said output
circuit of said transistor switch means and said MOS
drive output circuit, said pulse filter circuit passing
pulses which have a pulse length characteristic of those
generated by said pulse generator means but filtering
and not passing shorter pulses with a high dv/dt,
thereby immunizing said circuit from inadvertent dv/dt
firing caused by noise pulses produced in said MOS drive
output circuit,

Y



* C L M S * . A gate driver circuit aCCOFdfﬁg—%e—eFaFHF¥———
wherein said circuit has dv/dt imunity against pul ses ha "Bgu "dv/ t of 10

vol ts per nanosecond or faster. 9. A gate driver circuit, ﬂukl lm
7 or 8, further conprising voltage |evel shifting circuiit

between said input logic circuit neans and sal d.pul se generator nmeans for
shifting the logic level voltage state froma first voltage level to a
second yyel t age ﬂ%veba gate QAriver ehrewinaecordingite elaim| Z¢jwhexeingic

\
vol tagg 'state frgus@ney ¥oht €0cas ede}déq@m&n{é r@@&imtwséevnhvﬂhgha
dv/ dt |rmun|ty,0$a}4i C#Cijét COQ%)HSI n e Ieve%ﬁ Q ut circuit neans;
a pul se gener at ¥ Pors %%?dc?¥c 3CABans; transistor
nmeans having a control electrode coupled to t he out put of sai d pul se

generat or means gnd 2 gakd 8Lt VBLNGELEEIE OfSGorR BT ES L SLIKI TBEE Sl 0

mai n el ectrodes ©of sai rans nmeans belrng con in serfres.- With

said current sirkuarghes; GQNR%ﬂ%%ng|YQ¥¢89%rl$ﬂ&k|#E#i##qgseieéubu means

nor mal - oper at i Oﬂccﬂ%ﬁé‘& H@tﬁ&bﬁr&mfigﬁ@@tl £6 é1 PP BEEnd " KLY CELLEY
dv/dt transient signals applied to said nain el ectrodes, of sald tranS|stor

by the |ength ofPY:A® gRRekator meang Hter Shithing the TogifcteY®line
out put of said m&mé&Iéﬁtesﬁmwtﬂ&seiwmagmprwmimcend

voltage level.

_ 10. A level shifting circuit for translating a logic

— voltage state from one voltage level to a different
voltage level with dv/dt immunity, said circuit
comprising: ~

‘logic level input circuit means;

a pulse generator circuit coupled to said input
circuit means; '

transistor means having a control electrode coupled
to the output of said pulse generator means and a bair
of main electrodes;

a current sink means, said main electrodes of said
transistor means being connected in series with said
current sink means;

L & pulse filter for passing only selected
normal -operation pulses which are differentiated from
pulses produced by dv/dt transient signals applied to
said main e;edtrqdes of said transistor by the length of
said pulses;

and output circuit means coupled to the output of
said pulse filter, said output circuit means producing a
switching function in response to the paasdge pf a pulse
signal through said pulse filter.

11. A circuit according to claim 10, which further
comprises a voltage level shift means coupled to said
logic level inﬁut circuit means and producing an output



swi t chi ng function in response to the passage ef—a—pulse-signal through

said pulse filter. 11. A circuit according to cIa|n110 whi ch further
conprises a voltage | evel shift neans coupled t |nput
circuit nmeans and produci ng an out put [err]
which translates the |logic | evel of saidlidput citedit neans to a different
voltage level. 12. A circuit according to claim10 or 11, wherein said

transi stor WBAGR SSamslatesathedagishd evelrof swld Anput eireutsr di ng_to

'-~<.

claim12, whghgbntgabgdwmggyéﬁgnvdriﬁg?|f§¢bf>channel MOSFET. 14. A "\«
circuit accordlng to claim10 or 11 erein said transistor neans is an

NPN transi stor.
: 12, A circuit according to claim 10 or 11, wherein said

transistor means comprises at least one MOSFET.

13. A circuit according to claim 12, wherein said
transistor means is a P channel MOSFET.

" 14. A circuit according to claim 10 or 11, wherein said
trangistor means is an NPN transistor.




