_ '_iZﬁ\SléthigOEa{_Z:'LteLSNDtSEE;' Pﬁwe[] Switch- Circuit. "I:é'chni cal Field Thid 51.7751
NS i gh power elec- trical switching circuit i
ngiglgtngogpefhgdlgs;ﬁllgn'Ngﬁlﬁe senhconductor field ef?ect trang?;?grs'

al . oxide sem conductor “fiel fect: -
.sistors (typically referred.to as MOSFETs) are capable of ?hgfogaﬁtran

?rghfglgg speeds needed for powerTﬂg Such 10 .loads as -an el ectpd F-tor '
t .d' )C supply. However, the current rating of available I\/DSFE [ .'
not, ade- quate to carry the el W €& ¢PEcyPRY Sizes of nOto 5 )

'Acco;dlrglr ,;;lt'P ‘or nore power MOSFETs
rallel in Ci | '
drég a switching 15 . CerUIt, The forward resistance of the -

. n- source :
 MOSFET. ACCMF%‘%FEES LZ Cé%pl ﬁglcltg umformflrom I\/DSFET to
~switchin - _

g circuit and tPrigoinventieRcHelakesnte ﬁng?gg ggﬁgksg stantlally

”SgagllKCSEE$QH§E§EQQ§EEJ Shifg!bfkchie aEingnparallel connectedcmetad. , A

| Fent o reverse,di 0 n
“drain el Srentexidersempeon dpeRORIS E*g ﬁggshglgkhggagﬁbwﬁe“ Fhfe;gﬁéfgtﬁcg

=pIDad the reverse current which occurs as the switch is opened or turned:

of f flows through th
Teverse ] unct g e revgr§ged&gggnkgeﬁglon .The reS|stance of - the
3 R EEEESEE___________________

' Metal oxide semzconductor f;eld effect tran—
_'slstors (typically referred to as MOSFETs) are.capable
_ -of the hzgh switchlng speeds needed,for powerzng such
h 10 '-loads as. an electric motor from a DC supply. However,
| the current rating of available: MOSFETS. is is not ade-
,quate to carry the current.requrred for*many szzes of .
rmotors. Accord;ngly, it Ls often des;rable to operate
_ two. or morenpower MOSFETS 1n parallel in a- swztch;ng
- 15 _=c1rcu1t.: o ' ' '
"hd, - The forward reslstance of the drarn-source
czrcult of power MOSFETs is: typzcally unrform ‘from.
- MOSFET to: MOSFET. Accordlngly, the: MOSFETs may be con-
' nected in parallel in a. swrtch;ng clrcult and the '
20 . switched currents w111 divide substantzally equally
,among the MOSFETs so. that the current ratlng rs not

exceeded._
A power MOSFET has an. therent reverse drode

; junctzon between.the source: and drain elements. When
.25 the MOSFET sthch Ls-used with a regeneratrve load,
'the reverse current whzch occurs as the swltch is
opened or turned off flows through the reverse diode
- junction. The reszstance of the reverse junctzons of
- MOSFETs may differ. substantlally. W1th a plurallty of
30  MOSFETS. connected in parallel, the reverse current from
| a regeneratzve load dxvzdes in 1nverse relation to the



MOSFETs may differ substantially Wth a plurality of :30.. MOSFETs
connected in parallel, the reverse current froma regenerative | oad dividés

" in inverse relation to the -2- reverse junction resistance. ‘The current
may exceegd the reverse junction current rating, causing MOSFET failure.
Sunmmary he Invention 5 It .is an object of this invention to
provi de aral l el MOSFET power smgtahlng circuit in which the reverse

- curréent TTom a regenerative load is diverted fromthe reverse diode
junctions to avoid the problemoutlined above,. 10 - Mbre N

'partlcularhmeverse;jﬁnétiomrresistanceomethemctrheng mayc eixcedat a: di ode -
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poled to con e reverse curren ode i's
connect ed |ﬁa&&uzs-mnth the source- 15. drain circuits of each of the -
MOSFET swi t ches and pol ed to block current flow through the reverse di ode
junc- tions of the MOSFETs. _Further features and advantages wll be ap-
parent from n and fromthe 20 drawi ng which is a

schemat isc di agr am of amﬁmraﬁmobgécm acuthzsniﬁveatabnngot Bedviident i on.
The swi t chi nag pa'rra?ﬂel %B&‘Q'f'egow”&l‘ gw:.gcg:'.ng c:.rcu:.t in which the o
a reverse current from a regeneratlve load is diverted. = 3
from the reverse diode junctzons to avord.the problem |
~outlined above. ' ' S
10 _ - More partrcularly, it is a\feature of the
:power swztchrng czrcult that a dlode is connected ln :
parallel,wzth the source-drain’ czrcuzts of .the MOSFETSs
and ooled to conduct the reverse current from the load.
A second diode 15 connected in serles with the source-
18 ;-draln c;rcults of each of the MOSFET sthches and poled
to block current flow through the reverse diocde junc~
tions of the MDSPETs._'
Further~features and’ advantages will be ap-
parent from the followzng descrlptlon and from the
20 drawxng which is a schematrc diagram of a power switch
circuit xncorporatlng'the inventiocn. '
The switching c1rcu1t dlsclosed may be: used
in controlling the current from a 'DC supply to a re-

E generative load, as, for example, a DC motor. The - ;p
25 ”switch;ng c1rcu1t may be turned on and’ off, or the _ .
,swztch closed -and opened. by pulses from a control : ¢

signal source.- The pulses are modulated to control the
'power to the load and the load operatron. For example,
w;th a DC motor, the motor speed is controlled

30 ' Wzth partrcular reference to the draw:.ng7 a
_plurallty of MOSFETs 10, 11 have thelr source-drain
circuits. connected in parallel from one terminal +V
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of _ switching circuit na '

soL}cgr th$h2wnhfh cl osed and opened, by pulses froma: co%t?glturnﬁglon and
source pul ses are nodul ated to control the power-to th A €
I peration. For exanplé, with a DC notor, the notor spee S_.ﬁﬁnd.the_

- controlled. 30 Wth

. : - parxi-eul ar refere

_pluralg;y of MOSFETs nce to the draw n

¢ 10, 11 have their source-drain.circuits connec?ed in

aral | e’ from one termnal of

a DC sup 0
supply. Eachoet % E? suppl *Cw'ﬂtecrem%%f { Qad NPT CORRE! pope L0ad
di &de 10a, 1€&X<¥dh &?I%’;ll n- d| cat edaél%héﬂ"ael‘.ﬁnglﬁaloerafaghg, ¢ reverse |
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e source 14 h
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control signal. fromsource 15 is.

con-
L S G laae i o, S s
del i veredyt oeq%gl‘gt 1d§§hbd Mdea Mdaaaﬂ'éﬁl w6t pga’g; t_rol
'.source drmn1d#¢%ﬁu?%rcﬁ+tfhe NCSFETsTrg ng;rgrd resistance of the .
... . . A control signal source Q’JJ“Euﬁﬁﬂ?

whrch is a serles of pulses Lndlcated by waveform 15.
10 - The swrtchrng control srgnal from. source 15 is con- -
" nected through rsolatlng resistors 16 with the: gate
elements of ‘the MOSFETS 10, 11. The swltchlng'con-
‘trol pulses may be modulated, as. hy width modulatron,
to control.the power: dellvered to load: 12.. _ '
15 L The'forward resrstance of the source-draxn
} .clrcuxts of the’ MOSFETs is substantlally the same.
'__Accordlngly, the forward current from: the DC supply to
iload.lz d;vzdes substantzally egually among the C
o MOSFETS. However, the: reslstance ‘of the. reverse drode
.20 'junctzons may'dlffer substantlally from MOSFET to
o MOSFET SO that the reverse currents. divide unequally
and may exceed the’reverse-current ratrng of one or
more of the MOSFETs. o :
o - In accordance with ‘the: anentzon, a first
P 25 - dxode 18 is connected in parallel with the MOSFETS

I between the rengeeratrve ‘load 12 and the term;nal W
A of the DC supply. Drode 18 is selected.wlth a current

rating ‘gufficient. to carry the entire reverse current

from load 12. | | |
30 E In order to prevent reverse current flow

through the reverse diodes 10a, l1la of the'MOSFETs,

a second diode 20 is connected in serzes between the

DC supply.termlnal +V and the drarn elements of the



“Accordingly, the forward current fromthe DC supply to. I.dad 12 divides
substantially equally anbng the MOSFETs.. However, the resistance of the
reverse diode 20~ junctions may differ substantially from MOSFET to

MOSFET sgsjhat the reverse currents divide unequal |y and may exceed the

_ reverseent rating of one or nore-of the MOSFETs. |n accordance with

the invéaf¥on, a first 25 diode 18 js connected in. parallel with the
MOSFETS. bet ween t he rengeerati ve 1 DaH 12 and the terminal +V of' the DC
supply. Diode 18 is selected -with a current rating sufficient to carry W

the-entire PETS - In order to :
prevent revelrkgg currea(ri]"tg fli W‘{ hrouglz%%?%v‘é?‘é%r%oﬁ%riﬁ§ 1Thust the —~
MOSFETs, a s8&én@f dhedcewense sunrentds rfe@stbefl\eﬁnthbgugg, suppl y =¥

term nal +V @Ré pakaidled Q:di‘lxﬂ@{&ds él?'f %191[ -4-- MOSFETs and poled to
- bl ock the reverse curr% hus; al %e reverse, current. is forced to -

fllow through the para tﬁ%(féﬂit%}:hamdnayohal cofibeEtedwi t ches -
-may be c®nneinepaFallied e red |Mﬂsm:ltd1 1M)SE|§T%S1_Oin#c ng*/og%%d by the
power

-dashed Iinesgg h h sujtab T is a type .
[ RF 450 of Int%lﬁﬁgt fe‘é'?\lg% EECtI "111? ®-at 450 volts . ¥

A surtable*power MOSFET rs a type IRF 450 of
Internatzonal.Rectlfrer, rated to’ operate at 450 volts
~ and to carry a forward current of 13 amperes.. The re- .
10 . verse drode«also has. a current ratrng of 13 amperes.
A,power MOSFET has. a very hrgh speed swztcn-
ing accron. Typrcally the turnm on delay trme is of
the order of 35 x‘lo 9'seconds wrth a current rise
'tlme of 50 x 10 9'sec'onds.- The turn off delay time
15 is 150 x 10~ seconds wrth a current decay time of
' 70 x 10 9‘secom:’.s.- ‘The frequency of the control srgnal
' 15 may be of the order of 10 KHz wlth pulse width
__modulatron to control the. power to the load

)



and to carry a forward current of 13 ampéres. The re- 10 ~ verse diode
al so has a current rating of 13 anperes. A power MOSEET has—a—very high _
speed switcn--ing action. Typically the turn on delay tinme is of the order -
of 35 x [err] seconds-with a current rise tlnTUHuuﬂlg Hﬂ!l"u seconds.
The turn off ‘delay tine 15 s 150_xg[err] urrent ge
time ofX0 x 1.0 seconds. The freqaency of tthe’ control signal 1%
of the er of 10 KHz with pul se wi dt h nodul ati-on to control the p
- thedoad. - - 5 - dains Paralle; 1 YEREET Pover Switch Gircuit 1. \
pomer swiitching circuit. for swtc ower froma DC supply to a...
regegeratlve | oad, com - prising: a pIurallty of power MOSFETs each havi ng
5 source, drain apsrg2lelcHOSPRYSPUWEH SiwhecROWiGeudain ciTcuits
par al | el connected‘Bﬁ?ﬁEEﬁ'TﬁE‘TITEﬁﬁﬁTV'Eﬁﬁ‘Tﬁﬁ‘Tﬁﬁﬁﬁﬁ?atLve | oad, each of .
sai d MOSFETs havi ng an inherent reverse diode junction between the source
and drain elements; 10 1. - A powem" swﬂtchhngsn@m@hi&ﬂ&k&esmwtchi
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_ a plurallty of: power-MOSFETs each having
5 source, drain and gate elements with the source-drain.
circuits parallel connected. between the DC supply and -
“the regeneratlve load, each of said MOSFETs havzng'an
“lnherent reverse dzode Junctlon between the source and .
_ ~drain elements, _ ' .
10 o a control s;gnal source hav;ng a swztchlng
d_control szgnal output connected w1th the gate element
of each MOSFET, - sw1tch1ng the MOSFET sourceedraln.clrw
'_cults on and off at a selected: rate; '
_ a fzrst diode connected ln parallel with the _
15 _source-draln circuit of said power MOSFETs and.poled. |
o conduct reverse current from the load; and’ |
o ‘a second diode connected in series with the
source drain clrcults of each MOSFET and poled to block '
. current flow through the reverse dicde Junctlon of the
20 MOSFETs. | | '

2 The power switching circuit of claim 1
'lncludlng lsolatlon resistors connected between the
'_control signal source and the gate element of each of
said MOSFETs. '

25 3. The-power'switchint'circuit of claim 1
in which the DC supply has positive and negative ter-
- minals and the load has two terminals, said second



a first diode connected in parallel Wth the 15 source-drain circuit of
‘sai d power- MOSFETs and pol ed to conduct reverse current fromthe |oad; and
a second. diode connected in. series with.the sourcerdrain circuits of each

MOSFETand pol ed to bl ock current flow thr oug e uncti on,
of thd@Qy MOSFETs. 2. The power swi t chi ng I“ﬂm 'ﬂ]mﬁml ME i ncl ud| ng
i.sol at resi stors connected between the control ¢si gna soursce and t :
gate el enent of each of said MOSFESs = 25 3. - The power

switchint circuit of .claim1l in Whlchthe DCsuppIy has positive and' V
‘negative ter- sandthelo -6-
di ode bei ngd &SQ]ﬁegP ?ﬁé’%" c% F#ﬁ +§eo?$t1ﬂ%§%£§suppl y andy/ -
_the source- dnhai nc(:|sugp|1tys acmfd Sdned Wrm chrouhbs: offsaiddd | oad ’

| bel ng conneﬁbggzg q&o %‘iﬁd@f%ﬂdcﬁéﬁ b 1n§aégna@gggsmthhe ot her -

term na e| ng connected W e Other termnal of said
.DC suppl y &he smchﬂdaqam &iefc@éﬁa@fe(ﬁﬁ%t”é‘as%%'?ﬁ/eeﬁh§a98hﬁﬁe t er mi nal

of the Boadteil{iﬁn%ﬂ' GO IETHR being "Gorest@d! With the other
terminal of said DC supply and said first d:..ode being . P '
connected between sa_.:..d._ one term:.nal of the load and. '
said one: terminal o_f;i the: DC supply. . ' '
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