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TRANSISTORIZED POWER SWITCH AND 

BASE DRIVE CIRCUIT THEREFORE 

FIELD OF THE INVENTION AND CONTRACT STATEMENT 

This  i nven t ion  r e l a t e s  g e n e r a l l y  t o  a  t r a n s i s t o r i z e d  power 

swi t ch  and a  base  d r i v e  c i r c u i t  t h e r e f o r e  and more p a r t i c u l a r l y  

t o  such a  S23Ep!& swi tch ing  c i r c u i t  which u t i l i z e s  a  four - te rmina l  re i 3h/k/ 
3/31/81 

5 power Dar l ing ton  and a base  d r i v e  scheme provid ing  f o r  f a s t  turn-  

o f f .  The United S t a t e s  Government has  r i g h t s  i n  t h i s  i nven t ion  : 

pursuant  t o  Con t r ac t  No. DEN 3-65 funded by t h e  United S t a t e s  

~ e ~ a r t m e n t  of Energy between t h e  Nat iona l  Aeronaut ics  and Space 

Adminis t ra t ion  and t h e  V i r g i n i a  Po ly t echn ica l  I n s t i t u t e  and S t a t e  

10 Un ive r s i t y .  

BACKGROUND OF THE INVENTION 

One of t h e  major e f f o r t s  in reducing t h e  s i z e  and weight of 

e l e c t r o n i c  power p roces s ing  systems is  d i r e c t e d  toward developing 

high power, f a s t  swi tch ing  semiconductor devices .  Seve ra l  p e n a l t i e s  



a r e  induced- when s i l i c o n  con t ro l l ed  r e c t i f i e r s  (SCR) 
RRc 3/ .? , /% 

a r e  employed a s  switching devices. Due t o  high conduction l o s s e s ,  

slow switching speeds, and complex commutation schemes, t h e  SCR 

has been forced t o  take  a less a c t i v e  r o l e  i n  power and c o n t r o l  

5 e l e c t r o n i c s ,  e s p e c i a l l y  when high-eff iciency power supp l i e s  and 

high-frequency motor d r i v e s  a r e  deemed des i rab le .  These inherent  

l i m i t a t i o n s  of t h e  SCR device has  hastened the  development of i t s  

counterpart--power t r a n s i s t o r s .  

I n  r ecen t  years ,  t h e  inc reas ing  a v a i l a b i l i t y  of high power 

10 t r a n s i s t o r s  has opened many new avenues f o r  power e l e c t r o n i c  

a p p l i c a t i o n s .  High-frequency, low-switching l o s s e s  and r e l a t i v e l y  

simple commutation schemes a r e  j u s t  a few advantages of t h e  power 

t r a n s i s t o r  over t h e  SCR. With t h e  present  semiconductor device  

technology, power t r a n s i s t o r s  t j i th  a capaci ty  of VCBo = 600 V,  IC 

15 = 300 A can b e  manufactured on a s l e  wafer. The development N FLL 3 j2$  

G A c  3f<$ . '  
of g i a n t  t r a n s i s t o r s  now make i t  p o s s i b l e  t o  extend t h e i r  a p p l i c a t i o n  

t o  higher power processing,  such a s  motor d r i v e s ,  i n v e r t e r s ,  

choppers, and uninter rupted  power supp l i e s  which were predominated 

by SCR devices  i n  t h e  past .  I n  p a r t i c u l a r ,  t h e  l a r g e  power 



t r a n s i s t o r  has been used i n  an Ac d r i v e  system a s  shown i n  Figure 

1 f o r  a  b rush less  permanent magnet motor f o r  e l e c t r i c  v e h i c l e  

propulsion.  

The power conditi0ne.r of t h e  d r i v e  system c o n s i s t s  of a  

chopper and i n v e r t e r .  The chopper r egu la tes  t h e  cu r ren t  t o  

provide torque con t ro l  and t h e  i n v e r t e r  supp l i e s  t h e  3-phase 

cu r ren t  needed t o  d r i v e  t h e  Ac permanent magnet machine t o  propel  

t h e  veh ic le .  The chopper uses  a  fast-switching power Darl ington 

it% 

f o r  high## opera t ing  f requenc j  and low# l o s s e s  demanded by an 

e f f i c i e n t  DC - DC conver ter .  For the  r e l a t i v e l y  low frequency 

i n v e r t e r ,  t h e  rugged, slow-switching power Darl ington i s  used. 

However h igh cur ren t  t r a n s i s t o r s  do n o t  achieve t h e  switching 

speed performance comparable t o  t h e i r  narrow-base-width, low-- 

c u r r e n t  counterpar ts .  The phys ica l  width of the  base must be  

increased f o r  t h e  power t r a n s i s t o r  t o  support  higher vo l t ages  and 

. . 
cur ren t s .  Increas ing t h e  base  width lqwers t h e  c u r r e n t  gain.  To 

provide t h e  high gain desired, .  t h e  power Darl ington conf igura t ion  

is  used. 

The poor switching performance of conventional  high power 

20 t r a n s i s t o r i z e d  switches i s  most recognizable dur ing  t h e  turn-off 

per iod .  The r e l a t i v e l y  slow turn-off is due t o  a  s lugg i sh  sweep- 

ou t  of minori ty c a r r i e r s  i n  .the base  region. The s h i f t  i n  conduction 

from t h e  periphery of t h e  emitter t o  t h e  cen te r  causes an inc rease  

i n  t h e  r e s i s t a n c e  between t h e  base  te rminal  and t h e  emitter 

25 te rminal .  Because of t h e  h igh s e r i e s  base r e s i s t a n c e ,  an e f f e c t i v e  

r e v e r s e  d r i v e  i s  needed t o  f a c i l i t a t e  a quick t u r n - o f f .  



Various schemes have been developed t o  so lve  t h e  slow turn-  

o f f  problem. Described below a r e  s e v e r a l  commonly used base  

d r i v e  techniques. 

Figure 2 i l l u s t r a t e s '  a  capac i t ive ly  coupled turn-off c i r c u i t .  

When t r a n s i s t o r  Q 1  i s  o f f  t h e  totem pole output  (pin 5) of the  

555 t imer i s  high so  t h a t  t r a n s i s t o r  QA is forward biased. An 

i n i t i a l  high cur ren t  provides quick turn-on u n t i l  capac i to r  C is  

charged. With t r a n s i s t o r  Q 1  on, p in  5 goes low, turning on 

% pL. 3/2//Fl 
t r a n s i s t o r  QB which provides r eve r se  cu r ren t  t o  t u r n  t r a n s i s t o r  q h c  4 / 2 , / ~ ,  f\ 

0 

'The advantages of t h e  c a p a c i t i v e  coupled scheme a r e  t h e  
A FCL 3 p l / ~ l  

3 / L l / b (  

el iminat ion  of a  negat ive ,  i s o l a t e d  supply,  and t h e  PL 3 / 2 i / # j  
. - 

R f i c  ~ / L I / J I  
s i m p l i c i t y  of  t h e  d r i v e  i n  operat ion.  The p r i n c i p a l  l i m i t a t i o n  

of t h e  c a p a c i t i v e l y  coupled turn-off c i r c u i t  is  i n  t h e  f i n i t e  

amount of charge t h a t  can be s to red  i n  t h e  capac i to r  C . '  For a  

low power switch t h i s  c i r c u i t  i s  very p r a c t i c a l .  But f o r  a  high 

power t r a n s i s t o r  t h e  l imi ted  amount of charge on capac i to r  C 

would be  less e f f e c t i v e  i n  sweeping out  t h e  minori ty c a r r i e r s  f o r  

a  r ap id  turn-off.  

A pu l se  t ransformer is  o f t e n  used f o r  t r i g g e r i n g  t h e  l a t c h i n g  

t r a n s i s t o r .  Figure 3 i l l u s t r a t e s  t h e  use  of t h i s  type of magnetic 

coupling. When t r a n s i s t o r  Q t u r n s  on, primary cur ren t  goes i n t o  ; 

h N n ~ W  
A 

t h e  dot  producing a cu r ren t  flow.ing ou t  of t h e  dot  in t h e  secondary 
F L L  3/21/51 

A QC 3 1 2 ,  1' I i 
t o  t u r n  t r a n s i s t o r  Q on. T r a n s i s t o r  QB i s  switched on t o  provide 1 

S I 
t h e  oppos i t e  e f f e c t  on t h e  secondary which s u p p l i e s  t h e  r e v e r s e  I 
current t o  f a c i l i t a t e  a quick tu rn -o f f .  i 

' ! .  



I n i t i a l  high i n f l u x  of cu r ren t  on both turn-on and turn-off 

s t a t e s  due t o  capac i to r  C a i d s  i n  quick switching a c t i o n .  Unfortunately,  
4 a  

t h e  magnitude l i m i t a t i o n  on t h e  s a t u r a t i o n  f l u x  dens i ty  and t h e  A ,XL 312ly 
Z f i c  3 I+!/! 

c r o s s  s e c t i o n a l  a rea  of t h e  magnetic co re  does not  al low f u l l  on . 

5 o r  high percentage, on-time c a p a b i l i t i e s .  

Figure 4 exemplif ies  t h e  dual  supply approach. Here t r a n s i s t o r  

Q1 switches on t o  provide forward d r i v e  f o r  t h e  power t r a n s i s t o r  

QS. For the  t u r n  o f f ,  t r a n s i s t o r  Q2 is switched on d e l i v e r i n g  a 

r e v e r s e  cu r ren t  t o  t h e  base-emitter junc t ion  which sweeps o u t  t h e  

10  minori ty c a r r i e r s  of t r a n s i s t o r  Q The diode D a r e  used t o  
S ' r 

p r o t e c t  aga ins t  a  high vo l t age  being es tab l i shed  ac ross  t h e  base- 

e m i t t e r  junc t ion  caused by t h e  high base-emitter s e r i e s  r e s i s t a n c e  

dur ing the  f a l l  t i m e  of t h e  turn-off .  
A 

FLL 3/21 18 
PAC 31 z ~ ) ~ i  

Although t h e  c i r c u i t  r e q u i r e s  two power supp l i e s ,  t h i s  base 

15 d r i v e  al lows f u l l  on time and d e l i v e r s  r e v e r s e  b ias ing  during t h e  

f u l l  o f f  t ime per iod  no mat t e r  how long. The c i r c u i t  a l s o  provrdes 

quick r u m  on v i a  capac i to r  C .pa ra l l e1  t o  r e s i s t o r  R. 

The var ious  s t y l e s  of turn-off described above a r e  e f f e c t i v e  

for.  t h e i r  r e s p e c t i v e  purposes: The c a p a c i t i v e l y  coupled turn-off 

20 c i r c u i t  i s  e x c e l l e n t  f o r  low-power app l i ca t ions .  But f o r  h igh 

power t r a n s i s t o r s  t h e  capac i to r  would not  be a b l e  t o  s t o r e  enough 
1 .  

charge t o  e f f e c t i v e l y  tu rn jo f  f  t h e  power t r a n s i s t o r .  The p u l s e  ~ L L  p!fl 
ec\L 3/21/$ i  

t ransformer coupling scheme lends  i t s e l f  we l l  f o r  input-output 

i s o l a t i o n .  However, t h e  c i r c u i t  is  rendered inopera t ive  when t h e  

25 power switch is  funct ioning under extreme duty cyc le  cond i t ions  

-, because of t h e  f i n i t e  amount of magnetic f l u x  which Fc~p/f/  
c-a,c 3 / 2 \ / % i  



may be s t o r e d  i n  the  transformer core.  The dual  power supply i s  * 
an candidate f o r  l a r g e  power devices. But t h e  dual  

,,-' L 3 / 2 1 / ~ )  
qac -3 /2( /$1  

s u p p l i e s  add e x t r a  hardware and cos t  t o  t h e  t h e  base d r i v e  scheme. . 

Thus, t h e  conventiqnal base  d r i v e  schemes discussed above 

5 a r e  e x c e l l e n t -  f o r  fow power and l imi ted  usage, wi th  the  exception 

of t h e  dual  power supply approach. A s  t h e  power l e v e l  inc reases  ~t~ :/21/M ' PI(\L ~ ~ L I / L I  
so  do t h e  c o n s t r a i n t s  on t h e  power switch. The higher power 

handling c a p a b i l i t y  of t r a n s i s t o r s  r equ i res  h igher  i n j e c t i o n  

l e v e l s  of dopant on t h e  base region.  I n  t u r n ,  t h e  emi t t e r  e f f i c i e n c y  

1 0  i s  lowered and t h e  s e r i e s  base-emitter r e s i s t a n c e  is increased.  

The h igh s e r i e s  base-emitter r e s i s t a n c e  i n h i b i t s  t h e  charge 

sweep-out r a t e .  P r i o r  base d r i v e  c i r c u i t s  do n o t  provide t h e  
' 

hea l thy  reve r se  d r i v e  cu r ren t  needed t o  has ten  t h e  charge sweep- 

o u t  r a t e  of t h e  minori ty c a r r i e r s  t o  provide a r ap id  turn-off .  FLL VIP] 
.A PA'' 5 / 2 \ / !  

15  A s  t h e  power handling capaci ty  of t h e  t r a n s i s t o r  inc reases  . 

t h e  c u r r e n t  ga in  reduces. This  i s  due t o  lower emitter e f f i c i e n c y  

caused by high-level i n j e c t i o n  which is aggravated by c u r r e n t  
I\ pu 3/q/bl 

crowding. With t h e  lower c u r r e n t  gain,  e i t h e r  t h e  base d r i v e  RAC 3/rr/$\  

mus; be  revamped t o  handle t h e  cu r ren t  needed t o  success fu l ly  

20 t u r n  t h e  switching device  on and o f f  p r ~ f i c i e n t l y ~ o r  a  Darl ington 3/2//8/ 
J RlAc 3/2(/yi 

p a i r  must be  used t o  provide t h e  gain  needed t o  keep t h e  base  

c u r r e n t  a t  a  r e spec tab le  l e v e l .  

However, t h e  conventional  three-terminal Darl ington conf igura t ion  
A p a  3/21/81 

has an inheren t  turn-off problem - t h e  uncon t ro l l ab le  charge ~ R L  



sweep-out r a t e s .  Referr ing  t o  Figure 5 t h e  ou te r  power t r a n s i s t o r  

QP requ i res  more time t o  t u r n  o f f  due t o  t h e  charge bui ld  up i n  

t h e  base  region caused by t h e  l a r g e  d r i v e  cu r ren t  of t h e  d r i v e r  

t r a n s i s t o r  QD. With a l a r g e r  minority c a r r i e r  s to rage ,  t h e  o u t e r  

5 t r a n s i s t o r . r e q u i r e &  heavier  d r i v e  t o  sweep t h e  minori ty c a r r i e r s  
d m  p-L 3/21 pl 

o f f  t h e  periphery of t h e  base region than t h e  d r i v e r  t r a n s i s t o r .  
A 

R&C 3 / 2 1 / ~ (  

The problem develops h e r e  because a s  soon a s  t h e  conduction 

s h i f t s  t o  t h e  c e n t e r  of t h e  e m i t t e r  of t r a n s i s t o r  QD, t h e  series 

base-emitter r e s i s t a n c e  inc reases ,  reducing t h e  e f f e c t i v e n e s s  of 

1 0  t h e  r eve r se  d r i v e  c u r r e n t  on t r a n s i s t o r  QP. Therefore t r a n s i s t o r  
3 pL 1/Y/81 

QP t u r n - o f e l i m i t e d  by t h e  amount of cu r ren t  t r a n s i s t o r  # 
R6c Y,,,s I\ 

w i l l  a l low during i t s  f a l l  time. 

OBJECTS AND BRIEF SUMMARY OF THE INVENTION 

Thus i t  is an o b j e c t  of 
! FLL $~PI 

1 5  base  d r i v e  c i r c u i t  which has yr f, 
condi t ioner  f o r  an AC motor operable a t  high duty cycles.  

It is  another  ob jec t  of t h e  present  invention t o  provide a 

one power supply which has 
p L I/?//@ 

condi t ioner  f o r  an AC motor. ~ n c  . 3 ~ , / 9  t 

20 It i s  s t i l l  another  ob jec t  of  the  p resen t  invent:o,n 
.& -U 6 d  

provide a base d r i v e  f o r  a  power Darlington which- 
A 

f o r  

r a p i d  turn-off. FLL ?/ai/& 
Qac 3 j - z 1 j 4 1  

It is a f u r t h e r  ob jec t  of  t h e  invention t o  provide a base 

d r i v e  f o r  a  power Darl ington which provides f o r  r ap id  tu rn -o f f  FCL $ / 2 1 / f l  

C. -a> WC '3121 1% ' 
25 using a s i n g l e  power supply and two independent r eve r se  cu r ren t  2- ~ l - c  Y J / / ~ /  

loops. R A ~  1 .  



The inventors  have found t h a t  the  Darl ington power t r a n s i s t o r  

is  an e f f e c t i v e  power switch, p a r t i c u l a r l y  f o r  high power a p p l i c a t i o n s  

such a s  f o r  e l e c t r i c  v e h i c l e  propulsion,  and t h a t  t h e  above 

described problems of t h e  three-terminal Darl ington may, be overcome, PL Yi/6 
A Q A  c 31211 

5 and rap id  tur*-off 'may be  accomplished, by using a four-terminal 

.power Darl ington such a s  is  i l l u s t r a t i o n  Figure 6 and applying 
t 

r e v e r s e  cu r ren t  through t h e  emitter-base junc t ion  of both t h e  

power s t a g e  and t h e  d r i v e r  s tage.  

I n  accordance wi th  one aspec t  of t h e  invent ion  an e l e c t r i c a l  

1 0  power switching device i s  provided which inc ludes  a four-terminal  

power Darl ington t r a n s i s t o r  and means f o r  applying independent 

r eve r se  c u r r e n t s  t o  t h e  emit ter-base junc t ions  of t h e  d r i v e r  and 

power s t a g e s  of t h e  Darl ington t r a n s i s t o r  so  a s  t o  independently 

sweep t h e  minori ty c a r r i e r s  out  of the  base-emit ter  junct ions ,  

15 thereby rap id ly  turning o f f  t h e  d r i v e r  and power s t a g e s  a t  t h e i r  

own respec t ive  sweep-out rates. 

I n  accordance wi th  another  aspect  of t h e  invent ion  t h e  
&a p4 @ O L  3f2t ~b/&' 1st 

reverse,current  applying means includes a c u r r e n t  t ransformer.  
I' 

In  accordance wi th  a 

20 winding of t h e  

s t a g e  of t h e  

provides 
I\ 

r e s p e c t i v e  base-emitter junc t ions  of t h e  d r i v e r  and power s t a g e s  
W L  A *l/i!l 

i 

of the  Darl ington t r a n s i s t o r .  



ALu 
'T- 

FLL 3/l//:i ' 
In  accordance wi th  a  f u r t h e r  a spec t  of t h e  invention t h e  

. I I  QQC 'I/?* / ' 
above descr ibed switching devices a r e  provided i n  t h e  chopper and 

i n v e r t e r  of an AC motor d r i v e  system which inc ludes  a  power 

cond i t ioner  comprising an i n v e r t e r  f o r  supplying mult iphase 

5 c u r r e n t  t o  d r i v e  t h e  mo'tor and a  chopper coupled t o  the  i n v e r t e r  eL- @::- 
3 Rae 3 p . ,  

f o r  r e g u l a t i n g  cur ren t  t o  provide torque c o n t r o l  t o  t h e  motor.. . 

BRIEF, DESCRIPTION OF THE DRAWINGS 

These and o t h e r  a spec t s  and o b j e c t s  of t h e  invent ion  a r e  

apparent  from t h e  fol lowing d e t a i l e d  d e s c r i p t i o n  of t h e  prefer red  

10  embodiment when considered wi th  t h e  accompanying drawings i n  

which: 

Figure  1 i s  a  s impl i f i ed  schematic diagram of a  motor power 

condi t ioner  i n  accordance wi th  t h e  present  invent ion;  

Figure 2 i s  a  schematic diagram of a  c a p a c i t i v e l y  coupled 
cG.cU.2 

15 turn-of f  +xmaxse of t h e  p r i o r  a r t ;  F L L  3/zi / F  ! 
R n L  3 /x , / . 5 :  

Figure 3 is  a  schematic diagram of a  pu l se  t ransformer 

coupling c i r c u i t  of t h e  p r i o r  a r t ;  

Figure 4 is  a schematic diagram of a  p r i o r  a r t  dual  supply 

turn-off c i r c u i t ;  

2 0  Figure 5 i l l u s t r a t e s  a  p r i o r  a r t  three-terminal  Darlington 

t r a n s i s a t o r  ; 

Figure 6 i l l u s t r a t e s  a  s impl i f i ed  four-terminal  power Darl ington 

t r a n s i s t o r ;  

F igure  7 i s  a  schematic diagram of a  s impl i f i ed  base d r i v e  

25 c i r c u i t  i n  aceordance with t h c  present  invention;  

Figure 8 i s  a  schematic diagram of an AC motor and power 



condi t ion 'e r  i n  accordance w i t h  one a p p l i c a t i o n  of t h e  p re sen t  

i nven t ion ;  and a- F L L  ~ ~ I / P I  
Figure  9 i s  a more .de t a i1ed 'base  d r i v e  c i rcu i t -  

A RR C 3 / r t / % j  

t h e  p r e s e n t  ~ n v e n t i o n .  

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Refe r r ing  f i r s t . t o  F igu re  7, t h e  e l e c t r i c  power swi tch ing  

dev ice  of  t h e  p r e s e n t  i nven t ion  inc ludes  a four - te rmina l  power 
D 

Darl ington  t r a n s i s t o r  1 0  c o n s i s t i n g  of a d r i v e r  s t a g e  4 and a pL 3b1/e' 
Rfic 7/2\jt1 

power s t a g e  QP. The b a s e  of t h e  d r i v e r  s t a g e  is  d r i v e n  i n  t h e  

1 0  p o s i t i v e  mode through a swi t ch  SW1 i n  response  t o  a s i g n a l  d .  ( t )  
1 

through an  RC c i r c u i t  12. I n  accordance w i t h  t h e  p r e s e n t  i nven t ion ,  

a t ransformer  c i r c u i t  14 has  t h e  a b i l i t y  t o  provide  two r e v e r s e  

c i r c u i t s  independent of  each o t h e r  t o  t h e  emi t te r -base  j u n c t i o n s  

of  t h e  d r i v e r  s t a g e  QD and power s t a g e  .QP of  t h e  Dar l ing ton  

15 t r a n s i s t o r  10 ,  a l lowing  t h e s e  s t a g e s  t o  be tu rned  o f f  a t  t h e i r  

own charge sweep-out rates. C i r c u i t  14 i n c l u d e s  a c u r r e n t  t ransformer  

1 6  having a 18,  a secondary 20 and a c o r e  22 and a conductor  

24 which t a p s  t h e  secondary 20 i n t o  t h e  base  t e rmina l  of power 
P 

s t a g e  ~ f .  Secondary 20 i s  connected between t h e  base  t e rmina l  of fLL p,& 
R R L  3/21/$i 

2Q t h e  d r i v e r  s t a g e  QD and t h e  e m i t t e r  t e r m i n a l  of t h e  power s t a g e  

QP through d iodes  D l ,  D2, D 3  and D4. One end of primary 18 is 

connected t o  a DC v o l t a g e  source ,  t h e  o t h e r  end be ing  grounded 

through a t r a n s i s t o r  swi t ch  SW2 i n  response  t o  a s i g n a l  d ( t )  a t  
2 

t h e  t r a n s i s t o r  base. : , 



A s  shown i n  F igure  7, when d l ( t )  is  clocked o f f  s i g n a l  d 2 ( t )  
9 pckc 31a(jri ; 

i s  clocked m f o r  ~1 prcdctcrmlned l e i i g ~ l l  uf time. The p u l s e  

wid th  of d 2 ( t )  i s  p r o p o r t i o n a l  t o  t h e  amount of t ime needed t o  

f u l l y  t u r n  o f f  t h e  swi tch ing  device .  P i  ? / . l / ~ /  
~ A L  + / ? . 4 / %  ; 

5 E L L  441.141 
L(\c. 3/rt/$' 

.--~f6. With d2 ( t )  c locked h igh ,  a h igh  i n f l u x  of c u r r e n t  ~ X L '  2F,/k7 
P-QL .?/2 fg{ 

e n t e r s  t h e  primary 18  a t  t h e  do t  shown i n  F igure  7. By t ransformer  ' 

a c t i o n ,  a  c u r r e n t  i s  induced in t h e  tapped secondary which s u p p l i e s  8 

two independent c u r r e n t s  f o r  r e v e r s e  b i a s i n g  t h e  device .  The 

10 inagnitude of  c u r r e n t  needed f o r  t h e  d r i v e r  s t a g e  an'd t h e  power 

s t a g e  loop is d i c t a t e d  by t h e  amount of minor i ty  c a r r i e r s  s t o r e d  

i n  t h e  base-emit ter  j u n c t i o n  of each s t a g e ,  r e s p e c t i v e l y .  A f t e r  

t h e  swi tch ing  dev ice  has  been c u t  o f f ,  t h e  swi tch  SW2 on t h e  

primary s i d e  of t h e  t ransformer  is opened. The f l u x  is then  

15 reset due t o  t h e  non-ideal n a t u r e  of t h e  magnetic co re  22. The 

sma l l  amount of energy s t o r e d  i n  t h e  c o r e  22 as magnet izing 

c u r r e n t  i s  d i s s i p a t e d  a c r o s s  t h e  convent iona l  semi-conductor 

d iode  DY and Zener d iode  D6 p a r a l l e l  t o  t h e  primary winding 18. 

Along w i t h  t h e  r e v e r s e  c u r r e n t  t o  f a c i l i t a t e  a  qu ick  turn-  

20 o f f ,  i t  i s  d e s i r a b l e  t h a t  t h e  base  d r i v e  should have t h e  means t o  

bh 
t u r n  t h e  power t r a n s i s t o r - r a p i d l y .  By d r i v i n g  a  p u l s e  i n t o  

A zhL 
t h e  swi t ch  a t  t h e  beginning of  each turnft-on ~ y c l e , ~ r i s e  t i m e  

w i l l  improve apprec iab ly .  RC c i r c u i t  12 provides  t h i s  i n i t i a l  

pu lse .  Diodes D l ,  D2, D3 and D4 on t ransformer  secondary 20 

25 provide  a  h igh  impedence p a t h  dur ing  t h e  on - s t a t e  of t h e  power 

Dar l ing ton  t o  prevent  any d r i v e  c u r r e n t  from be ing  shunted t o  t h e  "hii 
ground. 



The four-terminal  power Darlington and base d r i v e  described 

above may be used i n  an AC d r i v e  system f o r  a  b rush less  permanent 

magnet motor f o r  e l e c t r i c a l  veh ic le  propulsion such a s  is  i l l u s t r a t e d  

i n  Figure 8. The power..conditioner of t h e  system c o n s i s t s  of a  

2-quadrant chopper'32 and a three-phase i n v e r t e r  34. Chopper 32 
1-&9LJ FL L . 3h//g/ 

inc ludesVX power Darl ington switches and corresponding base  d r i v e  3 j x , / i ,  h 
c i r c u i t s  32A and 32B. The chopper 32 r e g u l a t e s  t h e  cu r ren t  t o  

. . provide a torque c o n t r o l  f o r  both motoring and regenera t ive  

braking modes. The duty cyc le  of t h e  chopper 32 (de f i ed  by 

10 d l ( t ) )  i s  con t ro l l ed  by i n t e r a c t i o n  i n  a  two-level threshold  

c o n t r o l  ( h y s t e r e s i s  control)35 of a  torque (cu r ren t )  command 

e 
s i g n a l  given by t h e  v e h i c l  opera tor  and t h e  s i g n a l  picked o f f  of m /I 

pL-3pi llPI 
PC\L 3/>1/5.i 

t h e  c u r r e n t  shunt  RS which i s  connected i n  series wi th  t h e  l i r ie  

cu r ren t  r e t u r n  path.  The chopper i s  operated a t  v a r i a b l e  f requencies  

15 determined by t h e  system time constant  and t h e  motor speed. The 

s i x - t r a n s i s t o r  block i n v e r t e r  b r idge  34 i s  ac ' t iv i a t ed  through a 

Hall-effec 

provide a 

:t r o t o r  p o s i t i o n  sensor  (not  shown i n  Figure 8) t o  F'' 7/44 18) 
r pv N~I/Y( 

v a r i a b l e  frequency three-phase c u r r e n t  wave form synchroni e 
u 

with  t h e  motor speed. I n v e r t e r  34 inc ludes  s i x  power Darl ington 

20 switches and corresponding base d r i v e  c i r c u i t s  34A - 34F. A 

choke 40 and t h e  r e l a t i v e l y  high chopping frequency of t h e  chopper 

se rve  t o  smooth t h e  line curkent  en te r ing  t h e  three-phase i n v e r t e r s .  

The i n v e r t e r  d iodes  D7 - Dl2 funct ion  during commutation of t h e  

phase c u r r e n t s  i n  t h e  motoring mode and a l s o  s e r v e  as t h e  r e c t i f i e r  

2 5 br idge  during regenerat ion.  The system i l l u s t r a t e d  in Figure 8 

i s  shown and described i n  even g r e a t e r  d e t a i l  i n  a  paper e n t i t l e d  



"A T r a n s i s t o r i z e d  Chopper-Inverter Cont ro l  f o r  E l e c t r i c  Passenger 
L 

~ e h i c + , #  Propuls ion ,"  I n t e r n a t i o n a l  Power Convention. Conference 
R A  L 3/21 16' 

Proceedings,  Munich, West Germany, September 1980, by Fred C. 

Lee, D. J. S c h o r t t  and R. A. C a r t e r ,  t h e  con ten t s  of which is 

5 hereby incorpora ted  h e r e i n  by r e fe rence .  

Re fe r r ing  t o  F igure  9, t h e r e  i s  shown an exemplary base  

d r i v e  c i r c u i t  f o r  u se  i n  t h e  chopper and i n v e r t e r  b r i d g e  i l l u s t r a t e d  

i n  F igure  8. 

Each o f  t h e  power Dar l ing ton  t r a n s i s t o r s  and base  d r i v e  

1 0  c i r c u i t s  32A, 32B and 34A - 34F r ep resen ted  i n  F igure  8 a r e  shown 

i n  d e t a i l  i n  F igure  9. F igu re  9 i s  s i m i l a r  t o  F igure  7 b u t  i n  

a d d i t i o n  i l l u s t r a t e s  t h e  sou rces  of  swi tch  turn-on s i g n a l s  d ( t )  
1 

and d ( t ) .  The base  d r i v e  comprised a dev ice  50 which in each of 
2 

t h e  base  d r i v e s  of  t h e  i n v e r t e r  i s  o p t i c a l l y  coupled t o  t h e  H a l l -  

1 5  e f f e c t  r o t a r  p o s i t i o n  senso r  t o  i s o l a t e  t h e  command s i g n a l  from 

t h e  r e s t  of t h e  c i r c u i t .  I n  t h e  chopper t h e  'device 50 r e c e i v e s  
i FLL +I /@ 

' i t s  s i g n a l  i n p u t  from hys teres$s  c o n t r o l  35. The s i g n a l  d 2 ( t )  is ,,2,/5i 

provided  by a monostable mu l t i -v ib ra to r  52 which c o n t r o l s  t h e  

swiiching '  t ime on t h e  pr imary s i d e  of t h e  c u r r e n t  t ransformer  16. 

2 0 For  a power c o n d i t i o n e r  designed t o  f eed ,  f o r  example, a 15- 
pole PC' 3bl/g/  

. hp,  120 v o l t ,  4 lartt, 7600 rpm samarium c o b a l t  permanent magnet efic ? I Z I / Y ~  

f - 9  L- 3/t//d/ 
motor of  35-hp 1 minute ~ e a k  t h e  twoxchopper Dar l ing tons  p ~ ,  3,a/1, 

are s u i t a b l y  a h igh  frequency,  t r i p l e -de fused  power Dar l ing ton  

b lock  such a s  t h e  MT 1144 b lock  manufactured by Power Tech 
4 

25 Corpora t ion  of  C l i f t o n ,  New Jersey.   he i n v e r t e r  3# s u i t a b l y .  f L L  3/2!/k? 
RAc 3/21/8\ 



employes t h e  rugged single-defused powered Darl ington such a s  t h e  FCC +/p  1 
A p$.r 312 ~/t,  t , 

MT 1146  block manufactured by Power Tech Corporation of C l i f ton ,  

New Jersey .  

Tes t s  performed o n . t h e  c i r c u i t  i l l u s t r a t e d  i n  Figure  9 by 
- 

C. ..b-= c u d  FCC ?/ti /3/ 
t h e  inventors. confirmed t h a t  t h e  reverse'kicked through t h e  /r ReC 3 j ~ l  1 5 %  

d r i v e r  s t age  QD t akes  much less energy t o  t u r n  o f f  than t h e  

base  region caused by t h e  l a r g e r  d r i v e r  cu r ren t .  Therefore, t h e  

power s t a g e  r e q u i r e s  more time t o  sweep t h e  minori ty c a r r i e r s  o f f  
&.a & tXr d*'v~et .! *iV -7 -_--- 

t h e  periphery o f ~ *  base  regloni  With t h e  two~loope& turn-off RL 3/21/H 
f i  R o c  -3 (a1 /vr  

t 

c o n t r o l  of t h e  present  invent ion ,  one can a l s o  perce ive  t h a t  t h e  

turn-off r a t e  of t h e  power and d r i v e r  s t a g e s  a r e  independent of 

each o the r .  Therefore,  t h e  quicker turn-off of t h e  d r i v e r  s t a g e  

would no t  p r o h i b i t  t h e  amount of  r eve r se  cu r ren t  needed t o  e f f e c t i v e l y  

t u r n  o f f  t h e  power device. The independent loop c o n t r o l  al lows 

both  s t a g e s  of  t h e  power Darl ington t o  be c u t  o f f  a t  t h e i r  own 
, 

charge sweep-out r a t e s .  

The foregoing d e s c r i p t i o n  of a  p re fe r red  embodiment of t h e  

invent ion  has been presented f o r  purposes of i l l u s t r a t i o n  and 

desc r ip t ion .  It i s  no t  intended t o  be exhaust ive  o r  t o  l i m i t  t h e  

invent ion  t o  t h e  p r e c i s e  form disc losed and obviously many modif ica t ions  

and v a r i a t i o n s  a r e  p o s s i b l e  i n  l i g h t  of t h e  above teaching.  The 

embodiment was chosen and described i n  order  t o  b e s t  exp la in  t h e  

p r i n c i p l e s  of t h e  invent ion  and i t s  p r a c t i c a l  a p p l i c a t i o n  t o  

thereby enable  o t h e r s  s k i l l e d  i n  t h e  a r t  t o  b e s t  u t i l i z e  t h e  



invention and various embodiments and with various modifications . 

as are suited to the particular use contemplated. It is intended 

that the scope of the invention be defined by the claims appended 

hereto. 



ABSTRACT OF THE DISCLOSURE 

A high power switching c i r c u i t  which u t i l i z e s  a four-terminal  

Darl ington t r a n s i s t o r  block t o  improve switching speed, p a r t i c u l a r l y  

i n  r ap id  turn-off .  Two independent r eve r se  d r i v e  c u r r e n t s  a r e  

. 5 u t i l i z e d  during t u r n  o f f  i n  order  t o  expel# t h e  minori ty c a r r i e r s  
RPL 3/2l lk I  

of t h e  Darl ington p a i r  a t  t h e i r  own charge sweep-out r a t e .  The . . 

r e v e r s e  d r i v e  cu r ren t  may b e  provided by a c u r r e n t  t ransformer,  

t h e  secondary of which is  tapped t o  t h e  base te rminal  of t h e  

power s t a g e  of  t h e  Darl ington block. I n  one a p p l i c a t i o n , . t h e  

10 switching c i r c u i t  is  used i n  each power switching element i n  a 
. . *  

chopper-inverter d r i v e  of an  e l e c t r i c  v e h i c l e  propulsion system. 



FLCL'U 1. %tor power condi t fonar jcl~r:wt L C  
and ide i l l l z ed  nwtor phase c.ul.re11ts 

FIGURE 2 .  Capacft tve ly  coupled turn-off 
circuit 

. . 
C 

FIGURE 3. P u l s e  t r a n s f o m e r  c o u p l i n g  



FIGURE C. D u ~ l  supp ly  schema 










