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©  Hot-plugging  circuit  for  the  interconnection  of  cards  to  boards. 

©  A  hot  plug  circuit  insuring  that  the  plugging  of 
cards  to  a  board  is  performed  in  the  hot-plug  mode 
when  the  cards  are  supplied  from  a  common  power 
supply  located  on  one  of  the  cards  or  on  the  board. 

t_  This  circuit  (62)  limits  the  surge  current  generated  at 
^   the  interconnection  of  first  circuits  (30)  arranged  on  a 

first  card  (1)  and  powered  by  a  supply  device  (2) 
providing  a  first  supply  voltage  (ground)  on  a  first 

O   supply  line  (36)  and  a  second  supply  voltage  (  +  V) 

q   on  a  second  supply  line  (34),  with  second  circuit  (24) 
0)  on  a  second  card  powered  by  the  supply  device  (2) 

through  a  third  supply  line  (74)  and  fourth  supply 
q   line  (76).  The  surge  current  results  from  the  charge 

of  a  decoupling  capacitor  of  capacitance  Cd  ar- 
Q. 
LLI 

ranged  on  the  second  card  between  the  third  and 
fourth  supply  lines  when  the  cards  are  intercon- 
nected  through  an  interconnecting  arrangement  (14, 
12,  22).  The  hot  plug  circuit  comprises  a  controlled 
ramp  generation  device  connected  to  the  first  and 
second  supply  lines  and  activated  when  the  connec- 
tion  between  the  first  and  third  supply  line  is  com- 
pleted  through  the  connecting  arrangement  to  start 
the  generation  on  the  fourth  supply  line  of  a  first 
ramp  voltage  Vb  derived  from  the  voltages  on  the 
first  and  second  supply  lines,  said  ramp  voltage 
having  an  adjustable  slope  a=  dVb/dt,  whereby  the 
surge  current  i  which  is  equal  to  a.Cd  can  be  limited 
to  a  desired  value  by  adjusting  the  slope  value  a. 
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Description  of  the  Invention 

The  present  invention  relates  to  the  intercon- 
nection  of  cards  to  boards  and  more  particularly  to 
a  circuit  which  insures  that  the  plugging  of  cards  to 
a  board  is  performed  in  the  hot-plug  mode  when 
the  cards  are  supplied  from  a  common  power 
supply  located  on  one  of  the  cards  or  on  the  board. 

Background  Art 

The  plugging  and  unplugging  of  cards  to/from 
a  board  raise  problems  when  the  cards  are  not 
provided  with  their  own  power  supply  but  are 
powered  from  a  common  power  supply,  because  a 
surge  current  is  generated  when  a  card  is  plugged 
which  disturbs  the  operation  of  the  circuits  located 
on  the  already  plugged  cards. 

It  is  well  known  to  use  connectors  having  dif- 
ferent  pin  lengths  to  provide  for  the  correct 
sequencing  of  the  applications  of  the  different  volt- 
age  levels  which  are  required  by  the  circuits  ar- 
ranged  on  the  cards,  when  the  cards  are  plugged. 

Such  arrangements  are  described  in  US  patent 
3,993,935  and  in  the  article  published  in  the  IBM 
Technical  Disclosure  Bulletin  Volume  31,  N°  6- 
November  6,  1988  page  125. 

Figure  1  shows  how  the  problem  of  the  surge 
current  generated  when  a  card  is  plugged  is  solved 
in  a  conventional  way. 

Figure  1  shows  a  card  1  called  master  card 
because  it  comprises  a  power  supply  device  2  able 
to  provide  the  supply  voltages  to  cards  such  as  3 
pluggable  to  card  1  through  a  connecting  arrange- 
ment  4  comprising  a  board  and  connectors  for 
example.  The  power  supply  2  provides  a  first  volt- 
age  at  terminal  5  of  the  connecting  arrangement  4 
and  a  second  voltage  at  two  terminals  6-1  and  6-2, 
it  will  be  assumed  that  the  first  voltage  is  the 
ground  voltage  and  the  second  voltage  is  a  positive 
supply  voltage  +  V. 

For  the  sake  of  simplicity,  only  one  supply 
voltage  +V  is  shown  in  Figure  1,  but  depending 
upon  the  operation  of  the  circuits  arranged  on  the 
cards  several  different  supply  voltages  may  be 
required. 

The  card  3  can  be  connected  to  the  connecting 
arrangement  4  by  means  of  male  connector  7 
which  comprises  a  ground  pin  8  and  two  voltage 
pins  9-1  and  9-2  which  can  be  plugged  to  terminals 
5,  6-1  and  6-2  respectively.  The  pin  9-1  is  longer 
than  the  pin  9-2.  When  the  connector  7  is  plugged 
to  connecting  arrangement  4,  the  ground  voltage 
and  V  voltage  are  applied  for  biasing  the  circuit 
arranged  on  card  3  through  pin  8  and  pin  9-2  and 
lines  10  and  11.  A  decoupling  capacitor  Cd  is 
arranged  between  the  lines  10  and  11  providing  the 
ground  and  V  voltage  to  the  circuit  on  card  3. 

To  solve  the  problem  raised  by  the  surge  cur- 
rent  Is  due  to  the  charge  of  the  decoupling  capaci- 
tor  Cd  when  the  card  is  plugged,  a  resistor  R  of 
resistance  r  limits  the  surge  current  Is  to  an  ac- 

5  ceptable  value. 
The  resistance  r  depends  upon  the  voltage  V 

and  upon  the  value  of  the  surge  current  which  is 
tolerated.  The  time  constant  t  of  the  charge  of  the 
capacitor  Cd  must  be  low  with  respect  to  the  time 

io  difference  between  the  application  of  voltage  V  to 
long  pin  9-1  and  the  application  of  voltage  V  to 
short  pin  9-2,  which  is  a  specification  of  the  con- 
nector.  When  the  capacitance  of  capacitor  Cd  is 
low,  a  resistance  r  can  be  found  which  meets  the 

75  above  constraints.  But  when  the  capacitance  Cd  is 
high  the  problem  is  unsolvable. 

Summary  of  the  Invention 

20  An  object  of  the  present  invention  is  a  circuit 
which  allows  the  plugging  and  unplugging  of  cards 
into  or  from  a  board  to  be  performed  in  an  efficient 
way  without  perturbing  the  operation  of  the  cards 
already  plugged  to  the  board. 

25  Another  object  of  the  invention  is  to  provide 
such  a  circuit  which  allows  the  concurrent  main- 
tenance  of  the  system  incorporating  the  cards  to 
be  achieved. 

The  hot  plug  circuit  according  to  the  present 
30  invention  is  used  for  limiting  the  surge  current 

generated  at  the  interconnection  of  first  circuit 
means  arranged  on  a  first  card  and  powered  by  a 
supply  device  providing  a  first  supply  voltage 
(ground)  on  a  first  supply  line  and  a  second  supply 

35  voltage  (  +  V)  on  a  second  supply  line,  with  second 
circuit  means  on  a  second  card  powered  by  the 
supply  device  through  a  third  supply  line  and  a 
fourth  supply  line,  where  said  surge  current  results 
from  the  charge  of  a  decoupling  capacitor  of  ca- 

40  pacitance  Cd  arranged  on  the  second  card  be- 
tween  the  third  and  fourth  supply  lines  when  the 
cards  are  interconnected  through  an  interconnec- 
ting  arrangement. 

This  circuit  is  characterized  in  that  it  comprises 
45  controlled  ramp  generation  means  connected  to  the 

first  and  second  supply  lines,  which  are  activated 
when  the  connection  between  the  first  and  third 
supply  lines  is  completed  through  the  connecting 
arrangement  to  start  the  generation  on  the  fourth 

50  supply  line  of  a  first  ramp  voltage  Vb  derived  from 
the  voltages  on  the  first  and  second  supply  lines, 
said  ramp  voltage  having  an  adjustable  slope  a  = 
dVb/dt,  whereby  the  surge  current  i  which  is  equal 
to  a.Cd  can  be  limited  to  a  desired  value  by 

55  adjusting  the  slope  value  a. 
In  a  preferred  embodiment  of  the  invention,  the 

interconnecting  arrangement  comprises  a  first  con- 
nector  having  first  and  second  supply  pins  con- 

3 
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nected  to  the  first  supply  line,  with  said  first  pin 
being  longer  than  said  second  pin,  the  first  pin 
being  connectable  to  the  third  supply  line  to  supply 
the  first  voltage  to  the  second  circuit  means  before 
the  cards  are  completely  interconnected  and  the 
second  card  comprises  a  presence  indication  line 
connectable  to  the  second  supply  pin  when  the 
interconnection  of  the  first  and  second  cards  is 
completed,  which  generates  on  said  presence  in- 
dication  line  a  first  control  signal  derived  from  the 
first  supply  voltage  which  is  provided  to  the  con- 
trolled  ramp  generation  control  means  to  start  the 
generation  of  the  first  ramp  voltage. 

In  addition,  the  first  and  second  supply  pins  of 
the  first  connector  are  located  at  a  first  end  of  said 
connector  and  the  connector  comprises  a  third 
supply  pin  located  a  its  second  end.  The  intercon- 
necting  arrangement  comprises  a  second  connec- 
tor  located  on  the  second  card,  said  second  con- 
nector  comprising  fourth,  fifth  and  sixth  pins  con- 
nectable  to  the  first,  second  and  third  pins  respec- 
tively  when  the  first  and  second  cards  are  intercon- 
nected  through  the  interconnecting  arrangement, 
the  presence  indication  line  being  connected  on 
the  second  card  between  the  fifth  and  sixth  pins, 
whereby  the  first  control  signal  is  provided  from  the 
presence  indication  line  to  the  controlled  ramp  gen- 
eration  means  when  the  third  and  sixth  pins  are 
connected  which  prevents  the  plugging  of  the 
cards  in  a  skewed  manner  from  disturbing  the 
operation  of  the  first  and  second  circuit  means. 

Detailed  Description  of  the  Invention 

The  present  invention  relates  to  the  intercon- 
nection  of  the  circuit  assemblies  arranged  on  dif- 
ferent  cards  in  order  the  circuit  assemblies  operate 
and  may  be  able  to  exchange  signals  or  data.  More 
particularly,  the  invention  relates  to  a  circuit  which 
allows  the  interconnection  to  be  made  in  hot-plug 
mode  when  a  power  supply  device  is  mounted  on 
one  of  the  cards  which  will  be  called  the  master 
card  hereafter  and  provides  the  supply  voltages 
and  currents  to  the  circuit  assembly  mounted  on 
the  master  card  if  any  and  also  to  the  circuit 
assemblies  mounted  on  cards  (  called  slave  cards 
hereafter)  which  can  be  plugged  and  unplugged  to 
the  master  card  through  a  connecting  arrangement. 

The  connecting  arrangement  comprises  con- 
nectors  and  busses  comprising  power  lines  for 
providing  the  supply  voltages  from  the  power  sup- 
ply  device  and  data  or  signal  transfer  lines. 

A  hot  plug  circuit  according  to  the  present 
invention  is  associated  to  each  card  and  located 
either  on  the  master  card  or  the  slave  cards  de- 
pending  upon  the  specific  implementation  of  the 
invention  in  order  to  prevent  the  plugging  and 
unplugging  of  a  slave  card  from  disturbing  the 

operation  of  the  circuit  assemblies  on  the  master 
card  and  on  the  already  plugged  slave  cards  what- 
ever  the  value  of  the  decoupling  capacitor  be. 

Figure  1  represents  how  the  problem  is  solved 
5  in  the  prior  art  as  described  in  the  background  part 

of  the  description  and  Figure  2  represents  a  first 
embodiment  of  the  hot  plug  circuit  according  to  the 
present  invention.  Identical  reference  numbers  are 
used  in  Figures  1  and  2  to  represent  identical 

io  elements. 
The  master  card  1  is  plugged  to  a  board  12 

through  an  edge  connector  14  comprising  a  male 
part  14-M  on  the  master  card  and  a  female  part  14- 
F  on  the  board  12.  The  power  supply  device  2  is 

is  arranged  on  the  master  card  1  . 
Slave  cards  such  as  3-1  and  3-2  can  be 

plugged  to  the  board  12  through  connectors  20  and 
22  on  the  other  side  of  the  board,  these  connectors 
comprising  female  parts  20-F  and  22-F  on  the 

20  board  12  and  male  parts  20-M  and  22-M  on  the 
cards. 

Obviously,  the  arrangement  of  the  male  and 
female  parts  of  the  connectors  with  respect  to  the 
cards  and  board  can  be  the  reverse  of  the  repre- 

25  sented  one. 
Circuit  assemblies  24  and  26  on  the  slave 

cards  3-1  and  3-2,  which  can  be  of  any  type  for 
example  logic  circuit  assemblies,  are  powered  from 
the  power  supply  device  2  on  the  master  card  1. 

30  As  is  schematically  shown  in  Figure  2,  a  logic 
circuit  assembly  30  is  also  arranged  on  master 
card  1  and  is  powered  by  the  power  supply  device 
2  and  is  interconnected  with  logic  circuit  assem- 
blies  24  and  26  when  the  cards  are  plugged  by 

35  means  of  connectors  20  and  22  through  bus  32 
carrying  data  or  any  type  of  signals  depending  the 
application  of  the  invention.  For  the  sake  of  clarity, 
it  will  be  assumed  that  circuit  assemblies  24,  26 
and  30  are  supplied  with  only  one  voltage  V  pro- 

40  vided  by  power  supply  circuit  2  on  line  34  and  the 
ground  voltage  provided  on  line  36. 

The  male  part  of  connector  14  is  provided  with 
two  sets  of  pins  in  relationship  with  corresponding 
pins  of  the  male  parts  20-M  and  22-M  of  connec- 

45  tors  20  and  22. 
The  first  set  of  pins  of  the  male  part  of  connec- 

tor  14  are  referenced  by  even  numbers  40  to  48 
followed  by  the  suffix  P  (with  P  meaning  Pin)  and 
the  second  set  of  pins  are  referenced  by  odd 

50  numbers  41  to  49  also  followed  by  the  suffix  P. 
The  female  part  of  connector  14  comprises 

corresponding  terminals  referenced  by  the  same 
numbers  followed  by  the  suffix  T,  with  T  meaning 
Terminals. 

55  The  terminals  of  the  female  part  20-F  of  con- 
nector  20  have  even  reference  numbers  50-T  to 
58-T,  terminals  50-T  to  58-T  are  connected  to 
terminals  40-T  to  48-T  respectively. 

4 
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The  terminals  of  the  female  part  22-F  of  con- 
nector  22  have  odd  reference  numbers  51  -T  to  59- 
T,  terminals  51  -T  to  59-T  are  connected  to  termi- 
nals  41  -T  to  49-T  respectively. 

The  male  part  22-M  comprises  odd  numbered 
pins  51  -P  to  59-P  which  can  be  plugged  to  cor- 
responding  terminals  51  -T  to  59-T  and  the  male 
part  22-M  comprises  even  numbered  pins  50-P  to 
58-P  which  can  be  plugged  to  corresponding  termi- 
nals  50-T  to  58-T. 

The  ground  line  36  from  power  supply  device  2 
is  connected  to  pins  40-P  and  48-P  of  the  first  set 
and  pins  41  -P  and  49-P  of  the  second  set.  The  V 
voltage  line  34  is  connected  to  pin  46-P  through 
resistor  60  and  line  35  and  to  pin  47-P  through 
resistor  61  and  line  37.  The  data  lines  32  are 
connected  to  corresponding  pins  42-P  and  43-P. 
Pins  44-P  and  45-P  are  connected  at  the  output 
lines  64  and  65  of  the  hot  plug  circuits  62  and  63 
respectively,  according  to  the  present  invention. 
There  is  one  hot  plug  circuit  per  slave  card. 

In  a  preferred  embodiment  of  the  present  in- 
vention,  pins  56-P,  58-P  and  57-P,  59-P  of  connec- 
tors  20  and  22  are  shorter  than  pins  50-P,  52-P  and 
54-P  and  pins  51  -P,  53-P  and  55-P  respectively. 

On  each  slave  card  such  as  3-1  and  3-2,  pins 
58-P  and  56-P,  51  -P  and  57-P  are  located  at  op- 
posite  ends  of  connector  parts  20-M  and  22-M 
respectively  to  prevent  the  plugging  of  the  slave 
cards  in  a  skewed  manner  from  disturbing  the  right 
sequence  of  operations. 

Pin  58-P  is  connected  to  pin  56-P  and  pin  51  -P 
is  connected  to  pin  57-P  through  wires  70  and  71 
respectively. 

The  logic  circuit  24  on  card  3-1  comprises  a 
decoupling  capacitor  Cd  arranged  between  the 
ground  line  74  and  voltage  line  76  connected  to  pin 
50-P  and  54-P  respectively. 

The  logic  circuit  26  on  card  3-2  comprises  the 
decoupling  capacitor  Cd  arranged  between  the 
ground  line  75  and  voltage  line  77  connected  to  pin 
50-P  and  54-P  respectively. 

When  a  card,  for  example  3-2  is  plugged  to  the 
board,  contacts  are  first  established  between  lines 
36  and  74,  the  logic  circuit  26  is  not  able  to 
operate  since  no  voltage  is  provided  on  line  76  as 
will  be  explained  hereafter  in  reference  to  Figure  3. 

The  voltage  V  is  established  on  line  76  by  hot- 
plug  circuit  64  when  the  connector  part  20-M  is 
fully  plugged  into  part  20-F  due  to  the  different  pin 
lengths  and  with  a  predefined  limited  current. 

The  hot  plug  circuits  62  and  63  are  identical. 
They  comprise  a  Field  Effect  Transistor  FET,  a 
power  control  circuit  and  a  control  logic  device. 
The  hot-plug  circuit  62  is  shown  in  details  on 
Figure  3  and  will  be  described  hereafter  in  refer- 
ence  to  this  Figure. 

When  the  master  card  1  is  plugged  to  board 

12,  the  voltage  V  is  applied  to  node  80  through 
resistor  60,  so  that  a  first  control  voltage  of  high 
level  is  applied  at  the  input  of  control  logic  82. 

Control  logic  comprises  a  switching  device  83 
5  which  is  closed  when  node  80  is  at  the  high  level 

voltage  and  provides  the  ground  voltage  at  its 
output  node  85  and  is  open  when  node  80  is  at  the 
ground  voltage. 

Thus,  as  far  as  the  plugging  of  card  3-2  is  not 
io  completed,  the  switch  device  is  closed. 

The  power  control  circuit  84  comprises  an 
operational  amplifier  86  having  its  non-inverting  in- 
put  88  connected  to  the  output  85  of  control  logic 
82  through  protecting  resistor  90  of  resistance  R1, 

is  on  one  hand  and  to  line  34  through  resistor  92  of 
resistance  R2,  on  the  other  hand. 

The  common  node  94  between  resistors  90 
and  92  connected  to  input  line  88  of  operational 
amplifier  86  is  also  connected  to  the  first  terminal 

20  of  capacitor  96  of  capacitance  C  having  its  second 
terminal  connected  to  the  ground  line  36. 

The  inverting  input  of  operational  amplifier  86 
is  connected  to  line  64  at  node  98. 

The  output  100  of  operational  amplifier  86  is 
25  connected  to  the  gate  of  FET  transistor  102  having 

its  drain  terminal  connected  to  line  34  at  node  104 
and  its  source  terminal  connected  to  node  98. 

In  a  preferred  embodiment  of  the  invention,  the 
FET  transistor  102  is  a  N-channel  device  which  is 

30  biased  through  resistor  106  having  a  first  terminal 
connected  to  node  100  and  a  second  terminal 
connected  to  a  biasing  voltage  Vg  higher  than  +  V. 

The  circuit  shown  in  Figure  3  operates  as  fol- 
lows: 

35  When  a  card  such  as  3-2  is  plugged  to  board  12, 
line  64  on  card  1  is  first  connected  to  line  76  on 
card  3-2. 

The  node  85  is  grounded  because  the  connec- 
tion  between  lines  35  and  70  is  not  made  because 

40  of  short  pins  58-P  and  56-P. 
Resistance  R1  of  resistor  90  is  low  and  node 

94  is  at  the  ground  level,  so  that  transistor  102  is 
OFF. 

Once  the  connection  between  lines  35  and  70 
45  is  made,  the  ground  voltage  is  applied  at  node  80 

and  the  switching  device  83  is  open.  Thus,  the 
charge  of  capacitor  96  starts  with  a  time  constant 
R2.C  and  a  ramp  voltage  Va  is  generated  at  node 
94  such  as: 

50 
dVa/dt  =  a 

where  a  is  a  constant  equal  to  R2.C. 
Operational  amplifier  86  and  FET  transistor  102 

55  constitute  a  follower  arrangement  which  generates 
at  node  98  a  ramp  voltage  Vb  which  follows  voltage 
Va,  such  as: 

5 
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dVb/dt  =  a  =  R2.C 

As  a  result  decoupling  capacitor  72  is  charged 
with  a  current 

i  =  Cd.(dVb/dt)  =  Cd.R2.C 

This  current  can  be  easily  limited  to  an  accept- 
able  value  by  choosing  R2  and  C  without  taking  the 
plugging  time  into  consideration. 

Figure  4  represents  the  hot  plug  circuits  ac- 
cording  to  the  present  invention,  implemented  in 
the  slave  cards  3-1  and  3-2.  The  same  reference 
numbers  as  in  Figure  2  are  used  to  designate  the 
similar  components. 

When  a  card  such  as  3-2  is  plugged  to  the 
board,  the  ground  voltage  from  line  36  is  first 
applied  to  the  logic  circuit  on  card  3-2  through  the 
long  pins  40-P  and  50-P  of  connector  20. 

Also,  the  voltage  V  from  line  34  is  applied  at 
node  80  through  resistor  60,  line  25  and  pins  46-P' 
and  56-P'  which  are  similar  to  pins  46-P  and  56-P 
but  are  longer,  in  order  node  80  be  first  at  a  high 
level  to  close  switch  83  in  control  logic  circuit  82  as 
shown  in  Figure  3. 

Then,  when  all  pins  of  the  connector  20  are 
fully  plugged,  node  80  is  connected  to  the  ground 
through  short  pins  48-P  and  58-P  and  voltage  V  is 
provided  at  the  drain  of  FET  transistor  102  in  hot 
plug  circuit  62.  This  circuit  operates  as  previously 
described  in  reference  to  Figure  3. 

In  this  implementation,  the  control  logic  circuit 
82  is  optional  since  the  voltage  on  line  75  can  be 
generated  as  soon  as  the  card  is  plugged. 

This  can  be  done  by  connecting  the  capacitor 
96  of  the  power  control  circuit  to  the  short  ground 
pin  58-P  and  suppressing  line  70,  resistor  60,  line 
35  and  pins  46-P'  and  56-P'  and  control  logic. 

Claims 

1.  A  hot  plug  circuit  (62)  for  limiting  the  surge 
current  generated  at  the  interconnection  of  first 
circuit  means  (30)  arranged  on  a  first  card  (1) 
and  powered  by  a  supply  device  (2)  providing 
a  first  supply  voltage  (ground)  on  a  first  supply 
line  (36)  and  a  second  supply  voltage  (  +  V)  on 
a  second  supply  line  (34),  with  second  circuit 
means  (24)  on  a  second  card  powered  by  the 
supply  device  (2)  through  a  third  supply  line 
(74)  and  fourth  supply  line  (76),  where  said 
surge  current  results  from  the  charge  of  a 
decoupling  capacitor  of  capacitance  Cd  ar- 
ranged  on  the  second  card  between  the  third 
and  fourth  supply  lines  when  the  cards  are 
interconnected  through  an  interconnecting  ar- 
rangement  (14,  12,  22),  characterized  in  that  it 
comprises: 

controlled  ramp  generation  means  connected 
to  the  first  and  second  supply  lines  and  (82, 
84,  102)  activated  when  the  connection  be- 

5  tween  the  first  and  third  supply  lines  is  com- 
pleted  through  the  connecting  arrangement  to 
start  the  generation  on  said  fourth  supply  line 
of  a  first  ramp  voltage  Vb  derived  from  the 
voltages  on  the  first  and  second  supply  lines, 

io  said  ramp  voltage  having  an  adjustable  slope 
a=  dVb/dt,  whereby  the  surge  current  i  which 
is  equal  to  a.Cd  can  be  limited  to  a  desired 
value  by  adjusting  the  slope  value  a. 

is  2.  A  hot  plug  circuit  according  to  claim  1,  char- 
acterized  in  that: 

-  the  interconnecting  arrangement  com- 
prises  a  first  connector  (14)  having  first 
and  second  supply  pins  (40-P,  48-P) 

20  connected  to  the  first  supply  line,  with 
said  first  pin  being  longer  than  said  sec- 
ond  pin,  the  first  pin  being  connectable 
to  the  third  supply  line  to  first  supply  the 
first  voltage  to  the  second  circuit  means, 

25  -  the  second  card  comprises  a  presence 
indication  line  (70)  connectable  to  the 
second  supply  pin  when  the  interconnec- 
tion  of  the  first  and  second  cards  is  com- 
pleted,  which  generates  on  the  said  pres- 

30  ence  indication  line  (70)  a  first  control 
signal  derived  from  the  first  supply  volt- 
age  which  is  provided  to  the  controlled 
ramp  generation  control  means  to  start 
the  generation  of  the  first  ramp  voltage. 

35 
3.  A  hot  plug  circuit  according  to  claim  2  char- 

acterized  in  that: 
-  the  first  and  second  supply  pins  of  the 

first  connector  are  located  at  a  first  end 
40  of  said  connector  and  the  connector 

comprises  a  third  supply  pin  located  a  its 
second  end,  and 

-  the  interconnecting  arrangement  com- 
prises  a  second  connector  (20)  located 

45  on  the  second  card,  said  second  connec- 
tor  comprising  fourth,  fifth  and  sixth  pins 
connectable  to  the  first,  second  and  third 
pins  respectively  when  the  first  and  sec- 
ond  cards  are  interconnected  through  the 

50  interconnecting  arrangement,  the  pres- 
ence  indication  line  being  connected  on 
the  second  card  between  the  fifth  and 
sixth  pins,  whereby  the  first  control  signal 
is  provided  from  the  presence  indication 

55  line  to  the  controlled  ramp  generation 
means  when  the  third  and  sixth  pins  are 
connected  which  prevents  the  plugging 
of  the  cards  in  a  skewed  manner  from 

6 
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disturbing  the  operation  of  the  first  and 
second  circuit  means. 

4.  A  hot  plug  circuit  according  to  claim  2  and  3 
characterized  in  that  it  the  controlled  ramp  5 
generation  means  comprise: 

a  ramp  generation  control  circuit  (82)  having  a 
first  and  second  status,  said  circuit  being  re- 
sponsive  to  the  first  control  signal  when  the  10 
first  and  second  cards  are  completely  intercon- 
nected  or  being  responsive  to  a  second  control 
signal  derived  from  the  second  supply  voltage 
when  the  first  and  second  cards  are  not  com- 
pletely  interconnected,  whereby  it  is  set  to  its  is 
first  and  second  status  which  respectively 
starts  the  generation  of  the  first  ramp  voltage 
or  prevents  said  ramp  voltage  from  being  gen- 
erated. 

20 
5.  A  hot  plug  circuit  according  to  claim  4  char- 

acterized  in  that: 

7.  A  hot  plug  circuit  according  to  claim  6  char- 
acterized  in  that  the  voltage  follower  means 
comprises: 

an  operational  amplifier  (86)  having  a  first  input 
connected  to  the  common  node  and  a  second 
input  connected  to  the  fourth  supply  line  and 

a  field  effect  transistor  having  a  first  electrode 
(drain)  connected  to  the  first  terminal  of  the 
resistor  and  a  second  electrode  (source)  con- 
nected  to  the  fourth  supply  voltage  line  and  a 
control  electrode  (gate)  responsive  to  the  out- 
put  signal  from  the  operational  amplifier, 
whereby  the  first  ramp  voltage  is  generated  at 
the  second  electrode  of  the  field  effect  transis- 
tor  when  the  cards  are  completely  intercon- 
nected. 

the  controlled  ramp  generation  means  com- 
prise  a  ramp  generating  circuit  (84,  102)  re-  25 
sponsive  to  the  first  and  second  status  of  the 
ramp  generation  control  circuit  and  connected 
to  the  second  supply  line  to  generate  the  first 
ramp  voltage  on  the  fourth  supply  line  when 
the  cards  are  completely  interconnected  30 
through  the  interconnecting  arrangement 

6.  A  hot  plug  circuit  according  to  claim  5  char- 
acterized  in  that  the  ramp  generating  circuit 
comprises:  35 

a  charge  circuit  comprising  a  resistor  (92)  of 
resistance  R2  having  a  first  and  second  termi- 
nals  and  a  capacitor  (96)  of  capacitance  C 
having  a  first  and  second  terminals,  the  first  40 
terminals  of  the  resistor  and  of  the  capacitor 
being  connected  to  the  first  and  second  supply 
lines  respectively  and  the  second  terminals  of 
the  resistor  and  capacitor  being  connected  to  a 
common  node,  said  common  node  being  con-  45 
nected  or  not  to  the  first  supply  voltage  de- 
pending  upon  whether  the  ramp  control  circuit 
is  in  its  second  or  first  status  respectively, 
whereby  a  second  ramp  voltage  Va  of  slope  a 
=  R.C  is  generated  at  the  common  node  when  50 
the  ramp  generating  control  circuit  is  in  its  first 
status,  and 

voltage  follower  means  (86,102)  connected  to 
the  common  node  of  said  resistor  and  capaci-  55 
tor  for  generating  at  its  output  (98)  the  second 
ramp  voltage. 

7 



o  

P 2 <  



I t —  

( 

r ~ r =  

1  

c 
c c 

in  i 
—   r r  

CM  1 
l 

I  — 

U  

7?  r- °  

t 

l  a.  i i  i 1  a  i I-  *  • 

" 5  





o  : 
5  c O  r 

1 
c 

7  V 
O  CM o  m 
t  1 

ii 

o 

•  i  —  « 

t —  

COS 

cm  ST 

M - 4  

! 
r 

* -  



European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 

EP  90  48  0206 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  ant.  C1.5  ) 

IBM  TECHNICAL  DISCLOSURE  BULLETIN, 
vol.  32,  no.  2,  July  1989,  NEW  YORK  US 
pages  318  -  320; 
"Method  of  pre-charg1ng  logic  card  (decoupling) 
capad  tors" 
*  page  318,  paragraph  1  -  page  319,  paragraph  1; 
figure  1  * 

GB-A-2056198  (THE  POST  OFFICE) 
*  page  1  ,  1  Ines  21  -  30  * 
*  page  2,  lines  6  -  30;  figure  1  * 

US-A-4245270  (BUSBY) 
*  column  3,  lines  26  -  59;  figure  1  * 

GB-A-2218549  (BROTHER) 
*  abstract;  figures  2,  6  * 

EP-A-356186  (STC  PLC) 
*  column  1,  line  47  -  column  2,  line  IB;  figure 
1  * 

EP-A-  388753  (SIEMENS) 
*  column  3,  line  51  -  column  4,  line  22;  figure 

The  present  search  report  has  hecn  drawn  up  for  all  claims 

H02H9/00 

TECHNICAL  FIELDS 
SEARCHED  ant.  CI.S  ) 

H02H 
G06F 

Place  of  search 
THE  HAGUE 

Dali?  of  completion  of  !ho  search 
19  JULY  1991 SALM  R. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date D  :  document  cited  in  the  application T,  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

