
l|||||||||||||ll|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
US 20020072259A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0072259 A1 

K0 et al. (43) Pub. Date: Jun. 13, 2002 

(54) SUPPRESSING POWER BUS BOUNCING IN (22) Filed: Dec. 12, 2000 
A HOT SWAPPABLE SYSTEM 

Publication Classi?cation 
(76) Inventors: Han Y. Ko, Milpitas, CA (US); Robert 

C, cyphers, Fremont, CA (Us); (51) Int. Cl.7 ..................................................... .. H01R 4/66 
TOmOIlOI‘i Hirai, Sunnyvale, CA (US); (52) US. Cl. ............................................................ .. 439/106 
Keith Y. Oka, Los Altos, CA (US); 
Alan D. Martin, San Jose, CA (US) (57) ABSTRACT 

Correspondence Address; An apparatus for suppressing poWer bus bouncing in a 
ROSENTHAL & OSHA L_L_P_ hot-swappable system has been developed. The apparatus 
1221 MCKINNEY AVENUE includes a connection module With three interior pins for: 
SUITE 2800 the poWer return; the poWer supply; and the system ground. 
HOUSTON, TX 77010 (US) The system ground pin is shorter than the other tWo so that 

it makes contact With the poWer bus after the bouncing from 
21 A 1. No.: 09/735,116 the return and su 1 ins has subsided. PP PP y P 

“o 
1% 

\3. 

ll 



Patent Application Publication Jun. 13, 2002 Sheet 1 0f 5 US 2002/0072259 A1 

FIG. 1B 



Patent Application Publication Jun. 13, 2002 Sheet 2 0f 5 US 2002/0072259 A1 

aw 

P84 doém N 6E 

—‘ 023 W Du? 

I: 

Q30 .86 

wiw 
\ >> R215 37 

wri 



Patent Application Publication Jun. 13, 2002 Sheet 3 0f 5 US 2002/0072259 A1 

.9 ,i 

g ““ 
' Q 

l\\ l Lk 2 w a 

a 5 ,g I 

> a 
3 O a 

‘ H 
II 

'52. 
11 
H 

T 
f‘ F53 

J, U 

3-’ g (3 In“ 



Patent Application Publication Jun. 13, 2002 Sheet 4 0f 5 US 2002/0072259 A1 

FIG. 4A 
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SUPPRESSING POWER BUS BOUNCING IN A 
HOT SWAPPABLE SYSTEM 

BACKGROUND 

[0001] Contact bounce is a common occurrence during the 
activation or deactivation of electrical contacts. These elec 
trical contacts may include: push-button sWitches; toggle 
sWitches; electromechanical relays; or poWer connection 
devices. FIG. 1A shoWs a graph of a typical contact bounce 
in an electrical circuit. The graph represents a digital signal 
10 that is sWitched from off (loW) 12 to on (high) 18. When 
the electrical contact is activated 14, the signal goes through 
a contact bounce period 16 until it eventually stabiliZes. 
FIG. 1B shoWs an alternative graph of a contact bounce 
Where the electrical contact is sWitched from on (high) 22 to 
off (loW) 28. As can be seen, a contact bounce period 26 
occurs When the contact is de-activated 24 in a similar 
manner as shoWn in FIG. 1A. 

[0002] For devices such as a lamp or electric motor, 
contact bounce is not usually a problem. The contact bounce 
periods 16 and 26 lasts a minute fraction of a second and Will 
not affect the performance of the device. HoWever, if the 
device being used is micro-processor, contact bounce can 
have a signi?cant impact on performance since these devices 
perform operations in microseconds. 

[0003] FIG. 2 shoWs a schematic of a prior art embodi 
ment of a “hot-sWap” controller circuit 30. “Hot-swapping” 
or “hot-plugging” refers to the insertion and removal circuit 
boards into an active device, such as a computer mother 
board, While the device is poWered on. This circuit 30 is 
design to control inrush current so that an integrated circuit 
board can be safely inserted to and removed from a live 
backplane. In this embodiment, the controller circuit 30 
represents the LT® 1640 HotsWap TM Controller produced by 
Linear Technology. Various pin connections for the chip are 
indicated by name in FIG. 2. The circuit 30 combines the 
controller chip 32 With additional components to provide 
control signals 33 to the system voltage converters (not 
shoWn). The poWer for the circuit 30 is provided by a poWer 
supply bus that includes: a 48 V line 34; a 48 V Return line 
36; and a Board Engage (or Ground) line 38. 

[0004] When the poWer supply bus is connected, the 
circuit may be susceptible to the problems of contact 
bounce. The contact bounce that results can cause an excess 

transient current and could potentially affect operation of the 
circuit 30. HoWever, the controller circuit 30 includes a 
circuit breaker (not shoWn) that is internal to the controller 
chip 32. If the circuit 30 Were to experience an excessive 
transient current, it Would be transmitted from the GATE pin 
on the controller chip 32 through the output line 41 to the 
MOSFET 40. The MOSFET 40 Would direct the majority of 
the excess current to the 48 V Return line 36. Additionally, 
a trace current Would be transmitted back to the SENSE gate 
of the controller chip 32 via the trace current line 42. Upon 
receipt of a trace current, the circuit breaker Within the 
controller chip 32 Will go to a “Latch Off” state Which 
disable the circuit 30. 

SUMMARY OF INVENTION 

[0005] In some aspects the invention relates to a connec 
tion module for a hot-sWappable system poWer supply bus 
comprising: a module body; a ?rst connection pin extending 
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from the module body having a ?rst length; and a second 
connection pin extending from the module body having a 
second length, Wherein the second length is less than the ?rst 
length such that the second connection pin makes a connec 
tion With the hot-sWappable system after the contact bounce 
period of the ?rst connection pin has elapsed. 

[0006] In an alternative embodiment, the invention relates 
to a connection module for a hot-sWappable system poWer 
supply bus comprising: a module body; a poWer return pin 
extending from the module body, the poWer supply pin 
having a ?rst length; a poWer supply pin extending from the 
module body, the poWer return pin having a second length; 
and a system ground pin extending from the module body, 
the system ground pin having a third length, Wherein the 
third length is less than the ?rst length and the second length 
such that the system ground pin makes a connection With the 
hot-sWappable system subsequent to insertion of the poWer 
return pin and the poWer supply pin. 

[0007] In an alternative embodiment, the invention relates 
to a connection module for a hot-sWappable system poWer 
supply bus comprising: means for connecting a poWer return 
source to the hot-sWappable system; means for connecting a 
poWer supply source to the hot-sWappable system; and 
means for connecting a ground source to the hot-sWappable 
system such that the ground source is connected after a 
contact bounce period of the poWer supply source and a 
contact bounce period of the poWer return source. 

[0008] In an alternative embodiment, the invention relates 
to a method for connecting a power connection module to a 
hot-sWappable system comprising: creating an over-voltage 
condition in the hot-sWappable system by connecting a 
poWer supply pin and a poWer return pin to a poWer supply 
bus; alloWing a contact bounce period to elapse during the 
over-voltage condition; and connecting a system ground pin 
to the poWer supply bus after the contact bounce period has 
elapsed. 

[0009] The advantages of the invention include, at least, a 
poWer connection module that prevents excessive transient 
current due to contact bounce by creating an over-voltage 
condition that alloWs the contact bounce to be settled before 
the system ground is connected. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] FIG. 1A shoWs a graph of a typical contact bounce 
in an electrical circuit. 

[0011] FIG. 1B shoWs a graph of an alternative contact 
bounce in an electrical circuit. 

[0012] FIG. 2 shoWs a schematic of a prior art embodi 
ment of a hot-sWap controller circuit. 

[0013] FIG. 3 shoWs a schematic of one embodiment of a 
hot sWap controller circuit in accordance With the present 
invention. 

[0014] FIG. 4A shoWs a side cut-aWay vieW of one 
embodiment of a poWer module connector in accordance 
With the present invention. 

[0015] FIG. 4B shoWs a bottom vieW of one embodiment 
of a poWer module connector in accordance With the present 
invention. 
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[0016] FIG. 5 shows an alternative embodiment of a 
connector With dual system ground pins. 

DETAILED DESCRIPTION 

[0017] Exemplary embodiments of the invention Will be 
described With reference to the accompanying drawings. 
Like items in the draWings are shoWn With the same refer 
ence numbers. 

[0018] FIG. 3 shoWs a schematic of one embodiment of 
the present invention of a hot sWap controller circuit 46. The 
schematic of the circuit 46 shoWs a similar con?guration to 
the controller circuit 30 shoWn in FIG. 2 With the exception 
of an additional voltage divider circuit. As in the previous 
?gure, the controller chip 32 in this embodiment is the LT® 
1640 HotsWapTM Controller produced by Linear Technol 
ogy. In FIG. 3, the voltage divider circuit includes three 
separate resistors 44a, 44b, and 44c. In one embodiment, the 
resistors 44a, 44b, and 44c have the values of 301 kQ, 4.7 
kQ, and 43.2 kQ respectively. HoWever, other values could 
be used in alternative embodiments in accordance With 
system parameters. 

[0019] FIG. 4A shoWs a side cut-aWay vieW of one 
embodiment of a poWer module connector 50 in accordance 
With the present invention. FIG. 4B shoWs a bottom vieW of 
the same connector 50. The connector includes a body 58 
Which houses three separate blades (or pins) 52, 54, and 56 
Which provide that actual connections for the poWer lines. In 
one embodiment, the longest blade 52 is the connection for 
the 48V PoWer Return line 36 as shoWn in FIG. 3. The 
second longest blade 54 is the connection for the 48V PoWer 
Supply line 34 also shoWn in FIG. 3. The shortest blade 56 
in the connection for the Board Engage (or Ground) line 38 
Which is shoWn in FIG. 3 as Well. In one embodiment, the 
actual lengths of the blades 52, 54, and 56 are 12 mm, 10.5 
mm, and 4.75 mm from longest to shortest. The lengths may 
vary in alternative embodiments according to the speci?ca 
tions and characteristics of the system. As shoWn in FIG. 
4B, each of the blades 52, 54, and 56 is enclosed Within the 
body 58 of the connector 50. Contact With the blades 52, 54, 
and 56 is provided through a series of three slots 60 With one 
slot 60 for each blade 52, 54, and 56. 

[0020] By utiliZing a Board Engage blade 56 that is shorter 
in length than either the 48 V Return blade 52 or the 48V 
Supply blade 54, an over-voltage condition is created until 
the shorter blade 56 makes stable (non-bouncing) contact 
With ground. The duration of over-voltage condition alloWs 
the multiple bounces to become settled by the differences in 
physical lengths of the blades. Speci?cally, the system 
poWer bus becomes stabiliZed from the effects of contact 
bounce by the time the shortest pin is engaged to the ground 
connector. 

[0021] The over-voltage condition created by the initial 
connection With the longest tWo poWer blades can be poten 
tially harmful to the circuit. HoWever, it Will not damage the 
circuit if the condition is recoverable (i.e., it diminishes over 
time). In the present embodiment, this is precisely What 
happens because once the shortest blade contacts system 
ground, the over-voltage condition Will dissipate. Addition 
ally, the voltage divider netWork With its three resistors 44a, 
44b, and 44c, protects the circuit 46 to Within the voltage 
design speci?cations of the circuit. Finally, an over-voltage 
condition Will result in shutting off the MOSFET 40 of the 
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circuit 46. The MOSFET 40 Will be “open” (i.e., it Will block 
the current path). As a result, no trace current Will return to 
the controller chip 32 and the internal circuit breaker Will not 
“latch off”. 

[0022] While the disclosed embodiment shoWs a design 
for use With the LT® 1640 HotsWapTM Controller Circuit as 
shoW in FIG. 2, it is fully contemplated that arrangement of 
the connection module as shoWn in FIG. 4A and 4B could 
be adapted for use With other circuits. This Would most 
likely involve altering the dimensions of the connection 
blades and/or the arrangement of the voltage divider circuit, 
if one is necessary, to comply With the speci?cations of the 
circuit. 

[0023] One example of an alternative embodiment uses a 
connector 50 similar to the arrangement shoWn in FIG. 4A 
and 4B except that the connector only holds tWo blades 
internally. These blades Would be the 48 V PoWer Return 52 
and the PoWer Supply 54. The System Ground Pin 56 Would 
be mounted externally from the body 58. Another example 
of an embodiment of a connector 62 is shoWn in FIG. 5. In 
this embodiment, the connector has dual System Ground 
Pins 56 Which are located externally from the connector 
body 58. 

[0024] An alternative embodiment could include the 
application of the invention to a system With a total of tWo 
connections: a poWer supply connector and a poWer return 
connector. In this embodiment, the poWer module connector 
functions in the same manner as shoWn in FIGS. 4A and 4B. 
HoWever, only tWo connection pins are present instead of 
three. As in the previous embodiments, the poWer supply 
connector has the same con?guration so that it makes 
contact With the system after the contact bounce period of 
the poWer return connector has expired. 

[0025] The advantages of the disclosed invention includes 
at least the folloWing: a poWer connection module that 
prevents excessive transient current due to contact bounce 
by creating an over-voltage condition that alloWs the contact 
bounce to be settled before the system ground is connected. 

[0026] While the invention has been disclosed With refer 
ence to speci?c examples of embodiments, numerous varia 
tions and modi?cations are possible. Therefore, it is 
intended that the invention not be limited by the description 
in the speci?cation, but rather the claims that folloW. 

What is claimed is: 
1. A connection module for a hot-sWappable system 

poWer supply bus comprising: 

a module body; 

a ?rst connection pin extending from the module body 
having a ?rst length; and 

a second connection pin extending from the module body 
having a second length, Wherein the second length is 
less than the ?rst length such that the second connec 
tion pin makes a connection With the hot-sWappable 
system after the contact bounce period of the ?rst 
connection pin has elapsed. 

2. The connection module of claim 1, Wherein the ?rst 
connection pin is a poWer return pin. 

3. The connection module of claim 1, Wherein the second 
connection pin is a poWer supply pin. 
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4. A connection module for a hot-sWappable system 
power supply bus comprising: 

a module body; 

a poWer return pin extending from the module body, the 
poWer supply pin having a ?rst length; 

a poWer supply pin extending from the module body, the 
poWer return pin having a second length; and 

a system ground pin extending from the module body, the 
system ground pin having a third length, Wherein the 
third length is less than the ?rst length and the second 
length such that the system ground pin makes a con 
nection With the hot-sWappable system subsequent to 
insertion of the poWer return pin and the poWer supply 
pm. 

5. The connection module of claim 4, Wherein the system 
ground pin makes a connection With the hot-sWappable 
system after a contact bounce period of the poWer return pin 
and a contact bounce period of the poWer supply pin. 

6. The connection module of claim 4, Wherein the second 
length is less than the ?rst length such that the poWer supply 
pin makes a connection With the hot-sWappable system 
subsequent to insertion the poWer return pin. 

7. The connection module of claim 4, Wherein the body 
encloses each pin While access for connection to the hot 
sWappable system is provided by an open pin slot on the 
body. 

8. The connection module of claim 4, Wherein the ?rst 
length is 12 mm. 

9. The connection module of claim 4, Wherein the second 
length is 10.5 mm. 

10. The connection module of claim 4, Wherein the third 
length is 4.75 mm. 

11. A connection module for a hot-sWappable controller 
system poWer supply bus comprising: 

an enclosed module body With three access slots; 

a 48 volt poWer return pin Within the module body so that 
a connection can be made With the poWer return pin 
through one of the access slots, the poWer return pin 
having a length of 12 mm; 

a 48 volt poWer supply pin Within the module body so that 
a connection can be made With the poWer supply pin 
through one of the access slots, the poWer supply pin 
having a length of 10.5 mm; and 

a system ground pin Within the module body so that a 
connection can be made With the system ground pin 
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through one of the access slots, the system ground pin 
having a length of 4.75 mm. 

12. A connection module for a hot-sWappable system 
poWer supply bus comprising: 

means for connecting a poWer return source to the hot 
sWappable system; 

means for connecting a poWer supply source to the 
hot-sWappable system; and 

means for connecting a ground source to the hot-sWap 
pable system such that the ground source is connected 
after a contact bounce period of the poWer return source 
and a contact bounce period of the poWer supply 
source. 

13. A method for connecting a poWer connection module 
to a hot-sWappable system comprising: 

creating an over-voltage condition in the hot-sWappable 
system by connecting a poWer return pin and a poWer 
supply pin to a poWer supply bus; 

alloWing a contact bounce period to elapse during the 
over-voltage condition; and 

connecting a system ground pin to the poWer supply bus 
after the contact bounce period has elapsed. 

14. The method of claim 13, Wherein the poWer return pin 
is connected to the poWer supply bus before the poWer 
supply pin is connected to the poWer supply bus. 

15. The method of claim 14, Wherein the system ground 
pin has a shorter length than the poWer supply pin. 

16. The method of claim 15, Wherein the poWer supply pin 
has a shorter length than the poWer return pin. 

17. A method for connecting a poWer connection module 
to a hot-sWappable control system comprising: 

creating an over-voltage condition in the hot-sWappable 
control system by connecting a 12 mm poWer return pin 
and a 10.5 mm poWer supply pin to a poWer supply bus; 

alloWing a contact bounce period to elapse during the 
over-voltage condition; and 

connecting a 4.75 mm system ground pin to the poWer 
supply bus after the contact bounce period has elapsed, 
Wherein the connected system ground pin dissipates the 
over-voltage condition. 


