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(57) ABSTRACT 

The invention relates to a device for use by medical pro 
fessionals. The device comprises a chassis comprising a 
motherboard comprising a central processing unit; the moth 
erboard further comprising at least one graphics and 
memory controller and at least one input/output controller, 
Wherein the input/output controller communicates With at 
least one Wireless device controller; and at least one Wireless 
peripheral device con?gured to acquire medical data relating 
a vital sign of a patient and communicate the medical data 
via the Wireless device controller. The device is character 
iZed as a tablet-style personal computer having a sealed 
chassis that is resistant to liquid penetration, cleaning sol 
vents, and contaminants. The chassis is formed from plas 
tics, particularly injection molded polycarbonates, and 
includes a handle, a display screen, and a molded or sculpted 
recessed portion to receive at least one peripheral con?gured 
to obtain and Wirelessly transmit medical data. The back of 
the chassis could be made of magnesium. 

Portrait Battery Battery handle Screw 
Camera Cap Gasket 
Button 

Screw 
Cover 

"'9 
back 

Screw 
Cover 



Patent Application Publication Dec. 6, 2007 Sheet 1 0f 16 US 2007/0282208 A1 

To KSC CPU Thermal 
Sensor Dothun ULV Clocking 0nd 

Processor Voltage Reguiotion 
i553; 4x Thermal 478 ,MP CBGA 

Sensors 
F55 DDR2 ; 

1 channel ‘cg 
Intel 915GMS 2 

Toshiba LVDS Alviso SFF ‘é 
LCD North-bridge 

840 pF CBGA 
Bocklight PWM T 

'"Vme’ MiniP Cl 

Wacom DMl X2 slot 1 
Digitizer (WLAN) 

COMi 
n RFID PC" Mipif 51 
Reader so 

PATA ‘ _PC_|2_|— (wing-Bio) 
Toshiba (IDE) 

COMZ Hm PC'e‘ MiniCord 
Disk ‘Drive USED 5|Ot 1 

lntei 82801FBM I (WMTS‘BTO) 
ICHE-M . 

Super '0 South-bridge “555 muny KSC H,t h, ' USBi 
- 0c 

connections H8'S ‘L U882 Tuiyo Yuden 
Bluetooih 

TPM 1.2 I” U383 
E-Pin still 

Firm wore Camera 

Hub AC'97 bus 
(BiOS) ‘ Solid Yeor 

b rcode 
Reoltek ALCZOZ camera 
AC'97 Audio 

Code c 

FIG.1 



Patent Application Publication Dec. 6, 2007 Sheet 2 0f 16 US 2007/0282208 A1 

2V8 

Nam 5% 3 

58 x02 58 560 E3 @z/ 5cm 8% o o 
\@ / & W 52 

3885mm Q8 

QUJ 255m w _ s 
H 

Q5 82:8 

zeta 8E5 

380 Q8 22:8 5323 :23 

25m 222 bosom Exam #231 DE 55m 

\%8 6m 

38% EEW “8V . E83 



Patent Application Publication Dec. 6, 2007 Sheet 3 0f 16 US 2007/0282208 A1 

Plastic handle 

Stethoscope 

Battery pack 

Magn ' 

back 
spreader 

LCD/MB ass'y 
Protective acrylic front 

Polycarbonate frame 

Stethoscope 

Protectiv 
' acrylic 

Polycarbonate 
frame 

LCD/ MB ass'y 



5Z6 ‘8 

£2 3 

q . 0 E 35 £52 

US 2007/0282208 A1 Dec. 6, 2007 Sheet 4 0f 16 

2.22% 

“.02 a: s 3% 

Datum “£80 buts 5? 225: E80 E30 3>8 

sugeuobom 22s: 32% 25% 

Patent Application Publication 



QUE 28m 5828 5&5 28m 86250 9525 

US 2007/0282208 A1 

' 

‘ O ouoooo O O o o 

O 

@ @ 

82:8 @825 

Dec. 6, 2007 Sheet 5 0f 16 

G 

6’ 

E @ 22:8 “metal 

852% 5; 2; 

28m 
0225 2% 5022.5 

Room 8:22 2.2 8532 as, 2; 225m 8256 

Patent Application Publication 



Patent Application Publication Dec. 6, 2007 Sheet 6 0f 16 US 2007/0282208 A1 

Power LED 

X4) 

88 
c2 

2 



Patent Application Publication Dec. 6, 2007 Sheet 7 0f 16 US 2007/0282208 A1 

‘E 
(x) =3 
O DO 
'0 32 

Power LED 



Patent Application Publication Dec. 6, 2007 Sheet 8 0f 16 US 2007/0282208 A1 

dock feet routlng Channel 2 . 
Q 
o 
u 

AC Power Connector 

F|G.8 



Patent Application Publication Dec. 6, 2007 Sheet 9 0f 16 US 2007/0282208 A1 

USB Interface South Bridge 

KSC SCI 

‘ LPC 

Camera Camera Power ' Camera Shutter 
Control Button 

i‘__ N.“ ,‘—_____ 

f/i’ §\ KSC —T ‘ 
i 

I,’ illumination LED 

FIG. 9 



Patent Application Publication Dec. 6, 2007 Sheet 10 of 16 US 2007/0282208 A1 

RS-232 

USB Interface South Bridge 

KSC SCI 
Barcode 
Reader Barcode / RFID 

Power Control Lpc 

Barcode f RFID 

RFID Reader - Bum“ 

KSC 1% 

Illumination LED 

FIG. 10 



Patent Application Publication Dec. 6, 2007 Sheet 11 0f 16 US 2007/0282208 A1 

S5 South Bndge 
S4 _ 

S3 Button Signal 

Power 
LPC Button 

L 
‘IF 

’ KSC ‘Q59 
PWM _ =® 

(Power) Power Control 
Signal 

FIG. 1 1 



Patent Application Publication Dec. 6, 2007 Sheet 12 0f 16 US 2007/0282208 A1 



Patent Application Publication Dec. 6, 2007 Sheet 13 0f 16 US 2007/0282208 A1 

STM' 
(Synaptics , . . 

Touch Module) ‘V LAN ACUVH)’ p ' ' Blucloolh Aclivily LED 

/' A Q (a Bluetooth WLAN WMTS 
A] $2 (USB) (miniPCI) (miniPCl) 
éy<§ aux ///>°<\\ A 

$ $ % MHQIO‘Q 0' ‘0'0 0 IQ‘DIOIZ‘jDIOIOID 
I ‘ ‘ Bluctoolh Faring I 

Modular 
Embedded 
Protocol 

(MEP) 

DATA (Open-drain) 

ACT (One unidirectional output] 

RF Kill Control CLK (One unidircclional input) 

FIG. 13 



Patent Application Publication Dec. 6, 2007 Sheet 14 0f 16 US 2007/0282208 A1 

Application softwore Control Panel opplet 

i queries or i queries or 
settings settings 

key-presses key-presses , 

HID closs driver 

queries; or 
se?mqs HID reports 

I / 

ACP|—to—HlD Mapper Driver / 

A 
AHM Event Notify Invoke Control Method 

ACPI 
BIOS V 

ACPI Control Methods 

BTNS(0) BTNS n BTNC LED 5 LED 0 
\ \ ‘i A‘ I’ 

\\ ‘\ I‘ I’, 
Got\ cot‘\ ‘\ Set i Get 1/56,‘ 

+V¢C Button Button \ \ Button :' Indicator ,/ lndicoto, +V°C 
ID \ state \ \stote ,‘sto’te State 

Push, \ \ ‘t ,I' .’ green 
button GPIO \ \ t t ’ LED 
___L p0 \ ‘ ' m 

' ' {0x31.0| @@ |0x32.0i #Iéb 
8°“ GPIO gglo Q 
other EC memory space 
device P1 

EC 

This GPIO is u I'virtuul button' 



Patent Application Publication Dec. 6, 2007 Sheet 15 0f 16 US 2007/0282208 A1 

Heolthcore Tablet PC / O00 O00 O00 
Detail of control/indicator oreo 

Screen clip of Dashboard Applet ' Medical App #1 
Medical Application #1 



Patent Application Publication Dec. 6, 2007 Sheet 16 0f 16 US 2007/0282208 A1 

Polycarbonate Portrait Stylus Stylus Mg 
Chosis Camera recess buck 

FIG . 1 6 

Handle 

Stethoscope 

Mode Icon 



US 2007/0282208 A1 

MOBILE COMPUTING DEVICE WITH 
INTEGRATED MEDICAL DEVICES 

FIELD OF INVENTION 

[0001] The embodiments of the invention relate to a 
mobile computing device With integrated medical devices 
such as stethoscopes, blood pressure monitors, vital signs 
monitors, and other instruments Which may be used in a 
clinical or hospital environment for monitoring the Welfare 
of a patient. Illustrative of computing devices according to 
the present invention are tablet-style personal computers 
designed to communicate Wirelessly With various medical 
testing instruments While being convenient to hold and 
operate and resistant to penetration by ?uids. 

BACKGROUND 

[0002] A class of personal computers Which is smaller 
than the typical “desktop” or “laptop” devices are knoWn in 
the art as “tablet” personal computers, or tablet PCs. Such 
computing devices are generally knoWn for use as personal 
digital assistants and as specialiZed, mobile computers. 
Tablet PC’s typically offer the advantage of a small form 
factor that is easy for the user to carry, but at the cost of 
limited utility With respect to their full-sized counterparts. 
As Well, such devices tend to be vieWed either as too fragile 
for industrial use or as too bulky and heavy When con?gured 
for use in harsh environments. 

[0003] Further, due to siZe, Weight, and cost limitations, 
manufacturers often make trade-offs When designing tablet 
style PC’s. Such trade-offs are usually dictated by the 
intended use of the PC, for example Whether it Will be used 
as a personal digital assistant, a data acquisition device, etc. 
Devices meant to be used outdoors have tended to appear 
“rugged”, Which many users equate With clumsy and bulky. 
On the other hand, devices meant for greater portability have 
often been perceived by consumers to be too fragile for use 
under industrial conditions. 
[0004] Notably absent from the prior art, as Well, are 
devices that are suitable for medical professionals to use to 
gather and store physical data from patientsivital signs, 
photographs, etc. and store the data in a convenient, tablet 
style device. Such devices should offer Wireless data acqui 
sition, data storage, and the processor capacity to run a 
poWerful, ?exible operating system in a durable, ergonomic 
form factor capable of Withstanding exposure to liquids and 
other environmental factors. To accommodate the needed 
processing poWer, the device should also be capable of 
dissipating the heat generated by modern central processing 
units Without causing discomfort to the user or requiring a 
chassis having large, inconvenient heat sinks or vents that 
might permit the device to be contaminated or damaged by 
liquids or high-humidity environments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a block diagram ofan illustrative embodi 
ment of the computing hardWare of the present invention. 
[0006] FIG. 2 is a plan vieW of an illustrative embodiment 
of the chassis of the present invention. 
[0007] FIG. 3 is an exploded vieW of an embodiment of 
the chassis of the present invention. 
[0008] FIG. 4 is an exploded vieW of an embodiment of 
the chassis of the present invention shoWing an exemplary 
gasket structure. 
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[0009] FIG. 5 is a depiction of the inside of the chassis 
illustrating exemplary placements for antennae according to 
the present invention. 
[0010] FIG. 6 is a perspective vieW of an embodiment of 
a docking station according to the present invention. 
[0011] FIG. 7 is another perspective vieW of an embodi 
ment of a docking station according to the present invention. 
[0012] FIG. 8 is a perspective vieW of an embodiment of 
a docking station according to the present invention shoWing 
the bottom of a docking station. 
[0013] FIG. 9 is a block ?oW diagram illustrating a pos 
sible architecture for the functioning of a still camera used 
in accordance With the present invention. 
[0014] FIG. 10 is a block ?oW diagram illustrating a 
possible architecture for the functioning of a barcode reader 
and RFID scanner used in accordance With the present 
invention. 
[0015] FIG. 11 is a block ?oW diagram illustrating a 
possible architecture for the functioning of a poWer button 
used in accordance With the present invention. 
[0016] FIG. 12 illustrates an embodiment of a touchpad 
module. 
[0017] FIG. 13 illustrates a touchpad module and block 
?oW diagram of a possible architecture for use of a touchpad 
in connection With the hardWare of the present invention. 
[0018] FIG. 14 illustrates an embodiment of an APCI-to 
HID Mapper driver architecture. 
[0019] FIG. 15 illustrates an exemplary embodiment of a 
control/indicator area and applet. 
[0020] FIG. 16 illustrates an embodiment of the present 
invention incorporating a stylus and recessed caddy Within 
the chassis of a tablet-style PC. 
[0021] FIG. 17 is a perspective vieW of an embodiment of 
a Wireless stethoscope. 

DETAILED DESCRIPTION 

[0022] As used in the speci?cation and claims, the singu 
lar forms “a”, “an” and “the” include plural references 
unless the context clearly dictates otherWise. For example, 
the term “an array” may include a plurality of arrays unless 
the context clearly dictates otherWise. Further, Table 1, 
below, lists various acronyms and terms of art used herein. 

TABLE 1 

ACPI Advance Con?guration and Power Interface 
AP Access Point 
API Application Programming Interface 
ARD Architectural Requirements Document 
BIOS Basic Input/Output System, the PC ?rmware/boot ROM. 
BLI Back Light Inverter 
BT Bluetooth 
CMT Centrino Mobile Technology 
CPU Central Processing Unit 
DDR Double Data Rate 
DPST Display PoWer Saving Technique 
EBL Extended Battery Life 
EC Embedded Controller, e.g., Hitachi H8 
EEPROM Electrically Erasable Programmable Read Only Memory 
FW Firmware 
FWH Firm Ware Hub, the ?ash memory chip that contains the 

BIOS 
GMCH Graphics Memory Controller Hub 
GPIO General Purpose Input Output 
HDD Hard Disk Drive 
HIBCC Healthcare Industry Bar Code standard (data format for 

assest tagging using barcode or RFID). 
See http://WWW.hibcc.org 
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TABLE l-continued 

HIPAA Health Insurance Portability and Accountability Act. See 
http ://www.hipaa.org 

HW Hardware 
IA Intel Architecture. IA-32 is 32-bit architecture. IA-32e is 

32-bit architecture with 64-bit extensions. IA-64 is 
64-bit architecture (Itanium family). 

ICH Input Output Controller Hub 
IHV Independent Hardware Vendor 
ISV Independent Software Vendor 
IDE Integrated Device Electronics 
KSC Keyboard/System Controller, H8 microcontroller used 

for keyboard scan, battery charging, and 
miscellaneous system GPIO’s. 

LAN Local Area Network 
LVDS Low Voltage Differential Signaling, a style of LCD panel 

interface 
MCH Memory Controller Hub 
NIC Network Interface Controller 
ODM Original Design Manufacturer 
OEM Original Equipment Manufacturer 
OS Operating System 
PATA Parallel AT Attachment, a style of HDD or ODD interface 
PC Personal Computer 
PCB Printed Circuit Board 
RAM Random Access Memory 
RFID Radio Frequency IDenti?cation 
RTC Real Time Clock 
SMC System Management Controller 
SODIMM Small Outline Dual In Line Memory Module 
SW Software 
TBD To Be Determined 
TPM Trusted Platform Module 
TPV Third Party Vendor 
USB Universal Serial Bus 
VCOM Virtual COMmunications port, a device driver that looks like 

a real COM port, but has no physical COM hardware 
associated with it. 

VOIP Voice Over Internet Protocol 
VPN Virtual Private Network 
WLAN Wireless Local Area Network 
WMTS Wireless Medical Telemetry Service 
WZC Windows Zero Con?guration, an automatic WLAN 

con?guration scheme. 
WZP Windows Zero Provisioning, a follow-on to WZC that also 

provides for automatic provisioning of DSL at home or 
WLAN at hotspots. 

[0023] An embodiment of the invention relates to a device 
comprising a chassis comprising a motherboard comprising 
a central processing unit; the motherboard further compris 
ing at least one graphics and memory controller and at least 
one input/output controller, wherein the input/output con 
troller communicates with at least one wireless device 
controller; and at least one wireless peripheral device con 
?gured to acquire medical data relating a vital sign of a 
patient and communicate the medical data via the wireless 
device controller. 

[0024] Preferably, the wireless peripheral device is a 
stethoscope, a blood pressure monitor, or a thermometer. 
Preferably, the wireless peripheral device is con?gured to 
use the Bluetooth wireless communications protocol. The 
device could further comprise a docking station con?gured 
to receive and communicate with the chassis. Preferably, the 
docking station comprises at least one I/O port con?gured to 
connect a peripheral device. Preferably, the chassis com 
prises a polymeric material. Preferably, the chassis further 
comprises a heat conductive material con?gured to dissipate 
heat generated within the chassis. Preferably, the heat con 
ductive material comprises magnesium. Preferably, the 
motherboard is in communication with at least one RFID 
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reader. In one variation, the motherboard is in communica 
tion with at least one digital camera. Furthermore, the device 
could comprise a polycarbonate chassis having a front side 
having a display screen. Preferably, the display screen is an 
LCD or a TFT display. Preferably, the LCD has a resolution 
of at least 640 pixels by 480 pixels and the LCD is 
con?gured to display a pixel bit-depth of not less than 8 bits. 
Preferably, the chassis comprises multiple parts forming 
seams that are gasketed to inhibit substantial penetration of 
liquid through the seams. The device could further comprise 
at least one battery mounted within the chassis. In variation, 
the device of this invention could have a warm swappable 
battery (battery can be changed out for a fresh one when 
system is docked). 
[0025] Yet other embodiments of the invention relate to a 
device comprising a chassis comprising a motherboard 
comprising a central processing unit; the motherboard fur 
ther comprising at least one graphics and memory controller 
and at least one input/output controller, wherein the input/ 
output controller communicates with one or more of at least 
one wireless device controller, at least one RIFD reader, at 
least one barcode reader, at least one USB port, and at least 
one digital camera; at least one wireless stethoscope con 
?gured to acquire and digitize medical data relating the heart 
or lung function of a patient and communicate the medical 
data to the wireless device controller and/or to a listening 
device; and wherein the chassis has a front side having an 
LCD. 

[0026] Preferably, the stethoscope is con?gured to com 
municate using the Bluetooth wireless communications pro 
tocol. Preferably, the stethoscope is con?gured to transmit 
digitized sound to the wireless communications controller in 
communication with the motherboard. Preferably, the wire 
less communications controller is con?gured to transmit the 
sound data via an I/O controller hub to an audio subsystem 
and the audio subsystem is con?gured to convert the audio 
data to analog format which is capable of being emitted in 
audible form via a piezoelectric speaker. The docking station 
could comprise at least one external display adapter port 
such as a DB-l5 connector, an HDMI connector, a DVI 

connector, an S-video connector, a VGA connector, or 
component video connectors. These could be more periph 
erals than those mentioned above. In one embodiment, the 
device of the invention had 4 USBs and an Ethernet wired 
LAN connector. 

[0027] Other embodiments relate to a method for acquir 
ing medical data, comprising a chassis comprising a moth 
erboard, wherein the motherboard comprises a central pro 
cessing unit, a graphics and memory controller hub, an I/O 
controller hub, a memory module, a data storage device, and 
at least one wireless device controller; providing a wireless 
medical data acquisition device; placing the medical data 
acquisition device in close proximity to a patient; monitor 
ing a vital sign of the patient and acquiring vital sign data; 
and transmitting the vital sign data from the wireless medi 
cal data acquisition device to the wireless device controller. 

[0028] In one embodiment, the invention is a portable 
computing platform for use by medical professionals. The 
platform is characterized as a tablet-style personal computer 
having a sealed chassis that is resistant to liquid penetration, 
cleaning solvents, and contaminants. The chassis is formed 
from plastics, particularly injection molded polycarbonates, 
and includes a handle, a display screen, and a molded or 
sculpted recessed portion to receive at least one peripheral 
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con?gured to obtain and Wirelessly transmit medical data. 
The magnesium back could also be part of the chassis. 
[0029] The invention may also include a digitizer posi 
tioned behind the display screen and stylus, to permit data 
entry by a user. Peripheral devices and features that might be 
incorporated into the platform include, but are not limited to, 
digital cameras, RFID readers, bar code readers, Bluetooth 
connectivity, audio I/O, a docking station Which may include 
a receptacle for recharging Warm-swappable batteries. The 
device could have the sWappability of battery pack feature. 
[0030] The invention, in various embodiments, might also 
include Wireless medical data acquisition devices such as 
stethoscopes, blood pressure monitors, thermometers, and 
other devices Which acquire patient-data that a medical 
professional may Wish to record directly into a computing 
device. 
[0031] An illustrative embodiment of the computer hard 
Ware component of a tablet PC according to the present 
invention is shoWn in FIG. 1. As shoWn, the motherboard 
includes a CPU. In this embodiment, the illustrative CPU is 
a 478-ball Dothan ULV processor in a Micro-FCBGA pack 
age. The CPU may be soldered doWn to the motherboard or 
it may be socketed to facilitate the replacement of defective 
units, to permit the end-user to upgrade the processor, etc. 
The selected CPU runs nominally at 1.2 GHZ in High 
Frequency mode and at 600 MHZ in LoW Frequency mode. 
Other CPUs may be used, although siZe, heat dissipation, 
and poWer requirements may change in other parts of the 
system. Those skilled in the art Will recogniZe and be able to 
adapt hardWare aspects that must be accommodated for 
other processors. 
[0032] Faster processors, for example, may be larger in 
siZe and generate more heat While consuming more poWer; 
and smaller processors may require less poWer and generate 
less heat that must be removed from the system. The selected 
CPU can also supports enhanced technologies for voltage 
and frequency scaling. 
[0033] The system memory may be determined based on 
the intended application of the tablet through the use of 
commercially available memory modules. The illustrative 
embodiment of FIG. 1 may contain a single-channel, 400 
MHZ DDR2 capable SODIMM socket. A default con?gu 
ration employing one DRAM module of 1 GB siZe can 
accommodate a Wide-variety of applications, although larger 
and smaller capacity DRAM modules are available and can 
be installed at the time of manufacturing. In applications 
Where the memory is not hard-Wired to the motherboard and 
the tablet chassis permits opening by the user, the user or 
technician may be provided With the ability to change 
memory modules to replace defective units or increase 
memory capacity. 
[0034] A variety of commercially available system clocks 
may be employed, as Well. The present exemplary embodi 
ment employs the CK-4l0M Clock Synthesizer. This clock 
synthesiZer creates system clock signals that are distributed 
to synchronous devices Within the system. The GMCH may 
provide the spread spectrum clock to GMCH’s LVDS inter 
face. 
[0035] In communication With the processor via the moth 
erboard’s front-side bus might be the GMCH, or “North 
Bridge” as it is commonly referred to in the art. The GMCH 
(graphics and memory control hub), functions can be pro 
vided by the Alviso SFF graphics/memory controller hub 
model “915GMS”. This device is packaged in an 840-ball, 
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27 mm><27 mm Micro-FCBGA package and is usually 
soldered to the motherboard. It may, in some instances, be 
useful to provide the GMCH in a socketed con?guration, if 
convenient substitution of the unit is desirable. 

[0036] Video capability may be provided via a TFT LCD, 
or other ?at-panel display that can be incorporated into the 
chassis of the device. In the present embodiment, only a 
single display is required, thus the analog TV-Out and digital 
SDVO outputs can be disabled on the graphics controller. 
Only the LVDS interface to an LCD panel, or other, is 
necessary. Other outputs may be enabled and external ports 
may be provided, With adequate safeguards taken to avoid 
increasing the risk of liquid incursion into the chassis, in 
instances Where external video is desirable. 

[0037] The ICH, also referred to as the “South Bridge”, 
provides I/O capabilities. In one embodiment of the present 
tablet, these services are provided by the ICH6-M I/O 
controller hub (ICH). This ICH may provide a DMI interface 
to the “North Bridge”, a PCI Bus Which can be routed to one 
or more MiniPCI card connectors, a PCI Express (PCIe) Bus 
Which may be routed to one ore more MiniCard card 
connectors, a PATA interface for providing a data path to a 
hard disk drive, and a SATA interface. The SATA interface 
may or may not be used, depending on the number and types 
of data storage units required. Other storage device inter 
faces may be used, as Well, if a different ICH is selected for 
use in the tablet. 

[0038] The ICH can also provide USB ports. The ICH6-M 
provides Eight (8) USB ports for devices such as cameras, 
barcode readers, Bluetooth Wireless communications con 
trollers, docking connectors, etc. Other ICHs may provide 
more or less, depending on the needs of the system and the 
anticipated number of USB peripherals. As Well, the ICH 
should provide an audio bus, to provide the device With 
sound capability. The ICH of this illustrative embodiment is 
con?gurable for AC’97 or Intel High-De?nition Audio. 

[0039] The ICH can also provide a LPC (LoW Pin Count) 
Bus. The LPC bus may connect to the ?rmWare hub, i.e., the 
Flash EPROM storing the BIOS code and support the use of 
a KSC (in this embodiment a Hitachi H-8 Keyboard/ System 
Controller). The LPC may also provide a communications 
path to a Super-I/O chip With tWo RS-232C serial ports; and 
a TPM (Trusted Platform Module) chip that provides secu 
rity key storage. Variations betWeen available ICHs may 
permit different hardWare to be connected to the system via 
the Southbridge to accommodate varying hardWare con?gu 
rations. 

[0040] The system may also employ thermal sensors to 
permit monitoring of thermal conditions Within the chassis 
and for various components on the motherboard. Most 
modern CPU’s, such as the one employed in the exemplary 
embodiment, include an on-die thermal sensor. Further, an 
external thermal diode positioned very near the CPU pack 
age can be connected to a remote thermal sensor such as 
Analog Devices ADM 1023. The remote thermal sensor’s 
SMBus may interface With the KSC’s SMBus and also to the 
processor’s “Critical Thermal” pin. When the “Critical Ther 
mal” pin is driven, the processor is designed to perform an 
emergency shutdoWn. Typically, When such a shutdoWn 
occurs, the operating system state Will not be saved. Prior to 
that event, the current temperature can be read via the KSC, 
and the KSC may also be programmed to provide a Warning 
interrupt When a temperature threshold (also called a “ther 
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