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(57) ABSTRACT 

For one embodiment, an integrated circuit includes a node to 
couple one or more components to the integrated circuit to 
carry current through a package for the integrated circuit. 
The integrated circuit also includes a monitor to measure a 
resistance of the package based at least in part on a reference 
resistance of the package and a resistance of one or more 
components that are to carry current through the package. 
For another embodiment, current through one or more 
components that are to carry current through a package for 
an integrated circuit is controlled. A resistance of the pack 
age is measured based at least in part on a reference 
resistance of the package and a resistance of one or more 
components that are to carry current through the package. 

WARIABLE 

POWER 

    

    

    

  

    

  

  

    

    

  

  

  

MediaTek - EX1009, Page 001



Patent Application Publication Apr. 12, 2007 Sheet 1 of 8 US 2007/0080696A1 

100 VARIABLE 
POWER SUPPLY 

158 

COMPONENT(S) 

MONITOR 

CONTROLLER(S) 

VARIABLE 
CLOCK SOURCE 

INTEGRATED 
CIRCUIT 

PACKAGE 

FIG. 1 

  

    

  

    

  

  

  

  

MediaTek - EX1009, Page 002



Patent Application Publication Apr. 12, 2007 Sheet 2 of 8 US 2007/0080696A1 

200 

202 

MEASURE ARESISTANCE OF APACKAGE BASEDAT LEAST IN PART ON 
A REFERENCE RESISTANCE OF THE PACKAGE ANDARESISTANCE OF ONE OR 
MORE COMPONENTS THAT ARE TO CARRY CURRENT THROUGH THE PACKAGE 

CONTROL POWER FOR A PACKAGED INTEGRATED CIRCUIT 
BASEDAT LEAST IN PART ON THE MEASURED RESISTANCE OF THE PACKAGE 

FIG. 2 
300 

302 

CONTROL CURRENT THROUGHONE ORMORE COMPONENTS THAT ARE TO 
CARRY CURRENT THROUGHAPACKAGE 

MEASURE ARESISTANCE OF THE PACKAGE BASEDAT LEAST IN PARTONA 
REFERENCERESISTANCE OF THE PACKAGE ANDARESISTANCE OF ONE OR 
MORE COMPONENTS THAT ARE TO CARRY CURRENT THROUGH THE PACKAGE 

FIG. 3 

  

MediaTek - EX1009, Page 003



Patent Application Publication Apr. 12, 2007 Sheet 3 of 8 US 2007/0080696A1 

400 

402 

MEASUREACHARACTERISTIC OF APACKAGED INTEGRATED CIRCUIT 
BASEDAT LEAST IN PART ON ARESISTANCE OF ONE ORMORE COMPONENTS 

THAT ARE TO CARRY CURRENT THROUGH APACKAGE 
ATAFIRST TEMPERATURE 

MEASURE ARESISTANCE OF THE PACKAGE AT THE FIRST TEMPERATURE 
BASEDAT LEAST IN PART ON: 

A REFERENCE RESISTANCE OF THE PACKAGE 
ATASECOND TEMPERATURE, 

THE MEASURED CHARACTERISTIC, AND 

AREFERENCE CHARACTERISTIC BASEDAT LEAST IN PART ON 
ARESISTANCE OF ONE ORMORE COMPONENTS THAT 
ARE TO CARRY CURRENT THROUGH THE PACKAGE 
AT THE SECONDTEMPERATURE 

FIG. 4 

  

MediaTek - EX1009, Page 004



(movinco D — 099 07||Z| || 09908|| 
| 09 

US 2007/0080696A1 

EÐVITOA 

BICA 

Patent Application Publication Apr. 12, 2007 Sheet 4 of 8 

  

  

MediaTek - EX1009, Page 005



Patent Application Publication Apr. 12, 2007 Sheet 5 of 8 US 2007/0080696A1 

610 

VOLTAGE 
RoR MONITOR 

INTEGRATED 
CIRCUIT 

PACKAGE 
SUBSTRATE 

FIG. 6 

  

MediaTek - EX1009, Page 006



Patent Application Publication Apr. 12, 2007 Sheet 6 of 8 US 2007/0080696A1 

700 

702 

DRAWAFIRST CURRENT THROUGHONE ORMORE FIRST COMPONENTS 
HAVING AFIRST RESISTANCE 

704 

DRAW ASECOND CURRENT THROUGHONE OR MORE SECOND COMPONENTS 
HAVING ASECOND RESISTANCE 

706 
DOESAFIRST VOLTAGE 

ACROSS ONE ORMORE FIRST 
COMPONENTS AND ASECOND VOLTAGE YES 

ACROSS ONE ORMORE SECOND COMPONENTS 
SATISFY ONE ORMORE PREDETERMINED 

RELATIONSHIPS2 

NO 708 

ADJUST THE FIRST CURRENT AND/OR THE SECOND CURRENT 

710 

MEASURE ARATIOBETWEEN THE FIRST RESISTANCE 
AND THE SECOND RESISTANCE BASEDAT LEAST IN PART ON 

THE AMOUNT OF THE FIRST CURRENT AND 
THE AMOUNT OF THE SECOND CURRENT 

FIG. 7 

  

    

    

  

  

MediaTek - EX1009, Page 007



US 2007/0080696A1 

B9VITOA 

099HIGA (S)INENOdWOO(S)LNENOdWOO | 09 

Patent Application Publication Apr. 12, 2007 Sheet 7 of 8 

  

  

  

  

  

MediaTek - EX1009, Page 008



Patent Application Publication Apr. 12, 2007 Sheet 8 of 8 US 2007/0080696A1 

900 910 

\ POWER 
SUPPLY 

COMPONENT(S) 

901 

902 

93 

VOLTAGE 
MONITOR REGULATOR 

PROCESSOR 

960 

O 
920 

INPUT BIOS 
DEVICE(S) CHIPSET MEMORY 

940 

DISPLAY ER 
950 

970 
980 

COMMUNICATIONS INPUTIOUTPUT 
(I/O) NON-VOLATILE 

MEMORY AND/OR 
STORAGE 
DEVICE(S) 

INTERFACE(S) 
DEVICE(S) 

982 
ANTENNA(S) 

990 

FIG. 9 

  

  

  

  

  

    

  

    

  

MediaTek - EX1009, Page 009



US 2007/0080696 A1 

INTEGRATED CIRCUIT PACKAGE RESISTANCE 
MEASUREMENT 

FIELD 

0001 Embodiments described herein generally relate to 
integrated circuits. 

BACKGROUND 

0002 An integrated circuit, such as for a microprocessor 
for example, may use a feedback control system to help 
control power consumption and/or heat dissipation for the 
integrated circuit. One feedback control system helps main 
tain the integrated circuit within a desired power envelope 
despite variations in power consumption due to, for 
example, variations in Software load. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 Embodiments are illustrated by way of example 
and not limitation in the figures of the accompanying 
drawings, in which like references indicate similar elements 
and in which: 

0004 FIG. 1 illustrates, for one embodiment, a block 
diagram of a packaged integrated circuit having a monitor to 
measure a resistance of a package for the packaged inte 
grated circuit based at least in part on a reference resistance 
of the package and a resistance of one or more components 
that are to carry current through the package; 

0005 FIG. 2 illustrates, for one embodiment, a flow 
diagram to control power for the packaged integrated circuit 
of FIG. 1; 

0006 FIG. 3 illustrates, for one embodiment, a flow 
diagram to measure a resistance of the package for the 
packaged integrated circuit of FIG. 1; 

0007 FIG. 4 illustrates, for one embodiment, a flow 
diagram to measure a resistance of the package for the 
packaged integrated circuit of FIG. 1; 

0008 FIG. 5 illustrates, for one embodiment, circuitry to 
measure a resistance of the package for the packaged inte 
grated circuit of FIG. 1; 

0009 FIG. 6 illustrates, for one embodiment, one or more 
components that are to carry current through the package for 
the packaged integrated circuit of FIG. 1; 

0010 FIG. 7 illustrates, for one embodiment, a flow 
diagram to measure a characteristic of a packaged integrated 
circuit for the flow diagram of FIG. 4; 

0011 FIG. 8 illustrates, for one embodiment, circuitry to 
measure a resistance of the package for the packaged inte 
grated circuit of FIG. 1; and 

0012 FIG. 9 illustrates, for one embodiment, a block 
diagram of an example system comprising a processor 
having a monitor to measure a resistance of a package for the 
processor based at least in part on a reference resistance of 
the package and a resistance of one or more components that 
are to carry current through the package. 

0013 The FIGURES of the drawings are not necessarily 
drawn to scale. 
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DETAILED DESCRIPTION 

0014. The following detailed description sets forth 
example embodiments of apparatuses, methods, mediums, 
and systems relating to integrated circuit package resistance 
measurement. Features, such as structure(s), function(s), 
and/or characteristic(s) for example, are described with 
reference to one embodiment as a matter of convenience; 
various embodiments may be implemented with any Suitable 
one or more described features. 

0015 FIG. 1 illustrates, for one embodiment, a packaged 
integrated circuit 100 having a package 120 for an integrated 
circuit 110. Integrated circuit 110 for one embodiment may 
have a node 112 to couple one or more components 130 to 
integrated circuit 110 to carry current through package 120. 
integrated circuit 110 may define node 112 in any suitable 
manner, such as a bonding pad for example. Integrated 
circuit 110 for one embodiment may have a monitor 140 to 
measure a resistance of package 120 based at least in part on 
a reference resistance of package 120 and a resistance of one 
or more components 130 that are to carry current through 
package 120. 

EXAMPLE USE OF MEASURED PACKAGE 
RESISTANCE 

0016 Integrated circuit 110 may use monitor 140 to 
measure a resistance of package 120 for any suitable pur 
pose. 

0017 Integrated circuit 110 for one embodiment, as 
illustrated in FIG. 1, may optionally comprise one or more 
power controllers 150 to help control power for packaged 
integrated circuit 100 as illustrated in a flow diagram 200 of 
FIG. 2. For block 202 of FIG. 2, monitor 140 may measure 
a resistance Rese of package 120 based at least in part on 
a reference resistance of package 120 and a resistance of one 
or more components 130 that are to carry current through 
package 120. For block 204, one or more power controllers 
150 may control power for packaged integrated circuit 100 
based at least in part on the measured resistance Race of 
package 120. 

0018 Monitor 140 for one embodiment may also mea 
sure power supplied to integrated circuit 110 based at least 
in part on the measured resistance Race of package 120. 
Power controller(s) 150 for one embodiment may then be 
coupled to receive from monitor 140 one or more signals 
representative of or corresponding to the measured power to 
control power for integrated circuit 110. Power controller(s) 
150 for one embodiment may control power for integrated 
circuit 110 to help control power consumption and/or heat 
dissipation for integrated circuit 110. 
0019 Integrated circuit 110 for one embodiment, as 
illustrated in FIG. 1, may optionally comprise a variable 
clock source 156. A power controller 150 for one embodi 
ment may be coupled to control variable clock source 156 to 
vary the frequency of one or more clock signals generated by 
variable clock source 156 to clock or activate circuitry of 
integrated circuit 110 and therefore help control power 
consumption and/or heat dissipation for integrated circuit 
110. Variable clock source 156 for one embodiment may be 
coupled to receive an external clock signal having a prede 
termined frequency from a clock source external to pack 
aged integrated circuit 100 and may comprise any Suitable 

MediaTek - EX1009, Page 010



US 2007/0080696 A1 

circuitry to generate one or more internal clock signals of 
any Suitable frequency in response to one or more control 
signals from a power controller 150. A power controller 150 
for one embodiment may be coupled to control a variable 
clock source external to packaged integrated Circuit 100. 
0020. A power controller 150 for one embodiment, as 
illustrated in FIG. 1, may be coupled to control a variable 
power Supply 158 external to packaged integrated circuit 
100. Packaged integrated circuit 100 for one embodiment 
may be coupled to receive power from variable power 
supply 158. A power controller 150 for one embodiment 
may control variable power supply 158 to vary a supply 
voltage supplied to integrated circuit 110 by variable power 
supply 158 and therefore help control power consumption 
and/or heat dissipation for integrated circuit 110. Variable 
power supply 158 may comprise any suitable circuitry to 
Supply a Supply Voltage at any suitable level to integrated 
circuit 110 in response to one or more control signals from 
a power controller 150. Variable power supply 158 for one 
embodiment may comprise a power Supply, Such as an 
alternating current to direct current (AC-DC) adapter or a 
battery for example, and a voltage regulator, such as a direct 
current to direct current (DC-DC) converter for example, 
coupled to the power supply and to a power controller 150 
to Supply a variable Supply Voltage to integrated circuit 110. 
0021 Monitor 140 for one embodiment may be coupled 
to measure a voltage V of a die for integrated circuit 110 
and a voltage Vacas across package 120 for integrated 
circuit 10 and may measure power Supplied to integrated 
circuit 110 based on the measured die Voltage V, the 
measured package Voltage V and the measured pack package 
age resistance Rackage. 
0022 Monitor 140 for one embodiment may measure 
power P supplied to integrated circuit 110 in accordance 
with the following equation. 

aekage paekage 

Note the amount of power P supplied to integrated circuit 
110 ideally is as follows: 

where I is the amount of current drawn by integrated circuit 
110 and is ideally also equal to the amount of current drawn 
through package 120 in accordance with the following 
equation. 

-package/Rpackage 

0023 Monitor 140 may measure die Voltage V and 
package Voltage Vase in any suitable manner. Monitor 
140 for one embodiment may be coupled to a die power grid 
for integrated circuit 110 at a node 111 to measure die 
voltage V. Monitor 140 for one embodiment may be 
coupled to a node 121 at or near an outer side of package 120 
to measure an outer Voltage V Monitor 140 may then 
measure package Voltage V in accordance with the package 
following equation. 

outer 

V. package outer die 

0024 Package Resistance Measurement 
0.025 Monitor 140 for one embodiment may measure a 
resistance of package 120 in accordance with a flow diagram 
300 of FIG. 3. For block 302 of FIG. 3, monitor 140 may 
control current through one or more components 130 that are 
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to carry current through package 120 for integrated circuit 
110. For block 304, monitor 140 may measure a resistance 
of package 120 based at least in part on a reference resis 
tance of package 120 and a resistance of one or more 
components 130 that are to carry current through package 
120. 

0026 Monitor 140 for one embodiment may use one or 
more components 130 to help replicate variation in the 
resistance of package 120 during operation of integrated 
circuit 110. The resistance of package 120 may vary, for 
example, due to temperature variations of package 120 
and/or the die for integrated circuit 110. Monitor 140 for one 
embodiment may measure a resistance of package 120 under 
different operating conditions by using a reference resistance 
of package 120 to adjust measurements based at least in part 
on the resistance of one or more components 130 under such 
conditions. Monitor 140 may identify a reference resistance 
of package 120 in any suitable manner. 
0027 Monitor 140 for one embodiment may measure 
resistance of package 120 at a given temperature using a 
reference resistance of package 120 based on a measured 
resistance of package 120 at a reference temperature. Moni 
tor 140 for one embodiment may then measure resistance of 
package 120 at a given temperature based at least in part on 
Such a reference resistance of package 120 and the resistance 
of one or more components 130 at the given temperature. 
0028. A reference resistance of package 120 for one 
embodiment may be measured using a tester to place pack 
aged integrated circuit 100 under a known set of load 
conditions at a tester temperature Test, causing packaged 
integrated circuit 100 to sink a known current I. Monitor 
140 for one embodiment may then measure a reference 
package Voltage V.(Ts) across package 120 to mea 
Sure a reference package resistance Re(Tes) in accor 
dance with the following equation. 

Rpackage(Test)- package(Test)est 
0029 Monitor 140 for one embodiment may be coupled 
to node 121 at or near an outer side of package 120 to 
measure an outer Voltage V (Ts) and may be coupled to 
a die power grid for integrated circuit 110 at node 111 to 
measure a die Voltage V (T). Monitor 140 may then 
measure reference package Voltage Vasa (Tes) in accor 
dance with the following equation. 

package(Test) outer(Tiest)- aie(Test) 

0030. For one embodiment, the tester may be used to 
measure a reference package Voltage Vasa (Tes) across 
package 120 and/or a reference package resistance Re 
e(T). The tester for one embodiment may then be used to 
upload reference package Voltage Vasa (Tes) and/or ref 
erence package resistance Rae.(Tes) to monitor 140. 
0031 Monitor 140 for one embodiment may measure 
resistance of package 120 at a temperature T, in accordance 
with a flow diagram 400 of FIG. 4. For block 402 of FIG. 
4, monitor 140 may measure a characteristic X(T) of 
packaged integrated circuit 100 based at least in part on a 
resistance R(T) of one or more components 130 that are to 
carry current through package 120 at temperature T. For 
block 404, monitor 140 may measure a resistance Re 
age(T) of package 120 at temperature T, based at least in 
part on a reference resistance Rae,(To) of package 120 at 
a temperature To the measured characteristic X(T), and a 
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reference characteristic X(T) of packaged integrated circuit 
100 based at least in part on a resistance R(T) of one or 
more components 130 that are to carry current through 
package 120 at temperature To. 

0032) Reference package resistance Rae (To) for one 
embodiment may be measured using a tester. Temperature 
T, may therefore correspond to a tester temperature Tes. 
Reference characteristic X(T) for one embodiment may be 
measured by monitor 140 while packaged integrated circuit 
100 is at temperature T. Monitor 140 for one embodiment 
may measure reference characteristic X(T) similarly as for 
block 402 of FIG. 4. Reference characteristic X(T) for one 
embodiment may be measured by the tester while packaged 
integrated circuit 100 is attemperature To. The tester for one 
embodiment may then be used to upload reference charac 
teristic X(T) to monitor 140. 
0033 Monitor 140 for one embodiment may use the same 
reference package resistance Rasa (To) value and the 
same reference characteristic X(T) value for multiple mea 
surements of package resistance Rese at different times. 
Monitor 140 for one embodiment may update the values of 
reference package resistance Rae (To) and reference 
characteristic X(T) for one or more measurements of pack 
age resistance Rese based on prior measurements of 
package resistance Rese and characteristic X. 
0034 Monitor 140 for one embodiment may use a rela 
tionship between reference characteristic X(T) and refer 
ence package resistance Rae,(To) to measure package 
resistance R(T) based on measured characteristic 
X(T). Monitor 140 may use any suitable characteristic X to 
measure package resistance Race. 
0035 Monitor 140 for one embodiment may use as 
characteristic X a ratio between a resistance R of one or 
more first components 130 that are to carry current through 
package 120 and a resistance PR of one or more second 
components that are to carry current in packaged integrated 
circuit 100. 

0036) The resistance R for one embodiment may be 
relatively constant as compared to resistance R. 
0037 Resistance R ideally is as follows: 

R=V/I 

where V is the Voltage across one or more first components 
130 and I is the current flowing through one or more first 
components 130. 

0038 Resistance R is as follows: 
R2 = V2/12 

where V is the Voltage across one or more second compo 
nents and I is the current flowing through one or more 
second components. 

0.039 Monitor 140 for one embodiment may then mea 
Sure a ratio between resistance R and resistance R for 
block 402 in accordance with the following equation. 

R/R=(VI)/(VI) 

0040 Monitor 140 for one embodiment may measure 
package resistance Rae (T) for block 404 in accordance 
with the following equation. 

Apr. 12, 2007 

0041 Monitor 140 for one embodiment may use the ratio 
R/R as characteristic X because such a ratio for one 
embodiment may be measured relatively accurately without 
having to measure the resistance R accurately or resistance 
Raccurately. 

EXAMPLE CIRCUITRY FORMONITOR 

0042 Monitor 140 may comprise any suitable circuitry. 
Monitor 140 for one embodiment may be implemented at 
least in part by instructions to be performed by integrated 
circuit 110. Such instructions may be stored and/or embed 
ded on any Suitable medium which may be accessed to 
perform such instructions. Integrated circuit 110 for one 
embodiment may comprise Such a medium. Integrated cir 
cuit 110 for one embodiment may be coupled to receive 
instructions from Such a medium. 

0043 Monitor 140 for one embodiment, as illustrated in 
FIG. 5, may comprise a controller 540, a programmable 
current source 546, and a programmable current source 548. 
0044 Programmable current source 546 for one embodi 
ment may be coupled to draw a current I through any 
suitable one or more components 130. Component(s) 130 
for one embodiment may be coupled between a Supply 
voltage node 501 and programmable current source 546. 
0045 Component(s) 130 for one embodiment may be 
dedicated for use to carry current through package 120 to 
help measure a resistance of package 120. Integrated circuit 
110 for one embodiment may therefore continue operating to 
perform any suitable one or more functions as monitor 140 
controls current through one or more components 130 to 
help measure a resistance of package 120. 
0046 For one embodiment where integrated circuit 110 is 
positioned over a Substrate to help package integrated circuit 
110 in package 120, the substrate may have one or more 
components 130. One or more components 130 for one 
embodiment may be arranged to help replicate variation in 
the resistance Rese of package 120 during operation of 
integrated circuit 110. Generally extending or distributing 
one or more components 130 throughout package 120 for 
one embodiment may help better replicate such variation. 
One or more components 130 for one embodiment may 
carry current on more than one side of integrated circuit 110. 
Such as on two, three, or four sides for example. 
0047 FIG. 6 illustrates for one embodiment a conductive 
line 630 routed throughout a package substrate 610 on four 
sides of integrated circuit 110 positioned over package 
substrate 610 to help implement component(s) 130. Con 
ductive line 630 for one embodiment may be routed to 
resemble a snake. Package substrate 610 for one embodi 
ment may be designed with conductive line 630 routed 
through available space in, on, and/or over package substrate 
610 following placement of other components, such as other 
lines for example, in, on, and/or over package Substrate 610. 
Conductive line 630 may comprise any suitable conductive 
material, such as copper for example. Conductive line 630 
may comprise any suitable conductive material that may or 
may not have a resistance that is linear with temperature. 
Conductive line 630 for one embodiment may comprise the 
same conductive material as that used for Supply line(s) to 
Supply power to integrated circuit 110. Using the same 
conductive material in this manner for one embodiment may 
help better correlate effects of temperature on such supply 
line(s). 
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0.048 Programmable current source 548 for one embodi 
ment may be coupled to draw a current 12 through any 
suitable one or more components 530. Component(s) 530 
for one embodiment may be coupled between Supply Voltage 
node 501 and programmable current source 548. 
0049. One or more components 530 may be positioned at 
any Suitable location in integrated circuit 110 and/or package 
120. One or more components 530 for one embodiment may 
be substantially temperature independent, that is have a 
resistance with relatively minimal deviation despite tem 
perature variations within a temperature operating range. 
One or more components 530 for one embodiment may be 
Substantially supply Voltage independent, that is have a 
resistance with relatively minimal deviation despite Supply 
Voltage variations within an operating range of a Supply 
Voltage Supplied to packaged integrated circuit 100. One or 
more components 530 for one embodiment may be substan 
tially temperature independent and Substantially supply Volt 
age independent. 

0050. One or more components 130 for one embodiment 
may generally have a resistance R that is approximately the 
same as or within a certain amount or percentage of a 
resistance R of one or more components 530. 

0051 Controller 540 for one embodiment may be 
coupled to measure a Voltage at, or a Voltage corresponding 
to a voltage at, supply voltage node 501, a node 502 between 
one or more components 130 and programmable current 
source 546, and/or a node 503 between one or more com 
ponents 530 and programmable current source 548. Con 
troller 540 for one embodiment may measure a voltage V, 
or a voltage corresponding to a Voltage V, across one or 
more components 130 by identifying the difference between 
the measured voltages from nodes 501 and 502. Controller 
540 for one embodiment may measure a voltage V, or a 
Voltage corresponding to a voltage V, across one or more 
components 530 by identifying the difference between the 
measured voltages from nodes 501 and 503. 
0.052 A voltage regulator 560 for one embodiment may 
be used to help generate a relatively constant voltage at 
supply voltage node 501. Voltage regulator 560 for one 
embodiment may be coupled to receive a Supply Voltage 
from the same power Supply that is to supply a Supply 
voltage to integrated circuit 110. Voltage regulator 560 for 
one embodiment, as illustrated in FIG. 6, may be located on 
integrated circuit 110. Voltage regulator 560 for one embodi 
ment may be located on a Substrate used to help package 
integrated circuit 110 in package 120. Voltage regulator 560 
for one embodiment may be external to packaged integrated 
circuit 100. 

0053 Although illustrated as coupled to a common Sup 
ply voltage node 501, one or more components 130 and one 
or more components 530 may be coupled to separate supply 
voltage nodes. Controller 540 for one embodiment may then 
be coupled to measure Voltages from Such separate Supply 
Voltage nodes. 

0054 Controller 540 for one embodiment may be 
coupled to control programmable current sources 546 and 
548 to measure a resistance Rese of package 120 based 
at least in part on a reference resistance of package 120, the 
amount of current I drawn through one or more components 
130, and the amount of current 12 drawn through one or 
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more components 530. Controller 540 for one embodiment 
may control programmable current source 546 to generate a 
Voltage V across one or more components 130 and may 
control programmable current Source 548 to generate a 
voltage V across one or more components 530, wherein 
voltage V is to satisfy one or more predetermined relation 
ships with Voltage V. 

0.055 Controller 540 for one embodiment may be 
coupled to measure a characteristic X of packaged integrated 
circuit 100 based at least in part on the amount of current I 
and the amount of current I to help measure a resistance 
R. of package 120. Controller 540 for one embodiment 
maybe coupled to measure a ratio between a resistance R 
of one or more components 130 and a resistance R2 of one 
or more components 530 based at least in part on the amount 
of current I and the amount of current I2 to help measure a 
resistance Rese of package 120. 
0056 Controller 540 for one embodiment may measure a 
ratio between a resistance R of one or more components 
130 and a resistance R of one or more components 530 in 
accordance with a flow diagram 700 of FIG. 7. 
0057 For block 702 of FIG.7, controller 540 may control 
programmable current Source 546 to draw a current I 
through one or more components 130 having a resistance R. 
Controller 540 for block 704 may control programmable 
current source 548 to draw a current I2 through one or more 
components 530 having a resistance R. Resistance R for 
one embodiment may be relatively constant. 
0.058 For block 706, controller 540 may identify whether 
a Voltage V across one or more components 130 and a 
Voltage V across one or more components 530 satisfy one 
or more predetermined relationships. Controller 540 for one 
embodiment may identify for block 706 whether the abso 
lute value of the difference between voltage V and voltage 
V is less than, or less than or equal to, a predetermined 
amount or a predetermined percentage of either voltage V 
or voltage V. Controller 540 for one embodiment may 
identify for block 706 whether voltage V and voltage V are 
substantially equal. For one embodiment where one or more 
components 130 and one or more components 530 are 
coupled to a common Supply Voltage node 501, controller 
540 for one embodiment may identify for block 706 whether 
measured voltages from nodes 502 and 503 satisfy one or 
more predetermined relationships. 

0059. If voltage V and voltage V do not satisfy one or 
more predetermined relationships for block 706, controller 
540 for block 708 may control programmable current source 
546 to adjust current I through one or more components 130 
and/or control programmable current source 548 to adjust 
current I through one or more components 530. Controller 
540 for one embodiment for block 708 may adjust current I 
and/or current I in any suitable manner to help Voltage V 
and voltage V satisfy one or more predetermined relation 
ships for block 706. Controller 540 may repeat operations 
for blocks 706 and 708 until voltage V and voltage V, 
satisfy one or more predetermined relationships for block 
7O6. 

0060) If voltage V and voltage V do satisfy one or more 
predetermined relationships for block 706, controller 540 for 
block 710 may measure a ratio between a resistance R of 
one or more components 130 and a resistance R2 of one or 

MediaTek - EX1009, Page 013



US 2007/0080696 A1 

more components 530 based at least in part on the amount 
of current I and the amount of current I to help measure a 
resistance Rese of package 120. Controller 540 for one 
embodiment may measure such a ratio in accordance with 
the following equation. 

0061 Controller 540 for one embodiment may then mea 
Sure a resistance Rese of package 120 in accordance with 
the following equation. 

Rpackage(TD-Rpackage(To)"R /R(T)/R 1/R2(To) 

0062 Controller 540 for one embodiment may be 
coupled to measure power Supplied to integrated circuit 110 
based at least in part on the measured package resistance 
R. Controller 540 for one embodiment, as illustrated 
in FIG. 5, may be coupled to measure a Voltage V of a die 
for integrated circuit 110 at a node 111 and an outer voltage 
V at a node 121 at or near an outer side of package 120. 
Controller 540 for one embodiment may then measure 
package Voltage Vase in accordance with the following 
equation: 

V. package outer die 
and measure power P supplied to integrated circuit 110 in 
accordance with the following equation. 

aekage paekage 

0063 Controller 540 and programmable current sources 
546 and 548 may be implemented in any suitable manner. 

0064 Controller 540 for one embodiment, as illustrated 
in FIG. 8, may comprise control logic 840 and analog-to 
digital converters (ADCs) 841, 842, and 843 coupled to 
allow control logic 840 to measure voltages from nodes 501, 
502, and 503, respectively. Controller 540 for one embodi 
ment, as illustrated in FIG. 8, may also comprise analog 
to-digital converters (ADCs) 844 and 845 coupled to allow 
control logic 840 to measure voltages from nodes 111 and 
121, respectively. 

0065 Control logic 840 for one embodiment may com 
prise any suitable logic to perform any Suitable instructions 
to help control programmable current sources 546 and 548 
and to help measure a resistance Race of package 120. 
Control logic 840 for one embodiment may comprise any 
Suitable logic to also perform any suitable instructions to 
help measure power Supplied to integrated circuit 10. 
Instructions to be performed by control logic 840 for one 
embodiment may be stored and/or embedded on any suitable 
medium which may be accessed to perform such instruc 
tions. Control logic 840 for one embodiment, as illustrated 
in FIG. 8, may comprise such a medium 849. Control logic 
840 for one embodiment may be coupled to receive instruc 
tions from Such a medium. 

0.066 Programmable current source 546 for one embodi 
ment, as illustrated in FIG. 8, may comprise a digital-to 
analog converter (DAC) 846 coupled to receive a reference 
current I, from a reference current generator 847. DAC 846 
for one embodiment may be coupled to receive a control bits 
setting DAC, generated from controller 540 to control DAC 
846 and therefore to control the amount of current I drawn 
through one or more components 130. DAC 84.6 may 
comprise any suitable circuitry and may have any Suitable 
control bits setting of any suitable number of bits to control 
current I, with any suitable resolution. DAC 846 for one 
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embodiment may have a control bit setting of 8, 9, or 10 bits, 
for example, in length. For one embodiment, as illustrated in 
FIG. 8, control logic 840 may be used to generate control 
bits setting DAC. 
0067 Programmable current source 548 for one embodi 
ment, as illustrated in FIG. 8, may comprise a digital-to 
analog converter (DAC) 848 coupled to receive reference 
current I, from reference current generator 847. DAC 848 
for one embodiment may be coupled to receive a control bits 
setting DAC generated from controller 540 to control DAC 
848 and therefore to control the amount of current I drawn 
through one or more components 530. DAC 848 may 
comprise any suitable circuitry and may have any Suitable 
control bits setting of any suitable number of bits to control 
current I with any suitable resolution. DAC 848 for one 
embodiment may have a control bit setting of 8, 9, or 10 bits, 
for example, in length. For one embodiment, as illustrated in 
FIG. 8, control logic 840 may be used to generate control 
bits setting DAC. 
0068 Controller 540 for one embodiment for blocks 706 
and 708 of FIG. 7 may adjust control bits setting DAC 
and/or control bits setting DAC until Voltage V and Voltage 
V are substantially equal to help reduce or minimize mis 
match in drain-source voltage (V) of field effect transistors 
(FETs) for DACs 846 and 848 and therefore help reduce or 
minimize V modulation error. 
0069. Reference current generator 847 may comprise any 
suitable circuitry to generate reference Current I. Refer 
ence current generator 847 for one embodiment may com 
prise circuitry having a relatively high impedance current 
mirror design Such as, for example, a wide Swing cascode 
current mirror having a relatively high output impedance. 
Such a high impedance current mirror design for one 
embodiment may help reduce or minimize variations in 
currents I and I because of any mismatch in drain-source 
voltage (V) of field effect transistors (FETs) for DACs 846 
and 848 and therefore help reduce or minimize V modu 
lation error. 

0070 For one embodiment, the same reference current 
I may be used for DACs 846 and 848 to draw currents I, 
and I, respectively, that are generally proportional to con 
trol bits settings DAC and DAC, respectively. Controller 
540 for one embodiment may therefore measure a ratio 
between a resistance R of one or more components 130 and 
a resistance R of one or more components 530 in accor 
dance with the following equation. 

0071 Controller 540 for one embodiment may therefore 
measure the ratio R/R relatively accurately without having 
to measure current I, resistance R, current I, or resistance 
R2. 

EXAMPLE SYSTEM 

0072 Packaged integrated circuit 100 may be designed 
for use in any suitable system. Packaged integrated Circuit 
100 for one embodiment may be designed to form at least a 
portion of a processor 910 for use in a system 900 as 
illustrated in FIG. 9. That is, processor 910 may have a 
monitor 912 to measure a resistance of a package for 
processor 910 based at least in part on a reference resistance 
of the package and a resistance of one or more components 
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914 that are to carry current through the package. Monitor 
912 and component(s) 914 for one embodiment may corre 
spond to monitor 140 and component(s) 130, respectively, of 
FIG 1. 

0.073 Component(s) 914 for one embodiment may be 
dedicated for use to carry current through a package for 
processor 910 to help measure a resistance of the package. 
Processor 910 for one embodiment may therefore continue 
operating to perform any suitable one or more functions as 
monitor 912 controls current through one or more compo 
nents 914 to help measure a resistance of the package. 
Processor 910 for one embodiment may continue perform 
ing instructions as monitor 912 controls current through one 
or more components 914 to help measure a resistance of the 
package. For one embodiment where processor 910 com 
prises a multiple core architecture, processor 910 for one 
embodiment may continue performing instructions on one or 
more cores, including on all cores for example, as monitor 
912 controls current through one or more components 914 to 
help measure a resistance of the package. 

0074 Processor 910 for one embodiment may optionally 
control power for processor 910 based at least in part on the 
measured resistance of the package for processor 910. 

0075 Processor 910 for one embodiment may optionally 
control a variable clock Source based at least in part on the 
measured package resistance to vary the frequency of one or 
more clock signals generated by the variable clock source to 
clock or activate circuitry of processor 910 and therefore 
help control power consumption and/or heat dissipation for 
processor 910. The variable clock source for one embodi 
ment may correspond to variable clock source 156 of FIG. 
1. 

0.076 Processor 910 for one embodiment may optionally 
control a voltage regulator 902 coupled to a power supply 
901 based at least in part on the measured package resistance 
to vary a supply voltage supplied to processor 910 by 
voltage regulator 902 and therefore help control power 
consumption and/or heat dissipation for processor 910. 
Power supply 901 and voltage regulator 902 for one embodi 
ment may correspond to variable power supply 158 of FIG. 
1. 

0077 System 900 for one embodiment may also com 
prise a chipset 920 coupled to processor 910, a basic 
input/output system (BIOS) memory 930 coupled to chipset 
920, volatile memory 940 coupled to chipset 920, non 
volatile memory and/or storage device(s) 950 coupled to 
chipset 920, one or more input devices 960 coupled to 
chipset 920, a display 970 coupled to chipset 920, one or 
more communications interfaces 980 coupled to chipset 920, 
and/or one or more other input/output (I/O) devices 990 
coupled to chipset 920. 

0078 Chipset 920 for one embodiment may comprise 
any suitable interface controllers to provide for any suitable 
communications link to processor 910 and/or to any suitable 
device or component in communication with chipset 920. 

0079 Chipset 920 for one embodiment may comprise a 
firmware controller to provide an interface to BIOS memory 
930. BIOS memory 930 may be used to store any suitable 
system and/or video BIOS software for system 900. BIOS 
memory 930 may comprise any suitable non-volatile 

Apr. 12, 2007 

memory, such as a suitable flash memory for example. BIOS 
memory 930 for one embodiment may alternatively be 
included in chipset 920. 
0080 Chipset 920 for one embodiment may comprise 
one or more memory controllers to provide an interface to 
volatile memory 940. Volatile memory 940 may be used to 
load and store data and/or instructions, for example, for 
system 900. Volatile memory 940 may comprise any suitable 
Volatile memory, such as Suitable dynamic random access 
memory (DRAM) for example. 
0081 Chipset 920 for one embodiment may comprise a 
graphics controller to provide an interface to display 970. 
Display 970 may comprise any suitable display, such as a 
cathode ray tube (CRT) or a liquid crystal display (LCD) for 
example. The graphics controller for one embodiment may 
alternatively be external to chipset 920. 
0082 Chipset 920 for one embodiment may comprise 
one or more input/output (I/O) controllers to provide an 
interface to non-volatile memory and/or storage device(s) 
950, input device(s) 960, communications interface(s) 980, 
and/or I/O devices 990. 

0083) Non-volatile memory and/or storage device(s) 950 
may be used to store data and/or instructions, for example. 
Non-volatile memory and/or storage device(s) 950 may 
comprise any Suitable non-volatile memory, Such as flash 
memory for example, and/or may comprise any Suitable 
nonvolatile storage device(s). Such as one or more hard disk 
drives (HDDs), one or more compact disc (CD) drives, 
and/or one or more digital versatile disc (DVD) drives for 
example. 
0084. Input device(s) 96.0 may comprise any suitable 
input device(s). Such as a keyboard, a mouse, and/or any 
other suitable cursor control device. 

0085 Communications interface(s) 98.0 may provide an 
interface for system 900 to communicate over one or more 
networks and/or with any other suitable device. Communi 
cations interface(s) 980 may comprise any suitable hardware 
and/or firmware. Communications interface(s) 980 for one 
embodiment may comprise, for example, a network adapter, 
a wireless network adapter, a telephone modem, and/or a 
wireless modem. For wireless communications, communi 
cations interface(s) 980 for one embodiment may use one or 
more antennas 982. 

0.086 I/O device(s) 990 may comprise any suitable I/O 
device(s) such as, for example, an audio device to help 
convert Sound into corresponding digital signals and/or to 
help convert digital signals into corresponding Sound, a 
camera, a camcorder, a printer, and/or a scanner. 
0087 Although described as residing in chipset 920, one 
or more controllers of chipset 920 may be integrated with 
processor 910, allowing processor 910 to communicate with 
one or more devices or components directly. As one 
example, one or more memory controllers for one embodi 
ment may be integrated with processor 910, allowing pro 
cessor 910 to communicate with volatile memory 940 
directly. 
0088. In the foregoing description, example embodi 
ments have been described. Various modifications and 
changes may be made to Such embodiments without depart 
ing from the scope of the appended claims. The description 
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and drawings are, accordingly, to be regarded in an illus 
trative rather than a restrictive sense. 

What is claimed is: 
1. An integrated circuit comprising: 
a node to couple one or more components to the integrated 

circuit to carry current through a package for the 
integrated circuit; and 

a monitor to measure a resistance of the package based at 
least in part on a reference resistance of the package 
and a resistance of one or more components that are to 
carry current through the package. 

2. The integrated circuit of claim 1, wherein the monitor 
is to measure a resistance of the package at a first tempera 
ture, and 

wherein the reference resistance of the package is based 
on a measured resistance of the package at a second 
temperature. 

3. The integrated circuit of claim 1, wherein the monitor 
is to measure a characteristic based at least in part on a 
resistance of one or more components that are to carry 
current through the package to help measure a resistance of 
the package. 

4. The integrated circuit of claim 1, wherein the monitor 
is to measure a ratio between a resistance of one or more 
components that are to carry current through the package 
and a resistance of one or more components to help measure 
a resistance of the package. 

5. The integrated circuit of claim 1, wherein the monitor 
is to measure power Supplied to the integrated circuit based 
at least in part on the measured resistance. 

6. The integrated circuit of claim 1, comprising a con 
troller to control power based at least in part on the measured 
resistance. 

7. The integrated circuit of claim 1, in combination with 
a Substrate having one or more components to carry current 
through the package, 

wherein the integrated circuit is positioned over the 
Substrate and the Substrate has one or more components 
to carry current on more than one side of the integrated 
circuit. 

8. The integrated circuit of claim 1, wherein the integrated 
circuit forms at least a portion of a processor and wherein the 
processor may perform instructions as the monitor controls 
current through one or more components to help measure a 
resistance of the package. 

9. An apparatus comprising: 

a first programmable current Source to draw a first current 
through one or more first components that are to carry 
current through a package for an integrated circuit; 

a second programmable current source to draw a second 
current through one or more second components; and 

a controller to control the first and second programmable 
current Sources to measure a resistance of the package 
based at least in part on a reference resistance of the 
package, the amount of the first current, and the amount 
of the second current. 

10. The apparatus of claim 9, wherein the controller is to 
control the first programmable current source to generate a 
first voltage across one or more first components and is to 
control the second programmable current source to generate 
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a second Voltage across one or more second components, 
wherein the first voltage is to satisfy one or more predeter 
mined relationships with the second Voltage. 

11. The apparatus of claim 10, wherein the first voltage is 
Substantially equal to the second Voltage. 

12. The apparatus of claim 9, wherein the first program 
mable current Source comprises a first digital-to-analog 
converter coupled to a reference current generator, 

wherein the second programmable current source com 
prises a second digital-to-analog converter coupled to 
the reference current generator, and 

wherein the controller is to generate a first control bits 
setting to control the first digital-to-analog converter 
and a second control bits setting to control the second 
digital-to-analog converter. 

13. The apparatus of claim 9, wherein the controller is to 
measure a characteristic based at least in part on the amount 
of the first and second currents to help measure a resistance 
of the package. 

14. The apparatus of claim 9, wherein the controller is to 
measure a ratio between a resistance of one or more first 
components and a resistance of one or more second com 
ponents based at least in part on the amount of the first and 
second currents to help measure a resistance of the package. 

15. The apparatus of claim 9, wherein the controller is to 
measure a resistance of the package at a first temperature, 
and 

wherein the reference resistance of the package is based 
on a measured resistance of the package at a second 
temperature. 

16. The apparatus of claim 9, wherein the controller is to 
measure power Supplied to the integrated circuit based at 
least in part on the measured resistance. 

17. The apparatus of claim 9, comprising another con 
troller to control power based at least in part on the measured 
resistance. 

18. The apparatus of claim 9, comprising a substrate 
having one or more first components, 

wherein the integrated circuit is positioned over the 
Substrate and the Substrate has one or more first com 
ponents to carry current on more than one side of the 
integrated circuit. 

19. The apparatus of claim 9, wherein one or more first 
components are dedicated for use to carry current through 
the package to help measure a resistance of the package. 

20. A medium having instructions which, when performed 
by an integrated circuit, cause the integrated circuit to: 

control current through one or more components that are 
to carry current through a package for an integrated 
circuit; and 

measure a resistance of the package based at least in part 
on a reference resistance of the package and a resis 
tance of one or more components that are to carry 
current through the package. 

21. The medium of claim 20, wherein the instructions 
cause the integrated circuit to generate digital-to-analog 
converter control bits to control current through one or more 
components that are to carry current through the package. 

22. The medium of claim 20, wherein the instructions 
cause the integrated circuit to measure a resistance of the 
package at a first temperature, and 
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wherein the reference resistance of the package is based 
on a measured resistance of the package at a second 
temperature. 

23. The medium of claim 20, wherein the instructions 
cause the integrated circuit to measure a characteristic based 
at least in part on a resistance of one or more components 
that are to carry current through the package to help measure 
a resistance of the package. 

24. The medium of claim 20, wherein the instructions 
cause the integrated circuit to measure a ratio between a 
resistance of one or more first components that are to carry 
current through the package and a resistance of one or more 
second components to help measure a resistance of the 
package. 

25. The medium of claim 20, wherein the instructions 
cause the integrated circuit to measure power Supplied to the 
integrated circuit based at least in part on the measured 
resistance. 

26. The medium of claim 20, wherein the instructions 
cause the integrated circuit to control power based at least in 
part on the measured resistance. 

27. A method comprising: 
controlling current through one or more components that 

are to carry current through a package for an integrated 
circuit; and 

measuring a resistance of the package based at least in 
part on a reference resistance of the package and a 
resistance of one or more components that are to carry 
current through the package. 

28. The method of claim 27, wherein controlling current 
through one or more components comprises generating 
digital-to-analog converter control bits to control current 
through one or more components that are to carry current 
through the package. 

29. The method of claim 27, wherein measuring a resis 
tance of the package comprises measuring a resistance of the 
package at a first temperature, and 

wherein the reference resistance of the package is based 
on a measured resistance of the package at a second 
temperature. 

30. The method of claim 27, wherein measuring a resis 
tance of the package comprises measuring a characteristic 
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based at least in part on a resistance of one or more 
components that are to carry current through the package. 

31. The method of claim 27, wherein measuring a resis 
tance of the package comprises measuring a ratio between a 
resistance of one or more first components that are to carry 
current through the package and a resistance of one or more 
second components. 

32. The method of claim 27, comprising: 
measuring power Supplied to the integrated circuit based 

at least in part on the measured resistance. 
33. The method of claim 27, comprising: 

controlling power based at least in part on the measured 
resistance. 

34. A system comprising: 

a battery; and 
a packaged integrated circuit coupled to receive power 

from the battery, the packaged integrated circuit com 
prising one or more components that are to carry 
current through a package of the packaged integrated 
circuit and a monitor to measure a resistance of the 
package based at least in part on a reference resistance 
of the package and a resistance of one or more com 
ponents that are to carry current through the package. 

35. The system of claim 34, wherein the monitor is to 
measure a resistance of the package at a first temperature, 
and 

wherein the reference resistance of the package is based 
on a measured resistance of the package at a second 
temperature. 

36. The system of claim 34, comprising a controller to 
control power based at least in part on the measured resis 
tance. 

37. The system of claim 34, wherein the packaged inte 
grated circuit forms at least a portion of a processor and 
wherein the processor may perform instructions as the 
monitor controls current through one or more components to 
help measure a resistance of the package. 
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