
US 2007003 00 l 9A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2007/0030019 A1 

Kinsley (43) Pub. Date: Feb. 8, 2007 

(54) POWER SINK FOR IC TEMPERATURE (52) US. Cl. ............................................................ .. 324/760 
CONTROL 

57 ABSTRACT 
(75) Inventor: Tom Kinsley, Boise, ID (US) ( ) 

C d Add The use of a power sink function in IC testing results in a 
Onespon ence fess: simple and rapid method for testing lCs, and assembled 

Is(€J%‘¥§(;\/ZI&AN’ LUNDBERG’ WOESSNER & modules, at elevated temperature pro?les without the use of 
P 0 BO’X 958 environmental ovens. Testing lC devices at elevated tem 

‘ ‘ peratures may be useful for ‘burn-in’, for ‘hot sort’ perfor 
MINNEAPOLIS’ MN 55402 (Us) mance testing that may be used in electronic devices such as 

. _ . DRAM memory, logic, communication devices, and micro 
(73) Asslgnee' Mlcron Technology’ Inc' processors. The power sink function may be implemented as 

21 A 1' N ‘I 11/196 948 an additional isolated area of active devices, or as a section 
( ) pp 0 ’ of the circuit that is not involved in the testing procedure. 

(22) Filed: Aug_ 4, 2005 Alternately, the power dissipation circuit may consist of a 
res1st1ve path between two external pins that are not used for 

Publication Classi?cation lC operation, where the resistor may be on the 1C or on the 
package. This allows for control of the temperature level and 

(51) Int, Cl, pro?le by simple adjustment of the voltage between the two 
G01R 31/02 (2006.01) external pins. 

400 

,J 

418 
420 

408 

,./ 

404(5 0— INTEGRATED 40 DA“) 
CIRCUIT 

406 O__ 0 @412 



Patent Application Publication Feb. 8, 2007 Sheet 1 0f 4 US 2007/0030019 A1 

100 
,1 

I12\\ i126 H102 
1/0 PAD——I HEATER |——I/o PAD 

114 J24 104 
\-\ p1 

1/0 PAD 1/0 PAD 
LOGIC 

116 106 

P I 1 '1 
1/0 PAD H122 I/O PAD 
I18 I08 

\-\ ,-/ 

I/O PAD I/O PAD 
MEMORY 

120R / \ #110 
1/0 PAD 1/0 PAD 

FIG. 1 

202 

PLACE DEVICE IN HOLDER 

DETERMINE DEVICE TEMPERATURE AND SET Tl 

200 

204 

MER 

208 
fl 

ENABLE HEATER 

HAS SET 
TIME EXPIRED? 



Patent Application Publication Feb. 8, 2007 Sheet 2 0f 4 US 2007/0030019 A1 

300 
H 

520 2 
IC ~302 1c ~308 1c ~314 # 

I: 

I: 

|:\522 
INTEGRATED '2 

IC ~304 1c ~31O 1c ~316 CIRCUIT ‘LA 

I 

I: 

: 

1c ~306 1c ~312 1c ~318 : 

I: ' 

FIG. 3 

400 

\ 402 
,, 

418 

M 
416 

,, 

404 d — INTEGRATED 40 {>410 
CIRCUIT 

406 (}— 0 @412 

408 C)——/ Q Z>~414 

FIG. 4 



Patent Application Publication Feb. 8, 2007 Sheet 3 0f 4 US 2007/0030019 A1 

500 
H 

DRAM CHIP 520 528 530 552 

E] E5 
520 522\ 1 

—_.I 
I HEATER ;——> 

512 502 

Row MEHoRY 506 5 

DEcoDER : ARRAY > 

508 U 510 U 
504 ADDRESS EOLUMN 
:3 REGISTER:> DEcoDER 

FIG. 5A 

ADDRESS BUS 

540$ BA2 BAI BA0 A9 A8 A7 A6 A5 A4 A3 A2 AI A0 

I I I 

0N DIE HEAT POWER 
550’ SELECT MODE TERIIINATIoN LEVEL RESERVED ENABLE SINK LEvEL 

A2 HEAT FUNCTION AI A0 POWER LEvEL 

560w 0 DISABLE (DEFAULT) 0 0 I00 OHMS 

I ENABLE (OPTION) 570“ 0 I 200 OHMS 

I 0 BOOOHMS 

I 1 400 OHMS 

FIG. 5B 



Patent Application Publication Feb. 8, 2007 Sheet 4 0f 4 Us 2007/0030019 A1 

600 

CONTROLLER ~602 

~604 

ELECTRONIC 
DEVICE 606 

FIG. 6 

/7OO 
PERIPHERAL m 
DEVICES 710 CONTROLLER 702 

704 
S 

I l 

ELECTRONIC ~ ~7 
APPARATUS 708 MEMORY 06 

FIG. 7 



US 2007/0030019 A1 

POWER SINK FOR IC TEMPERATURE CONTROL 

TECHNICAL FIELD 

[0001] This application relates generally to semiconductor 
devices and device fabrication and, more particularly, to 
preheating circuits to a desired temperature prior to func 
tional testing. 

BACKGROUND 

[0002] The semiconductor device industry has a market 
driven need to reduce the time and cost of testing electronic 
devices such as integrated circuits (ICs), assembled printed 
circuit boards (PCBs) having various IC and other electronic 
devices connected together on a ceramic or plastic board, 
and Micro electro-mechanical (MEM) devices, Which may 
have electronic devices integrated on sensor or actuator 
substrates. Such testing may include function testing to 
determine Which IC die are properly manufactured, burn in 
testing to determine if a functional die has What are knoWn 
as infant mortality problems, hot sort testing to determine 
the operational speed limits of particular die so that they may 
be sorted into fast and sloW devices, and basic reliability 
testing Where a representative sample of manufactured die 
are life tested in accelerated environments to determine the 
expected overall failure rate. In many of these testing cases, 
the electronic device may have to be heated to a predeter 
mined temperature, such as a normal long term operating 
temperature, prior to commencement of testing. Thus, one of 
the factors affecting the amount of time an IC electrical test 
may consume, and thus the overall cost of testing, is the need 
to have the IC raised, and perhaps maintained at a prede 
termined temperature. 

[0003] It is knoWn to use heated vacuum chucks to hold 
and heat IC Wafers during initial function testing, and to use 
environmental ovens to control the temperature of packaged 
IC die and assembled PCBs, but such methods increase the 
equipment cost, tester space requirements and testing time. 
What is needed is a method to rapidly and accurately heat an 
electronic device for electrical testing. 

[0004] Certain electronic devices may have a normal 
operating electrical current usage rate, or duty cycle, that 
changes greatly over relatively short periods of time, With a 
result that the amount of heating that may occur on the 
device also changes substantially. Such a device may expe 
rience What is knoWn as thermal stress due to the constantly 
changing device temperature. Thermal stress may cause 
device package cracking With resultant exposure of the IC to 
environmental contaminants, and thus an accelerated failure 
rate. The constant ?exing of joints betWeen portions of the 
electronic device having different coefficients of thermal 
expansion (CTE) during the thermal changes may result in 
die to package substrate delamination and thus die failure. 
The CTE differences betWeen the IC and plastic encapsulant 
materials during thermal changes may result in ruptured 
Wire bond to IC connections and thus device failure. There 
are numerous other electronic device failure modes that may 
be accelerated by thermal changes, resulting in reduced 
device lifetime. While it is knoWn that higher operating 
temperatures may cause decreased device reliability and 
reduced lifetime, a reduction in the amount of thermal 
cycling a device experiences may result in a greater 
improvement in the device reliability and lifetime than is 
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lo st due to the increase operation temperature. It is knoWn to 
improve device reliability in high temperature cycle situa 
tions by the use of an environmental temperature controller 
to maintain the electronic device at a more constant tem 

perature, but such devices consume space and electrical 
poWer. 

[0005] As an illustrative example, it is knoWn to test 
DRAM devices at an elevated temperature to accelerate and 
expose device failures Which may not otherWise have been 
identi?ed. One knoWn method to preheat a DRAM prior to 
a test Without the need for additional equipment and time, 
such as a environmental oven, is to use the DRAM circuitry 
in What may be knoWn as a heat up mode, by repeatedly 
running the DRAM in auto refresh mode until the desired 
temperature is obtained. HoWever, DRAMs have been 
forced in recent years to become loWer poWer users by 
consumer demand, due to the increased number of DRAMs 
use in various loW poWer products such as laptop computers, 
cellular telephones and personal digital assistants, all of 
Which have poWer limitations since they are battery driven 
devices. As a result, even if a DRAM is heated up using the 
auto refresh mode operation prior to a burn in test, the loW 
poWer consumption of the DRAM may mean that the device 
temperature may fall during the burn in test, thus invalidat 
ing the test. 

[0006] Thus there exists a need in the art for a simple, fast 
and accurate method for pre-heating and/or maintaining a 
desired temperature or temperature pro?le in an electronic 
device for both testing and certain operational situations. 

SUMMARY 

[0007] The abovementioned issues are addressed by the 
present invention and Will be understood by reading and 
studying the folloWing speci?cation. 

[0008] A method of heating a circuit for function testing, 
burn in testing, reliability testing, or in normal operation to 
reduce circuit temperature ?uctuations, includes determin 
ing a current temperature of the circuit and comparing the 
current temperature to a desired temperature. If the desired 
temperature of the circuit is greater than the current tem 
perature of the circuit, then enabling a poWer dissipation 
portion of the circuit at a predetermined operating rate and 
voltage, and then redetermining a neW current temperature 
of the circuit after a predetermined time period has expired. 
The poWer dissipation portion of the circuit may be an 
additional circuit that is electrically isolated from the 
remaining circuit, and may use different input/output (IO) 
pads to avoid interference. The poWer dissipation portion of 
the circuit may be bene?cially placed in a central region of 
the circuit so that the heating is uniformly spread throughout 
the functional portions of the circuit. In an embodiment, the 
poWer dissipation portion may be distributed around the 
entire periphery of the circuit. In an embodiment, the poWer 
dissipation portion may be distributed around the periphery 
of the circuit as Well as in selected functional portions of the 
circuit. The poWer dissipation circuit may be a resistive 
element connected betWeen tWo external IO contact pads 
that are not used by any other portion of the circuit, or the 
poWer dissipation may be a portion of the circuit that is not 
currently being used in circuit operations, such as during 
function testing of the circuit. The total poWer dissipation 
may be controlled by voltage across the resistive element, or 
by the clock rate of the circuit portion used. 
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[0009] The desired temperature may a burn in tempera 
ture, or a ramped hot sort temperature pro?le to determine 
the operating range of the circuit. The current temperature of 
the circuit may be obtained from a temperature sensor 
integrated as part of the circuit, such as using an isolated 
diode junction as a thermometer. The desired temperature of 
the circuit does not have to be a constant temperature, as in 
the example of a ramped temperature pro?le for operation 
limit testing, or in long term reliability testing of thermal 
cycling resistance. In normally operating IC devices or 
assembled PCB devices the desired temperature may depend 
upon Whether the device is in a sleep mode, or Whether it is 
in a ready state. In micro electromechanical devices (MEMs) 
the desired temperature for a portion of the device, such as 
the region surrounding an oscillator, may have a different 
desired temperature than regions of the MEM that have 
integrated circuits. 

[0010] These and other aspects, embodiments, advan 
tages, and features Will become apparent from the folloWing 
description and the referenced draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 illustrates an embodiment of a temperature 
control system; 

[0012] FIG. 2 shoWs a How chart illustrating an embodi 
ment of a method to control temperature of an electronic 

device; 
[0013] FIG. 3 illustrates an embodiment of a PCB having 
a temperature control system for at least some of the 
attached ICs; 

[0014] FIG. 4 illustrates an alternative temperature control 
system; 

[0015] FIG. 5A is a block diagram of a DRAM With 
temperature control; 

[0016] FIG. 5B is a chart shoWing a mode register; 

[0017] FIG. 6 is a simpli?ed diagram of a controller 
coupled to an electronic device; and 

[0018] FIG. 7 is a diagram of an electronic system having 
devices in accordance With an embodiment of the invention. 

DETAILED DESCRIPTION 

[0019] The folloWing detailed description refers to the 
accompanying draWings that shoW, by Way of illustration, 
speci?c aspects and embodiments in Which the present 
invention may be practiced. These embodiments are 
described in suf?cient detail to enable those skilled in the art 
to practice the present invention. Other embodiments may 
be utiliZed and structural, logical, and electrical changes 
may be made Without departing from the scope of the 
present invention. The various embodiments are not neces 
sarily mutually exclusive, as some embodiments can be 
combined With one or more other embodiments to form neW 

embodiments. 

[0020] The terms Wafer and substrate used in the folloW 
ing description include any structure having an exposed 
surface With Which to form an integrated circuit (IC) struc 
ture or a micro electro-mechanical (MEM) structure. The 
term substrate is understood to include semiconductor 
Wafers. The term substrate is also used to refer to semicon 
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ductor structures during processing, and may include other 
layers that have been fabricated thereupon. Both Wafer and 
substrate include doped and undoped semiconductors, epi 
taxial semiconductor layers supported by a base semicon 
ductor or insulator, as Well as other semiconductor structures 
Well knoWn to one skilled in the art. The term conductor is 
understood to generally include n-type and p-type semicon 
ductors and the term insulator or dielectric is de?ned to 
include any material that is less electrically conductive than 
the materials referred to as conductors or as semiconductors. 

[0021] The term “horizontal” as used in this application is 
de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZontal as de?ned above. 
Prepositions, such as “on”, “side” (as in “sideWall”), 
“higher”, “loWer”, “over” and “under” are de?ned With 
respect to the conventional plane or surface being on the top 
surface of the Wafer or substrate, regardless of the orienta 
tion of the Wafer or substrate. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

[0022] FIG. 1 shoWs an embodiment of an illustrative 
temperature control system on an integrated circuit (IC) 100. 
The IC has ten exemplary input/output (IO) pads 102 to 120 
arranged on tWo sides of the IC 100, but the present subject 
matter is not so limited, and may have any number of IO 
pads arranged on all four sides of the IC 100, or in an area 
array covering the entire surface of IC 100, or concentrated 
in a double line of IO pads located on a line traversing a 
median line of IC 100, or any other arrangement of IO pads. 
The illustrative circuit contained in IC 100 includes a 
memory array 122, and a logic circuit, such as an arithmetic 
logic unit (ALU) 124, each shoWn illustratively as con 
nected to four of the IO pads. IO pads 102 and 112 are shoWn 
connected to region 126 on the IC 100. Region 126 in this 
illustrative embodiment of the present subject matter is an 
area of transistors and other active and inactive devices 
formed on the substrate of the IC 100 to act as a controllable 
IC heater for use in preheating the IC 100 prior to, or during 
various test procedures, or during loW usage periods of the 
logic 124 and memory 122 sections of the IC 100. The 
circuitry in the IC heater section 126 may be as simple as a 
diffused resistor formed in the substrate of IC 100, or a metal 
resistor formed on a top surface of IC 100 by deposition of 
metals such as silicon chrome, nickel chrome, permalloy, 
and others Well knoWn to those of skill in the art. In such an 
embodiment the control over the amount and rate of heating 
provided by heater 126 is easily and variably controlled by 
the voltage directed betWeen pads 102 and 112. 

[0023] The circuitry in heater region 126 may be any form 
of heat dissipating circuitry, including ring oscillators, 
DRAM cells operated in auto refresh mode continuously as 
long as heating is required, or any of many other Well knoWn 
circuits Which may be controllably operated in either an 
on/off mode, or operated in a more continuously variable 
heat generating mode, such as changing the clock rate on a 
logic, clock or oscillator circuit. It should be noted that the 
location of heater 126 on the edge of the IC 100 is not 
intended as a limitation on the embodiment, and alternative 
locations may be considered, for example With the heater 
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126 located between the memory array 122 and the logic 124 
to provide more even heat distribution across the IC 100. 
Locating the heater 126 near the logic region 124 and distant 
from the memory 122 may be useful in normal operations if 
the logic region 124 is frequently left in an idle mode While 
Waiting for information to be retrieved from the memory 
122, and thus may suffer increased thermal cycling, Which 
may cause decreased reliability. Alternatively, placing the 
heater section 126 next to the memory section 122 may be 
useful for preheating the memory 122 to an operating 
temperature prior to electrically testing the IC 100 for What 
may be knoWn as burn in failures or infancy failures prior to 
shipping the IC 100 from the manufacturer. An illustrative 
example of a temperature range used for infancy failure 
testing of DRAMs is from 85 to 125° C. 

[0024] The heater region 126 may not be formed as a 
compact region as shoWn in this illustrative embodiment, 
but may rather be a series of transistor circuits scattered 
around in the IC 100 to provide a more even heat distribu 
tion. The heater region 126 may also be a virtual region 
formed of portions of the operating circuitry of IC 100 that 
happen not to be used during a particular operation, such as 
the burn in testing of the memory arrays 122. In such an 
arrangement there is no lost or Wasted area of the IC 100 
used for the heater 126 and then not used for the normal 
operation of the IC 100. Such an arrangement may be useful 
if the IC 100 is only going to need the heater 126 during 
function and reliability electrical testing of the IC 100, and 
if space is a problem With the design of IC 100. An 
illustrative example of a temperature range used for burn in 
testing of DRAMs is 50 to 60° C. 

[0025] The heater 126 may be controlled externally by 
applying a voltage to pads 102 and 112, or may be controlled 
by internal circuitry on the IC 100, using an integrated 
temperature sensor on the IC 100. Such a temperature sensor 
may be located in the region 126, and may be formed by 
measuring the forWard bias of a diffused diode and com 
paring the value to either an input value provided externally 
through an IO pad (not shoWn for simplicity), or to a single 
value or time dependent temperature pro?le stored in either 
the memory array 122, or in another memory array (not 
shoWn for simplicity) in heater 126, or a different location on 
the IC 100. The applied voltage Will depend upon the 
particular technology level of the IC 100, and may range 
from 0.5 to 2.2 volts on typical IC devices. 

[0026] FIG. 2 shoWs a ?owchart illustrating an embodi 
ment of a method to control the temperature of an electronic 
device. The method 200 includes placing the electronic 
device in a holder 202 that provides electrical connection 
and interface to the exterior of the electronic device. Such 
holders include Wafer chucks for initial IC die function 
testing during or after Wafer fabrication, printed circuit 
board (PCB) racks for holding assembled PCBs in either 
electrical testers, burn in testers or in operational systems 
such as computers, radar or telecommunications devices, or 
package sockets for electrical testing of ?nished IC packages 
for reliability testing or speed sorting. At 204 a measurement 
of the current device temperature is made and a timer clock 
is set to a predetermined time period. A typical initial test 
temperature might be a room temperature of 25° C., and the 
predetermined time period might be 5 seconds, depending 
upon hoW often the device temperature needs to be mea 
sured. At 206 a determination is made as to Whether the 
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device temperature is beloW the stored or input desired 
temperature, for example 550 C. If the device is beloW the 
desired temperature, Which is the most likely case in an 
initial stage of a burn in test or reliability test situation, then 
the heater is enabled (for example by toggling exemplary 
input pad 102 of FIG. 1) at 208, until the timer expires at 
210. After the ?xed time period has elapsed, the method 
returns to 204 Where the device temperature is again mea 
sured and compared to the desired temperature (Which may 
be the same as the ?rst desired temperature or it may have 
changed) and the method repeats the steps until the device 
temperature is at the last desired temperature at 204. Since 
the device temperature is at the current desired temperature 
at 206, the method moves to operating the device With the 
heater off at 212, until the time has expired at 210, and the 
device temperature is again measured and compared to the 
current desired temperature. The described illustrative 
method is intended for circumstances Where the device 
should not be operated unless the temperature is at or above 
the desired temperature, such as in burn in testing of 
DRAMs. HoWever, a similar ?oW chart may be easily 
imagined for circumstances Where the device Will operate 
even if the temperature has not yet reached the desired 
temperature by adding a step to operate the device betWeen 
204 and 206. 

[0027] FIG. 3 illustrates an embodiment of a PCB 300 
having a temperature control system for at least some of the 
attached ICs 302 to 320. PCB 300 may be a single or double 
sided PR4 board having one or more internal and external 
Wiring layers, or a ceramic multi chip circuit board having 
one or more Wiring layers. In an embodiment the PCB has 
a number of contacts 322 for connecting the PCB to an 
external system, With the ICs 302 to 320 connected to each 
other by a plurality of Wires on the surface or in the internal 
regions of the PCB, and to the contacts 322 by others of the 
same plurality of Wires. The ICs 302 to 320 may be memory 
chips, logic chips, processor chips, sensor chips or any of the 
other types of ICs knoWn in the art. An assembled PCB such 
as PCB 300 may have the ICs 302 to 320 attached to the 
PCB 300 by solder joints, or by inserting the ICs 302 to 320 
into sockets attached to the PCB 300, or by direct Wireb 
onding of unpackaged IC chips to Wirebond pads on the PCB 
300, or numerous other electrical and physical attachment 
methods Well knoWn in the art. The ICs may be packaged as 
through hole mount devices, such as DIP or PGA packages, 
as surface mount packages such as gull Wing or PLCCs, as 
pad arrays or as direct chip mount, or other Well knoWn 
package methods. 
[0028] The assembled PCB 300 Will likely have had each 
of the ICs 302 to 320 tested numerous times prior to the ?nal 
assembly. Typically each of the ICs 302 to 320 Will have 
been electrically tested While still part of the Wafer in Which 
they Were fabricated, then the good die Will have been saWn 
from the Wafer and assembled in the ?nal package, and then 
tested again at full speed to eliminate ICs that have become 
faulty since being tested in the Wafer, defects introduced in 
the packaging process, and ICs that are functional but not 
fast enough to meet speci?cations. Some of the ICs may 
have been operated at elevated temperatures for time periods 
long enough to eliminate ICs that have hidden failures likely 
to cause failures early in the operating life of the device, 
Which may be called infancy failures. Such elevated tem 
perature tests may be called a burn in. Even though essen 
tially all of the ICs 302 to 320 have been tested numerous 
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times previously, there is still a need to test the entire 
assembly on the PCB 300 to determine if there have been 
failures introduced in the soldering process used to assemble 
the board, or if there are other IC related problems, such as 
speed and timing interactions, that can only be revealed 
When used in conjunction With the other ICs. Since chip 
temperature affects the IC operating speed, and thus the 
timing interaction betWeen the various ICs, a proper PCB 
electrical function test may require that some or all of the 
ICs 302 to 320 be heated to a normal operating temperature 
range before the PCB test commences. One method to obtain 
an operating temperature for the ICs 302 to 320 might be to 
place the PCB 300 in an environmental oven along With the 
testing ?xture. This requires special equipment and takes 
additional time and handling. Thus some or all of the ICs 
302 to 320 may bene?cially be designed With the built in 
heater on the IC as disclosed previously. 

[0029] FIG. 4 shoWs an embodiment of an alternative 
temperature control system 400 Where the heater is a part of 
the package rather than part of the IC as disclosed in 
previous embodiments. The heater system 400 has a lead 
frame or substrate 402 having a plurality of internal and 
external electrical connections illustrated as the illustrative 
circles 404 to 414, Which provide connections betWeen 
various input/output pads on the IC 416, and With the 
input/output connections on the package substrate 402. In 
one embodiment the package substrate 402 includes at least 
tWo additional connections 418 and 420, in additional to the 
connections required for operation and testing of the IC 416. 
The connections 418 and 420 have a resistor 422 disposed 
betWeen them, for selectively and controllably heating the 
substrate 402 in circumstances Where the IC 416 may 
require preheating or temperature variation reduction, as 
discussed previously. The present embodiment having the 
heater on the lead frame or on the package substrate may be 
easier and less expensive to implement than having the 
heater on the IC itself since the resistor may be a loW 
technology such as discrete resistors or thick ?lm resistor, 
Which may be less expensive and have better tolerances and 
control than resistors built on the IC 416. Further, the heater 
on the IC may require that the IC be designed especially for 
the speci?c application, Whereas the heater on the package 
substrate may alloW the use of standard off the shelf com 
ponents, Which may decrease the lead time for system design 
and reduce costs. 

[0030] Structures such as shoWn in FIG. 1, 3 or 4 may be 
used in any integrated circuit or transistor devices, such as 
?ash memory devices as Well as other memory, logic or 
information handling devices and systems. Embodiments of 
these information handling devices include Wireless sys 
tems, telecommunication systems, computers, MEMs and 
integrated circuits. 

[0031] An embodiment of the invention includes a module 
level tester that exercises a DRAM at an elevated die 
temperature Without use of an external heated air supply or 
the consequent increased test time involved in using external 
heaters. An exemplary DRAM device such as the 1 Gb 
DDR2 SDRAM by Micron Technology, Inc., operating at 
1.8 volts at 4,300 MB/ sec uses so little current that during a 
heated function test at 55° C., the die temperature may return 
to 35° C. as quickly as 30 seconds after the heater is turned 
off. Thus, due to the loW poWer consumption of such devices 
as the DDR2 SDRAMs, or high speed loW latency cache 
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memories such as the 576 Mb RLDRAM by Micron Tech 
nology, Inc., operating at 1.5 volts, or many future memory 
and logic devices, testing the devices at a temperature the 
devices are likely to see When part of a larger electroscopic 
system, Will require the use of expensive and time consum 
ing external heat systems. 

[0032] An embodiment of the invention includes design 
ing a circuit With at least one alternate current path on either 

the silicon device (such as a DRAM) or on the printed circuit 
board that When enabled by means of signals on selected 
input output pads or pins Will consume poWer either in 
addition to that being consumed by normal or test operation 
of the circuit, or Will consume poWer prior, during or after 
the circuit being operated to bring or maintain the total 
poWer dissipation, and consequently the overall circuit tem 
perature to a desired point. The amount of poWer consumed 
may be adjusted by either controlling the number of alter 
nate current paths, or by adjusting the operational rate of the 
current paths. The method of enabling the alternate current 
paths may be performed by setting a mode register and 
issuing a unique sequence of commands, or it could be 
initiated by toggling an external device pin not used by the 
normal circuit operation. In this fashion the built in heater 
circuitry may be operated during test procedures, or during 
normal device operation for either startup mode operation, 
or for long term temperature stability in devices having 
variable duty cycles. 

[0033] FIG. 5A is a block diagram of a DRAM With 
temperature control circuit. The use of a DRAM is not 
intended as a limitation on the inventive subject matter, and 
any electronic circuit, integrated circuit, printed circuit 
board or other electronic device may bene?t from the 
described arrangement. A DRAM chip 500 having a 
memory array 502, controlled by an input address signal 
504, has an output data signal 506. The input signal goes to 
an address register 508 Where it is interpreted and sent to the 
column decoder 510 and the roW decoder 512 to access the 
speci?c location of the desired data in the memory array 
502. A DRAM chip 500 operates in an electronic system that 
dissipates poWer and generates heat, and thus has a normal 
operating temperature that may be above room temperature. 
To determine if a particular DRAM chip 500 Will Work at the 
normal operating temperature before the time and expense 
of inserting the DRAM into the ?nal electronic system may 
require that the DRAM be tested at the operating tempera 
ture. Alternatively, the DRAM may be used in a situation 
Where the usage of the section of the electronic system 
containing the DRAM may vary Widely With time. This may 
be called a duty cycle variation, and may result in the 
electronic system having numerous thermal cycles, Which 
may lead to failures. 

[0034] In either the test case, or the normal operation case, 
the embodiment has a tWo bit input 520 to a heater function 
used as a poWer sink for thermal control of the DRAM 500. 
The input 520 may be separate external input pads that are 
toggled on and off to control the amount of heating as 
shoWn, or may be internal inputs from controllers on DRAM 
500. There may be only a single input pad on the input 520 
in the case of a simple resistance heater or a single stage 
heater circuit, but the invention is not so limited. The input 
520 may be a clock to drive an oscillator circuit With a rate 
determined by the amount of heating desired. 
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[0035] The illustrated embodiment has tWo bits that may 
be set in accordance With Well known methods to drive a 
selected one of the four illustrative heat generating circuits 
526 to 532. Heat generating circuit 526 may be taken to 
represent a 100 ohm poWer sink, With circuit 528 being a 200 
ohm poWer sink, With circuit 530 being a 300 ohm poWer 
sink, and With circuit 532 being a 400 ohm poWer sink. With 
such an arrangement it is possible to generate different 
desired heat sources With the use of tWo extra input pins. 
Alternatively, the number of input pins used may be 
increased to alloW greater heat generation ?exibility by 
alloWing tWo or more of the heat generating circuits 526 to 
532 to be operated in parallel, thus providing up to 1000 ohm 
poWer sinking With the previously described circuits. 

[0036] Alternatively, the heater function input 520 may be 
controlled by an onboard mode register as may be found on 
memory products having What may be knoWn as on die 
termination control, such as the DDR2 SDRAMs available 
from Micron Technology, Inc. Such a thermal heat function 
system may thus be used in either a test mode, or in a non 
test mode by using a unique command sequence, and the loW 
impedance thermal poWer sink circuits may be formed using 
similar resistor and transistor circuits as those already found 
in the on die termination circuits. 

[0037] FIG. 5B is chart of such a mode register having an 
address bus 540 With bits A0 to A9 and BAO to BA2. The 
addresses in this illustrative embodiment are divided into 
sections 550, including a select mode to determine Which on 
die termination setting to use, enable the heat generation 
mode, and set the heat generation level or poWer sink level. 
The bit A2 is shoWn in this illustrative embodiment as being 
the one selected to determine the heat enable function 560. 
If the A2 bit on the address bus 540 is in the default state of 
Zero, then the heat function is disabled. If the A2 bit on the 
address bus 540 is in the optional state of one, then the heat 
function is enabled. This may be done in either a test mode 
or in a non test mode of normal circuit operation. In the case 
Where the heat function is enabled, the illustrative embodi 
ment has tWo bits (A0 and A1) to determine the poWer sink 
level 570, for example Which of the poWer dissipation 
circuits 526 to 532 of FIG. 5A are turned on. If both A0 and 
A1 are in the Zero state then the 100 Ohm circuit 526 Will 
dissipate poWer. If Al is Zero and A0 is one, then the 200 
Ohm circuit 528 Will dissipate poWer. If Al has a value of 
l, and A0 has a value of Zero, then the 300 Ohm circuit 530 
Will be enabled. If both Al and A0 have a value of 1, then 
the 400 Ohm circuit 532 of FIG. 5A Will be enabled. Other 
unique command sequences may be easily imagined that 
could operate various combinations of the four illustrative 
poWer sink circuits 526 to 532 to obtain greater poWer sink 
?exibility. The command sequence as Well as the design of 
the poWer sink circuits may be similar to those used in the 
on die termination circuits controlled by address bus bits A6 
to A9. 

[0038] FIG. 6 illustrates a diagram for an electronic sys 
tem 600 having one or more devices having portions of the 
circuits con?gured for selectively heating the device to a 
desired temperature according to various embodiments of 
the present invention. Electronic system 600 includes a 
controller 602, a bus 604, and an electronic device 606, 
Where bus 604 provides electrical conductivity betWeen 
controller 602 and electronic device 606. In various embodi 
ments, controller 602 and/or electronic device 606 include 
an embodiment for a portion of the device design used for 
selectively heating the device to a desired temperature as 
previously discussed herein. Electronic system 600 may 
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include, but is not limited to, information handling devices, 
Wireless systems, telecommunication systems, ?ber optic 
systems, electro-optic systems, and computers. 

[0039] FIG. 7 depicts a diagram of an embodiment of a 
system 700 having a controller 702 and a memory 706. 
Controller 702 and/or memory 706 includes a potion of the 
circuit for selectively heating the device to a desired tem 
perature. System 700 also includes an electronic apparatus 
708, and a bus 704, Where bus 704 may provide electrical 
conductivity and data transmission betWeen controller 702 
and electronic apparatus 708, and betWeen controller 702 
and memory 706. Bus 704 may include an address, a data 
bus, and a control bus, each independently con?gured. Bus 
704 also uses common conductive lines for providing 
address, data, and/or control, the use of Which may be 
regulated by controller 702. In an embodiment, electronic 
apparatus 708 includes additional memory devices con?g 
ured similarly to memory 706. An embodiment includes an 
additional peripheral device or devices 710 coupled to bus 
704. In an embodiment controller 702 is a processor. Any of 
controller 702, memory 706, bus 704, electronic apparatus 
708, and peripheral device or devices 710 may include a 
portion of the circuit, or the circuit package, for heating the 
device to a desired temperature for testing or normal opera 
tion at a reduced temperature variation in accordance With 
the disclosed embodiments. System 700 may include, but is 
not limited to, information handling devices, telecommuni 
cation systems, and computers. Peripheral devices 710 may 
include displays, additional memory, or other control 
devices that may operate in conjunction With controller 702 
and/or memory 706. 

[0040] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement that is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. This application is 
intended to cover any adaptations or variations of embodi 
ments of the present invention, including but not limited to 
burn in testing, reliability testing, hot sort device maximum 
operating speed sorting, and normal device operation With 
temperature variation reduction. It is to be understood that 
the above description is intended to be illustrative, and not 
restrictive, and that the phraseology or terminology 
employed herein is for the purpose of description and not of 
limitation. Combinations of the above embodiments and 
other embodiments Will be apparent to those of skill in the 
art upon studying the above description. The scope of the 
present invention includes any other applications in Which 
embodiments of the above structures and fabrication meth 
ods are used. The scope of the embodiments of the present 
invention should be determined With reference to the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

1. A method of heating a circuit, comprising: 

determining a current temperature of the circuit in one of 
a test mode or an operational mode; 

determining a desired temperature of the circuit; 

enabling a poWer dissipation portion of the circuit at a 
predetermined operating rate and voltage if the desired 
temperature of the circuit is greater than the current 
temperature of the circuit; and 

redetermining a neW current temperature of the circuit 
after a predetermined time period. 
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2. The method of claim 1, wherein the power dissipation 
portion of the circuit is an additional circuit disposed in 
electrical isolation from a remaining portion of the circuit. 

3. The method of claim 2, Wherein the poWer dissipation 
portion of the circuit is disposed in a central region of the 
circuit. 

4. The method of claim 2, Wherein the poWer dissipation 
portion of the circuit further comprises a resistive element 
disposed electrically betWeen at least tWo external contact 
pads not used by any other, non-poWer dissipation portion of 
the circuit. 

5. The method of claim 1, Wherein the poWer dissipation 
portion of the circuit comprises a portion of the circuit that 
is not currently being used in the circuit operation. 

6. The method of claim 5, Wherein the poWer dissipation 
portion of the circuit comprises a portion of the circuit that 
is not used in function testing of the circuit. 

7. The method of claim 1, Wherein the desired temperature 
is a burn in temperature. 

8. The method of claim 1, Wherein the current temperature 
of the circuit is obtained from a temperature sensor inte 
grated on a same substrate as the circuit. 

9. The method of claim 8, Wherein the temperature sensor 
is a diode junction. 

10. The method of claim 9, Wherein the desired tempera 
ture of the circuit is not a constant temperature. 

11. A method of preheating an IC circuit, comprising: 

connecting the circuit to an IC tester; 

determining a current temperature of the circuit in one of 
a test mode and an operational mode; 

determining a desired temperature of the circuit; 

enabling a poWer dissipation portion of the circuit at a 
predetermined operating rate and voltage if the desired 
temperature of the circuit is greater than the current 
temperature of the circuit; and 

electrically testing the circuit. 
12. The method of claim 11, further redetermining a neW 

current temperature of the circuit after a predetermined time 
period. 

13. The method of claim 11, Wherein the poWer dissipa 
tion portion of the circuit is an additional circuit disposed in 
electrical isolation from a remaining portion of the circuit. 

14. The method of claim 13, Wherein the poWer dissipa 
tion circuit further comprises a resistive element disposed 
electrically betWeen at least tWo external contact pads not 
used by any portion of the circuit. 

15. The method of claim 14, Wherein the resistive element 
is located on an IC package containing the 1C circuit using 
tWo of the package leads not used by the 1C circuit, and in 
thermal contact With at least a portion of the 1C. 

16. The method of claim 13, Wherein the additional circuit 
comprises a plurality of electrically connected circuits that 
are disposed in a predetermined pattern to be evenly dis 
tributed around the circuit. 

17. The method of claim 11, Wherein the desired tem 
perature is a burn in temperature. 

18. The method of claim 11, Wherein the current tem 
perature of the circuit is obtained from a temperature sensor 
integrated on the same substrate as the circuit. 

19. The method of claim 18, Wherein the temperature 
sensor is a diode junction. 
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20. The method of claim 19, Wherein the desired tem 
perature of the circuit is not a constant temperature. 

21. A method of testing an electronic circuit, comprising: 

connecting an assembled printed circuit board including a 
plurality of integrated circuits to an electronic tester; 

determining a current temperature of selected individual 
ones of the plurality of integrated circuits in one of a 
test mode and an operational mode; 

determining a desired temperature of each one of the 
selected individual ones of the plurality of integrated 
circuits; 

enabling a poWer dissipation portion of each one of the 
selected individual ones of the plurality of integrated 
circuits if the desired temperature of the selected indi 
vidual one of the plurality of integrated circuits is 
greater than the current temperature of the selected 
individual one of the plurality of integrated circuits; 
and 

electrically testing the electronic circuit. 
22. The method of claim 21, further redetermining a neW 

current temperature of each selected individual one of the 
plurality of integrated circuits after a predetermined time 
period. 

23. The method of claim 21, Wherein the poWer dissipa 
tion portion of each of the integrated circuits is an additional 
circuit disposed in electrical isolation from a remaining 
portion of the integrated circuit. 

24. The method of claim 23, Wherein the additional circuit 
further comprises a resistive element disposed electrically 
betWeen tWo external contact pads. 

25. The method of claim 23, Wherein the additional circuit 
comprises a portion of the integrated circuit that is not 
currently being used in the test operation. 

26. The method of claim 23, Wherein the additional circuit 
comprises a plurality of electrically connected circuits that 
are disposed in a predetermined pattern to be evenly dis 
tributed around the circuit. 

27. The method of claim 21, Wherein the desired tem 
perature is one of a hot sort test temperature, a room 
temperature, and an accelerated life test temperature. 

28. The method of claim 21, Wherein the current tem 
perature of the circuit is obtained from a temperature sensor 
on selected ones of the plurality of integrated circuits. 

29. The method of claim 28, Wherein the temperature 
sensor is a diode junction. 

30. The method of claim 29, Wherein the desired tem 
perature of the circuit is not a constant temperature. 

31. A method of operating an electronic device, compris 
ing: 

determining a current temperature of a preselected circuit 
in the electronic device in one of a test mode and an 

operational mode; 
determining a desired temperature of the preselected 

circuit; 
enabling a poWer dissipation portion of the preselected 

circuit for a ?xed time period if the desired temperature 
of the circuit is greater than the current temperature of 
the circuit; and 

redetermining a neW current temperature of the circuit at 
the end of the ?xed time period. 
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32. The method of claim 31, wherein the power dissipa 
tion portion of the circuit is an additional circuit disposed in 
electrical isolation from a remaining portion of the circuit. 

33. The method of claim 32, Wherein the poWer dissipa 
tion portion of the circuit further comprises a resistive 
element disposed electrically betWeen tWo external contact 
pads. 

34. The method of claim 31, Wherein the current tem 
perature of the preselected circuit is obtained from a tem 
perature sensor integrated on the circuit. 

35. The method of claim 34, Wherein the temperature 
sensor is a diode junction. 

36. The method of claim 31, Wherein the desired tem 
perature of the circuit is not a constant temperature. 

37.-40. (canceled) 
41. A method of operating an electronic device, compris 

mg: 

determining a current temperature of the electronic device 
in one of a test mode and an operational mode; 

enabling a poWer dissipation circuit for a ?xed time 
period if a desired temperature of the circuit is greater 
than the current temperature of the circuit; and 

redeterrnining a neW current temperature at the end of the 
?xed time period. 

42. The method of claim 41, Wherein enabling the poWer 
dissipation circuit includes a command sequence to a mode 
register having at least an enable bit and at least tWo 
selection bits to enable a selected one of at least four poWer 
dissipation circuits, each having different poWer dissipation 
levels. 

43. The method of claim 42, Wherein the four poWer 
dissipation circuits are loW impedance circuits and have 
equivalent resistance levels of one of 100, 200, 300 and 400 
Ohms respectively, and any set of four unique resistance 
values. 
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44. The method of claim 42, Wherein the four poWer 
dissipation circuits are loW impedance circuits and have a 
design similar to on die termination circuitry. 

45. The method of claim 42, Wherein the four poWer 
dissipation circuits are controlled by the mode register to use 
combinations of the die termination circuitry that are not 
currently selected. 

46. The method of claim 41, Wherein the electronic device 
is a DRAM and the poWer dissipation circuit is enabled prior 
to a functional test operation. 

47. The method of claim 41, Wherein the poWer dissipa 
tion circuit is toggled by a signal on an external device pin 
not used by any other circuit function. 

48. The method of claim 46, Wherein the DRAM is a 
DDR2 SDRAM having a plurality of on die termination 
circuits controlled by a mode register. 

49. The method of claim 1, Wherein the determining a 
current temperature of the circuit in an operational mode 
includes at least a temperature determination at a period of 
full operation, and the enabling the poWer dissipation por 
tion of the circuit during an operational period that is less 
than full operation includes a desired temperature of the 
circuit that is equal to the temperature determination at the 
period of full operation. 

50. The method of claim 1, Wherein the determining a 
current temperature of the circuit in an operational mode 
includes at least a sleep mode, a ready mode and an 
operational mode, and the enabling the poWer dissipation 
portion of the circuit during at least one of the sleep mode 
and ready mode include a desired temperature of the circuit 
that is equal to the current temperature of the operational 
mode. 


