
TEMPERATURE CONTROL MECHANISM ON A MEMORY DEVICE
[0001] FIELD OF THE INVENTION [0002] Embodiments of
the invention relate to the thermal management of
electronic components. In particular, embodiments of
the invention relate to a method and system for
determining when an operating temperature of an
electronic component is above a threshold temperature.
BACKGROUND [0003] Many electronic components are
sensitive to temperature. For example, an electronic
component such as a memory device has a well-defined
threshold temperature such that if the operating
temperature of the device moves above the threshold
temperature, then the device may fail, operate
unreliably, or become damaged in some fashion. Hence,
the operating temperature of an electronic component
has to be controlled so that it remains below the
threshold temperature. [0004] Accordingly, there are
thermal management systems to detect when an operating
temperature of an electronic component is above the
threshold temperature, and to take steps to bring the
operating temperature back to 



below the threshold temperature. [0005] In at least
one such thermal management system known to the
inventor, the operating temperature of the electronic
component is determinedusing a temperature sensor that
measures a voltage or voltage differential, for
example, across two junctions in a diode, to determine
the operating temperature. Since the voltage or
voltage differential is small, such a temperature
sensor has to have complex electronics to detect the
voltage/voltage differential. This pushes up the cost
of the temperature sensor. Further, the temperature
sensor has to be periodically read or sampled by a
controller in order to get the latest value for the
operating temperature. Having to periodically sample
the temperature sensor has the effect of reducing the
number of memory cycles in a given period.BRIEF
DESCRIPTION OF THE DRAWINGS [0006] Figure 1 shows a
high-level block diagram of a system which includes a
memory device, and a memory controller, in accordance
with one embodiment of the invention; [0007] Figure 2
shows a functional block diagram of some of the
components of the memory device 12, in accordance with
one embodiment of the invention; [0008] Figure 3 shows
a functional block diagram of some of the 



components of the control logic circuit of the memory
device of Figure 1 ; [0009] Figure 4 shows one
implementation of a circuit to implement part the
functionality of the memory device of Figure 1, in
accordance with one embodiment of the invention; and
[0010] Figure 5 is a graph showing the rate at which a
capacitor discharges, at different
temperatures.DETAILED DESCRIPTION [001 1] In the
following description, for purposes of explanation,
numerous specific details are set forth in order to
provide a thorough understanding of the invention. It
will be apparent, however, to one skilled in the art
that the invention can be practiced without these
specific details. In other instances, structures and
devices are shown in block diagram form in order to
avoid obscuring the invention. [0012] Reference in
this specification to "one embodiment" or "an
embodiment" means that a particular feature,
structure, or characteristic described in connection
with the embodiment is included in at least one
embodiment of the invention. The appearances of the
phrase "in one embodiment" in various places in the
specification are not necessarily all referring to the
same embodiment, nor are separate or alternative
embodiments 



mutually exclusive of other embodiments. Moreover,
various features are described which may be exhibited
by some embodiments and not by others. Similarly,
various requirements are described which may be
requirements for some embodiments but not other
embodiments. [0013] Figure 1 of the drawings shows a
high-level block diagram of a system 10, in accordance
with one embodiment of the invention. The system 10
includes a memory device 12 which is coupled to a
memory controller 14 via a communications path 16,
which in accordance with one embodiment of the
invention may include a bus.[0014] In accordance with
one embodiment of the invention, the memory device 12
may include the architecture shown in Figure 2 of the
drawings. Referring to Figure 2, it will be seen that
the memory device 12 includes a plurality of memory
elements 20, only four of which have been shown in
Figure 2. The memory elements 20 may be architected in
accordance with any memory technology, and may for
example be DRAM elements, SRAM elements, DDR DRAM
elements, etc. The memory device 12 is mounted on a
printed circuit board (PCB) 13. In one embodiment, a
number of memory devices 12 may be coupled to form an
array on memory devices 12 mounted on the printed
circuit board (PCB) 13. A serial presence detect (SPD)
device 



22, which is essentially an electrically erasable
programmable read only memory (EEPROM) device that
stores critical parameter information about the memory
device 12, is mounted on the PCB 13For example, these
parameters may include memory type, size, speed,
voltage interface, number of rows, column addresses,
element banks, and other critical information. The
parameter information is sent over the communications
path 16 to the memory controller 14 in order to
facilitate configuration of the system 10. As will be
seen, the memory device 12 also includes a capacitor
24, a charging circuit 26, a timing circuit 28, and a
comparator circuit 30. Control logic 32 includes
control routines to control the operations of the
various circuits of the memory device 12, as will be
explained in greater detail below.[0015] From Figure 3
of the drawings, it will be seen that the control
logic 32 includes a mode register 34. In one
embodiment, the mode register 34 includes a value for
a trip temperature, which defines an upper limit for
the operating temperature of the memory device 12.
Generally, if the memory device 12 is operated at an
operating temperature above the trip temperature, then
failure of the memory device 12 may occur. Thus, in
one embodiment, the function of the memory controller
14 is to monitor the temperature of the memory device
12, and to perform an action in order to reduce the
operating 



temperature of the memory device 12, if it exceeds the
trip temperature. [0016] In one embodiment, under
control of the control logic 32, the charging circuit
26 periodically charges the capacitor 24 with a charge
so that the capacitor has a potential of V . Over a
period of time, charge from the capacitor 24 leaks or
discharges until Vc of the capacitor 24 is zero.
Figure 5 of the drawings show a graph of the discharge
rate of the capacitor 24 at three different
temperatures T 1, T2, and T3, where T3 > T2 > T 1, and
where T to T3 represent the operating temperature of
the memory device 12. As will be seen, the higher the
operating temperature, the greater the rate at which
the capacitor 24 discharges. In one embodiment, the
timing circuit 28 includes a timer that counts down
from a counter value, which is indicated by the trip
temperature in the mode register 34. For example, if
the mode register 34 has a value of 78C for the trip
temperature, then in one embodiment, the timer of the
timing circuit 28 will count down from the value
2,700,000, which is a value representing thetime it
would take for the capacitor 24 to discharge if the
operating temperature of the memory device 12 were
780C. One skilled in the art, would appreciate that if
the operating temperature of the memory device 12 is
greater than 78C then the capacitor 24 will discharge
in a shorter time. Alternatively, if the operating
temperature of the memory device 12 is less than 78C
then the 



capacitor 24 will take a longer time to discharge.
Accordingly, in one embodiment, under control of the
control logic 32, the comparator circuit 30 compares a
signal indicative of the charge left in the capacitor
24, with a signal indicative of whether the timer of
the timing circuit 28 has counted down to zero. Based
on the foregoing, it will be seen that if the
capacitor 24 has discharged, while the timing circuit
28 is still counting down to zero then this indicates
that the operating temperature of the memory device 12
exceeds the trip temperature, which was set to 780C,
in the above example. In this case, the control logic
32 generates an interrupt to the memory controller 14.
The memory controller 14, includes control logic 16,
which upon receiving the interrupt from the memory
device 12, takes an action in order to reduce the
operating temperature of the memory device 12. In one
embodiment, the action may include scaling down a
number of memory cycles issued to the memory device
12, in order to reduce its operating temperature.
[0017] In the above described example, the mode
register 34 is programmed, with the trip temperature
by a manufacturer of the memory device 12. In another
embodiment of the invention, configuration logic 18 of
thememory controller 14 sends a signal to the memory
device 12, to program the mode register 34 with the
trip temperature. Once the configuration logic 14 has 



programmed the mode register 34 with the trip
temperature, in one embodiment the control logic 32
determines the counter value with which to initialize
the timer of the timing circuit 28. In order to do
this, in one embodiment, a look-up table 36 is
provided as part of the control logic 32. The look-up
table includes starting counter values with which to
initialize the timer of the timing circuit 28 given
different trip temperatures. For example, based on the
look up table 36 shown in Figure 3 of the drawings,
for a trip temperature of 800C, a counter starting
value of 3,500,000 will be selected as the initial
value of the timer. If the trip temperature is 85C, it
will be seen that the starting counter value will be
5,100,000. In one embodiment, the look-up table 36 is
created by a manufacturer of the memory device
12,using device-specific values for each trip
temperature and associated counter starting value
associated with the trip temperature. [0018] One
skilled in the art, would appreciate that the various
circuits of the memory device 12, are shown only
functionally, and that in fact some of the circuits
shown in Figure 2 may be incorporated into other
circuits, or into a single circuit. Figure 4 of the
drawings shows one embodiment of a circuit that
implements the function of the above described
circuits of the memory device 



12. Referring to Figure 4 of the drawings the
capacitor 24 of the memory device 12 is modeled as a
field-effect transistor, which is shown as an NMOS
ddevice 52 in Figure 4. A voltage source 50 is
connected to the "drain" of the NMOS device 52. When
the "store" pin of the NMOS device 52 is toggled to
logic value 1, the gate of the NMOS device 52 opens
and charge is transferred to the "source" of the NMOS
device 52. Using this method, the NMOS device 52 is
charged by the voltage source 50. An output of the
NMOS device 52 is fed into a buffer device 54, which
is connected to a comparator 58. In particular, the
output of the buffer device 54 is connected to a pin
C1 of the comparator 58. When the NMOS device 52 is
charged, logic 1 is expected on the pin C1. When the
NMOS device 52 has discharged, logic zero is expected
on the pin C1 of the comparator 58. [0019] Once the
NMOS device 52 is fully charged, the CMOS device
buffer 54 detects the voltage as logic 1. When the
NMOS device 52 leaks out charge over time, eventually
the CMOS device buffer 54 will detect the voltage as
logic zero. As the NMOS device 52 leaks the charge
over time, a counting device (timer) 60 counts down
from a stored counter value determined by the trip
temperature. The output of the counter 60 is connected
to the comparator 



device 58, in particular to pin C2 of the comparator
device 58. When the counter 60 is still counting, in
other words it has not expired, logic zero is expected
on the pin C2 of the comparator device 58. When the
counter has expired, logic 1 is expected on the pin
C2. [0020] As will be seen, in process 62, an
interrupt is generated if the capacitor has discharged
(a condition indicated by logic zero on pin C 1)
beforethe counter has expired (a condition indicated
by logic zero on the pin C2). For all other
conditions, the interrupt is not asserted. Once the
counter 60 expires, charge is restored on the NMOS
device 52 by generating a store pulse and the counter
value in the counter 60 is reset to start the
countdown again. [0021] Referring again to Figure 1 of
the drawings, it will be appreciated that the system
10, may itself form a subsystem for a larger system.
For example, in one embodiment, the larger system may
include a central processing unit (CPU) 70, which is
coupled to the memory controller 14 by means of a bus
72 to define a system 74. [0022] Although the present
invention has been described with reference to
specific exemplary embodiments, it will be evident
that the various modification and changes can be made
to these embodiments without departing from the
broader spirit of the invention as set forth in the
claims. Accordingly, the 



specification and drawings are to be regarded in an
illustrative sense rather than in a restrictive
sense.CLAIMS What is claimed is: 1. A method,
comprising: periodically charging a capacitor mounted
on an electronic component; initializing a timer to
countdown from a counter value, once the capacitor is
charged; determining if the capacitor has discharged
before the timer has counted down to zero; and if the
capacitor has discharged before the timer has counted
down to zero then generating an interrupt. 2. The
method of claim 1, wherein the electronic component
comprises a memory device. 3. The method of claim 1,
wherein the counter value comprises the length of time
for the capacitor to discharge at an operating
temperature equal to a threshold temperature for the
electronic component. 4. The method of claim 1,
further comprising receiving a control signal from a
memory controller, and determining the counter value
based on the control 



signal. 5. The method of claim 4, wherein the control
signal comprises a trip temperature defining an upper
limit for the operating temperature of the electronic
component.6. The method of claim 4, wherein
determining the counter value comprises selecting the
counter value from a lookup table, using the trip
temperature as a key. 7. The method of claim 1,
wherein the interrupt is to a memory controller. 8. A
memory device, comprising: control logic which
includes a mode register to store a trip temperature
defining an upper limit for an operating temperature
of the memory device; a capacitor to store a charge; a
charging circuit to periodically charge the capacitor;
a timing circuit to countdown from a counter value
once the capacitor is charged, wherein the counter
value is based on the trip temperature; and a
comparator circuit to generate an interrupt if the
capacitor has discharged before the timing circuit has
counted down to zero. 9. The memory device of claim 8,
wherein the counter value comprises the length of time
for the capacitor to discharge at an operating
temperature equal 



to the trip temperature. 10. The memory device of
claim 9, wherein the control logic determines the
counter value by selecting the counter value from a
lookup table using the trip temperature as a key. 11.
A method, comprising:sending a signal to a memory
device to program a mode register of the memory device
with a trip temperature being the upper limit for an
operating temperature of the memory device; and if a
signal is received from a memory device to indicate
that the capacitor has discharged from a fully charged
condition in less than the length of time indicated by
the trip temperature, then performing an action to
lower the operating temperature of the memory device.
12. The method of claim 11, wherein the action
comprises scaling back memory cycles issued to the
memory device. 13. A memory controller, comprising:
configuration logic to send a signal to a memory
device to program a mode register of the memory device
with a trip temperature, being the upper limit for an
operating temperature of the memory device; and
control logic that, if a signal is received from the
memory device to 



indicate that the capacitor has discharged from a
fully charged condition in less than the length of
time indicated by the trip temperature, performs an
action to lower the operating temperature of the
memory device. 14. The memory controller of claim 13,
wherein the action comprises scaling back the number
of memory cycles issued to the memory device. 15. A
system, comprising: a memory device which
includes:control logic comprising a mode register to
store a trip temperature, being an upper limit for an
operating temperature of the memory device; a
capacitor to store a charge; a charging circuit to
periodically charge the capacitor; a timing circuit to
countdown from a counter value once the capacitor is
charged, wherein the counter value is based on the
trip temperature; and a comparator circuit to generate
an interrupt if the capacitor has discharged before
the timing circuit has counted down to zero; and a
memory controller to control an operation of the
memory device, wherein the controller sends a signal
to program the mode register with the trip 



temperature. 16. The system of claim 15, wherein the
counter value comprises the length of time for the
capacitor to discharge at an operating temperature
equal to the trip temperature. 17. The system of claim
15, wherein the control logic selects the counter
value from a plurality of counter values in a lookup
table, each counter value comprising the length of
time for the capacitor to discharge at a specific trip
temperature.18. The system of claim 15, wherein the
memory controller, in response to receiving the
interrupt, performs an action to reduce the operating
temperature of the memory device. 19. The system of
claim 18, wherein the action comprises scaling down
memory cycles issued to the memory device. 


