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COOLING MEMORY MODULES USING WEDGE-SHAPED HEAT SPREADERS IN
THERMAL CONTACT WITH COLD PLATE BLADES AND MEMORY MODULES

CROSS-REFERENCES TO RELATED APPLICAITONS

LY The present patent application is related to the following patent applications:
COOLING MEMORY MODULES USING COLD PLATE BLADES COUPLED TO THE
MEMORY MODULES VIA CLIPS by Timothy Rau and Glenn C. Sioon, and assigned HP

IN COOLING MEMORY by Timothy Rau and Glenn C. Simon, and assigned HP Docket
Number 200902999-1, and A COLD PLATE HAVING BLADES THAT INTERLEAVE WITH
MEMORY MODULES by Timothy Rau and Glenn C. Simon, and assigned HP Docket MNuwnber
200902997-1. All related applications, and the present apphication, were filed on October 30,

2009,

BACKGROUND

[06462) in the art of computing, individual memory mtegrated circuits (ICs) are often
provided on a dual in-line memory module (DIMM). Often a heat spreader is attached over the
memory 1Cs to dissipate the heat generated by the memory ICs across the length of the DIMM.

However, 1t is often desirable to provide additional cooling.

[LZERY Typically DIMM sockets are positioned on a motherboard in close proximity to each
other, thereby simplifying routing of memory signal traces on the motherboard and minimizing

space used by memory. A typical separation between adjacent DIMMs is 10 millimeters.

0084} Two methods known in the art for providing additional cooling are air cooling and
liquid cooling. Because of the close spacing of adjacent DIMMs, both methods often use space
above the DIMM. Typically air cooling uses a solid heat conducting metal or vapor chambers

and associated tubing to conduct heat from the heat spreader to a heatsink above the DIMM.

[B085] Typically hquid cooling uses a suitable liquid, such as propyiene glycol or cthylene
glycol, mixed with water, to conduet heat from the heat spreader to the hguid., The heat is

removed as the Hoguid is pumped through a channel associated with each DIMM. The Hquid s
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then pumped to a beat exchanger, where heat is removed from the hiquud. Typically tubing is

coupled to each DIMM along the top of the lop of the DIMM.
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BRIEF DESCRIPTION OF THE DRAWINGS

[B086] The Figures depict embodiments, troplementations, and configurations of the

mvention, and not the invention jiself.

18667 Figure 1 is a functional block diagram of computer, having a cooling loop for cooling

memory, i accordance with embodiments of the present invention.

[G068] Figure 2 shows a board, which roay be a motherboard, system board, or other type of
circuit board, a bank of memory modules sockets, and a cold plate having blades, in accordance

with embodiments of the present invention.

0669} Figure 3 shows the cold plate, board, and memory module sockets of Figure 2 after
the cold plate has been mounted to the board, in accordance with ercbodiments of the present

mvention.

1016 Figure 4 shows a cold plate and board as i Figure 3, along with memory modules

having wedge-shaped heat spreaders, in accordance with embodiments of the present mvention.

[G011] Figure S s a sectional view taken along line 5-5 of Figure 4 showing orientations of

the memory modules, wedge-shaped heat spreaders, and cold plate blades, in accordance with

embodiments of the present nvention,

10612} Figure 6 is a block diagram of a cold plate wherein coohng liguid is routed through

cach blade, in accordance with embodiments of the present invention.

16013} Figure 7 is a flowchart illustrating how embodiments of the present invention cool

memory modules.
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DETAILED DESCRIPTION

01 4] in the foregoing description, numerous details are set forth to provide an
understanding of the present nvention. However, 1t will be understood by those skilled in the art
that the present invention may be practiced without these details. While the invention has been
disclosed with respect to a limited number of embodiments, those skilled in the art will
appreciate numerous roodifications and variations thevefrom. 1t 1s intended that the appended
claims cover such modifications and variations as {all within the troe spirit and scope of the

mvention.

{015} The Figures show many elements that are members of a plurality of similar elements.
In general, individual clements of the plurality will be referenced by a numeral followed by a
fetter, while similar elements roay be referenced collectively or genevically by the numeral. For
example, a group of blades may be referenced as blades 36, an ndividual blade may be

referenced as blade 364, and a blade may be referenced generically as a blade 36.

016} As discussed in the Backgrooand section above, commercially available doal in-line
memory module (DIMM) cooling solutions use space above the DIMMSs {o facilitate cooling. In
prior art air cooled memory configurations, heatsinks are typically positioned above the DIMMs.

Farthermore, cooling fans and air channels are often needed to move air over the heatsinks.

[G017] Commercially available Hguid cooling solutions have a liquid inlet and outlet for each
DIMM. The inlets and outlets, along with the associated tubing, consume space above the
DiMMs. Furthermore, the need to connect fubing to the inlet and outlet of each DIMM makes

assembly and servicing cumbersomie.

{001 8] In accordance with embodiments of the present invention, a cold plate having a liquid
mnlet and outlet is provided for each block of DIMMs, The cold plate is included io a liguid
cooling loop. DIMM sockets are attached to a motherboard, system board, or other type of
circuit board, and may have a standard spacing of 10 miilimeters between adjacent DIMM
sockets. The cold plate includes a series of blades that arc positioned proximate to and
nterleaved with the DIMM sockets, with the blades cooled by the lguid cooling loop. Each
blade as a sloped surface and a surface that is not sloped. A wedge-shaped heat spreader is
attached to a first surface of each DIMM. When the DIMM is instaiied, the wedge-shaped heat
spreader 18 m thermal contact with a sloped surface of a blade, and urges a second surface of the

DIMM into thermal contact with a surface of a blade that is not sloped. Embodiments of the
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present mvention use hittle additional space compared to a standard bank of DIMMs of the prior
art. Installation and servicing are simplified, since DIMMs can be added or removed, as in the

prior art, without having to disturb the liquid cooling loop.

[6019] Figure 1 is 8 functional block diagram of computer 10, in accordance with
embodiments of the present invention. Details of the cold plate and wedge-shaped heat spreader

structures, 1 accordance with embodiments of the present invention, will be shown in other

figures.
6624} Computer system 10 includes one or more central processing units {CPUs) 12, core

logic 14, DIMMSs 16, bus 18, cold plate and wedge-shaped heat spreaders 20 (which includes
blades/wedge-shaped heat spreaders 17, iguid inlet 22, and hquid outiet 24), twbing 26, and

Haguid cooling loop pump/coobing unit 28.

10621} CPUs 12 represents CPUs know i the art, such as several CPUs iu discrete packages
and multi-core CPUs 1n a single package. Core logic 14 represents core logic known o the art,
such as a south bridge, a north bnidge, memory controllers, 10O controllers, and the ke, As the
art of computing continues to advance, some of these functions, such as the memory controllers,
are provided in the CPU package. Bus 13 represents one or move buses known in the art for

connecting CPUs 12, core logic 14, and DIMMs 16,

16622} Ligquid cooling loop pump/cooling unit 28 pumps and cools Hguid coolant using
techniques know in the art. Any soitable coolant Haguid, such as propylene glyeol or ethylene
glycol, mixed with water, can be used. The liguid may be cooled using a simnple heat exchanger
and fan, or by more advanced techniques, such as Peltier coolers or heat pumps. Alse, note that
the function provided by unit 28 may be implemented at a variety of levels, such as in the
computer system, within a rack, within a row of racks, or within a data center. It is also possible

to integrate the liquid cooling function with a data center air conditioning system.

{6023} Note that it may also be desirable to cool CPUs 12 using a Hiquid cooling loop. In
such a configuration, the loop can also flow through the CPUs, or a separate loop may be
provided. For simplicity, the liquid cooling loop 1s only shown as cooling DIMMs 6. The
liquid flows through tubing 26 in the direction show by the arrows in the tubing. The cold plate
of cold plate and wedge-shaped heat spreaders 20 includes an indet 22 and an outlet 24, both of

which are coupled to tubing 26,
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3624} The Hqguid cooling loop 1s n thermal contact with blades/wedge-shaped heat spreaders
17. In Figure 1, blades/wedge-shaped heat spreaders 17 are shown generically in block diagram
form, and include blades associated with the cold plate of cold piate and wedge-shaped heat
spreaders 20, and wedge-shaped heat spreaders thermally coupling the DIMMs 16 to the blades,

as will be shown in other figures and discussed in greater detail below.

3025 Figure 2 shows a board 30 and a cold plate 32, in accordance with embodiments of
the present invention. Board 30 may be a motherboard, system board, or other type of circuit
board. Board 30 includes DIMM sockets 34, which comprise individual DIMM sockets 34a-34h,

with iabels for DIMM sockets 34a and 34b shown i Figure 2.

[0026] Cold plate 32 inchudes hguid inlet 22 and liquid outlet 24, as shown in Figure 1. Cold
plate 37 also includes blades 36, which comprise individual blades 36a-361, with labels {or blades
36a and 361 shown in Figure 2. Cooling loop 38 inchudes inlet 22 and cutlet 24, and ends of
blades 36 are thermally coupled to cooling loop 38, The configurations shown in the figures
herein support eight DIMMs. However, those skilled in the art will recognize that additional or
fewer DIMMs may be supported by embodiments on the present invention. In a configuration

supporting eight DIMMs as shown in Figure 2, nine biades 36 are provided.

{027} Figure 3 shows cold plate 32 and board 30 after cold plate 32 has been mounted to
board 30. The blades 36a-36i of cold plate 32 are interleaved with DIMM sockets 34a and 34h
such that cach DIMM socket 34 is adjacent to a pair of blades 36. Note that each DIMM socket

34 has a par or retainment/release latches, such as latch 37.

[G028] Figure 4 shows cold plate 32 and board 30 as in Figure 3, along with DIMMs 6.
DIMMs {6b-16h are installed into DIMM sockets 34b-34h, respectively, and DIMM 16a1s
shown above DIMM socket 34a. Each DIMM includes a heat spreader and a wedge-shaped heat
spreader. For example, DIMM 16a mcludes heat spreader 40a and wedge-shaped heat spreader
42a. In one embodiment, the wedge-shaped heat spreaders are attached to the DIMMs using
resilient compressible adhesive thermal interface pads. For standard “offtthe-shelf” DIMMs
having heat spreaders already attached, a wedge-shaped heat can be added to a side of cach
DIMM. Naote that if DIMMs without heat spreaders are used, the wedge-shaped heat spreader
may be affixed directly to the memory ICs. The wedge-shaped heat spreaders may be affixed by
the memory tnstaller, or alternatively, DIMMs may be shipped from a memory vendor with

wedge-shaped heat spreaders mstalled.
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[(029] Figure S s a sectional view taken along line 5-5 of Figure 4 showing the orientations
of the DIMMSs 16, blades 36, and wedge-shaped heat spreaders 42, Note that the sectional view

of Figure 5 shows DIMM 16a installed.

G034 In Figure 5, dual sided DIMMs 16a-16h with heat spreaders 402-40h are shown.
Accordingly, each DIMM 16 is inserted in a DEMM socket 34, and includes memory 1Cs 44
{44a-44h} on both sides of the DIMM, and a heat spreader 40. Those skilled in the art will
recognize that single-sided DIMMs may also be used with embodiments of the present invention,

and DIMMs without heat spreaders may be used.

0631} Wedge-shaped heat spreaders 42 are coupled to a first side of each DIMM 16 via
resiticnt corapressible thermal fnterface pads (45a-45h). The Cho-Therm® line of thermal
mierface materials from Chomerics division of Parker Hanmitin Corporation inchudes resilient

compressible thermal interface pads suitable for use with erbodiments of the present fnvention.

16032} Ag the DIMMSs 16 are inserted in DIMM sockets 34, the sloped surfaces of blades 36
and wedge-shaped heat spreaders 42 cooperate to urge BIMMSs 16 toward the non-sloped
surfaces of blades 36. In addition, as the DIMMSs are inserted, the resilient compressible thermal
mierface pads (45a-45h) are compressed, and the DIMMas are locked into place using the pair of
latches at the ends of cach DIMM socket 34. Since the interface pads 45 remain compressed
after DIMMSs 16 are installed, interface pads continue to maintain lateraf force, thereby
maintaining thermal coupling at both sides of each DIMM 16, while also compensating for
variations caused by thermal expansion and contraction, and variations caused by manufacturing

and assembly tolerances.

3033} In the embodiment shown in Figures 1-4, cold plate 32 mchides a single coohing loop
38 that traverses a portion of the perimeter of the DIMMs 16. Each blade 36 of cold plate 32 has
two ends coupled to cooling Joop 38, and blades 36 and wedge-shaped heat spreaders 42 are

made of a material having excellent thermal transfer properties, such as copper, aluminom, steel,

and the hke.

[(034] While the embodiment shown in Figures 14 having a cooling loop 38 that traverses a
portion of the perimeter of DIMMs 16 provides acceptable cooling performance, in another
embodiment, liquid is routed through each blade of the cold plate. Figure 6 shows a block

diagram of this embodmment.
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B335 In Figure 6, blade 48 of cold plate 46 represents a fivst blade 1 a series of blades, and
blade 50 represents a last blade in the series. Blade 48 includes channel 52, and biade 50
includes channel 54, with cach channel carrying cooling higuid through the blade. Cooling loop
56 1 configured to route cooling liquid through the channel of each blade. Accordingly,
although the embodiment shown in Figure 6 1s more complex than the embodiments shown 1n

Figures 1-4, the temperatures along the channeis 52 and 54 tend to be more uniform.

(036} Figure 7 is a flowchart 58 Hlustrating how embodiments of the present invention cool
DIMMs, In block 60, heat is conducted away from a first side of cach memory module of the
plurality of memory modules to a wedge-shaped heat spreader of the plurality of wedge-shaped
heat spreaders. fn block 62, heat is conducted away from the phurality of wedge-shaped heat
spreaders to the plurality of blades of the cold plate. In block 64, heat is conducied from a
second side of cach memory module of the phurality of memory modules to a blade of the
plurality of blades of the cold plate. Finally, in block 66 heat 1s conducted from the blades of the

cold plate to the liquid flowing in the liquid coohing loop.

18637} Block 68a, in conjunction with block 66, represents the embodiments shown in
Figures 1-4. Accordingly, heat is conducted from the ends of the cold plate blades to the liquad
cooling loop. Block 68b, i conjunction with block 66, represents the embodiment shown in

Figure 6. Accordingly, cooling higuid 18 routed through a channel of each blade of the cold plate.

15638] Embodiments of the present invention provide many advantages over the prior art.
Liguid cooling loop connections remain fixed as DIMMs are added or removed. In contrast,
prior art hguid cooled memory configurations provide liguid inlets and outlets for each DIMM,
thereby causing the addition and removal of DIMMs to be cumbersome and time consuming.
With embodiments of the present invention, a single milet and outlet is provided for a block of
DIMMs, and the inlet/ouilet connections need only be coupled once during the mamuifacturing

Process.

6639} Embodiments of the present mnvention require hitle exira space above the DIMMs, as
is shown in the figures. Prior art air and liguid cooling solutions often consume space above the
DiIMMas. In addition, embodiments of the present nvention have a system board “footprint”
similar to prior art DIMM blocks. The only extra area required is the area reserved for the
cooling loop along the sides of the DIMM block, and the area reserved for the inlets and outlets,
and coohing loop connections.  Also, space s saved by eliminating the need for cooling fans to

direct airflow over the DIMMas. Of course, acoustic levels may also be redaced. Finally,
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embodiments of the present invention provide for simple and tool-free memory reconfiguration,

since the DIMMSs are easily removed by pressing the DIMM socket laiches.

6848} In the foregoing description, numerous details are set forth to provide an
understanding of the present invention. However, it will be understood by those skilied in the art
that the present fnvention may be practiced without these details. While the invention has been
disclosed with respect to a limited number of embodiments, those skilled in the art will
appreciate numerous modifications and variations therefrom. It is iniended that the appended
claims cover such modifications and variations as {all within the true spirit and scope of the

nvention.
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CLAIMS
What is claimed s
i An apparatus (20} for cooling memory modules (16} comprising:

a cold pate (32, 46} comprising:
a liquid cooling loop (38, 56) having an inlet (22) and an outlet (24); and
a phurality of blades (36, 48, 50) thermally coupled to the cooling loop (38, 56},
the plurality of blades (36, 48, 50} arranged to be intericaved with a phurality of memory modules
{16}, and
a plurality of wedge-shaped heat spreaders (423, with each wedge-shaped heat spreader
{42a-42h} of the plurality of wedge-shaped heat spreaders (42) attached to 2 memory module {16}
of the phirahity of memory modules (16), and each wedge-shaped heat spreader (42) in thermal

contact with a blade (36, 48, 50) of the plurality of blades (36, 48, 5.

2. The apparatus (20} for cooling memory modules (16) according to claim | wherein the

hguid cooling loop (38} traverses at least a portion of a perimeter of the cold plate (32) and is
thermal contact with cach blade (36a-36h) of the plurality of blades (36) of the cold plate (32}

proximate ends of the blades (36a-36h).

3. The apparatus (20} for cooling memory modules (16) according to claim 1 wherein each
blade (48, 50) of the plurality of blades of the cold plate (46) includes a channel (52, 54}, and the
Hguid cooling loop (56) is coupled to cach blade (48, 50} and cooling liquid is routed through the

channel (52, 54} of each blade (48, 50).
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4. The apparatus (20} for cooling memory modules (16) according to claim 1 wherein each
blade (36} of the phurality of blades (36} of the cold plaie (32) includes a sloped surface and a
surface that is not sloped, a wedge-shaped heat spreader (42} is attached o a first side of each
memory module (16}, a sloped surface of each wedge-shaped heat spreader (42) 18 in thermal
contact with 4 sloped surface of each blade (36), a second surface of each merory module (16) 18
m thermal contact with a surface of a blade (36) that 1s not sloped, and the sloped surfaces
cooperate to urge the memory modules and wedge-shaped heat spreaders {42} into thermal

contact with the blades (36).

5. The apparatas (20} for cooling memory modules (16} according to claim | wherein a
resilient compressible thermal terface pad (45) 1s provided between each wedge-shaped heat

spreader {42) and a memory module (16).

6. The apparatus (20} for cooling memory modules (16) according to claim 5 wherein the

resilient compressible thermal interface pads (45) are adhesive pads,
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/. A compuier system {10) comprising

one or more central processing units (12);

a bank of memory modules {16);

core logic (14);

one or more busaes (18) coupling the one or more central processing units (12}, the bank
of memory modules {16), and the core logic (14);

a cold plate (32, 46} having a plurality of blades (36, 48, 50) intericaved with the memory
modules {(16);

a plurality of wedge-shaped heat spreaders (42}, with each wedge-shaped heat spreader
{42a-42h) of the plurality of wedge-shaped heat spreaders (42) sttached to a memory module {16}
of the bank of memory modules (16), and each wedge-shaped heat spreader (42} io thermal
contact with 4 blade (36, 48, 50) of the plurality of blades (36, 48, 50);

a liquid cooling loop (38, 36} having an inlet (22) and an outlet (24}, and in thermal
contact with the plurality of blades (36, 48, 50) of the cold plate {32, 46}; and
a liquid cooling loop pump and cooling unit (28) coupled (26) to the inlet (22) and the

outlet (24} of the hquid cooling loop (38, 56).

8. The computer system (10} according to claim 7 wherein the liguid cooling loop (38)
traverses at least a portion of a perimeter the cold plate (32} and is in thermal contact with each

blade (36a-36h) proximate ends of the blades (36).

9. The computer system (10} according to claim 7 wherein each blade (48, 50) includes &
channel (52, 54}, and the liquid cooling loop (56) is coupled to each blade {48, 50) and cooling

Hiquid is routed through the channel (52, 54} of each blade (48, 50).
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10, The computer system (10) according to clairas 7 wherein each blade (36) of the plurality
of blades (36} of the cold plate (32) mclades a sloped surface and a surface that is not sloped, a
wedge-shaped heat spreader (42} is attached to a first side of each memory module (16), a sloped
surface of cach wedge-shaped heat spreader (42) is in thermal contact with a sloped surface of
each blade (36), a second surface of cach memory module (16) is in thermal contact with a
surface of a blade (36) that is not sloped, and the sloped surfaces cooperate to urge the memory

modules (16} and wedge-shaped heat spreaders {42} into thermal contact with the blades (36).

1. The computer system (10} according to claim 7 wherein a resilient compressible thermal
interface pad (45) is provided between each wedge-shaped heat spreader (42) and a memory

module (16},

T

12, The computer sysiem (10} according to claim 11 wherein the resilient compressible

thermal interface pads (45) are adhesive pads.

13, A method (58) for removing heat from a plurality of memory modules cooled by a single
Hquid cooling loop coupled to interleaved blades of a cold plate, with a plurality of wedge-
shaped heat spreaders attached to the memory modules and in therroal contact the blades, the
method comprising:

conducting (60) heat from a first side of cach memory module of the plurality of memory
modules to a wedge-shaped heat spreader of the plurality of wedge-shaped heat spreaders;

conducting (62) heat from the plurality of wedge-shaped heat spreaders to the plorality of
blades of the cold plaie:

conducting (64) heat from a second side of each memory module of the plurality of
memory modules to a blade of the plurality of blades of the cold plate; and

conducting (66) heat from the plorality blades of the cold plate to hquid flowing in the

hguid cooling loop.
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14.  The method according to claim 13 wherein conducting (66} heat from the phurality blades

of the cold plate to Hquid flowing in the Haguid cooling loop includes cooling (68a) cach blade of

the plurality of blades of the cold plaic at an end of each blade.

15, The method according to claim 13 wherem conducting (66} heat from the plurality blades
of the cold plate to liguid fowing in the hiquid cooling loop inchides routing (68b} Hguid through

a channel of each biade of the plurality of blades of the cold plate.
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