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ACOLDPLATE HAVING BLADES THAT INTERLEAVE WITH MEMORY MODULES

CROSS-REFERENCES TO REEATED APPLICAITONS

18661} 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. Simon, and assigned HP
Docket Number 200902998-1, A FRAME HAVING FRAME BLADES THAT PARTICIPATE
IN COOLING MEMORY by Timothy Rau and Glenn C. Simon, and assigned HP Docket
Number 200902999-1, and COOLING MEMORY MODULES USING WEDGE-SHAPED
HEAT SPREADERS IN THERMAL CONTACT WITH COLD PLATE BLADES AND
MEMORY MODULES by Timothy Rau, Glenn C. Simon, and Bryan Bolich, and assigned HP
Bocket Nurober 200903937-1. All related applications, and the present application, 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.

16603} Typically, DIMM sockets are positioned on a motherboard fo 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 coocling 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.

[GB05] Typically, Hquid cooling uses a suitable Haquid, such as propylene glycol or ethylene
glycol, mixed with water, to conduet heat from the heat spreader to the hguid. The heat s

removed as the Hoguid is pumped through a channel associated with each DIMM. The Hquid is
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then pumped to a beat exchanger, where heat 13 removed from the haquid. 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 an embodiment of a cold plate and frame in an open position, in

accordance with emibodiments of the present invention.

[6649] Figure 3 shows the plate and frame of Figure 2 in a closed position, in accordance

with embodiments of the present invention.

[6618] Figure 4 shows another embodiment of a cold plate and frame 1n 2 detached state, in

accordance with embodiments of the present invention.

0611} Figure 5 shows the cold plate and frame of Figure 4 after the frame has been coupled

to the cold plate, in accordance with embodiments of the present invention.

1612} Figure 6 is a sectional view taken along line 6-6 of Figure 3 showing the orientations
of DIMMs, blades of the cold plate, and blades of the frame when the frame is closed and a

handle of the frame has been pressed down to lock the frame to the cold plate.

[G013] Figure 7 s a sectional view of the frame of Figure 2 taken along ine 7-7 showing
spring-loaded mechanisms that support the blades in the frame, in accordance with embodiments

of the present invention.

0614} Figure 8 is a block diagram of a cold plate wherein coohing liguid s routed througt

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

{015} Figure 9 is a flowchart illustrating how embodiments of the present invention cool

memory modules.
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DETAILED DESCRIPTION

001 6] 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 spinit and scope of the

mvention.

{017} As discussed in the Backgrooand section above, commercially available doal in-line
memory module (DIMM) cooling solutions use space above the DIMMs to facilitate cooling.
For air cooling, heatsinks are positioned above the DIMMas. Furthermore, cooling fans and air

channels are often needed to move air over the heatsinks.

[G018] 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.

G019 n accordance with embodiments of the present invention, a cold plate having a hiquid
miet and outlet is provided for each block of DIMMa. DIMM sockets are attached o a
motherboard, and may have a standard spacing of 10 millimeters between adjacent DIMM
sockets. The cold plate includes a series of wedge-shaped blades that are positioned proximate
the DIMM sockets such that a surface of a wedge-shaped blade 13 positioned adjacent to a DIMM
heat spreader when a DIMM is installed. Note that i other configurations, 1t 15 possible to use
BIMMs without heat spreaders, with the surface of a blade in direct contact with the individual

memory integrated circuits (ICs) on the DIMM.

1626} A frame having blades is positioned over each block of DIMMs. In one embodiment,
the frame is attached to the cold plate via 2 hinge, and pivois toto an nstalled and closed position.
In another embodiment, the frame is separate from the cold plate, and 1s installed into a final

position by latching the frame to the cold plate at two ends of the frame.

[B021] The blades of the frame ave attached to the frame using spring-loaded mechanisms

that allow the blades to have a certain amount of movement within the frame. Each blade of the
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fraroe has a first surface adapted to contact a heat spreader of a DIMM, and a second surface

adapted to contact a wedge-shaped blade of the cold plate.

10622} When assembled, a cold plate/frame configuration positioned around a bank of
DIMMs, in accordance with erabodiments of the present invention, uses little additional space
compared to a standard bank of DIMMs of the prior art. Installation and servicing are simplified,
since after the frame is removed or pivoted to an open position, DIMMs can be added or

removed, as in the prior art.

16623) Figure 1 is a functional block diagram of computer 10, in accordance with
embodiments of the present invention. Detatls of the cold plate and frame structures, in

accordance with erabodiments of the present fnvention, will be shown 1o other figures.

1624} Computer system 10 inchudes one or more central processing units {CPUs) 12, core
fogic 14, DIMMs 16, bus 18, cold plate and frame 20 (which mcludes blades 17, Hiquid indet 22,

and hauid outlet 24), tubing 26, and Hguid cooling loop pump/cooting umt 28,

[BO2S] CPUs 12 represents CPUs know in the art, such as several CPUs in discrete packages

and multi-core CPUs in a single package. Core logic 14 represents core logic known i the art,
such as a south bridge, a north bridge, memory controllers, /O controllers, and the like. As the

art of compuiers continues to advance, some of these functions, such as the memory controller

are provided in the CPU package. Bus I8 represents one or more buses known in the art for

connecting CPUs 12, core logic 14, and DIMMs i6.

026} Liguid cooling loop pump/cooling unit 28 pumps and cools liquid coolant using
technigues know in the art. Any suttable coolant liquid, such as propylene glycol or ethylene
glveol, mixed with water, can be used. The liguid may be cooled using a simple heat exchanger
and fan, or by more advanced technigues, such as Peltier coolers or heat pumps. Also note that
the function provided by umit 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 lquid cooling function with a data center air conditioning systent.
= o o

16627} Note that it roay also be desirable to cool CPUs 12 using a liquid 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 is only shown as cooling DIMMs 16, The

hguid flows through tubing 26 in the direction show by the arrows in the tubing. The cold plate
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of cold plate and frame 20 imchudes an inlet 22 and an outlet 24, both of which are coupled to

tabing 26.

~
i
i

0628} The Hguid cooling loop is in thermal contact with blades 17, In Figure 1, blades 17
are shown gencrically in block diagram form, and include blades associated with the frame of
cold plate and frame 20, and blades associated with the cold plate of cold plate and frame 20, as
will be shown in other figures and discassed in greater detail below. Blades 17 are mterleaved

with DIMMs 16, and cool DIMMs 16.

[6629] Figure 2 shows an embodiment of cold plate and frame 20 of Figure | in an open
position, in accordance with embodiments of the present invention. In the open position, DIMMs
may be inserted or removed. Cold plate and frame 20 includes tiguid inlet 22 and hiquid outlet
24, DIMMs 16 are mserted in DIMM sockets 30, The configuration shown in Figure 2 supporis
eight DIMMas. However, those skilled in the art will recognize that additional or fewer DIMMs

may be supporied by erabodiments on the present invention.

{6038 Cold plate 32 of cold plate and frame 20 includes fixed wedge-shaped blades 34,
which are thermally coupled to Hquid cooling loop 36. In a configuration supporting eight
DIMMs as shown 1o Figure 2, nine blades 34 are provided so that cach surface of a DIMM 1s
adjacent to a surface of a blade 34. In this embodiment, frame 38 of frame and cold plate 20 is

coupled to cold plate 32 via hinge 40.

0631} Frame 38 includes wedge-shaped blades 42, which have a certamn degree of
movement provided by a spring-load mechanism, which will be discussed in greater detail below.
In a configuration supporting eight DIMMs as shown in Figure 2, eight blades 42 are provided on
frame 38. Frame 38 includes handle 44, which is used to raise and lower frame 38, and lock
frame 3¥ in place. Handle 44 includes a locking mechanism comprising slot 46 that cooperates
with detent 50 and a locking feature of cold plate 32 comprising pin 48 1o lock handle 44 (and

frame 38} into & closed position with cold plate 32, as will be shown in Figare 3.

[G832] Figure 3 shows the plate and frame 20 of Figure 2 in a closed position. Inthe closed
position, handle 44 1s pressed down, and pin 50 locks and retains handle 44 in the closed position
via pin 48 engaging detent 50 of slot 46. In the closed position, blades 42 of frame 38 are
interposed between the DIMMs 16 and blades 34 of cold plate 37 1o cool DIMMs 16 during

operation.
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[G033] Figure 4 shows another embodiment of cold plate and frame 20 of Figure I ma
detached position, in accordance with embodiments of the present invention. In this
embodiment, cold plate and frame 20 includes cold plate 52 and frame 54, The embodiment
shown in Figure 4 is similar to the embodiment shown in Figure 3, except that the frame 1s
detachable from the cold plate and is not coupled to the cold plate via a hinge. Accordingly,
frame 54 includes handies 56 and 58, which lock frame 54 {0 cold plate 52, Handle 56 inchudes
lecking mechanista comprising hook member 60, which engages a locking feature corgprising
slots 62. Handle 58 mcludes a similar hook member that engages a stmilar set of slots,

However, the hook member and slots associated with handle S8 are not shown in Figure 4.

16634} Figure 5 shows the cold plate and frame 20 of Figure 4 alter frame 54 has been
coupled to cold plate 52, in Figure 5, the labels A~E will be discussed below with reference to
Table 1. In this configuration, bandles 56 and 58 have been moved downward, with hook
member 60 of handle 56 engaging slots 62 {shown m Figure 4), and the hook member and slots

associated with handle 58 being similarly engaged.

[6635] Figure 6 is a sectional view taken along line 6-6 of Figure 3 showing the orientations
of the DIMMs 16, blades 34 of cold plate 32, and blades 42 of frame 38 when frame 38 15 closed
and handle 44 has been pressed down to lock fram3 38 to cold plate 32, A corresponding

sectional view taken from the embodiment shown in Figure 5 would be substantially simular.

16636] {n Figure 6, dual sided DIMMSs with heat spreaders are shown. Accordingly, each
BIMM 16 is inserted in a DIMM socket 30, and includes memory ICs 66 on both sides of the
DIMM, and a heat spreader 68. Those skilled m the art will recognize that single-sided DIMMas

may also be used with embodiments of the present invention, and DIMMs without heat spreaders

may be used.

16637} Note that before frame 38 is lowered into place, each DIMM 16 has one surface
adjacent to a sloped surface of a blade 34 (such as surface 67), and another surface adjacent to a
surface of a blade 34 that is not sloped (such as surface 69). As frame 38 s Jowered into place,
the sloped surfaces of blades 42 (such as surface 71} contact the sloped surfaces of blades 34, and
the surfaces of blades 42 that are not sloped (such as surface 73) contact a DIMM. In the closed
position shown in Figures 6 and 3, one surface of each DIMM 16 is cooled by a thermal
conduction path formed by contact with a non-sloped surface of a blade 34 of cold plate 32, and

the other surface of each DIMM 16 is conled by a thermal conduction path formed by contact
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with a non-sloped surface of a blade 42 of frame 38, through the sloped surface of blade 42, to

the sloped surface of a blade 34.

3038} The cooperating sloped edges of the blades 34 and 42 provide lateral force to the
BIMMs 16 to enhance thermal coupling. A spring-loaded mechanisia, which will be discussed
in greater detat] with reference to Figure 7 below, maintains the lateral force, while compensating
Tag sy ot Wrrry thes al oy ™ . 3 faery (73 B sev ey eyt QPTG

for variations caused by thermal expansion and contraction, and variations caused by

manufacturing and assembly tolerances.

3

16639] Figure 7 is a sectional view of frame 38 taken along Iine 7-7 of Figure 2 showing the
spring-loaded mechanmisms that support blades 42 in frame 38. Each blade includes a mounting
member 70 that extends beyond the surfaces that contact the DIMMs 16 and blades 34 of cold
plate 32. The mounting members are more clearly shown in Figure 2. Frame 38 mcludes a
mounting cavity 72 for each mounting member 70 of each blade 42. Along the base of mounting
cavities 72 are retention surfaces 74, Retention surfaces 74 retain mounting members 70 in
mounting cavifies 72 during assembly and when frame 38 is in the open position. Springs 76 are
positioned within mounting cavities 72 and in contact with mounting members 70. A cap bar 78

is attached above the springs, thereby compressing the springs.

8340} When frame 38 is in the closed position, blades 42 are in contact with DIMMs 16 and
blades 34 of cold plate 32, as shown in Figure 6. Accordingly, springs 76 are compressed
further, and a gap is present between mounting roerabers 70 and retention surfaces 74, Since
springs 76 are coropressed, the springs continue to exert downward force, thereby maintaining

the thermal conduction paths between DIMMs 16 and blades 34 and 42, as shown in Figure 6.

{041} Note that when frame 38 1s in the closed position, gaps will typically exist between
mounting members 70, and the inner walls of cavitics 72, retention members 74, and cap bar 78.
In essence, the mounting members are “floating” within mounting cavities 72, with downward
pressure being exerted by the springs 76, Accordingly, cach blade 42 can accommodate
variations caused by thermal expansion and contraction, and variations caused by manufacturing

and assembly tolerances.

1642} In the embodiments shown in Figuares 1-5, the cold plate includes a single cooling
foop that traverses a portion of the perimeter of the block of DIMMs 16, Each blade of the cold

plate has two ends coupled to the cooling loop, and the blades of both the cold plate and frame
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are made of a material having excellent thermal transfer properties, such as copper, alununum,

steel, and the hike.

(6643} Table | below shows temperature measurements taken at pomnts A, B, C, D, and E of
Figure 5 at two different higuid fow rates, with DIMMs 16 operating under a typicai load. Point
A represcnts the center of a blade of the frame, point B represents the center of a blade of the
cold plate, pomnt C represents an end of the active cooling surface of the blade of the cold plate,
point D represents an end of the blade of the cold plate proximate the attachment point to the
cooling loop, and point E represents a point on the cooling loop. Note that temperature

measurements at flow rates of 0.3 and 1.1 Hiers per minutes are shown,

[044] in a typical server computer system, it is desirable to maintain case temperatures at ot
below 85 © C. As can be seen m Table 1, the embodiments shown in Figures 15 maintain

temperatures below 85 © C at flow rates o 0.3 and 1.1 liters per minutes.

Temperature gradient
Temperature (deg

Location C) Delta T (deg C)
- N o A\
g = B 68 "
§ % C 67 1
g2 i
g D 56
g 24

E 2
A 72 N\

% 12
B B 60
c

zZ 4

% B C 56

S5 2 11

g D 45

5 17

T E 28 S
AN

Table |
1§64 5] While the embodiments shown in Figures 1-5 having a cooling ioop that traverses a

portion of the perimeter of the block of DIMMSs provides acceptable performance, in another
embodiment, liguid is routed through each blade of the cooling plate. Figure § shows a block

diagram of this embodiment.
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8346 In Figure 8, blade 82 of cold plate 80 represents a fivst blade m a series of blades, and
blade 84 represents a last blade in the series. Blade 82 includes channel 86, and biade 84
includes channe] 88, with each channel carrying cooling liquid through the blade. Cooling loop
90 13 configured to route cooling liquid through the channel of each blade. Accordingly,
although the embodiment shown in Figure § is more complex than the embodiments shown 1n
Figures 1-5, the temperatures along the channels 86 and 48 wiil tend to be more similar {o the

temperatures at points 1 and £ in Table 1.

1647} Figure 9 is a flowchart 92 dlustrating how cmbodiments of the present invention cool
DIMMs. In block 94, beat is conducted away from a first side of cach DIMM to a blade of a cold
plate. In block 96, heat is conducted away from a second side of each DIMM to a blade of a
frame. In block 98, heat is conducted from the blades of the frame to the blades of the cold plate.
Finally, in block 100 heat is conductied from the blades of the cold plate to the hguid flowing in

the hquid cooling loop.

13048} Block 1004, in conpunction with block 100, represenis the embodimenis shown in
Figures 1-5. Accordingly, heat is conducted from the ends of the cold plate blades (o the Hquid
cooling loop. Block 1808, in conjunction with block 100, represents the embodiment shown in

Figure 8. Accordingly, cooling Hguid is routed through a channel of each blade of the cold plate.

10649} Embodiments of the present invention provide many advantages over the prior art.
Liguid cooling loop connections reroatn fixed as DIMIMSs are added or removed. In contrast,
prior art configurations provide Hguid inlets and outlets for each DIMM, thereby causing the
addition and removal of DEIMMs to be cumbersome and time conseming. With embodiments of
the present invention, a single inlet and outlet is provided for a block of BIMMs, and the

mlet/outlet connections need only be coupled once during the manufacturing process,

186506} Embodirments of the present invention require little extra space above the DIMMs, as
is shown 1 the Figures. Prior art air and hquid cooling solutions often consurne space above the
DIMMs. In addition, embodiments of the present mvention 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 cooling loop conmections. Also, space is saved by eliminating the need for cooling fans to
direct arrflow over the DIMMSs. Of course, acoustic levels may also be reduced. Finally,

embodiments of the present fovention provide simple and tool-free memory configuration, since
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the frame is casily removed from the cold plate using one or more handles on the frame, thereby

providing access to the DIMMs

0651} 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 1s:

i An apparatus (20} for cooling memory modules (16} comprising:
a cold pate (32, 52, 80) comprising:
a liquid cooling loop (36, 80) having an inlet (22) and an outlet (24); and
a plurality of blades (34, 82, 86) thermally coupled to the cooling loop (36, 80),
the plurality of blades (34, 82, 86} arranged to be interieaved with a phurality of memory modules
{16); and
a frame (38, 54) comprising:
a plurality of blades (42} arranged to be interposed between the plurality of
memory modules (16) and the plorality of blades (34, 82, 86) of the cold pate (32, 52, 80) when

the frame (38, 54} is coupled to the cold pate (32, 52, 80).

2. The apparatus (20} for cooling memory modules (16) according to claim 1 wherein the
( ) g M g

fraroe (38) includes a plurality of mounting cavitics (72}, and cach blade of the plurality of blades
{(42) of the frame (38) includes a pair of mounting members (70}, with each mounting member
positioned in a mounting cavity of the plurality of mounting cavities (72}, and wherein a spring
{76} 1s included in cach mounting cavity to urge a mounting member (70} of each blade {42) into
thermal contact with a memeory mwodule of the plurality of memory modules {16} and a blade of

the plurality of blades (34} of the cold plate (32).
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3. The apparatus (20} for cooling memory modules (16) according to claim | wherein at
least one blade of the plurality of blades (34) of the cold plate (32} includes a sloped surface (673,
and at least one blade of the plurality of blades {34} of the cold plate (32) includes a surface that
is not sloped (69}, and at least one blade of the phurality of blades {42} of the frame (38} includes
a sloped surface (71), and at least one blade of the plurality of blades (42) of the frame (38)
mnclodes a surface that is not sloped (73}, and wherein a memory module of the plurality of
memory modules (16) has a first side conled by the surface that is not sloped (69} of a blade of
the plurality of blades (34} of the cold plate (32}, and the memory module has a second side
cooled by the surface that s not sloped (73) of the plurality of blades (42) of the frame (38},
wherein the stoped surface (67) of a blade of the plurality of blades (34) of the cold plate (32} is
in thermal contact with the sloped surface (71) of a blade of the plurality of blades (42) of the
frame (38), and the sloped surfaces (67, 71) cooperate to apply lateral force to urge the surlaces
that are not sloped (69, 73) into thermal contact with the first and second sides of the memory

module.

4. The apparatus {20} for cooling memory modules (16} according o claim | wherein the
Hquid cooling loop (36) traverses at least a portion of a perimeter of block of memory maodules

N\ ~

(16} and 1s thermal contact with each blade of the plurality of blades (34) of the cold plate (32,
(i P 3 p

52 proxamate ends of the blades.

5. The apparatus (20} for cooling memory moodules (16) according to claim 1 wherein cach
blade (32, 84} of the plurality of blades of the cold plate (90} includes a chanmel (86, 88), and the
hguid cooling loop {90} is coupled to each blade (82, 84} and cooling liguid is routed through the

channel] (86, 88) of cach blade (82, 84).
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6. A compuier system {10) comprising

one or more central processing units (12);

a bank of memory module sockets (30);

core logic (14);

one or more busaes (1 8) coupling the one or more central processing units (12}, the bank
of memory module sockets {30}, and the core logic (14);

a cold plate (32, 52, 80) having a plurality of blades (34, 82, 84) interlcaved with the
memory module sockets (30}, for cooling memory modules {16) when memeory modules are
mnserted in the bank of memory module sockets (30);

a liquid cooling foop {36, 80 having an inlet (22) and an outlet (24}, and in thermal
contact with the phurality of blades (34, 82, 84} of the cold plate (32, 52, 80); and

a hquid cooling loop pump and coohing unit (28) coupled (26) to the inlet (22) and the

cutlet (24) of the hquid cooling loop (36, 80

7. The computer system (10} according to clatm 6 and further comprising:
a frame (38} coupled fo the cold plate (32) at a first end via a hinge (24} coraprising:
a plurality of blades (42} supported in the frame (38);
a handle (44} having a locking mechanism {46, 50} that engages a locking feature
{48} of the frame (38);
wherein the frame (38} pivots along the hinge (24) between an open position and a closed
position, and in the closed position, the plurahity of blades (42) of the frame (38) are nterposed

between the plurality of blades (34) of the cold plate (32).
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8. The computer system {10} according to claim 7 wherein the plurahity of blades (34} of the
cold plate (32) and the plurality of blades (42) of the frame (38) cach have a sloped surface and a
surface that is not sloped, the computer system further comprising:

a plurality of memory modules (16) inserted info merory sockets (30) of the bank of
memory sockets (30);
wherein when the frame (38} is in the closed position, each memory module has a first side
cooled by thermal contact with a surface of a blade of the phurality of biades (42} of the frame
(38) that is not sloped, and a sccond side that 15 conled by thermal contact with a surface of a
blade of the plurality of blades (34) of the cold plate (32) that is not sloped, with sloped surfaces
of cach of the plurality of biades (42) of the frame (38) in thermal contact with sloped surfaces of

blades of the plurality of blades (34) of the cold plate (323,

9, The coroputer system (10} according fo claim 7 wherein the frame (38) includes 2
plurality of mounting cavities (72), and each blade of the plurality of' blades (42) of the frame
(38) includes a pair of mounting members (70), with each mounting member positioned in a
mounting cavity of the plurality of mounting cavities {72}, and wherein a spring (76) 1s included
m each mounting cavity to urge each blade (42) into thermal contact with a memory module of
the plurality of memory modules (16} and a blade of the plurality of blades (34} of the cold plate

(32).

10. The computer system (10} according to claims 6 and further comprising:
a detachable frame (54) attached to the cold plate (52) comprising:
a plurality of blades supported in the frame (54);
first and second handies (56, 58) having a locking mechanisms {60} that engage
locking featurcs (62) of the frame (52);
wherein the plurality of blades of the frame (54) are mterposed between the plarakity of

blades of the cold plate (52).
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1. The computer system (10) according to clain 10 wherein the phurality of blades of the
cold plate (52) and the plurality of blades of the frame (54} each have a sloped surface and a
surface that is not sloped; the computer system further comprising:

a phurality of memory moduies (16) inserted tnio memory sockets (30} of the back of
memory sockets (30);
wherein each memory module has a first side cooled by thermal contact with a surface of a blade
of the plurality of blades of the frame (54) that is not sloped, and a second side that is cooled by
thermal contact with a surface of a blade of the plurality of blades of the cold plate (52) that is

.

not sloped, with sloped surfaces of each of the plurality of blades of the frame (54) 1 thermal

contact with sloped surfaces of blades of the plurality of blades of the cold plate (52}.

12, The computer system (10} according to claim 11 wherein the frame (52} inclodes a
plurality of mounting cavities, and each blade of the phlurality of blades of the frame {52} includes
a pair of mounting merobers, with each mounting member positioned in a roounting cavity of the
plurality of mounting cavities, and wherein a spring is included in each mounting cavily io urge
each blade of the plurality of blades of the frame (52) mto thermal contact with a roeroory
module of the plarality of memory modales (16) and a blade of the plurality of blades of the cold

plate {52}.

1
i

3. A mcthod (92} for removing heat from a phurahity of memory modules cooled by a single
higuid cooling loop coupled to interleaved blades of a cold plate comprising:

conducting (94) heat from a first side of each memory module of the plurality of memory
modiides to a blade of the cold plate;

conducting (96) heat from a second side of each memeory module of the plurality of
memory modules to a blade of a frame;
conducting {98) heat from blades of the frame to blades of the cold plate; and
conducting (100} heat from the blades of the cold plate 1o hquid flowing in the Hguid

cooling loop.
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i
14. The method according to ¢laim 13 wherein conducting {100} heat from the blades of the
cold plate to Hguid flowing in the Hguid cooling loop includes cooling (100a} each blade of the

cold plate at an end of each blade.

15, The method according to claim 13 wherein conducting (100} heat from the blades of the
cold plate to Hguid flowing in the Hyguid cooling loop mcludes routing (100b) hguid through a

channel of each blade of the cold plate.
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