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First try pressing copper tubing into channel 



Visible gaps on both side edges



Tflex 600

No contact on edges.



Add holes here



Added four 6-32 holes on  edge

All mounting screws have nylon 
washers under them to prevent 
shorts. 

Green  →Gap Pad Tflex 300  

A little softer
1.2W/m-K
$12 a sheet

Blue  →Gap Pad Tflex 600
Very soft
3.0W/m-K
$125 a sheet

We will test with Tflex 300 first. 



Before After adding extra screws

Switched to Tflex 300
Tflex 600



Before

Gap No 
Contact

Gap Gone



Amount tube sticks out above Al Plate

0.015 side is fine.  

May make a mod to design to make the 
channel 0.015” deeper.

0.030” at this end

0.015” at this end



Placement of 4 new holes.

In line with these holes

5.0”

3.0”



Setup

Chiller  
+/- 2C

Using TFLEX 600 gap pad

We are using 4 K type thermocouples to 
monitor the temperature at a few locations on 
the ROC board.  
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U156

Fluid input



There are 4-5 regulators 
running at 90-100C (White 
on picture).  U156 is the 
worst in terms of temp.
C-Grade rating  125C MAX
Lt1585 cm 9266368
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Cooling with just the plate.



Plate is doing something. 
You can see temps change 
as the cooling fluid temp 
changes (T1).  As T1 goes up 
a little, the other 3 
components follow. 

The ROC board is not 
designed to pull heat 
efficiently from the 
regulators through the back.

We will need to cool them 
directly.  



Added heat sinks to most regulators. 



Heat Sink Part 
Number



1

2

3
4

After adding heat sinks

u160

U156 1

2

3

4



After adding heat sinks

2 regulators are 
35C cooler. Note 
T1 is 3 degrees 
higher. 

Note: Temp of cooling 
fluid (T1) is 18C so 
FPGA (T3) temp went 
up 3 degrees following 
the fluid temp.



With Heat Sinks Without Heat Sinks

Highest temp around 60C Highest temp around 105C

Next Step: Try adding heat sink to FPGA



Testing with cold plate. 



ROC without cooling plate connected.. Floating. No Fan.  Still has 
heat sinks on regulators.  Wanted to test how much heat the cold 
plate is removing. 

Was still going up but 
stopped the test since 
there was no cooling. 
Regulators still have heat 
sink. 



Attached cooling plate and turned the chiller on. 

Stable again.  Went back 
to the previous numbers.  
Cold plate drops the 
temp of the regulators 
by 35-40C



Without Cooling Plate With Cooling Plate

Highest temp around 95C
Highest temp around 60C



Summary

26

- Recommendation #5. Complete the FEA of the cooling of the ROC. 

Answer: instead to do the FEA analysis, we built the really ROC Aluminum plate support with cooling embedded 

and we did thermal studies: 

- To ensure normal operation of the ROC during data taking we need following:

a) Thermal plate with cooper cooling tubes embedded 

(two inputs and two output)  

b) Cooling sets at 18 degree Celsius 

c) heat sinkers are needed and they are mounted on the regulators of 

the ROC front side ($1 each heat sinker)

- Under these conditions: 

a) the regulators are operating at 60 degree C (instead of 105 degree C

during FVTX operation)

b) the FPGA chips are operation at 38 degree C  


