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Drivers of Disaggregation in the Compute Ecosystem-1

- Ever increasing compute demand — increasing core count in legacy x86
and ARM-based CPU architectures

- Computing nuances — GPU (graphics processing unit), NPU (neural
processing unit) and TPU (tensor processing unit)

- Difficult to incorporate more compute cores, communication functions and
tailored processors on the same substrate — chip reticle size limit

- Co-packaging processor types like CPU and GPU is still not feasible due
to different junction temperature limits
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Drivers of Disaggregation in the Compute Ecosystem-2

- Evolving artificial intelligence applications like ChatGPT, machine

learning, inferencing, etc. — CPU developers seek external partners for
specialized functional chiplets

- Emerging Universal Chiplet Interconnect Express (UCle) standard for die-
to-die communication — new solution providers, shorter development
time

- Disaggregation — new era of packaging with high I/O count, large
body sizes and socketable land grid array (LGA) as preferred attributes
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Examples of Disaggregation in the Compute Ecosystem

- AMD EPYC®, Ampere Computing’s AmpereOne®, Nvidia’s Grace® CPU
in the Grace-Hopper® superchip configuration, Intel’s scalable Xeon®, etc.

- Disaggregated CPUs offered in lidded (heat spreader) as well as lidless
or partially lidded packages

- RN

Partially Lidded AmpereOne® Fully Lidded AMD EPYC®

Lidless Nvidia Grace CPU
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Challenges in Thermal Regulation of Lidless & Partially
Lidded CPU Packages
- Thermal regulation stack: chiller and (
controller for TCUs, passive thermal lid or
active temperature control unit (TCU), device
under test (DUT), socket, validation/test PCB CPU
- For partially lidded packages, mechanically-
and thermally-interfacing to two datums is : ]
challenging Outer--Inner--Outer Pushers
- Socketed CPU — adequate force to maintain
lowest contact resistance —e.qg.
35gm/contact, ~6000+ contacts
- Ergonomics — size and weight
e e e
Partially Lidded CPU =
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Approaches to Thermal Regulation in Validation Systems

Active: TCUs provide temperature regulation
above or below the chiller set temperature to meet
test temperature

TCU architecture: air pressure- or electrically
actuated thermal head, a controller to operate
thermoelectric coolers (TEC), a chiller and a
software interface

Passive: temperature control accomplished using
a heat exchanger

Targeted coolant flow — reduced thermal
gradients across surfaces in contact with the CPU

Passive thermal solutions — a fraction of the cost
of TCU; lower maintenance
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Design Approach for Multizone Passive Thermal Heads

- Thermal design power (TDP) and the | COOLANT.OUT MANIFOLDS
number of independent control zones a CHILLER-1

COOLANT-IN
- Generate design concept for the heat

exchangers in each zone
. . . CHIPLET-1 -
- Computational fluid dynamics (CFD) P
simulations to estimate the COOLANT-OUT
. . — CHILLER-2 COMPUTE-1 COMPUTE-2
temperature rise at thermal interfaces a COOLANT-IN | |
of each zone
- Bracketing studies to estimate the CHIPLET-4 CHIPLET-3
effect of chiller temperature and
coolant flow rate on temperature rise ﬁ COOLANT-IN
. ¥ CHILLER-3
(TRISG) COOLANT-OUT
" P
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Scaling Multizone Thermal Control Approach for
Multiple Validation Systems

- The number of validation systems that can be supported by each chiller for

each zone depends on the TDP and test temperatures vs. heat removal
capacity of the chiller

- Each chiller can support multiple validation systems by using input and return
manifolds

COOLANT-IN

Il B

DUT-1 DLJﬂ-Z DUT‘-3

i |

COOLANT-OUT

A

RoF
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Passive & Quasi-Active Approaches to Thermoregulation in the Characterization of Chiplet 9 5@;
Based Devices in the Semiconductor Ecosystem A'wf

INCE

TestConX Workshop www.testconx.org March 3-6, 2024




TestConX 2024

Session 7

Chiplets & mmWave

Presentation 4

- Chiller temperatures are set
based on the DUT temperatures
for each zone

- The TDP vs. TRise for each zone
is calculated by simulation (next
slide)

- To set nearly isothermal
boundary on the DUT, the chiller
temperatures are offset as
needed

- Raspberry Pi 4 is used to vary the
chiller setting as needed to
achieve a quasi-active thermal
control system

)
a CHILLER-1
I
ﬁ CHILLER-2

ﬁ CHILLER-3

COOLANT-OUT
COOLANT-IN

Building A Quasi-Active Thermal Regulation System

COOLANT-OUT

COOLANT-IN

MANIFOLDS
CHIPLET-1 CHIPLET-2
COMPUTE-1 COMPUTE-2

|

COOLANT-IN

COOLANT-OUT

CHIPLET-4

CHIPLET-3
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TDP vs. TRise (Zone-2 Pedestal)

28.5

Pedestal Temperature (
L%
-]

Zone-1 26
Tubing 25.5
25
0 50 100 150 200 250
TDP vs. TRise (Zone-1 Pedestal) Power Dissipation (W)
43 —a—Min Temp Max Temp

W B
=~ o

For temperatures <10C, a purge
box is used to prevent
condensation (not shown in the
image above)

w
wn

Pre-optimization sensitivity study
of TDP vs. TRise in Zone-1 and
Zone-2 by CFD simulation

Pedestal Temperature (C)
BB 8

]
~l

]
wn

0 50 100 150 200 250 300 350 400
Power Dissipation (W)

——Min Temp Max Temp
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Example: Dual Zone Thermal Head in Validation PCB

- Zone-1 pedestal gradient less than 3.25C. This can be
further reduced by design optimization of that zone.

- For TDP of >300W, the temperature rise above chiller
setting was ~10C.

34.74 @ @ Surface Parameters 1
3427 Termperature (Solid) Minimum 30.50 °C
3380 ) Temperature (Solid) Maximum  |34.73 °C
33.33 Temperature (Solid) Average 3225°C
32.86 Temperature (Solid) Surface Area|0.0014 m"2
3238
31.92 Environment Pressure
3145 408 782315 in H(2)0
30.98 Inlet ¥olume Flow
30 51 2.24 gal (US)min

Termperature (Solid) [*C]

Surface Plot 1: contours

‘ O O

rﬁ"%
=54
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Example: Dual Zone Thermal Head in Validation PCB

- Zone-2 pedestal surface gradients 2172 o
less than 1.25C for a TDP of >100W. [ .
This gradient can be further reduced | & »
by design optimization. [ 2622
- For TDP of >100W, the temperature & 2
rise above chiller setting was ~2.5C .
- Various TDP cases and test Temperature (Solid) [°C]

Surface Plot 1: contours Q

temperatures studied — chiller offset

temperatures between zone-1 and
zone-2 from 2C to 10C
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Chiplet Temperature Measurement: Zone-1 (Low) &
Zone-2 (High)
_ Graph ShOWS measured Chiller Temperature vs. Die Temperature

temperatures in the two zones L Zone-2 Zone-2 Zone-1
for various chiller settings

99
93

100

-The test goal was to make
chiplets in zone-2 reach the
maximum temperatures with
minimal work loads

60

Temperature

-Zone-1 was set high, the chip
in a quiescent state where the
temperature build up above the
chiller temperature is ~10C v

27

20 14

0 18 28 38 48 58

Chiller Temperature
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Conclusions

1. A design approach for low-cost multi-zone passive thermal hat for application in
validation systems is presented. A dual zone passive thermal hat was designed as
a test case using CFD simulations and optimized.

2. The passive thermal hat was tested at varying chiller temperatures, it maintains
stable surface temperatures for the test cases investigated.

3. It was possible to reach nearly 100C in one of the zone-2 with workloads

4. In zone-1 with the compute chip in a quiescent state, the thermal hat maintains a
constant thermal gradient under variable chiller temperature setting.

5. The passive thermal hat solution costs a fraction of the traditional TCUs and
requires very little maintenance.

6. Some measure of automation can be accomplished by connecting a single board
computer like Raspberry Pi to control the chiller temperatures remotely.
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CFD Can Be Fun!
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