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Confined Direct Two-phase Jet Impingement Cooling with
Topology Optimized Surface Engineering and Phase
Separation Using Additive Manufacturing
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Project Vision — To address the instability, boiling crisis and reliability of confined two-phase jet
impingement cooling, our solution includes new algorithms for topology optimization of the cooling
structure, novel on-chip direct printing methods for laser powder bed fusion of multi-porosity wicks,
and an additively manufactured multi-input\multi-output fluid distribution manifold.
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Motivation: Direct-to-Silicon Liquid Cooling to Eeliminate the TIMs
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Motivation: Direct-to-Silicon Liquid Cooling to Minimize Thermal Crosstalk
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As the GPU power keeps increasing towards 2.5 kW and 3 100 150 200 250
kW, the thermal coupling between GPU and HBM will become Logic Chip Flux (W/em?®)
significant; Patel, A, .. & Wei, T. (2025). Int. J. Heat Mass
Direct-to-silicon can effectively cool the GPU and HBM Transf, 244, 126978, -
separately, especially for Megawatt Rack.

(&)
o

@AR PAE . ‘ November 26, 2025 3



Problem/Set Up: Needs a More Cost-effective, Energy Efficient Solution

Conventional 2D microchannel cooler Direct-to-Si jet impingement cooling with distributed
inlet-outlet nozzles

Vapor separation
membrane

Heat flux

L] \ 1
Porous wick over heated surface

Micro-channel approach introduces risk and cost by requiring

lithography and etching of the back-side silicon

Jet impingement is more scalable to large chip sizes with lower

pressure drop and more uniform temperature
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Our Solution: Direct-to-Silicon Jet Cooling: Two-Phase R1233zd(E)
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Novel liquid and vapor separation improvement
method for two-phase jet impingement

Novel on-chip direct printing method

Ultra compact and thin lid integrated
impingement multi-jets manifold for on-chip

cooling

-

Nozzle for
Logic

Three
path
manifold

Nozzle for Metal

HBM

Direct on-chip
metal wick printing
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NVIDIAV100

enclosure
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* Purdue patented: Novel Liquid and Vapor Separation Improvement Method for Liquid Jet Impingement

* Purdue patented.: Ultra Compact and Thin Lid Integrated Impingement Multi-jets Manifold for on-Chip Cooling
* Binghamton patented.: Direct-on-Chip Metal Printing
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Technology Description: Surface Engineering and Phase Separation

Confined direct two-phase jet impingement cooling with R1233zd(E) as working fluid
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System Integration Results and Midterm Milestone
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Integration of manifold with wick printed V100 GPU

0.016
i 0.014 Ren = % « Successfully tested wick printed V100 GPU with direct on chip
% 0.012 two-phase liquid jet impingement, which delivers 300 W of TDP.
2 001 + Successfully demonstrated functionality of the V100 GPU after
& 0.008 printing of the wick structure
g « Performed reliability testing for more than 1000 hrs of
g 0.008 continuous testing.

0.004 « System availability: 98.88%
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The Megawatt Rack

= A 1MW rack would require 675 LPM of
coolant recirculating through the
system.

= At areasonable pump efficiency, the
pumping power required is evaluated to
be at 5 kW.

= Asignificant reduction in cooling energy
utilization

1MW -
Rack 0 I:>

3kW Packaging

Liquid cooled rack on steroids

Scale to the Megawatt rack: challenges

= Extremely high vapor volume outflow for two-phase operation in MW
racks.

= The recommended path forward is to utilize a vapor separator cooling
approach for MW server racks, which we will demonstrate to enhance
enhanced system stability in our rack-level testing.

= Forthe CDU, its control capabilities—particularly flow rate and
temperature regulation must be evaluated across a wide range of flow

Integration of cooling conditions to address the rising CPU power demands of the 1 MW rack.
solution on 1U server
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What is Next: Passive and Pumped Rack Cooling System Integration
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" Server
Chip
woe || Dl
Manifold . P
Receiver

Rack

Facility

Manifold
Quick connects
Tubing
Sensors
Flow meter
Control valves
Pumps
Condensers
Reservoir
Coolant
Mixing Chamber

Facility water
system
VFD pumps
VFD dry cooler

Transfer direct printing process to Nvidia H100
Deploy direct-on-chip cooled GPUs in server

Demonstrate in passive and pumped rack
cooling system ;
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What is Next: Rack Level Demonstration

— « The heater is designed to replicate the NVIDIA B200 GPU.
[ Rack | » The heater can go up to 1.5 kW of heat load.
~ohip | q"}b”"t - An NVIDIA thermal test vehicle is to be used that contains four
- Distributer stm: Facility water heaters, making a total heat load of 6 kW per TTV.
Manifold oo Controlvalves VFD pumps « The rack demonstration is assembled to test a heat load of
iy e 12 kW in a rack CDU.

Heater assembly schematic

Ceramic heater

wick structure
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-
Reservoir: Provide
expansion volume

What is Next: Rack Level Demonstration mpesdhtacemn

Server Mounted
on the rack

Manifolds for

QTQDs for easy attachment Instrumentation L
of the cooling system for the fluid side

Details of the two-phase CDU:

= Coolable Heat: 80 kW

* TTV = Refrigerant Type: R1233zd(E)

= Rack Height: 42U

= |PCU Height: 7U

= Multiple redundancies with hot swappable serving

= |ndustrial condenser with isolated facility water loop uses warm
(ASHRAE W45) or chilled water

Lt o s Y e L

Two-pﬁase in rack CDU system = Zero risk of water coming in contact with electronics, eliminating
(CDU contributed by VERTIV) risk to GPUs
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System Reliability

Estimating operational availability

Power density vs. Efficiency

35,4.71,108.44
.

30,3/43/103.78

36,4.72,91.28
.

32, 4.06, 88.68
. 28, 4.54, 86.60

15, 4.33, 83.29°
.

24,3.29,82.51
.

Efficieﬁcv (%)

45,4.88,114.
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Tools Developed

™

RelBing: A Tool for Building Reliable
Systems

BINGHAMTON

UNIVERSYTY Re

State University of New York

|

Reliability approach

FMEA

Identify Critical
Failures

'

Defining Normal
Operating
Condition

v

Standardize the
test conditions and
Accelerated Tests

}

Give Reliability
estimations

SLno Failure Mode Criticality | Occurrence | Detection | RPN
1 Delamination 6 3 3 54
2 Cracks in silicon 6 2 5 60
3 Corrosion 5 2 6 60
4 Loose powered fouling 6 5 2 60
5 Erosion 6 3 3 54
6 Leakage 5 2 2 20
7 Non uniform injection 1 4 4 16
8 Crack in Manifold 1 2 2 4

Assessing Reliability: Modeling and testing

Exercising models available for

Clogging
Corrosion
Erosion

Impinging Particle

‘-

State Space Model: Markov Chain

Lumped Model

1- (A +42) At
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Needs/The Ask: Funding, Partnerships, Advisors

o CHIPADD founding team talent (speak to Dr. Schiffres & Dr. Enright today)
o0 Processor OEM partnership (mitigate technical & business barriers)

o Commercialization funding (scale from lab to field deployed MVP)

Go/NoGo Transition Scaling
. © il
03/2025 06/2025 09/2025 1 2/f025 03/2026 06/f026 09/2026 12/2026 03/2027 06/2027
Single Server chip Rack level Rack level System payback Systemlevel  Submission of l l . l .
prototype & ' assembly reliability and economic testing project report Technology Field P'IOt‘I'“e
reliability system  Design & testing impact modeling & validation l commercialization deployed established
model optimization for Submit Einal team in place POC
rack level test iti ubmit Fina l
-l Transition I_3Ian Transition Plan l
Finalize Draft Submitted : C lidat
T Submit Final Strategic seed onsolidate
Commercialization T2M Plan funding secured supply chain &
Pathway strategic

partnerships
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