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1. LQDX’s Metallization Technology
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Incubated at Stanford Research Institute Engineered at LQDX Santa Clara

Patented Nano-Inks for AI and Datacenter-Driven PCB & Advanced Semiconductor Packaging

LQDX is a Silicon Valley Nanomaterials Innovator Focused on Ultra High-
Density PCB & Advanced Semiconductor Packaging
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A unique atomic seed metallization chemistry suite 

enabling thin, conformal deposition of palladium, gold, 

copper and other PCB, semiconductor and bio-compatible

metals by dipping, spraying, spinning or printing methods.

Palladium (the most common product) is the bedrock of 

every printed circuit made, including the most advanced 

substrates and semiconductor packaging techniques, and 

the industry roadmap demands features of 1um and below.

LMI®: PVD-In-A-BottleTM

The Tech: LMIX
® | PVD-in-a-BottleTM

LQDX’ patented Liquid Metal Ink (LMIX®) technology is 
proven to meet this need without Physical Vapor 
Deposition (PVD)
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What is Unique about LMIx
® ?

▪ Atomic:  5nm+ nano-layers of pure metal 
deposition (unlike existing aqueous chemistries)

▪ Conformal: coats complex topologies and materials 
(unlike PVD)

▪ Organic: highly wetting tailored rheology         
(unlike aqueous chemistries)

▪ Low Viscosity Ink: designed for low-cost application 
(dipping, printing, spinning, spraying)

LMI® has a unique molecular composition enabling ultra-thin conformal atomic deposition 
on complex features and a broad range of substrate materials at low temperature.
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Standard US PCB 
Products:
75/75um Circuits

Ultra High-Density 
Interconnect (UHDI):
25/25um Circuits

LQDX LMIx®

1/1um Circuits

9X

625X

Enabling the Highest Density Circuits on the Widest Range of Materials

Ultra Thin: a few nanometers thick

Ultra Dense: uniform atomic metal deposition

Ultra Conformal: high wettability to complex features

Ultra Compatible: adheres to any advanced substrate

Ultra Flexible: available in multiple metals and alloys

Lowest cost of adoption easily integrates into existing 
wet-chem back-end lines vs. PVD (Physical Vapor 
Deposition (PVD) front-end) manufacturing lines
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Enabling Superior Adhesion on All Advanced Substrates  

Adhesion (Peel) 
Strength (N/cm)
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Enabling Ultra-Dense Lines/Spaces on the Most Advanced IC-Substrates 
Ultra-Thin Electroless Copper (40nm) + Ultra-Fine Lines/Spaces (1/1um) with Preferred Grain Size & Structure: ACLTM & LMIx

®

Pd
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Enabling Superior Signal Integrity with Aluminum Clad Laminates (ACLTM)

Extremely Thin Seed Layers = 
Extremely Straight Side Walls

Extremely Low Aluminum Roughness = 
Extremely Fine Lines w/ Strong Adhesion
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Enabling Superior High-Frequency Interconnect Performance

Extremely Thin Seed Layers = 

Extremely Straight Side Walls

and Extremely Fine Features.

Extremely Low Roughness 
with Strong Adhesion

Insertion Loss

Insertion Loss
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LQDX-Alconix-Brewer Science Design/Mask (7um, 
15um, 20um features). Max Temp 170C.

• SUMITOMO: PROPRIETARY EMC

• LQDX: LMIx®

• ATOTECH: E-less Cu  MV TP2

• BREWER SCIENCE: Photo Resist + Imaging 

• MARCH: Pre-Plasma: O2/CF4

• ATOTECH: ECD + PR Removal/Flash Etch

IMAPS DPC March-04-2025, Arizona USA

Enabling Next Gen Packaging: E.g. Low-Cost Ink Metallization of FOWLP 
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Enabling Next Gen Semiconductor Packaging: E.g. Silicon Substates w/ TSV

Substrate on Wafer Test 
Vehicle (Designed by AMAT):

TSV: 2:1 Aspect Ratio
ABF GX92 + LMIx

®

IMAPS DPC March-04-2025, Arizona USA

Shared Courtesy of Applied Materials Inc. 

IMAPS 2025 Device Packaging Conference | Phoenix, AZ

00486



The Future Of Interconnect. LQDX  I Santa Clara, CA  I Q1-2025 I 14

2. Metallization of Ultra UHDI Organic Substrates
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Enabling Advanced UHDI PCBs Using 100% USA Supply Chain

½ mil (12um) patterns on 6-Layer UHDI RF 
circuit boards using 100% USA material set 

including LQDX ACLTM & LMIx
®

(Designed and built by NSWC Crane)
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Reliability Data - Thermal Stress, Convection Reflow Simulation

▪ Test Method:  IPC-TM-650 Method 2.6.27B, Table 5-2 
(230℃)

▪ Reflow Profile: 230 ℃

▪ Quantity of Cycles: 6

▪ Number of Nets per Coupon: 2

▪ Failure Percentage (%): 5
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Reliability Data - Thermal Shock

▪ Test Method:  IPC-TM-650 Method 2.6.7.2C, Continuity

▪ Cycle Range: -55℃ - 170 ℃

▪ Quantity of Cycles: 500

▪ Number of Nets per Coupon: 2

▪ Failure Percentage (%): 5

Continue For 

500 Cycles

-60

-10

40

90

140

190

0 1000 2000 3000 4000 5000 6000 7000

T
e

m
p
e
ra

tu
re

 (
℃

)

Time (seconds)

AirTemperature, shown as 5 cycles

Hot Target Value 170 ±2℃

Cold Target Value -55 ±2℃

Failure %

-1

0

1

2

3

4

5

6

0 50 100 150 200 250 300 350 400 450 500

R
e
s
is

ta
n

c
e
 C

h
a
n

g
e
 (

%
)

Cycle Number

Thermal Cycling - Resistance Change

Series 1 Series 2 Series 3 Series 4

IMAPS DPC March-04-2025, Arizona USA

IMAPS 2025 Device Packaging Conference | Phoenix, AZ

00490



The Future Of Interconnect. 18LQDX  I Santa Clara, CA  I Q1-2025 I

Reliability Data - Surface Insulation Resistance

▪ Test Method:  IPC-TM-650 Method 2.6.3.7

▪ Test Conditions: 40 ℃ / 90 %RH

▪ Duration: 72 hours

▪ Bias Voltage: 5 volts DC

▪ Measurement Voltage : 5 volts DC

Requirement (8 log ohms)

Requirement:

All SIR test patterns shall show a minimum 

resistance of 100 megohms (>108 ohms), 

beginning 24 hours after the chamber has 
stabilized at the elevated test condition
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3. Patterning of Sub-Micron Features & Vias
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1um Trace/Space Test Vehicle (LQDX + Japan Partnerships)

Consortia Test 
Vehicle: 1um 

Feature Pattern 
(Designed by 

AT&S)

• AT&S: Design

• AJINIMOTO: ABF GL-102

• LQDX: LMIx®

• UYEMURA: E-less Cu

• JSR: Liquid Photo Resist

• SCREEN: Direct Imaging 

• OKUNO: ECD + PR Removal/Etch

IMAPS DPC March-04-2025, Arizona USA
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5um Micro-Vias (2:1 AR) on ABF® GL Materials

10 um ABF

<5 um Diameter micro-via seeding with LMIx®

266 nm UV laser

Via Diameter 5µm (Light desmear)

Via Diameter 5µm (Regular Desmear)

IMAPS DPC March-04-2025, Arizona USA

A comprehensive DOE was completed to assess the impact of: (1) ABF material type, (2) laser type [excimer vs. UV],           (3) 
laser process conditions, (4) pre-clean and chemical de-smear parameters, (5) plasma pre-treatment, (6) compatibility of 

commercial e-less copper chemistries, and (7) cure/annealing variables. 

CONCLUSIONS: Optimal performance on GL materials = LMIABF, DI water rinse, minimal de-smear, 170C cure, with optimized 
laser parameters and process chemistry compatibility variables available with permission.
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Sub-Micron Features & Deep Vias in ABF with Dry Etch Processing

1um via

RF power 350 W

Pressure 70 mT

CF4:O2 9:1

Etch time 120 mins

CF4 rate (sccm) 36

O2 rate (sccm) 4

Ar rate (sccm) 25

Dry etch recipe for 1um vias

DRIE Process Flow

Highly efficient solution for high density panel level packaging: DRIE + LMI® 

(LMI® + E’less Cu)
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Achieving 10:1 AR by DRIE, design for AI and 6G applications

Trench Width: 0.6 um

Trench Depth: 6 um

Trench width: 1 um

Trench depth: 9 um

The roughness of the side-wall need to be 

optimized due to high etching rate (~190nm / min)

Cr mask Pt protection layer

IMAPS DPC March-04-2025, Arizona USA
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Improving side-wall roughness to enhance data/signal transmission efficiency

Roughness vs Etching rate DOE

Etching Time 

(min)

RF Power

(W)

Pressure 

(mT)
CF4:O2

Etching Depth 

(nm)

Etching Speed 

(nm/min)

Roughness 

(nm)

15 250 100

8:2 2850 190 500

9:1 2250 150 300

10:0 1300 87 100

Adding O2 increases the etching rate, but it also leads to a rougher surface

Roughness vs Pressure DOE

Etching Time 

(min)

RF Power

(W)
CF4:O2

Pressure

(mT)

Etching Depth 

(nm)

Etching Speed 

(nm/min)

Roughness 

(nm)

15 250

9:1
100 2250 150 300

900 900 60 300

10:0
50 1150 77 100

100 1300 87 100

Lowering pressure also increases the etching rate, but it has no impact on the roughness
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A 3-step process for 5um in diameter and 25 um in depth via with no resin or silica residual in the via

Step 1: Etching Silica filler

Smooth side-wall

RF power 350 W

Pressure 70 mT

CF4:O2 9:1

CF4 rate (sccm) 36

O2 rate (sccm) 4

Ar rate (sccm) 25

Step 2: Etching resin

Good resolution

RF power 350 W

Pressure 100 mT

CF4:O2 8:2

CF4 rate (sccm) 32

O2 rate (sccm) 8

Ar rate (sccm) 25

Step 3: Clean-up Silica filler

Accurate dimension

RF power 350 W

Pressure 70 mT

CF4:O2 9:1

CF4 rate (sccm) 36

O2 rate (sccm) 4

Ar rate (sccm) 25
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High signal communication efficiency, zero debris residual, high 

aspect ratio and less taper-angle for high density via process

10 um vias

5 um vias

100 um vias

Diameter: 5um

Depth: 25 um
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4. Metallization of Glass Substrates & TGV

IMAPS DPC March-04-2025, Arizona USA

IMAPS 2025 Device Packaging Conference | Phoenix, AZ

00500



The Future Of Interconnect. 28LQDX  I Santa Clara, CA  I Q1-2025 IIMAPS DPC March-04-2025, Arizona USA

Applying LMIX
® to Glass Core Substrates with High-AR TGVs
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Glass Substrate & Through Glass Via Low-Temp Metallization

Schott Borofloat-33 Glass 650um Thickness, 50um Via, 
13:1 AR TGV with LMIx

® and Electroless Copper

EAG’s protective layerCu

glass

Top 

Middle 

Bottom

EAG’s protective layer

glass

Cu
EAG’s protective layer

glass

Cu
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Enabling Glass Substrate & Through Glass Via Low-Temp Metallization

Adh. Promoter

Scan size=25x25um

Sa=3.855nm

After LMIx
® + E-less Cu

Scan size=25x25um

Sa=2.061nm

Bare Borofloat-33 Glass

Scan size=25x25um

Sa=1.312nm

Aqueous solution

Borofloat-33 Glass with via

LMIx® drop on Borofloat-
33 Glass with via

¼ playback speed

Scan size=1x1um

Sa=3nm
Scan size=1x1um

Sa=2nm

Scan size=1x1um

Sa=1.2nm FE-SEM: Bare Glass
Glass with LMI®

EDS: no palladium signal Cu Eds: copper signal
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Glass Substrate & Through Glass Via Scorecard

* The critical load at delamination was measured as 16.5 ± 1.4 mN across five scratches. The corresponding depth profile shows a residual depth of ~ 40 nm at the 
delamination point, confirming that the copper layer has been penetrated.
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Areas Addressed by LMIx
®

Yole’s 2025 Overview of High-Performance Computing Architecture
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Thank You

www.LQDX.com
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