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−1

Glass-Ceramic Composites
Amorphous/Crystallizing 

Glasses
Glass Powder

Ceramic Filler

Densification

High Q 

Ceramic Phase

High Efficiency 

Sintering Aid

Novel LTCC Composites

Low-Q Glass Phase

High-Q 

Crystalline Phase

High-Q 

Ceramic Filler

Low-Q 

Glass Phase

High Q 

Ceramic Phase

Q (total) V1 Q1 V2 Q2

Historic LTCC 

Materials

Low High Low Low High

332 0.9 300 0.1 10,000

Novel High-

Q LTCC 

Materials

High Low Low High High

2,362 0.1 300 0.9 10,000
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Lumped Element Filters

Lumped Element: The physical size of the element is negligibly 

small when compared to the wavelength of the electromagnetic 

wave propagation.

Example: Resistor, Capacitor, Inductor, etc.

➢ Low K for inductors 

✓ low parasitic capacitance 

✓ higher self-resonance frequency

➢ High K for capacitors  

✓ higher achievable capacitance values

✓ smaller size

✓ Mixed dielectrics

✓ higher performance

✓ reduced size

Distributed Element Filters

Distributed Element: The physical size of the element is 

comparable to the wavelength of the electromagnetic wave 

propagation.

Example: Transmission line.

➢ Low K dielectrics (interfacing to filters)

✓ for low-latency parts of RF sub-systems

✓ for printed antennas

✓ for small surface mount components

➢ High K dielectrics

✓ for reduced-size distributed transmission line 

resonators

✓ for small-size dielectric resonator ‘pucks’

✓ Mixed dielectrics

✓ for achieving optimal size/performance 
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Ceramic Properties 

(Fired @ 900C/30min)
MW7U MW50U

Fired Density, g/cm3
3.1 3.8

K @ Fr, GHz 7.0 51.6

Q @ Fr 2,095 1,650

Q*F, GHz 32,741 11,560

Fr, GHz 15.6 7.0

f, ppm/C 

(between 25C and 60C)
-27 169

MOR, MPa 210 168

CTE, µm/m*C 10.7 11.8

MW7U MW50U
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commercial LTCC 

dielectrics
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Typical Powder Properties MW7U MW50U

Particle Size, D50, µm 1.0 0.8

Surface Area, m2/g 12.5 6.3

Powder Density, g/cm3
3.1 3.9
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Dielectric Sintering Cap (pF)
Thick. 
(µm)

k
Df MHz 

(%)

TCC 

-55oC 
(ppm/C)

TCC 

125oC 
(ppm/C)

50V IR 
25oC (G)

50V IR 

125oC 

(G)

VBD 
(V/µm)

MW7U 900C/30min 59.9 14.5 7 0.001 118 134 >20,000 650 184

MW50U 900C/30min 238.2 17.7 50 0.002 -383 -298 1,600 12 80

7 Layer 16µm .0805-size MLCC, 100% Ag electrode (EL43-040)
MW7U

MW50U

MW7U

MW50U
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Ni solution soak test conditions: Nickel Sulfamate RTU, 

Technic Inc., soak fired substrates in the solution at 50C 

for 5 hours, pH=3.84, under constant agitation.

Ceramic surface BEFORE Ni solution soak test

Ceramic surface AFTER Ni solution soak test

MW7U

MW7U

MW50U

MW50U

CCF8

CCF8
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Inductors designed in 

MW7U and MW50U layers

MW50U 

inductor

MW7U 

inductor

Capacitors designed in 

MW7U and MW50U layers

MW50U 

capacitor

MW7U 

capacitor
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Inductor Results Capacitor Results

Fabricated 

Inductor

Measured inductance

Fabricated 

Capacitor

Measured capacitance

• Inductance value is comparable – as expected

• MW50U has lower self resonance frequency due to higher 

parasitic capacitance

• MW50 capacitance is 6.3 higher for the same size – expected

•                                        the difference is due to fringing fields
𝑪𝑴𝑾𝟓𝟎

𝑪𝑴𝑾𝟕
=

𝟐𝟐

𝟑. 𝟓
= 𝟔. 𝟑,

𝑲𝑴𝑾𝟓𝟎

𝑲𝑴𝑾𝟕
= 𝟕
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MW7U

MW50U

MW7U

CCF8

CCF40

CCF8

Co-Fireable 

System

Electrical 

Properties

Firing 

Conditions

Fired 

Density, 

g/cm3

X*Y*Z 

Shrinkage, 

%

K @Fr Q @ Fr
Q*F, 

GHz

MOR 

Strength, 

MPa

f, 

ppm/C

Weight loss 

during Ni 

plating test, %

MW7U / 

MW50U

MW7U 

900C/30min

3.11 17.6 7.0 2,065 32,258 230 -27 0.15

MW50U 3.88 17.7 51.8 1,650 10,560 170 169 0.08

CCF8 / 

CCF40

CCF8

850C/30min

5.28 19.8 7.9 1,190 18,192 108 -22.4 0.21

CCF40 4.55 19.4 40.8 640 5,261 200 414 0.52

•

•

•

•

• 

•
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