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1. Introduction

mmWAVE
o Ra diocommunica tions → 5G

o Autonomous vehicles

o Ra dioa stronomy

o Medicine
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Future
Relea ses 6G →

[1] [2]



Direct metal laser sintering (DMLS)

[6]

3D printed a nd copper pla ted

[7]
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1. Introduction

Additive ManufacturingDiffusion Bonding 

Conventional milling

[3]

Micromachining (SOI)

↑ HIGH ACCURACY

[5]

[4]

↑ VERY HIGH ACCURACY

| MODERATE COST

↓ MULTIPLE PARTS

↑ SMALL FEATURES

↓ HIGH COST

↑ VERY HIGH ACCURACY

↑ SMALL FEATURES

↓ HIGH COST

| GOOD ACCURACY

| MODERATE COST

↓ HIGH ROUGHNESS

↑ EASY MANUFACTURING

↑ LOW COST 

↓ LOW DETAIL
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1. Introduction

Electromagnetic Band Gap (EBG) 
Structures

↑ NO NEED FOR CONTACT

Gap Waveguide

[7]

Glide-Symmetric
Holes

[8]
↑ LOW MANUFACTURING 

COMPLEXITY
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2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets

Unit Cell Parameters

o La yer height → h =  0.6 mm

o Ga p → ga p [μm]

o Period → p [mm]

o Dia meter → D [%p]
~ WR10:

a : 2.54
b:1.27

3 Air Gaps

p pD

4 Metal Sheets 
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2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets

gap = 10 μm → 30 μm
p =  1.8 mm → 2.1 mm

D =  77 % → 85 %

Periodic Bounda ry
O pen Bounda ry

Modes

Stopba nd

gap =  10 μm
p =  1.8 mm

D =  77 %

z

y
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2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets

Max. Frequency of the Lower Mode /
Min. Frequency of the Upper Mode
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Possible Combinations to cover the W Band

gap = 10 μm
p =  0.5 – 3.5 mm

D =  50 – 95 %
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y
x
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W BAND 75 – 110 GHz

Possible Combina tions to cover the W Ba nd



90 – 95 GHz BAND
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2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets

Possible Combinations
to cover the W Bandgap = 10 – 40 μm

p =  1.85 mm
D =  81%

gap =  0 – 45 μm
p =  1.5 – 2.7 mm

D =  65 – 95 %

gap =  10 μm
p =  1.5 – 2.7 mm

D =  65 – 95 %

z

y
x

W BAND 75 – 110 GHz
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 Unknown gap
[0 – 40 μm]

 Small p to improve:
- antenna  size
- fit a t the end

Rela tive Bandwidth [Color]

gap =  10 μm
p =  0.5 – 3.5 mm

D =  50 – 95 %

ga p 0.01

ga p 0.02

ga p 0.04



0 0.2 0.4 0.6 0.8 1

k·p/

0

50

100

150

Fr
eq

ue
nc

y 
[G

H
z]

24/11/2023 10

2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal SheetsSlotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets
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2. Multilayer waveguide analysis

Slotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal SheetsSlotted Waveguide Antenna Design at W-Band Using Stacked Glide-Symmetric Metal Sheets

Propagation Constant
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3. Slotted waveguide - Design

Parameter Value (mm)

Unit cell period p 1.85

Unit cell diameter Dhole 1.47

Corrugation width wcorr 0.3

Corrugation lenght lcorr 0.6

Slot width wslot 0.25

Slot lenght lslot 1.55

Slot displacement d1 0.29

Slot separation dC 2.106
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Antenna  Dimensions:
35.6 x 22 mm
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3. Slotted multilayer waveguide antenna - Design
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3. Slotted waveguide - Manufacturing 
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3. Slotted multilayer waveguide antenna - Manufacturing 
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3. Slotted multilayer waveguide antenna - Manufacturing 

Rrms = 0.267 μm

Rrms =  0.236 μm
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3. Slotted multilayer waveguide antenna - Manufacturing
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GAP =  20 μm GAP =  10 μm GAP =  20 μm GAP =  40 μm

3. Slotted waveguide - Results 
Without EBG With EBG
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3. Slotted multilayer waveguide antenna - Results
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3. Slotted multilayer waveguide antenna - Results
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3. Slotted multilayer waveguide antenna - Results
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3. Slotted multilayer waveguide antenna - Results
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4. Conclusions

o Low-loss tra nsmission line a t W ba nd

o Sca la ble to higher frequencies

o Ea sy-to-ma nufa cture, 

high-precision a nd 

low-cost technology
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4. Conclusions

Designs we are currently working on…
o Lines a t W ba nd a nd up to 300 GHz
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4. Conclusions

Designs we are currently working on…
o SWAs a t 200 a nd 300 GHz
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4. Conclusions

Designs we are currently working on…
o Filters a t W ba nd
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4. Conclusions

Designs we are currently working on…
o Pla na r a rra ys a t W ba nd
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