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Cyclotene™ Dielectrics  
for Advanced Packaging



AI and 5G have sparked transformational change in advanced 
packaging to enable higher data speeds, processing power, lower 
latency, and greater network capacity. Higher frequencies, increased 
power and smaller form factors demand innovative solutions for 
packaging to integrate GPU’s, RF-FEM, and photonic components.

The Cyclotene™ advanced dielectric resins are proven 
in RF applications. These NMP and PFAS-free* products 
couple ultra low-loss dielectric properties with leading 
thermal and moisture stability. These BCB-derived 
materials are available as spin-coatable and syringe-
dispensable liquids, and dry film laminates.

 

This portfolio is used in high frequency passive 
components and die bonding. Cyclotene™ resins are 
compatible with many fine feature process flows by photo-
patterning, or dry etch techniques. Fabricators use the 
unique rheology for highly planarized layers (Figure 1). 
Resins have been developed with lower cure temperatures 
than historical BCB (Figure 2).

High frequency dielectric performance of Cyclotene™ resins

Cyclotene™  
Product Family

5 GHz 10 GHz 20 GHz 39-56 GHz 103 GHz

Dk Df Dk Df Dk Df Dk Df Dk Df

3000 series - - 2.59 0.0014 2.51 0.001 2.52† 0.0014† - -

4000 series 2.61 0.002 2.58 0.002 2.61 0.002 2.58† 0.002† - -

6000 series 2.99 0.025 3.01 0.026 2.99 0.024 2.97† 0.0235† - -

DF6000 series - - 2.91 0.018 - - 2.87‡ 0.017‡ 2.84 0.017

XP-80 series - - 2.61 0.0028 - - 2.62‡ 0.0041‡ 2.62 0.0044

† = measured at 39 GHz          ‡ = measured at 56 GHz

Figure 1:  Unique film rheology Figure 2:  Low-temperature cure

*formulated without such component



Cyclotene™ 3022 dielectric for ILD
Cyclotene™ 3022 resin has the most 
desirable dielectric & thermal stability 
performance of the family. This material 
has been utilized as an ILD and for multiple 
generations of RF-FEM power amplifiers.

The liquid is applied by spin-coating, wherein 
its planarization & gap-filling performance is 
most notable (Figure 3). Material degree of 
cure can be optically measured on the wafer.

When used with a photoresist etch mask, 
this resin is selectively dry-etchable using 
O2/CF4 plasma to generate features smaller 
than 5 µm (Figure 4). Dry deposition 
techniques allow for electrical contacts and 
interconnects to be formed within the device.

Cyclotene™ 4024 dielectric for IPD
Cyclotene™ 4024 resin is a high thermal stability 
negative-tone solvent-developed i-Line, g-Line, 
& broadband photodielectric. Integrated passive 
devices (IPD) use this material for its low Dk and Df.

Like Cyclotene™ 3022 resin, Cyclotene™ 4024 
resin is applied by spin-coating, with similar 
planarization & gap-filling performance, with an 
optically-measurable degree of cure. 

Lithographic processing of this solvent-developed 
photodielectric reveals vias <50µm in diameter. 
Vias have gently sloping side walls for simplified 
PVD metal integration (Figure 5).

Figure 5:  50 & 20 µm vias with 45° side walls

Cyclotene™ 4024  dielectric in Integrated 
Passive Device for RF-FEM

Cyclotene™ 3022 dielectric
ILD for RF-FEM amplifier

Figure 3:  1-step coating, gap-filling, and planarization
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Figure 4:  Process flow 
for dry etch fabrication 
of 5µm features
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Cyclotene™ P600X dielectric for RDL
 Cyclotene™ P600X resin is a positive-
tone, aqueous-developed photo-
dielectric able to print ultra-fine features 
(<5µm). This material has been integrated 
as RDL for advanced memory due to its 
high resolution, tunable process window, 
and its dielectric stability from strong 
moisture resistance.

Cyclotene™ P600X resin is applied 
by spin-coating, patterned with i-Line, 
g-Line, or broadband tools, and 
developed with aqueous 
TMAH to reveal vias 
(Figure 6).

Cyclotene™ P600X resin 
has a tunable process 
window. When subjected 
to various post-exposure 
cure conditions, it has 
excellent flow into features 
(Figure 7).

Cyclotene™ DF6800 + 
DF6800M dry film
Cyclotene™ DF6800 and DF6800M dry film is a 
laminate related to Cyclotene™ P600X liquid resin. 
This negative-tone, aqueous-developed photo-
dielectric prints ultra-fine features (<5µm, Figure 8a).

Cyclotene™ DF6800(M) film planarizes on featured 
substrates when laminated, furnishing a highly 
uniform multilayer build-up (Figure 8b).

The laminate is suitable for fine via RDL, embedded 
trace, filler-free solder resist or stress buffer layer 
applications. The M-series is suitable for PET On 
lithography, the original series is suitable for PET 
Off Lithography. DF6800(M) series is a versatile and 
highly processible dry film PID.  (Figure 9).

Figure 6:  sub-5µm 
features patterned with 
high NA i-line stepper

Figure 7:  tunable reflow during post-exposure bake
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film in Advanced Interposer 

Figure 8a:  2:1 5µm via with 
0.48 NA stepper

Figure 8b:  10µm 
features planarized
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Figure 9:  Cyclotene™ DF6800 dielectric example process flow



Cyclotene™ XP-82 dielectric for 5G RF
Developmental Cyclotene™ XP-82 resin 
blends self-priming and planarization with 
high-resolution lithography. Used as an 
overcoat layer for an RF filter application, 
the resin is spin-coated on domed SAW filter 
cavities, with good planarization.

The lithography performance of this dielectric 
is critical, enabling vertical side walls when 
used with a low-NA i-Line stepper (Figure 10).

The low-temperature cure of Cyclotene™ 
XP-82 resin also proves to be valuable to 
the thermal budget during the fabrication 
process (Figure 11).

Process  performance features of Cyclotene™ resins

Material 
Property

Cyclotene™  
3000 resins

Cyclotene™
4000 resins

Cyclotene™
P600X resins

Cyclotene™
DF6800 dry films

Cyclotene™
XP-82 resin

Product Type Spin-on Liquid Spin-on Liquid 
i-Line Photopatternable

Spin-on Liquid 
i-Line Photopatternable

Spin-on Liquid 
i-Line Photopatternable

Spin-on Liquid 
i-Line Photopatternable

Adhesion Promoter 
(for Si, SiNx, SiOx) AP-3000 AP-3000 AP-9000 AP-9000 None

Film Thickness Range 1-25 µm 1-30 µm 3-10 µm  5-40 µm 3-25 µm

Cure Temperature/time
(N2 atmosphere) 250°C/1hr 250°C/1hr 250°C/1hr 220°C/1hr <200°C/1hr

Tone 
(Developer) - Negative Tone 

(Organic solvent)
Positive Tone

(Aqueous TMAH)
Negative Tone

(TMAH or Carbonate)
Negative Tone 

(PGMEA)

Via Resolution - 30 µm ≥2 µm ≥5 µm <5 µm

Via Aspect Ratio - >1:4 1:1 >2:1 >2:1

Via Side Wall Angle - ~45˚ 65-70˚ 85-90˚ 80-85˚

Plasma Descum / Etch O2 and CF4 / SF6 O2 and CF4 / SF6 O2 and CF4 / SF6 O2 and CF4 / SF6 O2

Dielectric Constant, Dk
(10 GHz) 2.59 2.58 2.9 2.87 2.5

Dielectric Constant, Df
(10 GHz) 0.0011 0.002 0.017 0.019 0.004

Tensile Modulus 2.8 GPa 2.8 GPa  2.9 GPa 2.7 GPa 2.4 GPa

Tensile Strength 87 MPa 90 MPa 110 MPa 90 MPa 84 MPa

Elongation to break 8% 8% 20% 10% 10%

Residual Stress 28 MPa 29 MPa 29 MPa 29 MPa 29 MPa

CTE (ppm/K) 45 42 45 66 75

Glass Transition Temperature >350°C >320°C >350°C >250°C 220°C

Thermal Stability, Td5 >350°C >310°C >290°C 350°C (Td5) 320°C

Moisture Uptake 
(23°C, 45%RH) 0.05% <0.1% 1.1% 0.8% 0.17%

Biased HAST
(130°C, 85%RH, 15V, 200h) Pass Pass Pass Pass Pass
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Figure 10:  cyclotene™ XP-82 resin low-temperature photodielectric process flow

Cyclotene™ XP-82 dielectric for RF

Figure 11b:  Tapered 
6µm vias (0.48 NA stepper)

2.7µm open

Figure 11a:  90-degree 10µm 
vias (0.18 NA stepper)

10.3µm open



Cyclotene™ 3300 adhesive for bonding
 Cyclotene™ 3300 adhesives deliver the exact same 
electrical and thermal stability as the Cyclotene™ 3022 
materials without requiring an ancillary surface priming 
step. Both resins achieve identical etching performance 
with oxygen-rich plasma (Figure 12).

Cyclotene™ 3300 material rheology properties are ideal 
for a high-performance permanent bonding adhesive for 
die-level interconnects (Figure 13), useful in a polymer 
hybrid bonding integration scheme (Figure 14).

Wafer bonding with Cyclotene™ BF5000 resin
Cyclotene™ BF5000 resins possess the high-end dielectric and thermal stability performance from the Cyclotene™ 
3022 dielectrics, but are dispensed as a solvent-free adhesive from a syringe. This creates a premier solution for edge die 
yield loss in wafer-to-wafer bonding applications.

Cyclotene™ BF5000 adhesives balance rheology, viscosity, stability, mechanical, and thermal performance to enable 
3DIC fabrication steps, including back-grinding, CMP and PECVD (Figure 15). These have been implemented on complex 
custom test vehicles for process optimization (Figure 16).

Figure 12:  Cyclotene™ 3300 
adhesive dry-etched to form 
5µm features

Figure 13:  Cyclotene™ 3300 
adhesive used for Cu-Cu 
hybrid bonding
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Figure 14: CYCLOTENETM 3300 adhesive in a polymer hybrid bonding process flow
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Figure 14: CYCLOTENETM 3300 adhesive in a polymer hybrid bonding process flow
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Figure 14:  Cyclotene™ 3300 adhesive in a polymer hybrid bonding process flow
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Figure 15:  Wafer thinning with bevel filling adhesive
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Figure 16:  Bonded wafer test vehicle with filled bevel cross-section



Cyclotene™ polymer waveguide
Cyclotene™ CWG2100 optical 
film clad and Cyclotene™ 
CWG2000 optical film core are 
combined to form an optical 
waveguide component with 
substrate and board-level 
processes.

These optical materials 
are versatile; they can be 
patterned with mask aligner, 
stepper, or LDI tools with 
TMAH or carbonate develop 
tools (Figure 17).

The low 850nm optical loss 
and robust optical stability of 
Cyclotene™ CWG2000 optical 
film is suitable for a reliable 
multimode waveguide serving 
as a photonic interconnect 
(Figure 18).

Cyclotene™ dry film optical materials

Cyclotene™ CWG2100 optical film clad Cyclotene™ CWG2000 optical film core

Target use waveguide clad waveguide core

Format Dry film photodielectric Dry film photodielectric

Available thickness 20µm, 45µm 43µm

Available film width 300mm 300mm

Application method Vacuum lamination: top  bottom clad
Hot roll lamination: bottom clad only Both hot roll or vacuum lamination

Resin components BCB Polymer BCB Polymer

Photopatterning Negative tone i-Line photochemical  
cross-linking of acrylate component

Negative tone i-Line photochemical  
cross-linking of acrylate component

Development 0.26N TMAH 0.26N TMAH

Optical Materials Fabrication Method 1310nm Insertion Loss 850nm Insertion Loss

Cyclotene™ CWG optical films Direct Photopatterning <0.4 dB/cm <0.1 dB/cm

Type A (R&D) Direct Photopatterning <0.3 dB/cm -

Type B (R&D) Dry etching Ultra-low loss -

Figure 18: Optical waveguide materials and new material roadmap

Figure 17a:  45µm core waveguide 
comprising optical clad and core

45µm

Figure 17b:  25µm L/S LDI patterning 
of waveguide core material

50µm
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