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Abstract The Case forADAS

Due to the expected potential growth of 77/79 GHz ADAS Why are we now so interested in 77 GHz ADAS? It has been
(AdvancedAriver-Assistancesysten) several nofPTFE around forsome time, although in small volumes. The market
(Polyteta Fluoro Ethylenelaminates are trying to find their acceptance is becoming quite high, and in a similar way as
way into designs. However from eteécal and mechanical  ABS years ago it gets cascaded down from luxury cars to
reliability points of view nofreinforced PTFECeramic almost every car. Exponential growth rates in the next few
laminates still provide a leading edge. years are expectddand will hagpen, because all the car

makers want to introduce ADAS.
The high consistency of dielectric constant and loss factor of

the thermoplastic material PTFE over the required operatin§afety and reliability have become key words in the industry.
temperature rage at resonance frequency of the sensors has
been recognized by the RF and microwave industry since tens
of years. This is also one of the main reasons why such types
of laminates are being used for every ADAS generation up to
now.

For many years only orténd of such laminate was available
and therefore is widely used in the industry. 2017 saw the
emergence of another such type of laminate, whose tested
reliability data confirm that the selection of nginforced
PTFE laminates for 77/79 GHz is the catrene. In fact,
certain features demonstrate a second generation laminate is F9-2 77 GHz ADAS Sensor (Courtesy of Robert Bosch GmbH)
needed in order to meet the requirements of next generation

77/79 GHz ADAS.

The market introduction of almost no profile EBlectro
Deposited)copper foil provides an even improved insertion
loss wver rolled annealed copper foil, in addition to its lower
cost. Only PTFE laminates result in high enough copper peel
strength even at repeated rework cycles.

Fig. 3: 77 GHz ADAS Sensor (courtesy of Robert Bosch GmbH)
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Fig 1: ADAS applications
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Fig. 4: PTFE laminates show a vergtt DK/DK(@23C) behaviour from
50 to +150 °C

Likewise the gradient of DF over the same temperature ran
is very low(Fig. 5).

DF vs Temperature [C] Fig. 6: Comparison VLP copper foil with ULPH copper foil (courtesy of
Jgggf Circuit Foil Luxembourg Sarl)
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Fig. 5: DF of PTFE laminates fror80 to +150 °C the insertion los§Fig 7.)
Insertion Loss Comparison
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natural electrial polarity- the CarborFluorine bond in

PTFE is short and not very polarizable in an electrical field,
while CarborOxygen bonds are naturally more polarizable.
This means a lesser degree of stability over frequency
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NF-30 is a norreinforced PTFE laminat just containing
ceramic fillers.Same a the laminate being used for current
77 GHz designs, it is electrically very homogeneous in all 3
directions. A woven fiberglass reinforced resin will naturallyrig. 7:NF-30 Insertion Loss Comparison of 0.5@2A 1 most No Pr of i
have some electrical anisotropy due to the fiberglass weaveopper foil (ULPH), reverse treatment copper foil (CLHN), and Very Low
structure, which in particular HignmWave frequencies are Profile copper foil (CH)

sensitive to. It is possible to flatten the fiberglass however the

warp yarns never get flat. There will always be a higher level
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of anisotropy in these type of resin systems. Taconic EZIO Insertion Loss (dB/inch)

ppe 0073
Recent developments in copper foil technology havdtessu 05
in the introductionofaso al | ed AAl most N ]
copper foil [Taconic grade name for 0.5 oz is ULKFHY. 6). EES 10
Compared with a traditional Very Low Profile copper foil 5 5 g . .
this foil leads tdoetter definecandmuch steepesidewalls of §§'§ ]
traces due ttess copper treatment which has to get etched & _. 20
out of the substrate; in other words, finer features tigttter e :
tolerances are possible. 2573
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Fig. 8: Insertion Loss Comparison of

(ULP), Rolled Annealed copper foil (RA), and Flat Profile cepfoil
(HVLP) on a different substrate, measured up to 110 GHz
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A major advantage of a thermoplastic substrate, such as
. . . . Shift near 77GHz [GHz] 2
PTFE, lies in the high copper foil peel strength even after wessosoc s 0.000 o
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repeated IR reflows, irrespective whether agaoic surface = nroomsocu - ose B o w0 w wm ow
protection (PSR) is used or just immersion tin. Measured pe = * e 1o 1 wor L o o
strength values are in the same range as of standard Very Fig. 11: NF30 DK shift at frequencies, depending on type of copper foil
Low Profile copper foi(Fig. 9). used
10,50z, ULP Peel Strength vs Ropeated Reflow This observeeffect is due to the actual profile structure of
. .. this copper foil, and can easily be incorporated into any
’ design through simulation software.
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S21 of ring resonators measured4f°C and at +125°C

' Rt Reton 15 show a quite small frequency dr{ftig. 12}
Fig. 9: Copper Peel Strength of 0.5 oz AAlI most No Profiled co|
foil (ULP) after 3x ad 5x IR reflow . 521 of Ring Resonators @ -40°C, 125°C w/o SM
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Resonance frequency @ -40/25/125°C w/o SM
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mmWave Measurements
All theory is fine, however the proof is in the pudding when :*
doing actual DK and Insertion Loss tests at 77 GHz.
Microstrip ring resonator test method using waveguide . SR
connectors is applied for DK measurements, whereas strip , s o e T e e w e e
lines of different lengths are used for Insertion Ligsg. 10) N

Fig. 12: S2 of ring resonatormeasured a40°C and at +125°C: Frequency
shift (courtesy of Robert Bosch GmbH)
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+ NF-30-0050 ULPH/ULPH
* Microstrip ring resonator test method .
- using waveguide connector (WR-12) Also the observed loss in the frequency range between 78 and

80 GHz shows an acceptable incre@sg. 13)
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Fig. 13: S21 of ring resonators measuredt@tC and at +125°C: Insertion
LossPrinted Circuit Boardcourtesy of Robert Bosch GmbH)

Most 77/79 GHz ADAS pcbs are hybrid multilayer pcbs,
where only layers 1 and 2 are PTFE laminate.



Aforementioned high reliability of PTFE laminates can easily’ [T:'erma' Cycling test condition
getdemonstrated during 288 °C solder flgiig. 14 ac):

Fig. 14b:NF-30 during solder float at 288 °C

Fig. 14c:NF-30 after 30 minutes solder float at 288 °C: no blistering, no
delamination!

NF-30 to demonstrate via drilling, hole wall desmearing and=

pth, it is obvious that it is of no issue for this no glass
containing PTFE laminatgig. 15)

| NF-30 20mil

NF-30 60mil

Fig. 15: plated vias in 20 and 60 mil #8®, viewedfrom x and y direction

The biggest challenge is thermal cycling of the hybrid
multilayer- 1,000 cycles from40°C to + 140°QFig. 16, 17)

000 cycles: -40°C (15min) — (s10sec) — 140°C (15min) ]
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Fig 16:Thermal cyclingprofile of the hybrid multilayer 1,000 cycles from
40°C to + 140°C

However the hybrignultilayer survives this test without any
issues:
As Received state (before thermal cycling)

NF-30-0050 is top dielectric layer only!

Fig 17: microsectioning of NBO hybrid multilyeri entire multilayer and
also blind via in NF30; before and after thermal cycling

And even after 50x solder float (10 s at 288 °C) the hybrid
multilayershows its superior qualifig. 18)

Fig. 18: NF30 hybrid multilayer after 50x solder float (10 s at 288 °C)



Reliability and electrical performance needs dielectrBiography

consistency from laminate production through to field
deployment. A known concern witteramic filled dielectrics

is process chemistry absorption during the PCB fabrication
steps. Observations in one popular laminate of cosmetic
changs, as well as some measured shifts in electrical
properties at 77/79GHz. It is much preferred to have fedsh
PCBs with no contamination and NBO is constructed to
minimize penetration and interaction of most common PCB
chemistry. Figl9 shows tests of machined 8B dielectric.
This is achieved through care in ceramic filler selection and
mixing, leading to btter cosmetic results after etching in the
PCB production process.

A popular
NF-30 ' ' T7GHzRF
h 11—

material

Fig. 19: significantly reduced chemistry absorption of -R& vs other
materials

Conclusion

NF-30 is truly a high reliability RF base material, suitable for
77179 GHz ASAS hybridnultilayer printed circuit boards,
all-RF multilayer printed circuit boards, as well as double
sided printed circuit boards. The combination of-hon
reinforced PTFE laminates with AImost No Profile copper
foil is the ideal solutiofi providing the suply chain with a

safe knowledge of long term reliability aperation
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