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Until here you mentioned all elements for the
electrical data-chain. You also mentioned
already "suppress losses" and argue in the
following quite often with that argument. To
guide the reader to your goal, | suggest to add
here or just before section 3.3 a table and a few
sentences to summarize the allowed/planned
losses of signal. It can also be at the end. For
me, it was quite hard to follow up the allowed

losses for the whole chain and here they appear.

X k(1)

HMER

TZETIE, BRI AT —X - F—>DHD
IRTOERICODWTCERINTWE LTz, £7-.
HET-IFTTIC [BERZIHT 5] LHERTH
., UTTHZDERIC ODT#&UEACﬁL
TW3B, Exbi/-0OdJ— 8B =HIZ. Z
IHA33EDERIIC. FR/ETEINSEFTDIEX
HEEDILREVWKDONDNEXENT DI &%
EELFT, KRETHELWEIHA, FAICE - TIZ.
Fr—VEROHFERELZT7+0—-T v 7T BHD
ixha ) WEETH - 7=,
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X K (2)

To get also later with the unit correct . Later in
the discussion about cable losses it gets
important about what is talked: Distinguish
between data rate 200 Mbits/s and analog
frequency 200Hz. A digital data stream of
200Mbit/s has a Nyquist base frequency of
100MHz. For a good transmission a good
(reasonable) analogue frequency with a
factor three should be aimed for, sometimes
more. | suggest to distinguish, where to talk
about bit streams, Mbits/s and analog
frequencies in MHz. - Here it is clear due to the
wording alternating order ---., but later it gets
confusing.

T/, BCcaAZy b EELLERBTS, —7
DIBEIZOWVWTDFEFZORET, [AAZINTL
HZMICDOWTEEICKRDS : T—XL—}
200Mbits/s& 77+ 0O 7 RBK#200Hz = X 5l 4 %,
200Mbits/sD T ZILT—R A MY — LlE.
100MHzD + 14 ¥ X P EXREEEZHF->TWET,
R LEED=0HICIE, 777 2—30RIFHE
(RENE) 7HFOJRARM%ZEIEBETRETHY,
BRICE-TlEZzhdETHB, Ev PR U —
LIZDWTIEMbits/s. 7FRAZREREIZDOWNT
IEMHz T BT 25 & 5B8DT 5, - T 2 Tld.
XAEDIERE....e WHRKRIRICKVEBETT A, &
TRALET,
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Your bit-rate (200Mbit/s) is not so high. Other
use over the length of >1m Polyimide. (e.g. LHC
designs: J.Dopke et al., 2017, Jinst 12 C01019,
http://dx.doi.org/10.1088/1748-
0221/12/01/C01019 . They show good eye-
diagrams even for >600Mbits/s

You mention for LCP a delta=0.002 . Is that
with the standard methods AST-M D150 which
would be at the very low frequency (1kHZ).
There Polyimide is also very low. Is it at a
reasonable frequency for your usage , then
mention that frequency.

Taking duponts datasheets
https://www.dupont.com/content/dam/electro
nics/amer/us/en/electronics/public/document
s/en/El-10142 Kapton-Summary-of-
Properties.pdf

The delta is <0.01 for polyimide. (>300MHz).

Hit-oy L —F (200Mbit/s) EZNIFE
=SBV, RUAIFDImEBIZ2RETOfE
FtrAgETY, (LHCDEETA L) : J.Dopke et
al., 2017, Jinst 12 C01019,
http://dx.doi.org/10.1088/1748-
0221/12/01/C01019 , 1% © (F600Mbits/sLL ET
HLERERGBRTARXAT T 7 L%ZRLTWS
HET-IFLCPICDWTTIILZ=0.002& RT3,
Zhid. BERK (1kHZ) Th» S EENAT
HFEAST-M D150 CcCH Z & Td A ?2RU A4 FH3E
BICEWL, HEZDOEVNHICE > THEEBERK
TIH?

TFTaRYy DT —R>— b
https://www.dupont.com/content/dam/electro
nics/amer/us/en/electronics/public/document
s/en/EI-10142_ Kapton-Summary-of-
Properties.pdf

R A I RDTILEIE<0.01TT, (>300MHz),
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(Panasonic, but for 25um gives even smaller values)
https://na.industrial.panasonic.com/products/electronic-
materials/circuit-board-materials/lineup/felios-
series/series/133868/model/133872

If | use the polar program, | get for the dupont value delta =0.01 for the
dielectric loss <0.5dB/m @ 300MHz. That is a factor: 0.94 so 6% loss. At
the base-frequency (100MHz) much less. While the resistive loss in the
copper is 28% . (40 Ohm going back and force 130um wide 12um thick
into100-Ohm and voltage driven, LVDS compensate that partially by
higher output voltage in current drive against the reflected charge.) |
think the argument here should be worked out in more details, numbers
for the comparison (May be | don't have all of your details) should be
given. Just the 6% in a naive micro To get a table with your total budget
might help to understand the effort for the 6%. May be more details to
waveforms might also help here. Or a reference to a specific polyimide
product. Delta might depend on it. Polyimide is hydroscopic, does that
change delta? Dielectric losses for polyimide get high for low
frequencies, an issue for you?

There are even tables, with smaller value for Pl than for LCP,
https://omnexus.specialchem.com/polymer-property/dissipation-factor
That is very general. So, for your conditions it is easily opposite. Again,
an argument to give and compare at your conditions.

Was it the only argument?

(RF Y=y 71£25umTE HI/NE WMEZRLTULS)
https://na.industrial.panasonic.com/products/electronic-
materials/circuit-board-materials/lineup/felios-
series/series/133868/model/133872

BETOT T LEERT 5. FEEK<0.5dB/m @300MHzD T 2 7R~
EA=0.01r"1EoN5, ZNIFHKREK0M4ATHY., 6%DIERTHD, N—X
B (100MHz) TlEH - &DA0,

SHDIRIIBELRHN28% TH DD I L T, (404 — LA1004 — A 21304 —
Ligl2A — LEZREMNICER L CTEERE L. LVDSIERFAEBRICH L T
ERFEBTLYVEWHAEREICL > TEHOWICHET 5),

Flzz ZTcoERIE. SYVFEMICEEINIRZTHD LB EBRDAD
DEF FEHBRI-OFMOIT RN TEF >TLWALWALDL LNLELA) 25
ZADNETHD, 1212, A4 —TH~vA 7 0D6%HEI-DIRTFEDKRE
BBZEE, 6UDI-DDENZBET HDICHILODND LNEEA, K
FEosmrHNIE., T THRICIID2ADBLNERA, HDEWIFHFEDR
VA I FEBADSE, TILRIEZNICEKET 21 LNEHFA, RUA
SFEREELHEHD, TLREIELZON? KA I ROFEEKITE
BETEL RV ETH. TnPEETTH,?
https://omnexus.specialchem.com/polymer-property/dissipation-factor
INIEFEBIC—MBREDTT, h b, HEREZOFETIE, TNIZBE
ICRFTY, BYBLETH, SbET-ORXGETHRT 27-DDEHFTT,
ZTNHHE—DFFMTT A ?
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| guess, her you take about 200MHz analog and 7 ZIILIREDLVDS Tl <, 200MHzD 7 7
not LVDS, which is a digital standard. | guessit RAZ%{# 5 A TI 1, 200MHzD EX K DIFE T
is for a 200MHz sine-wave. For a rectangularit &85, BEOHEIIEEINTEHT., 7
is not defined and depends on the sampling D> JHRA Y MIKFET 5, 100MHzA 5335
point. It would be an overlay of 100MHz to third FK300MHzD A —/X—L A |2/ 5,

harmonic 300MHz.

Table 15

The performance of the BEX cable. The insertion loss and return losses are the performance at 200 MHz. The characteristic
impedance is the differential of the LVDS pair.

Item Performance
Insertion Loss -2.7dB
Return Loss -23 dB
Characteristic impedance 90 Q
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With the AWG 44 The resistive loss in the cable AWG44DFE. 7 — 7 IILDIKITIEL(F2*x2Q =
is 2 x 20hm = 4 Ohm, If the dielectric loss in AQT, RUAIFOFBEEIVERTDHDTH
the polyimide is relevant, that is also relevant. ML, ZNHERLEFT, L. RUVAIFDH

As earlier | suggest to give a table of all the BEEANVERTIOTHNIE. TNHERL TZE
expected losses in the electrical chain. 9,
207 The bus extender successfully moderated the signal attenuation. However, the signal level is still questionable

208 due to the extraordinarily long cable length as a multilayered FPC. The performance of signal transmission was
200 evaluating with measurements using each of the following methods: 1) S-parameters, 2) eye-diagram, and 3) time-
s0 domain reflectometry (TDR). From the S-parameter measurement, the insertion and reflection losses are -2.7 and -
so0 23 dB, respectively at 200 MHz. The measured eye diagram is shown in Fig. 17. The waveform is confirmed to exhibit
2 asufficient margin to a defined mask® by observing 1 million waveforms of the 200 MHz signal (see the solid hexagon
53 in the middle of Fig. 17). The measured characteristic impedance was 90 Q differential in the TDR measurement. This
500 1S 10% smaller than the default 100 €, it is confirmed to be permissible by the return loss measurement of the daisy
sos  chain with the conversion cable as discussed in subsection 4.2. Table 15 summarizes the performance of the BEX
306 cable.
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It is also no more an optimal differential signal &I & ICERGZ2RORE T — 7L, TV
transfer, because 2 different coaxial cables for v FZALETEVE—RFDIFWHAEL D28
each polarity handle transit times and common- T9, F—7I/IRldEy FRLU T o &EWLTT

mode differently. Your cable length is much ., LA L.
shorter than the bit length - that helps. Butone [{EEREEILFPCIZFESL<TEAWLL, BUWEE
might add the comment BEOEFNESIL2RORE T — 7 ILICHEI TN D

"Although the signal line density cannotbeas A% ..] EWH AX Y FE[FIFTIMABZ I ENTE
high as the FPC and for the short distance the  2H'% L1172 Ly,
differential signal is split to two coaxial cables,

316

317

318

319

320

321

A p-coax technology was chosen. Although the signal line density cannot be as high as the FPC, the three
dimensional flexibility offers a good trade-off in the INTT readout design. According to an engineering study, due to its
lack of flexibility the FPC solution would require as many as 14 different designs in curving and length to interconnect
mismatching connector geometries between the BEX and input connectors of the ROC. Furthermore, spare cables of
all designs would be needed for risk management, which leads to high cost inefficiency. The u-coax solution reduces
the number of designs to be only two in different lengths.
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DuPont Pyralux Datasheet

DuPont™ Pyralux® AP

All-Polyimide Double-Sided Copper-Clad Laminate ™
DuPont™ Pyralux® AP

Flexible Circuit Materials All-Polyimide Double-Sided Copper-Clad Laminate
Flexible Circuit Materials

FEIF#EE © 0.002

Product Performance
Table 3 - DuPont™ Pyralux® AP Double-sided Copper-clad Lgminate Properties

Product Description Table 1- Pyralux® AP Construction Options
DuPont™ Pyralux® AP is a Double-sided Copper-clad Laminate Laminate Component Property AP912| Typical Value Test Method
featuring an adhesive-less, all-polyimide dielectric layer. This Copper Foil Dielectric Constant (Dk)
material is ideal for multilayer flex and rigid-flex applications that Thickness, pm (0z/ft?) 6 (017) 18 (0.5) 105 (3.0) 1MHz 34 |PC-TM-650 2.5.5.3
required advanced performance, including low loss properties for 9(0.25) 35(1.0) 140 (4.0) 10 GHz 32 ASTM D2520
excellent signal integrity and thermal resistance for high 12(0.33) 70 (2.0) Loss Tangent (Df)
reliability. Available in a range of conductor and dielectric Copper Foil Type RA, ED, and Double-treated RA 1MHz 0.002 IPC-TM-650 2.5.5.3
thicknesses, Pyralux® AP clads provide designers and fabricators Dielectri 10 GHz 0.003 ASTM D2520
outstanding options for fabricating high performance circuits. Tr:eicize”scs um (mil) 12(0.5) 50 (2.0) 125 (5.0) B B -
. 25(1.0) 75 (3.0) 150 (6.0)
Key Features and Benefits
- Low loss all-polyimide dielectric for superior signal integrity Table 2 - Standard Pyralux® AP Offerings
« Excellent bond strength affords high reliability Dielectric
. . . . Copper Thickness Thickness pm
- High thermal resistance to facilitate processing Product Code* um (oz/ft2) (mil)
o 1) O A% N

- Balanced and unbalanced constructions available AP8515R 18 (0.5) 25 (1.0) DupontH:’C 100um®§(uu7§ H:l' TWa,
- Certified to IPC-4203/11 AP9TIR 35(1.0) 25(1.0)
- UL 94 V-0, UL File E124294 APST2IR 35 (10) 50(20)

AP9131R 35(1.0) 75 (3.0)
* RoHS Compliant AP9141R 35 (1.0) 100 (40) <

. AP9151R 35 (1.0 125 (5.0

Packaging (.0} (5.0)

AP9161R 35(1.0) 150 (6.0)
Pyralux® AP Double-side Clad is supplied in sheet form, with i — —
standard dimensions of 24 x 36 in (610 x 914 MM), 24 X 181N (610X syt (g Arer 1) ra's'cosgrai b somts oemmencs oot g Aoy o P

457 mm). and 12 x 18 in (305 x 457 mm).

11
https://www.dupont.com/resource-center.html?BU=eni&shared-asset=Doc-EI-10124-Pyralux-AP-Data-Sheet.pdf



PanasonicttFelios> U — X dPolymide

PanBsONIC  pusuis v Resowces v Desct Teowoiogy  Schsons  Whats New By

Specifications

- Partormance charscimstes

ITEM

Dk at 10 GHz

Dielectric Constant (Dk) @ 12Ghz; Test
Method Balanced-type Circular Disk
Resonator; Condition C-24/23/50

Df at 1 GHz

Df at 10 GHz

Df at 12 GHz

https://na.industrial.panasonic.com/products/electronic-
materials/circuit-board-materials/lineup/felios-
series/series/133868/model/133872

Characteristics

3.2 Test method : Cavity resonance
[E#H25um7=hY, FHEIE#E0.002 TLLEE=E

%31

3.1(19GHz)

0.002

0.004 Test method : Cavity resonance

0.003(19GHz)

12



7 BN ETH

Panasonic FELIOS Dupont Panasonic
LCP AP9141R R-F775
Ex [um] 100 100 25
] 3.4 @ 1MHz
SR T
EE® 3.3 > o toan 3.1 @ 19GHz
0.002 @ 1GHz
=E T 0.002 (0.00087) 0.002 @ 1MHz 0.004 @ 10 GHz

0.003 @ 10GHz

FEERC L ERIIERBEFIEN B
%, HADBEICES > /AR
(200MH2)ICF1T 2E%5 IR 2 EH

0.003 @ 12GHz

Y, (FELIOSDH £ O FIEE#Ek7% L.
A—h—ICBVEDEZ Lhknn ?)

3ODEFLERET2E, HEUBEBEWLSICERXS, LCPOBMMETRIRNEBET 2LELH D,
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4 AkLIEE

0.1MMEDORV S K70 )LLAOREER. A7 Y70 )LLORELE
FIERBMIC. 1950FERHISHMBEINELL, DTPY 70 LAR, K
L TaRUBFMBULERVSISKI74)LAT, BREEHTHREZN
TWET, ¢

RENICIE. 0.1mmEDOH T MY 7 1)L AR, 1950FERBEICHRALE
hEzLlk. BETS, 0.1mmEBEORVA S R4 VALARELFBEATWV
F7. ¢

e

s RUACSIFZ70)LAR, BMtE, MEOME, BRRRE, BRRECE, &
NERNBERNOLY, RRGBBTHREATVWEY, ¢

¢ 0.1MMEORYA I K70/LAKR, BRTFRE, FHNRE, ENRRBZE, 841
BABTEBEIATVWEY, @

s W72 740LR, RIS RZ724LLDFRTHRENGHUATY, @

o RE MICAIF70LR, FERE. H3xH, KEHRE, B{DX-N
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FH o 100umE., EimXE K DP)
_HBE> T 7

p———— o FERPINEET o nommrmc o T B AR U T,
T B2 LA (20194F) ICAFE L TWEL -

35

NS
|

—_ o o N
HE o 50H/V | 7OH/V | 100H/V | 200H/V | 300H/V | 500H WEE N jj I\ N jj g 7 =] %(\
oo | o || s o | som FaRvHOAT v ohrAT, B
TAIVLES um 125 175 25 50 75 125 JISK7130 — 1 = N c
AY a - Z\\ - -
(MD)| 355 355 330 300 275 255 1 2 5 m 1&1 9€ *E 9& 0) P | 75 % 7,- J:
EE: 1 MPa (D) 325 330 330 300 580 260 JISK7161 u N e K o~ — /D —
o (MD) 75 75 80 85 85 75 = -
SIRHE *  [ap] eo 85 80 85 85 75 JsK7el 7 7(—; o
GPa |MD)| 35 35 3.4 33 33 33 JSK 7161
(TD) 3.1 33 34 33 34 34
Nemm- | (MD)| 34 4.2 45 6.7 85 8.1 JISK 7128
(TD) 4.0 4.8 4.8 6.9 85 8.3 TIAVRILZEER
\ o [MD)| 140 170 250 455 630 1030
R | N2 iy | 130 170 250 450 620 1030 Jsczs
sufvaae | mpa [MD)] 80 80 L] 0 70 70 JSK 7161
(TD) 75 70 75 70 75 75
(MD)| 280 280 260 230 220 220
SO%MFUEE MPa (D) | 230 240 260 230 230 225 JSKTI61 Dj” - ,
FELES = 2FBE | 2BME | 2BME | 1H2F 5F 8E JSP 8115 B
FREEIRORE - 0.48 JISK7125
BERRS - 0.42 JSK 7125 A=
Eﬂw EE RV RERER URRSEECD o T SRS ORBERTE OBSHPRELTLET.
REME[Ral um 0.03~0.07 JIS B 0601
cem- {LFERFECT
=E g-cm=2 1.42 FIEATRE
ST EE B 100H/V HER WEE
34 TkHz
_ JIS C 2151
BEE — 3.3 1MHz
3.2 1GHz REREE IR %
0.0024 TkHz
_ JIS C 2151
FBIEE — 0.0080 1MHz
0.0085 1GHz RIS IIRERE
BIRIERE Q-cm 1x10'7 JIS C 2151
Rl -Fak Rttt REIBHRE Q 1x10'® ASTM D1868
BEIEEIER[25um] MQ-cmF 1x10° 0.05mFOIYFYH—E{ERUTHE

*BIE>2TREME



M General properties —A345M

Item Test method Condition Unit
] REHE & B RF70ST
Solder heat resistance 115 C6471 288°C solder float for Tmin No abnormality
(& ATETREE lFATe70—1288°C15) 2EEEL
Moisture absorption solder heat resistance | Internal method 260°C Séﬁg/ggg?or 1min No abnormality
RIS AT B 7 EATE T O— F260°C153 REEL
Dielectric constant (Dk) 2GHz 30 /
HmE 10GHz | |PC TM-650 A 30 /
2555
Dissipation factor (Df) 2GHz 0.0008
FEIEE 10GHz 0.0016
Tensile modulus
ey ASTM D882 A GPa 34
Su%aée#;esistivity 115 C6471 A MQ 49%10%
Water absorption Internal method 25°C 50h immersion % 004
TRk 7 25°C 5085f8 =& .
Peel strength A
e h IPC TM-650
HSES | E I LigE 249 260°C solder float for 5sec N/mm 07
RA:1Zum 1FATE 70— }260°C5H
HCL 2mol/ £ 23°C 5min
Chemical resistance - ! i
R JIs C6471 NaOH 2mol/ £ 23°C 5min 3B ;}’%‘;;’“C"W
IPA 23°C 5min
After etching MD 0001
IvFVI%MDER §
After etching TD 0,005
Dimensional stability IPCTM-650 IvFVI%TDAR o 4
TRRENE 224 After E-0.5/150 MD I
E-0.5/150%% MDA i}
After E-0.5/150 TD
E-0.5/150% TD5 1 e
Flammability
Tt uL A +E-168/70 94VTM-0
ED 12-50-12

The sample thickness is 0.050mm &R DE £1£0.050mmTY

FELIOS® 4 Z B 2 1£0.0008

Table 7. Typical Electrical Properties of Kapton® Type HN and HPP-ST Films

Property Film Gauge Typical Value Test Condition Test Method
Dielectric Strength V/pm (kV/mm) (V/mil)
25 pm (1 mil) 303 (7700) 60 Hz
50 pm (2 mil) 240 (6100) 1/4 in electrodes ASTM D-149
75 pm (3 mil) 201 (5,100 500 V/sec rise
125 pm (5 mil) 154 (3900)
Dielectric Constant
25 pm (1 mil) 34
50 pm (2 mil) 3.4 1kHz ASTM D-150
75 pm (3 mil) 35
125 pm (5 mil) 35
Dissipation Factor
25 pm (1 mil) 0.0018
50 pm (2 mil) 0.0020 1 kHz ASTM D-150
75 pm (3 mil) 0.0020
125 pm (5 mil) 0.0026
Volume Resistivity Q-cm
25 pm (1 mil) 1.5% 107
50 pm (2 mil) 1.5x 107 ASTM D-257
75 pm (3 mil) 1.4 %107
125 pm (5 mil) 1.0 x 107
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EFNSRTY yENTFIIN5 BHFIINEES hm\.\

1%

#E)EFPC (Flexible Printed Circuits : ZLF > 7L T > b RIR) IIEEEEICHELEZREOH ZE%
RIRTT.
RROEMGr =TI LA, BHHS0%UERREETN. 7/ XD/ - BRCICHRKL £

p— T WRERAFPC
Bis(RF)

_ R ()
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Fyve Diagram Specifications

 The receiver is designed for

regular LVDS f.i. AmA@100Q.
This translates to be AV=

A400mV.

« The receiver is not employing

any commercial device, so no
clear specification is defined.

« However Tom considers AV=
100mV should work, but AV=
50mV is a bit uncomfortable
level.

FPHX_dicussion_190930.pptx

This figure is
presented by Doug in
FVTX review. The
center diamond is
not provided by Tom.
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Half Entry vs. LVDS Current w/ Bus Extender

F LVDS Current
[mA] GUI Setting
1mA 1
1mA 1
2mA 3
3mA 7
4mA 15
5mA 31
6mA 63
TmA 127
8mA 255
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Fyve Diagram vs LVDS Current
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