Channel Requirements for FPD-Link Il ADAS chipsets: DS90UB953, 954, 960, 933, 934, 964
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Rev Last updated by Date Note
0.1{TKC 7/27/2017 [First draft.
0.2|{TKC 8/8/2017|Add 2G table 4
0.3|TKC 8/9/2017|update in-line connectors info
0.4|TKC 8/17/2017 |preliminary
0.5|TKC 8/23/2017|correct typo on STP intrapair skew- 250 ps -> 150ps
0.6(TKC 9/21/2017|Add DS90UB933-934
0.7|TKC 10/24/2017 |correct error in page 4, Table 2B, return loss
Update S11 recommendations for coax in Table 2, 2A, 2B
0.8|TF, LK 5/1/2018|Change crosstalk recommendations to nominal
0.8.1{DT 3/15/2021|Add Shielding effectiveness for coax in Table 2B
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Operating Frequency Range - 4Gbps
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Back-channel (from DES to SER) Forward channel (from SER to DES) Cable reach

Line rate facmax max line rate |frenyquist  |frcrrame  |DACAR462 |DACAR535

SER DES Clock mode [Bit time (ns) |(Mbps) facnn (MHz) |(MHz) (Mbps) (MHz) (MHz) coax sTQ Comment
DS90UB953 DS90UB954 SYNC 10 50 25 50 4200 2100 105]15m 10m
DS90UB935 DS90UB936 SYNC 20 25 12.5 25 2100 1050 52.5015m 10m Validated
DS90UB953 DS90UB954 EXT clock 50 10 5 10 4200 2100 105]15m 10m
DS90UB953 DS90UB960 SYNC 10 50 25 50 4200 2100 105]15m 10m .
DS90UB935 DS90UB960 SYNC 20 25 12.5 25 2100 1050 52.5015m 10m ,I;ersgf:
DS90UB953 DS90UB960 EXT clock 50 10 5 10 4200 2100 105]15m 10m

Tablel. Frequency range of FPD-Link Ill DS90UB953/954 and its compatible devices (f gc.pyn t0 f rcnvquist)

How to use this Channel Requirement:
step 1: Determine the frequency range (fBC-MIN to fFC-NYQUIST) from Table 1
step 2: Depends on types of testing (transmission channel, PCB, cable assembly), apply limits from the appropriate tables from fBC-MIN to fFC-NYQUIST

Testing
Transmission Testing cable
Channel Testing assembly

Requirement |PCB Budget |Budget

Coax Table 2 Table 2A Table 2B
STP or STQ Table 3 Table 3A Table 3B




Operating Frequency Range - 2Gbps
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Back-channel (from DES to SER) Forward channel (from SER to DES) Cable reach
SER Clock Line rate |fzcvin fsemax  |max line rate [frenyaquist  |frcrrame |DACAR462 |DACAR535
SER DES mode Bit time (ns) [(Mbps) |[(MHz) |(MHz) |(Mbps) (MHz) (MHz) |Jcoax STQ
DS90UB953 DS90UB964 |EXT clock 50 10 5 10 1870 935 46.75]15m 15m
DS90UB953 DS90UB934 |EXT clock 200 2.5 1.25 2.5 1870 935 66.79]15m 15m
DS90UB933 DS90UB954 |PCLK 200 2.5 1.25 2.5 1870 935 66.79]15m 15m
DS90UB913A |DS90UB954 |PCLK 200 2.5 1.25 2.5 1400 700 50.00)15m 15m
DS90UB933 DS90UB934 |PCLK 200 2.5 1.25 2.5 1870 935 66.79]15m 15m
DS90UB933 DS90UB960 |PCLK 200 2.5 1.25 2.5 1870 935 66.79]15m 15m
DS90UB913A |DS90UB960 [PCLK 200 2.5 1.25 2.5 1400 700 50.00)15m 15m

Tablel. Frequency range of FPD-Link Il DS90UB953/954 and its compatible devices (f gc.pun 0 f rcnvquist)

How to use this Channel Requirement:
step 1: Determine the frequency range (fBC-MIN to fFC-NYQUIST) from Table 1

step 2: Depends on types of testing (transmission channel, PCB, cable assembly), apply limits from the appropriate tables

Testing Testing

Transmission | Testing cable

Channel PCB assembly
Coax Table 2 Table 2A Table 2B
STP or STQ Table 4 Table 4A Table 4B
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Transmission Channel Requirements and PCB/Coax budget - Coax, 4 or 2 Gb/s Tl Confidential - NDA Restirction
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Page 4 Table 2A - Recommendations Table 2 - Requirements Table 2B - Recommendations
PCB Budget (with PoC) Total Channel Requirement Coax cable assembly - Budget
Parameter Cac Frequency MIN NOM MAX MIN NOM MAX MIN NOM MAX UNIT
Return loss, S11 f=1-100 MHz -20 -16 -20 dB
-12 + -9+ -12 +
f=0.1to 1 GHz 8*log( f) 7*log( f) 8*log( f) dB
f=1-2.1 GHz -12 -9 -12 dB
Insertion Loss, 21 f=1MHz >-0.35 -1.4 >-0.7
f=5MHz >-0.35 -2.3 >-1.6
f=10MHz >-0.35 -2.5 >-1.8 dB
f=50MHz >-0.35 -3.5 >-2.5 dB
f=100MHz >-0.35 -4.5 >-3.9 dB
f=500 MHz >-0.35 -9.5 >-8.7 dB
f=1.0 GHz >-0.6 -14 >-12.8 dB
f=2.1 GHz >-1.2 -21.6 >-19.2 dB
Far end crosstalk f< 2.1 GHz -30 -30 dB
Near end crosstalk f<100MHz -30 -30 dB
Impedance PCB trace 45 50 55 Q
landing pad and component 40 50 60 Q
cable 45 50 55 45 50 55 Q
connector region 40 50 62.5 40 50 62.5 Q
Shielding effectiveness [Cable assembly 245 dB
<4m <1 <1
4-6m <2 <2
In-line connectors 6-15m <4 <4
Cable reach test with DACAR462 15 15 m
mmmméﬁg dTTa TITECTTATIICAT SUTESS TESUTTE STTOUIT TTTEET UTE 1TarTSTITSSTOTT CIarmier RequiTernreries
Note 2: Below Nyquist frequency, the transmission channel should be free of resonance that creates sharp drops in insertion loss and abrupt changes in the channel’s group delay. The maximum insertion los{
of the channel is dependent on the drive capability of the SER, and the analog front end’s capability of the DES.
Note 3: The total transmission channel from SER to DES is the combined contribution from the SER-board, cable assembly and the DES-board. The PCB insertion loss budget in this table assumes the use of 2-
inch FR4 board trace and the associated circuit components. Higher insertion loss for the PCB is possible but with the trade-off in lower insertion loss for the cable assembly. Likewise, shorter board traces
reduces PCB insertion loss, and correspondingly allow higher cable insertion loss.
Note 3. Impedance is measured with TDR launch at an edge rate equals to the nominal edge rate of SER output.
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PoC Network Requirements

4Gbps PoC Network: SYNC clock mode MIN NOM MAX UNIT
Frequency range 25 2100 MHz
Total DC resistance <1.75 Q
Inductance” 10 HH
PoC interference pulse due to dc current change

30/60 Hz at Vpoc (switcher input) 500 |mVpp

pulse slew rate 200 us/V
PoC interference from switching noise

0.5 - 50MHz sinusoidal TBD mVpp

recommendations.

Note 1. A PoC network is built with several inductors in series to form a wide band inductor. Consult Tl datasheet or other literature for

2Gbps PoC Network: EXT PCLK MIN NOM MAX UNIT
Frequency range 1.25 1000 MHz
Total DC resistance <1.75 Q
Inductance 110 pH
PoC interference pulse due to dc current change

30/60 Hz at Vpoc (switcher input) 500 |mVpp

pulse slew rate 200 V/us
PoC interference from switching noise

0.5 - 50MHz sinusoidal TBD mVpp

recommendations.

Note 1. A PoC inductor is built with several inductors in series to form a wide band inductor. Consult Tl datasheet or other literature for
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Page 6 Table 3A - Recommendations Table 3 - Requirements Table 3B - Recommendations
PCB Budget Transmission Channel Requirement Cable assembly- Budget
Parameter Cac Frequency MIN NOM MAX Frequency MIN NOM MAX MIN NOM MAX |UNIT
Return loss, SDD11 f=1 - 5MHz -25 f=1-5MHz -20 -20| dB
f=10-100MHz -25 f=10-100MHz -20+20f -20+20f| dB
f=0.1-1 GHz -26.4 + 14.4f f=0.1- 0.5 GHz -20+20f -20+20f| dB
f=1-2.5 GHz -12 f=0.5 - 2.5 GHz -10 -10( dB
Insertion Loss, SDD21 f=1MHz >-0.3 f=1MHz -1.1 >-0.5
f=5MHz >-0.3 f=5MHz -1.4 >-0.8
f=10MHz >-0.3 f=10MHz -1.6 >-1.0 dB
f=50MHz >-0.3 f=50MHz -2.7 >-2.1 dB
f=100MHz >-0.3 f=100MHz -3.4 >-2.8 dB
f=500 MHz >-0.3 f=500 MHz -7.8 >-7.2 dB
f=1.0 GHz >-0.5 f=1.0 GHz -12 >-11 dB
f=2.1 GHz >-0.8 f=2.1 GHz -19.6 >-18 dB
Insertion loss to far end
crosstalk ratio f<2.1 GHz 20 20 dB
Near end crosstalk f<200MHz -30 -30( dB
Impedance PCB trace 90 100 110 Q
landing pad and component 80 100 120 Q
cable 85 100 115 85 100 115 Q
connector region 80 100 125 80 100 125 Q
Intra-pair skew 100-300 MHz 250 250 ps
300-500 MHz 150 150 pSs
500 - 1.5 GHz 100 100 ps
1.5-2.1GHz 40 40 pSs
<6m 0 0
in-line connectors 6-10m <2 <2
Cable reach test with DACAR535-2 | | | | | 10 | | | [ 10 | [m

Note 1: The transmission channel after aging and mechanical stress testing should meet the Transmission Channel Requirement

Note 2: Below Nyquist frequency, the transmission channel should be free of resonance that creates sharp drops in insertion loss and abrupt changes in the channel’s group delay. The maximum
insertion loss of the channel is dependent on the drive capability of the SER, and the analog front end’s capability of the DES.

Note 3: The total transmission channel from SER to DES is the combined contribution from the SER-board, cable assembly and the DES-board. The PCB insertion loss budget in this table assumes the us
of 2-inch FR4 board trace and the associated circuit components. Higher insertion loss for the PCB is possible but with the trade-off in lower insertion loss for the cable assembly. Likewise, shorter board
traces reduces PCB insertion loss, and correspondingly allow higher cable insertion loss.




Transmission Channel Requirements and PCB/Cable budget - STP/STQ, 2 Gb/s
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Page 7 Table 4A - Recommendations Table 4 - Requirements Table 4B - Recommendations
PCB Budget Transmission Channel Requirement Cable assembly- Budget
Parameter Cac Frequency MIN NOM MAX Frequency MIN NOM MAX MIN NOM MAX |UNIT
Return loss, SDD11 f=1 - 5MHz -25 f=1-5MHz -20 -20| dB
f=10-100MHz -25 f=10-100MHz -20+20f -20+20f| dB
f=0.1-1 GHz -26.4 + 14.4f f=0.1- 0.5 GHz -20+20f -20+20f| dB
f=1-2.5 GHz -12 f=0.5 - 2.5 GHz -10 -10( dB
Insertion Loss, SDD21 f=1MHz >-0.3 f=1MHz -1.35 >-0.75 dB
f=5MHz >-0.3 f=5MHz -1.8 >-1.2 dB
f=10MHz >-0.3 f=10MHz -2.1 >-1.5 dB
f=50MHz >-0.3 f=50MHz -3.8 >-3.2 dB
f=100MHz >-0.3 f=100MHz -4.9 >-4.3 dB
f=500 MHz >-0.3 f=500 MHz -11.3 >-10.7 dB
f=1.0 GHz >-0.5 f=1.0 GHz -17.3 >-16.3 dB
dB
Insertion loss to far end
crosstalk ratio f<1.0 GHz 20 20 dB
Near end crosstalk f<200MHz -30 -30( dB
Impedance PCB trace 90 100 110 Q
landing pad and component 80 100 120 Q
cable 85 100 115 85 100 115 Q
connector region 80 100 125 80 100 125 Q
Intra-pair skew 100-300 MHz 250 250 ps
300-500 MHz 150 150 pSs
500 - 1.5 GHz 100 100 ps
<6m 0 0
in-line connectors 6-15m <2 <2
Cable reach test with DACAR535-2 | | | | | 15 | | | [ 15 | [m

Note 1: The transmission channel after aging and mechanical stress testing should meet the Transmission

Channel Requirement

Note 2: Below Nyquist frequency, the transmission channel should be free of resonance that creates sharp drops in insertion loss and abrupt changes in the channel’s group delay. The maximum
insertion loss of the channel is dependent on the drive capability of the SER, and the analog front end’s capability of the DES.
Note 3: The total transmission channel from SER to DES is the combined contribution from the SER-board, cable assembly and the DES-board. The PCB insertion loss budget in this table assumes the us
of 2-inch FR4 board trace and the associated circuit components. Higher insertion loss for the PCB is possible but with the trade-off in lower insertion loss for the cable assembly. Likewise, shorter boar]

traces reduces PCB insertion loss, and correspondingly allow higher cable insertion loss.




Important notice and disclaimer

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS),
APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND
DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate Tl
products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license is
granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you will
fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for
Tl products.



