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HIGH SPEED GIGABIT DATA TRANSMISSION ACROSS VARIOUS CABLE MEDIA AT VARIOUS
LENGTHS AND DATA RATE

Boyd Barrie, Huimin Xia Wizard Branch, Bus Solution Group
ABSTRACT

This application report focuses on characteristics of Gigabit signals across different cable
media, transmission distance and data rate. The signal quality of four different cables is
evaluated using eye measurements and TI's TLK2500 evaluation modules (EVMs). This
document provides guidance for cable selection to use with Texas Instruments line of

Gigabit parts.
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Introduction

The transmission line plays an important role in network, communication. The signal quality is
mainly decided by the cable performance. The general issue in communication’s cabling is the
ability to handle the required data rate over a given distance. This report shows the customer the
characteristics of gigabit signals across different cable via different length and data rate.

Four different cables are tested using the TLK2500EVM board with TLK2500 multigiagabit
transceiver and interface board for the cable under test. The TLK2500 evaluation module (EVM)
board is used to evaluate the TLK2500 for data transmission applications. All tests are
performed at room temperature with nominal performing TLK2500 devices.
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Base line eye measurement

Description

This test is used to establish a base line eye measurement over three different R-Ref values and
three different frequencies. The test uses the TLK2500EVM in test mode configured to generate
2’-1 PRBS (Pseudo Random Bit Stream) pattern.

TLK2500 offers the options for the voltage swing by adjusting reference resistor R_Ref and
termination resistor Z. The equation for the de-emphasis is as follows.

Vod=(3.75/R_Ref)*Z (in our case, Z=50 for the transmission line)
The theoretical values for the various R_Ref are as follows:

R _Ref=100 Vod=1875 mv

R_Ref=200 Vod=937.5mv

R_Ref=500 Vod=375 mv

Test setup

The test set up for the base line eye measurement is shown as below:

Figure 1. Base line test setup
HP8133A
Trigger out
Pulse out
v
GTX_CLK  TX+ > CH1
i <
. | —F———» cho Trigger
HP83480A
TLK2500EVM

Baseline testing will be tested at boundary conditions that represent maximum, nominal and

minimum high speed serial output voltage swing. This will require changing R-Ref resistor to
100, 200 and 500 Ohms.
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Test result

At normal ambient, record eye measurements at different R-Ref values over various frequencies
in the following table.

Table 1. Base line eye measurements
R-Ref 1.6 Gbps 2.0 Gbps 2.5 Gbps
(Ohm) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV)
100 82.8 1551.49 50.1 1473.4 39.7 1336.1
200 75.6 784.10 48.9 732.61 33.3 633.30
500 80.4 314.76 55.4 291.02 31.9 228.85
Figure 2. Bar chart of eye measurement

Jitter vs data rate Eye height vs data rate

@R_REF=100 Ohm gR_REF=200 Ohm R_REF=500 Ohm
OR_REF=100 Ohm B R_REF=200 Ohm OR_REF=500 Ohm

2000

1500 1

1000 7

500 1

16 2 25
Data rate (Gbps)

T T
1.6 2 25
Data rate (Gbps)

Conclusion

From the testing result, we can see with the R_REF=100, we got the maximum output swing via
various different data rate, so we fix this value for the cable eye measurement for the different
cable because cable length is more amplitude dependent than jitter dependent. Considering the
jitter, we choose the R_Ref=200 for the default value on EVM to get the optimum result.

There exists little discrepancy between the theoretical value we got from the formula and the test
result, this is mainly due to the cable and connector insertion loss.

Cat5 cable eye measurement

Description

This test is used to establish eye measurement over cable length and frequency. The test uses
the TLK2500EVM in test mode configured to generate a PRBS pattern. The PRBS pattern will
be sent across different cable length until a maximum length is reached. The maximum length is
when the cable length exhibit either 60% eye closure or eye height drops below 200 mVCable
selection

Since cable quality contributes strongly to signal quality, cable quality should be evaluated in
detail. Three different cat5 cables are tested using TLK2500EVM.
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Cable A: BELDEN-E DATATWIST® 1585A

CATS5, specified up to 200MHz, blue cable in the following figure
Cable B: BELDEN-M DATATWIST®1701A

CATS5 (exceeding CAT5), specified up to 350MHz, white cable in the following figure

Cable C: BELDEN-M MEDIATWIST® 1872A

CATS5 (exceeding CATS), specified up to 350MHz, red cable in the following figure
Figure 3. Picture of the cables

Test setup
Figure 4. Cable eye measurement test setup

_ ’ Interface
TX+

GTX_CLK Board
TX-

\ 4

\ 4

TLK2500EVM

Pulse out

Cable under test
Trigger out

HP8133A

HP83480A

CH1 < Interface

Board
CH2 <

’ Trigger
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The picture of the above test setup is shown in the following.

Figure 5. Picture of the test setup

The interface board used for testing the Belden cable is SMA-to-RJ45 adapter board, the picture
of it can be seen as belows.

Figure 6. Picture of the SMA-to-RJ45 adapter board
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Test result
1. Cable A ----- BELDEN-E DATATWIST® 1585A
Table 2. Cable A eye measurement
LENGTH 1.6 Gbps 2.0 Gbps 2.5 Gbps
(m) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV)
1 81.3 1343.91 65.4 1316.43 58.7 1183.16
2 88.0 1295.36 69.3 1037.05 56.0 1012.78
3 84.0 1243.15 65.8 1040.26 60.0 955.82
5 90.0 979.29 79.3 842.77 80.0 746.13
10 148.9 582.78 157.1 387.60 158.7 315.44
15 264.0 301.54 286.2 174.75 NO DATA 54.41
Figure 7. Jitter and eye height vs data rate of Cable A
Jitter VS data rate Eye height vs data rate
D Im B 2mO3n 058 10mE 15m 01mE2mO03m05m B 10mE15m
0 1500
30 —
72 10001
%200
150
g 100 5001
a).
0+ 0
16 2 25 16 2 25
Daia Rate (Gbps) Deta rate (Gops)
2. Cable B-----BELDEN-M DATATWIST ® 1701A
Table 3. Cable B eye measurement
LENGTH 1.6 Gbps 2.0 Gbps 2.5 Gbps
(m) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV)
1 82.0 1399.32 63.8 1251.72 62.7 1147.04
2 92.0 1267.05 65.3 1105.86 81.3 1109.37
3 88.0 1186.89 63.8 1099.73 73.3 960.43
5 96.0 1008.59 4.7 901.53 80.0 815.01
10 146.0 546.12 169.6 475.03 158.7 332.15
15 252.0 266.76 # N/A 103.75 # N/A # N/A

Figure 8.

Jitter and eye height vs data rate of Cable B
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Jitter vs datarate Eye height vs datarate
OImE2nO03n05m EI0m@ 15N gim@E2n03nOsmElomg 15m
0 1500
0
20 1
— <1000
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o] E
510 B s
2l &
0 T o+
3. Cable C----- BELDEN-M MEDIATWIST ® 1872A
Table 4. Cable C eye measurement
LENGTH 1.6 Gbps 2.0 Gbps 2.5 Gbps
(m) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV)
1 80.0 1327.65 71.6 1236.05 70.7 1099.56
84.0 1293.16 65.3 1155.19 65.3 930.06
3 96.0 1227.02 65.3 922.72 73.3 924.81
98.0 1083.61 68.4 812.17 81.3 825.06
10 136.0 615.47 149.3 519.26 177.3 384.28
15 224.0 302.92 255.0 160.96 #N/A 60.79

Figure 9. Jitter and eye height vs data rate of Cable C

Jitter vs data rate Eye height vs data rate
glm @2m O3m O5m @ 10m gi5m Oim @2m g3m 5m gPiom gi5m
300 1400
1200 A
250 1
— 1000 4
g 200 800 -
5 150 600
'.E 100 400 4
0 -ﬂ 200
0 T T 0 T T
1.6 2.0 25 1.6 2.0 2.5
Data rate (Gbps) Data rate (Gbps)
Conclusion

In summary, the whole characteristic of the cable testing are shown in belows:
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Figure 10.  Jitter Vs Cable Length

Jitter Vs Cable Length

1585A 1.6Gbps
1701A 1.6 Gbps
1872A 1.6Gbps
—= __1585A 2.0Gbps
—m—1701A 2.0Gbps
—a— 1872A 2.0Gbps
—=—1585A 2.5Gbps
—m=— 1701A 2.5Gbps
—a— 1872A 2.5Gbps

Jitter)

0 2 4 6 8 10 12 14 ] 16

Cable Length (m)

Figure 11.  Vod __Vs-'Ceib'Ie Length
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1200
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1000

800

600

Vod (r

400
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The eye height decreased with an increase in frequency and may be limited by rise time.

At short length, the PLL jitter improves with increasing the data rate, but at long length, the cable
length will dominate the PLL jitter performance. We can see at some length, the jitter increased

with increasing the data rate.
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The amplitude loss is more significant than jitter in long distance transmission. This amplitude
loss could have resulted due to connector reflections or cable loss.

From the test results of the four cables, we can see that the MediaTwist® 1872A Cable is the
best solution, the maximum length is 10m at 2.5Gbps.

Twinax cable eye measurement

10

In this measurement, we choose Gore DXSN2095 twinax cable for testing. We used the same
test set up except for the interface board is Teradyne VHDM backplane open-ended differential
part #494 5010-002.

The cable is shown in the figure10 and the interface board is shown in figurell.
Figure 12.  Picture of Gore twinax cable

Figure 13.  Interface board
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Table 5. Cable D eye measurement
LENGTH 1.6 Gbps 2.0 Gbps 2.5 Gbps
(m) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV) Jitter (ps) Vod (mV)
1 74.0 1416.87 59.1 1337.79 41.3 1353.12
5 76.0 1154.59 62.2 1022.12 52.0 947.81
15 126.0 528.13 110.4 400.26 117.3 266.89
20 182.0 293.36 #N/A 183.45 #N/A 86.97
Figure 14.  Jitter and eye height vs data rate of Cable D
Jitter vs data rate Eye height vs data rate
Olm @5m gis5m [@20m olm @5m gi5m [g20m
200 1500
s
’g 150 E 1000 _|
< 100 [ ] — 1 -E,,
£ ﬂ £ 500
= 50 q>.)'
0 T T 1 B 0 _| T T 1
1.6 2.0 2.5 1.6 2.0 2.5

Data rate (Gbps) Data rate (Gbps)

Cat5 cable is cost effective vs Gore Twinax cable, but the Gore cable gives the better
performance, whose maximum length is 15m @ 2.5Gbps.
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Figure 15.

Color grade is enabled...

Eye measurement @ R_Ref=100 Ohm captured from HP83480A

Figure 8a. @ 1.6GHz data rate

Color grade is enabled...

histogram
scale 26
mean 32
std dev 11
p-p &2

hits/div of fset
-86433 ns median
. 1929 ps hits
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Color grade is enabled...

100.0 ps¢
current mean std dew
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Figure 8b. @ 2.0Gbps date rate

Color grade is enabled...

FIHE FIHE

histogram
scale
mean
std dev
p-p
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Figure 8c. @ 2.5Gbps data rate

Color grade is enabled...

FINE FINE
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Figure 16. Eye measurement @ R_Ref=200 Ohm captured from HP83480A

Figure 9a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..

100.0 ps/diw psAdiv k
histogram current mean std dew
scale 23 hitsddiv of fset 0 hits Eye heighti{cg} 1.51149 U 1.51064 U 1.540 mU
mean  22.68657 ns median  22.68600 ns ptla  73.1%
std dew 11.1963 ps hits 1.008 khits ptZa 96,08
P-p 75.6 ps peak 20 hits pE3a 99, 8%

Figure 9b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enabled...
FINE

100.0 psddiv s 1= 100.0 psddiwv
histogran current nEan std dev
scale 30 hits/div of fset 0O hits Eye widthi{cg} A62.6 ps 462,99 ps 1.492 ps
mean  22.678496 ns median  22.67900 ns pflag 75.2% Eye heighticgl 732,61 ml 732,61 mU o.o0u
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Figure 9c. @ 2.5Gbhps data rate

Color grade is enabled... Color grade is enabled...
FINE FINE

100.0 ps/div N 100.0 psfdiv
histogram current mean std dew
scale 43 hits/div offset 0O hits Eye widthicg) 379.8 ps 380.10 ps 430 fs
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std dev 4.9707 ps hits 995 hits pi2a Q7.5

p-p 33.3 ps peak 170 hits pi3oc 99,9
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Figure 17.

Eye measurement @ R_Ref=500 Ohm captured from HP83480A

Figure 10a. @ 1.6Gbps data rate

Color grade is enabled...

Color grade is enabled...

FINE

120.6 psddiv
histogram
scale 28 hits/div offset 0 hits
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Figure 10b. @ 2.0Gbps data rate

Color grade is enabled...
FINE

Color grade is enabled...

histogram
szale 26 hitsddiv offset O hits
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current
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291,02 ml

Eye width{cg)
Eye heighti{col

459,99 ps
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1.05 ps
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Figure 9c. @ 2.5Gbps data rate

Color grade is enabled...

FINE

Color grade is enabled...

histogram
scale 33 hitsddiwv offset 0 hits
mean 22,66839 ns median 22.66829 ns prla 74,05
std dev 5.0834 ps hits 1.008 khits pE2e  95.9%
p-p 31.9 p3 peak 132 hits pE3c 99,95

14

current mean std dev
Eye widthicg) 380.2 ps 380.49 p= 700 f=
Eye heighticg)  228.85 nU 228.564 mU 290 pu
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Figure 18.  Cable A eye measurement @ 1m captured from HP83480A

Figure 11a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..
FINE

histogram current S
scale 20 hits/div of fset 0 hits Eye height{cg} 1.22661 U 1{cgl= -716.67 mU 31.9650 ns
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P-p 81.3 ps peak 78 hits pt3a 99, 7% 144% = 746.83 MHz

Figure 11b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enasbled..
FINE FINE

.0 ps. /
histogran current ¥ b

scale 22 hitsddiv of fset 0O hits Eye heighticgl 1.10981 U 1icgl= -673.36 ml 31.9650 ns
mean  22.62124 ns median  22.620%4 ns pile 74.4% 2{cgl= £43.07 mU 33.30490 ns

std dev 9.3156 ps hits 1.006 khits pElo 97, 7E & = 1.31643 U 1.3390 ns
p-p 65.4 ps peak 86 hits p3a  99,5% 1/4¥ = 746.83 MHz

Figure 11c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...

FINE FINE

-

histogran current Y A
scale 15 hitsddiv offset 0O hits Eye heighticg) 1.08673 U licgl= -613.36 nl 31.9650 ns
mean 22.62385 ns median 22.52400 ns pla  69.49% 2{cgl=  569.79 ml 33.3040 ns

std dev 10.4630 ps hits 1.004 khits pEla 95, 2% & = 1.18316 U 1.3390 ns

p-p  38.7 ps peak 59 hits pE3oc 99,95 1/4% = 746.83 NHz
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Figure 19.

Color grade is enabled...

Cable A eye measurement @ 2m captured from HP83480A

Figure 12a. @ 1.6Gbps data rate
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Color grade is enabled...

FINE

histogram
scale
mean
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P-p

hits/div
22.79515 ns
12,4683 ps
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Color grade is enabled...

offset 0 hits

median  22.79400 ns ptla
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Figure 12b. @

T0.9E
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FINE

100.0

Eye heighticg)

2.0Gbps data rate

i
current
1.11320 U

Color grade is enabled...
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= 746.83 MHz

FINE

histogram current Y b
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Figure 12c. @ 2.5Gbps data rate
Color grade is enabled... Color grade is enabled..
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Figure 20.  Cable A eye measurement @ 3m captured from HP83480A

Figure 13a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled...
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scale hits/div of fset Eye height{cg} 1.11320 U licgl= -643.59 nl 31.9650 ns
mean  24.85720 ns medisn  24.85700 ns pila  74.3% 2{cgl= 651.77 ml 33.3040 ns
std dev 12.3991 ps hits 1.00&8 khits pi2o 96, 0% & = 1.29536 U 1.3390 ns
p-p  84.0 ps peak 77 hits pE3a 99, 9% 1/4% =  746.83 MHz

Figure 13b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enasbled..
FINE FINE

histogran current ¥ b

scale 19 hitsfdiv of fset 0O hits Eye heighticgl 362,11 m 1icgl= -536.88 mU 31.9650 ns
mean  249.68864 ns median  24.68833 ns pfla 69,5% 2{cgl= 503.35 mU 33.7710 ns

std dev 10.0550 ps hits 1.000 khits pElo 97,48 & = 1.04026 U 1.8060 ns
p-p 65.8 ps peak 74 hits p3a 99, 8% 1/4¥ = 553.71 HHz

Figure 13c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...
FIN

ez

histogran current i A

scale 16 hitsddiv of fset Euye heighticg) 793.51 mu 1icgl= -488.81 ml 31.9650 ns
mean 24.50222 ns median 24.50233 ns pla  TL.2E 2{cgl= 467.02 mU 33.7710 ns
std dev 9.5758 ps hits 1.003 khits pEla 97 1E 4 = 955.82 ml 1.8060 ns

p-p  60.0 ps peak 64 hits pE3oc 99,95 L/8% = 533.71 MHz
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Figure 21.

Color grade is enabled...

Cable A eye measurement @ 5m captured from HP83480A

Figure 14a. @ 1.6Gbps data rate

FINE

histogram
scale hits/div
mean  32.78245 ns
std dev 14.8620 ps
p-p 90.0 ps

Color grade is enabled...

of fset
median
hits
peak

0 hits
32.78200 ns
1.002 khits
70 hits

ptle 70.5%
pt2g  96.6%
pi3s 09,92

Figure 14b. @

FINE

histogram
szale 15 hitsddiv
mean 3287790 ns
std dev 11.8715 ps

p-p V9.3 ps

Color grade is enabled...

of fset
nedian
hits
peak

0 hits
32.87811 ns
995 hits

61 hits

Figure 14c. @

FINE

histogram

scale 9 hitsAdiv

mean  32.87028 ns

std dew 16.7783 ps
p-p  80.0 ps

of fset
median
hits
peak

0 hits
32.86966 ns
1.015 khits
37 hits

pElo 67.0%
Pt 08.1%
pE3g 100%

Color grade is enabled...

Eye heighticg)

2.0Gbps data rate

current
T52.53 ml

Color grade is enabled...

1{cg)= -516.31 mU
2{cgl= 4962.93 mU
A = 979.29 mU
1/4%

31.9650 ns
33.7710 ns
1.8060 n=s
= 553.71 MHz

FINE

Eye heighticg)

2.5Gbps data rate

‘di v
current
BE67.06 mll

Color grade is enabled...

Eye heighticg)

i
1icgl= —438.30 mU
2{cgl= 404.47 mU

b o= 842,77 ml
1/8%

31.9650 ns
33.7710 ns
1.8060 n=s
= 553.71 MHz

FINE

current
557.87 ml

1{cg)= -367.05 mU
379.08 mY
746.13 ml

140

31.9650 ns
33.7710 ns
1.8060 n=s
= 553.71 MHz
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Figure 22.  Cable A eye measurement @ 10m captured from HP83480A

Figure 15a. @ 1.6Gbps data rate

Color grade is ensbled... Color grade is enabled...
FINE

current i S

histogram
scale 9 hitsddiwv offset 0O hits Eye heighticg) 335.46 ml licgl= -306.79 ml 31.9650 ns
mean 32.60389 ns median 32.60485 ns pilo  6&.9% 2{cgl=  275.92 my 33.7710 ns
std dew 27.7560 ps hits 1.015 khits pElo Q6. 4% & o= 532.78 ml 1.8060 ns
p-p  148.9 ps peak 37 hits pEidc  100% 1/4% = 553.71 NHz
Figure 15b. @ 2.0Gbps data rate
Color grade is ensbled... Color grade is ensbled..

FINE FINE

histogran current ¥ b

scale & hits/div offset 0O hits Eye height{cg) 161.12 m 1icgl= -185.13 mU 31.9650 ns
mean  32.32983 ns median 32.33166 ns pilo 69,85 2{cgl=  202.496 my 33.7710 ns

std dev 29.6811 ps hits 1.058 khits pE2a 95, 3% & = 387.60 ml 1.8060 ns
p-p 137.1 p3 peak 30 hits pidoc  100¥ /8% = 553.71 NHz

Figure 15c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...
FINE FINE

histogram current i #
scale 5 hitsddiw affset 0 hits Eye height{cgl Eye? if{cgl= -158.57 mU 31.9650 ns
mean  32.168915 ns median  32.19466 ns pla 62,18 2{cgl= 156.87 mU 33.7710 ns
std dev 41.3139 ps hits 993 hits pila 99, 9% & = 315.49 ml 1.8060 ns
p-p 158.7 ps peak 21 hits pE3a  100% 1/4% = 553.71 HHz
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Figure 23.  Cable A eye measurement @ 15m captured from HP83480A

Figure 16a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..
FINE FINE

histogram current Y %
scale 6 hitsAdiv offset 0 hits Eye height{cg) 72.41 my 1icgl= -157.21 mU 31.9650 ns
mean  32.05636 ns median  32.06000 ns ptla  B5.7H 2{cgl= 144.33 mU 33.7710 ns
std dev 59.4900 ps hits 1.076 khits pE2o  93.68 & = 301.54 mU 1.6080 ns
p-p  264.0 ps peak 249 hits pE3a  100% 144% = 553.71 MHz

Figure 16b. @ 2.0Gbps data rate

Color grade is enabled... Color grade is enabled..
FINE FINE

5 ‘di v o
histogram current W b3

scale 4 hitsAdiv offset 0 hits Eye height{cgl Eye? 1icgl= —-8E8.73 mU 31.9650 ns
mean  31.74741 ns median  31.74533 ns ptlo B63.49% 2{cgl= B6.02 ml 33.7710 ns
std dev 64.7104 ps hits 993 hits pE2o 9748 b= 174.75 ml 1.6060 ns

p-p 286.2 ps peak 16 hits pE3e 1002 1/4% = S553.71 MHz

Figure 16¢c. @ 2.5Gbps data rate

Color grade is enabled...

current by "
Eye heighticg) Eye? licgl= -70.09 ml 31.5160 ns
2{cgl= -15.68 nV 33.7710 ns
& = 54,41 ml 2.2550 ns

1748 = 4493.96 HHz
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Figure 24.  Cable B eye measurement @ 1m captured from HP83480A

Figure 17a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..
FINE

histogram current
scale 18 hits/div of fset 0O hits Eye height{cg} 1.26905 U 1{cgl= -697.05 my 29.3340 ns
mean  24.34798 ns medisn  24.34700 ns pfla  67.9% 2{cgl=  702.27 ml 33.7710 ns
std dev 12.7615 ps hits 1.00&8 khits pilo 96, 5% & = 1.39932 U 4.4370 ns

p-p 82.0 ps peak 73 hits pE3a 99, 8% 1/a% = 225,378 MHz

Figure 17b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enabled...
FINE

div
histogran current Y b

scale 18 hitsddiv of fset 0O hits Eye heighticg} 1.11966 U licgl= -636.17 ml 29.3340 ns
mean  25.43473 ns median  25.493555 ns pfle 69.7% 2{cgl= 615.59 U 33.7710 ns
std dev 9.6876 ps hits 1.00%9 khits pElo 95,68 &= 1.25172 U 4.4370 ns

p-p  63.8 ps peak 70 hits pida 99,92 1/4% = 225.376 MHz

Figure 17c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...
FINE FINE

histogran current i A
scale 14 hitsddiv offset 0O hits Euye heighticg) 1.03089 U 1icgl= -594.12 ml 29.3340 ns
mean 23.23677 ns median 25.23666 ns pla 69,65 2{cgl= 3532.91 my 33.7710 ns

std dev 10.9750 ps hits 1.001 khits pEla Q7. 2% 4 = 1.14704 U 4.4370 ns

p-p BZ.7 p= peak 53 hits pE3oc  100¥ L/¥ = 225.378 MHz
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Figure 25.

Cable B eye measurement @ 2m captured from HP83480A

Figure 18a. @ 1.6Gbps data rate

Color grade is enabled...

FINE

Color grade is enabled...

FINE

histogram

scale 16 hitsddiv offset 0 hits
mean 23.05309 ns median 25.05800 ns pxla  70.2%
std dev 13.5012 ps hits 995 hits pt2a  96.3%

p-p 92.0 ps peak 63 hits pE3c 99.8%

current ks 3

Eye height{cgl  1.05633 U 1{cg)= -641.43 nU  29.3340 ns
2(cg)= 625.62 mU  33.7710 ns
4 = 1.26705 U 4.4370 ns

1/8% = 225.378 MHz

Figure 18b. @ 2.0Gbps data rate

Color grade is enabled...

FIHE

histogram

szale 18 hitsddiv offset O hits
mean  29.90273 ns nedian  29.90400 ns pElo B9.2%
std dev 10,2599 ps hits 1.001 khits pE2o  96.6%
p-p 65.3 ps peak 73 hits pE3c 99.9%

Color grade is enabled...

FIHE

current Y kS

Eye height{cg)  941.21 my 1{cg)= -595.88 mll  29.3340 ns
2(cq)= 509.99 mU  33.7710 ns
4= 1.10586 U 4.4370 ns

1/8% = 225,378 NMHz

Figure 18c. @ 2.5Gbps data rate

Color grade is enabled...

FINE

histogram
scale 11 hits/div offset O hits
mean  24.89745 ns median  24.89666 ns ptla  B69.5E
std dev 13.3989 ps hits 1.00& khits pE2o 96.4%
p-p E81.3 ps peak <5 hits pE3a 99,88

Color grade is enabled...
FINE

current Yy ¥
Eye height{cg) 950,05 mU 1icgl= -565.22 my 29.3340 ns
2{cgl= 544.15 m 33.7710 ns
& = 1.10937 U 4.4370 ns

1/8% = 225.378 MHz
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Figure 26.

Color grade is enabled...

Cable B eye measurement @ 3m captured from

Figure 19a. @ 1.6Gbps data rate

Color grade is enabled...

FINE

HP83480A

histogram
scale 17 hits/div of fset
mean  25.11390 ns median
std dev 13.6201 ps hits
p-p 88.0 ps peak

Color grade is enabled...

current
0 hits Eye height{cg)  1.04935 U
25.11400 ns pila  69.3%
L.01& khits pi2o 96,45
67 hits pE3a 99, 8%

Figure 19b. @ 2.0Gbps data rate

Color grade is enabled...

I
1{cgl= -612.52 mU
2{cgl= 574.37 mU

& = 1.18689 U
1/4% =

FINE

29.3340 ns
33.7710 n=
4.4370 ns

225.378 MHz

FINE

1{cg)= -360.490 my

2{cgl= 539.33 mU
& = 1.09973 1
174% =

histogram current
scale 16 hits/div offset 0 hits Eye heighticg)  937.26 nl
mean  24.85490 ns median  24.85922 ns pla 67, 3%
std dev 9.9529 ps hits 1.00&6 khits pila Q6. 9%
p-p 63.8 ps peak 63 hits pE3a 99, 8%
Figure 19c. @ 2.5Gbps data rate
Color grade is enabled... Color grade is enabled..
FINE

- = m =

i e

29.3340 ns
33.7710 ns
4.4370 ns
225.378 MHz

.{ i - e
ik - 42
¥ T | et %
ST o i
A tuy T
histogram current
scale 16 hits/diwv affset 0 hits Eye height{cgl 837.26 ml
mean  24.951492 ns median 24.95100 ns pla  TL. 498
std dev 10.14943 ps hits 1.032 khits pila Q5. 3%
p-p 73.3 ps peak 649 hits pE3a 99, 6%

v
1fegl= -505.47 mU
2{cgl=  454.26 mU
& = 9A0.493 ml
L/d% =

£
29.3340 ns
33.7710 ns
4.4370 ns
225.378 MHz
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Figure 27.

Figure 20a.

Color grade is enabled...

FINE

Cable B eye measurement @ 5m captured from HP83480A

@ 1.6Gbps data rate

Color grade is enabled...

histogram

scale 149 hits/div 0 hits

current k3

Eye height{cg) G06. 46 mu 1{cgl= -520.20 my 29.3340 ns
mean  24.90095 ns median  24.90200 ns ptla  73.6% 2{cgl=  48E8.39 mU 33.7710 ns
std dev 15.6320 ps hits 1.004 khits pE2o 96. 2% & = 1.00559 U 4.4370 ns
p-p 96.0 ps peak 57 hits p3a 99.9% 144% = 225,378 MHz
Figure 20b. @ 2.0Gbps data rate
Color grade is enabled... Color grade is enabled..
FINE FINE
— RS N— 1 L —— p—
v s o =
x i
i e ko o
: . : .
—t e
histogram
scale 16 hitsAdiv offset 0 hits Eye height{cgl 703.56 ml licgl= —462.89 mU 29.3340 ns
mean  24.99729 ns median  24.99733 ns ptla  71.8% 2icgl= 438.69 mU 33.7710 ns
std dev 11.7279 ps hits 1.007 khits pE2o 96.95 & = 901.53 mlU 4.4370 ns
p-p 74.7 ps peak 62 hits p3c  99.7% 1/8% = 225.378 MHz

Figure 20c.

Color grade is enabled...

FINE

histogram
scale 11 hitsAdiv offset 0 hits
mean  24.86819 ns median  24.86866 ns ptla  B68.2%
std dev 15.3989 ps hits 1.014 khits pE2o  96. 78
p-p E80.0 ps peak 449 hits pE3g 1008

@ 2.5Gbps data rate

Color grade is enabled...

FINE

current ks k3

Eye height{cg) 673,11 mU 1icgl= -421.29 my 29.3340 ns
2{cgl= 393.76 mU 33.7710 ns
& = §15.01 mU 4.4370 ns

1/8% = 225.378 MHz
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Figure 28.  Cable B eye measurement @ 10m captured from HP83480A

Figure 21a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..
FINE

histogram current i x
scale & hits/div of fset 0O hits Eye height{cg} 344.07 my 1{cgl= -277.29 my 29.3340 ns
mean  24.73708 ns medisn  24.73700 ns pfla  68.5% 2{cgl= 268.83 ml 33.7710 ns
std dev 26.6203 ps hits 1.022 khits pilo  97.5E & = 546.12 ml 4.4370 ns
p-p  146.0 ps peak 31 hits ptdc  100% 1/4% = 225.378 MHz

Figure 20b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enasbled..
FINE FINE

histogran current ¥ b

scale 7 hits/div of fset 0O hits Eye heighticgl 259,66 mU 1icgl= -253.59 my 29.3340 ns
mean  24.78892 ns median  24.78633 ns pfla 65, 49% 2{cg}= 221.44 mV 33.7710 ns
std dev 33.80611 ps hits 1.030 khits pElo 97,95 & = 475.03 ml 4.4370 ns

p-p 169.6 ps peak 26 hits ptdc 100 1/8% = 295.378 MHz

Figure 20c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...
FINE

histogran current i A
scale 7 hits/div offset 0O hits Euye heighticg) 93.75 ml 1icgl= -172.46 nl 29.3340 ns
mean 24.77116 ns median 24.78733 ns pla 62, 8% 2{cgl= 159.70 my 33.7710 ns

std dev 37.2354 ps hits 1.033 khits pilas Q5. 8% & = 33215 ml 4.4370 ns

p-p  158.7 ps peak 27 hits pE3oc  100¥ L/¥ = 225.378 MHz
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Figure 29.  Cable B eye measurement @ 15m captured from HP83480A

Figure 22a @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..

histogram current b ®
scale 5 hitsddiv offset 0 hits Eye heighticg) -5.92 mU licgl= -140.88 ml 29.3340 ns
mean  24.35311 ns median 24.35300 ns pElo 63.7& 2(cgl= 125,88 my 33.7710 ns
std dev 54.39867 ps hits 1.028 khits pE2os 93,12 & = 266.76 ml 4.4370 ns
p-p  252.0 ps peak 20 hits pt3o 100% 1/4% = 225,378 MHz

Figure 22b. @ 2.0Gbps data rate

Color grade is enabled...

FINE

current W %
Eye heighticg) Eye? licgl= -58.25 mV 29.3340 ns
2{cgl=  45.499 nV 33.7710 ns

& o= 103.75 ml 4.4370 ns
1/ds = 225.378 NMHz

Figure 22c. @ 2.5Gbps data rate

Color grade is enabled...

FINE

Sdiv 5
current i S

Eye heighticg) Eye? licgl= -70.09 ml 31.5160 ns
2{cgl= -15.68 nV 33.7710 ns
& = 54,41 ml 2.2550 ns

1748 = 4493.96 HHz
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Figure 30.  Cable C eye measurement @ 1m captured from HP83480A

Figure 23a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled...
FINE

histogram current x
scale 17 hits/div Eye height{cg} 1.10185 U licgl= -670.95 nl 31.5160 ns
mean  31.49527 ns medisn  31.49600 ns pfla  70.0% 2{cgl= 656.66 ml 33.7710 ns

std devw 13.0709 ps hits 999 hits pilo 96, 6% & = 1.32765 U 2.2550 ns

p-p 80.0 ps peak 67 hits pE3a 99, 9% 1/4% = 443.46 MHz

Figure 23b. @ 2.0Gbps data rate

Color grade is ensbled... Color grade is enasbled..
FINE

histogran current

ES
scale 16 hits/div of fset 0O hits Eye heighticgl 905. 83 ml 30.5060 ns
mean  31.249729 ns median 31.24855 ns pfla 68,58 33.7710 ns
std dev 11.6013 ps hits 1.001 khits pElo 97,18 3.2650 ns
p-p 71.6 ps peak 65 hits pE3c  100% 306.279 MHz

Figure 23c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled... FINE

histogran current
scale 13 hits/div offset 0 hits Eye heighticg} 928,60 mb licgl= -555.77 ml 30.3060 ns
mean  31.12651 ns medisn  31.12600 ns pfla  67.4% 2icgi=  540.72 ml 33.7710 ns
std dev 11.9976 ps hits 1.012 khits pElo 97, 2% 4 = 1.09956 U 3.2650 ns

p-p 70.7 ps peak 52 hits pE3a  100% 1/4% = 306.279 HHz



ﬂ’ TeEXAS

INSTRUMENTS

28

Figure 31.

Color grade is enabled...

Cable C eye measurement @ 2m captured from HP83480A

Figure 24a. @ 1.6Gbps data rate

Color grade is enabled...

FINE

histogram
scale
mean
std dev
P-p

Color grade is enabled...

17 hitsdfdiv
31.26987 ns
12,3602 ps
84.0 ps

current

of fset Eye height{cg) 1.07552 U 1icgl= -657.32 mU 30.5060 ns

median  31.27000 ns pEla 7395 2{cgl= 635.83 mU 33.7710 ns
hits 995 hits pE2o 96.4% & = 1.29316 U 3.2650 ns
peak 68 hits pE3a 99,72 144% = 306,279 MHz

Figure 24b. @ 2.0Gbps data rate

Color grade is enabled...

FINE

histogram
scale
mean
std dev
p-p

Color gra

16 hits/div
31.01203 ns
10,2818 ps
65.3 ps

de 15 enabled...

current Y kS

offset 0 hits Eye height{cgl 797,07 ml licgl= -562.72 ml 30.5060 ns
median  31.01333 ns ptlo 69.9% 2{cgl= 592.47 mU 33.7710 ns
hits 9949 hits pE2oe 9708 & = 1.13519 U 3.2650 ns

peak 65 hits pE3a 99,7 1/4% = 306.279 MHz

Figure 24c. @ 2.5Gbps data rate

Color grade is enabled...

FINE FINE

histogram
scale
mean
std dev
p-p

17 hits/div
31.10129 ns
10,2393 ps
65.3 ps

current i 3
offset 0 hits Eye heighticg) §35.29 ml licgl= -494.89 mU 30.5060 ns
median 31.10233 ns pElo 70495 2{cgl= 485.16 mU 33.7710 ns

hits 998 hits pE2a  96.5% & = 930,06 ml 3.2650 ns
peak 86 hits pE3c 99,78 148% = 306,279 MHz
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Figure 32.

Color grade is ensbled...

Cable C eye measurement @ 3m captured from HP83480A

Figure 25a. @ 1.6Gbps data rate

FINE

histogram
scale 14 hits/div
mean 30.85027 n=
std dew 15.0255 ps
p-p  96.0 ps

Color grade is ensbled...

of fset
median
hits
peak

0 hits
30.85000 ns
1.020 khits
36 hits

0.8
96. 8%
99. 7%

Color grade is enabled...

FINE

current i kS
Eye heightica)  933.6% nl licgi= -606.52 ml 30.5060 ns
2{cgl= 620.50 my 33.7710 ns
& o= 1.22702 U 3.2650 ns
1/4% = 306.279 MHz

Figure 25b. @ 2.0Gbps data rate

histogran
soale 18 hits/div
mean  30.59800 ns
std dev 10.080% ps
p-p 63.3 ps

Color grade is enabled...

of fset
median
hits
peak

0 hits
30.59677 ns
1.002 khits
71 hits

72,08
96.5%
99.8%

Color grade is ensbled...

current s kS
Eye height{cgd 762,78 my 1{cg)= -454.36 nl  30.5060 ns
2(cg)= 468.35 mU  33.7710 ns
4 = 922,72 ml  3.2650 ns

L/8% = 306,279 NMHz

Figure 25c. @ 2.5Gbps data rate

FINE

Color grade is enabled...
FINE

histogram
scale 13 hits/div
mean  30.48778 ns
std dew 11.8756 ps
p-p 73.3 ps

of fset
median
hits
peak

0 hits
30.48766 ns
1.011 khits
31 hits

Eye heighticg) 793.39 mU 1{egl=
2{cgl= 461.25 nl 33.7710 ns
A = 92981 ml 3.2650 ns
1/8% = 306.279 HHz

-463.56 ml 30.5060 ns

29
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Figure 33.

Color grade

is enabled...

Cable C eye measurement @ 5m captured from HP83480A

Figure 26a. @ 1.6Gbps data rate

Color grade is enabled...

FINE FINE

histogram current Y %
scale 14 hitsddiv offset 0 hits Eye height{cg) 7H2.52 mU 1icgl= -551.12 my 29.9520 ns
mean  30.205499 ns median  30.20600 ns ptla  70.9% 2{cgl= 532.49 mU 33.7710 ns
std dev 15.0180 ps hits 999 hits pE2o  96.6% & = 1.08361 U 3.6190 ns
p-p 98.0 ps peak 54 hits p3a0  99.7% 144% = 261,849 MHz
Figure 26b. @ 2.0Gbps data rate
Color grade is enabled... Color grade is enabled..
FINE FINE
- . bl - o e - .
= e
;.
il
I'..\..
G g
o
=i " ; ;. e airs
r—— _,VJ
e S T i
div 5
histogram current Y b
scale 16 hitsAdiv offset 0 hits Eye height{cgl G606, 20 mu 1icgl= -399.08 mU 29.9520 ns
mean  29.94595 ns median  29.94566 ns ptla  71.5% 2{cgl= 413.09 ml 33.7710 ns
std dev 11.3777 ps hits 1.003 khits pE2o  96.38 & = §12.17 ml 3.58190 ns
p-p  68.4 ps peak 64 hits p3c  100% 1/8% = 261.849 MHz
Figure 26¢c. @ 2.5Gbps data rate
Color grade is enabled... Color grade is enabled..

histogram
scale 11
mean 29
std dev 1S
p-p &1

FINE

FINE

hits/div

L81706 n=s
.0216 ps
.3 ps

of fset
median
hits
peak

0 hits
29.81833 ns
1.027 khits
49 hits

current ks 3

Eye height{cg)  £495.95 mU 1{cg)= -431.30 nl  29.6800 ns

pElo  6d3.3% 393.76 mU 33.7710 n=s
pE2a 96.7% 825.06 ml 4.0910 n=s
pE3c  100% 1/8% = 299,439 MHz
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Figure 34.  Cable C eye measurement @ 10m captured from HP83480A

Figure 27a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled...
FINE

histogram current ks x
scale 10 hits/div of fset 0O hits Eye height{cg} 386.09 ml licgl= -297.89 nl 29.6300 ns
mean  29.62825 ns medisn  29.62700 ns pfla 66, 7H 2{cgl= 317.58 ml 33.7710 ns
std dew 24.25349 ps hits 1.023 khits pilo 96, 8% & = 615.47 ml 4.0910 ns
p-p 136.0 ps peak 3% hits ptdc  100% 174% = 244,439 HHz
Figure 27b. @ 2.0Gbps data rate
Color grade is ensbled... Color grade is enasbled..
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Figure 27c. @ 2.5Gbps data rate

Color grade is enabled... Color grade is enabled...
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p-p 177.3 ps peak 26 hits pE3o 100# 1748 = 225.378 MHz
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Figure 35.

Color grade is enabled...
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Color grade is enabled...

Cable C eye measurement @ 15m captured from HP83480A

Figure 28a. @ 1.6Gbps data rate

Color grade is enabled...
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Figure 28c. @ 2.5Gbps data rate
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Figure 36.

Color grade is ensbled...

Cable D eye measurement @ 1m captured from HP83480A

Figure 29a. @ 1.6Gbps data rate

Color grade is enabled...
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Figure 29b. @ 2.0Gbps data rate
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Figure 29c. @ 2.5Gbps data rate
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Figure 37.

Color grade is enabled...

Cable D eye measurement @ 5m captured from HP83480A

Figure 30a. @ 1.6Gbps data rate

Color grade is enabled...
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Figure 30b. @ 2.0Gbps data rate
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Figure 30c. @ 2.5Gbps data rate
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Figure 38.

Color grade is ensbled...

Cable D eye measurement @ 15m captured from HP83480A

Figure 31a. @ 1.6Gbps data rate

Color grade is enabled...
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Figure 31b. @ 2.0Gbps data rate

Color grade is ensbled...
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Figure 31c. @ 2.5Gbps data rate
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Figure 39.  Cable D eye measurement @ 20m captured from HP83480A

Figure 32a. @ 1.6Gbps data rate

Color grade is enabled... Color grade is enabled..
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Figure 32b. @ 2.0Gbps data rate

Color grade is enabled...
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Figure 32c. @ 2.5Gbps data rate
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