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Presentation Summary

Link model analysis results from various combinations of worst and best case Tx attributes
are shown to provide background for determination of the max TxVEC limit.

Simulations results show that while instrumentation noise can affect the observed eye,
TXVEC results appear unaffected.

A variety of Tx eyes (as observed after a 12.6 GHz LPF with 9 uW additive noise) and
associated TxVEC results are shown.

BER plots are shown for a TXVEC = 4.56 dB Tx and a TXVEC =5.30 dB Tx, a 110 m,
5023 MHzkm EBW OM4 fiber and several receivers.

Comment r01-43

The value, 5, entered for max TXVEC may not be correct for the method defined 95.8.5
and its subclauses and should be verified. One check was to use a link model and replace
the worst case Rx with an Ref Rx with the same sensitivity and then replace the worst
case Tx with an idealized Tx. The difference in link penalties and margin varies from 4.9
dB to 5.0 depending on inclusion/deletion of Pmn.

SuggestedRemedy
Review the value entered in Table 95-6 for max TXVEC and the factors 0.0257 and 0.01 in
the equation for M and adjust as appropriate. For details see petrilla_ 01 0914 optx
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Consideration of Max and Min TXVEC Results

wcC B Rx BTxF BC Max 1 Min Max 2
TXVEC | TxVEC | TxVEC

Reach 100 2 2 2 2 2
Uc 840 860 860
Uw 0.60 0.05 0.05
tt 21 1 1 1
KRIN 0.70 0 0 0
kMPN 0.30 0 0 0 0 0
Pmn 0.129 0 0 0 0
TP1RJ (BER) 0.053 0 0 0
TP1DJ 0.110 0 0 0
DCD 0.05 0 0 0
TP3DJ 0.247 0 0 0
Rx DJ 0.05 0 0 0 0 0
TP4TJ 0.780
BLW 0.025 0 0 0 0 0
RxBW 18.05 19.34 18.05 19.34 12.60 12.60 12.60
Signal Budget 8.20 8.20 8.20 8.20 8.20 8.20 8.20
IL 1.86 1.86 151 151 151 151 151
LP Pen 6.34 5.34 0.21 0.10 4.86 0.75 5.17
Margin 0.00 1.00 6.48 6.59 1.83 5.94 1.52
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*The table shows link penalty, LP Pen, and link
margin, Margin, for combinations of attributes
relevant in the determination of the max
acceptable TxVEC value.

*Aworst case, WC, is shownas a base line.

*A best case, B Rx, shows the approximate Rx
penalties (1.00 dB).

*A best case, B Tx F, shows the approximate Tx
and fiber penalties and insertion loss ( 6.48 dB).

*The combined best cases, BC, shows that
penalties and insertion losses can be reduced
by 6.59 dB. Note the combined penalty
reduction is less than the sum of the individual
cases.

*Penalties included in the max TXVEC cases
can amount to 4.86 dB to 5.17 dB depending on
the inclusion of Pmn in the TXVEC calculation.
Inclusion to Pmpn (not shown) can add another
0.1 dB to 0.2 dB to the Tx VEC calculation. The
max value for TXVEC should be 4.9 dB to 5.3
dB depending on the inclusion of Pmn &
Pmpn.

*The min expected value for TXVEC is expected
is 0.8 to 1.1 dB depending on the inclusion of
Pmn and Pmpn.
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Comparison of Fiber & Filter in TXVEC results

wcC
Reach 100 100 2 100 2 100 2 100 2 100 2
Uc 840 840 840 840 840 840 840 840 840 840 840
Uw 0.60 0.60 | 060 | 060 | 060 [ 060 | 060 [ 060 | 0.60 [ 0.60 | 0.60
tt 21 21 21 1 1 21 21 21 21 1 1
kRIN 0.70 070 | 070 | 0.70 | 0.70 0 0 0.70 | 0.70 0 0
kMPN 0.30 030 | 030 [ 030 | 030 | 030 | 030 [ 030 | 030 | 030 | 0.30
Pmn 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129 | 0.129
TP1RJ (BER) | 0.053 | 0.053 | 0.053 | 0.053 | 0.053 | 0.053 | 0.053 0 0 0 0
TP1DJ 0.110 | 0.110 | 0.110 | 0.110 | 0.110 | 0.110 | 0.110 0 0 0 0
DCD 0.05 005 | 005 [ 0.05 [ 0.05 | 005 | 0.05 0 0 0 0
TP3DJ 0.247 | 0.247 | 0.247 | 0.247 | 0.247 | 0.247 | 0.247 0 0 0 0
Rx DJ 0.05 0 0 0 0 0 0 0 0 0 0
TP4TJ 0.780 [ 0.780 | 0.780 | 0.780 | 0.780 | 0.780 | 0.780 | 0.780 | 0.780 | 0.780 | 0.780
BLW 0.025 0 0 0 0 0 0 0 0 0 0
RxBW 18.05 | 1934 | 126 | 1934 | 126 | 1934 | 126 | 1934 | 126 | 19.34 | 126
Signal Budget | 8.20 820 | 820 | 820 | 820 | 820 | 820 | 820 | 820 | 820 | 820
IL 1.86 1.86 151 1.86 151 1.86 151 1.86 151 1.86 151
LP Pen 6.34 534 | 517 | 232 | 218 | 468 | 455 | 354 | 342 | 098 | 0.88
Margin 0.00 100 | 152 [ 4.02 | 451 166 | 214 2.8 327 | 535 | 581
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*The table show comparisons
of penalties between a worst
case fiber and the 12.6 GHz
filter used for TXVEC tests. A
reference Rx replaces the
worst case RXx.

*Depending on the case, the
results based on the 12.6 GHz
filter appear to slightly
understate the penalties based
on a worst case fiber.

+ Consequently, the credit for
a better than worst case Tx is
understated.



TxXVEC Simulations

TXVEC extraction, Input file=Sim:500uWW_OMA_SuWRXnoise_idealTX.txt +/-0.10/0.04 Ul histo offsetAWidth
TXVECi5 = 1.082 TXWECJP = 1.606 dBo R=50.2uW N=514uW S= 85uW M=13.8 uw
OMA=501.5 uW (-2.997 dBm) EH=346.5 uW Pave=499.9 uW Logic0=249.0 W Logic1=750.5 uW

optical power in uW

time in ps

optical power in uW

TxVEC extraction, Input file=Sim: 158uWW_OMA_SuWRXnoise_idealTX txt +/-0.10/0.04 Ul histo offset\Vidth
TAWVECIS = 0.945 T'WECJP =3.124 dBo R=16.0uW N=142uW S= 85uW M= 43uW
OMA=135.0 uW (-8.087 dBm) EH=75.5 uW Pave=157.3 uW LogicO= 79.5 uW Logic1=234.5 uW
" . 0

180

160

140

120

100

60

40

-30 -20 -10 0 10 20 30
time in ps

Simulation results are shown above for two different Tx output signal levels, -3.0 dBm and -8.1 dBm, as observed after a 12.6 GHz

LPF with 8.5 uW additive noise.

*Note the TXVEC result for this ideal Tx is relatively unaffected by the scope noise. This is a significant benefit of the TXVEC method.

+*Also note that the TXVEC result for this ideal Tx is ~ 1.0 dB.
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optical power in uW

Tx Eyes and TxXxVEC Results with 12.6 GHz, 9uW Plug-in (1)

TXVEC extraction, Input file=Source-8.7mA.cgsx +/-0.10/0.04 Ul histo offsetWidth
TXVECIS = 5.299 TXVECJP = 6.449dBo R=535uW N=647uW S= 9.0uW M=37.4uW TXVEC extraction, Input file=Source-9mA.cgsx +/-0.10/0.04 Ul histo cheUWldlh
OMA=1411.2 UM (1.496 dBm) EH=319.6 uN Pave=919.2 uW Logic0=226.2 UW Logic1=1637.4 uN TXVECIS = 4 562 TWWECJP =5932 dBo R=67.2uW N=776UW S= 9.0 uW 39.8 uw

TXVEC extraction, Input f 18 50maB00mv12.6g. cgsx +/-0.10/0.04 Ul histo offset/Width
TXVECIS = 4.005 T*WECJP =6.126 dBo R=46.0uW N=513uW S= 9.0uW M=24.3uW

i OMA=143.4 U (1748 dBm) EH=381.5 W Pave={0354 W Logic0=268.8 W Logic1=1784.2 W OMAZ900 01 (0458 dtim) EHES1S. 0N Bave=76.8 U, Logie0=0202 Wi, Loglelat 212l
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TXVEC extraction, Input file=10.0ma600mv12.69.cgsx +£0.10/0.04 Ul histo offsetAVidth WEC bty :"3’“;0‘ it o N’ 5 9266333\:“5! 091 gﬁ‘:‘ :' "';;"gm“w“h XVEC exraction, Input file=MMTX4_7 31_126GHz cgsx +/0.10/0.04 UI histo offsetAidth
THVECIS = 1678 TWECJP = 5.536 dBo R=495uW N=545ul S= 9.0uW 4.5 UW OMAZ1485.1 U (1,658 dBm) EH=-5036 U Pavec1326.4 UN LogicO=5039 U Logie1-2089.0 W TXVECS = 2.029 TXVECJP = 3.271 dBo R=1474 Ul N=1482 UW S= 90UN M=484uW
OMA=898 8 UW (-0.464 dBm) EH=2512 U Pave=827 6 Ul Logic0=390.0 U\l Logic1=1288 8 uW i OMA=1755 5 UW (2.444 dBm) EH=826.5 U Pave=1759.6 U Logic0=880.4 UW Logic1=2635.9 UW
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*The above charts show eyes and TxVEC results for cases ranging from a TXVEC = 5.3 dB to a TXVEC = 2.0 dB.
*These transmitters included little to no equalization.
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Tx Eyes and TxXVEC Results with 12.6 GHz, 9uW Plug-in (2)

TxVEC extraction, Input file=sna0002-txopt-12p6ghz-tx1_70c_3p3v_jitter.cgsx +/+0.10/0.04 Ul histo offset/Width T*VEC extraction, Input file=sna0003-txopt-12pBghz-tx3_70c_3p3v_jitter cgsx +/-0.10/0.04 Ul histo offset/Vidth
TXVECIS = 2.783 TXWECJP = 4.735dBo R=30.7uW N=319uW S= 9.0uW M=123uW TXVECIS = 3.768 TXWECJP = 4,955 dBo R=28.8 uW N=31.0uW S= 9.0uW M=145uW
OMA=454.0 uW (-3.429 dBm) EH=152.6 uW Pave=403.0 uW Logic0=160.5 uW Logic1=614.5 uW OMA=533.9 uW (-2.725 dBm) EH=170.6 uWW Pave=462.3 uW Logic0=183.3 uWW Logic1=717.2 uW
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*These charts show eyes and TxVEC results for a TXVEC = 2.78 dB Tx and a TXVEC = 3.77 dB Tx.
*Here modest amounts of equalizaton were used to yield better eye openings.
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BER with a TXVEC=4.56/5.30 dB Tx & 100 m of OM4

BEH Vs DMA: 100 m quj TK{TKUEC =4.55 & 5.30 dB} THVEC extraction, Input file=Source-9ma, cgsx +/~0,10/0.04 Ul histo offset\Width

TXVECIS = 4,562 T&WECJP = 5932 dBo R=67.2uW N=T776uW S= 9.0uW M=239.8uW
OMA=1485.4 uW (1.748 dBm) EH=381.5 uW Pave=1035.4 uW Logic0=288.6 uW Logic1=1784.2 uW
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THWEC extraction, Input file=Source-8. 7maA. cgsx +/~0.10/0.04 Ul histo offset/\Width

*The charts show a BER plot and the eyes and TXVEC OMAS14112 a1 496 GBm) EHE419.6 W Pave=8102 UN Loge0=226.2 W Lo 1=1637 4 W
characteristics for the transmitters used for the BER plot. =i
Here TxXVEC= 4.56 dB for one and 5.30 dB for the other.

A worst case 100 m OM4 fiber (actually 110 m of 5023
MHzkm EBW OM4) was used to connect the Tx and Rx
along with breakout jumpers and VOA. These results
indicate that a 100 m OM4 link can operate using a Tx
with a TXVEC =5 dB.

optical power in uW

time in ps
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BER with a TXVEC=4.56/5.30 dB Tx & 100 m of OM4

THWVEC extraction, Input file=Source-8maA. cgsx +/-0.10/0.04 Ul histo offsetWidth TO p Ch arts
Winvedorm THVECIS = 4.562 TWWECJP =5.932dBo R=67.2uW N=776uW S= S.0uW M=39.8uW

OMASTASS 4 1748 d8m) EH-3815 W Pave=1035 4 Logc0-088 N Logr=Trea 2 TDEC = 456 dB
J2=0.40 Ul
J4=0.51 Ul
J5=0.56 Ul

Tye/Mask
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TxVEC extraction, Input file=Source-8.7mA cgsx +£0.10/0.04 Ul histo offsetAMidth
— THWECIS = 5288 TWWECJP = 6449 dBo R=535uW N=647uW S= 9.0uW M= 374 uW BOttom Charts

Winedoem

OMA=1411.2 uW (1.496 dBm) EH=318.6 UW Pave=819.2 uW Logic0=226.2 uW Logic1=1637.4 uW
i 0

TDEC =5.30 dB
J2=0.45 Ul
J4 =0.56 Ul
J5=0.60 Ul
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