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Performance measurements

» Test results of 850nm 25Gbps VCSELSs supplied by different vendors, as already reported
at perezaranda_OMEGA_01b_0720_VCSEL _test_methods

 Results for same devices were already presented at https://www.ieee802.org/3/cz/public/
jul 2020/index.html

« Test results for 980nm VCSEL are also provided for comparison

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting
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Test setup \
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Performance at Tss = -40°C, 25 Gbps NRZ \

Knowledge Development

VCSEL 850 nm VCSEL 980nm

Device 1 Device 2 Device 3 Device 4

Eye diagram
w/ 0.75x BT4

802.3.cz Reference RX |

Ieias (MA) recomended

ER (dB) 3.98 3.99 4.01 3.77
OMA (dBm) 0.98 2.44 2.26 3.19
802.3.cz TDFOM (dB) 1.06 7.89 0.33 1.17
RINowma (dB/Hz) -130.1 -127.3 -130.9 -144.6
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Performance at Tgs = 85°C, 25 Gbps NRZ \

Knowledge Development

VCSEL 850 nm VCSEL 980nm

Device 1 Device 2 Device 3 Device 4

Eye diagram
w/ 0.75x BT4

802.3.cz Reference RX |

Ieias (MA) recomended

ER (dB) 4.00 4.36 4.04 3.99
OMA (dBm) -0.64 1.31 1.29 1.64
802.3.cz TDFOM (dB) 1.24 0.59 0.60 0.88
RINowma (dB/Hz) -130.7 -131.7 -130.9 -140.4
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Performance at Tgs = 125°C, 25 Gbps NRZ S

Knowledge Development

VCSEL 850 nm VCSEL 980nm

Device 1 Device 2 Device 3 Device 4

Eye diagram
w/ 0.75x BT4

802.3.cz Reference RX |

Ieias (MA) recomended

ER (dB) 4.06 4.02 4.09 4.09
OMA (dBm) -2.73 -1.05 -0.19 0.30
802.3.cz TDFOM (dB) 1.25 0.74 0.56 0.91
RINowma (dB/Hz) -129.3 -128.5 -132.1 -138.0
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Performance of 25 Gbps NRZ, summary

* RIN OK

« TDFOM is OK in general in high temperature for 850nm
* One of the tested VCSELs is not able to operate at cold

« OMA is degraded with high temperature; only one 850nm VCSEL passed OMA
requirement (TDFOM dependent)

* |t is clear the superiority of 980nm in the full temperature range

« TX performance evaluation has been carried out based on 802.3cz test
methods, which guarantee interoperability to meet automotive link budget
requirements

* Despite the fact that a 850nm VCSEL can be produced to meet 25 Gb/s
802.3cz TX characteristics, the wear-out reliability is the limitation for the
considered mission profile (see next slides)

* Even though 50 Gb/s is not a 802.3dh objective, the following slides show some
results for PAM4 50 Gb/s, which reinforce why 980nm was selected in 802.3cz

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 7



Performance at Tgs = -40°C, 50 Gb/s PAM4 S

Knowledge Development

VCSEL 850 nm VCSEL 980nm
Device 1 Device 2 Device 3 Device 4
Eye diagram » . » » e
w/ 0.75x BT4
TDECQ Eq

802.3.cz Reference RX T

IBias (MA) recomended 7 5 7 7
ER (dB) 4.12 5.19 4.06 3.91
802.3.cz TDFOM (dB) 12.57 29.92 2.87 1.84
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Performance at Tgs = 85°C, 50 Gb/s PAM4 \

Knowledge Development

VCSEL 850 nm VCSEL 980nm
Device 1 Device 2 Device 3 Device 4
Eye diagram » » » »
w/ 0.75x BT4
TDECQ Eq

IBias (MA) recomended 7 5 7 7
ER (dB) 4.05 4.02 4.01 3.97
802.3.cz TDFOM (dB) 2.34 2.40 1.18 1.70
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Performance at Tes = 125°C, 50 Gb/s PAM4 |

Knowledge Development

VCSEL 850 nm VCSEL 980nm
Device 1 Device 2 Device 3 Device 4
Eye diagram
w/ 0.75x BT4
TDECQ Eq

802.3.cz Reference RX e

IBias (MA) recomended 7 5 7 7
ER (dB) 3.92 3.75 4.03 4.04
802.3.cz TDFOM (dB) 5.32 10.34 4.87 2.85

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 10
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Reliability model
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Wear-out reliability model — unreliability function

~

MTTF = j: tf(7)dr
TTF,, = F'(0.01)
TTF,,, = F'(0.5)=exp(u)

50%

TTF. =exp| ' +0’- @7 ——
% Xp(“ (100)]

e For a given t, F(t) is the probability that failure
occurs before t

* F(t) is the cumulative distribution function
(CDF) of the failure probability

* @ is the standard normal distribution (i.e. N(0,1))
t is the time to failure

t’ is the natural logarithm of the time to failure

p’ mean of the natural logarithms of the time to
failure

o’ standard deviation of the natural logarithms of
the time to failure

» Arrhenius’s equation

Knowledge Development

» E,is the activation energy of failure mechanism

(eVv)

e is the electron charge (Sl units)

ks is the Boltzmann’s constant (Sl units)

T, is absolute temperature (Kelvin)

J is the current density (e.g. in kKA/cm?2)

n is the current exponent
C is a constant

TTFxo is the time to x% failures (e.g. in hours)

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting
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Reliability model — failure rate (5

Knowledge Development

» Pay attention that in general failure-rate A(t) is not constant and depends on how much time the
component has survived in operation

 Failure-rate is typically measured in Failures In Time (FIT), number of failures per 10° (billion) device-hours

Failure rate — log(A(t))

'~

&

e 1 FIT = probability of failure is 109/ 1 hour (operation)
e 1 FIT = probability of failure is 1 ppm / 1000 hours

e 1 FIT = 1 failure per 1000 devices operating 1 million hours = 1 failure per 10 million devices operating 100 hours

Early life, latent

Wear-out / fatigue

failures period Random failures period period
(DFR period) (CFR period) (IFR period)
O O
00@\ \Q’Q’\Q
\ @
& Y _ F(r+a)-F()  din(1-F(¢))
& g l(t) =lm,, —_
?%\0 @ (1—F(t))Al‘ dt
. e Max accepted
Required car operation lifetime failure-rate OEM’s
) requirement
S 10 FIT: OEM requirement
&
o

»

»

log(operation time)
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Reliability model — illustration

Z

3 Early wear-out
|

()

©

o

=

'©

LL .

ol = - LR R 10 FIT

log(operation time)

Random failures'" reliability is not
reported, however assumed below 10 FIT
after stress/burn-in
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Reliability of 850nm VCSEL

Data and model of king_3cz_01_1120 and king_3cz_01a_0521
Similar analysis of perezaranda_3cz_01b_080621_vcsel_reliability at 7.5 mA

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting



Reliablility results (model

Reliability parameters

in Ty

\

Knowledge Development

Operation Operation total time (h) 32000 | Reliability Wear out Ea (eV) @ T, 1.180
Service life (years) 15 model Wearoutn@ T,y 1.640 * ReCO m m en d ed I bias — 7 mA
Min oxide aperture diam. (um) 7.0 TTF x%, location 50.0 fo r perfo rm an Ce
lor (MA) max 7.0000 Log-normal ¢’, In (hours) 0.5
Jop (kA/cm?2) 18.20 Jo (kA/cm?2) 19.50
Jop (MA/um?) 0.18 Tuo (°C) 193
ATas (°C) 20.0 TTFo x% (hours) 965
Arrhenius C factor (hours) @ T; 2.200519E-08
Qe 1.6022E-19
Ks 1.3806E-23
Qe/Ks 1.1605E+04
°C to Kelvin 273.15
TTF,,, =exp| W' +o’- o %10_9
din(1- F(t)) A(t)-32000
Ar)=-  ppm=
Reliability result dt 1000
A
Temperature profile Failure rate
Percentage Operation time per Ta(°C) Ts(°C) Rus(K/W) Pois(mW) Ty (°C) TTF x% (hours) TTFsrr (hours) Equivalent timein Log-normal mu’, In  Failure-rate Failure-rate ppm
Temperature (h) max T (hours) (hours) wear out (FIT) maverick (FIT)
TO 6 % 1920 -40 -20.0 1811.5 12.09 1.9 7.895E+11 61299412617 0.00 27.3947
T1 20 % 6400 23 43.0 2296.2 10.82 67.8 5.199E+07 4036561 1.34 17.7665
T2 65 % 20800 50 70.0 2506.1 10.77 97.0 2.202E+06 170955 102.86 14.6048
T4 8 % 2560 100  120.0 2897.5 11.46 153.2 1.678E+04 1303 1661.56 9.7277 """""""""
T5 1% 320 105 1250  2936.8 11.58  159.0 1.089E+04 845 320.00 77 9.2954 /l (t) ppm
Cummulative 100 % 32000 2085.76 H 9.2954 1625.3 5.0 52170
> 10 FIT !
IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 16
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Reliability of 850nm VCSEL

Data presented in giovane_3cz_01_080621
Model fitting and calculations presented in perezaranda_3cz_01b_080621_vcsel_reliability and

perezaranda_3cz_01_150621_vcsel_reliability_annex

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting



giovane_3cz_01_080621

850 nm 25G VCSEL Reliability

Laura Giovane, Broadcom Inc

IEEE 802.3cz Task Force
8 June 2021

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting
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Performance and recommended bias

850nm 25G VCSEL Characterization
Bandwidth Performance Over Temperature

21

* |Intended for extended 9m

temperature range 0-85°C

o
o

—t
(=]

/.5mA

‘Recommended bias is 7.5mA

—
co

-
-~

- Small signal bandwidth exceeds
17GHz

« Bandwidth at 115°C is greater
than 16GHz

* At -40°C bandwidth decay can 13
be increased by increasing bias
without concern for reliability.

—
w

—
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Small Signal Bandwidth (GHz)
o
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Acceleration factors — ATsy constant

» Acceleration factors can be calculated
based on reliability model (Arrhenius’s

850nm 25G VCSEL Reliability Requirement

Data Center

Automotive 70%

Mission Profile .

60%

25G 850nm Datacom VCSELs are

Eq for absolute temperature)

\

Knowledge Development

* Assumed that Ea = 1.15 eV is given in
terms of T, (verbally confirmed by

* ATsy = 25°C constant across Ts is
considered as possible cause to
explain the presented results

 However, GaAs RrH is expected to

* 32kH Automotive mission profile

corresponds to ~29Y at 70°C

Ambient 0-70C —commercial ~ Wider: -40C-105C | . specified and designed for 10 years of
Temperature ~ 0-85C —extended ~ Temperature Profile | <o continuous use (24x7x52x10=88kH) at
Most of time near 0
max temperature j constant substrate temperature pres ent er)
Service Life  88kH=10Y 32kH=3.6Y " Zn mo e o Assumptions to translate automotive
(VGSEL on hours) mission profile and service life to reliability
requirement:
Translation of Mission Profile to Reliability Requirement — Total vehicle operating time: 32kH
. — Mission temperature profile:
% o _E:mje*:f‘;';‘r"s“; - % >90% of operating time is below 50C!
E ‘ o — Acceleration model for 25G VCSEL
S T = - -
= < (Ea=1.15eV) increase with Ts
o oy 5 — VCSEL substrate is 10degC hotter than
o 038 ambient
S 20% 2
T . 5P + 32kH Automotive service life/mission
g A - 0.8v - 1%2-Y profile corresponds to ~13Y at 70C
0 — ” — 0 ol (substrate) (substrate)
Ambient Temperature (deg C)
4 |
AF =exp
— l
Calculated T, as ATsy = 25°C
Percentage Operation time per Ta Ts (°C) Ty (°C) Acc__‘Eaéfc“)r Equivalent time in .;i;'é'(“{:)._. Ty (°C) Acc Factor Equivalent time
Temperature (h) (°C) ATas =20°C ATas =20°C ATas =20°C Trer (Years), ATas = 10‘-’-0.“ ATas =10°C ATas = 10°C in Tger (Years),
ATsy = i5°.C ATas = 20°C .'A'Ts..;"i 25°C ATas = 10°C
T T
Trer - 70 95.0 J pir 70 95.0 J pir
TO 6 % 1920 -40 -20 5.0 0.000 0.00 -30 -5.0 0.000 0.00
T1 20 % 6400 23 43 68.0 0.057 0.04 33 58.0 0.017 0.01
T2 65 % 20800 50 70 95.0 1.000 2.38 60 85.0 0.363 0.87
T3 8 % 2560 100 120 145.0 76.287 22.36 110 135.0 34.903 10.23
T4 1% 320 105 125 150.0 111.231 4.07 115 140.0 51.845 1.90
Cumulative 100 % 32000 A F 28.85 A F 13.01
i i

Result matches OK

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting

el 1 1

a

B JREF Ji

Parameters

lop (MA) 7.5
Ea (eV) 1.15
Qe 1.6022E-19
KB 1.3806E-23
Qe/KB 1.1605E+04
°C to Kelvin 273.15
Operation total 32000
time (h)



Ea and n calculation — ATsy, RtH, Vak constants

High Temperature Operating Life

09

08

s
4
= 06
5

03

02

Long-term aging (over many years
robust for automotive mission profi
— >4000 channels with cumulative >30MH without failure

Negligible degradation for VCSELs in stress for extended high
temperature operating life after 10kH!

32kH mission profile/service life equivalent at 7.5mA bias shown by
blue vertical line

? show that 850nm VCSELs are
e

e-Ambient| (mA) |profile %
-40°C 7.5 6%
23°C 7.5 20%
50°C 7.5 65%
100°C 7.5 8%
105°C 7.5 1%

Total Time

1.9kH
6.4kH
20.8kH
2.6kH
0.3kH

Mission profile/service life

\

Knowledge Development

Using VCSEL reliability model, we can
calculate Ea and n from reported data

Rty is considered constant with Ts

Vak is considered constant with Igias
and Ts

Ppis >> PopTicaL

e Calculated Ea =1.146 eV vs 1.15 eV:

S T e—— 7 i ‘ very good matching!
............................................................... » However, Vak and Rrn should not be
£ os considered constants
9kH at 100C,10mA 20 19kH at 85C,9mA v 23kH at 100C,9mA ]
~800H equivalent ~6.8kH equivalent ~1.9kH equivalent e Calculated n = 8.2 >> 1.64 of King
automotive service life 02 automotive service life o2 automotive service life 850nm 2 5G VCSEL
L e - Possible root cause may be current
exponent is accounting aging effects
due to temperature, because the
| considered assumptions.
| —— —
ky [ TTF,
7 =7 4 Lous(mA) _ TTF, )
g1 75 SI@7.5mA ~E = 7 7 Jor I =1
. I J1 I Jo
Ea and N consistency
Parameters ITF
Experiment Ts (°C) Ieias(mA) T,(°C) Equiv. Time (h) Estim. Ea (eV) Estm.N .-~ {
Qe 1.6022E-19 ATs, = 25°C @ 7.5 mA Using 2, 3 Using 1,3 TTF
| ~ ) ~
KB 1.3806E-23 1 100 10 133.3 800 n=- or TJl = TJ0
Qe/KB 1.1605E+04 2 85 9 115.0 6800 e 11
T R T ln R
°C to Kelvin 273.15 3 100 9 130.0 1900 1.146 8.210 [+ 1 0
IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 21



Lognormal unreliability function fitting (8
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Wearout Lifetime ' Wearout lifetime of 850nm 25G Extended Temperature VCSEL

—90C
- Equivalent of ~13Y of life at 70C (substrate) required for o 05 e
automotive application £ 04
« Extended Temperature Datacom VCSEL specified at § 0.2
>10Y at 85C and >40Y wearout life at 70C £ o
[*]
- N ’ —— 5 005 TT1%F ~100 at
A = 0.02 70C substrate
i (substrate) \ '
R EXrapolation Shows 10w ie ‘ IIative Tailure at 13Y, 70C 00 300 500 700
that corresponds to auton; mission life corresponds to
<1ppm

X %t Extraoltin o
« 850 nm 25G VCSELsjare capable of performing in it 10 f
automotive applicatigh for duration of service life ;3

¢ N /

10ppm / At 13Y (equivalent service ——
|

[=]
-
2

cumulative failure

Hife) failure rate is ~1ppm

. : .
40 60 80 100
Years at 70C
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Reliablility results

Reliability parameters

\

Knowledge Development

Operation Operation total time (h) 32000 | Reliability Wear out Ea (eV) @ T, 1.150 [ e Ea
model
Service life (years) 15 Wearoutn @ T, 8.210
TTF X%, location 1.0 B S TTF for 1 0/0
’
lor (MA) max 7.5000 Log-normal &, In (hours) 0.8 W O i calculated from TTFso% and TTF 1
ATas (°C) 20.00 lo (MA) 7.5
Tio (°C) 95.0 o
G TTF1% ~100 years for 70°C substrate
TTFo x% (hours) 873600
VCSEL model | ATsy (°C) @ 7.5mA 25.0 Arrhenius C factor (hours) @ Ty 2.413444E-03 w.... E .e
fiting | T C=T1TTF, -1"-exp| ——%—
Ierr (MA) 7.5 Qe 1.6022E-19 = Lo p L -T
Ks 1.3806E-23 B J
Qe/Ks 1.1605E+04
°C to Kelvin 273.15
[ 5-32000
TTF,,, =exp| W'+o’-® l(—10 ?
1000
1,,(mA) din(1-F(r)) A(t)-32000
T — T BIAS . A T ﬂ, —_ . —
J s + 7 5 SJ@7.5mA . )= dt » Ppm = 1000
Reliability result
Temperature profile 4 * Failure rate
Percentage Operation time per Ta (°C) Ts (°C) | Ty TTF x% TTFsrr (hours) Equivalent time in Log-normal mu’, In  Failure-rate Failure-rate ppm
Temperature (h) (°C) (hours) max T (hours) (hours) wear out (FIT) maverick (FIT)
TO 6 % 1920 -40 -20.00 5.0 1.084E+11 11684618447 0.00 27.2706
T1 20 % 6400 23 43.00 68.0 1.539E+07 1658406 3.27 18.4104
T2 65 % 20800 50 70.00 95.0 8.736E+05 94131 187.00 15.5415
T3 8 % 2560 100 120.00| 145.0 1.145E+04 1234 1755.75 11.2070
T4 1% 320 105 125.00( 150.0 7.854E+03 846 320.00 ; 10.8298 ﬂ’(t ) ppm:
Cummulative 100 % 32000 E 2266.01 H 10.8208 |  118.4411 5.0 3950

> 10 FIT!

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting
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Reliability of 850nm VCSEL

Data and model presented in Hoser_3dh_220824

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting



Hoser _3dh_ 220824

850 and 910nm VCSELs for POF Automotive Links

Mirko Hoser, 1I-VI Inc.

802.3dh Task Force Plenary Meeting
August 24th, 2022

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 25



Performance and recommended bias

850/910 nm VCSEL — Large Signal Performance

= 850 and 910nm 28G NRZ VCSELs tested

Eye Mask Margin - 25.78Gb/s, 7TmA

= Test setup:
e BPG ->Bias-Tee -> Probe -> VCSEL -> OE module
impedance matching etc.

good RF Performance over whole automotive

temperature range demonstrated: R R R e
° EMM > 20% Temperature (°C)
e RIN<-138 dB/HZ a0 RIN - 25.78Gb/s, 7TmA

______________________________________________

RIN (dB/Hz)
E 8 8

Temperature (°C)

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting

—850nm VCSEL
—910nm VCSEL

—850nm VCSEL
—910nm VCSEL
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Ea and n fitting (Arrhenius’s equation in Ts) \

|__Knowledge Development |

=  Accelerated Lifetime Tests at 9mA and 125°C
e conservative MFT >9khrs

e >340h TTFF release criteria for Datacom (TT1%F>10years [
at 70°C/8mA)

850nm 50Gb/s VCSEL - wear out
1000000+ bias (mA)

—6
—7
—38

100000+

10000+

1000
=  TT1%F at different operation conditions calculated by
aging model (Ea=1.3eV)
e TT1%F > 3.7 years or 1.1 years until 1ppm cumulated
failures at 7mA and 105°C ambient T (AT=20°C)
e 1 ppm cumulated failures after 28.8 years at 7mA and
70°C ambient T

100

TT1%F (years)

T T T T
20 40 60 80 100 120
Substrate temperature (°C)

= automotive requirement of > 3.7 years operation
demonstrated

ambient T (°C)|substrate T (°C) e :;Ii?::na:l;m:hted ’ E':lﬁ:bﬂ:ymﬁesl
-40 -20 >>1k years
23 43 >>1k years =
70 90 28.8 £ 20
100 120 1.7 :
105 125 1.1
E 15 —
1.8
10 —
310 320 330 340 350 360 370 380 390
Ea e 1 Ts (9 Inl (In(mA))
In(77F,,)=In(C)-n-In(1)+——-
0
B TS 01 - —=® ReliabilityModel - residuals |
*Ea=1.15eV<13eV = 0o L
T o0
°NnN= 98 'E -0.05 — L
=
* nis very high. Model is at Tsvs Ty, so part of 0.1 -
the self-hgaglng effect on aging is bein 015 /A‘ 18
accounted by current exponent instea 310 520 330 540 2
. . 350 360
activation energy. Rin and Vak depends on Ts. Te K 0% e Inl (In(mA))
S

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 27



Lognormal unreliability function fitting \

Knowledge Development

Appendix: 850nm VCSEL — Wear-Out Lifetime

=  Lognormal extrapolation for 7mA and different ambient T

ppm vs. years

— 10000~ ambientT (°Q
g_ —23
& 2
§ 1000 —100
= —105
N

— 100+

g

L)

S

o 10

-]

o

1 UL | ¥ 'i"""l T UL | T T T T T T T T T
019204 1 237 102040 100 3% 1000 39% 10000 100000
years at 7mA

Lognormal fitting

50 70.0

ITF,, = eXP(,U'+G’-(I)_1(O.Ol)) Ta (°C)

Location (p’) 20.2529 16.9437 14.8100 12.0062 11.6276 ‘ul —_ ‘uo

Shape (") 0.5015 0.5016 0.5037 0.5063 0.5209 | E v

Ea (eV) 1.1457 1.1457 1.1471 1.1409 e 1 . 1

TTF1% (hours) 194561592 7108409 837419 50435 33383 kB TS TS
1 0

IEEE 802.3dh Task Force - 5th Oct 2022 Ad-hoc Meeting 28



Reliablility results

Reliability parameters

\

Knowledge Development

Operation Operation total time (h) 32000 | Reliability Wear out Ea (eV) @ Ts 1.15
Service life (years) 15 model Wear outn @ Ts 9.8
lop (MA) 7.0000 TTF x%, location 1.0
ATas (°C) 20.0 Log-normal &’, In (hours) 0.52
lo (MmA) 7.00
Tso (°C) 125
TTFo x% (hours) 33383
Arrhenius C factor (hours) @ Ts 1.546241E-02
Qe 1.6022E-19
Ks 1.3806E-23
Qe/Ks 1.1605E+04
°C to Kelvin 273.15
Reliability result
Temperature profile Failure rate
Percentage Operation time per Ta (°C) Ts(°C) TTF x% (hours) TTFsrr (hours) Equivalent time Log-normal mu’, Failure-rate Failure-rate ppm
Temperature (h) in max T (hours) In (hours) wear out (FIT) maverick (FIT)
T0 6 % 1920 -40 -20.0 7.861E+12 2050349842825 0.00 30.9047
T1 20 % 6400 23 43.0 2.063E+08 53817696 1.04 20.3567
T2 65 % 20800 50 70.0 7.349E+06 1916870 94.49 17.0218
T4 8 % 2560 100 120.0 5.122E+04 13360 1668.61 12.0556
T5 1% 320 105 125.0 3.338E+04 8708 320.00 11.6276
Cummulative 100 % 32000 2084.13 11.6276 0.0 5.0 160.00
Requirement is met!
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Wear-out reliability: 850nm vs 980 nm comparison

980nm versus 850nm 25G VCSEL design
wear out reliability at 140°C, 10mA stress

Stress condition: 140°C, 10mA

Stress condition: 140°C, 10mA

Stress condition: 140°C, 10mA

0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h

0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h

5 5 n 5 P
= 850nm time to 50% failures = 1 |850nm time to 50% failures 2 1 1850nm time to 50% failures
£ 4 £ 4 | £ 4 i
= T E—— = :
o3 o3 T o3
E 18 VCSELs 2 f 2 i
82 (980nm) 82 : B it 82 : 18 VCSELs
= No fails after = i No fails after = i No fails after (1015nm)
21 4332hrs 21 i-4285hrs 21 i 5074hrs
3o 30 : 3o !

0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h Stress duration / h Stress duration / h
Stress condition: 140°C, 10mA Stress condition: 140°C, 10mA Stress condition: 140°C, 10mA

5 ; 5 n 5
2 1 1850nm time to 50% failures 2 + 850nm time to 50% failures 2 850nm time to 50% failures
€4 I €4 | E4
~ : ~ i ~
T3 e e——— g3 i 33 e
g, i 18 VCSELs Z, : z ; :
= : No fails after (1015nm) = i No fails after 18 VCSELs = H No fails after 18 VCSELs
2l i-4882hrs a1 +-5245hrs (1040nm) 21 t-5244hrs (1040nm)
5 i s H 5 1
o0 - o0 . o0 -

0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h

Stress condition: 140 °C chip backside (substrate) temperature, 10mA continuous wave laser current

Every 24h the VCSEL is cooled down to ~40 “C and the output power at 7mA drive current is recorded
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850nm VCSEL

= Time to 50% fails = 853hrs
@ 140°C, 10mA

Long wavelength VCSEL

= No wearout fails so far

TRUMPF

980nm versus 850nm 25G VCSEL design
wear out reliability at 155°C, 8mA stress

Stress condition: 155°C, 8mA Stress condition: 155°C, 8mA Stress condition: 155°C, 8mA
5 v 5 f 5 v
= nm time to 50% failures = 1 850nm time to 50% failures z 1 850nm time to 50% failures
£ 4 £ 4 i £ 4 i
B —— P ~ H
33 i 33 i 33 .
3 5 ! 18 VCSELs 3 5 i 18 VCSELs 3 5 : 18 VCSELs
= i | No fails after (980nm) = i | No fails after (980nm) = i | No fails after (1015nm)
31 [ 4332hrs 31 [ 4308hrs 21 [ 5508hrs
30 g0 3o b
0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h Stress duration / h Stress duration /h
Stress condition: 155°C, 8mA Stress condition: 155°C, 8mA Stress condition: 155°C, 8mA
5 ; 5 ; 5 ;
2 { 850nm time to 50% failures 2 { 850nm time to 50% failures 2 { 850nm time to 50% failures
£ 4 £4 | £ 4
~ ~ { ~ H
§ 3 Fe—me———— I e 0 e
g, | 18 VCSELs 2, [ z, =
= i | No fails after (1015nm) = i | No fails after 1%&?&55 = i | No fails after 1(512)/2)8"%5
31 [ 4882hrs 21 [ i 5415hrs 21 | i 5245hrs
3o 3o 3o
0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000
Stress duration /h I Stress duration /h Stress duration / h

Stress condition: 155 °C chip backside (substrate) temperature, 8mA continuous wave laser current

Every 24h the VCSEL is cooled down to ~40 °C and the output power at 7mA drive current is recorded
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980nm versus 850nm 25G VCSEL design
wear out reliability at 170°C, 6mA stress

Stress condition: 170°C, 6mA Stress condition: 170°C, 6mA Stress condition: 170°C, 6mA
5 5 5
z z z 850nm timeito 50% failures
£ 4 £ 4 £ 4
~ ~ ~
53 i 53 53
2 5 Li 18 VCSELs 2 5 i 18 VCSELs 2 5 18 VCSELs
= | No fails after (980nm) = H No fails after (980nm) = No fails after (1015nm)
2l 4332hrs 2l 4284hrs al 5508hrs
do Lt 3o Lt 3o
0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000
Stress duration /h Stress duration /h Stress duration /h
Stress condition: 170°C, 6mA Stress condition: 170°C, 6mA Stress condition: 170°C, 6mA
5 5 5
= n time|to 50% failures = 1 850nm time|to 50% failures 2 1 850nm time|to 50% failures
£ 4 £4 | E4
~ ~ H ~ i
53 73 7 ? peemseeseemme—"
g 18 VCSELs 3 ; 2 1
2 g2 1 22 i ~
= No fails after (105nm) = H No fails after 18 VCSELs = H No fails after 18 VCSELs
31 5075hrs 21 i 5416hrs (10400m) 314 5415hrs (1040nm)
3o g0 So Lt
0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000 0 1,000 2,000 3,000 4,000 5000 6000
Stress duration / h Stress duration / h Stress duration /h

Stress condition: 170 °C chip backside (substrate) temperature, 6mA continuous wave laser current
Every 24h the VCSEL is cooled down to ~40 °C and the output power at 7mA drive current is recorded
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850nm VCSEL

= Time to 50% fails = 307hrs
@ 170°C, 6mA

Long wavelength VCSEL

= No wearout fails so far
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850nm VCSEL

= Time to 50% fails = 561hrs
@ 155°C, 8mA

Long wavelength VCSEL

= No wearout fails so far

TRUMPF
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Wear-out reliability: 850nm comparison

Reliability comparison —5 FIT

Ta (°C) King Giovane Hoser Giovane / Hoser /
King King
TTFsrir (hours) TTFs it (hours) TTFs Fir (hours) P e
-40 61299412617 11684618447 2050349842825 0.191 33.448
23 4036561 1658406 53817696 0.411 13.333
50 170955 94131 1916870 0.551 11.213
100 1303 1234 13360 0.947 10.257
105 845 846 8708 1.001 I 10.300
1014 E T T T T T T T
—o—King
—&— Giovane
Hoser
102 ¢ E
0
>
o
<
= E
L
LLLO
}_
}_
-40 -20 0 20 40 60 80 100 120

T, CC)

Hoser shows 1 order of
magnitude better wear-
out reliability

Data cross-check is
suggested
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Conclusions

 Performance measurements of 3 different 850nm VCSEL devices have been
reported and compared vs 980nm VCSEL

e Wear-out reliability according an automotive mission profile of 3 different 850nm
VCSELs has been reported. Comparison has also been reported

* The conclusions did not change with respect to 802.3cz: 980nm is the right
wavelength for the considered mission profile

e Facts:

* Functional and environmental requirements are the same: EEE, OAM, temperature range
* Link budget is very similar: connectors insertion loss, aging, environmental conditions
* Physical laws, test results and reliability of VCSELs are the same with OM3 and GIPOF

 If we do changes in components for .3dh wrt .3cz that DO NOT rely on
GIPOF itself (i.e. the reason behind .3dh), confusion will be created in the
market that will affect the success of both standards
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Thank you
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