RFLEXOPTIX

Comprehension y optimizacion de la eficiencia de transceptores opticos

utilizando metricas internas para mejorar el ahorro de enerqgia



Un chiste: Mas IA, menos cerveza

Eficiencia
¢Cual es el colmo de un transceptor que trabaja en una red local?

Que después de pasar todo el dia modulando sefiales y enviando paquetes a la velocidad de la luz, llega
a su casa y su pareja le aplica un filtrado por MAC

iy no lo deja pasar de la puertal!

;Por qué me aplicas -
el ﬁ'-_t_@@ por =22
n mi propia casa:

:Déiame entrar %
iDe] e LAN VY
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Eficiencia

* Versatile Diagnhostics Monitoring

* Laser: Discusion sobre el rendimiento de lasers (trc)

TEC: El refrigerador termoeléctrico
* Power Budget: Como la FLEXBOX administra la energia de transceptores

* Eficiencia: Una definicion

Resultados



Eficiencia

Devices under Test (DUT)

Transfer/Receiver -> Transceiver -> Trc:
* 100G QSFP28 (500 m)

400G QSFP-DD Coherent ZR (120 km)
e 800G QSFP-DD (2 km)

* 800G QSFP-DD (500 m)

Switches:

* Cisco 93600CD-GX NX OS 10.5.3 (F)
* Cisco C9500I0S XE 17.14.1

* Juniper QFX5120 JunOS 25.R2R1.9
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Versatile Diagnostic Monitoring

_

( Type > Observable Type Instance | Data | Unit Scale | Unit
ID Type Type
0 Not Used indicator! N/A N/A
1 Laser Age (0% at BOL, 100% EOQOL) (Media Lane) Basic U16 1 %
2 TEC Current (Module) Basic S16 100/32767 | %
3 Laser Frequency Error (Media Lane) Basic 516 10 MHz
4 Laser Temperature (Media Lane) Basic S16 1/256 C
5 SNR (dB) Media Input (Media Lane) — see section 7.1.4 Basic Ui6 1/256 dB
6 SNR (dB) Host Input (Lane) — see section 7.1.4 Basic Ul6 1/256 dB
7 PAM4 Level Transition Parameter Media Input (Media Lane) | Basic Uie 1/256 dB
8 PAM4 Level Transition Parameter Host Input (Lane) Basic Ule 1/256 dB
9 Pre-FEC BER Minimum Sample Media Input (Data Path) Statistic F16 N/A
10 Pre-FEC BER Minimum Sample Host Input (Data Path) Statistic F16 N/A

En comparacion a Digital Diagnostics Monitoring (DDM)

@ Bit Name Description
All | Temperature MSB Internally measured temperature (MSB)
23 All | Temperature LSB Internally measured temperature (LSB)
24-25 All | Reserved
26 All | Supply Voltage MSB Internally measured supply voltage (MSB)
27 All | Supply Voltage LSB Internally measured supply voltage (LSB) Sources: [2, 15]
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Versatile Diagnostic Monitoring

DDM
Leer Bvte | Bit Name [ Calcular ]
22 All | Temperature MSB
datos B 23 All | Temperature LSB valor
Paae Subject Area
20h '\ | Descriptors for VDM Instances 1-64 (Group 1) { ;Cual es? ]
21h /| Descriptors for VDM Instances 65-128 (Group 2)

Type | Observable Type

0 Not Used indicator!

: Djolplo[s 1 Laser Age (0% at BOL, 100% EOL) (Media Lane)
Ca I cu Ia r Pazgﬁ IZBBV-:eZQ Sgl\gdlss:;';)::?me & t s I 2 TEC Current (Module)
Val or esta e 3 Laser Frequency Error (Media Lane)
130-131 | VDMSample2 12l 4 Laser Temperature (Media Lane)
bl 5 SNR (dB) Media Input (Media Lane) — see section 7.1.4
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VDM — ¢ Suporte?

Sélo DDM (valores actuales):
{master:0} Juniper QFX5120

root@QFX5120-48Y> show interfaces diagnostics optics et-0/0/49

Physical interface: et-0/0/49 Junos 25.2R1.9

G

Module temperature : 37 degrees C / 98 degrees

Module voltage . 3.2700 V No hay SUpOrte

Module temperature high alarm ¢ OfT @

MODULE THRESHOLDS
high alarm high warning low warning low alarm

Temperature _ +076.000 +073.000 -03.000 -06.000 :
age .60 @83.55@@ 002.9500 CISCO C95OO IOS

Voltage 003.6000 003.5500

LANES THRESHOLDS XE 1701 4.1
high alarm high warning low warning low alarm N o) h ay su p O rte

Bias Current 130.0000 125.0000 915.0000 010.0000
Transmit power 003.1623 002.5119 000.5129 000.4074 @
Recelve power 004.4668 003.5481 000.1819 000.1288
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VDM — ¢ Suporte?

Cisco Nexus 93600CD-GX NX OS 10.5.3 (F) 400G CMIS VDM
. Type | Observable Type
o 3 0 D
o : 8.00 : 0 0 Not Used indicator!
oltag 1 Laser Age (0% at BOL, 100% EOL) (Media Lane)
i i 2 TEC Current (Module)
—C < Leinpeta = - 4 Laser Temperature (Media Lane)
P B 00 A 3
< ' 00 : ‘ ... but ...
D o M 7.1.6.3 Laser Temperature
or 5 R o if supported, this monitor observes the laser temperature difference between the target laser temperature for
PD d M a cooled laser, and the actual current temperature.
res _ . Lo que significa que 50.0 °C - 0.02 °C =
oF Rate of ch 0 o ; Bl 49.98 °C
. : : ; Valor de 50 °C es un valor tipico para laser
T . I ﬁ [10]; - suposicidn del switch.
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—>  Laser —>.—>.—>.—>
Excursion: Transceptor coherente (2023/2024)

still show port 8/1/c7, DDM should be known by

Temperature (C) +48.0

Supply Voltage (V)

04/16/2026
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Refri eléctrico (TEC)

Un elemento
Peltier tipico en
escala grande

Sources: [10]




Ejemplo: D.CO164HG.2.yTM
(480km @ Multirate 400G SR8 ZR+)

DIGITAL DIAGNOSTIC MONITORING Yes, internally calibrated

(DDM)
mlijeessttrr(:] seTop te — I POWER CONSUMPTION 22 W I
consumo maximo CDR TX and RX
SGMII No
INBUILT FEC Yes, OFEC
POWERBUDGET (DB) 15 dB
TRANSMIT MIN/MAX PER LANE -5dBm / 3 dBm
RECEIVER MIN/MAX PER LANE -12dBm / 0 dBm (overload) @400G
WAVELENGTH TX (TYPICAL) tunable Coherent high-power DWDM

Source:



v

. . Power
Budget P

Con Flexbox y herramientos de investigacion

Interval (s): | Start Collection Clear Data  Sample Interval (s): 2 © « Auto-scale

TX Power (dBm)

—0.050 4

T T T -
-0.04 -0.02 0.00 e
=

0.050 -
0.025 A
0.000 -

¥ —0.025

—0.050 A

-0.04 -0.02 0.00 R - -
Time (minuti&—%‘?” - —

*Python, PyQt y Matplotlib en una applicacion
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Power
Budget

iDa le energia al transceptor!

~ B

Toggle Trc Power Toggle Laser (] Toggle VDM

~

Sample Interval (s): Stop Collection Clear Data Sample Interval (s): 2 | « Auto-scale

Temperature (°C)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

_38-

_39_

—40 4 [ = & 0 &= = = - - - = - = = - L - = = -

_41 4

TX Power (dBm)

=474

0.8 1

0.6 1

0.4 1

Trc Power (W)

0.21

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Time (minutes)
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Power
Budget

Go Go Laser (y VDM) It

& + Q =

Sample Interval (s): Stop Collection

Toggle Trc Power Toggle Laser Toggle VDM

~ B

Clear Data Sample Interval (s): 2 o « Auto-scale

Temperature (°C)

1.0 1.5 2.0 2.5 3.0

o
1

_10_

_20 -

_30_

TX Power (dBm)

0.0 0.5

1.0 1.5 2.0 2.5 3.0

Trc Power (W)

0.0 0.5

04/16/2026

1.0 1.5 2.0 2.5 3.0
Time (minutes)
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Power
Budget

—~&-

Propuesto energético — Evolucion tecnica de los trcs

2XDR4

Consumo (Watts) 2018 | 2020 | 2023 | 2025 | 2026 | Cambios
ASIC intercambiado por PAM4 DSP

400G QDD FR4 2km 12 | 10.5 9 con controlador EML integrado,
optimizando de 16 a 7 nm

800G OSFP 2xLR4

Dual Duplex L)((Z 18D | L : :

P Cambio de EML a SiPho
1.6T OSFP224 30 26 Nodo DSP CMQOS -

Reduccién de 5 a 3nm

04/16/2026
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Eficiencla: Transferencia de calor con ventiladores

AXNu

Ppon = T A(Too - TW)

Nu = 0.664 VRe\/Pr

* Nusselt (Nu)
* Prandtl (Pr)
* Reynolds (Re)
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Eficiencla: Transferencia de calor con ventiladores

Relation fan speed to heat transport efficiency

2.5

Y 4 2.0 A
kef %% o @ w2 Tha }
N = O bl ¢ @6 i PI“3 L
uh - 1.5 1
Mg %

Relative heat transport rate
k-
o

o
U

0 2 4 6 8 10
Air flow (m/s)

VLR

Con el doble de
velocidad
no se obtiene el dobleurces: [13;

T L —
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¢, Que influencia tienen TEC y laser?

: 100
Power readings de D.CO164HG.2.yT -
400G Coherent con configuracion del ventilador
Art No. Q0 (No Fan) [Q1(low) [Q2(mid) |Q3(high)
D.CO164HG.2.yT 56.49 49.57 47.67 PD el i il S sl
I Trc Power (W)
’ > ——TEC (W)
=3 Laser Power (W)
s 1
a
QX  Speed RPM (approx.) £
Q0 0 m/s (obviously) 0 §
g 01
Q1 2.2mfs 467 (;) )
o
Q2 3.0m/s 637
Q4 38m/s 806
0,01
0 50 100 150 200 250

Time
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.—>.—>.—>.—>.—> Resultados
Resultados: Tests con switches y transceptores

gJuniper (QFX5120-48Y) with QSFP28DR 20Cisco Nexus with 800G Transceivers
8
7 16
6
. LN
& S 12 o o
S =3 S )
g 4 ) 00 00
E . g (' (a4
con no % 8 g g
2 RX RX o o o
00 — 00 —
1 o & e =
4 o Xx o X
0
00:00 02:52 05:45 08:38 11:31 14:24 17:16 20:09 23:02
Time [mm:ss] 0
Conectar Trc Checar Trc ~ Checar Trc 00:00 00:28 00:57 01:26 01:55 02124
status status Time [mm:ss]
y recon.
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.—>.—>.—>.—>.—> Resultados
Experimento con un transceptor congelado

,a- : o .') ) E}.m =
Cubos de L s Transceptor (100G

Flexbox 5

Laminas de
aluminio
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Resultados: congelado, pero laser calienta desde adentro

Con como 20°C de diferencia
tenemos un delta de approx. 200

3.50
— TrC Power (W]
— T Power (mW)

— AKX
3,25 | Power {mW}

Electrical
Power [W]

3.00{ g
2.75 1
2501
=
— 2.251
g E
rey o 200
O 3
" N — — ——
o L75 il

-10 -5 0 5 10
Temperature
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Eficiencia

Conclusion

Laser y TEC no son absorbedores principales de energia.

* Mejor echar un vistazo a la combinacion MCU/DSP y descubrir por medio del PRBS para medir el
consumo de energia total.

Temperatura del laser @ 50 °C - punto mas eficiente - poca influencia al consumo
total

* Sin importar la temperatura del trc, el consumo del laser y TEC pueden ignorarse

Desactiva tu puerto:

* Eltrc sera forzado a acceder al modo Low Power y consumira con un factor entre 7 y 20 menos energia

Mediendo la energia del switch para mas detalles

Puedes medir el consumo de energia poniendo el transceptor en diferentes estados con
un programador



iMuchas gracias!

Source:
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