IlrraAEO SmartLoop for QSFP-DD 800G

QSFP-DD 800G Loopback Module
(Straight-mapping)

O-Watt 16-Watt

24-Watt 30-Watt
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IlFrAEO SmartLoop for QSFP-DD 800G

Features

€ Industry’s highest rated mating cycles for 2000 and above

€ Built-in surge current mitigation technology

€ Adjustable total power consumption up to 30W distributed to the 3 regions, each region is individually
programmed between 1.0W through 10.0W with 0.5W increment

Operating temperature: -40°C to 85C

+3.3V power supply

Supports 8*10G/25G/56G PAM4/112G data rates

2-wire interface for integrated Digital Diagnostic Monitoring

Signal integrity performance meets IEEE 802.3bj, 802.3cd, 802.3ck standards respectively
Enhanced EMC/EMI design for noise harsh environment

Enhanced heat dissipation technology for high power testing

Custom EEPROM available

A multi-color LED indicator for high/low power modes

Hot-pluggable

RoHS 2.0 compliant
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Application

€ QSFP-DD port/system testing
€ Ethernet IEEE 802.3 (Gigabit, 10 Gigabit and 25 Gigabit Ethernet)
4 SONET, SDH, GBE, Fiber Channel Support

Standard

Common Management Interface Specification, Rev 4.0
QSFP-DD/QSFP-DD800/QSFP112 Hardware Specification, Rev 6.01
IEEE Std 802.3cd

IEEE Std 802.3ck Draft 3.0

IEEE 802.3cd

IEEE 802.3bj

SFF-8024, SFF Cross Reference to Industry Products, Rev 4.7
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SmartLoop for QSFP-DD 800G

Description

Designed and engineered to accommodate customers high usage 2000 cycles from -40°C to 85°C, the
loopback module series are the most reliable products in the market to enable the quickest customers
systems production and deployment. Software defined multiple power consumption may emulate the
optical module power, and the embedded insertion loss characteristics emulates the real-world cabling for
100G/400G/800G Ethernet/Infiniband/FC. The built-in surge current mitigation technology mitigates the
DUT risks from being damaged. The broad operating temperature range accommodates the enterprise,
datacom and telecom applications. The loopback module may be used for ports testing, field deployment

testing and equipment troubleshooting.

Specification

Absolute Maximum Ratings
Parameter Symbol Min Max Unit
Storage Temperature Ts -40 +85 C
Ambient Operating Temperature Ta -40 +85 C
Storage Relative Humidity RHs 0 95 %
Operating Relative Humidity RHo 0 85 %
Power Supply Voltage Vcce 2.97 +3.63 \
Recommended Operating Conditions
Parameter Symbol Min Typical Max Unit
Ambient Operating Temperature Ta -40 - +85 C
Power Supply Voltage Vce 2.97 3.3 3.63 \%
Data Rate BRate 0.1 - 800 Gbps
Durability Cycles - 2000 2250 Times
High Speed Characteristics
Parameter Symbol Min Typical Max Unit Notes
Input/Output 74 9 95 105 Ohm Differential
Impedance Impedance
Return Loss SDD11/22 <10 0.01GHz <f<10GHz dB
<-5 10GHz< f < 40GHz
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TlFrAEO SmartLoop for QSFP-DD 800G
Takble 1- Pad Function Definition
Pad | Logic Symbol Description Plug Motes
Sequence”’

1 ZhD Zround 1B 1
2 LI Tx2n Transmitter Imvered Data Input 3B

3 CML-1 Tedp Transmitter Non-Inverted Diata Impat =]

4 e ] CGround 1E 1
b CL- Twdn Transmitter Iimvered Data Inpul B8

G CML-| Tudp Transmitter Non-Inverted Diata Inpat =]

i =N0 Cround 1B 1
B [LVTTLd ModSell Module Select 36

g LVTTLA Resetl Module Reset a8

10 ook +3.3V Power Supplv Feceiver 2B 2
11 [ LVCMOS D [ SCL TW| =erial interface clock iB

12 LVEMOS-10 | SDA TWI =enial interface dala =]

13 RO round 1B |
14 | CML-O Rx3p Receiver Non-inverted Chata Dutput is]

15 CL-0 Rxin Receiver Inverted Data Jutput B

16 RO Zround 1B 1
17 | CML-O Rxip Receiver Mon-Inverted Chata Oulpud 1t

18 | GML-O Rxin Receiver Inverted Data Jutput 3B

19 GHD Zround 1B I
2 GHD Ground B i
Py ChL-O RxZn Recewer lInverted Data Outpud =]

22 | CML-O RaxZp Receiver Non-Inverted Data Oulput ]2

23 GMD Ground 1B 1
24 CiL-0 Rxdn Receiver Inverted Clata Clutput =]

25 ChL-0 Fxdp Feceiver Mon-Inverted Data Dubpud =]

26 GHO round 1B i
27 | LVTTL-O ModPral Module Present aB

28 | LNVTTL-O IntL/RxLCES Interrupt'optional RxL 08 aB

24 WVocTx +3.3 Power supply transmitier 2B 2
g1 Ve +3 3V Power supply 2B Fa
41 [ LVTTLA LPModeTxDis | Low Power mode/optional TX Disable 3B

K izML0 zround 1B |
33 | CML-I Tudp Transmitter Mon-Inverted Diala Inpat a8

| CML- Tuan Transmitter lrered Data Input 1B

35 GHD Ground 1B I
a6 | CML-1 Tulp Tranamitter Mon-Inverted Diata npat 3B

ar | CML-1 Telin Transmitter lrverted Data Input 3B

34 WD o 1B I
i GHD Ground 14 1
40 | CML-| Tufin Transmitter lmverted Data Input i

41 | CML-I Tubp Transmitter Mon-Invertad Data Input I8

42 GHD Ground 14 1
43 | CML- TxBn Transmitter Irvered Data Input 38

44 CML- TuBp Transmiter Mon-fnveried Data input 38

45 WO Ground 18 1
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IlFrAEO SmartLoop for QSFP-DD 800G

Pad | Logic Symibol Descnpion Flug Motes
Seguence?

46 | LVOMOSICML-D | PSS Pragrammablefdodule Vendor Specfic 4 34 5

47 | LVCMOSICML-T | PAET FrogrammableMtodule Vendor Spedfic 1 34 5

48 ViocEx1 3.3V Power Supply A 2

48 | IVCMOSICML-O | PAS2 Pragrammableidodule Vendor Specific 2 34 &

o | IVCMOSICML-O | PAS3 Programmablefdodule YVendor Specific 3 34 5

51 MO Sround 14 1

52 [ CML-O Rxip Recziver Mon-Inverted Data Oulpul 24

61 |CML-O Rxin Receiver invered Data Cutput 34

54 GMD Giround 14 1

55 CRL-T) Rx&p Receiver Mon-tnverted Data Output 24

SE | CML-O Rx5n Rec=iver Inverted Data Cubput 34

57 EMD round 14 1

58 GMD Ciround 14 1

e | CML-O RxEn Receiver nverted Data Cutput A48

80 [ CML-O RxEp Receiver Mon-Inverted Data Culput 24

61 GND Ground 14 1

62 | CML-D Rx&n Recaiver Inverted Data Cutput 34

63 | CML-O FxBp Recziver Non-Inverted Data Cutput 24

54 GHD Cround 14 1

65 MC Mo Connect 34 3

Lili] Reserved For fubure use 24 3

a7 MecTx 3.3V Power Supoly 28, 2

68 Ve 3.3V Power Supply 28 2

68 | LVCMOS-] ePPS/Clock | 1PPS PTF clock or reference clack input 34 6

i GMD Czround 14 1

71 [ CML-| Tefp Transmitter Mon-Inverted Data Input 34

72 | CMLA T%'n Transmitter Inverted Data input 34

73 MO Sround 14 1

74 CML-1 Tefp Transmitter Mon-Inveried Data Input 34,

5 | CML-I Txbn Transmitter Inverted Data npat 24

76 GND Ground 14 1

Kaote 12 QSFP-0O0 uses common groamd (GHND) for 38 signals and supply {poser). All are comiman within ihe Q5FP-

DD moduge and all modsls voliages: are referenced o this polential unless olhemwise noted . Connect these directhy o

ne Mot board signal-oommon ground plane. Each conmecton Gnd contact is rated for a sieady stale cument of 200

Lt

Note & ViorRx, VooRx1, Vo, Voo, Voo Ty and Voo Tl shall be applied concumently. Supply redquirsments defmed

1o Bhe el sbde of Me Host Cand Edge Connecton are listed in Talde 120 For power classes 4 and abdve e module

differential iading of inpul voltage pads must not resull In excesding contact oament limits. Each connecior Vo

contact is rated for a sbeady stale current of 1500 maA

Mote 3 Fesemnsad pad recommended 1o e teminated with 10 k(2 to ground on the host Pad 65 (Mo Connect) Shall

e left unconnecied within e module optionally pad &5 may get termmingted with 10 EE 1o ground on the host

Note 47 Plug Sequence specilies the mating sequencs of the host connecion and modle The sequence i 14, 28 38,

16, 2B, 38. (See Figure 2 for pad locations) Contact sequence A will make, then breas contact with additional QSFP-

DD pads. Sequence 1A and 18 wil hen oocur simulianeousty, follvwed by 24 and 28, followed by 34 and 38

Note &: Full definifions of the P'vSx signals cumently under development  For module designs using

prograsmimsbbaiendor specific nputs PSS and PASS signals i@ B recomimended each to be lerminated in fhe module

with 10k For hosi designs using programmatéesendar specific cadputs PAS2 and POVES signals d s

recammended each fo be tesminated on the host with 10 kO

Mrte 6 for host not iImplemeniing eFFPSICIock, & not necessany o parallal teminate the eFFSICIock signal to ground

on the hosl ePPSAClock already has paralle] termination in the module sce 4 2 6.
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Typical application Circuit
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SmartLoop for QSFP-DD 800G

The 16 lanes are connected as following

with match polarity:
* TX1 and RX1
* TX2 and RX2
* TX3 and RX3
* TX4 and RX4
* TX5 and RX5
* TX6 and RX6
* TX7 and RX7
* TX8 and RX8

Status LED

Vee Host = 3.3V

Vee Host = +3.3V

2X(4.7K~10K)

Modul e
Controller

TX1-(37)

TX1+( 36,
RX1L+(17;
RX1- (18

TX2-(2)

TX2+(3)

RX2- (21),

RX2+( 22

TX3-(34)

TX3+(33

RX3+(14)

Host
Ser Des

TX6- (40)

TX6+(41)

TX7-(72)

RX6+( 60)

RX6- (59

TX7+(71).

RX7- (53
TXB- (43
TXB+(44
RYG+(63)

RX8- (62),

RX7+(52

VOOR( 10, 48]

IQSFP- DD Series Mdul e

vceava

Host Power

Suppl VOCT( 29, 67)
Filters
VOQ( 30, 68)

YVYVY

iuin

2X(1.0K~3.3K)

ePPS( 69)

LPMode(31)

ModSel L(8)

Reset L(9)

SDA(12)

IS

4.7K~10l

SAL(11)

IntL(28)]

ModPr sL(27)

a1, 4,7, 13, 16, 19, 20,
23,26, 32, 35, 38, 39, 42,
45,51, 54, 57, 58, 61, 64,
70, 73, 76)

I
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IlFrRAEO SmartLoop for QSFP-DD 800G

A multi-color LED must be viewed from the front of the module in order to signify high/low power modes,
as well as interrupts .Low-power mode is defined as device address A0h.00.200.6:4 = 000b or The
LPMode is High.

* Solid green: low-power mode

* Solid red: high-power mode

* Blinking green: low-power mode with any of the interrupt flag is set

* Blinking red: high-power mode with any of the interrupt flag is set

12C interface

Upon the completion of the Mgmtlinit state, the 12C interface on the module must support Fast-mode as
defined in section 4.5.1 of the QSFP-DD/QSFP-DD800/QSFP112 Hardware Specification, Rev 6.01 in

order to handle the SCL clock frequency between OkHz and 400KHz. In addition, the module may only
clock stretching the SCL less than 100 uysec in any frequency.

NVRAM

A 128-byte NVRAM be accessed through 12C:

The NVRAM be located at page 0x03 address 128 through address 255.

The NVRAM support Current Address Read Operation, Random Read Operation , Sequential Bytes Read
Operation, Byte Write Operation6 and Sequential Bytes Write Operation .

The NVRAM support Fast-mode as defined in section 4.5.1 of the QSFPDD/QSFP-DD800/QSFP112
Hardware Specification, Rev 6.01.

The default value in the NVRAM is 00h for the entire 128 bytes

QSFP-DD Identification:
Table 1: loopback ID registers

Page | Address | Size Name Description
0 1 Identifier 18h: Identifier Type of QSFP-DD
3 1 Module state b0000_011x: ModuleReady state.
85 1 Module Type Encodings 0x03: Passive Cu

N/A ApSelCode 1: Host Electrical
86 1 0x49: 800GBASE-CR8

Interface Code
ApSelCode 1: Module Media

87 1 OxBF: Passive Loopback Module
Interface Code
ooh 128 1 Identifier 18h: Identifier Type of QSFP-DD
129-144 16 Vendor name Vendor name (ASCII)
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TlFrAEO SmartLoop for QSFP-DD 800G
148-163 16 Vendor PN Part number (ASCII)
164-165 2 Vendor rev Revision (ASCII)
166-181 16 Vendor SN Vendor Serial Number (ASCII)

bxxxx_01xx: 30-Watt loopback
bxxxx_101x: 24-Watt loopback

200 1 Maximum Power identifier | bxxxx_00xx: 16-Watt loopback
bxxxx_11xx: 0-Watt loopback

Refer to address 201

0x78 (30W/0.25W = 120)

0x60 (24W/0.25W = 96)

201 1 Max Power 0x40 (16W/0.25W = 64)

0x00 :(OW,Without Power burner. Only
EEPROM)

Table 2: QSFP-DD loopback non-ID registers:

Page | Address Size Name Description
12-15 4 Temperature DOM Refer to Table 3
16-19, 6 Voltage DOM Refer to Table 4
N/A 2223 g
26 1 Self-reset Refer to Table 5
o 200 bit 6-4 Power burner control Refer to Table 6
00
214-216 3 Power burner setting Refer to Table 6
03h 128-255 128 NVRAM
bit 6,2-1 Low-Speed Signal Status Refer to Table 7
225
FEh bit 7,5-4 Low-Speed Signal state transaction Refer to Table 8
250-251 2 Power-cycle counter Refer to Table 11
252-253 2 Contact pads insertion cycle Refer to Table 12

Case temperature monitor

The Case temperatures is monitored on the top of the case.

Table 3: temperature DOM

Page [ Address | Size | Name Description
12 1 Reserved / Temperature 2 MSB | Internally measured temperature, top case:
N/A signed 2’s complement in 1/256°C
13 1 | Custom / Temperature 2 LSB .
increments
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TlFrAEO SmartLoop for QSFP-DD 800G
14 1 Module Monitor 1: Int I Jt ) ¢ _
Temperature 1 MSB r.1erna y measure empera ure, top case:
- signed 2’s complement in 1/256°C
Module Monitor 1: .
15 1 increments
Temperature 1 LSB
Page | Address | Bits [ Name Description
3 | TempMonLowWamingFlag Latched Flag for low temperature warning
N/A 9 2 | TempMonHighWarningFlag Latched Flag for high temperature warning
1 | TempMonLowAlarmFlag Latched Flag for low temperature alarm
0 | TempMonHighAlarmFlag Latched Flag for high temperature alarm

Power rail voltage monitor

The 3 VCC power rails, VccRx*, VecTx* and Vec* are monitored individually.
Table 4: VCC voltage DOM

Page | Address | Size | Name Description
16 1 Module Monitor 2: Int I 433 volt i ¢
nternally measured 3.3 volt inpu
Supply 3.3-volt MSB y . P .
- supply voltage VccRx* gold-fingers: in
Module Monitor 2: )
17 1 100pV increments
Supply 3.3-volt LSB
18 1 Module Monitor 3: Internally measured 3.3 volt input
u .3 volt inpu
Supply 3.3-volt MSB y ) P )
N/A - supply voltage VccTx* gold-fingers: in
Module Monitor 3: i
19 1 100pV increments
Supply 3.3-volt LSB
9 1 Module Monitor 5: Int I d43.3 volt inout
nternally measured 3.3 volt inpu
TEC current MSB | ylt e o put
su voltage Vcc* gold-fingers: in
Module Monitor 5: PPy , 9 9 g
23 1 100uV increments
TEC current MSB
Page | Address | Bits | Name Description
) Latched Flag for low supply VccRx
7 VceRx MonLowWarningFlag .
voltage warning
Latched Flag for high supply VccRx
6 VcecRx MonHighWarningFlag g- g PRy
9 voltage warning
Latched Flag for low supply VccRx
5 VccRx MonLowAlarmFlag
N/A voltage alarm
Latched Flag for high supply VccRx
4 VcecRx MonHighAlarmFlag g g PRy
voltage alarm
) Latched Flag for low supply VccTx
3 VceTx MonLowWarningFlag i
10 voltage warning
Latched Flag for high supply VccTx
2 VceTx MonHighWarningFlag g_ g PRY
voltage warning

https://www.infraeo.com
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IlFrRAEO SmartLoop for QSFP-DD 800G

Latched Flag for low supply VccTx
voltage alarm

Latched Flag for high supply VccTx
voltage alarm

Latched Flag for low supply Vcc
voltage warning

Latched Flag for high supply Vcc
voltage warning

Latched Flag for low supply Vcc
voltage alarm

Latched Flag for high supply Vcc
voltage alarm

1 VccTx MonLowAlarmFlag

0 VceTx MonHighAlarmFlag

3 Vcec MonLowWarningFlag

2 Vcec MonHighWarningFlag

11
1 Vce MonLowAlarmFlag

0 Vcec MonHighAlarmFlag

Reset requirement

There are 3 different type of reset in the module, power-up-reset, hard-reset and soft-reset. All the 3 resets
should cause the module to consume default power: less than 1.5W.

Power-up-reset

The power-up-reset should cause all the active components, including the microcontroller, in the module
reset to default state and then start the normal operation. It should also reset the power burner in the
module to consume the default power.

Hard-reset(ResetL)

The hard-reset should cause the microcontroller to reset, and then reset all the other active components
and reset the power burner to consume the default power. Afterward, the microcontroller will start the
normal operation.

Soft-reset

The soft-reset should cause the microcontroller to reset, and then reset all the other active components
and reset the power burner to consume the default power. Afterward, the microcontroller will start the
normal operation. The soft-reset is set by host through the 12C register 26 bit 3.

Table 5: Soft-reset register

Page | Address | Bits | Name Description Type
N/A 26 3 Software Reset Software reset RW, Self-Clear
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IlFrRAEO SmartLoop for QSFP-DD 800G

Programmable power consumption/burner

During power-up of the module, the default power consumption in the module should burn less than 0.5W
to boot up the MCU and associated control logic/circuitry as default. Afterward, host can set the module to
consume higher power by programming the 3 burners in 3 regions through 12C registers 200, 214-216
when the LPMode is Low.

Table 6: power burner registers

Page [ Address | Bits Name Description Type
7 Reserved 0Ob RO
6 Region 3 burner The burner in each region is
5 Region 2 burner individually enabled by these bits. .y
] Ob: Disable (default)
4 Region 1 burner 1b Enable
200 bxxxx_01xx: 30-Watt loopback

bxxxx_101x: 24-Watt loopback
bxxxx_00xx: 16-Watt loopback

3-0 Maximum Power identifier RO
bxxxx_11xx: 0-Watt loopback
Refer to address 201
(or Customizable power)
213 7-0 Reserved 00b RO
Region 3 The power in each region is
214 7-0 . o RW
power consumption individually programmed between
215 2.0 Region 2 1.0W through 10.0W BW
00h power consumption 10h: 1.0W (default)

18h:1.5W 20h: 2.0W
28h: 2.5W  30h: 3.0W
38h: 3.5W  40h: 4.0W
48h: 4.5W  50h: 5.0W
58h: 5.5W  60h: 6.0W
68h: 6.5W  70h: 7.0W
78h: 7.5W  80h: 8.0W
88h: 8.5W 90h: 9.0W RW
98h: 9.5W AOh: 10.0W
Else: remain the current value.
The tolerance of power
consumption must

meet the following criteria :
+/-5% @ VCC = 3.3V +/-2%
+/-11% @ VCC = 3.3V +/-5%

Region 1

216 7-0 ,
power consumption
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IlFrAEO SmartLoop for QSFP-DD 800G

| | | | +1-20% @ veC =3.3v +-10% | |

Power distribution

The power burner is placed on the top side of paddle PCB with all the heat be dissipated at the top of the
case. The power burner is separated into 3 regions as shown:
Each region can be individually enabled by register 200 and programmed the amount of power
consumption by corresponding registers between 214 and 216.
* The sub-region x.1 should dissipate 75% of the power from the corresponding region
* The sub-region x.2 should dissipate 25% of the power from the corresponding region.
» Each region will be driven by a single power rails as defined below:
* Region 1: VccTx*,
* Region 2: VccRx*,
* Region 3: Vcc*

Table 7: Low-Speed Signal status registers

Page | Address | Size [ Name Description Type
5 ePPS signal Ob: logical 0, Vepps < Vi(max) RO
status 1b: logical 1, Vepps > Vin(min)
ren | 225 5 ModSeIL Ob: Iog?cal 0, VModselL < Vn(ma.\x) RO
signal status 1b: logical 1, VModselL > Vin(min)
1 LPMode Ob: logical 0, Vipmode < Vi(max) RO
signal status 1b: logical 1, Vipmode > Vin(min)
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IlFrAEO SmartLoop for QSFP-DD 800G

Table 8: Low-Speed Signal state transaction registers

Page | Address | Size | Name Description Type
Read 0Ob: No edge detected RW
7 ePPS Read 1b: Either rising or falling edges detected
transition Write Ob: No effect
Write 1b: Clear the register
Read 0Ob: No edge detected RW
ModSelL Read 1b: Either rising or falling edges detected
FFh | 225 5 " .
transition Write Ob: No effect
Write 1b: Clear the register
Read Ob: No edge detected RwW
4 LPMode Read 1b: Either rising or falling edges detected
transition Write Ob: No effect
Write 1b: Clear the register

ModSelL

The ModSelL is Low, the module responds to TWI serial communication commands.

The ModSelL is High, the module shall not respond to or acknowledge any TWI interface communication.

LPMode

The LPMode is Low, the power burner in the module to consume the setting power.

The LPMode is High, the module enter low power mode.

ModPrsL

The ModPrsL is pulled towards ground in the module.

IntL
The IntL signal is asserted Low with any of Alarm and Warning flag is set and deasserted High after all of

Alarm and Warning flags are read.
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Table 9: Alarm and Warning Thresholds(Page 02H Byte 128~143)

Page | Address Size Name of field Description
128-129 2 Temp High Alarm MSB at low address, 95°C
130-131 2 Temp Low Alarm MSB at low address, -10C
132-133 2 Temp High Warning MSB at low address, 85C
134-135 2 Temp Low Warning MSB at low address, -5C

0zh 136-137 2 VCC Voltage High Alarm MSB at low address, 3.6V
138-139 2 VCC Voltage Low Alarm MSB at low address, 3.0V
140-141 2 VCC Voltage High Warning MSB at low address, 3.5V
142-143 2 VCC Voltage Low Warning MSB at low address, 3.1V

PS: Alarm and Warning Thresholds can be customized according to customer requirements

Power-cycle counter

Every time the MCU in the module is powered-up, the power-cycle counter will be implemented. The default
value of the counter is 00_00h. The value of the counter must be saved in 12C registers in Page FFh.

Table 10: Power-cycle counter registers

Page | Address | Size | Name Description Type
EEh 250 1 Power-cycle counter, MSB Power-cycle counter. RO
251 1 Power-cycle counter, LSB Default to 00_00h from factory. RO

Contact pads insertion requirement and module reliability
The contacts pads on the paddle card is maintain the lane insertion loss specified at the end of the 2000th
physical insertion.

The module is without any cold-solder and breakdown of active components, such as microcontroller and
burners at the end of the 2000th temperature cycle.

The value of guaranteed maximum insertion/temperature cycle saved in 12C registers in Page FFh,
Address 252-253:

Table 11: Contact pads insertion cycle registers

Page Address | Size Name Description Type
Guaranteed maximum
252 1 | insertion/temperature Guaranteed maximum RO
FEh cycle, MSB insertion/temperature cycle in hex.
Guaranteed maximum The goal is 2000 (07D0h)
253 1 | insertion/temperature insertions. RO
cycle, LSB
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Package Outline

Dimensions are in millimeters. (Unit: mm)

LED:

Solid green; Iow-power mode

Solid red: high-power mode

Blinking green: law-power mode with any of the interrupt flag is set
Blinking red: high-power mode with any of the interrupt flag s set
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