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1 Abstract

QSFP MSA specifies 3 sets of timing requirements

e QSFP 2-Wire Timing Specification
e QSFP Memory Specification
e |/O Timing for Soft Control and Status Functions

The 2-wire interface timing is part of the 1’c implementation in the used pController.

The presented measurements verify the Soft Control and Status Functions timing.

2 Summary
QSFP MJDC Firmware Rev 13.3 meets all QSFP MSA timing requirements.

3 Test Configuration

The test uses a QSFP module on a TE Eval Board with the optical signal from the DUT passing an optical
switch and looped back into the DUT.

The oscilloscope monitors
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Fig 1 Timing Test Setup
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The Test Application controls QSFP settings and triggers and monitors QSFP Status Interrupt Flags and
Module and Channel Monitors.
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Fig 2 QSFP Timing Test Application GUI
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4 SFF-8436 Timing Specification
4.1 QSFP 2-Wire Timing Specification
Parameter Symbol  |Min Max Unit Conditions
Clock Frequency far 0 400 kHz
Clock Pulse Width Low |t ow 13 us
Clock Pulse Width High | tyey 0.6 us
Time bus free before teur 20 us Between STOP and START
new transmission can
start
START Hold Time tHo =T 0.6 us
START Set-up Time tsysTa 0.6 us
Diata In Hold Time tho.oaT 0 us
Data In Set-up Time tsypat 0.1 us
Input Rise Time tr 400 300 ns From (VIL,MAX - 0.15) to
(400kHz) (VIH,MIN + 0.15)
Input Fall Time (400kHz) |tF 400 300 ns From (VIHMIN + 0.15) to
(VIL,MAX - 0.15)
STOP Set-up Time tsusTo 0.6 us
ModSell Setup Time Host sele 2 ms Setup time on the select lines
ct_setup before start of a host initiated
senal bus sequence
MaodSell Hold Time Host sele (10 us Delay from completion of a
ct_hold senal bus sequence to changes
of transceiver salect status
Aborted sequence - bus |Desslect |2 ms Delay from a host de-asserting
release Abort ModSell (at any point in a bus
sequence),to the QSFP module
releasing SCL and SDA
Table 1: QSFP 2-Wire Timing Specification
Parameter Symbaol Min  [Max [Unit Conditions
Serial Interface Clock T clock_hold 500 |us Maximum time the QSFP
Holdoff "Clock Stretching” maodule may hold the SCL line
low before continuing with a
read or write operation
Complete Single or twe 40 ms Complete (up to) 4 Byte Write
Seqguential Write
Endurance (Write Cycles) B0k cycles 7o °c
Table 2: QSFP Memory Specification
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Parameter Symbol Max Unit Conditions
Initialization Time tinit 2000 [ms  (Time from power on®, hot plug of rising edge of

Reset until the module is fully functional® This
time does not apply to non-Power Level 0
modules in the Low Power State.

Reset Init Assert Time  |{_reset_init |2 us A Reset is generated by a low level longer than
the minimum reset pulse time present on the
ResetL pin.

Serial Bus Hardware  |t_serial 2000 |ms  |Time from power on® until module responds to

Ready Time data transmission over the 2-wire serial bus

Monitor Data Ready t_data 2000 |ms Time from power on® to data not ready, bit 0 of

Time Byite 2. deasseried and Intl asserted

Reset Assert Time t_reset 2000 [ms Time from rising edge on the ResetL pin until

the module is fully functional’

LPMode Assert Time  (ton_LPMode (100 us Time from assertion of LPMode (VinLPMode =
Wih) until module power consumption enters
Power Level 1

InfL Assert Time fon_IntL 200 ms Time from occurrence of condition triggering
IntL until Viout:IntL ="ol
Infl. Deassert Time toff_intl 500 |us Time from clear on read” operation of

associated flag until Vout:IntL = Voh. This
includes deassert times for Rx LOS, Tx Fault
and other flag biis.

Ry LOS Assert Time fon_los 100 ms Time from Rx LOS state to Rx LOS bit set
(value = 1b) and IntL assered

Tx Fault Assert Time ton_Txfault 200 ms Time from Tx Fault state to Tx Fault bit set
(value = 1b) and IntL assered

Flag Assert Time ton_flag 200 ms Time from occurrence of condition triggering flag
to associated flag bit set (value = 1b) and IntL
assered

Mask Assert Time ton_mask 100 ms Time from mask bit set (value = 1b)" until
associated IntL assertion is inhibited

Mask Deassert Time | toff_mask 100 |ms  [Time from mask bit cleared (value = Ob)" until
associated Intll operation resumes

Application or Rate i _ratesel 100 ms Time from change of state of Application or Rate

Select Change Time Select bit' unil fransmitter or receiver bandwidth

is in conformance with appropriate specification

Power_over-ride or ton_Pdown |100  |ms  [Time from P_Down bit set (value = 1b)" until

Power-set Assert Time module power consumption enters Power Level
1

Power_over-ride or toff_Pdown (300 [mS  |Time from P_Down bit cleared (value = Ob)' until

Power-set Deassert
Time
Mote 1. Measured from falling clock edge after stop bit of write transaction.

Mote 2. Power on is defined as the instant when supply voltages reach and remain at or above the
minimum level specified in Table 6.

Mote 3. Fully functional is defined as IntL asserted due to data not ready bit, bit 0 nyie 2 deasserted. The
module should also meet optical and electrical specifications.

the module is fully functional®

Mote 4. Measured from falling clock edge after stop bit of read fransaction.

Table 3: I/0 Timing for Soft Control and Status Functions
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Parameter Symbaol Max JUnit |Conditions

Rx Squelch Assert Time|ton_Rxsq 80 us Time from loss of Rx input signal until the
squelched output condition is reached. See
clause 3.1.3.1.

Rx Squelch Deassert  |toff Rxsq 80 us Time from resumption of Rx input signals until

Time normal Rx output condition is reached. See
clause 3.1.3.1.

Tx Squelch Assert Time |ton_Txsqg 400 ms Time from loss of Tx input signal until the
squelched output condition is reached. See
clause 3.1.3.2.

Tx Squelch Deassert  |toff Txsg 400 ms Time from resumption of Tx input signals until

Time normal Tx output condition is reached. See
clause 3.1.3.2.

Tx Disable Assert Time |ton_txdis 100 |ms  |Time from Tx Disable bit set (value = 1b)" until
optical output falls below 10% of nominal

Tx Disable Deassert  |toff_txdis 400  |ms  |Time from Tx Disable bit cleared (value = Ob)'

Time until optical output rises above 90% of nominal

Rx Output Disable ton_rxdis 100 ms Time from Rx Output Disable bit set (value =

Assert Time 1b)" until Rx output falls below 10% of nominal

Rx Output Disable toff_mdis 100 ms Time from Rx Output Disable bit cleared (value

Deassert Time = 0b)" until Rx output rises above 90% of
nominal

Squelch Disable Assert |ton_sqdis 100 ms This applies to Rx and Tx Squelch and is the

Time time from bit set (value = 1I:s]|1 until squelch
functionality is disabled.

Squelch Disable toff_sqdis 100 ms This applies to Rx and Tx Squelch and is the

Deassert Time time from bit cleared (value = III'I:sjl1 until squelch
functionality is enabled.

MNote 1. Measured from falling clock edge after stop bit of write transaction.

Table 4: I/O Timing for Squelch and Disable
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5 Verification Measurements

5.1 QSFP 2-Wire Timing Specification

5.1.1 Clock Frequency, Pulse Widths and Hold Times

For verification of 12C timing compliance, a Telos Tracii XL 2.0 and 12C Negative Tester has been
used.

The test covers

¢ Multiple reads of various number of bytes
¢ Master Clock Diversifying with arbitrary 1 - 100 ms delay in clock pulses (asynchronous clocking)

e Master Timing 100 kHz — 400 kHz.
Several combinations of typ.pat, tsu:pat, @and tyigy With min and max values conform to std and

fast mode devices 12C-Bus Spec Ver 2.1, Jan 2000 and Rev 03, 19 June 2007
o Master Speed (bitrates 1000 — 400000 Hz)

All tests pass successfully.

T3 telos 12C Studio V4.2

File  Edit  Megative Tester  Options  Toals  Help
[ e o | e
P s Q0 O O =
Mew Open Save Al Start Start ADC b AL I
Warkspace B X StatPage | C#P Test  telos Tracii XL 2.0 Negative Te... | - X
2 £3) Workspace i
=453 Master st
¢ L[ telos Traci XL 2.0 Master [1] Master |5\ave !
=420 Megative Tester Master D ata Start [bytes) ~ | Stop [bytes] ~ Step [butes] |
H Q telos Tracii =L 2.0 Negative Tester | |d | |4 £l ! hd
=43 Sorint Master Clock Di f Start (ms) Stop (ms) Step (ms) -
g o Tast . aster Clock Diversifying |-| cl |1UU cl 1 =
3 Trace [] Master Stress Time: [5] |'1 ””””” ﬁ"
>
[ Master Stop Start (bytes] I1 :l Stap (bytes) |3 :l Step [bytes] ,17’_72
Master Timing 100 kHz 400kHz  [] 1000 kHz
Master Speed Start Hz) [fgﬁg___ _¢—| Stop (Hz) 4ggdﬁ'_?| Step (Hz) ?EUU__._?]
Master Termination Start [Qhm] I428 = Stop [Qhm] [10a00 "l
Configuration
|D_;SD_{ o) mut el FE_UU_D_U__(‘_,} Transmitter Feceiver
Result
Negative Testing Results
Result
Master Data Ok
haster Clock Diversifying Ok
M aster Timing 0Ok
Ok
haster Termination Ok
< [
telos Traci XL 2.0 [0x0ABA] | 12C Yoo 3,364

Fig 3 Telos 12C Negative Tester

5.1.2 Time Bus Free

This was tested with a configurable Bus Free Time, recording the shortest possible Bus Free Time
with successful communication.
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Tek [ M Pos: 17600 CURSOR
ol QSFP+ Fw 13.3 T
L e YpE
Timing *erification
Time Bus Free
Source
CH1
SCL
Ipm-“t
SDA
o+
CH2 2.00% k10,008
Parameter MSA Measurement
Time Bus Free 220 | ps 213 | us
Table 5: Time Bus Free
5.1.3 ModSelL
Tek .M. b Pos; 7500 s CURSOR Tek 1L b Pos: 1.18d4ms CURSOR
b4 QSFP+Pwi13.3 T * LSFP+ P 133
L L ype o o Type
Timing Werific:ation Timirg “erification
kodSell Setup todSell Haold Time
Source Source
CH1
SCL Delta SCL
1.000rms
1.000kHz +
shA JW Cursor 1 sDA JV
5o 00005 o
bodSell Cursar 2 bodSell
s * 1000ms HeE 4
— Y - - " ,
it CH2 200 fd 250,u% CH3 " 152y CH2 200% k1 10.0 08 CHZ ™ 1.52y
CH3 200 =10Hz CH3 2.00% < 10Hz
Fig 4 ModSellL Setup Time Fig 5 ModSellL Hold Time
Parameter MSA Measurement
ModSelL Setup Time 22| ms >1 ms
ModSelL Hold Time 210 | ps =10 us
Table 6: ModSelL
The tests pass successfully with times shorter than required.
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5.2 QSFP Memory Specification
5.2.1 Clock Stretching and Complete Write

Fig 6 - Fig 7 show 2 typical cases of clock stretching within a complete 4 byte write and read cycle

Tek  .IL. M Pos: 190,08 CURSOR Tek L. M Pos: 1380, CURSOR
¥ QSFP+ P/ 13.3 T M QSFP+ Fu 13.3
L o ype L . Type
Timing Yerification Timing *erification
WiteSeq Clock Stretch ReadSeq Clock Stretch
Source Source
LH1 CHI
SCL SCL
SDK-'«" || ,J' “| I ‘ I SDA | || “ .“
2+ A o 5
CH2 2.00% Fd 50.0,u5 CH2 2.00% 1 50.0.us
Fig 6 Write Sequence clock stretching Fig 7 Read Sequence clock stretching
Parameter MSA Measurement
Clock Stretching <500 | ps <200 | us

Table 7: Clock Stretching

A complete write cycle of max 4 byte is done in less than 1 ms, as shown in Fig 8

Tek [ M Pas: 13508 CURSOR
¥ QSFP+ P/ 13.3 Type
Timirg “erification
4 Byte ‘Write
Source
CH1
SCL

ST

CH2 200 fel S00L0.05

Fig 8 Complete 4 byte Write Cycle
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Parameter MSA Measurement
Complete 4 byte Write Cycle <40 | ms <1 ms

Table 8: Write Cycle

5.3 1/0 Timing for Soft Control and Status Functions
5.3.1 Initialization Time

Fig 9 shows the ResetL pulse of 2 us. After approx 13 ms, I/O ports are initialized and IntL is

asserted.
Telk g b Pos: 19.80ms CURSOR
+
E!_SFF'+ F'w'1 3._3 Type
Tlp?ln.g ‘-.rf.e_nflcatlcun
Imitialization
Source
Delta
24,605
[ ['_I ﬂ 40,65Hz
[t J Cursor 1
e —200,0 05
Fesetl + Cursor 2
24,405
4+
r 500rs CHA ™ 1.52Y
CH3 200%  CHY 200 <10Hz
Fig 9 Resetl and initialization

An IntL test Pulse has been introduced to demonstrate initialization time and the main loop period

After approx 25 ms, IntL is released. At that time, initialization is done and the module is ready for
communication. Main loop execution time is approx 3.5 ms

Parameter MSA Measurement
Reset Init Assert Time 2| us 2| us
Initialization Time <2000 | ms <1000 | ms
Serial Bus Hardware Read Time | <2000 | ms <1000 | ms
Monitor Data Read Time <2000 | ms <1000 | ms
Reset Assert Time <2000 | ms <1000 | ms

Table 9: |Initialization time

Copyright 2010, Tyco Electronics, CIS-OPG. 11 (19)
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5.3.2 IntL Assert Time

Fig 10 shows the Tx Electrical Signal being switched off, the corresponding Rx Out signal and the

resulting IntL assertion. IntL reacts within a few ms.

For an error condition related to Temperature, Vcc, Rx Power or Tx Bias, the IntL assertion time is

related to the main loop execution time, which is in the order of 3.5 ms.

Due the optical loop back configuration and the fact, that Tx Squelch is not implemented, the Rx does
not really squelch for the current test configuration due to the remaining noise in the not squelching
Tx signal. However, Rx reaction time is clearly shown in the Rx Out signal trace.

M Paos: =1.500ms
L5FP+Pw' 133 T
Timing *erification
IntL Azzert

3 ]

CURZ0OR

Tek

M

Type

Source
Delta

2.380rms
420,2Hz

Cursar 1
—2.380ms

Cursar 2
0.000s

CH3 ™ 1.4
<10Hz

cHe Eo0v
CHd S00mY

F 200 L5
CH3 2004

Fig 10 IntL Assert on Tx and Rx LOS

Parameter MSA Measurement
IntL Assert Time on Tx Fault/LOS and Rx LOS <200 ms <4 | ms
IntL Assert Time on T, Vcc, Rx Power, Tx Bias <200 ms <4 | ms

Table 10: IntL Assert Time

5.3.3 IntL Deassert Time

When latched Status Interrupt Flags are cleared, an immediate check for existing error conditions is
performed. This instant check is necessary to be able to deassert IntL within the required 500 ps.

If no more error conditions are present, IntL is deasserted.

This check causes also a clock stretching, which is within the allowed 500 ps

Copyright 2010, Tyco Electronics, CIS-OPG.
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Telk gL M Paos: =300.0,0s CUR=0R
E!.SEF'+ Fv-{j 3.3 b Type
Timing *erification
[ntL D e-azsert
Source
SLL Delta
a0.00us
12.50kHz
Cursar 1
20,00 .us
+  Cursar 2
Intl . ‘ 0.000s
it CH2 2.00% K 100,05 CHI  1.84Y
CH3 2.00% < 10Hz
Fig 11 IntL Deaasert Time and Clock Stretching
Parameter MSA Measurement
IntL Deassert Time on read operation <500 | upus <100 | ps

Table 11: IntL Deassert Time

5.3.4 Rx LOS Assert Time, Tx Fault Assert Time and Flag Assert Time

Due to the loop back configuration, the Rx optical signal input is linked to the Tx electrical signal

input.

Thus, switching off Tx input signal causes an LOS for the Rx optical signal as shown in Fig 10. This is

also true for a Tx Fault.

Setting Status Interrupt Flags is part of the tasks performed in the main loop. With a typical main loop
execution time of 10 ms, setting a Status Interrupt Flag due to an error condition takes less than 4

ms.
Parameter MSA Measurement
Rx LOS Assert Time <100 ms <4 | ms
Tx Fault Assert Time <200 ms <4 | ms
Flag Assert Time <200 | ms <4 | ms

Table 12: Rx LOS Assert Time, Tx Fault Assert Time and Flag Assert Time

5.3.5 Mask Assert Time

Processing memory changes when changed from host is also a task performed in the main loop and
thus, executed approx every 3.5 ms. In worst case, the resulting IntL state change is processed in the

following main loop, thus, within < 8 ms.

Copyright 2010, Tyco Electronics, CIS-OPG. 13 (19)
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Tels T M Pos; —3.000mms CURSOR
E!.SIT'F'+ F"-.-'-.:".'I 3.3 hd e
Timing *erification
b azk Azzert
Source
SCL Delta
4,880rms
204,3Hz
SDA Cursar 1
o4 —4.580ms
e
+  Cursar 2
[mtL E 00005
ik CHZ 200 M 1.00ms CH3 7 184y
CH3 200 <10Hz
Fig 12 Rx LOS Mask Assert Time
Parameter MSA Measurement
Mask Assert Time <100 | ms <8 | ms
Table 13: Mask Assert Time
5.3.6 Mask Deassert Time
Tels T M Pos; —3.000mms CURSOR
QSFPs Fw 133 ¥ Type
Tirning Yerification
b azk De-azsert
Source
SCL Delta
2360rms
252.5Hz
SDA Cursar 1
o4 -3.960ms
+  Cursar 2
Intl. 00005
N , TR—
CH2 2004 M 1.00ms CH3 ™ 184
CH3 200 <10Hz
Fig 13 Mask Deassert Time
Parameter MSA Measurement
Mask Deassert Time <100 ms <8 | ms
Table 14: Mask Deassert Time
Copyright 2010, Tyco Electronics, CIS-OPG. 14 (19)
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5.3.7 Other Timings

o LP Mode
¢ Application or rate Select
o Power Override or Power Set

Our modules do not provide these features and therefore these timings are N/A

5.4 1/0 Timing for Squelch and Disable

5.4.1 Squelch Assert Time

In Fig 14 the results for switching off the Tx input signal is shown. As described earlier, due to the
loop back configuration, this shows at the same time the Rx squelch behavior.

Tx Squelch is not implemented.

Tel T M Pos: 0,000 CLRSOR
Q5FP+ P 133
Timing *erification
Tw lr - B Ot OOFF
Source
CHY
R Ot el Delta

400005
250.0kHz

3*WWL’W’I"J'MW%: M e

ﬁﬁlﬁwmwm =32.00us

a4,
P 25,005 CHA & 3354
CH3 500%  CHA 200mY <10Hz

Cursar 2

Fig 14 Rx Squelch Assert Time

Parameter MSA Measurement
Rx Squelch Assert Time <80 us <10 | ps

Table 15: Rx Squelch Assert Time

Copyright 2010, Tyco Electronics, CIS-OPG. 15(19)
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5.4.2 Squelch Deassert Time
Also here, the loop back configuration shows Tx and Rx behavior in the same measurement.
The trigger shows when the Tx signal is switched on.

The Rx yields an output signal after less than 10 pus.

Tek L @ Acg Complete M Pos: 0.000s CURSOR
SFPr W/ 133 Tyge
Tirmitig Werific:ation
T In-Fx Out On
source
Delta
3000 s
333.3kHz
Cursar 1
—26.00,05
Cursor 2
-23.0005
P 250,08 CHA ™ 301y
CH3 .00 CHA 200y 7.33601kHz
Fig 15 Rx Squelch Deassert Time
Parameter MSA Measurement
Rx Squelch Deassert Time <80 | wus <10 | ps
Tx Squelch Deassert Time <400 | ms <10 | ps

Table 16: Rx and Tx Squelch Assert Time

5.4.3 Tx Disable Assert Time

As stated in 5.3.5, memory changes such as setting channel control bits are processed from the main
loop within approx 10 ms after the memory location has been written.

The effect of dis- or enabling a Tx channel is monitored on the Rx output signal in the loop back
configuration.

Copyright 2010, Tyco Electronics, CIS-OPG. 16 ( 19)
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Tek T K Pos: 2,000ms CURSOR
*  QSFP+Pw 133 .
. e Y pE
Timing *erification
T=Diz
Source
CH1
SCL
SO, E r q [
% Fw Ot ' W :
4+
CHZ 200 M 1.00ms
CH3 S00%  CHA 100w
Fig 16 Tx Disable Assert Time
Parameter MSA Measurement
Tx Disable Assert Time <100 ms <8 | ms

Table 17: Tx Disable Assert Time

5.4.4 Tx Disable Deassert Time

As in 5.4.3, the loop back configuration shows the time of interest in the reappearance of the Rx
output signal.

Tel T M Pos: 2000ms CLRSOR
¥ OSFP+FPw 133 T
o o ype
Timing *erification
T Diis OFF
Source
CH1
SCL
Sha,
| .
B Fix Ot w
4+

CHZ 2.00M r1 1.00ms
CH3 5004 CHA .00

Fig 17 Tx Disable Deassert Time
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Parameter MSA Measurement
Tx Disable Deassert Time <400 | ms <8 | ms
Table 18: Tx Disable Deassert Time
5.4.5 Rx Output Disable Assert Time
Tek i M Pos: 3.000ms CURSOR
hd QSFP+ P/ 13.3 Type
Timing *erification
Rx Out Dz
Source
CH1
SCL
SDa, |
25 Ry Oul i
3
4+
CH2 2.00% 1+ 1.00ms
CH3 .00 CH4 1.00%
Fig 18 Rx Output Disable Assert Time
Parameter MSA Measurement
Rx Output Disable Assert Time <100 | ms <8 | ms
Table 19: Tx Disable Deassert Time
5.4.6 Rx Output Disable Deassert Time
Tek  .IL. M Pos: 3.000ms CURSOR
¥ QSFP+ P 13.3 Type
Timing “erification
P Olut Dz OFf
Source
SCL
SDa, E i
2+ By Out
4 MHM
CH2 200% h 1.00rms
CH3 S.00% CHA 1.00%
Fig 19 Rx Output Disable Deassert Time
Copyright 2010, Tyco Electronics, CIS-OPG. 18 (19)
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Parameter MSA Measurement
Rx Output Disable Deassert Time <100 | ms <8 | ms

Table 20: Tx Disable Deassert Time

5.4.7 Squelch Disable Assert Time

Like in 5.4.3 to 5.4.6, processing of memory write actions from the main loop is responsible for
response time on these actions.

Tek . b Pos: 5.600ms
+ B5FP+ Py 133
Timing Yerification
RxSqDis
SCL
SDa,

%*‘H:-: [t H
i ‘
4+

R

R Y

CH3 5004 CH4 1.00%

Fig 20 Rx Squelch Disable Assert Time

CURSOR

Type
Source
CH4

Delta
3.500rms
285,THz

Cursar 1
3.200ms

Cursor 2
. 700ms

Tel L M Pos: S.600ms
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Fig 21 Rx Squelch Disable Deassert Time

Parameter MSA Measurement
Squelch Disable Assert Time <100 | ms <8 | ms
Squelch Disable Deassert Time <100 | ms <8 | ms
Table 21: Squelch Disable Assert and Deassert Time
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CURZ0OR

Type
Source
CH4

Delta
2.800rms
357.1Hz

Cursar 1
3.200rms

Cursar 2
B.000rms



