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JESD204B System Design Considerations
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Now that we have been through the process for setting the deterministic latency related registers, let’s look at some system level requirements that should be considered.  Most importantly, we will consider the relationship between SYSREF, device clock and the accuracy of deterministic latency.


Multi-chip Synchronization Requirements

¢ General Guidelines:

e Do not mix different device manufacturer parts in a multiple link
configuration

e Minimize all inter-device lane skews

+ For ADI DAC applications:
o Max SKew .rqevice T Max (variable delay) < (0.75XT | \jec )

e Generate Device Clock and SYSREF from same source to maintain
phase alignment

e Minimize all Device Clock and SYSREF inter-device skews
+ Details on this relationship to follow...

e Combining all SYNC~ signals in a multilink configuration is not
required for Subclass 1
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First, let’s consider some general guidelines.  Since it is likely that the exact implementation for deterministic latency will vary from one manufacturer and the next, and even different devices from the same manufacturer, it is important to use the same converter when multi-chip synchronization is required in your system.  It is also important that inter device lane skews be minimized. For ADI DAC applications, the combination of inter-device skew plus the maximum variable delay should be less than TLMFC .  Device clock and SYSREF should be generated from the same device to ensure the phase alignment of the two signals.  The inter-device skew for both SYSREF and device clock should also be minimized.  We have several slides that will discuss the relationship between these 2 signals.  The concept of sync combining is presented when discussing subclass 2 operation and multi-chip synchronization.  For a subclass 1 system, this is not necessary.



Design Considerations: SYSREF and Device Clock

SYSREF must be source synchronous with the Device Clock:
DEVICE
CLOCK “‘ “““““‘ ““““““ ““““““““‘l

SYSREF

It is highly recommended that SYSREF be generated from the same
source as the Device Clock such as the ADI AD9525 or subsequent
clocking devices:

DEVICE
CLOCK

SYSREF

AD9528
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The timing of the SYSREF signal must be accurately controlled with respect to the device clock such that the device clock sampling edge is fixed and known by the user. As we just mentioned, the SYSREF signal must be source-synchronous with the Device Clock.  Therefore, it is recommended that SYSREF generation is created by the same device which delivers the Device Clock through out the system.  The AD9528 is one ADI device that is suitable for this task.


Capturing SYSREF Accurately

+ Key Points from the JESD204B specification
e The device clock edge captures SYSREF

e The device clock edges need to arrive at each device meeting the
clock distribution specification in the JESD204B spec

e SYSREF needs to be decoded at the same clock edge for each
device

e SYSREF setup and hold times need to be met
+ Meeting setup and hold times while using a high speed
device clock may be difficult

e In this case, it may be necessary for the phase offset of SYSREF
and/or device clock to be programmable for each device

+ The application’s tolerance for deterministic latency
uncertainty will define the application’s timing requirements
for SYSREF and device clock
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Here is a high level summary of the SYSREF and device clock related requirements outlined in JESD204B.  Device clock must be used to capture SYSREF and its edges must arrive at each device in the system such that they meet the clock distribution requirement defined in JESD204B.  The same clock edge (meaning, with respect to the launching of SYSREF at the source) must be used to decode SYSREF for all devices in the system.  And lastly, the SYSREF setup and hold times for the devices must be met.  This last requirement for setup and hold time may actually be the most difficult to meet depending on the frequency of the device clock in the system.  For device clocks of 1GHz and above, it may be necessary to have the ability to adjust the phase offset of SYSREF and/or the device clock.  This will be discussed n detail in the following slides.
   The clock distribution skew and other skew requirements in the JESD204B specification are meant to be guidelines instead of  rules.  They were introduced to make a case for the amount of de-skew capability to recommend for the deserializer.  It is really up to the system implementer to determine the limits for their application based on their tolerance for deterministic latency uncertainty.  The next few slides will go into detail on this.  In short, if the application’s tolerance for deterministic latency uncertainty is ≥ 2 device clock cycles, then meeting timing is very straight forward unless the SYSREF setup and hold time is ≥ 1 DCLK cycle (not sure if this ever occurs).  Also, for lower speed device clocks (≤ 250MHz), even achieving 1 DLCK cycle of uncertainty is straight forward



Capturing SYSREF Accurately

¢ The pulse width of the SYSREF (PWgsysrep) CAN make meeting
setup and hold time requirements easier and may enable the
user to disregard clock distribution skew

e Making PWgqysrer 2 2 X (Tpe k) ensures SYREF is captured (see
example below)

e This will add up to 1 Ty ¢ to the deterministic latency uncertainty
If the clock distribution skew is not controlled

SYSREF
PWaysper 22 X (Tpeix )

Tsu + Thow < Toawk Tew  Thad

Tsy = 0.5 (Toaw) -

Thio = 0.25 (Toow) Device i
Clock ---J; ---J
:-'|-I.I+TI-|-:'|I.'I/‘

SYSREF captured
Keepout on this edge
EALTT
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There is no pulse width requirement for SYSREF other than it needs to be long enough to capture with the device clock.  So, it is implied that PWSYSREF ≥ TSU + THold .  SYSREF can also be a 50% duty cycle clock for that matter.  As long as the application can tolerate the added deterministic latency uncertainty, increasing the pulse width is an effective way to ensure SYSREF is captured.  In the timing diagram example shown here, TSU + THold  is ¾ of the DCLK period and we have made PWSYSREF 2 DCLK’s wide.  Even if the setup and hold time requirements are not met with the first DCLK edge, SYSREF is still captured with the 2nd edge.  This adds up to one DCLK to the deterministic latency uncertainty and there will also be a 1 DCLK uncertainty in the “SYSREF-to-LMFC” delay.  If this additional uncertainty is tolerable in the system, then the clock distribution skew does not need to be tightly controlled.


Defining Deterministic Latency Uncertainty

+ DL uncertainty is the difference between the earliest and latest possible
capture of SYSREF in the system

+ If not controlling the clock distribution skew to ensure SYSREF capture
with earliest edge of device clock and meeting the prior PWgygrer Criteria:

e Earliest capture occurs at Tg,, , Latest capture occurs at < (Tgepyp + Tperk)

e DL Uncertainty = SYSREF distribution skew + (latest capture - earliest capture)
= (DSgysrer)* Tocik

1" SYSREF (A) memrrz 2(Tocu )|

DCLﬁkearlycapture_l |_ L L L1 LI | I

DCLE, latest capture I_I

Last SYSREF (N) f | PWavsaerz2n( Tocu )|

DCLEy early capture d L Ld Ld g L | I

DCLKy latest capture l | |_ L ] I

e T—
DL Uncertainty

LMFC,,

LMFCy
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Deterministic Latency uncertainty is the difference between the earliest and latest possible capture of SYSREF in the system.  If the distribution of DCLK is not being tightly controlled to ensure the SYSREF at each device is captured with the same clock edge, SYSREF could be captured on either the first DCLK edge or the second one.  The earliest possible capture occurs Tsetup after the SYSREF leading edge (illustrated by “DCLK early capture”.) [circle early capture]  The latest possible capture occurs when the DCLK arrives just early enough to give a setup time violation [circle timing violation].  The colored boxes indicate the keep out area for the SYSREF transition.  Red indicates a timing violation. The difference between the earliest and latest possible capture of SYSREF is one TDCLK .  The biggest potential contributor to DL uncertainty is the SYSREF distribution skew.  The difference in the arrival time of the earliest SYSREF and the latest SYSREF is the SYSREF distribution skew [point to SYSREFs].  So, the worst case DL uncertainty occurs when the early arriving SYSREF is captured early and the last arriving SYSREF is captured late.  This gives us our limit for DL uncertainty which is the SYSREF distribution skew plus the DCLK period.  Remember, this is the case where we do not care about clock distribution skew….


Defining Deterministic Latency Uncertainty

+ If controlling the clock distribution skew (DSy ) to ensure SYSREF
capture with earliest edge of device clock:

e DL Uncertainty = DSgygrer * Tvaiid window

* Tyaid window = Tocik = (Tsu * Thola)

1" SYSREF (A) __I——

DCLK, early capture I | | | 1 T 1 |
Last SYSREF {M) ' | |
DCLKy latest capt i
Pt _‘|,||||||||
L%S:- DL Uncertainty
L]

LMFC,, :
i
LMFC,,
Gray area indicatas the “valid window" for S¥YSREF
switching so that it is captured on the next capture edge
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   If the additional DCLK of uncertainty is not acceptable, then the device clock distribution skew must be controlled to closely match the distribution of SYSREF.  In this case, the DCLK to SYSREF timing is controlled such that the first capture edge of DCLK always meets the setup and hold time requirement of SYSREF.  This is done by controlling the trace lengths or by controlling the phase delays at the source device.  Note that the mimimum pulse width has to be greater than the setup and hold times.  If we walk through the timing example here we can see that the earliest SYSREF is captured is at TSU as it was previously.  The latest it can be captured with the first edge of the clock is TDCLK - Thold .  So, the DL uncertainty is DSSYSREF  ± TValid Window where TValid Window  = TDCLK - (TSU + Thold) 
   So, instead of adding a full DCLK of uncertainty to the DL, the added uncertainty is TDCLK - (TSU + Thold) which we refer to as the “valid window”.


Minimizing DL Uncertainty

¢+ DL Uncertainty is minimized by:

e Ensuring setup and hold time are met for each SYSREF/DCLK pair
+ Separate SYSREF/DCLK pairs for each device in the system

+ Match the trace length within each pair
¢ Length matching limit is set by the “valid window”
e SYSREF should be output with the capture edge of DCLK
e SYSREF length = DCLK length

e Minimizing the inter-pair distribution skew
+ This is effectively the same as minimizing DSqysrer
¢ Limit is set by DL uncertainty limit* minus T\,.;iq window

+ An example using the AD9250
e The AD9250 maximum device clock is 1.5GHz (667ps period)
e The setup time for SYSREF is 500ps and hold time is Ops

e In the example, the system’s max allowable DL uncertainty is 1 DCLK
+ If using the maximum device clock, the DL uncertainty limit is 667ps

*The DL uncertainty limit is set by the requirements of the application
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For your system, you need to determine first if you need deterministic latency.  If the answer is no, then operating in subclass 0 mode is an option for you and you don’t have to worry about any of this.  If the answer is yes, then you need to determine how accurate you need the deterministic latency to be.  Many folks I’ve talked to haven’t considered this too much and usually default to saying it needs to be accurate to within one device clock cycle.  Others have said within one sample clock cycle.  Regardless, here are two main points that will help minimize the amount of deterministic latency uncertainty in your system - ensuring setup and hold times are met for SYREF at each device and minimizing the distribution skew of SYSREF.  To ensure the setup and hold time, the first requirement is to have a dedicated SYSREF/Device clock pair for each device in the system.  For each of these pairs of traces, the length should be matched.  The length matching limit is determined by the valid window, previously defined as TDCLK - TSU - Thold .  Also, SYSREF should be output with the capture edge of device clock at the source and the SYSREF trace should always be longer than the DCLK trace. SYSREF length ≥ DCLK length ensures SYSREF switches after the hold time (if hold time is > 0, then minimum trace length difference needs to account for it) .  The maximum trace length difference is set by the setup time.
   Let’s look at an example using the AD9250.  The maximum device clock for the AD9250 is 1.5GHz and the setup and hold times for SYSREF are 500ps and 0ps, respectively.  For our example, let’s set the deterministic latency uncertainty limit to one device clock, which is 667ps.

Remember, DL uncertainty is set by the application.

Max sample rate for AD9250 is 250M


and Device Clock

+ Based on specifications for the example, the “valid window” for meeting
setup and hold time will be 167ps.

e Travel time is the time from a signal leaving the source to arriving at the sink

e The travel time of the SYSREF minus the travel time of the clock needs to be less
than 167ps and more than Ops to meet setup and hold

e To roughly convert this travel time difference into inches we can assume the travel
time through 1 inch of Fr4 material is 167ps/inch

e For each SYSREF/DCLK pair in the system, the following routing requirement
would need to be met

DCLK trace length < SYSREF trace length < DCLK trace length + 1 inch

SYSREF

Tsu = 500ps (¥ Tpok)

THﬂH = ﬂps

Dewvice I

Clock ——
e e
. ¥ Y5REF must be captured
“walid LT an this edge

window” Keapout .
[16?;}5] “ﬂnl'lll
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If we want to rely on trace length matching to meet our requirements for setup and hold time, we need to know how closely we need to match the trace lengths of each SYSREF/DCLK pair.  Based on the device clock rate and the SYSREF timing requirements, our valid window for our example is 167ps [circle valid window].  The time it takes for a signal to travel through FR4 material is about 167ps per inch.  Now it just so happens that for our example, both the valid window and the travel time per inch is 167ps. They are not related.  In any case, we can now set our limits.  Since hold time is zero, the SYREF trace has to be longer than the DCLK trace length but cannot be longer than the length of trace that translates to our valid window of 167 ps.  So, we now know that the trace lengths need to match within 1 inch based on our 167ps/inch estimate. [circle equation]

Recall that if the tolerance for DL uncertainty is > 2 DCLKs, then controlling the relation between DCLK and SYSREF may not be necessary (as long as PWSYSREF ≥ 2 x (TDCLK ) )



vy '”I:'L Iy T
S"\)“‘ i1ll.-r1-|'l"u P L'J‘r"*'??ﬁ; n

[ »

SYSREF/DCLK inter-pair trace length
matching

+ For our AD9250 example,
o DScyspee = DL Uncertainty + T4 window (d€rived from our equation for DL uncertainty)
e To set the limit, use worst case:
+ Inter-pair distribution skew Limit = DL uncertainty limit - Ty,4iq window
= 667ps - 167ps = 500ps
e SO, the inter-pair trace lengths must be within 500ps + 167ps per inch = 3 inches
DSsvenss

Bask Caroe

Ha TR T o
!

-

ek LY 2 F T
-
-

17 SYSREF (4]

DCLE, early capture

Last SYSREF (M)

DCLKy latest capture
(1% edge) —I
LMFC, ji’ ,—-—: DL Uncertainty = 1 DCLK
- - {667 ps]
LMFCy \ /
Gray area indicates ':I"M'Ia|I “valid window” for SYSREF switching so ANALOG
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By applying trace length matching to our SYSREF/DCLK pairs we ensure we meet the SYREF timing requirements.  Now we need to address the inter-pair skew to meet our requirement for DL uncertainty. We previously showed that DL Uncertainty = DSSYSREF  ± TValid Window .  We can use that relationship to derive our equation for SYSREF distribution skew limit to be  equal to DL uncertainty minus or plus the valid window.  To set the limit for inter-pair distribution skew, we use the case that would result in the tightest constraints.  So, we come up with the equation for our skew limit to be  equal to the uncertainty limit minus the valid window.  For our example, our uncertainty limit was set for 667ps and our valid window is 167ps.  So, our inter-pair distribution limit (which is essentially the same as the SYSREF distribution skew limit since we are controlling the DCLK distribution to closely match SYSREF) is 500ps.  So, we need to match our trace length within 500ps.  500ps divided by our 167ps per inch estimate gives us 3 inches for our length matching limit.
   To summarize, to meet our 1 device clock deterministic latency uncertainty limit, we need to match all of our SSYREF/DCLK pairs to within 1 inch and the inter-pair skew needs to be less than 3 inches.  This limit is not too stringent if you have a single converter connected to an FPGA.  It can become increasingly difficult with more devices and more complex place and route restrictions that could come into play.




Advanced Solutions

If it is too difficult to meet the routing requirement for
SYSREF/DCLK intra-device skew (1 inch) and SYSREF/DCLK inter-
device skew (3 inches) , then adjustable phase delay for the device
clock or SYSREF is required

The resolution of the adjustment must be less than the “valid
window” based on the setup and hold time

For the example the “valid window” is 167ps

FPGAs may have difficulty meeting small adjustment resolution
requirements

The AD9528 meets this requirement because it is designed to be
capable of adjusting SYSREF phase delay in 60ps steps with 50ps
variability

Another solution to meeting setup and hold time is to increase the
“valid window” by using a slower device clock
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If your system requirements make it too difficult to use trace length matching to achieve the amount of deterministic latency accuracy you need, then the ability to adjust the phase delay of SYSREF and/or device clock is necessary.  The granularity of the phase adjustment needed must be less than the valid widow.  For our example this was 167ps.  FPGA’s have the ability to adjust the phase on their clock outputs but the variability and resolution may be a challenge.  The AD9528 includes the ability to adjust the phase of SYSREF in 60ps steps with only 50ps of max variability from one output to another.  Beyond trace length matching and adjusting the SYSREF phase, the only other option available is to reduce the device clock speed to make the timing constraints easier to manage.


Meeting setup and hold with adjustable
phase delay

+ Adjustable phase delay for the SYSREF helps meet timing requirements with high
speed device clocks

+ The SYSREF for each device should have the phase delay (relative to the device
clock arrival at the DAC or ADC) plus the offset between the SYSREF arrival with no
delay and Device Clock arrival set to meet setup and hold time

+ The phase delay should be set to fall between the “min delay” and “max delay” in the
diagram below

| |
4—%— De?rice Clock Period——»
Device Clock |

Offset > 1 >
Offset —

SYSREF

| |
Max delay = Maximum phase delay resulting in meeting setup and hold times
Min delay = Minimum phase delay resulting in meeting setup and hold times
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Having the ability to adjust the phase delay of SYSREF means that you no longer need to match trace lengths in order to meet setup and hold times.  It also enables you to negate distribution skew so that SYSREF is arriving at all devices at the same time or at least within the adjustability of the  phase steps.  This diagram shows how the phase adjustment can be made to align the SYSREF edge within the valid window.  Blue arrows indicate where the SYSREF edge might occur without adding phase delay.  The green arrows indicate the minimum and maximum amount of phase delay that could be added to ensure meeting the setup and hold time requirements of SYSREF with the next capture edge.  


LT (g

SYSREF Strategies

¢ One Shot

e The SYSREF will be captured one time to establish
synchronization between devices in the system

e There is no way to use SYSREF to monitor whether the devices
stay synchronized

+ Monitoring of 8b/10b errors and alignment characters should be used

¢ Continuous

e The SYSREF will be captured one time to establish
synchronization, then the SYSREF will continue periodically at a
sub-harmonic frequency of the LMFC.

+ SYSREF must be an integer multiple of the LMFC period

e If future SYSREF edges do not match the current clock
synchronization either re-synchronization will occur or an error
will be reported.
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I briefly mentioned earlier the types of SYSREF that can be supported.  SYSREF can be a one-time pulse or it can be continuous.  For the one shot case, SYSREF is captured one time only.  Since there is only a single occurrence until the next SYSREF request is made, there is no mechanism to monitor LMFC alignment relative to SYSREF.  In this case, alignment can be monitored by checking for 8b/10b errors and also by checking the location of alignment characters when character replacement is enabled.
   In continuous mode, the period of the SYSREF must be an integer multiple of the LMFC period.  The initial instance of SYSREF is used to establish synchronization.  Some of our conerter products allow for aligning LMFC to the Nth occurrence of a continuous SYSREF.  The remaining instances of SYSREF can be used to monitor alignment with LMFC.  If the edges of SYSREF do not align with the LMFC an error is reported and re-synchronization can be initiated.


Potential Issues with SYSREF capture

¢ 1st edge (or edges) of SYSREF after system power up may be before
clocks have settled
e This is solved in the 3@ generation JESD204B Tx as well as ADI DAC'’s by

allowing the device to wait a certain number of edges before
synchronizing clocks

+ Allows for clock settling time after startup

e ADI DAC'’s also allows the user to “arm” the SYSREF capture when a valid
edge is expected

+ Allows for control over when to synchronize with a continuous SYSREF...

+ Small variation in SYSREF may be able to cause an unnecessary re-
synchronization
e This is solved in the 3'4 generation JESD204B Tx and ADI DAC’s by

allowing the user to specify a valid window around the LMFC for the
SYSREF edge.

e ADI DAC'’s also have a pulse mode where a new SYSREF edge will be
valid after a certain number of inactive SYSREF windows specified by SPI

registers
+ Some ADI ADC'’s allow for changing the polarity and device clock
54edge for SYSREF capture ANALOG
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There are potential complications with SYSREF capture that we have addressed with a variety of features in our devices.  One issue is if SYSREF occurs before the system clocks have settled.  WE have added the ability to delay a certain number of SYSREF edges before synchronizing.  This is a programmable delay via SPI register.  Of course, this only applies with a continuous SYSREF signal.  On our DAC devices, we also have the ability to arm SYSREF capture.  With this feature enabled synchronization will not occur until the arm bit is set by the user.  This also applies to a continuous SYSREF only.
   Another potential issue is when using a continuous SYSREF to monitor LMFC alignment.  It is possible that an invalid misalignment is detected due to a small variation or jitter in the system.  This is solved in our converter devices by allowing the user to specify a window of time around the LMFC edge that indicates a good placement for the SYSREF edge. [jump to slides 56-58]

[back from SYSREF window]  An additional SYSREF mode is available in ADI DAC’s called pulse mode.  In this mode, users can specify a time period where any occurrences of SYSREF will be ignored.  After this time expires, the next occurrence is valid.
   Another feature available on ADI ADC’s is the ability to toggle the device clock edge on which SYSREF is captured as well as which SYSREF transition to capture.   This can be useful for meeting setup and hold times for SYSREF capture [jump to slides 59-60]
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Handling a Periodic Signal

The first SYSREF edge captured will reset the LMFC.

Additional SYSREF edges occurring within a programmable window
around the LMFC will not reset the link.

This allows for a programmable amount of jitter in SYSREF
The resolution of the SYSREF Window setting is in device clocks.

If the SYSREF negative window is 1 and the positive window is 1,
then the total window is +/- 1 device clocks.

SYSREF Window

i
SYSREF I_I I_I I_I
SYNC™
LMFC * f 1.
LMFC State AQUIRE ;';‘;';':T MONITOR

Link 5tate LINK ENABLED
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Here is how we recommend using a continuous SYSREF signal and  implementing the valid window around the LMFC edges.  The first valid SYSREF is used to align LMFC and frame clock boundaries. Subsequent SYSREF edges are compared to the LMFC boundaries in order to monitor system synchronization and alignment.  The SYSREF window is the valid window [point to window] about the LMFC and can be set in device clock increments. The window should be set wide enough to account for jitter on SYSREF and LMFC.  As long as no SYSREF edges occur outside the window,  the system is considered synchronized.


¢ If SYSREF does not occur during the SYSREF window, the
link will not be affected, so the SYSREF window iIs irrelevant
INn the case of a one-shot SYSREF.

SYSREF Window
~il—-

SYSREF

SYMNC™

LMFC

LMFC
AQUIRE MOMITOR

LMFC State RESET

LINK ENABLED
Link State
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Even if using a single shot SYSREF with the window enabled, there is no effect on the link.  If no edges are found in the window, the condition is ignored.  This also allows a continuous SYSREF to operate at a sub-harmonic frequency of the LMFC.


Resynchronization

¢ If a SYSREF edge appears outside the SYSREF Window, the Tx

LMFC will re-align and the JESD Tx will output 0’s until the JESD Rx
asserts SYNC~.

¢ Since 10-bit all 0 codes will cause 8b/10b errors in the JESD RXx, the
Rx should detect the failure and assert SYNC~ quickly.

+ The JESD Tx will begin sending /K/ characters after the SYNC~ is
asserted by the JESD RXx.

_ “new” SYSREF “new” SYSREF
Inlt_lal LMFC resets LMFC window
alignment SYSREF Window alignment

established

: = H
SYSREF E.I n n m
; ;
SYmC- il l
LMFC ‘r 1‘ 1 ‘r
LMFC State | aQUIRE ;E‘;FE‘?F MONITOR ;’;‘EE MOMNITOR
Link State LINK EMABLED siﬁigﬁémﬁ LINK ENABLED
\\\
\\
“Tx communicates Ba_Ck
re-sync to Rx
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The only condition that affects the system is if a SYSREF edge occurs outside of the SYSREF window as shown here.  In this case, a re-synchronization takes place and the LMFC is re-aligned with SYSREF.  On The Tx side, depending on the device, the ADC’s will output all K characters or all 0’s in order to force a re-synchronization.  0’s will force re-synchronization since that pattern will result in 8b/10b errors.  If the condition exists on the Rx side, ADI DAC’s assert the sync signal to re-synchronize.  The timing diagram here shows the different states of LMFC on and ADI ADC from initial sync [advance animation], to monitoring and then when a misalignment is detected [advance animation], the process starts over.  As soon as the SYSREF occurs outside the existing SYSREF window, LMFC is reset [advance animation], and the tranmsitter willsend K’s or 0’s to the receiver [advance animation].  The receiver will respond by asserting sync [advance animation].  After the new LMFC is established, a new SYSREF window is established [advance animation]  A similar diagram for ADI DAC’s would show that as soon as the SYSREF occurs outside the window, sync is asserted.  While LMFC reset takes place the DAC will mute it’s output.  [return to SYSREF issues slide]


To ensure that the SYSREF is captured properly, setup and
hold time must be met with respect to the device clock.

In ADI's 3'd generation JESD204B Tx, there are some options
available to aid in meeting setup and hold time.

The edge of the device clock used can be either falling or
rising.

Option 1: Device Clock Rising Edge Option 2: Device Clock Falling Edge
Device Clock I | I | '| | I | I | Device Clock I | I l| I | I | I |
SYSREF —l ; SYSREF
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To help meet setup and hold time for capturing SYSREF, it may be helpful to capture the SYSREF transition with the falling edge of device clock.  The illustrations here sho that either the rising or falling edge of device clock can be used to capture SYSREF.  The default state uses the rising edge.


Meeting Setup and Hold Time

+ Two more options are available through the SYSREF
transition selection bit : either synchronous “low to high” or
“high to low” transitions.

Option 3: SYSREF High to Low Transition Option 4: SYSREF High to Low Transition
Device Clock Rising Edge Device Clock Falling Edge

Device Clock

Device Clock

SYSREF SYSREF

Back
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It may also be helpful to have the choice of which transition of SYSREF is captured.  The illustrations here show that you can choose to capture the high-to-low transition with either edge of the device clock.  Having these four options give the user some flexibility that can be useful in the absence of control over the phase of these signals at the signal source.  [jump back]


Appendix A: What if not all delays are
known?
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What If the delays in the JESD204B system
are unknown?

+ The “Dynamic Link Latency” registers can be used to determine the
appropriate setting for LMFC_delay and LMFC_var

e dyn_link latency 0 and dyn_link latency_1 are read-only registers used
to determine the appropriate setting for the LMFC_delay registers

e dyn_link_latency holds the time delay from LMFCg, to the aligned
ILAS/Data boundary in the JESD204B RXx

+ When LMFC_delay = 0, this value also represents the total link delay
+ As LMFC delay is increased, dyn_link latency will decrease

SYSREF

LMFCry
Aligned Data

M I N,

o™ g™

ILAS [ 1 Data
dyn_link_latency : '
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If, for some very good reason, it is problematic determining the fixed and variable delays in your system, ADI DAC’s do provide a method by which the LMFC delay and variation registers settings can be determined.  This method is not as straight forward and involves the read-only dynamic link latency register.  This register contains the time delay from the local LMFC boundary in the receiver to the aligned ILAS/Data boundary in the receiver.  This is illustrated in the diagram here.  In this example, the local LMFC has not been delayed and is still aligned with the global LMFC as set by the SYSREF. [circle SYSREF and LMFC].  The value in the register reflects the time delay between LMFC and the data for the current power cycle.  This value can change from power cycle to power cycle due to variable delays.  As LMFC delay is increased, you can see that the value in the dynamic link latency register will decrease.


Setting the Deterministic Latency registers
on ADI DAC's when delays are unknown

+ Deterministic Latency Registers on ADI DAC’s:

Register Names Link O Address | Link 1 Address Description

dyn_link_latency_0/1 0x302 0x303 RO - delay from LMFCg, latest data arrival
LMFC_delay_0/1 0x304 0x305 R/W - Adjustable delay from LMFC to LMFCgy
LMFC_var_0/1 0x306 0x307 R/W - Receive buffer delay (RBD) setting

e The basic conceptis to
adjust the LMFC_delay

such that the dyn-

link_latency reading is

optimized and ensures the
LMFCxy boundary occurs

just before the earliest

arriving data
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So, when the delays are unknown, we can use the dynamic link latency register to determine the LMFC delay and variation settings.  The function of these registers is summarized in the table here. [advance animation]  For determining the appropriate LMFC delay register setting, the idea is to adjust the LMFC delay register such that the dynamic link latency register is minimized while ensuring LMFC does not get pushed past the earliest possible arrival of data. [advance animation] 


Setting the Deterministic Latency registers
on ADI DAC's when delays are unknown

¢ Deterministic Latency Registers on ADI DAC’s:

edyn_link_latency and LMFC var are in units of PCLK cycles
+ PCLK is the JESD204B processing clock

e LMFC _delay is programmable in frame clock (FCLK) cycles

e This difference in clock domains must be accounted for when
adjusting LMFC_delay based on the dyn_link_latency reading

+ The relation between PCLK and FCLK (“PCLK Factor”) depends on the
“JESD204B mode” as illustrated in the table below

+ The number of PCLK cycles per LMFC also depends on the JESD204B mode
e This determines the dyn_link latency counter limit and is discussed in later slides

Mode ID 0 1 2 3 4 5 6 7 8 9 10
PCLK (MHz) 250 250 | 250 [ 250 | 250 | 250 | 250 | 250 250 [ 250 | 250
Frame Clock (MHz) 1000 | 500 | 500 [ 250 | 1000 | 500 | 500 | 250 |1000 | 1000 | 500
PCLK Factor 4 2 2 1 4 2 2 1 4 4 2
PCLKs per LMFC period 8 16 16 32 8 16 16 32 8 16 8
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Before getting to an example of how this works, we need to understand the units in which adjustments are made and how the JESD204 configuration parameters affect them.  In the current revision of the JESD204B receiver employed in ADI DAC’s, the dynamic link latency and LMFC_var registers are adjustable in pclk cycles while LMFC_delay is adjustable in frame clock cycles.  This difference must be accounted for when adjusting LMFC_delay based on dynamic link latency.  The relation between these clocks depend on the link configuration parameters.  ADI DAC’s support up to 11 different combinations of parameters called JESD204 modes as listed in the table here.  We will call the frame clock to pclk ratio the PCLK factor.  As you can see, the PCLK factor can be 1, 2, or 4, depending on the JESD204 mode.  It is also important to know the related relationship to the LMFC which we will call pclks per LMFC.  The possible values here are 8, 16, and 32.  This relationship sets the limit for the dynamic link latency counter which we will also be discussing.


Setting the Deterministic Latency registers
on ADI DAC's when delays are unknown

¢ Dynamic Link Latency counter synchronization

e Before the dyn_link_latency registers can be used to set the LMFC delay
registers, the associated clocks and counters must be synchronized

+ The following register write sequence accomplishes synchronization:

Register Names Description Address Data
SYNC_CTRLO 0x033 0x84
SYNC_MODE Sync logic 0x034 0x01
SYNC_MODE configuration 0x034 0x81
SYNC_MODE 0x034 0x01
TXEN_SM_O Ox11E 0x01
DATAPATH_CTRL . 0x111 0x20
One-shot trigger
SYNC_MODE ) 0x034 0Ox81
= alignment
SYNC_CTRLO 0x033 0x90
SYNC_CTRLO 0x033 0x80

+ These register writes will synchronize Link 0.

¢ The Link 1 sequence is identical after enabling Link 1 SPI access by setting
register 0x008 to 0x10
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One more complication to discuss before giving an example concerns the dynamic link latency counter that is used to determine the dynamic link latency value.  In order to get an accurate value out of the register, the associated counter must be synchronized.  This synchronization must take place on every link power-up cycle.  The register write sequence in the table here acts to synchronize the dynamic link latency counter. Note that the register shown here are for link 0.   The registers for link 0 and link 1 are identical.  To access the link 1 registers, register 008 should be set to hex 10.


Setting the Deterministic Latency registers
on ADI DAC's when delays are unknown

¢+ The fixed and variable delay for the JESD204B system can be
determined by reading the dyn_link_latency register

e Reading this value over multiple power cycles will provide the minimum
link delay and the maximum link delay from which the fixed and variable
delay values are derived

e The following procedure can be used to determine the min and max delays

+ Note that both the LMFC _delay and the LMFC_var registers should be left at
their default setting of 0x00 when executing this procedure

Turn OFF link(s) Perform svnc logic Turn ON link(s)

Set count=20 —f» Link_en=0 3 writ:l:s:l E 3 Link_en=1

{0x300[1:0]) [0x300[1:0])
Fy
NO

Read
Count = Store "
‘|"E count -1 g— value o— d\l‘l‘l_lll‘_lk_lﬂ‘l!l‘lﬁ?
register(s)

e Refer to the following slide for determining the min and max delay values
and deriving the LMFC_delay and LMFC_var settings for the system
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To determine the appropriate settings for lmfc delay and lmfc var, we can use the following process to determine the minimum and maximum delays in the system.  Remember, the fixed delay is the minimum delay in the system while the variable delay is the difference between the minimum and maximum delays.  Basically, what we are doing here is power cycling the link 20 times with LMFC_delay and LMFC_var left at their default value to determine the range of possible dynamic link latency values.  If desired, you can go through more iterations of the process to ensure statistic relevancy.  It is not likely to be necessary as long as you apply some built in headroom for the settings as you will see in the example on the next couple of slides.  As part of the process, we are synchronizing the dynamic link latency counter every time [circle the block] , turning on the link  and reading the dynamic link latency register, and then storing the value.  After 20 iterations, you will have 20 values that reflect the likely range of possible values.  Note that the range of values is likely to be small, maybe 3 or 4 values at the most.  In our DAC evaluation board system, the range of values is just 2.


Setting the Deterministic Latency registers
on ADI DAC's

¢ The dyn_link_latency values that have been stored from the process can now
be used to determine the min and max delays for the system

e Typically, the minimum delay is equal to the smallest value and the maximum delay
Is the largest value

+ Note that since the dyn_link_latency counter “rolls over” at the start of an LMFC cycle, it is
possible the min delay is not the smallest value and the max delay is not the largest value

+ This could occur if the link delay is larger than the LMFC period
LMFC l | | |

Frame Clock

User_data_flag l l l I
I

dyn_link_latency_cntlgll|2|3|4|5 6|?IGII |2|3 I4|5 Iﬁl?

+ In the figure, pclk factor = 4, PCLKs per LMFC = 8, “max” value is 6, and “min” value is 1

e S0, 6 is the minimum delay and 1 (+8) is the maximum dela\/(\ If the dyn_link_latency values
+ Fixed delay = minimum delay = 6 (PCLK cycles) contain ‘0’, assume counter roll-over

+ Variable delay = [Max delay - min delay] =9 - 6 = 3 (PCLK cycles)
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Let’s apply this process to the example shown here.  If we have been through the process of recording the dynamic link latency value over 20 power cycles, we can determine the minimum and maximum delay in the system.  Typically, it would be easy enough to just say the minimum value stored is the minimum delay and the maximum value stored is the maximum delay.  However, the dynamic link latency counter will roll over on every LMFC boundary.  So, if you have  a system where the total delay is near one LMFC cycle long, it is possible that the values that were stored contain values after the counter rolled over.  You can recognize this if any of the values are zero.  In this case, counter roll over should be assumed and the appropriate value added to the roll-over values that were stored.  The appropriate value to add is the pclks per LMFC value for the mode being operated in.  In the example shown, we are in mode 0, so the pclk factor is 4 and the PCLKs per LMFC is 8.  In this example, the range of values include 6, 7, 0, and 1. [circle values]  You can see that the counter has rolled over, so 8 is added to the 0 and 1 values.  So, that gives us a minimum delay of 6 and a max delay of 9.  Therefore, the fixed delay in the system is 6 pclk cycles and the variable delay in the system is 3 pclk cycles.



Setting the Deterministic Latency registers
on ADI DAC's

¢+ Once the fixed and variable delays are determined, LMFC_delay and
LMFC_var can be set

o LMFC_delay = (fixed delay -1) x PCLK Factor ¢—— adj5:&';‘3"';*i‘r?tera'\:'nFeCa‘i‘z'lf‘i;iles
¢ For the example: LMFC _delay = (6 - 1) x4 =20

e LMFC var = variable delay + 2
¢ For the example: LMFC var=3+2=5

e Deterministic Latency = (LMFC_delay X Tgc ) + LMFC_var X Tpe k)

LMFC
Frame Clock
Aligned Lane Data ILAS g _ ' Data |
User_data_flag E E | | | I E dyn_link_latency = 1,2, 3, or 4
: ml— H after adjusting LMFC_delay
dyn_link_latency_cnt 3 4 5 6 7 0 1 B 2 ‘ S I ) 5 6 7 0 1 2
we M | i |
' i
Deaterministically Delayed Data ILéS Data |
' - : - L]
S A TS
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Now that we know the fixed and variable delay in the system the registers can be set.  Remember that LMFC delay is set in frame clock increments but our fixed delay is currently in pclk cycles.  So, the pclk factor correction must be applied.  Our formula for setting LMFC delay becomes LMFC delay equals the fixed delay minus 1 times the pclk factor.  For our example, this is 6 minus 1, times for, which is 20 frame clocks.  Setting LMFC_var is more straight forward since it is set in terms of pclk cycles.  So, LMFC_var is simply the variable delay plus 2.  For our example it is 5.
  The timing diagram here shows the resulting effect from setting the lmfc delay and var registers.  You can see that the local LMFC is delayed by 20 frame clock cycles [circle the delay].  If you were to go back and read the dynamic link latency register multiple times, you would see the range of values to now be from 1 to 4 [circle the range].  You can also see that the LMFC_var setting is 5, so the receive buffer is released 5 pclk cycles after the local lmfc.  Subtracting 1 from the fixed delay to obtain the LMFC delay and then adding 2 to the variable delay to obtain the LMFC var value ensures that all possible cases of delay are captured [circle the range]. 
   Now, I understand that this seems to be pretty complicated.  However, this is something that you would need to do only if the fixed and variable delays in your system are unknown.  Depending on how these are specified, you may still need to apply the appropriate conversion to the frame clock or pclk domain but that is not too difficult.  Also note that this only has to be performed one time on the engineering model system in order to determine the appropriate settings for the system software.  Once it has been characterized one time, the values will be the same for all system made during production.
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Now that we have learned how to use the deterministic latency related registers, we can apply this to multi-link and multi-chip synchronization.


Multiple Link ADC Example

70

This example shows
three ADCs
connected to one
logic device

Each ADC is located
at a different distance
from the logic device

The spatial
differences between
the ADCs cause
different link delays

These delays must be
equalized at the logic
device to ensure
synchronization
between all links

ADC

LINK A

ADC

LINK B

ADC

LINK C

A

LINK CpeLay

LOGIC
DEVICE
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A

LINK BpeLay

Y

A

LINK Apgiay > LINK Bpgiay > LINK Cpgay

LINK ApgLay
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Y
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This is an example where 3 ADC’s, each with their own JESD204B link , is connected to a single FPGA.  In addition to the power cycle variations in delay for each ADC, there is the additional variation in channel length that must be accounted for when synchronizing the multiple links.  


Multiple Link DAC Example
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This example shows
three DACs
connected to one
logic device

Each DAC is located
at a different distance
from the logic device

The spatial
differences between
the DACs cause
different link delays

These delays must be
equalized at the DACs
to ensure
synchronization
between all links

LOGIC
DEVICE
(TX)

LINK A

DAC

LINK B

DAC

LINK C

LINK CpgLay

DAC

A A A

i i

LINK BpgLay

LINK ApeLay

L /

LINK ADELAY> LINK BDELAY> LINK CDELAY
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Just like the ADC example, this example has 3 DAC’s, each with their own JESD204B link that are connected to a single FPGA.  Again, in addition to the power cycle variations in delay for each DAC, there is the additional variation in channel length that must be accounted for when synchronizing the multiple links.  
.



Link A 0 DAC

For multiple DAC'’s, the process for

determining the fixed and variable A

delay can be followed on each link _

independently Lok Link B O pac
After completing the process for e 1 B

each link, the smallest LMFC_delay
value derived from observing all
links should be used to set the
LMFC_delay for all links. 1 ©

Link C 0 DAC

LMFC_Delay, = LMFC_Delayg = LMFC_Delay. = (Min[Fixed Delay] - 1) x PCLK Factor

LMFC_var for all links can be set using the difference between the
maximum delay across all links and the minimum delay across all links

LMFC_var, | nks = (Max Delay p | (inks- Min Delay a | inks )t 2

Example is provided on the following slide...
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This slide demonstrates how to apply what we have learned sofar to a multilink synchronization example.  In this example, three (3) DACs are connected to one (1) logic device which acts as the Tx for each link.  

The first step is to apply the dynamic link latency data collection flow to each of the links.  For each link, you will derive an LMFC_delay setting based on the minimum delay.  The LMFC_delay for all links should be set to this value as shown by the equation here.  

The derivation for the LMFC_var setting is the same as with a single link except that the data has been taken from all 3 links in this example.  So, the LMFC_var setting is equal to the max delay across all links minus the minimum dealy across all links plus 2.

The next slide works through an example.


Multiple DAC Synchronization Example

(single link mode only)

¢ Conditions: Mode 0: PCLK Factor = 4, PCLKs per LMFC = 8
e Link A: “max” value is 1, and “min” value is 6

e Since there is a 0 in the dyn_link_latency data, 6 is the LMFC_delay = (Min[Fixed Delay] - 1) x PF
minimum delay anél 1 (+8)7is the maximum delay = (4-1)x4=12

« Fixed delay = minimumdelay = 6‘(F’C,LK cycles) ol

¢ Variable delay = [Max delay - min delay] =9« <6 = 3 (PCLK cycles) ol

e Link C: “max” value is 7, and “min” value is 47~~~ |LMFC_var = =Max Delay ALL Links - Min Delay 5| nks )t 2

« So, 4is the minimum delay and 7 is the maximum delay ‘""7":%9 A +2=7

e Variable delay [Max delay - mln delay] =7 - 4 = 3 (PCLK cycles)

LMFC | | | |

FCLK

Frame Clock

dyn_link_latency_cnt

Aligned Lane Data (A) ; ILAS _ E Data |
Aligned Lane Data (B) AS _ . Data |
Aligned Lane Data (C) ILAS _ Data |
[]
IMFCax | | b |
|

ILAS Data

Deterministically Delayed Data

i LMFC_delay = 12 LMFC_var=7 '
-,
(FCLK cycles) (PCLK cycles)

J
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In this example, we have 3 links, each with its own unique fixed and variable delays. Again, like the previous example, we are in mode 0 where the pclk factor is 4 and we have 8 pclk’s per LMFC. For link A, the range of  dynamic link latency values is 6 to 9 (note the roll-over from 7 to 0) [circle values].  Link B ranges from 5 to 7 [circle values], and link C ranges from 4 to 7 [circle values].  So, the minimum fixed delay is 4 and the maximum delay across all links is 9.  When we plug these into our formula for  LMFC_delay and LMFC_var we get [advance animation] LMFC_delay equals 4 minus one times our pclk factor, which gives us 12 frame clocks of delay for all devices. [advance animation]  When we plug the max and min delays into our formula for LMFC_var, we get our max delay minus our min delay plus 2 equals 7 pclk cycles for all devices.
   The timing diagram reflects the affect of these settings for all devices [advance animation] If going back and reading the dynamic link latency register for each link, you would now see a range of 1-4 for link C, 2-4 for link B and 3-6 for link A. [circle each].  You can see that LMFC_delay is set such that the LMFC boundary occurs before the first possible arrival of data across all links [circle] and that LMFC_var is set to release all buffers after the last possible arrival of data across all links. [circle]
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