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INTRODUCTION

For systems demanding a large number of synchronized
clock signals, a clock tree using multiple clock devices
is often required. Multiple clock devices can add system
complexity when compared to a single clock distribution
device. One complexity created is the ability to synchronize
the clock phases and start times across multiple clock
devices. The other challenge created is maintaining the
desired low jitter clock performance when cascading
multiple clock devices.

Linear Technology’s family of PLL/VCO and clock distribu-
tion ICs address both the synchronizationand performance

Table 1. Multichip Synchronization Comparison

concerns by providing three multichip synchronization
options: EZSync™, ParallelSync™, and EZParallelSync™/
EZ204Sync™. This application note provides step by
step design examples for each multichip synchronization
method.

Table 1 provides a summarized comparison of each
synchronization method. Application Note 165 provides
detailed descriptions and trade-offs of each synchronization
method.

L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
L TC6951Wizard, EZ204Sync, EZParallelSync, EZSync and ParallelSync are trademarks of
Analog Devices, Inc. All other trademarks are the property of their respective owners.

Architecture Jitter Sync Timing Requirements | Multichip Phase Alignment (All Outputs)

EZSync Clock Distribution Low Easy Yes, on First Edge*

ParallelSync Reference Distribution Ultralow Moderate Yes, outputs aligned to reference on First Edge*
and have a known latency to sync signal falling
edge

EZ204Sync or Reference Divide and Distribution Ultralow Easy Yes, aligned to reference per each LTC6951 sync

EZParallelSync

*First Edge alignment implies all outputs requiring synchronization are phase aligned on the same sync event
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Figure 1. EZSync Design Example

EZSync Design Overview

EZSync is a simple way to generate synchronized clock
outputs from multiple cascaded devices requiring only a
simplelogic signal or serial portinterface (SP1) commands
to achieve alignment.

Figure 1 introduces the following EZSync terminology:
CONTROLLER, FOLLOWER, Follower-Driver, Follower-
Synchronous, and Synchronization Disabled which are
defined below:

CONTROLLER: EZSync device set to CONTROL mode. A
device in CONTROL mode controls the timing for all other
EZSync devices.

A CONTROLLER has three EZSync output types: Follower-
Driver, Follower-Synchronous and Synchronization
Disabled.

For the LTC®6951, to enable CONTROL mode set register
bits SN = SR = 0.

FOLLOWER: EZSync device with at least one output set
to FOLLOW mode. The FOLLOWER must be DC coupled
to a Follower-Driver output.

During a SYNC event an output in FOLLOW mode is set
to a logic low. Following a SYNC event, each FOLLOWER
requires seven clocks cycles before the outputsin FOLLOW
mode output a signal.
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An LTC6954 output is set to FOLLOW mode when the
respective LTC6954 SYNC_ENX register bit is set high.

Follower-Driver: CONTROLLER’s clock output that is
connected to a FOLLOWER’s clock input. DG coupling
is required between the CONTROLLER output and FOL-
LOWER input.

During a SYNC event, the Follower-Driver outputs are set
to a logic low.

Follower-Synchronous: CONTROLLER’s clock output that
is synchronized to a FOLLOWER device’s clock outputs.

During a SYNC event the Follower-Synchronous output
is set to a logic low.

Following a SYNC event the Follower-Synchronous and
FOLLOWER clock edges are aligned based on the delay
settings in the CONTROLLER’s and FOLLOWERS’ register
map.

Synchronization Disabled: Outputs that are not synchro-
nized to Follower-Driver or Follower-Synchronous outputs.
These outputs remain active during synchronization.

Synchronizing the LTC6951 outputs in Figure 1 involves
sending a common sync signal that meets EZSync tim-
ing requirements. These are provided in Figure 1 and the
LTC6951 EZSync Design Rules section.

The section titled LTC6951 EZSync Design Rules summa-
rizes the EZSync design rules. The section titled EZSync
Design Example section provides the design process used
to develop the block diagram in Figure 1. The section
titled Delay and Layout Recommendations provides how
to minimize skew between parts by accounting for line
length delays, FOLLOWER propagation delays and delta’s
in FOLLOWER and CONTROLLER rise and fall times. The
section titled Synchronization Routines, provides initial
power-up, power-down and resynchronization sequences.
The Expandable Solution section discusses how the block
diagram in Figure 1 can expand to support more clock
outputs.

LTC6951 EZSync Design Rules

1. CONTROLLER set to CONTROL Mode. For LTC6951
register settings:

a.SN=0
h.SR=0

2. FOLLOWER outputs setto FOLLOW Mode. For LTC6954
set register setting SYNC_ENX = 1 for each output.

3. EZSync CONTROLLER to FOLLOWER Connection re-
quires DC coupling.

4. EZSync timing requirements:
a. Sync Pulse width > 1ms
b. Sync Pulse skew between parts <10ps

EZSync Design Example

This design example will use the LTC6951Wizard™ to
aid in the design process. Download LTC6951Wizard at
http://www.linear.com/LTC6951Wizard.

This example assumes the following list of design inputs:

Reference

frer = 100MHz

LTC6951: EZSync CONTROLLER

ouTo 2.4GHz Follower-Synchronous
OUTH 1.2GHz Follower-Driver Outputs

ouT2 1.2GHz Follower-Driver Qutputs
ouT3 37.5MHz Follower-Synchronous
0ouT4 100MHz Synchronization Disabled FPGA clock

LTC6954: EZSync FOLLOWERSs
Feg54#1-0uto = 300MHz
Feos4#1-0uT1 = 37.5MHz
Fegs4#1-0uT2 = 300MHz

Fegs4#2-0uTo = 37.5MHz
Fegsa#2-outt = 300MHz
Feg54#0-0uT2 = 37.5MHz

Delay Align the rising edge of LTC6951 and LTC6954 SYSREF
settings | signal to the falling edge of the clock signals.

Performance Optimization Request
Design for low jitter.
Minimize the output skew between devices.
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LTC6951 Setup

Based on the EZSync Design Rules and the above design
inputs, the following steps provide input conditions for
the LTC6951Wizard.

Step 1: Design input: optimize the LTC6951 charge pump
current for low jitter.

Based onthe LTC6951 data sheetthe bestjitter performance
is obtained by maximizing the LTC6951 ICP current.

lcLke951.cp = 11.2MA
Step 2: Design input: align LTC6951 SYSREF rising edge
to the LTC6951 2.4GHz falling edge.
Assign the LTC6951 output invert bits as follows:
0INVOgg51 = 1 (OUTO = 2.4GHz)
OINV1gg51 = 0 (OUT1 = SYSREF)

The section Delay and Layout Recommendations will
discuss how to determine delay register settings to align
LTC6951 Follower-Synchronous outputs and LTC6954
outputs. This example will assume the following inputs
to the LTC6951Wizard tool

OUTO Delay = 0*

OUT3 Delay = 7*
*These values are equivalent to Dx in Equation 2 under
the section Delay and Layout Recommendations.
LTC6951Wizard

This section demonstrates the LTC6951Wizard’s ability to
ease the register setting creation and loop filter design for
the LTC6951. Under the LTC6951Wizard’s Help Menu a
Help Guide is provided that will aid in understanding the
operations performed in this section.

The values calculated in Steps 1and 2 and conditions pro-
vided at the start of this design example are summarized
below for a quick reference. These values will be used
for inputs to the LTC6951Wizard to calculate the register
settings and loop filter values for both LTC6951s in this
design example.

LTC6951Wizard Inputs for Figure 2:

f6951.ReF = 100MHz

fo951.0uT0 = 2.4GHz
fo951.0uT1 = 1.2GHz
fo951.0uT2 = 1.2GHz
fo951.0uTs = 37.0MHz
fo951.0u4 = 100MHz
lgos1 cp = 11.2mA
OUTO Delay =0
OUT3 Delay =7

Figures 2 and 3 provide the remaining steps necessary
to complete the LTC6951 portion of this design. Several
steps in these Figures 2 and 3 require the following ad-
ditional information.

Importing Reference Noise

Refer to Appendix: Model Reference Noise for
LTC6951Wizard Simulations, which describes how to
import reference noise into the LTC6951Wizard and the
impact of reference noise on loop filter calculations and
output noise simulations. The CCHD575_REFNOISE.txt
file provided with the LTC6951Wizard should be used for
this example.

Loop Filter Selection

Figure 3’s step 10 selected Filter 2. Through experimenta-
tion Filter 2 was found to be the best option to optimize
performance and board space.
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. Setlgp = 11.2mA

. Select Sync tab.
See Steps 2a to 2d on far

right

. Set Fref = 100MHz

. Set Invert OUTO = Yes

. Select All Select

(=220 S I B~ B I ]

. Set Fout0 = 2400MHz
Fout1= Fout2 = 1200MHz

Fout3 = 37.5MHz
Fout4 = 100MHz

. Import Reference Noise
File CCHD575-100M.txt

(Appendix: Model
Reference Noise
for LTC6951Wizard
Simulations)
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Figure 2. LTC6951Wizard Setup

2d.
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12. Under Options menu, select
Copy Loop to System
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13. Under File menu, select

Save Settings
File name = EZSync

LTC6954 Setup

Step 4: Design input: selecting LTC6954 FOLLOWER
device for low jitter and minimal skew between devices.

The LTC6954 has four device options with various output
signal types. The PECL output version, LTC6954-1, was
selected over the other versions for the following reasons:

1. Lowest additive jitter
2. Smallest propagation delay variation over temperature

Step 5: Designinput: align LTC6954 SYSREF rising edges
to the LTC6954 300MHz falling edge.

The LTC6954 does not have an outputinvert bit. Therefore
the LTC6954 input frequency was selected to allow the
LTC6954 delay SPI register bits to perform an inversion.

With Fiye954 = 1.2GHz and the maximum LTC6954 output
frequency = 300MHz, the LTC6954 delay settings can
chose between 4 output phases:

DLYXg954 = 0 — 0 degrees offset
DLYXg954 = 1 — 90 degrees offset
DLYXgg54 = 2 — 180 degrees offset
DLYXgg54 = 3 — 270 degrees offset

Setting the 300MHz outputs to a delay of 0 degrees and
the 37.5MHz outputs to delay of 180 degrees will properly
align the LTC6954 outputs.

DLYOggs541 = 0
DLY16g5441 = 2
DLY2695441 = 0
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DLYOgg54#2 = 2
DLY1gg5440 = 0
DLY2695442 = 2

Step 6: Design input: minimize the output skew perfor-
mance between the LTC6954-1 #1 and LTC6954-1 #2.

Perthe LTC6954 data sheet output to output skew is best
when all LTC6954 divider values are either equal to /1 or
all divider values are greater than /1. In this example the
LTC6954 inputfrequency was chosensuchthatall LTC6954
dividers are greater than /1.

Step 7: LTC6954 settings summarized:
Register settings:

SYNCENXgg54 = 1
PDIVXggs4 = 0
PDOUTXgg54 = 0

MOggs4#1 = 4

DELOggs4#1 = 0
M1 65441 = 32
DEL1695441 = 2

M2695441 = 4
DEL2695441 = 0

MOggs54#2 = 32
DELOggs4so = 2

M1 695440 = 4

LTC6951 CONTROLLER

R (oo HP-ovioer]

ouT4*
ouT4™

L1

DEL16g54#2 = 0
M2695440 = 32
DEL26g5442 = 2

Delay and Layout Recommendations

Minimizing output skew between an LTC6951 EZSync
CONTROLLER output and an EZSync FOLLOWER output
can be performed by solving Equations 2 to 6 (refer to
Figure 9).

Equations 1 and 2 align the starting edges of the CON-
TROLLER’s Follower-Synchronous output and Follower’s
outputs. Equation 1 is provided in the LTC6951 data sheet
and shown below for consistency. Equation 2 expands upon
Equation 1 by translating the trace lengths, FOLLOWER
propagation delay and rise time to the nearest LTC6951
P-divider cycle delay value.

CONTROLLER Follower-Synchronous

Drgx = Dx + Mppy * 7 (1)
Drsx =DXx+Mepy 7+ (2)
(d2+d3— i)
int| | +tygroLLower) |*fpp+0.5
Jr(FOLLOWER%

CLK*

ouT3*
o0 ¢ Drsx |4 Mesx | ours-

m

ouTo*
ouTo™

ouT1*
ouT1™

L2

ZSync: FOLLOWER-SYNCHRONOUS

CLK™

LTC6954 FOLLOWER 13

ouT2*

D Ve | ouTo* CLK*
| Or . ouTo" CLK

EZSync: FOLLOWER-DRIVER
NOTE: REQUIRES DC COUPLING

ouTt*
ouT1™

ouT2*
OUTZ_ AN161 FO5

NOTE: AFTER AN EZSync PULSE, OUTPUTS IN FOLLOW
MODE ARE HELD LOW UNTIL 7 FOLLOWER-DRIVER
CLOCKS ARE RECEIVED

tr(FOLLOWER)

tpd(FOLLOWER)

Figure 5. Output Skew
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Equations 3 and 4 convert the board’s trace length to a
signal delay.

Trace Length
dx = LX/Vp (3)
c
Vp=— 4
=75 (4)

Equation 5 calculates the FOLLOWER’s delay setting in
terms of the CONTROLLER delay settings. Equation 6
calculates the desired delay delta between a Follower-
Synchronous output and a FOLLOWER output.

FOLLOWER Output

Dy = Dpy * Mepy ()
Dpelta(FStoFoLLOWER) = DX — Dy (6)
where:

c: speed of light (m/s)
Desx: LTC6951 Follower-Synchronous delay (S)
Dry: FOLLOWER delay (s)

Dx: desired delay of Follower-Synchronous output
with respect to a FOLLOWER output when Dy = 0. Dx
is the delay value input for the LTC6951Wizard tool in
Figure 2.

Dy: desired delay of FOLLOWER output with respect to
Follower-Synchronous output when Dx = 0.

Doetta(FstoroLLOWER): desired delta delay between
CONTROLLER and FOLLOWER outputs, in terms of
the CONTROLLER delay settings.

dX: signal delay, electrical trace length(s)

fpp: LTC6951 P-Divider output frequency

LX: trace length (m)

Mrpy: LTC6951 Follower-Driver divide value

Megy: LTC6951 Follower-Synchronous divide value
Mry: FOLLOWER divide value

tod(FoLLoweR): EZSync FOLLOWER propagation delay (s)
tr(FOLLOWER): EZSync FOLLOWER rise time

Vp: velocity of propagation (m/s)

el board material dielectric constant (relative permittivity)

Synchronization Routines
On initial power-up:
1. Program LTC6954 and LTC6951 SPI registers
2. Wait for LTC6951 bias voltages to stabilize
3. Calibrate LTC6951 VCO
4. Wait for VCO calibration to complete
5. Send EZSync pulse
Power-down:
1. Power down LTC6951 (PDALL = 1)
2. Power down LTC6954 (PDALL = 1)
Resynchronization (post power-down):
1. Power up LTC6954 (PDALL = 0)
2. Power up LTC6951 (PDALL = 0)
3. Send EZSync pulse

Expandable Solution

EZSync solutions are infinitely expandable. As shown in
Figure 6 the EZSync design example can be expanded by
adding fanout buffers to distribute additional clocks. The
remainder of this section provides considerations when
selecting afanout buffer, the fanout buffer register settings
in Figure 6 and comments regarding further expansion.

The fanout buffer in Figure 6 does not require an EZSync
pulse. Therefore the fanout buffer does not need to be
an EZSync device. However, the fanout buffer must be
capable of accepting a DC-coupled input from an EZSync
CONTROLLER and drivinga DC-coupled inputtoan EZSync
FOLLOWER.

Each stage of a clock distribution architectures produces
additive jitter. Referring to Equation 7, the addition of the
fanout buffer will increase the total jitter.

Jitter 2 4 Jitter, 2
JitterTotaI _ \/ CONTROLLER FOLLOWER (7)

- 2
+JittereanouT_BUFFER

The fanout buffers propagation delay, output rise time and
trace lengths to the fanout buffer will need to be included
inthe delay calculations. Referto Equation 2 delay calcula-
tions in the Delay and Layout Recommendations section.

an161f

AN161-8



Application Note 161

3.3V V
10Q s

0.47yF
| I_ VP Vep+ Voot A "
BB CP VWV

— _L1nF J_1.5nF 56.2Q

CMA T
_rg CMB LTC6951 = 68nF
1uF CMmC EZSync
T TB  CONTROLLER
T WF

TUNE
EZSync: SYNCHRONIZATION DISABLED
BVCO ouT4*
ouTH 100MHz, CLOCK
1uF 1uF ouT3*
100MHz e ol 37.5MHz, SYSREF
REFERENCE . | Ezsync: FoLLOWER-sYNCHRONOUS
outo* 2.4GHz, CLOCK
500 1WF 0uTo
+ ouTt*
nd REF ouTt DC-COUPLED [— -
. QuTg* |EZSc: FOLLOWER-DRIVER | IN Lv/cm* bC-COUPLED
SYNG PULSE [1_—¢ s ouTZ —|1-2GHZ:i 1000 LWCM+ I IN* LTC6954-1 #1
WIDTH > 1ms IN Eggtg_ 1.2GHz S 1000 EZSync FOLLOWER
] INT outot]
FANOUT PECL1* Ve 100 [ 300MHz, CLOCK
EZSync BUFFER  PECLT AN OUTOSEL
SYNG PULSE SKEW PECL2* 10k -
BETWEEN PARTS < 10ys PECL2™ M~ OUT1SEL | 37.5MHz, SYSREF
10k
PECL3* — 10k
(TC6950  PECLE™ [— VWA~ OUT2SEL — 300MHz, CLOCK
SYNG
DC-COUPLED M LTC6954-1 #2
1.26Hz S 1000 EZSync FOLLOWER
- >
o i e —
Voo 10k DLYO =2 o/ g
\VAA— OUTOSEL
‘1,0'5 OUTISEL [ 300MHz, CLOCK
10k
VWA OUT2SEL |
SYNG [ 37.5MHz, SYSREF
DC-COUPLED

IN* LTC6954-1 #3
1.2GHz S 1000 EZSync FOLLOWER
: >

IN- MO=/4 |-QUTO®
DLYg =0 |OUTO

Ve 100 [ 300MHz, CLOCK

\VMA—{ OUTOSEL

VWA 0UTISEL [ 37.5MHz, SYSREF

VW~ OUT2SEL

SYNC [ 300MHz, CLOCK

DC-COUPLED

IN* LTC6954-1 #4
EZSync FOLLOWER

126Hz 1000

= voo/a2 lourot|
Vee gk N DI(_)YO /=32 OUTO” |  37.5MHz, SYSREF
A ouToseL
10k Mi-/4 Jourttl
A ouriseL $ plyi 2o [FOUTI]— 300MHz GLocK
10k
VWA~ OUT2SEL ouT2* |
SYNC | 37.5MHz, SYSREF

AN161 FOB

Figure 6. EZSync Expandable Solution

The LTC6950 in Stage 1 is set to distribution only mode,  All other registers setting can be set to 0.
by powering down the PLL circuitry (PDPLL = 1) and
connecting the Follower-Driver Signal to the LTC6950
VCO input. Below is a summary of the LTC6950 register
settings for Figure 6:

SM1[5] = SM2[5] = 0x20
PDPLL = 1

IBIASO = IBIAST = IBIAS2 = IBIAS3 = 1 * additive jitter (Equation 7)
MO =M1=M2=M3=M4-=1

PD DIV4 =1

Forfurther expansion itis possible to choose larger fanout
buffers or add additional fanout buffer stages. When
designing a multi-stage clock distribution network, take
into account the additive properties of

¢ channel to channel skew
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ParallelSync DESIGN EXAMPLE

33V g BV
0.47yF -
.2Q
J__l BB VF Vep+  Vygor oP
= CA 1nF 1.50F 2 56.20
CMB  LTC6951 #1 = 68nF
1uF ¢~ cmc
e T8 =
= F TUNE
t —
J___l |_ BVCO o 250MHz, CLOCK
1pF +
. &lﬂg_ 250MHz, CLOCK
|— REF )
0uTO
100Q 1uF ouTo™ 1GHZ, CLOCK
+
|— REF* o 1GHz, CLOCK
REFERENGE DISTRIBUTION _
v 250MHz, CLOCK
LTC6954-4 SYNGC ouT?
100MHz —
REFERENCE » 0ouTo 0.47yF
WF - 56.2Q
500 |_ ouT1* J__l gg V" Vept  Vvcot gp
— = ouTt~ = oMA 1nF 1.5nF S 56.2Q
Vee 1ok ouT2* CMB  LTC6951 #2 = 68nF
OUTOSEL OUT2 1uF ¢~ cme
m OUT1SEL = T =
W OUT2SEL I o
T —
L J___l |_ BYeo o 250MHz, CLOCK
B [ ° | T n
oK oK ' o 250MHz, CLOCK
SYNG |— REF”
PULSE 1000 1,5 Sl 1GHz, CLOCK
LTC6951 v
REFINPUTJ-LH- ﬂ.ﬂ. REF* OUT1i 1GHz. CLOCK
LTC6951 b '
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SYNC HELD HIGH A MINIMUM OF 1ms
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Figure 7. ParallelSync Design Example 1 — Two LTC6951s

ParallelSync Design Overview

ParallelSyncisamethodto synchronize multiple LTC6951’s
running in parallel driven by a common reference clock
fanout buffer network. Synchronization is achieved through
a common reference aligned sync signal.

Synchronizing the LTC6951 outputs in Figure 7 involves
sending acommon sync signal that meets setup and hold
time requirements to the common reference signal. This
architecture provides the ability to synchronize all LTC6951
outputs with a known latency to the sync signals falling
edge. The ability to synchronize all LTC6951 outputs at a

known time is useful in systems that require known and
precise initial placement of clock edges.

In Figure 7, the LTC6954-4 is the common reference clock
fanout network. The LTC6954-4 was selected to configure
OUTO and OUTH as LVDS signals to the LTC6951 refer-
ence inputs. The LTC6954 LVDS outputs optimize power
consumption and LTC9651 performance when compared
to the LTC6954's PECL and CMOS options. In addition,
OUT2 can be configured as a CMOS signal to drive the D
flip-flop circuitry. The LTC6954 OUT2- CMOS output was
selected, instead of the OUT2+ CMOS output, because
0UT2- can be inverted which adds some SYNC to REF
timing flexibility.
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The section titled ParallelSync Design Rules summarizes
the ParallelSync design rules. The section titled Paral-
lelSync Design Example 1 section provides the design
process used to develop the block diagram in Figure 7. For
a comparison of synchronization methods, this example
mirrors the frequency plan of the EZParallelSync Design
Example. Layout Recommendations discusses matching
line lengths to minimize skew between parts. The section
titled Synchronization Routines, provides initial power-up,
power-down and resynchronization sequences. The Ex-
pandable Solution section discusses howthe block diagram
in Figure 7 can expand to support more LTC6951 devices.
ParallelSync Design example 2 provides the DC2226
JESD204B frequency plan. The DC2226 is a demo board
thatincludesthe LTC6951 and two JESD ADCs (LTC2123).

LTC6951 ParallelSync Design Rules
1. LTC6951 register settings:
a. RAO =1 (enabled)
b. SN =1
c. SR=1
2. Meet LTC6951 data sheet SYNC to REF setup and hold
times.
ParallelSync Design Example 1

This design example will use the LTC6951Wizard to aid in
the design process. Download LTC6951Wizard at http:/
www.linear.com/LTC6951Wizard.

This example assumes the following list of design inputs.

Reference

frep = 1T00MHz
LTC6951s

Four 1GHz clock signals
Six 250MHz clock signals
RDIV =1

RAO =1

Delay Align LTC6951 outputs rising edge to LTC6951 reference
settings | input rising edge.

Performance Optimization Request
Design for low jitter.
Minimize the output skew between the LTC6951#1 and LTC6952#2

LTC6951 Setup

Based on the ParallelSync Design Rules and the above
designinputs the following steps provide input conditions
for the LTC6951Wizard.

Step 1: Designinput: assign output frequencies to optimize
the LTC6951 fpgp for low jitter.

ParallelSync’s Design Rule 1 sets RAO =1, making OUTO
part of the PLL feedback loop. As a result OUTO affects
the LTC6951 PLL’s PFD frequency (fpgp). Maximizing the
LTC6951 fppp allows for a wider loop bandwidth and as a
result optimal jitter performance. For more details, refer
to the LTC6951 data sheet sections Reference Source
Considerations and In-Band Output Phase Noise. The
LTC6951 maximum fprp frequency is 100MHz.

Referring to the LTC6951 data sheet, Equations 8 and 9
can be derived when RAOggs¢ = 1.

6951 PFD = fegs1.0uro (8)
' NDIV5gs51

f
fe951prD = RDF\/EGF951 (9)

Equations 8 and 9 can be rearranged as follows:

feos10uto _ NDIVgest (10)
frer RDIVggs;

Substituting the desired output clock frequencies and
known frer = 100MHz into Equation 45, determine the
least common multiple for NDIV and RDIV. Then use
Equations 8 and 9 to determine fppp.

If f6951.0UTO = 250MHz:
250MHz/100MHz = NDIVgg51/RDVggs1
NDIVggs51 =5
RDIVgg51 = 2
fpep = 50MHz
If f6951.0ut0 = 1GHZ:
1GHz/100MHz = NDIVggs1/RDIVggs1
NDIVggs = 10
RDIVggs1 = 1
fpep = 100MHz

an161f
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Assigning fgg51.outo to 1GHz allows for the largest fprp
and as a result minimizes the LTC6951 output jitter.

OUT4 is an LVDS output with an 800MHz maximum out-
put frequency and higher jitter than the other LTC6951
CML outputs. The rest of the output frequencies can be
assigned as desired.

fe951#1.0UT0 = fee51#2.0UT0 = 1GHZ
fe951#1.0uT1 = fees1#2.0uT1 = 1GHzZ
fe951#41.0uT2 = f6951#2.0UT2 = 200MHz
fe951#1.0uT3 = fe951#2.0uT3 = 200MHz
fe95141.0uT4 = f6951#2.0uT4 = 200MHz

Note: The EZParallelSync Design Example uses the same
output frequencies as this ParallelSync Design Example 1.
However, because EZParallelSync Design Rule 1 limits
OUTO’s frequency selection a smaller fprp (50MHz) was
used. The smaller fprp resulted in the EZParallelSync
example having ~10fs degraded jitter performance when
compared to this example. The frequencies in these two
examples were chosen specifically to highlight this dif-
ference. Depending on the desired reference and output
frequencies, differences in fppp between these two syn-
chronization methods may or may not result. This note
is directed at the LTC6951, as other Linear Technology
PLL/VCOs may not have the LTC6951’s pre-scalar divider
architecture. Asaresultthe LTC6951 EZParallelSync Design
rule #1 may not apply to other PLL/VCOs.

Step 2: Design input: optimize the LTC6951 charge pump
current for low jitter.

Based onthe LTC6951 data sheetthe bestjitter performance
is obtained by maximizing the LTC6951 ICP current.
loLke951.cp = 11.2MA

Step 3: Design input: minimize the output skew perfor-
mance between the LTC6951#1 and LTC6952#2.

The LTC6951 device to device skew is best when the
LTC6951 register value FILT = 0.

LTC6951Wizard

This section demonstrates the LTC6951Wizard’s ability to
ease the register setting creation and loop filter design for
the LTC6951. Under the LTC6951Wizard’s Help Menu a
Help Guide is provided that will aid in understanding the
operations performed in this section.

The values calculated in Steps 1-3and conditions provided
at the start of this design example are summarized below
for a quick reference. These values will be used for inputs
tothe LTC6951Wizard to calculate the register settings and
loop filter values for both LTC6951s inthis designexample.

LTC6951Wizard inputs for Figure 9:

fo951.REF = 100MHZ

fs951.0uT0 = 1GHz

fe951.0uT1 = 1GHz
fe951.0uT2 = 200MHz

fe951.0uT3 = 250MHzZ
fe951.0uT4 = 250MHzZ
|6951.CP =11.2mA
NDIVgg51 = 10
RDIVgg51 =1
FILTggs1 =0

Figures 9 and 10 provide the remaining steps necessary
to complete the LTC6951 portion of this design. Several
steps in these Figures 9 and 10 require the following ad-
ditional information.

Importing Reference Noise

Refer to Appendix: Model Reference Noise for
LTC6951Wizard Simulations, which describes how to
import reference noise into the LTC6951Wizard and the
impact of reference noise on loop filter calculations and
output noise simulations. Example 1 in the appendix cre-
ates the reference noise profile for this example.

an161f
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Delay setting: DLYX BITS

For this example, the request was made to align the rising
edge of the LTC6951 outputs with the rising edge of the
LTC6951 reference input. The LTC6951 Wizard automati-
cally calculates the DLYX bits based off of Equation 11.

Figure9, step 2b setsthe Delay value=0.ALTC6951Wizazd
Delay value = 0 forces the LTC6951Wizard to calculate the
LTC6951 DLYX settings to align the LTC6951 output and
reference input rising edges. Figure 10 shows the DLYX
bits = 2 based off the wizard calculation. Figure 11 shows
thatthe LTC6951 output and reference inputs rising edges
are aligned.

Solving Equation 11 for Dx (DLYX) from the values pro-
vided below match the LTC6951Wizard Delay results in
Figures 10 and 11.

18
NeMO

Dx=Dxi+CEILING( )°N°I\/|0—18 (11)

Dxi = 0 (aligns to reference)
18, number of PDIV cycles

N=15
MO =8
18
DX=0+CEILING( )02010—18
102

Dx = 2 (DLYX delay settings)

SYNCENX Bits

Ensure the LTC6951 SYNCENX bits are set to a 1 for all
signals that require synchronization. Refer to Figure 9,
Step 2b.

LTC6951 OINV Bit

Figure 9, step 6 sets the OINVX values for each output.
Figure 8 provides a recommendation for OINVX settings
based on schematic connections to the device being clock.
In this example all LTC6951 outputs will use the Standard
OUTX Connection, setting OINVX = 0 (not inverted).

STANDARD OUTX CONNECTION
—| | CLK*
100Q
—| | CLK™
HARDWARE INVERTED OUTX CONNECTION

"
OUTPUT INVERT _OUTX oLkt
OINVX oUTc 1000
LTC6951 [CL

SET OINVX =1 AN161 FOB

OUTPUT INVERT _OUTX*

0INVX )
UTX

LTC6951
SETOINVX =0

Figure 8. LTC6951 OINVX STATE

Loop Filter Selection

Figure 9’s step 11 selected Filter 2. Through experimenta-
tion Filter 2 was found to be the best option to optimize
performance and board space.
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Figure 10. LTC6951Wizard Setup Continued
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Figure 11. LTC6951Wizard Delay Settings
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LTC6954 Setup

Step 4: Design input: minimize the output skew perfor-
mance between the LTC6951#1 and LTC6952#2.

Skew in reference signals will result in skew between
LTC6951s. Therefore, it is recommended to design the
reference distribution device for low skew and match
trace lengths onthe reference signals during board layout.

With ParallelSync, the LTC6951 outputs are phase aligned
to the LTC6951’s internal reference divider’s output. As
a result, a fanout buffer can be used for reference distri-
bution. In this example the LTC6954 was chosen for the
fanout buffer with dividers set to 1.

M0ggs4 = 1
M1gg54 = 1
M26954 = 1

According to the LTC6954 data sheet, best skew per-
formance is obtained when either one of following two
conditions are met:

* (Condition 1: all LTC6954 output divider settings equal 1
 Condition 2: all LTC6954 output divider settings are >1.
Step 5: Verify LTC6954 output to LTC6951 connection.

It is required to choose an identical reference schematic
from Figure 12 for both LTC6951s. This ensures both
LTC6951 PLLs align to the same reference edge.

For this example, both LTC6951 reference inputs can
use Figure 12’s Hardware Inverted Reference Connection
with a LTC6954 divide value equal to 1. Figure 12’s Sync
to Ref Timing Circuit should use a divide value of 1. It is
also recommended to use the LTC6954 OUTX- CMOS
output, which has an output invert bit, for the Sync to
Ref Timing Circuit.

STANDARD REFERENCE CONNECTION

REF*

DELAY DIVIDE _OUTX'
REFERENCE

INpUT —TLOINVX U
REF™

LTC6954-4 | LTC6951
LT6951 INPUT | | | | | | | |

HARDWARE INVERTED REFERENCE CONNECTION

DELAY DIVIDE _OUTX' |_REF+
REFERENCE
mpur —H omvx o 1000
LTC6954-4 |_ " rosest
eosiput | [] | LT 1]

SYNC TO REF TIMING CIRCUIT

1009I

L 'A% 4

DELAY DIVIDE _OUTX*|

REFERENCE
iNpUT —TLOINVX oUTX

LTC6954-4 SYNCLT(;6951
I: CK CK
SYNC——D QHD Q

USING PREFERRED REFERENCE SCHEMATIC

weor | LT L
REFERENCE INPUT
LT6954 OUTX™ LT6951
(CMSINV = 0) J_I_l_I_ SYNC INPUT_|
LT6954 OUTX™ LT6951
(CMSINV = 1) —I_l_I_l_ SYNC INPUT _lm

Figure 12. Reference Distribution Connection

-
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Step 6: LTC6954 settings summarized:

OUTXSEL Pin Settings
OUTOSEL = Vg (LVDS)
OUTASEL = Vg (LVDS)
OUT2SEL = GND (CMOQS)

Register Settings

Whenall LTC6954 divide values equal 1,the LTC6954 DLYX
and SYNCEN settings have no effect phase relationship
and can be set to any value.

SYNCENOgg54 = 1
M0ggs54 = 1
DELOgg54 =0
PDIVOgg54 = 0
PDOUT0gg54 =0

SYNCEN1gg54 = 1
M26954 = 1
DEL1g954 =0
PDIV1gg54 =0
PDOUT1gg954 = 0

SYNCEN2gg54 = 1
M26954 = 1
DEL2g954 =0
PDIV26954 = 0
PDOUT2gg54 = 0
CMSINV2gg54 = 0

Layout Recommendations

To minimize LTC6951 output skew match electrical
trace lengths as shown in Equations 12 and 13 (refer to
Figure 13).

LReF#1 = LREF#2 (12)
L#1.0utx = Le2.outx (13)

LRer#1 L
REF oura* (—220 okt

REF* oUT4~ CLK™

ouT3* |—
oUT3™ | L#1.0ut3

REFIN — ouTo*
ouTo™

ouTo* |—
LTC6951 #1 ouTo- L#1.0uT0

ouT1*

ouT1* ouTi™ [ Lst.ourt

LTC6954 ouTH-

CS
SCLK out2*

ouT2* SDATA oUT2™ = L#1.0um2

ouT2™

Ly 0uT4
REF ouT4* CLK*
REF* 0UT4~ CLK
) oUTS*

ouT3 |- L#2.0uT3

ouTo* f—
LTC6951 #2 ouTo- b= Ly2.0uTo

uIIt Lyo.outt
s outi™ |- L2

—1 SCLK ouT2t |— L
—| SDATA 0UTZ™ | Lr2.0UT2

AN161 F31

Figure 13. Trace Length Matching
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Synchronization Routines
On initial power-up:
1. Program LTC6954 and LTC6951 SPI registers

2. 1f MXgg54 > 1, Toggle LTC6954 SYNC pin (minimum
1ms)

3. Wait for LTC6951 bias voltages to stabilize
4. Calibrate all LTC6951 VCOs

5. Send SYNC pulseto LTC6951 Sync pins (see LTC6951
SYNC Pulse Width section)

Power-down:
1. Power down LTC6951 (PDALL = 1)
2. Power down LTC6954 (PDALL = 1)
Resynchronization(post power-down):
1. Power Up LTC6954 (PDALL = 0)
2. Power Up LTC6951 (PDALL = 0)

3. [fMXggs54 > 1, Toggle LTC6954 SYNC pin (minimum
1ms)

4. Send SYNC pulseto LTC6951 Sync pins (see LTC6951
SYNC Pulse Width section)

LTC6951 Sync Pulse Width

The requirements for the sync pulse width depend on the
LTC6951 Rdivider setting. When the LTC6951 internal
reference divider equals 1, the latency from the reference
inputto any output will be consistent. In this configuration
the sync pulse width should be greater than 1ms.

When R =1
Sync Pulse Width > 1ms (12)

When the LTC6951 internal reference divider is > 1, the
latency from the reference input to any output has R dif-
ferent possibilities depending on where SYNC falls relative
to R DIV. By creating a SYNC pulse exactly REFCYCLES
wide, all outputs will begin with the same latency to the
reference inputeverytimeasynchronization eventoccurs.
Equations 14 and 15 calculate the SYNC pulse width that
allows for consistent latency, when R > 1.

When R>1
REFCYCLES = R « Ceiling(1ms © frer/R) +1 (14)
Sync Pulse Width = REFCYCLES/frgr (15)

Refer to the LTC6951 data sheet for more details.

Expandable Solution

The ParallelSync solution is infinitely expandable. As
shown in Figure 14 the ParallelSync design example 1
can be repeated by adding an additional fanout buffer to
distribute the reference.

Distributing a reference aligned synchronization signal in
a multi-stage fanout architecture across multiple daugh-
ter cards is an additional challenge with the ParallelSync
architecture. Each stage in the reference fanout network
has a propagation delay that should be accounted for.
Figure 14 accounts for propagation delays by retiming the
sync signal in both reference distribution stages.

The LTC6950 in Stage 1 is set to distribution only mode,
by powering down the PLL circuitry (PDPLL = 1) and
connecting the reference to the LTC6950 VCO input. It
is also recommended to use the LTC6950 LVCM- CMOS
output, which has an output invert bit, for the Sync to Ref
timing circuit.

Below is a summary of the LTC6950 register settings for
Figure 14:

SMA1[5] = SM2[5] = 0x20

PDPLL = 1

IBIASO = IBIAST = IBIAS2 = IBIAS3 = 1
MO = M1 = M2 = M3 = M4 = 1

All other registers setting can be set to 0.

For further expansion itis possible to choose larger fanout
buffersin Stages 1 or2and/or cascade additional reference
distribution stages between Stage 1 and Stage 2. When
designing a multi-stage reference distribution network,
take into account the additive properties of

¢ channel to channel skew

* noise floor at frequency offsets less than the LTC6951
loop filter’s pass-band.
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STAGE 2

REFERENCE DISTRIBUTION

STAGE 1
REFERENCE DISTRIBUTION LTC6954-4
0UTo*
| 70 CARD #1 N
Lo " ::gtg- m—0 0UTo
REFERENCE | 1000
L3 ouTt*
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Figure 14. ParallelSync Expandable Solution
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JESD2048 ParallelSync DESIGN EXAMPLE 2
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- CMA T
Vee 1ok ouT2* _|_—E CMB  LTC6951 #1 = 68nF
OUTOSEL Ut 1uF ¢— cMC U13
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Figure 15. ParallelSync Design Example 2 - JESD204B

JESD204B ParallelSync Design Overview

Figure 15 demonstrates the LTC6951 in JESD204B
subclass 1 ParallelSync configuration. The frequencies
chosen mirror that of the DG2226 JESD204B subclass 1
demonstration board which includes two LTC2123
JESD204B ADCs.

The reference and synchronization sections of this design
are identical to the ParallelSync Design Example 1. Design
information forthese sections will refer back to the relevant
section in ParallelSync Design Example 1.

This example provides CLOCK and SYSREF signals to two
ADC’sand one FPGA. The selection of LTC6951 CLOCK and
SYSREF output pins were selected to ease board layout
and to optimize performance.

Board Layout

Onthe DC2226, an LTC6951 was placed next to each ADC
to minimize the ADC CLOCK and SYSREF trace lengths.
Minimizing the trace lengths between the LTC6951 and
the ADC has the effect of increasing the reference trace
length between the LTC6954 and the LTC6951, or vice
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versa. Longer trace lengths typically increase the prob-
ability of unwanted signals or noise coupling onto the
signal of interest.

Unwanted noise or signals coupling onto either the
LTC6951 reference input or LTC6951 clock output can
create random or deterministic clock jitter, respectively.
Random ADC clock jitter degrades the ADC SNR, where
deterministic jitter degrades the ADC SFDR. For this reason
the LTC6951 reference input and LTC6951 clock outputs
are both critical signals. However, when making trade-offs
on trace length, it is recommended to treat the ADC clock
signalas the more sensitive signal for the following reasons:

Filtering: LTC6951 reference inputs signals are naturally
filtered by the existing narrowband PLL loop filter. The
PLL loop filter does not affect LTC6951 output to output
skew. Conversely, unwanted signals coupling ontoan ADC
clock can only be removed by adding a clock filter, which
increases BOM cost and degrades clock to clock skew.

Impedance Matching: PLL reference frequencies are
typically slower than ADC clock frequencies. Slower fre-
quencies ease impedance matching and signal integrity
concerns.

LTC6951 Output Selection

With ParallelSync, The LTC6951 OUTO path is part of the
PLL feedbackloop (RAO=1), which disables OUTO’s delay
functionality. Since not all LTC6951 outputs were needed
and OUTO delay feature is disabled, the OUTO output buf-
fer is powered down. The OUTO divider network remains
enabled to support the PLL feedback loop. Refer to the
LTC6951 data sheet for more information regarding how
the RAO bit affects the OUTO operation. In addition, by
not selecting OUTO as a device clock this allowed for more
flexibility in selecting the LTC6951 fpgp. Careful selection of
fprp Optimizes the LTC6951 jitter performance. This point
will be discussed more in the design example.

The LTC6951’s OUT4 is an LVDS output. The other four
LTC6951 outputs are CML outputs. LTC6951#2’s and
LTC6951#1’s OUT4 pins were selected for the FPGA
CLOCK and SYSREF signal, because the FPGA accepted
LVDS signal levels.

The remaining three CML LTC6951 outputs, OUT1, OUT2,
and OUT3 are identical in operation and performance. A
CML output was chosen to drive the ADC Clock inputs,
because the LTC6951 CML outputs have lower jitter than
the LTC6951 OUT4 LVDS output. OUT1 and OUT3 were
chosento drive the ADC CLOCK and SYSREF due to layout
considerations. OUT2 is closer to the LTC6951 reference
input. Since not all outputs were required in this example,
0UT2was powered downto limitboard coupling concerns
between OUT2 and the LTC6951 reference input.

The section titled ParallelSync Design Example 2 section
provides the design process used to develop the block
diagramin Figure 15. Layout Recommendations discusses
matching line lengths to minimize skew between parts.
The section titled Synchronization Routines, provides
initial power-up, power-down and resynchronization
sequences. The Expandable Solution section discusses
how the block diagram in Figure 7 can expand to support
more LTC6951 devices.

ParallelSync Design Example 2

This design example will use the LTC6951Wizard to aid in
the design process. Download LTC6951Wizard at http://
www.linear.com/LTC6951Wizard.

This example assumes the following list of design inputs.

Reference

Jil3; | 100MHz
LTC6951s

fo951#1.0uT1 = 250MHz

fe951#1.0Ut3 = 15.625MHz
fog51#1.0Ut4 = 15.625MHz
feg51#2.0UT1 = 250MHz

feo51#2.0uT3 = 15.625MHz
fog51#2.014 = 125MHz

RAO =1

Delay settings | Best performance
Performance Optimization Request
Design for low jitter.

Minimize the output skew between the LTC6951#1 and LTC6952#2
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LTC6951 Setup

Based on the ParallelSync Design Rules and the above
designinputs, the following steps provide input conditions
for the LTC6951Wizard.

Step 1: Design input: determine OUTO’s frequency to
optimize the LTC6951 fpgp for low jitter.

ParallelSync’s Design Rule 1 sets RAO = 1, making OUTO
part of the PLL feedback loop. As a result OUTO affects
the LTC6951 PLL’s PFD frequency (fpgp). Maximizing the
LTC6951 fprp allows for a wider loop bandwidth and as a
result optimal jitter performance. For more details, refer
to the LTC6951 data sheet sections Reference Source
Considerations and In-Band Output Phase Noise. The
LTC6951 specified maximum fppp frequency is 100MHz.

The LTC6951Wizard automatically calculates the optimal
0UTO frequency in Figures 18 and 20, when PwrDown is
chosen for OUTO.

fe951#1.0u0 = PwrDown
fe951#2.0uT0 = PwrDown

Step 2: Design input: optimize the LTC6951 charge pump
current for low jitter.

Refer to Step 2 in the ParallelSync Design Example 1

Step 3: Design input: minimize the output skew perfor-
mance between the LTC6951#1 and LTC6952#2.

Refer to Step 3 in the ParallelSync Design Example 1

LTC6951Wizard

This section demonstrates the LTC6951Wizard’s ability to
ease the register setting creation and loop filter design for
the LTC6951. Under the LTC6951Wizard’s Help Menu a
Help Guide is provided that will aid in understanding the
operations performed in this section.

The values calculated in Steps 1-3 and conditions provided
at the start of this design example are summarized below
for a quick reference. These values will be used for inputs

tothe LTC6951Wizard to calculate the register settings and
loop filter values for both LTC6951s inthis designexample.

LTC6951Wizard inputs for Figures 18 and 19:

f6951.REF = 100MHz
fea5141.0ut0 = PwrDown
feo51#1.0uT1 = 250MHz
f6951#1.0UT3 =15.625MHz
f6951#1.0UT4 =15.625MHz

feo51#2.0uT0 = PwrDown
feos1#2.0uT1 = 250MHz
fe951#2.0uT3 = 19.620MHz

feo51#2.0uT4 = 120MHz

FILTggs51 =0

Figures 18 to 24 provide the remaining steps necessary
to complete the LTC6951 portion of this design. Several
steps in these figures require the following additional
information.

Importing Reference Noise

Refer to Appendix: Model Reference Noise for
LTC6951Wizard Simulations, which describes how to
import reference noise into the LTC6951Wizard and the
impact of reference noise on loop filter calculations and
output noise simulations. Example 1 in the appendix cre-
ates the reference noise profile for this example.

Delay setting: CLOCK DLYX Bits

For this example, the request was made to set delays
values of the LTC6951 outputs for best performance.
Less than optimal performance can result if the reference
frequency mixes with an LTC6951 output frequency on
the board. An initial attempt to avoid mixing produce will
setthe LTC6951 outputs delays so that the LTC6951 input
reference edges and the LTC6951 output clock edges oc-
cur at different times.
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Step 3a: Determine the LTC6951 PDIV cycles that coin-
cide with the LTC6951 OUT1’s 250MHz clock rising and
falling edges.

f
Clock CYCLE = (16)
OUT1

2GHz
250MHz

Clock _CYCLE =8 PDIV Cycles

Clock _CYCLE =

Clock Rising Edge = 8 PDIV Cycles ® x + Dxi (17)

Clock Falling Edge = 8 PDIV Cycles *x + 4 + Dxi (18)
Where,

X is any integer,

Dxi adjusted delay setting, when Dxi = 0 the output
aligns to the reference.

Step 3b: Determine the number of LTC6951 PDIV cycles
with respect to LTC6951 Reference input frequency.

f
REF_CYCLE =V

REF_CYCLE = 20 PDIV cycles

REF Rising Edge = 20 PDIV Cycles ey (20)

REF Falling Edge = 20 PDIV Cycles ey + 10 (21)
Step 3c:Determine the LTC6951 PDIV cycles that coincide
with the LTC6951 OUT3’s 250MHz SYSREF rising edge.

fory
SYSREF_CYCLE =" (22)

fRer

2GHz
15.625MHz
SYSREF_CYCLE = 128 PDIV cycles

SYSREF Rising Edge = 128 PDIV Cycles  x + Dxi (23)

To maximize JESD204B SYSREF to CLOCK setup and hold
times the SYSREF signals rising edge should occur on the
falling edge of the CLOCK signal.

Step 3d: Determine Dxi by plotting results as shown below
in Figure 16

SYSREF _CYCLE =

Dxi=1or Dxi=3 meetthe desired criteria of not having the
clock edges coincide with the reference edges. A Dxi = 3
for the Clock and Dxi = 7 for the SYSREF were chosen for

REF
(19) " step 10in Figure 20.
REF_CYCLE = 2012
100MHz
PDIV CYCLES of[1]2[3[a]5]6]7]8]9][10]11]12]13[14]15]16]17|18]19]20|21]22]23|24|25]26 |27 | 28] 29 |30|31]32]33|34]35 |36 |37]38] 39 a0
REF EDGES i l ! I !
CLK EDGES (Dxi=0) | 1 E I E | B [l K I t
CLK EDGES (Dxi=1) 1 [l 1 ) 1 ) D [ 1 )
CLK EDGES (Dxi=2) | I ) ! i l 1 ) 1 I
OLK EDGES (Dxi=3) 1] | 1] V] 1] | H V] 1] L
SYSREF EDGES (Dxi<7) 1

Figure 16. LTC6951 Reference, Clock and SYSREF Edge Location
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Step 3e: Verify the LTC6951Wizard DLYx calculation.

The LTC6951 Wizard automatically calculates the DLYX
bits based off of Equation 24. This same equation is found
in the LTC6951 data sheet.

Solving Equation 24 for Dx (DLYX) fromthe values provided
below matchthe LTC6951Wizard Delay results in Figure 22.

18
NeMO

DX=Dxi+CEILING( )°N°I\/|0—18 (24)

Dx = DLYx value in LTC6951 SPI map

Dxi = adjusted delay setting, a 0 aligns output rising
edge to reference rising edge

18, number of PDIV cycles

N=20
MO =1
For Clock:
Dxi=3
18
Dx=3+CEILING( )-20-1—18
201

Dx = 5 (Clock DLYX delay settings)

For SYSREF:
Dxi =7
18
Dx=7+CEILING( )-20-1—18
201

Dx = 9 (SYSREF DLYX delay settings)

SYNCENX Bits

Ensure the LTC6951 SYNCENX bits are set to a 1 for all
signals that require synchronization. Refer to Figure 18,
Step 2b.

LTC6951 OINV Bit

Figure 20, step 13 sets the OINVX values for each output.
Figure 17 provides a recommendation for OINVX settings
based onschematic connections to the device being clock.
In this example all LTC6951 outputs will use the Standard
OUTX Connection, setting OINVX = 0 (not inverted).

STANDARD OUTX CONNECTION

+
OUTPUT INVERT _OUTX _| e
OINVX oUTe 1000

LTC6951
SET OINVX =0

}CLK™

HARDWARE INVERTED OUTX CONNECTION

+
OUTPUT INVERT _OUTX e
OINVX oUTe 1000Q
LTC6951 O

SET OINVX =1 AN161 F08

Figure 17. LTC6951 OINVX STATE

Loop Filter Selection

Figure 21’s step 18 selected Filter 2. Through experimenta-
tion Filter 2 was found to be the best option to optimize
performance and board space.

an161f

AN161-25



Application Note 161

1. Setlgp = 11.2mA

. Select Sync tab.
See Steps 2a and 2b on
far right

Set Fref = 100MHz

Select All Select

Set Fout0 = PwrDown
Fout1 = 250MHz
Fout2 = PwrDown
Fout3 = 15.625MHz
Foutd4 = 16.625MHz

Select Compute Params

per REF CYCLE

PDIV CYCLES = 20

Calculate number of PDIV cycles

PDIV CYCLES = Fpd/Fref
PDIV CYCLES = 2GHz/100MHz

per CLOCK CYCLE

PDIV CYCLES = 8

Calculate number of PDIV cycles

PDIV CYCLES = Fpd/Fout1 I
PDIV CYCLES = 2GHZ/250MHz

(refer to Delay Calc

Use PDIV CYCLES to calculate
CLOCK and SYSREF Delays

(18] Linear Technology LTCE951Wizard (=] s
File Communication Options Help
System Loop Design Registers
[ DESIGN—~—____ NOISE PLOT Sscopcprar |
‘m?s [ VCONoise | Part "a"“"‘* | - '-':?PF‘“E" cacd 23, Select STANDALONE
Godls | S Dividers | Sync. | Other oo 121.7 MHz/V and ParallelS nc
e ™ mA y N\EO Params [ VO Hase
|_prFet 1000000 e R Div 18 Tod 20000000 Mr A Symo Ref Noise
1l _ Component Val LN
Design Goals N Div 2 O e Td-step 500.000 ps
Loop BW 300 kHe Rz 110 Ohms ——
ETRT G 267 nF Fout0 PD2000.0 MHz [ " Paslelsme -
Ort Loop BW (Noisc) P Div ] & . Foutl  250.0000 Mz ouTo
— Mo Syne
N 307 kHz MO Div EDO R1 0.00 Ohms Fout2 PwrDwn MHz o Y[
oy o Bro | @ ame Foud 15650
N M2 Div [lpoo 1 000w [ Foutt | BRI NI Mz
™ fot0 o~ Mo Firo Loop EW = s Do -
2
Fout1 250.00 + MHz M4 Div Erpo
Fout2 PwrDown v MHz Delay 0 clocks .
Fout3 15625 v Mz louTa
Foud 15625 ~ Mz :
” Iﬁ [ﬁg’ | D:;':ﬁen; ] — D) doce -
ouT4
© Riter 1 © Riter2 ) Filter 3 2b. Initially, for each Output, Delay 0 cocks -
G 5om e T select Synchronized and
i Rz Yok set Delay = 0
co c2 cp c2 cp
el T =] |
EE=(TCAO51 -| Comm Emabled | DCS90 -| Suggesting Part Parameters..
Figure 18. ParallelSync Design Example 2, DC2226 U13
T Linear Technology LTC6851Wizard =
File Communication Options Help
‘ System | Loop Design | Registers
[ DESIGN NOISE PLOT SCOPEPLOT
T e Part Params Loop Filter Calc'd Frequencies
Gosls | 5yme Ref Nose | | Dividers | Sync._| Other | Kveo 1217 MHzAY Fpfd  100.00000 Mz
PLL lep [+ 112ma Fvco  4000.0000 MHz
Fef  100.0000 MHz R Div 7B _ > Fod 000000 e
L~ é’uﬂ Goals N Diy = Tdstep 500.000 ps
Toon BW i Rz 562 Ohms -
= Outputs - —e Fout0 020000 MHz
Ost Loop BW (Neiex) P Div sl = = Foutl 2500000 Mz
307 kHz T %) R1 T 562 Omme Fout2 PwrDwn MHz
Outputs M1 Div Froo @ 100 nF Fout3 15.62500 MHz
M2 D Flroo v mw O Foda  1SE0 M:
Fout0  PwDown + MHz M3 Div [ roo Loop BW 305 kHz
|y Foutl 25000 + Mz M4 Div fproo
Fout2  PurDown ~ Mz
Fout3 15525 + Mz
Fout4 15625 + MHz e
G | & mr |
':fk ';:‘;D e Fiter 1 © Filter 2 ) Filter 3
; G 6
Ulat|0n3) Cp: 1500 TUNE e R TUNE o R1 TUNE
Rl 562 E—AIT TV? i
C2: 1.00n Rz Rz Rz
Cp cz2 Cp c2 Cp
ol o] 17 el
EE-LTC695L +| Comm Enabled | DC590 | Designing Loop Filter.
Figure 19. ParallelSync Design Example 2, DC2226 U13 (Continued)
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[i] Linear Technology LTC6951Wizard = LX)
File Communication Options Help
Sytem | loopDesion | Regsens |
[ DESIGN NOISE PLOT SCOPEPLOT
VCO Params VOO Noise o P Loop Filter Calc'd Frequencies
Gods | Smc | RefNase | |Dwides | Sme | other | Kvco 1217 MHzV Fpfd  100.00000 MHz
o Ca— = =) e [N
Fpd 20000000 MHz
et Comparar Vo il
outo Invert Re 110 Ohms

10. Set CLOCK Delay =3 out2 ¥ bio = i Fout0 PD2000.0 MHz
and SYSREF Delay =7  [\N,™ = o oz s — B
(calculated from Step 9) \ [metvonzs ~] /g-;-;, o A1 000 Ohms Fou2  PuDin WHe

Delay 3 clocks =l c2 0.00 nF Fout3 1562500 MHz
AT [z N L 0w [ Fout4 1562500 MHz
Ao o i

Boowe [+ 2

e +
Design + Plot

) = = —
11. Set Invert OUTX = No e % 7 docks  ~ / % s lﬂ Fitter ‘

*) Filter 2 © Filter 3

12. Set FILT = No, check box [f]
to lock value

e R TUNE CF Rl TUNE

ICZCQIW 1 C'@f“

EE=ITC6951 »| Comm Enabled | DC590 - | Suggesting Part Parameters...

13. Select Compute Params

Figure 20. ParallelSync Design Example 2, DC2226 U13 (Continued)

T Linear Technology LTC6951Wizard =

file Communication Options  Help

5 Loop Design s
‘ s ‘ ‘ foion ‘ [i] Linear Technology LTC6931Wizard
‘ DESIGN NOISE PLOT SCOPE PLOT
File | Communication Options  Hel
[ VCOPams | VCONose | _Pert Params Loop Fiter Cale'd Frequencies

hillm E
Goals | Sme | RefNoke | | Dviders |Syno | Other | Kvco 1217 MHeAV Fpid 10000000 MH: Ul} Save Settings R
PLL lop mA Fvco  4000.0000 MHz | Load Settings
Eetf 1000000 it R Div 1| Fod 20000000 MH:z Save all settings to .set file |p---

Print Preview

LOOp BW Wk | e _— o Fout2 ParDwn MHz

— +
Peene o i - ‘H‘; 5 asen) SLITES +  Export Noise Data » foise
. 5 ms
14 Double click Opt Loop ‘\\IMPBW el Outputs i = o FoutD  FDZ0000 MHz i Export Register Values foloise
BW (Noise) to copy to Opt Loop BW (Noisc) E B & s Foul 2500000 e 7 Print Options
L
(=]

M - Eime = - Fout3 15.62500 MHz Print Tab

15. Select Filter 2 and e e L I T L Lo BW

. . PwrDown v MHz M3 Div Eroo Loop BW 305 kHz .
e [NE=n SO g
Fout?

307 kHz
PwrDown ~ MHz
to closest standard
component values.

e+

Design + Plot

=

16. Under File menu, select
Save Settings.

File name =
ParallelSyncEX2_U13
(see far right)

*) Filter 3

TUNE cP 1 TUNE
L1

IEZ%ICD :LCZ :‘Zglcp

EE=LTCE951 »| Comm Enabled DC580 - | Designing Loop Filter.

Figure 21. ParallelSync Design Example 2, DC2226 U13 (Continued)
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Jij Linear Technology LTC6951Wizard

17. Under Options menu, select
Copy Loop to System

—— || File Communication | Options | Help

G = Copy Loop to System
‘ DE = Copy Systemto Loop NOISE PLOT
Capy Naise Plot to Cliphoard
Copy Time Plot to Clipboard - Eoonte
Kveo
Recommend Bandwidth w
Enable Alert:
il T
18. Select System tab to view [ Linear Technology LTC6951Wizard = [ s
results \ File Communication Options Help
System Loop Design | Registers
Frelf
PFD
100.0000 ITCH951 Sl
P [0 cPrRsT Gl
REF -m mA
[E] e [ cPup
Ref =] cPmiD
[0 BST Detact [ crPON
[ FuT
] POREFPK ~  50ns LCWIN S
: [F] AUTOCAL
Power-do: [T ALCEN
LI PDAL | ALCCA
[F] PoPLL Fvco 5i L Feal 5208 kHz
[ POVCO 4000.0000 MHz [/ ALCULOK
Wi Teal 2588 us
0 PR
SYNCEND 0 MH:
Status [ omv Lol ns
& NusTaT
x [F] UNLOCK = :
] SYNCEN 250,0000 MHz
x | ALCHI - @ oINVI OUT! 742500 ns
1 STATE‘*
[ SYNCEN2 PwrDwn MHz
P @ ona out2 s
[¥] SYNCEN3 1562500 MHz
@ ong OUT3  7d4500ns
SYNC
E | [ SYNCENA 15.62500 WHz

OUT4  T44500ns

19. Under File menu, select Save P e Tt N -
SettingS. 5 Cotztummon Opmmi R tatzed. DC320 notfound.
File name = ParallelSyncEX2_U13 e =
Save all setting
* 16951
4 Export Noise Data » r

Figure 22. ParallelSync Design Example 2, DC2226 U13 (Continued)
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20. Modify System Tab to create
LTC6951#2 (U10) settings.
Set OUT4 register’s values to:
DLY4=5
/M4 =16

21. Under File menu, select Save
Settings.
File name = ParallelSyncEX2_U10

~

BRSNS

Export Noise Data

»

Jij Linear Technology LTC6951Wizard e
File Communication Options  Help
Sydem | LoopDesign | Registers
Fref
PFD
:A[:l 0000 TCL951 hjp— -
2
Fpfd
REF 1000 MHz [ 113 m
_Ea cp [ crup
] CPMD
Read Al [ BST T JiEaL
é [ FLT s
[T] PDREFPK x 5.0ns| LKWIN
~ 2048 LKCT l
3 [ OCAL
Wiite All | RA
Power-down
- 182 B Count
POPLL Feal 5208 kHz
POVCO
FDOUT Teal 2688 us
POR
syneend | | —— || —— 1 |——— 1l ]|= = PD2000.0 MHz
s ouTo
Refresh Stat Status [ O o -
UNLOCK = .
% 7] SYNCEN 250.0000 MHz
/ ALCHI b @ ot Ut T4 2500ns
1 sTAT E|+
7] SYNCENZ PurDwn MHz
1 oiNv2 Sl =
-\
[#] SYNCEN3 1562500 MHz
=L OUT3  T44500ns
SSYNC
SYNC [¥] sR 3
7] SYNCEN: 125.0000 MHz
71 SN L4}
- ~ [ OINv4 OUT4 142500 ns
Ji] Linear Technalogy LTC6951Wizard [
File | Communication Options  Help
= ———— Initialized. DC590 not found.
| Save Settings “[
Load Setti
Save all settings to setfile 5951

r

Figure 23. ParallelSync Design Example 2, DC2226 U10 (Continued)
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22. Select Loop Design | ~_| Ji] Linear Technology LTC6951Wizard [ENE)
[T Communication  Options  Help
System Loop Design Registers |
DESIGN NOISE FLOT/,L_» SCOPE PLOT
Cursors 7 T H T
| e 1RDV 20PDIV__: |
23. Select Scope Plot  |[—T1 ShLE } CYCLE CYCLES }
ns 1 |
x2
REF |
ns ]
|
X2-X1
ns
. \ 18PV |
X2X1 } CYCLES \ —
ouT1 | } |- | |
MHz ‘ |
24. Select Plot ~—__, DX 20— |
|
ours |
S -
“SYNC Pin ‘
el DLY1 = 5 PDIV CYCLES g
ouT4 DLY3 = 9 PDIV CYCLES
0 E ] 12 6 36 3 35 32 36
oy [l cPRsT Fpid !
1 RDIV Cycle = MO * N « R PDIV Cycles | < 1 1000 MH: [
—E4 cp [ 2
MO=1,N=20,R=1 B = L
1 RDIV Cycle = 20 PDIV Cycles % ( 2 Lock Detect 1
> 50ns| LKWIN
fc
[¥] raO E
- Feal
-4 i
MUTEQ

| Csmeeno [ OOV 0 Tco .
[l oiNvD EN [ {[zroo -] *

Figure 24. ParallelSync Design Example 2 (Continued)
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LTC6954 Setup

Step 4: Design input: minimize the output skew perfor-
mance between the LTC6951#1 and LTC6952#2.

Step 5: Verify LTC6954 output to LTC6951 connection.
Step 6: LTC6954 settings summarized:
Refer to Step 4 to Step 6 in the ParallelSync Design
Example 1
Layout Recommendations
Refer to the Layout Recommendation section in the
ParallelSync Design Example 1
Synchronization Routines
On initial power-up:

1. Program LTC6954 and LTC6951 SPI registers

2. If MXgg54 > 1, Toggle LTC6954 SYNC pin (minimum
1ms)

3. Wait for LTC6951 bias voltages to stabilize
4. Calibrate all LTC6951 VCOs

5. Send SYNC pulseto LTC6951 Sync pins (see LTC6951
SYNC Pulse Width section)

Power-down after JESD204b alignment sequence is
complete:

1. Power down LTC6951 SYSREF OUTX (MCX = 2)

(NOTE: powerdown LTC6951 output, but leave LTC6951
outputdividerenabletoavoid resynchronizingall clocks)

If JESD204 requires re-alignment:
1. Power up LTC6951 SYSREF OUTX (MCX = 1)

LTC6951 Sync Pulse Width

Refer to the LTC6951 Sync Pulse Width section in the
ParallelSync Design Example 1. For this example the
LTC6951 RDIV =1.

Expandable Solution

The ParallelSync solution is infinitely expandable, refer
ParallelSync Design Example 1 Section titled Expandable
Solution and Figure 14 in for more details
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€ZParallelSync DESIGN EXAMPLE

REFERENCE DISTRIBUTION

LTC6954-4

100MHz =
REFERENCE ‘I 0uTo

5OQJ__| |_ ﬂﬂ'ﬁ
L [ouri-
Voo ok ouTa*
OUTOSEL ouT2

OUT2SEL
EZSync
SYNC PULSE ———{SYNC
WIDTH > 1ms

33V 5V
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470nF | |‘W"'+ s
6Q
J__l BB v Vep+ Vot cP
= F S 8060 ——150F
CMA T
CMB  LTC6951 #1 = 680F =
1uF CMC
e T8 =
= F TUNE
T —
J___l | BVC0 ot 250MHz, CLOCK
1uF O —
v 833_ 950MHz, CLOCK
|— REF ——
ouTo* oo
100Q 10F ouTo™ 250MHz, CLOCK
T —
|— REF* T 1GHz, CLOCK
spl |98 X
svne ] oo o 1GHz, CLOCK
33V 5V

10Q
470nF | I | 805
.6Q
J__l |_ BB VF Vep+r  Vyco+ cP

1nF 80.6Q 1.5nF

CMA T _IT
_|_—E CMB  LTCB951 #2 = T 68nF =
14F ¢~ CMC
I 8 =

10F TUNE
+ ——
oy Lo K aurs S
10F X
¥ 833_ 950MHz, CLOCK
|— REF
+ ——
1000 1 8%8— [ 250MHz CLOCK
X
|_ REF* 882_ 1GHz, CLOCK
N .
SYNC ] gg',‘K 83% 1GHz, CLOCK
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Figure 25. EZParallelSync Design Example — Two LTC6951s

EZParallelSync Design Overview

EZParallelSync is a simple way to synchronize multiple
LTC6951’s running in parallel driven by a common refer-
ence clock divider/distribution network. Synchronization
is easily achieved through SPI commands. The LTC6951
SYNC pin can be used in lieu of the SPI command.

In Figure 25, the LTC6954 is the common reference clock
divider/distribution network. The LTC6954 acts as an exter-
nal reference divider (RDIV)to provide two LTC6951s with

phase aligned reference frequencies. The external RDIV
allows the LTC6951s internal RDIVs to equal 1. Setting
the LTC6951 RDIV =1 allows for output phase alignment
across multiple LTC6951s to a common reference edge.

This architecture provides the ability to synchronize any
LTC6951 to any other LTC6951 at any time. As a result
if any LTC6951 is not used continuously then the un-
used LTC6951 can be completely powered down. When
needed the powered down LTC6951 can be powered up
and resynchronized independently without recalibrating
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the LTC6951 VCO and without performing a full system
clock synchronization. This ability to asynchronously
synchronize independent LTC6951 with EZParallelSync
is also useful in plug and play (hot plug) applications.

This example uses the same foyto and the same frgg for all
LTC6951s. A variant of EZParallelSync is EZ204Sync. The
EZ204Sync Design Example provides an example where
different OUTO or REF frequencies are used.

The section titled EZParallelSync Design Rules summa-
rizes the EZParallelSync design rules. The section titled
EZParallelSync Design Example section provides the design
process used to develop the block diagram in Figure 25.
Layout Recommendations discusses matching line lengths
to minimize skew between parts. The section titled Syn-
chronization Routines, provides power-up, power-down
and resynchronization sequences. The Expandable Solution
section discusses how the block diagram in Figure 25 can
expand to support more LTC6951 devices.

LTC6951 EZParallelSync Design Rules

When comparedto ParallelSync, EZParallelSync has the ad-
ditional design rule thatthe LTC6951 OUTO pinisassigned
to the lowest output frequency per LTC6951. Refer to the
LTC6951 data sheet for details related to PDIV and RAO.

1. LTC6951 OUTO pin assigned to the lowest output fre-
quency

2. LTC6951 register settings:
a. RDIV =1
b. RAO =1 (enabled)

f f
3 Yo 8951#1.0UT0 _ '6951#N.0UTO (25)

f6951#1.REF f6951#N.REF

Which can also be written as
X ¢ NDIVggs1#1 = NDIVgg514n (26)

Where N can be any integer > 1 and X is an integer. In
most cases X =1.

EZParallelSync Design Example

This design example will use the LTC6951Wizard to aid in
the design process. Download LTC6951Wizard at http:/
www.linear.com/LTC6951Wizard.

This example assumes the following list of design inputs.

Reference

frer = 100MHz

LTC6951s

fe951#1.0UT0 = fe951#2.0UT0 = 250MHzZ
feg51#1.0UT1 = fe951#2.0uT1 = 1GHZ
fe951#1.0Um2 = fe951#2.0UT2 = 1GHZ
fo951#1.0U73 = fe951#2.0UT3 = 250MHzZ

fe951#1.0uT4 = fe05142.0uT4 = 250MHzZ
RDIV =1

RAO =1
Delay settings

Align LTC6951 outputs rising edge to LTC6951
reference input rising edge.

Performance Optimization Request

Design LTC6951 for low jitter.

Minimize the output skew between the LTC6951#1 and LTC6952#2
Part Placement and Routing

The LTC6954 and both LTC6951s will be placed on the top side of the
board. For the most direct routing connect:

* LTC6954 OUTX* to LTC6951 IN™
* LTC6954 OUTX™ to LTC6951 IN*

This creates a reference signal inversion at the LTC6951 inputs.

LTC6951 Setup

Based on the EZParallelSync Design Rules and the above
designinputs, the following steps provide input conditions
for the LTC6951Wizard.

Step 1: Design Rule 1 verification

The first design rule is met since the slowest output fre-
quency, 250MHz, is assigned to OUTO.

Step 2: Design Rule 2 verification

To ensure Design Rule 2’s RDIV = 1 requirement is met,
calculate MOggs4, M2g954, and both LTC6951’s fgg51 ReF
and NDIVggs¢ values. M0Oggs4 and M2gg54 refer to the
LTC6954 divide value.
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The second design rule states that RDIVgg51#¢ = 1 and
RAOggs51 = 1. Referring to the LTC6951 data sheet the
following two equations are provided when RAOgg51 = 1.

f6951#1 REF

fo051#1.pFD = RDWegs 51 (27)

fe051#1.0uT0
feos1#1.pF0 = o (28)
NDIVggs5141
Referring to the LTC6954 data sheet the following equa-
tion is provided.

fRer
foo51#1REF = M0gons (29)

Since RDIVggs1#1 = 1, Equations 27, 28, and 29 can be
rearranged as follows:

MOggs54 * fe951#1.0uT0
NDIVggs5141 = (30)

fRer

Substituting the known values for frgr = 100MHz and
f6951#1.outo = 290MHz into Equation 30 results in

MO 6954 ® 250MHz

NDIVggs5141= 1 00NIH:

(31)

Which simplifies to
NDIVggs1#1 = 2.5 * M0ggs54 (32)

Based on the LTC6951 data sheet, to optimize for the
lowest jitter possible fggs5141 prp Should be as large as pos-
sible, which allows for a wider bandwidth loop filter. This
statement assumes the reference input signal noise level
is not limiting the LTC6951’s in-band noise performance.
Therefore, solve Equation 32 for the least common integer
multiple for NDIV and MO.

NDIVgg51#1 =5
M0ggs4 = 2

Next solve Equation 29 and 27.
fe951#1 REF = SOMHz
fe951#1.prD = S0MHZ

Since LTC6951#1 and LTC6951#2 have an identical fre-
quency plan.

NDIVggs1#1 = NDIVgg5142 = 5
MOggs4 = M2g954 = 2

fe951#1 REF = fe051#2.REF = 90MHZ
Step 3: Design Rule 3 verification

Based on the results from step 2, Design Rule 3 is met.

feo51#1.0UT0/fe95141 REF = Te951#2.0UT0/f 6951#2.REF
Step 4: Design input: optimize the LTC6951 for low jitter.

Based on the LTC6951 data sheet, the jitter performance
is obtained by maximizing the fpgp frequency (see Step 2)
and maximizing the LTC6951 ICP current.

|CLK6951 cp=11.2mA

Note: The ParallelSync Design Example #1 uses the same
outputfrequencies as this EZParallelSync Design Example.
However, because ParallelSync does not require the low-
est output frequency on OUTO (EZParallelSync Design
Rule 1) a larger fpep (100MHz) could be obtained. The
larger fprp resulted in the ParallelSync example having
~10fs improved jitter performance when compared to
this example. The frequencies in these two examples were
chosen specifically to highlight this difference. Depending
onthe desired reference and outputfrequencies, differences
in fpep between these two synchronization methods may
or may not result. This note is directed at the LTC6951,
as other Linear Technology PLL/VCOs may not have the
LTC6951’s pre-scalar divider architecture. As a result the
LTC6951 EZParallelSync Design rule #1 may not apply to
other PLL/VCOs.

Step 5: Design input: minimize the output skew perfor-
mance between the LTC6951#1 and LTC6952#2.

The LTC6951 device to device skew is best when the
LTC6951 register value FILT = 0.

LTC6951Wizard

This section demonstrates the LTC6951Wizard’s ability to
ease the register setting creation and loop filter design for
the LTC6951. Under the LTC6951Wizard’s Help Menu a
Help Guide is provided that will aid in understanding the
operations performed in this section.
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The values calculated in Steps 1 to 5 and conditions pro-
vided at the start of this design example are summarized
below for a quick reference. These values will be used
for inputs to the LTC6951Wizard to calculate the register
settings and loop filter values for both LTC6951s in this
design example.

LTC6951Wizard inputs for Figure 27:

f6951.ReF = SOMHZ
fo951.0uT0 = 250MHz

feo51.0u1 = 1GHz

fo951.0uT2 = 1GHZ
fo951.0uT3 = 250MHz

fo951.0uT4 = 250MHz
lgos1 cp = 11.2mA
NDIVggs1 = 5
RDIVggs1 = 1
FILTgg51 = 0
RAOggs1 = 1

Figures 27 and 28 provide the remaining steps necessary
to complete the LTC6951 portion of this design. Several
stepsin Figures 27 and 28 require the following additional
information.

Importing Reference Noise

Refer to Appendix: Model Reference Noise for
LTC6951Wizard Simulations, which describes how to
import reference noise into the LTC6951Wizard and the
impact of reference noise on loop filter calculations and
output noise simulations. Example 2 in the appendix cre-
ates the reference noise profile for this example.

Delay setting: DLYX BITS

For this example, the request was made to align the rising
edge of the LTC6951 outputs with the rising edge of the
LTC6951 reference input. The LTC6951 Wizard automati-
cally calculates the DLYX bits based off of Equation 33.
This same equation is found in the LTC6951 data sheet.

Figure 27, step 2b sets the Delay value = 0. An
LTC6951Wizard Delay value =0forcesthe LTC6951Wizard
tocalculatethe LTC6951 DLYX settingstoalignthe LTC6951
output and reference input rising edges. Figure 28 shows
the DLYX bits = 22 based off the wizard calculation.
Figure 29 shows that the LTC6951 output and reference
inputs rising edges are aligned.

18

NeMO

Dx=Dxi+CEILING( )-N-IVIO—18 (33),

Solving Equation 33 from the values shown match the
LTC6951Wizard results, shown in Figures 28 and 29.

Dxi = 0 (align to reference)
18, number of PDIV cycles
N=5
MO0=8
18
Dx = 0+CEILING(
58
Dx = 22 (delay settings)
SYNCENX BITS
Ensure the LTC6951 SYNCENX bits are set to a 1 for all
signals that require synchronization. Refer to Figure 27,
Step 2b.

LTC6951 OINV Bit

Figure 27, step 7 sets the OINVX values for each output.
Figure 26 provides a recommendation for OINVX settings
based on schematic connections. In this example all
LTC6951 outputs will use the Standard OUTX Connection,
setting OINVX = 0 (not inverted).

STANDARD OUTX CONNECTION
—l | CLK*
100Q
—l | CLK™
HARDWARE INVERTED OUTX CONNECTION

"
OUTPUT INVERT _OUTX e
0INVX oUT 1000
 cLK
LTC6951 ¢

SET OINVX =1 A6 Fo8

)0508—18

OUTPUT INVERT ,_OUTX*

OUTX™
LTC6951
SET OINVX =0

Figure 26. LTC6951 OINVX State

Loop Filter Selection

Figure27°s step 11 selected Filter 2. Through experimenta-
tion Filter 2 was found to be the best option to optimize
performance and board space.
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. Setlgp = 11.2mA

. Select Sync tab.

See Steps 2a and 2b on
far right

. Set Fref = 50MHz

Select All Select

Set Fout0 = Fout3 = Fout4

= 250MHz
Set Fout1 = Fout2 =
1000MHz

Set Invert OUTx = No

Set FILT = No, check box to

lock value

Select Compute Params

[ Linesr Technology LTC6951Wizard (= [E
File Communication Options
System Loap Design Registers
[ @\ NOISE PLOT ScoeEeIOT ]
Ws [ VcOMoiss | ‘m '-°:Pﬁ"5" caca(2a. Select STANDALONE
Goals Sme.__|._Rel Noise Dividers | Syne | Other weo 217 MHAY
o = HE —— and EZParallelSync
| P et 500000 Mz outo [N Tod 20000000 Wh
[T ¥ Desipn Goals ouTi CompopeTt Vi Td-step 500,000 ps
Rz 806 Oh
en il 21dz / outs - = ”Fm Fout0 250.0000 MHz
Opt Loop BW (Noise) q e o o Foutl 100,000 Mz
L et No R1 806 Ohms Fot2 00N et
oul o — Fout3 2500000 MHz
N s — - T F Foutd  250.0000 MHz
"N\ oo 7 LKWIN ] Loop BW 218 kHz
- E
‘@ Compute ‘ \ﬁ Design l Compute + ‘
> 4 Params Filter Design + Plat
© Fiter2 ) Fiter 3 2b. For each Output, select
R Synchronized and set
Rz L Delay =0
c2 cp cz cp
I | |
EE=LTC6051 ~| Comm Enabled | DCS90 ~| Suggesting Part Parameters...

(Smobronzed ]

0 clocks

[Smetwonized )
Delay 0 clocks
T3
Delay 0 clocks

ouT4

Delay 0 clocks

Verify R Div=1and
N Div matches previous
calculation

10.

Double click Opt Loop BW

(Noise) to copy to Loop
BW

11.

Select Filter 2 and Design
Filter, then set Component
Values to closest standard

component values.

12.

Under File menu, select
Save Settings.

File name = EZParallelSync

(see far right)

[ Linear Technology LTC6951Wizard ==
File Communication Options Help
System | Loop Design ‘ Registers ‘
| T NOISE PLOT SCOPEPLOT m Linear Technology LTC6951Wizard
Pt P oo Blter Calc'd Frequencies File | Communication Options Hel
VCOParams | VCOMNoise |
Gosls | Sme | RefNose | |1DWdeR ] Sync | Other | Kveo 121.7 MHz/V Fpfd 50000000 MHz l Save Settings R
PLL lep -v 11.2|mA Fvco 4000.0000 MHz | Load Settings
Fref 500 |l R Div 1|
3 Ll & Import Noise Data r —
N Div 5B Component Values o A
Design Goals Td-step 500.000 ps
+  Export Noise Data b foise
Loop BW T jﬁ 80.6 Ohms = : =
Outputs a 8.0/nF Fout0 250.0000 MHz I Export Register Values prse.
> i [
e /.@D/ o — —— - [
218 khz
L Div R1 80.6 Ohms Fout2 HOCH0; M2 W Print Preview
Outpute M1 Div c2 100 nF bout3 SO0 s S Print Tab
[x_—ATSeks] M2 Div It 0w [ Foots. IEEIN0N s Toop BW TTERA:
L outd 25000 + MHz M3Div [+ g Loop BW 218 kHz
J 1 10000 + MHz M4 Div Opt Loop BW (Noise)
T 218 kHe
Fout3 25000 ~ MHz
Foutd
Compute Design
T R x|
Pick Loop Filter \
Filter 1 @ Filter 2 *) Filter 3
Cp: 150 TUNE o M TUNE o i TUNE
RI: 806 L1
c2 100 Rz Rz Rz
cp c2 cp cz cp
el = Il
EE=LTC6951 ~| Comm Enabled DCS90 ~ | Suggesting Part Parameters.
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: Linear Technology LTC6951Wizard
12. Under Options menu, select 0
Copy Loop to System Wn Options | Help
| System ] Loop ‘C:I Copy Loop to System "
| DE} & Copy System to Loop I Py
@ co Copy part parameters and frequencies
P e from Loop Tab to Systems/Registers Tab
WCO Params I7 Lj Copy - B
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Fref 50 |L| Enable Alerts SYNCO
1
i Linear Technology LTC6951Wizard [E=EE
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results \ File Communication Options  Help
Sywem | LoopDesgn | Registe |
Fref
PFD
50.0000 ITCb951 See
eIz [] cPRST L
REF o
| f<] e [ cPup
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Y
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Figure 28. LTC6951Wizard Setup Continued

an161f

AN161-37



Application Note 161

22. Select Loop Design | ~—_ [i] Linear Technology LTC6951Wizard =E—)
T Communication  Options  Help
System Loop Design Registers |
DESIGN NOJSEFLOT/,L_» SCOPE PLOT
Cursors O I T
23. Select Scope Plot EUIEE S o e 40 PDIVICYCLES
ns i
x2 e
ouTO|
ns i ;
|
xxi 18 PDIV | 22 PDIV
OUT1 CYCLES | CYCLES
ns ‘
1 i
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ouTz |
MHz |
24. Select Plot 1
L DLYX=0—" S
| P ouT3
SYNC Pin
Timing not
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Thigh == Ims ouTs
N S 12 16 20 24 28
=R [Tl cPRsT Fofd !
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MO=8N=5 i = B |
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(=50 oy e
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T Conve | - Elp /i b* QU1
Figure 29. LTC6951Wizard Delay Settings
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LTC6954 Setup

Step 6: Design input: minimize the output skew between
the LTC6951#1 and LTC6952#2.

The LTC6951 outputs are phase aligned to the reference
input. Skewin reference signals will resultin skew between
LTC6951s. Therefore, it is recommended to match trace
lengths on the reference signals during board layout.

According to the LTC6954 data sheet best skew per-
formance is obtained when either one of following two
conditions are met:

* (Condition 1: all LTC6954 output divider settings equal 1
 Condition 2: all LTC6954 output divider settings are >1.

In Step 2 the LTC6954 was design for optimal outputs
skew, since Condition 2 was met.

M0ggs54 = 2
M26954 = 2
Step 7: Verify LTC6954 output to LTC6951 connection.

It is recommended to choose an identical reference sche-
matic from Figure 30 for both LTC6951s. This ensures
both LTC6951 PLLs align to the same reference edge.

STANDARD REFERENCE CONNECTION

DELAY DIVIDE _OUTX'
REFERENCE

INPUT — |

LTC6954-4 LTC6951
LT6951 INPUT | | | | | | | |

HARDWARE INVERTED REFERENCE CONNECTION

DELAY DIVIDE _OUTX' |_REF+
REFERENCE
iupus —H DELX U 1000 |_
LTC6954-4 RE'-_|_'|'C(;g51

LT6951 INPUT | | | |

REF*

1OOQI
ouTX™

[ 'A%%

REF™
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Figure 30. Reference Distribution Connection

For this example, both reference inputs were required to
use Figure 30’s Hardware Inverted Reference Connection.
Therefore, set DELOgg54 = DEL2g954.

Ifitis desiredto connect LTC6951#1 to Figure 30’s Standard
Reference Connection and LTC6951#2 to the Hardware
Inverted Reference Connection, then the reference inputs
will be inverted with respect to each other.

To account for this schematic inversion, invert one of the
LTC6954 output signals by delaying one LTC6954 output
a % cycle using the LTC6954 delay bits (see Table C1).
Using the LTC6954 delay registers in this manner is only
possible whenall LTC6954 divide values are even numbers.

Table 2. LTC6954 Register Settings, when Schematic Chooses
Different Reference Connections

LTC6954 Register Settings
LTC6954 OUTX MX DELX
LTC6951: Standard

Reference Connection Even Number v
LTC6951: Hardware Inverted min(MX)
Reference Connection Even Number , Y

*Y, integer, same value for all DELX

Step 8: LTC6954 register settings summarized:

SYNCENOggsg = 1
M0ggs54 = 2
DELOggss = 0
PDIV0ggss = 0
PDOUT0ggs, = 0

PDIV1 ggss = 1

SYNCEN2g954 = 1
M2g954 = 2
DEL2ggs4 = 0
PDIV2gg54 =0
PDOUT2gg54 = 0
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Layout Recommendations

To minimize LTC6951 output skew match electrical
trace lengths as shown in Equations 34 and 35 (refer to
Figure 31).

LRer#1 = LReFs2 (34)
L#1.0utx = Le2.outx (35)

LREF#1 L#1.0uT4
REF ouT4* OUT4 Toikt

REF* 0UT4™ CLK™

ouT3* p—
ouT3 b— L#1.0ut3

REFIN — ouTo*
ouTo™

ouTo* |—
LTC6951 #1 OUTO- b= L#1.0uT0

ouTt* [~
ouT1* - |— L#1.0uT1
LTC6954 ouTi— csS ouT1

SCLK out2*

ouT2* SDATA ouT2™ f— L#1.0uT2
ouT2™
Lyo.out4
REF™ ouT4* CLKi
REF* ouT4™ CLK

LREF#2 oUT3*

oUT3™ [ Lo outs

ouTo* |—
LTC6951 #2 0UTO™ = L#2.0uTo

o Ly2.oum1
—cs OUT1™ |— 2.

— SCLK outT2t |— L
—]SDATA UT2™ |— “#2.0UT2
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Figure 31. Trace Length Matching

Synchronization Routines

On initial power-up:
1. Program LTC6954 and LTC6951 SPI registers
2. Toggle LTC6954 SYNC pin (minimum 1ms)
3. Wait for LTC6951 bias voltages to stabilize
4. Calibrate all LTC6951 VCOs

5. Toggle all LTC6951 SPI SSYNC bits or SYNC pins
(minimum 1ms)

Power down ldle LTC6951:
1. Power down idle LTC6951 (PDALL = 1)

2. Power down LTC6954 OUTX connected to idle
LTC6951 (PD_OUTX =1)

Resynchronization of Idle LTC6951:
1. Power up idle LTC6951 (PDALL = 0)

2. Powerup LTC6954 OUT X connectedtoidle LTC6951
(PD_OUTX =0)

3. Toggle LTC6951 SPI SSYNC bit or SYNC pin
(minimum 1ms)

Expandable Solution

The EZParallelSync solution is infinitely expandable. As
shown in Figure 32, the EZParallelSync design example
can be repeated by adding an EZSync CONTROLLER to
distribute the reference.

For ease of synchronization, in Figure 32 the divide by
two function was moved from Stage 2 to the LTC6950
in Stage 1. As a result, Stage 2 can now use a low noise
fanout buffer such as the LTC6957.

For further expansion, it is possible to cascade additional
reference distribution stages between Stage 1and Stage 2.
When designing a multi-stage reference divider/distribu-
tion network, take into account the additive properties of:

e channel to channel skew

* noise floor at frequency offsets less than the LTC6951
loop filter’s pass-band. Referto Appendix: Model Refer-
ence Noise for LTC6951Wizard Simulations.

Ifsome LTC6951’s can power down during operation, then
selecting reference distribution parts with the ability to
power down individual outputs can save additional power.
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REFERENCE |

EZSync
SYNC PULSE
WIDTH > 1ms

100MHz

33V 5V =
100Q B
0.47yF [ W"‘+ s
.2Q m
-r| I_BB VP Vepr  Vygo+ oP
- CMA 1nF 80.6Q 1.5nF
CMB  LTC6951 #1 = 68nF =
1uF @—CMC L
L e -
T TUNE
.
_l__l I_ BVCO e 250MHz, CLOCK
T "
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Figure 32. EZParallelSync Expandable Solution
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€2204Sync DESIGN EXAMPLE
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Figure 33. EZ204Sync Design Example - Two LTC6951s

EZ204Sync Design Overview

EZ204Sync is a subset of EZParallelSync, which is op-
timized to provide a method to synchronize JESD204B
CLOCK and SYSREF signals with asynchronous SPISYNC
commands to an unlimited number of LTC6951s. The
LTC6951 SYNC pin can also be used in lieu of the SPI
sync command.

Figure 33 separates the CLOCK and SYSREF signals onto
separate LTC6951s. In Figure 33, these are denoted as
CLOCKLTC6951 and SYSREF LTC6951. This architecture

requires an external EZSync reference divider/distribution
network, such as the LTC6954 shown in Figure 33.

By using an EZSync reference divider, the CLOCK and
SYSREF reference phases are phase aligned following
an EZSync event. The external reference divider (RDIV)
allows forthe LTC6951s’ internal RDIVto equal 1. Setting
the LTC6951 RDIV =1 allows for output phase alignment
across multiple LTC6951s to a common reference edge.

This architecture provides the ability to synchronize any
LTC6951 to any other LTC6951 at any time. As a result,
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if any LTC6951 is not used continuously, then the un-
used LTC6951s can be completely powered down. When
needed, the powered down LTC6951s can be powered up
and resynchronized independently without recalibrating
its VCO and without performing a full system clock syn-
chronization. This ability to asynchronously synchronize
independent LTC6951s with EZ204Sync is useful for
JESD204B subclass 1 applications.

The section titled EZ204Sync Design Guidelines sum-
marizes the EZ204Sync design rules. The section titled
EZ204Sync Design Example section provides the design
process used to develop the block diagram in Figure 33.
Layout Recommendations discusses matching line lengths
to minimize skew between parts. The section titled Syn-
chronization Routines provides the initial power-up, power-
down and resynchronization sequences. The Expandable
Solution section discusses how the block diagram in
Figure 33 can expand to support more LTC6951 devices.

EZ204Sync Design Rules

When compared to ParallelSync, EZ204Sync has the ad-
ditional design rule thatthe LTC6951 OUTO pinisassigned
to the lowest output frequency per LTC6951. Refer to the
LTC6951 data sheet for details related to PDIV and RAO.

1. LTC6951 OUTO pin assigned to the lowest output fre-
quency per LTC6951

2. LTC6951 register settings:
a. RDIV =1
b. RAO =1 (enabled)

3 X SYs6951.0UT0 _ fcLke951.0UTO (36)
fsyseostrRer  ToLkeostRer
Which can also be written as
X'* NDIVgysggs1 = NDIVcike951 (37)
Where X is an integer. In most cases X = 1.

EZ204Sync Design Example

This design example will use the LTC6951Wizard to aid in
the design process. Download LTC6951Wizard at http://
www.linear.com/LTC6951Wizard.

This example assumes the following list of design inputs.

Reference

frer = 100MHz
CLOCK-LTC6951
foLkegs1.0uT0 = 250MHzZ
foLkegs1.0utt = 1GHz
foLkegs1.0uT2 = 1GHz
foLkegs1.0uT3 = 250MHz

foLke9s1.0uT4 = 2900MHz
RDIV =1

RAO =1
SYSREF-LTC6951

fsvsee51.0uTx = ELKG’%&'OUTO (38)

RDIV =1

RAQ =1

Performance Optimization Request

Design CLOCK LTC6951 for low jitter.

Design SYSREF LTC6951 for low power.

Optimize skew between CLOCK LTC6951 to SYSREF LTC6951 outputs.
Part Placement And Routing

The LTC6954 and both LTC6951s will be placed on the top side of the
board. For the most direct routing connect:

e LTC6954 OUTX* to LTC6951 IN~
* LTC6954 OUTX to LTC6951 IN*
This creates a reference signal inversion at the LTC6951 inputs.

Clock LTC6951 Setup

Based on the EZ204Sync Design Rules and the above
designinputs the following steps provide input conditions
for the LTC6951Wizard.

Step 1: Design Rule 1 verification

The first design rule is met since the slowest clock fre-
quency, 250MHz, is assigned to OUTO.

Step 2: Design Rules 2 and 3 verification

Calculate fg kg951 REF, MOggs4, and NDIV() kgo51 10 meet
Design Rule 3.

The second design rule states that RDIV =1 and RAO =1.
Referring to the LTC6951 data sheet the following two
equations are provided when RAO = 1.

fCLK6951 REF (39)
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foLke9
51.0UT0
foLk6951 PFD = T (40)
CLK6951

Referring to the LTC6954 data sheet, the following equa-
tion is provided.

f
foLke951 REF = M$6E9F54 (41)

Since RDIV kge51 = 1, Equations 39, 40, and 41 can be
rearranged as follows:

f
NDIVg kg951 =M0Ogg54 ® W (42)

Substituting the known values for frgg = 100MHz,
foLke951.0uTo = 250MHz into Equation 41 results in
250MHz (43)

NDIVg kg951 =MOggs4 ® 100MHz

Which simplifies to
NDIVgikeo51 = 2.9 * M0ggs4 (44)

Based on the LTC6951 data sheet, to optimize for the
lowest jitter possible, fokeg51.prp Should be as large as
possible, which allows for a wider bandwidth loop filter.
This statement assumes the reference input signal noise
level is not limiting the LTC6951’s in-band noise perfor-
mance. Therefore, solve Equation 44 for the least common
integer multiple of NDIV and MO.

NDIVcike9s1 = 9
M0ggs4 = 2
Next solve Equation 41.

fcLke9s1.REF = 50MHzZ

Step 3: Design input: optimize the CLOCK LTC6951 for
low jitter.

Based on the LTC6951 data sheet the jitter performance
is obtained by maximizing the LTC6951 ICP current.
loLke951.cp = 11.2mA

Step 4: Design input: optimize the skew performance
between the CLOCK LTC6951 and SYSREF LTC6951.

The LTC6951 device to device skew is best when the
LTC6951 register value FILT = 0.

SYSREF LTC6951 Setup

Step 5: Calculate the SYSREF frequencies, using
Equation 38.

fsyse9s51.0uTx = 19.625MHz

In other applications there may be more than one SYSREF
frequency. If this is the case assign the lowest SYSREF
frequency to OUTO to meet Design Rule 1.

Step 6: Design Rules 2 and 3 verification

Calculate fgysgo51.Rer, M26g954, and NDIVgygggs1 to meet
Design Rules 2 and 3.

Solve Equations 36 and 37 from Design Rule 3 for
fsyseos1.rRer and NDIVsysges1, by using known values
for fsysees1.0uto = 19.620MHZ, foi ke951.0uT0 = 250MHZ,
foLke9s1.ReF = 90MHz, and NDIVg kgg51 = 9

x o f5vs6951.0uT0 _ foLkest.outo (36)
fsvseos1Rer  foLkeostRer
By setting X =1,
1+ (15.625MHz/fysses1 Rer) = (250MH2/50MH2)
fsvse9s1.ReF = 3.125MHz
X ¢ NDIVgyspg51 = NDIVcikg951 (37)
1 NDIVsyspgs1 =5

NDIVsysgas1 = NDIVgikp951 = 9

Rewriting Equation 41 for the SYSREF LTC6951, solve
for M2.

M26954 = _ Taer (45)
fsvs6951 REF

M2g054 = 100MHz/3.125MHz
M26954 = 32

Step 7: Design input: optimize the SYSREF LTC6951 for
low power.

SYSREF is only used for the JESD204B alignment rou-
tines and is not a high performance clock. Therefore, the
SYSREF LTC6951 can be placed in a lower power mode
than the CLOCK LTC6951.

Set Isysegs1.cp = 2MA
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LTC6951Wizard

This section demonstrates the LTC6951Wizard’s ability to
ease the register setting creation and loop filter design for
both the SYSREF LTC6951 and CLOCK LTC6951. Under
the LTC6951Wizard’s Help Menu a Help Guide is provided
that will aid in understanding the operations performed
in this section.

The values calculated in Steps 1 to 7 and conditions pro-
vided at the start of this design example are summarized
below for a quick reference.

LTC6951Wizard inputs for the SYSREF LTC6951 in
Figure 35

fsyse951 ReF = 3.120MHz
fsyse951.0uTx = 19.625MHz
Isyse951.cP = 2MA
NDIVsyspos51 = 5
RDIVsysgost = 1

FILTsysg951 = 0
RAOsysg951 = 1

LTC6951Wizard inputs for the CLOCK LTC6951 inFigure 36

foLke951.REF = 50MHZ
foLke951.0uT0 = 200MHZ
foLkegst.outt = 1GHz
foLkegst.oute = 1GHz
foLke9s1.0uT3 = 200MHZ
foLkegs1.0ut4 = 290MHz

lcLke951.cp = 11.2MA
NDIVcike951 =9

RDIVgLkpos1 = 1
FILTcLke951 = 0
RAQO¢kp951 = 1

Figures 39, 36 and 37 provide the remaining steps nec-
essary to complete the LTC6951 portion of this design.
Several steps in Figures 35 to 37 require the following
additional information.

Importing Reference Noise

Refer to Appendix: Model Reference Noise for
LTC6951Wizard Simulations, which describes how to
import reference noise into the LTC6951Wizard and the

impact of reference noise on loop filter calculations and
output noise simulations. Examples 2 & 3 in the appendix
create the reference noise profile for this example.

SYNCENX BITS

Ensure the CLOCK LTC6951 and SYSREF LTC6951
SYNCENX bits are set to a 1 for all signals that require
synchronization. Refer to Figure 35 Step 2b and Figure 36
Step 15b.

Loop Filter Selection

Figure 35’s step 11 selected Filter 1 for the SYSREF
LTC6951. The simplest filter was selected for board space
and cost reasons, because SYSREF jitter performance is
not important.

Figure 36’s step 24 selected Filter2 forthe CLOCK LTC6951.
Through experimentation Filter 2 was found to be the best
option to optimize performance and board space.

LTC6951 OINV Bit

Figure 35, step 6 and Figure 36, step 19 set the OINVX
values for each output. The LTC6951 OINV value can
be determined by referring to the schematics shown
Figure 34. These OINVX settings, along with the DEL[X]
settings above, program the LTC6951’s SYSREF rising
edge to start a %2 CLOCK cycle before its paired LTC6951
CLOCK’s rising edge.

STANDARD OUTX CONNECTION

"
OUTPUT INVERT ,_OUTX CLK* OR
SYSREF+
0INVX 100Q
oUTX |

CLK™ OR
LTC6951

SYSREF™
WHEN CONNECTED TO
CLK: SET OINVX =1
SYSREF: SET OINVX =0

HARDWARE INVERTED OUTX CONNECTION

QUTPUT INVERT _OUTX" CLK* OR
SYSREF+
0INVX ) 100Q
0UTX CLK™ OR
LTC6951 SYSREF™

WHEN CONNECTED TO ANTG1 F34
CLK: SET OINVX =0
SYSREF: SET OINVX =1

Figure 34. LTC6951 OINVX State
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DELAY Settings

Figure 37, step 28 references Equation 46. Equation 46
calculates DEL[X] in PDIV cycles. The same DEL[x] value
willbe usedforboth SYSREFLTC6951 and CLOCKLTC6951
pairs. In Equation 46 the number 18 refers to the number of
PDIV cycles when DEL[X] = 0. For more information refer
to the LTC6951 data sheet OUTPUT SYNCHRONIZATION
section titled Synchronization Events.

DEL[X]=Y-IVIOSY56951—18+7MOCLK6951 —1 (46)
MIX]cLke951

where Y is smallest integer that ensures DEL[X]>O0.
As shown in Figure 37, step 28
DEL1=1128-18+(8/2)-1=113
DEL2 =1128-18+ (8/2)-1=113
DEL3=1128-18+ (8/8)-1=110
DEL4=1128-18+(8/8)-1=110

If Equation 46 calculates a DEL[X] > 255 PDIV cycles
(maximum delay setting), try increasing the LTC6951 PDIV
value used in Figures 35 and 36. This will create a larger
delay range. Repeat the steps in Figures 35 and 36 after
the PDIV value is increased (check the box next to PDIV in
the LTC6951Wizard Design tab to avoid auto-calculating
a new PDIV).

SYSREF LTC6951 ALCEN Bit

Figure 37, step 33 sets the SYSREF LTC6951 ALCEN bit
high. If ALCHI or ALCLO are being monitored, then ALCEN
is set high to reset the ALC flags during power-down and
power-up routines for the SYSREF LTC6951. Refer to the
Synchronization Routines section.
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14] Linear Technalogy LTC6951Wizard = [
1. Set ICP =2mA File Communication Options  Help
System Loap Design Registers
2. Select Sync tab. | DESIN—__ RO Jramezrar ‘
See Steps 2a and 2b on ‘m.e#ns [ vooness | i 2a. Select STANDALONE
far right e hr e and EZParallelSync
| e = T
3. Set Fref = 3.125MHz [T] pesion Goats . va;:n N Tdstep 500.000 ps
Loop BW 631 khz - - ”F”“ e =i
4. Select All = Fout0 Opt Loop BW {Noisc) - - Fout1 15.62500 Mz
3.1 khz 7 - il oren Fout2 1562500 MHz
5. Set Fout = 15.625MHz Out q c2 0.00 nF ) T
\ LT ] 0w [ el
Foutd //LKWIN ] Loop BW 620 khz
foat oet [z 289
6 Set Invert OUTx = No ] e
> \@ e ] \ﬁ Criter l Deston = Plot ‘
7. Set FILT = No, check box to {1
lock value l::*;;o"ﬁ"’ @ Filter 1 ©) Fiter 2 *) Fiter 3 2b. For each OUtpUt, select
& - Y - e o R1 Synchronized and set
033 TUNE Ci TUNE Ci TUNI
8. Select Compute Params %T TWETRZ L Delay = 0
co c2 cp c2 cp
el el I =l

EE=LTC6951 ~| Comm Enabled

DC590 ~ | Suggesting Part Parameters...

[Synetronized -]
jay 0 clocks

[Smetwonized )
Delay 0 clocks
T3
Delay 0 clocks

ouT4

Delay 0 clocks

m Linear Technology LTC6951Wizard

Verify R Div=1and
N Div matches previous

calculation

10.

Double click Opt Loop BW

(Noise) to copy to
Loop BW

11.

Select Filter 1 and Design
Filter, then set Component
Values to closest standard

component values.

12.

Record MO Div Value.

In this example:
MO Div =128

File | Communication Options  Hel}
‘ﬁ Save Settings

.

[ [ Linear Technology LTC6951Wizard ==
File Communication Options Help
System | Loop Design == ‘
[ DESIGN NOISE PLOT SCOPE PLOT
VCOFPams | VCOMNoige | _FPart Params Loop Fifter Calc'd Frequencies
Goss | Sme | RefNose | |:0%35 ] Smo | Oher | Kveo 1217 MHV Fold 31250000 MHz
PLL lep [+ 2gmA Fvco 4000.0000 MHz
e 2t L2 1 & Fpd  2000.0000 Mz &
Design Goals N Div 5 0 Component Values Ty 500000 ps ?
2050 Ohms -
Iiop BW 631 kHz i j:: = Fout0 15.62500 MHz 3
P> Opt Loop BW (Noise) P Div - — Fout1 1562500 MHz "
B3 etz ’/F{ = R1 0.00 Ohms Eock2 Lo M2 O
Outputs M1 Div 2 000 nF Fout3 1562500 MHz &
[x__si=rout M2 Div L 000w O Foutd 15.62500 MHz
FoGI0 15625 » MHz M3Div [+ 12g] Loop BW 620 kHz
N 15625 ~ |MHz MaDiv v 123
Fout2 15625
15625 ~ |MHz \
5625 + |MHz
Compute Design
= he

13.

Under File menu, select

Save Settings.

File name = SYSREF6951

(see far right)

) Filter 2 *) Filter 3
G: 820n
Cp: 0330 TUNE cP R1 TUNE cP R1 TUNE
Rz Rz = Rz
cp c2 Cp c2 Cp
@l 1 “‘@l 1 “‘@I

EE=LTC6951 v| Comm Enabled

DC380 + | Suggesting Part Parameters.

Figure 35. LTC6951Wizard: SYSREF LTC6951

Load Settings
Import Noise Data 3
Export Noise Data 3

Export Register Values
Print Options
Print Preview

Print Tab

6.1 kHz

Opt Loop BW (Noise)
63.1 kHz
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14.Set Igp = 11.2mA

15.Select Sync tab.
See Steps 15a and 15b on
far right

16.Set Fref = 50MHz

17.Select All Select

18.Set Fout0 = Fout3 = Fout4
= 250MHz
Set Fout1 = Fout2 =
1000MHz

19 Set Invert OUTX = Yes

20.Set FILT = No, check box to

lock value

21.Select Compute Params

1] Linear Technalogy LTC6951Wizard = [ E s
file Communication Options Help
System Loop Design Registers
[ @\ NOISE PLOT ScoeEeIOT ]
Ws [ VcOMoiss | '-°:Pﬁ"5" cace15a. Select STANDALONE
Goals Sme.__|._Rel Noise weo 121.7 MHV
= HE —— and EZParallelSync
| P et 500000 Mz - Tod 20000000 Mrs
17 ¥ Desipn Goalz Yes CompopeTt Vi Td-step 500,000 ps
Loop BW e = Rz 80.6 Ohms
5 L - - Fout0 250.0000 MHz
ODlLoopBW;dgi::) Yes| o o Fout1 1000.000 MHz =
! P4 Yes R1 206 Ohms Fot2 00N et Delay
oul L o — Fout3 250.0000 MHz out
g [Synetronized -]
N FILT T LR e oy 8 cocks
//LKWIN ] Loop BW 218 kHz ou i ]
B Count ] Detay 0 cocks
T3
Delay 0 clocks
\ Compute \‘i Design | Compute + ‘ out4
= 4 Params Filter Design + Plot
Delay 0 clocks
© Fiter2 ) Fiter 3 15b. For each Output, select
R Synchronized and set
Rz L Delay =0
c2 cp c2 cp
el I =l

EE=LTC6951 ~| Comm Enabled

DC590 ~ | Suggesting Part Parameters...

22. Verify R Div=1and
N Div matches previous

calculation

23.
(Noise) to copy to
Loop BW

Double click Opt Loop BW

24. Select Filter 2 and Design

Filter, then set Component

Values to closest standard

component values.

25. Record all Mx Div values.

In this example:

MO Div=28

M3 Div = M4 Div=28
M1 Div = M2 Div =2

26. Under File menu, select

Save Settings.

File name = CLKREF6951
(see far right)

[ Linear Technology LTC6951Wizard ==
File Communication Options Help
System | Loop Design ‘ Registers ‘ - -
| T NOISEPLOT SCOPEPLOT m Linear Technology LTC6951Wizard
o 5 File | Communication Options  Hel
VCOFPems | VCOMNake | Port Params Loop Filter Calc'd Frequencies [ t
Gosls | Sme | RefNose | |1DWdeR ] Sync | Other | Kveo 121.7 MHz/V Fpfd 50000000 MHz ‘ﬁ Save Settings Re
PLL lep -v 11.2|mA Fvco 4000.0000 MHz Load Settings
Fref 50.0 R Div NG|
T Valime Ll & Import Noise Data 3
Design Goals N Div 5/ [ Erorerdd Td-step 500,000 ps -
1 ExportNoise Data b foisE
Loop BW pr jﬁ 80.6 Ohms - -
Noise
Outputs G 680 nF Fout0 250.0000 MHz Ul Export Register Values
> i oo o
> ot o o /.P{ o et w010 e 8 e
2B ez Fout2 1000.000 MHz 2
L]
i ” A1 08 Ome L = pintPreview
Outputs M1 Div c2 100 nF : & Print Tab
[r e M2 Div ] L O Eoetd EE NI 2 [656p BW AL
Fou0 25000 = MHz M3 Div Loop BW 218 kHz
Opt Loop BW (Noise)
218 kHz
e+
Design + Plot
EE=LTC6951 +| Comm Enabled DCS90 ~ | Suggesting Part Parameters.
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27 Fl | J4] Linear Technology LTC6951Wizard [j Linear Technology LTCE951Wizard = s
: Under I e menu’ se eCt N i ions  Help File | Communicat tion  Options  Help
Load Settings. NG Sove ettings = B saesetngs [ Fegrer ]
: Load Setting;
Flle name = CLOCK6951 NOSES) e |S:.ial\:zl:m;:(c setfile | 16951 IR
— arams Fy CPWIDE
rom .:Etﬂ:a ;'E%zfé'wﬁaﬁ A7 ot Noee Bets ' [E1 cPrsT Fefd cP
28. Enter DLYX calculated ]|l Rt 5900 e (] =
N — ; %% Print Options 4] cp [l CPUP
values (see Equation 46) B 8] print review B
= . DLY1 13 [@] SYNCIT & o on 1 CPON
rint Ta . =
S |2 nooe | T -
v 2048 WKCT caL
Opt Loop BW (Naisz) DLY4 110 [¥] SYNC4 o] N AFCALCEN [] AUTOCAL
NA kHz i Power-down [# ReO 1A
% L O ] ALCHON v 25| B Coun
Outputs HAD) [0 PoPL Frco j Ttgﬁ[‘éK Foal 1953 kHz
SR e =  Foveo =P 4000.0000 MH: 1A .
l; [0 PoouT = 2 -
SR v Noj [ POR
Foutd 2500000 ~ MHz ] PO ‘
Fout1 1000.000 ~ MHz | | ] SYNCEND = 250.0000 MHz
Refresh 5t | Status [ o ns
Fout2 1000000 ~ MHz %fs 9] hET
Fout3 2500000 v MHz | x [ UNLOCK 7] SYNCEN! 1000.000 MHz
Foutd 2500000 ~ MHz —_— :i "tg[‘c‘) 1~ [@] omvi Td 56.50ns
% Compute 1 staTBele- @« [ ook
1 x || LOCK | | [#] SYNCEN? 1000.000 MHz
] x [F] ReroK [#] omv2 s
x || REFOK
e | | [ svncens 0000 iz
e 9] OINV3 ns
S3YNC e
1 39
29. Under Options menu, S L | @ swcew 2500000
select Copy Loop to v o D TS0
py p Jij Linear Technology LTC6951Wizard [E=EEE]
SyStem File Communica tion Options  Help
T Linear Twy LTC6351Wizard Smen | LoopDesgn | Regstes
30 Se|ect S stem tab to File Communicatda, Options | Hel
R y X spen | Lo o o Sy 3.1250 TC6951
vigw results i 261 Comysumsmun e @
— i REF > 20 mA
—
. | veo Pere o orToTH G4] e [ cPuP
31. Under File menu, Select o | S SRR | % & Gy
: Read Al
Save Settings. SIS éﬁ AT e T~
: [l nivi @ evae POREFPK < s, oo
File name = CLOCK6951 — o e e
L Power-down @ Ra0 @ ] ALCEN UL
5 7| ALCMON v 25| B Coumt
32. Repeat StepS 2710 é §E;tt Fvco b/ ACCAL Foal 1221 kit
] . \ =P 40000000 Mz V| ALCULOK = :
31 for File name: e T
—] SYNCEND 1562500 MHz
= Status t [ omw ns
% (7] INVSTAT
x 0 unock e 15.62500 MHz
33. For the SYSREF6951, CLER rE
H 1 sTaT 8] :J x [ Lock
ensure the ALCEN box is e e g
i [ x [ rerox [0 oz e
checked before saving ey
7] SYNCEN3 15.62500 MHz
e EEELY Td 56.00 ns
[ ssYNe
SYNC O sk T
T Osn | [ sYNCEN4 15.62500 MHz
B [ oinvd Td 55.00 ns
R P W ey

Figure 37. LTC6951Wizard Delay Settings and System Tab

LTC6954 Setup Step 9: Verify LTC6954 output to LTC6951 connection.

Step 8: Design input: optimize the skew performance  The design inputs above required this example to use the
between the CLOCK LTC6951 and SYSREF LTC6951. Hardware Inverted Reference Connection for the distributed

According to the LTC6954 data sheet best skew perfor- reference signals, see Figure 38. Hardware reference inver-
mance is obtained when all output divider settings are sions create an extra design consideration, because both

L _ LTC6954 output reference signals will be synchronized
&12’62:4‘{3332‘;“9“'”“ in Steps 2 and 5 (MOessa = 2. o1 e faling edge, while the LTC6951 PLL locks to the

reference rising edge, also shown in Figure 38.
As an aside, if MOggs4 had been set to 1 and M2gg54 > 2

thanthe LTC6954 output skew would have degraded 25ps.
One work around to improve this would be to double frgr
50 MOggs4 could be set to 2.

To account for the hardware reference signal inversion,
the LTC6954 output signals should be inverted. To invert
the LTC6954 output, delay the LTC6954 outputs a %2
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STANDARD REFERENCE CONNECTION

REF*

DELAY DIVIDE _OUTX'
REFERENCE

6t~ o o

LTC6954-4
CLOCK |—| |—|
LT6951 INPUT
SYSREF 4|_
LT6951 INPUT

SYNCHRONIZED ON RISING EDGES

1OOQI

L A%

OouUTX REF

LTC6951

ML
-

HARDWARE INVERTED REFERENCE CONNECTION

DELAY DIVIDE _OUTX' |_REF+
REFERENCE
wpur —H DELX ouT 1000

LTC6954-4 " osest
CLOCK

mosst oot L L LML
SYSREF ]

16951 INPUT
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SYNCHRONIZED ON FALLING EDGES

Figure 38. Reference Distribution Connection

output cycle using the LTC6954 delay bits. Inverting the
LTC6954 outputs with the delay register creates a design
constraint because inversion is only possible when the
LTC6954 divider value is set to an even number. In this
example both M0gg54 and M2gg54 are even numbers, which
makes inverting the outputs possible with the LTC6954.

As an aside, if MOggs4 had been set to 1 the LTC6954
output could not be inverted, because the LTC6954 does
not have an output inversion bit. To resolve this issue the
designer would either need to change to the preferred
schematicin Figure 38 or double frer which allows M0Oggs4
to be set to 2.

Table 3. Standard Reference Connection

LTC6954 Register Settings
LTC6954 OUTX MX DELX
To CLOCK LTC6951 Any Y*
To SYSREF LTC6951 Any Y*

*Y, integer, same value for all DELX

Table 4. Hardware Inverted Reference Connection
LTC6954 Register Settings
LTC6954 OUTX MX DELX

MXcLock |y

To CLOCK LTC6951 >

Even Number

MXsvsher |, y »

To SYSREF LTC6951 »

Even Number

*Y, integer, same value for all DELX

Both reference signals are inverted for this example, refer
to Table 4.

LTC6954.M0 = 2

LTC6954.DELO = LTC6954.M0/2 =1
LTC6954.M2 = 32

LTC6954.DEL2 = LTC6954.M2/2 = 16

Step 10: LTC6954 register settings summarized:

SYNCENOggsg = 1
M0ggs4 = 2
DELOggs4 = 1
PDIVOgg54 = 0
PDOUTOggs4 = 0

PDIV1 ggss = 1

SYNCENOggs4 = 1

M2gg54 = 32

DEL2ggs4 = 16

PDIV2gg54 = 0

PDOUT25954 = PDALLsys5951

Layout Recommendations

Minimizing SYSREF to CLOCK skew is recommended to
ensure setup and hold times are met for proper JESD204B
alignment sequence functionality. To minimize skew match
electrical trace lengths in the CLOCK and SYSREF paths
as shown in Equation 45 (refer to Figure 39).

LrercLk + LoLk.outx = LRersys + Lsys.outx (45)
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LREFCLK LoLk.ouT4

REF ouT4*
REF* ouT4™

ouT3* |—
ouTs™ - Lekouts

CLOCK ouT0* b~
LTC6951 QUTO™ |— LcLk.ouTo

CLK*
CLK™

SYSREF*

REFIN = outo* SYSREF™
ouTO ouTit
ouTi~ |~ Lekouti
roses4 QUT1 % :
54 ouT1™ — SCLK ouT2* |— L
—1 SDATA 0UT2™ }=— “CLK.0UT2
ouT2t Lsys.ouT4
= REF™ ouT4*
LN g SN =y e

LRersys ouT3*

ouTts™ | Lsys.outs

SYSREF ouTot |~
LTC6951 guTo™ b= Lsys.outo

anrC Lsys.ouT1
—cs OUT1™ [~ -SYs.

—]SCLK  OuT2* =
—{SDATA  QUT2 |— -SYsS.0UT2
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Figure 39. Trace Length Matching

Synchronization Routines

On initial power-up:
1. Program LTC6954 and LTC6951 SPI registers
2. Toggle LTC6954 SYNC pin (minimum 1ms)
3. Wait for LTC6951 bias voltages to stabilize
4. Calibrate all LTC6951 VCOs

5. Toggle all LTC6951 SPI SSYNC bits or SYNC pins
(minimum 1ms)

Powerdown SYSREF after JESD204b alignment sequence
is complete:

1. Power down SYSREF LTC6951 (PDALL = 1)
2. Power down LTC6954 OUT2 (PD_OUT2 = 1)
If JESD204 requires re-alignment:
1. Power up SYSREF LTC6951 (PDALL = 0)
2. Power up LTC6954 OUT2 (PD_0UT2 = 0)
3. Toggle SYSREF LTC6951 SPI SSYNC bit or SYNC
pin (minimum 1ms)
Expandable Solution

The EZ204Sync solutionis infinitely expandable. As shown
in Figure 40 the EZ204Sync design example can be re-
peated by adding an EZSync CONTROLLER to distribute
the reference to multiple LTC6954s.

For further expansion it is possible to cascade additional
reference distribution stages between Stage 1and Stage 2.
Refer to the EZSync Design Example for more details.

When designing a multi-stage reference divider/distribu-
tion network, take into account the additive properties of

¢ channel to channel skew

* noise floor at frequency offsets less than the CLOCK
LTC6951 loop filter's pass-band. Refer to Appendix:
Model Reference Noise for LTC6951Wizard Simulations.

Ifsome LTC6951’s can power down during operation, then
selecting reference distribution parts with the ability to
power down individual outputs can save additional power.
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Figure 40. EZ204Sync Expandable Solution
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APPENDIX: MODEL REFERENCE NOISE FOR LTC6951 Wizard

SIMULATIONS

Reference Noise

Noise profiles of different reference oscillators can change
the calculated results of the loop filter bandwidth and
LTC6951 jitter performance. Significant changes in these
results occur when the reference oscillator noise floor
is greater than the LTC6951’s normalized in-band noise
(see Figure 41). In-band noise refers to the noise at offset
frequencies less than the loop filters bandwidth. Refer to
the LTC6951 data sheet for more information on reference
noise characteristics.

-80
JITTER(fspys)  LOOP BW(kHz)
90 547 28 ]
132 194
100 \\(/ 90 307
3 110 [ X
- AN
= \fi \
S 120 | T
o ~
= ] TN
130 \
2 \
x
& 140 \§
—— REFA
-150 | —— REF #2
-—— CCHD-575 AN
-160 : : ——
tk 10k 100k 1M 10M  100M
OFFSET FREQUENCY (MHz)
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Figure 41. Comparing LTC6951Wizard Results with
Different Reference Profiles

When designing loop filters and simulating jitter perfor-
mance with the LTC6951Wizard, it is recommended to
import the noise profile of the desired reference network
for best results. Figures 42 and 43 provide the informa-
tion required to import a reference noise file into the
LTC6951Wizard. The remainder of this appendix provides
information and examples to aid in estimating the phase
noise of a reference distribution network. The examples
in this appendix are based off the reference distribution
networks provided in the LTC6951 Sync Manual’s design
examples.

||:|'IE|_Eh1

:| CCHD575_REFNOISE - Notepad

File Edit Format View Help

#offset Frequency (Hz) Phase Noise (dBc/Hz) -
+10.00 -90.000

+100.00 -121.000
+1000.00 -143. 500
+10000.00 -155.000
+100000.00 -162.000
+1000000. 00 -166.000
+10000000. 00 -168.000
+100000000. 00 -168. 000

m

4 ;

Figure 42. LTC6951Wizard Reference Noise File Format

-

m Linear Technology LTCE6951Wizard
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Registers !

/
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[
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B paiiou A |
5 rint Uptions Organize »  Newfolder = 0 @
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Figure 43. Importing Reference Noise Profiles into LTC6951Wizard
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Distributed Reference Noise

A distributed reference’s phase noise is the product of
the reference phase noise and the additive phase noise
of the fanout buffer.

REFERENCE DISTRIBUTION
FAN-OUT BUFFER

REFERENCE 2

\(\(\(\/

AN161 F44

Figure 44. Reference Distribution

Equation 47 calculates the estimated total phase noise of
the reference distribution network.

PN7or(X)=20 (47)

2 2
ol ™87 57

Where:
PNps, Reference distribution IC phase noise at frgr

PNger, Reference phase noise at frer
PNtot, Combined PNp,s and PNger phase noise at frer
X, offset frequency in Hz

To minimize the fanout buffer phase noise contribution,
choose afanout buffer whose additive in-band phase noise
is 6dB lower than the in-band reference phase noise. In
most cases the out-of-band phase noise can be neglected,
since the PLL’s loop filter removes out-of-band noise.

Low noise reference and fanout buffer data sheets usually
provide phase noise plots at specific carrier frequencies.
From these phase noise plots it is possible to estimate the
combined phase noise profile of the reference and fanout
buffer. If phase noise plots at the desired frequency are

not available, Equation 48 scales the phase noise from
the nearest available frequency to the desired frequency.

PNy (X) =PN Y_[,S(X)—zo-LO(a(ffY-—DS)
REF (48)
Where:

fy.ps, carrier frequency of phase noise curve
(PNy-ps)

frer, desired reference frequency at LTC6951 refer-
ence input

PNy, phase noise at fggr

PNy.ps, phase noise at fy.pg provided in reference’s
data sheet or distribution IC’s data sheet

X, offset frequency in Hz

Example 1: Distributed Reference (ParallelSync)

Estimate the reference phase noise curve to import into
LTC6951Wizard using Crystek’s CCHD-575 100MHz
reference and the LTC6954-4 as the LVDS fanout buffer.

Step 1: Refer to vendor’s data sheets for phase noise
curves provided in table below.

CCHD-575 LTC6954-4
Offset Frequency 100MHz 122.88MHz
(Hz) (dBc/Hz) (dBc/Hz)

10 -90 -140
100 -121 -148
1k -143.5 -156
10k -155 -161
100k -162 -162
1M -166 -162
10M -168 -162
100M -168 -162

Step 2: Use Equation 48 to adjust the LTC6954-4 phase
noise profile from 122.88MHz to 100MHz:

PNggs4(X) =PNggs4 —ps(X)—20® LOG(

PNgas4(X) = PNggs4-ps(X) — 1.8

122.88IVIHZ)
100MHz

an161f

AN161-54



Application Note 161

CCHD-575 LTC6954-4

Offset Frequency 100MHz 100MHz

(Hz) (dBe/Hz) (dBe/Hz)
10 -90 -141.8
100 -121 -149.8
1k -143.5 -157.8
10k -155 -162.8
100k -162 -162.8
1M -166 -163.8
10M -168 -163.8
100M -168 -163.8

Example 2: Divided And Distributed Reference
(EZParallelSync and EZ204Sync CLOCK6951)

Estimate the reference phase noise curve to import into
LTC6951Wizard using Crystek’s CCHD-575 100MHz ref-
erence and the LTC6954-4 as the LVDS reference divide/
distribution IC. The LTC6954-4 divider will be set to 2 to
create a 50MHz reference at the LTC6951 input.

Step 1: Refer to vendor’'s data sheets for phase noise
curves provided in table below

Step 3: Calculate the total reference distribution network
phase noise using the values in Step 2 with Equation 47.

LTC6954-4
CCHD-575 30.72MHz
Offset Frequency 100MHz (122.88MHz/4)
(Hz) (dBc/Hz) (dBc/Hz)
10 90 —140
100 -121 152
1k 1435 161
10k 155 166
100k 162 166
M 166 166
10M 168 166
100M 168 166

Offset CCHD-575 LTC6954-4 PNror
Frequency 100MHz 100MHz 100MHz
(Hz) (dBc/Hz) (dBc/Hz) (dBc/Hz)
10 -90 -141.8 -90
100 -121 -149.8 -121
1k -143.5 -157.8 -1433
10k -155 -162.8 -154.3
100k -162 -162.8 -159.8
M -166 -163.8 -161.8
10M -168 -163.8 -162.4
100M -168 -163.8 -162.4

Step 2: Use Equation 48 to adjust the CCHD-575 and
LTC6954-4 phase noise profiles to 50MHz

Step 4: Create an LTC6951Wizard reference input file (see
Figure 42) from data in the Offset Frequency and PNtot
columns in Step 3.

Divided And Distributed Reference Noise

Selecting a reference divide and distribution IC has the

CCHD-575:

PNgchp (X) =PNgerp_ps (X)—20 LOG(

PNcchp(X) = PNeeHp-ps(X) - 6

LTC6954-4:

100MHZ)
50MHz

same concerns as selecting a fanout buffer. Additional 30.72MHz
. . . 9 o PNgos4(X) =PNggs4_ps(X)—20LOG| ———
noise effects with this architecture due to aliasing can be 50MHz
observed as the divider value increases. As a result the
accuracy of the follow : PNggs4(X) = PNegs4-ps(X) + 4.2
y of the following examples may degrade with
larger divide values. et F cglglel-:m LT5006|32|4-4
set Frequency z z
REFERENCE DIVIDE
AND DISTRIBUTION (Hz) (dBe/Hz) (dBe/Hz)
FAN-OUT BUFFER 10 96 —135.8
100 -127 -147.8
REFERENCE — /N —
. 1k -149.5 -156.8
— 10k -161 -161.8
| 100k -168 -161.8
1M 172 -161.8
N 10M -174 -161.8
100M -174 -161.8
Figure 45. Reference Divide and Distribution
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Step 3: Calculate the total reference distribution network
phase noise using the values in step 2 with Equation 47.

Offset CCHD-575 LTC6954-4 PNyor
Frequency 50MHz 50MHz 50MHz
(Hz) (dBe/Hz) (dBc/Hz) (dBe/Hz)
10 -96 -135.8 -96
100 -127 -143.8 -126.9
1k -149.5 -151.8 -148.8
10k -161 -156.8 -158.4
100k -168 -157.8 -160.9
1M -172 -157.8 -161.4
10M -174 -157.8 -161.5
100M -174 -157.8 -161.5

Step 4: Create an LTC6951Wizard reference input file (see
Figure 42) from data in the Offset Frequency and PNtot
columns in Step 3.

Example 3: Divided and Distributed Reference
(EZ204Sync SYSREF6951)

Estimate the reference phase noise curve to import into
LTC6951Wizard using Crystek’s CCHD-575 100MHz ref-
erence and the LTC6954-4 as the LVDS reference divide/
distribution IC. The LTC6954-4 divider will be set to 32 to
createa3.125MHzreference atthe SYSREFLTC6951 input.

Step 1: Refer to vendor’s data sheets for phase noise

Step 2: Use Equation 48 to adjust the CCHD-575 and
LTC6954-4 phase noise profiles to 3.125MHz

CCHD-575:

100MHz
Phoo(X) - PNy os(X)~20 LG )

3.125MHz
PN¢chp(X) = PNgeHp-ps(X) — 30.1

LTC6954-4

30.72MHz
PN6954(><)=PN6954_D3(X)—20-LOG( )

3.125MHz
PNggs4(X) = PNggs4-ps(X) -19.9

CCHD-575 LTC6954-4
Offset Frequency 3.125MHz 3.125MHz
(Hz) (dBc/Hz) (dBc/Hz)

10 -120.1 -159.9
100 -151.1 -171.9
1k -173.6 -180.9
10k -185.1 -185.9
100k -192.1 -185.9
M -196.1 -185.9
10M -198.1 -185.9
100M -198.1 -185.9

Step 3: Calculate the total reference distribution network
phase noise using the values in step 2 with Equation 47.

curves provided in table below. Offset CCHD-575 LTC6954-4 PNror
omes | S | mew | e |

Offset Frequency 100MHz (122.88MHz/4) 10 1201 1599 ~1201

(Hz) (dBc/Hz) (dBc/Hz) 100 ~151.1 1719 ~151.1

10 90 140 1k -173.6 ~180.9 1729

100 121 152 10k ~185.1 -185.9 1825

1k 1435 161 100k -192.1 -185.9 1849

10k 155 166 0 ~196.1 -185.9 1855

100k 162 166 10M -198.1 -185.9 1856

M 166 166 100M ~198.1 -185.9 ~185.6

10M 168 166

100M —168 ~166 Step 4: Create an LTC6951Wizard reference input file (see

Figure 42) from data in the Offset Frequency and PNTOT
columns in Step 3.
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