ANALOG
DEVICES

LTC 6952

Ultralow Jitter, 4.5GHz PLL

with 11 Outputs and JESD204B/JESD204C Support

FEATURES

= JESD204B/C, Subclass 1 SYSREF Signal Generation

= Low Noise Integer-N PLL

m Additive Output Jitter < 6fsgys

(Integration BW = 12kHz to 20MHz, f = 4.5GHz)

Additive Output Jitter 65fsgys (ADC SNR Method)

EZSync™, ParallelSync™ Multichip Synchronization

—229dBc/Hz Normalized In-Band Phase Noise Floor

—-281dBc/Hz Normalized In-Band 1/f Noise

Eleven Independent, Low Noise Outputs with

Programmable Coarse Digital and Fine Analog Delays

® Flexible Outputs Can Serve as Either a Device Clock
or SYSREF Signal

m Reference Input Frequency up to 500MHz

m [ TC6952Wizard™ Software Design Tool Support

m -40°C to 125°C Operating Junction Temperature Range

APPLICATIONS

® High Performance Data Converter Clocking
® Wireless Infrastructure
® Test and Measurement

DESCRIPTION

The LTC®6952 is a high performance, ultralow jitter,
JESD204B/C clock generation and distribution IC. It
includes a Phase Locked Loop (PLL) core, consisting of
a reference divider, phase-frequency detector (PFD) with
a phase-lock indicator, ultralow noise charge pump and
integer feedback divider. The LTC6952’s eleven outputs
can be configured as up to five JESD204B/C subclass
1 device clock/SYSREF pairs plus one general purpose
output, or simply eleven general purpose clock outputs for
non-JESD204B/C applications. Each output has its own
individually programmable frequency divider and output
driver. All outputs can also be synchronized and set to
precise phase alignment using individual coarse half-cycle
digital delays and fine analog time delays.

For applications requiring more than eleven total outputs,
multiple LTC6952s can be connected together using the
EZSync or ParallelSync synchronization protocols.

All registered trademarks and trademarks are the property of their respective owners. Protected
by U.S. Patents, including 8319551 and 8819472.
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ABSOLUTE MAXIMUM RATINGS

PIN CONFIGURATION

(Note 1)
Supply Voltages TOPVIEW
V* (VRert, Vyeo™, Vo', Vout®) to GND ... 3.6V _ _g&g N
VPt 10 GIND .o 5.5V s23=5ggbhbEasg
Voltage on CP Pin................... GND - 0.3V to Vgp* + 0.3V — 1521151(160] 49 48] 1471461145 441 43 42141 |
Voltage on all other Pins............ GND - 0.3Vto V* + 0.3V 5 KN 0] s
Current into OUTx+, OUTx=, (x = 0 0 10)............. +25mA 2 o) eo'
Operating Junction Temperature Range, T, (Note 2) o = e
LTCB952! ... -40°C to 125°C Vour' [ =
Junction Temperature, TypAK...coeeeereeererrrrrerernes 130°C outs-[5. 8] vour'
Storage Temperature Range .................. —65°C to 150°C oute* [ 71 53 iaa] outo*
Vour* [ 8 oo i33] outo-
outs~| 9! 132] Vour*
outs* |10l 131] out1*
Vourt 11! 130} ouT1™
out7-|12! l29] Vour*
out7* |13l 28] oute*
Vour* [14! l27] out2”
(1517161{171{181191{201{271;221[231[241125 {26!
cbsebsEEsees
S o>005>005 >0 3 >
UKG PACKAGE
52-LEAD (7mm x 8mm) PLASTIC QFN
Tymax = 130°C, B4 = 31°C/W, 8¢ = 2°C/W
EXPOSED PAD (PIN #53) IS GND, MUST BE SOLDERED TO PCB
ORDER INFORMATION
LEAD FREE FINISH | TAPE AND REEL PART MARKING | PACKAGE DESCRIPTION JUNCTION TEMPERATURE RANGE
LTC69521UKG#PBF | LTC6952IUKG#TRPBF | 6952 52-Lead (7mm x 8mm) Plastic QFN | -40°C to 125°C

Contact the factory for parts specified with wider operating temperature ranges.

Tape and reel specifications. Some packages are available in 500 unit reels through designated sales channels with #TRMPBF suffix.
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LTC 6952

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. Vger* = Vp* = Vyco* = Vout* = 3.3V, Vgp* = 5V unless otherwise
specified (Note 2). All voltages are with respect to GND.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Reference Inputs (REF*, REF7)
fREF Input Frequency ® 1 500 MHz
VRer Input Signal Level Single-Ended ) 0.5 2 2.7 Vpp
Minimum Input Slew Rate 20 Viys
Input Duty Cycle 50 %
Self-bias Voltage ® | 165 1.85 2.25 V
Minimum Input Signal Detected PDREFPK = 0, frer = 10MHz, ® | 350 mVp.p
(REFOK=1) Single-Ended Sine Wave
Maximum Input Signal Not Detected PDREFPK = 0, frer = 10MHz, ) 100 mVp.p
(REFOK=0) Single-Ended Sine Wave
Input Resistance Differential o 2.4 3.8 5.8 kQ
Input Capacitance Differential 1.3 pF
VCO Input (VCO*, VCO™)
fvco Frequency Range o 4500 MHz
Input Signal Level Rz =500, Single-Ended ® | 025 0.8 1.6 Vp.p
) -8 2 8 dBm
Self-Bias Voltage 2.05 v
Input Common Mode Voltage 800mVp.p Differential Input ) 1.6 2.7 v
Input Duty Cycle 50 %
Minimum Input Slew Rate 100 Vs
Minimum Input Signal Detected PDVCOPK = 0, fygg = 100MHz, ) 250 mVp.p
(VCOOK = 1) Single-Ended Sine Wave
Maximum Input Signal Not Detected PDVCOPK = 0, fycp = 100MHz, ° 40 mVp.p
(VCOOK = 0) Single-Ended Sine Wave
Input Resistance Differential 250 Q
Input Capacitance Differential 1.0 pF
CMOS SYNC/SYSREF Request Input (EZS_SRQ* Only)
High-level Input Voltage EZS_SRQ tied to GND o 1.3 v
Low-level Input Voltage EZS_SRQ tied to GND ) 0.6 v
Input Voltage Hysteresis EZS_SRQ tied to GND 200 mV
Input Current EZS_SRQ tied to GND ) +1 HA
Differential SYNC/SYSREF Request Inputs (EZS_SRQ* and EZS_SRQ")
Input Signal Level o 0.5 0.8 2.7 Vp.p
Self-bias Voltage o 1.6 2.1 2.5 v
Input Common Mode Voltage 800mVp.p Differential Input 1.5 3.0 v
Input Resistance Differential 53 kQ
Input Capacitance Differential 1 pF
Phase/Frequency Detector (PFD)
freD | Input Frequency o | 167 MHz
Charge Pump
Icp Output Current Range 20 Settings (see Table 6) 0.423 11.2 mA
Output Current Source/Sink Accuracy Icp = 423pA to 4.0mA, V(CP) = Vgp*/2 +8 %
Icp = 4.72pA to 11.2mA, V(CP) = Vgpt/2 +6 %
Output Current Source/Sink Matching Igp = 423pA to 4.0mA, V(CP) = Vgpt/2 +5 %
Icp=4.72mA to 11.2mA, V(CP) = V¢p*/2 +2.5 %
Output Current vs Output Voltage Sensitivity | (Note 7) o 0.25 1.0 %N
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LTC 6952
ELECTBICHL CHHRHCTGBETKS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. Vgee* = Vp* = Vyco* = Vour = 3.3V, Vgp* = 5V unless otherwise
specified (Note 2). All voltages are with respect to GND.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Current vs Temperature V(CP) = Vgp*/2 ) 170 ppm/°C
Output Hi-Z Leakage Current Igp = 423pA (Note 7) 05 nA
Igp = 11.2mA (Note 7) 5 nA
Vvio Mid-supply Output Bias Ratio Referred to (Vgp* - GND) 0.48 VNV
Reference Divider (R)
R | Divide Range | Al Integers Included lo] 1 1023 | Counts
VCO Divider (N)
N | Divide Range | All Integers Included lo| 1 65535 | Counts
Digital Pin Specifications
ViH High-level Input Voltage CS, SDI, SCLK, SD ®| 155 Vv
ViL Low-level Input Voltage CS, SDI, SCLK, SD ° 0.8 Vv
Vinys Input Voltage Hysteresis CS, SDI, SCLK, SD 250 mv
Input Current CS, SDI, SCLK, SD ° +1 LA
loH High-level Qutput Current SDO and STAT, Vgy = Vp* - 400mV o -3.3 -1.9 mA
loL Low-level Output Current SDO and STAT, Vg = 400mV ® 2.0 34 mA
SDO Hi-Z Current ) +1 HA
Digital Timing Specifications
toku SCLK High Time ° 25 ns
tokL SCLK Low Time o 25 ns
tcss CS Setup Time ° 10 ns
tesH CS High Time e 10 ns
tes SDI to SCLK Setup Time o 6 ns
tou SDI to SCLK Hold Time o 6 ns
tho SCLK to SDO Time To Vy/V) /Hi-Z with 30pF load ° 16 ns
EZS_SRQ Timing Specifications (See Figure 2)
tSRQH EZS_SRQ High Time o 1 ms
tsraL EZS_SRQ Low Time ® 1 ms
EZS_SRQ Skew, Part to Part SRQMD = 0, PARSYNC =0 10 us
tss EZS_SRQ to REF Setup Time PARSYNC =1, CMOS EZS_SRQ ° 1 ns
PARSYNC = 1, Differential EZS_SRQ ° 0.5
tsy EZS_SRQ to REF Hold Time PARSYNC = 1, CMOS EZS_SRQ o 1 ns
PARSYNC = 1, Differential EZS_SRQ ° 0.5
Output Dividers (M0, M1, M2, M3, M4, M5, M6, M7, M8, M9 and M10)
Mx Output Divider Range (x = 0 to 10) Mx = P x 2N, where [ 1 4096 Counts
P =11032allintegers, N=0to 7
DDELx | Qutput Digital Delay (x = 0 to 10) % VGO Cycles (Note 3) ) 0 4095 |% Cycles
tADELX Output Analog Delay Time (x = 0 to 10) ADELx=0 0 ps
ADELX =1, foyry < 300MHz 90
ADELXx = 63, foyTx < 300MHz 1100
Output Analog Delay Time ADELx =1 to 31, foyrx < 300MHz 11 ps
(x=01010), Step Size ADELX = 32 t0 63, foury < 300MHz 26
Output Analog Delay (x = 0 to 10) 300MHz < fgyTy < 2.25GHz Note 4
Maximum Output Frequency for Analog Delay 2.25 GHz
Temperature Coefficient of Analog Delay Time | ADELx = 1 to 31 o 0.06 %/°C
ADELx = 32 to 63 ° 0.06
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L TC 6952
GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. Vger* = Vp* = Vyco* = Vout* = 3.3V, Vgp* = 5V unless otherwise
specified (Note 2). All voltages are with respect to GND.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
CML Clock Qutputs (OUTO*, OUTO™, OUT1+, OUT1-, OUT2*, OUT2, ..., OUT10*, OUT107)
four Output Frequency Differential Termination = 100Q, o 0 4500 MHz
MODEXx = 0 (Clock Mode)
Differential Termination = 100€2, ® 0 150
MODEx = 1, 2, or 3 (SYSREF Modes)
Vop Output Differential Voltage Differential Termination = 100Q o 320 420 550 mVpk
Output Resistance Differential 100 Q
Output Common Mode Voltage Differential Termination = 100Q Vout*-1.0 Y
tR Output Rise Time, 20% to 80% Differential Termination = 100Q 50 ps
tr Output Fall Time, 80% to 20% Differential Termination = 100Q 50 ps
Output Duty Cycle Differential Termination = 100Q o 45 50 55 %
tpp-vco | Propagation Delay from VCO* to OUT10 fyco = 4500MHz, Mx = 16 ) 335 ps
Propagation Delay from VCO* to OUT10, fyco = 4500MHz, Mx = 16 0.35 ps/°C
Tem-perature Variation
tpp-rer | Propagation Delay from REF* to OUT5 RAQ =0, LOCK =1 (Note 19) o 450 ps
RAO =1, LOCK =1 (Note 19) ° 20
Propagation Delay from REF* to OUTS5, RAO =1, LOCK = 1 (Note 19) 0.2 ps/°C
Temperature Variation
tskew Skew, all Outputs (Note 20) One Part, All Mx the Same, Even, or 1 o +10 +25 ps
One Part, Any Mx +30
Across Multiple Parts; RAO = 1, All Mx the ° £20 +50
Same, Even, or 1; All Ty Within £10°C
Additional Output Delay, Mx = 0dd vs Mx =5, 11,15, 17,19, 25, or 27 4 ps
Mx =1 or Even Mx =3,7,9,13, 21, 23,29, or 31 15
Power Supply Voltages
VRert Supply Range ° 3.15 3.3 3.45 v
Vout* Supply Range ® | 315 3.3 3.45 v
Vp* Supply Range ® | 315 3.3 3.45 v
Vygo? Supply Range ® | 315 3.3 3.45 v
Vep* Supply Range ° 3.15 5.25 V
Power Supply Currents
lppout | Sum Voyt* Supply Currents All Outputs Enabled (Note 5) ) 750 850 mA
Typical JESD204B/C Application (Note 6) 570 mA
PDALL =1 500 HA
Iccep Vept Supply Current Igp = 11.2mA o 37 45 mA
Icp = 423pA 10 mA
PDALL =1 500 HA
Ipp-33v | Sum Vp*, VRert, Vyco* Supply Currents Digital Inputs at Supply Levels o 176 200 mA
Digital Inputs at Supply Levels, PDALL = 1 500 HA
Supply Current Deltas from Total Chip Current | PDx[1:0] = 2 (x = 0 to 10), Per Output -34 mA
PDx[1:0] = 3 (x = 0 to 10), Per Qutput -68 mA
EZS_SRQ* State = 1, SSRQ = 1 or SRQMD = 1 +175 mA
PDPLL =1 -113 mA
Mx = Odd (Not Mx = 1), Per Output +8.6 mA
ADELx = 1 to 31, Per Output +3.0 mA
ADELx = 32 to 63, Per Qutput +4.7 mA
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GLGCTﬁlan CHHRHCTGBETKS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. Vgee* = Vp* = Vyco* = Vour = 3.3V, Vgp* = 5V unless otherwise
specified (Note 2). All voltages are with respect to GND.

SYMBOL | PARAMETER | CONDITIONS P UNITS
Additive Phase Noise, Jitter and Spurious (Note 8)
Output Noise/Jitter: Distribution Section Only | Phase Noise Floor -154.3 dBc/Hz
(fvgo = 4.5GHz, fouTk = 4.5GHz, Mx = 1) RMS Jitter, 12kHz to 20MHz Integration BW 6 SRS
RMS Jitter, ADC SNR Method (Note 15) 65 SRS
Output Noise/Jitter: Distribution Section Only | Phase Noise Floor -1571 dBc/Hz
(fugo = 4.5GHz, foyTy = 2.25GHZ, Mx = 2) RMS Jitter, 12kHz to 20MHz Integration BW 8 SRS
RMS Jitter, ADC SNR Method (Note 15) 66 SRS
Output Noise/Jitter: Distribution Section Only | Phase Noise Floor -160.2 dBc/Hz
(fygo = 4.5GHz, foyTx = 1.125GHz, Mx = 4) RMS Jitter, 12kHz to 20MHz Integration BW 9 SRS
RMS Jitter, ADC SNR Method (Note 15) 65 fSRmS
Output Noise/ditter: Distribution Section Only | Phase Noise Floor -167.8 dBc/Hz
(fvco = 3.2GHz, fayTx = 200MHz, Mx = 16) RMS Jitter, 12kHz to 20MHz Integration BW 21 SRS
RMS Jitter, ADC SNR Method (Note 15) 65 SRS
Output Noise/Jitter: Distribution Section Only | Phase Noise Floor -173.8 dBc/Hz
(fvgo = 3.2GHz, fouTx = 50MHz, Mx = 64) RMS Jitter, 12kHz to 20MHz Integration BW 41 SRS
RMS Jitter, ADC SNR Method (Note 15) 65 SRS
Lnorm Normalized In-Band Phase Noise Floor Igp =11.2mA (Note 9, Note 10, Note 11) -229 dBc/Hz
Lij Normalized In-Band 1/f Phase Noise Igp = 11.2mA (Note 9, Note 12) -281 dBc/Hz
Spurious forrseT = freps fouT = 4GHz, PLL Locked -100 dBc
(Note 10, Note 13, Note 14, Note 18)

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may
cause permanent damage to the device. Exposure to any Absolute Maximum

Rating condition for extended periods may affect device reliability and lifetime.

Note 2. The LTC6952 is guaranteed to meet specified performance limits
over the full operating junction temperature range of —40°C to 125°C. Under
maximum operation conditions, air flow or heat sinking may be required

to maintain a junction temperature of 125°C or lower. It is required that the
Exposed Pad (Pin 53) be soldered directly to the ground plane with an array
of thermal vias as described in the Applications Information section.

Note 3. Absolute maximum time of digital delay is limited to 100ps.

Note 4. For foyt > 300MHz, analog delay time vs ADELXx varies. See
Typical Performance Characteristics plot and the Operations section.
Note 5. All outputs configured as enabled clocks: all PDx[1:0]=0,
EZS_SRQ* pin state=0, SSRQ=0, SRAMD=0, BST=1, PDALL=0,
PDVCOPK=0, PDREFPK=0.

Note 6. Configured with six enabled clock outputs and five SYSREF
outputs with output drivers disabled: PDO, PD2, PD4, PD6, PD8, and
PD10 = 0; PD1, PD3, PD5, PD7, and PD9 = 2; EZS_SRQ* pin state=0;
SSRQ=0; SRQMD=0; BST=1; PDALL=0; PDVCOPK=0; PDREFPK=0
Note 7. For 1.0V < V(CP) < Vgp* —1.1V.

Note 8. Additive phase noise and jitter from LTC6952 distribution section
only. External VCO, reference and PLL noise is not included.

Note 9. Measured inside the loop bandwidth with the loop locked.

Note 10. Reference frequency supplied by Pascal OCXO-E, frgr = 100MHz,
Prer = 6dBm.

Note 11. Output Phase Noise Floor is calculated from Normalized Phase
Noise Floor by Loyt = Lyorm + 1010g1o(fprp) + 20l0g10(fr/fprp)-

Note 12. Output 1/f Noise is calculated from Normalized 1/f Phase Noise
by Lout(is = L1 + 2010g10(fre) - 10l0g10(forrser)-

Note 13. Igp = 11.2mA, fprp = T00MHz, FILTR = 0, Loop BW = 16kHz,
fyco = 4GHz

Note 14. Measured using DC2609

Note 15. Additive RMS jitter (ADC SNR method) is calculated by integrating
the distribution section’s measured additive phase noise floor out to fg k.
Actual ADC SNR measurements show good agreement with this method.
Note 16. Measured with 36” cables from output of DG2609 to
measurement instrument. Cable loss is NOT accounted for in this plot.
Note 17. Statistics calculated from 640 total measured parts from two
process lots.

Note 18. Measured using differential LTC6952 outputs driving LTC6955.
LTC6955 provides differential to single-ended conversion for rejection of
common mode spurious signals. See the Applications Information section
for details.

Note 19. Measured on OUT5. frgr = 100MHz, fVCO =4400MHz, fOUT =
275MHz, RD = 1

Note 20. Skew is defined as the difference between the zero-crossing time
of a given output and the average zero-crossing time of all outputs.

Note 21. Measured VCO input power is de-embedded to the pins of the
LTC6952.
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LTC6952
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, Vaer* = Vgur* = Vp* = Vyeo* = 3.3V,

Vcp* = 5V, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, Vaer* = Vour* = Vp* = Vyeo* = 3.3V,

Vcp* = 5V, unless otherwise noted.
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LTC 6952

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, Vaer* = Vour* = Vp* = Vyeo* = 3.3V,

Vcp* = 5V, unless otherwise noted.
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LTC 6952
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, Vaer* = Vour* = Vp* = Vyeo* = 3.3V,

Vcp* = 5V, unless otherwise noted.
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LTC 6952

PIN FUNCTIONS

CS (Pin 1): Serial Port Chip Select. This CMOS input initi-
ates a serial port communication burst when driven low,
ending the burst when driven back high. See the Operation
section for more details.

Vp* (Pin 2): 3.15V to 3.45V positive supply pins for syn-
chronization/SYSREF request functions and serial port.
This pin should be bypassed directly to the ground plane
using a 0.01pF ceramic capacitor as close to the pin as
possible.

0UTO*, OUTO™ (Pins 34, 33): Output Signals. The output
divider is buffered and presented differentially on these
pins. The outputs have 50€2 (typical) output resistance per
side (100Q differential). The far end of the transmission
line is typically terminated with 100€2 connected across the
outputs. See the Operation and Applications Information
section for more details.

0UT1*, OUT1~ (Pins 31, 30): Same as OUTO.
0UT2+, 0UT2™ (Pins 28, 27): Same as OUTO.
0UT3*, OUT3™ (Pins 25, 24): Same as OUTO.
0UT4*, OUT4 (Pins 22, 21): Same as OUTO.
OUT5*, OUT5™ (Pins 19, 18): Same as OUTO.
0UT6*, OUT6™ (Pins 16, 15): Same as OUTO.
0UT7*, OUT7- (Pins 13, 12): Same as OUTO.
0uUT8*, OUT8™ (Pins 10, 9): Same as OUTO.
0uUT9*, OUT9™ (Pins 7, 6): Same as OUTO.
0UT10*, OUT10™ (Pins 4, 3): Same as OUTO.

Voutt (Pins 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35):
3.15V to 3.45V positive supply pins for output dividers.
Each pin should be separately bypassed directly to the
ground plane using a 0.01pF ceramic capacitor as close
to the pin as possible.

NC (Pin 36): Not Connected Internally. Itis recommended
that this pin be connected to the ground pad (Pin 53).

VCO*, VCO~ (Pins 37, 38): VCO Input Signals. The dif-
ferential signal placed on these pins is buffered with a low
noise amplifier and fed to the internal distribution path
and feedback dividers. These self-biased inputs present
a differential 250Q (typical) resistance to aid impedance
matching. They may also be driven single-ended by using
the matching circuitinthe Applications Information section.

Vycot (Pins 39): 3.15V to 3.45V positive supply pin for
VCO circuitry. This pin should be bypassed directly to the
ground plane using a 0.01pF ceramic capacitor as close
to the pin as possible.

SD (Pin 40): Chip Shutdown Pin. When tied to GND, this
CMOS input disables all blocks in the chip. This is the
same function as PDALL in the serial interface.

GND (Pin 41): Negative Power Supply (Ground). This pin
should be tied directly to the ground pad (Pin 53).

Vcpt (Pind2): 3.15V1t05.25V positive supply pinfor charge
pump circuitry. This pin should be bypassed directly to
the ground plane using a 0.1pF ceramic capacitor as close
to the pin as possible.

CP (Pin 43): Charge Pump Output. This bidirectional cur-
rentoutputis normally connected to the external loop filter.
See the Applications Information section for more details.

VRert (Pin44): 3.15V10 3.45V positive supply pin for refer-
ence input circuitry. This pin should be bypassed directly
to the ground plane using a 0.1pF ceramic capacitor as
close to the pin as possible.

REF*, REF~ (Pins 45, 46): Reference Input Signals. This
differential input is buffered with a low noise amplifier,
which feeds the reference divider. They are self-biased and
must be AC coupled with 1pF capacitors. If used single-
ended with V(REF*) < 2.7Vp.p, bypass REF~ to GND with
a 100nF capacitor. If used single-ended with V(REF*) >
2.7Vp-p, bypass REF~to GND with a 47pF capacitor.
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LTC 6952

PIN FUNCTIONS

EZS_SRQ*, EZS_SRQ~ (Pins 47, 48): Synchronization
or SYSREF Request Input. Bit SRQMD defines this input
as an EZSync request or SYSREF request. It can operate
as a differential input, or EZS_SRQ™ can be tied to GND
and EZS_SRQ* driven with a single-ended CMOS signal.
See the Operation and Applications Information section
for more details.

STAT (Pin 49): Status Output. This signal is a configurable
logical OR combination of the UNLOCK, VCOOK, VCOOK,
LOCK, LOCK, REFOK, and REFOK status bits, program-
mable via the STATUS register. It can also be configured
to present a diode voltage for temperature measurement.
See the Operation section for more details.

SCLK (Pin 50): Serial Port Clock. This CMOS input clocks
serial port input data on its rising edge. See the Operation
section for more details.

SDO (Pin 51): Serial Port Data Output. This CMOS three-
state output presents data from the serial port during a
read communication burst. Optionally attach a resistor
of > 200k<2 to GND to prevent a floating output. See the
Operation section for more details.

SDI (Pin 52): Serial Port Data Input. The serial port uses
this CMOS input for data. See the Operation section for
more details.

GND (Exposed Pad Pin 53): Negative Power Supply
(Ground). The package exposed pad must be soldered
directly to the PGB land. The PCB land pattern should
have multiple thermal vias to the ground plane for both
low ground inductance and also low thermal resistance.
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LTC 6952

OPERATION

The LTC6952 is a high-performance integer-N PLL and
multi-output clock generator that operates up to 4.5GHz.
Utilizing Analog Devices’ proprietary EZSync and Paral-
lelSync standards, users of the LTC6952 can synchronize
clocks across multiple outputs and multiple chips. Using
an external low-noise VCO, the device is able to achieve
superiorintegrated jitter performance by the combination of
its extremely low in-band phase noise and excellent output
noise floor. For JESD204B/C subclass 1 applications, the
LTC6952 also provides several convenient methods to
generate SYSREF pulses.

REFERENCE INPUT BUFFER

The PLL’s reference frequency is applied differentially on
pins REF* and REF~. These high-impedance inputs are
self-biased and should be AC coupled with 1pF capacitors
(see Figure 1 fora simplified schematic). Alternatively, the
inputs may be used single-ended by applying the refer-
ence frequency at REF~ and bypassing REF* to GND with
a 1yF capacitor. If the single-ended signal is greater than
2.7Vlpp, then use a 47pF capacitor for the GND bypass.

D REF ¥ ? 6952 FO1
@
BST L

Figure 1. Simplified REF Interface Schematic

A high quality signal must be applied to the REF* inputs
as they provide the frequency reference to the entire PLL.
To achieve the part’s in-band phase noise performance,
apply a sine wave signal of at least 6dBm into 50€2, or a
square wave of at least 0.5Vp.p, with slew rate of at least
20V/ps. See the Applications Information section for more
information on reference input signal requirements and
interfacing.

Additional options are available through serial port register
h02 to further refine the application. Bit FILTR controls
the reference input buffer's low-pass filter, and should
be set for sine wave signals based upon fggr to limit the
reference’s wideband noise. The FILTR bit must be set
correctly to reach the Lyory normalized in-band phase
noise floor. See Table 1 for recommended settings. Square
wave inputs will have FILTR setto a “0”.

Table 1. FILTR Programming

FILTR

Sine Wave fger

Square Wave fpgp

1

< 20MHz

N/A

0

> 20MHz

All frer

The BST bit should be set based upon the input signal level
to prevent the reference input buffer from saturating. The
BST programming is the same whether the input is a sine
wave or a square wave. See Table 2 for recommended
settings and the Applications Information section for
programming examples.

Table 2. BST Programming

BST Vier
1 <16 Vp_p
0 >1.6 Vp.p

Reference Peak Detector

A reference input peak detection circuit is provided on the
REF* inputs to detect the presence of a reference signal
and provides the REFOK and REFOK status flags available
through both the STAT output and serial port register
h00. REFOK is the logical inverse of REFOK. The circuit
has hysteresis to prevent the REFOK flag from chattering
at the detection threshold. The reference peak detector
may be powered-down using the PDREFPK bit found in
register h02.

The peak detector approximates an RMS detector, therefore
sine and square wave inputs will give different detection
thresholds by a factor of 4/m. See Table 3 for REFOK
detection values.

Table 3. REFOK, REFOK Status Output vs REF Input

REFOK REFOK Sine Wave fggr Square Wave frer
1 0 > 250mVp_p >200mVp_p
0 1 < 100mVp_p <75mVp_p
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LTC 6952

OPERATION
REFERENCE DIVIDER (R)

A 10-bit divider is used to reduce the frequency seen at
the phase/frequency detector (PFD). Its divide ratio R may
be set to any integer from 1 to 1023. Use the RD[9:0] bits
found in registers h06 and h07 to directly program the R
divide ratio. See the Applications Information section for
the relationship between R and the frgr, fprp, fygo, and
fouTx frequencies.

Amodeto provide synchronization of the Reference inputs
to the R divider output (R > 2) using the rising edge of
the EZS_SRQ* pins is enabled when the PARSYNC bit in
register h06 is set to “1”. This synchronization is critical
for output alignment in ParallelSync Mode, as described
later in this section. The EZS_SRQ* rising edge must meet
setup and hold timing to the rising edge of the Reference
input. See Figure 2 for the timing relationships between
the Reference input, EZS_SRQ* and the R divider output.
Note that changing the R divider output edge timing will
force the PLL to lose phase lock but will return to normal
operationafter several loop time constants. See Reference
Signal and EZS_SRQ Timing for ParallelSync Mode in the
Applications Information section for the timing require-
ments of EZS_SRQ* to REF in this mode.

1
EZS_SRQ* 1
—_—

o
tsH —>|
REF J

RDIV

< 135

1 REF CYCLE

6952 F02

Figure 2. EZS_SRQ* to REF Timing (PARSYNC =1)

PHASE/FREQUENCY DETECTOR (PFD)

The phase/frequency detector (PFD), in conjunction with
the charge pump, produces source and sink current pulses
proportional to the phase difference between the outputs
ofthe Rand N dividers. Thisaction provides the necessary
feedback to phase-lock the loop, forcing a phase align-

ment at the PFD’s inputs. The PFD may be disabled with
the CPRST bit which prevents UP and DOWN pulses from
being produced. See Figure 3 for a simplified schematic

of the PFD.
T— D Q > UP

R DIV p—]

RST

| CPRST
DELAY

RST

|
Figure 3. Simplified PFD Schematic

€—> DOWN

6952 FO3

N DIV p——]

LOCK INDICATOR

The lock indicator uses internal signals from the PFD to
measure phase coincidence between the R and N divider
output signals. It is enabled by programming LKCT[1:0]
in the serial port register h06 (see Table 5), and produces
LOCK, LOCK and UNLOCK status flags, available through
both the STAT output and serial port register h00. LOCK
is the logical inverse of LOCK.

The user sets the phase difference lock window time tyyy
for a valid LOCK condition with the LKWIN bit found in
register h06. Table 4 contains recommended settings for
different fpgp frequencies. See the Applications Informa-
tion section for examples.

Table 4. LKWIN Programming

LKWIN toww frrD
0 3ns > 5MHz
1 10ns < 5MHz

The PFD phase difference must be less than tjyy for the
COUNTS number of successive counts before the lock
indicator asserts the LOCK flag. The LKCT[1:0] bits are
used to set COUNTS depending upon the application.
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Largervalues of COUNTS lead to more accurate and stable
lock indications at the expense of longer lock indication
times. Set LKCT[1:0] = 0 to disable the lock indicator. See
Table 5 for LKCT[1:0] programming and the Applications
Information section for examples.

Table 5. LKCT[1:0] Programming

LKCT[1:0] COUNTS
0 Lock Indicator Disabled
1 32
2 256
3 2048

When the PFD phase difference is greater than tjyy, the
lock indicator immediately asserts the UNLOCK status
flag and clears the LOCK flag, indicating an out-of-lock
condition. The UNLOCK flag is immediately de-asserted
when the phase difference is less than tyww. See
Figure 4 below for more details.

e

+toww N\
PHASE R
DIFFERENCE 0

AT PFD

“tww

UNLOCK FLAG |

<——1t = COUNTS/fprp 4>| |
| | 6952 F04

Figure 4. UNLOCK, LOCK, and LOCK Timing

LOCK FLAG

LOCK FLAG

CHARGE PUMP

The charge pump, controlled by the PFD, forces sink
(DOWN) or source (UP) current pulses onto the CP pin,
which should be connected to an appropriate loop filter.
See Figure 5forasimplified schematic of the charge pump.

The outputcurrent magnitude lgp may be setfrom 423pAto
11.2mA using the CP[4:0] bits found in serial port register
hOA. A larger Igp can result in lower in-band noise due to
the lower impedance of the loop filter components. See

6952 FO5

Figure 5. Simplified Charge Pump Schematic

Table 6 for programming specifics and the Applications
Information section for loop filter examples.

Table 6. CP[4:0] Programming

CP[4:0] Icp
0 423pA
1 500pA
2 592uA
3 700uA
4 842pA
5 1.00mA
6 1.18mA
7 1.40mA
8 1.68mA
9 2.00mA
10 2.36mA
11 2.81mA
12 3.37mA
13 4.00mA
14 4.72mA
15 5.61TmA
16 6.73mA
17 8.02mA
18 9.43mA
19 11.20mA

20 to 31 Invalid

Charge Pump Functions

The charge pump contains additional features to aid in
system startup. See Table 7 for a summary.
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Table 7. Charge Pump Function Bit Descriptions
BIT DESCRIPTION
CPDN Force Sink Current
CPINV Invert PFD Phase
CPMID Enable Mid-Voltage Bias
CPRST Reset PFD, Hi-Z CP
CPUP Force Source Current
CPWIDE Extend Current Pulse Width

The CPMID bit found in register hOB enables a resistive
Vcp?/2 output bias which may be used to pre-bias trouble-
some loop filters into a valid voltage range. When using
CPMID, it is recommended to also assert the CPRST
bit, forcing a PFD reset which puts the charge pump in
a Hi-Z state. Both CPMID and CPRST must be set to “0”
for normal operation.

The CPUP and CPDN bits force a constant Igp source or
sink current, respectively, on the GP pin. The CPRST bit
may also be used in conjunction with the CPUP and CPDN
bits, allowing a pre-charge of the loop to a known state,
if required. CPUP CPDN, and CPRST must be set to “0”
to allow the loop to lock.

The CPWIDE bit extends the charge pump output cur-
rent pulse width by increasing the PFD reset path’s delay
value. CPWIDE is normally set to “0”. Setting CPWIDE =
0 provides the best in-band phase noise performance.

The CPINV bit found in register hOB should be set for ap-
plications requiring signal inversion from the PFD, such
as for loops using negative-slope tuning oscillators or
for complex external loops using an inverting op amp in
conjunction with a positive-slope tuning oscillator. A pas-
sive loop filter used in conjunction with a positive-slope
VCO requires no inversion, so GPINV = 0.

REFERENCE ALIGNED OUTPUT (RAO) MODE

The RAO modeisactivated by settingthe RAO bitin register
h06 to “1”. It aligns internal delays such that the output
rising edge will always occur at an exact integer number
of VCO clock cycles from the incoming reference signal.
This mode is only used for closed loop PLL applications
(PDPLL = 0), and is useful when a known delay between
outputs and the incoming reference signal is required. It
is also used to minimize skew between parallel LTC6952s

in ParallelSync applications (see the ParallelSync section).
The tradeoff for using the RAO mode is slightly degraded
PLL in-band noise (<1.0dB).

VCO INPUT BUFFER

The LTC6952’s VCO input buffer provides aflexible interface
to either differential or single-ended frequency sources.
The inputs are self-biased, and AC-coupling is recom-
mended forapplications using external VCO/VCX0/VCSOs.
However, the VCO input can also be driven DC-coupled by
LVPECL, CML, or any other driver type within the input’s
specified common mode range. See the Applications In-
formation section for more information on common VCO
input interface configurations, noting that the LTC6952’s
VCO input buffer has an internal differential resistance of
250Q as shown in Figure 6.

BIAS

Vyco?

2.1V
935Q I
<

125Q > 125Q [

veo* :l— i
4
%

—{&R

2

vco-D 1_

6952 F06

Figure 6. Simplified VCO Interface Schematic

The maximum input frequency for the VCO bufferis 4.5GHz,
and the maximum amplitude is 1.6Vp.p. It is also important
that the VCO* input signal be low noise and have a slew
rate of at least 100V/ps, although better performance will
be achieved with a higher slew rate. For applications with
VCO input slew rates less than 2V/ns, better phase noise
performance will be achieved by enabling the internal broad-
band noise filtering circuit within the VCO input buffer. This
is accomplished by asserting the configuration bit FILTV in
serial port register h02. Note that setting FILTV = 1 when the
slew rate of the VCO input is greater than 2V/ns will degrade
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the overall PLL phase noise performance. See Table 8 for
recommended settings of FILTV.

Table 8. FILTV Programming

FILTV Slew Rate of VCO Input
1 <2V/ns
0 >2V/ns
VCO Peak Detector

AVCO input peak detection circuit is provided on the VCO*
inputs to detect the presence of a VCO signal and provides
the VCOOK and VCOOK status flags available through both
the STAT output and serial port register h00. VCOOK is
the logical inverse of VCOOK. The circuit has hysteresis to
prevent the VCOOK flag from chattering at the detection
threshold. The reference peak detector may be powered-
down using the PDVCOPK bit found in register h02.

The peak detectorapproximates an RMS detector, therefore
sine and square wave inputs will give different detection
thresholds by a factor of 4/m. See Table 9 for VCOOK
detection values.

Table 9. VCOOK, VCOOK Status Output vs VCO Input

VCOOK VCOOK Sine Wave fygo Square Wave fygg
1 0 >350mVp_p >275mVp_p
0 1 < 100mVp_p < 75mVp_p
VCO DIVIDER (N)

The 16-bit N divider provides the feedback from the ex-
ternal VCO to the PFD. The divide ratio may be directly
programmed from 1 to 65535 using the ND[15:0] bits
found in registers h08 and h09. See the Applications
Information section for the relationship between N and
the frer, fpep, and fygg frequencies.

OUTPUT DIVIDERS (M0 TO M10)

Theelevenindependent,identical outputdividersare driven
directly fromthe VCO input buffer. They divide the incoming
VCO frequency fygg by the divide value Mx to produce a
50% duty cycle output signal at frequency foytx. The Mx
value is set by the MPx[4:0] and the MDx[2:0] bits using
the following equation:

Mx = (MPx + 1) « 2MDx (1)

For proper operation, MDx must be 0 if Mx is less than
or equal to 32.

Any divider can be muted or powered down to save current
by adjusting its corresponding PDx[1:0] bits. The descrip-
tion of the PDx[1:0] bits is shown in Table 10.

Table 10. PDx[1:0] Programming
PDx[1:0] | DESCRIPTION
0 Normal Operation

1 Mute Output (OUTx=0 if OINVx=0, OUTx=1 if 0INVx=1),
Internal Divider Remains Running and Synchronized

2 Power Down Qutput (Both + and — Outputs Go to Vgyt*),
Internal Divider Remains Running and Synchronized

3 Power Down Divider and Output (Both + and — Qutputs
Go to Vgyt?), Internal Divider Stops and Must Be Re-
Synchronized Upon Return to Normal Operation

DIGITAL OUTPUT DELAYS (DDELO TO DDEL10)

Each output divider can have the start time of the output
delayed by integer multiples of %2 of the VCO period after
a synchronization event. The digital delay value is pro-
grammed into the DDELx[11:0] bits and can be any value
from 0 to 4095. Digital delays are only enabled when
the synchronization bits SRQENx are set to “1”, and any
changes to the output digital delays will not be reflected
untilafter synchronization. Digital delay can be used with no
degradation to clock jitter performance. See the Operation
sectionon Synchronizationandthe Applications Information
section for details on the use of the digital delay settings.

ANALOG OUTPUT DELAYS (ADELO TO ADEL10)

Each output has afine analog delay feature to further adjust
its output delay time (tapgLx) insmall steps controlled by the
ADELXx[5:0] bits. For output frequencies less than 300MHz,
absolutetime delays range from0to1.1ns. Above 300MHz,
the time delay is output frequency dependent, and the valid
useful range of ADELx is reduced according to Table 11.

Table 11. Maximum ADELx vs Output Frequency Range

four Range Maximum ADELx
fouTx < 790MHz 63
750MHz < foyr, < 1GHz 31
1GHz < foutx < 1.5GHz 16
1.5GHz < foyry < 1.75GHz 12
1.75GHz < foyry < 2.25GHz 8
fouTx > 2.25GHz 0
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Figure 7 shows the approximate analog delay time (tapeLx)
vs ADELx and output frequency. Note that the y-axis is
logarithmic scale,and thatanalog delay is zerofor ADEL =0.
See the Applications Information section for a more com-
prehensive method of calculating expected analog delay.
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— = 500MHz //
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320 /- —V
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v

.
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y
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taDELx, LOG SCALE (ps)

0 10 20 30 40 50 60
ADEL CODE

6952 FO7

Figure 7. Analog Delay vs ADEL Code and Qutput Frequency

Use caution when using analog delay on device clocks
as this will degrade jitter. Digital delay should be used
whenever possible since it does not impact performance.
The maximum value of analog delay will never need to be
more than half of a VCO input period.

Analog delays are always enabled regardless of the value
of the SRQENX bits, and they take effect immediately upon
a write to the ADELXx registers. However, changes in ADEL
can cause the output to glitch temporarily, especially
switching between ADEL=0 and ADEL=0. See the Appli-
cations Information section for details on the use of the
analog delay settings. The LTC6952Wizard may be used
for ADEL calculation and visualization.

CML OUTPUT BUFFERS (OUTO TO 0UT10)

All of the outputs are very low noise, low skew 2.5V CML
buffers. Each output can be either AC or DC coupled, and
terminated with 100Q differentially. Ifa single-ended output
is desired, each side of the CML output can be individually
AC coupled and terminated with 50Q. The OINVx bits can
selectively invertthe sense of each output to facilitate board
routing without having to cross matched length traces.
OINVx also determines the state of the output in a muted

condition (PDx = 1) as shown in Table 10. See Figure 8
for circuit details.

Vour*

33Q

50Q 50Q

33— Jourx
— Jourx

6952 FO8

Figure 8. Simplified CML Interface Schematic (All OUTx)

OUTPUT SYNCHRONIZATION AND SYSREF GENERATION

The LTC6952 has circuitry to allow all outputs to be
synchronized into known phase alignments in multiple
ways to suit different applications using the EZSync and
ParallelSync Multichip Clock Edge Synchronization pro-
tocols. Synchronization can be between any combination
of outputs on the same chip (EZSync Standalone), across
multiple cascaded follower chips (EZSync Multi-Chip), or
even across multiple parallel chips on the same reference
domain (ParallelSync). Once the outputs are at the correct
frequency and synchronized, the LTC6952 also has the
ability to produce free-running, gated, or finitely pulsed
SYSREFsignals asindicated by the JESD204B/C subclass 1
specification.

EZS_SRAQ Input Buffer

Both synchronization and SYSREF requests are achieved
by either a software signal (bit SSRQ in register h0B) or
a voltage signal on the EZS_SRQ* pins. The voltage on
these pins may be any differential signal within the speci-
fications in the Electrical Characteristics, or alternatively
a CMOS signal on EZS_SRQ* while EZS_SRQ~ is tied to
GND. A simplified schematic of the EZS_SRQ input is
shown in Figure 9. When using the SSRQ bit, the state of
the EZS_SRQ* pins must be a logic “0”, easily achieved
by setting both EZS_SRQ* pins to GND. Likewise, when
using the EZS_SRQ* pins, bit SSRQ must be set to “0”.
Table 12 shows the use of the EZS_SRQ* pins and SSRQ
bit vs the SRQMD and PARSYNC bits. SSRQ bit control
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is disabled when PARSYNC is “1” due to setup and hold
time requirements to the REF input.

EZS_SRQ™ [}—¢ :I__T__ FILTR

[,

EzS_SRa* [}

wos —) —

= 6952F09

Figure 9. Simplified EZS_SRQ Interface Schematic

Note that synchronization MUST be performed before a
SYSREF request. The synchronization must be repeated
only if the divider setting is changed, or if the divider is
powered down.

Table 12. Purpose of EZS_SRQ* pins and SSRQ bit

EZS_SRQ PINS SSRQ BIT
SROMD | PARSYNC=0 PARSYNC=1 | PARSYNC=0 PARSYNC=1
0 Synchronization | Synchronization | Synchronization | Disabled
Request Request Request
(SYNC) (SYNC) (SYNC)
1 SYSREF SYSREF SYSREF Disabled
Request Request Request
(SYSREQ) (SYSREQ) (SYSREQ)

Synchronization Overview

The goal of synchronization is to align all output dividers
on single or multiple LTC6952s (or other EZSync or Paral-
lelSync Analog Devices clock parts) into a known phase
relationship. At initial power-up, after a power-on reset
(POR), or any time the output divide values are changed,
the outputs will not be synchronized. Any changes to the
output digital delays (DDELx) will not be reflected until after
synchronization. Although the outputs will be at the correct
frequency without synchronization, the phases will have an
unknown relationship until a synchronization event occurs.

To enable synchronization on the LTC6952, the SRQMD
bit in register hOB must be set to “0”. Synchronization
begins either with the EZS_SRQ input driven to a high
state or by writing “1” to the SSRQ bit (only if PARSYNC
= 0). For any output with its SRQENX bit set to “1”, the
output divider will stop running and return to a logic “0”
state after an internal timing delay of greater than 100ps.
The EZS_SRQ input state or SSRQ bit must remain high
for a minimum of 1ms.

Additionally, if bit PARSYNCis setto “1” whenthe EZS_SRQ
input is driven high, the R divider for R > 2 is reset as
shown in Figure 2 and explained in the Reference Divider
(R) section. This synchronizes the internal PFD reference
inputs on multiple parallel LTC6952s.

Whenthe EZS_SRQinputis drivenbacklow, or “0” is written
to the SSRQ bit (only if PARSYNC = 0), the synchronized
internal dividers will start after an initial latency dependent
on the settings of bits PDPLL and PARSYNC , as shown
in Table 13 and Table 14. Outputs with DDELx=0 will be
delayed by an extra DDELx/2 VCO cycles. The behavior of
each output will be defined individually by the output’s cor-
responding SRQENx and MODEX bits also shown in Table
13 and Table 14. All dividers with the same DDELx delay
setting will have their output rising edge occur within the
skewtimes as defined inthe Electrical Characteristics table.
The range of each delay is 0to 4095 VCO half cycles and is
independent of the divide ratio setting of each divider. See
the Applications Information section for synchronization
programming examples. Additionally, the LTC6952Wizard
may be used to visualize these timing relationships.

SYSREF Generation Overview

The JESD204B/C subclass 1 specification describes a
method to align multiple data converter devices (ADCs or
DACs) in time and provide repeatable and programmable
latency across the serial link with a logic device (FPGA).
The Local Multi-Frame Clocks (LMFC) and internal clock
dividers on all devices in the system are synchronized by a
pulse (or pulse train) named SYSREF. Care must be taken
to make sure the SYSREF signal remains synchronized to
the ADC, DAC, and FPGA clocks and meets setup and hold
timing as specified by the devices.
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Table 13. Synchronization (SRQMD = 0) Output Behavior vs Device Settings for with PLL Enabled (PDPLL = 0)

Internal Divider Internal Divider Start Latency
Sync to Other Internal Divider from SYNC Signal Falling
SRQENx | PARSYNC | MODEx Dividers Sync to RDIV Edge (DDELx = 0) Output Behavior
0 Free Running
0 N/A No No N/A
1,2,0r3 Muted
0 Mute on SYNC High, Run on
SYNC Low
0 Tor3 Yes Yes ~45us + R/frer + 8/fyco Muted
’ 2 SYNC Signal Pass Through
0 Mute on SYNC High, Run on
SYNC Low
1 Tor3 Yes Yes (x + R)/fRer + 8/fygo™ Muted
2 SYNC Signal Pass Through

* Latency depends on the duration of the SYNC pulse, specifically x = floor (tsync x frer - 1) mod R. All outputs will be synchronized correctly regardless of x

Table 14. Synchronization (SRQMD = 0) Output Behavior vs Device Settings for with PLL Disabled (PDPLL = 1)

Internal Divider Internal Divider Start Latency
Sync to Other Internal Divider from SYNC Signal Falling
SRQENx | PARSYNC | MODEx Dividers Sync to RDIV Edge (DDELx = 0) Output Behavior
0 Free Running
0 N/A No No N/A
1,2,0r3 Muted
0 Mute on SYNC High, Run on
SYNC Low
0 Tor3 Yes No ~450s + 7/fyco Muted
’ 2 SYNC Signal Pass Through
0 Mute on SYNC High, Run on
SYNC Low
1 1or3 Yes No "hveo Muted
2 SYNC Signal Pass Through

The LTC6952 supportsthree different methods of SYSREF
generation as described in the JESD204B/C specification:

* Free Running
* (ated On/Off by a SYSREF Request Signal

e  One, Two, Four, or Eight SYSREF Pulses After the
Rising Edge of a SYSREF Request Signal

These modes are defined by each output’s individually pro-
grammable MODEXxbits. Inorderto generate SYSREF pulses,

bit SRQAMD must be setto “1” as shownin Table 12, and MPx
must be greater than 0. SYSREF requests (SYSREQ) are
applied onthe EZS_SRQ* pins or by setting the SSRQ bit to
“1” (unless PARSYNC = 1). Table 15 describes the output
behavior in SYSREF generation mode. Bits SYSCT[1:0]
can be found in register hOB.

Note that synchronization MUST be completed prior to
SYSREF generation as described in the Synchronization
Overview.
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Table 15. Qutput Behavior in SYSREF Generation Mode
(SRQMD =1)

SRQENX MODEXx Output Behavior
0 0 Free Run, Ignore SYSREQ
1,2,0r3 |Muted, Ignore SYSREQ
1 0 Free Run, Ignore SYSREQ

1 Gated pulses: Run on SYSREQ High, Mute on
Low

generation: EZSync Multi-Chip and ParallelSync. The
synchronization configuration is determined by bits EZMD
and PARSYNC, and their required settings are shown in
Table 16. Table 17 introduces the important attributes
of these methods and their variants, with further details
provided in the following paragraphs. Note that this table
only refers to two-stage applications. Many more outputs

SYSREQ Pass Through

3 Output 25YSCT pylses After SYSREQ Goes High

are possible by using more stages.
Table 16. Settings of EZMD and PARSYNC for Different Syn-

chronization Topologies

Multi-Chip Synchronization and SYSREF Generation EZSymc | (seo Foome' 1 and Tore 12) | Wl O
USing one LTC6952 in EZSynC Standalone Configuration COélillrol (Sset:;:lgﬂlrgl!]%) CONTROLLER | FOLLOWER é?]%&;ég;;&:;
(Figure 10), up to eleven clock signals or SYSREFS can  parsync 0 0 0 1
be generated and synchronized. Forapplications requiring EZMD 0 0 1 0

more than eleven clock outputs, the LTC6952 supports
two methods of multi-chip synchronization and SYSREF

Table 17. Parameters and Limitations of EZSync and ParallelSync (Two Stages Only)

EZSync Multi-Chip ParallelSync Multi-Chip
Pin Controlled Requests Request Passthough General LTC6952
EZSync (see Figure 11) (see Figure 12) Reference Reference
Standalone Distribution Distribution
(see Figure 10) Controller Follower Controller Follower (see Figure 13) | (see Figure 14)
RMS Jitter? ~75fs ~75fs ~105fs ~75fs ~105fs ~75fs ~75fs
Possible Number of Followers (Nfol) - 11011 1105 - -
Z\?s:lrg)le Number of Parallel Parts ) _ ) Unlimited® 1105
Total Number of Outputs 11 11 - Nfol 11 - Nfol 11 — 2Nfol 11 - Nfol 11 . Npar 11 . Npar
Maximum Number of Qutputs 11 121 56 Unlimited® 55
Maximum Skew tskew ~ tskew + tpp° ~ tskew + tpp° ~tsken ~tsken”
SYNC Timing Easy Easy Easy Moderate Easy
SYSREF Request Timing Easy Moderate Easy Moderate Easy
Number of External VCOs 1 1 1 Npar Npar
Software SYNG/SYSREF Request? Yes No Yes No Yes

2 Assumes ADC SNR equivalent integrated PLL/VCO RMS jitter contribution of 27fs and additive jitter for distribution-only parts of 70fs.

b The only limitation is the ability to distribute the reference accurately.

¢ Assumes worst case skew between controller and follower outputs. Dependent on propagation delay of follower and skew of controller-to-follower routing.
d Dependent on skew of reference distribution parts, reference routing, and individual part-to-part skew.
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EZSync Multi-Chip

When using EZSync Multi-Chip, compatible devices are
cascaded together, with the clock output ofa CONTROLLER
device driving the VGO inputs of one to eleven FOLLOWER
devices as shown in Figure 11. The EZSync protocol al-
lows for simple synchronization of all devices due to loose
timing constraints on the SYNC signal. When used in a
JESD204B/C application, SYSREF requests may need to
be retimed to a free running SYSREF output to assure all
FOLLOWERS start and stop their SYSREF signals at the
same time. It is recommended that LTC6953 be used as
any FOLLOWER device. However, LTC6952 can be used as
aFOLLOWERifnecessary by disablingits PLL (PDPLL=1).

ouTo*
LF(s) Hcp 100Q

Vco ouTt*

@_ REF: ouT1™

REF out2*

SYNC OR _
SYSREF out2
REQUEST i

—_

00Q

—_

L) e L L LR L) L L) L

00Q

1

CMOS ouT3™

—_

00Q
EZS_SRQ* o 14~
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J_—_ ouT5*
- 00Q
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ouTs*
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ouT8™

ouT9*
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ouT9™

ouT10*

—_

00Q
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Figure 10. EZSync Standalone

To simplify both SYNC and/or SYSREF requests down to
a simple software write to the CONTROLLER’s SSRQ bit,
the devices may be connected as shown in Figure 12,
where an additional CONTROLLER output drives each
FOLLOWER’s EZS_SRAQ pins (only available for LTC6952
or LTC6953 FOLLOWERS). This request passthrough
configuration reduces the system complexity at the cost
of fewer possible FOLLOWERS (a maximum of 5). Note
that MPx forthe CONTROLLER’s passthrough output must
be set greater than 0.

ALL CONTROLLER TO FOLLOWER CONNECTIONS MUST BE DC COUPLED

CONTROLLER FOLLOWERS
— ouTo* o—fvcor 5 ounep U
() cp 1609% LTC6953 or LTC6952
—{veor ouTo” —{\VcO-  EZS_SRQ*
11 OUTPUTS
veo ouTt* e—{vcot 4 oUTKH—
1600 % LTC6953 or LTC6952
@_ REFE ouTt —{\VCcO-  EZS_SRQ*
11 OUTPUTS
REF ouT2* «—{VC0* 43 OUTKE——
1600 % LTC6953 or LTC6952
SYG or ouT2" $—{\VCcO-  EZS_SRQ*
SYSREF =11 0UTPUTS
REQUEST ouT3* «—{\VCO* 4 OUTX—
1600 % LTC6953 or LTC6952
0UT3" —{\VCcO-  EZS_SRQ*
CMOS
BUFFER . - - =11 0UTPUTS
0uT4 VCO* 45 OUTXH——
1600 % LTC6953 or LTC6952
X
EZS_SRQ™  qyr4- $—{vco-  Ezs_smat
e sRe =11 0UTPUTS
= ouTs* «—{\VCO* 4 OUTX——
1600 % LTC6953 or LTC6952
0UT5™ —{\VCO-  EZS_SRQ*
=11 OUTPUTS
ouTe* «—{\VCO* 47 OUTX—
1600 % LTC6953 or LTC6952
0UT6™ 8—{\Vco-  EZS_SRQ*
L1C6952 11 0UTPUTS
EZSync ouT7* €—VCO* 43 OUTX*|——
CONTROLLER 1600 % LTC6953 or LTC6952
ouTT $—{\VcO-  EZS_SRQ*
=11 UTPUTS
ouTs* «—{\VCO* 49 OUTX——
1609% LTC6953 or LTC6952
0uTs" 3—{\VcO-  EZS_SRQ*
ouTe*
| oog% FOLLOWER-SYNCHRONOUS
OUTPUT
0UT9"
ouTo® %00 SYNCHRONOUS
o 000 BULTLPUV%IER- YNCHRONOU

6952 F11

Figure 11. EZSync Multi-Chip Synchronization
(Nine Followers Shown) Max Eleven Possible
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ALL CONTROLLER TO FOLLOWER
CONNECTIONS MUST BE DC COUPLED

CONTROLLER FOLLOWERS
ouTo* o—|VCo* OUTxE - QUTPUTS
LF(s) F{cp wOQ%
. ouTo" —vco- #
veo LTC6953 or LTC6952
ve ouTt* ®—EzS_SRQ*
1009%
e ouT1 8—E75_SRQ
REF ouT2* «—|vco* OUTxE - QUTPUTS
SYNC OR ) 1609% :
SYSREF 0uT2 $—VCO™ 4
REQUEST: LTC6953 or LTC6952
TOGGLE PIN ouT3* e—E7S_SRQ*
OR WRITE 1009%
SSRQ BIT 0uT3" &—Ez5_SRQ™
—1Ezs_sRat — 11 OUTPUTS
ouT4* o—|VCo* oUTYE f——n
_—{ezssme wOQ%
= ouT4™ —VCO~™ #3
LTC6953 or LTC6952
ouTs* e—E7S_SRQ*
1009%
ouTs” 8—E75_SRQ™
11 OUTPUTS
ouTe* o—|vCo* oUTYE f——n
1609%
ouTe" —VCo~ 44
LTC6952 LTC6953 or LTC6952
EZSYNC  OUT7* e—E7S_SRQ*
CONTROLLER 1009%
ouT7 8—E75_SRQ™
11 OUTPUTS
ouTs* o—|vCo* oUTYE f——n
1609%
ouTs" —veo- 45
LTC6953 or LTC6952
ouTY* e—]E7S_SRQ*
1009%
ouTy 8—E75_SRQ™
ouT10*
1009% FOLLOWER-SYNCHRONOUS OUTPUT
0UT10™

6952 F12

Figure 12. EZSync Multi-Chip Synchronization
with Request Passthrough

LTC6952 #1  CP[—{LF(s)
REF* Veo*
REFERENGE ° Voo
] + -
DISTRIBUTION : ZHER U outeuTs
CPH LF(s)
REFERENCE MAY BE LTeess2  #2
SINGLE-ENDED OR DIFFERENTIAL REF* VCOo* o
o EZS_SRQ*  OUTX*
- 11 OUTPUTS
106952 #3  CP[—LLF(s)
REF* Veo*
VCO
o EZS_SRQ*  OUTX*
- 11 OUTPUTS
X ®
LTC6952 #N  CP[LLF(s)
°
EZS_SRQ I — "
DISTRIBUTION : REF veo VCO
EZS_SRQ*  OUTx*
EZS_SRQ MAY BE 6952 F13 11 0UTPUTS

SINGLE-ENDED OR DIFFERENTIAL

Figure 13. ParallelSync Multi-Chip Synchronization

For all cases of EZSync synchronization, the CONTROL-
LER must be programmed to output seven pre-pulses to
each FOLLOWER before the FOLLOWER outputs or any
follower-synchronous CONTROLLER outputs start clock-
ing. Additionally,a CONTROLLER must have bit EZMD set
to “0”and a FOLLOWER must have both EZMD and PDPLL
set to “1”. See the Applications Information section for a
programming example. Additionally, the LTC6952Wizard
provides programming guidance.

ParallelSync

InaParallelSync application, multiple ParallelSync compat-
ible devices are connected in parallel with a shared distrib-
uted REF signal as shown in Figure 13. The advantage of
parallel connection is improved jitter performance, as the
clock signals do not propagate through two or more cas-
caded devices. However, synchronization requires tighter
control of the SYNC and SYSREF request (SRQ) signals’
timing because of the need to have the SYNC/SRQ edges
fall within the same REF cycle for all connected devices.
See Reference Signal and EZS_SRQ Timing for PARSYNC
Mode inthe Applications Information section forthetiming
requirements of EZS_SRQ to REF in this mode.
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The SYNCG/SRAQ timing for ParallelSync can be simplified
to a single software bit write by using an LTC6953 (or an
LTC6952 configured as a reference clean-up loop) as the
reference and EZS_SRQ distribution block, as shown in
Figure 14. In this application, the EZS_SRQ outputs of the
reference distribution part should be settotransition onthe
falling edge of its corresponding reference clock output.
Toachievethis, firstsynchronize the reference distribution
part using the settings given in Table 18, where DDELRgr
can be any valid DDEL value.

Just before sending a SYNC or SYSREF request to the par-
allel parts, set the reference distribution part’s SRQMD bit
to “1”. This will automatically retime the passed-through
requests tothe reference clocks. Afterthe requestis done,
set the SRAMD bit back to “0” to save supply current
from the reference distribution part. See the Applications
Information section for a programming example.

Table 18. Reference Distribution Divider and DDEL Settings for
ParallelSync

REF CLK REF CLK EZS_SRQ EZS_SRQ
Divide DDEL Divide DDEL
1 DDELREF 2 DDELREF+1
2 DDELRgr 2 DDELRgr+2
3 DDELRer 3 DDELRgr+3
4 DDELRgr 4 DDELRgr+4
REF Divide >4 DDELger =REF Divide DDELRer

Part-to-part skew in a ParallelSync application can be
minimized by setting the RAQ bit in register h06 to “1”.
RAO stands for “reference aligned output”, and it aligns
internal delays such that the output rising edge will always
occuratan exact integer number of VCO clock cycles from
the incoming reference signal. The trade-off for using the
RAO modeisslightly degraded PLLin-band noise (<1.0dB).

Todetermine the best configurationforagivenapplication,
the flowchart in Figure 15 can be used. This flowchart
uses the parameters from Table 17 to guide the user to
the most suitable configuration.

Depending on the user's system requirements, many
simplifications or additions can be made for multiple chip
synchronization. For example, the above applications only
assume a maximum of two stages, even though more
stages can be added to increase the number of outputs.
However, these applications are beyond the scope of this
data sheet. Please contact the factory.

EZS_SRQ CONNECTIONS

MUST BE DG COUPLED
ouTo* €—] REF* CPILF(s)
1009%
- . veo*
I ouTo 3| REF 7o
REFIN—VE0 LTC6952  #1
ouTt* % EZS_SRQ*
1000
11 0UTPUTS
gzggEoFR ouT1™ ®—{EZS_SRQ™  OUTX*
REQUEST
TOGGLE PIN our2* o—{Rer cplH LFs)
OR WRITE 1009%
- - \VCO*
SSRQ BIT ouT? —Rer cOo —
LTC6952  #2
ouTs* o Ez5_SRO*
. 1009% _ | 11outputs
ouT3 —{Ezs_sRa~  oUTX
—{ezs_sRa*
outa* o—| REF* oppH LFes)
[—Ezs.sRe” wOQ%
= ouTd- REF~ veo*
= $ VCO
LTC6952  #3
ours* o Ez5_SRO*
_ 1009% _ | 11outputs
ouTS —{Ezs_sRa™  oUTX
ouTe* o—| REF* cppH LF(s)
1009% .
ouT6™ —REF e e0
oo LTC6952  #4
outr* o Ez5_SRO*
REFERENCE
DISTRIBUTION 10002 11 OUTPUTS
out7 ——38—{ezs_sra~  outxt
ours* o—| REF* cppH LF(s)
1009%
- - VCO*
ouT8 3—{REF be E0
LTC6952  #5
oure* o Ez5_SRO*
1009%
11 0UTPUTS
ouTe" ——3—{Ezs_SRQ™  OUTYEf——
6952 F14
ouTio*
1009% 10UTPUT
ouTH0™

Figure 14. ParallelSync Multi-Chip Synchronization
with LTC6953 or LTC6952 Reference Distribution

Rev 0

28

For more information www.analog.com


https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

OPERATION

START

JESD204B/C Application?

NOTE: Ceiling() function means
round up to the next highest integer

Inputs:
TP = Total number of JESD device clock/SYSREF Pairs

TS = Total number of stand alone clock signals

T=2TP+TS

LNP = Number of JESD Pairs requiring low noise (< 100fs) device clocks

LNS = Number of required low noise (< 100fs) stand alone clocks

Inputs:
T = Total number of clock signals
LNS = Number of required low noise (< 100fs) clocks

Use EZSync Standalone

Yes

No

P:Cening(%)

Yes
No
P=Cei|ing[MaX(ﬂ,H)]
9 4
T<56
AND TP <25 Yes

AND LNS <11-2P-2LNP
AND LNP<5-P?

Use EZSync Multi-Chip with
Request Passthrough
(1 Controller and P Followers)

Yes

T<56
AND LNS<11-2P?

. T TP
P =Ceiling| Max| —, —
Cellng[ ax(ﬁ, = ﬂ

P=Cei|ing(%)

T<55
AND TP <257

Use ParallelSync with LTC6953
Reference Distribution (P Parallel Parts)

T<121
AND LNS<11-P?

P —Ceiling| Max| 111, TP=5.5
0 45

(T
P =Ceiling| —
Cenng(ﬂ)

T<121
AND TP <55

AND LNS<11-P-2LNP
AND LNP < (55-TP)/9 ?

Yes

Use Standard EZSync Multi-Chip
(1 Controller and P Followers)

No

P =Ceiling| Max lE -—>|
15

Use Standard ParallelSync
Multi-Chip (P Parallel Parts)

(T
P =Ceiling| —
Cenng(ﬂ)

Figure 15. Flowchart to Determine the Best Synchronization Protocol for a Given Application
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Power Savings in SYSREF Generation Mode

In most applications, SYSREF requests are a rare oc-
currence. The LTC6952 provides modes to shut down
as much circuitry as possible while still maintaining the
correct timing relationship between SYSREF outputs and
clock outputs. Individual outputs may be put into a low
power mode while leaving the internal dividers running
by writing a “2” to the PDx bits, where x is the output of
interest. Additionally, putting the LTC6952 into SYSREF
generation mode (SRQMD=1) causes the part to draw a
significantly higher current than SRQMD=0. Therefore,
leave the SRQMD bit set to “0” until a SYSREF request is
required. When a SYSREF signal is needed, set SRQMD
to “1”, return the PDx bits to “0”, then wait at least 50ps
beforeissuinga SYSREF request. Putthe SYSREF outputs
back into low power mode (PDx=2) and set SRQMD=0
when finished.

SERIAL PORT

The SPI-compatible serial port provides control and
monitoring functionality. A configurable status output
STAT gives additional instant monitoring.

MASTER-CS |

Communication Sequence

The serial bus is composed of CS, SCLK, SDI, and SDO.
Data transfers to the part are accomplished by the se-
rial bus master device first taking CS low to enable the
LTC6952’s port. Input data applied on SDI is clocked on
the rising edge of SCLK, with all transfers MSB first. The
communication burstisterminated by the serial bus master
returning CS high. See Figure 16 for details.

Data is read from the part during a communication burst
using SDO. Readback may be multidrop (more than one
LTC6952 connected in parallel on the serial bus), as SDO
is three-stated (Hi-Z) when CS is high, or when data is
not being read from the part. /f the LTC6952 is not used
in a multidrop configuration, or if the serial port master
is not capable of setting the SDO line level between read
sequences, itis recommendedto attach a high-value resis-
tor of greater than 200k between SDO and GND to ensure
the line returns to a known level during Hi-Z states. See
Figure 17 for details.

—

‘e toss —>

|

tcss
g

[~ tokL—>=<—tckH > tcsH

MASTER-SCLK

‘« tos e

fcH

MASTER-SDI | DATA

X

DATA |

6952 F16

Figure 16. Serial Port Write Timing Diagram

MASTER-CS |

8TH CLOCK—>

MASTER-SCLK —I_l—R—

—

too ‘« ™

L]

—»

tDOF —

tbo \e

1706952 -SD0 —— -2

tpo h
Hi-Z

6952 F17

DATA

>< X DATA

Figure 17. Serial Port Read Timing Diagram
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Single Byte Transfers

The serial portis arranged as a simple memory map, with
status and control available in 56, byte-wide registers. All
data bursts are comprised of at least two bytes. The 7 most
significant bits of the first byte are the register address,
with an LSB of “1” indicating a read from the part, and
LSB of “0” indicating a write to the part. The subsequent
byte, or bytes, is data from/to the specified register ad-
dress. See Figure 18 for an example of a detailed write
sequence, and Figure 19 for a read sequence.

MASTER-CS —|

Figure 20 shows an example of two write communication
bursts. The first byte of the first burst sent from the serial
bus master on SDI contains the destination register ad-
dress (ADDRX) and an LSB of “0” indicating a write. The
next byte is the data intended for the register at address
ADDRX. CS is then taken high to terminate the transfer.
The first byte of the second burst contains the destination
register address (ADDRY) and an LSB indicating a write.
The next byte on SDI is the data intended for the register
at address ADDRY. CS is then taken high to terminate the
transfer.

-

MASTER-SCLK ||||||||||||||||||||||||||||||||160LOCKS

7-BIT REGISTER ADDRESS

8 BITS OF DATA

MASTER-SDI

[A6]A5|a4]A3]A2] a1]A0] 0 [D7|D6]D5]D4|D3]D2]D1DO|

Hi-Z
LTC6952-SD0

0=WRITE

6952 F18

Figure 18. Serial Port Write Sequence

MASTER-CS —|

-

MASTER-SCLK |||||||||||||||

7-BIT REGISTER ADDRESS

||||||||||||||||1GCLOCKS
\

}/1 = READ

MASTER-SDI | A6 [A5]A4|A3[A2]A1]A0]

Hi-Z
LTC6952-SDO

} 8 BITS OF DATA
L |

x|D7|D6]D5|D4| D3] D2 | D1]D0]| DX~ Hi-Z

6952 F19

Figure 19. Serial Port Read Sequence
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MASTER-CS —|

MASTER-SDI ADDRX + Wr>< BYTE X

ADDRY + WrX BYTEY

Hi-Z
LTC6952 -SDO

6952 F20

Figure 20. Serial Port Single Byte Writes

MASTER-CS —|

MASTER-SDI

ADDRX+Wr>< BYTE X >< BYTE X +1 >< BYTEX +2

Hi-Z
LTC6952-SDO

6952 F21

Figure 21. Serial Port Auto-Increment Write

MASTER-CS —|

MASTER-SDI ADDRX + Rd

DONT CARE

LTC6952-SDO

Hi-Z Hi-Z
BYTE X >< BYTE X +1 >< BYTEX +2
6952 F22

Figure 22. Serial Port Auto-Increment Read

Multiple Byte Transfers

More efficient data transfer of multiple bytes is accom-
plished by using the LTC6952’s register address auto-
increment feature as shown in Figure 21. The serial port
master sends the destination register address in the first
byteand its datainthe second byte as before, butcontinues
sending bytes destined for subsequent registers. Byte 1’s
address is ADDRX+1, Byte 2’s address is ADDRX+2, and
soon. Iftheregisteraddress pointerattemptstoincrement
past 56 (h38), it is automatically reset to 0.

An example of an auto-increment read from the part is
shown in Figure 22. The first byte of the burst sent from
the serial bus master on SDI contains the destination
register address (ADDRX) and an LSB of “1” indicating a
read. Once the LTC6952 detects a read burst, it takes SDO
out ofthe Hi-Z condition and sends data bytes sequentially,
beginning with datafrom register ADDRX. The partignores
all other data on SDI until the end of the burst.
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Multidrop Configuration

Several LTC6952s may share the serial bus. In this
multidrop configuration, SCLK, SDI, and SDO are com-
mon between all parts. The serial bus master must use a
separate CS for each part and ensure that only one device
has CS asserted at any time. It is recommended to attach
a high-value resistor to SDO to ensure the line returns to
a known level during Hi-Z states.

Serial Port Registers

The memory map of the LTC6952 may be found in Table
19, with detailed bit descriptions found in Table 20. The
register address shown in hexadecimal format under the

Table 19. Serial Port Register Contents

“ADDR” column is used to specify each register. Each
register is denoted as either read-only (R) or read-write
(R/W). The register’s default value on device power-up or
after a reset is shown at the right.

The read-only register ataddress h00 is used to determine
different status flags. These flags may be instantly output
on the STAT pin by configuring register h01. See “STAT
Output” section below for more information.

The register at address h38 is a read-only byte for device
identification.

ADDR MSB [6] [5] [4] 2] [1] LSB RW | DEFAULT

hoo UNLOCK | TOCK LOCK VCOOK VCOOK REFOK REFOK R

ho INVSTAT X[6] X[5] X[4] X[2] X[1] X[0] R/W hAA
ho2 PDALL PDPLL | PDVCOPK | PDREFPK FILTR FILTV POR RW ho8
ho3 PD3[1] PD3[0] PD2[1] PD2[0] PD1[1] PD1[0] PDO[1] | PDO[O] R/W hoo
ho4 PD7[1] PD7[0] PD6[1] PD6[0] PD5[1] PD5[0] PDA[1] PDA[0] R/W h0o
ho5 TEMPO PD10[1] | PD10[0] | PDI[1] PDI[0] PD8[1] PD8J0] RW hoo
ho6 RAO | PARSYNC LKWIN | LKCT[1] | LKCT[0] RD[9] RD[8] R/W hoc
ho7 RD[7] RD[6] RD[5] RD[4] RD[3] RD[2] RD[1] RD[0] R/W ho
ho8 ND[15] | ND[14] | ND[13] | ND[12] ND[11] ND[10] ND[9] ND[8] R/W hoo
ho9 ND[7] ND[6] ND[5] ND[4] ND[3] ND[2] ND[1] ND[O] RW h2D
hoA CPRST CPUP CPDN CP[4] CP[3] CP[2] CP[1] CP[O] RW h93
hoB CPMID | CPWIDE | CPINV EZMD SROMD | SYSCT[1] | SvscT[o] | SSRa RW h86
hoC MPO[4] | MPO[3] | MPo2] | MPo[1] | MmPo[O] MDO[2] | MDo[1] | MDo[O] RW hoo
hoD SRQENO | MODEO[1] | MODEO[0] | OINVO | DDELO[11] | DDELO[10] | DDELO[9] | DDELO[8] | RMW hoo
hOE DDELO[7] | DDELO[6] | DDELO[5] | DDELO[4] | DDELO[3] | DDELO[2] | DDELO[1] | DDELO[O] | R hoo
hoF ADELO[5] | ADELO[4] | ADELO[3] | ADELO[2] | ADELO[1] | ADELO[0] | RMW hoo
h10 MP1[4] | MP1[3] | MP1[2] | MPI[1] | MP1[0] MD1[2] | MDI[1] | MmD1[0] RW hoo
hi1 SRQEN1 | MODE1[1] | MODE1[0] | OINVi | DDEL1[11] | DDEL1[10] | DDEL1[9] | DDEL1[8] | RMW h0o
hi2 DDEL1[7] | DDEL1[6] | DDEL1[5] | DDEL1[4] | DDEL1[3] | DDEL1[2] | DDEL1[1] | DDELi[0] | RMW hoo
hi3 ADEL1[5] | ADEL1[4] | ADEL1[3] | ADEL1[2] | ADEL1[1] | ADEL1[0] | RMW hoo
hi4 MP214] | MP2i3] | MP212] | mP2pi] | MP2[0] MD2[2] | MD2[1] | MD2[0] R/W hoo
h15 SRQEN2 | MODE2[1] | MODE2[0] | OINV2 | DDEL2[11] | DDEL2[10] | DDEL2[9] | DDEL2[8] | RMW hoo
h16 DDEL2[7] | DDEL2[6] | DDEL2[5] | DDEL2[4] | DDEL2[3] | DDEL2[2] | DDEL2[1] | DDEL2[0] | RMW hoo
hi7 ADEL2[5] | ADEL2[4] | ADEL2[3] | ADEL2[2] | ADEL2[1] | ADEL2[0] | RMW h0o
hi8 MP3[4] | MP3[3] | MP3[2] | MP3[1] | MP3[0] MD3[2] | MD3[1] | MmD3[0] RW hoo
h19 SRQEN3 | MODE3[1] | MODE3[0] | OINV3 | DDEL3[11] | DDEL3[10] | DDEL3[9] | DDEL3[8] | RMW hoo
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Table 19. Serial Port Register Contents (Continued)

ADDR MSB [6] [5] [4] [3] 2] [1] LSB RW | DEFAULT
h1A DDEL3[7] | DDEL3[6] | DDEL3[5] | DDEL3[4] | DDEL3[3] | DDEL3[2] | DDEL3[1] | DDEL3[0] | RW hoo
hiB ADEL3[5] | ADEL3[4] | ADEL3[3] | ADEL3[2] | ADEL3[1] | ADEL3[0] | RMW hoo
hiC MP4[4] | MP4[3] | MP4[2] | MP4[1] | MP4[0] MD4[2] | MD4[1] | MmD4[0] RW h0o
hiD SRQEN4 | MODE4[1] | MODE4[0] | OINV4 | DDEL4[11] | DDEL4[10] | DDEL4[9] | DDEL4[8] | RMW h0o
hiE DDEL4[7] | DDELA4[6] | DDEL4[5] | DDEL4[4] | DDEL4[3] | DDEL4[2] | DDEL4[1] | DDEL4[0] | RW h0o
hiF ADEL4[5] | ADEL4[4] | ADEL4[3] | ADEL4[2] | ADEL4[1] | ADEL4[0] | RMW hoo
h20 MP5[4] | MP5[3] | MP5[2] | MPs[1] | MP5[0] MD5[2] | MD5[1] | MD5[0] R/W hoo
h21 SRQEN5 | MODE5[1] | MODE5[0] | OINV5 | DDEL5[11] | DDEL5[10] | DDEL5[9] | DDEL5[8] | R hoo
h22 DDEL5[7] | DDEL5[6] | DDEL5[5] | DDEL5[4] | DDEL5[3] | DDEL5[2] | DDEL5[1] | DDEL5[0] | R hoo
h23 ADEL5[5] | ADEL5[4] | ADEL5[3] | ADEL5[2] | ADEL5[1] | ADEL5[0] | RMW hoo
h24 MP6[4] | MP6[3] | MP6[2] | MP6[1] | MP6[0] MD6[2] | MD6[1] | MDs[0] RAW hoo
h25 SRQEN6 | MODES[1] | MODE6[0] | OINV6 | DDEL6[11] | DDEL6[10] | DDEL6[9] | DDEL6[8] | RMW hoo
h26 DDEL6[7] | DDEL6[6] | DDEL6[5] | DDEL6[4] | DDEL6[3] | DDEL6[2] | DDEL6[1] | DDEL6[0] | RMW hoo
ho7 ADEL6[5] | ADEL6[4] | ADEL6[3] | ADEL6[2] | ADEL6[1] | ADEL6[0] | RMW hoo
h28 MP7[4] | MP7[3] | MP7[2] | MP7[1] | MP7[0] MD7[2] | MD7[1] | MD7[0] R/W h0o
h29 SRQEN7 | MODE7[1] | MODE7[0] | OINV7 | DDEL7[11] | DDEL7[10] | DDEL7[9] | DDEL7[8] | RMW h0o
h2A DDEL7[7] | DDEL7[6] | DDEL7[5] | DDEL7[4] | DDEL7[3] | DDEL7[2] | DDEL7[1] | DDEL7[0] | RMW hoo
h2B ADEL7[5] | ADEL7[4] | ADEL7[3] | ADEL7[2] | ADEL7[1] | ADEL7[0] | RMW hoo
h2C MPS[4] | MPS[3] | MP8[2] | MP8[1] | MP8[0] MD8[2] | MD8[1] | MmD8[0] R/W hoo
h2D SRQENS | MODES[1] | MODES[0] | OINV8 | DDEL8[11] | DDEL8[10] | DDEL8[9] | DDEL8[8] | RW hoo
h2E DDELS[7] | DDEL8[6] | DDEL8[5] | DDEL8[4] | DDEL8[3] | DDEL8[2] | DDELS[1] | DDELS[0] | RW hoo
hoF ADEL8[5] | ADEL8[4] | ADEL8[3] | ADEL8[2] | ADEL8[1] | ADEL8[0] | RMW hoo
h30 MPO[4] | MP9[3] | MP9[2] | MP9[1] | MP9[O] MD9[2] | MD9[1] | MmD9[O] RW hoo
h31 SROEN9 | MODE9[1] | MODE9[0] | OINV9 | DDEL9[11] | DDEL9[10] | DDELO[9] | DDELO[8] | RMW hoo
h32 DDEL9[7] | DDEL9[6] | DDEL9[5] | DDELO[4] | DDEL9[3] | DDEL9[2] | DDEL9[1] | DDEL9[0] | RMW hoo
h33 ADELO[5] | ADEL9[4] | ADEL9[3] | ADEL9[2] | ADEL9[1] | ADEL9[0] | RW hoo
h34 MP10[4] | MP10[3] | MP10[2] | MP10[1] | MP10[0] | MD10[2] | MD10[1] | MD10[0] RW h0o
h35 SRQEN10 | MODE10[1] | MODE10[0] | OINVi0 |DDEL10[11] | DDEL10[10] | DDEL10[9] | DDEL10[8] | R h0o
h36 | DDEL10[7] | DDEL10[6] | DDEL10[5] | DDEL10[4] | DDEL10[3] | DDEL10[2] | DDEL10[1] | DDEL10[0] | RV hoo
h37 ADEL10[5] | ADEL10[4] | ADEL10[3] | ADEL10[2] | ADEL10[1] | ADEL10[0] | R/MW hoo
h38 REV[3] | REV[Z] REV[1] REV[0] | PART[3] | PART[2] | PART[1] | PART[O] R hx2*

* Varies depending on revision
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Table 20. Serial Port Register Bit Field Summary PDVCOPK Powers Down VCO Input Signal 0 h02
BITS DESCRIPTION DEFAULT | ADDR Detector
. : : PDx[1:0] 0UTx Power-Down Mode: h0 Various
ADELx[5:0] | OUTx Analog Delay Setting 0 Various 0 = Normal Operation
BST REF Buffer Boost Current 1 h02 1 = OQutput Muted to Logic “0”
; 2 = Power Down Output Driver
EEL4NO] EP OU::F;UtDCUFrent me :02 3 = Power Down Full Divider
CPINY lorce oD c;\;]vn 8 th POR Force Power-on-Reset h02
nvert PFD Phase _ RAO Enable REF Alignment o ho
CPMID CP Bias to Mid-Rail 1 hOB Output Mode
CPRST CP Hi-Z 1 h0A RD[9:0] R Divider Value (RD[9:0] > 0) 1 h06,h07
CPUP Force CP Up 0 hOA REFOK Reference Valid Flag h00
CPWIDE Extend CP Pulse Width 0 h0B REFOK Reference Not Valid Flag h0o
DDELx[11:0] | OUTx Delay in %2 VCO Cycles h00o Various REV[3:0] Revision Code h38
EZMD EZSync Mode 0 h0B SRQENX Enable SYNC or SYSREF on 0 Various
FILTR REF Input Buffer Filter 0 h02 0uTx
FILTV VCO Input Buffer Filter 0 h02 SRQMD 0 - Synchronization Mode 0 h0oB
1 - SYSREF Request Mode
INVSTAT Invert STAT Output 1 h01
SSRQ Software SYNC or SYSREF 0 hOB
LKCT[1:0] PLL Lock Cycle Count: h3 h06 Request
0 = Disabled, 1 = 32 Counts,
2 - 956 Counts. 3 = 2048 SYSCT[1:0] | SYSREF pulse count for h3 hOB
Counts ’ MODEx=3:
- - 0=0ne Pulse, 1=Two Pulses,
LKWIN PLL Lock Indicator Window: 0 h06 2=Four Pulses, 3=Eight Pulses
0=3ns,1=10ns :
- TEMPO Enable Temperature h05
LOCK PLL Lock Indicator Flag Inverted h0o UNLOCK PLL Unlock Flag h0o
MDx[2:0] OUTXx 2N Value Various VCOOK \/CO Valid Flag h0o
MODEx[1:0] | SYSREF Mode (SRQENx=1): Various VCOOK VCO Not Valid Flag h0o
0 = Free Run
1 = Gated Pulses x[6:0] STAT Output or Mask h2A h01
2= Re%Jest Passthrough
3 = 25YSCNT pyjges
MPx[4:0] OUTx Prescaler Value h0 Various
ND[15:0] N Divider Value h002D | h08, h09
OINVx OUTX Inversion 0 Various
PARSYNGC ParallelSync Timing Enable 0 h06
PART[3:0] Part Code (h2 = 6952, h38
h3=6953)
PDALL Full Chip Power-Down h02
PDPLL Powers Down REF, R DIV, PFD, h02
CR N DIV
PDREFPK Powers Down REF Input Signal 0 h02
Detector
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OPERATION
STAT Output

The STAT output pin is configured with the x[6:0] bits and
INVSTAT of register h01. These bits are used to bit-wise
mask, or enable, the corresponding status flags of status
register h00, according to Equation 2 and shown sche-
matically in Figure 23. The result of this bit-wise Boolean
operation is then output on the STAT pin if TEMPOQ is set
to “0”.

X[6] »—
UNLOCK »—
X[5] »—
LOCK »—

X[4] »—-
LOCK p—
X[3] »—-

VCOOK »—

X[2] »—
VCOOK »—

TEMP
INVSTAT

X[1] »—
REFOK »—

X[0] »—
REFOK »— 6952 F23

Figure 23. STAT Simplified Schematic

STAT = (OR (Reg00[6:0] AND Reg01[6:0]))
XOR INVSTAT (2)

For example, if the application requires STAT to go high
whenever the LOCK, VCOOK, or REFOK flags are set, then

x[4], x[2], and x[0] should be set to “1” and INVSTAT
should be set to “0”, giving a register value of h15.

The STAT pin may be transformed to a temperature mea-
surementdiode withinternal 300pA bias current by setting
bit TEMPO in register h05 to “1”. To get an approximate
die temperature, a single calibration point is needed first.
Measure the STAT pin voltage (Vygmpc) With the LTC6952
powered down (PDALL=1)ataknowntemperature (Tgar)-
Then the operating temperature may be calculated in a
desired application by measuring the STAT voltage again
(Vremp) and using the following equation:

T=1665 x (Vrempc — Vemp) + TeaL

where T and Tga are in °C. Note that no external bias
current is required. Allow 50ps settling time after setting
TEMPO to “1”.

BLOCK POWER-DOWN CONTROL

The LTC6952’s power-down control bits are located in
register h02, described in Table 20. Different portions of
the device may be powered down independently. To power
down individual outputs, see Table 10. Care must be taken
with the LSB of this register, the POR (power-on-reset)
bit. When written to “1”, this bit forces a full reset of the
part’s digital circuitry to its power-up default state.
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APPLICATIONS INFORMATION
INTRODUCTION

A PLL is a complex feedback system that may concep-
tually be considered a frequency multiplier. The system
multiplies the frequency input at REF* up to the VCO fre-
quency. The PFD, charge pump, N divider, VCO, and loop
filter form a feedback loop to accurately control the VCO
frequency (see Figure 24). The R divider, output dividers
(Mx), and input frequency frgr are used to set the output
frequency value and resolution, and the external loop filter
is used to set the PLL’s loop bandwidth, BW.

i _
| Ry LF(s)
fRer > . b AA ¢ <
Rz I
Ca Cp Gy '
LTC6952 L= = =
I _
vVco* ol
(fvco) / | |_@_
\ Lk 750 10F Kyco
30Q
4| moDIv DDEL, 0uTo
and ADEL  [:M0 (fouro) 100F =
4| w10V DDEL, ouT1
and ADEL  |-M1  (fouri)
[ ]
[ ]
[ ]
|| M10 DIV, DDEL, ouUT10

6952 F24

Figure 24. PLL Loop Diagram

OUTPUT FREQUENCY

When the loop is locked, the frequency fygg (in Hz)
produced at the output of the VCO is determined by the
reference frequency frer, and the R and N divider values,
given by Equation 3:

fuco = frer ¢ N/R (3)
The PFD frequency fppp is given by the following equation:
ferp = frer/R (4)

and fygo may be alternatively expressed as:

fvco=Tprp * N (5)
or

N = fyco/ferp (6)

The output frequency foytx produced at the output of the
Mx dividers is given by Equation 7:

foutx = fvco/Mx (7)
Using Equation 3 and Equation 7, the output frequency

resolution fgtepy produced by a unit change in N is given
by Equation 8:

fstepx = fREF/(R © MX) (8)

LOOP FILTER DESIGN

Astable PLL systemrequires care indesigning the external
loop filter. The Analog Devices LTC6952Wizard application,
available from designtools, aids in design and simulation
of the complete system. Optimum phase noise and spuri-
ous performance can be obtained by using the third-order
loop filter shown in Figure 24.

The loop design should use the following algorithm:

1. Determine the output frequencies foyry based on ap-
plication requirements. Using Equation 3, Equation
4, and Equation 7, change frer, N, R and Mx until the
application frequency constraints are met. Use the
minimum R value that still satisfies the constraints.

2. Select the open loop bandwidth BW constrained by
ferp. A stable loop requires that BW is less than fprp
by at least a factor of 10.

3. Selectloop filter component Rzand charge pump cur-
rent Igp based on BW and the VCO gain factor, Kygp.
BW (in Hz) is approximated by the following equation:

BW = Igp * Rz * Kygo/(2 ¢ * N) (9)
or
Rz=(2¢meBWeN)/(lcp *Kyco )
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where Kygo is in Hz/V, Igp is in Amps, and Rz is in
Ohms. Kygg depends on the external VCO chosen for
the application. Ifthe chosen VCO has a negative Ky,
the CPINV bit must be set to “1” for correct opera-
tion. Use Igp = 11.2mA to lower in-band noise unless
component values force a lower setting.

4. Selectloop filter components Gy, Cp, Co, and R1 based
onBWand R;. Use the following equations to calculate
the remaining loop filter components.

Ci=4/(m s BW «Ry)
Cp=1/(12+mBWeRy)
Cp=1/(18+m*BW*Ry)
Ri=Ry

DIGITAL AND ANALOG OUTPUT DELAYS

Synchronization allows the start times of each output
divider to be delayed by the value programmed into the
digital delay bits (DDELX), expressed in ¥ VGO cycles.
Applications needing to calculate the delay interms oftime
can use Equation 14 where DDELXx is DDELO to DDEL10:

topeLx = DDELX/(2 * fyco) (14)

The analog delay blocks (ADELXx) are useful in trimming
signal timing differences caused by non-ideal PCB rout-
ing. This is effective for optimizing set-up and hold times
for SYSREFs versus device clocks in JESD204B/C ap-
plications. Unlike digital delay, adding analog delay will
adversely affect the jitter performance. Add analog delay
to the SYSREF path whenever possible to minimize the
impact on the device clocks. For example, if the SYSREF
signal in a SYSREF/Clock pair is arriving at the destination
device too late, it is better to add one digital delay code to
the device clock and then add analog delay to the SYSREF,
if necessary, to bring it closer to the device clock.

The approximated analog delay time can be calculated in
picoseconds (ps) by Equation 15 (for ADELx < 32) while
adheringtothe frequency limitations described in Table 11.

ADELx =1 to 31
tapeLy = [(11.25 ¢ ADELX + 93.8)725

+(0.00285 * fOUTX)2.5]—O.4 (15)
ADELX = 32 to 63

taDELx = [(26 * ADELx - 517)720

+(0.00125« fOUTx)2'51_0'4 (16)

where foyt is the output frequency in GHz. The
LTC6952Wizard may be used for analog delay calculation
and visualization.

REFERENCE INPUT

The LTC6952’s reference input buffer, shown in Figure 1,
provides a flexible interface to either differential or single-
ended frequency sources. The frequency range for the
reference input is from 1MHz to 500MHz. As discussed
in the Operation section, a high quality signal must be
applied to the REF* inputs as they provide the frequency
reference to the entire PLL. To achieve the part’s in-band
phase noise performance, apply a sine wave signal of at
least 6dBm into 50Q, or a square wave of at least 0.5Vp_p
with slew rate of at least 20V/ps. Figure 25 shows recom-
mended interfaces for different reference signal types.

VCO INPUT

The LTC6952’s VCO input buffer, shown in Figure 6, has a
frequency range of DC to 4.5GHz. The buffer has a partial
on-chip differential input termination of 250Q, allowing
some flexibility for an external matching networkif desired.
Figure 26 shows recommended interfaces for different
VCO input signal types.
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50Q SOURCE D—{ (%) |— REF- »—E—' REF
1uF uF LTC6952 LVPECL 1000 LTC6952
500 -
= O REF* REF*
1uF I
= 150Q e 150Q DIFFERENTIAL LVPECL

SINGLE-ENDED 50 SOURCE (Vggr < 2.7Vp.p) = =

50Q SOURCE D—{ () 7, ) |— REF™ REF™
1uF 1uF

500 LTC6952 LTC6952

= [ REF* REF*

47pF I
SINGLE-ENDED 50 SOURCE (Vger > 2.7Vp.p)

|— REF REF-
uF LTC6952 LTC6952

REF* REF*

6952 F25

DIFFERENTIAL LVDS

SINGLE-ENDED CMOS

Figure 25. Common Reference Input Interface Configurations. All Zg Signal Traces Are 50Q Transmission Lines
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RF OSCILLATOR 07, )

500 OUTPUT veo™

0.1pF
/ 75Q

LTC6952

041pFI 30Q

VCo*

AC-COUPLED RF SINE WAVE OSCILLATOR

150Q
veco*

LVPECL LTC6952

VCo™

150Q

VCco*
LTC6952

VCo™

DC-COUPLED DIFFERENTIAL CML*

* Output common mode levels of DC coupled drivers
must be within the min and max VCO input common
mode levels specified in the Electrical Characteristics.

150Q

LVPECL

150Q

0.1pF
) % ) veo*
— 160Q LTC6952
) % ) el
0.1pF

AC-COUPLED DIFFERENTIAL LVPECL

VCco*
LTC6952

VCo™

veco*
LTC6952

VCo™

VCo™

LTC6952

vCo*

30Q 1uF I
SINGLE-ENDED CMOS 6952 F26

Figure 26. Common VCO Input Interface Configurations. All Zy Signal Traces are 50Q Transmisson Lines
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130Q
50Q

750Q

7 4
50Q
130Q

)
= DC-COUPLED DIFFERENTIAL LVDS

100Q

EZS_SRQ*
+

LvDS LTC6952

EZS_SRQ™

100Q

EZS_SRQ*

LTC6952

EZS_SRQ™

DC-COUPLED DIFFERENTIAL CML*

EZS_SRQ*

LVPECL LTC6952

EZS_SRQ™

DC-COUPLED DIFFERENTIAL LVPECL*

1.8Vt0 3.3V EZS_SRQ*
CMO0S

LTC6952

J__ EZS_SRQ™

1.8V to 3.3V CMOS

6952 F27

* Output common mode levels of differential drivers must be
within the min and max EZS_SRQ input common mode levels
specified in the Electrical Characteristics.

Figure 27. Common EZS_SRQ Input Interface Configurations. All Zg Signal Traces are 50Q Transmisson Lines

EZS_SRQ INPUT

The LTC6952’s EZS_SRQ input buffer, shown in Figure 9,
controls synchronization requests and SYSREF requests.
All connections must be DC-coupled and can be either
differential CML or LVPECL, differential LVDS with a level-
shifting network, or single-ended 1.8V to 3.3V CMOS into
the EZS_SRQ* input pin (EZS_SRQ~ must be grounded
for CMOS drive). Figure 27 shows the recommended
interface types.

JESD204B/C DESIGN EXAMPLE USING EZSync
STANDALONE

This design example consists of a system of two
JESD204B/C analog-to-digital converters (ADGCs),
two JESD204B/C digital-to-analog converters (DACs),
and a JESD204B/C compatible FPGA. All of the data
converters (ADCs and DACs) and the FPGA require
JESD204B/C subclass 1 device clocks and SYSREFs,

and the FPGA requires an extra management clock.
Additionally, the ADCs require a low noise clock of less
than 100fs total RMS jitter. This leads to a total of 11
separate signalsto generate, with frequencies listed below.
For this example, the SYSREF frequencies for all devices
arethe same and should output four pulses upona SYSREF
request rising edge:

fapc-cLk = 500MHz
fDAC-CLK = 4000MHz
frpaa-cLk = 120MHz
frrga-mamT = 100MHz
fsysrer = 12.5MHz

Since the total number of outputs is 11, a single LTC6952
can be used to generate all of the outputs needed as
shown in Figure 28. Note that termination resistors and
AC coupling caps are not shown for clarity.
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VGO
LF(s) ~
VCO*

LTC6952

SYSREF

ADCO
CLK

SYSREF

ADC1
M3 CLK

6—-' RDIV NDIVZI

SYNC AND

K

SYSREF

EZS_SRO* | PN
/

I?I-

SYSREF CTRL -

DEVCLK  FPGA
MGMT CLK

)

INPUT/OUTPUT TERMINATIONS AND
AC COUPLING CAPS NOT SHOWN.

SYSREF

CLK DACO

SYSREF

DAC1
CLK

6952 F28

Figure 28. Block Diagram for JESD204B/C EZSync Standalone Design Example

Reference and VCO Assumptions

For this example, assume the available reference is a
100MHz sine wave oscillator with 8dBm output power, and
the VCO is a 4000MHz oscillator with a Kygg of 5SMHz/V,
output power of 7dBm, and phase noise of —115dBc/Hz
at 10kHz.

fREF = 100MHz
fyco = 4000MHz
Kvco = SMHz/V

Design Procedure

Designing and enabling this clock generation solution
consists of the following steps:

Determine R and N divider values
Determine the optimum loop bandwidth
Select loop filter component values
Determine all output modes

Determine all M divider values
Determine all digital delay values

Program the IC with the correct divider values,
output delays, and other settings

N o ok~ -

8. Synchronize the outputs

9. Place the SYSREF outputs in a lower power mode
until the next SYSREF request (optional, see Opera-
tions section)

10. Place IC into SYSREF request mode (SRQMD=1) and
send a SYSREF request when needed

11. Return IC into SYNC mode (SRQMD=0) and place the
SYSREF outputs into a lower power mode for power
savings (optional).

Note that synchronization MUST be performed before a
SYSREF request. The synchronization must be repeated
only if the divider setting is changed, or if the divider is
powered down.

Determining R and N Divider Values

Following the “Loop Filter Design” algorithm, first deter-
mine all the divider values. From the Electrical Character-
istics, the maximum fpgp is 167MHz, which is larger than
the frer of 100MHz. Therefore R should be “1” noting
that maximizing fprp in a data converter application will
minimize integrated jitter. Use Equation 4 to determine
fpep and Equation 6 to determine N:

R=1
fPFD = fREF/R =100MHz
N =fyco/fprp = 40
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Selecting Loop Bandwidth

The next step in the algorithm is choosing the open loop
bandwidth (BW). The maximum BW should be at least
10x smaller than fpgp. Most data converter applications
will place the bandwidth at the optimal intersection of
VCO noise and in-band noise. Narrower bandwidths or
higher order loop filters can be used to lower spurious
power. For this example, the third-order loop filter shown
in Figure 24 will be used.

After inputting the external VCO phase noise and Kygg
characteristics, the LTC6952Wizard reports the thermal
noise optimized loop bandwidth is approximately 16kHz.

Loop Filter Component Selection

For the lowest in-band phase noise, Igp should be set to
the highest value possible that results in practical loop
filter component values. Therefore, Igp for our example is
chosentobe11.2mA. The LTC6952Wizard uses Equation 9
to determine Ry:

Rz=2eme 16k *40/(11.2m « 5M)
Rz=71.8Q ~71.5Q

The LTC6952Wizard uses Equation 10 through 13 to
calculate G, Cp, Go, and Ry:

Ci=4/(me16ke*71.5) =111pF ~ 1.2uF
Cp=1/(12¢me 16k * 71.5) = 23.2nF ~ 22nF
Co=1/(18 e 16k * 71.5) = 15.5nF ~ 15nF
Ri =71.5Q
Note that resistors are rounded to standard +1% values,
and capacitors are rounded to standard +10% values.
Determining Output Modes

All outputs can be programmed as clocks (MODEx = 0),
SYSREFs (MODEx = 1 or 3), or SYNC/SRQ passthrough
outputs (MODEx = 2) using each output’s individual
MODEXx bitsas describedin Table 13, Table 14, and Table 15.
Any output can also be programmed to ignore SYNC and

SYSREF requests by setting that output’s correspond-
ing SRQENX bit to “0”. Noting that this design example
calls for pulsed SYSREFs (MODEx = 3) and that the
FPGA management clock should always be free running
(SRQENx = 0), Table 21 summarizes each output’s mode
settings.

Table 21. Output Mode Settings for EZSync Standalone Design
Example

OUTPUT PURPOSE SRQENx | MODEx PDx
ouTo ADCO SYSREF 1 3 0
OuT1 ADCO CLK 1 0 0
ouT2 ADC1 SYSREF 1 3 0
0UT3 ADC1 CLK 1 0 0
0UT4 FPGA SYSREF 1 3 0
ouTS FPGA DEV CLK 1 0 0
0uTG FPGA MGMT CLK 0 0 0
ouT7 DACO SYSREF 1 3 0
ouT8 DACO CLK 1 0 0
ouT9 DAC1 SYSREF 1 3 0
ouT10 DAC1 CLK 1 0 0

Determining Output Divider Values

Since the desired frequencies of each output are already
determined, the output divider values can be calculated
using Equation 7. The results are shown in Table 22.

Table 22. Qutput Divide Settings for EZSync Standalone Design
Example

Frequency | Divide Value
OUTPUT PURPOSE (MHz) (Mx)
ouTo ADCO SYSREF 12.5 320
OouT™ ADCO CLK 500 8
ouT2 ADC1 SYSREF 12.5 320
ouT3 ADC1 CLK 500 8
ouT4 FPGA SYSREF 12.5 320
ouTh FPGA DEV CLK 125 32
ouTe FPGA MGMT CLK 100 40
ouT? DACO SYSREF 12.5 320
ouT8 DACO CLK 4000 1
ouT9 DAC1 SYSREF 12.5 320
ouT10 DAC1 CLK 4000 1
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Determining Output Digital Delay Values

The output digital delay is used to control phase relation-
ships between outputs. The minimum delay step is %2
of a period of the incoming VCO signal. For this design
example, the digital delay is used to place each device’s
SYSREF signal edges into aknown phase relationship toits
corresponding device clock, optimized for the set-up (ts)
and hold time (t) requirements for that device. Assume
that the optimum SYSREF edge location for each device
occurs on the first falling clock edge before the desired
SYSREF valid rising clock edge. In other words, SYSREF
should change states ¥ of a corresponding device clock
period before the SYSREF valid device clock edge. Refer
to Figure 29 for a visual example.
SYSREF

= tH < TRANSITION > 5>
TARGET RANGE

peviceslock /| NL_ |/ L

SYSREF / 6952 F29

DESIRED SYSREF
/VALID CLOCK EDGE

Figure 29. SYSREF Edge Timing Example

In order to calculate each output’s digital delay value for
this design example, use the following procedure:

1. Delay all of the JESD204B/C device clocks by half of a
period of the slowest JESD204B/C device clock. This
delay setting is equal to the divide value of the slowest
device clock because a one code digital delay equals
half of a VCO cycle. Non-JESD204B/C clocks (such
as the FPGA management clock) are not included in
this calculation. This delay value defines the desired
SYSREF valid clock edge. Inthis example, the slowest
JESD204B/C clock is the FPGA device clock:

DDELsysvalid = MrpgAcLK = 32
DDELapc-cLk = DDELsySyalig = 32
DDELpac-cLk = DDELgySyaiig = 32
DDELrpga-cLk = DDELgysyalig = 32

2. For each device clock/SYSREF pair, subtract half a
device clock period from DDELgysyqiig to find the
SYSREF delay. This is equivalent to subtracting the
corresponding divide value of the device clock, i.e.

DDELApc-sys = DDELsysyaiid — Mapc-cLk

DDELppg-sys =32 -8 =24
DDELpac-svs = DDELgysvaiid = Mpac-cLk
DDELppg-sys =32-1=31
DDELrpga-sys = DDELsysvalia — Mrpga-CLK
DDELfpga-sys=32-32=0

Table 23 summarizes the DDEL settings for all outputs.

Table 23. Qutput DDELx Settings for EZSync Standalone Design
Example

OUTPUT PURPOSE DDELx
ouTo ADCO SYSREF 24
ouT1 ADCO CLK 32
ouT2 ADC1 SYSREF 24
ouT3 ADC1 CLK 32
ouT4 FPGA SYSREF 0
ouT5 FPGA DEV CLK 32
0uT6 FPGA MGMT CLK 0
ouT7 DACO SYSREF 31
ouT8 DACO CLK 32
ouT9 DAC1 SYSREF 31
ouT10 DAC1 CLK 32

Now that the output divider and delays have been deter-
mined, the LTC6952 can be programmed.

Status Register Programming

This example will use the STAT pin to alert the system
wheneverthe LTC6952 generatesafault condition. Program
X[5], x[3], x[1] = 1 to force the STAT pin high whenever
any of the LOCK, VCOOK, or REFOK flags asserts:

Reg01 = h2A

Rev 0

44

For more information www.analog.com


https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

APPLICATIONS INFORMATION

Power and FILT Register Programming

For correct PLL operation, all internal blocks should be
enabled. Additionally, the REF and VCO input signals have
a sufficient slew rate and power to not need the FILT or
BST bits:

Reg02 = h00

Output Power-Down Programming

During initial setup and synchronization, all used outputs
and the SRQ circuitry should be set to full power. These
bits will be used later to place the IC in a lower power
mode while waiting for SYSREF requests:

Reg03 = h00
Reg04 = h00
Reg05 = h00

RAO and PARSYNC Programming

PARSYNC should be set to “0” since this example is not
a ParallelSync application. RAQO should also be set to “0”
unless a highly accurate reference input to clock output
timing is required.

Lock Detect Programming

Next, determine the lock indicator window from fpgp.
From Table 4 we see that LKWIN = 0 with a tpyw of 3ns.
The LTC6952 will consider the loop “locked” as long as
the phase coincidence at the PFD is within +3ns, or 108°
as calculated below.

phase = 360° « tyyw ® TPrD
=360°* 3n * 100M
~108°

Largervalues of COUNTS lead to more accurate and stable
lock indications at the expense of longer lock indication
times. A COUNTS value of 2048 will work for this applica-
tion. From Table 5, LKCT[1:0] = 3 for 2048 counts.

R and N Divider Programming

The previously determined R and N divider values are 1
and 40, respectively. Using these values and the PARSYNC
and lock detector values, registers 6 through 9 can be
programmed:

Reg06 = h0C
Reg07 = h01
Reg08 = h00
Reg09 = h28

Charge Pump Function and Current Programming

Disable all the charge pump functions (CPMID, CPWIDE,
CPRST, CPUP CPDN, and CPINV), allowing the loop to
lock. Using Table 6 with the previously selected Igp of
11.2mA gives CP[4:0] = h13.

SYNC and SYSREF Global Modes Programming

Bit EZMD controls whetherthe ICis an EZSync standalone/
controller (“0”) or follower (“1”). Since this example is an
EZSync standalone application, set bit EZMD to “0”. Bit
SRQMD determines if the part is in synchronization mode
(“0”) or SYSREF request mode (“1”). SYSCT programs
the number of pulses for any output in pulsed SYSREF
mode (# pulses = 25YSCT 5o SYSCT = 2 to achieve four
pulses for this example). Combining this information with
the previously determined charge pump controls, registers
hOA and hOB can be programmed:

Reg0A = h13
Reg0B = h04

Note that the SSRQ bit will remain “0” for now, but will be
used later during the synchronizationand SYSREF request
procedures. Also, the EZS_SRQ* pins should be grounded
because the synchronization and SYSREF requests will be
accomplished through software control of the SSRQ bit.

Output Divider, Delay and Function Programming

Four registers for each output allow the outputs to be
configured independently of each other. The first register
controls the output divide ratio throughtwo control words,
MPx and MDx, as described in Equation 1.
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The second register contains the control modes and the
most significant bits of the digital delay control word. The
third register contains the remainder of the digital delay
control word, and the fourth register is the analog delay
control.

Both the analog delay and the output invert (OINVXx) bits
can be usedto correct PC board layout issues such as mis-
matched trace lengths and differential signal crossovers,
respectively. Note that the use of analog delay on clock
signals will degrade jitter performance. For this example,
assume the PC board is laid out in an ideal manner and
no output inversions or analog delays are needed. With
this information, all of registers hOC through h37 can be
programmed to the values in Table 24, calculated using
the information in Table 20, Table 21 (with Equation 1),
and Table 22.

Table 24. Output Register Settings for EZSync Standalone Design
Example

ADDR Value ADDR Value ADDR Value
hoC h9C h1C h9C h2C h0o
hoD hEO h1D hEO h2D h80
hOE h18 h1E h00 h2E h20
hOF h0o h1F h0o h2F h0o
h10 h38 h20 hF8 h30 h9C
hi1 h80 h21 h80 h31 hEO
h12 h20 h22 h20 h32 h1F
h13 h0o h23 h0o h33 h0o
hi4 h9C h24 h99 h34 h00
h15 hEO h25 h0o h35 h80
h16 h18 h26 h0o h36 h20
h17 h00 h27 h00 h37 h00
h18 h38 h28 h9C
h19 h80 h29 hEQ
h1A h20 h2A h1F
h1iB h0o h2B h00

Synchronization

The outputs in this example are now running at the desired
frequency, but have random phase relationships with
each other. Synchronization forces the outputs to run at
known and repeatable phases and can be achieved in this
example either externally, by driving the EZS_SRQ* pins,

or internally, with the SSRQ bit in Reg0B. Since the part
was just programmed, set the SSRQ bit to “1” and hold
the EZS_SRQ* pins low:

Reg0B = h05
After waiting a minimum of 1ms, set SSRQ to “0”:
Reg0B = h04

Once the internal synchronization process completes, the
outputs will be aligned as shown in Figure 30. Note that the
internal divider behavior for the muted SYSREF outputs
is shown as well as the actual outputs to demonstrate the
phase alignment following synchronization.

Putting the IC into a Lower Power Mode (Optional)

If desired, the LTC6952 can be placed into a lower power
mode while awaiting a SYSREF request. This is achieved
by setting PDx = 2 for all SYSREF-defined outputs. This
powers down the output driver circuitry but leaves the
internal divider running and in the correct phase relation-
ship to the clocks.

Performing a SYSREF Request

To produce SYSREF pulses, write a “1” to SRQMD and
take the LTC6952 out of low power mode (if used) by
writing all the SYSREF output PDx bits to “0”. Wait 50ps
to allow circuitry to power up. Send the SYSREF request
by writing a “1” to the SSRQ bit in Reg0B:

Reg0B = h05
After waiting a minimum of 1ms, set SSRQ to “0”:
Reg0B = h04

Place the IC back into low power mode if desired by writing
a“0”to SRAMD and setting PDx =2 for all SYSREF defined
outputs. After the rising edge of the SYSREF request, the
SYSREF outputs will pulse four times and then return to
a “0” state as shown in Figure 31.
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Figure 30. Outputs after Synchronization for the EZSync Standalone Design Example (SRQMD=0)
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Figure 31. Outputs after SYSREF Request for the EZSync Standalone Design Example (SRQMD =1)
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JESD204B/C DESIGN EXAMPLE USING EZSync MULTI-  generate, with frequencies listed below. For this example,
CHIP the SYSREF frequencies for all devices are the same and

This design example consists of a system of four should output four pulses upon a SYSREF request rising

JESD204B/C analog-to-digital converters (ADCs), four €498

JESD204B/C digital-to-analog converters (DACs), and a fanc-cLk = 500MHz
JESD204B/C compatible FPGA. All of the data converters f _ 4000MHz
(ADCs and DAGs) and the FPGA require JESD204B/C DAC-CLK

subclass 1 defined device clocks and SYSREFs, and the frpa-cLK = 125MHz
FPGA requires an extra management clock. Additionally, fepeaan = 100MHz
the ADCs require a low noise clock of less than 100fs total

RMS jitter. This leads to a total of 19 separate signalsto ~ fsvsRer = 12.5MHz

SYSREF
VCO ADCO ==
LF(s) ~ CLK
LTC6952
CONTROLLER VCO* | \—|SYSREF
ADC1  [==
CLK
REF
———| SYSREF
@—-I RDIV NDIV SYNC AND ADG2 [t
SYSREF CTRL —
EZS_SRQ* > ’ « =
| E SYSREF
= SSRQ BIT ADC3 ==t
| | /oK
MGMT CLK

LTC6953 DEV CLK
FOLLOWER s
K7 SYSREF
DACO [*
LK
N SYSREF
—
! DAC
Ezs_sra* | L~ LK
SSRQ BIT E
SYSREF
DAC? |¢d
INPUT/OUTPUT TERMINATIONS AND CLK
AC COUPLING CAPS NOT SHOWN
SYSREF
DAC3 =
CLK

6952 F32

Figure 32. Block Diagram for JESD204B/C EZSync Multi-Chip Design Example
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To determine which multi-chip configuration to use, we
utilize the flowchart in Figure 15. This example has nine
total JESD204B/C device clock/SYSREF pairs, four of which
need to be less than 100fs total jitter. We also need one
additional non-low noise standalone clock for the FPGA.
Therefore:

TP=9
LNP =4
TS =1
LNS=0

Based on these inputs, Figure 15 suggests using the
EZSync Multi-Chip protocol with request passthrough
topology shown in Figure 12, using one CONTROLLER
and one FOLLOWER chip. Noting that the use of LTC6953
for any FOLLOWER chips is recommended, Figure 32
shows a block diagram of the full system. OUT8 of the
CONTROLLER LTC6952 is driving the IN* inputs of the
FOLLOWER LTC6953. This output is referred to as the
“follower-driver” output. OUT9 of the CONTROLLER is
driving the EZS_SRQ* pins of the FOLLOWER, and is
therefore the SYNC/SRQ passthrough output. Also notice
that the CONTROLLER clock outputs are the lowest jitter
clocks, and should therefore be used to drive the ADCs.

Reference and VCO Assumptions

For this example, assume the available reference is a
100MHz sine wave oscillator with 8dBm output power, and
the VCO is a 4000MHz oscillator with a Kygg of 5SMHz/V,
output power of 7dBm, and phase noise of —115dBc/Hz
at 10kHz.

fREF = 100MHz
fyco = 4000MHz
Kvco = SMHz/V

Design Procedure

Designing and enabling this clock generation solution
consists of the following steps:

Determine CONTROLLER R and N divider values
Determine the optimum loop bandwidth
Select loop filter component values

Determine all output modes for CONTROLLER and
FOLLOWER

Determine all M divider values

s L

o

6. Determine all digital delay values

7. Programthe ICswiththe correct divider values, output
delays, and other settings

8. Synchronize the outputs

9. Place the SYSREF outputs in a lower power mode
until the next SYSREF request (optional, see Opera-
tions section)

10. Place ICsinto SYSREF request mode (SRQMD=1) and
send a SYSREF request when needed

11. Return IC into SYNC mode (SRQMD=0) and place the
SYSREF outputs into a lower power mode for power
savings (optional).

Note that synchronization MUST be performed before a
SYSREF request. The synchronization must be repeated
only if the divider setting is changea, or if the divider is
powered down.

Determining CONTROLLER R and N Divider Values

Following the “Loop Filter Design” algorithm, first deter-
mine all the divider values. From the Electrical Charac-
teristics, the maximum fpgp is 167MHz, which is larger
than the frgr of 100MHz. Therefore R should be 1 noting
that maximizing fprp in a data converter application will
minimize integrated jitter. Use Equation 4 to determine
fprp and Equation 6 to determine N:

R=1
fpep = free/R = 100MHz
N = fyco/fprp = 40
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Selecting Loop Bandwidth

The next step in the algorithm is choosing the open loop
bandwidth. The maximum BW should be at least 10x
smaller than fprp. Most data converter applications will
place the bandwidth at the optimal intersection of VCO
noise and in-band noise. Narrower bandwidths or higher
order loop filters can be used to lower spurious power. For
this example, the third-order loop filter shown in Figure 24
will be used.

After inputting the external VCO phase noise and Kygg
characteristics, the LTC6952Wizard reports the thermal
noise optimized loop bandwidth is approximately 16kHz.

Loop Filter Component Selection

For the lowest in-band phase noise, Igp should be set to
the highest value possible that results in practical loop
filter component values. Therefore, Igp for our example
is chosen to be 11.2mA. LTC6952Wizard uses Equation
9 to determine Ry:

Rz=2eme 16k *40/(11.2m « 5M)
Rz=71.8Q ~71.5Q

The LTC6952Wizard uses Equation 10 through 13 to
calculate G, Cp, Go, and Ry:

Ci=4/(me 16k 71.5) = 1.114F = 1.2F
Cp=1/(12 s 16k » 71.5) = 23.2nF ~ 22nF
Co=1/(18 T * 16k * 71.5) = 15.5nF ~ 15nF
Ry = 7150

Note that resistors are rounded to standard +1% values,
and capacitors are rounded to standard +10% values.

Determining Output Modes

All outputs can be programmed as clocks (MODEx=0),
SYSREFs (MODEx = 1 or 3), or SYNC/SRQ passthrough
outputs (MODEx=2) using each output’sindividual MODEx
bits as described in Table 13, Table 14, and Table 15. Any
outputcanalso be programmedtoignore SYNCand SYSREF
requests by setting that output’s corresponding SRQENX
bit to “0”. Noting that this design example calls for pulsed
SYSREFs (MODEx =3) and thatthe FPGA management clock

should always be free running (CONTROLLER SRQEN10
=0), Table 25 summarizes each output’s mode settings.

Table 25. Qutput Mode Settings for EZSync Multi-Chip Design
Example

IC | ouTPUT PURPOSE SRQENX | MODEx | PDx
ouTo ADCO SYSREF 1 3 0
OUTH ADCO CLK 1 0 0
ouT2 ADC1 SYSREF 1 3 0
o« | 0uT3 ADC1 CLK 1 0 0
3| out4 ADC2 SYSREF 1 3 0
2 | outs ADC2 CLK 1 0 0
'CE, 0uT6 ADC3 SYSREF 1 3 0
< | outr ADC3 CLK 1 0 0
0uT8 FOLLOWER VCO 1 0 0
OUT9 | FOLLOWEREZS_SRQ | 1 2 0
OUT10 | FPGA MGMT CLK 0 0 0
ouTo Unused 0 0 3
OUTt FPGA SYSREF 1 3 0
ouT2 FPGA DEV CLK 1 0 0
ouT3 DACO SYSREF 1 3 0
g ouT4 DACO CLK 1 0 0
S | outs DAC1 SYSREF 1 3 0
S | oute DAC1 CLK 1 0 0
ouT? DAG2 SYSREF 1 3 0
0uT8 DAG2 CLK 1 0 0
0uT9 DAC3 SYSREF 1 3 0
0uT10 DAC3 CLK 1 0 0

Determining Output Divider Values

Once the desired frequencies of the outputs are deter-
mined, the output divider values can be calculated. The
ADC, DAC,and FPGA clock frequencies are already known,
which leaves the two CONTROLLER outputs that drive
the FOLLOWER to be described. Since OUT8 of the CON-
TROLLER drives the FOLLOWER VCO input, its frequency
must be equal to, or larger than, the highest FOLLOWER
frequency. Therefore:

fcont-outs = 4000MHz

Additionally, when using the software-controlled EZSync
configurationinaJESD204B/C application, the CONTROL-
LER output which drives the FOLLOWER’s EZS_SRQ
inputs should be set to the same frequency as the SYSREF
frequency (or the slowest SYSREF frequency if multiple
SYSREF periods are used).

foonr-oute = 12.5MHz
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Now that all frequencies are known, use Equation 7 to
determinethe outputdividervalues. The results are shown
in Table 26.

Table 26. Output Divide Settings for EZSync Multi-Chip Design
Example

Frequency | Divide Value
IC | ouTPUT PURPOSE (MHz) (Mx)
0UTO ADCO SYSREF 125 320
0UT ADCO CLK 500 8
0UT2 ADC1 SYSREF 125 320
0UT3 ADC1 CLK 500 8
&5 | outs ADC2 SYSREF 125 320
S [ ouTs ADC2 CLK 500 8
= | outs ADC3 SYSREF 125 320
< [ out? ADC3 CLK 500 8
E FOLLOWER VCO 4000 1
OUT9 | FOLLOWEREZS_SRQ | 125 320
OUT10 | FPGA MGMT CLK 100 40
ouTo Unused N/A N/A
0UT FPGA SYSREF 125 320
0UT2 FPGA DEV CLK 125 32
0UT3 DACO SYSREF 125 320
= [ ouTs DACO CLK 4000 1
S [ outs DACT SYSREF 125 320
S | oute DAC1 CLK 4000 1
0uT? DAC2 SYSREF 125 320
E DAC2 CLK 4000 1
0UTY DAC3 SYSREF 125 320
0UT10 DAC3 CLK 4000 1

Determining Output Digital Delay Values

The output digital delay is used to control phase rela-
tionships between outputs. The minimum delay step is
5 of a period of the incoming VCO signal. For this design
example, the digital delay is used to place each device’s
SYSREF signal edges into aknown phase relationshiptoits
corresponding device clock, optimized for the set-up (tg)
and hold time (ty) requirements for that device. Assume
that the optimum SYSREF edge location for each device
occurs on the first falling clock edge before the desired
SYSREF valid rising clock edge. In other words, SYSREF
should change states %2 of a corresponding device clock
period before the SYSREF valid device clock edge. Refer
to Figure 29 for a visual example.

For EZSync multi-chip synchronization, the CONTROLLER
output which drives the FOLLOWER VCO input (follower-
driver) must output seven pulses before the FOLLOWER
outputs begin. This meansthatany CONTROLLER outputs
which should be aligned with the FOLLOWER outputs
(follower-synchronous) must be delayed by the same
amount of time as the seven pulses, leading to a delay
offset for each of these follower-synchronous outputs
(DDELfs-0s):

DDELfs.qs = 14 * Mp + DDELgp (17)

where Mgp and DDELgp are the divider value and digital
delay value, respectively, of the follower-driver. In most
applications, DDELgp will be set to 0.

In order to calculate each output’s delay value for this
design example, use the following procedure:

1. Delay all of the JESD204B/C device clocks by half of a
period of the slowest JESD204B/C device clock. This
delay setting is equivalent to the divide value of the
slowest device clock since a one code digital delay
equals half of a VCO cycle. Non-JESD204B/C clocks
(suchasthe FPGA managementclock) are notincluded
inthis calculation. This delay value defines the desired
SYSREF valid clock edge. Inthis example, the slowest
JESD204B/C clock is the FPGA device clock:

DDELsysvaiid = Mrpga-cLK = 32

DDELapg-cLK = DDELsySyalig = 32
DDELpac-ck” = DDELsysvalig = 32
DDELrpga-cLK = DDELsySyalig = 32

2. For each device clock/SYSREF pair, subtract half a
device clock period from DDEL to find the SYSREF
delay. Thisis equivalentto subtracting the correspond-
ing divide value of the device clock, i.e.

DDELapg-sys” = DDELgysyaiid = Mapc-cLk

DDELapc-gys” = 32— 8 = 24
DDELpac-sys” = DDELsysyaiid — Mpac-cLk
DDELpac.sys” = 32- 1 = 31

DDELfpga-sys = DDELsysyaiia — MrpGA-CLK
DDELfpga-sys =32-32=0
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3. Adjust for CONTROLLER vs FOLLOWER outputs.
Any CONTROLLER output that is synchronous with
the FOLLOWER must have the delay offset from
Equation 17 added to its DDEL value. FOLLOWER
outputs need no adjustment. For this example, the
ADCCLKsand SYSREFs comefromthe CONTROLLER:

DDELapc-cLk = DDELADG-cLK + DDELfs-0s
DDELpe.cLk = 32 + 14 = 46

DDELapg-sys = DDELapc-sys” + DDELfs-os
DDELapc.gys = 24 + 14 = 38

DDELpag-cLk = DDELpac-cLk” + 0 = 32
DDELpag-sys = DDELpac-sys™ + 0 = 31
DDELrpga-cLk = DDELFpga-cLk” + 0 = 32
DDELrpga-sys = DDELppga-sys +0=0

Eventhough CONTROLLER OUT9is only passing through
the SYNG/SRQ pulse, its digital delay should be set so
that its edges occur at the same time as the latest occur-
ring SYSREF in the overall system. This is to ensure that
future SYSREF requests are aligned properly. Note that
the delay offset from Equation 17 will need to be added
as well since it is located on the CONTROLLER part. The
latest occurring SYSREF is the DAC SYSREF, therefore:

DDELoyrg = DDELpac-sys + DDELFs-0s
DDELgyre=31+14=45

The follower-driver digital delay is set to 0 in this example:
DDELfp = DDELgyrg =0

Table 27 summarizes the DDEL settings for all outputs.

Table 27. Output DDELx Settings for EZSync Multi-Chip Design
Example

IC | outPUT PURPOSE DDELx
0UT0 ADCO SYSREF 38
U ADCO CLK 16
0uT2 ADC1 SYSREF 38
0uT3 ADC1 CLK 16
&5 [ out4 ADC2 SYSREF 38
S [ outs ADC2 CLK 46
Z [ oute ADC3 SYSREF 38
< [Tout7 ADC3 CLK 16
0uTs FOLLOWER VCO 0
0uT9 FOLLOWER EZS_SRQ 45
0uT10 FPGA MGMT CLK 0
0uTo Unused /A
ouTt FPGA SYSREF 0
ouT2 FPGA DEV CLK 32
0uT3 DACO SYSREF 31
= [ ouTs DACO CLK 32
S | ous DACT SYSREF 31
35 | oute DAC1 CLK 32
ouT? DAC2 SYSREF 31
0uTs DAC2 CLK 32
0UT9 DAC3 SYSREF 31
0uT10 DAC3 CLK 32

Now that the output divider and delays have been deter-
mined, the ICs can be programmed.
Status Register Programming

This example will use the STAT pin to alert the system
whenever the LTC6952 generates a fault condition. For
the CONTROLLER, program x[5], x[3], x[1] = 1 to force
the STAT pin high whenever any of the LOCK, VCOOK, or
REFOK flags asserts:

CONTROLLER Reg01 = h2A
For the FOLLOWER, only the VCOOK flag is valid:
FOLLOWER Reg01 = h08
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Power and FILT Register Programming

Forcorrect PLL operationonthe CONTROLLER, allinternal
blocks should be enabled. Additionally, the REF and VCO
input signals have a sufficient slew rate and power to not
need the FILT or BST bits:

CONTROLLER Reg02 = h00
The FOLLOWER doesn’t need the FILTV bit either:
FOLLOWER Reg02 = h00

Output Power-Down Programming

During initial setup and synchronization, all used outputs
should be set to full power. These bits will be used later
to place the ICs in a lower power mode while waiting for
SYSREF requests:

CONTROLLER Reg03 = h00
CONTROLLER Reg04 = h00
CONTROLLER Reg05 = h00
FOLLOWER Reg03 = h03
FOLLOWER Reg04 = h00
FOLLOWER Reg05 = h00

RAO and PARSYNC Programming

PARSYNC should be setto “0” forthe CONTROLLER since
this example is not a ParallelSync application. RAO should
also be setto “0” unless a highly accurate reference input-
to-clock output timing is required. Note that RAQ for the
LTC6953 FOLLOWER is not applicable.

Lock Detect Programming (CONTROLLER Only)

Next, determine the lock indicator window from fpgp.
From Table 4 we see that LKWIN = 0 with a tpyw of 3ns.
The LTC6952 will consider the loop “locked” as long as
the phase coincidence at the PFD is within +3ns, or 108°
as calculated below.

phase = 360° * tpww © fprp
= 360° * 3n * 100M
~108°

Largervalues of COUNTS lead to more accurate and stable
lock indications at the expense of longer lock indication
times. A COUNTS value of 2048 will work for this applica-
tion. From Table 5, LKCT[1:0] = 3 for 2048 counts.

R and N Divider Programming

The previously determined R and N divider values for the
CONTROLLER are 1 and 40, respectively. R and N for
the FOLLOWER are not applicable and can be set to 0.
Using these values and the PARSYNC and lock detector
values, registers 6 through 9 can be programmed for the
CONTROLLER:

CONTROLLER Reg06 = h0C
CONTROLLER Reg07 = h01
CONTROLLER Reg08 = h00
CONTROLLER Reg09 = h28

Notethatregisters 6through9forthe LTC6953 FOLLOWER
are not applicable.

Charge Pump Function and Current Programming

Disable all the charge pump functions (CPMID, CPWIDE,
CPRST, GPUP CPDN, and CPINV), allowing the loop to
lock. Using Table 6 with the previously selected Igp of
11.2mA gives CP[4:0] = h13. The FOLLOWER charge
pump settings are not applicable.

SYNC and SYSREF Global Modes Programming

Bit EZMD controls whetherthe ICis an EZSync standalone/
controller (“0”) or follower (“1”). Bit SRQMD determines
if the part is in synchronization mode (“0”) or SYSREF
request mode (“17). SYSCT programs the number of
pulses for any output in pulsed SYSREF mode (# pulses
= 25YSCT 5o SYSCT = 2 to achieve four pulses for this
example). Combining this information with the previously
determined charge pump controls, registers hOA and hOB
can be programmed:

CONTROLLER Reg0A = h13
CONTROLLER Reg0B = h04
FOLLOWER RegOA = N/A
FOLLOWER Reg0B = h14
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Note that the SSRQ bits will remain “0” for now, but will
be used later during the synchronization and SYSREF
request procedures.

Output Divider, Delay and Function Programming

Four registers for each output allow the outputs to be
configured independently of each other. The first register
controlsthe output divide ratio throughtwo control words,
MPx and MDx, as described in Equation 1.

The second register contains the control modes and the most
significant bits of the digital delay control word. The third
register contains the remainder of the digital delay control
word, and the fourth register is the analog delay control.

Both the analog delay and the output invert (OINVx) bits
can be used to correct PC board layout issues such as
mismatched trace lengths and differential signal crossovers,
respectively. Notethatthe use ofanalog delay on clock signals
will degrade jitter performance. For this example, assume
the PC board is laid out in an ideal manner and no output
inversions or analog delays are needed. With this informa-
tion, all of registers hOC through h37 for both CONTROLLER
and FOLLOWER can be programmed to the values in Table
28 and Table 29, calculated using the information in Table
25, Table 26 (with Equation 1), and Table 27.

Table 28. CONTROLLER Output Register Settings for EZSync
Multi-Chip Design Example

ADDR Value ADDR Value ADDR Value
hoC h9C h1C h9C h2C h0o
hoD hEOD hiD hEOD h2D h80
hOE h26 hiE h26 h2E hoo
hOF h0o h1F h0o h2F hoo
h10 h38 h20 h38 h30 h9C
h11 h80 h21 h80 h31 hCO
h12 h2E h22 h2E h32 h2D
h13 h0o h23 h0o h33 h0o
h14 h9C h24 h9C h34 h99
h15 hEOQ h25 hEO h35 h00
h16 h26 h26 h26 h36 h00
h17 h00 h27 h00 h37 hoo
h18 h38 h28 h38
h19 h80 h29 h80
h1A h2E h2A h2E
h1B h0o h2B hoo

Table 29. FOLLOWER Output Register Settings for EZSync Multi-
Chip Design Example

ADDR Value ADDR Value ADDR Value
hoC h0o hiC h00 h2C h00
hoD h0o hiD h80 h2D h80
hOE h00 h1E h20 h2E h20
hOF h0o hiF h00 h2F h00
h10 h9C h20 h9C h30 h9C
h11 hEO h21 hEO h31 hEO
h12 h00 h22 h1F h32 h1F
h13 h0o h23 h00 h33 h0o
h14 hF8 h24 h00 h34 h00
h15 h80 h25 h80 h35 h80
h16 h20 h26 h20 h36 h20
h17 h00 h27 h00 h37 h00
h18 h9C h28 haC
h19 hEO h29 hEQ
hiA h1F h2A h1F
h1B h0o h2B h0o0

Synchronization

The outputsinthis example are now running at the desired
frequency, but have random phase relationships with
each other. Synchronization forces the outputs to run at
known and repeatable phases and can be achieved in this
example either externally, by driving the CONTROLLER’s
EZS_SRQ* pins, or internally, with the CONTROLLER’s
SSRAQ bit in Reg0B. Since the part was just programmed,
set the SSRQ bit to “1” and hold the EZS_SRQ* pins low:

CONTROLLER Reg0B = h05
After waiting a minimum of 1ms, set SSRQ back to “0”:
CONTROLLER Reg0B = h04

Once the internal synchronization process completes, the
outputs will be aligned as shown in Figure 33. Note that the
internal divider behavior for the muted SYSREF outputs
is shown as well as the actual outputs to demonstrate the
phase alignment following synchronization. Also notice
thatall FOLLOWER outputs will have additional delay from
the CONTROLLER outputs equal to the FOLLOWER’s tpp
as described in the Electrical Characteristics.
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Putting the ICs into a Lower Power Mode (Optional)

If desired, both ICs can be placed into lower power modes
while awaiting a SYSREF request. This is achieved by set-
ting PDx = 2 for all SYSREF-defined outputs. This powers
down the output driver circuitry but leaves the internal
divider running and in the correct phase relationship to
the clocks.

Performing a SYSREF Request

To produce SYSREF pulses, write a “1” to SRQMD and
take the parts out of low power mode (if used) by writing
all the SYSREF output PDx bits to “0”. Wait 50ps to allow

EZS_SRQ or SSRQ BIT I
)

circuitry to power up. Send the SYSREF request by writing
a “1” to the CONTROLLER SSRQ bit in Reg0B:

CONTROLLER Reg0B = h05
After waiting a minimum of 1ms, write Reg0B again:
CONTROLLER Reg0B = h04

Place the ICs backinto low power mode if desired by writing
a“0”to SRQMD and setting PDx =2 forall SYSREF-defined
outputs. After the rising edge of the SYSREF request, the
SYSREF outputs will pulse four times and then return to a
“0” state as shown in Figure 34. Note that the FOLLOWER
SYSREF pulses may not start and stop at exactly the same
time asthe CONTROLLER’s. Thisis notan issue, since the
SYSREF edges will still be aligned correctly.

CONTROLLER OUTPUTS

FOLLOWER DRIVER
vy [INUTRANMTTAR AR AR

SYNC PASSTHROUGH
(0UTY) | 2
ADC DEVICE CLOCKS
(0UT1, 3,5 AND 7)
ADC SYSREFs

(MUTED 0UTO, 2, 4 AND 6)

INTERNAL ADC SYSREF DIVIDERS

(MUTED OUTO0, 2, 4 AND6) ===m----memceeeeeeeeecmem————===

FPGA MANAGEMENT CLOCK
(OUT?2) J

NOT SYNCHRONIZED, PHASE UNDETERMINED

FOLLOWER OUTPUTS

DAC DEVICE CLOCKS
(OUT4, 6, 8 AND 10)

DAC SYSREFs
(MUTED 0UTS, 5, 7 AND 9)

INTERNAL DAC SYSREF DIVIDERS

(MUTED OUT3,5,7AND 9) mmcmcme e e e mmmmm e e m—————————

FPGA DEVICE CLOCK
(0UT2)

FPGA SYSREF
(MUTED OUT1)

INTERNAL FPGA SYSREF DIVIDER oo TTTETTE T

(MUTED OUT1)  mmmmmmmmmmmm e mmem e d

SYSREF VALID CLOCK EDGE
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Figure 33. Outputs after Synchronization for the EZSync Multi-Chip Design Example (SRQMD=0)
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EZS_SRQ OR SSRQ BIT J

CONTROLLER OUTPUTS

FOLLOWER DRIVER
(0UT8)

4000MHz

SYSREQ PASSTHROUGH
(0UT9) A

ADC DEVICE CLOCKS
(OUT1, 3,5 AND 7)

500MHz

ADC SYSREFs I_l |' |
(0UTO, 2, 4 AND 6)

I

FPGA MANAGEMENT CLOCK
(0UT10)

100MHz

FOLLOWER OUTPUTS

DAC DEVICE CLOCKS
(OUT4, 6, 8 AND 10)

4000MHz

DAC SYSREFs |_|
(0UT3, 5,7 AND 9) g |_| |_|_|

FPGA DEVICE CLOCK
(ouT2)

125MHz

FPGA SYSREF M
(0UT1)

[ LI
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Figure 34. Outputs after SYSREF Request for the EZSync Multi-Chip Design Example (SRQMD=1)

JESD204B/C DESIGN EXAMPLE USING ParallelSync

This design example consists of a system of eight
JESD204B/C analog-to-digital converters (ADCs) and a
JESD204B/C compatible FPGA. All of the ADCs and the
FPGA require JESD204B/C subclass 1 device clocks and
SYSREFs, and the FPGA requires an extra management
clock. Additionally, the ADCs require low noise clocks of
less than 100fs total RMS jitter. This leads to a total of
19 separate signals to generate, with frequencies listed
below. For this example, the SYSREF frequencies for all
devices are the same and should output four pulses upon
a SYSREF request rising edge:

fADC-CLK =294.912MHz
fFPGA-CLK =147.456MHz
fFPGA-IVIGIVIT = 98.304MHz
fSYSREF = 9.216MHz

To determine which multi-chip configuration to use, we
utilize the flowchart in Figure 13. This example has nine
total JESD204B/C device clock/SYSREF pairs, eight of
which need to be less than 100fs total jitter. We also need
one additional non-low noise standalone clock for the
FPGA. Therefore:

TP=9
LNP =8
TS =1
LNS=0

Based ontheseinputs, Figure 15 suggests using the Paral-
lelSync Multi-Chip protocol with LTC6953 Reference Dis-
tributiontopology shownin Figure 14, using one LTC6953
as the reference distribution chip (REF LTC6953) and two
LTC6952s in parallel to generate the clocks (LTC6952 #1
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Figure 35. Block Diagram for JESD204B/C ParallelSync with LTC6953 Reference Distribution Design Example

and LTC6952 #2). Figure 35 shows a block diagram of the
full system. Note that OUTO of the reference LTC6953 is
driving the REF*inputs of LTC6952 #1 and OUTT is driving
the EZS_SRQ* pins of LTC6952 #1. Likewise, OUT2 of the
reference LTC6953 is driving the REF* inputs of LTC6952
#2 and OUT3 is driving the EZS_SRQ* pins of LTC6952
#2. All outputs in this configuration are low RMS jitter
(~75fs ADC SNR Method).

Reference and VCO Assumptions

For this example, assume the available reference is a
245.76MHz sine wave oscillator with 8dBm output power,
and the VCOs are 2949.12MHz oscillators with a Kygg
of 15MHz/V, output power of 6dBm, and phase noise of
-112dBc/Hz at 10kHz.

fREF = 245.76MHz
fyco = 2949.12MHz
Kvco = 19MHz/V
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Design Procedure

The design procedure for ParallelSync is similarto EZSync:
Determine R and N divider values for all ICs
Determine the optimum loop bandwidth(s)

Select loop filter component values

Determine output modes for all ICs

Determine all M divider values

Determine all digital delay values

N o ok~ w o~

Programthe ICs with the correct divider values, output
delays, and other settings

8. Synchronize the reference distribution part (if neces-
sary)

9. Synchronize the parallel LTC6952 outputs

10. Place the SYSREF outputs in a lower power mode
until the next SYSREF request (optional, see Opera-
tions section)

11. Place ICsinto SYSREF request mode (SRQMD=1) and
send a SYSREF request when needed

12. Return IC into SYNC mode (SRQMD=0) and place the
SYSREF outputs into a lower power mode for power
savings (optional).

Note that synchronization MUST be performed before a
SYSREF request. The synchronization must be repeated
only if the divider setting is changea, or if the divider is
powered down.

Determining R and N Divider Values

The reference LTC6953 does not have a PLL, so R and N
do not apply. However, it can divide the incoming refer-
ence so that it falls below the 167MHz upper limit for the
parallel parts’ fprp. In this example, the output dividers
of the reference clock outputs of the reference LTC6953
can be setto 2, leading to an effective reference frequency
of 122.88MHz for the parallel parts. Following the “Loop
Filter Design” algorithm for the two parallel LTC6952s, R
should be 1 noting that maximizing fprp in a data converter

application will minimize integrated jitter. Use Equation 4
to determine fprp and Equation 6 to determine N:

R=1
fPFD = fREF/R =122.88MHz
N = fyco/fprp = 24

Selecting Loop Bandwidth

The next step in the algorithm is choosing the open loop
bandwidth for the parallel LTC6952s. The maximum BW
should be at least 10x smaller than fpgp. Most data con-
verter applications will place the bandwidth at the optimal
intersection of VCO noise and in-band noise. Narrower
bandwidths or higher order loop filters can be used to
lower spurious power. For this example, the third-order
loop filter shown in Figure 24 will be used.

After inputting the external VCO phase noise and Kygo
characteristics, the LTC6952Wizard reports the thermal
noise optimized loop bandwidth is approximately 38kHz.
Loop Filter Component Selection

For the lowest in-band phase noise, Igp should be set to
the highest value possible that results in practical loop
filter component values. Therefore, Igp for our example
is chosen to be 11.2mA. LTC6952Wizard uses Equation
9 to determine Rz:

Ry =27 38k * 24/(11.2m « 15M)
R;=34.1Q~34

The LTC6952Wizard uses Equation 10 through 13 to
calculate Gy, Cp, Co, and Ry:

Cy = 4/( » 38k * 34) = 985nF ~ 1.04F
Cp=1/(12 70 38k » 34) = 20.5nF ~ 22nF
Cy = 1/(18 * T+ 38K  34) = 13.7nF ~ 15nF
Ry = 34Q

Note that resistors are rounded to standard +1% values,
and capacitors are rounded to standard +10% values.
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Determining Output Modes

All outputs can be programmed as clocks (MODEx = 0),
SYSREFs (MODEx = 1 or 3), or SYNC/SRQ passthrough
outputs (MODEx = 2) using each output’s individual
MODEX bits as described in Table 13, Table 14, and Table
15. Any output can also be programmed to ignore SYNC
and SYSREF requests by setting that output’s SRQENX bit
to “0”. Noting that this design example calls for pulsed
SYSREFs (MODEx = 3) and that the FPGA management
clock should always be free running (SRQENx = 0),
Table 30 summarizes each output’s mode settings.

Table 30. Output Mode Settings for ParallelSync Example

IC | ouTPUT PURPOSE SRQENX | MODEx | PDx
0uTo LTC6952 #1 REF 1 0 0
8 | OUT1 | LTC6952#1EZS-SRQ | 1 2 0
S [ oum LTC6952 #2 REF 1 0 0
= | OUT3 | LTC6952 #2EZSSRA | 1 2 0
“ [outao Unused 0 0 3
ouTo Unused 0 0 3
OUTH ADCO SYSREF 1 3 0
ouT2 ADCO CLK 1 0 0
ouT3 ADC1 SYSREF 1 3 0
% | out4 ADC1 CLK 1 0 0
% 0UT5 ADC2 SYSREF 1 3 0
= | oute ADC2 CLK 1 0 0
ouT? ADC3 SYSREF 1 3 0
0UT8 ADC3 CLK 1 0 0
0UT9 Unused 0 0 3
OUT10 | FPGA MGMT CLK 0 0 0
ouTo Unused 0 0 3
OUTH FPGA SYSREF 1 3 0
ouT2 FPGA DEV CLK 1 0 0
ouT3 ADC4 SYSREF 1 3 0
« | out4 ADC4 CLK 1 0 0
% 0UT5 ADC5 SYSREF 1 3 0
= | oute ADC5 CLK 1 0 0
ouT? ADC6 SYSREF 1 3 0
0UT8 ADC6 CLK 1 0 0
0UT9 ADC7 SYSREF 1 3 0
0UT10 ADC7 CLK 1 0 0

Determining Output Divider Values

Since the desired frequencies of each output are already
known, the output divider values can be calculated using
Equation 7. Note that the reference LTC6953 EZS_SRQ
passthrough outputs’ internal dividers should be set as
shown in Table 18. The results are shown in Table 31.

Table 31. Qutput Divide Settings for ParallelSync Example

Frequency | Divide Value
IC | OUTPUT PURPOSE (MHz) (Mx)
ouTo LTC6952 #1 REF 122.88 2
2 | OUTl | LTC6952#1EZS-SRQ | 122.88 2
é ouT2 LTC6952 #2 REF 122.88 2
4 | OUT3 | LTC6952 #2 EZS-SRQ | 122.88 2
- 0uT4-10 Unused N/A N/A
0ouTo Unused N/A N/A
ouT ADCO SYSREF 9.216 320
ouT2 ADCO CLK 294.912 10
ouT3 ADC1 SYSREF 9.216 320
% | ouT4 ADC1 CLK 294.912 10
% ouTS ADG2 SYSREF 9.216 320
= | ouTé ADC2 CLK 294.912 10
ouT7 ADC3 SYSREF 9.216 320
ouT8 ADC3 CLK 294.912 10
ouT9 Unused N/A N/A
ouT10 FPGA MGMT CLK 98.304 30
ouTo Unused N/A N/A
ouT FPGA SYSREF 9.216 320
ouT2 FPGA DEV CLK 147.456 20
ouT3 ADC4 SYSREF 9.216 320
DN ouT4 ADC4 CLK 294.912 10
% 0uUT5 ADC5 SYSREF 9.216 320
= | ouTé ADC5 CLK 294.912 10
ouT7 ADC6 SYSREF 9.216 320
ouTs ADC6 CLK 294.912 10
0ouT9 ADGC7 SYSREF 9.216 320
0uT10 ADC7 CLK 294.912 10

Rev 0

For more information www.analog.com

59


https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

APPLICATIONS INFORMATION

Determining Output Digital Delay Values

In order to calculate each parallel LTC6952 output’s delay
value forthis design example, use the following procedure:

1. Delay all of the JESD204B/C device clocks by half of a
period of the slowest JESD204B/C device clock. This
delay setting is equal to the divide value of the slowest
device clock because a one code digital delay equals
half of a VCO cycle. Non-JESD204B/C clocks (such
as the FPGA management clock) are not included in
this calculation. This delay value defines the desired
SYSREF valid clock edge. Inthis example, the slowest
JESD204B/C clock is the FPGA device clock:

DDELsysvatid = MrpgacLk = 20
DDELap-cLK = DDELsySyalig = 20

DDELrpga-cLK = DDELsysyalig = 20

2. For each device clock/SYSREF pair, subtract half a
device clock period from DDEL to find the SYSREF
delay. Thisis equivalentto subtracting the correspond-
ing divide value of the device clock, i.e.

DDELapc-sys” = DDELsysyaid — Mapc-cLk
DDELapc.sys = 20— 10 =10

DDELfpga-svs™ = DDELsysyaiia — MrpgA-CLK
DDELfpga-sys =20-20=0

3. Although not usually required, the outputs can be
aligned to the incoming reference. To achieve this, ad-
ditional digital delay is added to each parallel LTC6952
output to align it with the next reference edge. This
delay can be calculated by Equation 18:

DDELggr.os = 2 * N * CEILING(16/(2N)) - 16 (18)

where CEILING() means round up to the nearest integer.
Remembering that the N value was previously calculated
to be 24, the result of this equation is 32. Add 32 to all of
the parallel LTC6952s DDEL values if reference alignment
is desired. For this example, reference alignment is not
necessary.

Even though OUT1 and OUT3 on the reference LTC6953
are only passing throughthe SYNC/SRQ pulse, their digital
delays should be set so that its edges occur on the falling
edge of their corresponding reference clocks. This is to
ensure that the EZS_SRQ signals into the parallel ICs have
a proper setup and hold time relationship to the reference
clock. Since the reference LTC6953 has its reference clock
outputdividerssetto2and DDEL setto 0, the passthrough
output DDELs should be set to 2 based on Table 18.

All of the calculated digital delay values are shown in
Table 32.

Table 32. Output DDELx Settings for ParallelSync Example

Ic | outPuT PURPOSE DDELx
0uTo LTC6952 #1 REF 0
8 | ourt LTC6952 #1 EZS-SRQ 2
S [oum LTC6952 #2 REF 0
= [ ouTs LTC6952 #2 EZS-SRQ 2
“ [outao Unused N/A
ouTo Unused N/A
ouTi ADCO SYSREF 10
ouT2 ADCO CLK 20
_ [Touts ADC1 SYSREF 10
& | ouTa ADC1 CLK 20
2 [ outs ADC2 SYSREF 10
S [ ouTe ADC2 CLK 20
ouT? ADC3 SYSREF 10
0uT8 ADC3 CLK 20
0uT9 Unused /A
0uT10 FPGA MGMT CLK 0
ouTo Unused N/A
ouTi FPGA SYSREF 0
ouT2 FPGA DEV CLK 20
uT3 ADC4 SYSREF 10
& | ouTs ADC4 CLK 20
S [ oums ADC5 SYSREF 10
= | oute ADC5 CLK 20
ouT7 ADC6 SYSREF 10
0uTs ADC6 CLK 20
0uTg ADC7 SYSREF 10
uT10 ADC7 CLK 20

Now that the output divider and delays have been deter-
mined, the ICs can be programmed.
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Status Register Programming

This example will use the STAT pin to alert the system
whenever the ICs generate a fault condition. For the
two parallel LTC6952s, program x[5], x[3], x[1] = 1
to force the STAT pin high whenever any of the LOCK,
VCOOK, or REFOK flags asserts. The REF LTC6953 only
needs x[3] = 1 because it does not have a PLL:

REF LTC6953 Reg01 = h08
LTC6952 #1 Reg01 = h2A
LTC6952 #2 Reg01 = h2A

Power and FILT Register Programming

For correct PLL operation on the three ICs, all internal
blocks should be enabled. Additionally, the REF and VCO
input signals have sufficient slew rate and power to not
need the FILT or BST bits:

REF LTC6953 Reg02 = h00
LTC6952 #1 Reg02 = h00
LTC6952 #2 Reg02 = h00

Output Power-Down Programming

During initial setup and synchronization, all used outputs
and the SRQ circuitry should be set to full power. These
bits will be used later to place the ICs in a lower power
mode while waiting for SYSREF requests:

REF LTC6953 Reg03 = h00
REF LTC6953 Reg04 = hFF
REF LTC6953 Reg05 = h3F
LTC6952 #1 Reg03 = h03
LTC6952 #1 Reg04 = h00
LTC6952 #1 Reg05 = h0C
LTC6952 #2 Reg03 = h03
LTC6952 #2 Reg04 = h00
LTC6952 #2 Reg05 = h00

RAO and PARSYNC Programming

PARSYNC should besetto“1” forthetwo parallel LTC6952s.
Also, set RAO to “1” for the two parallel LTC6952s as this
will minimize chip-to-chip skew. A slight degradation of
in-band PLL noise will result from setting RAO to “1”.

Lock Detect Programming

Next, determine the lock indicator window from fpgp.
From Table 4 we see that LKWIN = 0 with a tpyw of 3ns.
The LTC6952 will consider the loop “locked” as long as
the phase coincidence at the PFD is within +3ns, or 133°
as calculated below.

phase = 360° * tyww ® fPrD

=360° * 3n * 122.88M

~133°
Largervalues of COUNTS lead to more accurate and stable
lock indications at the expense of longer lock indication
times. ACOUNTS value of 2048 will work for this applica-
tion. From Table 5, LKCT[1:0] = 3 for 2048 counts.
R and N Divider Programming

For the reference LTC6953, the R and N values are ir-
relevant as there is no PLL. The previously determined
R and N divider values for the two parallel LTC6952s are
1 and 24, respectively. Using these values and the RAO,
PARSYNC, and lock detector values, registers 6 through
9 can be programmed for the parallel LTC6952s:

LTC6952 #1 Reg06 = hCC
LTC6952 #1 Reg07 = h01
LTC6952 #1 Reg08 = h00
LTC6952 #1 Reg09 = h18
LTC6952 #2 Reg06 = hCC
LTC6952 #2 Reg07 = h01
LTC6952 #2 Reg08 = h00
LTC6952 #2 Reg09 = h18

Note that registers 6 through 9 for the REF LTC6953 are
not applicable.
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Charge Pump Function and Current Programming

For the parallel LTC6952s, disable all the charge pump
functions (CPMID, CPWIDE, CPRST, CPUR CPDN, and
CPINV), allowing the loop to lock. Using Table 6 with the
previously selected Igp of 11.2mA gives CP[4:0] = h13.

SYNC and SYSREF Global Modes Programming

Bit EZMD controls whetherthe ICis an EZSync standalone/
controller (“0”) or follower (“17). Since this example is a
ParallelSync application, set bit EZMD to “0”. Bit SRQMD
determines if the part is in synchronization mode (“0”) or
SYSREF requestmode (“1”). SYSCT programs the number
of pulses forany outputin pulsed SYSREF mode (# pulses
= 25YSCT 50 SYSCT = 2 to achieve four pulses for this
example). Combining this information with the previously
determined charge pump controls, registers hOA and hOB
can be programmed:

REF LTC6953 Reg0A = N/A

REF LTC6953 Reg0B = h04

LTC6952 #1 Reg0A = h13

LTC6952 #1 RegOB = h04

LTC6952 #2 Reg0A = h13

LTC6952 #2 RegOB = h04

Note that the SSRQ bits will remain “0”.

Output Divider, Delay and Function Programming

Four registers for each output allow the outputs to be
configured independently of each other. The first register
controlsthe output divide ratio throughtwo control words,
MPx and MDx, as described in Equation 1.

The second register contains the control modes and the
most significant bits of the digital delay control word. The
third register contains the remainder of the digital delay
control word, and the fourth register is the analog delay.

Both the analog delay and the output invert (OINVXx) bits
can be usedto correct PC board layout issues such as mis-

matched trace lengths and differential signal crossovers,
respectively. Note that the use of analog delay on clock
signals will degrade jitter performance. For this example,
assume the PC board is laid out in an ideal manner and
no output inversions or analog delays are needed. With
this information all of registers hOC through h37 for all
ICs can be programmed using the information in Table
30, Table 31 (with Equation 1), and Table 32.

Reference Synchronization

In applications where the output divider values of the
reference clock outputs are greater than one, it is nec-
essary to synchronize the distributed reference signals
before synchronizing the parallel LTC6952s. To do this,
the SRQEN bits of the valid outputs on the reference
distribution LTC6953 are set to “1”, and SRQMD is set
to “0”. Set the SSRQ hit in Reg0B of the REF LTC6952 to
perform the synchronization (or drive the EZS_SRQ input
to the high state):

REF LTC6953 Reg0B = h05

After waiting a minimum of 1ms, write Reg0B again (or
drive the EZS_SRQ input to the low state):

REF LTC6953 RegO0B = h04

Note that synchronizing the REF LTC6953 will cause the
parallel LTC6952s to lose lock temporarily. Allow sufficient
lock time for the parallel LTC6952s before synchronizing
them.

At this point, the reference outputs are synchronized and
must continue to run during the synchronization of the
parallel parts. To ensure this, setthe SRQEN bits of the two
reference clock outputs to “0”. Also set the SRQMD bit to
“1”to allow passthrough retiming to the reference clocks.

REF LTC6953 RegOD = h00
REF LTC6953 Reg15 = h00
REF LTC6953 Reg0B = h0C
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Parallel LTC6952 Synchronization

The outputs of the parallel LTC6952s in this example are
now running at the desired frequency, but have random
phase relationships with each other. Synchronization forces
the outputsto runatknownand repeatable phases and can
be achieved in this example either externally, by driving
the REF LTC6953’s EZS_SRQ* pins, or internally, with the
REF LTC6953’s SSRQ bit in Reg0B. For this example, use
the SSRQ bit and hold the EZS_SRQ* pins low:

REF LTC6953 Reg0B = h05
After waiting a minimum of 1ms, write Reg0B again:
REF LTC6953 Reg0B = h04

EZS_SRQ OR SSRQ BIT
ON REFERENCE LTC6953 | —

Once the internal synchronization process completes, the
outputs will be aligned as shown in Figure 36. Note that the
internal divider behavior for the muted SYSREF outputs
is shown as well as the actual outputs to demonstrate the
phase alignment following synchronization.

Putting the ICs into a Low Power Mode (Optional)

If desired, the ICs can be placed into lower power modes
while awaiting a SYSREF request. This is achieved by set-
ting PDx = 2 for all SYSREF-defined outputs. This powers
down the output driver circuitry but leaves the internal
divider running and in the correct phase relationship to
the clocks.

REF LTC6953 OUTPUTS

REFERENCE CLOCKS
(OUTO AND 2) ——=
SRQ PASSTHROUGH —=

(OUT1 and 3) )

LTC6952 #1 OUTPUTS

ADC DEVICE CLOCKS
(OUT1, 3, 5 AND 7) =l

ADC SYSREFs

(MUTED OUTO, 2, 4 AND 6) ——p—2
INTERNAL ADC SYSREF DIVIDERS

(MUTED OUTO, 2, 4 AND 6) = = = == Qmmmmmmmmmmmmmmmmmmmm = m e

FPGA MANAGEMENT CLOCK
OUTi0) gy |

LTC6952 #2 OUTPUTS
ADC DEVICE CLOCKS
(0UT4, 6, 8 AND 10) ——=0—=

NOT SYNCHRONIZED, PHASE UNDETERMINED

I [

ADC SYSREFs
(MUTED OUT3, 5, 7 AND 9) =t

INTERNAL ADC SYSREF DIVIDERS

(MUTED OUT3, 5,7 AND 9) === ==R===================o==mmu

FPGA DEVICE CLOCK
(OUT2) ——=2
FPGA SYSREF
(MUTED OUT1) ——p—2
INTERNAL FPGA SYSREF DIVIDER !
(MUTED OUT1) et m = Qe mmmmmmmmm e mmm e mm e e 1

SYSREF VALID CLOCK EDGE

6952 F36

Figure 36. Outputs after Synchronization for the ParallelSync Design Example (SRQMD=0)
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Performing a SYSREF Request

To produce SYSREF pulses, write a “1” to SRQMD in both
of the parallel LTC6952s and take the parts out of low
power mode (if used) by writing all the SYSREF output
PDx bits to “0”. Wait 50ps to allow the circuitry to power
up. Send the SYSREF request by writing a “1” to the REF
LTC6952’s SSRQ hit in Reg0B:

REF LTC6952 Reg0B = h05
After waiting a minimum of 1ms, write Reg0B again:
REF LTC6952 Reg0B = h04

If desired, the EZS_SRQ* pins of the reference LTC6952
can be used instead of the SSRQ bit to request a SYSREF.

After the rising edge of the SYSREF request, the SYSREF
outputs will pulse four times and then return to a “0”
state as shown in Figure 37. Place the ICs back into low
power mode if desired by writing a “0” to SRQMD in the
parallel LTC6952s and setting PDx = 2 for all SYSREF
defined outputs.

REFERENCE SOURCE CONSIDERATIONS

A high quality signal must be applied to the REF* inputs as
they provide the frequency reference to the entire PLL. As
mentioned previously, to achieve the part’s in-band phase
noise performance, apply a sine wave of at least 6dBm
into 50€2, or a square wave of at least 0.5Vp.p, with slew
rate of at least 20V/ps.

The LTC6952 may be driven single-ended from CMOS
levels (greater than 2.7Vp_p). Apply the reference signal at
REF~, and bypass REF* to GND with a 47pF capacitor. The
BST bit must also be set to “0”, according to guidelines
given in Table 2. Setting FILT to a “0” is recommended as
the input is a square wave.

The LTC6952 achieves an in-band normalized phase
noise floor Lygrm = —229dBc/Hz typical. To calculate its
equivalent input phase noise floor Ly, use Equation 19.

Lin = Lnorm + 10 * 10g10(freF) (19)

For example, using a 10MHz reference frequency gives
an input phase noise floor of —159dBc/Hz. The reference
frequency source’s phase noise must be atleast 3dB better
thanthisto preventlimiting the overall system performance.

EZS_SRQ OR SSRQ BIT
ON REFERENCE LTC6953

LTC6952 #1 OUTPUTS

L

ADC DEVICE CLOCKS
(OUT1, 3,5 AND 7)

294.912MHz

ADC SYSREFs
(0UTO, 2, 4 AND 6) | | | |

FPGA MANAGEMENT CLOCK
(0UT2)

98.304MHz

LTC6952 #2 OUTPUTS

ADC DEVICE CLOCKS

294.912MHz

(OUT4, 6, 8 AND 10)

ADC SYSREFs
(OUT3, 5,7 AND 9) | | | |

FPGA DEVICE CLOCK
(0uT2)

147.456MHz

FPGA SYSREF
(0UT1) | | | |

6952 F37

Figure 37. Outputs after SYSREF Request for the ParallelSync Design Example (SRQMD=1)
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IN-BAND OUTPUT PHASE NOISE

Thein-band phase noise floor Loyt produced at fo 1y may
be calculated by using Equation 20.

Lout = Lnorm + 10 * 10g10(fprp)

+20 - 10g1o(foutx/frrp)
or

Lout = Lnorm + 10 * log1o(fprp)
+ 20+ log1(N/Mx) (20)

where Lyorm is —229dBc/Hz.

As can be seen, for a given PFD frequency fpgp, the output
in-band phase noise increases at a 20 dB-per-decade rate
with the N divider count. So, for a given output frequency
foutx, fPEp Should be as large as possible (or N should be
as smallas possible) while still satisfying the application’s
frequency step size requirements.

OUTPUT PHASE NOISE DUE TO 1/f NOISE

In-band phase noise at very low offset frequencies may
be influenced by the LTC6952’s 1/f noise, depending upon
fpep. Use the normalized in-band 1/f noise L1 of —277dBc/
Hz with Equation 21 to approximate the output 1/f phase
noise at a given frequency offset forrser:

Lout(i/ (forrser) = L1t + 20 * log1o(four)

- 10 * log1o(forrseT) (21)

Unlike the in-band noise floor Loyr, the 1/f noise Loyt(1/)
does not change with fprp, and is not constant over offset
frequency. See Figure 38 for an example of in-band phase
noise for fpp equal to 5MHz and 100MHz. The total phase
noise will be the summation of Loyt and Loyr1/1).

REFERENCE SIGNAL ROUTING, SPURIOUS, AND
PHASE NOISE

The charge pump operates at the PFD’s comparison
frequency fprp. The resultant output spurious energy is
small and is further reduced by the loop filter before it
modulates the VCO frequency.

100 N TOTAL NOISE __ |

5\ fprp = SMHz

N\

=110 \\

I N\
1/f NOISE
CONTRIBUTION
10 100 1k 10k 100k
OFFSET FREQUENCY (Hz)

TOTAL NOISE |
fPFD =100MHz

PHASE NOISE (dBc / Hz)
I
&

|
—_
—_
[3,]

L
N
o

L
nN
321
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Figure 38. Theoretical In-Band Phase Noise, foyrx = 4500MHz

However,improper PCB layout can degrade the LTC6952’s
inherent spurious performance. Care must be taken to
prevent the reference signal free from coupling onto the
VCO’s tune line, or into other loop filter signals. Example
suggestions are the following.

1. Do not share power supply decoupling capacitors
between same-voltage power supply pins.

2. Use separate ground vias for each power supply
decoupling capacitor, especially those connected to
Vrer", Vo', Vout™, Vep', and Vyco™.

3. Physically separate the reference frequency signal
from the loop filter and VCO.

REFERENCE SIGNAL AND EZS_SRQ TIMING FOR
ParallelSync MODE

Setting PARSYNC to “1” requires tighter timing between
the REF* inputs and the EZS_SRQ input. The LTC6952
is designed to allow sine wave or square wave reference
inputs at various levels and all settings of BST or FILT, and
have consistent performance with respect to setup and
hold times of the EZS_SRQ input pulse. The parameters
tss and tgy are tested and specified for both CMOS and
differential input levels applied to REF* and EZS_SRQ*,
having the performance characteristics shownin Figure 39
for EZS_SRQ* rising and Figure 40 for EZS_SRQ* falling.
For CMOS EZS_SRQ signals, Viy = 1.3V and V= 0.6V.
For differential EZS_SRAQ signals, V4 = V) = 50% of the
signal swing. The trip point for any type of REF* input is
always 50%.
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Even if the reference input is a CMOS signal, it is still
required to be a high quality signal and is best routed on
50Q transmission lines. Because CMOS drivers typically
are not capable of driving 50€2, it is recommended to put
a resistor in series with the reference output before being
applied to the transmission line, and loaded with 50Q to
GND as close to the LTC6952 as possible as shown in
Figure 25. See “REFERENCE SOURCE CONSIDERATIONS”
above. For production testing, the rise and fall times of
the EZS_SRQ and REF* signals are 1ns.

CMOS EZS_SRQ*
(EZS_SRQ™=GND) ViH

U
4
4
4
A ’
DIFFERENTIAL ,

EZS_SRQ* 50% S
4/ !
’
A /’

REF* 50%

6952 F39

Figure 39. Rising EZS_SRQ to REF Timing Detail

_____________ N
A
AY

A

AY

CMOSEZS_SRa*  ViL X
(EZS_SRQ™ = GND) N
\\
S .
A Y
\\
DIFFERENTIAL 50% \ >
EZS_SRQ* N
\\
tgH —
l<— 153

50%
REF*
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Figure 40. Falling EZS_SRQ to REF Timing Detail

6952 F41

Figure 41. PCB Top Metal Layer Pin and Exposed
Ground Pad Design. Pin 41 is Signal Ground and
Connected Directly to the Exposed Pad Metal

SUPPLY BYPASSING AND PCB LAYOUT GUIDELINES

Care must be taken when creating a PCB layout to mini-
mize power supply decoupling and ground inductances.
All power supply V* pins should be bypassed directly to
the ground plane using eithera 0.01pF ora 0.1pF ceramic
capacitorascalled outinthe Pin Functions sectionas close
to the pin as possible. Multiple vias to the ground plane
should be used for all ground connections, including to
the power supply decoupling capacitors.

The package’s exposed pad is a ground connection, and
must be soldered directly to the PCB land. The PCB land
pattern should have multiple thermal vias to the ground
plane for both low ground inductance and also low thermal
resistance (see Figure 41 for an example). An example of
grounding for electrical and thermal performance can be
found on the DC2609 layout.
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ADC CLOCKING AND JITTER REQUIREMENTS

Adding noise directly to a clean signal clearly reduces its
signal to noise ratio (SNR). In data acquisition applica-
tions, digitizing a clean signal with a noisy clock signal
also degrades the SNR. This issue is best explained in
the time domain using jitter instead of phase noise. For
this discussion, assume that the jitter is white (flat with
frequency) and of Gaussian distribution.

Figure 42 shows a sine wave signal entering a typical data
acquisition circuit composed of an ADC, an input signal
amplifier and a sampling clock. Also shown are three
signal sampling scenarios for sampling the sine wave at
its zero crossing.

In the first scenario, a perfect sine wave input is buffered
by a noiseless amplifier to drive the ADC. Sampling is
performed by a perfect, zerojitter clock. Withoutany added
noise or sampling clock jitter, the ADC’s digitized output
value is very clearly determined and perfectly repeatable
from cycle to cycle.

In the second scenario, a perfect sine wave input is buff-
ered by a noisy amplifier to drive the ADC. Sampling is

performed by a perfect, zero jitter clock. The added noise
results in an uncertainty in the digitized value, causing an
error term which degrades the SNR. The degraded SNR in
this scenario, fromadding noise to the signal, is expected.

In the third scenario, a perfect sine wave input is buffered
by a noiseless amplifier to drive the ADC. Sampling is
performed by a clock signal with added jitter. Note that
as the signal is slewing, the jitter of the clock signal leads
to an uncertainty in the digitized value and an error term
just as in the previous scenario. Again, this error term
degrades the SNR.

Areal-world system will have both additive amplifier noise
and sample clock jitter. Once the signal is digitized, deter-
mining the root cause of any SNR degradation —amplifier
noise or sampling clock jitter — is essentially impossible.

Degradation of the SNR due to sample clock jitter only
occurs if the analog input signal is slewing. If the analog
input signal is stationary (DC) then it does not matter
when in time the sampling occurs. Additionally, a faster
slewing input signal yields a greater error (more noise)
than a slower slewing input signal.

SINE WAVE
INPUT SIGNAL x ADC | BITS
() SAMPLING CLOCK

SINE WAVE SINE WAVE SINE WAVE

INPUT SIGNAL WITH INPUT SIGNAL WITH INPUT SIGNAL WITH
NOISELESS AMP VsAupLE NOISY AMP A =VeRRoR NOISELESS AMP A =VeRRor

\/ \)7 \X -1 6952 F42

PERFECT SAMPLING CLOCK PERFECT SAMPLING CLOCK SAMPLING CLOCK WITH ADDED JITTER

Figure 42. A Typical Data Acquisition Circuit Showing the Sampling Error Effects of a Noisy Amplifier and a Jittery Sampling Clock

Rev 0

For more information www.analog.com

o/


https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

APPLICATIONS INFORMATION

Figure 43 demonstrates this effect. Note how much larger
the error term is with the fast slewing signal than with the
slow slewing signal. To maintain the data converter's SNR
performance, digitization of high input frequency signals
requires a clock with much less jitter than applications
with lower frequency input signals.

FAST SLOW
SINE WAVE SINE WAVE

AV = VERROR(FAST) / ¢ AV = VERROR(SLOW)

-
T

Figure 43. Fast and Slow Sine Wave
Signals Sampled with a Jittery Clock

It is important to note that the frequency of the analog
input signal determines the sample clock’s jitter require-
ment. The actual sample clock frequency does not matter.
Many ADC applications that undersample high frequency
signals have especially challenging sample clock jitter
requirements.

The previous discussion was useful for gaining an intuitive
feel for the SNR degradation due to sampling clock jitter.

Quantitatively, the actual sample clock jitter requirement
for a given application is calculated as follows:

-SNR
' 10 20
J(TOTAL) =m (22)

Where fgg is the highest frequency signal to be digitized
expressedin Hz, SNRyg isthe SNR requirementin decibels
and ty(rotav) is the total RMS jitter in seconds. The total
jitter is the RMS sum of the ADC’s aperture jitter and the
sample clock jitter calculated as follows:

tyrotaL) = \/ tJ(CLK)z +tJ(ADC)2 (23)

Alternatively, for a given total jitter, the attainable SNR is
calculated as follows:

SNRgz=-20l0g1o (27 fsig * yroray)) (24)

These calculations assume a full-scale sine wave input
signal. If the input signal is a complex, modulated signal
with a moderate crest factor, the peak slew rate of the
signal may be lower and the sample clock jitter require-
ment may be relaxed.

These calculations are also theoretical. They assume a
noiseless ADC with infinite resolution. All realistic ADCs
have both added noise and a resolution limit. The limita-
tions of the ADC must be accounted for to prevent over-
specifying the sampling clock.

Figure 44 plots the previous equations and provides a
simple, quick way to estimate the sampling clock jitter
requirement for a given input signal or the expected SNR
performance for a given sample clock jitter.

124

N TOTAL CLOCK
14 PPN
L O JITTER (RMS)
104 SR
-.:\ g ‘"\
94 T TR SN
~N ~ NIN
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I S 1 S S 112N
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—— 20fs N R
54 | -—~ 50fs ERERI
- - =+ 100fs L
al ... 200fs \ \"
34 [-—- 500fs 8
2 Tps [ TH
0.01 0.1 1 10

FREQUENCY OF FULL-SCALE INPUT SIGNAL (GHz)

6952 F44

Figure 44. SNR vs Input Signal Frequency
vs Sample Clock Jitter
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MEASURING CLOCK JITTER INDIRECTLY USING ADC SNR

Forsomeapplications, integrating a clock generator’s phase
noise within a defined offset frequency range (i.e. 12kHz to
20MHz) is sufficient to calculate the clock’s impact on the
overall system performance. In these situations, the RMS
jitter can be calculated from a phase noise measurement.

However, other applications require knowledge of the
clock’s phase noise at frequency offsets that exceed the
capabilities of today’s phase noise analyzers. This limita-
tion makes it difficult to calculate jitter from a phase noise
measurement.

The RMS jitter of an ADC clock source can be indirectly
measured by comparing a jitter dominated SNR measure-
ment to a non-jitter dominated SNR measurement. A jitter
dominated SNR measurement (SNRtreR) is created by
applying a low jitter, high frequency full-scale sinewave
to the ADC analog input. A non-jitter dominated SNR
measurement (SNRpasg) is created by applying a very low
amplitude (or low frequency) sinewave to the ADC analog
input. The total clock jitter (tyrorar)) can be calculated
using Equation 25.

SNR
1 _( JITTER

Jlog,[10° Lt
10 (29)

23‘5f||\|

Assumingtheinherentaperturejitter ofthe ADC (ty(apc)) is
known, the jitter of the clock generator (ty(cLk)) is obtained
using Equation 23.

TyToTAL) =

ADC SAMPLE CLOCK INPUT DRIVE REQUIREMENTS

Modern high speed, high resolution ADCs are incredibly
sensitive components able to match or exceed labora-
tory instrument performance in many regards. Noise or
interfering signals on the analog signal input, the voltage
reference or the sampling clock input can easily appear
in the digitized data. To deliver the full performance of
any ADC, the sampling clock input must be driven with a
clean, low jitter signal.

Figure 45 shows a simplified version of a typical ADC
sample clock input. In this case the input pins are labeled
ENC+ for Encode while some ADCs label the inputs CLK<
for Clock. The input is composed of a differential limiting
amplifier stage followed by a buffer that directly controls
the ADC’s track and hold stage.

g e

ENC* bR

ENC™

6952 F45

Figure 45. Simplified Sample Clock Input Circuit

The sample clock input amplifier also benefits from a fast
slewing inputsignal as the amplifier has noise of its own. By
slewing throughthe crossover region quickly, the amplifier
noise creates less jitter than if the transition were slow.

As shown in Figure 45, the ADC’s sample clock input is
typically differential, with a differential sampling clock
delivering the best performance. Figure 45 also shows
the sample clock input having a different common mode
input voltage than the LTC6952’s CML outputs. Most ADC
applications will require AC coupling to convert between
the two common mode voltages.

TRANSMISSION LINES AND TERMINATION

Interconnection of high speed signaling with fast rise
and fall times requires the use of transmission lines with
properly matched termination. The transmission lines may
be stripline, microstrip or any other design topology. A
detailed discussion of transmission line design is beyond
the scope of this data sheet. Any mismatch between the
transmission line’s characteristic impedance and the
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terminating impedance results in a portion of the signal
reflecting back toward the other end of the transmission
line. Inthe extreme case ofan open or short circuit termina-
tion, all of the signalis reflected back. This signal reflection
leads to overshootand ringing on the waveform. Figure 46
shows the preferred method of far-end termination of the
transmission line.

% )
)

100Q

6952 F46

Figure 46. Far-End Transmission Line Termination (Zg = 50Q)

USING THE LTC6952 TO DRIVE DEVICE CLOCK
INPUTS

The LTC6952’s CML outputs are designed to interface with
standard CML or LVPECL devices while driving transmis-
sion lines with far-end termination. Figure 47 shows DC
coupledand AC coupled output configurations forthe CML
outputs. Note that some receiver devices have the 1002
termination resistor internal to the part, in which case the
external 100< resistor is unnecessary.

ouTx*
LTC6952
ouTx™

DEVICES THAT
CAN ACCEPT A
2.3V COMMON
MODE SIGNAL

ADC, DAC,
OR FPGA

outx*—{) Zo ) AC-COUPLED INTO
ADC. DAC. | LVDS OR DEVICES
LTC6952 1000 oep | REQUIRING A SELF-
ORFPGA | BiaseD INPUT
oun T 70 )
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Figure 47. OUTx CML Connections to
Device Clock Inputs (Zg = 50Q)

USING THE LTC6952 TO DRIVE DC COUPLED SYSREF
INPUTS

For JESD204B/C applications, the SYSREF signal would
ideally be DC coupled from the LTC6952 to the data con-
verter or FPGA as shown in Figure 48. This is possible for
receiver devices that can accept a 2.3V common mode
input signal. Note that some receiver devices have the
100€2 termination resistor internal to the part, in which
case the external 100€2 resistor is unnecessary.

DEVICES THAT CAN
ACCEPT A 2.3V
COMMON MODE
SIGNAL

6952 F48

Figure 48. OUTx CML DC Coupled Connections to SYSREF Inputs

Usethefollowing proceduretoachieve correct JESD204B/C
SYSREF behavior for DC coupled SYSREFs in any mode.

These methods assume that the SYSREF outputs have
already been synchronized and that the SYSREF output
drivers have been disabled for power savings (PDx = 2).

DC Coupled SYSREFs (MODEx =0, 1, or 3)

1. Enablethe LTC6952 SYSREF output drivers by setting
PDx = 0 and set SRQMD =1.

2. Set the receiver device to accept SYSREFs.

3. Set SSRQ or the EZS_SRAQ inputs to “1” for at least
1ms, then set back to “0”.

4. Afterthe SYSREFs have been accepted by the receiver
device, set the device to stop accepting SYSREFs.

5. Disablethe LTC6952 SYSREF outputdrivers by setting
PDx = 2 and set SRQMD = 0.
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USING THE LTC6952 TO DRIVE AC COUPLED SYSREF
INPUTS IN CONTINUOUS OR GATED MODE

Some converters cannot accept a 2.3V common mode
CML signal. In this situation, the SYSREF must be AC
coupled. AC coupling complicates the usage of SYSREF
since it is generally not continuously operational, lead-
ing to long settling time requirements before a SYSREF
is requested. However, AC coupling on SYSREF can be
accomplished by using the connections shown in Figure
49 for continuous or gated SYSREF pulses (MODEx = 0
or 1). Note that some receiver devices have the 100Q
termination resistor internal to the part, in which case the
external 100€2 resistor is unnecessary for continuous or
gated SYSREFs.

Cac  ADG, DAG, or FPGA

LTC6952 100Q

Roirr/2

SYSREF™

6952 F49

Figure 49. OUTx CML AC Coupled Connections to SYSREF Inputs
for Continuous or Gated Mode Operation

Settling time for continuous or gated SYSREF connections
is determined by the AC coupling capacitors (Cag), and
both the differential and common mode input resistances
of the receiver device (Rpjer and Rg):

tsettiec = 10 * (2Rcm + Rpire/2) © Cac

Usethefollowing proceduretoachieve correct JESD204B/C
SYSREF behavior for AC coupled continuous or gated
SYSREFs.

These methods assume that the SYSREF outputs have
already been synchronized and that the SYSREF output
drivers have been disabled for power savings (PDx = 2).

Continuous or Gated SYSREFs (MODEx =0 or 1)

1. Enablethe LTC6952 SYSREF output drivers by setting
PDx = 0 and set SRQMD =1.

2. If gated SYSREFs (MODEx = 1) are being used, set
SSRQ or the EZS_SRQ inputs to “1”.

3. Wait for a settling period of at least tggjec.
4. Set the receiver device to accept SYSREFs.

5. Afterthe SYSREFs have been accepted by the receiver
device, set the device to stop accepting SYSREFs.

6. If gated SYSREFs (MODEx = 1) are being used, set
SSRQ or the EZS_SRQ inputs to “0”.

7. Disablethe LTC6952 SYSREF outputdrivers by setting
PDx = 2 and set SRQMD = 0.

USING THE LTC6952 TO DRIVE AC COUPLED SYSREF
INPUTS IN PULSED MODE

If AC coupling is required for pulsed SYSREF applications
(MODEXx = 3), the connections shown in Figure 50 can be
used. Note that some receiver devices have the 1000 ter-
mination resistor internal to the part. In this situation, the
use of AC coupled, pulsed SYSREFs is not recommended.

R1 ADG, DAC, or FPGA

6952 F5

Ro

Figure 50. OUTx CML AC Coupled Connections to SYSREF Inputs
for Pulsed Mode Operation
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The purpose of R1 and Ry in Figure 50 is to force an offset
at the SYSREF inputs equivalent to a CML logic “0” when
the SYSREF output is not active. The resistors’ values are
determined by the supply voltage (VDD) and the receiver
device’sinputcommon mode voltage (V) and differential
input resistance (Rpre). Use Equation 26 to calculate R1
and Equation 27 to calculate R2.

R1 = RDIFF ® [VCM/O-44 - 0.5] (26)
Ro = Rpiee * [(VDD - Vg)/0.44 - 0.5] (27)
For receiver devices with internal 1002 terminations, the
values of Ry and R» can be very small and will affect the
overall termination impedance, leading to undesirable
impedance mismatch. For this reason, the use of pulsed

SYSREFs (MODEx = 3) AC coupled into receiver parts with
internal 1000 terminations is not recommended.

Settling time for pulsed SYSREF connections (Figure 50)
is approximately determined by the AC coupling capaci-
tors (Cac), both the differential and common mode input
resistance of the receiver device (Rpjrr and Rgp), and
resistors Ry and Ro:

tsettiep = 10 * [Rpev * Ros/(Rpev + Ros)] ® Cac
where:

Rpev = 2Rem + Rpire/2

Ros = minimum(Ry4, Ro)

For pulsed mode SYSREFs to work correctly with AC
coupling, tsettiep must be greaterthan 1000/fgysprer, Where
fsysrer is the frequency of the SYSREF pulses.

Usethefollowing proceduretoachieve correct JESD204B/C
SYSREF behavior for AC coupled pulsed SYSREFs.

These methods assume that the SYSREF outputs have
already been synchronized and that the SYSREF output
drivers have been disabled for power savings (PDx = 2).
Pulsed SYSREFs (MODEx = 3)

1. Enablethe LTC6952 SYSREF output drivers by setting
PDx = 0 and set SRQMD = 1.

2. Wait for a settling period of at least tgettjep.
3. Set the receiver device to accept SYSREFs.

4. Set SSRQ or the EZS_SRAQ inputs to “1” for at least
1ms, then set back to “0”.

5. Set the receiver device to stop accepting SYSREFs.

6. Disablethe LTC6952 SYSREF outputdrivers by setting
PDx = 2 and set SRQMD =0

MEASURING DIFFERENTIAL SPURIOUS SIGNALS
USING SINGLE-ENDED TEST EQUIPMENT

Using a spectrum analyzer to measure spurious signals
on the single-ended output of a clock generation chip will
give pessimistic results, particularly for outputs that ap-
proximate square waves. There are two reasons for this.

First, since the spurious energy is often an AC signal
superimposed on the power supply, a differential output
will reject the spurs to within the matching of the posi-
tive and negative outputs. Observing only one side of the
differential output will provide no rejection.

Second, and most importantly, the spectrum analyzer will
display all of the energy at its input, including amplitude
modulation that occurs at the top and bottom pedestal
voltage of the square wave. However, only amplitude
modulation near a zero crossing will affect the clock.

The best way to remove this measurement error is to
drive the clock generator output differentially into a limit-
ing buffer on a separate clean power supply. One of the
differential outputs of the limiting buffer can then connect
to a spectrum analyzer to correctly measure the spurious
energy. An example of this technique using the LTC6952
as the clock generator and an LTC6955 as the limiter is
shown in Figure 51.

" . SPECTRUM
[ |[MESNGDE] | I_ ANALYZER
LTC6955
[ JINe outx| |

% 50Q

= 6952F51

oUTx*
LTC6952

Figure 51. Example of Spurious Measurement Technique
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LTC 6952

TYPICAL APPLICATIONS

EZSync Multi-Chip Synchronization with Request Passthrough

STAGE 2
LTC6953 QUTO* ]
ouTD- 12.5MHz SYSREF | |
F 1 STAGE 1 OUTO" | 4GHZ CLK - e Outi- | soomrz cLock |
. ouTo
@" |_ RER ouTt* L%E . QU2 15 SMHz SYSREF |
T REF OUTT I SSRQ PASS THRU ot
ste D — 0uT3
CCyHD-575-25-100 = 1uF ouT2* — - N ouTa- | 00MHz CLOCK
- OUTZ" [— T0 DAUGHTER il
100MHz Ref Osc = +
= QUT3* — CARD #2 %1009 OUT4™} 45 5nHz SYSREF
EZS_SRQ*  OUTS |— > Ezs_sRQ” U4 ™
E EZS_SRQ" ouTa* b— 83% 125MHz CLOCK
QUT4” {—— TO DAUGHTER e
o OUTS [— CARD #3 Oure- | 10omHz cLock
LTC6952 OUT6* f— OUT7"| 15 sMHz SYSREF
OUT6™ [—— TO DAUGHTER ouT7 | ™
QUT7* |— CARD #4 8%2 4GHz CLOCK
ouT7 p—
1.24F [0.47yF
U:I_: EI_: ouTs* f—r OUTO™) 15 5pHz SYSREF
= 300 OUT8"—— TO DAUGHTER L]
Crystek _,__| VCo* 0UT9* — CARD #5 OUTT0 46H; cLock
CVvC055CC- — ouUT9™ b— 0uT10
4000-4000 0.1uF 2750
' ouTio*
(~) ) VCo™ o0uT10™
—Q) 1 DAUGHTER CARD #1
0.14F | DAUGHTER CARD #2
| DAUGHTER CARD #3
| DAUGHTER CARD #4
| DAUGHTER CARD #5

LTC6952 and LTC6953 EZSync Cascaded Phase Noise

-100

=110
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PHASE NOISE (dBc/Hz)
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-160
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RMS JITTER = 100fs

EQUIVALENT ADC SNR METHOD |

— 4GHz
— = 500MHz

Dl Ipup— —
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10M 40M

6952 TAO2b

SYSREF Alignment

0UTO: SYSREF |
12.5MHz

OUT1: CLOCK |
500MHz

OUT7: SYSREF
12.5MHz

0UT8: CLOCK |
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SYSREF VALID
CLOCK EDGE

500ps/DIV

6952 TAO2c
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LTC 6952

TYPICAL APPLICATIONS

ParallelSync Multi-Chip Synchronization with Request Passthrough: Schematics and Synchronization Procedure

STAGE 1
LTC6953
1uF
IN*
T o 36190
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14F =
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48.7Q
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1uF
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48.7Q

22nF

1.2uF:IE47EI:
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|‘ 30Q

0.1pF
| |

75Q

QY
Vrune =

M
0.1pF

LTC6952
REF*

REF
EZS_SRQ*
EZS_SRQ™

cP

vVeco*

VCO~

outo*
ouTo™
ouT1*
ouT1™

out2*
ouT2”
out3*
ouT3™

ouT4*
ouT4”
ouT5*
0ouT5™

ouTe*
ouT6™

outr*
ouT7”
ouTs*
ouTs™

ouT9*
ouT9™
ouT10*
0UT107]

12.5MHz SYSREF
500MHz CLOCK

12.5MHz SYSREF
500MHz CLOCK

12.5MHz SYSREF
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12.5MHz SYSREF
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12.5MHz SYSREF
4GHz CLOCK

DAUGHTER CARD #1
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DAUGHTER CARD #3

DAUGHTER CARD #4

DAUGHTER CARD #5

Initial Setup: Program LTC6952 and LTC6953 registers settings created

from the LTC6952Wizard.

Step 1: Synchronize Stage 1 Reference Signals

A) EZSync: toggle Stage 1 LTC6953 SSRQ bit

B) OPT. Fine Alignment, adjust Stage 1 ADEL bits

Step 3: Send SYSREF Request
A) Power Up LTC6952 SYSREF outputs
B) Set LTC6952 SRQMD=1
C) SEND SYSREF, Toggle Stage 1 LTC6953 SSRQ bit

6952 TAO3

Step 2:  Synchronize Stage 2 Output Signals
A) Set Stage 1 LTC6953 SRQMD=1
B) ParallelSync, Toggle Stage 1 LTC6953 SSRQ bit

Step 4. Optional Reduce Power

A) Power Down LTC6952 SYSREF outputs
B) Set Stage 1 LTC6953 & LTC6952 SRQMD=0
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TYPICAL APPLICATIONS

ParallelSync Multi-Chip Synchronization with Request Passthrough: Measurement Results

Step 1: Reference Alignment at Daughter Card Inputs Step 2: ParalleIlSYNC Multichip Clock Alignment

T T
CARD #1+
CARD #2 :
CARD #3+ OUT1: 500MHz |
CARD #1
CARD #4- i
CARDS #2-5 A
0UT1: 500MHz |
CARDS #2-5

6952 TAO3b 6952 TAO3c

5ns/DIV 500ps/DIV

STAGE 1 ADEL ADJUSTMENTS
REF EDGE ALIGNED < +5.5ps
(ADJUSTS FOR PART, CABLE & PCB MISMATCH)

Step 3: SYSREF Alignment Step 3: SYSREF PULSES

0UTO: SYSREF |

12.5MHz SYSREF Valid

Clock Edge

OUT1: CLOCK
OUT7: SYSREF- 300mV/DIV
12.5MHz

0UT8: CLOCK
4GHz

6952 TAO3d 6952 TAO3e

500ps/DIV 100ns/DIV

Stage 2 LTC6952 Phase Noise vs Stage 1 LTC6953 ADEL Setting foyr = 4GHz, Mx =1

B RMS JITTER = 73fs
110 [T EQUIVALENT ADC SNR METHOD
= -120
= \
@ -130
= \
& 140 \
2 N
= N
& 150 iy
I
& 160
170 | — STAGE 1 ADEL=0
=170 | —— STAGE 1 ADEL=31
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-180

1k 10k 100k M 10M 40M
OFFSET FREQUENCY (Hz)

6952 TAO3f
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TYPICAL APPLICATIONS
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Generation of up to 125 ADC Clock/SYSREF Pairs Using a Three Stage Synchronization Architecture
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TYPICAL APPLICATIONS

Generation of up to 125 ADC Clock/SYSREF Pairs Using a Three Stage Synchronization Architecture:
Synchronization Procedure and Measurement Results

Initial Setup: Program LTC6952 and LTC6953 Registers Step 3: SYSREF Alignment
Settings Created from the LTC6952Wizard.

0UTO: SYSREF |

Step 1: Synchronize Stage 1&2 Reference Signals 12.5MHz R
A) EZSync: Toggle Stage 1 LTC6953 SSRQ Bit OUT: CLOGK
B) OPT: Fine Alignment, Adjust Stage 2 ADEL Bits 500MHe |

Step 2: Synchronize Stage 3 Output Signals OUT?: SYSREF.
A) Set Stage 1&2 LTC6953 SRQMD=1 _
B) ParallelSync: Toggle Stage 1 LTC6953 SSRAQ Bit Rl

Step 3: Send SYSREF Request 500ps/DIV
A) Power Up LTC6952 SYSREF Outputs
B) Set LTG6952 SRQMD=1 Step 3: SYSREF Pulses

C) Send SYSREF: Toggle Stage 1 LTC6953 SSRQ Bit

Step 4: Optional Reduce Power
A) Power Down LTC6952 SYSREF Qutputs

B) Set Stage 1&2 LTC6953 & LTC6952 SRQMD =0 SYSREF W
300mV/DIV |

Step 1: Reference Alignment

LTC6952 #13 m 100ns/DIV 6952 ThOde
REF Input”
LTCS‘-E’fF"?l #23t Stage 3 LTC6952 Phase Noise vs
e \ |7 Stage 2 LTC6953 ADEL Setting
four = 4GHz, Mx =1

STAGE 2 ADEL ADJUSTMENTS

REF EDGE ALIGNED < +5.5ps
(ADJUSTS FOR PART, CABLE & PCB MISMATCH) -100 W RIS JTTER = 7315
Sre/DIY s 110 ==l EQUIVALENT ADC SNR METHOD
120 y
pu
- . S \
Step 2: ParalleISYNC Multichip Clock Alignment < -130
o N
LTC6952 #13 S 140 \
& -150 R
x
ouTH: SOOMHZ—W 5 160
170 | —— STAGE 2 ADEL=0
—170 | —— STAGE 2 ADEL=31
LTC6952 #23 === STAGE 2 ADEL=63

-180
ours: s |\ \ ANV W ok 1o o
OFFSET FREQUENCY (Hz)
OoUT1: 500MH27W 6952 TAO4

6952 TAO4c

500ps/DIV

Rev 0

For more information www.analog.com ; ;



https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

TYPICAL APPLICATIONS

Generation of 7.25GHz, 52fs ADC SNR Jitter Clocks Using LTC6952 and LTC6955-1

FILT ouTO*
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SEL2 ouT2*
Tk — ouT3t| | POWERED DOWN OR
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3V—VW—ISEL0  |7C6955-1 ?ﬂ;&
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MMZ0803 0UT+( ) ouTY o
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7250-7250
f 1pF ouT10* Q vco* 0.1pF
VCo I_ IN™ L1 fout = 3.625GHz % 160Q ouTg*
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I: - I: 14F 1pF ouTO*
nF 100Q .
T H o
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Orystek 49'99—q REF OUTS™| | caN BE USED AS
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EZS_SRQ™ 0UT10*
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- 3.3y 6952 TAS
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el —— 3.625GHz (LTC6952) Calibration Over Temperature
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AAARRARRA
T -120 iy AN AV
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1—130 " E ‘ V ‘ V
2 \ t5 -400 »
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T 150 2 400 ‘
~ T s \
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EQUIVALENT ADC SNR METHOD l— 100°C, ADEL=1
=170 LTC6952 _| —— 25°C, ADEL=6 1
1K 10k 100k 1M 10M 40M SYSREF l—— _40°C, ADEL=9
OFFSET FREQUENCY (Hz) -400 1
6952 TAOSa -500 -250 0 250 500
TIME (ps)

6952 TAOSb

Rev 0

/3

For more information www.analog.com


https://www.analog.com/LTC6952?doc=LTC6952.pdf
https://www.analog.com

LTC 6952

PACKAGE DESCRIPTION

UKG Package

52-Lead Plastic QFN (7mm x 8mm)
(Reference LTC DWG # 05-08-1729 Rev @)
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LTC 6952
TYPICAL APPLICATION

Generation of 4GHz, 52fs ADC SNR Jitter Clocks Using LTC6952 and LTC6955
LTC6955 vs LTC6952 4GHz Phase Noise

-1 o LTC6955 RMS JITTER = 52fs
. mE LTC6952 RMS JITTER = 78f;
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4000-4000 =g :» 750 oUT1G* Veo Vvco™  VREF ouTo* I | il
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100MHz Ref Osc = I | [ CLockss e
LTC6952Wizard REGISTER VALUES: TO SYNC OUTPUTS: - £7S SRQ* (ES
FILE: LTC6952_LTC6955_4GHz TOGGLE SSYNC REGISTER BIT - 0UTY*
E EZS_SRQ™ , , outie*
Vo~ Vour
- 33y —— 6952 TAOB
PART NUMBER DESCRIPTION COMMENTS
LTC6953 Ultralow Jitter, 4.5GHz Clock Distributor with 11 Qutputs and | Eleven Independent CML Outputs with Dividers and Delays, 65fs
JESD204B/C Support Additive ADC SNR Jitter
LTC6955/LTC6955-1 | Ultralow Jitter, 7.5GHz, 11 Output Fanout Buffer Family Eleven CML Outputs, 45fs Additive ADC SNR Jitter
HMC7043 High Performance, 3.2GHz, 14-Output Fanout Buffer
HMC7044 High Performance, 3.2GHz, 14-Output Jitter Attenuator with
JESD204B/C
HMC987 3.3V Low Noise 1:9 Fanout Buffer, DC - 8GHz
LTC6951 Ultralow Jitter Multioutput Clock Synthesizer with Integrated | Four Independent CML Outputs and One LVDS Output, Integrated
VCo VCO, 110fs ADC SNR Jitter
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