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TECHNOLOGY

| t /\D LTC6951

Ultralow Jitter

Multioutput Clock Synthesizer

FEATURES

Low Noise Integer-N PLL with Integrated VCO
Output Jitter:

m 90fs RMS (12kHz to 20MHz)

= 115fs RMS (ADC SNR Method)

= Noise Floor =-165dBc/Hz at 250MHz

EZSync™, ParallelSync™ Multichip Synchronization
SYSREF Generation for JESD204B, Subclass 1
Output Frequency Range:

® 1.95MHz to 2.5GHz (LTC6951)

® 2.1MHz to 2.7GHz (LTC6951-1)

—229dBc/Hz Normalized In-Band Phase Noise Floor
—277dBc/Hz Normalized In-Band 1/f Noise

Five Independent, Low Noise Outputs

Reference Input Frequency up to 425MHz
LTC6951Wizard™ Software Design Tool Support
-40°C to 105°C Operating Junction Temperature Range

APPLICATIONS

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

with Integrated VCO
DESCRIPTION

The LTC®6951 is a high performance, low noise, Phase
Locked Loop (PLL) with a fully integrated VCO. The low
noise VCO uses no external components and is internally
calibrated to the correct output frequency with no external
system support.

The clock generation section provides five outputs based
on the VCO prescaler signal with individual dividers for
each output. Four outputs feature very low noise, low skew
CML logic. The fifth output is low noise LVDS. All outputs
can be synchronized and set to precise phase alignment
using the programmable delays.

Choose the LTC6951-1 if any desired output frequency
falls in the ranges 2.5GHz to 2.7GHz, 1.66GHz to 1.8GHz,
or 1.25GHz to 1.35GHz. Choose the LTC6951 for all other
frequencies.

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
EZSync, LTC6951Wizard and ParallelSync are trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners. Protected by U.S. Patents,
including 8319551 and 8819472.
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LTC6951

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltages

V* (VRert, VRe', Vp*, Vouth) 10 GND......o 3.6V
Vept, Vygot 10 GND e 5.5V
Voltage on CP Pin ................. GND - 0.3V to Vgp* + 0.3V

Voltage on all other Pins........... GND -0.3Vto V* + 0.3V
Current into OUTx*, OUTX™, (x=0, 1,2, 3, 4).......£25mA
Operating Junction Temperature Range, T; (Note 2)

LTC69511 and LTC6951I-1 ...................... -40 10 105°C
Junction Temperature, TypmAX - oeeeeeeeeerrererenennen. 125°C
Storage Temperature Range ...................... -65 10 150°C

PIN CONFIGURATION
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UHF PACKAGE
40-LEAD (5mm x 7mm) PLASTIC QFN

Tamax = 125°C, Bycpotiom = 2°C/W, B8yctop = 19°C/W
EXPOSED PAD (PIN 41) IS GND, MUST BE SOLDERED TO PCB

ORDER INFORMATION

(http://www.linear.com/product/LTC6951#orderinfo)

LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC69511UHF#PBF LTC6951IUHF#TRPBF 6951 40-Lead (5mm x 7mm) Plastic QFN -40°C to 105°C
LTC6951IUHF-1#PBF LTC6951IUHF-1#TRPBF | 69511 40-Lead (5Smm x 7mm) Plastic QFN -40°C to 105°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.
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LTC695 ]

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

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

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
Reference Inputs (REF*, REF")
fREF Input Frequency ) 1 425 MHz
VREF Input Signal Level Single-Ended ®| 05 2 2.7 Vp-p
Minimum Input Slew Rate 20 V/us
Input Duty Cycle 50 %
Self-Bias Voltage ® | 165 1.85 2.25 v
Input Signal Detected REFOK = 1, PDREFPK = 0 ® | 350 mVp.p
10MHz < frgr < 425MHz, Sine Wave
Input Signal Not Detected REFOK = 0, PDREFPK = 0 ) 100 mVp.p
10MHz < frer < 425MHz, Sine Wave
Input Resistance Differential o 26 4.2 6.1 kQ
Input Capacitance Differential 7 pF
[¢1]
fyco Frequency Range LTC6951 (Note 3) e 40 5.0 GHz
LTC6951-1 (Note 3) ®| 43 5.4 GHz
Kvco Tuning Sensitivity (Notes 3, 4) 25103.7 Y%Hz/V
Phase/Frequency Detector (PFD)
fPrD | Input Frequency | ) | 100 MHz
Charge Pump (CP)
Icp Output Current Range 8 Settings (see Table 8) 1.0 11.2 mA
Output Current Source/Sink Accuracy All Settings, V(CP) = 2.3V +6 %
Output Current Source/Sink Matching Icp = 1.0mA to 1.4mA, V(CP) = 2.3V +3.5 %
Icp = 2.0mA to 11.2mA, V(CP) = 2.3V +2 %
Output Gurrent vs Qutput Voltage Sensitivity (Note 5) ) 0.1 0.5 %N
Output Current vs Temperature V(CP) =2.3V ) 140 ppm/°C
Output Hi-Z Leakage Current Icp = TmA (Note 5) 0.5 nA
Icp = 11.2mA (Note 5) 5 nA
Vo Mid-Supply Output Bias Ratio Referred to (Vgp* — GND) 0.48 VN
Reference Divider (R)
R | Divide Range All Integers Included ) | 1 63 Counts
VCO Divider (N)
N Divide Range All Integers Included, RAO = 0 o 32 1023 | Counts
All Integers Included, RAO =1 o 2 511 Counts
VICO Prescaler Divider (P)
P Divide Range 2,2.5,3,3.5,4 (see Table 14) o | 2 4 Counts
Digital Pin Specifications
Viy High Level Input Voltage CS, SDI, SCLK, SYNC ®| 155 v
Vi Low Level Input Voltage CS, SDI, SCLK, SYNC ) 0.8 v
Vinys Input Voltage Hysteresis CS, SDI, SCLK, SYNC 250 mV
Input Current CS, SDI, SCLK, SYNC ° +1 HA
loH High Level Qutput Current SDO and STAT, Vgy = Vp* - 400mV ° -3.3 -1.9 mA
loL Low Level Output Current SDO and STAT, Vg = 400mV e 20 3.4 mA
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LTC6951

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

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
SDO Hi-Z Current o +1 HA
Digital Timing Specifications (See Figure 13 and Figure 14)
tokH SCLK High Time o| 2 ns
tokL SCLK Low Time o| 2 ns
tess CS Setup Time e 10 ns
tcsH CS High Time (] 10 ns
tcs SDI to SCLK Setup Time ° ns
tcH SDI to SCLK Hold Time o ns
tpo SCLK to SDO Time to Viy/V)/Hi-Z with 30pF Load ) 16 ns
SYNC Timing Specifications (See Figure 31 and Figure 32)
tsynen | SYNC High Time [} 1 ms
tsynor | SYNC Low Time ) 1 ms
SYNC Skew EZSync, Part to Part 10 Us
tss SYNC to REF Setup Time (See Note 6) ° 1 ns
tsH SYNC to REF Hold Time (See Note 6) ° 1 ns
Output Dividers (M0, M1, M2, M3 and M4)
Mx Output Divider Range (x = 0 to 4) 16 Settings (See Table 15) ) 1 512 Counts
Dx Output Divider Delay (x = 0 to 4) P Cycles, All Integers Included ° 0 255 Cycles
CML Clock Outputs (OUTO*, OUTO-, OUT1*, OUT1~, OUT2*, OUT2-, OUT3*, OUT3"), Differential Termination = 100Q Unless Otherwise Noted
fout LTC6951 Output Frequency ®| 19 2500 MHz
fout/2 Subharmonic Generated, ® | 1667 2000 MHz
P =25, Mx=1 (Note 16)
fout/2 Subharmonic Generated, ® | 1250 1333 MHz
P =3.5, Mx =1 (Note 16)
LTC6951-1 Output Frequency o 21 2700 MHz
fout/2 Subharmonic Generated, ® | 1800 2150 MHz
P =25, Mx=1 (Note 16)
fout/2 Subharmonic Generated, ® | 1350 1433 MHz
P =3.5, Mx=1 (Note 16)
Output High Voltage Vourt—0.9 v
Output Low Voltage Vourt-1.3 v
Output Differential Voltage ® | 350 440 520 mVpk
Output Resistance Differential, No Termination 100 Q
R Output Rise Time, 20% to 80% 90 ps
tr Output Fall Time, 80% to 20% 50 ps
Output Duty Cycle P=234alMx,P=2535Mx>2 o 45 50 55 %
P=25 Mx=1 40 %
P=35 Mx=1 57 %
LVDS Clock Outputs (OUT4*, OUT4"), Differential Termination = 100Q
foutvps | LTC6951 Output Frequency ®| 19 800 MHz
LTC6951-1 Qutput Frequency o 21 800 MHz
Vob Differential Output Voltage ® | 300 380 450 mVpg
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LTC6951
GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
|AVgp| | Delta Vgp () 5 50 mV
Vos Output Offset Voltage 1.23 v
|AVpg| | Delta Vog ° 5 50 mV
taivps | Output Rise Time, 20% to 80% 200 ps
trLvDs Output Fall Time, 80% to 20% 200 ps
Short Circuit Current to Common Shorted to GND o 7.4 24 mA
Short Circuit to Complementary 3.7 mA
Output Duty Cycle M4 >2 () 45 50 55 %
Clock Output Skews (OUTO*, OUTO™, OUT1+*, OUT1-, OUT2*, OUT2-, OUT3*, OUT3-, OUT4*, OUT4")
tskew1 | Maximum Skew, from OUTO to OUTT +10 +35 ps
tskew2 | Maximum Skew, from OUTO to OUT2 10 +35 ps
tskews | Maximum Skew, from QUTO to OUT3 +10 +35 ps
tskews | Maximum Skew, from OUTO to OUT4 +20 ps
Maximum Skew, All CML Outputs One Part 20 40 ps
Maximum Skew, All CML Outputs Multiple Parts, RAO = SN =SR =1 +50 100 ps
Power Supply Voltages
VRert Supply Range ® | 315 3.3 3.45 V
Vout* Supply Range ®| 315 3.3 3.45 V
Vp* Supply Range ® | 315 3.3 3.45 v
VRet Supply Range ® | 315 3.3 3.45 v
Vyco' Supply Range ®| 475 5.0 5.25 v
Vep* Supply Range o 42 5.25 v
Power Supply Currents
lppout | Vo', Voutt Supply Current Digital Inputs at Supply Levels, PDOUT=1 32 HA
Digital Inputs at Supply Levels, SYNC=3.3V | @ 210 254 mA
lgc-sv | Sum Vgp*, Vygo® Supply Currents Igp = 11.2mA o 56 70 mA
Icp = 1.0mA () 33 43 mA
PDALL =1 510 HA
lgc-3.3v | Sum Vpeet, VRet Supply Currents ® 115 130 mA
PDALL =1 140 HA
Vp*, Vout* Supply Current Deltas MCx[1:0] =2 (x=0, 1,2, or 3) -31 mA
MCx[1:0] =3 (x=0,1, 2, or 3) -43 mA
MC4[1:0]=2 -21 mA
MC4[1:0] =3 -34 mA
SYNC = Vgyrt or SSYNC =1 11 mA
Phase Noise and Spurious
Lvco LTC6951 VCO Phase Noise 10kHz Offset -87 dBc/Hz
,(\{\égg;)“-OGHZ' fouro =2.0GHz P=2, M0 =1, 135047 Offset 113 dBe/Mz
1MHz Offset -135 dBc/Hz

6951fa
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LTC6951

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

temperature range, otherwise specifications are at Ty = 25°C (Note 2). Vggrt = Vp* = Vpg*

otherwise specified. All voltages are with respect to GND.

=Vout* = 3.3V, Vep* = Vyco* = 5V unless

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
LTC6951 VCO Phase Noise 10kHz Offset -83 dBc/Hz
(fveo ;)5-0(5”2’ fouro =2.5GHz, P=2, M0 =1, 3004147 Offset 110 dBc/Hz

1MHz Offset -133 dBc/Hz
LTC6951-1 VCO Phase Noise 10kHz Offset -83 dBc/Hz
(fveo ;)5-4(5”2’ fouro = 2.7GHz, P=2, MO =1, 4504117 Offset -110 dBo/Hz
1MHz Offset -133 dBc/Hz
LTC6951-1 CML Output Noise/Jitter Phase Noise 10kHz Offset -119 dBc/Hz
(zf,\écéJsz,Sb‘lfI;,Zi\/f|%U=T°|\/|=1f3U|\T/|12==fc|\)k§2= =1‘:0UT3 = | Phase Noise TMHz Offset 129 dBc/Hz
Notes 9, 12) Phase Noise 40MHz Offset -153 dBc/Hz
Jitter, 12kHz to 20MHz Integration BW 90 fSrms
Jitter, 100Hz to foyry Integration BW 115 SRS
LTC6951 CML Output Noise/Jitter Phase Noise 10kHz Offset -119 dBc/Hz
(ZfVSCéJHfPOG;‘ZNfI%UTOM ,fount = fourz 1T0UT3 = | Phase Noise 1MHz Offset 129 dBe/Hz
Notes 9, 12) Phase Noise 40MHz Offset -153 dBc/Hz
Jitter, 12kHz to 20MHz Integration BW 90 fSrRms
Jitter, 100Hz to foyry Integration BW 115 SRS
LTC6951 CML Qutput Noise/ditter 10kHz Offset -125 dBc/Hz
gf\/Z%OGHf ?,GH; fouto = fours ~ fourz = ‘;?UTS = [1MHz Offset 135 dBo/Hz
Notes 9, 12) 40MHz Offset -156 dBc/Hz
Jitter, 12kHz to 20MHz Integration BW 83 fSRms
Jitter, 100Hz to fgyry Integration BW 115 SRS
LTC6951 CML Output Noise/Jitter 10kHz Offset -140 dBc/Hz
e e Youro = ot > Touta = J0uTs = [ Wz Offe ~150 dBo/Hz
Notes 9, 12) 40MHz Offset -165 dBc/Hz
Jitter, 12kHz to 20MHz Integration BW 83 SRS
Jitter, 100Hz to foyty Integration BW 115 fSRms
LTC6951 LVDS Output Noise/Jitter 10kHz Offset -140 dBc/Hz
(fvgo = 4.0GHZ, foyrg = 250MHz, P =4, M4 =4, Ty et 150 dBo/Hz
Notes 9, 12)
40MHz Offset -162 dBc/Hz
Jitter, 12kHz to 20MHz Integration BW 88 fSRms
Jitter, 100Hz to foyry Integration BW 140 SRS

Lyorm | Normalized In-Band Phase Noise Floor Igp=11.2mA (Notes 8, 9, 10) -229 dBc/Hz

L1 Normalized In-Band 1/f Phase Noise Icp=11.2mA (Notes 8, 11) =277 dBc/Hz
In-Band Phase Noise Floor (Notes 8, 9, 10, 13) -134 dBc/Hz
Integrated Phase Noise from 100Hz to 40MHz | (Notes 9, 13) 0.015 °RMS
Spurious forrseT = ferp, PLL Locked (Notes 9, 13, 14, 15) -95 dBc
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ELECTRICAL CHARACTERISTICS

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 LTC6951IUHF and LTC6951IUHF-1 are guaranteed to meet
specified performance limits over the full operating junction temperature
range of —40°C to 105°C. Under maximum operating conditions, air flow
or heat sinking may be required to maintain a junction temperature of
105°C or lower. It is strongly recommended that the Exposed Pad (Pin 41)
be soldered directly to the ground plane with an array of thermal vias as
described in the Applications Information section.

Note 3: Valid for 1.50V < V(TUNE) < 2.85V with part calibrated after a
power cycle or software power-on-reset (POR).

Note 4: Based on characterization.

Note 5: For 1.4V < V(CP) < 3.0V.

Note 6: Measurement requires RAQ = 1 with SR = 1 at SYNC rising edge
and SN =1 at SYNC falling edge. REF* is a CMOS level signal with a 1ns
rise time and the measurement point at the 50% crossing. SYNC is a
CMOS level signal with a 1ns rise and fall time. For SYNC rising and SR
=1, the measurement point is 1.55V. For SYNC falling and SN = 1, the
measurement point is 0.8V.

Note 7: Measured outside the loop bandwidth, using a narrowband loop.

Note 8: Measured inside the loop bandwidth with the loop locked.

Note 9: Reference frequency supplied by Wenzel 501-04516,

fREF = 100|\/|HZ, PREF =10dBm.

Note 10: Output Phase Noise Floor is calculated from Normalized Phase
Noise Floor by LOUT = LNORM + 10Iog10(prD) + 20log10(f0UTx/fp|:D).

Note 11: Output 1/f Noise is calculated from Normalized 1/f Phase Noise
by Loutis = L1 + 20l0g10(foury) — 1010g10(forrser)-

Note 12: Igp = 11.2mA, fprp = T00MHz, FILT = 0, Loop BW = 340kHz

Note 13: Igp = 11.2mA, fprp = 100MHz, FILT = 0, Loop BW = 340kHz;
fOUTO =500MHz, fVCO =4.0GHz.

Note 14: Measured using DC2248A.

Note 15: Measured using differential LTC6951 outputs driving LTC6954.
LTC6954 provides differential to single-ended conversion for rejection of
common mode spurious signals. See the Applications Information section
for details.

Note 16: When P = 2.5 or 3.5 and Mx = 1, a subharmonic of approximately
-45dBc to —25dBc is generated at the output at foyt/2. While most
applications are not affected by this spur, some, such as ADC and DAC
sampling, are degraded. For applications sensitive to subharmonic spurs,
these settings are not recommended unless the output frequency is further
divided by at least 2 (i.e. ADC clock divider).

Note 17: Each output can be individually powered down by setting the
output’s MCx[1:0] bits to 3. See Tables 16 and 17.

6951fa
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LTC6951
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°¢. Vaer* = Vgyr = Vp* = Vet = 3.3V,

Vep* = Vyco* = 5V, Unless otherwise noted.

REF Input Sensitivity vs REF Input Signal Detected vs Charge Pump Hi-Z Current vs
Frequency Frequency, Temperature Voltage, Temperature
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LTC695 ]

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. Vagr* = Vgur* = Vp* = Vet = 3.3,

Vep* = Vyco* = 5V, Unless otherwise noted.
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LTC6951
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. Vagr* = Vgur* = Vp* = Vet = 3.3,

Vep* = Vyco* = 5V, Unless otherwise noted.
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LTC695 ]

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. Vagr* = Vgyr* = Vp* = Vet = 3.3,

Vep* = Vyco* = 5V, Unless otherwise noted.
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LTC6951

PIN FUNCTIONS

Voutt, Vp* (Pins 1, 4, 7, 10, 13, 16): 3.15V to 3.45V
Positive Supply Pins for Output Dividers, SYNC Function
and Serial Port. Each pin should be separately bypassed
directly to the ground plane using a 0.01pF ceramic ca-
pacitor as close to the pin as possible. Voyt*, Vp*, VR,
and Vggrt must all be at the same voltage.

0uT2-, 0UT2* (Pins 2, 3): 2.5V CML Output Signals.
The M2 output divider is buffered and presented dif-
ferentially on these pins. The outputs are connected with
50Q (typical) pull-up resistors tied to an internal resistive
common mode point. The far end of the transmission line
is typically terminated with 100€ connected across the
outputs. See the Operation and Applications Information
section for more details.

OUT1~, OUT1* (Pins 5, 6): 2.5V CML Output Signals.
The M1 output divider is buffered and presented dif-
ferentially on these pins. The outputs are connected with
50Q (typical) pull-up resistors tied to an internal resistive
common mode point. The far end of the transmission line
is typically terminated with 100Q connected across the
outputs. See the Operation and Applications Information
section for more details.

0uTO0~, OUTO* (Pins 8, 9): 2.5V CML Output Signals.
The MO output divider is buffered and presented dif-
ferentially on these pins. The outputs are connected with
50Q (typical) pull-up resistors tied to an internal resistive
common mode point. The far end of the transmission line
is typically terminated with 100 connected across the
outputs. See the Operation and Applications Information
section for more details.

0UT3~, OUT3* (Pins 11, 12): 2.5V CML Output Signals.
The M3 output divider is buffered and presented differ-
entially on these pins. The outputs are connected with
50Q (typical) pull-up resistors tied to an internal resistive
common mode point. The far end of the transmission line
is typically terminated with 100€ connected across the
outputs. See the Operation and Applications Information
section for more details.

0UT4~, OUT4* (Pins 14, 15): LVDS Output Signals. The
M4 output divider is buffered and presented differentially
on these pins. The far end of the transmission line is typi-
cally terminated with 100Q connected across the outputs.
See the Operation and Applications Information section
for more details.

CS (Pin 17): Serial Port Chip Select. This CMOS input
initiates a serial port communication burst when driven
low, ending the burst when driven back high. See the
Operation section for more details.

SCLK (Pin 18): Serial Port Clock. This CMOS input clocks
serial port input data on its rising edge. See the Operation
section for more details.

SDI (Pin 19): Serial Port Data Input. The serial port uses
this CMOS input for data. See the Operation section for
more details.

SDO (Pin 20): 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 > 200kQ2 to GND to prevent a floating output. See the
Applications Information section for more details.

VRet (Pin 21): 3.15V to 3.45V Positive Supply Pin for
RF Circuitry. This pin should be bypassed directly to the
ground plane using a 0.01pF ceramic capacitor as close
to the pin as possible. Voutt, Vp*, VRe', and VRget must
all be at the same voltage.

BB (Pin 22): RF Reference Bypass. This output has a 6.5k
resistance and must be bypassed with a 0.47pF ceramic
capacitorto GND. Do not couple this pinto any other signal.

TUNE (Pin 23): VCO Tuning Input. This frequency control
pin is normally connected to the external loop filter. See
the Applications Information section for more details.

TB (Pin 24): VCO Bypass. This output has a 7k resistance
and must be bypassed with a 1.0yF ceramic capacitor to
GND. Itis normally connected to CMa, CMg, and CMg with
a short trace. Do not couple this pin to any other signal.

6951fa
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PIN FUNCTIONS

GND (Pins 25, 29, Exposed Pad Pin 41): Negative Power
Supply (Ground). These pins should be tied directly to the
ground plane with multiple vias for each pin. 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.

CM¢, CMg, CMp (Pins 26, 27, 28): VCO Bias Inputs. These
inputs are normally connected to TB with a short trace
and bypassed with a 1uF ceramic capacitor to GND. Do
not couple these pins to any other signal. For best phase
noise performance, DO NOT place a trace between these
pads underneath the package.

BVCO (Pin 30): VCO Bypass Pin. This output must be
bypassed with a 1.0pF ceramic capacitor to GND. Do not
couple this pin to any other signal.

Vyco* (Pin 31): 4.75V to 5.25V Positive Supply Pin for
VGO Circuitry. This pin should be bypassed directly to the
ground plane using a 0.01pF ceramic capacitor as close
to the pin as possible.

GND (Pins 32, 40): Negative Power Supply (Ground).
These pins are attached directly to the Die Attach Paddle
(DAP) and should be tied directly to the ground plane.

Vcpt (Pin33):4.2V105.25V Positive Supply Pinfor Charge
Pump Circuitry. This pin should be bypassed directly to
the ground plane using two ceramic capacitors of 1pF
and 0.01pF as close to the pin as possible. Additionally, a
10Q resistor should be added in series with the 5V power
supply to reduce switching noise. The resistor should be
placed between the 5V supply rail and the two ceramic
capacitors.

CP (Pin 34): Charge Pump Output. This bidirectional current
output is normally connected to the external loop filter.
See the Applications Information section for more details.

Vree* (Pin 35): 3.15V to 3.45V Positive Supply Pin for
Reference Input Circuitry. This pin should be bypassed
directly to the ground plane using a 0.1pF ceramic capaci-
tor as close to the pin as possible. Voytt, Vp*, VRe', and
VRert must all be at the same voltage.

REF-, REF* (Pins 36, 37): 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 1pF capacitor. If used single-ended with V(REF*)
> 2.7Vp.p, bypass REF~ to GND with a 47pF capacitor.

STAT (Pin 38): Status Output. This signal is a configurable
logical OR combination of the UNLOCK, ALCHI, ALCLO,
LOCK, LOCK, REFOK, and REFOK status bits, program-
mable via the STATUS register. See the Operation section
for more details.

SYNC (Pin 39): Synchronization Input. This CMOS input
stops the output dividers when driven high and initiates
synchronization when driven back low when enabled for
each output. When using the SSYNC software synchroni-
zation bit, the SYNC pin must be held at a logic low state.
See the Operation and Applications Information section
for more details.

6951fa
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LTC6951

BLOCK DIRGRAM
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TIMING DIRGRAMS
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OPERATION

The LTC6951 is a high-performance integer-N PLL, com-
plete withalow noise VCO. Its multi-output clock generator
incorporates Linear Technology’s proprietary EZSync and
ParallelSync standards, allowing synchronization across
multiple outputs and multiple chips. The device is able
to achieve superior integrated jitter performance by the
combination of its extremely low in-band phase noise and
excellent VCO noise characteristics.

REFERENCE INPUT BUFFER

The PLL’s reference frequency is applied differentially on
pins REF* and REF~. These high-impedance inputs are
self-biased and must 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
2.7\Ip_p, then use a 47pF capacitor for the GND bypass.

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

VRer*
LOWPASS
X
4 =
FILT
D REF_ T ? 6951 FO1
v
BST

Figure 1. Simplified REF Interface Schematic

square wave of at least 0.5Vp_p with slew rate of at least
20V/ps. Figure 2 shows recommended interfaces for dif-
ferent reference types.

Additional options are available through serial port register
h03 to further refine the application. Bit FILT controls the
reference input buffer’s low-pass filter, and should be set
for sine wave signals based upon fggg to limit the refer-
ence’s wideband noise. The FILT bit must be set correctly
to reach the Lyorm normalized in-band phase noise floor.
See Table 1forrecommended settings. Square wave inputs
will have FILT set to “0”.

6951fa
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OPERATION
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Tz Hree
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6951 F02

DIFFERENTIAL LVDS

Figure 2. Common Reference Input Interface Configurations. All Zg Signal Traces Are 50Q Transmission Lines and All Caps Are 1pF

Table 1. FILT Programming

FILT Sine Wave frgr Square Wave frgr
1 <20MHz N/A
0 >20MHz Al frgr

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 VRer
1 <1 .6Vp_|3
0 >1.6Vp.p

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 Qutput vs REF Input

REFOK REFOK Sine Wave fggr Square Wave frgr
1 0 >350mVp_p >275mVp_p
0 1 <100mVp_p <75mVp_p

6951fa
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OPERATION
REFERENCE ALIGNED OUTPUT (RAO)

The RAO bit (register h03) controls the fundamental con-
figuration ofthe PLL. Figure 3 shows the PLL loop diagram
with bit RAO set to “0”, which is the power-up default. All
five outputs can be synchronized and delayed relative to
each other, but will not be aligned to the Reference input.
Systems needing alignment to the Reference input either
on an individual basis or across multiple LTC6951s can
set RAO to “1” to have the PLL loop diagram as shown in
Figure 4. The P and MO dividers are now part of the overall
feedback loop. Table 4 describes the differences in the
PLL feedback elements versus the RAO bit setting. Only
when the P and MO dividers are in the feedback loop can
the output rising edges be coincident with the N divider
output and by inference the R divider output.

When RAQ is setto a “1”, bits SR and SN become active
and allow known and repeatable latency to the outputs
in addition to known alignment to the Reference input.
Figure 5 shows the operation of the SR bit and Figure 11

LTC6951

D4 DELAY M4 DI

6951 FO3

Figure 3. PLL loop diagram, RAO =0

<

shows the operation of the SN bit. Table 5 is a brief de-
scription of the SR and SN functions. See the ParallelSync
Multi-Chip Synchronization Example in the Applications
Information sectionforaprogramming example and output
timing diagrams of the RAO mode.

Table 4. RAO Programming

RAO PLL FEEDBACK ELEMENTS
0 N Divider
1 N, P, MO Dividers

Table 5. SN and SR Function Description
RAO SN SR

Description

0 NA NA | Unknown phase relationship from REF input
to outputs, EZSync timing.
1 0 0 Outputs phase aligned to REF input, unknown

SYNC to output latency, EZSync timing.

Outputs phase aligned to REF input, known
SYNC to output latency, critical SYNC to REF
timing.

1 1 1

LTC6951

6951 FO4

Figure 4. PLL loop diagram, RAO =1

6951fa
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OPERATION
REFERENCE DIVIDER (R)

A 6-bit divider is used to reduce the frequency seen at the
PFD. Its divide ratio R may be set to any integer from 1 to
63. Use the RD[5:0] bits found in register h05 to directly
program the R divide ratio. See the Applications Informa-
tion section for the relationship between R and the frgf,
fpep, fyco and foutx frequencies.

Amodeto provide synchronization of the Reference inputs
to the R divider output (R > 2) using the SYNC pin input
rising edge is enabled when bits RAQ in register h03 and
SRinregister hOAare setto “1”. The SYNC pinrising edge
must meet setup and hold timing to the rising edge of the
Reference input. See Figure 5 for the timing relationships
between the Reference input, SYNC and the R divider
output. Note that changing the R divider output edge tim-
ing will force the PLL to lose phase lock but will return to
normal operation after several loop time constants. See
Reference Signal and Sync Timing for SR and SN Modes
in the Applications Information section for the timing
requirements of SYNC to REF in this mode.

1
SYNC 1
_ |

— -
tsH —
REF J

RDIV

e tgg

1 REF CYCLE

6951 F05

Figure 5. SYNC to REF timing (RAO =SR =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. This action 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 6 for a simplified schematic

of the PFD.
-|-— D Q 9—> UP
R DIV p—-y
RST
| CPRST
DELAY
-|-— D Q —l » DOWN
6951 FO6
N DIV p———oro
RST

Figure 6. Simplified PFD Schematic

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 h04 (see Table 7), 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.

Note that frer must be present for the LOCK and UNLOCK
flags to properly assert and clear.

The user sets the phase difference lock window time tyww
for a valid LOCK condition with the LKWIN bit found in
register h04. Table 6 contains recommended settings for
different fprp frequencies. See the Applications Informa-
tion section for examples.

Table 6. LKWIN Programming

LKWIN toww fprD
0 5.0ns >4.7MHz
1 10.7ns <4.7MHz

6951fa
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OPERATION

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. Set
LKCT[1:0] = 0 to disable the lock indicator. See Table 7 for
LKCT[1:0] programming and the Applications Information
section for examples.

Table 7. 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 tyy. See Figure 7
below for more details.

CHARGE PUMP (CP)

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.
SeeFigure 8 forasimplified schematic ofthe charge pump.

Figure 8. Simplified Charge Pump Schematic

The output current magnitude Igp may be setfrom 1mA to
11.2mA using the CP[2:0] bits found in serial port register
h07. A larger Igp can result in lower in-band noise due to
the lower impedance of the loop filter components. See
Table 8 for programming specifics and the Applications

+1wa\ Information section for loop filter examples.
- \ Table 8. CP[2:0] Programming
DIFFERENCE 0 .
AT PFD CP[2:0] Icp
0 1.0mA
—tww
N—__ 1 1.4mA
2 2.0mA
UNLOCK FLAG | 3 2 8mA
4 4.0mA
LOCK FLAG = COUNTS/ferp 5 5.6mA
6951 FO7 6 80mA
Figure 7. UNLOCK and LOCK Timing 7 11.2mA

6951fa
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OPERATION

Charge Pump Functions

The charge pump contains additional features to aid in
system startup. See Table 9 below for a summary.

Table 9. Charge Pump Function Bit Descriptions

BIT DESCRIPTION

CPDN Force sink current.

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 h07 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 into a
Hi-Z state. Both CPMID and CPRST must be set to “0”
for normal operation.

The CPUP and GPDN bits force a constant Igp source or
sink current, respectively, on the CP pin. The CPRST bhit
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.

VGO

The integrated VCO operates from 4GHz to 5GHz for the
LTC6951 and 4.3GHz to 5.4GHz for the LTC6951-1. The
frequency range of the VCO, coupled with the output pres-
caler and output divider capability, allows the LTC6951 to
cover an extremely wide range of continuously selectable
frequencies.

The BBand TB pins are used to bias internal VCO circuitry.
The BB pin has a 6.5kQ output resistance and should be
bypassed with a 0.47uF ceramic capacitor to GND, giv-

ing a time constant of 3ms. The TB pin has a 7k output
resistance and should be bypassed with a 1puF ceramic
capacitor to GND, resulting in a time constant of 7ms.
Stable bias voltages are achieved after approximately three
time constants following power-up or after deasserting the
PDPLL or PDVCO bits.

VCO Calibration

The VVCO must be calibrated each time its frequency is
modified by any change in frgr, the R divider value, or the
N divider value when RAO = 0. Additionally when RAQ =
1, any change in frgg, the R divider value, the N divider
value, the P divider value, or the MO divider value requires
VCO calibration (see the Applications Information section
for the relationship between R, N, P, Mx, and the frgF,
frep, fuco, and foytx frequencies). The output frequency is
then stable over the LTC6951’s entire temperature range,
regardless of the temperature at which it was calibrated,
until the part is reset due to a power cycle or software
power-on-reset (POR).

The output of the B divider is used to clock digital calibra-
tion circuitry as shown in the Block Diagram. The B value,
programmed with bits BD[3:0], is dependent on the setting
of the RAQ bit. The relationship between bits BD[3:0], the
B value, and fpgp for RAQ = 0 is shown in Table 10.

Table 10. BD[3:0] Programming, RAQ =0

BD[3:0] B DIVIDE VALUE fprp (MHz)
0 8 <2.4
1 12 24103.6
2 16 3.6t04.8
3 24 48t07.2
4 32 7.2109.6
5 48 9.6t0 14
6 64 141019
7 96 191029
8 128 2910 38
9 192 381058
10 256 58to 77
11 384 >77

121015 Invalid
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The relationship between bits BD[3:0], the B value, and
the N value for RAO = 1 is shown in Table 11.

Table 11. BD[3:0] Programming, RAQ =1

It is recommended to set AUTOCAL = 0 in this mode
and to calibrate the VCO by setting CAL = 1 after all the
appropriate registers have been written. See Table 12 for

BD[3:0] B DIVIDE VALUE N DIVIDE VALUE a summary of the VCO bits.
0 8 NA Table 12. VCO Bit Descriptions
1 12 240 1o 511 BIT DESCRIPTION
2 16 18010 239 AUTOCAL Calibrate VCOS whenever registers h05 and h06 are
3 24 12010 179 written.
4 32 90to 119 CAL Start VCO calibration (auto clears).
5 48 60 to 89 MCO[1:0] Setting to h1 mutes OUTO output during calibration.
6 64 451059 MC1[1:0] Setting to h1 mutes OUT1 output during calibration.
7 96 30 to 44 MGC2[1:0] Setting to h1 mutes OUT2 output during calibration.
8 128 231029 MC3[1:0] Setting to h1 mutes OUT3 output during calibration.
9 192 1210 22 MC4[1:0] Setting to h1 mutes OUT4 output during calibration.
10 256 410 11
11 384 2103 VCO Automatic Level Control (ALC)

1210 15 Invalid

Once the RD[5:0], ND[9:0], and BD[3:0] bits are written
and the reference frequency frgr is present and stable at
the REF*inputs, the VCO must be calibrated by setting CAL
=1 (the bit self-clears when calibration is complete). The
calibration cycle takes between 12 and 14 clocks of the
B divider output with the nominal calibration time shown
in Equation 1. Setting bits MCx[1:0] = 1 selectively mutes
the outputs during the calibration.

14 B
ferD

(1)

toaL =

Note that the fper frequency and TB and BB voltages must
be stable for proper calibration. Stable bias voltages are
achieved after approximately three time constants (about
25ms) following power-up.

Setting AUTOCAL = 1 causes the CAL bit to be set auto-
matically whenever serial port registers h05 or h06 are
written. When AUTOCAL is enabled and RAO = 0, there
is no need for a separate register write to set the CAL bit.

WhenRAQ =1theloopalso uses the Pand MO divide values
which are located in registers h08 and h09 which when
changed will not trigger the CAL bit with AUTOCAL = 1.

The VCO uses an internal automatic level control (ALC)
algorithm to maintain an optimal amplitude on the VCO
resonator, and thus optimal phase noise performance. The
user has several ALC configuration and status reporting
options as seen in Table 13.

Table 13. ALC Bit Descriptions

BIT DESCRIPTION

ALCCAL Auto enable ALC during CAL operation.

ALCEN Always enable ALC (overrides ALCCAL, ALCMON, and
ALCULOK).

ALCHI ALC too high flag (resonator amplitude too high).

ALCLO ALC too low flag (resonator amplitude too low).

ALCMON Enable amplitude monitoring for status flags only; does
NOT enable ALC.

ALCULOK Auto enable ALC when PLL unlocked.

Changes in the internal ALC output can cause extremely
small jumps in the VCO frequency. These jumps may be
acceptable in some applications but not in others. Use the
above table to choose when the ALC is active. The ALCHI
and ALCLO flags, valid only when the ALC is active or the
ALCMON bit is set, may be used to monitor the resonator
amplitude.

The ALC must be allowed to operate during or after a
calibration cycle. At least one of the ALCCAL, ALCEN, or
ALCULOK bits must be set.
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VCO DIVIDER (N)

The 10-bit N divider provides the feedback from the VCO
to the PFD. The divide ratio may be programmed from
32 to 1023, when bit RAO = 0. The divide ratio may be
programmed from 2 to 511, when bit RAO = 1. Use the
ND[9:0] bits found in registers h05 and h06 to directly
program the N divide ratio. See the Applications Informa-
tion section for the relationship between N and the frgf,
fpep, fyco and fouty frequencies.

VCO PRESCALER (P)

The P divider reduces the VCO frequency and distributes
it to the five output dividers. The available divide ratios of
2,2.5,3,3.5and 4, when coupled with the VCO frequency
range, allow the P divider output to cover more than an
octave of frequency. See Table 14 for programming spe-
cifics and the Applications Information section for the
relationship between P and the frgr, fprp, fyco and foyTx
frequencies.

Table 14. PD[2:0] Programming

down to save current by setting the MCx[1:0] bits to 3. The
description of the MCx[1:0] bits is shown in Table 16 and
Table 17. Setting the bit RAO =1 in register h03 causes the
PLL to reconfigure with P, MO and N as part of the overall
VCO divide ratio to provide phase alignment between the
outputs and the R divider output (fprp). See the Applica-
tions Information section for the relationship between MO,
M1, M2, M3 and M4 and the frgr, fprp, fvco, fOUTOa fOUT1’
fouTe, fouTs and foyt4 frequencies.

Table 15. MDx[3:0] Programming

MDx[3:0] Mx
0 1
1 2
2 4
3 8
4 12
5 16
6 24
7 32
8 48
9 64
10 96
11 128
12 192
13 256
14 384
15 512

PD[2:0] P
0
1 2.5
2 3
3 35
4 4
5t07 Invalid

OUTPUT DIVIDERS (M0, M1, M2, M3, M4)

The five independent output dividers are driven by the P
divider. All settings of Mx > 2 with any P value or Mx =1
with P =2, 3, or 4 provide a 50% duty cycle at the output.
Setting Mx = 1 with P = 2.5 or 3.5 is allowable, but will
produce a signal with a non-50% duty cycle (40% and
57%, respectively) and a large subharmonic spurious
output. In systems where the LTC6951 output drives into
a frequency divider of at least 2 (as in some ADCs), the
subharmonic spur will be removed and the duty cycle will
go to 50% at the frequency divider output.

The relationship between the Mx value and the MDx[3:0]
bits is shownin Table 15. Unused dividers can be powered

Table 16. MCx[1:0] Programming (x =1 to 4)

MCx[1:0] DESCRIPTION

0 Do not mute output on VCO CAL.

1 Mute output on VCO CAL.

2 Power down output (divider remains running and
synchronized).

3 Power down divider and output.

Table 17. MCO[1:0] Programming

MCO[1:0] DESCRIPTION

0 Do not mute output on VCO CAL.

1 Mute output on VCO CAL (RAO = 0).
Power down output on VCO CAL (RAO = 1).

2 Power down output (divider remains running and
synchronized).

3 Power down divider and output.

6951fa

22

For more information www.linear.com/LTC6951

LY N



LTC695 ]

OPERATION
OUTPUT DELAYS (D0, D1, D2, D3, D4)

Each output divider can have the start time of the output
delayed by integer multiples of the P divider output pe-
riod during a synchronization event. The delay value Dx
is programmed into the registers DLYO[7:0], DLY1[7:0],
DLY2[7:0], DLY3[7:0] and DLY4[7:0] and can be any value
from 0 to 255. Delays are only enabled with synchroniza-
tion bits SYNCENO, SYNCEN1, SYNCEN2, SYNCEN3 and
SYNCEN4 set to “1”. DO is not available when bit RAO is
set to “1”. See the Operation section on Synchronization
and the Applications Information section for details on the
use of the delay settings.

CML OUTPUT BUFFERS (OUTO, OUT1, OUT2, OUT3)

Four of the outputs are very low noise, low skew 2.5V
CML buffers. Each output can be AC- or DC-coupled and
terminated with 100Q differential. Ifasingle-ended output
is desired, each side of the CML output can be individually
AC-coupled and terminated with 50Q. The bits OINVO,
OINV1, OINV2 and OINV3 can selectively invert the sense
of each output to facilitate board routing without having
to cross matched impedance traces. The bits MUTEO,
MUTE1, MUTE2 and MUTES3 set the selected output to a
logic “0” state with logic “0” sense set by the OINVx bits
as shown in Table 18. (If bit RAO = 1, MUTEQ = 1 has no
effect. Set MCO[1:0] = 2 to stop OUTO from transitioning
if RAO = 1.) To save power with the dividers running,
each buffer can be turned off by setting the bits MCO0[1:0],
MC1[1:0], MC2[1:0], and MC3][1:0] to 2. See Figure 9 for
circuit details and the Applications Information section for
common interface configurations.
Vout*

33Q

50Q 50Q

<

— Joure
—— Jourx

6951 FO9

Figure 9. Simplified CML Interface Schematic
(OuUTO, OUT1, OUT2, OUT3)

LVDS OUTPUT BUFFER (0UT4)

The fifth output is a low noise LVDS buffer capable of
operation up to 800MHz. This output is DC-coupled and
terminated with 100Q differential. The bit OINV4 can se-
lectively invert the sense of the output to facilitate board
routing without having to cross matched impedance traces.
The bit MUTE4 sets the selected output to a logic “0”
state with logic “0” sense set by the OINV4 bit as shown
in Table 18. To save power with the dividers running, the
buffer can be turned off by setting the bits MC4[1:0] to
2. See Figure 10 for circuit details and the Applications
Information section for common interface configurations.

Table 18. Qutput Sense with MUTEx =1 and OINVx Programming
(x=0to4)

OINVxX ouTx* oUTx”
0 0 1
1 1 0
Vour*
— Jours
— Jours

@
— 6951 F10

Figure 10. Simplified LVDS Interface Schematic (OUT4)

OUTPUT SYNCHRONIZATION (SYNC)

The LTC6951 has circuitry to allow the outputs to be syn-
chronized into known phase alignment in several different
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). Outputs can also be aligned to
the REF input using the Reference Aligned Output mode
(RAO=1). Examples of EZSync standalone, EZSync multi-
chip, and ParallelSync synchronization are shown in the
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Applications Information section. The LTC6951Wizard
Software Design Tool also provides graphical examples
of these synchronization methods. For more information
about the EZSync and ParallelSync Protocols, see the
LTC6951 Synchronization Guide or contact the factory.

At initial power-up, after a POR, or any time output divid-
ers MO, M1, M2, M3 or M4 are changed, the outputs will
not be synchronized. Any changes to the output delays
DO, D1, D2, D3 and D4 will not be reflected until after
synchronization. Although the part will run properly and
the outputs will be at the proper frequency without syn-
chronization, it is highly recommended to use some form
of synchronization. See Table 19 for descriptions of the
applicable serial port bitsand the Applications Information
section for specific programming examples.

Table 19. SYNC Bit Descriptions

BIT DESCRIPTION

DLYO[7:0] DO delay setting for the MO divider (RAQ = 0).

DLY1[7:0] D1 delay setting for the M1 divider.

DLY2[7:0] D2 delay setting for the M2 divider.

DLY3[7:0] D3 delay setting for the M3 divider.

DLY4[7:0] D4 delay setting for the M4 divider.

RAO Reference alignment mode.

SN SYNC pin falling edge time alignment to REF (RAQ = 1);
SSYNC ignored.

SR SYNC pin rising edge time alignment of R divider to REF
(RAQ = 1); SSYNC ignored.

SSYNC Software synchronization.

SYNCENO Enable synchronization of the MO divider (RAO = 0).

SYNCEN1 Enable synchronization of the M1 divider.

SYNGCEN2 Enable synchronization of the M2 divider.

SYNGEN3 Enable synchronization of the M3 divider.

SYNCEN4 Enable synchronization of the M4 divider.

Reference Aligned Output Mode (RAO)

The RAO bit (register h03) controls the fundamental con-
figuration of the PLL and the ability to align the outputs
back to the Reference input. Figure 3 shows the PLL
loop diagram with bit RAO set to “0” which is the default
power-up.

Figure 4 shows the PLL loop diagram with bit RAO set
to “1”. The P and MO dividers are now part of the overall
feedback loop, and the range onthe N divider has changed.
SYNCENO has no effect on OUTO. DLYO[7:0] in register
hOAis now inactive and the contents of hOA[7] and hOA[6]
become SN and SR, respectively. See Table 5 for SN and
SR function descriptions.

The N divider output is used as a timing event for all
synchronization modes. Only when the P and MO divid-
ers are in the feedback loop can the output rising edges
be coincident with the N divider output, and by inference
the R divider output, creating a known and repeatable
alignment between the outputs and the Reference input.

Synchronization Events

Synchronization begins either with the SYNGC pin driven
high or by writing “1” to the SSYNC bit (unless RAQ =1
and SR or SN =1, in which case the SSYNC bit is inactive).
Internal to the LTC6951, the SYNC pin’s signal and the
SSYNC bit are logically ORed. Choose either the SYNC pin
or the SSYNC bit for use during a synchronization event
and keep the unused signal held at logic low. Any output
with a valid SYNCENX bit set will stop running and return
to alogic “0” state after an internal timing delay of greater
than 100ps. The SYNC pin or SSYNG bit must remain high
for a minimum of 1ms.

When bits RAO and SR are set to “1” and the SYNC pin is
driven high, the R divider for R > 2 is retimed as shown in
Figure 5and explained inthe Reference Divider (R) section.

When the SYNC pin is driven back low, or “0” is written to
the SSYNC bit in cases when it is active, internal retiming
begins immediately to allow synchronized outputs to start
again. One N divider cycle and then 18 P divider cycles are
required to synchronize each output divider. A Dx delay
setting of “0” causes that output to start immediately after
the 18 P divider cycles. All synchronized outputs with the
same Dx delay setting will have the output rising edge
occur within the skew times as defined in the Electrical
Characteristics table. The range on each delay is 0 to 255
P cycles and is independent of the Mx divide ratio setting
of each divider.
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The internal synchronization signal is controlled by the
settings of RAO and SN. If either bit is “0” the internal
synchronization falling edge is delayed by at least 25ys
to meet the requirements of EZSync.

RAO=SN=1,R=1

When bits RAO and SN are “1”, the value of R = 1 and
the SYNC pin driven synchronously to the REF inputs, the
output timing is as shown in Figure 11.

e

SYNC :

—> tgg le—
—>| tgH<—

—
REF

18 P CYCLES (Dx = 0)
OUTx | | |
X=1T04
6951 F11

Figure 11. SYNC to REF timing (RAO = SN =1, R =1)

RAO=SN=SR=1,R>2

When R > 2 bits RAO, SN and SR are “1” and the SYNC
pin is driven synchronously to the REF inputs, the output
timing is as shown in Figure 12. Note the outputs are
now retimed to the R divider output (R DIV) which is an
internal node not accessible outside of the part. The SYNC
timing must still meet setup (tsg) and hold (tgy) timing to
REF. Combining Figure 12 with Figure 5 allows the ability
to calculate the width of the SYNGC pulse in terms of REF
periods (REFCYCLES) to get precise timing back to R DIV
with R > 2, noting that the SYNC pulse needs to be high
a minimum of 1ms.

REFCYCLES =R -caume(%) PR

where the CEILING(x) function returns the smallestinteger
greater than or equal to x.

Using Equation 2 to calculate the width of the SYNC pulse
in terms of REFCYCLES is not required to get the outputs
properly synchronized to each other or across multiple
LTC6951s. However, the latency from REF to any output
has R different possibilities depending on where SYNC
falls relative to R DIV.

If the controlling system can make the SYNC pulse exactly
REFCYCLES wide, all outputs will occur with the exact
same latency to REF every time synchronization occurs.
Note that Equation 2 calculates the minimum number
of REFCYCLES for the SYNGC pulse. Adding R multiples
will give the same result. See ParallelSync Multi-Chip
Synchronization in the Applications Information section
for an example.

SYNC

1R DIV CYCLE

—
R DIV J
18 P CYCLES (Dx = 0)

OUTx | | |
X=1T04
6951 F12

Figure 12. SYNC to R DIV timing (RARO=SN=SR=1,R > 2)

See Reference Signal and Sync Timing for SR and SN
Modes in the Applications Information section for the
timing requirements of SYNC to REF in this mode.
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