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LMK05028 Low-Jitter Dual-Channel Network Synchronizer Clock With EEPROM

1 Features

Two Independent PLL Channels Featuring:

— Jitter: 150fs RMS for Outputs = 100MHz

— Phase Noise: —112dBc/Hz at 100Hz Offset for
122.88MHz

— Hitless Switching: 50ps Phase Transient With
Phase Cancellation

— Programmable Loop Bandwidth With Fastlock

— Standards-Compliant Synchronization and
Holdover Using a Low-Cost TCXO/OCXO

— Any Input to Any Output Frequency Translation

Four Reference Clock Inputs

— Priority-Based Input Selection

— Digital Holdover on Loss of Reference

Eight Clock Outputs With Programmable Drivers

— Up to Six Different Output Frequencies

— AC-LVDS, AC-CML, AC-LVPECL, HCSL, and
1.8V or 2.5V LVCMOS Output Formats

EEPROM/ROM for Custom Clocks on Power-Up

Flexible Configuration Options

— Up to 750MHz on Input and Output

— XO: 10MHz to 100MHz, TCXO: 10MHz to
54MHz

— DCO Mode: < 1ppt/Step for Fine Frequency
and Phase Steering (IEEE 1588 Slave)

— Zero Delay for Deterministic Phase Offset

— Robust Clock Monitoring and Status

— I2C or SPI Interface

Excellent Power Supply Noise Rejection (PSNR)

3.3V Supply With 1.8V, 2.5V, or 3.3V Outputs

Industrial Temperature Range: —40°C to +85°C

2 Applications

* SyncE (G.8262), SONET/SDH (Stratum 3/3E,
G.813, GR-1244, GR-253), IEEE 1588 PTP Slave
Clock, or Optical Transport Network (G.709)

*  Wired networking
— Inter/Intra DC interconnect
— Timing card, line card

» Data center and enterprise computing

* Broadband fixed line access

* Industrial
— Test and measurement
— Medical imaging

+ Jitter and Wander Attenuation, Precise Frequency
Translation, and Low-Jitter Clock Generation for
FPGA, DSP, ASIC, and CPU Devices

3 Description

The LMKO05028 is a high-performance network
synchronizer clock device that provides jitter cleaning,
clock generation, advanced clock monitoring, and
good hitless switching performance to meet the
stringent timing requirements of communications
infrastructure and industrial applications. The low jitter
and high PSNR of the device reduce bit error rates
(BER) in high-speed serial links.

The device has two PLL channels and generates up
to eight output clocks with 150-fs RMS jitter. Each PLL
domain can select from any four reference inputs to
synchronize the outputs.

Package Information

PART NUMBER PACKAGE(") PACKAGE SIZE®)

LMK05028

RGC (VQFN, 64)  [9.00mm x 9.00mm

(1)  For more information, see Section 11.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable
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4 Pin Configuration and Functions

-
z -
Ol 8 — o 0] 3
N T - T B T S S B R T B -
[ ) ~ ~ S o © © = = 0 0 < <+ O |
£ 3 552 855 g & 5555 83
I £ 05 6 8 58 06 b 5 5 8 o0 5 § 8
( | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | N
O PR TR [ T [T T [T T T AT T I T I D e |
I 8 &§ o 8 8 8 5 8 8 F 8 8 5 8 2
NoP |11 48 . _| cap_apLLt
NoN [ 12 /2 \ 47 L | LR
| _ I I —
vbDo_INo | I 3 I I 46 | _| PDN
| _ | | —
vDD_IN3 [ | 4 | | 45 | _| GPIOO/SYNCN
| _ I I —
NaP |15 I I 44 | | xoN
| _ | | —
NaN [ I e I I 43 | | xop
| _ I I —
capDiG | 17 I I 42 | _| vobp_xo
| _ | | —
voppic | | 8 | | 41 | _| GPIo4/FDECT
[~ | GND | _
voo_IN2 [ |9 I | 40 | _| GPIO3/FING
| _ | | —
NP [ I 10 I I 39 | | LF2
| _ I I —
N2 N |1 11 I I 38 | _| cAP_APLL2
| _ | | —
GPlosFINC2 | | 12 | | 37 _ _| vDD_APLL2
| _ I I —
GPlos/FDEC2 | I 13 I I 36 _ _| scusck
| _ | I —
NP [l 14 | | 35 | _| sobasp
| _ I I —
NN 115 \_ o ________ J 34 __| outsrp
vbo_INt [ I 16 33 _ _| outsN
~ fee} o - N [s¢] w © ~ o] [o2] o — ol
~— — o N o o o o o N @ @ @
PO T T T O O T o O O I RO (O AN B B R
. I | ! ] I | ! ] I | ! I | ! ] I | ! I | ! ] I | ! ] I | ! J
o % 2 2 gl pa g g = S A A B
(u;l % (';)I g 8 5 .5 S 8 5 5 g (u;l 8 5 5 Not to scale
zZ & @z > O o =2 > O O Zz Z 9 O O
< a 2 o z z >
> G
Figure 4-1. RGC Package 64-Pin VQFN Top View
Table 4-1. Pin Functions
PIN
TYPE(" DESCRIPTION
NAME NO.
POWER
Ground / Thermal Pad.
GND PAD G The exposed pad must be connected to PCB ground for proper electrical and thermal performance.
A 7x7 via pattern is recommended to connect the IC ground pad to the PCB ground layers.
VDD_INO P
VDD_IN1 16 P Core Supply (3.3 V) for Reference Inputs 0 to 3.
VDD IN2 P Place a nearby 0.1-yF bypass capacitor on each pin.
VDD_IN3 P
VDD_XO 42 P Core Supply (3.3 V) for XO and TCXO Inputs.
VDD TCXO 19 =) Place a nearby 0.1-uF bypass capacitor on each pin.
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Table 4-1. Pin Functions (continued)

PIN
TYPE(" DESCRIPTION
NAME NO.
VDD_APLL1 49 P
VDD_APLL2 37 = Core Supply (3.3 V) for PLL1, PLL2_, and Digital _Blocks.
Place a nearby 0.1-pyF bypass capacitor on each pin.
VDD_DIG 8 P
VDDO_0 21 P
VDDO_1 25 P
VDDO_23 30 P Output Supply (1.8, 2.5, or 3.3 V) for Clock Outputs 0 to 7.
VDDO_45 50 =) Place a nearby 0.1-yF bypass capacitor on each pin.
VDDO_6 59 P
VDDO_7 63 P
CORE BLOCKS
LF1 47 A External Loop Filter Capacitor for APLL1 and APLL2.
LF2 39 A Place a nearby 0.1-uF capacitor on each pin.
CAP_APLL1 48 A
CAP APLL2 38 A External Bypass Capacitors for AI?LL1, APLLZZ and Digital Blocks.
= Place a nearby 10-uF bypass capacitor on each pin.
CAP_DIG 7 A
INPUT BLOCKS
INO_P 1 |
INO_N 2 |
IN1 P 14 1 DPLL Reference Clock Inputs 0 to 3.
= Each input pair can accept a differential or single-ended clock signal for synchronizing the DPLLs.
IN1T_N 15 | Each pair has a programmable input type with internal termination to support AC- or DC-coupled
IN2 P 10 | clocks. A single-ended LVCMOS clock can be applied to the P input with the N input pulled down
— to ground. An unused input pair can be left floating. LVCMOS input mode is recommended for input
IN2_N " I frequencies less than 5 MHz.
IN3_P 5 |
IN3_N 6 |
XO_P 43 | XO Input.
This input pair can accept a differential or single-ended clock signal from a low-jitter local oscillator
to lock the APLLs. This input has a programmable input type with internal termination to support
XO_N 44 AC- or DC-coupled clocks. A single-ended LVCMOS clock (up to 2.5 V) can be applied to the P
input with the N input pulled down to ground.
TCXO Input.
This input can accept an AC-coupled sinewave, clipped-sinewave, or single-ended clock signal from
TCXO_IN 18 a stable oscillator (TCXO/OCXO) to lock the TCXO-DPLL if used by a DPLL configuration. The
input swing must be less than 1.3 Vpp before AC-coupling to the input pin, which has weak internal
biasing of 0.6 V and no internal termination. Leave pin floating if unused.
OUTPUT BLOCKS
OuTOo_P 22 (0]
OUTO_N 23 (6]
ouT1 P 27 o Clock Outputs 0 to 3 Bank.
= Each programmable output driver pair can support AC-LVDS, AC-CML, AC-LVPECL, HCSL, or
OUT1_N 26 0 1.8/2.5-V LVCMOS clocks (one or two per pair). Unused differential outputs must be terminated if
ouUT2 P 31 fe) active or left floating if disabled through registers.
— The OUT[0:3] bank requires at least one clock from the PLL2 domain if enabled. This bank is
OUTZ_N 32 0 preferred for PLL2 clocks to minimize output crosstalk.
OUT3_P 34 (0]
OUT3_N 33 (0]
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Table 4-1. Pin Functions (continued)

PIN
TYPE() DESCRIPTION
NAME NO.

ouT4_P 51 O

OUT4_N 52 (o]

ouUT5 P 54 0 Clock Outputs 4 to 7 Bank.

= Each programmable output driver pair can support AC-LVDS, AC-CML, AC-LVPECL, HCSL, or

OUT5_N 53 0 1.8/2.5-V LVCMOS clocks (one or two per pair). Unused differential outputs must be terminated if

ouTs P 57 fe) active or left floating if disabled through registers.

— The OUT[4:7] bank requires at least one clock from the PLL1 domain. This bank is preferred for

OUTE_N 58 0 PLL1 clocks to minimize output crosstalk.

OuUT7_P 62 (0]

OUT7_N 61 O

LOGIC CONTROL / STATUS @ ()

Device Start-Up Mode Select (3-level, 1.8-V compatible).
This input selects the device start-up mode that determines the memory page used to initialize

HW_SW_CTRL 64 the registers, serial interface, and logic pin functions. The input level is sampled only at device
power-on reset (POR).

See Table 4-2 for start-up mode descriptions and logic pin functions.
Device Power-Down (active low).

PDN 46 When PDN is pulled low, the device is in hard reset and all blocks including the serial interface are
powered down. When PDN is pulled high, the device is started according to device mode selected
by HW_SW_CTRL and begins normal operation with all internal circuits reset to their initial state.
12C Serial Data I/O (SDA) or SPI Serial Data Input (SDI). See Table 4-2.

The default 7-bit I2C address is 11000xxb, where the MSB bits (11000b) are initialized from on-chip

SDA/SDI 35 I/O EEPROM and the LSB bits (xxb) are determined by the logic input pins. When HW_SW_CTRL is 0,
the LSBs are determined by the GPIO[2:1] input levels during POR. When HW_SW_CTRL is 1, the
LSBs are fixed to 00b.

SCL/SCK 36 | 12C Serial Clock Input (SCL) or SPI Serial Clock Input (SCK). See Table 4-2.

GPIO0/SYNCN 45 |

GPIO1/SCS 24 |

GPI102/SDO 60 110
Multifunction Inputs or Outputs.

GPIO3/FINC1 40 | See Table 4-2.

GPIO4/FDEC1 41 |

GPIO5/FINC2 12 110

GPIO6/FDEC2 13 110

STATUS1 56 110 Status Outputs [1:0].

Each output has programmable status signal selection, driver type (3.3-V LVCMOS or open-drain),

STATUSO 55 /0 and status polarity. Open-drain requires an external pullup resistor. Leave pin floating if unused.

INSELO_1 17 | Manual Reference Input Selection for DPLLA1.

INSELO_O 20 | INSELO_[1:0] = 00b (INO), 01b (IN1), 10b (IN2), or 11b (IN3). Leave pin floating if unused.

INSEL1_1 29 | Manual Reference Input Selection for DPLL2.

INSEL1_0 28 I INSEL1_[1:0] = 00b (INO), 01b (IN1), 10b (IN2), or 11b (IN3). Leave pin floating if unused.

(1) G =Ground, P = Power, | = Input, O = Output, /0O = Input or Output, A = Analog.
(2) Internal resistors: PDN pin has 200-kQ pullup to VDD. Each HW_SW_CTRL, GPIO, and STATUS pin has a 150-kQ bias to Vy

(approximately 0.8 V) when PDN = 0 or 400-kQ pulldown when PDN = 1. Each INSEL pin has an 85-kQ pullup to 1.8 V when PDN =0

or 400-kQ pulldown when PDN = 1.
(3) Unless otherwise noted: Logic inputs are 2-level, 1.8-V compatible inputs. Logic outputs are 3.3-V LVCMOS levels.
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4.1 Device Start-Up Modes

The HW_SW_CTRL input pin selects the device start-up mode that determines the memory page used to
initialize the registers, serial interface, and logic pin functions at power-on reset. The initial register settings
determine the device's frequency configuration stored in the internal EEPROM (NVM) or ROM. After start-up,
the device registers can be accessed through the selected serial interface for device status monitoring or
programming, and the logic pins will function as defined by the mode configuration.

Table 4-2. Device Start-Up Modes
START-UP MODE MODE DESCRIPTION

HW_SW_CTRL
INPUT LEVEL(")

Registers are initialized from EEPROM, and I2C interface is enabled. Logic pins:

+  SDA, SCL: I2C Data, I2C Clock (open-drain). Pins require external pullups > 1 kQ.

*  GPIOO0: Output SYNC Input (active low). Tie pin high externally if not used.

0 EEPROM + °C |, GPIO[2:1](": I2C Address LSB Select Input (00, 01, 10, 11b)

(Soft pin mode) GPIO[4:3]@: DPLL1 DCO Frequency Decrement and Increment Inputs (active high)

+  GPIO[6:5]@ (3): DPLL2 DCO Frequency Decrement and Increment Inputs (active high), or
Status Outputs

Registers are initialized from EEPROM, and SPI interface is enabled. Logic pins:
+ SDA, SCL: SPI Data Input (SDI), SPI Clock (SCK)

Float EEPROM + SPI |, GPIO1: SPI Chip Select (SCS)

Vim) (Soft pin mode) GPIO2: SPI Data Output (SDO)

*  GPIOI[6:3, 0]: Same as for HW_SW_CTRL =0

Registers are initialized from the ROM page selected by GPIO pins, and I2C interface is enabled.
Logic pins:
SDA, SCL: I2C Data, I12C Clock (open-drain). Pins require external pullups > 1 kQ.
ROM + I2C +  GPIO[3:0]": ROM Page Select Input (0000 to 1111b)
(Hard pin mode) |.  GpIO[6:5]@): Status Outputs
*  GPIO4: Not used during POR

After POR, GPIO[6:3] can function the same as for HW_SW_CTRL = 0 if enabled by registers.

(1) The input levels on these pins are sampled only during POR.
(2) These GPIO pins are only functional when the DCO feature and FINC/FDEC pin controls are enabled by registers.
(3) As status outputs, the GPIO[6:5] pins have the same configuration options as the STATUS[1:0] pins.

Note

To provide proper start-up into EEPROM + SPI Mode, the HW_SW_CTRL, STATUSO, and STATUS1
pins must all be floating or biased to V, (0.8-V typical) before the PDN pin is pulled high. These three
pins momentarily operate as 3-level inputs and get sampled at the low-to-high transition of PDN to
determine the device start-up mode during POR. If any of these pins are connected to a host device
(MCU or FPGA), Tl recommends using external biasing resistors on each pin (10-kQ pullup to 3.3 V
with 3.3-kQ pulldown to GND) to set the inputs to V|, during POR. After power-up, the STATUS pins
can operate as LVCMOS outputs to overdrive the external resistor bias for normal status operation.
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5 Specifications
5.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)()
MIN MAX UNIT

vDD® Core supply voltages -0.3 3.6 Y
VDDO®) Output supply voltages -0.3 3.6 \Y
ViN Input voltage range for clock and logic inputs -0.3 VDD+0.3 \%
Vout Loaic Output voltage range for logic outputs -0.3 VDD+0.3 \%
Vout Output voltage range for clock outputs -0.3 VDDO+0.3 \%
T Junction temperature 150 °C
Tstg Storage temperature range -65 150 °C

(1)

@)
@)

Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.

If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

VDD refers to all core supply pins or voltages. All VDD core supplies must be powered-on before the PDN is pulled high to trigger the
internal power-on reset (POR).

VDDO refers to all output supply pins or voltages. VDDO_x refers to the output supply for a specific output channel, where x denotes
the channel index.

5.2 ESD Ratings

VALUE UNIT
Electrostat Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
ectrostatic
V(Esp) discharge Qha(rzgj)ed device model (CDM), per JEDEC specification JESD22-C101, all +750 v
pins

(1)
@)

JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

Over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
vDD(") Core supply voltages 3.135 3.3 3.465 \%
VDDO_x(® Output supply voltage for AC-LVDS/CML/LVPECL or HCSL driver 1.71 1.8,2.5,3.3 3.465 \%
VDDO_x(® Output supply voltage for 1.8-V LVCMOS driver(®) 1.71 1.8 1.89 \%
VDDO_x(® Output supply voltage for 2.5-V LVCMOS driver(®) 2.375 25 2.625 \%
VN Input voltage range for clock and logic inputs 0 3.465 \%
T, Junction temperature 135 °C
tvoD Power supply ramp time(4) 0.01 100 ms
NEEcyc EEPROM program cycles(®) 100| cycles
SRouT Output slew rate mode(®) Fast -

(1)
@)

@)
(4)
®)
(6)

VDD refers to all core supply pins or voltages. All VDD core supplies must be powered-on before internal power-on reset (POR).
VDDO refers to all output supply pins or voltages. VDDO_x refers to the output supply for a specific output channel, where x denotes
the channel index.

The LVCMOS driver supports full rail-to-rail swing when VDDO_x is 1.8 V or 2.5V +5%. When VDDO_x is 3.3 V, the LVCMOS driver
does not fully swing to the positive rail due to the dropout voltage of the output channel's internal LDO regulator.

Time for VDD to ramp monotonically above 2.7 V for proper internal power-on reset. For slower or non-monotonic VDD ramp, hold
PDN low until after VDD voltages are valid.

Clock output characteristics are specified for all driver types with the output slew rate mode programmed to Fast. Some specifications
cannot be met with the output slew rate programmed to Nominal.

NeEcyc SPecifies the maximum EEPROM program cycles allowed for customer programming. The initial count of factory-programmed
cycles is non-zero due to production tests, but factory-programmed cycles are excluded from the nggeyc limit. The total number of
EEPROM program cycles can be read from the 8-bit NVM count status register (NVMCNT), which automatically increments by 1 on
each successful programming cycle. Tl does not ensure EEPROM endurance if the nggeyc limit is exceeded by the customer.
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5.4 Thermal Information

LMK05028
THERMAL METRIC(") ) (3) RGC (VQFN) UNIT
64 PINS
Reua Junction-to-ambient thermal resistance 20.5 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 6.3 °C/W
Reys Junction-to-board thermal resistance 49 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 0.3 °C/W
Wyt Junction-to-top characterization parameter 0.1 °C/W
Wis Junction-to-board characterization parameter 4.8 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

(2) The thermal information is based on a 10-layer 200 mm x 250 mm board with 49 thermal vias (7 x 7 pattern, 0.3 mm holes).

(3) Wyg can allow the system designer to measure the board temperature (Tpcg) with a fine-gauge thermocouple and back-calculate the
device junction temperature, T; = Tpgpg + (W g X Power). Measurement of W jg is defined by JESD51-6.

5.5 Electrical Characteristics

Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Power Supply Characteristics
IDD_INO,
IDD_INA. K/C’EF)‘ESI‘;\“’)S'V Current 35 10| mA
IDD_IN3 -
Core Supply Current
IDD_IN2 (VDD. IN2) 6 14| mA
Core Supply Current
IDD_XO (VDD_XO) 25 33 mA
DD TCXO Core Supply Current Configuration A®® 1 4 mA
- (VDD_TCXO) Configuration B®) 6 9| mA
Configuration A(@) 160 188 mA
IDD_PLL1 Core Supply Current g
(VDD_PLL1) Configuration B®) 185 217 mA
Configuration A 138 160 mA
IDD_PLL2 Core Supply Current [¢]
(VDD_PLL2) Configuration B®) 160 187 mA
Configuration A® 34 59 mA
IDD_DIG Core Supply Current g
(VDD_DIG) Configuration B() 42 70 mA
AC-LVDS 22 28 mA
IDDO x Output Supply Current(10) AC-CML 24 32| mA
- (VDDO_x =33V +5%) AC-LVPECL 27 34| mA
HCSL 33 42 mA
AC-LVDS (x2) 32 40 mA
IDDO x Output Supply Current(!) AC-CML (x2) 37 45 mA
- (VDDO_x = 3.3V £ 5%) AC-LVPECL (x2) 41 51 mA
HCSL (x2) 55 67| mA
IDDppN Total Supply Current Device powered-down (PDN pin held 40 mA
(all VDD and VDDO pins, 3.3 V) |low)
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

Reference Input Characteristics (INx)
Differential input(® 5 750
fin Input frequency range® MHz
LVCMOS input 2 250

V|N-SE Single-ended input voltage swing |LVCMOS input, DC-coupled to INx_P 1 \%
Vibpp Eé:irigt;il H{;’:t_v\j’:;g;swmg' Differential input 0.4 2| v
dv/dt Input slew rate®) 0.2 Vins
I Input leakage zi()s-a(i)le;réd 100-Q internal terminations -350 350 uA
Cin Input capacitance Single-ended, each pin 2 pF
XO Input Characteristics (XO)
foLk Input frequency range® 10 100| MHz
V\N-SE Single-ended input voltage swing |LVCMOS input, DC-coupled to XO_P 1 2.6 \%
Vibpp Eg;irigti' élr{f:t_"\‘/’:la;%‘z)s""i”g' Differential input 0.4 2| v
dv/dt Input slew rate®) 0.2 Vins
IDC Input duty cycle 40 60 %
I Input leakage zi()s-a(i)le;réd 100-Q internal terminations -350 350 uA
Cin Input capacitance Single-ended, each pin 1 pF
TCXO/OCXO Input Characteristics (TCXO_IN)
frexo Input frequency® 10 54| MHz
ViN Input voltage swing AC-coupled 0.8 1.3 \%
Vgias Input bias voltage Weak internal bias 0.6 \%
dv/dt Input slew rate®) 0.2 Vins
IDC Input duty cycle 40 60 %
Cin Input capacitance 10 pF
APLL/VCO Characteristics
fvco1 VCO1 Frequency range 4.8 5.4 GHz
fvcoz VCO2 Frequency range 5.5 6.2 GHz
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT

1.8-V LVCMOS Output Characteristics (OUTx)
fout Output frequency®) 1E-6 200/ MHz
VoH Output high voltage lon=1mA 1.2 \%
VoL Output low voltage lo=1mA 0.4 \%
lon Output high current -23 mA
loL Output low current 24 mA
tr/ty Output rise/fall time(®) 20% to 80% 250 ps

S:;nsupt);)i tc;/i;z:ler, output divide values, 100 ps
tsk Output-to-output skew(®)

Same post divider, output divide values, 15 ns

LVCMOS-to-DIFF
PNrLoor (Of(‘::‘:‘s‘;p:afg MEy fleor 66.66 MHz 155 dBo/Hz
oDC Output duty cycle®®) (13) 45 55 %
Rout Output impedance 50 Q
2.5-V LVCMOS Output Characteristics (OUTx)
fout Output frequency® 1E-6 200/ MHz
VoH Output high voltage loy=1mA 1.9 \Y
VoL Output low voltage loL=1mA 0.525 \%
lon Output high current -48 mA
loL Output low current 55 mA
tr/t Output rise/fall time(4) 20% to 80% 250 ps

:s&nsupt)sj: tdyi;iéjer, output divide values, 100 ps
tsk Output-to-output skew(*)

Same post divider, output divide values, 15 ns

LVCMOS-to-DIFF
PNELOOR (Cf’;;‘ss;f:afg ,Clﬂz‘)* floor 66.66 MHz -155 dBc/Hz
oDC Output duty cycle® (13) 45 55 %
Rout Output impedance 50 Q
AC-LVDS Output Characteristics (OUTx)
four Output frequency®) ©) 750 MHz
Vob Output voltage swing (Von - Vo) |fout> 25 MHz 250 400 450 mV
Vobee Fl?éf;ir-«tag-t‘i)a; aokutput voltage swing, 2xVop v
Vos Output common mode 100 430 mV
tsk Output-to-output skew(*) ::?gﬁ;j: tdyi;gjer, output divide values, 100 ps

20% to 80%, < 300 MHz 225 350 ps
tr/tr Output rise/fall time(*) + 100 mV around center point, = 300

MHz 75 150 ps
PNELoOR (Ofs:‘:;‘;fzafg ,\r/‘lﬂi‘; floor 156.25 MHz -160 dBc/Hz
oDC Output duty cycle® (13) 45 55 %
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
AC-CML Output Characteristics (OUTx)
fout Output frequency®) ©) 750 MHz
Vob Output voltage swing (Von - Vor) 400 600 800 mV
Differential output voltage swing,
Voopp peak-to-peak 2xVop v
Vos Output common mode 150 550 mV
Same post divider, output divide values,
—to- (4)
tsk Output-to-output skew and output type 100 ps
20% to 80%, < 300 MHz 150 300 ps
tr/tr Output rise/fall time(*) + 100 mV around center point, = 300
MHz 50 125 ps
PNeLoOR Output duty cycle®) (13) 156.25 MHz -160 dBc/Hz
oDC Output duty cycle® 45 55 %
AC-LVPECL Output Characteristics (OUTx)
fouT Output frequency(®) (6) 750 MHz
Vop Output voltage swing (Von - VoL) 500 850 1000 mV
Differential output voltage swing,
Voopp peak-to-peak 2xVop v
Vos Output common mode 0.3 0.7 \%
Same post divider, output divide values,
—to- (4)
tsk Output-to-output skew and output type 100 ps
20% to 80%, < 300 MHz 150 300 ps
tr/t Output rise/fall time(*) ;
RIF p ;\;/IL(;O mV around center point, = 300 25 100 ps
Output phase noise floor
PN 156.25 MHz -162 dBc/Hz
FLOOR (forrseT > 10 MHz)
oDC Output duty cycle®) (13) 45 55 %
HCSL Output Characteristics (OUTx)
fouT Output frequency® (6) 400| MHz
Von Output high voltage 600 880 mV
VoL Output low voltage -150 150 mV
Same post divider, output divide values,
—to- (4)
tsk Output-to-output skew and output type 100 ps
dv/dt Output slew rate(®) Measured from -150 mV to +150 mV on 2.5 6| Vins
the differential waveform
Output phase noise floor (forrseT
PNk oor > 10 MHz) 100 MHz -158 dBc/Hz
oDC Output duty cycle® (13) 100 MHz 45 55 %
3-Level Logic Input Characteristics (HW_SW_CTRL, STATUS[1:0])
Viy Input high voltage 1.4 \Y
. Input floating with internal bias and
Vim Input mid voltage PDN pulled low 0.7 0.9 \Y
Vi Input low voltage 0.4 \Y
i1 Input high current Viy =VDD -40 40 HA
I Input low current VL= GND -40 40 WA
Cin Input capacitance 2 pF
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT

2-Level Logic Input Characteristics (PDN, GPIO[6:0], SDI, SCK, SCS, INSELx_[1:0])
ViH Input high voltage 1.2 \%
Vi Input low voltage 0.6 \%
Iy Input high current Viy=VDD -40 40 pA
I Input low current V)L =GND -40 40 uA
Cin Input capacitance 2 pF
Logic Output Characteristics (STATUS[1:0], GPIO[6:5], SDO)
Von Output high voltage lon=1mA 1.2 \%
VoL Output low voltage loL=1mA 0.6 \Y
tr/te Output rise/fall time éor\])/éto 80%, LVCMOS mode, 1kQ to 500 ps
SPI Timing Requirements (SDI, SCK, SCS, SDO)
fsck SPI clock rate 20 MHz
t4 SCS to SCK setup time 10 ns
to SDI to SCK setup time 10 ns
t3 SDI to SCK hold time 10 ns
t4 SCK high time 25 ns
ts SCK low time 25 ns
tg SCK to SDO valid read-back data 10 ns
t7 SCS pulse width 20 ns
tg SDI to SCK hold time 10 ns
I2C Interface Characteristics (SDA, SCL)
Viy Input high voltage 1.2 \Y
Vi Input low voltage 0.5 \Y
Iin Input leakage -15 15 MA
Cin Input capacitance 2 pF
VoL Output low voltage loL =3 mA 0.3 \Y

Standard 100 kHz
fscL I2C clock rate

Fast mode 400 kHz
tsu(sTART) START condition setup time SCL high before SDA low 0.6 us
tH(sTART) START condition hold time SCL low after SDA low 0.6 ps
tw(scLH) SCL pulse width high 0.6 us
tw(scLy) SCL pulse width low 1.3 us
tsu(spa) SDA setup time 100 ns
th(spa) SDA hold time SDA valid after SCL low 0 0.9 us
tr(N) SDA/SCL input rise time 300 ns
tran) SDA/SCL input fall time 300 ns
trouT) SDA output fall time Cpus <400 pF 300 ns
tsu(sTor) STOP condition setup time 0.6 us
taus Bus free time between STOP and 13 us

START
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Other Characteristics
tpHO Input-to-output phase offset Zero delay mode 2 ns
) VDDO_x=2.5V or 3.3 V, AC-DIFF or 70
PSNR Sp_ur induced by power supply HCSL output -
noise (Vy = 50 mVpp)(7) (8)
VDDO_x = 2.5V, LVCMOS output -55 4B
c
Sour induced b | VDDO_x =1.8V, AC-DIFF or HCSL 70
pur induced by power supply outout -
PSNR noise (Vy = 25 mVpp)(7) 8) P
VDDO_x = 1.8 V, LVCMOS output -45
Ao fOUTX =156.25 MHZ, fOUTy =155.52
SPUR Spur level due to output-to-output ) A ¢ pIFF or HCSL (same output .75 dBc
crosstalk (adjacent channels)
type for both channels)
PLL Clock Output Performance Characteristics
RMS phase jitter 156.25 MHz AC-DIFF or HCSL output,
RJ (12 kHz to 20 MHz) fxo = 48.0048 MHz 150 250| fsRMS
PN1pc Output close-in phase noise 122.88 MHz AC-DIFF or HCSL, 3-loop -112 dBc/Hz
(fOFFSET =100 HZ) mode, fxo =48.0048 MHz, fTCXO =10
MHz, fTCXO-TDC =20 MHz, BWRgr =5
Hz, BWycxo = 400 Hz
BW DPLL bandwidth range(® Programmed bandwidth setting 02(1)(;8 Hz
J DPLL closed-loop jitter fin = 25 MHz, foyt = 10 MHz, DPLL BW 0.1 dB
PK peaking(14) =0.1 Hzor 10 Hz :
. Jitter modulation = 10 Hz,
JroL Jitter tolerance 25.78125 Gbps 6455 Ul p-p
. . . Valid for a single switchover event
tHITLESS E\zﬁiﬁ transient during hitless between two clock inputs at the same +50 ps
frequency
Frequency transient during hitless Valid for a single switchover event
fHITLESS switqch y 9 between two clock inputs at the same +10 ppb
frequency
" . From rising edge of PDN to free-
_ (12)
tsTARTUP Initial PLL clock start-up time running output clocks 20 ms

Q)
@)
®)
:
(6)
@)
(8)
©)
(10)

(1)
(12)

(13)
(14)
(15)

Total device current can be estimated by summing the individual IDD_x and IDDO_x per pin for all blocks enabled in a

given configuration.

Configuration A (All blocks on except TCXO_IN and both TCXO-DPLLS): finjo.3; = 25 MHz, fxg = 48.0048 MHz, TCXO_IN

disabled. Both DPLL[1:2] in 2-loop mode, fyco1 =5 GHz, fycop = 5.5296 GHz, PLL1_P1 =8, PLL2_P1 =9.

Configuration B (All blocks on): fiNjo.3) = 25 MHz, fxo = 48.0048 MHz, frcxo = 10 MHz. Both DPLL[1:2] in 3-loop mode, fyco1 =5 GHz,
fycoz = 5.5296 GHz, PLL1_P1 =8, PLL2_P1 =9.

Parameter is specified by characterization and is not tested in production.

For a differential input clock below 5 MHz, TI recommends to disable the differential input amplitude monitor and enable at least one
other monitor (frequency, window detectors) to validate the input clock. Otherwise, consider using an LVCMOS clock for an input
below 5 MHz.

An output frequency over the foyt maximum specification is possible, but the output swing can be less than the Vop minimum
specification.

PSNR is the single-sideband spur level (in dBc) measured when sinusoidal noise with amplitude Vy and frequency between 100 kHz
and 1 MHz is injected onto VDD and VDDO_x pins.

DJspur (ps pk-pk) = [2 x 10(dB¢/20) / (11 x fo ;1) x 1E6], where dBc is the PSNR or SPUR level (in dBc) and foy is the output frequency
(in MHz).

Actual loop bandwidth can be lower. Applies to REF-DPLL and TCXO-DPLL. The valid loop bandwidth range can be constrained by
the DPLL loop mode and REF-TDC and/or TCXO-TDC frequencies used in a given configuration.

IDDO_x includes supply current for output divider and one output driver with foyt = 156.25 MHz or 122.88 MHz.

IDDO_x includes supply current for output divider and two output drivers with foyt = 156.25 MHz or 122.88 MHz.

Assumes XO input clock is stable in frequency and amplitude before rising edge of PDN, PLLs start-up using parallel calibration mode,
VCO wait timers set to 0.4 ms, PLL wait timers set to 3 ms, and outputs auto-mute during APLL lock only (DPLL auto-mute options
disabled).

Parameter is specified for PLL outputs divided from either VCO domain.

The TICS Pro software configures the closed-loop jitter peaking for 0.1 dB or less based on the programmed DPLL bandwidth setting.
Minimum limit applies for the minimum setting of the differential input amplitude monitor.

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback 13
Product Folder Links: LMK05028


https://www.ti.com
https://www.ti.com/product/LMK05028
https://www.ti.com/lit/pdf/SNAS724
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAS724B&partnum=LMK05028
https://www.ti.com/product/lmk05028?qgpn=lmk05028

13 TEXAS
LMK05028 INSTRUMENTS
SNAS724B — FEBRUARY 2018 — REVISED FEBRUARY 2025 www.ti.com

5.6 Timing Diagrams
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Figure 5-3. Differential Output Voltage and Rise/Fall Time
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Figure 5-4. Single-Ended Output Voltage and Rise/Fall Time
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Figure 5-5. Differential and Single-Ended Output Skew and Phase Offset
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5.7 Typical Characteristics

Unless otherwise noted: VDD = 3.3V, VDDO = 1.8V, Tp = 25°C, BWap | = 500 kHz, AC-LVPECL output.

The PLL output clock phase noise at different frequency offsets are determined by different noise contributors,
such as external clock input sources (REF IN, OCXO, XO) and internal noise sources (PLL, VCO), as well as the
configured PLL loop bandwidths (BWRrer.opLL, BWtcxo-oprLL, BWapLL). The phase noise profile shown for each
external clock source (fsource) is normalized to the PLL output frequency (fout) by adding 20xLOGo(fout /

fsource) to the measured source's phase noise.

-20
—— 19.44 MHz REF IN
.40 12.8 MHz OCXO
\ —— 48 MHz XO
— 60 [N — 156.25 MHz OUT
N
I
S gyl M
% 80 \‘|‘
(] - ™,
g 1o ; §
=2 N N
3 -120 T ~
< Ty il -
& -140 .. T
el N,
160 ~
-180

1 10 100 1000 10000 100000 1E+6
Frequency Offset (Hz)

Output Phase Jitter = 175-fs RMS (12 kHz to 20 MHz) fjy = 25
MHz, frexo = 10 MHz (OCXO), fyo = 48.0048 MHz, frexo-toe =
20 MHz, BWRer.ppLL = 4 Hz, BWrcxo-ppiL = 200 Hz
Figure 5-6. 156.25-MHz Output Phase Noise (3-
Loop) With Phase Noise of External Inputs
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Output Phase Jitter = 160-fs RMS (12 kHz to 20 MHz) fiy = 25
MHz, frexo = 10 MHz (OCXO) , fxo = 48.0048 MHz, frexo-Toc
=20 MHz, BWggr.ppLL = 5 Hz, BWrcxo.ppLL = 400 Hz
Figure 5-7. 122.88-MHz Output Phase Noise (3-
Loop) With Phase Noise of External Inputs
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Output Phase Jitter = 170-fs RMS (12 kHz to 20 MHz) fiy =
19.44 MHz, frexo = 12.8 MHz (OCXO), fxo = 48.0048 MHz,
froxo-Toc = 25.6 MHz, BWRer.ppLL = 1 Hz, BWrcxo-ppLL = 200
Hz
Figure 5-8. 155.52-MHz Output Phase Noise (3-
Loop) With Phase Noise of External Inputs
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Figure 5-9. 156.25-MHz Output Phase Noise (2-
Loop TCXO) With Phase Noise of External Inputs
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6 Parameter Measurement Information
6.1 Output Clock Test Configurations
High-impedance
probe
LVCMOS

LMK05028 {X Oscilloscope
T

Figure 6-1. LVCMOS Output Test Configuration

Phase Noise/

LVCMOS
LMK05028 4| I—O:O— Spectrum

Analyzer

Copyright © 2018, Texas Instruments Incorporated

Figure 6-2. LVCMOS Output Phase Noise Test Configuration

3
N
LMK05028 AC-LVPECL, AC-LVDS, AC-CML

P—1| 0

Figure 6-3. AC-LVPECL, AC-LVDS, AC-CML Output AC Test Configuration

Oscilloscope
(50-Q inputs)

T
I Phase Noise/

LMK05028 AC-LVPECL, AC-LVDS, AC-CML Balun Spectrum Analyzer

P —_0

Figure 6-4. AC-LVPECL, AC-LVDS, AC-CML Output Phase Noise Test Configuration

0Q
W 0
LMK05028 HCSL Oscilloscope
0Q (50-Q inputs)
W 0

Figure 6-5. HCSL Output Test Configuration
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Figure 6-6. HCSL Output Phase Noise Test Configuration
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Sine wave
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Power Supply
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LMK05028 Device Output
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Single-sideband spur level measured in dBc with a known noise amplitude and frequency injected onto the device power supply.

Figure 6-7. Power Supply Noise Rejection (PSNR) Test Configuration
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7 Detailed Description
7.1 Overview

The LMKO05028 is a high-performance network synchronizer clock device that provides jitter cleaning, clock
generation, advanced clock monitoring, and superior hitless switching performance to meet the stringent timing
requirements of communications infrastructure and industrial applications.

The LMKO05028 features four reference inputs, two independent PLL channels, and eight output clocks with RMS
phase jitter of 150-fs typical. The flexible PLL channels provide programmable loop bandwidths for input jitter
and wander attenuation and fractional-N PLL frequency synthesis to generate any output frequency from any
input frequency. Each PLL channel has three phase-locked loops comprised of two digital PLLs (DPLLs) and
one analog PLL (APLL) with a low-noise integrated VCO. Each channel supports three-loop or two-loop mode
configurations to optimize clock performance and design cost for different use cases.

The reference input muxes support automatic input selection or manual input selection through software or pin
control. The reference switchover event is hitless with good phase transient performance (50-ps typical). The
reference clock input monitoring block monitors the clock inputs and performs a switchover or holdover when
a loss of reference (LOR) is detected. A LOR condition can be detected upon any violation of the threshold
limits set for the input monitors, which include amplitude, frequency, missing pulse, runt pulse, and low frequency
detectors. The threshold limits for each input detector can be set and enabled independently per clock input. The
tuning word history monitor feature allows the initial output frequency accuracy upon entry into holdover to be
determined by the historical average frequency when locked, minimizing the frequency and phase disturbance
during a LOR condition.

The device has eight outputs with programmable drivers, allowing up to eight differential clocks, eight LVCMOS
pairs (two outputs per pair), or a combination of both. The output clocks can be selected from either PLL/VCO
domain by the output muxes. A 1PPS (1Hz) output can be supported on outputs 0 and 7. The output dividers
have a SYNC feature to allow multiple outputs to be phase-aligned. If needed, zero delay can be enabled to
achieve a deterministic phase offset between any specified PLL output clock and the selected input clock.

To support IEEE 1588 PTP slave clock or other clock steering applications, each PLL channel also supports
DCO mode with <1-ppt (part per ftrillion) frequency resolution for precise frequency and phase adjustment
through external software or pin control.

The device is fully programmable through 12C or SPI and features custom start-up frequency configuration
with the internal EEPROM, which is custom factory pre-programmable and in-system programmable. Internal
LDO regulators provide excellent PSNR to reduce the cost and complexity of the power delivery network. The
clock input and PLL monitoring status can be observed through the status pins and interrupt registers for full
diagnostic capability.

Each PLL channel supports programmable loop bandwidth for jitter and wander attenuation and fractional
frequency translation for flexible frequency configuration. Synchronization options supported on each PLL
channel includes hitless switching with phase cancellation, digital holdover, DCO mode with <1 ppt/step for
precise clock steering (IEEE 1588 PTP slave), and zero-delay mode for deterministic input-to-output phase
offset. The advanced reference input monitoring block provides robust clock fault detection and helps to
minimize output clock disturbance when a loss of reference (LOR) occurs.

The device can use a low-frequency TCXO/OCXO to determine the free-run or holdover frequency stability to
maintain standards-compliant synchronization during LOR, or a standard XO when holdover frequency stability
and wander are not critical. The device is fully programmable through 12C or SPI interface and supports
custom frequency configuration on power-up with the internal EEPROM or ROM. The EEPROM is factory
pre-programmable and in-system programmable.
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AC-LVPECL output, fIN =25 MHZ, fTCXO =10 MHz (OCXO), fxo =48.0048 MHZ, fTCXO—TDC =20 MHz

Figure 7-1. 122.88-MHz Output Phase Noise (3-Loop)

7.1.1 ITU-T G.8262 (SyncE) Standards Compliance

The LMK05028 meets the applicable requirements of the ITU-T G.8262 (SyncE) standard. See the Application
Report, ITU-T G.8262 Compliance Test Result for the LMK05028 (SNAA315).
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7.2 Functional Block Diagrams

TCXO/OCXO determines output frequency stability.
(e.g. Af/fo <#4.6 ppm for SyncE)

XO determines output jitter

@ in 12 kHz to 20 MHz band.
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Figure 7-2. Top-Level Device Block Diagram
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7.2.1 PLL Architecture Overview

Figure 7-3 shows the 3-loop architecture implemented the same for both PLL channels with exception of the
VCO frequency range. Each channel has three phase-locked loops with two digital PLLs (REF-DPLL and TCXO-
DPLL) and one analog PLL (APLL) with integrated VCO. The REF-DPLL and TCXO-DPLL are each comprised
of a time-to-digital converter (TDC), digital loop filter (DLF), feedback prescaler (PR), and 40-bit fractional
feedback (FB) divider with sigma-delta-modulator (SDM or "MASH"). The APLL is comprised of a reference
frequency doubler (x2), phase-frequency detector (PFD), loop filter (LF), fractional feedback (N) divider with
SDM, and VCO.

TCXO |- == VCO1 FB X0 VCOXFB . ol
5-bit | [~ VCO2FB 4 option
1
PLLx Channel :
VCO1: 4.8 to 5.4 GHz Loopback
REF Mux \.0_1 2/ TOXO Mux VCO2: 5510 6.2 GHz Dividers
A
REF-DPLL TCXO-DPLL APLL ¥ Post
frer-Toc froxoTo0 v _feo VCO Dividers
|Jx_5|—> fucolP1
TOC |—»{ DLF TC [—»| DLF PFD [ LF Lot Pt Hot+—»
—
fvco /410/9,
210 /17 210 17 1,13
Cooveorrs 40-bit F_raFcBN SDM PR | 4obit F_raFcBN SDM PR | 4obit Fr_:a’;‘—N SDM Loyf P2 fVCO/P:
vcoz FB Ej‘ [‘J -
Output
\ 8 Muxes
DPLL feedback clock
SDM control "
DCO option ?
DCO 1
FING/FDEC —» ooy .

38-bit DCO loop select

A. Fractional divider SDM control node depends on the selected PLL mode configuration.
DCO frequency adjustments can be software or pin controlled.
C. PLL cascading options: a) PLL1 VCO1 Loopback to PLL2, b) PLL2 VCO2 Loopback to PLL1.

Figure 7-3. PLL Architecture (One Channel)

w

Table 7-1 summarizes the PLL mode configuration options available in each channel. These modes support
a wide range of use cases depending to the clock functionality and performance required in the application.
Most applications uses 2-loop REF-DPLL or 3-loop mode for network synchronization clock features such as
programmable loop bandwidth for jitter and wander attenuation, hitless switching, precise digital holdover, DCO
frequency steering, or zero delay mode.

Table 7-1. PLL Mode Configuration Options

BLL MODE FRACTIONAL SDM ENABLED (SDM CONTROL FROM) DCO MODE OPTION FREE-RUN /
REF-DPLL TCXO-DPLL APLL HOLDOVER CLOCK
1-Loop (APLL only) - - Y (Free-run from XO) - X0
2-Loop REF-DPLL Y (DCO option) - Y (REF-DPLL) REF-DPLL SDM X0
2-Loop TCXO-DPLL - Y (DCO option) Y (TCXO-DPLL) TCXO-DPLL SDM TCXO
3-Loop Y (DCO option) Y (REF-DPLL) Y (TCXO-DPLL) REF-DPLL SDM TCXO

The following sections describe the basic principle of operation for 2-loop and 3-loop modes. See PLL Operating
Modes for more details on the PLL modes of operation including holdover.

7.2.2 3-Loop Mode

In 3-loop mode, the TCXO/OCXO source determines the free-run and holdover frequency stability and accuracy,
and the XO source determines the output phase noise and jitter performance over the 12-kHz to 20-MHz
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integration band. 3-loop mode allows the use of a cost-effective, low-frequency TCXO/OCXO (such as 10 or
12.8 MHz) to support standards-compliant frequency stability and low loop bandwidth (<10 Hz) required in
synchronization applications like SyncE and SONET/SDH.

The principle of operation for 3-loop mode is as follows. After power-on reset and initialization, the APLL
locks the VCO to the external XO input clock and operates in free-run mode. Once the external TCXO/OCXO
input clock is detected, the TCXO-DPLL begins lock acquisition. The TCXO TDC compares the phase of the
TCXO/OCXO clock and the TCXO FB divider clock (from the VCO) and generates a digital correction word
corresponding to the phase error. The correction word is filtered by the TCXO DLF, and the output controls
the APLL N divider SDM to pull the VCO frequency until the frequency is locked to the TCXO/OCXO clock.
After a valid reference input is selected, the REF-DPLL enters lock acquisition mode. The REF TDC compares
the phase of the selected input clock and the REF FB divider clock (from the VCO) and generates a digital
correction word. The correction word is filtered by the REF DLF, and the output controls the TCXO FB divider
SDM which translates to a frequency offset to the TCXO TDC. This frequency correction propagates through
the TCXO-DPLL which then controls the APLL N divider SDM to pull the VCO frequency until the frequency is
locked to the selected reference input clock.

If DCO mode is enabled on the REF-DPLL, a frequency deviation step value (FDEV) can be programmed and
used to adjust (increment or decrement) the REF FB divider SDM, where the frequency adjustment effectively
propagates through the 3 nested loops to the VCO output.

To provide proper loop stability in 3-loop mode, the REF-DPLL has the lowest loop bandwidth (BWrgr.ppL < 80
Hz, typical), the TCXO-DPLL has a higher loop bandwidth (BWgrgr.ppLL * 50 < BWrcxoppLL £ 4 kHz), and the
APLL has the highest bandwidth (BWpp is approximately 500 kHz typical).

When operating in 3-loop mode and all reference inputs to the REF-DPLL are lost, the PLL channel enters
holdover mode and operate similar to 2-loop TCXO-DPLL mode.

TCXO === VCO1 FB X0 VCOx FB
5 b1 | — VCO2FB 4
|
1
PLLx Channel :
VCO1: 4.8 0 5.4 GHz Loopback
REF Mux \ 0 1 2/ TCXO Mux VCO2: 5.5 10 6.2 GHz Dividers
7y
REF-DPLL TCXO-DPLL APLL Y Post
frer-Toc frexo-toc feo VCO Dividers
x2 fuco/P1
TDC |—»| DLF TDC [—» DLF PFD |» LF —»@ o P | >
) > L1
fvco /410 /9,
210 117 21017 /11,13
L_. +FB _ +FB " =N fvco/P2
zgg; Eg 40-bit Frac-N SDM PR 40-bit Frac-N SDM PR 40-bit Frac-N SDM | L1yl -p2 >
Y A
To
Output
Muxes
DPLL feedback clock

FDEV

DCO option
FINC/FDEC —» e q

38-bit

Figure 7-4. 3-Loop Mode With DCO Option

7.2.2.1 PLL Output Clock Phase Noise Analysis in 3-Loop Mode

The following plot shows an example PLL clock output phase noise profile in 3-loop mode. The PLL output clock
phase noise at different frequency offsets are determined by different noise contributors, such as external clock
input sources (REF IN, OCXO, XO) and internal noise sources (PLL, VCO), as well as the configured PLL loop
bandwidths (BWgrer.ppLL, BWtexo-ppLL, BWapLL)- The phase noise profile shown for each external clock source
(fsource) is normalized to the PLL output frequency (fout) by adding 20xLOGo(fouT / fsource) to the measured
source's phase noise. The PLL output phase noise can be analyzed as follows:

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 23
Product Folder Links: LMK05028


https://www.ti.com
https://www.ti.com/product/LMK05028
https://www.ti.com/lit/pdf/SNAS724
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAS724B&partnum=LMK05028
https://www.ti.com/product/lmk05028?qgpn=lmk05028

13 TEXAS

LMK05028 INSTRUMENTS
SNAS724B — FEBRUARY 2018 — REVISED FEBRUARY 2025 www.ti.com

1.

Below BWgrer.ppLL, the REF input noise contributes to output.
Above BWgrer.ppLL, the REF input noise is attenuated by REF-DPLL bandwidth with up to 60-dB/decade
roll-off.

3. Below BWtcxo-ppLL, the OCXO noise and TDC noise of the TCXO-DPLL determine the output noise here.
The close-in phase noise is —112 dBc/Hz at 100-Hz offset.
4. Above BWrcxo.ppLL, the OCXO noise is attenuated. Below BWjp| |, the APLL noise dominates as the XO
noise contribution is much lower.
5. Above BWup| |, the VCO noise dominates and the XO noise is attenuated.
6. AC-LVPECL output noise floor is -163 dBc/Hz at 10-MHz offset.
20 il
— 25 MHz REF IN
40 | BWgﬁ-DPLL A0 10 MHz OCXO
z —— 48 MHz XO
—  -B0 ,/ I BWrcxoopLL | =—— 122.88 MHz OQUT
T 2 400 Hz
@ -80 /
= / ﬁ‘_) BWieLe
g -100 nrine e 500 kHz ]
o /
= \L /
% -120 ! rq“'.. L ! ,\ L X
i = r“i . = ! CG/
0 140 Rl . { \Z
Tt W g \[
-160 A
-180
1 10 100 1000 10000 100000 1E+6 1E+7
Freaquency Offset (Hz)
Output Phase Jitter = 160-fs RMS (12 kHz to 20 MHz)
AC-LVPECL OUtpUt, fIN =25 MHZ, fTCXO =10 MHz (OCXO), fxo =48.0048 MHZ, fTCXO-TDC =20 MHz
Figure 7-5. 122.88-MHz Output Phase Noise (3-Loop) With Phase Noise of External Inputs
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7.2.3 2-Loop REF-DPLL Mode

For applications that do not require the higher frequency stability in holdover mode and added cost of a TCXO/
OCXO, 2-loop mode allows the XO input to determine the free-run and holdover frequency accuracy and also
supports higher loop bandwidth.

The principle of operation for 2-loop REF-DPLL mode is similar to 3-loop mode except the TCXO-DPLL stage
is bypassed. After power-on reset and initialization, the APLL locks the VCO to the external XO input clock and
operates in free-run mode. After a valid reference input is selected, the REF-DPLL enters lock acquisition mode.
The REF TDC compares the phase of the selected input clock and the REF FB divider clock (from the VCO)
and generates a digital correction word. The correction word is filtered by the REF DLF, and the output controls
the APLL N divider SDM to pull the VCO frequency until the frequency is locked to the selected reference input
clock.

If DCO mode is enabled on the REF-DPLL, a frequency deviation step value (FDEV) can be programmed and
used to adjust (increment or decrement) the REF FB divider SDM, where the frequency adjustment effectively
propagates through the two nested loops to the VCO output.

In 2-loop mode, the REF-DPLL loop bandwidth (BWgrgr.pp ) must be less than /50 and less than the
maximum bandwidth of 4 kHz.

When operating in 2-loop mode and all reference inputs to the REF-DPLL are lost, the PLL channel will enter
holdover mode and operate similar to 1-loop APLL only mode.

X0 VCOx FB
A
PLLx Channel
REF Mux VCO1: 4.8 10 5.4 GHz Loopback
VCO02: 5.5 10 6.2 GHz Dividers
A
INO REF-DPLL APLL v Post
IN1 frer-Toc v_fro VCO Dividers
IN2 R x2 — fuco/P1
N3 TDC |—»{ DLF PFD | LF —»@ > P1 ] >
- 16-bit —»
(x6) fvco /410 /9,
: /2t0 17 /11,113
| VCO1 FB ' +FB -PR ) =N P fvco/PZ
VCO2 FB 40-bit Frac-N SDM T 40-bit Frac-N SDM L | P2 >
To
Output
Muxes
DPLL feedback clock
DCO option
DCO
FING/FDEC — Py, E
38-bit
Figure 7-6. 2-Loop REF-DPLL Mode With DCO Option
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7.2.4 2-Loop TCXO-DPLL Mode

The principle of operation for 2-loop TCXO-DPLL mode is similar to 3-loop mode except the REF-DPLL stage
is bypassed. After power-on reset and initialization, the APLL locks the VCO to the external XO input clock and
operates in free-run mode. Once the external TCXO/OCXO input clock is detected, the TCXO-DPLL begins lock
acquisition. The TCXO TDC compares the phase of the TCXO/OCXO clock and the TCXO FB divider clock
(from the VCO) and generates a digital correction word corresponding to the phase error. The correction word is
filtered by the TCXO DLF, and the output controls the APLL N divider SDM to pull the VCO frequency until the
frequency is locked to the TCXO/OCXO clock.

If DCO mode is enabled on the TCXO-DPLL, a frequency deviation step value (FDEV) can be programmed and
used to adjust (increment or decrement) the TCXO FB divider SDM, where the frequency adjustment effectively
propagates through the two nested loops to the VCO output.

In 2-loop mode, the TCXO-DPLL loop bandwidth (BW+tcxo.ppiLL) must less frcxo/50 and less than the maximum
bandwidth of 4 kHz.

When operating in 2-loop mode and the TCXO input is lost, the PLL channel operates similar to 1-loop APLL
only mode.

TCXO i——-VCO1 FB X0 VCOx FB

b | —vcozFB A
l
|
|
N 7 VCO!1: 4.8 to 5.4 GHz Loopback
012 TCXO Mux VCO2: 5.5 t0 6.2 GHz Dividers
7y
TCXO-DPLL APLL v Post
frexo-Toc vy fro VCO Dividers
> | x2 |-> = fuco/P1
, TDC [—»| DLF PFD [ LF v " P >
fvco /410 /9,
2to 17 /11, /18
L] +FB PR =N fuco/P2
40-bit Frac-N SDM - 40-bit Frac-N SDM [ Lyl P2 >
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DPLL feedback clock
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DCO option
DCO
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Figure 7-7. 2-Loop TCXO-DPLL Mode With DCO Option
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7.2.5 PLL Configurations for Common Applications

Table 7-2. Example PLL Configurations Based on Common Application Design Parameters

KEY DESIGN GOALS TYPICAL LOOP CONFIGURATION
MARKET SEGMENT / BEST CLOSE-IN WANDER
APPLICATION HITLESS ACE e ATTENUATION UL REF-DPLL
SWITCHING (100-Hz OFFSET) | ORTCXO/0CXO BANDWIDTH
HOLDOVER
SyncE EEC Opt. 1,
SDH G.813 Opt. 1 YES - YES 3-Loop 1t0 10 Hz
SyncE EEC Opt. 2,
SONET GR.253 YES - YES 3-Loop 0.1 Hz
SyncE/IEEE 1588 YES _ YES 3-Loop with See above for SyncE
PTP Slave DCO Mode Enabled EEC Opt. 1 0r 2
Wireless/BTS YES YES YES 3-Loop with 1to 20 Hz

DCO Mode Option

Test Instrumentation

(for example, 10-MHz Optional YES YES 3-Loop 1to 40 Hz
Ref. In)

Medical Imaging - YES Optional 2-Loop TCXO 100 to 400 Hz
OTN/OTU - - - 2-Loop REF 100 to 300 Hz
?é%?ﬁgsf)t Optional - YES (TCXO) 2-Loop REF 1to 10 Hz

Other Jitter Cleaning Optional - - 2-Loop REF 10 to 100 Hz
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7.3 Feature Description
The following sections describe the features and functional blocks of the LMK05028.
7.3.1 Oscillator Input (XO_P/N)

The XO input is the reference clock for the fractional-N APLLs. The combination of XO and APLL determines the
jitter and phase noise performance of the output clocks. For optimal performance, the XO frequency must be at
least 48 MHz and have a non-integer frequency relationship with the VCO frequencies so the APLLs operate in
fractional mode. When the TCXO input is not used by either PLL channel, the XO input determines the output
frequency accuracy and stability in free-run or holdover modes.

The XO input buffer has programmable input on-chip termination and AC-coupled input biasing configurations as
shown in Figure 7-8.

The buffered XO path also drives the input monitoring blocks as well as output muxes, allowing buffered copies
of the XO input on OUTO0 and/or OUT1.

LMK05028
28 pF
xopr[ |—s . . [l
oFPL I8 s 1]
S1 S2 100 kQ
Vac-niFr Differential or
e 08 EZ:’_Q (weak bias) | Single-Ended*
S2
9 100 kQ 28 pF
1 [~
XO_N [_l L4 o | 9
S1 *Supports 2.5-V
single-ended swing
50 Q

Figure 7-8. XO Input Buffer

Table 7-3 lists the typical XO input buffer configurations for common clock interface types.
Table 7-3. XO Input Buffer Modes

INTERNAL SWITCH SETTINGS
XO_DIFF_TYPE INPUT TYPES
INTERNAL TERM. (S1, S2)(") INTERNAL BIAS (S3)2
oh LVDS, CML, LVPECL, LVCMOS OFF OFF
(DC-coupled)
LVDS, CML, LVPECL
th (AC-coupled) OFF ON (1.3V)
LVDS, CML, LVPECL
3h (AC-coupled, internal 100-Q) 100 Q ON (1.3V)
HCSL
an (DC-coupled, internal 50-Q) 50 Q OFF

(1) S1, S2: OFF = External termination is assumed.
(2) S3: OFF = External input bias or DC coupling is assumed.

7.3.2 TCXO/OCXO Input (TCXO_IN)

The TCXO input is the reference clock to the TCXO-DPLL loop in each PLL channel. When the PLL channel
uses the TCXO-DPLL, the TCXO input source determines the close-in phase noise and wander performance
(MTIE/TDEV) when the DPLL is locked, as well as the frequency accuracy and stability in free-run and
holdover modes. A TCXO input with high phase noise floor must have minimal or no impact on the output jitter
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performance, provided the TCXO loop bandwidth is designed low enough to attenuate the noise contribution.
This input can be driven from a low-frequency TCXO, OCXO, or external traceable clock that conforms to the
frequency accuracy and holdover stability requirements of the application. TCXO and OCXO frequencies of 10 to
12.8 MHz are widely available and cost-effective options.

The TCXO input can accept an AC-coupled single-ended clock (sine, clipped-sine, or square wave) and has an
internal weak bias of about 0.6 V. The input voltage swing must be less than 1.3 Vpp and terminated before
AC-coupling to the pin. If unused, the TCXO input buffer can be powered down by register bit and the pin can be
left floating.

The buffered TCXO path also drives the input monitoring blocks as well as the TCXO/Ref bypass mux to the
output muxes, allowing a buffered copy of the TCXO input on OUTO and/or OUT1.

LMK05028 11 kQ
AV
TCXO_IN I::'— O—e—»
~0.6 V Internal
(weak bias) TCXO path

Figure 7-9. TCXO Input Buffer
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7.3.3 Reference Inputs (INx_P/N)

The reference inputs (INO to IN3) can accept differential or single-ended clocks to synchronize any of the PLL
channels. Each input has programmable input type, termination, and AC-coupled input biasing configurations as
shown in Figure 7-10. Each input buffer drives the reference input mux of both DPLL blocks. The DPLL input
mux can select from any of the reference inputs. Any DPLL can switch between inputs with different frequencies
provided the DPLL can be divided-down to a common frequency by DPLL R dividers (DPLLy REFx_RDIV). The
reference input paths also drive the various detector blocks for reference input monitoring and validation. The
selected reference of each DPLL input (before the R divider) can be routed through the TCXO/Ref bypass mux
and output muxes, allowing a buffered copy of either DPLL reference input on OUTO0 and/or OUT1.

LMK05028
To LVCMOS input
slew rate detector
3.6 kQ
S4 28 pF
m FaE |
INx_P I: | 6 6 * ]
S1 S2 100 kQ
Differential or
50 Q 100 Q S3 Vac-oiFr ; "
;Z:’_Q(weak bias) | Single-Ended REF path
S2
100 kQ 28 pF
INX_ N |:_| b . e
B Y
S1 *Supports 3.3-V
S-E input swing
50 Q

Figure 7-10. Reference Input Buffer

Table 7-4 lists the reference input buffer configurations for common clock interface types.

Table 7-4. Reference Input Buffer Modes

INTERNAL SWITCH SETTINGS
REFx_TYPE INPUT TYPES INTERNAL TERM. INTERNAL BIAS LVCMOS SLEW RATE
(s1, s2)M (83)@ DETECT (S4)®
LVDS, CML, LVPECL
Oh (DC-coupled) OFF OFF OFF
LVDS, CML, LVPECL
1h (AC.coupled) OFF ON (1.3 V) OFF
LVDS, CML, LVPECL
3h (AC-coupled, internal 100-Q) 1000 ON(1.3V) OFF
HCSL
4n (DC-coupled, internal 50-Q) 500 OFF OFF
8h LVCMOS OFF OFF ON

(1) S1, S2: OFF = External termination is assumed.
(2) S3: OFF = External input bias or DC coupling is assumed.
(3) S4: OFF = Differential input amplitude detector is used for all input types except LVCMOS.

7.3.4 Clock Input Interfacing and Termination

Figure 7-11 through Figure 7-18 show the recommended input interfacing and termination circuits. Unused clock
inputs can be left floating or pulled down.
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VDD
T

LVCMOS
Driver
(Rour)

LMK05028

Rs =50 — Rour R2

o
v £

VDD R1(Q) | R2(Q)
3.3V 125 375
25V 0 open
1.8V 0 open

Figure 7-11. Single-Ended LVCMOS to XO Input (XO_P)

VDD
L TCXO
Clock Driver Rs _IN
g T 500 (Hp—{— Luwosozs
Rt Swing
$ <1.3 Vpp
Driver Rs (Q) Rt (Q)
3.3-V LVCMOS 100 50
2.5-V LVCMOS 68 50
1.8-V LVCMOS 33 50
(Clipped) Sinewave 0 open

Figure 7-12. Single-Ended LVCMOS or Sinewave to TCXO Input (TCXO_IN)

Rs

LVCMOS
3.3V LVCMOS 4/W\,_O:O_ LMK05028
Driver

Copyright © 2018, Texas Instruments Incorporated

Figure 7-13. Single-Ended LVCMOS (1.8, 2.5, 3.3 V) to Reference (INx_P)

LVPECL Driver LVPECL LMK05028
W_—
50 Q 50 Q
VDD_IN - 2

Copyright © 2018, Texas Instruments Incorporated

Figure 7-14. DC-Coupled LVPECL to Reference (INx) or XO Inputs
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B
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LMK05028

LVDS Driver LVDS
L 0—

Copyright © 2018, Texas Instruments Incorporated

Figure 7-15. DC-Coupled LVDS to Reference (INx) or XO Inputs

Driver
CML LMK05028
P 00

Copyright © 2018, Texas Instruments Incorporated

Figure 7-16. DC-Coupled CML (Source Terminated) to Reference (INx) or XO Inputs

HCSL HOSL LMK05028

Driver
% 50 Q

Copyright © 2018, Texas Instruments Incorporated

Figure 7-17. HCSL (Load Terminated) to Reference (INx) or XO Inputs
Driver Rs (Q)

LVDS open Differential LMK05028
100 Q

L
CML* open Driver
3.3-V LVPECL 150
2.5-V LVPECL 82 Internal input biasing
HCSL 50 Re Re
*CML driver has 50-Q pull-up

Figure 7-18. AC-Coupled Differential to Reference (INx) or XO Inputs

7.3.5 Reference Input Mux Selection

For each REF-DPLL block, the reference input mux selection can be done automatically using an internal state
machine with a configurable input priority scheme, or manually through software register control or hardware pin
control. The input mux can select from INO to IN3. Additionally, DPLL1 can select INS as an internal loopback
clock divided-down from PLL2 VCO (VCO2 FB clock), and DPLL2 can select IN4 as an internal loopback clock

from PLL1's VCO (VCO1 FB clock).
The priority for all inputs can be assigned for each DPLL through registers. The priority ranges from 0 to 6,

where 0 means Ignored (never select) and 1 to 6 are highest (1st) to lowest (6th) priority. When two or more
inputs are configured with the same priority setting, the reference input with the lowest index (INx) is given higher

priority.
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The currently selected reference input for each DPLL can be read through the status pin or register.

7.3.5.1 Automatic Input Selection

There are two automatic input selection modes that can be set by a register: Auto Revertive and Auto Non-
Revertive.

Auto Revertive: In this mode, the DPLL automatically selects the valid input with the highest configured
priority. If a clock with higher priority becomes valid, the DPLL automatically switches over to that clock
immediately.

Auto Non-Revertive: In this mode, the DPLL automatically selects the highest priority input that is valid. If a
higher priority input because valid, the DPLL does not switch-over until the currently selected input becomes
invalid.

7.3.5.2 Manual Input Selection

There are two manual input selection modes that can be set by a register: Manual with Auto-Fallback and
Manual with Auto-Holdover. In either manual mode, the input selection can be done through register control
(Table 7-5) or hardware pin control (Table 7-6).

Manual with Auto-Fallback: In this mode, the manually selected reference is the active reference until the
reference becomes invalid. If the reference becomes invalid, the DPLL does automatically fallback to the
highest priority input that is valid or qualified. If no prioritized inputs are valid, the DPLL enters holdover mode
(if tuning word history is valid) or free-run mode. The DPLL exits holdover mode when the selected input
becomes valid.

Manual with Auto-Holdover: In this mode, the manually selected reference is the active reference until the
reference becomes invalid. If the reference becomes invalid, the DPLL automatically enters holdover mode
(if tuning word history is valid) or free-run mode. The DPLL exits holdover mode when the selected input
becomes valid.

Table 7-5. Manual Input Selection by Register Bits

DP"""—REF—M;\I%REG—SE"[Z:°] DPLLx_REF_MAN_SEL BIT SELECTED INPUT
000b 0 INO
001b 0 IN1
010b 0 IN2
011b 0 IN3
100b 0 VCO1 Loopback to DPLL2
101b 0 VCO2 Loopback to DPLL1
Table 7-6. Manual Input Selection by Hardware Pins
INSELx_[1:0] PINS DPLLx_REF_MAN_SEL BIT SELECTED INPUT
00b 1 INO
01b 1 IN1
10b 1 IN2
11b 1 IN3
The reference input selection flowchart is shown in Figure 7-19.
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Figure 7-19. Reference Input Selection Flowchart

7.3.6 Hitless Switching

Each REF-DPLL supports hitless switching through a proprietary phase cancellation scheme, which can be
enabled per DPLL. When hitless switching is enabled, the feature prevents a phase transient (phase hit) from
propagating to the outputs when the two switched inputs have a fixed phase offset and are frequency-locked.
The inputs are frequency-locked when the inputs have the same exact frequency (0-ppm offset), or have
frequencies that are integer-related and can each be divided to a common frequency by integers. When hitless
switching is disabled, a phase hit equal to the phase offset between the two inputs are propagated to the output
at a rate determined by the REF-DPLL fastlock bandwidth. The hitless switching specifications (ty_gss and
fuiTLess) are valid for reference inputs with no wander. In the case where two inputs are switched but are not
frequency-locked, the output smoothly transitions to the new frequency with reduced transient.

7.3.7 Gapped Clock Support on Reference Inputs

Each DPLL supports locking to an input clock that has missing periods and is referred to as a gapped clock.
Gapping a clock severely increases the jitter, so the device provides the high input jitter tolerance and low loop
bandwidth necessary to generate a low-jitter periodic output clock. The resulting output is a periodic non-gapped
clock with an average frequency of the input with the missing cycles. The gapped clock width cannot be
longer be than the reference clock period after the R divider (Riny / fing)- The reference input monitors must
be configured to avoid any flags due to the worst-case clock gapping scenario to achieve and maintain lock.
Reference switchover between two gapped clock inputs can violate the hitless switching specification if the
switch occurs during a gap in either input clock.

7.3.8 Input Clock and PLL Monitoring, Status, and Interrupts

The following section describes the input clock and PLL monitoring, status, and interrupt features.
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Figure 7-20. Clock Monitors for References, XO, and TCXO Inputs

7.3.8.1 XO Input Monitoring

The XO input has amplitude and frequency monitors to help qualify the input before the input can be used to lock
the APLLs.

The XO amplitude detector clears the LOS (loss-of-signal) flag when the differential input voltage swing (peak-to-
peak) is greater than the minimum threshold selected by the registers (400, 600, or 800 mVpp nominal). The
same threshold applies also for a single-ended LVCMOS input with the non-driven input pin pulled to ground. If
the input clock does not meet the amplitude threshold, the amplitude detector is set the LOS flag and disqualify
the input.

The XO frequency detector clears the LOS_FDET flag when the input frequency is detected within the range of
about 10 MHz to 90 MHz. Above 90 MHz, the frequency detector must be bypassed for proper operation. The
XO frequency monitor uses a RC-based detector and cannot precisely detect if the XO input clock has sufficient
frequency stability to provide successful VCO calibration during the PLL start-up when the external XO clock has
a slow or delayed start-up behavior. See Slow or Delayed XO Start-Up for more information.

The XO monitors can be bypassed through registers, so the input is always considered valid by the PLL control
state machines. The XO LOS status flags can be observed through the status pins and the status bits. The XO
LOS signal from the status pin is the logic-OR combination of both the amplitude and frequency monitor flags.

7.3.8.2 TCXO Input Monitoring

The TCXO input has amplitude and frequency monitors to help qualify the input before the input can be used to
lock the TCXO-DPLLs.

The TCXO amplitude detector determines if the input meets the minimum input slew rate threshold. The input
slew rate detector clears the LOS flag when the slew rate is faster than 0.2 V/ns on the clock edge selected by
the registers (rising edge, falling edge, or both edges). If the input clock does not meet the slew rate threshold on
the selected clock edges, the amplitude monitor sets the LOS flag and disqualify the input.
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The TCXO frequency detector clears the LOS_FDET flag when the input frequency is detected within the range
of about 10 MHz to 90 MHz. Above 90 MHz, the frequency detector must be bypassed for proper operation.

The TCXO monitors can be bypassed through registers, so the input is always considered valid by the PLL
control state machines. The TCXO LOS status flags can be observed through the status pins and the status
bits. The TCXO LOS signal from the status pin is the logic-OR combination of both the amplitude and frequency
monitor flags.

7.3.8.3 Reference Input Monitoring

Each DPLL reference clock input is independently monitored for input validation (qualification) before the input
is available for input selection by either DPLL. The reference monitoring blocks include amplitude, frequency,
missing pulse, and runt pulse monitors. A validation timer sets the minimum time for all enabled reference
monitors to be clear of flags before an input is qualified.

The enablement and valid threshold for all reference monitors and validation timers are programmable per input.
The reference monitors and validation timers are optional to enable, but critical to achieve optimal transient
performance during holdover or switchover events and also to avoid selection of an unreliable or intermittent
clock input. If a given detector is not enabled, the detector does not set a flag and is ignored. The status flag of
any enabled detector can be observed through the status pins for any reference input (selected or not selected).
The status flags of the enabled detectors can also be read through the status bits for the selected input of each
DPLL.

7.3.8.3.1 Reference Validation Timer

The validation timer sets the amount of time for each reference to be clear of flags from all enabled input
monitors before the reference is qualified and valid for selection. The validation timer and enable settings are
programmable.

7.3.8.3.2 Amplitude Monitor

The reference amplitude detector determines if the input meets the amplitude-related threshold depending on
the input buffer configuration. For differential input mode, the amplitude detector clears the LOR_AMP flag
when the differential input voltage swing (peak-to-peak) is greater than the minimum threshold selected by the
registers (400, 500, or 600 mVpp nominal). For LVCMOS input mode, the input slew rate detector clears the
LOR_AMP flag when the slew rate is faster than 0.2 V/ns on the clock edge selected by the registers (rising
edge, falling edge, or both edges). If either the differential or LVCMOS input clock does not meet the specified
thresholds, the amplitude detector sets the LOR_AMP flag and disqualify the input.

Below about 5 MHz, the differential input detector can signal a