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Overview

� Types of clocking devices
� Examples of common clock trees
� System-level constraints
� Output clock requirements
� Input considerations
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Types of clocking devices
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Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

4

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

5

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

6

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

7

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

8

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



Types of clocking devices

9

Fr
eq

ue
nc

y 
&

 
pe

rfo
rm

an
ce

Oscillators
³,�GRQ¶W�KDYH�D�FORFN�EXW�,�QHHG�one´

Buffers
³,�KDYH�D�FORFN�EXW�,�QHHG�PXOWLSOH�
FRSLHV´

Clock generators
³,�QHHG�PXOWLSOH�FORFN�IUHTXHQFLHV´

Jitter cleaners
³,�KDYH�WKLV�FORFN�EXW�LW¶V�GLUW\�DQG�,�
QHHG�WR�UHPRYH�MLWWHU´

Network Synchronizers
³,�KDYH�WKLV�FORFN�IURP�P\�H[WHUQDO�
network and I need to synchronize to 
the multiple input references

RF Synths & RF 
Distribution
³ZKDW�GR�\RX�KDYH�DERYH��*+]"´



10

Clock Generator Based

Commonly used in:
Ultrasound
Pro audio/video

Oscillator

Clock generator

Buffer
TX
TX

FPGA

RX
RX
RX

Network Synchronizer Network Synch Based

Commonly used in:
Wireless communication
Wired communication

SerDes
SerDes
SerDes

ASIC
ASIC
AFE

Buffer

Jitter Cleaner/Synthesizer Based
Commonly used in:
Radar
Wireless backhaul
Point-to-point radios

Custom 
Source

RF Synth
ADC
ADC

DAC

LO

FPGA

Mixer
RFIF

/B
B

Examples of common clock trees
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� Power consumption

� Price

� Area

� High reliability

� Free-running vs synchronous

System-level constraints
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� Power consumption

� Price

� Area

� High reliability

� Free-running vs synchronous

System-level constraints
1. Performance vs power vs price

2. Identify the power rails required by each device

3. Identify the total current consumed on each 
power rail

4. Ensure the total power consumption meets your 
power consumption budget
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System-level constraints
Compare the price of the devices selected.
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� Power consumption

� Price

� Area

� High reliability

� Free-running vs synchronous



System-level constraints
1. Identify the package sizes of devices

2. Determine the external components needed

3. Budget for routing clock signals

21

LMX2820 package dimensions LMX2820 loop filter LMX2820 routing

� Power consumption

� Price

� Area

� High reliability

� Free-running vs synchronous
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System-level constraints
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LMK04832-SP package

CDCE6214-Q1 operating conditions

CDCE6214-Q1 ESD ratings

� Power consumption

� Price

� Area

� High reliability

� Free-running vs synchronous
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Synchronous: Output clocks have deterministic phases

Free-running:  2XWSXW�FORFNV¶�SKDVH�LV�XQNQRZQ



System-level constraints
� Power consumption
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Synchronous: Output clocks have deterministic phases

Free-running:  2XWSXW�FORFNV¶�SKDVH�LV�XQNQRZQ



Output clock requirements
� Output frequencies
� Number of outputs
� Jitter/noise performance
� Output formats
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ADC Tile 0

ADC Tile 1

ADC Tile 2

ADC Tile 3

DAC Tile 0

DAC Tile 1

DAC Tile 2

DAC Tile 3

Programmable 
Logic

LMK04832

ADC CLK 0

LMX2820

LMX2820

Clock
Ref

ADC CLK 1

ADC CLK 2

ADC CLK 3

Analog SYSREF

DAC CLK 0

DAC CLK 1

PL CLK 

PL SYSREF

LMX2820

Sync

R
F SoC

ADC CLK: 12.8 GHz
DAC CLK: 6.4 GHz



Output clock requirements
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Output clock requirements
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ADC12DJ3200 input voltage requirements

HCSL termination

LVDS termination

� Output frequencies
� Number of outputs
� Jitter/noise performance
� Output formats



Input considerations 
� Input frequency
� Input format
� Input jitter/noise performance
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Input considerations 
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Input considerations
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External VCXO for jitter cleaning

� Input frequency
� Input format
� Input jitter/noise performance

BAW VCO1 for jitter cleaning

LMK04832 block diagram

LMK05318B block diagram



Key resources
� Generate clock tree solutions on webench.ti.com/clock-tree-architect

� Download PLLatinum Sim at ti.com/tool/PLLATINUMSIM-SW

� For all clocking related questions reach us at e2e.ti.com/support/clock-and-timing

� To find more technical resources and search products, visit ti.com/clocks

� Related videos from the TI Precision Labs ± Clocks and Timing series:

1.1 Systems Overview 4.1 Frequency Planning
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TI Information ± Selective Disclosure

Short quiz
1. True or false:  There are clocking devices where the jitter at the output is better than the jitter at the input

2. True or false: For a device that has higher current consumption, the power consumption will also be higher.

3. True or false:  Provided a driving output meets signal swing and differential/single-ended requirements it will 
be compatible to drive an input 

4. True or false: The clock jitter can limit the maximum achievable SNR for a data converter.
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