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LMK04820 Family

Low-Noise Clock Jitter Cleaner with Dual Loop PLLs

1.0 General Description

The LMKO04820 family is the industry's highest performance
clock conditioner with JEDEC JESD204B support. The dual
loop PLLatinum™ architecture enables sub-100 fs RMS jitter
(10 kHz to 20 MHz) using a low noise VCXO module.

The dual loop architecture consists of two high-performance
phase-locked loops (PLL), a low-noise crystal oscillator cir-
cuit, and a high-performance voltage controlled oscillator
(VCO). The first PLL (PLL1) provides a low-noise jitter cleaner
function while the second PLL (PLL2) performs the clock and
SYSREF generation. PLL1 can be configured to either work
with an external VCXO module or the integrated crystal os-
cillator with an external tunable crystal and varactor diode.
When used with a very narrow loop bandwidth, PLL1 uses the
superior close-in phase noise (offsets below 50 kHz) of the
VCXO module or the tunable crystal to clean the input clock.
The output of PLL1 is used as the clean input reference to
PLL2 where it locks the integrated VCO. The loop bandwidth
of PLL2 can be optimized to clean the far-out phase noise
(offsets above 50 kHz) where the integrated VCO outperforms
the VCXO module or tunable crystal used in PLL1.

Device VCO1 Frequency VCO2 Frequency
LMKO04828( 2370 to 2600 MHz 2945 to 3005 MHz
LMKO04826( 1785 to 1970 MHz 2455 to 2505 MHz

2.0 Target Applications

JEDEC JESD204B
* Wireless Infrastructure
» Data Converter Clocking
* Networking, SONET/SDH, DSLAM
* Medical / Video / Military / Aerospace
* Test and Measurement

3.0 Features
e JEDEC JESD204B Support
— 7 Device clocks and up to 7 SYSREF Clocks
— Up to 14 Differential Device Clocks
— LVPECL, LVDS, or HSDS programmable outputs
e Ultra-Low RMS Jitter Performance
o Dual Loop PLLatinum PLL Architecture
— PLL1
e Integrated Low-Noise Crystal Oscillator Circuit
o Holdover mode when input clocks are lost
— Automatic or manual triggering/recovery
o Hitless switching mode
— PLL2
o Normalized [1 Hz] PLL noise floor of -227 dBc/Hz
o Phase detector rate up to 155 MHz
e OSCin frequency-doubler
® Two Integrated Low-Noise VCOs
e 2 redundant input clocks with LOS
— Automatic and manual switch-over modes
— Hitless switching
50% duty cycle output divides, 1 to 32 (even and odd)
Precision digital delay, fixed or dynamically adjustable
25 ps step analog delay.
0-delay mode
Multi-mode: Dual PLL, single PLL, and clock distribution
Industrial Temperature Range: -40 to 85 °C
3.15V to 3.45 V operation
Package: 64-pin LLP (9.0 x 9.0 x 0.8 mm)

Crystal or 0SCout LMX2541 Multiple “clean”
Recovered VCXO D clocks at different
“dirty” clock or PLL+VCO frequencies

clean clock CLKin0
DCLKout2 o
>
22?:;?1% SDCLKout3 FPGA
Clock CLKin1 LMK04828 DCLKout8 &
SDCLKout9
DCLKout6 &
DCLKout4 & SDCLKout7
SDCLKout5 DCLKout0,
SDCLKout1

SDCLKout11
DCLKout10

PLLatinum™ is a trademark of National Semiconductor Corporation.

Serializer/ |
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4.0 Device Configuration Information

Dedicat.e d Programmable
NSID Reference BUf,f ered/Divided LVDS/LVPECL/ VCO1 Frequency VCO2 Frequency
Inputs | OSCin Clock LVDS/ HSDS Outputs
LVPECL/LVCMOS
LMKO04828BISQ 2 1 14 2370 to 2600 MHz 2945 to 3005 MHz
LMKO04826BISQ 2 1 14 1785 to 1970 MHz 2455 to 2505 MHz

5.0 Functional Block Diagrams and Operating Modes

The LMK04820 Family is a flexible device that can be configured for many different use cases. The following simplified block
diagrams help show the user the different use cases of the device.

5.1 Dual PLL

Figure 1 illustrates the typical use case of the LMK04820 in dual loop mode. In dual loop mode the reference to PLL1 is either
CLKinO or CLKin1. An external VCXO or tunable crystal will be used to provide feedback for the first PLL and a reference to the
second PLL. This first PLL cleans the jitter with the VCXO or low cost tunable crystal by using a narrow loop bandwidth. The VCXO
or tunable crystal output may be buffered through the OSCout port and optionally on up to 4 of the CLKouts. The VCXO or tunable
crystal is used as the reference to PLL2 and may be doubled using the frequency doubler. The internal VCO drives up to six divide/
delay blocks which drive up to 14 clock outputs. The eighth divider/delay block is creating the SYSREF frequency.

Hitless switching and holdover functionality are optionally available when the input reference clock is lost. Holdover works by fixing
the tuning voltage of PLL1 to the VCXO or tunable crystal.

It is also possible to use an external VCO in place of PLL2's internal VCO. In this case one less CLKin is available as a reference.

PLL1 PLL2
jmmmmmmmmmmmmmmcc——aa P e DT External
! ! External VCXO OSCout Loop Filter
1 5! or Tunable OSCout*
CLKinX [X ﬂ 31 . .
CLKinX* Phase 15! T T T T T T CPout2 T L T T T T T "B blocks 1 6 Device
2 inputs | Dot O External Internal « Clocks
- Lt | T | Loop Fiter —E_ ) VCO Device Glock B DCLKoutX
! ' : DPF'Iaste Partially Divider B DCLKoutx*
! H H etector =1 Integrated Digital Delay '
1 e
i | I i Buffer PLL2 Loop Filter Analog Delay !
—_— 1
i i " | 6 SYSREF
: e - 1 or Device
| SYSREF 1 Clocks
: o Digital Delay BJ SDCLKoutY
! Analog Delay X SDCLKoutY*
[
| LMKO04828

e | GlobaI SYSREF Divider______}|
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FIGURE 1. Simplified Functional Block Diagram for Dual Loop Mode
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5.2 0-Delay Dual PLL

Figure 2 illustrates the use case of cascaded 0-delay dual loop mode. This configuration differs from Figure 1in that the feedback
for PLL2 is driven by a clock output instead of the VCO output.

It is also possible to use an external VCO in place of PLL2's internal VCO; but one less CLKin is available as a reference.

PLL1 PLL2
B e ) memmmemm—————— External
! ! External VCXO ! OSsCout Loop Filter
| ! or Tunable OSCout*
% 3, Crystal o | L __ R S .
= Phase | ! Extornal ! CPout2 1

2inputs | Detector [—@—] | =Xerel. ,_E_ Divider 3 SDCLKoutY
: PLLL | o : Phase Partially Digital Delay [} 52 SDCLKouty*
i ] y Input Detector | Integrated Analog Delay | 6 SYSREF
! E I ! Buffer PLL2 Loop Filter ! or Device
1 prl | 1
i o i Internal 6 blocks Clocks
! SYSREF m DCLKoutX
| Analog Delay DCLKoutX*
i Internal or external loopback, user programmable Digital Delay | 6 Device
i LMK04828 1 Global SYSREF Divider | Clocks

30189089

FIGURE 2. Simplified Functional Block Diagram for Cascaded 0-delay Dual Loop Mode

illustrates the use case of nested 0-delay dual loop mode. This configuration is similar to except that the feedback to the first PLL
is driven by a clock output. This causes the clock outputs to have deterministic phase with the clock input. Since all the clock outputs
can be synchronized together, all the clock outputs can be in phase with the clock input signal. The feedback to PLL1 can be
connected internally as shown, or externally using FBCLKin (CLKin1) as an input port.

PLL1 PLL2
R et T L T ) e me—————— External
: : External VCXO ] OSCout Loop Filter
| ci or Tunable | OSCout*
CLKinX =F Crystal !
X B—T>1R| 3 S| e S
CLKinX* B—a > Phase |S ! ' CPout2 I
2inputs | Detector [—63— External i .
P PLL1 Loop Fiter Divider | SDCLKouty
! ! : Phase Partially Digital Delay SDCLKoutY*
' : V Input Detector | Integrated Analog Delay | 6 SYSREF
H \ I ! Buffer PLL2 Loop Filter ! or Device
1 ) hH
1 1 - Internal ! Clocks
: e j VCO 6 blocks !
: SYSREF DCLKoutX
1 Analog Delay DCLKoutX*
| P y
: Internal or external loopback, user programmable Digital Delay ! 6 Device
ivi 1 Clocks
| LMK04828 1 Global SYSREF Divider !
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FIGURE 3. Simplified Functional Block Diagram for Nested 0-delay Dual Loop Mode
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5.3 Detailed LMK04820 Family Block Diagram

Figure 4 illustrates the complete LMK04820 family block diagram.
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FIGURE 4. Detailed LMK04820 Family Block Diagram
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6.0 Connection Diagram

DCLKout0 |
DCLKouto* |.

SDCLKout1

SDCLKout1* [
RESET [
SYNC |

NC [
NC T
NC T
Vee1_veo |

LDObyp1

LDObyp2 |
SDCLKout3 [
SDCLKout3* [

DCLKout2 [
DCLKout2* |

Vcel12_CGO

DCLKout12*

DCLKout12

64-Pin QFN Package

. N

STESI3 T T Lo )
i:8833::8¢8¢23
%2 333 3«
33&E3d3553 23
A0 A0 aAa00 80 0aa
» OO0 ®n A A >A100

" sbcLkouto

| status_Lp2
| vecto_pLL2
CPout2

] Vees _CP2
OSCin*
0OSCin
Vce8_OSCin

OSCout*

0OSCout

] Vee7_OSCout
CLKin0*

CLKin0O

Vees_PLLA
CLKin1*/Fin*/FBCLKin*
CLKin1/Fin/FBCLKin

] Vee5_DIG

ST
ol !
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
| LLP-64 :
1 ] 1
! Top down view !
i I
1 I
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1
i DAP i
eyt H
N1 il tol 1o I\ < © In$ 10l il 1O) vt foy
=SHRHIRHIE N Qi R NS IR IR (S 6] e
- b w wn . < o © N~ kd - -
o521 seTsQEe st oS
00O »p 0Oxx 33 338 028 3 3 38 4 0
1 W B ¥ 2 X 2 1Y 8 ¥ Q2 I o
o X O O « 3% 3 X 805
8 n 2080 8880 880 §
1 a = 0O o il
> 9 o 3 a S % Q»
o
>

30189002

Copyright © 1999-2012, Texas Instruments Incorporated



I3 TEXAS
INSTRUMENTS

LMK04820 Family

7.0 Pin Descriptions

Pin Number Name(s) /0 Type Description
DCLKoutO, .
1,2 DCLKouto* O Programmable Device clock output 0.
SDCLKoutt, .
3,4 SDCLKout1* O Programmable SYSREF / Device clock output 1
5 RESET 110 ANLG Device reset input.
6 SYNC 110 CMOS Synchronization input or programmable status pin.
7,8,9 NC No Connection. These pins must be left floating.
10 Vee1_VCO PWR Power supply for VCO LDO.
11 LDObypf ANLG LDO Bypass, bypassed to ground with 10 pF
capacitor.
12 LDObyp2 ANLG LDO Bypass, bypassed to ground with a 0.1 pF
capacitor.
SDCLKout3, .
13, 14 SDCLKout3* O Programmable SYSREF / Device Clock output 3.
DCLKout2, .
15, 16 DCLKout2* O Programmable Device clock output 2.
17 Vce2_CG1 PWR Power supply for clock outputs 2 and 3.
18 cs* | CMOS Chip Select, active low.
19 SCK I CMOS SPI Clock
20 SDIO 1/0 CMOS SPI Data
21 Vce3_SYSREF PWR Power supply for SYSREF divider and SYNC.
SDCLKout5, .
22,23 SDCLKout5* (0] Programmable SYSREF / Device clock output 5.
DCLKout4, .
24,25 DCLKoutd* (0] Programmable Device clock output 4.
26 Vced_CG2 PWR Power supply for clock outputs 4, 5, 6 and 7.
DCLKouts6, .
27,28 DCLKout6™ (0] Programmable Device clock output 6.
SDCLKout7, )
29, 30 SDCLKout7* (0] Programmable SYSREF / Device clock output 7.
31 Status_LD1 1/0 Programmable Programmable status pin.
32 CPout1 (0] ANLG Charge pump 1 output.
33 Vee5_DIG PWR Power supply for the digital circuitry.
CLKin1, CLKin1* ANLG Reference Clock Input Port for PLL1, AC or DC
Coupled
FBCLKin, Feedback input for external clock feedback input (0—
4 ANL
34,35 FBCLKin* G delay mode). AC or DC coupled.
Fin, Fin* ANLG External VCO Input (External VCO mode). AC or DC
coupled.
36 Vee6_PLL1 PWR Power supply for PLL1, charge pump 1.
37,38 CLKinO, CLKin0* ANLG Reference Clock Input Port O for PLL1. AC or DC
coupled.
39 Vee7_0SCout PWR Power supply for OSCout port.
40,41 OSCout, OSCout* (0] Programmable Buffered output of OSCin port.
42 Vce8_0SCin PWR Power supply for OSCin
43, 44 0SCin, OSCin* ANLG Feedback to PLL1, Referenc input to PLL2. AC
coupled.
45 Vce9_CP2 PWR Power supply for PLL2 Charge Pump.
46 CPout2 O ANLG Charge pump 2 output.
47 Vee10_PLL2 PWR Power supply for PLL2.
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Pin Number Name(s) /0 Type Description
48 Status_LD2 /0 Programmable Programmable status pin.
SDCLKout9, .
49, 50 SDCLKouto* o Programmable SYSREF / Device clock 9
DCLKout8, .
51,52 DCLKouts* (0] Programmable Device clock output 8.
53 Vcel11_CG3 PWR Power supply for clock outputs 8, 9, 10, and 11.
DCLKout10, .
54, 55 DCLKout10* (0] Programmable Device clock output 10.
SDCLKout11, .
56, 57 SDCLKout11* o Programmable SYSREF / Device clock output 11.
58 CLKin_SELO /0 Programmable Programmable status pin.
59 CLKin_SEL1 /0 Programmable Programmable status pin.
SDCLKout13, .
60, 61 SDCLKout13* O Programmable SYREF / Device clock output 13.
DCLKout12, .
62, 63 DCLKout12* (0] Programmable Device clock output 12.
64 Vce12_CGO PWR Power supply for clock outputs 0, 1, 12, and 13.
DAP DAP GND DIE ATTACH PAD, connect to GND.

Copyright © 1999-2012, Texas Instruments Incorporated
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8.0 Absolute Maximum Ratings (vote 1, Note 2, Note 3)

If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for

availability and specifications.

Parameter Symbol Ratings Units
Supply Voltage (Note 4) Vee -0.3t03.6 \
Input Voltage Vin -0.3to (Vg +0.3) \
Storage Temperature Range Tsrg -65 to 150 °C
Lead Temperature (solder 4 seconds) T +260 °C
Junction Temperature T, 150 °C
D.ifferent.ial Input qurent (CLKinX/?(*, . | +5 mA
OSCin/OSCin*, FBCLKin/FBCLKin*, Fin/Fin*) IN
Moisture Sensitivity Level MSL 3

Note 1: "Absolute Maximum Ratings" indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.
The guaranteed specifications apply only to the test conditions listed.

Note 2: This device is a high performance RF integrated circuit with an ESD rating up to 2 kV Human Body Model, up to 150 V Machine Model, and up to 750 V
Charged Device Model and is ESD sensitive. Handling and assembly of this device should only be done at ESD-free workstations.

Note 3: Stresses in excess of the absolute maximum ratings can cause permanent or latent damage to the device. These are absolute stress ratings only.
Functional operation of the device is only implied at these or any other conditions in excess of those given in the operation sections of the data sheet. Exposure
to absolute maximum ratings for extended periods can adversely affect device reliability.

Note 4: Never to exceed 3.6 V.

9.0 Package Thermal Resistance

64-Pin QFN
Parameter Symbol Ratings Units
Thermal resistance from junction to ambient on

TBD °C/W

4-layer JEDEC PCB (Note 5) Oua cf

Thermal resistance from junction to case

TBD °C/W

(Note 6) 8 C/

Note 5: Specification assumes 32 thermal vias connect the die attach pad to the embedded copper plane on the 4-layer JEDEC PCB. These vias play a key role
in improving the thermal performance of the QFN. Note that the JEDEC PCB is a standard thermal measurement PCB and does not represent best performance
a PCB can achieve. It is recommended that the maximum number of vias be used in the board layout. 8, is unique for each PCB.

Note 6: Case is defined as the DAP (die attach pad).

10.0 Recommended Operating Conditions

Parameter Symbol Condition Min Typical Max Unit
Junction o
Temperature T 125 C
Ambient _ o
Temperature Ta Ve =33V -40 25 85 C

Supply Voltage Vee 3.15 3.3 3.45 \'%

11.0 Features

11.1 JITTER CLEANING

The dual loop PLL architecture of the LMK04820 family provides the lowest jitter performance over the widest range of output
frequencies and phase noise integration bandwidths. The first stage PLL (PLL1) is driven by an external reference clock and uses
an external VCXO or tunable crystal to provide a frequency accurate, low phase noise reference clock for the second stage fre-
quency multiplication PLL (PLL2). PLL1 typically uses a narrow loop bandwidth (10 Hz to 200 Hz) to retain the frequency accuracy
of the reference clock input signal while at the same time suppressing the higher offset frequency phase noise that the reference

clock may have accumulated along its path or from other circuits. This “cleaned” reference clock provides the reference input to
PLL2.
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The low phase noise reference provided to PLL2 allows PLL2 to operate with a wide loop bandwidth (50 kHz to 200 kHz). The loop
bandwidth for PLL2 is chosen to take advantage of the superior high offset frequency phase noise profile of the internal VCO and
the good low offset frequency phase noise of the reference VCXO or tunable crystal.

Ultra low jitter is achieved by allowing the external VCXO or Crystal’s phase noise to dominate the final output phase noise at low
offset frequencies and the internal VCO’s phase noise to dominate the final output phase noise at high offset frequencies. This
results in best overall phase noise and jitter performance.

11.2 JEDEC JESD204B

The LMKO04820 family provides support for JEDEC JESD204B. There are 7 outputs (SDCLKoutY) that can be configured as SYS-
REF outputs. These outputs are grouped with a device clock (DCLKoutX) to provide the device clock / SYSREF pair. The SYSREF
clocks output LVDS, LVPECL, and HSDS formats. The SYSREF clock is generated from clock distribution path signal that has a
large divider (8 to 8191) to generate the pulsed or continuous SYSREF outputs. The SYSREF also has digital and analog delay
capabilities for each individual SYSREF output.

11.3 PLL1 REDUNDANT REFERENCE INPUTS (CLKin0/CLKin0* and CLKin1/CLKin1*)

The LMKO04820 has two reference clock inputs for PLL1, CLKinO and CLKin1, the active clock is chosen based on
CLKin_SEL_MODE programming field. Automatic or manual switching can occur between the inputs.

CLKin0 and CLKin1 each have input dividers. The clock input divider is used as a PLL1 reference divider for each input separately.
This allows flexibility for the user when switching between two different reference frequencies.

CLKin1 is shared for use as an external 0-delay feedback (FBCLKIin), or for use with an external VCO (Fin).
Fast manual switching between reference clocks is possible with a external pins CLKin_SELO and CLKin_SEL1.

11.4 VCXO/CRYSTAL BUFFERED OUTPUT

The LMKO04820 provides 1 dedicated output which is a buffered copy of the PLL2 reference input. This reference input is typically
a low noise VCXO or Crystal. When using a VCXO, this output can be used to clock external devices such as microcontrollers,
FPGAs, CPLDs, etc. before the LMK04828 is programmed.

The OSCout buffer output type is programmable to LVDS, LVPECL, or LVCMOS.

11.5 FREQUENCY HOLDOVER

The LMK04820 supports holdover operation to keep the clock outputs on frequency with minimum drift when the reference is lost
until a valid reference clock signal is re-established.

11.6 PLL2 INTEGRATED LOOP FILTER POLES

The LMK04820 features programmable 3rd and 4th order loop filter poles for PLL2. These internal resistors and capacitor values
may be selected from a fixed range of values to achieve either a 3rd or 4th order loop filter response. The integrated programmable
resistors and capacitors compliment external components mounted near the chip.

These integrated components can be effectively disabled by programming the integrated resistors and capacitors to their minimum
values.

11.7 INTERNAL VCOs

The LMKO04820 has two internal VCOs, selected by VCO_MUX. The output of the selected VCO is routed to the Clock Distribution
Path. This same selection is also fed back to the PLL2 phase detector through a prescaler and N-divider.

11.8 EXTERNAL VCO MODE
The Fin/Fin* input allows an external VCO to be used with PLL2 of the LMK04820.
Using an external VCO reduces the number of available clock inputs by one and prevents use of external 0—delay feedback.

11.9 CLOCK DISTRIBUTION
The LMKO04820 features a total of 14 outputs driven from the internal or external VCO.
All VCO driven outputs have programmable output types. They can be programmed to LVPECL, LVDS, or HSDS.

If the buffered OSCin output, OSCout, is included in the total number of clock outputs the LMK04820 is able to distribute, then up
to 15 differential clocks or 14 differential + 2 LVCMOS.

The following sections discuss specific features of the clock distribution channels that allow the user to control various aspects of
the output clocks.

11.9.1 DCLKout DIVIDER

The device clocks (DCLKoutX), have a single clock output divider. The divider supports a divide range of 1 to 32 (even and odd)
with 50% output duty cycle. The output of this divider may also be directed to the SDCLKoutY, where Y = X + 1.

11.9.2 SDCLKout DIVIDER
The SYSREF clocks (SDCLKoutY), all share a common divider. The divider supports a divide range of 8 to 8191 (even and odd).

11.9.3 DCLKout DELAY
The device clocks include both a analog and digital delay for phase adjustment of the clock outputs.

The analog delay allows a nominal 25 ps step size and range from 0 to 575 ps of total delay. Enabling the analog delay adds a
nominal 500 ps of delay in addition to the programmed value.
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The digital delay allows a group of outputs to be delayed from 4 to 32 VCO cycles. The delay step can be as small as half the period
of the clock distribution path by using the DCLKoutX_HS bit. e.g. 2 GHz VCO frequency results in 250 ps coarse tuning steps. The
coarse (digital) delay value takes effect on the clock outputs after a SYNC event. The half step bit takes effect immediately.

There are 2 different ways to use the digital delay.
1. Fixed Digital Delay — adjusts the clock output delays with a SYNC event.
2. Dynamic Digital Delay — adjusts the delay of a clock output with respect to other clocks operating without a SYNC event.

11.9.4 SDCLKout Delay
The SYSREF clocks include both an analog and digital delay for phase adjustment of the SYSREF clocks.
The analog delay allows for 150 ps steps and range from 1 to 2250 ps.

The digital delay allows the SYSREF output to be delayed from 0 to 10.5 VCO cycles. The delay step can be as small as half the
period of the clock distribution path by using the DCLKoutX_HS bit. e.g. 2 GHz VCO frequency results in 250 ps coarse tuning
steps. The digital delay value takes effect on the clock outputs after a SYNC event. The half step bit takes effect immediately.

11.9.5 GLITCHLESS HALF SHIFT and GLITCHLESS ANALOG DELAY
The device clocks also include a feature to ensure glitchless operation of the half shift and analog delay operations.

11.9.6 PROGRAMMABLE OUTPUT FORMATS

For increased flexibility all LMK04820 device and SYSREF clock outputs (DCLKoutX or SDCLKoutY) can be programmed to an
LVDS, LVPECL, or HSDS output type. The OSCout can be programmed to an LVDS, LVPECL, or LVCMOS output type.

Any LVPECL output type can be programmed to 1600, or 2000 mVpp amplitude levels. The 2000 mVpp LVPECL output type is a
Texas Instruments proprietary configuration that produces a 2000 mVpp differential swing for compatibility with many data con-
verters and is also known as 2VPECL.

11.9.7 CLOCK OUTPUT SYNCHRONIZATION
Using the SYNC input causes all active clock outputs to share a rising edge.
The SYNC event also causes the digital delay values to take effect.

Copyright © 1999-2012, Texas Instruments Incorporated 11
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11.10 0-DELAY

The LMK04820 supports two types of 0-delay, either of which will work with internal or external VCO's.
1. Cascaded 0-delay

2. Nested 0-delay

Cascaded 0-delay mode synchronizes the phase of PLL2 input clock, OSCin, to the phase of the output clock. The 0-delay feedback
may performed with an internal feedback loop from any of the clock groups or with an external feedback loop into the FBCLKin
port as selected by the FB_MUX.

Nested 0-delay mode synchronizes the phase of the PLL1 input clock to the output clock phase. The 0-delay feedback may per-
formed with an internal feedback loop from any of the clock groups or with an external feedback loop into the FBCLKin port as
selected by the FB_MUX. In this mode CLKin, OSCin, and CLKout have deterministic phase relationships, but CLkin to CLKout
phase will be less accurate than nested 0—delay mode.

Without using 0-delay mode there will be n possible fixed phase relationships from clock input to clock output depending on the
clock output divide value and VCO frequency.

Using an external 0-delay feedback reduces the number of available clock inputs by one.

11.11 STATUS PINS

The LMKO04828 provides status pins which can be monitored for feedback or in some cases used for input depending upon device
programming. For example:

e The CLKin_SELO pin may indicate the LOS (loss-of-signal) for CLKinO.

* The CLKin_SEL1 pin may be an input for selecting the active clock input.

e The Status_LD1 pin may indicate if the device is locked.

* The Status_LD2 pin may indicate if PLL2 is locked.

The status pins can be programmed to a variety of other outputs including analog lock detect, PLL divider outputs, combined PLL
lock detect signals, PLL1 Vtune railing, readback, etc. Refer to the SPI programming section of this datasheet for more information.

11.12 SPI PROGRAMMING INTERFACE
Allows for writing and reading the device configuration.
Accepts a read/write bit + 15 address bits + 8 data bits.

12 Copyright © 1999-2012, Texas Instruments Incorporated
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12.0 Physical Dimensions inches (millimeters) unless otherwise noted
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13.0 Ordering Information
Buffered
Order Number Ref OSCin Programmable VvCO Packaging Pack?ge
Inputs Outputs Marking
Outputs
LMK04828BISQE 55 and 2.9 250 Unit Tape and Reel
LMK04828BISQ ' g';z ' 1000 Unit Tape and Reel K4828
LMK04828BISQX 5 ] 14 2500 Unit Tape and Reel
LMK04826BISQE 19and 2 250 Unit Tape and Reel
LMK04826BISQ ' Z”HZ > 71000 Unit Tape and Reel K4826
LMK04826BISQX 2500 Unit Tape and Reel

Copyright © 1999-2012, Texas Instruments Incorporated 13
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

LMKO04826BISQ/NOPB ACTIVE WQFN NKD 64 1000 ROHS & Green SN Level-3-260C-168 HR -40 to 85 K04826BISQ Samples
LMK04826BISQE/NOPB ACTIVE WQFN NKD 64 250 RoHS & Green SN Level-3-260C-168 HR -40 to 85 K04826BISQ Samples
LMKO04826BISQX/NOPB ACTIVE WQFN NKD 64 2000 RoHS & Green SN Level-3-260C-168 HR -40 to 85 K04826BISQ
LMK04828BISQ/NOPB ACTIVE WQFN NKD 64 1000 RoOHS & Green SN Level-3-260C-168 HR -40 to 85 K04828BISQ Samples
LMKO04828BISQE/NOPB ACTIVE WQFN NKD 64 250 RoHS & Green SN Level-3-260C-168 HR -40 to 85 K04828BISQ Samples
LMKO04828BISQX/NOPB ACTIVE WQFN NKD 64 2000 RoHS & Green SN Level-3-260C-168 HR -40 to 85 K04828BISQ Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Addendum-Page 1
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF LMK04828 :

o Enhanced Product: LMK04828-EP

NOTE: Qualified Version Definitions:

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LMK04826BISQ/NOPB | WQFN NKD 64 1000 330.0 16.4 9.3 9.3 1.3 12.0 | 16.0 Q1
LMK04826BISQE/NOPB | WQFN NKD 64 250 178.0 16.4 9.3 9.3 1.3 12.0 | 16.0 Q1
LMKO04826BISQX/NOPB | WQFN NKD 64 2000 330.0 16.4 9.3 9.3 1.3 12.0 | 16.0 Q1
LMK04828BISQ/NOPB | WQFN NKD 64 1000 330.0 16.4 9.3 9.3 1.3 12.0 | 16.0 Q1
LMKO04828BISQE/NOPB | WQFN NKD 64 250 178.0 16.4 9.3 9.3 1.3 12.0 | 16.0 Q1
LMKO04828BISQX/NOPB | WQFN NKD 64 2000 330.0 16.4 9.3 9.3 13 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMK04826BISQ/NOPB WQFN NKD 64 1000 356.0 356.0 35.0
LMK04826BISQE/NOPB WQFN NKD 64 250 208.0 191.0 35.0
LMK04826BISQX/NOPB WQFN NKD 64 2000 356.0 356.0 35.0
LMK04828BISQ/NOPB WQFN NKD 64 1000 356.0 356.0 35.0
LMK04828BISQE/NOPB WQFN NKD 64 250 208.0 191.0 35.0
LMK04828BISQX/NOPB WQFN NKD 64 2000 356.0 356.0 35.0
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GENERIC PACKAGE VIEW
NKD 64 WQFN - 0.8 mm max height

9x 9, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

NKDOOG64A WQFN - 0.8 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

NKDOOG64A WQFN - 0.8 mm max height
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, refer to QFN/SON PCB application note
in literature No. SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN

NKDOOG64A WQFN - 0.8 mm max height
WQFN
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated
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